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GREETINGS

In an effort to provide the greatest possible clarity
and value the Auravana Project has formatted
the system for the proposed society (of the type,
‘community’) into a series of standard publications.
Each standard is both a component of the total,
unified system, as well as intended to be a basis
for deep reflective consideration of one’s own
community, or lack thereof. These formal standards
are “living” in that they are continually edited and
updated as new information becomes available;
the society is not ever established, its design and
situational operation exists in an emergent state,
for it evolves, as we evolve, necessarily for our
survival and flourishing.

Together, the standards represent a replicable,
scalable, and comprehensively “useful” model for
the design of a society where all individual human
requirements are mutually and optimally fulfilled.

The information contained within these standards
represent a potential solution to the issues universally
plaguing humankind, and could possibly bring about
one of the greatest revolutions in living and learning
in our modern time. Change on the scale that is
needed can only be realized when people see and
experience a better way. The purpose of the Auravana
Project is to design, to create, and to sustain a more
fulfilling life experience for everyone, by facilitating
the realization of a better way of living.

Cooperation and learning are an integral part of
what it means to be a conscious individual human.
A community-type societal environment has been
designed to nurture and support the understanding
and experience of this valuable orientation.

The design for a community-type society provides
an entirely different way of looking at the nature of
life, learning, work, and human interaction. These
societal standards seek to maintain an essential
alignment with humankind's evolving understandings
of itself, combining the world of which humans are
a regenerative part, with, the optimal that can be
realized for all of humanity, given what is known.

The general vision for this form of society is an
urgent one considering the myriad of perceptible
global societal crises. Together, we can create the
next generation of regenerative and fulfilling living
environments. Together, we can create a global
societal-level community.
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THE UNIFIED SOCIETAL SYSTEM:
MATERIAL SPECIFICATION STANDARD

This publication is one of six representing the proposed standard operation of a type of society given the
category name, ‘community’ (a community-type society). This document is a specification standard for a
material system.

Every society is composed of a set of core systems. Different types of societies have different internal
compositions of these systems. The composition of these systems determines the type of society. The type of
society described by the Auravana Project societal standard is a, community-type society. The standard is a
composition of sub-system standards. The Auravana societal standard may be used to construct and duplicate
community at the global level.

For any given society, there are four primary societal sub-systems. Each of these sub-systems can be specified
and standardized (described and explained); each sub-system is a standard within a whole societal specification
standard. The first four primary standards of the six total standards are: a Social System; a Decision System;
a Material System; and a Lifestyle System. Each standard is given the name of its information system. The
fifth publication is a Project Plan, and the sixth is an Overview of the whole societal system. Together, these
standards are used to classify information about society, identify current and potential configurations, and
operate an actual configuration. Because of the size of some of these standards, they may be split into two or
more publications.

+ This societal specification standard is the Habitat Sub-System of the Material System for a community-
type societal system.

+ There are more figures (and tables) associated with this standard than are presented in this document;
those figures that could not fit are freely available via the Auravana Project's website in full size, and if
applicable, color [auravana.org/standards/maodels]. Tables that are too large to include in this document
are referenced with each standard via the Project’s list of standards webpage [auravana.org/standards].
* Figures and tables on the website are named according to their placement in the standard.
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Abstract

The term 'habitat service system' is the technical name of
a 'city'. Cities are human habitats that localize services in a
coordinated manner. A habitat can be designed, engineered,
operated, evaluated, simulated, and recorded. For every
current habitat state, there is a past state that may or may
not have been recorded, and there is a future state depicted
by the solution to some decision inquiry. Habitat services
distribute informational and spatial services and objects
to a population. In this sense, a city (localized habitat) is a
service bus that connects all interacting functional services
in a local environment to one another. A network of habitat
service systems (network of cities) may share information
and spatial resources in order to optimize service globally.
The three core services a habitat service system can offer are
life support, technological support, and exploratory support.
These three service systems (as well as a biospheric) service
form the foundational function of any habitat service system.

Graphical Abstract

Each individually localized habitat service system (city) has
these three functional service systems, which are engineered
into operation through an intersystem [habitat service] team.
Contributing team members have intersystem access. The
whole population has access via cities to these three core
human life functions throughout the community network
of cities. Each core functional service (life, technological, and
exploratory) has a set of functional sub-service access systems
from which users in the community access those services (and
service-objects therein).

Figure 9 on page 3
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THE HABITAT SERVICE SYSTEM

1 Introduction

A.k.a., The city system, the city operation
architecture, the ecological city system.

The material elements of a society exists within
the material, physical environment. The location(s)
where humans live and operate within this
environment is referred to as a ‘habitat’. A habitat
(which is Latin for “it inhabits”) is an ecological or
environmental area thatis inhabited by a particular
species of animal, plant, or other type of organism.
It is the natural environment in which an organism
lives, or the physical environment that surrounds
(influences and is utilized by) a species population
‘habitat’. A habitat sustains a social population
through the encoded recognition of a reciprocal
interchange between that population and its
material environmental reality. Fundamentally, a
habitat service system coordinates the control and
flow of material resources for human fulfillment.

A material environment can be restructured
into “intentional” service environments. In other
words, out of a common material environment,
humans may cooperatively create an intentional
habitat to service their common needs. The
intentional output of these services systems is:
freely and openly accessible services, goods and
technical productions (i.e., “products”).

Each specific habitat service system (or “service
platform”) acts as an organizational resource for
the structured flow of energy and information
(resources) into systems that by their very
structure generate a higher potential state of
existence within a commonly known environment.
The habitat service systems structurally organize
common resources toward the fulfilment of
individual needs. It could be said that the habitat
service system is a platform for the transforming
of energy and information into a state that has a
higher potential to “support a purpose” and “fulfill
a need” [in response].

Herein, operational processes constitute
the core functions of these systems and they
represent the primary “value stream” (i.e., the end-
to-end system process which delivers a service or
“product” to an person, subject, or entity). A value
stream is composed of a sequence of activities
(and tasks) required to design, produce, distribute,
and maintain a specific service, with all relevant
accompanying information, materials, and
knowingly desired conditions (i.e., values).

The habitat service system model represents the
functional model of a city. Therein, functions can
be defined as the abstracted behavior of a city.
Functions are described in terms of the logical
flow of information, energy, materials and signals.
Functions and sub-functions can correspond to
well-defined basic operations on well-defined

flows leading to a taxonomy of functions (as
described below). The functional structure (or,
functional architecture) of a city is a form of a
conceptual model of the functional domain. A
conceptual model of the functional domain is a
qualitative representation of the physical behavior
of the informational and physical (spatial)
structuring of a city as well as the [global] city
network within which any city resides. Therein, the
physical structure in interaction with a physical
environment gives rise to a city's behavior.
Behaviors are related to structural-physical
descriptions of a city. Behaviors are derived from
city functions and their interaction with a material
environment. (Stepandic, 2019)

The habitat service system conceptualizes and
models the city as a series of homogeneous (Read:
alike) and sorted layers, structured around the set
of domains representational of human life; that of
life support, technology support, and exploratory
support. Categorization and taxonomy are
important here, as the resulting model seeks
functional simplification. These layers are
composed of relatively homogeneous, sorted and
ordered components, the product of earlier phases
of sorting and cataloguing of human life [without
the market or State]. Each layer is configured and
sorted according to a particular function, that of
life, technology, and exploration. Each of its layers
is an articulation of a specific logic.

Here, the habitat service system (Read: city)
operates through connected classification and
taxonomy, not only providing an order but,
beyond that, establishing an ontology: categories,
attributes and subcategories are created and,
in doing so, they create their very object of
intervention. Here, reality is thought of as an
integrated organizational language and applied
stack-a popular way of conceptualizing protocols,
data formats and software amongst engineers-
ensures that each layer [of the stack] handles
the same base information simultaneously, but
at different levels of abstraction. Extrapolating
‘stack thinking' to the city means that, in a highly
hierarchical fashion, different urban systems
(such as health, transport, energy or waste) are
modelled and understood in the same way (Read:
are operationalized together). (Marvin, 2017: 95)

The city is, in essence, subject to a form of
modularization and categorization according to a
set of predefined [human and ecological] criteria
that are then reflected in the realization of a
global habitat software and hardware (hybrid)
system. In order to integrate city organization,
standardization, modularization and classification
are fundamental processes. Therein, city planning
analysis is the process of breaking down the city
into a multiplicity of objects and components.

A service bus is a scheme used in computing,
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software, and spacecraft development to refer to a
transferring interface between mutually interacting
components. There are two core service buses to the
city, one an information bus (with a particular focus on
decisioning) and the other a material [service] bus. These
buses represent the core, center or platform around
which the wider ecosystem is organized. Within the
total ecology of the city there is a form of interlayering
of networks, interfaces and

data integration that are
assembled and operated
together in a [decision]

control system positioned
within the layers of the city.

environment for all inhabitants.

Within the city (Read: habitat service system) network,
there is the ability to access data globally, as well as the
need for modularity, interoperability, and transferability
across [service] systems and cities. An yet, each city
within the network is also a customized package of sub-
services (or, sub-customizations of service) depending
upon the unique circumstances of individual cities. Local

Figure 9. The Habitat Service System Decomposed Layered Reference Model.
THE HABITAT SERVICE SYSTEM ARCHITECTURE

Thus, the city may be viewed,
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issues enter the global city information network
in the form of data. Therein, by combining data
sets, cities may be reconfigured in a multiplicity of
ways. Therein, cities maintain a central processing
system (or, central processing unit, CPU) as part of
their information support service, which processes
not only local city information, but distributed
information pertaining to the global city network,
which from an information viewpoint is known
as, the societal information system. The societal
information system works on comprehensive
design solutions that may be applied to any city
in the network. This process of disaggregation is
made possible by reconfiguring the components
of the city into data blocks that can later on be
worked with, recombined or reprocessed. The city
is viewed, like the society itself, as an information
system (an assemblage of data), which may be
disassembled into its constituent parts as defined
by the categories of any human-based habitat
service system, and then unproblematically re-
assembled into new more desirable configurations
and flows. Therein, [habitat service] operational
processes can be analyzed as data packages
and reconfigured in a variety of custom ways.
(Marvin, 2017: 98-99) This technique is sometimes
given the term ‘digitalization’; and, the logical
computation of a digital (information) system for a
city/habitat is often called, ‘habitat computational
logic' (a.k.a., city computational logic). Whereupon,
the total logic of said environment for a operating
system for the global habitat (a.k.a., habitat
operating system or city operating system. In a
global, technologically developed community-
type society, computational logics have become
ubiquitous, pervading every aspect of life.

INSIGHT: A comprehensive habitat
systems approach recognizes that the
fabric of the natural world, from human
biology to the Earthly biosphere, to

the electromagnetically gravitational
arrangement of the universe itself, is one
huge synergistically connected system,
fully interlinked. Human cells connect

to form organs, organs connect to form
bodies, and since bodies cannot live
without the Earthly resources of food,
air, water and shelter, organisms are
intrinsically connected to the Earth in each
moment of breath.

1.1 Societal access platforms
A.k.a., Mapping habitat service systems.

All societal-based platforms must account for
a material system. When producing anything,
access to objects must be accounted for. Access
is necessary and two dimensional concept. Firstly,
there is access to a team or working group through

a contribution-based structure, and then, there
is access to goods and service (without force of
trade). Access can be accounted for many types
of surveys including demand surveys, resource
surveys, contribution surveys, etc. In the market,
access is considered through the cost of a sale. In
the State, access is acquired through authority.
Humans require access to objects and information,
which are composed into services. In a market,
access is controlled by price, and the concept
itself is mixed with "rights" (given by authority)
and "property" (purchased in the market). In a
community-type society, access refers to demands
and other issues for service that are accessible to
users. Ultimately, the goal is to have access to that
which optimally meets user requirements (human
needs) given that which is available at the time of
access. Ina community-type society, access centers
and integrated transportation systems distribute
products. Services are integrated, often modularly,
into the infrastructure of the environment in
order to optimize efficiency and produce a higher
quality experience of access [to services] by a user.
With sufficient technical knowledge and ability it
is possible to apply automation technologies to
increase the efficiency by which access occurs.
Automation technologies can free individuals
for access to opportunities they might otherwise
not have had. Automation technologies can also
make access to services, such as medical and
informational more safe, reliable, and faster.

1.2 The habitat system states

NOTE: In nature, a ‘structure’ is a
responding service. And herein also, the
habitat service system is structurally
designed as responding services (i.e., a
service that responds appropriately to
human need).

In systems thinking the state of a system is a
complete description of the system in terms of
its condition, its parameters, its dynamics, values
and variables, at a particular moment in time.
This domain represents the formalized, existent
structure of the community (the one actually
operating or previously operating).

The Real World Community information system
maintains a record of every known state of every
system in the habitat. This includes both a model
of the natural world, and a ‘state model' of each
service system.

There are three possible types of state for which
the information system must account:

1. The current state of each habitat system
(quantitative and qualitative).
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2. The past states of each system of the habitat
are identified as elements of the habitat's history
(quantitative and qualitative).

3. The future planned, predicted, and simulated
states that identify potential states as well as the
next selected incremental state (probabilistic).

The ‘past’ represents a record of former re-structured
iterations of the environmental habitat. A ‘past state’
represents a model of the prior state-dynamics
of information, energy and services in our total
environment.

The ‘current state’ space represents the current re-
structured iteration of our environmental habitat --
the current state dynamic of information, energy and
services (Read: the responding flow of resources) in the
our total environment.

Individuals in community naturally seek the iterative
improvement of their service system’s trajectory toward
greater states of human fulfillment. In other words, in
community, our intention is to cooperatively create
progressively more informed and fulfilling states of our
habitat.

NOTE: /t is useful to know where we have been

so that we can intelligently design where we are
going. Further, it is useful to simulate where we

are going so that our likelihood of a safe arrival
is more certain.

WWW.AURAVANA.ORG

2 The service-oriented architecture
of a global habitat service
system

INSIGHT: In any architecture, energy can be
spatially and temporally positioned within that
architecture in a variety of ways. For example,
oil, coal, natural gas, and nuclear are highly
centralized providers of energy [as electricity].
Solar, wind, and to a lesser extent hydro,
geo-thermal, and biomass, can be localised and
provide the energy requirements of a community
that seeks electrical generation at a distributed
level. In either case, the energy derived therefrom
could be laterally decentralized [in time and
space] into a series of backup batteries.

The Habitat Service System is an integrated system for
servicing the fulfillment of the material needs, wants, and
preferences of individuals in the community. This type of
an integrated service system is also sometimes known
as an “functionally integrated city system”; yet, it might
be otherwise referred to as an “functionally integrated
habitat system”. It is designed as a total “functional
service platform” for the community in harmony with
nature, existing within and through the habitat -- it is
a part of the ecological habitat that we have formally
and technologically redesigned to service our needs in
a manner that is technically functional and commonly
fulfilling.

When a group of people are living within the same
community and sharing resources, the systems that
support their lives together must be identified, operated,
and optimized for the community’s very survival.

A basic consideration in the design of habitat service
systems is that of dividing work (as effort and services)
into reasonable and prioritized tasks and activities
(as time and spatial differentiation), while giving
simultaneous attention to coordinating these activities
and unifying their organization into a meaningful whole
(as integration) so that the system can adapt and re-
orient where said response is desired.

The Habitat Service System is principally divided into
four service sub-systems. These systems are connected
to one another within the larger and more encompassing
Real World Community information model. In their
layered portrayal, they are seen with the decision system
running through each of their layers. Each service
architecture functions to fulfill a particular category of
need (in a temporal and spatial manner). Each system
in the habitat involves the nesting of subsystems that
must operate together for the overall system to work
effectively.

The four global habitat service systems are (socio-
technological productions):

1. The Resource Production, Regeneration and
Storage System (planetary biosphere) - provides
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for the community’s resource needs - the
natural phenomenological environment, the
planetary lifeground. Strategic preservation
of the lifeground is a requirement for the
continuation of all other service support
systems. This is the planetary system itself.

2. The Life Support System (LSS) - provides
for the community’s life support needs.

This system might be equivocated with

the idea of “needs". Provides for material

life support functions; the life support
platform. This is the life-sustaining platform,
including necessary infrastructure, for a
population. This could be considered a social
infrastructural system with a dedicated life
function.

3. The Technology Support System (TSS) -
provides for the community's technology
support needs. This system might be
equivocated with the idea of “wants”.

Proves for technology support functions;
the technology support platform. The is
the technical infrastructural system for a
population.

4. The Exploratory Support System (ESS) -
provides for the community’'s exploration
(and therein, discovery, self-/social-
development, and recreational) needs.

This system might be equivocated with the
idea of “preferences”. Provides for self and
social exploration functions; the exploration
support platform. This is the self- and social-
development platform, including necessary
infrastructure, for a population. This could
be considered a social infrastructural system
with a dedicated exploration function.

Each of these systems represents a functional
service, a platform, that has been separated
out to meet the [frequency] needs of humanity
using resources from the common environment.
Essentially, these service systems differentiate the
different functions that control the ‘phenotypic
expression’ (to use a term from genetics) of a
community. Fundamentally, a functional approach
allows for the identification of root concerns and
the implementation of systemic solutions.

The primary four functional service systems are
each sub-composed of a further set of functional
subsystems. These subsystems exist to meet the
ongoing and delineated functional requirements
of each of the four primary categories of need.
These sub-service systems fulfill needs by
generating [responsive] access to technical
production services. Wherein, for instance, the Life
Support System is sub-composed of six systems,

each of which transfers energy and resources into
a particular category of good or service designed
to meet the ongoing functional life support needs
of individuals in the community. Essentially, these
service sub-systems sustain the functioning of
the community and are permanent structural
elements of the Habitat system. They exist as long
as our need for them exists.

The integrated habitat service sub-systems are:

1. The Life Support System is sub-composed of:
. Architecture System
. Water System
. Power System
. Medical System
. Cultivation System
. Recycling And Waste Management System
. Defense System (non-primary)
2. The Technology Support System is sub-
composed of:
A. Information System
B. Production and Recycling System
C. Transportation and Distribution System
D. Communication System
3. The Exploratory Support System is sub-
composed of:
A. Science and Research System
B. Technology Development System
C. Learning System
D. Recreational System
E. Consciousness System
F. Art and Music System

MmO Nm>

NOTE: All habitat service systems provide
the economic function of fulfilling human
needs.

All service systems act independently as well as
interdependently - they follow dynamic, distributed
systems principles - they are centralized and
decentralized. It is inaccurate to label them as
centralized or decentralized, as one or the other.
Most issues involve a spectrum of subsystem
requirements, and therefore, necessitate the
involvement of distributed multi-system effort
(i.e., multiple systems acting together to meet a
need or accomplish a purpose).

Each sub-system may be seen not only as an
area of service, but also an area of inquiry. As such,
the word “science” is sometimes appended to the
end of the name of each system. For example,
“water recovery sciences” or “biological health
sciences”, and so forth.

In concern to measurement of the community
system as a whole:
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1. These functional processing systems are a measure Issues of greater urgency and those of a strategic

of the technical efficiency of the community. nature are more likely to involve multiple system

2. The alignment of these systems with the interdependencies, and are sought resolution through

community’s current understandings and an interdisciplinary systems approach (i.e., a systematic

technological development is a measurement solution orientation). In particular, “urgent” issues

(indirectly) of the technological age of the have the potential of impacting the. stablllt.y of service

. systems, and therefore, they require rapid response
community

and a high degree of systems-level coordination.
Similarly, “strategic issues” involve the planning of future
states of a the total habitat system, and therefore,

3. The functioning of these systems are [in part] a
measure of the technical resiliency and health of
the community.

HABITAT THREE LAYER SERVICE SYSTEM
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Figure 10. This diagram shows a habitat service system’s primary system classifications. Herein, the three axiomatic (fundamental)
systems of a habitat service system (city) are: Life Support, Technology Support, and Exploratory Support. The sub-systems of each
of these primary systems are identified: 5 Life sub-systems, 6 Exploratory sub-systems, and 4 Technology sub-system. These are the
habitat service systems to which resources and effort can be allocated. It should be noted here that in its operation, by means of a
contributing habitat service team, all habitat work is completed through InterSystem access coordination.
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coordination among systems is relevant. “Operations
and maintenance” issues assume a more direct and
targeted approach by individual sub-systems, and they
have fewer interdependencies; although, it does occur
that some maintenance issues involve multiple systems.

The Life Support and Technology Support Systems
represent the Habitat's core service systems. The
Exploratory Service System is one of the four primary
Habitat systems, but it is not a “core system”; it is a
secondary system because it relies on outputs of the two
core systems to maintain its existence. The Exploratory
system exists because:

1. The critical life support needs of individuals in the
community are sufficiently fulfilled (i.e., the Life
Support System is functionally operational), and

2. The Technology Support systems is functioning
at a sufficient threshold to then begin meeting
the needs of the Exploratory System (i.e., The
Technology Support System is functionally
operational).

Thus, exploratory system issues are prioritized
after the critical requirements of the Life Support and
Technology Support Systems, for if they fail then every
system “downstream” will fail also.

Here, functional community design relates an
individual organisms resilience to the resiliency of the
community as the ability resist iliness, the ability to resist
injury, the ability repair, the ability to reproduce, to have
movement, to generate energy, and to direct energy
into a functional state rather than just lose energy to the
universe.

The sub-systems of the primary four service systems
maintain an operating structure that involves the
operational processes of integration and planning,
operations and maintenance, and incident response.
‘Operational processes’ define the primary tasks (or
activities) that must be performed to ensure the stability
and continuity of the whole Habitat Service System.

The three operational processes are:

1. Strategic integration and strategic preservation
planning - The process of integrating goals, values
and new understandings into the design of future
services and technical productions. This operational
process involves decision planning. A society with
a purpose must have a set of blueprints, as well
as a planned set of blueprints. This operational
process is also sometimes known as “Strategic
Planning and Preservation”. The community uses
the operational process of Strategic Preservation
Planning to ensure that needed goods and services
are continuously accessible.

2. Operations and Maintenance - The process of
preserving and improving the ongoing functioning

of the system so that it continues to provide goods
and services as planned and as happens to occur.
The Maintenance and Operations process ensures
the continuation of systems which provide for
individual access to products and services. This
process approaches the concepts of integrity,
availability, and transparency through increasingly
efficient and automated action. As a structure,
this operational process transforms resources in
an effort to maintain, and improve the quality of
access and use of resources, goods and services.
3. Incident Response - The process of responding
to malfunctions and other [potentially harmful]
incidents within the habitat system to maintain the
urgent homoeostasis (i.e., critical self-regulation)
of the system. Incident response is essentially the
critical resolution of a point of identified failure in
the system. Highly reactive issues are urgent and
they have the potential to impact the integrity,
availability and transparency of systems. This
operational process includes processes involved
in the recovery from malfunctions and other
incidents.
+ Fail-safe and fail-secure (as a task for safe
systems engineering and redundancy planning)
- in the event of failure, the system responds
in a way that will cause no harm, or at least a
minimum of harm, to other systems or danger
to individuals. Fail-safe means that a device will
not endanger lives or other systems when it
fails. A system'’s being “fail-safe” means not that
failure is impossible/improbable, but rather that
the system’s design prevents or mitigates unsafe
consequences of the system'’s failure.

Table 1. Habitat: Protocols for habitat coordination and control
operations.

Access Service Control Types Control protocols

Resource service control Resource Accounting

Strategic preservation

Production service control Strategic safety

Strategic efficiency

Demand and Distribution service

control Strategic proximity

Each habitat service support system is composed of
the same three operational processes. The operational
processes generate actions that provide for the
community’s purpose, orientation, requirements, and
needs. A system process can be decomposed into
several sub-processes, which have their own attributes,
but also contribute to achieving the goal or purpose of
the super-process. The analysis of system processes
typically includes the mapping of processes and sub-
processes down to an activity and task level, including
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a description of the “constructor entities” as well. Each
operational process can be subdivided into its base
activity and task level, which are interrelated within a
comprehensive, real world information system.

The 3 material process phases of a habitat service
system:

1. Using of materials: Life, technology, and exploratory
service system processes - use it.

2. Moving of materials: Logistics service system
processes - move it, distribute it, and return it.

3. Organization of materials: Materialization service
system processes - create it, produce it, and recycle
it.

All of the above systems-level tasks are planned for
through a decision system, and carried out by [inter-]
systems teams who have demonstrated experience, or
are being mentored by those who have demonstrated
experience.

NOTE: The operation of a service function
necessarily takes up material space and time.

2.1 The Resource Production,
Regeneration And Storage System

A.k.a., The natural environmental
domain, the world, the planet, the life-
ground, the Earth’s ecological system, the

Necessarily, a society must construct
in, and account for, its environment, /
continuously. The Resource Production,

Regeneration, and Storage System is the
natural [planetary and solar] environment;
it is the world that creates (or “has created”)
all of the resources humanity has access to;
it provides for humanity's resource needs,
including the production, regeneration,
recycling, and storage of resources. The
natural environment is the material basis
for human survival and socio-economic
(socio-technical) development; it is the
environment from which humanity acquires
resources, discovers knowledge, and into
which the material systems of a society (i.e.,
the habitat service systems) are produced
and integrated. Fundamentally, the natural
world provides for humanity's resource

AGGREGATION

AUT

The planet is ultimately where all
resources that humanity has temporarily
accessed return to, after they are used,
or when access is no longer required. The
products that humanity produces from the
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planet’s resources will eventually decay and be recycled.
Physical life requires resources from the environment
for its development and continuance. Therein, there is
no life without death.

The Earth and the services that it provides represent
a common [lifelground for all of humankind, and all
present symbiotic life. Hence, to simply treat the natural
environment as a physics lab is folly, potentially beyond
repair, and is the ultimate form of irresponsibility.
Planetary resources are finite, and it is important to be
responsible (and efficient) in their use.

Technological systems can facilitate and optimize this
system. For example, a building can store harvested
resources, and production technologies can increase the
nutrition content and yield of a harvest.

2.2 The Life Support System (LSS)

A.k.a., Life support service system, life sustaining
system, life system, environmental control system
and life support (ECLSS).

This Life Support System exists to meet the functional
life support needs of the community. The life support
system is further divided into subsystems representing
the essential service categories (or functional processing
categories) for the direct support of human life within a
habitat. Effectively, life support refers to the vital service
functions (and their outputs) for sustaining human life.

Figure 11. High-level aggregation/decomposition layering of the
Habitat Service Support System.
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THE HABITAT SERVICE SYSTEM

These systems provide services and products for which
everyone in the community has a life-need. In other
words, everyone in the community has a direct bio-
psycho-social primal need for the outputs, and other
technically service productions available through each
of these subsystems. Each one of these core functional
processes (or subsystems) is required for life stability
and is a possible point of resiliency failure for a habitat
(i.e., is somewhere that a community can fall out of the
state of resiliency).

Individuals will always have a need for food, water
and shelter. They will always have a need for the
production of energy. They will always have a need for
medical care and the recycling of waste in their ecology.
These life support needs are critically common. Every
habitat service system needs at least these systems on
a continuous basis - these are components of a core
habitat service system.

The Life Support System maintains the idea of ‘social
assurance’ as the basis of community resiliency and true
economic “security” -- that the systems that compose the
habitat may be accessed in such a way that the lifeground
is preserved and humanity’'s life needs are fulfilled.

The subsystems of the Life Support System are:

1. Architectural service system (a.k.a., building and
clothing service)

+ All the activities and objects associated with
architectural buildings and clothing, including but
not limited to: design, storage, transportation,
and usage.

2. Water service system (a.k.a., hydrology service,
water cycling service)

+ All the activities and objects associated with
water, including but not limited to: storage,
transportation, recovery, processing, and usage.
The water service system includes other liquids
and atmospherics.

3. Power service system (a.k.a., energy service,
energy-power system)

+ All the activities and objects associated with
power, including but not limited to: production,
transportation, energy storage, and usage.

4. Cultivation service system (a.k.a., nutrition and
textile service)

« All the activities and objects associated with
cultivation of food and organic textiles,
including but not limited to: cultivation, storage,
transportation, and usage.

5. Medical service system (a.k.a., life-form
restoration)

+ All the activities and objects associated with
medical, including but not limited to production,
storage, usage, and procedures.

6. Defense service system

10| WWW.AURAVANA.ORG

+ All the activities and objects associated with
defense of the habitat.

Note that because the whole habitat system is not yet
complete, there are currently several different views on
the specific sub-composition of the Life Support Service
System. These differences are:

1. Defense as a core life support service, or defense
not included at all.

2. Recycling and waste management as a core life
support service, or the placement of this system
with the Technology Support Service System as part
of the Production System (a.k.a., Materialization
System).

2.2.1 Survival

In the wild, in a true survival-based situation, there is an
ordering to human efforts toward need fulfillment. The
prioritization in a survival situation is:

1. Shelter
2. Water
3. Fire
4. Food

These are the original four survival needs for which
humanity can produce technologies that function toward
improving those conditions necessary for survival.

NOTE: Many in early 21st century society have
become ignorant to what it takes to survive and
thrive together on this planet. Our actions, at
the incremental level, can generate a greater
likelihood of suffering for all others. Today

we are becoming far more aware and realize
that we are all connected in our lifestyles and
materializations on this planet. We are all
connected; the boundaries that we may perceive
do not exist. We need symbiotic relationships,
particularly between our individual selves.

Of note, the primary functions of shelter are:

1. One of the primary functions of a shelter is to
enable you to maintain a homeodynamic body
temperature.

2. The buildings we construct, which provide an
environmentally controllable space

3. Clothing, including shoes and hats, is a form of
sheltering.

2.2.2 Defense

Defense is the expression of force to counteract
incoming force. As with any defensive system it can be
your best friend or your worst enemy. Our biological
immune system is a great example of this: if there is
nothing to defend against and the defense system wants
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to be active, then it might start attacking things around
it (e.g., the modern military-industrial-prison complex).
In medicine, such behavior is casually called “innocent
bystander activity” wherein the immune system begins
creating inflammatory diseases like autoimmunity,
allergies, and neuropathy -- it is trying to do battle
against a feigned enemy that doesn't really exist. There
are three interrelated ways to prevent the triggering of
self-/social-harm:

1. By redesigning the structure of the system with
an improved understanding of how to limit the
regeneration of conflict between engineered
structures and other structures in the ecological
habitat [by learning from mistakes and correcting].

2. By redesigning the structure so the triggers of
conflict are not present.

3. By removing the “offender”.

4. By “cooling” the system (i.e., behaving in a way that
avoids inflammation while stimulating healthy
behaviors). In other words, the defense system of
our habitat service architecture needs to be of a
particular [emergent] structural design so that we

aren't unwittingly harmed by it.
5. By facilitating the evolution of consciousness
through the techniques of self-development.
6. By individually releasing trauma.

2.3 The Technology Support System (TSS)
A.k.a., Technology support service system.

The Technology Support System functions to meet the
technology support needs of the community. Technology
is the application of scientific knowledge for practical,
socially identifiable purposes. The Technology Service
Support System acts as a conduit for information,
energy and resources as they move through habitat.
The technical optimization of their flow generates a
greater potential for the extension of ourselves into
our environment (i.e., they extend our functions). Both
individuals as well as other systems in the Habitat
System have a need for technological support services.

INSIGHT: What good is technology if a society
does not have the wisdom to use it to better itself
and enhance the lives of everyone? Anything

less than this will simply lead to a dysfunctional,

Figure 12. The materialization of a society as a unified whole composed of a set of systems/dimensions representative of data
(information processing), teamwork (the human effort), and physicality (the habitat operating system).
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technologically dangerous society.

The subsystems of the Technology Support System are:

1. The information system (a.k.a., information
storage and processing)

« All the activities and technologies required
to process information including computing
technology and software systems. This system
involves information processes.

2. The communications system
+ All the activities and technologies required

to communicate including communications
technology and software systems. This system
involves communications processes.

3. The transportation system (a.k.a., transportation
and distribution, transport and material
distribution)

+ All the activities and technologies required to
transport and distribute materials. This system
involves logistical processes.

4. The materialization/production system
(a.k.a., production and recycling service system,
materialization service system, materials cycling,
technical production and recycling, materials
cycling and waste management)

+ All the activities required to acquire materials,
produce technologies, and cycle materials,
including. This system involves materialization
processes.

Solid waste results from the following:

1. Metabolic output of humans and other organisms.

2. Food preparation

3. Material primary system operation (e.g., production,
packaging, etc.)

4, Material subsystem operation (e.g., residual
substances from water processing)

Firstly , the waste is collected and, if necessary,
separated. According to its composition and the applied
concepts for disposal, it is shredded, compressed,
chemically and biologically stabilized, and then stored.

NOTE: A “facility” is designed to afford the
function of a convenience or service. The term,
‘facility, comes from the French language word
“facile”, which means easiness or with ease. This
model defines ‘facilities’ as - those systems that
make life easier, more liveable, and support the
community’s highest development by meeting
the quality-of-life [social and recreational] needs
of a community.

2.4 The Exploratory Support System (ESS)

A.k.a., Exploratory support service system,
exploration support system.

The Exploratory Support System functions to meet the
exploration requirements of the population. Herein,
exploration includes, but is not limited to discovery,
expression, and self-development activities. The
Exploratory Support System is aimed at providing the
services and products to facilitate exploration of the
world and of one’s own higher potentials.

CLARIFICATION: Exploration is the act (or
actions) of searching, discovering, developing,
and/or expressing.

Humans have desires beyond basic needs. If this were
not true then there would be no inventors, designers,
no exploration and creativity. The Life Support and
Technology Support Systems together allow for the
stable existence of the Exploratory System. Although the
Exploratory System is a separate system, it relies in great
part on services from the Technology and Life Support
Systems to operate.

The Exploratory Support System is composed at a high-
level of the following sub-systems:

+ Science and Research System (a.k.a., scientific
research and engineering development)
Technology Development System

Learning System

* Recreational System

+ Art and Music System

+ Consciousness System

NOTE: The term “sciences” could be added to the
names of these subsystems: the learning sciences
system; the recreational sciences system; the art
and music sciences system, the learning sciences
system; the research sciences system, the
technology development sciences system, and
the consciousness sciences system.

Scholarly references

« Alling, A, Thillo, M.V., Dempster, W., et al. (2005).
Lessons learned from biosphere 2 and laboratory
biosphere closed systems experiments for the mars
on earth project. Biological Sciences in Space, 18(4),
pp250-260. [jstage.jst.go.jp]

* Marvin, S., Luque-Ayala, A. (2017). Urban Operating
Systems: Diagramming the City. International Journal
Of Urban And Regional Research. DOI:10.1111/1468-
2427.12479 [onlinelibrary.wiley.com]

+ Messerschmid, E., & Bertrand, R. (1999). Environmental
Control and Life Support System. Space Stations,
109-145. doi:10.1007/978-3-662-03974-8_4

* Ruck, T., Putz, D. (2019). Dynamic Simulation of
Performance and Mass, Power, and Volume prediction
of an Algal Life Support System. Technical University
of Munich, 49th International Conference on
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TABLES

Table 2. Habitat Service System > SubSystems: Habitat service system tiers.

First Tier
System

Second Tier Systems
(Subsystems)

Third Tier Systems
(Subsystems)

Fourth Tier Systems
(Operational Processes)

Activities &
Tasks

Regeneration And
Resource Storage;
Life Support System;
Technology Support
System; Facility/
Exploration System

The Habitat
System

Resource Production,

Shelter/Architecture; Power/Energy;
Nutrition; Water/Atmospherics;
Medical; Recycling & Waste
Management; Data Processing;
Communications; Manufacturing;
Transportation & Distribution;
Recreational; Art & Music; Science And
Research; Technology Development;
Consciousness; Learning

Strategic Planning And
Preservation; Operations
& Maintenance; Incident

Response

Not Identified
In This Table

Table 3. Habitat Service System > Sectors: The Habitat Service Systems and their secondary sub-systems. This table layout of the

service systems (i.e., their aggregation) allows for, or otherwise facilitates, economic calculation. Life, technology, and exploratory services
all have a final user demand. Life and Technology services have an intermediate demand, and two exploratory services of Scientific
Discovery and Technology Development, also have an intermediate demand. To have an intermediate demand means to require
something necessary for production of the final demand by the user.

Top-level Habitat Aggregated Service
Systems

Aggregated Service Systems

Secondary-Level Habitat

Service Platform Tasks

Service Platform Resource
Compositions and Allocations

o NEEDS DEMANDS OPERATIONS RESOURCES

Life Support Service System

Architectural service

Life Support Service System

Water service

Life Support Service System

Cultivation Service

Life Support Service System

Power Service

Life Support Service System

Medical Service

Technology Support Service System

Information Service
(Storage and Processing)

Technology Support Service System

Communications Service
(Devices and Protocols)

Technology Support Service System

Transportation Service
(Machines and Protocols)

Technology Support Service System

Materialization Service
(Machines and Protocols)

Exploratory Support Service System

Scientific Discovery Service

Exploratory Support Service System

Technology Development Service

Exploratory Support Service System

Learning Service

Exploratory Support Service System

Recreation Service

Exploratory Support Service System

Art & Music Service

Exploratory Support Service System

Consciousness Service
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Abstract

A planning approach is required in order to construct in
alignment with the need fulfillment of all of humanity.
Human fulfillment can be planned and optimized
through master planning (i.e.,, planning the next
iteration of the material environment in a unified
and cooperative manner). It is possible to plan out a
habitat service system network composed of many
individual habitats where services are designed and
operate to meet human need. Master planning is the
method of developing, operating, and modifying a
real-world environment. Master planning optimizes
the flow of information and materials throughout the
material environment. Master planning is essential for
developing habitats/cities in community. A master plan
is a dynamic, long-term planning documentation set.
A masterplan (masterplan) is developed and operate
for the whole network of habitats, with a masterplan

Graphical Abstract

existing for each individual habitat and the network as a
whole. Everyone in the network can see the masterplan.
In a way, the term masterplanning is simply another
term for systems development, and in the material
system, the system under development is a habitat
service system network. Material master plans include
necessary accountings for the material system (land,
resources, etc.) as well as habitat service solutions (life,
technology, and exploratory).

Master Planning

Architecture

Construction

Infrastructure
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HABITAT SYSTEM MASTER PLANNING

1 Master planning a habitat

A.k.a., Habitat master planning, city master
planning.

The master planning of resources for a [state] of the
habitat involves many sub-plans and solutions. For
example, architectural life-support service plans ensure
that architectural services are planned for within the
decisioning for a material/habitat service system. The
planning of the new state of the habitat service in
general, and the architectural sub-system in particular
requires an adequately informed and coordinated
[master] plan. Master plans are material state change
processes (i.e., plans that allow for changes to the state
of the material, habitat service system. In other words,
master planning is the process of creating a plan that will
intentionally modify the material state of the material/
habitat service system. Master planning merges the
human experience [of needs] and science [knowledge]
to realize the visions of individuals among society. Simply
put, master planning is a process (framework) for how
a location can change [its state]. Optimally experienced
habitat service systems (cities) are brought into, and
sustained in, existence due to the decision to integrate
master plans (i.e., the integration of master plans into
societal decisioning).

Master plans define long-term development for
specific built objects and sites. For architecture master
plans include considerations related to current and
future infrastructure, site development, site circulation,
and spatial relationships. A master plan may establish
the process for staged implementation over time.

The given or future state of the habitat service system
includes:

1. Plans (master service and object plans)
2. Materiality (visible and invisible; resources)
3. People (teams)

Outputs of Decision System Inquiry Processes results
in state changes to the habitat environment. The state
of the habitat service system is changed based upon a
unified and controlled master plan. Each service and
object within the habitat service system needs to be
planned. These service and object master plans are
organized as projects, completed, and then added to
Decision System processes:

Organize for pre-project planning

Select project alternatives

Develop a project definition package
Develop a master planning package

Decide whether to proceed with project
Integrate master planning package into the
Decision System Solution Inquiry Process

ouAcWN =

There are two types of master plans decided upon within

the societal information system:

1. A unified master plan for the habitat. This is a/the
master specification plan for the habitat (global and
local).

A. Future master plan for the habitat (i.e., for the
state of the habitat service system).

B. Currently active master plan for the habitat (i.e.,
for the state of the habitat service system).

2. Specification plans (block plans) for habitat service
sub-systems and associated objects. These are
individual plan "packages" that represent possible
changes to the habitat service system for which
they represent. These plans are integrated into
the decision system as possible solution plans
(a.k.a., solution systems) for the habitat and its
various services and objects. Each habitat system
and object has its own [solution] specification plan
(a.k.a., service block plan).

1.1 Master planning for projects

NOTE: It is desirable to obtain total agreement
from the entire project team regarding these
objectives and priorities to ensure alignment.

The project planning of a habitat involves a set of phases
that continuously design, build, and close (or, operate)
new states of a habitat [service system]:

1. Phase 1: Building the project team
A. List stakeholders
B. Identify working group (if applicable)
C. Identify habitat InterSystem service team or
InterSystem Habitat Team (if applicable)
D. Identify resources and tools
2. Phase 2: Project definition (establish the
context)
A. Define project (goals, purpose, objectives)
B. Establish current state
C. Identify needs
D. List priorities
E. Define objectives
F. List available data and gaps to be filled
3. Phase 3: Solution definition
A. List requirements
B. List outcomes of project
C. List available solutions to project
4. Phase 4: Plan definition
A. Approach identification
1. Outline of phasing, tasking, and scheduling
(project coordination)
2. Local context
B. Direction identification
1. Purpose and goals (mission and needs)
C. Execution identification
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1. Operational criteria
2. Evaluational criteria
5. Phase 5: Execution (implementation)
A. Execute the phases of the plan, either
synchronously or asynchronous as appropriate.
B. Control the implementation of the plan by
means of monitoring, communication, deciding,
and acting (working) for three types tasks:
1. Coordination tasks
2. Human action tasks
3. Automatic action tasks
C. Schedule plan by means of time line association
between available locations, resources, and
actors (e.g., personnel and/or systems).

Master planning for habitat projects is a socio-technical
project that involves economic, technical, social, and
environmental categories of data:

1. Economic resources - visualization of the flow of
objects (resources).

2. Economic production - mechanism by which
resources are transformed into good and services
to meet needs.

3. Technical knowledge and tools - using knowledge
and tools to change, advance, and modify the
habitat.

4. Social fulfillment - accounting for the fulfilment of
needs in habitat services.

5. Environmental regeneration - accounting for the
carrying capacity of the environment, controlled [in
part] by site modification.

1.2 Master planning openness objectives

The construction of systems in the real world can be
oriented toward specific value states and objectives. The
resolution of decisions in a principled manner ensures
social navigation is possible:

1. Objective 1: Open by default

A. Use of freely accessible open data has
significant social and economic value; therefore,
data should be open by default unless there are
safety concerns.

1. Open data improves transparency of
decisioning and the community's trust.

B. Transparency has significant social and
economic value; therefore, systems should be
transparent by default unless there are safety
concerns.

1. Transparency ensures that true needs are
being identified and addressed.
2. Objective 2: Timely and comprehensive
A. Data is valuable only if relevant to its users.
B. Data should be accessible to its users.
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C. Data should be provided as accurate,
comprehensive, and high quality.

3. Objective 3: Unified integration of system

(comparable and interoperable)

A. The potential effectiveness and usefulness of
datasets increases with improved quality and
ease of comparison within and between sets
over time, aided with compliance to common
data standards.

1.3 Master planning of a system'’s
performance, including evaluation
and criteria

A system design and building delivery process is goal
oriented and can be represented by a basic system
model with the goal of achieving universal design
performance criteria for the built system:

1. Goals (G) - Herein, user goals are conceptually
linked to the elements in the system that are
described in the following items. Subgoals (Gs) for
achieving system quality can be related to the basic
system through modified evaluators (Es), outcomes
(Os), and performance (Ps). Thereby, the outcomes
becomes the subgoals (Gs) of the subsystem
with respective criteria (Cs), evaluators (Es), and
performance of the subsystem (Ps). The total
outcome of the combined basic and subsystems is
then perceived (P) and assessed (C) as in the basic
system.

A. Performance evaluation criteria (C) - derived
from the user's goals, standards and criteria for
the system type. Universal design performance
is tested or evaluated against these criteria by
comparing them with actual performance.

B. Evaluator (E) - refers to such activities as
planning, programming, designing, constructing,
activating, occupying, and evaluating a system
(e.g., environment, building, etc.).

C. Outcome system/object (O) - represents the
objective, physically measurable characteristics
of the system (e.g., environment, building,
etc.) under evaluation. This includes but is not
limited to its physical dimensions, lighting levels,
thermal performance, etc.

2. Actual performance (P) - refers to the
performance as observed, measured, and
perceived by those using, occupying or assessing
the system (e.g., environment, building, etc.),
including the subjective responses of users/
occupants and objective measures of the system.

A built system can be designed and developed by a
process that includes a set of development phases, and
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evaluation criteria for each phase:

1. Continuous feedback into the next design and
building cycle

2. Continuous system performance evaluation
(e.g., building performance) - a qualitative and
quantitative measurement that represents the
outcome of the system delivery cycle, as well as
system performance during its life cycle.

3. Development cycle (development phases)

20|

Note: Each of the following phases has internal
reviews and feedback loops. Each phase is
connected with its respective knowledge. This
knowledge is contained in system (e.g., building)
type-specific data--bases, as well as global
knowledge and the literature in general.

. Planning (phase 1) - A strategic plan that

establishes medium- and long-term needs of
an organization through needs analysis (and
market analysis), which in turn is based on
the purpose (mission), goals, and possibly,
objectives.

. Programming (phase 2) - A process leading

to the statement of an architectural problem
and the requirements to be met in offering

a solution. Programming is the search for
sufficient information to clarify, to understand,
and to state the architectural problem. Note
that programming is problem seeking and
design is problem solving.

. Design (phase 3) - The steps of schematic

design, design development, working drawings,
simulations, and construction documents.

. Construction/fabrication (phase 4) - The steps

of construction and quality control to ensure
design and contractual compliance.
Occupation/usage (phase 5) - The steps of
moving in and starting up the system (e.g.,
facility/building). The steps of turning on and
utilizing the system (equipment/technology).
This includes, but is not limited to fine-tuning

of the system (e.g., facility, technology) and its
occupants/usage to achieve optimal functioning.

. Recycling (phase 6) - The building or technology

may be remodeled for a different function,

or this phase may constitute the end of the
useful life of a system (e.g., building), where
the building is decommissioned and removed
from the site. In cases where construction and
demolition waste reduction practices are in
place, building materials with the potential for
re-use will be sorted and recycled into new
products. At this point, hazardous materials,

such as chemicals are removed in order to
reconstitute the site for new purposes.
4. Analytical feedback loops (for each phase)

* Note: Human needs analysis - identification and

analysis of all human needs for service.

A. Effectiveness review (Loop 1) - Outcomes
of strategic planning are reviewed in relation
to issue categories, including but not limited
to: site, technology, efficiency, effectiveness,
flexibility (modularity), adaptive re-use, initial
capital cost, operating and maintenance cost,
costs of replacement and recycling at end of the
useful life. For the market, this includes: cost
estimates and budgeting.

B. Program review (Loop 2) - Outcomes include
a comprehensive documentation of the
program review involving the user (client),
the programmer (InterSystem Team), and
representatives of the actual occupant groups
(user/client).

C. Design review (Loop 3) - Evaluative loops in
the form of design review or troubleshooting.
The development of knowledge-based and
computer-aided design (CAD) techniques that
make it possible to apply evaluations during the
design phase. This allows designers to consider
the effects of design decisions from various
perspectives, while it is not too late to make
modifications to the design.

D. Post-construction evaluation (Loop 4) - An
evaluation of the construction/fabrication,
including an inspection that results in a checklist
("punch list"). A "punch list" lists items that
need to be completed prior to acceptance
and occupation of the system (e.g., building or
technology).

E. Post-occupation evaluation, POE / post-
startup evaluation (Loop 5) - An evaluation
of the system's (e.g., building or technology)
performance. Feedback over time is provided on
what works in the system (e.g., facility) and what
does not. This evaluation can be used to identify
issues and problems in the performance of
occupied buildings and further suggest ways to
solve these problems. This evaluation is ideally
carried out in regular intervals, that is, in two- to
five-year cycles, especially in organizations with
reoccurring system/building programs.

1.4 Habitat customization

Local habitat service systems are to some extent
customized by their inhabitants and what is possible.
The buildings, landscapes, and other services are, in a
way, like reflections of the people who manifest them.
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Their design and appearance give an indication of the
occupiers' personality and characteristics. They are a
reflection of their integration and realisation, as well as
their individuality and sociality.

1.5 Habitat dwelling carrying capacity

It is possible to designed with a buffer capacity for
housing. Therein, something akin to 5-15% of the
dwelling could remain unoccupied. This allows for:

1. Temporary expansion of the population (as in the
case of visitation).

2. Always available housing alternatives.

3. Possible emergency housing in case of a disaster.

1.6 Master planning construction

The master planning of construction involves the
following data sets:

1. Surveying to produce surveys: All land surveys
and assessments must be present.

+ Surveys are databases and drawings that show
what sub-systems are to be located where.

2. Architectural-engineering to produce a full
system plan: Design and select component
systems (fixtures, fittings, and appliances).

+ Fixtures, fittings, and appliances are levels
of immobilization of functional systems/
technologies in the architecture. In a sense, these
are technologies (equipment or accessories)
that are fixed in some way to the architectural
environment. They are the components that
makeup the technological infrastructure of an
architectural unit.

3. Constructing to produce a fully realized
system: herein, the components (fixtures, fittings,
appliances)have tools applied to them to form the
completed operational-habitat system [as planned
in the architectural-engineering plan].

A. The plan, including tools, to fully construct the
system in the real world.
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2 Master planning: Market
interface

Market master planning includes three primary financial
categories and an fourth contracts (conditions and
restrictions list):

1. Total currency available now (capacity for action in
the market-State; budget)

2. Total inflow of currency (contribution of currency;
contributions)
A. Funding (including: business funding plan)
B. Selling (including: business sales plan)

3. Total outflow of currency (purchasing of services;
expenses)
A. Costs (including: fees, taxes)

4. Contracts (identification of accountability; legality)
A. Agreements (associated with: all relationship

accountabilities and financial costs)

The procurement of services and systems from the
market necessitates financial documentation:

. Bid tabulations

. Purchase orders

. Vendor information

. Receipt for procured system

. Inspection of procured system

. Dispute mediation (contracts and law)

Ol WN =
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. Accounting reports - a financial statement consists
of:

A. Balance sheet - tells the user the financial status
of assets and liabilities by a given date.

B. Earnings statement (profit and loss): tells the
user the financial status by Income Less Direct
(job) costs, and Indirect (overhead) costs =
profit, or loss.

2. Contract negotiations
A. Estimate scope of services.
B. Estimate time, costs, and profit.
C. Determine method of compensation:
1. Percent of construction cost.
2. Lump sum.
3. Hourly rates.
4. Hourly rates with maximum "upset" ("not to
exceed")
3. Contract checklist (checklist; everything must be put
in writing)
A. Detail scope of work, no interpretation
necessary.
. Responsibilities of both parties.
Monthly/weekly/daily progress payments.
. Interest penalty on overdue payments.
Limit length of construction administration

mo MW
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phase.
F. Construction cost estimating responsibilities.
G. For cost-reimbursable contracts, specify
provisional overhead rate (changes year to
year).
H. Retainer, applied to fee but not to costs.
I. Date of agreement, and time limit on contract.
J. Approval of work:
1. Who
2. When
3. Where
K. Ways to terminate contract, both parties.
L. For changes in scope, bilateral agreement and
an equitable adjustment in fee.
M. Court arbitration remedies and who pays legal
fees.
N. Signature and date by both parties
O. Limits on liability.
P. Time limit on offer.

3 Master planning: Local
population relationships

Relationship master planning involves engagement
with the local population. Positive working relationships
must be developed with the local and surrounding
populations.

Book reference:

* Learning from Our Buildings: A State-of-the-Practice
Summary of Post-Occupancy Evaluation. (2001).
National Research Council, Board on Infrastructure
and the Constructed Environment. Federal Facilities
Council Technical Report No. 145. National Academy
Press. Washington, D.C.

Scholarly references

+ Topping, R., Lawrence, T., et al. (2004). Organizing
Residential Utilities: A New Approach to Housing
Quality. U.S. Department of Housing and Urban
Development. [researchgate.net] [huduser.gov]

Online references

* Infrastructure Guidance for COVID-19/Alternate Care
Sites. (2020). The HILLSIDE: Health Infrastructure
Living Library. [hillside.info]
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Abstract

There are several different common names for that which has
been engineered to separate humans and their objects from
external environmental influences. The name given to the
results of this process is varied, and often, discipline dependent.
Most simply, the name given to any such deliverable could
be "structure" - something created on land or some other
platform used to contain ("house") humans and selected
objects. The fundamental purpose of any structure is to control
the separation of two objects or two concepts. In the process
of separation, a pre-existing flow of information and/or matter
may be changed. Hence, structural change often conveys
functional change, because there is always motion. Other
names for a structure include, infrastructure, architecture,
buildings, and clothing (these are all structures). Structures can
be on a physical individuals person, such as clothing. Structures
can be positioned on land and on other surface platforms. Most
structures are buildings. Inside building structures are a sub-

Graphical Abstract

structure called a room. Buildings (structures) can consist of
one or more rooms. Some structures are not buildings. Some
structures are not buildings per say, but are containers of
objects with useful function (for example, a light post or radar
array). Technically these structures are still buildings; they are
just buildings designed to "house" technology and not humans.
Similarly, there are structures used (interacted with) directly by
humans, such as merry-go-rounds and boats. There is also the
possibility of structures with purely aesthetic (Read: look and/
or feel) function and no ability to contain other objects.

Figure 13. The architectural representation of a
structure on a landscape or other platform for use by
humans or having some other function.

Un-Built
Environment

Site-
Construction

Built
Environment

Spatial-
Construction
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1 Architecture

A.k.a., Architectural engineering, architectural-
engineering.

NOTE: Architecture is the most interconnected
habitat service system because architectural
constructions includes and contain many, if not
all, of the other habitat service systems.

Architecture is the designing, building, and operating
of human and/or machine utilized, generally static,
structures on land; however, there are related
architectural constructions that are not land based.
Architecture is any built structure that occupies space on
land, water, orinspace. More simplistically, architectureis
both the process and the product of planning, designing,
and constructing buildings and other physical structures
into the physical environment. It refers to the materially
built environment and necessarily involves mathematics
and engineering. Another possible definition is based
on enclosure -- architecture is a sturdy enclosure. If a
person or object can go inside of a structure, then it
is considered architecture. In this sense, architecture
is the reordering (reorganization) of the material
environment to produce and operate enclosures for
biological life and machines. When expressed materially,
architecture becomes the spatial structures we use to
contain objects and pass time within. Architecture is the
physical structures, both permanent and impermanent,
which are created into the habitat's landscape (or
oceanscape/spacescape) for any period of time. Therein,
an architectural space is the void between physical
boundaries of the enclosures where its existence is
independent of the user's presence. In a design sense,
architecture is a communicable representation of that
which has been constructed or could be constructed into
the "built" environment, and is not, a device. Inits physical
application, architecture becomes the integration of
structures, materials, and construction technology.
Architecture (or, architectural structures) are human-
made constructions simultaneously driven by functional,
engineering, and often, aesthetic considerations (Read:
feeling and beauty). Most architecture is expression of
function and aesthetics -- an architectural space exists is
to meet both (often) physical and psychological needs.
The design of structures (i.e., when doing “architecture”)
involves working with elements that are put together to
accomplish a life-orienting function - the use of structure
to control for environmental variables in a given space.
Architectural structures must satisfy the needs and
aesthetics of their users. They must also be safe, since
they will ultimately be used by people and/or machines.

Architecture has to do with planning, designing
and constructing form, space and ambience to reflect
functional, technical, social, environmental and
aesthetic considerations. Its realization involves the
reconfiguration and coordination of materials and
technology. Just like social organization can produce

a social “navigational” model, decision organization
can produce a decision resolution space, the product
of architectural work is typically drawings, plans and
technical specifications, defining the structure and/or
behavior of an architectural system that is to be, or has
been, constructed. Architecture concerns the behavior
of humans in how they use an environmental space, as
well as how the structure of the space relates to its own
surrounding.

NOTE: The definition of architecture as

a permanent structure, or even, a land-

based structure, is imprecise. In concern to
permanence, what is temporary? One hour, one
day, one year?

Some architecture is spatially mapped to a specific
geographic coordinate (e.g., buildings). Other types
of architecture move position regularly (e.g., boats,
vehicles, and clothing) move, and so their geographic
coordinates change, sometimes rapidly, with time.
From a high-level view, architecture may be depicted as
objects on a geo-spatial map that represent relationship
boundary elements and circulation spaces.

NOTE: In the habitat service system standard,
architecture that relates to neither the building
nor non-building architectural categories is
generally detailed in its own section of the
standard. Note that most Life Support and
Technical Support service systems in the habitat
are interrelated and interconnected.

1. Building architecture (a.k.a., building structures,
buildings) - a building or shelter.
2. Non-building architecture (a.k.a., non-building
structures) - something other than a shelter.
. Bridges.
. Tunnels.
. Pools.
. Canals.
. Furniture.
Coastal defenses.
. Etc.
3. Landscape architecture (a.k.a., cultivation
architecture).
A. Planters.
B. Ponds.
C. Etc.
4. Transportation architecture.
A. Road (including specialized roads like runways).
B. Railways.
C. Paths.
D. Pipelines (pipeline architecture, pipeline
engineering).
. Vehicles (vehicular architecture, vehicular
engineering).
F. Boats (naval architecture, maritime engineering).

OmMmmoNm>
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G. Spacecraft (space architecture, spacecraft
engineering).
H. Etc.
5. Power architecture.
A. Dams.

6. Clothing architecture.

7. Monuments (a.k.a., monumental architecture;
generally classified as a form of art and not
traditional architecture).

8. Hardware architecture (a.k.a., devices, tools,
and equipment; note this type of architecture is
classified separately from traditional; software
architecture is similarly classified separately).

Itisrelevantto note here thatthe most generalized use
of the term 'architecture' is used to refer to the design of
a structure. A ‘design’ is a set of relationships that form
a constructable and functional object or service, which
necessarily has a structure. In other words, a ‘design’ is
a description of a construction, which may or may not
have been constructed.

NOTE: In the broadest sense, every material
construction is the result of 'architecture’.
Physical architecture is not limited to buildings. If
something involves a relationship with material
form, then it involves the generalized concept

of architecture. However, not all processes are
architectural processes.

Architecture is a life-support functional service, which
has historically been given the survival-oriented term
“shelter”. A shelter is designed to protect its occupants
from weather fluctuations and functions to cancel
out a large portion of the ‘variety’ of the surrounding
environmental climate. Clothes, shoes, and buildings
are all part of this “primitive skills” category known as
“shelter”. In community, that which has historically been
known as “shelter” is now called “architecture” (which, is
inclusive of platforms, technologies, and decor).

CLARIFICATION: There is a significant
requirement here to clarify some common
architectural terminology. The term, 'structure’,
has many contextual applications. In general, a
structure is an arrangement and organization
of interrelated elements in a material object

or system. Material structures include man-
made objects such as buildings and machines,
as well as natural objects such as biological
organisms, minerals and chemicals. Abstract
structures include data structures in computer
science and musical form. Conceptual structures
include information structures in the form of
information models.

An architectural space is not an independent entity
from its environment; separations and integrations
between the space and its environment shape
experiences. An architectural space is defined by its
geometry and materiality. Geometrical characteristics
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define its form, proportions and dimensions, while
materials express its appearance. Generally speaking,
there are several high-level categories of architecture:
A complete architectural design ought to include all
aspects of perception, including human and machine
(where applicable) perception. Space perception is a
concept that includes the use of all human senses, and
also machine sensors. Sight and hearing are the two
most important ones. The other minor senses of smell,
touch and taste are involved in a secondary way when
experiencing a space. (Rodriguez-Manzo, p.1, 2010)

Note that many types of society are capable of being
identified by their architectural constructions. However,
such a label would be an imprecise representation of the
totality of a given society because it doesn't account for
the societal living system as a whole, which necessarily
includes a social organization, a decisioning organization,
and an expressed lifestyle.

NOTE: Among community there is always a
purpose to [architectural] presence, where
architecture becomes an emergent completion of
nature for climactic survival and flourishing.

1.1 Architecture as a service

Within a habitat service system, architecture is the
service that develops, constructs, disassembles,
and sometimes, operates, architectural systems.
Architecture is a life support service function within the
habitat service system. Some architectural systems are
used and operated by the architecture service system,
whereas other are used and operated by other service
systems, although they still include architectural service
InterSystem team functions.

As a life support service, architecture provides:

1. Buildings.
2. Non-building structural architecture, such as:
A. Bridges.
B. Tunnels.
C. Pools.
D. Furniture.
E. Etc.

. Clothing.

4. Architectural objects and systems for other habitat
service systems, including but not necessarily
limited to:

A. The cultivation service system, such as: planters,
ponds, etc.

B. The transportation service system, such as:
roads (including, bridges and tunnels), paths,
vehicles, boats, spacecraft, etc.

C. The art and music service system, such as
monuments.

w
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TERMINOLOGICAL CLARIFICATION:
Throughout this article, the word 'building' may
sometimes, depending on context, be used to
mean any architectural system, such as a tunnel,
pool, or even clothing.

1.1.1 Architectural design
A.k.a., Building design.

In the market-State, building design (though more
generally, architectural design) is separated at a high-
level into the following categories (or disciplines):

Architecture.

Structural engineering.

Civil engineering.

Construction engineering.

MEP engineering (mechanical, electrical, and
plumbing).

6. Other engineering (e.g., fire suppression, rainwater
flow, etc.).

kN~

These disciplines all involve:

1. Connecting design to function[al] operation.

2. Connecting design to fabrication/construction and

eventual disassembly/destruction.

Connecting design to site.

4. Incorporating architectural system data or building
data (i.e., data about the current and/or future
operation of the architecture and the architectural-
engineering services within it; for example, about a
building and the services within it).

w

1.1.2 Architectural design considerations

Different architectural types have different goals for
the type of space and usage they want to create. The
design of any given architectural construction confers
the following four characterizations (i.e., the design of an
architectural system can be categorized by the following
high-level design elements):

1. Architecture type:
A. What is the primary function(s) of the
architecture?
B. If a building, what is the occupancy size of the
building (for persons and/or equipment)?
C. If a non-building system, what is the size
requirement?
D. What materials compose the construction of the
system?
2. Activity type (function transfers from architecture
type):
A. What activities will occur within and around the
architecture?
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B. What equipment do those activities require?
3. Space type (equipment transfers from activity type):
A. What are the interior dimensions of areas in the
architecture?
B. What are the surfaces of the spaces composed
of?
C. What objects will be used in those space?
4. Affect type (felt sensation transfers from space type):
A. How will the user/occupant be affected by the
building, what will the user(s) sense (as being
present) in and around the system?
B. What feelings will the system drive/promote in
users?

1.2 Building architecture

In the context of a building, architecture is the conceptual
design and fundamental operation of a building-type
structure. Building architecture is the sculpting (i.e., re-
configuration) of the physical environment to meet a set
of user requirements/demands for shelter. Historically,
it was the craft of building a shelter. Architecture is
the design and process of constructing (and operating)
buildings. A building may be regarded as simply an
envelope which encloses and subdivides space in order
to create a protected environment, one that may serve
additional functions. Here, architecture is the designing
and building and operating of human and/or machine
occupied, generally static, structures positioned on, in,
and/or above Earth's surfaces. Herein, an architectural
structure is a human-made, free-standing, relatively
immobile outdoor (or, underground) construction. Note
here that architectural forms are always functional and
aesthetic, always three-dimensional, and always user
driven. Similarly, architecture is the science and practice
of designing and organizing buildings for human and
machine occupation.

CLARIFICATION: The language here can
sometimes be confusing, for example, it is often
said that, "building architecture is the design
and construction of a building, while structure

is a building or other object built." Of course,
architecture includes more than just buildings,
and all of materiality has structure. Additionally,
building architecture, which generally refers to
the overall process of designing, engineering, and
constructing a building, also may describe the
design/style of a building. Finally, note that the
terms building, architecture, and construction
can all be used as an object or verb. Structure
can only refer an object, whereas structuring can
refer to the process of designing, developing, and
creating a structure.

1.2.1 Buildings

INSIGHT: The function of architecture is to
design spaces that generate wellbeing.
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Human physiology and machines are capable of
tolerating only a narrow range of environmental
conditions. Beyond this range, health and wellbeing
are compromised, and machines fail. Buildings protect
their occupants from climactic environmental elements
(Read: provide shelter) and protect other habitat system
services (Read: provide a built structure within which
other services are provided). Through the materialisation
of specific types of masses (volumes), architecture is
able to create enclosed spaces in the form of structures.
A building is a systems; it is an integrated assembly of
interacting architecturally related elements, designed
to carry out cooperatively predetermined shelter-type
functions. A building consists of a collection of spaces
bounded by separators of the interior environment, and
separators of the exterior environment (the enclosure).
The word ‘building’ is commonly considered to refer
to an enclosed structure within which people and/or
machines can perform activities (Designing Buildings,
2021). Buildings offer unique possibilities for human
flourishing. In general, the term, building, refers any
permanent or temporary building but not any other kind
of structure or erection, and a reference to a building
includes a reference to part of a building.

There are many ways of classifying types of building,
including but not limited to:

1. Construction type.

2. Use class (i.e., function or activity type, nature of

occupancy).

Size.

Style.

. Historic period.

. Design (for example, form, structure, etc).

. Performance (for example, energy consumption,
accessibility, etc).

8. Jurisdictional-legal definition.

Nouhsw

A building is a complex assemblage of physical elements,
components, and systems, wherein:

1. Building assembly (building complex) - a
combination of components.

2. Building enclosure (building envelope) -
the name given to any part of a building that
physically separates the external from the interior
environment. Sometimes 'enclosure’ is defined as
a mass/volume that creates a feeling of contained
space.

3. Building component - a constituent part of a
building (or other built asset) that is manufactured
as an independent unit, subsystem or sub-
assembly, that can be joined or blended with other
elements to form a more complex item. Generally,
components are ‘self-contained’ and sourced

from a single supplier, typically the complete
unit provided by that supplier rather than its
constituent parts.

4. Building elements - the main components of a
structure like a bridge (foundations, piers, deck) or
a building (floors, walls and roofs).

Enclosures are either monolithic or composite
assemblies. Monolithic enclosures involve a single
material acting as the structure, the cladding, and
the interior finish. In composite assemblies, separate
materials or combinations are assigned critical control
functions, such as control of heat transfer or air leakage.

The physical components of a building enclosure include:

1. The roof system.

2. The above-grade (above ground) wall system
(including windows and doors).

3. The below-grade (below ground) wall system.

4. The base floor system.

The principles of a building enclosure include:

1. Strength and rigidity.

2. Control of heat flow.

3. Control of air flow.

4. Control of water vapour flow.

5. Control of liquid water movement.
6. Stability and durability of materials.
7. Control of fire.

8. Control of climactic elements.

9. Aesthetic considerations.

10. Cost (market only).

In general terms, enclosure types include can be
categorised as the following:

. Compact or distributed.

. High rise or low rise (relative).

. Massive or lightweight.

. Passive or active.

. Permeable or impermeable.

. Single or multiple units.

. Temporary or permanent.

. Transparent or opaque.

. Hybrids: Combinations of the above.
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Inthe design of buildings, there are also considerations
relating to the natural phenomena occurring in the
external world, and the functions required to sustain
structures within that environment. Some of the
environmental phenomena, or ‘loadings’, that can
impact on enclosure include:

1. Gravity (i.e. structural loads).
2. Climate and weather.
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Seismic forces.

Noise and vibration.

Soil type.

Topography.

Organic agents (i.e. aerobic life forms such as
insects and mould).

8. Inorganic agents (i.e. natural and artificial
substances such as radon and methane).

Nousw

The general functions of the building enclosure may be
divided into four areas:

1. Support - to resist and transfer all structural forms
of loading imposed by the interior and exterior
environments.

2. Control - of air transfer, heat, sound, access
and security, privacy, the provision of views and
daylight, and so on.

3. Finish - the enclosure surfaces in terms of visual,
aesthetic, durability, and so on.

4. Distribute - services or utilities such as electricity,
communications, water, and so on.

1.2.2 Building systems

NOTE: The term building herein refers to the
built structure, not the process of constructing
the built structure.

Building systems refers to all of the sub-systems within
a building, including coordination and control systems.
These systems include, but not limited to:

Atmospheric systems

Building automation and control systems

Curtain systems.

Building energy management systems

Building heating systems

Building management systems

Electrical control systems

Fire detection and alarm systems

9. Floor systems

10. Heating and cooling systems

11. Intelligent building management systems.

12. Infrastructural systems

13. Lighting systems (light control systems,
illumination control systems)

14. Networking systems

15. Roof systems

16. Sanitary and septic systems

17. Security systems

18. Shading systems

19. Solar thermal systems

20. Structural systems

21. Thermal systems

22. Walling systems

23. Water systems (plumbing systems)
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1.2.3 Building spaces

In buildings, spaces are provided for various activities
to take place. In some cases a space is only suitable
for one activity, for example a kitchen, but an "activity
hall/room" may, for example, be used for assemblies,
sports, concerts and dramas. Also classed as spaces
are transport corridors that run between two locations.
There are hundreds of different types of spaces, each
related to the category of activity or general types of
activities that can take place in those space. There are
also open spaces. Note here that large areas upon a
landscape, which may or may not have buildings placed
on them, are also called 'spaces’, but more commonly
known as 'zones'.

Note here that building complexes (buildings with
many spaces) can also be broken down into individual
activities, such as exercise space, sleeping space, eating
space, working, etc.

1.2.3.1 Interior design

Interior design is the science of understanding behaviors
and preferences to design functional and aesthetic
rooms within a building. Interior design includes both
technical and aesthetic solutions.

1.3 Architectural processes: architecture,
engineering, construction, and
demolition

There are several processes and accompanying roles
(a.k.a., architectural disciplines) involved in bringing
an architectural structure (object, building, etc.) into
existence, and possibly, removing it from existence:

1. Architecting (role: architect) is:

A. The process of coming up with some kind
of solution for some kind of architectural
problem with an associated set of architectural
requirements.

B. The process of creating and building an
architectural object/structure.

C. The process of conceiving, defining, expressing,
documenting, communicating, certifying proper
implementation of, maintaining, and improving
architecture throughout an architectural
system'’s life cycle.

2. Engineering (role: engineer) is:

A. The process of calculating the structure
(notably, load bearing structural elements) of an
architectural system.

B. The process of designing and calculating the
utility infrastructure for an environment.

3. Architectural-engineering (role: building
engineer) is:

A. Understand and design the architecture.
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B. Understand and design the engineered
sub-systems of the architecture (e.g.,
structural, electrical, HVAC, etc.)

C. Integrate engineeried systems in the
building envelop.

4. Constructing or fabrication (role:
construction manager, fabrication
coordinator, constructor, builder,
contractor) is:

A. The process of constructing (fabricating
and assembling) an architectural system.

5. Demolition or recycling (role: demolisher,
and also, constructor, builder, contractor)
is:

A. The process of disassembling and possibly
recycling an architectural system.

The role of the architect (or,
processes) generally involves:

architectural

1. Concept design - produces concept design
documents.

2. Total object development planning and
monitoring - produces object development
documents.

3. Construction planning and monitoring -
produces construction documents.

The role of the architectural-engineer (or,
architectural engineering processes or building
engineering processes) generally involves:

1. Calculating what is physically possible and
optimal for architectural related subsystems
- produces engineering documents with
complete descriptions, formula, calculations,
results, and alternatives for both the
structure and utilities infrastructure.

2. Architectural-engineers design, assess, and
inspect - infrastructural systems to ensure
that they are efficient and stable.

The role of the structural engineer
engineering processes) generally involves:

(or,

1. Calculating what is physically possible and
optimal for structural related subsystems
- produces engineering documents with
complete descriptions, formula, calculations,
results, and alternatives for both the
structure and related elements of the
infrastructure.

2. Structural engineers design, assess, and
inspect - structures to ensure that they are
efficient and stable.
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The role of the civil engineer (or, engineering
processes) generally involves:

1. Calculating what is physically possible
and optimal for civil related subsystems
- produces engineering documents with
complete descriptions, formula, calculations,
results, and alternatives for both the
structure and utilities infrastructure.

2. Oversee - a variety of workers, including
construction managers, architects, and
mechanical engineers.

3. Civil engineers design, construct, maintain
and improve - the non-building systems (e.g.,
bridges, tunnels, roads, etc.).

The role of the constructor (or, constructing
process) generally involves:

1. On-site construction coordination - uses
construction documents. This phase
produces the final object(s).

The role of the demolisher (or, demolition
process) generally involves:

1. Pre-demolition design - to ensure the
building can be demolished safely by means
of a analysis and plan.

2. On-site disassembly and demolition
coordination - uses construction and
demolition documents. This phase removes
the final object(s) from existence.

1.4 Architectural-engineering

A.k.a., Architectural engineering, building
engineering, structural engineering,
infrastructural engineering.

All architecture is [also] engineered; it is often
more correct to use the term architectural-
engineering as opposed to the term architecture
alone.  Architectural-engineering is  always
dependent on the allocation of resources, physics,
and human effort. Architectural-engineering
combines all aspects of building design and
construction, including mechanical, electrical,
structural, infrastructural, calculations, and other
mathematical precision notions.

CLARIFICATION: /n academia and the
building industry, architects are guided
more by aesthetic, functional, and
spatial design [of buildings], whereas
architectural-engineers are guided

more by an integration of functional
design, aesthetic design, and engineering
principles [in the construction, planning,
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and design of buildings]. It is often observed

in the early 21st century that architectural-
engineers use more technology and integrated
design methods than architects whose
creations are deeply rooted in subjective artistic
expression. In this sense, it is possible to think
of architectural-engineering as an extension

of architecture. The architecture uses spatial
planning to produce drawings (floor plans,
sections, and elevations) evaluated by engineers
for physical constructability. Note that in the
architectural industry in the 21st century,

some architecture firms are also architectural
engineering firms, which means that they

don’t have to outsource their projects and can
maintain full control of a project from start to
finish.

1.4.1 Engineering

CLARIFICATION: In general, engineering is the
process of designing, inventing, building and
maintaining machines, structures, tools and
other things that are a part of daily technical life
fulfillment.

Architecture is an operational service process accounted
for by habitat design and development. Engineering
is a knowledge application process for designing and
developing systems and services, including architectural
services. Engineering is the application of mathematics,
empirical evidence, as well as scientific and practical
knowledge in order to invent, design, build, maintain,
research, and improve structures, machines, tools,
systems, components, materials, and processes. All
architecture is engineered. Engineering involves the
application of scientific principles to a design to ensure it
functions as intended. Engineering necessarily involves
mathematical calculations.

When it comes to architecture there are rules. There
are rules because you don't want a roof caving in on you
or your clothing failing when you are at risk to exposure.

In the context of the socio-technical decisioning of
a community-type society, architectural-engineering
is part of the solution inquiry process of the
Community’'s common decision space. One could state
that “architectural engineering” is the application of
engineering principles and technology to architectural
design and construction.

To understand the interrelationship between
architecture and engineering in community design
it is important not to have your thinking limited by
the language of a paradigm where all economic work
is segregated into labor disciplines like “mechanical
engineering”, “architecture”, and “industrial engineering”.
Instead, it is important to think in terms of systems
and the ecologies of systems. All architectural design
requires engineering, and we engineer everything that
comes into material service as part of the habitat service
system, which exists in an ecological dynamic with a
larger environment.

NOTE: /n engineering, adventurousness is akin
to incompetence.

1.4.1.1 Architects and civil engineers

In the market-State there are differences between the
architectural and civil engineering professions (note,
however, that these differences are not universal and
may not always carry over to a community-type society):

1. Civil engineers manage a broader range of projects
encompassing transportation infrastructure and
water systems, while architects focus on buildings.

2. Architects are more deeply involved in the pre-
construction phases, while civil engineers directly
oversee all phases of construction work. However,
in the case of residential project, it is often the
construction manager, or sometimes the architect,
that oversees all phases of construction.

3. Civil engineers oversee a variety of workers,
including construction managers, architects, and
mechanical engineers.

4. Architects spend a majority of their time in offices,
while civil engineers divide their time between desk
work and direct site supervision.

5. Both roles require a bachelor's degree and state
licensure, but civil engineers often earn advanced
degrees to secure a senior position.

1.4.1.2 Architects and structural engineers

In the market-State there are differences between the
architectural and structural engineering professions
(note, however, that these differences are not universal
and may not always carry over to a community-type
society):

1. Architects manage the whole architectural project.

2. Structural engineers run do analysis and run
calculations on the structural efficacy and viability
of the architectural structure.

1.4.2 Building science

A.k.a., Building physics, building engineering
physics, architectural science, etc.

In general, building science (a.k.a., building physics) refer
to the knowledge of the physical behaviour of buildings
and other built systems (a.k.a., architectural system) and
theirimpact on energy efficiency, comfort, health, safety,
durability, etc. This is the application of the principles of
physics to the built environment. An understanding of
building science is vital if the design of buildings is to be
optimised and the performance of buildings maximised.
The term, 'building engineering physics', usually relates
more specifically to the energy performance of buildings
and the impact of a building on the indoor and outdoor
environments. By properly understanding the physics
of the built environment it is possible to develop high
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performance buildings that are comfortable and
functional, and to minimise the negative environmental
impacts of their construction and operation. Building
science applies empirical techniques to architectural
design problems, and explains why buildings work and
why they fail.

Aspects of building design that might be considered
'building science' could include, but are not limited to:

Acoustics.

Air movement.

Building construction.

Building demolition.

Building life cycle assessment.

Building materials.

Building structures.

Building services and operations.

9. Building systems integration.

10. Climate and weather.

11. Energy modelling.

12. Facade engineering.

13. Fire and hazardous materials analyses and control.

14. Heating, ventilation and air conditioning.

15. Natural and artificial lighting.

16. Moisture and condensation analyses and control.

17. Passive building design.

18. Physiology and thermal comfort.

19. Smart/intelligent building technology (automation
technology).

20. Sustainability.

21. Thermal performance.
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QUESTIONS: How do we scientifically respond
to architectural needs, and how we might best
design our architectural environments to fulfill
our requirements?0.

1.5 Architecture and consciousness

APHORISM: We shape our buildings and later
our buildings shape us. We build the roads,
and then, the roads build us. We make the
house, and then, the house makes us. We build
architecture, and then, the architecture builds
our lifestyles and shapes our lives.

Architecture reflects consciousness and directs its
experience. Architecture can facilitate or get in the way,
of us experiencing the fullest from our environment.
We don't want to put up facades that block our direct
experience. Our creations can just as easily trap things
in, as keep things out.

NOTE: Space has socio-technical power relative
to its configuration. Architecture can reconfigure
“power” relationships in society. Who is excluded
and included from the space is essentially

the difference between utopia and dystopia.
Architecture that uplifts everyone.

Architecture is, in a way, a reflection of those people
who have manifested it and maintain its construction.
Materializations (e.g., buildings, landscapes, and
technologies) are, in a way, like reflections of the people
who manifest them. Their design and appearance
give an indication of the occupiers’ characteristics
and understandings. They are a reflection of their
integration and realisation as well as their individuality.
The materializations of a population are a chosen
representation of its character.

INSIGHT: Momentum represents forward
movement. Monuments represent movement in
the past. A current theory is like a monument
made to an old fact. Most of early 21st century
society has lost all momentum and has become
a monument to old thoughts.

Architecture can shape us (our thinking and behaviors)
in ways that we don't realize, and yet, are highly
predictable.

INSIGHT: All architecture with a habitat service
system exists within a social context.

1.6 Atmospheric sightlines
A.k.a., Sight line, visual axis.

Ground foundationed (a.k.a., above ground) buildings
take up space on the land. Asightline is an unobstructed
line of sight through the atmosphere between an
intended observer (spectator) and a subject of interest,
such as a building, area, etc.

INSIGHt: In community, buildings turn into
“sculptures” when seen from a distance.

1.6.1 Architectural aesthetic pollution

Early 21st century sightlines are highly polluted with
human[mentaland commercial]“defecant”. The question
must be asked, Why are people “defecating” in their
visual environment? For their very well-being, people
do not defecate in the same water they drink from. Why
then are they expelling into their visual environment,
whatever is in their mind, without consideration given to
the larger environment and its many users?

1.7 Starchitects

Modern cities are monuments to “great names” and
amusingattractions, mostofwhich are notrepresentative
of humankind's true potential for fulfillment. Many
architects in the architectural industry, and even among
the resource-based economy (RBE) movement, are
more akin to “starchitects”. The prefix “star-" is intended
to mean that an architect has become a celebrity, a
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“star”. Starchitects often copy protect their works. Most
starchitects designs buildings as sculptures distinctive to
their own subjective whims or the whims of a collective.
Here, the term ‘starchitect’ is a pejorative. Besides copy
protecting their work, starchitects create environments
where people have to live in and among their artistic and
subjective mental creations.

In modern commercialized society the architect
designs the look, and the engineer determines how (if the
design is novel) to make the look feasible. In community,
the results of architecture are a whole integration into a
materialized service system, wherein everything encoded
into the system has been systematically engineered to
do so. The distinction here is between starchitects in the
market-State who (1) protect their efforts (thus, limiting
cooperation and unification) and (2) do not account for
others fulfillment in their work, and material design in
a community-type society, where there is (1) no copy
protection and (2) recognition of a social population with
the potential for greater and lesser states of fulfillment,
(and this, the effort to produce integrated and functional
systems for that fulfillment).

INSIGHT: In early 21st century society,
architecture works on the principle of money: no
money, no building; no money, no access to the
architectural drawings.

Here are some characteristics of the labor-market

appearance of a starchitect:

1. Refusal to share their designs openly.

2. Disregard the effort and energy required to
construct, maintain, disassemble, and clean the
structure.

3. Disregard integration with the surrounding
environment.

4. Disregard the integration of service functions, both
within the structure itself and with concern to
infrastructure.

5. Disregard nature-patterned aesthetics.

6. Disregard the nightmare/headache that an abstract
piece of architecture will give to a structural
engineer who has to design around the modernist
structure.

The labor role of an architect involves the building
of structures for others. In community, we build
structures for ourselves. Instead of a contextual world of
harmonious geometric relationships and connectedness,
architects tend to see a world of objects set apart
from their contexts, with distinctive, attention-getting
qualities. There are many such confirming studies. For
example, Gifford et al. (2002) surveyed other research
and noted that “architects did not merely disagree with
laypersons about the aesthetic qualities of buildings,
they were unable to predict how laypersons would
assess buildings, even when they were explicitly asked
to do so.” The researchers traced this disagreement to

well-known cognitive differences in the two populations:
“Evidence that certain cognitive properties are related to
building preference [was] found.”

The division of construction by laborrole hasimportant
consequences for the kinds of constructions that are
produced into an environment. The same could be said
for the field of engineering. Consider the engineering of
living environments around the form of transportation
we know as a “car”, and the consequences that has had
on our movement throughout life space engineered
around vehicles. The architectural label, the architectural
labor role, and socio-economic compartmentalization
can prevent someone from seeing how certain designs
disconnect and isolate people, and create hostile
environments that cannot be shared well by people
physically. Reward in service of effort is unhelpful; it
decouples the designer from the context of human
fulfillment.

An article by Mehaffy and Salingaros (2011) describes
why, in the last half-century, the clear result of
architectural construction is buildings whose makers
have been so concerned with the drama of their
appearance that they fail on the most fundamental
human criteria. The following are some adapted quotes
from the article.

Instead of a contextual world of harmonious
geometric relationships and connectedness,
architects (people providing the profession of
architecture) tend to see a world of objects

set apart from their contexts, with distinctive,
attention-getting qualities. Their buildings
celebrate the individuated form, as objects
standing dramatically apart from context. Why
do architects see the world in this unique way?
Historically, and in part, this behavior is due
to the conditioning present in architectural
schooling (Gifford et al., 2002). Architectural
students are typically asked to produce drawings
that are pinned up next to one another, and
then evaluated in a “crit” (or critique). In such
an abstract setting, it is difficult for anyone to
evaluate how well a project integrates with its
context, if at all. Moreover, projects that are
especially distinctive — object designs that
stand out visually in an imaginative way by
presenting an unusual structure — tend to get
more attention from the faculty, and often,
better grades. Those architects get rewarded,
and selected out to be the later stars of the
profession. Hence, architecture in the market-
State has turned into something of a "novelty
spectacle". However surprising and novel

the forms of today’s new architecture might
appear, they remain tightly bound within this
almost century-old model. The novelty spectacle
approach has become the model not just for
buildings, but also for whole cities.

This focus on object-design has a deeper
history in architecture. Up to about 1900,
architects were understood to be practicing an
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adaptive craft, in which a building was

an inseparable part of a dynamic living
environment. “Blending in” respects the
extant complex connective geometry,
where components contribute to overall
coherence. A building was assumed to
meet the physiological and social needs of
the people of that neighborhood first and
foremost, and only then it would express
its aesthetic qualities.

Yes, our architect friends share much of
the blame for the state of architecture,
but let us remember that city officials,
corporate executives, urban developers,
mortgage bankers, and many others

were part of this process of “architectural
commodification”, creating attention-
getting product design rather than good
sustainable environmental design. Clients,
following what they took to be general
consensus on what is great architecture,
commissioned architects to build inhuman
structures.

All of these things are not, of course,
trivial. They are the essence of a functional
whole community, in which people are
able to walk, navigate, feel well, and

even feel any desire to live there in the
first place. In short, the desires and gut
reactions of the individual are the very
essence of a great, living city, as opposed
to a banal and dysfunctional one. The
dysfunction of such image-based urban
places — sadly all too common in the
post-war era — is what has sent many
people fleeing for the suburbs, with

their simplistic ideas of retreat into a
private garden. This too has turned into a
dysfunctional failure of traffic congestion,
blighted strip development, and isolated,
car-dependent homes.

In the early 21st century, many leading
architects feel compelled to change the
world drastically to make it conform

to their preferred industrial paradigm.
Unless non-architects (i.e., the rest of the
population) stand up to this pressure,

we risk the slow loss from attrition of

all of humankind'’s most emotionally-
nourishing creations. For example,
architects see a well-functioning and
beloved urban space but perceive it as
ugly and offensive, desperately in need of
immediate “re-qualification” to turn it into
a contemporary hard industrial object.
Politicians are happy to go along so as

to please construction companies who
profit from the unnecessary tearing down
and rebuilding. The result is a sterile open
space, unused, dysfunctional, and dead
— but in the eyes of the architects, the
operation has been a success!

Architects spend more time talking to
their users, sharing their perception
and understanding their needs: not just
the architect’s selfish need for artistic
self-expression, or worse, his/her need
to impress other architects and elite
connoisseur-critics.

We are now dealing with an environment
in which such image-based sculptural
buildings are imposed upon people,
whether they choose them or not. If such
buildings “fall down on the job” of meeting
human needs — if they are unduly
stressful, or damaging to the quality of
life — then that is a kind of architectural
malpractice, and nothing less.

And thus we conclude that “architectural
myopia” is a symptom of adopting a
contradictory and opposite way of viewing
the world. It also explains architects’
insistence — continuous, strident, and
bordering on the obsessive — of the need
to “educate” the public. For every time
public debate focuses upon the basic
dichotomy in perceiving architectural form
between architects and non-architects, the
standard response by the former is to beg
for more “education” of ordinary citizens,
and to dismiss natural human responses
to their work as being “unsophisticated”
and “philistine”. Architects really wish that
normal people would undergo the same
reversal, and then everyone might agree
on the same non-contextual, non-adaptive
building aesthetics.

Since the non-indoctrinated continue

to see complexity and coherence in the
living environment and refuse to accept
“architectural myopia”, the architect’s
strategy is simply to replace the built
environment so that it no longer contains
those essential elements of living structure.

For example, architects see a well-
functioning and beloved urban space

but perceive it as ugly and offensive,
desperately in need of immediate
“re-qualification” to turn it into a
contemporary hard industrial object.
Politicians are happy to go along so as

to please construction companies who
profit from the unnecessary tearing down
and rebuilding. The result is a sterile open
space, unused, dysfunctional, and dead
— but in the eyes of the architects, the
operation has been a success!

A culture based upon an abstract,
disconnected conception of space is re-
shaping our world right now for the worse.
The parallel reality is replacing the living
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one. Enthusiastically supported by politicians
and the building industry, architects have been
commissioned to destroy historic buildings and
urban spaces worldwide. Because “architectural
myopia” is justified as perfectly normal in the
press, such interventions are praised by their
promoters but turn out disastrous for the urban
fabric, and are hated by potential users. Those
projects all tend to look and feel the same. This
is not surprising, since the designs are generated
by the same abstract modernist images in the
minds of architects oblivious of the connective
geometry that would catalyze the eventual life in
such a space.

We desperately need a new kind of architect:
one more focused on process than on systems
and context, rather than just objects. We need
an architecture that actually optimizes the user
(human) experience of the built environment.

Firstly, it is important to re-integrate the needs
of human beings, including their sensory
experience of the world, and their participation
into the process of designing buildings and cities.
Preparing our new type of architect for practice,
we should re-examine the ways that architects
are rewarded today: the corrupt and incestuous
system of financial incentives, corporate
branding, and image-making that rewards the
extravagant “starchitect” over the contextual
practitioner. Once we have created a consensus
for radical change, it will be straightforward

to find new ways of compensating good work,
through more incentives such as awards,
commissions, scientific research that identifies
both successes and failures, and other, stronger
feedback.
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2 Architectural planning

A.k.a., Building planning, built environmental
planning.

The Life-Support Service Sub-System of Architectural
(-Engineering) can be planned, and its plan can be
integrated into a unified plan for the Life-Support Service
System, and therein, the Habitat Service System as a
whole.

2.1 Architectural-engineering design
timeline

Architectural-engineering design involves at least the
following deliverables:

1. Services (utility services, architectural services)
deliverables
A. Analysis of identifiable need(s) and selection
of specific [architectural] service functions.
[Documentation of decision analysis]
B. List of specific architectural service functions.
[Documentation of list]
2. Architectural engineering design deliverables
A. Design development documentation (A.k.a.
design associated development documentation;
project planning the architectural sub-systems;
including, planning and documentation)
. Architectural design plan
. Structural design plan
. Mechanical design plan
. Electrical design plan
. Civil design (Municipal hookup design) plan
. Landscape design plan
Interior design plan
i. Fittings, fixtures, and equipment design
plan
ii. lllumination design plan
iii. Acoustic design plan
8. Materials plan
9. Construction (fabrication) plan
10. Software plan
B. Schematic designs (A.k.a., producing
specification designs; including, visualization
and text)
. Architectural design drawings
. Structural design drawings
. Mechanical design drawings
. Electrical design drawings
. Civil design (Municipal hookup design)
drawings
. Landscape design drawings
7. Interior design drawings
i. Fittings, fixtures, and equipment design
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drawings
ii. lllumination design drawings
iii. Acoustic design drawings
8. Materials specifications
9. Construction (fabrication) drawings
10. Software specifications

2.2 Architectural-engineering

development

Architectural-engineering development involves a
timeline of tasks, deliverables, and events that include:

1. Pre-design (Phase 1)

A. Project coordination (project administration;
project management)

1. Coordination with team (internal coordination)

2. Coordination with market

3. Coordination with State (government)

i. Who are the authorities that have
jurisdictional requirements?
1. What are the taxation requirements?
2. What are the duty and customs (etc.)
requirements?
ii. What are the regulatory issues:
1. Zoning requirements?
2. Building code requirements?

B. Programming (a.k.a., functional program, design
brief, facilities program, architectural program,
user's/owner's statement of requirements,
space needs analysis, program) - refers to
adding function to form. A functional program
describes the requirements which a building
must satisfy in order to support and enhance
human activities. Generally, functional programs
are prepared as part of a design report. The
programming process seeks to answer [at least]
the following questions:

1. What is the nature and scope of the problem?

2. What information is required to develop a
proper architectural solution to the problem?
What are the site requirements (e.g., parking,
circulation, orientation, vegetation, soil type,
etc.)?

3. How much and what type of space is required?
What activities will take place in each space or
sub-space? What is the functional relationship
of the spaces? Visualize spatial relationships
in a spatial relationship diagram and/or flow
diagrams.

4. What space will be needed in the next five to
ten years to continue to operate efficiently?
What is the size of each space? Are there
special technical requirements of each of the
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spaces and systems?

C. Space diagrams
D. Survey of existing facilities
E. Studies

1. Market studies
2. Economic studies
3. Location/situational studies
i. What are the community goals and
concerns?
ii. What are environmental and ecological
concerns?
4. Jurisdictional studies
5. Geopolitical studies
6. Site studies

F. Project financing - What are the financial

requirements for the project?
1. Permanent financing
2. Interim financing

G. Project budgeting - What is the preliminary and

post-preliminary budget for the project?

1. At the predesign phase or beginning of a
project, determine the likely budget and what
it includes. Verify that this project is financially
viable to the greatest extent possible.

i. Object design cost (OD)

ii. Object construction cost (OC)

iii. Fixed equipment cost (FC)

iv. Site development cost (SC)

v. Total construction (demolition) cost (TCC) =
OD+0C+FC+SC

vi. Site acquisition cost (AC)

vii. Transporation cost (TC; movable
equipment cost)

viii. Risk cost (RC)

ix. Project coordination cost (administration
cost) (PC)

X. Total budget required = TCC + AC+ TC + RC
+PC

2. Site Analysis (Phase 2)

1. Project coordination (project administration;
project management)
i. Coordination with team (internal
coordination)
ii. Coordination with market
iii. Coordination with State (government)
2. Surveys
i. Needs analysis (program of needs)
1. Questionnaire / survey
2. ldentification of needs
3. ldentification of functions and services to
meet needs.
4. Analysis of needs; assess capabilities.
a. ldentification of space needed to
support functions.
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ii. Identify stakeholders
1. List stakeholders - stakeholders which
affect and are affected by.
2. Mapping stakeholders - viewpoints and
positions (relationships) to each other.
3. Ranking stakeholders - influence and
power within the stakeholders.
4. Categorizing stakeholders - set up
of groups with identification of their
influence to the process.
a. Collaborators
b. Affected by
c¢. Could affect
. Site analysis and site selection
. Site development planning
. Site utilization studies
. Utility studies
. Environmental studies
. Zoning
. Project scheduling - What is the time frame for
the project?
10. Project budgeting
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3. Design Development (Phase 3) and Schematic

Design (Phase 4)
A. Project coordination
1. Coordination with team (internal coordination)
2. Coordination with market
3. Coordination with State (government)
B. Architectural-engineering design deliverable
1. Architectural line and cut measurement and
whole 3D object/environment visualization in
line layout of whole space with all appropriate
cuts, wholes, and all associated data:

i. Space identifiers; boundary identifiers;
floor plans; terrain plans; shows locations,
positions, and relevant data in a whole
space.

ii. Sub-architectural engineering design plans
(as sub-deliverables)

. Structural design
. Mechanical design
. Electrical design
Civil design
Landscape design
Interior design
Software design
2. Materials research and specifications
i. Materials analysis
ii. Materials specifications
3. Fabrication design and specifications
i. Constructability analysis
ii. Construction specification
C. Project scheduling
D. Cost controlling and cost estimating
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1. Cost of land
. Cost of financing
. Cost of architectural/engineering (A/E)
. Cost of terrain modification
. Cost of construction/fabrication
. Cost of Furniture, Fixture, and Equipment
(FF&E)
. City or government fees
8. Account for lifecycle costs
i. Initiating costs
ii. Development costs
iii. Operations costs
1. Market costs (obsolescence/replacement
costs)
2. Updating, adapting, or module modifying
costs
3. State costs (tax, fees)
iv. Maintenance costs (rental costs)
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4. Construction Documents (Phase 5)

A. Project coordination
1. Coordination with team (internal coordination)
2. Coordination with market
3. Coordination with State (government)
B. Architectural documents
C. Structural documents
D. Mechanical documents
E. Electrical documents
F. Civil documents
G. Landscape documents
H. Interior documents
I. Materials specifications documents (material
engineering documents)
J. Fabrication specifications documents
(construction documents)
K. Software specifications documents
L. Project scheduling
M. Cost controlling and estimating
. Cost of land
. Cost of financing
. Cost of architectural/engineering (A/E)
. Cost of terrain modification (sitework)
Cost of construction/fabrication (sitework)
Cost of Furniture, Fixture, and Equipment
(FF&E)
7. City or government fees
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5. Bidding and Negotiating (Phase 6)

A. Project coordination
1. Internal team coordination check
2. Market plan check
3. Government plan check

B. Pre-qualification of bidders

C. Bidding materials

D. Bidding / negotiations

E. Alternatives / substitutions
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F. Special bidding services 2.2.1 Simplification of an architectural project
G. Bid evaluation
H. Construction contract agreements The following is a simplified procedure with different

phases that include tasks that must be completed to
complete the whole architectural/building project (note:
the project plan for an architectural project consists of
multiple simultaneous and following phases):

6. Construction and contract coordination (Phase
7)
A. Project coordination
1. Internal team coordination check

2. Coordination with market 1. Pre-designed, conceptual design, and research

3. Coordination with government A. Building type selection
B. Field observation B. Building function(s) selection
C. Inspection coordination C. Building aesthetics selection
D. Supplemental documents D. Site assessment
E. Change orders E. Budget analysis
F. Schedule monitoring 2. Schematic design (preliminary site plan)
G. Construction cost accounting A. Architectural concept design (floor plans,
H. Project closeout architecture and interiors, preliminary ste plan)
7. Post construction services (Phase 8) B. Architectural materials selection (structure,
A. Project coordination envelope)
1. Internal team coordination check C. 3D massing
2. Coordination with market D. Preliminary cost estimate
3. Coordination with government 3. Detailed design (design development, technical
B. Maintenance and operational programming drawings and specifications)
C. Startup assistance A. Architectural detailed modeling, detailed
D. Warranty review drawings
E. Post construction evaluation B. 3D model of exterior and interior
8. Supplemental services (Phase 9) C. BIM model
1. Special studies D. Architectural materials selection (structure,
2. Renderings envelope)
3. Model construction E. Energy modeling.
4, Life cycle cost analysis F. Structural engineering
5. Valve engineering 4. Finish, fixture, and appliance selection and
6. Quantity surveys integration
7. Detailed cost estimates A. Detailed cost estimate.
8. Energy studies B. Construction documents
9. Environmental monitoring C. Architectural documentation.
10. Client related services D. Structural documentation.
11. Furnishings design E. Construction plan
12. Equipment F. Assemblage (fittings, fixtures, appliances) plan.
13. Project public relations G. Building permit documentation
14. Materials and systems testing 5. Materials, technologies, and permission
15. Disassembly services procurement
16. Relocation/transportation services A. Manufacture and supplier documentation
17. Demolition services 1. Manufacturer (made by; works with supplier)
18. Special disciplines consultants i. Cost of system
19. Special building type consultants ii. Availability of system
iii. Name
Clarifications: iv. Location
v. Website
1. Costs (including, resources, financial, and labor . L .
( & . ) 2. Supplier (distributed by; works with
can be affected by weather, season, materials
manufacturer)

shortages, work practices (labor practices).

2. Construction scheduling (timing) can be affected
by weather, season, materials shortages, person
shortages, work practices (labor practices).

i. Cost of system

ii. Availability of system
iii. Name

iv. Location
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v. Website
B. QTQ and cost estimating
C. Project scheduling
D. Building permissioning
6. Project execution
A. Site development.
B. Work with manufacturers, suppliers, fabricators,
transporters, and builders/constructors.
C. Unit development
. Geometry
. Physical properties
. Color
. Material
. Texture
D. Punch list
7. Utilization
E. Site operation.
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The following is a simplified view of the above project
phases (architectural-engineering project timeline):

1. Pre-design.
A. Needs analysis.
B. Initial concept vision.
2. Schematic design.
A. Architectural concept design.
B. Architectural material selection (structure,
envelope).
C. Preliminary cost estimating.
3. Detailed design.
A. Architecture material selection (structure,
envelope).
B. Architectural detailed model.
C. Energy and other sub-system modeling (e.g.,
acoustic, etc.).
D. Structural engineering.
E. Interior design.
4. Construction documents.
A. Architectural documentation.
B. Structural documentation.
5. Procurement.
A. QTQ and cost estimating/budgeting.
B. Project scheduling.
C. Material procurement.
6. Project execution.
7. Utilization.

The following is an even more simplified view of the
above project phases using more general project
language (architectural-engineering project timeline):

1. Architecture needs program - what is needed?

2. Feasibility study - what is feasible?

3. Preliminary study - does the concept feasibly meet
the need?

4. Preliminary design - the schematic design.

5. Pre-executive project - the detailed design.

6. Executive project - all the architectural, engineering,
and construction documentation.

7. Legal architecture project - all legal documentation.

8. Construction project - construct the architecture.

9. Post work project - review the construction.

2.2.2 Other views of the architectural
planning process

Simplistically, a typical architectural-engineering-
construction project might follow stages such as:

1. Stage 1: Societal decisioning (a.k.a., societal
justification, or business justification in the market).

2. Stage 2: Feasibility studies.

3. Stage 3: Project brief.

4. Stage 4: Concept design.

5. Stage 5: Detailed design.

6. Stage 6: Production information.

7. Stage 7: Tender (market only).

8. Stage 8: Preparation (mobilisation).

9. Stage 9: Construction.

10. Stage 10: Occupation and defects evaluation
period.

11. Stage 11: Post occupancy/usage evaluation.

In 2020, The Royal Institute of British Architects (RIBA )
'plan of work' stages are [architecture.com]:

. 0 - Strategic definition.

. 1 - Preparation and briefing.

. 2 - Concept design.

. 3 - Spatial coordination.

4 - Technical design.

. 5 - Manufacturing and construction.
. 6-Handover.

8. 7-Use.

NouhwNn -

The BIM Task Group Digital Plan of Work and the
Government Soft Landings process map is based on an
alternate set of stages:

. 0 - Strategy.

. 1 - Brief.

. 2 - Concept.

3 - Definition.

. 4 - Design.

. 5-Build and commission.

. 6 - Handover and close-out.
8. 7 - Operation and end-of-life.

NOoO U A WN =

The Construction Industry Council (CIC) scope of services
adopts [cicbca.org]:

1. Stage 1 - Preparation.
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Stage 2 - Concept.

Stage 3 - Design Development.

Stage 4 - Production Information.

Stage 5 - Manufacture, Installation & Construction
Information.

Stage 6 - (Post Practical Completion)

3 The architectural development process

A..k.a., The architectural construction process.

The standard building and construction process is:

Th

]
2
3
4

NouscwnN =

Engage stakeholders to determine requirements.
Pre-design (which includes programming.

Site analysis.

Schematic design.

Design development.

Construction documents.

Contract administration during actual construction
following documentation and procedures set by a
larger authority (or, standards setting organization).

e abbreviations for these phases are generally:

. Schematic design (SD).

. Development design (DD).

. Construction documents (CD).

. Contract administration (CA; contract documents).

The design through to construction of an architectural

structure in the market generally involves the following
phases. From start to completion, the industrial-State

co

nstruction process usually maintains the following

phases:

1

2.

NOTE: these phases may be repeated, skipped,
or modified as necessary for each uniquely
purchased construction project.

. Pre-design - the project is defined by the customer
in terms of its function, purpose, scope, size, and
economics.

Schematic design (SD) services develop study
drawings, documents, or other media that illustrate
the concepts of the design and include spatial
relationships, scale, and form for the owner to
review. Schematic design also is the research
phase of the project, when zoning requirements

or jurisdictional restrictions are discovered and
addressed. This phase produces a final schematic
design, to which the owner agrees. The architect
provides a preliminary evaluation of the program,
schedule and construction budget developed in
the pre-design phase and prepares a number of
Schematic Design drawings illustrating the project
to review with the owner. The designs lay out the

program on the site and address schedule and

construction budget requirements. The architect

submits a preliminary estimate of construction cost

to the owner.

* Meet with client to determine design objectives,
site conditions

« Form design concepts and compare pros/cons of
each

+ Designs incorporate preliminary code and
materials research

* Internal review

While client is reviewing design options,

consultants such as interior designer, landscape

architect, builder, manufacturers, engineers also

review for added insight

. Design development (DD) services use the initial

design documents from the schematic phase and

take them one step further. This phase lays out

mechanical, electrical, plumbing, structural, and

architectural details. Typically referred to as DD,

this phase results in drawings that often specify

design elements such as material types and

location of windows and doors. The level of detail

provided in the DD phase is determined by the

owner's request and the project requirements. The

DD phase often ends with a formal presentation

to, and approval by, the owner. Based upon the

approved Schematic Design plans and required

adjustments to program, budget and schedule,

the architect prepares more detailed Design

Development drawings describing the architectural,

structural, mechanical and electrical systems, and

makes adjustments to the preliminary estimate of

construction cost.

* Refine client-selected schematic design

+ Materials selection

+ Determine alternates for design influenced by
phasing or budget

* In-depth code research

Incorporate consultant comments

+ Develop construction details

Internal review

While client is reviewing final design, consultants

review again

+ Drawing may be sent for preliminary review by
municipality or other appropriate authorities

4. Construction documents (CDs; contractors

documents) - Once the owner and architect are
satisfied with the documents produced during
DD, the architect moves forward and produces
drawings with greater detail. A set of construction
documents is a set of drawings and specifications
that an architect (or, architectural processes)
produce during the design/development phase
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of a construction project. These documents serve
as a project [construction] manual during the
construction phase, and they assist the public,
private, and governmental organizations in having
an open source and clear view of the project.
These drawings typically include specifications
for construction details and materials. Once CDs
are satisfactorily produced, the architect sends
them to contractors for pricing or bidding, if part
of the contract. The level of detail in CDs may
vary depending on the owner’s preference. If
the CD set is not 100% complete, this is noted
on the CD set when it is sent out for bid. This
phase results in the contractors’ final estimate
of project costs. The construction document
phase produces a set of drawings that include all
pertinent information required for the contractor
to price and build the project. Based upon the
Design Development documents, the architect
prepares bidding information, conditions of the
contract, and an Architecture Institute of America
(AIA) agreement between owner and contractor.
The architect advises the owner of adjustments to
preliminary construction cost estimates and assists
in filing documents for approval of governmental
authorities.
« Construction details are refined and
specifications are finalized
+ Alternates are explicitly defined
« Code analysis is generated, if applicable
Consultant drawings and documents are
incorporated as appropriate
¢ Internal review
While client is reviewing, consultants prepare
final drawing tweaks for inclusion in construction
set

* Incorporate final client and consultant comments.

* Final internal review

5. Contract administration (CA) services are
rendered at the owner’s discretion and are outlined
in the owner-architect construction agreement.
Different owner-architect contractor agreements
require different levels of services on the architect’s
part. CA services begin with the initial contract
for construction and terminate when the final
certificate of payment is issued. The architect’s
core responsibility during this phase is to help the
contractor to build the project as specified in the
CDs as approved by the owner. Representing the
owner, the architect observes the construction and
administers the agreement between the owner
and the contractor, determines that work is done
in accordance with the contract documents, and
certifies the contractor’s pay applications. The

architect reviews shop drawings, prepares change
order documents, determines a date of substantial
completion, and issues a final certificate for
payment.

6. Bidding & negotiation (market only) - The owner
approves the Construction. Documents and
the estimate of construction cost. The architect
assists the owner in obtaining bids from General
Contractors, negotiating proposals, and preparing
and awarding contracts for construction.

7. Construction phase - Construction of the system.

8. Post-construction phase - Occupation and
evaluation of the system.

Note: Architectural industry institutes notably
state that pre-design and CA are not “basic
services”, but should be considered additional
services.

In the construction industry there are a whole host
of labor positions including architects, engineers,
consultants, contractors, sub-contractors, and
government agencies. The relationships therein can
make a construction process a very tedious and
challenging task to coordinate.

2.4 The architectural plan

An architectural plan is a design and planning framework
for a building, and can contain:

1. Architectural drawings.

2. Specifications of the design.

3. Calculations.

4. Materials (including, interior fixed and fitting
equipment).

5. Quantities.

6. Time planning of the building process..

7. Tools, techniques and building technologies &
equipment.
8. Other documentation.

2.5 Architectural material controls

Architectural master planning includes the requirement
for material controls, of which the axiomatic controls
are:

1. Terrain (platform) - platform control.

A. Ground.

B. Water.

C. Structural platform (building platform).
2. Structure (surface) - structural control.

A. Architecture.

B. Structure.

C. Interior composition.

D. Surface.
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3. Atmospheric gases - atmosphere control.
A. Air.
B. Other gases.
4. Liquid (water) - liquid control.
A. Water.
B. Other liquids.
5. Power (electromagnetics) - energy/power and
signals control.
A. Power.
B. Data.
C. lllumination.

Secondary material controls include:

Structural control (shape control).

Integrity control (weight control).

Thermal control (temperature control).
Acoustic control (sound and seismic control).
Atmospheric (air control).

Production control (construction, FAIT, and
transport control).

ok whN =
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3 Architectural documentation
and coding

A.k.a., Construction documentation and coding,
fabrication documentation and coding.

There are two document types included in construction
documentation:

1. Drawings - visualizations. Note that written
information about materials and workmanship
should not appear on drawings or in bills of
quantities as this can result in contradictory
specifications and can cause considerable
confusion, instead they should refer to the
appropriate clauses in the specification. Drawings
include:

A. Legends.

B. Areas lists (a.k.a., area table, table of areas,
general frame table).

C. Architectural/construction schedule (a.k.a.,
materials list and quantities)

2. Specifications - all other information about the
architecture and construction, including:

A. Written descriptions.

B. Architectural/construction schedule (a.k.a.,
materials list and quantities)

C. Costs list (sometimes included; market only)

All construction documents follow this standard,
which helps the reader/user to know where to look
among the hundreds of pages of architectural drawings
and technical/written/list specifications. Each affiliated
building practice (discipline) provides both types of
construction documents:

. Architecture
. Structural

. Mechanical
. Electrical
Illumination
Plumbing
Landscape
Civil

PNV AWM~

Both the drawings and specifications follow standards,
respectively. There are differentstandards presentonthe
planet. The MasterFormat, for example, is a specification
standard from the Construction Specifications Institute.
The MasterFormat is a common method of specification
in construction documents. Similarly, construction
drawings follow a standard coding in order to organize
the documentation. Different standards use different
coding for the identification of construction drawings.

3.1 Drawings

SSS-MS-HS-001 | THE HABITAT SYSTEM |41



LIFE SUPPORT. ARCHITECTURE SERVICE SYSTEM

The following types of drawings are generally included in
a complete architectural drawing set/plan:

system. Includes plans (views from above)
and elevations (side or front views).
2. HVAC plans - shows the HVAC system.

1. Architectural drawing board - includes all drawing Includes plans (views from above) and

related information on one paper (e.g., drawings,
legends, area lists, etc.).

2. General drawings - plans (views from above)

and elevations (side or front views) drawn on a

relatively small scale. Both types of drawings use

a standard set of architectural symbols. The most

common construction plans are site plans, plot

plans, foundation plans, floor plans, and framing
plans:

A. Site plan - A site plan is a large scale drawing
that shows the full extent of the site for an
existing or proposed development. Site plans,
along with location plans, may be necessary for
planning applications. It shows the contours,
boundaries, roads, utilities, trees, structures,
and any other significant physical features on or
near the construction site. It shows the locations
of proposed structures in outline. This plan also
shows corner locations relative to reference
lines, shown on the plot, which can be located at
the site. By showing both existing and finished
contours, the site plan furnishes essential data
for the graders and excavators.

B. Plot plan - shows the survey marks, including
the bench mark (BM), with the elevations and
the grading requirements. Surveyors use the
plot plan to set up the corners and perimeter of
the building using batter boards and line stakes.
The plot plan furnishes the essential data for
laying out the building.

C. Structural plans - shows the structural
characteristics of the building at the level of the
plane of projection. Includes plans (views from
above) and elevations (side or front views).

1. Foundation plan - is a plane view of a
structure. That is, it looks as if it were
projected onto a horizontal plane and passed
through the structure.

2. Framing plan - a plan view of the layout of
girders, beams, and joists. Types of framing
plans include, but are not limited to: floor
framing plans and roof framing plans.

D. Floor plans (and ceiling plans) - views of a
building as though cutting planes were made
through the building horizontally. The cutting
plane is generally taken 5 feet 0 inches above
the floor being shown.

E. Infrastructural (utility) plans - shows the
utilities in the building.

1. Plumbing plans - shows the plumbing

elevations (side or front views).

3. Electrical plans - shows the electrical system.
Includes plans (views from above) and
elevations (side or front views).

4. lllumination plans - shows the illumination
system. Note that the electrical and
illumination plans are linked. Includes plans
(views from above) and elevations (side or
front views).

5. Gas plans - shows the gas system. Includes
plans (views from above) and elevations (side
or front views).

6. Etc.

. Elevation views (elevations) - shows different

side views of the building (e.g., north, east, west,
south). Elevations show the front, rear, and sides
of a structure, as they would appear projected on
vertical planes. Studying the elevation drawing
gives a working idea of the appearance and layout
of the structure. Elevation views are vertical
projections.

. Section views (sections; a type of detail drawing)

- a vertical cut view of the building selected by

the designer. Includes plans (views from above)
and elevations (side or front views). Section views
provide important information about the height,
materials, fastening and support systems, and
concealed features of a structure. The cutting
plane is not necessarily continuous, but, as with
the horizontal cutting plane in building plans, may
be staggered to include as much construction
information as possible. Like elevations, sectional
views are vertical projections. They are also detail
drawings drawn to large scale. This aids in reading,
and provides information that cannot be given

on elevation or plan views. Sections are classified
as typical and specific. Selected sections should
represent the average condition throughout a
structure and are used when construction features
are repeated many times. They give a great deal of
information necessary for those constructing the
building.

. Detail views - large-scale drawings of construction

assemblies and installations that cannot be clearly
shown in the sections. These enlarged drawings
show the various parts in more detail and how they
will be connected and placed. The scale depends
on how large the drawing needs to be magnified to
explain the required information clearly. Details are
usually drawn at a larger scale than the sections.
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6. 3D whole view - a three-dimensional perspective
view of the whole building.

7. 3D cut view - a three-dimensional cut-view from a
certain perspective.

NOTE: Architectural symbols provide reference
locations for all architectural sub-elements,
including fixtures and fittings.

3.1.1 Construction plan documents

A.k.a., Construction plans.

The process of building something is called construction.
In order to construct something effectively, efficiently,
and safely, the constructor requires access to all possible
visual documents and relevant lists. The construction
documents (construction plans) below are standard
documents:

1. AO sheets: These project information documents
serve as cover sheets for a permit set or
construction set. They lay out the general scope
of work, including a site plan with the general
condition of the work site, and plans that show fire
protection and accessibility.

2. A1 sheets (demolition): Demolition plans show
the current state of the structure and indicate what
must be demolished as part of the construction
project.

3. A2 sheets (floor plans, blueprints): Working
drawings that show an aerial view of each level of
the building. They include building dimensions,
interior walls, exterior walls, and relevant fixtures.

4. A3 sheets (elevations): Elevation drawings are
architectural drawings that show cross-sections of

a building. Also called section drawings, they show
ceiling heights, wall construction, foundation plans,
and framing plans.

5. A4 sheets (finish plans): An architect or design

team provides these plans to show what materials
will be laid atop the core structure. A4 sheets
include a reflected ceiling plan, which shows the
ceiling as viewed from the floor, including any
lighting fixtures. These sheets also show the
location of power outlets, and they make reference
to what's known as a finish schedule (found later in
the plans).

6. A5 sheets (interior elevations): A more detailed

variation on the A3 sheets, these elevations might
show furniture, light switches, and wall finish types.

7. A6 sheets (schedules): In the construction

industry, the word "schedule" refers to lists or
spreadsheets of certain materials. Construction
sets and permit sets feature door schedules
(showing all the doors that appear on other sheets)
and window schedules (showing all the windows

that appear on other sheets).

8. S sheets (structural drawings): These building
design drawings are the work of a structural
engineer, who has a different role than an
architect. The structural engineer’s S sheets show
the structural schematics of a building, including
concrete footings, wall-to-roof connections, joist
layout, and any specially engineered pieces in
the building's framing. Complex projects may
require greater levels of detail in these engineering
drawings.

9. M sheets (mechanical drawings): These types of
drawings show mechanical systems in a building,
most notably an HVAC system (which controls
heating and air conditioning and is required in
most new homes and office buildings).

10. P Sheets (plumbing drawings): These show
the location of pipes, water tanks, and plumbing
fixtures. These drawings show deailed information
about a buildings plumbing plan.

11. E Sheets (electrical drawings): These drawings
show detailed information about a building's
electrical plan.

Note that the following are not necessary for
construction directly, and are generally not
included in a building permit set or construction
set [of documents]: bidding documents, contract
documents, project management agreements,
legal conditions of the contract, cost estimates,
interior design proposals, informal shop
drawings, contract modifications, supplementary
conditions, and other contract addenda.

3.1.2 Materials list and quantities

In order to complete the construction a materials list
and associated quantities are required. This information
is often included within the drawings, but may be
separately associated with (i.e., included within) the
specifications.

1. Architectural schedule (a.k.a., construction
schedule) - a schedule as applied to architectural
construction drawings is an organized method of
presenting lists of materials, building components
(doors, windows, etc.), equipment, and so forth in a
drawing in tabulated form.

2. Architectural bill of quantities (a.k.a.,
construction bill of quantities; BOQs, BoQ or
BQ) - a document prepared by a quantity survey
(or, the cost consultant) that provides project
specific measured quantities of the items of work
identified by the drawings and specifications.

3.1.3 Construction drawings standards
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There are a variety of construction drawing standards,
and usage depends of region/jurisdiction.

3.1.3.1 United States National CAD Standard

The United States National CAD  Standard
[nationalcadstandard.org] places a code in the lower
right hand corner of each drawing sheet contains a
series of letters and numbers (the sheet number). The
sheet number lets the reader know where they are in
the drawing set, and allows the reader to know where to
look in the drawing set for specific information.

1. Discipline [L] //letter, one letter

2. Drawing type [#] //number, one number

3. Sequence [##] //numbers, two or more numbers
4. For example, F-6-49

The first part of the construction drawing sheet
number is a letter which lets us know the discipline
for the drawing. These disciplines are arranged in the
same order (United States National CAD Standard), for
consistency in construction documents.

The common disciplines (Read: specialized construction
plan sheet names) are:

* G - General: Sheet list, symbols, summary, life
safety and code analysis.

* C- Civil

+ L-Landscape

* S - Structural

* A - Architectural

* F - Fire Protection

* P-Plumbing

* M - Mechanical

* E - Electrical

* T - Telecommunications

There are other disciplines which can be included, such
as

* H - Hazardous materials

* B - Geotechnical

* | - Interiors

* W - Distributed energy

* O - Operations

+ Z - Contractor/shop drawings

The second component of the sheet number is a
number referencing a type of drawing. This organizes
the discipline’s drawings into a consistent, standard
sequence of drawing types:

+ 0- General (legends, symbols, general notes)
* 1-Plans

+ 2 - Elevations

* 3 - Sections
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+ 4 - Large Scale Drawings: plans, elevations, sections
* 5- Details

* 6 - Schedules and Diagrams

* 9-3D Drawings (isometric, perspective, renderings)

Note: 7 and 8 are reserved for user defined
drawing types.

3.2 Specifications

A.k.a., Architectural specification, construction
specification.

ASSOCIATION: This section is linked to a related
section of The Material System: Habitat System

> Technology Support: Materialization Service
System > Materialization Specification standards.

Specifications are precisely written documents that go
with the construction documents and describe intent,
decisioning, materials as well as installation methods.
Specifications describe the all, or some combination of,
the following (Construction Specification, 2021):

1. Reasoning (decisioning).

. Description of the final result (description of
design).

. Quality standards and indicators.

. Procedures for determining final quality.

. Products.

. Materials.

. Quantities.

. Costs.

. Work and/or installation.

N
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Theydetailtheprojecttobeconstructed,supplementing
drawings, and describe qualities of materials, their
methods of manufacture and their installation, and
workmanship and mode of construction. Specifications
may, or may not, include: materials, quantities, costs, or
drawn information. Specifications are written, whereas
drawings (and plans) are visualizations (and lists/tables).
Specifications may also include supplemental drawings
as well as lists/tables. Specifications should complement
principal drawings, not overlap or duplicate them.
All aspects of the works are generally specified with
different sub-specifications.

Specification writing has two principal objectives: to
define the scope of work and to actas aset of instructions.

3.2.1 Construction specification standards

Efficient information retrieval is only possible when a
standard filing system is used by everyone. There are a
variety of standards that provide such a standard filing
and retrieval scheme. The Construction Specifications
Institute (CSI) MasterFormat is the most widely used
standard for organizing specifications for building
projects in the United States and Canada.
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Architectural construction specifications standards
are generally divided into "divisions" with [at least] the
following elements:

1. Entire Project Team:
A. Division 00 - Procurement and Contracting
Requirements
B. Division 01 - General Requirements
2. Structural (and Architectural):
A. Division 02 - Existing Conditions
B. Division 03 - Concrete
C. Division 04 - Masonry
D. Division 05 - Metals
E. Division 06 - Wood, Plastics, Composites
3. Architectural (and Interiors):
. Division 07 - Thermal and Moisture Protection
. Division 08 - Openings
. Division 09 - Finishes
. Division 10 - Specialties
Division 11 - EQuipment
Division 12 - Furnishings
. Division 13 - Special Construction
. Division 14 - Conveying Equipment
EP (Mechanical, Electrical, Plumbing):
. Division 21 - Fire Suppression
. Division 22 - Plumbing
. Division 23 - Heating, Ventilating, and Air
Conditioning (HVAC)
. Division 25 - Integrated Automation
Division 26 - Electrical
Division 27 - Communications
. Division 28 - Electronic Safety and Security
5. Landscape and civil:
A. Division 31 - Earthwork
B. Division 32 - Exterior Improvements
C. Division 33 - Utilities
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Note that green building specifications can be easily
incorporated into construction specification standards
in three general ways:

1. Environmental protection procedures.

2. Green building materials.

3. Practical application of environmental
specifications.
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4 Architectural standards

A.k.a., Architectural specification standards,
architectural regulations, building standardes,
building regulations, construction standards,
construction regulations, building standards,
building engineering standards.

A technical standard is a datum document established
through a systems science process that provides for
common and repeated need of technology for, use,
protocols, guidelines, or characteristics of activities or
their results. A standard in this technical form is usually
a formal document that establishes uniform engineering
or technical criteria, methods, processes and practices.
Clarification: The term standards can also refer to the
interoperability of connecting objects/systems. In this
case, higher standardization (as a technical objective)
will allow for interchangeability of parts, system
interoperability, and possibly ensure higher quality,
reliability and safety.

A code is the market-State term for a set of [legal,
State enforced] rules and specifications for the correct
methods and materials used in a certain product,
building or process, which exists because of State
legislation. Codes can be approved by local, state or
federal governments and can carry the force of law.
In the market-State, the main purpose of codes is to
protect the public by setting up to some minimum
acceptable level of safety for buildings, products and
processes. In community, the term code is replaced by
protocol. This protocol has been decided in the decision
system by contributors to the InterSystem team who
form the protocol(s) from systems science into safe and
appropriate engineering rules.

NOTE: It is possible for code to limit progress
toward community due to restrictions on
building locations and techniques in a specific
jurisdiction.

Every architectural service in an building, from its
structure to the installation of plumbing and electricity
has an associated standard, somewhere in the world.
Building standards are often just called building codes,
building regulations, etc. Different criteria may be
selected for optimization in different jurisdictions using
different standards (codes, laws, etc.). Standards explain
how do to something, they may also explain why, and
provide for community requirements. In the market-
State, because optimality is often not possible, there
is "cost cutting", which must be handled by the State
using building regulations and building codes. Different
jurisdictions have different rule making processes as
well as different objectives. Different codes, for example,
what criteria this proposal meets. You may select more
than one.

It the market-State it is understandable why some
standards intentionally introduce lower quality designs
and materials, because they are cheaper. Designs and
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materials can be allowed for economic reasons and
not for health or optimization reasons. In the market-
State, businesses use the regulatory power of the
government to enhance and/or improve the sale of their
products by having the government create standards
that unnecessarily mandate their usage (e.g., using
flame retardant chemicals in mattresses was lobbied by
the chemical industry and incorporated into legislation
in some jurisdictions). Fundamentally, in the market-
State, some standards are composed of stupid rules,
and some are composed of sensible rules. In political
contexts, standards can serve as a vehicle by which
some corporate and/or State members use leadership
positions within the standards setting organization to
promote their own interests and harm competitors.

Changes to a building code occur to:

Corrects errors and omissions.

Integrate new understandings and knowledge.
Address a critical life/safety need.

Clarify the intent or application of the code.
Address a specific state policy or statute (market-
State only).

Address consistency with state or federal
regulations (market-State only).

uhwnN =
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The following are the most common building-related
standards (note: some are more related to categorization
and others to safety and optimization engineering):

1. Master specifications (Masterspec®, SPECSystem™,
MasterFormat™, SpecText®, BSD Speclink®,
ezSPECS On-Line™, 20-20 CAP Studio, and many
others).

2. Local and national codes and ordinances.

3. Federal specifications (Specs-In-Tact, G.S.A.,
N.A.F.V.A.C, N.AS.A).

4. National standards organizations, such as:

A. U.S. American National Standards Institute.

B. U.S. National Institute of Building Sciences.

C. U.S. National Fire Protection Association [nfpa.
org]

D. U.S. National Institute of Standards and
Technology.

E. U.S. Association for Contract Textiles

5. Manufacturers’ industry associations (Fire
Equipment Manufacturers’ Association, American
Plywood Association, The Brick Industry
Association, etc.).

6. Testing societies (American Society for Testing and
Materials, American Society for Nondestructive
Testing, Underwriters Laboratories).

7. Manufacturers' catalogs (Sweet's Catalog File, Man-
U-Spec, Spec-data).

8. Industry-related magazines and publications

(Construction Specifier, Architecture, Green
Magazine On-line, Interior Design, Architectural
Lighting, Architectural Record).

4.1 Architectural categorization by means
of titling and numbering

A.k.a., Construction titling and numbering,
material specification titling and numbering,
architectural categorization.

All the architectural elements of a building of a building
(including, fixtures, fittings, and utilities) fit in a set of
titling and numbering categories for organizational and
integration purposes. In the market-State, different
organizations (e.g., international organizations, national
organizations, and businesses) often follow different
titing and numbering standards. All architectural
elements are associated with construction classifying
titles and numbers.

In the market-State, there exist a variety of
materialization and other construction specification
standards, including but not limited to:

« American Institute of Architects (AlA), [aia.org]
- publishes the AIA MasterSpec, which is produced
for AIA by Deltek [deltek.com]. MasterSpec is a
library of master specifications. MasterSpec is
organized by MasterFormat number, but it fills in
the actual specification content that MasterFormat
isn't intended to provide.

+ Student Access to MasterSpec. (2018). Deltek.
[avitru.com]

« ASTM, [astm.org] - ASTM International, formerly
known as American Society for Testing and
Materials, is an international standards
organization that develops and publishes voluntary
consensus technical standards for a wide range
of materials, products, systems, and services.
ASTM specifications and codes address material
and testing procedures. The specifications
issued by ASTM are organized on the basis of
the type of material, and the letters prefixed to
the specification number are indicative of the
material type. For example, letter A is for all ferrous
materials; B is for all nonferrous materials, etc.

+ Construction standards. ASTM. Accessed: January
7,2020. [astm.org]

+ Additive Manufacturing Standards Activities. ASTM.
Accessed: January 7, 2020. [amcoe.org]

+ British Standards Institution (BSI), [bsigroup.
com]

+ Standards and schemes for certification. BSI.
Accessed: January 7, 2020. [bsigroup.com]
+ Building and Construction Authority of
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Singapore, [bca.gov.sg]
* Publications. Building and Construction Authority.

Accessed: January 7, 2020. [bca.gov.sg]
* Guide on Construction of Industrial Developments
in Singapore. (2010). Building and Construction

Authority. [bca.gov.sg]
Building Information Standards

+ Construction Specification Institute

(CSI), [csiresources.org] - publishes the CSI
MasterFormat. MasterFormat is the intellectual
property of the Construction Specifications
Institute. MasterFormat is a numbering system
for specifications. Construction specifications
used in the United States typically conform to
the guidelines of the Construction Specifications
Institute’s “MasterFormat”. The MasterFormat
index groups specification sections into identifiable
disciplines using a six-digit system with digits in
groups of two, such as: 01 24 30. Construction
Specifications Institute (CSI) and Construction
Specifications Canada (CSC). MasterFormat

is the protected intellectual property of the

Construction Specifications Institute (CSI) so

there is no publicly provided full list of numbers

and titles. Unfortunately, CSI no longer makes
the list available for free. MasterFormat is

used throughout the construction industry to

format specifications for construction contract

documents. MasterFormat is a coding system for
organizing construction documents, contracts,
design specifications, and operational manuals.

MasterFormat is also a publication created and

maintained by the Construction Specification

Institute (CSI) and Construction Specifications

Canada (CSC). CSI MasterFormat is the standard

used to provide synchronicity between

manufacturers and builders. The MasterFormat
is used by manufacturers to ensure that their
products meet requirements such as size, weight,
or material types.

* MasterFormat: Numbers and Titles. (2016).
Edmonton Construction Association. [edmca.
com]

*+ MasterFormat Specification Divisions (CURRENT).
(2018). ArchiMat. [archtoolbox.com]

* CSlI 3-Part Formatted Specifications. ARCAT.
Accessed: January 7, 2020. [arcat.com]

* CSI MasterFormat™ Division List. Builders
Exchange of St. Paul. Accessed: Januayr 7, 2020.
[plainsbuilders.com]

* Master Construction Specifications (PG-18-1).
(2019). US Department of Vetrans Affair, Office
of construction and facilities management. [cfm.
va.gov]
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+ European Committee for Standardization (CEN),
[cen.eu]

* Search Standards. CEN. Accessed: January 7,
2020. [standards.cen.eu]

* International Code Council (ICC), [iccsafe.org]

« Standard Development & Consensus Committees.
International Code Council. Accessed: January 7,
2020. [iccsafe.org]

+ International Construction Information Society
(ICIS), [icis.org]

« ArchiveSpecifications. ICIS. Accessed: January 7,
2020. [icis.org]

* International Standards organization (ISO), [iso.
org]

* ISO and Construction. (2017). I1SO. [iso.org]

+ U.S. Occupational Safety and Health
Administration (OSHA), [osha.gov]

* Law and Regulations. OSHA. Accessed: January 7,
2020. [osha.gov]

+ The Associacao Brasileira de Normas Técnicas
(ABNT), Brazilian Technical Norm (Norma Tecnica
Brasieira, NBR) [abnt.org.br; braziliannr.com]

« ABNT NBR ISO 9001:2015

« Panamerican Standards Commission; Comision
Panamericana de Normas Técnicas (COPANT)
[copant.org]

+ Asociaciéon Mercosur de Normalizacién
(AMN) [amn.org.br] - Asociacién Mercosur
de Normalizacién is a civil, non-profit, non-
governmental association, recognized by the
Common Market Group (GMC). It is the only body
responsible for the management of voluntary
standardization within the scope of Mercosur.

NOTE: There are a variety of terms that relate
to construction costing standards. For example,
construction measurement standards refer

to the way construction costs are calculated,
classified, analysed and presented.

4.2 State building codes

A.k.a., Building regulations, building law,
construction code, construction law, building
legislation, construction legislation.

Building codes (regulations, laws restricting building)
state building requirements, given by a jurisdiction, for
any number of purposes. Ideally, a building code, or
building control standard, is a set of rules that specify
the minimum standards for constructed objects such
as buildings and non-building structures. The main
purpose of building codes are to protect human health
and safety while supporting human fulfillment and
ecological restoration. A building code becomes law of
a particular jurisdiction when formally enacted by the
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appropriate governmental or private authority. Enacted
building legislation exists to regulate individuals and
business.

What makes a good shelter? For thousands of years
we've been attempting to regulate theidea. Even the bible
had building codes. The book of Deuteronomy mandates
railings on roofs to prevent falls. After the great London
fire of 1666, cities began creating stricter regulations for
how we build. Over the centuries the codebooks have
only grown thicker. It's undeniable that building codes
have saved lives, but something has changed over the
past couple decades. Now thanks to the Internet the
average homeowner has unlimited access to building
techniques (both traditional and experimental) so we're
experimenting more than ever, often without regard for
the rulebooks.

Like most things in early 21st century society, codes
have turned into big business. They are a key source
of revenue for governments. They're also leveraged by
many industries and organizations to push their political
and economic agendas. These groups all benefit from
code complexity.

These codes/standards become the backbone
of justification for the very existence of hundreds
of government [building] departments. With these
departments come [building] codes, plan reviews
(for permission), zoning, permits (plan and operating
permission), and inspection (and safety review), and
[code/law] enforcement. This hierarchy, along with
associated fees and expenses is, by design, supposed to
protect human beings from serious harm under market
conditions, and to keep them safe from scientifically
unproven, dangerous building/materialization practices
and or materials. Rules, regulations, certifications,
licensing requirements, bonding, and insurance
requirements are all claimed to work toward the
common goal of “protecting and keeping safe under
market conditions”.

In general, the [building/materialization] codes are
based on the minimum requirement at every level.
Additionally, many States/governments use different
standards. In practice, from zoning to permissioning,
to code requirements, most States in the 21st century
follow a market-type form of oversight, planning and
inspecting. Habitat (city/rural) zones are split into:
residential, commercial, industrial, etc. Planning creation
(and permissioning) is not at the habitat level. Codes are
often written to a standards minimum requirements.

In the market, without control, building can become
a “free for all” where those who assume the labor role
of “constructor” frequently display behavior indicating
a lack of consideration for anyone but themselves and
construct constructions that are dangerous or damage
other constructions when doing their own. Or, create
an unaesthetic environment brought forth from their
own ego. Others who have assumed the labor role of
“constructor” may have the best intentions, but either
forget something, or just don't know how to build
something safely, and their construction fails and hurts
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something or someone.

State building codes reduce problems [in the market]
through coercion and force. In community, we design and
test so that our active designs don't hurt us. Community
is a place where everyone desires and decides to build
safely. In community, we masterplan for our global
fulfillment. In community, we integrate our builds into a
habitat service system designed to regeneratively fulfill
our lives. In the market, buildings are integrated into the
market; and, they are be bought, sold and taxed (by the
State to provide some semblance of safety under market
conditions).

Coding [law] refers to the code requirements of a
jurisdiction in order to construct something, including
identifyingand conformingtothem (incommunity, coding
is part of the decision system). Different jurisdictions
may have different codes, but a safely designed building
should meet and often exceed building code, unless the
code is purposefully restrictive due to cultural norms.

The International Building Code (IBC) is often used to
architect buildings that meet safety code requirements.
Some common steps in the IBC include:

Establish occupant load.

Determine occupancy classification.
Determine allowable area.

Determine allowable height.

Determine construction type.

Determine hourly ratings of construction
components for construction type.

7. Determine required occupancy separations.
8. Determine sprinkler requirements.
9.
1

ounkrwn =

Determine if area separation walls are needed.
0. Determine if exterior walls and windows have
adequate fire protection.
11. Check exiting and entering.

Building regulations generally include, but may not be
limited to, the following categories:

1. Structure.

2. Fire safety.

. Site preparation and resistance to contaminants
and moisture.

4. Toxic substances.

5. Resistance to the passage of sound.

6. Ventilation.

7

8

w

. Sanitation, hot water safety and water efficiency.
. Drainage and waste disposal.
9. Heat producing appliances.
10. Fuel storage systems.
11. Protection from falling, collision and impact.
12. Conservation of fuel and power.
13. Access to and use of buildings.
14. Glazing - Safety in relation to impact, opening and
cleaning.
15. Electrical safety.
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16. Security - Dwellings.

17. Physical infrastructure for high-speed
electronic communication networks.

18. Materials and workmanship.

19. lllumination.

20. Data and communications.

4.3 State construction permits

A.k.a., Construction permits, building
permits, zoning permits, construction
waiver, etc.

A“construction permit” (a.k.a., “building permit”) is
a permit/license required [as permission] in most
jurisdictions for new construction. Building permits
are to a large degree considered the profit end of
building code, for they come with fees and taxes.
The question is, Who can issue (sell) permits and
who can obtain (purchase) permits? Note here that
the word “obtain” is the word which jurisdictions
often use when speaking of acquiring a permit.
However, “obtain” is deceptive language -- what is
really occurring is that the authority is forcing the
purchase. Codes are enforced by the authority,
and there is socio-economic punishment if they
are not followed. The jurisdiction sells the permits,
which have a financial cost associated with them.
In most jurisdictions, the only person who can
obtain a permit is a State licensed contractor, who
pays the State for a license to do contract work
in accordance with the standards (i.e., “building
codes”) of the State.
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5 Architectural decisioning

Any architectural process will include most of the
following data-oriented decisioning elements:

1. Decision of function:

A. Purpose of architecture.

1. Functional usage mapping of
architecture to users.

2. Psychological (aesthetic) mapping of
architecture to users.

B. Space requirements.

C. Intended length of existence.

2. Decision of materials (note: materials
may be individual isolated, such as pain, or
formed into mechanisms and appliances,
such as motors and faucets):

A. Material flow mapping of material
decision data:

1. Material composition.
2. Material amount.
i. Amount of decided material(s).
Quantities of materials.
3. Cost of material (market-only)

Material origin.

5. Material transportation
i. Amount of energy needed for

transportation of materials.

6. Material processing.

i. Material [pre-]processing
requirements. Material processing
requirements prior to allocation in
construction.

ii. Amount of energy needed
for processing materials into
constructions.

7. Material positional allocation in HSS.
i. Amount of technology and energy

needed for positioning materials, as
constructions, into the environment.

8. Material post-allocation, including
usage, disposal, and recycling.

i. Amount of technology and energy
needed for re-purposing or recycling
materials.

&

3. Decision of construction and assembly

(technology):
A. Technology flow mapping of construction
and assembly decision data:
1. Type of technology.
2. Technology materialization
requirements.
3. Amount of effort per technology.
4. Amount of energy required per
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technology.

5. Cost of technology (market-only).

6. Operation and maintenance requirements
(and associated market costs).

7. Time to realization (construction time
duration).

4. Decision of structure (integration of structure and

5.

infrastructure:

A. Structural engineering the optimal structure
given architectural building shape and
functional requirements. This includes all
performance assessments on the structure (e.g.,
acoustic, thermal, etc.).

B. Viable construction processes (on site), including
assembly process.

C. Amount of human effort for construction of
structure.

D. Amount of human effort for maintenance of
construction.

E. Amount of energy for maintenance of
construction.

F. Durability of systems and materials deployed.

Decision of modularity:

A. Viable future dismount and disassembly, or
deconstruction.

B. Modularity of the indoor use of the construction.
Indoor use flexibility (internal modularity).

C. Modularity of the structure of the construction.
Structural re-use of the system (con-structural
modularity).

5.1 Architectural decisioning requirements

for optimality

A.k.a., Architectural performance, architectural
optimization requirements.

The optimization of an architectural construction for
society can be achieved by accounting for each of the
following factors:

1.
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Local production or prefabrication cost and energy

requirements (i.e., footprint).

Relatively fast, simple and automatable

construction method.

A. Low/reduced labor requirements for
construction.

Water-proof (including, moisture-proof).

Termite-proof (Read: insect-proof).

Rodent-proof (Read: pest-proof).

Mold-proof.

Fireproof.

Earthquake resistant.

Sufficiently thermally (climactically) insulated.

10. Possibly applicable to all climatic conditions.

11. Highly sound insulation and appropriate acoustics.

12. Highly durable, and repairable if damaged
(relatively).

13. Interior adaptations and modularity.

Simplistically speaking, selection is based on:

1. Reproducability (i.e., continued producability),
regenerability, and/or sustainability.

2. Costability - Spend sufficiently and don't spend
more than you have to spend.

3. Duplicability - how long into the future can the
system be duplicated using available resources and
finances.

4. Material resource availability.

5. Labor resource availability.

6. Beneficial health impact (physical, emotional,

psychological, communal, and environmental).

5.1.1 Structural decision requirements

The structure must be sufficiently impermeable to:

1. Impermeable to water (a.k.a., water resistant,
water tightness, moisture resistant) - under
normal conditions, the building should be
impermeable to water.

A. Water should not be able penetrate the exterior
surface of the building.

B. Water within the building should be
appropriately conduited and drainable (if a
water-related incident occurs).

2. Impermeable to adverse weather (a.k.a.,
weather tightness, weather resistant) - under
regular adverse weather conditions, the building
should be impermeable to snow, hail, wind, and
water (including, wind-driven spray of water).

3. Impermeable to mold (a.k.a., mold resistant)

- under normal conditions the structure of the

building should be impermeable to mold and

molding.

4. Impermeable to fire (a.k.a., fire resistant) - the
building should be less likely catch and sustain a
fire.

5. Impermeable to pests (a.k.a., pest resistant) -
the building should be impermeable to pests.

5.1.1.1 Moisture resistant

In terms of resistance to moisture, the regulations state
that the building should be protected from harmful
effects caused by:

1. Ground moisture.
2. Precipitation including wind-driven spray.
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3. Interstitial and surface condensation.
4. Spillage of water from, or associated with,
sanitary fittings or fixed appliances.

5.1.1.1 Environmental relative mold index
(ERMI) test

The 'environmental relative mold index' (ERMI)
is an algorithm used to calculate a ratio of water
damage-related species (that are likely to harm
human health) to common indoor molds and
the resulting score is called the. The ERMI test is
based on an instrument that uses quantitative
polymerase chain reaction (MSQPCR) testing.

5.2 Building lifecycle performance

There are a variety of standards and indices
for building appropriate resource lifecycle
coordination into buildings and other structures.
Some of these standards are optional, and others
are legal (market-State only) and/or community-
protocol, decided. While these minimums and/
or optimums may vary from jurisdiction to
jurisdiction. Some of these standards and indices
have been turned into certifications businesses;
wherein, businesses sell the certification of a piece
of architecture as representing the alignment
with their criteria. There are no businesses in
community, and so community uses community
goals and objectives in conjunction with physics-
engineering performance of systems to meet
user requirements. In community, an algorithmic
decision protocol is used by InterSystem teams
to fulfill requirements. In the market, there are
many competing businesses, which leads to
secrecy, uncooperative, and cost-cutting behavior.
Thus, the certification business exists to inform
consumers (and States) as to what criteria are
appropriate for what objectives.

For example, the LEED ("leadership in energy
and environmental design") Green Building Rating
Systems (Read: index) are voluntary systems that
assess the environmental performance of built
projects across a spectrum of key energy and
environmental criteria. From water and energy use
efficiency to location, the impact of materials used,
etc. In 2013, members of the US Green Building
Council (USGBC) voted (85 percent) to include
cradle-to-cradle certification in LEED V4, which will
even more stringently enforce the environmental
qualities of materials used in green buildings, the
opposite of what industry interests want. Now,
those seeking LEED certification will get credits
for Materials & Resources for disclosing and
optimizing where building materials are sourced
and purchased.

The following organizations and standards provide

information the design and development of high-
performance buildings:

+ The International Green Construction

Code (IgCCQ), [iccsafe.org] - The IgCC is

a model code that provides minimum

requirements to safeguard the environment,

public health, safety and general welfare
through the establishment of requirements
that are intended to reduce the negative
impacts and increase the positive impacts of
the built environment.

+ 1gCC: A member of the International Code
Family. (2018). ASHRAE. [ashrae.org]

+ US Green Building Council (USGBC), [usgbc.
org]

+ USGBC Publications. USGBC. Accessed:
January 7, 2020. [usgbc.org]

* World Green Building Council, [worldgbc.
org]

* Green building rating tools. World Green
Building Council. Accessed January 7, 2020.
[worldgbc.org]

+ Cradle-to-Cradle (C2C), [c2ccertified.org]
+ Cradle to Cradle Certified Version 4. (2019).

Cradle-to-Cradle. [c2ccertified.org]

5.2.1 Building performance
requirements

Performance requirements typically comprise a
set of criteria which stipulate how things should
perform or the standards that they must achieve
in a specific set of circumstances.

The design of a building can be divided into precise
performance requirements which might include:

. Capacity.

. Appearance (aesthetics).

. Durability (reliability).

. Strength (and rigidity).

. Stability.

. Acoustic performance.

. Thermal performance.

. Comfort.

9. Weather tightness.

10. Fire protection.

11. Pest protection.

12. Accessibility of design.

13. Automation (or manualness) of design.
14. Lighting.

15. Ventilation.

16. Security (market-State only).
17. Safety.

18. Privacy.
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19. Energy efficiency.
20. Cost (market only).

5.2.1 Common building performance issues

Some examples of building performance issues include,

but are not limited to:

1.
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Structural stability - The architecture should
not have any progressive structural movement
that could cause any part of the building to fail or
collapse.

A. Concerns include, but are not limited to:

. Leaning chimney stacks and pots.

. Sagging roofs.

. Bulging brickwork to the main external walls.
Settlement cracks above windows and
doorways.

5. Distorted window and door openings.

6. Sloping floors.

AWN -

. Damp (structural integrity to water) - The

architecture should be free from rising and
penetrative dampness (which could damage
health).

A. Concerns include, but are not limited to:

1. Rising dampness to ground floor walls - this is
normally indicated by a damp tide mark.

2. Rising dampness to ground floors - old
quarry tile floors and poorly constructed
solid concrete floors with no damp-proof
membrane are particularly susceptible.

3. Penetrating dampness to walls and ceilings
due to leaking roofs and gutters, perished
external brickwork and mortar joints, leaking
hot or cold water pipes.

. Condensation (structural integrity to water) -

The architecture should be free from condensation.
A. Concerns include, but are not limited to:
1. Condensation can lead to mould growth on
walls and ceilings in kitchens and bathrooms.
2. Condensation gathers on bedroom walls
behind cupboards and wardrobes and
beneath windows.
Heating and cooling (structural integrity to
thermal energy) - The architecture should heat
and cool efficiently, safely, and be energy/cost
efficient to operate.
A. Concerns:
. Cracking due to heating and cooling.
. Architecture heats and cools at different rates.
. Architecture heats to dangerous levels.
. Architecture does not, where appropriate,
hold heat or cold.
Insulation (structural integrity to thermal
energy transfer) - The architecture should have

A WN =

good/appropriate thermal insulation.
A. Concerns:

1. Insulate all structural surfaces, including:
roofs, floors, walls.

2. Insutate windows.

3. Replace draughty, ill fitting windows and
doors; louvre blade windows are particularly
wasteful in terms of heat loss as well as being
an added security risk.

4. Draught proof external doors and windows,
(but not rooms containing an open-flue gas
appliance).

5. Make sure that all water pipes likely to be
exposed to frost, such as those in the roof
space are properly insulated or take other
suitable steps to prevent burst pipes during
the winter.

6. Make sure that the hot water tank is fitted
with a good quality insulation jacket and/or
insulated storage location.

6. Lighting (structural illumination) - The

architecture must have adequate lighitng for
human health and functioning.
A. Concerns:

1. All appropriate rooms need adequate natural
lighting to allow people to: 1) do functional
activities; and 2) maintain naturally lighted
circadian rhythms.

2. All staircases, landings, kitchens, bathrooms
and toilets should have a window wherever
practical.

3. There should be adequate, electric lighting
to all accessible parts of the architecture
including: light switches suitably positioned so
that you can switch on quickly when entering
any room, hallway or landing two way
switches that switch on and off at the top and
bottom of stairs.

7. Ventilation - The interior of the architecture should

have adequate ventilation.
A. Concerns:

1. Lack of fresh air and fresh air exchange.

2. All habitable rooms should be ventilated
directly to the open air by opening a window.
Kitchens, bathrooms and toilets should have
a window which opens wherever possible.
Where this is not possible, there should be
adequate mechanical ventilation. In kitchens
and bathrooms with windows, it is good to
install an automatic humidistat extractor fan
to remove moist air before it condenses on
walls and ceilings.

3. All rooms containing an open flue gas heating
appliance and all kitchens, bathrooms and

WWW.AURAVANA.ORG | SSS-MS-HS-001 | THE HABITAT SYSTEM



LIFE SUPPORT. ARCHITECTURE SERVICE SYSTEM

toilets should be provided with enough
suitable permanent ventilation by air
brick or similar.

5.3 Maintenance and cleaning
performance

The optimization of the maintenance and cleaning
of architecture involves the following factors.

1. Services:

A. Hygienic floor drains that are resistant
to corrosion from blood and chlorine
should be provided in all “wet areas”
of the mortuary and should be directly
connected to the sewer system. These
areas include body preparation,
autopsy space, etc. These areas require
thorough cleaning after every procedure,
using large quantities of water and
decontaminating and disinfecting
chemicals and soaps.

B. Open floor channels should be avoided.
Where this is not possible, these should
be covered by durable, flush-fitted
stainless steel grids.

2. Structural cleaning:

A. Cleaning of the outside surface of the
building requires pressure washing, which
needs to be integrated. The exterior of the
building, including the veranda area needs
conduits and outlets for a pressurized
washing system for the surface of the
structure. The utility for this pressurized
washing system is located in the utilities
room.

3. Finishes:

A. Wall and floor finishes should be
impervious to liquids and easily cleanable;
by what measure of resistance?

B. Structure should be weather proof; by
what measure of resistance?

C. Surface of structure must be cleaned
periodically; by what optimal method of
timing, method, and material?

D. Surface of structure must be re-applied
periodically; by what optimal method of
timing, method, and material?

4. Common cleaning and replacement issues:

A. Water heater [flushing] - Flushing the
water heater. It can extend the life of
your water heater, and it needs to be
done once a year. If it's not done often
enough, mineral sediment can build up
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inside the tank, causing banging, popping
or rumbling noises as water bubbles up
through it. That layer of sediment will
make it harder to flush your water heater.
Eventually, the sediment layer will cause
the bottom of the tank to rust out, and
you'll need a new water heater much
sooner than you otherwise might have.

B. Dryer vent [cleaning] - Lint build-up in
dryer vent ductwork is a leading cause of
house fires, and that's why cleaning your
dryer vent ductwork every six months. A
blocked duct can extend drying times or
make the house smell strange.

C. Window cleaning [cleaning]

D. Refrigerator [cleaning] - dust off
refrigerator coils every three months.

E. lllumination - replacement of ceiling bulbs.

5. Assembly, positioning, disassembly, and
removal:

A. Assembling and positioning the subsystem
should not damage the surrounding area.

B. Removing and disassembling a subsystem
should not damage the area surrounding
it.
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6 Planning architectural functions

Functional material planning refers to the design,
development, and construction of 3D objects and
systems, particularly material architecture at the level
of human and other organismal habitation size spaces.
Material-space (material-object) systems and flows may
be fully visualized, understood, and constructed to be
correct functional operations in the real world where
precision, efficiency, and safety are [decision system
inquiry] values. A complete architectural systems
engineering deliverable includes all possible known
functions for a space/environment/system. This model
allows for efficient and effective integration in production
(and society as a whole) to economically calculate social
object/environment constructions optimally and in a
coordinated matter [toward the optimal fulfillment of
each and every human individual being].

6.1 Basic architectural functions

Architecture has a set of basic functions (i.e., a building
has functional demands place upon it):

1. Providing shelter from the elements (user demand
for shelter service).

2. Provide structural control within the environment
(e.g., bridge or tunnel), possibly of some element
(e.g., pond or pool).

3. Providing a workable sub-functional environment
(user demand for other services).

4. Emotional stimulation (user demand for aesthetics).

Material interfaces requirements between architectural
systems include:

1. Physical interfaces (e.g., pipes/conduits and wires).

2. Electrical interfaces (e.g., voltage).

3. Pressure interfaces (e.g., water pressure, gas and
atmospheric pressure).

4. Signals interfaces (e.g., communications signaling).

More completely, architectural functions include
(all functions may not be included in a specific, unique
architectural object):

1. People functions (people requirements)

A. Follow flow of occupants from one space to
another. This includes sources of vertical
transportation (stairs, elevators, etc.) including
pathways to service equipment.

B. Follow flow of occupants to enter building from
off site.

C. Follow flow of occupants to exit building as
required by code, and in case of an emergency
code.

D. Follow flow of accessible route as required by

law (jurisdiction).

E. Follow flow of materials to supply an
architecture construction.

F. Follow the timing of the materials in the supply
to the architectural construction.

G. Follow flow of input and output (e.g., ) to leave
building (including to Off-site).

2. Structural functions (structural requirements)

A. Follow flow of gravity loads from roof down
columns, through floors, to foundations and
soils/terrain/water.

B. Follow flow of lateral loads:

1. Earthquake from ground up through
foundations, columns, walls, floors, and roof.

2. Wind from side walls to roof and floors,
through columns, to foundations and the
earth.

3. Follow flow of uplift loads from wind and
earthquake by imagining the roof being pulled
up and that there are positive connections
from roof to columns and walls (through
floors) down to foundations and the earth.

3. Acoustic and seismic functions (structural
mechanical waves, structural vibration; seismic;
seismic requirements)

A. ldentify potential mechanical wave sources,
potential receiver locations, and the potential
vibration paths between the two.

B. Follow sound through structure from source
to receiver. Mitigate by isolation of source or
receiver, and/or dampen.

C. Identify potential dampening materials and
locations for positioning in the environment.

D. ldentify potential sound sources, potential
receiver locations, and the potential sound
paths between the two.

E. Follow sound through air from source to
receiver. Mitigate with distance or barrier or
absorber.

4. Hyrdological functions (water, moisture, and
drainage requirements)

A. A building's floors, walls and roof should
adequately protect the building and its users
from harmful effects that may arise from:

1. Ground moisture.

2. Precipitation, including wind-driven spray.

3. Interstitial and surface condensation.

4. Water spillage from sanitary fittings, fixed
appliances and associated fittings.

B. Follow rainwater from highest point on roof
to drain ("drain the rain"), through the piping
system to outfall, including direction and
conduits thereafter to where data is accessible.

C. Follow rainwater from highest points of site,
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around building, to outfall off site.

D. Follow rain or moisture at exterior walls
and windows down building sides or
“weeped” through assemblies to outfall.
Remember: Moisture moves from more to
less. Moisture moves from warm to cold.

E. Follow vapor from either inside or outside
the building, through the “skin” (roof and
walls) to outfall. Things get wet. Let them
dry out.

F. Follow water supply from source to
farthest point of use.

G. Follow contaminated water from farthest
point of use to outfall (fathers point where
data is available).

H. Follow atmospheric and water flow into
materials, including conduits over years
and allow for blockage, swelling, or
shrinkage.

5. Thermal functions (thermal requirements)

A. Follow sun paths to and into building
to plan for access or blocking. Use
position and orientation on some surface
(compass directions and geo-positional
data with associated object orientation.)

B. Follow excessive external (or internal)
heat through building skin and block, or if
necessary, allow.

C. Follow source of internal heat loads (lights,
people, equipment, etc.) to their “outfall”
(natural ventilation or AC, etc.).

D. Follow heat flow into materials over a
year, a day, etc. and allow for expansion
and contraction.

6. Atmospheric functions (atmospheric
requirements)

A. Follow wind patterns through site to
encourage or block natural ventilation
through building, as required.

B. Follow air patterns through building.
When natural ventilation is used, follow
flow from inlets to outlets. When air is still,
hot air rises and cold air descends.

C. Follow forced air ventilation patterns
through building to address heat (add or
dissipate) and odors. CFM out equals CFM
in.

7. lllumination functions (light requirements)

A. Follow paths of natural light (direct
or indirect sun) to and into building.
Encourage or block as needed.

B. Follow paths of circulation and at spaces
to provide artificial ilumination where
necessary. This includes both site and
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building.
8. Power functions (power requirements)

A. Follow electric or gas supply from off site
to transformer, to breakers or panels to
each outlet or point of connection.

9. Communications functions

(communications requirements)

A. Follow data source/supply from off site
to switches, routers, etc. to each port or
point of connection.

6.2 Baseline functional standards for
architecture

There is a minimum baseline "fitness" standard
for all architecture. To meet the "fitness" standard,
the architecture must:

1. Be structurally stable.

2. Be free from serious disrepair.

3. Be free from dampness and dangerous/toxic
materials that could damage the occupant's
health or performance.

4. Have adequate provision for lighting, heating
and ventilation and piped water.

To meet the "fitness" standard for dwellings,
architecture must also have:

1. Have satisfactory facilities in the house for the
preparation and cooking of food, including a
sink with hot and cold water.

2. Have a suitably located water-closet for the
occupant's exclusive use.

3. Have, for the occupant's exclusive use, a
suitably located fixed bath or shower and
wash-hand basin each with hot and cold
water.

4. Have an effective system for the draining of
foul, waste and surface water.
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7 Planning architectural materials

Materials include manufactured products such as
components, fittings, items of equipment and systems;
naturally occurring materials such as stone, timber and
thatch; and backfilling for excavations in connection with
building work.

There are two categories of application concerning
materials generally used within the bounds of a building-
type structural object:

1. Structural materials - materials used because
of its compressive (or other force characteristic)
strength.
+ Primary materials - the materials that make
up the majority of the structural components,
foundation and envelope of construction
projects.
2. Non-structural materials: materials used that
have little to no significant compressive strength.
A. Non-structural architectural elements (internal).
B. Non-structural architectural elements (surface).

7.1 Materials analysis
A.k.a., Materiality analysis.
A complete materials analysis for a building includes:

1. Analysis of materials for structural elements.
2. Analysis of materials for non-structural elements.

7.1.1 Structural materials

The shapes which are adopted for structural elements
are affected, to a large extent, by the nature of the
materials from which they are made. The physical
properties of materials determine the types of internal
force which they can carry and, therefore, the types of
element for which they are suitable.

(Macdonald, 2001)

Types of structural (and infrastructural) materials
include, but may not be limited to, the following types of
(note: some of these categories overlap):

1. Masonry - a composite material in which individual
stones, bricks or blocks are bedded in mortar to
form columns, walls, arches or vaults. Note that
the range of different types of masonry is large due
to the variety of types of constituent. Bricks may
be include, but are not limited to, the following
materials:

A. Fired clay
B. Baked earth
C. Concrete
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2. Earth - inclusive of dirt, soil, and clays.

A. This can be achieved through the use of labor-
efficient techniques like reusable molds and
lego-type bricks.

B. Earth-type material choices could be based on
local availability like the earth itself for walls,
lime for plastering, and wood/bamboo/hemp
for other rigid structures.

3. Timber (wood) - composed of long fibrous cells
aligned parallel to the original tree trunk and
therefore to the grain which results from the
annual rings. The material of the cell walls gives
timber its strength and the fact that its constituent
elements are of low atomic weight is responsible
for its low density. The lightness in weight of timber
is also due to its cellular internal structure. Timber
is a regenerative material because it comes from
living organisms. The use of wood carries risks:

A. Wood construction can be costly in resources
and labor.

B. Wood is not significantly fire-proof. Timber
can be safety hazard in an uncertain social
environment, and could facilitate sabotaging (a
possibility that should not to be discarded).

C. Wood molds easily.

. Wood is a source of food for some insects.

E. Timber suffers from a phenomenon known as
‘moisture movement'. The precise dimensions
of any piece of timber are dependent on its
moisture content. The moisture content of
timer is affected by the relative humidity of
the environment and as the latter is subject
to continuous change, the moisture content
and therefore the dimensions of timber
also fluctuate continuously. Timber shrinks
following a reduction in moisture content due
to decreasing relative humidity and swells if the
moisture content increases.

1. One of the most serious consequences of this
is that joints made with mechanical fasteners
tend to work loose

4. Non-timber plants.

A. Hempcrete - made by mixing the pulpy core of
the plant with a lime binder to create a light
concrete (bio-composit) material that can be
used as infrastructural filling for insulation and
support. Hempcrete retains thermal mass well
and is highly insulative. Hempcrete is a type
of non-structural material. Hempcrete has to
be case around a timber, steal, or concrete
frame. Highly resistant to mold and pests due
to alkalinity of limestone. Low density material
resistant to cracking under movement. Can be
applied through a spray apply technique. Pre-

O
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cured hempcrete blocks can also be created.
B. Bamboo (note: untreated bamboo will get eaten
to dust by insects):
1. Itis possible to improve the pest resistant
characteristics of bamboo with additives:
i. Silica soak.
ii. Boric acid soak (borax soak).
iii. Metal soak (e.g., copper soak).
2. Strengthener material.
3. Strengthener bamboo oragami.
4. Surface coating.

5. Steel (and other metals) - a material that has

good structural properties. It has high strength
and equal strength in tension and compression
and is therefore suitable for the full range of
structural elements and will resist axial tension,
axial compression and bending type load with
almost equal facility. Its density is high, but the
ratio of strength to weight is also high so that steel
components are not excessively heavy in relation
to their load carrying capacity, so long as structural
forms are used which ensure that the material is
used efficiently.

6. Concrete and cement - is a composite of stone

fragments (aggregate) and cement binder, may be

regarded as a kind of artificial masonry because

it has similar properties to stone and brick (high

density, moderate compressive strength, minimal

tensile strength). It is made by mixing together dry
cement and aggregate in suitable proportions and
then adding water, which causes the cement to
hydrolyse and subsequently the whole mixture to
set and harden to form a substance with stone-like
qualities. Concrete has one considerable advantage
over stone, which is that it is available in semi-liquid
form during the building process and this has three
important consequences. Firstly, it means that
other materials can be incorporated into it easily

to augment its properties. Secondly, the availability

of concrete in liquid form allows it to be cast (and

pre-cast) into a wide variety of shapes. Thirdly, the
casting process allows very effective connections

to be provided between elements and the resulting

structural continuity greatly enhances the efficiency

of the structure.

A. Concrete - Aggregates make up some 60 -80% of
most concrete mixes. They provide compressive
strength and bulk to concrete. Recycled
concrete can be used as aggregate in new
concrete, particularly the coarse portion.

B. Cement - Chemically, cement is a mixture of
calcium silicates and small amounts of calcium
aluminates that react with water and cause the
cement to set. Calcium derives from limestone
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and clay, mudstone or shale as the source of the
silica and alumina. The mix is completed with
the addition of 5% gypsum to help retard the
setting time of the cement.

C. Non-reinforced concrete - has similar properties
to masonry and so the constraints on its use are
the same as those which apply to masonry.

D. Reinforced concrete - semi-liquid concrete is
mixed with steel in the form of thin reinforcing
bars which give the resulting composite material
(reinforced concrete) tensile and therefore
bending strength as well as compressive
strength. Reinforced concrete possesses tensile
as well as compressive strength and is therefore
suitable for all types of structural element
including those which carry bending-type loads.

E. Foamed concrete (lightweight concrete, aircrete)
- made from (ingredients): Portland cement,
shampoo to create a foam, and some glass fiber
for extra strength. Made by mixing ingredients.

1. Aircrete blocks often have at least one metal
frame within them.

F. Shotcrete - a sprayable mix of concrete.

1. Uses an interior foam surface, that has
a metal frame placed on its surface. The
shotcrete is then sprayed on top of the foam,
and ends up covering the metal frame.

7.2 Material stresses

Types of stresses on materials:

1.

Mechanical stresses.
A. From equipment.
B. From the earth.

. Chemical stresses (chemicals and biologicals

consuming or decomposing "eating away" material
and making it weak, brittle, etc).

. Animal stress.

A. Insects.
B. Mammals.

. Electromagnetic stresses.

A. Sunlight.

. Thermal stresses.

A. Sunlight.

B. Equipment producing heat.

C. Temperature changes from climate and
equipment.

7.3 Surface system specification

Surfacing (e.g., Weather proofing) specification involves:

1.

Surface additions diagram.

2. Surface modification diagram.
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3. Surface functional diagram.

7.4 Materials sourcing and transportation
Market related materials application elements include:

1. All materials are sourced.
A. Local wild ecological environment.
B. Habitat Service System Materialization Sub-
System.
. Material supply businesses.
materials are transported.
. From local wild ecological environment.
. From local habitat service system.
. From habitat service system network.
. From local market-State region.
. From non-local market-State locales.
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7.5 Material selection consideration
Materials are considered in relation to their:

Life-cycle analysis on material.
Material characteristics.
Material handling requirements.
Reliability analysis.
Maintenance.

Weather proofing (finish type).
Fire proofing.

Durability.

9. Regenerability/sustainability.
10. Ease of upgrade.

11. Financial cost.
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8 Planning architectural services

A.k.a., Building services, architecturally
connected sub-systems, utilities and fixtures
and fittings mapping, fixtures and fittings and
equipment (FF & E), infrastructural connections,
infrastructural services, public/utility services.

Most building and non-building architecture houses
utilities, fixtures, and fittings. Fittings, fittings, and
utilities represented an association of hierarchies of
material connections to the architecture. Utilities are
integrated into the architecture in some manner, either
through conduits or into the architecture itself. Utilities
allow for user usage of the architecture. Utilities (Read:
services) are generally considered to include: electricity,
gas, water and sewage, and communications/networking
services. Fixtures are physically and permanently (within
reason) attached to the architecture. Fittings are not
permanently or physically attached to the architecture.
Effective service systems need planning and demand
surveying/forecasting to ensure that supply meets
demand. In general, architectural service systems are
also known as infrastructural systems. These systems
interconnect the within and between architectural
objects in the habitat. These service systems include but
are not limited to: transport, power, water, atmosphere,
etc.

8.1 Architectural service sub-system
classification

The following hierarchy of categories will define an
architectural service sub-system:

1. Standards.
A. Documentation.
B. Requirements.
C. Hazards.
. Sub-systems definition.
3. Sub-system objects (a.k.a., fittings, fittings, and
appliances).
4. Sub-system installation of objects (construction and
maintenance).
5. Sub-system operation of objects (production and
usage; supply and demand).
6. Sub-system load identification (identify all loads).
7. Sub-system engineering calculations.

N

In order to sustain full understanding, the definition
of the system and the definition of object must be
given. The system must be conceived (planned) and the
objects positioned. Herein, fixtures and fittings are the
fundamental objects and technologies that are part of
the operation of a specific sub-system.

8.1.1 Building services
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A.k.a., Architectural services.

Building services are the systems installed in
buildings to make them comfortable, functional,
efficient and safe. Building services design must
be integrated into the overall building design
from a very early stage. The detection of clashes
between building services and other building
components is a significant cause of delays and
variations on site, not just in terms of the physical
services themselves, but also access to allow the
builders work in connection with those services.
The final result of building services arrangement
can simplify building maintenance and operations
or complexify it beyond reproach. Note here
that the use of 3D computer aided design (CAD)
systems and building information modelling (BIM)
reduces the occurrence of such problems.

Primary building services include, but are not
limited to:

Structural

Electricity.

Water

Gas and fuel.
Atmospheric (HVAC).
Electrical.
[llumination.
Surfaces.
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Secondary building services include, but are not
limited to primary optimization functions:

1. Thermal.

2. Insulation.
3. Accessway.
4. Automation.

5. Accessibility.

6. Safe access.

7. Acoustics.

8. Fire and contaminant protection.
9. Pest control.

10. Modularity.

Secondary building services include, but are not
limited to secondary optimization functions:

1. Building control systems.
2. Thermal energy transfer systems.
3. Transportation systems.
A. Escalators.
B. Moving walkways.
C. Elevators.
4. Fire safety, detection and protection systems.
5. Security and alarm systems.

Note that specialist building services might also

include, but are not limited to:

Pathogen and bacteria control.
Humidity control.

Specialist lighting.

Specialist security.

Emergency power.

Specialist gas distribution.
Fume cupboards.

Operating theatres.

Etc.
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8.2 Architectural service connection
system

A.k.a., Engineering utilities.

The primary architectural sub-elements of

material-architecture include:

1. Utilities - primary functional services.

2. Fixtures - fixed equipment (i.e., equipment
fixed to the architecture).

3. Fittings - appliances, movable equipment,
easily unfixed equipment, etc.

8.2.1 Architectural connection network

Architectural utilities, fixtures and fittings are
connected throughout an architectural structure
by means of conduits that run through conduits
from a source point to an outlet (endpoint).

8.2.1.1 Architectural conduits

An architectural conduit specification includes:

1. Conduit analysis

. Atmospheric (ducting).

. Gas (piping).
Water (piping).

. Electrical power (wiring).
Data and network communications
(wiring).
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8.2.1.2 Architectural service outlets
A.k.a., Endpoints.

Outlets (a.k.a., endpoints) are the end distribution
points (a.k.a., outlets) of utilities and other flows
within architecture. An endpoint analysis includes,
but may not be limited to:

1. Utility analysis - what utilities are present.

2. Technology analysis - what technologies
provide the utility services.

3. Atmospheric outlets (vents).
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Gas outlets.

Water outlets.

Electrical outlets:

A. Power outlets.

B. lllumination outlets.
Data outlets.

8.2.1.3 Architectural service controls

There are both spatial mechanisms and modes for
control of service systems.

Spatial service mechanisms of control include, but may
not be limited to:

1.

Physical controls:

A. Barrier lock control.

B. Open/close control.

C. Liquid and atmosphere control.
Electromagnetic controls:

A. Light control.

B. Climate control.

C. Electrical power control.
Mechanism control:

A. Pump control.

B. Fan control.

C. Electrical pump control.
Programmatic control:

A. Alarm control.

B. Motion and/or [spectral] color change control.
C. Schedule control.

User control:

A. ldentity control.

Modes of controlling [environmental] variables in a
service space include, but may not be limited to:

1.
2.

3.

Manual control (switch).

Sensor control:

A. Motion/presence sensor

B. Electromagnetic sensor (light and/or climate).
C. Thermal sensor (climate and/or temperature).
Schedule control (pre-defined timing).

4. Analytical control (pre-defined decisioning -

quantitative output of an information process
passes a threshold).

8.2.2 Utilities

A.k.a., Utility service, service utility, architectural
service, etc.

The characteristics of a utility include:

1.

2.
60|

Service: Is this a service that is provided by an
external source, or by a point source within the
building?

Connection: Does the service use conduits (or other

3.

transportation mediums such as raceways and

open web floor trusses) that are within the wall,

ceiling, or flooring (or atmosphere in the case of
wireless communications)?

Adaptability (modification): Is the service difficult to

modify?

A. Providing designated, decoupled, and accessible
space for utilities can reduce cost and time
during construction. It can also allow utility
systems to be modified or repaired over
time without performing major demolition
and reconstruction. Some products exist
today that can help alleviate entanglement
(disentanglement; for example, raceways and
open web floor trusses). Decoupling utilities
from the structure can occur with appropriate
technologies.

Utilities common to most architecture include, but are
not limited to:

AW o

. Electricity

Gas
Water

. Sewage
. Communications services

8.2.3 Fixtures

The characteristics of a fixture include:

1.

2.

Method of attachment: Is the item permanently
affixed to the wall, ceiling, or flooring by the use of
a connecting component (e.g., nails, glue, cement,
pipes, or screws)? The method used to attach it
might make it a fixture, even if it can be removed it
relatively easily. Ceiling lights (i.e., light fixtures) can
be removed although they're attached by wires,
and they're a house fixture.

Adaptability: The item becomes an integral part

of the architecture when it can't be removed. A
floating laminate floor is a fixture, even though it's
snapped together. A built-in sub-zero refrigerator
is considered a fixture because it fits inside a
specified space even though it can be unplugged.
Intention: The item is a fixture if the intent was to
make the item a permanent attachment when the
installation took place.

Removal: Not usually removed when the
architecture is re-occupied for a similar purpose
(i.e., a home is occupied by another family).

Fixtures common to most architecture include, but are
not limited to:

1.

Air conditioners
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2. Bathtubs

3. Built-in mirror
4. Built-in shelving
5. Built-in furniture
6. Built-in electronics

7. Cabinets

8. Carpeting

9. Ceiling fans

10. Chandeliers

11. Conduits.

12. Doors

13. Door bells

14. Drapery rods

15. Fences

16. Fireplaces

17. Garage door opener

18. Handrails

19. Heating systems

20. Home automation system

21. Hot water heater

22. Light fixtures

23. Security systems

24. Shutters

25. Sinks

26. Smoke detectors (and other detectors)
27. Wall sconces

28. Windows

29. Window shades

30. Etc.

8.2.4 Fittings

The characteristics of a fitting include:

1. Method of attachment: Is the item free standing
and not permanently attached to the architecture?
A. Adaptability: The item does not become an
integral part of the architecture.
B. Removal: May be changed or removed when the
architecture is re-occupied for a similar purpose
(i.e., a home is occupied by another family).

Fittings common to most architecture include, but are
not limited to:

1. Cabinet/cupboard fittings

2. Door handles

3. Door knockers

4. Hangers and hooks

5. Locks

6. Window fittings

7. Signs

8. Switches and sockets.

9. Faucets

10. Appliances (e.g., kettle, coffee maker, washing and
drying machine, etc.)

11. Etc.

8.3 Utility localization and transportation
A.k.a., Utility sources and utility resource flows.

All  architecture, given utility requirements and
distribution requirements can compute the optimal
design for utility localization and utility transportation
within  the architecture. The localization and
transportation of utility services requires architectural
space. That space can be pre-defined with conduits, or
not:

1. Entangled utilities (no conduit) - utilities without
predefined accessible pathways, without conduits.
Embedding pipes, ducts, and wires in walls, floors,
and ceilings haphazardly without planning or
dedicated spaces can lower efficiency and increase
negative variables, including cost and team time.
is built, entangled utilities are difficult to modify,
Because utilities are embedded in the structure
and hidden behind surfaces. Unfortunately, access
to utilities almost always becomes necessary at
some point due to adaptation or other changes. For
example, replacing wiring or repairing household
plumbing. Entangled utilities can:

A. Lead to inefficiency in initial construction.

B. Compromise structural integrity.

C. Negatively affect utility function.

D. Negatively impact sound, electromagnetic, and
heat insulation function.

E. Obstruct rework, renovation, and repair.

2. Disentangled utilities (conduit) - utilities with
predefined accessible pathways, with conduits.
designated, decoupled, and accessible space for
utilities can reduce cost and time during initial
construction. It can also allow utility systems
to be modified or repaired over time without
performing major demolition and reconstruction.
While not technically disentangling, flexible utilities
with faster connections can ease installation and
subsequent alteration and are included as related
topics. Disentangled utilities are essential for
modular floor plans.

Utility localization and transportation planning includes:

1. Using software and digital libraries of building
components to allow efficient and accurate
planning to predefine utility pathways before
construction begins.

2. Separating building layers by lifespan, decoupling
utilities from structure with open web floor trusses
and raceways, and providing for access. The most
important system in the home, and the most critical
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one in examining entanglement, is the structure
itself.

3. Creating an integrated utility gateway that brings
all of the services into the home in a single location.

4. Creating integrated utility modules, for example
a fully plumbed bathroom wall, which can be
manufactured as one piece in a factory in a
disentangled manner.

5. Increasing the use of quick connect electrical
and plumbing components to allow even greater
gains in efficiency and ease of renovation from
disentangling.

6. Anticipating potential future utility systems
before they are widely implemented and making
allowances for their eventual installation.

7. Working with the technical utility sub-systems
to create a distributed modular system that
limits distribution requirements and reduces
entanglement.

8. Creating a single shared low-bandwidth data
network to replace proprietary lighting control,
HVAC control, security, and sensor networks.

Common types of conduits in architecture that are
useful for disentangling utilities include, one or more of
the following:

1. Structural precast conduits
A. Pre-case structural materials, such as conduit
paths pre-case with concrete or bioceramic.
2. Architectural conduits
A. Architectural raceways (raceway conduits)
B. Architectural floor trusses (trussed conduits)
C. Architectural panels and panelling (e.g., false
ceilings, drop ceilings, false/drop floors,
removable ceiling and floor)
3. Interior conduits (e.g., piping, enclosures, etc.)
A. Conduit types (names) include:

1. Pipes
2. Tubing
3. Ductwork
B. Conduit materials include, but may not be
limited to:
1. Rigid metal conduit (RMC)
2. Electrical metallic tubing (EMT)
3. Intermediate metal conduit (IMC)
4. Flexible metal conduit (FMC)
5. Concrete or bioceramic
6. Bamboo
7. Plastic piping
i. PVC

ii. Cross-linked polyethylene (PEX) tubing
(a plastic material used for water supply
piping systems)
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The positioning of conduits within other conduits often
involves:

1. Stands
2. Hangers
3. Spacers

Some utilities may have their own architecturally
separate conduits, or they mare share conduits. Often
conduits that could cause serious injury are separated in
some manner so that mixing is unlikely, if not impossible
(e.g., gas and electrical, or gas and atmosphere).

8.3.1 Structural utility distribution

A.k.a., Structural utility transportation.

The structure is used for containing function (the utility
source point localizations) and for transport-distribution
of those utilities throughout the architecture for end-
point distribution. The common utility distribution
systems in architecture include:

1. Electricity distribution

A. Electrical power cabling is run from a central
breaker box to separate circuits to provide
power to distribution endpoints

B. Hard-wired switches that physically break the
circuit to prevent power from continuing to a
particular endpoint (or set of endpoints).

C. Requirement: The wiring should be easy to
disconnect and remove, and connect and
replace.

2. Data distribution

A. Data cabling is installed in a similar (or, the
same) manner to electrical cabling. Data is
usually run to fewer endpoints than power.

B. Wireless data spreads through atmosphere and
structure to space/area endpoints.

3. Atmospheric distribution
4. Gas distribution
5. Water distribution

8.3.2 Localization of internal utility sources
(and distribution nodes)

Utility source points can be stored in [appropriately]
enclosed spaces with accessible and non-interferable
panels. Utilities may be centrally distributed from an
exterior source, such as for electricity or clean water, or
package transportation between buildings and habitats.
A building could filter its own water for drinking, as
well as its own air, or a centralized space external to
any particular building, but feeding multiple buildings
could exist. Package utility transportation refers to
the transportation of packages (anything, food, tools,
prints, etc.) around the habitat and necessarily involves
a networked transportation system external to any given
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building. 8. Insulation and painting (aesthetic) requirements.
9. Equipment related access.
8.4 Structural integration design of 10. Vendor, model, and serial number.
utilities (architectural functions) 11. Equipment delivery time.

12. Equipment financial costs.
A.k.a., Planned utility mapping.

Designing the structural mapping of [functional] utilities
involves:

1. Delivery method - how utilities are brought to the
user.

2. Construction method - how the architectural
object is built and how utilities are installed.

3. User interaction - how people interface with utility
systems.

Herein, the functional mapping of utilities involves the
following data elements:

1. In the market-State, all utilities are metered for a
fee.

Some utilities may come from the market-State.
All utilities have centralized unit operations.

All utilities have distribution endpoints.

Some utilities have returns and/or exits.
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8.5 Visualization of utility-service flow

The complete flow of utility-services can be visually
mapped as a flow diagram of the utility service system
within an architectural system. This flow diagram (flow
visualization) shows how these utilities are converted,
transformed, or redistributed into services, and finally,
endpoint usages.

8.6 Architectural equipment
Architectural equipment related factors include:

1. All equipment is sourced.
A. Tools (movable equipment).
B. Fixtures and fittings (fixed equipment).
C. Appliances and other equipment (flexible
equipment).
2. All equipment is transported.
3. Equipment may require servicing and repair.

Sources and characteristics of equipment include:

Source.

Relative sizes.

Weights.

Location.

Capacities.

Materials and tools of construction.
Resources, tools, and personnel of operation.
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9 Planning architectural
construction

A.k.a., Architectural fabrication, construction
work, construction engineering.

Construction is the process of moving and assembling
materials and equipment into completed forms for
use. Construction is the process of building something.
Architectural construction is the process through which
architecture is sufficiently defined to be materialized,
and then, materialized. In other words, architectural
construction is the process by which material and
non-material elements and overall spatial setting are
made fixed in the form of a building or non-building
structure. Herein, building construction is the process
of preparing for and forming buildings and building
systems; it is the process of adding structures to land-,
sea-, and space-scapes. Different types of architecture
may be constructed in different ways. This section
primarily relates to the construction of building and non-
building architecture, and not necessarily cultivation,
transportation, or clothing architecture (although, there
may be similarities to the methods by which such type of
objects are created).

Note that construction may also be considered to
include:

1. Fabrication and assembly.

2. Demolition and disassembly.

3. Rebuilding.

4. Alterations of or additions to architecture
(remodeling).

5. Etc.

Construction work refers to the carrying out of any
work related the actual construction (materialization or
re-materialization) of an architectural structure.

More completely, constructionworkmaybecharacterized
by (Construction Design and Management, 2015):

1. The construction, alteration, conversion, fitting
out, commissioning, renovation, repair, upkeep,
redecoration or other maintenance (including
cleaning which involves the use of water or an
abrasive at high pressure, or the use of corrosive or
toxic substances), de-commissioning, demolition or
dismantling of a structure.

2. The preparation for an intended structure,
including site clearance, exploration, investigation
(but not site survey) and excavation (but not pre-
construction archaeological investigations), and the
clearance or preparation of the site or structure for
use or occupation at its conclusion.

3. The assembly on site of prefabricated elements to

form a structure or the disassembly on site of the
prefabricated elements which, immediately before
such disassembly, formed a structure.

4, The removal of a structure, or of any product or
waste resulting from demolition or dismantling of
a structure, or from disassembly of prefabricated
elements which immediately before such
disassembly formed such a structure.

5. The installation, commissioning, maintenance,
repair or removal of mechanical, electrical, gas,
compressed air, hydraulic, telecommunications,
computer or similar services which are normally
fixed within or to a structure.

6. But, does not include: the exploration for, or
extraction of, mineral resources, or preparatory
activities carried out at a place where such
exploration or extraction is carried out.

Similarly, it could be said that construction work includes
all activities associated with a construction:

1. Construction (fabrication).
2. Reconstruction.
3. Demolition.
4. Repair or renovation.
5. Associated activities such as:
A. Site preparation.
B. Excavation.
C. Erection.
D. Building.
E. Assembly and disassembly.
F. Installation of equipment or materials (site
installation).
G. Decoration and finishing.
6. As well as services incidental to construction such
as:
A. Drilling.
B. Mapping.
C. Satellite photography.
D. Seismic investigations.
E. Similar services.

Because there are several types (categories) or
architecture, there are simultaneously several types of
construction and construction work.

For example, building work means:

1. The erection or extension of a building.

2. The provision or extension of a controlled service or
fitting in or in connection with a building.

3. The material alteration of a building, or a controlled
service or fitting.

4. Work required by regulation 6 (requirements
relating to material change of use).

5. The insertion of insulating material into the cavity
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wall of a building.

6. Work involving the underpinning of a building.

7. Work required by regulation 22 (requirements
relating to a change of energy status).

8. Work required by regulation 23 (requirements
relating to thermal elements).

9. Work required by regulation 28 (consequential
improvements to energy performance).

For clarification, sometimes the term, 'building
operations', is applied to building work, in the case of:

1. Demolition of buildings.

2. Rebuilding.

3. Structural alterations of or additions to buildings.

4. Other operations normally undertaken by a builder.

CLARIFICATION: The operations and
maintenance (O&M) of architectural structures is
no considered construction.

9.1 Fabrication location

Fabrication of architectural elements usedin construction
can either be on-site or prefabricated off-site (as in, the
degree of pre-fabrication, modularity and flexibility of
fabrication):

1. Pre-fabricated (factory built) - The architecture is
constructed in a factory; it is pre-fabricated in a
factory.

A. Prefabrication works most efficiently where
there is repetition. In the market-State, there is
little repetition (because of businesses and their
"intellectual" properties).

B. Prefabricated modules, limited by the size
constraints of highway transportation, are
shipped to the final site on truck beds and then
joined in the field.

2. Site fabricated (site built, site construction) - The
architecture is constructed on-site, which allows
for larger constructions and possible usage of local
materials.

In concern to the transportation of fabricated elements:

1. All fabrication efforts are sourced.

2. Some fabrication elements may require transport.

3. Some fabricated elements may require servicing
and repair during construction

9.2 The construction process
A.k.a., Construction phases.
Construction work involves at least the following phases:
1. Site access - access to the site.
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2. Site evaluation (a.k.a., site investigation, site
assessment, site survey) - evaluation of the site
for construction purposes.

3. Construction documents (including, a site plan) -
produced by architectural-engineering processes.

4. Site layout plan and site safety plan - a plan
for the phased layout of the site prior to work
commencement, including a plan for the safety
of work. As sites will change in nature during the
course of the works, there may be a number of
different site layout plans for different phases,
and there may be more detailed plans showing
particularly complex areas or sequences or
describing specific functions.

5. Site preparation - preparation of the site for
construction.

6. Site construction - the actual construction process.

7. Architectural evaluation - the evaluation of the
construction.

9.2.1 Site investigation

A.k.a., Site evaluation.

Sites must be thoroughly investigated prior and during
construction. Site investigations should consist of four
well-defined stages:

1. Planning stage: Setting clear objectives for the site
investigation, including scope and requirements,
which enable it to be planned and carried out
efficiently and provide the required information.

2. Desk study (remote study): Reviewing historical,
geological and environmental information about
the site.

3. Site reconnaissance (a walkover survey):
Identifying actual and potential hazards and the
design of the main investigation.

4. Main investigation and reporting: Including
intrusive and non-intrusive sampling and testing
to provide soil parameters for design and
construction.

Site investigations should include:

1. Susceptibility to groundwater levels and flow.

2. Underlying geology, and ground and hydro-
geological properties.

3. ldentification of physical hazards.

4. |dentification of methane and other gases.

5. Determining an appropriate architectural and
structural design.

6. Determining an appropriate location and
orientation of buildings and other systems.

7. Providing soil parameters for design and
construction.
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9.2.2 Site layout plan

Site layout planning involves four basic processes:

1. Identifying the site facilities that will be required.

2. Determining the sizes, and other constraints of
those facilities.

3. Establishing the inter-relationships between the
facilities.

4. Optimising the layout of the facilities on the site.

Site layout plans might include locations for and sizes of:

Zones for particular activities.

Cranes (including radii and capacities).

Site offices.

Welfare facilities.

Off-loading, temporary storage and storage areas

(laydown area)

Sub-contractor facilities.

Car parking.

Emergency routes and muster points.

Access, entrances, security and access controls,

temporary roads and separate pedestrian routes.

10. Vehicle wheel washing facilities.

11. Waste management and recycling areas.

12. Site hoardings and existing boundaries.

13. Protection for trees, existing buildings,
neighbouring buildings, and so on.

14. Signage.

15. Temporary services (including electrical power,
lighting, water distribution, drainage, information
and communications technology, site security
systems, and so on)

16. Temporary works (such as propping solutions to
retained structures, sheet piling details, and so on).

17. Areas for the construction of mock-ups for testing.

18. Fabrication facilities.
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Problems caused by poor site layout planning can
include:

1. Inappropriate storage which can result in damage
to products and materials.

Poor siting of plant.

Poor siting of welfare facilities.

Inadequate space provision.

Unsatisfactory access.

Security and safety issues.

Poor wayfinding (due to complex layouts or
inadequate signage).

8. Demoralised workers, delays and increased costs.

Nouhs~wnN

9.2.2.1 Construction safety

A.k.a., Site safety, safety management.
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Safety practices and a safe culture are part of every
construction operation. Some of the practices that can
be employed on projects to facilitate safety include:

1. Involving workers in the safety process, through
toolbox talks, safety briefings, site inductions, etc.

2. Analysis of potential site safety hazards during the
pre-construction phase.

3. Adopting the principles of prevention:

A. Avoid risks where possible

B. Evaluate those risks that cannot be avoided

C. Putin place measures that control them at
source.

4. Encouraging an "open-door" policy (protocol) for
workers to report accidents, injuries, hazards and
near misses.

5. Conducting thorough near miss and incident
investigations to ensure effective action is taken.

6. Utilize specific personnel assigned to coordinate
safety.

7. Designating health and safety duties to on-site staff,
such as a first aider.

8. Conducting regular project safety audits.

9. Developing a site-specific health and safety plan.

10. Site specific training programmes for workers and
subcontractors.

11. Proper use of personal protective equipment
(PPE).

9.2.2.2 Construction risks

The physical process of constructing something
always entails some form of potential risk, because of
the operation of equipment and usage of potentially
hazardous materials.

Key health risks (a.k.a., occupational risks) in construction
include:

1. Exposure:

A. To climactic elements (e.g., sunlight, cold, etc.)

B. To chemicals (e.g., asbestos, dusts including
silica, concrete, lead, and exhaust emissions).

Frequent loud noise.

Frequent or excessive use of vibrating tools.

Frequent or excessive manual handling of loads.

Stress and fatigue.
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A risk coordination/management cycle to identify and
prevent risk includes:

. ldentification of hazards.

. Assessment of risks.

. Selection of controls.

. Implementation and recording of findings.
. Monitoring and review.
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Construction sites can be dangerous places, and only
authorised personnel should be allowed access. Dangers
to non-authorised personnel include:

Falling materials or tools.

Falling into trenches.

Falling from height.

Being struck by moving plant and vehicles.
Standing on sharp objects.

Coming into contact with electricity or hazardous
materials.

7. Dust, noise and vibration.

S o

In addition, construction sites can be vulnerable
to vandalism, theft, arson, protests, suicides and so
on. Construction sites will generally adopt perimeter
security measures to control access, both for safety
purposes, and to prevent damage, theft or vandalism.
Hence, construction sites present a challenge in terms of
securing access as:

1. Their nature and layout is subject to frequent
change.

2. Access is required by a large number of contractors,

suppliers, consultants and so on.

They are often in highly-populated areas.

4. It may be necessary to maintain user access to
neighbouring sites, or parts of the site itself.

5. There can be time pressures to complete the works
quickly.

w

Methods of controlling access to construction sites
include, but may not be limited to:

1. Security fencing (a.k.a., perimeter hoarding)
creates a primary boundary for controlling access.
Hoarding is a temporary construction, of at least
2.4m that is more difficult to climb than fencing
and prevents viewing of the site interior. However,
can also prevent people from seeing unauthorised
personnel if they manage to gain access to the site.

2. Turnstiles, security gates and guards can then be
used to ensure that only authorised personnel can
enter. Other types of barriers and bollards may be
used.

3. Electronic access control systems (ACS) and locks.

4. Signage.

5. sign-in and reception areas.

6. Storing materials and machines away from the
perimeter.

7. Lighting.

8. CCTV.

9. Motion detectors.

10. Removal of ladders.

11. Protection of scaffolding, public address systems.

12. Keeping the site clean and tidy.

13. Secure storage.

Special measures may be necessary for works in the
vicinity of vulnerable groups such as the elderly, children
and people with disabilities. Children in particular may
be drawn to construction sites, seeing them as places to

play.
9.2.3 Site preparation

Before construction (building) work can start on a
site, certain activities must be taken to ensure that
construction is feasible, that maximum health and safety
is achieved, and that construction operations will not be
hindered; these include, but are not limited to:

1. The ground to be covered by the building shall
be reasonably free form any material that could
damage the construction process or affect the
final construction's stability. This requires the
clearing of vegetation, topsoil and any pre-
existing foundations. This can include turf and
roots, especially if they are close to the proposed
construction.

2. Precautions should be taken to avoid danger to
health and safety from contaminants in the ground
and any other land associated with the building.

3. Installation of adequate sub-soil drainage, if
required.

9.2.3.1 Site contaminants

NOTE: Where a site may be affected by
contaminants, a combined geotechnical and
geo-environmental investigation should be
considered and remediation maybe necessary.

Sites must either safely account for or be free from
contaminants. A‘contaminant’ as any substance thatis or
may become harmful to persons or buildings, including
substances which are corrosive, explosive, flammable,
radioactive or toxic.

Site contaminants include, but are not limited to:

. Animal and animal products of processing works.
. Asbestos works.

. Ceramics and asphalt manufacturing works.
. Chemical works.

. Dockyards and dockland.

Gas works.

. Landfill and other waste disposal sites.

. Oil storage and distribution sites.

9. Power stations.

10. Scrap yards.

11. Sewage works.

12. Texile and dye works.

13. Molds.
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Site contaminants are handled in [at least] the following
ways:

1. Clearance or treatment of unsuitable material -
includes guidance on various site investigation
measures and types of unsuitable material.

2. Resistance to contaminants - includes risk
assessment and remedial guidance on solid and
liquid contaminants, methane and other gases
from the ground, and radon.

3. Subsoil drainage.

4. Floors - includes guidance and technical solutions
for ground supported floors, suspended timber
ground floors, suspended concrete ground floors,
floors exposed from below, and resistance to
surface condensation and mould growth.

5. Walls - includes guidance and technical solutions
for internal and external walls (moisture from the
ground), external walls (moisture from outside),
solid external walls, cavity external walls, cavity
insulation, framed external walls, cracking of
external walls, impervious cladding systems, joints
between doors and windows, door thresholds,
and resistance of external walls to damage from
interstitial condensation, surface condensation and
mould growth.

6. Roofs - includes guidance and technical solutions
for roof resistance to damage from moisture
from outside, interstitial condensation, surface
condensation and mould growth.

Note, when contaminants are found on a site, it may be
necessary to notify findings to regulatory authorities, for
example:

1. Where contaminants are found that had not been
previously known about.

2. In planning applications.

3. Inrelation to waste management and the
protection of water quality and resources.

Some contaminants such as radon, landfill gases and
those from organic solvents and fuel can penetrate the
building by a variety of means. In most cases the rate
of penetration can be reduced by sumps and sub-floor
ventilation, as well as other ventilation strategies.

9.3 Construction technologies
A.k.a., Building technologies.

The term ‘'building technology' and ‘'construction
technology' refers to the technical processes and
methods used in the constructing of architecture,
particularly, buildings.

Construction technology factors includes, but are not

limited to the following factors:

. Materials and their applications.

. Physical properties.

. Capacities and vulnerabilities.

The functioning of components and systems.
The engineering principles.

. Procedures and details of building assembly.

. Procedures and details of building startup and
operation.
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Construction information factors include, but may not
be limited to:

1. Technical drawings for the building and its
construction.

2. Technical specifications for the building and its
construction.

3. Site investigations and surveying.

4. Construction materials, components, systems and
techniques.

5. Building services.

6. Operation and maintenance.

7. Energy supply and efficiency.

8. Structural systems.

9. Communications.

10. Smart technology.

11. Sustainability.

12. Waste water and water management.
13. Building engineering physics.

14. Building science.

15. Prefabrication and offsite manufacturing.
16. Modelling and assessment.

17. Collaborative practices.

18. Research, development and innovation.
19. Construction plant.

Construction technologies include, but are not limited
to:

1. Bio-construction manual technologies.

2. Conventional manufacturing and construction
technologies.

3. Pre-fabrication manufacturing technologies.

4. 3D automated and semi-automated technologies.

Note that crane technologies are most commonly
used to position large architectural objects on-site.

9.4 Construction methods
The basic methods of construction are:

1. Cutting and joining - includes the cutting of
materials (on- or off-site) and then assembling
them (on- or off-site), and then moving them into
their final position on-site.
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2. 3D printing - involves the layering of a material and
then the incorporation of other services, such as
utilities, fixtures and fittings.

3. Extrusion - involves the extrusion of a solid
element, usually in a factory, which is then
transported to the construction site. The utilities,
fixtures and fittings may be incorporated in the
factory, or on-site.

9.4.1 3D printing systems

To print a 3D architectural structure requires:

1. The digital object (a basic template or CAD
drawings).

2. Aprinter.

3. Materials.

4. Time, skills, and power.

The 3D-printed walls won't cracks, and are strong
water proofing, better air permeability, better heat
preservation and low carbon pollution.

Problems with 3D printing include, but are not limited to:

1. 3D printing takes time
2. Printed parts are mechanically weak
3. Material choices are limited

There are two main types of structure for 3D printers for
the construction of buildings:

1. Gantry-based systems.
2. Robotic arm-based system.
3. Comparison [cobod.com]

A. Itis possible to mix robotic and gantry
technologies using cooperative robotics. This
allows for 3d print around other objects, such
as around steel reinforcement with concrete
objects.

The following are the possible material types for the 3D
printing of architectural objects (Read: buildings):

1. Concrete mixtures - mixtures of concrete.
A. Characteristics of concrete mixtures:

1. Can be printed on-site, or printed in a factory,
transported to the site, and assembled on-
site.

2. Does not cure instantly. Curing time can be
lowered by replacing water with alcohol in the
mixture (because alcohol evaporates more
rapidly).

3. Can be mixed with ethanol, which evaporates
more rapidly than water and will harden and
complete faster.

B. Technology / development companies:

1. Winsun 3D Builders, China
[winsun3dbuilders.com]

2. COBOD, Denmark [cobod.com]

i. Purchasable gantry system consisting of

ii. Advantages include:

1. The materials are open source and the
company advise customers to source
materials locally.

2. Inclined or overhangs (non vertical walls)
can be accomplished with the BOD2.
The degree that is possible to printis
depending on material properties and
geometry.

3. Constructions-3D, France [en.constructions-
3d.com]

i. Purchasable robotic-arm system consists
of: a mixing and pumping station, control
system, and robotic 3D printer (comes in
standard 20 foot container).

4. Lightweight concrete, United States
[website]

i. https://www.bradenton.com/news/
business/article247233154.html

5. Icon, United States [icon.com]

i. Purchasable gantry system consisting
of: a robotic system, a software system,
and materials. A fully automated system,
including the mixing and pumping.

ii. Disadvantages include:

1. Uses a proprietary formula.

2. Synthetic stone (a.k.a., light stone material,
LSM) - UV curable material combined with mineral
filler (a.k.a., synthetic stone).

A. Technology / development companies:

1. Mighty Buildings, United States
[mightybuildings.com] [youtube.com, LIVE
Factory Walkthrough: Webinar + Q&A]

i. Builtin a factory and shipped to final
destination (pre-fabricated).

ii. Machine produces panels and building
components, or an entire building.

iii. Disadvantages include:

1. In a promotional video an employee said
the printer could not be purchased.

2. Patents on materials.

iv. Advantages include:

1. Factory building means less setup
and tear-down time to build multiple
buildings.

2. Cures almost instantly.

. Large gantry system.

4. Zero-waste production process
(eliminates 3-5kgs that normally go to

w
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3. Clay mixtures - mixtures of clays and/or ceramics.
A. Objects can be printed by extruding layers of a
ceramic / clay paste from a nozzle or by glue-
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landfill).

5. Fiber reinforcement possible with
strength similar to steal.

6. Reduced time duration of project.

bonding powder particles layer-by-layer.

NOTE: These are additive processes (as opposed
to subtractive where material is cut away from a

block).
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10 Architectural modeling

Architectural modeling is the process of creating a
model of a building, or other architectural structure.
In this way, architectural modeling is the design of
real (not virtual) 3D representations of architectural
systems. An architectural model is an information model
(artifact) that comprises all the possibilities in terms of
construction. Architectural model capture all (or, some)
of the design decisions that comprises a system's
architecture. Architectural modeling is the reification
and documentation of architectural design decisions.

All architectural models are made on a scale; for
example, 1: 100, which means they are 100 times
smaller than the original, although they could be 1:
1, which is normal or even larger, or for example 8: 1,
where the model would be eight times the size of the
original. In the early 21st century, architectural modeling
is a computer-aided process of creating 2D and 3D
representations of architectural designs. However, 3D
models create a more complete picture of the project
than 2D models, and should be used over 2D models
wherever possible. There are many different benefits of
using a 3D building model. Not only does it help visualize
the completed project, but it also reduces conflicts in
design of architectural sub-systems.

10.1 Modeling accuracy
Models shall be checked for:

1. Scale.

2. Geometric accuracy of modeled components.

3. Locational accuracy in the horizontal and vertical
dimensions.

4. Conformance with the BIM Standards identified in
these standards.

10.2 Level of development and level of
detail (BIM LOD)

Level of development (LOD) is a set of specifications that
gives developers the ability (through categorization) to
document, articulate and specify the content of BIM
effectively and clearly. LOD is an "industry" standard that
defines the development stages of different systems in
BIM. LOD is a measure of the information represented
by a BIM element, developed by a standard that refers
to the level of certainty about an object. By using LOD
categorization, developers can clearly communicate
with each other without confusion for faster execution.
The specification defines six (previously five) different
levels of development to define the detailing levels in a
BIM model.

Level of development (LOD) is the degree to which
the components’ specification, geometry, and attached
information have been thought through - the degree
to which project team members may depend on the
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information when using the model. The LOD specification
allows developers to state how an element's geometry
and associated information has evolved throughout the
entire process. It signifies the degree to which different
members of the team can rely on information associated
with an element. It also allows for developers to define
the inherent characteristics of the elements in a model
at different stages of development.

The LOD levels are:

1. 100 (Conceptual) - The Model Element may be
graphically represented in the Model with a symbol
or other generic representation. Information
related to the Model Element can be derived from
other Model Elements. Any information derived
from LOD 100 elements must be considered
approximate.

2. 200 (Approximate geometry) - The Model Element
is graphically represented within the Model
as a generic system, object, or assembly with
approximate quantities, size, shape, location, and
orientation. Any information derived from LOD 200
elements must be considered approximate.

3. 300 (Precise geometry) - The Model Element is
graphically represented within the Model as a
specific system, object or assembly in terms of
quantity, size, shape, location, and orientation.
Non-graphic information may also be attached to
the Model Element. The project origin is defined
and the element is located accurately with respect
to the project origin.

4. 350 (Precise geometry with connections) -

The Model Element is graphically represented
within the Model as a specific system, object, or
assembly in terms of quantity, size, shape, location,
orientation, and interfaces with other building
systems. Non-graphic information may also be
attached to the Model Element.

5. 400 (Fabrication-ready geometry) - The Model
Element is graphically represented within the
Model as a specific system, object or assembly
in terms of size, shape, location, quantity, and
orientation with detailing, fabrication, assembly,
and installation information. Non-graphic
information may also be attached to the Model
Element.

6. 500 (Operations/As-built models) - The Model
Element is a field verified representation in terms
of size, shape, location, quantity, and orientation.
Non-graphic information may also be attached to
the Model Elements.

For example, the following are three labels of precision
and accuracy:

1. LOD 300 Generic BIM model.
2. LOD 350 custom model.
3. Manufactures 2D model.

Level of detail (LOD) refers to the proportion of detail
enclosed within the model element. The Level of Detail
can be thought of as input to the element, while the
Level of Development is a reliable output.

10.3 Building information modeling (BIM)

A.k.a., Engineering model, object materialization
model and data, BIM data, BIM metadata.

Building information modeling (BIM) is a rules-based
design process that allows for configurable architectural
products. Rules-based design enables the viewing of
3D product models that users or habitat teams can
configure as needed, on demand, that account for
allowable specifications and fabrication constraints. A
decisioning system (i.e., decision engine) can be added
to the collaborative engineering-production system
to control for decision objectives, constraints, and
requirements. Here, a database and configurator allows
for the selection of custom products using rules-based
design to control the allowable customization options
without complex programming.

The application of BIM allows for:

1. Metadata integration (i.e., allows for association of
parameters, values, with model elements).
* BIM is a process where all data about an object is
grouped into one [interoperable] system.
2. Model simplification and comprehensive
calculation.
* When all data about a model is available,
calculations can be performed to optimize the
model.

The workflow for a BIM configurator usually runs as
follows:

1. Start with the fully detailed, configurable
engineering model (engineering rule-base).

. Create the architectural master model.

. Create the MEP connections model.

. Complete all object (e.g., BIM) metadata.

. Upload for access to population user base.

. Users chooses options, and see dynamic, high-
detail 3D rendering/simulation.

7. The materialization system builds the product.

Uk WwWN

10.3.1 BIM model types

An engineered architectural system shall be created [in a
software project] as either:
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1. Complete building - A[n aggregated] building
object.

A. A combination of other architectural objects that
form a complete building.

2. Architectural-engineering elements - The first
aggregate of elements that form a building. These
elements generally include walls, floors (slabs),
and support structures. A generic or manufactured
architectural-engineering element/object.

A. A generic architectural-engineering object -
intended for use in the initial stages of design,
until a specific manufacturer's object is select
(see B, directly below).

B. A manufacturers architectural object - intended
to represent an obtainable product provided
by a manufacturer or supplier. The term
‘manufacturer object' is also synonymous with
proprietary object or product object.

3. Fixtures and assemblage objects - A component
or layered object. Component objects include
structurally assemblage objects such as doors,
windows, sanitary ware, furniture, etc. These
objects can be held outside the model and be
imported into it. Component and layered objects
can be aggregated together to form an assembly
(e.g. aroom).

A. Component objects can be further defined as:

1. Static objects - available in one size.

2. Parametric object - available in a range of
predetermined sizes (or else the size can be
determined by the designer).

B. Layered objects: Comprise walls, floors,
ceilings, roofs, etc. These objects are typically
constructed from a number of layers and do
not have a fixed geometry; this is defined by the
designer (e.g. a concrete floor layer thickness
may be determined by the designer’s structural
calculations). The thickness of the object layers
may also be determined by manufacturers
(e.g. an insulation board may be available in
a set number of thickness). Layered objects
may comprise single or multiple products, for
example: A single product layered object could
be a composite insulation board with facings
and core or a concrete slab. Alternatively, a
multiple product layered object could be a
warm roof, consisting of waterproof covering,
underlay, insulation, vapour control layer and
concrete slab.

Assembly objects refer to separate objects which
have been combined and managed as a group in the
model or object library. The assembled group of objects
may contain metadata solely for the group; may have
additional metadata relating to the group; or just contain

the metadata of the constituent objects. As an example,
an accessible toilet is an assembled group containing a
toilet, handrails, cubical walls, and a door. Each of these
objects will have their own metadata, but the assembly
itself could also have metadata giving the overall size
or the standard it complies with. In some instances,
when aggregated together to form an assembly, some
component information may become irrelevant. For
example, a door handle that comes as part of an overall
door assembly. Care must be taken when an assembly
is made up of multiple objects where each material
has performance criteria that may be unrelated to the
assembly as a whole.

An object may be gathered into an assembly to aid
understanding of the context in which a product can
be used. For example, a manufacturer's wall insulation
BIM object may be shown within a generic wall build-up,
even if the insulation manufacturer does not supply any
other objects within the wall. The accompanying objects
forming the wall assembly should have a minimum
graphical detail equivalent to a generic object.

Note that BIM objects are provided as either layered
objects or component objects; both types can be found
in generic, manufacturer and project object form.
Additionally, the BIM object may, where relevant, be part
of a larger collection of objects that forms an assembly,
including an assembly that represents the context in
which an object is used.

10.4 BIM object development

In a general sense, every BIM object includes all of the
following data categories:

. Naming convention for files
. Objects (architectural systems)
. Locations (localization)
Views (visual representations)
. Materials (surface / internal composition)
. Parameters (properties)
A. Software-related parameters
B. Object-related parameters
7. Values (descriptions)

o wWN =

In other words, the organizational structure for
architectural-engineering  [software] includes the
following top-level categories (Yori, 2020):

1. Locations (coordinates and extents)

2. Objects

A. BIM systems (architectural components)

B. BIM components (infrastructural components)
Properties (BIM parameters and classes)
Representations (views)

Coordination (BIM project phasing)

6. Modeling (creating masses/objects)

vk Ww

The four elements of a model in an architectural-
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engineering program are:

1. Model parameters
A. Design-time parameters for the all data related
to the model
1. There are multiple parameter types, including
but not limited to: dimension, visibility,
materials, assembly, etc.
2. Model geometry
A. Masses
1. Voids
3. Model data (model data views)
A. Orthographic views
B. 3D views
C. Sheet views (i.e., geometric views, orthographic
views)
4. Model materials lists and quantities
A. Material sheets (a.k.a., schedules, quantities)

NOTE: A mass (a.k.a., model, object) is simply

a form with geometric substance (solids and
voids) that is not related to any specific building
element category. It is intended to allow
designers to create a lightweight component
that can represent either an entire architectural
system/building or a architectural/building
system. Alternatively, it can serve as a guide

for a single component, such as a complex

wall or roof form. When a mass is created in
the context of a whole building, it is possible

to quantify the surface area, assign functional
elements (e.g., floors) to the mass, and perform
energy analysis—all without creating a single
wall, floor, window, or roof. Massing is a term
in architecture which refers to the perception of
the general shape and form as well as size of a
building.

10.4.1 BIM file naming convention

NOTE: The "BIM" object file name shall also
include the default file extension for its respective
"BIM" object creation and visualization platform
or file format.

The "BIM" object shall use naming by means of the
approach taken by the parent resource. Naming
conventions should be intuitive to aid information
retrieval. They shall be composed of alphanumeric
characters without text formatting (e.g. a - z, A - Z,
0 - 9) and single spaces. Names shall be limited to a
maximum of 50 characters. Fields shall be separated by
the underscore character (_) or a hyphen (- ). Note that
the European BIP 2207 Guide to BS 1192 states that the
use of hyphen (-) delimiters between the fields in a file
identifier enable the use of varying length codes.

BIM software allows naming to be visible within both
the object and the project model, offering the ability to
provide search functionality and interactions with other
databases.

The BIM object shall include properties and values that
are consistently named. The BIM object and file name
should be unique to avoid duplication of information
and to aid export of information and interpretation.

The file and BIM object name shall be composed of:

1. <Role>_<Source>_<Type>_<Subtype/ product
code>_<Differentiator>

* Role - Used to convey the library object author by
a 3 - 6 digit code.

+ Source - Used to identify the object
manufacturer. The manufacturer name shall not
be abbreviated. For a generic object this field
may be omitted.

+ Type - Used to identify the object type.

+ Subtype - Used to convey additional information
to further define the construction product such
as the product range. The manufacturer product
range shall not be abbreviated. This field can also
be used to identify the predefined (Sub)type.
Differentiator - Used to convey additional
specialist information not captured in property
data.

2. <HSS>_<Type>-<Subtype/product code>-
<Differentiator>

+ HSS - Used to identify the functional application
of the object into the operation of the habitat
service system.

+ Type - Used to identify the object type.

+ Subtype - Used to convey additional information
to further define the construction product such
as the product range. The manufacturer product
range shall not be abbreviated. This field can also
be used to identify the predefined (Sub)type.

+ Differentiator - Used to convey additional
specialist information not captured in property
data.

10.4.2 BIM object categorization
(architectural systems)

Types of systems within an architectural object include,
but are not limited to:

1. Architecture: common (non-structural architecture)
2. Architecture: structural
3. Infrastructure: Mechanical, electrical, plumbing
(MEP)
A. Heating, ventilation, and air conditioning (HVAC;
mechanical, M)
B. Electrical (E)
C. Plumbing (piping; P)
4. Infrastructure: other
A. Fire protection
B. Telecommunications
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C. Etc.
5. Landscape
6. Energy [assessment]
7. Acoustics [assessment]

The totality of architectural object classifications include:

. Complexes (Co)

. Entities (En)

. Activities (Ac)

. Spaces / locations / areas (SL)
Elements / functions (EF)
Systems (Ss)

Products (Pr)

Tools and equipment (TE)
9. Project management (PM)
10. Form of information (Fi)
11. Roles (Ro)

12. CAD (Z2)

PNOU A WN =

10.4.2.1 BIM infrastructural components

Architectural-engineering software uses families [of CAD/
BIM blocks] to represent infrastructural components:

1. BIM families (e.g., Revit families) - fully
parametric models or drawings that can be used
in a greater variety of ways. It is possible to embed
families within families, allowing you to create a
hierarchy of parametrically controlled models.
A. System families - (also called host families) are

content that is part of the project environment
and are more akin to rule sets rather than
physically constructed components. These
elements are not created and stored in
external files; instead, they are found only in
the project file. If another type of a system
family is required, then it will be duplicated
from an existing type from within the project.
System families can be 3D elements such as
walls, curtains, floors, roofs, ceilings, stairs,
and railings, or 2D elements such as text,
dimensions, and revision clouds.
1. 2D examples:

i. Text

ii. Dimensions

iii. Details

iv. Lines (drafting)

v. Filled regions

vi. Revision bubble

vii. Match line

2. 3D examples:

i. wall

ii. Curtains

iii. Floor

iv. Roof
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v. Ceiling
vi. Stair
vii. Railing
viii. Ramp
ix. Model lines
B. Component families - are created in the a
family editor and are either 2D or 3D content.
This means someone (or some algorithm)
will have to create and load these kinds of
families outside the project environment.
When a component family is initially created
the designer (or algorithm) will need to select
an appropriate family template. By selecting
the correct family template, the designer (or
algorithm) will be certain that the component
being created is going to behave, view, schedule,
and (if necessary) export properly.
1. 2D examples
i. Annotations
ii. Detail components
iii. Profiles
iv. Sheets
2. 3D examples
i. Doors
ii. Windows
iii. Furniture
iv. EQuipment
3. Spaces
i. Rooms
ii. Areas
iii. Volumes
2. Blocks (e.g., AutoCAD Blocks) - blocks are the
collection of geometries that act as a single object
and they can be used in a drawing repetitively.
A. Static blocks (static geometry)
B. Dynamic blocks (dynamic geometry)

One of the primary reasons for using a blockiis its ability
to modify all its references by modifying a single block.
For example, if creating a block for windows in a floor
plan, and then after adding the windows, it is decide to
modify the type of window. In this case, the designer can
simply modify the window block and all its references
used in the drawing will change automatically.

NOTE: Blocks also help you in keeping the file
size under control. A drawing made with blocks
for repetitive objects will be far smaller than the
drawing which uses copied instances of repetitive
objects.

10.4.3 BIM coordinates and extents (locations
and positions)

Location data consist of references, grids, and levels.
Location datum objects establish geometric behaviors
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by controlling the location and extents of objects (i.e.,
model content).

The four types of software specific location data are:

1. References - datum objects that are allow a user to
work with any working point, line, or plane.

A. Points

B. Lines

C. Planes

2. Levels - datum objects that are parallel to the
ground plane.

A. View

B. Reference

3. Grids - datum objects used to locate structural
elements in a project.

4. Coordinates - data about object position in the
world space.

A. Project base point - This point is used almost
exclusively for internal purpose. It is used to
place dimensions relatively to the building. It
can also be used to set the angle difference
between the True North and the Project North.

B. Survey point - This is used to create a "shared
coordinates" system among multiple linked files.
That means it's location is most useful when
exporting and importing files. It is usually placed
relatively to the Site.

C. Internal origin - This point is invisible and
cannot be moved (but, it can be made visible).
In most software, by default, importing or
exporting a file will be made relatively to this
point (and when invisible, it confuses people).

NOTE: References, levels, and grids can be used
as extents in some architectural software.

10.4.4 BIM representations (views)

Object engineering software uses views to display
infrastructural components. Views are the visualizations
a user interacts with.

1. 2D examples:
. Planes
. Sections
. Elevations
. Callouts
Drafting
Legends
2. 3D examples:
A. Orthographic
B. Perspective
3. Tabular examples:
A. Schedule
B. Material takeoffs

mmogNw >
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4. Simulation (animation) examples (motion of objects
with magnitude; in time):
A. Animation (films)
B. Virtual environments (virtual reality simulations)

10.4.5 BIM parameters (properties)

A.k.a., Model parameters, object parameters.

Parameters store and communicate information about
all elements in a model. Parameters create a rule or
relationship that has user-editable properties. All content
(i.e., objects) in an architectural-engineering project have
associated parameters, which are simply the information
or data about some thing. Here, parameters can affect
many different aspects of an object, such as visibility,
behavior, size, shape, materiality, assembly code
standard, etc. Parameters are used to show and control
an element's information and properties. Parameters
are used to define and modify elements, as well as to
communicate model information in tags and schedules.

Essentially, parameters are placeholders for data and
should have descriptive names, for example:

* Asset tag

+ Building code

* Serial number

+ Length

* Material surface
+ Etc.

In BIM software, there are two top-level categories for
parameters:

1. Software-related parameter categories - relate
to how the parameters are stored, accessed, and
usable by the software.

A. System

B. Shared

C. Project

D. Global

E. Family

2. Object-related parameter categories - relate
specific objects (object properties).

A. Assembly
B. Non-assembly
C. Habitat service

10.4.5.1 BIM software-related parameter categories

Software-related parameter types and their usages
include:

NOTE: Different software products will have

different categories of parameters. The following
parameter categories are specific to REVIT.

1. System parameters - are built-in (default) to the
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software and cannot be changed or deleted, and
they are always available.
A. In REVIT software:
1. Value available for schedule/sheet: Yes
2. Value available for tag: Yes
2. Shared parameters (MOST COMMONLY USED)
- Shared parameters are parameter definitions
that can be used in multiple families or projects.
In REVIT, the definition of a shared parameter
is stored in a separate file (not in the project or
family), it is protected from change. For this reason,
shared parameters can be tagged and scheduled.
In REVIT, if a parameter in a family or project needs
to be scheduled or tagged, that parameter must be
shared and loaded in both the project (or element
family) and the tag family.
A. In REVIT software:
1. Value available for schedule/sheet: Yes
2. Value available for tag: Yes
3. Project parameters - specific to a single project
file. A project parameter can be used to categorize
views within a project. Note that in REVIT,
information stored in project parameters cannot
be shared with other projects. Project parameters
are used for scheduling, sorting, and filtering in a
project.
A. In REVIT software:
1. Value available for schedule/sheet: Yes
2. Value available for tag: No
4. Global parameters - Global parameters are
specific to a single project file, but are not assigned
to categories. In REVIT, a global parameter can
assign the same value to multiple dimensions.
A. In REVIT software:
1. Value available for schedule/sheet: No
2. Value available for tag: No
5. Family parameters - Family parameters control
variable values of the family, such as dimensions or
materials. They are specific to the family. In REVIT,
a family parameter can also be used to control a
parameter in a nested family by associating the
parameter in the host family to the parameter in
the nested family.
A. In REVIT software:
1. Value available for schedule/sheet: No
2. Value available for tag: No

There are two general kinds of project parameters:

1. Type parameters - control information about
every element of the same type. For example, if the
material of a piece of furniture is designated as a
type parameter and it can be changed, the material
for all the furniture of that type will change.

2. Instance parameters - control only the instances

that a user have selected. So if the material of the
piece of furniture that has been selected is an
instance parameter, the user will be editing only
the selected elements. Instance parameters should
be constantly exposed in a properties panel. In
REVIT, selecting something initially displays the
instance parameters.

10.4.5.2 BIM object-related parameter categories
A.k.a., BIM parameter organization.

At the highest level, all parameters are sub-divided into
groups, which are then sub-divided into parameter types,
which are then sub-divided into parameter classes:

1. Architectural parameter group (property group)
A. Architectural parameter type (parameters)
1. Architectural parameter classes (classes)

In general, there are three types of groups for a BIM
model:

1. The assembly code group.
2. The non-assembly code group.
3. The habitat service group.

An example of the assembly code group is as follows:

1. Parameter group: Assembly code standard
A. Parameter type: OmniClass Code
1. OmniClass code class: 23-31 25 25 11
B. Parameter type: OmniClass Title
1. OmniClass code class: Electric Heated Towel
Bars

An example of a non-assembly code group is as follows:

1. Parameter group: Material
A. Parameter type: Material
1. Material class: Metal

An example of the Habitat Service group is as follows:

1. Parameter group: Habitat service
A. Parameter type: Habitat Service Sub-System
1. HSS class: Life Support
B. Parameter type: Habitat Service Sub-System
1. HSS-S class: Water
C. Parameter type: Object Function
1. HSS-S class: Bathroom sink

10.4.5.3 Assembly classification data (assembly code
group)

A.k.a., Assembly classifications, construction
classifications, building classifications, building
and construction codes, BIM data exchange
classification, etc.
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All assembled objects have codes associated with them
within a branching (tree-like classification) structure.
Every BIM asset (entity, element, etc.) is classifiable within
a standardized (and codified) classification tree. Most
assets are physical, but some standards also allow for
conceptual entities (e.g., tasks). Some coding standards
are more detailed and others are less detailed. These
codes represent identity data about the object(s), and
allow for the comprehensive classification of BIM assets.
Functional elements, also referred to as systems
or assemblies, are common major components in
buildings that perform a known function regardless
of the design specification, construction method, or
materials used.

Herein, building life cycle refers to the observation
and examination of a building over the course
of its entire life. The life cycle of a building
considers everything about the building from design,
commissioning, operation, and decommissioning.

NOTE: The classification of products/system is
essential for economic calculation and planning
within the habitat.

A classification system for an assemblies includes:

1. Codes - coded identifier of [functionally unique]
assembly.

2. Titles - label of [functionally unique] assembly.

3. Descriptions - description of [functionally unique]
assembly.

4. Tree levels - location of [functionally unique]
assembly within a classification tree.

NOTE: Assembly code files are tab delimited (to
create a tree-like structure).

10.4.5.1 Assembly classification standards (assembly
code group)

A.k.a., BIM assembly code classification group
types, assembly code format standards,
assembly code parameter types, BIM assembly
code formats, BIM data exchange standards.

These standardized parameters (i.e., parameter types)
may be associated with any physical object, and some
may be associated with concepts.

NOTE: Some BIM standards are more focused
on construction and not so much focused

on operation and coordination (lifecycle
management).

The following are the master list of producers of
standards that include titles and numbers (codes) used
to organize specifications and other project information
for most building design and construction (BIM) projects:

1. International standards include, but may not be
limited to:

A. Industry foundation classes (IFC)

[buildingsmart.org] - developed by
buildingSMART International. Open standard
for BIM data exchange. Semantic schema
which defines the way the building related data
is described and inherited. The classes can
described anything, from a physical object (e.g.,
wall) to an concept (e.g., task).

. United Nations Standard Products and Services

Code (UNSPSC) [unspsc.org] - an open, global,
multi-sector standard taxonomy for accurately
classifying goods and services.

C. NBS [thenbs.com] - the National Building

Specification (NBS) is a UK-based system of
construction specifications used by architects,
engineers and other building professionals

to describe the materials, standards and
workmanship of a construction project.

. Uniclass 2015 (2020 update) [thenbs.com/

our-tools/uniclass-2015] - non-proprietary
classification system. For all aspects of the
design and construction process. In particular,
for organizing library materials and structuring
product literature and project information.
Uniclass originated in the United Kingdom and
is produced by the Construction Industry Project
Information Committee (CPIC) and the National
Building Specification (NBS).

. MasterFormat (CSI) [csiresources.org] -

proprietary classification system. A master

list for organizing construction work results,
requirements, products, and activities.

Mostly used in bidding and specifications,
MasterFormat originated in North America and
is produced by the Construction Specifications
Institute (CSl) and Construction Specifications
Canada (CSC).

F. UniFormat (CSI) [csiresources.org] - classifying

building specifications, cost estimating, and cost
analysis in the U.S. and Canada (primarily). | For
arranging construction information, organized
around the physical parts of a facility known

as functional elements, and mainly used for
cost estimates. UniFormat originated in North
America and is produced by the Construction
Specifications Institute (CSI) and Construction
Specifications Canada (CSC).

. OmniClass [higherlogicdownload.

s3.amazonaws.com] - OmniClass Construction
Classification System, also known as OmniClass
(OCCS) is a proprietary classification system.
For organization, sorting, and retrieval of
product information for all objects in the built
environment in the project lifecycle. OmniClass
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originated in North America and is produced by
the Construction Specifications Institute (CSI)
and Construction Specifications Canada (CSC).

H. Construction Operation Building information
exchange (COBie) [nbis.org] - a non-proprietary
data format for the publication of a subset of
building information that primarily includes
equipment and spaces.

2. National standards include, but are not limited to:

A. BRAZIL - Associagao Brasileira de Normas

Técnicas (ABNT) [abnt.org.br]

NOTE: Because different industrial organizations
have created different assembly codes for the
same item, a mapping table may be required

to map codes from one industrial standard to
another (generally, a competitor). A mapping
table for multiple classification systems may be
necessary in BIM. Governments may force the
use of a specific assembly format.

Table 4. Table shows BIM classification standard and associated

example values.

BIM Category Example Value/ldentification

BIMobject Category

HVAC - Heaters

IFC Classification

Furnishing Element

UNSPSC Name

Heating equipment and parts
and accessories

UNSPSC Code

401018

Uniclass 1.4 Code

L75626

Uniclass 1.4 Description

Heated towel rails

Uniclass 2.0 Code PR-47-36
Uniclass 2.0 Description Heat Emitters
Uniclass 2015 Code Ac_60

Uniclass 2015 Description

Heating, cooling and
refrigeration activities

NBS Reference Code

47-36

NBS Reference Description

Heat Emitters

CSI MasterFormat 2014 Code

238229

CSI MasterFormat 2014 Title

Radiators

CSI MasterFormat 2016 Code

CSI MasterFormat 2016 Title

CSI MasterFormat 2020 Code

CSI MasterFormat 2020 Title

OmniClass Number

23-31252511

OmniClass Title

Electric Heated Towel Bars

CSIl UniFormat Il Code

D3020

CSI UniFormat Il Title

Heat Generating Systems

ABNT NBR Code

ABNT NBR Title

10.4.5.2 Assembly classification categories
(assembly code group)

A.k.a., BIM object categories.
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Architectural classes for architectural objects include,

may not be limited to:

. Annotation symbols
. Cable trays
. Ceilings

Columns

. Constructions

. Curtain panels

. Curtain wall mullions

. Detail items

. Division profiles

. Doors

. Electrical equipment

. Electrical fixtures

. Floors

. Furniture

. Furniture systems

. Generic models

. Mechanical equipment
. Parking

. Planting

. Plumbing fixtures

. Profiles

. Railings

. Roofs

. Site

. Speciality equipment (appliances)
. Stairs

. Structural columns

. Structural foundations
. Structural framing

. Walls

. Windows

10.4.5.3 Non-assembly parameter group types (non-

assembly code group)

Non-assembly code parameters types include, but may

not
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be limited to:

. Length

Text
Integer
Number
Area
Volume
Angle

. Slope

Currency

. Mass density

. URL

. Material

. Image

. Yes/No (boolean)
. Multiline text
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16. Family type

The most common non-assembly code parameter types
are:

1. Length - width, depth, height.

2. Material - surface/finishes.

3. Text - coding.

4, Yes/no - movement (e.g., table folding ability).

10.4.5.4 Habitat service type parameter group

These Habitat Service System parameters (i.e.,
parameter types) associate physical objects with the
[service system] functioning of the habitat in three ways:

1. Habitat service system
2. Habitat service sub-system
3. Object function

Table 5. Table shows classification for the Habitat Service Type
parameter group.

Parameter Group Name Example Value/ldentification

Habitat Service System Life Support

Habitat Service Sub-System Water

Object Function Bathroom sink

10.4.6 BIM Material classes (non-assembly
code parameters group)

A.k.a., Object surface composition parameter
classes.

Material classes for architectural objects include, but
may not be limited to:

Ceramic
Concrete
Earth
Enamelled, castiron
Gas

Generic

Glass

Glassy

9. Liquid

10. Masonry

11. Metal

12. Miscellaneous
13. Non-assigned
14. Paint, coating
15. Plastic

16. System

17. Stone

18. System

19. Textile

20. Unassigned
21. Wood
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11 Architectural software

A.k.a., Architectural-engineering software,
architectural-engineering-construction-
operation software, building software, building
construction and operations software, building
information software, architectural-engineering
collaborative design and visualization software.

Architectural-engineering uses databases that store
architectural-engineering related data (possibly including
construction and operations data also), and software to
compute and visualize data. Data (plural) are sometimes
referred to in object/building engineering software
as datum objects. A community-based architectural-
engineering software system facilitates a common data
environment where all the stakeholders can work from
the design phase all the way through to operations.

The purpose of the software can be summarized in the
following elements:

1. Collaborate - Multiple project contributors can
access centrally shared models. This results
in better coordination, which helps reduce
clashes and rework. The software must enable
coordination of projects.

2. Design - Model building and environmental
components, analyze and simulate systems
and structures, and iterate designs. Generate
documentation from object models. The software
must enable the development and calculable
design of systems.

3. Visualize - Communicate design more effectively to
project stakeholders and team members by using
models and model animation (simulation) to create
high-impact 3D visuals and visual timelines. The
software must enable visualization of systems.

4. Document - The software must enable
documentation (and recording) during the entire
life cycle of the project (plan, design, build,
operation, maintenance).

5. Operate - The software must enable coordinated
operation of the building.

In general, architectural-engineering software uses
the following design restrictions (i.e., categories of
restriction) to develop architectural elements:

. Locations (position, orientation, coordinates).
. Phasing (i.e., phase of execution).
. Design options.
. Design templates.
. Worksets:
A. System managed.
B. User managed.
6. Line styles.
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Object styles.

The six universal tasks of 3D software for architectural
development are:

uhwnN =

6.

Creation (object creation).

Navigation (scene navigation).

Manipulation (object manipulation).

Selection (object selection).

System control (object and scene parameters).
Text input.

The following types of software (collaborative software
design and decisioning) are required:

1.
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Architectural-engineering software
(collaborative architectural-engineering design
software) - Uses building information modelling
software for architects, landscape architects,
structural engineers, mechanical, electrical,

and plumbing (MEP) engineers, designers and

constructors. BIM (Building Information Modeling)

is the process of creating a model of a building (or
environment) and embedding into it all of the data
regarding that building (or environment). A building
is an object, and in a unified information system,
this category of software is more optimally known
as OIM (Object Information Modeling; or, Physical

Information Modeling, PIM). This software provides

an intelligent model-based process to plan, design,

visualize, construct and manage buildings and
infrastructure (and all objects in general). Software
for the BIM/OIM process must facilitate the
representation of the physical and informational
properties of a building/object as an object-
oriented model tied to a database. This software
enables the users to create a dynamic database
model which is tied to geometry, with constraints
on connected features that adjust parametrically.

As the model is developed and edited, all other

linked drawings within the project are updated.

Summarily, this software encompasses the design,

infrastructure, and construction of all objects in an

integrated manner.

A. Coordinated building software - There are
three categories of software required for the
coordinated development and construction of a
building project:

1. Project coordination software (building
information modeling, BIM software) - the
project coordination software for a building
project. The whole software package
connects design and construction processes,
and project teams, in one service system
(to inform decisioning, as well as provide

effective and efficient project execution).
This is sometimes known as project
coordination and integration software,
project management software, and workflow
management/coordination software.

2. Design building software (design software)
- The creation of an intelligent 3d model.
Intelligent in that the software understands
surface differences. The BIM process starts
with the creation of an intelligent 3D model.
AuraCurve uses building design and building
information modeling (BIM) software by
means of computer-aided design (CAD)
services to architect buildings.

3. Engineering calculation software - AuraCurve
uses structural analysis software to design
and operate a BIM environment. There are
several sub-categories of systems herein:

i. Structural

ii. Electrical

iii. Hydrologic and hydrologic
iv. Atmospheric

v. Construction

2. Visual rendering software - Uses a a rendering

engine to enable visualization of model
components. The user can view and interact with
the model in three-dimensional (3D) views as well
as orthographic two-dimensional plans, sections
and elevation views of the model, and in time (i.e.,
simulation, animation). The user can also view the
3D environment in virtual reality.

3. Construction operations software (a.k.a.,

construction management) - facilitates oversight
of all construction operations.

4. Building operations software (a.k.a., facilities

management software) - enables the coordinated
operation of the constructed building. This is
facilities management software for building
operations.

Specific software products for these services currently
include, but are not limited to:

1. Building modeling software:

A. Autodesk REVIT (3D architectural design and
development) [autodesk.com]

B. Autodesk AutoCAD [autodesk.com]

C. Autodesk Navisworks (3D model review software
for architecture, engineering, and construction)
[autodesk.com]

D. Archicad [graphisoft.com]

2. Infrstructure modeling software:

A. Autodesk REVIT [autodesk.com]
B. Autodesk Civil 3D (civil infrastructure design and
development) [autodesk.com]
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3. Building information modeling coordination
software (with issue tracker):
A. AutoDesk BIM 360 [autodesk.com]
B. SmartSheet [smartsheet.com]
C. Projet Manager [projectmanager.com]
D. GitHub [github.com]
E. Etc.
4. Engineering calculation software:
A. Autodesk Architecture, Engineering &
Construction (AEC) Collection [autodesk.com]
+ Autodesk Robot Structural Analysis
Professional - structural load analysis software
that verifies code compliance and uses BIM-
integrated workflows to exchange data with
Revit. Available only as part of the Architecture,
Engineering & Construction Collection.
B. SAAP 2000 [csiamerica.com]
C. Bently STAAD Pro [bently.com]
D. RISA [risa.com]
E. Clearcalcs [clearcalcs.com]
F. Concrete specific software:
1. Multiplus Cypercad [multiplus.com]
G. Metallic specific software:
1. Multiplus Metalicas 3D [multiplus.com]
5. Landscape modeling software:
A. Autodesk REVIT [autodesk.com]
B. Viz Terra (3D landscape design)
[structurestudios.com]
6. Visual rendering software:
. AutoDesk REVIT
. Epic Unreal engine
. Epic Twinmotion
. Lumion
Cryengine
Unity engine
Etc.
7. Construction operations software (a.k.a.,
construction management software):
A. AutoDesk Construction Cloud [construction.
autodesk.com]
B. BuilderTREND [buildertrend.com]
8. Building operations software (a.k.a., facilities
management software):
A. AutoDesk BIM 360 Ops [autodesk.com]
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12 Architectural sub-systems
organization

Each architectural sub-system performs a [possibly]
necessary role in the actualization/materialization of a
designed architectural unit (or, architectural object in
the habitat service system).

The architecture-based subsystem categories are as
follows:

1. Structural sub-system (see title 13, next page).
2. Water sub-system (see architecture water sub-
system).

3. Atmospheric sub-system. (see atmospheric water
sub-system).

. Gas and oil sub-system.

. Electrical sub-system.

. lllumination sub-system.

. Surface sub-system.

. Furniture sub-system.

00N oYUl b

The hierarchical sub-layout of these systems is as follows:

1. Standards:
A. Documentation.
B. Requirements.
C. Hazards.
2. Conception of System:
A. System’s primary sub-types.
3. Conception of Sub-System(s):
A. Sub-system'’s primary sub-types.
4. Objects in System.
A. Fixture objects.
B. Fitting objects.
C. Appliance objects.
5. Engineering calculations for system.
A. Mathematical mechanics.
6. Installation of System
A. Installation mechanics.
7. Operation of System:
A. Load demands on system.

In order to install a system, that system must have
had (in the past), all engineering calculations certifiably
(traceably) performed on it. These calculations ensure
that in the operational phase of the system, that it is
capable of safely and optimally meeting [user] load
demands.

All  architectural sub-systems are all
categorically in the same way:

organized

1. The standards: There are standards that define
how the system is to be understood and integrated
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into the whole architectural system.

A. Standards are documented somewhere.

B. Standards are designed to meet requirements.

C. There are hazards in the design of systems.

2. The definition and conceptualization [of the
function] of the system's sub-systems: Each
system is composed of sub-systems with specific
functions relative to the whole system.

3. The objects in the system: Because each system is
composed of physical matter in the form of objects.
The components of each sub-system are:

A. Fixtures (fixtures list).

B. Fittings (fittings list).

C. Appliances (appliances list).

D. Map of components (positioned in architectural
views). These components are visualized in a
map.

4. The routing rules (if applicable): The sub-systems
can be interconnected [optimally] given a set of
protocols governing implementation.

A. Drawings (positioned in architectural views).

B. Reasoning (written explanation of decision).

5. The mathematical calculation of the system:
The systems can be assured to operate as expected
given engineering calculations.

A. Load demands.

B. Structural engineering calculations on load
demands.

Architectural systems can be optimized, given physical
understandings related to:

1. Thermal energy design optimization.

Insulation design optimization (including, thermal,
acoustic, etc.).

Accessway and security design optimization.
Automation design optimization.

Safe access design optimization.

Fire and contaminant protection design and
optimization.

Pest control design optimization.

Modularity design optimization.
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13 Architecture structure sub-
system

A.k.a., Structural engineering.

Structuralsystemsarethoseelementsofconstructionthat
are designed to form part of an architectural structure,
either to support the entire architectural system (e.g.,
building or bridge), or just a part of it. Fundamentally, a
structure is responsible for maintaining the shape and
form under the influence of subjected forces. A structure
is a system to channel loads from one place to another,
and to equalize forces (either locally, i.e., load bearing,
or over a distance, i.e.,, non-load bearing). Effectively,
an architectural structure is the part of an architectural
system that resists the loads that are imposed on it. In
concern to most buildings, an architectural structure is
anything that is constructed or built from interrelated
parts with a fixed (relatively) location on the ground.
Note that the common definition of structure within
the built environment is, anything that is constructed
or built from interrelated parts with a fixed location
on the ground. This includes buildings, but can refer to
any body that is designed to bear loads (internal and/
or external), even if it is not intended to be occupied by
people or fixed to the ground:

1. Building structures (i.e., buildings are generally
fixed, or rest on, the ground).

2. Non-building structures (e.g., bridges, tunnels, etc.).

3. Other architectural structures (e.g., vehicles,
cultivation architecture, doors, windows, etc.; note
that although clothing is architecture, it is not
considered load bearing).

Structural form is mathematically based, it seeks the
greatest efficiency, economy of resources, and simplicity
that the engineer can create [given a set of architectural
requirements, which may or may not be flexible].

Most built structures are assemblies of large numbers
of elements and the performance of the complete
structure depends principally on the types of element
which it contains and on the ways in which these are
connected together. Every structure is a designed
and engineered system. To achieve an ideal structural
system, architectural design must factor between all of
the following:

. Function.

. Form (look, aesthetics).

. Availability of materials.

. Availability of construction technologies.
. Physical principals.
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Physical principals and laws must be evaluated
critically so that structural designs are stable and the
elements that make them up are in equilibrium. Each
element that makes up an architectural structure must
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be in balance or equilibrium with every other structural
element in the structure so that it stays together and
remains stable. The elements and the structures that
make them up must be resistant to the forces that act
on them.

The function of a structure is to supply the strength
and rigidity which are required to prevent a system
from collapsing. More precisely, it is the part of an
architectural system that conducts the loads that are
imposed on it from the points where they connect to
the ground underneath the system, where they can
ultimately be resisted.

In an architectural structural system there are two
categories of structure depending on load transfer type:

1. Load bearing (a.k.a., the structural framework)
- structural components that are capable of
transferring loads.

A. Astructural support is a part of a building or
structure that provides the necessary stiffness
and strength in order to resist various forces.

2. Non-load bearing - structural components that
are not capable or intended to transfer loads, and
may need to hold themselves us against gravity
and vibration. These are often called "space
dividing" structures. Non-load bearing elements
often fill-in the gaps between the structural frame.
The components that fill in such gaps have many
names, including but not limited to: facade, infill,
non-load bearing walls ("curtain walls"), sheeting,
etc.

IMPORTANT: Unlike the other architectural
sub-systems, there are no fixtures and fittings
for the structural system. Instead, the structural
system is divided by load and non-load bearing
elements

It is important to note here that not all structure is
considered load bearing structure. Non-load-bearing
architectural [surface] elements are not part of the
structural support framework for a building system, but
they are part of the total structure. Non-load bearing
walls, however, do hold themselves up, and hence, are
part of the structure. Structural frameworks can contain
non-load bearing elements, such as non load bearing
partitions in a building, or redundant members in a
framework. So by that logic, a non load bearing wall in
a building would only support its own weight and play
no part in the distribution of loads imposed by other
building elements such as the roof or intermediate
floors. Conversely, a load-bearing wall is part of the
structure of the building, used to support floors, ceiling,
roof, and other walls.

All building and non-building architecture contains a
structure, because there is always the necessity to resist
force. Note, however, that there is a continuum here.

Some buildings are almost entirely structure, whereas
others have very little structure. It is possible to produce
a building which consists of little other than structure.
And, it is possible to produce a building with minimal
structure.

Load-bearing structure (ak.a., structural supports) can
be applied in two ways:

1. Enclosed inside the architecture.
+ The location of the structure within a building is
not always obvious because the structure can
be integrated with the non-structural parts in
various ways.
2. Visible (exposed) and contribute to the aesthetics of
the building.

The most common types of structural support systems
include, but are not limited to:

. Continuous structures.
. Framed structures.
. Shell structures.

. Tensile structures.
Arches.

. Barrel vaults.

. Cantilevers.

. Domes.

9. Shell and core.

10. Space frame.

11. Trussed rafters.
12. Portal frame.
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The most common elements of a structural support are:

1. Frame: A member that forms part of the structural
frame of a building (Read: architectural system), or
any other beam or column.

2. Load bearing wall: A load bearing wall or load
bearing part of a wall.

3. Floor: Afloor.

4. Gallery: A gallery (but not a loading gallery, fly
gallery, stage grid, lighting bridge, or any gallery
provided for similar purposes or for maintenance
and repair).

5. External wall: An external wall.

6. Compartment wall: A compartment wall (including a
wall that is common to two or more buildings).

13.1 Structural standards
A.k.a., Structural engineering standards.

In structural engineering, standards (and codes) are the
factors needed to make the design structurally safe and
effective ("sound"). Different jurisdictional regions have
different structural engineering design standards and
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codes (for various reasons, sometimes political).

Structural design criteria categories for safety, include,
but are not limited to:

1. Seismic analysis reference standards/code.

2. Concrete design standards/codes.

3. Minimum load design requirements (standards/
code).

4. Material type standards codes (and, material
reinforcement)

13.1.1 Standard structural documentation

A.k.a., Structural system specification and
drawings.

Structures are documented via specifications and
drawings.

1. Structural drawings illustrate the system that will
support loads and other forces, transfer loads, and
support other services.

2. Structural specifications include all written content,
reasoning for decisions, and calculations.

13.1.1.1 Structural system plan

The structural plan is a plan view that shows the
complete structural system. The structural plan shows
the following parameters for all units of structure:

1. Material composition of structure.

2. Amount of material.

3. Method of construction (and destruction) of
structure.

4. Positional mapping of structure and all structural
elements.

5. Calculation of all structure.

Type of equipment for de-/construction.

7. Calculation to determine optimal equipment type.

o

The structural plan includes standards for safety and
structural engineering quality for all buildings. It also
covers requirements for the prevention of collapse and
other hazards.

13.1.2 Standard structural requirements

What is required for a viable structural production-
distribution system is:

1. For architecture - structure production
proportionate to environmental disturbances (e.g.,
gravity and other environmental forces) as well as
human and machine demand [via a load].

* Herein, a load means the amount of motion
produced at a specific temperature required by a
building to support without breaking.

2. For economic calculation - Data sheet about
structural configuration and loads (weights
and moving weights) to produce optimization
calculation.

3. For life support demand - structure proportionate
to human demand.

4. For technology and exploratory demand -
structure proportionate to human demand.

13.1.3 Standard structural hazards

A.k.a., Structural risks.

The primary structural risks include, but may not be
limited to:

1. Collapse - improperly engineered structures that
fail existing conditions.

2. Water and humidity/moisture control -
moisture from the ground can degrade structural
materials rapidly. This is particularly the case with
foundations -- foundations must be protected from
water and moisture ("damp"). Moisture control in
walls, floors, and roofs may also be significantly
important.

A. Waterproof impermeable membrane.

B. Permeable membrane (a.k.a., vapor or humidity
membrane, vapor barrier).

3. Rain - that is water from clouds in the higher
atmosphere, especially when wind-driven, can
cause moisture problems in walls (and as well as
roofs, etc.). Rain leaks through exterior walls are
usually a result of improper installation of:

A. Siding materials.

B. Poor quality flashing.

C. Impermeabilization layers.

D. Weatherstripping or caulking around joints in
the building exterior (such as windows, doors,
and bottom plates).

4. Flooding - liquids pooling in areas where they are
not intended to pool.

5. Earth movement - including earth movements
including earth slides (erosion) and earth quakes.

6. Thermal expansion and contraction - as
structures expand and contract due to changes
in temperature they can weaken and/or become
loose.

7. Thermal bridging - are sinks of thermal (heat)
energy that transfer it to undesirable and/or
unintended locations. These unintended thermal
connections will heat or cool additional surfaces
that are not intended to be heated or cooled. The
thermal energy generally comes from the outside
environment, such as the sun when heating and
snow (or cold wind) when cooling.

84| WWW.AURAVANA.ORG | S55-MS-HS-001 | THE HABITAT SYSTEM



LIFE SUPPORT. ARCHITECTURE SERVICE SYSTEM

8. Vibration (uncontrolled oscillations) - usage
occupancy leads to uncontrolled oscillations that
damage the structure.

9. Construction risks - These are risks associated
with the construction of he structure. Structures
necessarily involve material objects of sufficient
weight to seriously harm humans.

13.2 Conception of the structural service
system

A structural system specification will include all the

different types of structures used in the system.
13.2.3.1 Types of structure

Structures can be classified in a number of ways:

. By type:

. Composite.

. Frame.

. Liquid.

. Membrane.

. Shell.

. Solid.

2. By structural system:

A. Bending.

B. Composite.

C. Compressive.

D. Shear.

E. Tensile.

3. By application:

. Aqueducts and viaducts.

. Building.

. Bridges.

. Canals.
Cooling towers and chimneys.
Dams.

. Railways.

. Roads.

I. Retaining walls.

J. Tunnels.

K. Coastal defences.

4. By form:

A. One-dimensional (e.g., ropes, cables, struts,
columns, beams, arches).

B. Two-dimensional (e.g., membranes, plates,
slabs, shells, vaults, domes, synclastic,
anticlastic).

C. Three-dimensional (e.g., solid masses).

D. Composite. A combination of the above.

mMmgoN W >
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NOTE: A three-dimensional structure can be
expressed in terms of geometric principles such
as spatial limits and shapes.
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5. By material:

. Adobe.

. Composite

. Concrete.

. Glass.

Masonry (e.g., brick, block, stone, etc.).
Metal (e.g., steel, aluminium, etc.).

. Timber.

Etc.

IomMmMUNwm>

. By element:

. Substructure.

. Superstructure.

. Foundation.

. Roof.

Shell and core.

. Structural frame.

. Floor.

. Wall: load-bearing walls, compartment walls,
external walls, retaining walls, as well as non-
load bearing walls.
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. By overall building form:

A. Low-rise.

B. Multi-storey.
C. Mid-rise.

D. High rise.

E. Groundscraper.
F. Skyscraper.

G. Supertall.

H. Megatall.

I. Super-slender
J. Megastructure.
K. Anticlastic.

L. Synclastic.

M. Hyperbolic paraboloid.
N. Conoid.

O. Tower.

P. Dome.

13.2.3.2 Superstructure and substructure

The most broad definition of superstructure includes

all works above ground level;

however, this is an

ambiguous definition. A more complete definition of
superstructures includes, but may not be limited to the
following elements:

1.

Frame: The load-bearing framework, including
main floor and roof beams, ties and roof trusses of
framed buildings; casing to stanchions and beams
for structural or protective purposes.

2. Upper floors: Floors suspended over, or in

basements, service floors, balconies, sloping floors,
walkways and top landings, where part of the floor
rather than part of the staircase.

3. Roof: the roof structure, roof coverings, roof

drainage, roof lights and roof features.
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4. Stairs and ramps: Construction of ramps, stairs,
ladders, etc. connecting floors at different levels.

5. External walls: External enclosing walls including
walls to basements but excluding walls to
basements designed as retaining walls.

6. Windows, doors and openings in external walls
(e.k.a., fenestration). Internal walls, partitions,
balustrades, moveable room dividers, cubicles and
the like.

7. Doors, hatches and other openings in internal walls
and partitions.

NOTE: This definition excludes; the substructure,
finishes, fittings, furnishings, equipment and
services.

The most broad definition of substructure includes all
works below ground level; however, this is an ambiguous
definition. A more complete definition of substructures
is, all work below the underside of a screed (Read: first
leveled layer of material) or, where no screed exists,
the underside of lowest floor finishes including damp-
proof membrane, together with relevant excavations
and foundations (includes walls to basements designed
as retaining walls). In this sense, the function of the
substructure is to,transfer the load of the building (or
non-building structure) to the ground and to isolate it
horizontally from the ground.

A narrow definition of substructure includes (while
excluding finishes, basement walls not in contact with
earthwork, retaining walls not providing external walls,
etc.):

1. Foundations up to and including the damp proof
course.
2. Lowest floor assembly below the underside of the
screed or the lowest floor finish.
. Basement excavation.
. Basement retaining walls up to and including the
damp proof course.

MW

13.3 Conception of the structural support
system

A.k.a.,, Structural lading system, structural
members, structural loading members.

A structural support system is generally classified in two
ways:

1. By material composition - types of structural
supports by material.

2. By component position - types of structural
supports by component position.

13.3.1 Types of structural supports by
material

There are many different types of support structures,
including but not limited to:

1. Metal based structures.

2. Metal and concrete based structures.

3. 3D printed concrete (or similar material) structures.
4. Etc.

13.3.1.1 Metal-based structuring (metallic structure)

Metal frame that some other material (e.g., blocks
of concrete) are fitted into. The metal frame can be
prefabricated with approximate location conduits and
connectors connected together.

13.3.1.2 Metal- and concrete-based structuring

One of the ways found to improve the concrete's
strength and durability is to incorporate tensioned steel
tendons before casting (e.g., reinforced steal, rebar, or
wire framing).

13.3.2 Types of structural supports by
position

There are two primary positions for structural supports:

1. Horizontal (a.k.a., horizontal inter-connectors,
horizontal supports).

2. Vertical (a.k.a., vertical inter-connectors, vertical
supports).

3. Combination (e.g., archway).

It is relevant to note here that in the case of 3D
printing, the interconnections (3D printed structure) may
also act as a vertical and horizontal support structure,
whereupon additional horizontal and vertical supports
are not necessary.

13.3.2.3 Horizontal supports as beams
A.k.a., Beaming.

A beam is a horizontal structural element that withstand
vertical loads, shear forces and bending moments. The
loads applied to the beam result in reaction forces at the
support points of the beam. The total effect of all the
forces acting on the beam is to produce shear forces and
bending moment within the beam, that in turn induce
internal stresses, strains and deflections of the beam.
They transfer loads imposed along their length to their
end points where the loads are transferred to columns
or any other supporting structural elements.

Types of loads on beams are (includes a requirement for
calculation of each):

1. Self-weight of the beam.

2. Dead load includes point load for instance column
constructed on beam, distributed load for example
setting slabs on a beam.
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3. Live load.
4. Torsional load.

13.3.2.4 Horizontal support inter-connectors as
floors

The floors are both structural and space-dividing
elements. Some floors (Read: those not on the ground)
have ceilings suspended underneath them.

13.3.2.5 Horizontal support inter-connectors as slabs
A.k.a., Slabbing.

A slab is an important structural element which is
constructed to create flat and useful surfaces such as
floors, roofs, and ceilings. It is a horizontal structural
component, with top and bottom surfaces parallel or
near so. Commonly, slabs are supported by beams,
columns (concrete or steel), walls, or the ground. The
depth of a concrete slab floor is very small compared to
its span. The primary function of slabs is to safely control
loads. Slabs can have additional functions, and are sub-
classified thereby.

Typesofloadsactingonaslab are(includesarequirement
for calculation of each):

Dead load of the slab.

Live load.

Floor finish load.

Snow load in the case of roof slab.
Earthquake loads.

AN~

Slabs can be sub-classified by:

1. Composition.
2. Size and dimensions.
3. Secondary functions (primary function is always
loading):
A. Has installation inside?
B. Has open spaces inside?
1. Has conduits space(s)?

13.3.2.6 Vertical supports as columns
A.k.a., Columning.

Column is a vertical structural member that carry loads
mainly in compression. It is assumed to be the most
crucial structural member of a building because the
safety of a building rest on the column strength.
Columns transfer vertical loads from a ceiling, floor or
roof slab or from a beam, to a floor or foundation. They
also carry bending moments about one or both of the
cross-section axes.

Types of loads on columns are (includes a requirement
for calculation of each):

1. Self-weight of the column multiplies by number of
floors.

2. Self-weight of beams per running meter.

. Load of walls per running meter.

4, Total Load of slab (Dead load + Live load + Self
weight).

w

Columns are purely structural, although they do
punctuate the interior spaces and are space-dividing
elements, to some extent.

13.3.2.7 Horizontal support inter-connectors as
walls

Load-bearing (bearing) walls support the weight of a floor
or roof structure above and are so named because they
can support a significant amount of load. Load bearing
walls are both active structural elements and space-
dividing elements. Load bearing walls are designed
differently (in concern to their non-surface elements)
than non-load-bearing walls.

13.3.2.8 Foundational supports
A.k.a., Footing, platforming, etc.

Footings are structural elements that transmit load of
entire superstructure to the underlying soil below the
structure. Footings are designed to transmit these loads
to the soil without exceeding its safe bearing capacity.
Thus, prevent excessive settlement of the structure to a
tolerable limit, to minimize differential settlement, and
to prevent sliding and overturning. All building structures
are built on a foundational support. A foundation is
generally concrete in or on dirt, or packed dirt itself.

Types of loads on footings are (includes a requirement
for calculation of each):

1. Dead load.
A. Self-Weight of the elements.
B. Superimposed loads such as finishes, partitions,

block work, services.

. Live load.

. Impact load.

. Snow load.

. Wind load.

. Earthquake force.

. Soil pressure.

. Rain loads.

. Fluid loads.

O oYU b~ WN

Soil is the root support of the footing. All the forces
that come in contact with the footings will be transferred
to the soil. The soil shall bear these loads by the aspect
known as bearing capacity. The bearing capacity changes
from one type of soil to another and it is the key factor in
estimating the size of footings.

The calculations for the foundation depend on soil
conditions. These calculations are completed after
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calculating for the structure of the building itself.

13.4 Conception of the in-fill sub-system

Whereas the structural support system transfers loads,
the structural in-fill system is non-load bearing. The most
common element in a structural in-fill system is the non-
load bearing wall.

Types of non-load bearing walls include, but are not
limited to (based on the wall unit specifics):

1.

Hollow concrete block wall - are semi-hollow blocks
of concrete formed into an immovable block or
wall.

Facade bricks wall - are bricks positioned to create a
facade on a pre-existing wall.

Hollow bricks wall - are semi-hollow bricks formed
into an immovable block or wall made of bricks.
Brick walls - are made of an immovable block or
wall made of brick.

Sub-system objects (a.k.a., fittings, fittings, and
appliances).

Sub-system installation of objects (construction and
maintenance).

Sub-system operation of objects (production and
usage; supply and demand).

Sub-system engineering calculations.

13.5 Objects in the structural system:

fixtures, fittings, and appliances

A.k.a., Structure-based technologies.

Structural fixtures and fittings are equipment that
interface with the water in a building:

1.

2.

88|

Structural load bearing fixtures - are structural

elements designed to bear structural supporting

loads. The most common fixtures include, but may

not be limited to:

A. Columns.

B. Beams.

C. Foundations.

D. Floors (and sometimes roofs)

E. Load bearing walls.

Structural non-load bearing solid fixtures - are

structural elements not designed to bear structural

supporting loads. The most common fixtures

include, but may not be limited to:

A. Non-load bearing walls.

B. Roofs (if not load bearing).

C. Infill (whatever material goes in between
structural supports; e.g., bricks).
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D. Bollards and similar barriers.

E. Railings and similar barriers.

F. Doors (accessway and insulation).

G. Windows (illumination and insulation).

H. Staircase (accessway).

I. Ramps (accessway).

J. Escalators, moving walkways, and elevators
(transportation).

. Structural non-load bearing void fixtures - are

gaps in the whole structure designed to contain

doors and windows.

A. Door void.

B. Window void.

C. Space void (is a void not filled with any solid
object).

. Structural fitting - a device designed to control

or connect non-load bearing structures. The most
common fittings include, but may not be limited to:
A. Mechanisms (e.g., locks).

B. Levers (e.g., handles).

. Structural appliances - appliance devices that

change structural elements, the most common of

which include:

A. Garage door machine (for opening and closing
garage door).

B. Automated door opener.

C. Automated window opener.

13.5.1 Doors and windows

A.k.a., Frames, fenestrations, openings in the
building envelope, etc.

Doors and windows are structural non-load bearing
solid fixtures:

1. A door is a moving structure used to block off,

and allow access to a separated area, such as a
building. Doors normally consist of a panel that
swings on hinges on the edge or a motor that
retracts and extends. Typically, doors have an
interior side that faces the inside of a space and an
exterior side that faces the outside of that space.
A. Alintel (lintol) is a type of beam (a horizontal
structural element) that spans openings, such as
doors, windows, and fireplaces.

2. Awindow is an opening in the structural enclosure

(e.g., wall, door or roof) that allows the passage
of light and/or air. Modern windows are usually
glazed or covered in some transparent or
translucent material. Generally, windows are held
in place by frames.

NOTE: In phases of construction, frames (doors

and windows are a separate construction phase
from the infrastructure as well as superstructure
construction.
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13.6 Construction of a structural system
A.k.a., Structural construction.

ASSOCIATED: Also see the section entitled,
"Planning architectural construction" (earlier in
this section).

There are many ways to construct structures.

13.7 Operation of a structural system

In general, there are no significant operational
characteristics to structures. In some cases, non-load
bearing walls can be made to be movable (e.g., rotated).
The movement of such walls would be considered part
of the operation of a structure.

13.7.1 Structural load demands

A.ka., Structural loading.

Structure loads are measured in several ways, most
notably:

1. Mass,

2. Gravity,

3. Vibration, and

4. Surface temperature.

In order to resist, structural systems are split into load
transfer bearing and non-load transfer bearing:

1. Load transferring system:
A. Energy absorbed by structure.

1. Permanent load (a.k.a., static load, dead load)
- are essentially constant during the life of the
structure and normally consist of the weight
of the structural elements. The structure first
of all carries the dead load, which includes
its own weight, the weight of any permanent
non-structural partitions, built-in cupboards,
floor surfacing materials and other finishes. It
can be worked out precisely from the known
weights of the materials and the dimensions
on the working drawings. Although the dead
load can be accurately determined, it is wise
to make a conservative estimate to allow for
changes in occupancy; for example, the next
owner might wish to demolish some of the
fixed partitions and erect others elsewhere.

2. Dynamic load (a.k.a., live load) - All the
movable objects in a building, and usually
vary greatly. The weight of occupants, snow
and vehicles, and the forces induced by wind
or earthquakes are examples of live loads.

i. Wind loads
ii. Snow loads
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iii. Earthquake loads
iv. Thermal loads
v. Settlement loads
vi. Dynamic loads
3. Most structural loads are measured in weights
of mass. Often, the weight expressed as
[amount of possible motion in]:
i. Newtons per meter squared (N/m?)
2. Astructural service system:
A. Structural volume - is volume of area consumed
by a structure:
1. Meters cubed per liter (m3/L)
B. Structural materials - the material resources that
are occupied by the structure.
1. Quantities of material units.
C. Temperature transfer is measured in kelvins or
Celsius (or Fahrenheit in imperial).
3. Non-usage, but presence, will still equate to system
service usage.

+ If a usage has no demand in the form of a
structure factor of zero the user would consume
NO usage per minute (i.e., no usage), but the land
would still occupy, and the supplier would still
have to maintain the structure. Structural factor
is the relationship (phase) of volume and material
in a structural support system.

13.8 Structural engineering calculations
A.k.a., Structural analysis, structural engineering.

Structural analysis is concerned with mechanical
science, which is concerned with statics, equilibrium
and the properties of materials; it includes all structural
principles (i.e., force, load, materials, and components).
Structural analysis is primarily concerned with finding
the structural response to given [set of] forces and loads
(internal and/or external) composed of a set of materials
and fabricated into a component(s). Structural analysis
is used to analyze and calculate the effects of the forces
and loads acting on any component of the structure,
and on the structure overall. A structural model is what
is analyzed, and only after analysis is the model accepted
for construction.

Structural analysis calculations for a building include:

1. Structural analysis (with specific materials)
A. Engineering calculations for building alone.
B. Engineering calculations for foundation,
including building and soil/terrain.

Engineering in architecture involves (at least) the
following components and their inclusion in calculations
for the building:

1. Weight (gravity) distribution calculation.
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A. Material specifics (or, combined material
specifics).
B. Volume relative.
. Vertical structural support(s).
. Horizontal structural support(s).
Walls.
. Windows.
. Doors (if heavy).
Floors.
. Ceilings.
9. Conduits.

0NN WN

13.8.1.1 Entry-level formulae for structural analysis

Use the following formulas for entry type calculations on
ideally simple structures:

1. Shape Formulae
* CircleA=mr2
+ Triangle A=% bh
* Rectangle A=Dbh

2. Formula for pressure on a column
* Pressure (P) = Force (F) / Area (A)
«P=F/A

13.8.1.2 Bearing capacity calculation

Bearing capacity refers to the capacity of soil to support
applied loads that are acting on it. This typically relates to
the capacity of soil to support architectural foundations,
in which case, the bearing capacity can be calculated
from the maximum average contact pressure between
the foundation and the soil that would not produce
shear failure.

Three modes of failure limit bearing capacity:

1. General shear failure.
2. Local shear failure.
3. Punching shear failure.

The ultimate bearing capacity of soil (qu) is the maximum
pressure which can be supported without failure
occurring.

The net ultimate bearing capacity (qnu) does not take
into consideration the over-burden pressure and can be
calculated as:

* gnu =qu - Ydf

* Where,
* Y = unit weight of sail
+ Df = foundation depth

The net safe bearing capacity (qns) considers only shear
failure, and can be calculated as:

s gns=qnu/F
* Where
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* F =factor of safety.

The allowable bearing capacity (gs) is the ultimate
bearing capacity divided by a factor of safety, and can
be written as:

*gs=qu/F

Note thaton particularly soft soil, significant settlement
can occur without shear failure. In such instances, the
maximum allowable settlement is used as the allowable
capacity.

13.8.2 Engineering calculations for structure

Structural design and calculation is based on structural
engineering principles.

The four categories of structural principles are:

1. Forces - interactions that changes the motion of an
object when it is unopposed.

2. Loads - a type of force.

. Materials - physical composition.

4. Structural elements (structural members) -
constructed system.

w

13.8.2.1 Forces (impact on structure)

Forces are interactions that changes the motion of an
object when it is unopposed.

The two broad categories of forces between objects are:

1. Contact forces - occur when the two interacting
objects physically connect with one another.

A. Friction - the force that resists the relative
motion of solid objects, surfaces, fluid layers
and material elements sliding against one
another.

B. Tension - the force transmitted through a
string, rope, cable or wire when pulled tight by
oppositional forces.

C. Normal force - the support force exerted upon
an object that is in contact with another stable
object. For example, an object on the surface of
a table is supported by an upward force being
exerted by the table surface.

D. Air resistance - the frictional force air exerts
against a moving object. This is also known as
‘drag’.

E. Applied force - a force applied to an object by a
person or another object.

F. Spring force - a restoring force exerted by a
spring, which acts to restore a spring towards
equilibrium.

2. Forces that result from action-at-a-distance

- occur when two interacting objects are not in
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physical contact with one another but still exert a

push or pull.

A. Gravitational force - the phenomenon by
which all things with mass are brought toward
one another.

B. Electrical force - the attractive or repulsive
interaction between any two charged objects.

C. Magnetic force - the attraction or repulsion that
arises between electrically charged particles due
to their motion.

The three properties of forces are:

1. Magnitude: The size of the force.
2. Direction: The direction in which the force is acting.
3. Position: The position on which the force acts.

The three laws of motion that act on a structure are:

1. Inertia (first law): An object will remain at rest
or in uniform motion unless compelled to do
otherwise by some external force acting on it.

2. Force = mass * acceleration ( F = ma; Second
law): A force is caused by an acceleration acting on
an object.

3. Action and reaction (Third law): Action and
reaction are equal and opposite.

In concern to a building, one of the main structural
principles is that elements such as the roof, floor and
walls must remain stationary. For this to happen, there
needs to be an equilibrium of forces - when the forces
acting on them are equal and opposite. Under loading,
some deflection and deformation - in the form of
bending and buckling - may occur, and if this movement
is not allowed for then structural failure may be the
result. Therefore, a principle of structures is that they
be designed to maintain a state of equilibrium; resisting
external loads without moving.

The study of the causes and effects of stationary
forces acting on rigid objects is 'statics'. When a structure
is stationary or in equilibrium, it is a ‘static body'. For a
structure to remain static, three basic equations must
hold true:

1. Sum of all vertical forces must be zero.

2. Sum of all horizontal forces must be zero.

3. Sum of all bending forces, or moments, must be
zero.

Elements in architectural structures are subjected,
principally, to one of the following:

1. Axial internal force.
2. Bending-type internal force.
3. Acombination.

Axial internal force can be resisted more efficiently

than bending-type internal force. The type of internal
force which occurs in an element depends on the
relationship between the direction of its principal axis
(its longitudinal axis) and the direction of the load which
is applied to it (Macdonald, p37, 2001)

13.8.2.2 Force factors

The two force factors created by a given application of
aload are:

1. The type of internal force.
2. The magnitude of the internal force.

The shapes of structural elements determine the types
of internal force which occur within them and influence
the magnitudes of these forces.

13.8.2.3 Loads (impact on structure)

In structural design, a load is a weight or mass (force)
applied to a component of a structure or to the structure
as a unit. A structural load or structural action is a
force, deformation, or acceleration applied to structural
elements. A 'load' is a force that a building (structure)
needs to be able to resist. Loads cause stresses and
deformations. The effects of loads on physical structures
are determined through structural analysis, which is one
of the tasks of structural engineering. The surfaces that
form the architecture (or, architectural envelope; e.g.,
walls, floors, roof, etc.) are subjected to various types
of loads. For example, external surfaces are exposed
to the climatic loads of snow, wind and rain; floors are
subjected to the gravitational loads of the occupants
and equipment and their combined effects; and most
of the surfaces also have to carry their own weight. A
load causes stress, deformation, and displacement in a
structure. Structural analysis, a discipline in engineering,
analyzes the effects loads on structures and structural
elements. Examples of load-bearing structures include,
but are not limited to:

1. Buildings
2. Aircrafts
3. Dams

4. Bridges

NOTE: A load-bearing wall is part of the
structure of the building, used to support floors,
ceiling, roof, and other walls. A non load-bearing
wall, also called a partition is used to divide
rooms but does not hold anything up apart from
its own weight.

To perform its function of supporting an architectural
system in response to loads applied to it, a structure
must possess three required properties (Macdonald,
2001):

1. It must be capable of achieving a state of
equilibrium - Structures must be capable of
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achieving a state of equilibrium under the action
of applied load. This requires that the internal
configuration of the structure together with the
means by which it is connected to its foundations
must be such that all applied loads are balanced
exactly by reactions generated at its foundations.
Architectural structures must be capable of
achieving equilibrium under all directions of load.
It must be stable - Geometric stability is the
property which preserves the geometry of a
structure and allows its elements to act together
to resist load. The fundamental issue of stability
is that stable systems revert to their original state
following a slight disturbance, whereas unstable
systems progress to an entirely new state. The
fundamental requirements for the geometric
stability of any arrangement of elements is that it
must be capable of resisting loads from orthogonal
directions (two orthogonal directions for plane
arrangements and three for three-dimensional
arrangements). In other words, an arrangement
must be capable of achieving a state of equilibrium
in response to forces from three orthogonal
directions (x, y, and z). If an arrangement is not
capable of resisting load from three orthogonal
directions then it will be unstable in service even
though the load which it is designed to resist will
be applied from only one direction. Note that It
frequently occurs in architectural design that a
structural geometry that is potentially unstable
must be adopted in order that other architectural

design requirements can be satisfied. In such cases,

additional components are added to the structural
geometry. These additional components (Read:
bracing elements) are often problematic in that
they use additional materials, complicate space
planning, and change the buildings appearance.
Optimized architectural-engineering arrangements
do not generally require bracing elements, either
because they are fundamentally stable or because
stability is provided by rigid joints, are said to be
self-bracing. Note that when bracing elements are
included it is common practice to include more
bracing elements than the minimum number
required so as to improve the resistance of three-
dimensional frameworks to horizontal load.

3. It must have adequate strength and rigidity -

92|

The application of load to a structure generates
internal forces in the elements as well as external
reacting forces at the foundations, and the
elements and foundations must have sufficient
strength and rigidity to resist these. The structure
must not rupture when the peak load is applied;
neither must the deflection resulting from the peak

load be excessive. The requirement for adequate

strength is satisfied by ensuring that the levels of

stress which occur in the various elements of a

structure, when the peak loads are applied, are

within acceptable limits. Structural calculations
allow the strength and rigidity of structures to

be controlled precisely. The calculations can be

considered to be divisible into two parts, but

carried out together:

A. The structural analysis (a.k.a., load
assessment) - the evaluation of the internal
forces which occur in the elements of the
structure. The assessment of the loads which
will act on a structure involves the prediction of
all the different circumstances which will cause
load to be applied to a building in its lifetime
and the estimation of the greatest magnitudes
of these loads. The purpose of structural
analysis is to determine the magnitudes of all of
the forces, internal and external, which occur on
and in a structure when the most unfavourable
load conditions occur. The engineer must
anticipate all of these possibilities and also
investigate all likely combinations of them. The
maximum load could occur when:

1. The building is full of people.

2. Particularly heavy items of equipment are
installed.

3. Itis exposed to the force of exceptionally high
winds.

4. Itis exposed to moving earth.

5. Or, as a result of many other eventualities.

B. The element-sizing calculations - carried out
to ensure that they will have sufficient strength
and rigidity to resist the internal forces which
the loads will cause. The size of a cross-section
for a structural element must provide adequate
strength and adequate rigidity. In other words,
the size of a cross-section must allow the
internal forces (determined in the load analysis)
to be carried without overloading the structural
material and without the occurrence of
excessive deflection. These calculations involve
the use of the concepts of stress and strain.

Most buildings (structures) are polyhedrons. A
polyhedron is a three-dimensional form whose surfaces
are polygons. A polygon is a closed plane figure with
at least three sides. The sides intersect only at their
endpoints and no adjacent sides lie on the same plane
(colinear). The polygons are faces of the polyhedron.

Table 6. Types of polygons with their associated number of sizes.
Polygon Number of sides

Triangle 3
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Quadrilateral

Pentagon

Hexagon

Heptagon

o IN|o|lu ]| b~

Octagon

The main types of load which a structure must be able
to resist are:

1. Dead loads (e.g., fixtures and structural elements).

2. Live loads (e.g., occupants, furniture, traffic).

3. Environmental loads (e.g., wind, snow,
earthquake, settlement).

Factors that need to be considered when considering
loads on structures include:

Magnitude.

Frequency of occurrence.
Distribution.

Nature/type (static/dynamic).

LN~

Based on the way in which deformation occurs to an
element, five different modes of load transfer can be
identified:

1. Load transfer by compression--when the resistance
of a body to a load tends to decrease one of its
dimensions.

2. Load transfer by tension--when the resistance
of a body to a load tends to increase one of its
dimensions.

3. Load transfer by bending--when the resistance of a
body to a load tends to curve it.

4. Load transfer by shear--when the resistance of a
body to a load tend to change the angle.

5. Load transfer by torsion--when the resistance of a
body to a load tends to twist it.

It is important to note that a one-dimensional linear
element may transfer loads only by compression or
tension. Only two-dimensional surfaces are able to
transfer loads by bending or by shear. Load bearing
elements can be classified according to how they
respond to stress and forces because of a particular
geometric form:

1. Surface forms - one whose two dimensions are
clearly larger than the third. Curved surface forms
include shells, folded plates, and membranes. Flat
surface forms include slabs, walls, and disk-like
shapes.

2. Linear forms - are defined as forms that have a
minimal cross-section. Load transfer takes place
linearly, along the axis of the element. For this
reason, only tensile and compression stresses can

develop within this type of bearing element.

3. Beam - a linear surface element that acts on
bending and shear; crucially important in
determining the way in which the form operates as
a bearing element. Beams in buildings are subject
to forces of compression and tension because they
have to support weight across a span.

4. Column/pillar - a linear element that transfers
loads to the base of a structure.

5. Composite forms - these forms incorporate straight,
polygonal, or curved bearing elements with a
statical function. They include nets, trusses, space
frames, and various kinds of geodesic domes.

6. Forms with a mass statical function - are those
forms with a three-dimensional load bearing
function in which all three dimensions are involved
in the load transfer.

13.8.2.4 Materials (impact on structure)

The effectiveness of a structure depends on the
mechanical properties of the materials from which it is
constructed. These properties include:

Strength.

1. Strength - the stress that something can endure
before failing.

2. Toughness - a measure of the energy required to
break a material. Toughness measures the ability of
a material to resist crack propagation.

3. Elasticity (elastic limit) - a measure of the
maximum stress per unit area it can withstand
before there is permanent deformation.

4. Plasticity (plastic deformation) - a measure of the
capacity to resist plastic deformation (dislocation
movement).

5. Ductility - the amount of tensile stress a material
can take before enduring deformation.

6. Malleability - measure of a material's ability to
be rolled or hammered into some form (e.g., thin
sheets).

7. Brittleness - a measure of how easily broken,
damaged, disrupted, cracked, and/or snapped.

8. Hardness - a measurement of the strength of a
material (its ability to resist plastic deformation).

9. Stiffness - the extent to which an element is able to
resist deformation or deflection under the action of
an applied force.

10. Flexibility (pliability) - a measure of how flexible
a component is (i.e. the less stiff it is, the more
flexible it is).

11. Durability - a measure of how long a material will
last under usage and environmental conditions.

13.8.2.5 Structural members (impact on structure)

Structural members are the primary load bearing
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components of a building, and each have their own
structural properties which need to be considered.
Structural members include, but are not limited to:

1. Beams - horizontal members which transfer loads
to supports.

2. Columns - vertical members which transfer
compressive loads to the ground.

3. Bracing - members that interconnect and stiffen
columns and beams.

4. Roof trusses - load-bearing frames constructed of
connected triangular shapes.

5. Retaining walls - support soil where a sloping site
requires excavation.

6. Concrete slabs - span horizontally between
supports, used as floors and sometimes as roof
systems.

7. Footings - transfer load from the structure to the
foundations.

Simplistically, the three main structural load bearing
elements are:

1. Structural frames.
2. Floors (note: roofs, unless they serve the function

of a floor, are not treated as elements of a support
structure).
3. Load bearing walls.

13.8.3 Standard structural efficiencies

There are three standard ways of optimizing efficiency in
structural design:

Resources used (in unit quantity).

Energy used (in kWh) in transportation.
Energy used (in kWh) in construction.
Fabrication data (from pre-fab to localized).

LN~
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14 Architecture surface sub-
system

A.k.a., Surfacing, coating, etc.

In most buildings, there are additional surfaces and/
or specialized surface processing added to base
architectural surfaces.

14.1 Surface standards

Just like other subsystem services (e.g., plumbing,
electrical, etc.), there are surface standards.

14.1.1 Standard surface documentation

Surface systems are documented via specifications and
drawings.

1. Surface drawings (a.k.a., surface schematics,
surface drawings) illustrate the system that will
support illumination.

2. Surface specifications include all written content,
reasoning for decisions, and calculations.

Buildings may have the following architectural surface
diagrams:

. Surface tiling diagram.

. Painting diagram.

. Baseboard and crowning diagram.

. Trim diagram.

. Surface processing diagram (e.g., polishing
concrete).

ua b~ wWwN =

NOTE: Surface diagrams are generally
applicable to all structures, including but not
limited to walls, floors, ceilings, roofs, doors,
windows, etc.

14.1.2 Standard surface requirements

What is required for a viable surface system is:

1. For architecture - Surfaces appropriate for:
A. Aesthetics (surface for aesthetics).
B. Function (surface for function).
1. Impermeability (surface for impermeability to
elements, such as: mold, fire, light, earth, etc.).
2. For walking and transportation - Surfaces
designed proportionate to motion and surface
composition, including the maintenance (cleaning)
of the surface.
A. For transport - Surfaces proportionate to
motion and safety.
B. For walking - Surfaces proportionate to motion
and safety.
3. For economic calculation - Data sheet about
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surface composition, usage, and safety to produce
optimization calculation.

For life support demand - Surfaces proportionate
to human demand.

For technology and exploratory demand -
Surfaces proportionate to human demand.

For dwellings - Surfaces proportionate to human
demand.

For working areas - Surfaces proportionate to
human and production demand.

14.1.2.1 Standard surface efficiencies

Surfaces can be made more efficient by reducing:

1.
2.

4.,

The amount of materials used.
The labor associated with the production of the
surface.

. The labor associated with the installation of the

surface.
The necessity to maintain/clean the surface.

14.1.3 Hazards with the surface system

Common hazards with the surface system include, but
may not be limited to:

1.

w

Off-gassing (a.k.a., out-gassing) of harmful
chemicals.

Abrasion or chemical reaction (e.g., lacquer).
Cleaning.

Contamination (as the surface degrades and falls
off).

Slip (when surfaces are not designed appropriate to
speed of motion).

14.2 Objects in the surface system:

fixtures, fittings, and appliances

Surface fixtures and fittings are equipment that interface
with the electrical-illumination in a building:

1.

Surface fixtures - systems and material layers for
producing [physical] surfaces. The most common
fixtures include, but may not be limited to:

A. Windows: window surfaces are a light
permittance surfaces, and can be part of
construction and/or installation. These surfaces
can be more or less insulated. These surfaces
can let different amounts of frequencies of light
through.

B. Shades (blinds): are light permittance surfaces
that reduce or eliminate light (and possibly,
rain). Blinds and other shades are part of the
surfacing system, except where they also act
as structural barriers to physical force, wherein

they are also classified as part of the structure.

C. Screens (mesh covering openings): are
object permittance surfaces that reduces
the permittance of insects and animals from
outside to in (or reverse), and also, restrict the
movement of pets through openings. Screens
allow atmosphere to transfer, and will reduce
light transfer to some relative degree (because,
the physical areas of the screen will block out
light). Screens can be used to protect the indoor
occupants from insects.

D. Tile and plank flooring: an added material
layer of flooring usually shaped into a tile and/
or plank formation. These may be added by
several means:

1. Surface added by gravity and interconnection.
The tiles and/or planks are interconnected
and kept on the surface by gravity.

2. Surface added by physical connectors and
interconnection. The tiles and planks are
interconnected and kept on the surface by
physical interconnectors (and not, adhesive).
Of course, adhesive and physical connectors
can be combined.

3. Surfaces are added by means of an adhesive.
Adhesive is the “glue” that secures the tiles
to another surface (e.g., floor, wall, ceiling,
etc.). The added, individual tiles and planks
come together with some space between
them wherein the adhesive is only present.
These gaps (spaces) are known as grout lines.
Larger tiles and more effective adhesive
(e.g., cement, paste, mucilage, etc.) allows for
smaller exposure of adhesive in the form of
"grout lines" per area. Note that degree of
parallelity of individual tiles and planks also
affects the exposure of adhesive; wherein,
more parallelity reduces the presence of
exposure if non-exposure (i.e., less "grout") is
an objective.

E. Facade cladding: an added material layer to a

surface.

F. Paint: an added material layer of thin material

by hydrodynamic, adhesive, and chemical
mechanisms.

G. Baseboards and crowns: are fixtures attached

to floors, walls, and ceilings. These are usually
fixed to the surface, and can be decorative and/
functional (see "surface appliances" below).

H. Water membranes: are waterproofing

impermeable membrane and moisture/

vapor membranes (e.g.., house waterproofing
membrane, rubberized roofing, ice-dam) protect
the building from water damage.
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2. Surface fittings - a device designed to attach
in some way one surface to another. The most

common fittings include, but may not be limited to:

A. Attaching connectors (i.e., hooks).
B. Winds (e.g., winding up and down blinds).
C. Locks.

1. Physical.

2. Digital magnetic.

3. Surface appliances - appliances and objects that
change the surface, the most common of which
include:

A. Decor.

1. Paintings.

2. Limited area added textural materials.

3. Decorative trim.

4. Baseboards(and crowns as decorative trim.
B. Functional.

1. Televisions.

2. White board.

3. Baseboards and crowns as functional wall (or,

other surface) protectors.
4, Mirrors.

IMPORTANT: All fixtures, fittings, and appliances
must be specified with the right connection type
for their placement.

14.2.1 Facade cladding

Facade cladding maintains the following characteristics:

1. Appropriately selected texture can make an area
more aesthetic.

+ The following critical question must always be
asked, why does the area need facade cladding
to make it look more aesthetic?

* Note that many structures have an exterior and
interior facade to improve insulation, improve
impermeability, provide surface protection,
provide aesthetics, improve surface usage
characteristics (e.g., hanging, outleting, etc.).

2. Uses more material.

* Why are more materials necessary?

3. Some facade is impossible to effectively clean
without pressure washing and pressure washing
can sometimes damage the facade.

» How will the facade be cleaned, and will it ever
need cleaning?

4. Some facades, particularly those outdoors can
create breeding grounds for insects, especially
spiders.

* Is a breeding ground for insects a concern in
context?

5. Facades can serve a dual purpose, as texture and
protection and/or conduiting for cables and pipes.
+ Is the facade only necessary to aesthetically cover

infrastructure (Read: cables and pipes), if so,
why?

6. Buildings and other architectural surfaces can be
designed with and without facade, some designs
are likely to make facades more, and others less,
necessary.

+ Is the facade a necessary use of materials for the
given time period?

14.3 Installation of surface system

There are many ways to install surfaces. Surfaces are
generally installed over top of (Read: on top of) structure.

14.4 Operation of surface system

In concern to surfaces, most significant operational
activities are associated with cleaning.

14.4.1 Surface load demands
A.ka., Surface loading.

Surface loads are measured in several ways::

1. Gravity: When individual objects compose a surface

(e.g., tiles), then gravity is a surface load demand.

A. Weight (and mass) capacity as amount of weight
a surface can sustain and remain viable.

B. Stability: Likelihood of overturning (or, becoming
unstable) given accidental pressure on the
surface.

2. Resistance to damage and failure from:

A. The elements and contact with other [accounted
for] materials.

B. Repeated cleaning.

C. Thermal bridging and thermal capacity.

3. Electricity (electrical power) to do the work of
motion in dynamic surface systems.

14.4.1 Surface cleaning

Necessarily, buildings have surface cleaning services
and procedures. Surfaces can be cleaned in a number of
different ways, including but not limited to:

1. Water-based:
A. Hand washing.
B. Scrubbing-washing (can be by hand or machine).
C. Pressure washing. Pressure washers are rated
in terms of their PSI. More powerful pressure
washers can remove paint, and less powerful
ones can be used to clean paint (and other
surfaces).
2. Air-based:
A. Air pressurizers (e.g., air sprayer).
B. Suction (e.g., vacuums).
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3. Thermal temperature accounting:
A. Steam-based (e.g., steam floor cleaners).
B. Warmth-based (e.g., hot water).

4. Automaticity accounting:

A. Higher manualization, lower automation.
B. Lower manualization, higher automation.

14.5 Engineering calculations for
surfaces

Nothing here yet.
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15 Architecture water sub-
system

A.k.a., Architectural hydrological system,
plumbing system, plumbing network,
hydraulics system, hydraulics network,
hydraulics engineering, hydronic network,
hydronic system, water engineering,
plumbing engineering, hydraulics
engineering, hydronic engineering.

A complete water-based service system for
architecture provides adequate supply of
water and removes waste, while meeting user
service requirements. The principal parts of
an architectural water service system are
categorizable under the conception of a plumbing
network (a.k.a., plumbing systems):

. Piping throughout (piping network).

. Water supply sub-system.

. Water and waste removal sub-system.

. Plumbing fixtures and fittings (integrated into
plumbing network.

A WN =

Plumbing is any system that conveys fluids
for a wide range of applications. Plumbing uses
pipes, valves, plumbing fixtures, tanks, and other
apparatuses to convey fluids. Heating and cooling,
waste removal, and potable water delivery are
among the most common uses for plumbing, but it
is not limited to these applications. Note that there
are many distribution configuration methods for a
plumbing network.

TERMINOLOGICAL CLARIFICATION:

The word "plumbing" means lead-work.
Historically, pipes that transport water
were made of lead. A more accurate term
for a water and drainage system/network
might be, hydraulics, or just, water system.
However, a plumbing network can be
used to transport more than just water.
There are specialized plumbing system for
vacuum, gas, etc.

All plumbing systems transport materials (most
often, fluids) via pipes. Piping systems for a
plumbing system/network include, but may not be
limited to:

1. Water supply piping:
A. Hot water.
B. Hot water recirculating.
C. Cold water.
D. Tempered water.
2. Sanitary piping:
A. Lipid-inclusive sanitary (oil interception).
B. Soap inclusive sanitary (soap interception).
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C. Wastewater.
D. Rainwater/stormwater (environmental
interception).

3. Vent piping - A pipe that goes through the wall and
up to the roof to vent to the outside environment.

4. Hydronics piping (hydronic piping) - Hydronics
(hydro- meaning "water") is the use of liquid water
or gaseous water (steam) or a water solution
(usually glycol with water) as heat-transfer medium
in heating and cooling systems (e.g., chiller plants,
HVAC systems, etc.)
A. Hydronic supply.
B. Hydronic return.

5. Drainage piping:
A. Area drainage (part of sanitary system).
B. Landscape and foundation drainage.
C. Storm drain.

6. Fire protection piping:
A. Fire protection dry.
B. Fire protection other.
C. Fire protection pre-action.
D. Fire protection wet.

7. Special systems piping:

. Vacuum.

. Fuel gas.

. Carbon dioxide.

. Compressed air.

Natural gas.
Nitrogen.
. Nitrous oxide.
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Herein, an optimized water system is designed to
account for water availability, water demand, and
ecological needs.

15.1 Plumbing standards

A.k.a., Hydraulic standards, hydrologic
standards.

The design of a plumbing system is greatly influenced
by your applicable codes. The most common plumbing
codes are the:

1. International Plumbing Code (IPC) [codes.iccsafe.
org]

2. Uniform Plumbing Code (UPC)

3. Unified Facilities Criteria Plumbing Systems (UFC)
3-420-01 Plumbing Systems.

National standards include, but may not be limited to.

* National plumbing standard (NPS) is the North
American standard today.

There are many different plumbing related water sub-
system standards, such as:

1. Supply standards require and facilitate that
adequate supply is provided.

2. Drainage standards requires that adequate
drainage is provided. Often, these standards
also deals with pollution prevention, sewage
infrastructure, and maintenance. Technical design
standards for drainage cover sanitary pipework,
foul drainage, rainwater drainage and disposal,
wastewater treatment, discharges, and cesspools.

15.1.1 Standard plumbing documentation

A.k.a., Plumbing system specification and
drawings, plumbing and pipe drawings,
plumbing and pipe diagram, plumbing
schematics, hydraulics schematics.

Plumbing is documented via specifications and drawings:

1. Plumbing drawings illustrate the system that will
bring water in, transfer water around the building,
and take waste out. It typically includes water
supply lines, drains, vent pipes, valves, and fixtures
(e.g., toilets and sinks). Some diagrams also show
fittings. There are diagrams for every sub-system in
the plumbing system, including but not limited to:
A. Riser diagrams are used as supplementary

details on working drawings in order to show

more clearly how the plumbing system is

to be installed. Riser diagrams of plumbing

systems can be shown in both orthographic

and isometric views. A riser diagram is generally
not drawn to scale, but should be correctly
proportioned.

Drain diagrams.

Supply diagrams.

. Sanitary piping diagrams.

. Etc.

2. Plumbing specifications include all written content,
reasoning for decisions, and calculations.
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15.1.1.1 Plumbing system plan

The plumbing planis a plan view that shows the complete
plumbing system. The plumbing plan shows the following
parameters for all units of plumbing equipment:

. Source of supply.

. Transportation of supply.

. Location of process and/or use.

. Size of usage system.

5. Type of equipment for de-/construction.

A WN -

The plumbing plan should include the following (where
applicable):

1. Water supply lines.
2. Drains.

98| WWW.AURAVANA.ORG | S55-MS-HS-001 | THE HABITAT SYSTEM


https://codes.iccsafe.org/
https://codes.iccsafe.org/

LIFE SUPPORT. ARCHITECTURE SERVICE SYSTEM

Vent pipes.

Waste lines and vent stacks.
Valves.

Plumbing fixture.

Size and type of pipe to be used.
A plumbing fixture schedule.

. Symbols legend.

10. General notes.
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The plumbing plan includes standards for safety and
water quality for all buildings. It also covers requirements
for the prevention of floods and other hazards.

15.1.2 Standard plumbing requirements

What is required for a viable plumbing production-
distribution system is:

1. For architecture - plumbing production
proportionate to water-usage electrical power and
liquid (water) demand [via a load].

+ Herein, a load means the amount of water at a
specific temperature required by a building.

2. For economic calculation - Data sheet about loads
(water fixtures) to produce optimization calculation.

3. For life support demand - water proportionate to
human demand.

4. For technology and exploratory demand - water
proportionate to human demand.

15.1.3 Hazards with the water system
A.k.a., Plumbing risks, hydraulics risks.

The primary plumbing risks include, but may not be
limited to:

1. Blockages - the partial or complete blockage of
some element in the system.

2. Leaks - a leak from one or more elements in the
system. Water leak testing consists of capping
all system openings and filling the system with
water, and pumping a static head into the system
at around 100 psi for at least 2 hours. This test is
often conducted prior to sterilization.

3. Frozen pipes - liquids freezing within the pipe due
to extreme cold.

4. Thermal expansion and contraction - as
pipes expand and contract due to changes in
temperature they can weaken and/or become
loose.

5. Water vapor and humidity - the presence of water
in the atmosphere.

6. Noise ("banging") - water moving through pipes,
particularly pipes that are too large and pipes that
change diameter, can create unwanted noise and
vibration. Most noise comes from pipes going

through holes that are not large enough so that
when the pipe expands from the [hot] water there
is creaking.

7. Sterility - the water system should be cleaned and
disinfected. Disinfection is usually conducted with
chlorine. It is injected into the system through a
service cock, near the entrance into the building.
Once the disinfectant is injected into the system
at the correct concentration, it is then held in the
system for a set period of time. After the retention,
the concentrations are checked and if they are
satisfactory, the system is flushed.

8. Hydraulic shock (water hammer) - is the term
used to describe the pounding noise and vibrations
in a piping system when a volume of liquid flowing
is abruptly stopped. A pressure wave is started at
the point of fluid stoppage and is reflected back
and forth from this point to a point downstream.
This wave is slowly dissipated after a period of
time. Water hammer arrestors can be provided at
every branch to multiple fixtures and on every floor
for both hot and cold water.

9. Rupture - due to the buildup of energy. For
example, most boilers have heat-purge controls.

15.1.3.1 Water vapor and humidity

Water vapor is a colorless, odorless gas that is always
present in the air. Water vapor can create problems if
it condenses on interfaces with unintended building
components. Condensation occurs when moist air is
cooled below its dew point temperature, by either mixing
with colder air or contacting cold surfaces. Condensation
can cause frosting and fogging of the surfaces of
materials altering the function and/or components.
It can saturate insulating materials in structure, and
render them ineffective. It can create drips, puddles,
water stains, fungal growth, and corrosion inside a
building. When water penetrates building materials, it
can cause some materials to weaken and disintegrate.
It can blister and rupture paint coatings and membranes
on the outside of a building.

There are many potential sources of water vapor
within a building, including the unique category of
and human metabolic activity such as respiration and
sweating. In a new building, water vapor may also come
from wood, concrete, plaster, and other materials that
are still giving off excess moisture. For standard human
occupation, a good optimum interior relative humidity is
between 40 and 60 percent. In warm, humid locations,
interior air pressure should be slightly higher than
outside to reduce the inflow of humid air. A building's
atmospheric mechanical system (e.g., HVAC) is often
designed to reduce the amount of water vapor inside a
building by ventilation, by dehumidifying the air with an
air-conditioning system, or both.

15.1.3.1 Vapor/humidity control
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Whether or not mechanical systems are installed, there
are four precautions we take in detailing to avoid water
vapor problems in a building (Allen, 2016):

1. Use thermal insulation, multiple glazing, and
thermal breaks to keep interior surfaces at
temperatures above the dew point of the air.

2. Use a warm-side vapor/moisture retarder (object or
surface coat/alteration) to keep air and water vapor
from reaching surfaces and spaces that are cool
enough to cause condensation to occur.

3. During assembly, ventilate the portion that lies on
the cold side of a vapor retarder, to be sure that no
moisture is trapped there.

4. Where condensation is likely to occur despite any
such precautions, we provide a gravity-driven
system to catch and remove condensate before it
can create problems.

15.2 Conception of the plumbing service
system

There are plumbing systems that are, and are not,
water based. All water-based plumbing systems use two
separate subsystem networks made of pipes. One brings
freshwater inside, and the other transports wastewater/
sanitary away. The following are the most common
types of water systems/networks associated with most
architecture:

1. Water supply (inflow) - water supplied to the
architecture from a specific source (i.e., water
entering the architecture).

A. By source:
1. Municipal sourced.
2. Well or nature sourced (other than rainwater).
3. Rain sourced.
B. By temperature:
1. Cold water.
2. Hot water.
C. By purity:
1. Municipal water (from the municipal source).
2. Fresh water (freshwater) from nature.
3. Drinkable (purified) water.

2. Sanitary water (outflow) - water leaving the
architecture (i.e., water exiting the architecture).
A. Rainwater (but, may also be a supply source).
B. Gray water.

1. Water with fat.
2. Water with soap.
C. Blackwater.

The three basic (normally used, considered fundamental)
types of pipe systems for a water-based plumbing
system/network are:
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1. Cold water piping (water supply cold) - has
pressure. Pressurized water pipes can go in a
straight horizontal line. To supply clean cold water.

2. Hot water piping (water supply hot) - has
pressure. Pressurized water pipes can go in a
straight horizontal line. To supply clean hot water.

3. Sanitary piping - has no pressure, and requires a
downward sloping pipe at a country specific graded
angle (often, 2%). Non-pressurized pipes require a
gravity slope to move. These remove black and grey
water.

A refrigerant hydronic system may be considered a
type of plumbing system that is not water-based. There
are also plumbing systems for other types of liquid
materials.

15.3 Conception of the water supply sub-
system

A.k.a., Water supply infrastructure.

Water supply is the provision of water by utilities
organisations, typically using a pump and pipe system.
The main components of a water supply system for an
architectural construction are:

1. Plumbing network (a.k.a., water network,
hydraulics network) - the interconnect of pipes
through which water flows within and without an
architectural structure.

2. Building supply or water service - a large water
supply pipe that carries potable water from the
water district or city water system or other water
source to the building.

A. Cold water supply line - a supply line that
provides cold water. All municipalities supply
architectural constructions with a cold water
supply.

B. Hot water supply line - some municipalities
supply architectural constructions with a hot
water supply also. These municipalities supply
hot water from a series of water heating plants
throughout the city, not from basement boilers.

3. Building main line - a large pipe that serves as
the principal artery of the water supply system. It
carries water through the building to the furthest
riser. The building main is typically run (located) in
a basement, in a ceiling, in a crawl space, or below
the concrete floor slab.

A. Cold water building main line - all buildings
supplied with water have a cold water building
main line. The cold water building main line
often maintains a branch point where water
splits off into the cold water supply and hot
water heating system.
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B. Hot water building main line - a main line for
hot water.

4. Riser - a water supply pipe that extends vertically
in the building at least one story and carries water
to fixture branches. It is typically connected to the
building main and runs vertically in the walls or
pipe chases.

5. Fixture branch - a water supply pipe that runs
from the riser or main to the fixture being
connected. In a water supply system, it is any
part of a piping system other than a riser or main
pipe. Fixture branch pipes supply the individual
plumbing fixtures. A fixture branch is usually run in
the floor or in the wall behind the fixtures.

6. Fixture connection - a fixture connection runs
from the fixture branch to the fixture, the terminal
point of use in a plumbing system.

7. Shut-off valve - for the entire system, as well as
for specific areas, let people turn off the water flow
while they fix problems. These are typically located
in the hot and cold-water supply at the fixture
connection.

A. Main water shut-off valve - shuts off [main
line] water to the whole building.

B. Fixture specific shut-off valves - shuts off
water to specific areas and/or fixtures.

8. Water meter - used to measure and record the
amount of water used. It may be placed in a meter
box located in the ground near the street or inside
the building. In the market-State, this device allows
a local water district to calculate the bill for water
usage for a building.

15.3.1 Water supply equipment

General water supply equipment includes, but is not
limited to, the following equipment:

. Pipes.

. Water heaters.

. Pressure booster systems.

. Pressure regulating valves.

. Circulating pumps.

. Back flow preventers.

. Balancing valves Isolation valves.
. Hangers and supports.

. Thermal insulation.

coNOoOYUT D WN =

O

15.3.2 Water supply for different categories
of building

All plumbing systems must use equipment to maintain
adequate pressure and flow in all parts of the system.
Different categories of buildings have different
arrangements of plumbing:
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1. House system - derive pressure from either, or
some combination of the following:

A. Municipal pressure.

B. Water tank on top floor or roof.

C. Separate pump.

2. Apartment systems:

A. Multi-story systems (high-rise systems) - refers
to those buildings that are too tall to use
pressure from the municipal water supply to
reach the entire building. These taller, vertical
buildings need systems that can reach each
unit. The pressure options include:

1. Gravity-based roof tanks - wherein, water is
pump up from storage tanks on the ground
floor or in the basement. The water reaches
the roof tank, where gravity helps it flow
down to every unit.

2. Booster pumps - that adds the pressure
needed to move water from the storage
tanks or straight up from the municipal water
supply. These pumps add to the system’s
existing pressure.

3. Hydro-pneumatic storage tanks - water moves
from the municipal supply or the storage
tanks into these hydro-pneumatic storage
tanks, where air pressure helps push the
water to where it is needed.

4. Note that these systems need control valves
for each unit. This reduces the risk of cross-
contamination between units. It also lets the
water supply to an individual unit be shut
off if repairs are needed or the unitisn't
occupied.

B. Multiple dwellings - have separate units but
don't have the same water pressure issues.
Multiple dwelling apartments can use plumbing
systems like those in a house system, except
that the pipes branch out more to provide water
to each unit. As the water comes into a multiple
dwelling apartment from the municipal supply,
a system of pipes, faucets and valves makes
sure water gets where it's needed. The drain-
waste-vent (DWV) system carries wastewater
out of each unit in the apartment building.

15.3.3 Hot water supply specifics

The US General Services Administration maintains the
following guidelines in concern to domestic hot water
supply (Plumbing systems, 2021):

1. Domestic hot water supply temperature is often
generated at 60°C (140°F), and is tempered to 49°C
(120°F) using a three-way mixing valve, before
supplying to all plumbing fixtures.
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2. Hot water supply to dishwashers shall be at 82°C
(180°F), and the temperature shall be boosted from
60°C (140°F) to 82°C (180°F).

3. Circulation systems or temperature maintenance
systems may need to be included.

4. Hot water shall be available at the furthest fixture
from the heating source within 15 seconds of the
time of operation.

15.4 Conception of the water piping sub-
system

A.k.a., The piping network, water piping
infrastructure.

Water distribution uses a piping system/network. Piping
is the process of selecting and routing a piping network.
The process of piping involves:

1. Pipes (piping types) - pipe material based (may
include function; e.g., PVC cold water; copper hot
water, etc.).

A. Material based (i.e., the physical/material
composition of the pipes).

B. May also include system-type (e.g., water). But,
this is not necessary; all that is necessary (often
appropriate) is material type.

C. Contains routing preferences.

2. Piping systems - piping system categories (a
system of classification by piping system function;
e.g., hot water, cold water, oxygen, vacuum, etc.).
A. Customizable potentially by:

. Materials.

. Mechanical calculations.

. Fluid type.

. Temperature.

. Fluid viscosity.

. Fluid density.

. Flow conversion method (references
International Plumbing Code by applying a
demand factor to the plumbing fixtures).

B. Reference to system classification.

3. Plumbing fixtures (or, piping fixtures) - endpoint
or processing points for the contents transported
in the piping system (e.g., lavatory, sink, etc.).
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15.4.1 Piping routing rules and parameters

A.k.a., Plumbing pipe running rules, pipe layout
and design rules.

Routing preferences (a.k.a., piping interconnection
rules) refers to the rules ("preferences") for connecting
(routing) pipes over distance.

Pipe routing preferences/rules are based on one or a
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combination of the following:

1. Pipe material (material types).

2. Pipe connection type (pipe geometry, geometry
types).

3. Flange types

The parameters to consider when creating pipes in
software include:

1. Pipe type (generally, material composition)
2. System type (generally, function)

3. Diameter type

4. Slope

Common pipe routing best practices include, but may
not be limited to:

1. In general, pipes do not pass vertically directly
through floors; instead, they pass through the
space between a floor, wall, and ceiling.

15.4.2 Plumbing pipes

NOTE: Pipes are made of materials (and they
conduit the transportation of materials).

Pipes may be classified by (note: this content is usually
defined in a set of piping standards):

1. Type of material (i.e., material composition of pipe).
2. Function of pipe network (e.g., to provide cold
water, hot water, etc.)
3. Specific pipe elements:
A. Types of physical interconnection between pipe
elements (e.g., glue, screw, etc.).
B. Geometric function of pipe elements (e.g.,
segment, curve, etc.).
C. Conduit shape (e.g., square, round, oval.)
4. Sizes (relative to region)
United States, Canada, and Brazil
Europe
Australia
Russia
China
Others

mmo N>

Categories of connection for piping include, but may not
be limited to:

1. By geometric function of element:
A. Straight connector
B. 90 degree bend
C. Other degree bends.
D. T connector
E. Cross connector
F. Size adapter
2. By physical interconnection type:
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A. Compression connection
B. Welded (solder connection)
C. Threaded (screw connection)

1. With plumbing this often necessitates another
tape like material that is first twisted around
the part to be screwed.

D. Flanged connection
E. Glued connection

3. By conduit shape:

A. Round

piping system by use of bolted connections and
gaskets.
8. Cap - closes (seals off) end of a pipe.

Note: The above types of [pipe] fittings (unions,
interconnections) can be set for routing a pipe.

15.4.2.2 Types of pipe fittings and connectors

NOTE: All pipe connectors are also called
fittings. Hence, the term 'fitting' can be appended
onto the end of each of these connectors (e.g.,

15.4.2.1 Types of pipes by function Tee fitting, mini ball fitting, etc.

Other piping elements include, but may not be limited
to:

Piping connectors include, but may not be limited to:

1. Connectors and couplings

1. Supply pipes. A. Tee
A. Water supply line pipes. B. 90 degree
B. Cold water pipes C. 45 degree
C. Hot water pipes D. Compression
2. Drain pipes. E. QickTight
A. Drop pipes (drop tubes, plumbing drops) - F. Insert
sanitary pipes that drop sanitary water down an G. Small tube push fit
elevation(s). H. Sharkbite
B. Soil sack - vertical pipe that carries waste away I. Bulkhead
from sanitary units (blackwater). J. Flare

C. Waste sack - a vertical pipe that carries
graywater.

K. Radiant heat
L. Cleanout plugs

3. Vent pipes: M. ABS
A. Stack vent. N. Hose adapters
B. Loop vent. O. Barbed
C. Roof vent. P. QwikRepair

4. Trap pipes.

15.4.2.1 Types of pipes by geometry

A.k.a., Types of pipe interconnections.

Q. Full flow quick
R. Left/right
2. Couplings
A. No-hub coupling
B. Flexible pipe connector

Piping elements include: 3. Valves
' A. Sharkbite
NOTE: Pipe connectors are sometimes called B. Push to fit
pipe fittings. C. Kitz
. . . D. Aquamix tempering
. Pipe segment - straight, horizontal segment of E. Blackwater
pipe. ) o ) F. Slice gate
. Elbow - curved piece that joins two pipes. G. Add-A-Line
A. 90 degree. H. PVC check
B. 45 degree. I PVC ball
C. Etf' J. Straight and angle style
. Junction K. Needle
A. Tee - shaped like a T; connects 3 pipe segments. L Gas ball
B. Tap. , M. Mini ball
. Cross - connects 4 pipe segments. N. Isolation
. Transition - adapter element for changing pipe 0. Zone
SIZt_es. ‘ P. Purge
. Union - connector of 2 pipe segments. 4. Adapters

. Flange - connects piping and componentsin a
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A. Quick Tee
B. Quick connect

5. Flanges

6. Supply hoses
A. Flexible water connectors
B. High-flow water connectors
C. Gas connectors
D. Commercial gas connectors
E. Gas connectors with valves

NOTE: Some pipe connectors are for potable
water, and others are not. In other words, some
fittings on these pages may be suitable for use in
potable water systems, while others may not.

15.4.2.3 Types of piping tools

The most common types of piping tools include, but may
not be limited to:

1. Pipe and tubing index.
Thread seal tape (PTFE tape, teflon tape, plumbers
tape).

Pipe freeze kits.

Pipe threaders.

PVC/ABS reamers.

Pip fitting removers.
Nipple extractors.

Pip repair clamps.

9. Pipe hangers.

10. J-hook hangers.

11. Pipe brackets.

12. Pipe taps.

13. Hose clamps.

14. "Bunny box" nipple case.
15. Plumbers saw.

16. Pipe wrench.

17. Pipe cleanout brush.

N

©® NV AW

15.4.2.4 Pipe categorization specifics

In general, pipes are categorized by the following
specifics:

Material(s).

Purity of material(s).

Pipe diameter (pipe bore).
Wall thickness (pipe schedule).
Rigidity.

vk wnN =

Hence, different pipe networks will need different:

1. Types of material.
2. Sizes of pipe.
3. Rigidities of pipe.

15.4.2.5 Types of piping materials
The most common materials for pipes are:
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1. Metal

A. Cast iron - mostly in use before 1960; used for
drain/waste/vent (DWV) lines.

B. Steel (galvanized pipe) - common in older
homes; lasts only about 50 years.

C. Stainless steel

D. Chrome (note: chrome plated brass fittings can
contain lead)

E. Brass (note: must be lead free. Older brass
fittings, valves, and faucets can contain lead).

F. Copper - commonly used in water lines and
some drain lines; resists corrosion, lasts a long
time. Not that some types of copper piping are
available in both rigid and flexible varieties.
Copper pipes are categorized by their purity,
size (wall thickness and diameter), and rigidity:

1. Flexible copper tubing (a.k.a., soft copper

tubing, coil tubing) - often used with

appliances lines (e.g., dishwasher, refrigerator,
icemaker) and rolled out for under slab

installations. These are generally called, type K

copper plumbing pipes.

2. Rigid copper.

i. Rigid copper distribution pipe — comes in
three thickness's: type M (thinnest), type L
(thicker), type K (thickest).

ii. Rigid copper drain pipe — comes in one
thickness marked drain-waste-vent (DWV)
and is thinner walled than type M.

2. Plastic - used since mid-1970s; two types:

A. ABS (acrylonitrile-butadiene-styrene) - black
color; first to be used in residential homes,
though some areas restrict their use in new
construction.

B. PVC (polyvinyl-chloride) - white or cream color;
rating and diameter are stamped on the pipe.
PVC is commonly used for drains. The two most
common forms of PVC are:

1. Schedule 40 PVC is strong enough for drain
lines and cold-water lines, but local code will
determine applicability. When used for cold-
water lines, it is generally not allowed for use
inside a building.

2. Schedule 80 PVC is often used for cold
water lines, but isn't allowed for use inside
a building in some areas because itisn't
suitable for hot water.

C. CPVC (chlorinated polyvinyl chloride) - as
strong as PVC but is heat-resistant, which
makes it acceptable in most areas for interior
[hot water] supply lines. It is most commonly
measured with CTS standards (which is
important when considering fittings for existing
pipe; for example, a 2" fitting will not always
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fit on a 2" CTS pipe, but it will always fit on a 2"
nominal size PVC pipe).

1. Schedule 40 and 80 CPVC pipe and schedule
80 CPVC fittings are available and generally
used in industrial applications.

3. PEX (cross-linked polyethylene) - newest pipe
for residential water supply (cold and hot supply
lines) use. In general, PEX is primarily used for
supply lines. However, PEX can also sometimes
be used for cold and hot water drains. PEX is also
sometimes used in radiant hot water heating.
PEXis an option for plumbing as well as radiant
and hydronic systems in both residential and
larger plumbing applications. Note that PEX is not
intended for compressed air applications. PEX
type piping can use compression fittings or push
on fittings, more permanent connections require
crimp style fittings and a crimping tool (Read: PEX

pipes can use crimp, clamp, and press connectors --
necessitating these types of tools). PEX pipes do not

require glue or cement, and can simply be joined
with push-to-connect fittings, metal insert fittings,
or plastic insert fittings for a watertight seal. PEX
pipe is not approved for outdoor applications and
is not approved for continuous UV exposure. PEX
pipe should not be stored in direct sunlight.

A. The disadvantages of PEX piping include:

1. Almost all PEX used for pipe and tubing
is made from high-density polyethylene
(HDPE). PEX will likely leach toxic chemicals
(e.g., VOCs). Different brands cause different
odors and leach different chemicals. There
are 3 types of PEX (A, B, and C); the type B is
claimed to have the least significant leaching
problem (note, this needs to be confirmed).
The pipes may either have to be outgased
through flushing over an extended prior of
time, or a sufficiently capable water filter may
need to be installed at usage endpoints

2. PEXis extremely sensitive to all sources of
UV light. Most manufacturers recommend a
limited amount of sunlight exposure, which
is important to note during the installation
process, and others recommend total
darkness.

3. PEX can be damaged by chlorine and other
oxidizing chemicals. PEX pipe is vulnerable
in concern to contact with such solutions as
petroleum products and oxygen.

4. PEX can be damaged by pests. Some pest
control companies argue against installing
PEX because it is highly susceptible to pest
damage. Since PEX is plastic, it's more
sensitive than copper and other metal pipes.

Rodents can chew threw the pipe. Note here
that this is more of a rodent problem than a
PEX problem.

5. PEX can't be installed in extremely high heat
areas. The max temperature a PEX pipe can
hold before damage is approximately 82C
(180F).

6. PEX is semi-permeable, which means liquid
can enter the pipe. When it comes to safety,
PEX isn't antibacterial. This is one reason
people don't choose PEX in the PEX vs. copper
decision. The plastic material also allows
water to enter the tube, which could cause
contamination.

7. PEX should not be used if there are hot water
lines that are pinched by small holes. This
situation can result in squeaking when hot
water flows cause the line to expand slightly.

B. The benefits of PEX piping include:

1. Easy to install (Read: easier install than rigid
pipe).

2. Cuts easily.

3. Is flexible and can be navigated around
obstacles.

4. Available in long coils that can eliminate the
need for extra fittings.

5. Freeze damage resistant. PEX pipe will expand
if frozen and contract to its original shape
when thawed. PEX pipe is not freeze-proof.
Normal standard insulation precautions
should be taken PEX piping to help prevent
freezing.

6. When installed correctly, PEX is generally not
associated with noise complaints.

15.4.2.6 Drain-waste-vent piping
A.k.a., Plumbing vent pipe, vent stack.

In modern plumbing, a drain-waste-vent (or DWV) is part
of a system that allows air to enter a plumbing system
to maintain proper air pressure to enable the removal
of sewage and greywater from a dwelling. The plumbing
vent, also known as a vent stack, helps regulate the air
pressure in your plumbing system. The plumbing vent
pipe removes gas and odors. It also allows fresh air
into the plumbing system to help water flow smoothly
through the drain pipes. However, no water runs
through the plumbing vent pipe. It is a vertical pipe
attached to a drain line and runs through the roof of
your home. The vent stack is the pipe leading to the
main roof vent. It channels the exhaust gases to the vent
and helps maintain proper atmospheric pressure in the
waste system.

15.4.2.7 Piping insulation
Domestic cold and hot water distribution systems should

WWW.AURAVANA.ORG | SSS-MS-HS-001 | THE HABITAT SYSTEM |105



LIFE SUPPORT. ARCHITECTURE SERVICE SYSTEM

be insulated per ASHRAE 90. and all exposed piping
should have PVC jacketing.

15.4.2.8 Vertical and sloped piping

Types of sloped and vertical pipes include, but may not
be limited to:

1. Vent pipes - might run level, although some codes
call for a slight slope toward the main drain.

2. Drain pipes - all drain lines must be sloped.

3. Riser pipes - A pipe that extends vertically from
one floor level (or, elevation) to the next for the
purpose of carrying or distributing water, steam,
etc. Generally made from durable metal or plastic.
Metal risers last longer than plastic ones.

A. Ventriser - a riser that vents. Vent risers often
start from the last plumbing fixture on the top
most level of the plumbing network.

B. Wet riser- The pipes are kept permanently
charged with water.

C. Dry risers - A pipe is maintained empty of
water is called a dry riser. This is found in fire
suppression equipment. Dry risers have pipes
that are dry. These pipes are capable of being
charged with water to extinguish fire.

D. Sprinkling riser - This riser used in the garden or
in commercial buildings and kitchens to sprinkle
water on detection of smoke. For proper
functioning of the riser pipes it is important to
get a servicing done for the riser pipes because:

WARNING: Leaking from a wet riser could cause
substantial damage.

15.4.3 Hot water piping

There are two types of hot water piping:

1. Domestic hot water (DHW) piping - is hot water
piping for a building.

2. District hot water piping (a.k.a., municipal
hot water piping, heat networks, teleheating,
etc.) - is a piping system that distributes generates
and distributes heated water from a centralized
location through a system of insulated pipes. This
heated water is produced centrally and distributed
to many buildings.

Hot water distribution networks can be made to
recirculate the hot water with a hot water recirculation
system. Using a recirculating pump, the hot water from
your furthest plumbing fixture will circulate back to the
water heater through the domestic hot water piping.
Installing such a system is likely to save energy. These
circulation systems come in two types:
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1. Constant (continuous) circulation.

2. On-demand circulation. This system is optimal
because the pump is not overused and distribution
losses are decreased drastically, leading to more
energy conservation.

It is important to note that material selection and pipe
insulation play a significant role in the efficacy of a hot
water distribution system. Cold water supply lines dot
not have to withstand maximum water temperature and
can be made out of different types of material. Hot water
supply lines are generally composed one of the following
types of material: copper, polybutylene (PB), chlorinated
polyvinylchloride (CPVC), random polypropylene (PP-R)
and cross-linked polyethylene (PEX).

15.5 Conception of the sanitary water
sub-system

A.k.a., The water sanitation subsystem, sanitary
septic subsystem, water and waste removal
subsystem, water sanitary infrastructure.

Used water and other wastes are carried to the sanitary
sewer or septic tank/biodigester through a waste
removal system. The sanitary drainage system is not
under pressure and depends on gravity (and pre-existing
water pressure) to carry the waste.

15.5.1 Sanitary piping

The sanitary system is isolated from the water supply
system and must be sized for sufficient capacity, have
proper slope and venting, and have provisions for
cleanout (and inspection).

« Typically, itis practical to drain as many fixtures as
possible into a single drain.

+ Sanitary pipes never go 90 deg into a [main] pipe,
they always have to be attached at 135 or 45 deg.
Bends at 90 degrees can easily result in blockages.
A 45 degree bend between two sanitary pipes is
optimal. Blockages in sanitary pipes can easily
occur be because of lack of pressure within the
pipe; such pipes mostly use gravity to move the
water.

Sanitary piping network generally includes:

1. Stack pipes - vertical drain pipes. All stacks extend
into ground and empty into a house drain.

A. Soil stack pipe - a vertical drain pipe that
collects waste from one or more fixtures (Read:
sanitary units; e.g., toilets). Soil stacks move
water away from fixtures like urinals or toilets.

B. Waste stack pipe - a vertical drain that doesn't
carry soil from a sanitary fixture (e.g., sink).
Waste stacks move water away from “clean
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water fixtures” like showers and sinks.

C. Main stack pipe - a soil stacks that drain water
closets. Every multi-story building must have at
least one main stack. And, every bathroom must
have a main stack.

D. Secondary stack pipe - stacks that do not
drain water closets. These are usually a smaller
diameter than the diameter of main stacks.

E. Vent stacks (see: vent stack pipe) - only support
the system with airflow - they don't actually
move water.

. Cleanout fitting - is a pipe with a removable plug

that is found a waste system. It is designed to help

keep the pipe clear of any debris that could cause
any type of stoppage in the water drain lines.

Cleanouts are usually placed at the connection

point between the sewer lines and the drain lines

where the base is located of a vertical stack and at

all places where the pipe direction changes at 90

degrees. Cleanouts are required at the base of all

stacks.

. Branch main pipe - pipes that connect fixtures to

the stack.

. House drain pipe - receives all waste and water

discharged by the soil stacks and waste lines. It

drains waste water toward the outside of the house
and is directly connected to the house sewer. The
house drain is laid from a point just outside the
building foundation wall, where it connects to the
house sewer.

. House sewer pipe - the house drain becomes

the house sewer once it is outside the house. The

house sewer empties into the city sanitary sewer or

private septic/biodigester system.

. Vent stack pipe (vent pipe) - gases from the

system dissipate through the vent stack, which

rises above the roof. To prevent the siphonage of

a trap seal in fixture traps and allow gravity flow

of drainage, it is essential to let atmospheric air

from outside the building into the piping system
to the outlet (or discharge) end of the trap. The

air is supplied through pipes called 'vents'. This

air provides pressure on the outlet end of the seal

equal to pressure on the inlet end. Since the air

supplied by the vent to the outlet end provides a

pressure equal to that at the inlet end of the trap,

the trap seal cannot escape through siphonage.

Note that the term main soil vent, wast vent, and

soil stack vent, refer to the portion of the stack pipe

extending above the highest fixture branch; these
vent pipes are an extension of the main soil and
waste stack.

A. Main vent (vent stack) - the principal pipe of
the venting system
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B. Vent branches - pipes connected to the main
vent and run undiminished in size as directly as
possible from the building drain to the open air
above the roof.

C. Individual vent - a vent that connects the main
vent with the individual trap underneath or
behind a fixture.

7. Trap pipes - installed bellow each fixture to prevent
gases from entering the house. The trap is always
filled with water. Water closets have a built-in trap.
A. Fixture trap pipes - most, if not all, fixtures

have their own trap.

B. House trap pipe - should be provided with a
cleanout and a relief vent or fresh air intake on
the inlet side of the trap. Relief vents or fresh
air intakes shall be carried above grade and
shall be terminated in a screened outlet located
outside the building. The size of the relief vent
or fresh air intake shall not be less than one-half
the diameter of the drain to which the relief
vent or air intake connects.

8. Drain fixtures - fixtures, generally on the floor, into
which waste water flows.

9. Sewage ejector fixtures - should only be used
where gravity drainage is not possible. If they are
required, only the lowest floors of the building
should be connected to the sewage ejector; fixtures
on upper floors should use gravity flow to the
public sewer. Sewage ejectors should generally
be non-clog, screenless duplex pumps, with
each discharge not less than 100 mm (4 inches)
in diameter. They should be connected to the
emergency power system.

15.5.1.1 Vents

Vents in the wastewater system let air in so the water
more easily flows out.

15.5.1.2 Sealing valves and pipes

A.k.a., Trap pipes, trap seal valves, trap seal
pipes, unwanted flow pipes, p pipes, hepvo
valves, hepvo trap, etc.

Traps seal the drainage system so nothing can move
back up once it drains away. Traps are required because
they prevent sewer gases from entering the building
and causing serious illness or death. The term 'trap seal'
refers to the water being held in the bent portion of
the fixture trap. The trap seal forms a seal against the
passage of sewer gases through the trap and into the
building. There are several types of sealing traps:

1. The trap most commonly used with plumbing
fixtures is the P-trap. The P-trap gets its name
because of it is shaped similar to the letter P.
P-traps trap a bit of water, thus prevent gas flow. In
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very cold conditions, the water in these valves can
freeze, possibly causing the trap housing to break.
Certainly, the trap will not work when the water
inside is frozen. P-pipes need space beneath the
drain to contain the water trap.

2. Alternatively, a hepvo valve incorporates a self-
sealing silicone valve that allows water flow
one way and seals the tube shape when there
is no water flow. Hepvo traps work in very cold
conditions and do not need so much depth of
volume beneath the drain because they can extend
off quickly at a near 90 degree, horizontal, angle
from the drain.

15.5.1.3 Floor drains
The following are best practices for floor drains:

1. Floor drains should be provided in multitoilet
fixture restrooms, kitchen areas, mechanical
equipment rooms, locations where condensate
from equipment collects, and parking garages and
ramps.

A. Floor drains shall be cast iron body type with 6
inch diameter nickel-bronze strainers for public
toilets, kitchen areas and other public areas.

B. Equipment room areas will require large
diameter cast iron strainers and parking garages
will require large diameter tractor grates.

C. Drainage for ramps will require either trench
drains or roadway inlets when exposed to
rainfall.

2. Single fixture toilet rooms do not require floor
drains.

3. Trap primers shall be provided for all floor drains
where drainage is not routinely expected from
spillage, cleaning, or rainwater.

4. Specific drains in kitchen areas shall discharge into
a grease interceptor before connecting into the
sanitary sewer.

5. Floor drains and/or trench drains in garage
locations are to discharge into sand/oil
interceptors.

15.5.2 Drain fixture units

Drain fixture unit (DFU) is a relative measure of the drain
wastewater flow or load for various plumbing fixtures. A
drain fixture unit is a unit of measure, based on the rate
of discharge, time of operation and frequency of use
of a fixture, that expresses the hydraulic load imposed
by that fixture on the sanitary plumbing installation. A
fixture unit is equal to 0.028m?3 (1 cubic foot) of water
drained in an 32mm (1+14 inches) diameter pipe over
one minute.
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15.5.3 Water-based biotreatment

A.k.a., Water-based bio-management
(biomanagement).

The biotreatment system is a process for conversion of
water-based organic waste and its transformation into
energy (gas), fertilizer, and aquifer directed water .

The elements in a water-based biotreatment system are:

. Supply tank.

. Pre-treatment.

. Biodigester.

. Stabilized organic matter storage tank.
. Biogas purification unit (filters).

. Motor and generator set.
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Processes responsible for the degradation of organic
matter include:

1. Anaerobic microorganisms.
2. Anaerobic degradation:

A. Hydrolysis.

B. Acidogenesis.

C. Acetogenesis.

D. Methanogenesis.

Waste characterization factors include, but may not be
limited to:

1. Composition of each waste.
2. Hydraulic detention time (TDH).
3. Only biodegradable organic waste.

Other parameters for the proper functioning of the
biodigesters:

. Inflow into the system

. Organic load applied

PH

. Temperature

. Carbon Nitrogen Ratio

. Chemical Oxygen Demand Ratio (COD)
. Biochemical Oxygen Demand (BOD)

8. Monitoring

NouhwNn =

15.5.4 Septic system elements

A septic system elements (specification) include, but may
not be limited to:

1. Septic design diagram.
A. Local sewage system.
B. Septic tank.
1. Septic filtration - In places where there is
no public network, sanitary sewage must
be retained and the residual water must be
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treated before being discharged back into
nature. ?? The septic tank is a tank capable of
retaining the waste coming from bathrooms
and kitchens, transforming them into less
aggressive material to nature. By retaining
this waste at the bottom of the tank, odorless
liquids called effluents are formed. A septic
tank consists of a tank. Sewage remains

for a few hours inside, which allows the
sedimentation of solid particles on its bottom
that form a slime rich in microorganisms. This
biomass is responsible for the decomposition
of organic matter present in the liquid.

C. Septic filtration with anaerobic filter.

D. Fat box (a.k.a., fat trap) - Water fat separator
by decanting process. Water from the kitchen
cannot be directly discharged into the pit (nor
can it be discharged directly into the public
sewer system), as the fat on contact with the
water solidifies and can obstruct the pipes.

E. Soap box - soap is separate from the water.

F. Graded box - Block solid waste. Solid residues
can also clog the pipes and must be retained in
the grid.

G. Septic tank - 1st stage of the Bio-digestive
process. Waste is retained at the bottom of the
tank.

H. Anaerobic filter - 2nd stage of the Bio-Digestive
process with a false bottom and Gneiss gravel,
which provides the ideal environment for the
formation of Zogleias (bacterial colonies), the
final stage of the Bio-Digestive process. The
efficiency of the system is increased by directing
the effluent to the biodigestion zone, located
at the bottom of the tanks, where the process
of self - destruction of the bacteria causes all
the sludge deposited at the bottom to be in
constant motion.

2. Biodigestive septic tank (biodigester).

A. Sptetic tank.

B. Anaerobic filter.

C. Sinkhole (sink-hole)

15.5.4.1 Biodigester location

As a general rule, the biodigester should be located near
the source of material. The direct advantage of this is
that the waste can then be easily mixed and fed to the
biodigester unit without having to travel long distances,
which might require pressure and increase the likelihood
over time of blockages.

The following three main factors for site selection should
be taken into consideration:

1. Proximity to source of materials.
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2. Areas prone to flooding should be avoided.

3. The pit should be located on the lower side of the
site (source of material) for easy flow (by gravity)
into the biodigester.

15.6 Conception of the rainwater sub-
system

A.k.a., Water rainwater infrastructure, gutters,
rainwater conduits.

A rainwater design diagram for an architectural object
and the surrounding site includes, but may not be
limited to:

1. Rainwater directing.
A. Rainwater gutters, pipes, and conduits (a.k.a.,
rainwater continuous guttering.)
B. Guttering covers.
C. Guttering cleaning.
2. Rainwater catchment.
Rainwater storage tank.
A. Tank.
B. Purification (e.g., ozonation).
4. Rainwater filter/filtration.
5. Rainwater drains in architecture.
6. Rainwater drainage around architecture.
7. Rainwater pool overflow.

w

15.6.1 Rainwater drainage

Proper drainage around all architectural structures is
essential. The more surface area covered by architecture,
the larger the amount of water the ground must absorb
or be channelled away for storage, evaporation, ground
drainage. Paths can be built that actually allow water to
drain through them as opposed to “pool” off to the side.
For paths that do not allow for immediate drainage there
must be conduits for channelling the water to locations
where it could either be:

1. Used.
2. Stored for usage or evaporation.
3. Drained.

Pipes and fittings for rainwater drainage should be
sized based upon local rainfall intensity.

15.6.1.1 Roofdrainage

Adequate provision must be made for rainwater to be
carried from the roof of buildings and away from the
buildings' foundation. To achieve this, roofs must be
designed with a suitable fall towards either a surface
water collection channel or gutter that conveys surface
water to vertical rainwater pipes, which in turn connect
the discharge to the drainage system.

Drainage from roofs is generally provided by internal
rainwater outlets and downpipes, or by external
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guttering systems or hoppers. It is recommended that
there are at least two drainage points, even if the roof is
small, to mitigate against one of them becoming blocked.

The type of roof covering used determines the required
fall of the roof. Minimum recommended falls are typically

(Designing Buildings: Drainage, 2021):

* Aluminium - 1:60.

* Lead - 1:120.

» Copper - 1:60.

+ Roofing felts - 1:60.

* Mastic asphalt - 1:80.

* Flat roofs - should have a designed minimum fall of
1:40 (2.5cm), so that an actual finished fall of 1:80
(1.25cm) is achieved, allowing some room for error
in the construction.

The discharge from a building downpipe can be:

1. Directed some distance away from the building and
allowed to soak into the ground.

2. Directly connected to a drain discharging and into a
soakaway.

3. Directly connected to a drain discharging and into a
surface water sewer.

4. Indirectly connected to a drain via a trapped gully if
the drain discharges into a combined sewer.

Roof drain can have a separate overflow drain located
adjacent to it. Overflow drains will be the same drains as
the roof drains except that a damming weir extension
will be included.

15.6.1.2 Pathway drainage

Pathway areas on and around architecture are provided
with some method of surface water drainage, including
but not limited to (Designing Buildings: Drainage, 2021):

1. Drains and gutters - channel the water away from
the architecture.

2. Permeable pavement - allows the water to
percolate downward into the ground.

3. Other methods detailed in Transportation Service
System: Drainage subsystem.

15.6.2 Rainwater gutter

A.k.a., Rain gutter, rain conduit, rain channel,
eavestrough, eaves-shoot, eaves channel, surface
water collection channel.

A rain gutter is a component of a water collection and
discharge system for a building. Gutters can be separate
conduits or embedded within the structure of a building.
Fundamentally, gutters prevent water ingress into a the
building by channelling the rainwater away from the
exterior walls and foundations.
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It is necessary to prevent water standing as well as
dripping or flowing off roofs in an uncontrolled manner
for several reasons:

1. To prevent standing water. In the case of a flat
roof, removal of water is essential to prevent water
ingress and to prevent a build-up of excessive
weight.

2. To prevent it damaging the walls, drenching
persons standing below or entering the building.

3. To direct the water to a suitable disposal site where
it will not damage the foundations of the building.

Note that a roof must be designed with a suitable fall
to allow the rainwater to discharge.

A rain gutter may be a:

1. Integrated roof profile - make the external surface
profile of the building behave like a water gutter,
directing water to flow in specific ways.

2. Roof trough - trough positioned along the lower
edge of the roof slope which is fashioned from the
roof covering and flashing materials.

3. Discrete trough of metal, or other material that is
suspended beyond the roof edge and below the
projected slope of the roof.

4. Wall integral structure beneath the roof edge,
traditionally constructed of masonry, fashioned as
the crowning element of a wall.[

15.6.3 Concrete profiling for a rainwater
distribution system

The roof of the welling surface shall have a water
distribution network integrated into its surface profile.

The top of the building should channel water to
distribution points along the veranda that channel water

to hung pots (with plants), or runoff water appropriately
if no plants.

Requirements for guttering a roof include:

1. Allow for distribution to hanging (or otherwise
located) plants.

2. Allow for excess water to be transported
appropriately.

3. Leaves and other natural material should not easily
block the flow of water.

4. Excess water should be transported down the
remaining structure and away from the structure of
the house.

1. Transport of water not connected to plants.
2. Transport of water connected to plants.
i. Could use lightweight chains to direct the
water and those chains could have vines
growing on them.
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5. The veranda must drain water or allow water to
flow off the veranda evenly.

6. The ground foundation should have appropriate
drainage around the foundation and building pad.

15.6.4 Rainwater reservoir

A rainwater reservoir is often exclusively for rainwater;
however, in limited cases this reservoir may also be
connected to other water sources.

There are several ways to implement a rainwater
reservoir system:

1. Each architectural structure can have its own
reservoir.

2. A number of architectural structures can share a
reservoir system.

Placement of rainwater reservoir systems:

1. Above ground-level - use gravity to access the
water. May require a pump to pump water up to
the reservoir. Can have an electrical generator
attached to the plumbing to produce electricity as
the water falls.

2. At ground-level - requires a pump to access the
water.

3. Below ground-level - requires a pump to access the
water.

15.7 Conception of the drainage water
sub-system

A.k.a., Water drainage infrastructure.

Drainage is the directed removal of water, both surface
and sub-surface water. Drained water may either be:

1. Recycled for reuse in (or around/on) the
architecture.

2. Used on the landscape.

3. Discharged into a body of water (Read: effluent).

Herein, 'effluent' is an outflowing of water or gas to
a natural body of water, from a structure. Typically,
effluent is conveyed by drains to sewers, and from
sewers to a suitable outfall or treatment plant, before
being discharged to a water body.

In architectural drainage terms, drained water can refer
to the following:

1. Subsoil water (ground water) - This is water
collected from the earth to lower the subsoil's
water table. Subsoil water is considered to be
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clean and can be discharged into an approved

watercourse (e.g. river or lake), or soakaway

without treatment.

2. Surface water - This is collected from surfaces
such as roofs and paved areas. Surface water is
considered to be clean and can be discharged into
an approved watercourse (e.g. river or lake), or
soakaway without treatment. Surface water is a
type of sanitary water.

A. Roof drainage.

B. Paved area drainage (path drainage).

C. Road drainage.

3. Greywater (foul water) and blackwater
(soil water) - This is effluent contaminated by
domestic or manufacturing waste. Foul and soil
water must be conveyed, often by sewer, to a
treatment location before being discharged into
a watercourse. Foul and soil water are a type of
sanitary water. Surface water is a type of sanitary
water.

A. Greywater (a.k.a., foul water, waste water) -
effluent from sinks and basins which does not
contain excreta.

B. Blackwater (a.k.a., soil water) - effluent from
water closets, toilets and urinals which does.

15.7.5 Groundwater control

A.k.a. Groundwater drainage control.

Groundwater control encompasses the range of
temporary works techniques used to allow below-
ground construction projects to be carried out in dry
and stable conditions. The most common groundwater
control methods are:

. Subsoil drainage.

. Groundwater pumping.

. Low permeable cut-off walls.
. Grout barriers.

5. Artificial ground freezing.
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15.7.5.1 Subsoil drainage

Subsoil drainage can be used to improve ground stability,
to lower the moisture content of a site, to enhance
horticultural properties for landscaping and so on. It
can be required to drain the whole site or to protect a
particular part. Subsoil drainage generally involves the
use of pipes that are porous to allow subsoil water to
pass through the pipe body, or pipes that are perforated
with a series of holes in the lower half to allow subsoil
water to rise into the pipe. This type of groundwater
control is only feasible up to a depth of 1.5 m, and any
further lowering of the water table should be achieved
by other methods.

When subsoil drainage is used to protect an
architectural substructure, a cut off drain is generally

[111



LIFE SUPPORT. ARCHITECTURE SERVICE SYSTEM

installed that intercepts the flow of water and diverts it
away from the site.

15.7.5.2 Groundwater pumping (dewatering)

Groundwater pumping is a groundwater control method
that involves pumping groundwater from an array of
wells or sumps around a site. The objective is to lower
groundwater levels. Examples of this group of techniques
include sump pumping, wellpoints, deepwells and
ejector wells.

15.7.5.3 Low permeable cut-off walls

Low permeable cut-off walls are installed into the
ground around the perimeter of the site. These walls act
as barriers to groundwater flow, and effectively exclude
groundwater from the site. The requirement to pump
groundwater is limited to pumping out water trapped
within the area enclosed by the cut-off walls. Examples
of the techniques used to form cut-off walls include steel
sheet-piling, concrete diaphragm walls, concrete bored
piles and bentonite slurry walls.

15.7.5.4 Grout barriers

Grout barriers are formed after fluid grouts are injected
into the ground and set or solidify in soil pores and rock
fissures. The solidified grout blocks the pathways for
groundwater flow and can produce a continuous zone
of treated soil or rock around the site that is of lower
permeability than the native material. This reduces
groundwater inflow in a similar way to cut-off walls. The
most commonly used grouts are based on suspensions
of cement in water.

15.7.5.5 Artificial ground freezing

Artificial ground freezing uses a very low temperature
refrigerant (either calcium chloride brine or liquid
nitrogen) that is circulated through a series of closely-
spaced boreholes drilled into the ground. The ground
around the boreholes is chilled and ultimately frozen.
Frozen soil or rock has a very low permeability, and will
significantly reduce groundwater inflow into the site.

15.8 Objects in the water system: fixtures,
fittings, and appliances

A.k.a., Water-based technologies, including
appliances.

Plumbing fixtures and fittings are equipment that
interface with the water in a building:

1. Plumbing fixture - A device for receiving water
and/or waste matter that directs these substances
into a sanitary drainage system. Note that the
term is used erroneously in common vernacular
to describe "fittings". The most common fixtures
include, but may not be limited to:

A. Toilets.
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. Sinks.

. Bathtubs.

. Shower receptors.

Toilets (water closets).
Filters and inceptors (e.g., chemical feeder).

. Inspection chambers.

. Drain fixtures:

1. Static open drain fixtures.

2. Open/closed drain fixtures.
|. Heat recovery systems
J. Gutters.

K. Pumps.
L. Water meters.
M. Water sensors.
N. Hot water fixtures:
1. Water heaters.
2. Radiators (hot water radiators).

2. Plumbing fitting - a device designed to control and
guide the flow of water. Note that some people call
these "fixtures," but that term means something
different in plumbing. The differing usage of "fitting
vs. fixtures" can lead to unintended consequences,
such as when legislation calls for changes in
fixtures, although the true intent involves changes
in fittings. The most common fittings include, but
may not be limited to:

. Faucets (hot, cold, or mixed).

. Shower heads.

. Shutoff valves.

. Shower valves.

Drinking fountain spouts.
Pipe fittings (note: all pipe connectors are also
called pipe fittings).

3. Plumbing appliances - appliance devices that use
water, the most common of which include:

A. Refrigerators (only those with a water hookup).
B. Washing machines.
1. Fabric washing (e.g., clothes washer).
2. Ceramics washing (e.g., dish washer).
C. Dish washing machine (including, instrument
washing machine).
D. Waste disposal unit (under kitchen sink).
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IMPORTANT: All fixtures, fittings, and appliances
must be specified with the right capacity for their
placement.

15.8.1 Pump fixtures

Building installations do not have a constant demand for
water, and the flow provided by pumping systems must
be adjusted to match demand. There are three main
ways to achieve demand matching:

1. Flow restriction [control] - uses a control valve at
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the pump outlet to restrict flow.

2. Flow recirculation [control] - uses a recirculation
valve to send the unused water flow back to the
pump inlet.

3. Variable speed [control] - uses a variable speed
pump (with a variable speed impeller) to adjust
flow and match usage demand.

Variable speed control is the most efficient option
because the other two waste pumping power:

1. Flow restriction [control] wastes power because
the pump consumes power to compensate the
pressure loss across the control valve.

2. Flow recirculation [control] wastes power since the
unused water flow represents wasted power.

15.8.1.1 Variable speed pumps

Variable speed pumping systems are often used to boost
the pressure of the local water supply, especially in high
multi-story constructions. Variable speed pumping
systems can adjust the rotating speed of the impeller
to modulate water flow. This method is significantly
more efficient than using valves. Flow restriction and
flow recirculation both represent a waste of pumping
power, driving up electricity expenses. Only variable
speed pumping systems can optimize their operating
efficiency, consuming just the necessary power to
establish the required water flow. (Variable speed, 2021)

Here, speed control is achieved by designing the
pump's motor system with a variable frequency drive
(VFD). A VFD modulates the voltage and frequency of
the power supply, and the rotational speed of the pump
changes accordingly. If the demand for water is below
the rated flow of the pump, the VFD slows it down until
the flow provided matches demand. (Variable speed,
2021)

Note that when variable speed pumping systems are
deployed as part of an HVAC installation, the design
process must consider the entire installation and not
only the hydronic piping. To take advantage of a variable
speed pumping system, HVAC installations must also
be capable of adjusting the air supplied by ventilation
systems, and the cooling output of chillers and boilers.

Variable speed pumping systems provide an excellent
opportunity to save energy in applications where large
amounts of water are used. However, the benefits can
only be achieved if the system is designed correctly and
compliant with local codes. Professional design services
from MEP engineers are strongly recommended.

NOTE: When deploying speed controls for a
pumping systems, it is important to have reliable
electrical protections.

15.8.1.2 Well pumps
A.k.a., Water pumps.
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A well pump is installed after drilling or digging a well.
Its purpose is to pump water from the well into a
plumbing system. An electric motor drives an impeller
or centrifugal pump, which pushes water from the well
through a jet or pipe. Well/water pumps supply the
pressure needed to pressurize a plumbing system or
fill a water tank with water from an underground (Read:
well) source. (Ultimate guide, 2021)

There are three primary types of well pumps:

1. Centrifugal pumps - rotate an internal fan to
create suction. Unlike other well pumps, centrifugal
pumps sit in a mechanical housing next to the well
instead of inside it, making maintenance less of a
hassle. Centrifugal pumps are generally used for
shallow wells as they do not have enough power
for deep wells.

2. Submersible pumps - are practical for virtually
any well, no matter how shallow or deep it is.
Submersible pumps are placed underwater,
inside the well. The motor powers impellers that
push water up the pipe. Turning on the pressure
switch causes the impellers to spin, which will
push water to the surface. These pumps are
watertight, generally last a long time and rarely
need repairs. However, repairs involve pulling
the pump out of the well and up to the surface.
These pumps will not function unless they are
entirely submerged under water. A submersible
pump has a cylindrical shape, and the bottom half
consists of a sealed pump motor that attaches to
an aboveground power source. The motor powers
impellers, which in turn drive the water upward.
Turning on the pressure switch causes impellers
to spin, thereby sucking water into the pump. The
water gets pushed through the body of the pump,
then (typically) into a storage tank on the ground’s
surface. Even though a submersible pump can
deliver water more efficiently than a jet pump
with a similarly sized motor, any motor issues
could require removing the entire unit from the
well casing. Fortunately, most submersible pumps
tends to be highly reliable and can operate at peak
performance for as long as 25 years before needing
maintenance.

3. Jet pumps - provide the most power and can
deliver more water faster than other type of
pump. Jet pumps work in wells at all depths. Jet
pumps create pressure via impellers. The impellers
move water (drive water), through a small orifice
mounted in the housing located in front of the
impeller. Doing so increases the water’s speed.
When the water leaves the jet, a vacuum will suck
more water from the well. This water will combine
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with the drive water and discharge into the

plumbing at high pressures. There are two types of

jet pump:

A. Single-drop - best for shallow wells. These are
placed inside a building or in an outbuilding.

B. Double-drop - suitable for deep wells. These
require a split installation. The jet assembly
is in the well, and the motor must stay above
ground.

NOTE: That the upfront costs for submersible
pumps are often higher, they are generally
lower maintenance, and often a lower cost
long-term investment. Unlike aboveground well
pumps, which are vulnerable to mechanical
failure, submersible pumps tend to have fewer
problems. Because submersible pumps are
underwater, they don't lose prime, an issue
commonly experienced by aboveground pumps.
Cavitation, an occurrence when gas or air makes
its way into a pump’s mechanical parts, is
generally not an issue for a submersible pump
because the pump sits far below the water’s
surface and can always access water.

When choosing the right pump for a well sourced
system, the most important factor is the well's depth
(i.e., how far the water must travel to get to the surface
of the ground):

1. If the well is less than 8 meters (25ft) deep (Read:
shallow well), use a shallow well jet pump. A
submersible pump can be used for wells as shallow
as 8 meters.

2. If the depth of the well is between 8 to 33
meters (25ft to 110ft), use a deep well jet pump.
Alternatively, a submersible pump can be used
here.

3. If the depth of the well is between 33 to 121
meters (110ft to 400ft), use an appropriately sized
submersible pump. Remember, you can also use a
submersible pump for wells as shallow as 25 feet.

If the well is a shallow (up to 8m), then a single-drop jet
pump is recommended. These pumps come with one-
way check valves, which serve to keep the pumps primed.
The single-drop jet pump sits aboveground and draws
water up through one inlet pipe. This pump sits over
the well and draws up water via suction. The distance
it can suck up the water depends on the air pressure.
While air pressure changes with elevation, jet pumps
generally are not ideal for wells more than 25 feet deep.
A jet pump generates pressure via its impeller, which
pushes the drive water through a small orifice or a jet
inside housing located in front of the impeller. The jet's
constriction increases the moving water's speed. As the
water exits the jet, a vacuum will then suck more water
out of the well. When this extra water comes together
with the drive water, it will discharge into the plumbing
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at high pressure.

If the well is up to 33m deep, then a double-drop
jet pump is recommended. Deep-well jet pumps are
positioned above ground. They draw water by using two
pipes. One pipe draws water out of the well, while the
other pushes the water up. A deep well jet pump sucks
up water from depths as great as 33m, and hence, uses a
foot valve for priming the pipe as well as prevents water
drainage from the pipes. The impeller is responsible
for driving water into the body of the jet, whereas the
jet delivers the water back to the pump. A deep well
jet pump uses suction at the jet for bringing water into
the system. It also uses pressure to lift water up the
well and deliver it. Some models come with a tailpipe,
which prevents users from pumping the well dry (Read:
overpumping). When the water level dips below the jet's
housing, the tailpipe will ensure nobody can pump the
well dry. The higher the jet sits above the level of the
water, the more efficiently it will pump. Just like with a
shallow-well system, a deep-well system also requires
priming with water.

If the well is up to 121m deep, then a submersible
pump is recommended. Deep-well submersible pumps
use pressure tanks to suction water via one pipe that
connects to the plumbing system. While a jet pump can
work with wells several hundred feet deep, they are
generally not as effective for deeper wells as submersible
pumps.

15.8.1.3 Pool pumps

Pool pumps are the source of water circulation for a pool
system. Pool pumps primarily pull water from the pool
through a skimmer and main drain, pushing it through
a filter, and returning it to the pool through the main
returns. This allows chemicals (if present) to circulate
evenly throughout the pool, as well as filter out debris
by circulating water through a filter system. Without
the water moving around regularly, algae may start to
form in your pool water. Some pool pumps can also add
and/or remove water from the pool -- add in the case of
water shortage and remove in the case of excess water,
such as from excess rain. These pumps use electricity.

There are three common types of pool pumps:

1. Single-speed pumps - pump the swimming pool's
water through the system at one constant speed.
The pump runs at the same speed all the time and
can increase power usage.

2. Two-speed pumps - run at two fixed speeds - high
and low. The higher speed is equipped to handle
pool cleaners while lower speeds are best for
general circulation.

3. Variable-speed pumps - adjust their speed based
on the task they are performing.

15.8.1.4 Pool system fixtures

Most pool systems consist of the following elements:
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A basin.

A motorized pump.

A water filter.

A chemical feeder.

Drains.

Returns.

PVC plastic plumbing connecting all of these
elements.

NouswN =

Every pool system has two general sides to the
system (as well as a filtration system):

1. The suction side - draws water from the
pool to the pump. This is the part that begins
the circulation process. This side generally
consists of the following elements:

A. Skimmer outlet - pulls water from the
pool's surface into the filtration system.
These are usually positioned on the
side of the pool. Debris goes through a
flapping door ("weir") and goes into the
skimmer basket that traps the material.
The skimmer basket will need to be
emptied periodically to keep it from
clogging.

B. Main drain outlet - ocated at the bottom
of the pool and pulls debris that has fallen
to the base.

C. Suction lines - run to the pump. These
lines are generally a flexible or rigid set of
PVC pipes that run from the skimmer to
the pump system. Depending on the type
of pool, the suction lines can be found
above ground or underground. Suction
lines can leak, causing problems with
the system. If the suction lines are above
ground, the leak is easier to find and
therefore fix.

2. The pressure side - provides pressure to
move water through various pool fixtures
and back into the pool basin.

A. Pump - pushes the water through the
filter, heater, and chemical feeder.

B. Filter - filter debris and particle matter
from the pool. Note that the 'filter system'
consists of the pump and the filter. Filters
include, but may not be limited to:

1. Sand filters.

2. Cartridge filters.

3. Diatomaceous earth filters.

4. Biological filter (for natural pools).

C. Heater (heat exchanger).

D. Chemical feeder - introduction and
circulation element for chemicals.
Chemicals may include, but are not
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limited to:
1. Ozonator.
2. Chlorinator.
3. Salt.
4. Etc.

E. Return lines - carry the water from the
circulation system to the return jets.

F. Return jets - are positioned in the pool
basin (generally), and return water into
the pool. Some return jets are movable
to control the circulation of the water.
Pointing them down helps with better
chemical and temperature distribution as
well as overall filtration.

NOTE: The only difference between a
standard chlorine pools and a salt water
pool is that in the salt pool the chlorine is
not poured into the water, but is produced
by electrolysis from common salt dissolved
in the pool. The effect is the same - it is still
a chlorine pool.

In 'natural pools' no additional chemicals are
required due to biological self-cleaning processes.
Technology is used to support and enhance the
natural processes. A natural pool will function
as it should if the regeneration area is designed
correctly and the underwater plants are used
properly. The pool is fortified with zooplankton
(including: water fleas, rotifers, paramecia, etc.),
which play an important role in keeping the water
clean on a continual basis. In natural pools, the
separation of the pool into two water circuits
allows the system to operate economically and
with minimal use of space. The first circuit is
responsible for cleaning the surface of the water
and removing floating particles. Its pump runs
throughout the day. The purpose of the second
circuit is to eliminate organic compounds. Its
pump runs continually during the swimming
season. Features like rock fountains, waterfalls or
curtain fountains can be integrated into either or
both of the circuits.

Note that some pools also contain a pool cover
to protect the pool and/or nearby persons. Pool
cover types include, but may not be limited to:

1. Winter cover - is the most common and least
expensive of the pool covers. It is usually
made of a tarp-like material but does the job
of keeping debris out of the pool. Note that
these covers usually only lasts two winters.

2. Security cover - is a sturdier and more costly
cover than the standard winter cover. The
security cover is made to keep debiris,
children and pets out of the pool when
covered.
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3. Automatic pool cover - rolls out over the pool with
the touch of a button.

4. Solar pool cover - is intended to extend the pool's
usage season. It can warm up the water earlier in
spring and keep it warmer longer later in the fall.

15.8.2 Mixed cold and hot water fixtures

The most common dual water fixtures are:

1. Sinks.
2. Showers.

15.8.3 Cold water fixtures

The most common cold water fixtures are:

1. Toilets.

2. Bidet spray (is a small shower head with a relatively
short hose often connected to the wall near the
toilet).

15.8.3.1 Toilets

Toilets are a collection receptacle for human urine and
faeces. Some toilets use water. The size and type of toilet
receptacle can vary from place to place, depending on
culture, availability, and purpose. Water-using toilets can
differ in the following ways:

1. Size, shape, and purpose:

. The squat floor toilet.

B. The standard sitting bowl toilet.
C. The urinal.

D. The handicapped toilet.

E

F

>

. The bidet.
. The standard sitting toilet with integrated bidet.
2. Trigger mechanism for flushing:

A. Some toilets have a single handle for flushing.

B. Some have a pull chain.

C. Some have a push button (Read: flush valve).

D. Hands-free automatic flushing.

3. Flushing quantity type:

A. Single flush system - In a single flush system,
the toilet user can only use the same amount of
water whether flushing liquids or solids. These
toilet systems mostly use a trip lever handle
mounted on the side or the front of the tank.
The toilet handle is connected to a lift chain
which is in turn connected to a flapper. When
you push the toilet handle down, the chain lifts
the flapper off the flush valve opening allowing
water to flow down to the bowl for flushing to
happen.

B. Dual flush system (a.k.a., flush valve systems)

- has two different buttons/handles that offer
lower and higher water pressure, depending

on the amount of waste. This conserves water.
A dual flush valve assembly is mounted on top
of the flush valve. When any of the buttons are
pressed, the valve seal lifts off allowing water
to flow down to the bowl. The amount of water
depends on the button you pressed. These
systems can be designed to let users push a
handle/button in one direction for liquid waste
and another direction/button for solid waste.
4. Flushing hydrodynamics type:

A. Gravity flush system (a.k.a., gravity-powered
flush, tank-based, cistern-based) - water flows
from the tank which is mounted on top of the
bowl and move to the bowl via gravity creating a
force inside the bowl that causes the toilet trap
to siphon out the waste. These toilets have a
cistern that fills and stores water until flushing
occurs solely by gravity. After flushing, the water
supply once again fills the cistern for the next
flush. Water that sits in the toilet tank for long
periods of time can become unsanitary.

B. Pressure-assisted flush system (a.k.a., gravity
with compressed air flush) - combines the
gravity flushing system with compressed air.
This system is used to create a powerful flush
in toilets where gravity flush system on its own
would not be sufficient like in rear-discharge
and upflush toilets. A pressure-assisted toilet
has secondary plastic tank inside the main
tank called a pressure vessel. Incoming water
from the water supply line mixes with the air
in the pressure vessel therefore becoming
pressurized. When you flush the tank, the
water leaves the tank forcefully and powerfully
flushes the toilet. Pressure-assisted flushing
systems are louder than gravity flush systems
which might be uncomfortable for some
people. Because of this gravity-powered flush
assistance, tank toilets can function on a water
pressure as low as 10 pounds per square inch
(psi).

C. Tankless flush system (a.k.a., flushometer, fully
pressurized flush) - are connected directly to
the pressurized plumbing network without an
in-between tank. Some plumbing networks have
enough water pressure to power the flush of a
tankless toilet without any sort of mechanical
assistance. Tankless toilets use approximately
the same amount of water as a tank-type toilet,
but the water enters the fixture at a greater
pressure. Tankless flush systems usually need at
least 15 to 20 psi of water pressure to function
properly, sometimes more. Urinals are an
exception. Urinals generally operate using the
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same basic principles as regular flush valve
toilets, but they require less water pressure
because of the nature of the material being
flushed (liquid versus solid waste). For this
reason, urinals can run on much smaller water
supply lines. They also require much less water
to complete a flush.

D. "Tornado" and "double-cyclone" system: The
double cyclone system uses tank that passes
water into bowl through 2 nozzles located at
the top of the bowl facing sideways. As a result,
the water swirls in the bowl like cyclone which
is very effective in cleaning, rinsing and flushing
the toilet. The "cyclone" is created due to the
direction in which the water enters the bowl.
The nozzles which face sideways allow the
water to strike the surface of the bowl thereby
creating a vortex which is what cleans the bowl.
The tornado system is an improved version
of the double-cyclone flush system. Instead
of 2 nozzles, the tornado flush system lets the
water in to the bowl through 3 jets positioned
sideways around the top of the bowl. As the
water enters the bowl, it swirls around the like
a "tornado" which is very effective in cleaning
the bowl. It also has more quiet flush. With a
tornado flush system, the toilet bowl does have
a rim which eliminates bleeding ground for
germs. Itis also easier to clean.

E. Tower style flush system (a.k.a., canister flush
system) - uses a canister toilet flapper which is
normally mounted in the middle of the tank and
connected to the flush handle.

F. Double vortex flush system - Water enters the
bowl via 2 nozzles at the top of the bowl which
face sideways which creates a whirlpool in
the bowl. Although most of the water comes
through the 2 nozzles, some of the water is
directed straight to the trapway simultaneously
with the double-vortex action.

Most flush toilets operate using a siphon, which is a
tube at the bottom of the bowl fixture. Water coming
into the toilet must do so fast enough to fill the siphon
tube, allowing the water and whatever else is in the bowl
to be sucked through and pulled down the drain. Some
water supply lines don't allow water to enter a toilet fast
enough to trigger the siphon effect.

NOTE: In many places on the central and south
American continent, plumbing/sewage systems
are not capable, due to their design, to handle
large amounts (or, any at all) of toilet paper.
Flushing toilet paper causes clogs and plumbing
issues. That said, toilet paper is designed to be
flushed; it breaks apart in the water and can
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form a movable sludge. Pipe networks must have
enough pressure and appropriate pipes to move
such sludge effectively. Municipal water pressure
in some areas of the world isn't strong enough
(or, the pipes are not designed) to handle the
sludge. Most spetic systems can handle toilet

paper.

15.8.4 Hot water fixtures

Common hot water fixtures include:

1. Fixtures that produce hot water (water heating
fixtures): Normally, cold water comes out of the
taps automatically. To get hot water, cold water
moves through a heater to raise its temperature.
Hot water can be generated by heaters utilizing
natural gas, electricity or steam as an energy
source. 'Water heater' is a generic term for a device
that heats water.

A. Instantaneous hot water (a.k.a., on-demand
water heaters, demand-type water heaters,
tankless water heaters) - make hot water on
demand without the presence of a tank.

1. Powered by natural gas.
2. Powered by electricity.

B. Boiler (a.k.a., boiler, tank storage water
heater, hot water tank) - make and hold hot
water inside a tank. This type uses hot water
storage.

1. Powered by natural gas.
2. Powered by electricity.

2. Fixtures that use hot water:

A. Heat radiating fixtures (a.k.a., hot water
radiators) - radiate heat from pre-heated water.

B. Heat recovery fixtures (a.k.a., power pipes) -
recover heat from heated water in drains.

There are many different sub-types of water heater,
which can be electric or gas, and can be tank-based or
tankless. These include, but are not limited to:

1. Whole house water heaters.

2. Bathroom water heaters.

3. Under sink and over sink water heaters.
4. Shower head water heaters.

Hot water heaters are generally powered by either:

1. Electricity.
2. Natural gas.
3. Propane.

15.8.4.1 On-demand water heater

A.k.a., Tankless water heater, instantaneous
water heater, instant hot water heater.
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On-demand water heaters provide hot water only as
it is needed (i.e., on-demand). In other words, these
systems work from demand, not from [tank] capacity.
These systems use high-powered heaters (or burners) to
rapidly heat water as it runs through a heat exchanger,
and is then, delivered directly to endpoints without
storing it in a tank. These systems usually take a minute
or less to heat the water and distribute to the usage
point, after a hot water tap has been turned on.

The advantages and disadvantages include, but are not
necessarily limited to:

1. On-demand water heaters occupy less space than
boilers.

2. On-demand water heaters need to be selected
to provide sufficient hot water for all expected
endpoint uses when providing hot water
simultaneously.

3. Save energy over time.

4. Cannot be used to supply radiators with hot water.

15.8.4.2 Tankless coil (furnace and boiler) water
heater

A tankless coil water heater provides hot water on
demand without a tank. When a hot water faucet is
turned on, water is heated as it flows through a heating
coil or heat exchanger installed in a main furnace or
boiler. Tankless coil water heaters are most efficient
during cold months when the heating system is used
regularly but can be an inefficient choice for many
homes, especially for those in warmer climates.

15.8.4.3 Tank-based water heater

A.k.a., Boiler, reservoir water heater, hot water
tank, conventional water storage water heaters.

Boilers provide hot water by heating the water in a
tank (reservoir), either through electricity or gas. These
systems use an insulated tank with a fixed storage
capacity that heats and stores the water until itis needed.
These systems continuously use energy to maintain a
hot water supply [in a tank]. A pipe emerges from the
top to deliver hot water to endpoints.

Natural gas storage-tank water heaters use almost 50
percent less energy to operate than the electric variety.
However, they cost more than electric models. Natural
gas systems also feature a temperature and pressure-
release valve that opens when either temperature or
pressure exceeds preset levels.

The advantages and disadvantages include, but are not
necessarily limited to:

1. Boilers occupy more space than on-demand water
heaters.

2. Smaller boilers (relative) can run out of water prior
to the user desiring the water running out.
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3. Can be used to supply radiators with hot water.

The greater the demand for water, the higher the
requirement for capacity (tank size).

15.8.4.4 Indirect (furnace and boiler) water heaters

Indirect water heaters require a storage tank. An indirect
water heater uses the main furnace or boiler to heat a
fluid that's circulated through a heat exchanger in the
storage tank. The system is "indirect", because the
furnace or boiler is the location where a separate fluid is
heated, which passes through a heat exchange coil [hot]
water tank. It is the heat exchange coil in the tank that
makes the water therein hot. The boiler/furnace that
heats the coil is separated from the hot water tank. The
energy stored by the water tank allows the furnace to
turn on and off less often, which saves energy. An indirect
water heater, if used with a high-efficiency boiler and
well-insulated tank, can be the least expensive means of
providing hot water, particularly if the heat source boiler
is set to "cold start."

15.8.4.5 Heat pump water heater

Heat pump water heaters use electricity to move heat
from one place to another instead of generating heat
directly. To move the heat, heat pumps work like a
refrigerator in reverse. Heat pump water heaters require
installation in locations that remain in the 4.4°-32.2°C
(40°-90°F) range year-round and provide at least 28.3
cubic meters (1,000 cubic feet) of air space around the
water heater. Air passing over the evaporator can be
exhausted to the room or outdoors. Heat pump water
heaters will not operate efficiently in a cold space since
they tend to cool the space they are in. Installing them
in a space with excess heat, such as a furnace room, will
increase their efficiency.

NOTE: Heat pumps can be used to transfer

thermal energy between different materials.

There are heat pumps that combine heating,
cooling, and water heating.

15.8.4.6 Solar boiler (a.k.a., solar water heater)

A solar boiler is a type of tank-based water heater. Solar
boilers use sunlight to heat. Light from the sun strikes
a solar collector and heats the black metal sunstrip
absorber underneath the glass cover. This heat is
transferred to a non-toxic anti-freeze solution (e.g.,
propylene glycol and water) that is pumped through the
collector and returns to the solar boiler. In many cases,
a solar boiler is paired with a conventional heating
system. In this case, cold water enters the solar boiler
for initial heating, and is then delivered to the backup
or conventional heating system for final heating as
required. Conventional energy requirements can be
reduced substantially by using the Solar Boiler, and on
many days the Solar Boiler will provide ample hot water
without the backup (conventional) heater turning on.
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15.8.4.7 Drain water heat recovery (DWHR) unit

A.k.a., Hot water heat recovery system, power-
pipes.

A hot water heat recovery unit works by using outgoing
warm drain water to pre-heat cold water going to the
water heater. ADWHR is generally a double-wall, vented
heat exchanger system can be used to supply fresh, pre-
heated water to the water heater. The system features
multiple coils wrapped in parallel around a central
drainpipe. DWHR systems are based on a fundamental
physical principle called the “falling film” effect. This
means water falling down a vertical pipe does not run
down the center of that pipe, but clings to its inside wall.

15.8.4.8 Hot water radiator
A.k.a., Hydronic radiator.

Hot water radiators work by drawing heat from water
or steam and use that heat to warm up surrounding air.
Hydronic heat is one of the most effective ways to warm
a building. It is highly controllable, silent and maintains
a much steadier ambient temperature than central air
systems. Hot water radiators can be positioned either
within a room itself, or under the floor.

Area-base hot water radiators have piping that
allows hot water to enter the radiator through a control
valve and exits through a lockshield. On initial fill, air is
vented through the bleed valve to ensure the radiator is
completely full of water. The control valve allows water
into the radiator. It can be manual or thermostatic.
A thermostatic radiator valve (TRV) adds control and
increased energy efficiency.

15.8.5 Inspection chambers

Inspection chambers are part of a drainage system. They
are locations where inspection of the water and piping
can occur, and blockages can be removed. Inspection-
type chambers include, but may not be limited to:

1. Manholes - allows the physical whole-human
access to the blockage in the underground pipes.
2. Inspection chambers - small boxes/chambers,
which allow only hands, arms, and cameras (and
other devices) to inspect and test the drainage and
flow of water through the pipes. Note that any type
of water network can have one or more inspection
chambers, such as
A. Sewer inspection chambers (caixa de
inspecao de esgoto) - allows for inspection of
sewer water.
B. Soap water chambers (caixa de sabao) - this
is a box/chamber where water with soap enters
can be inspected.

15.8.6 Plumbing filtration and inceptor
fixtures
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Plumbing filtration fixtures include:

1. Water supply filtration - a filter that purifies the
source of water so it is fit for various purposes,
most often, drinking.

A. Carbon-type filters.

B. Reverse osmosis filters.

C. Etc.

2. Sanitary water filtration - a filter that filters out
material from the sanitary water system so it
doesn't contaminate its final destination.

A. Lipids (FOG) filters (a.k.a., fat interceptors,
lipid interceptors, caixa de gordura)

- FOG refers specifically to fats, oils and

grease entering the sewer system when
poured down drains in homes, apartments,
restaurants, industry and public facilities.

FOG is generally a product of cooking. When
poured down the drain (sink or floor), FOG can
build up, blocking sanitary sewer lines. This
accumulation not only reduces the capacity

of the wastewater collection system, but it
also alters its effectiveness, and can lead to
complete blockages. In severe cases, blockage
can lead to: Sewage backups into homes and
businesses and Sewers that overflow onto
roadways and property, eventually flow into
local waterways, causing contamination. The
easiest way to solve the grease problem and
help prevent overflows of raw sewage is to keep
this material out of the sewer system. Through
education and by adopting certain habits, it is
easy to minimize FOG sources at home. FOG
buildup also increases the cost and resources
usage of maintaining a wastewater treatment
system. Grease traps and interceptors are
devices designed to keep fats, oils and grease
(FOG) from entering building and public sewer
lines. They can be located inside or outside of
your kitchen, depending on the application. In
general, they are designed to retain FOG-laden
discharge long enough for grease in the water to
cool, solidify and separate from the remaining
waste. Once the grease has separated, it can be
disposed of properly.

B. Sand/oil interceptors - generally contain one to
four compartments (basins) where oil separates
and floats to the surface, while sand and grit
settle to the bottom sludge.

15.9 Installation of plumbing system
A.k.a., Plumbing installation.

There are many ways to install plumbing. These systems
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are usually embedded into structure.

15.10 Operation of plumbing system
A.k.a., Plumbing operation.

Most significant operational activities are located on
the supply side because of the requirement for static
pressure given dynamic demand. Some demand-side
specialized water systems, such as pools and ponds,
may have significant operational activities.

15.10.1 Plumbing load demands
A.ka., Water loading.

Water loads are measured in several ways, most notably,
energy consumed to produce:

1. Conditioned water flow, and
2. Surface temperature.

In order to do work, plumbing systems are split into a
power usage system and an water flow and temperature
changing service system:

1. A power usage system:

A. Energy consumed may be by electricity or
combustion of fuel.

1. Most plumbing electrical loads are measured
in watts [of electrical] power. Often, the
kilowatt hour (kW.h)

2. Heating and cooling systems can be measured
in BTU [of heating or cooling] power

2. A water-flow conditioning (production and
distribution) system:

A. Water flow volume is water flow rate, or
quantity of water being moved, which is
measured in:

1. L3/sec (cubic liters per second) or

2. cubic gallons per minute (CGPM).

B. Water flow velocity (Read: distance travelled
per unit of time) is measured by sensing
the pressure that is produced through the
movement of the water. Velocity is also related
to water density with assumed constants of 70°
F and 29.92 in Hg. Water velocity is generally
measured using flow meters, which are one of
the most effective instruments for measuring
water flow, or the speed of the water. It is
possible to measure the velocity at different
points in a pipe and find the average velocity in
the pipe. The most common measuring units for
velocity are:

1. Meters per second (m/s, m/sec)

2. Feet per minute (FPM)

C. Temperature production is measured in kelvins
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or Celsius (or Fahrenheit in imperial).

D. Static pressure, as it applies to water, is the
water pressure within a system when no faucet
or valve is on, i.e. the water is static or not
flowing. Static and dynamic pressure can be
tested for with a standard water pressure test
gauge for a outlet. By connecting the gauge to a
spigot and turning the valve on while nothing is
on within the plumbing system. Readings need
to be taken at the proximal and distal a mains.
It is an important design consideration to have
these openings built into the design so that
post installation construction to drill holes is not
required. The most common measuring units
for pressure are:

1. kPa
2. psi
3. H20
3. The conduit pipes (piping, transmission lines) and
filters are another type of load.

* Friction causes losses in conduit lines and filters.

4. Non-usage, but presence, will still equate to system
service usage.

« If a usage circuit has no load in the form of a
power factor of zero the user would consume NO
liters per minute (i.e., no usage), but the supplier
would still have to send static pressure to them
and incur real energy losses in lines, pumps, and
filters. Power factor is the relationship (phase)
of volume and velocity in a water production-
distribution system.

15.11 Engineering calculations for
plumbing

In order to achieve optimally configured plumbing
systems, the selection of sub-systems be must account
for:

1. Identify demand requirements (load).
A. ldentify demand fixture units.
2. ldentify supply parameters for demand
requirements.
A. Identify supply fixture sizes and first hour rating.
1. Tankless-based water heaters: Flow rating in
liters/minute at specific temperatures.
2. Tank-based water storage: volume of stored
fluid possible.
Identify thermal heating and cooling requirements.
Identify fuel/power type.
Identify fuel/power availability.
Identify fuel/power financial cost (market only).
Calculate energy efficiency (energy factor, EF).
Overall resource and financial costs (budget).
A. Acquisition.

O NV kAW
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B. Installation.
C. Operation.
D. Maintenance.
E. Replacement.
F. State tax.

15.11.1.1 Water heating sub-system calculations

It is possible to calculate the energy efficiency of water
heating systems, including storage tanks, tankless or
demand-type water heater, or heat pump water heater.
The energy factor (EF) indicates a water heater's overall
energy efficiency based on the amount of hot water
produced per unit of fuel/power consumed over a typical
day. This includes the following:

1. Recovery efficiency - how efficiently the heat from
the energy source is transferred to the water

2. Standby losses - the percentage of heat loss per
hour from the stored water compared to the heat
content of the water (water heaters with storage
tanks)

3. Cycling losses - the loss of heat as the water
circulates through a water heater tank, and/or inlet
and outlet pipes.

The higher the energy factor, the more efficient the
water heater. However, higher energy factor values don't
always mean lower annual operating costs, especially
when you compare fuel sources. Product literature from
a manufacturer usually provides a water heater model's
energy factor. Don't choose a water heater model based
solely on its energy factor. When selecting a water
heater, it's also important to consider size and first hour
rating, fuel type, and overall cost.

15.11.1.2 Water supply calculations

The proper design of a water distribution system within
and between buildings necessitates calculations on the
supply side.

The water is system is calculated in the following ways:

1. Estimate demand (water supply fixture units,
WSFU).

2. Calculating pipe sizes for the whole building supply
(cold and hot water) system.

3. Calculating pipe sizes for the whole building
drainage system

4. Calculating friction pressure drops or losses in cold
and hot water pipes, as well as drainage pipes.

15.11.1.1 Estimate demand with water supply fixture
units (WSFU)

A.k.a., Water supply units.

Water supply fixture units (WSFU) is the standard
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method for estimating the water demand for a building.
WSFU is is defined by the American Uniform Plumbing
Code (UPC) and is used to calculate the demand in water
supply systems. This system assigns an value called a
WSFU to each fixture in a building, based on the amount
of water required and the frequency of use. The water
supply fixture units are distinguished between cold, hot
or both. If a plumbing line serves only the cold water
side of a fixture, then the corresponding value should
be used. For example, a main line may serve the both
cold and hot water, but then a branch line may go to the
hot water heater. The branch line would only use the hot
water value.

The international plumbing code (IPC) maintains a
water supply fixture unit table. If a plumbing fixture is
not available in the table, then a fixture unit value can be
assigned by the designer or engineer. Typically, a similar
plumbing fixture that has a similar maximum flow rate
and frequency of use will be selected. If the plumbing
fixture will be on for long periods of time, then the
volumetric flow rate can be inserted into the domestic
water piping calculator.

Note that a fixture unit (FU) is used in plumbing design
for both water supply and waste water. Different fixtures
have different flow requirements.

One WSFU is equal to one gallon per minute = 3.785
L/m =1 WSFU. The relationship between liters per minute
(LPM; or gallons per minute, gpm) and fixture units is
not constant, but varies with the number of fixture units.
Fixture units are used in order to determine the required
size of pipe. Fixture unit values can be determined using
charts from the International Plumbing Code or similar
codes in local jurisdictions.

Additionally, there are situations where a design
provides for more FUs being discharged than being
supplied. This occurs in situations where liquids may
infiltrate or are added to a draining system, such as
might happen in a large sports venue. Examples of how
this could occur include rain water infiltration.

Table 7. Example table of water-supply fixture units for common
plumbing fixtures.

Type of Water-supply fixture unit value
fixture or

group of Hot Cold Combined
fixtures

Bathtub 1.0 1.0 1.4

Lavatory 0.5 0.5 0.7

Kitchen sink .8 .8 1.2

Table 8. Example table of water-supply fixture units for common
plumbing fixtures. Not that for Sl: 1 gallon per minute = 3.785 L/m,
1 cubic foot per minute = 0.4719 L/s.

Supply systems

predominantly for
flushometer valves

Supply systems

predominantly for flush tanks

Load Demand Load Demand
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LOEITED Gallons | Cubic BUEIEED Gallons | Cubic
:::(':Elrye per feet per :::(':E:'ye per feet per
Tl minute | minute Tl minute | minute
1 4.0 0.051 - - -

2 4.0 0.0485 — — —

3 3.2 0.58730 | — — —

4 7.0 1.0494 — — —

5 3.1 73653 5 15.0 2.00

Table 9. Example of fixture units for fixture models in relation to
community access-types.

Fixture unit value

Total

Number (Col
Appliance of fixtures 1, 2,
orfixture personal Common Team 2and

appliances
Model 1 1 1 25 2
389
Model 49 | x X X X X
Model X X X X X
342
Model 45 | x X X X X
Model 53 | x X X X X

Table 10. Table estimating peak hour demand/first hour rating
for a set of plumbing fixtures. Example values given.

Liters
Fixture use A\Ilif;?;ge Times used irlljsoer?e
‘machine during one
{specific) per ho%r e
usage (or,
gallons)
Shower 20 X 3 = 60
Dish washing 1 X 1 = 1
Manual dish 2 X 1 = 2
washing
Automatic dish 3 X 1 = 3
washing
Clothes 25 X 1 = 25
washing
Drinking .5 X 2 = 1
Total peak = 92
hour demand

15.11.2 Standard plumbing efficiencies

A.k.a., Plumbing control and automation.

It is possible to attach meters to fixtures to measure
incoming and outgoing water. Some plumbing system
context lend themselves easier to automation, such as
pool plumbing. In a pool, for example, plumbing can be
automated in the following ways:

1. Refill the pool when the fill is low.
2. Automatically overflow the pool when over filled.
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3. Automatically filter pool.
4. Automatically clean and replace filter.
5. Etc.

In non-industrial situations, plumbing is considered
pre-automated. In other words, it is a static system
that is designed to meet a demand, and there isn't
significant need for dynamic motion on the usage
side. Conversely, at the size of a utility providing water
pressure to many buildings and/or storeys, there are
degrees of automation. Sensors, which may not need
to be on continuously, can provide a valuable source
of information on the status of the system. Monitoring
instruments can be continuous or temporary.
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16 Architecture atmospheric sub-
system

A.k.a., Atmospherics engineering, HVAC
engineering, refrigeration engineering.

Atmospheric thermal conditions can be changed with
energy from several sources, including:

Natural ventilation.

Electrical ventilation.

Electricity (refrigeration or direct heating).
Combustion (hydrocarbons or carbon).
The underground earth.

SRS

16.1 Atmospheric standards

Atmospheric/HVAC standards include, but are not
limited to:

1. ANSI/ASHRAE Standard 180-2018 - Standard

Practice for Inspection and Maintenance of

Commercial Building HVAC Systems

« American Society of Heating, Refrigerating and
Air-Conditioning Engineers (ASHRAE)

Air Conditioning Contractors of America (ACCA)

Air Conditioning and Refrigeration Institute (ARI)

National Fire Protection Association (NFPA)

Sheet Metal & Air Conditioning Contractors National

Association (SMACNA)

vk wnN

16.1.1 Standard atmospheric documentation

A.k.a., Atmospheric system specification and
drawings.

Atmospheric systems are documented via specifications
and drawings.

1. Atmospheric drawings (a.k.a., HVAC schematics,
atmospheric schematics) illustrate the system that
will support airflow and transfer thermal energy.
Atmospheric (HVAC) drawings illustrates the
atmospheric system.

2. Atmospheric specifications include all written
content, reasoning for decisions, and calculations.

16.1.1.1 Atmospheric system plan

An atmospheric plan covers the following elements:

System concept.
Load calculation.
System zoning.

Air distribution.
Equipment selection.
Duct size calculation.

ok whN =
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7. Adjustment, testing and balance.

The atmospheric plan includes standards for
ventilation and air quality for all buildings. It also covers
requirements for the prevention of condensation and
other hazards.

16.1.2 Standard atmospheric requirements

What is required for a viable atmospheric production-
distribution system is:

1. For architecture - heating, ventilation, and air
cooling (HVAC) production proportionate to
electrical/combustion power and air demand [via a
load].

* Herein, a load means the amount of heating or
cooling required by a building.].

2. For economic calculation - Data sheet about
loads (HVAC appliances) to produce optimization
calculation.

3. For life support demand - HVAC proportionate to
human demand.

4. For technology and exploratory demand - HVAC
proportionate to human demand.

16.1.2.1 Circulation best practices

The following atmospheric circulation best practices
should be followed:

1. The air circulation should not blow air on people
positioned normally in a module. This is especially
true where people sleep; air should not blow onto
a bed (or in the specific area where a person is
sleeping or working).

2. In general, air needs to be conditioned prior
to entering a building, otherwise moisture will
increase in the building (leading to a higher
potential for mold growth).

3. One of the most effective ways to economize
resources, power, and human labor, is to
"centralize" the production of cold and/or warm
air for atmospheric thermal regulation for several
blocks and/or buildings. Duct energy loss over
distance ought to be accounted for when taking
this decision. It must be remembered that there
may be return vents for circulation of large
areas. Recirculated air will need higher quality
filtration and/or sterilization than proximal usage-
distribution systems.

4. Fans and heat exchange systems should have space
between them and other surfaces (e.g., walls).

16.1.3 Hazards with the atmospheric system

The following are some common issues and risks with
HVAC systems:
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1. HVAC systems normally create noise and vibration
due to the fans and compressors.

2. Duct leakage refers to the leakage of air from the
air distribution system ductwork.

A. Ducts that actually leak atmosphere.

B. Ducts that are not sufficiently insulated and
pass near thermal bridges or areas where
temperature is not controlled.

3. Water leakage, which is particularly possible case

with the inside unit of a split heat exchange system.

Sometimes the drain gets clogged, and sometimes
the machine malfunctions and begins leaking
water.

4. Humidification of the indoor environment leading
to mold and rot. In order to prevent this the
following best practices can be followed:

A. Do not set the thermostat to the “fan on”
position. In this position the fan blows air all the
time whether the cooling system is running or
not. When this happens a lot of the moisture
the system just took out of the air will be blown
back into the house before it can drain way.

B. Use exhaust fans during moisture-producing
activities. Cooking, bathing, washing, and similar
activities produce a lot of moisture inside the
home. Exhaust that moisture directly outdoors
using a fan. Similarly, avoid drying clothes
indoors except with a clothes dryer that is
exhausted directly outdoors.

C. Do not open windows or use ventilative cooling
when it is too humid outside.

The following are potentially hazardous atmospheres:

1. Fog - tiny water droplets suspended in the air near
the earth's surface.

2. Steam - water in the gas phase, due to boiling.
Steam is very hot and can harm or kill someone.

3. Vapor - substance in the gas phase at a
temperature lower than its critical temperature,
which means that the vapor can be condensed to
a liquid by increasing the pressure on it without
reducing the temperature. Most vapors are
dangerous to some degree. Water vapor (humidity)
can cause mold and other water-damage issues in
specific environments.

4. Aerosol - suspension of fine solid particles or liquid
droplets in air or another gas, usually refers to an
aerosal spray that delivers a consumer product
from a can. Most areosols are dangerous to human
health.

5. Mist - a phenomenon caused by small droplets
of water suspended in the air, an example of a
dispersion, where warm, moist air meets sudden
cooling, such as in exhaled air in the winder, or
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when throwing water onto the hot stove of a sauna.
Like water vapor, mist can cause water-related
damage.

6. Smoke - a collection of airborne particulates
and gases emitted when a material undergoes
combustion. Most smoke is dangerous to humans.

7. Cloud - an aerosal consisting of a visible mass of
minute liquid droplets, frozen crystals, or other
particles suspended in the atmosphere of a
planetary body or similar space.

8. Fire - oxidation of a material in the exothermic
chemical process of combustion.

9. Flame - gaseous part of a fire.

ASSOCIATION: fFor gas and fuel risks, see
the associated gas and fuel section of the
architectural subsystem and power subsystem.

16.2 Conception of the atmospheric
service system

An atmospheric system specification may include:

1. Ventilation system:
A. Ventilation points.
B. Conduits.
C. Fans.
D. Filtration.
2. Types of ventilation:
A. Mechanical ventilation.
B. Natural ventilation.
3. Types of atmospheric movement (atmospheric
pressure-driven conduit types):
A. Positive pressure conduits and vents.
1. Outlet vents.
B. Negative pressure conduits and vents.
1. Inlet vents
2. Suction (vacuum) conduits and vents.
4. Types of air processing:
A. Temperature:
1. Heat removers (coolers).
2. Heat adders (heaters).
B. Mechanical:
1. Particulate modifiers.
i. Mechanical filters (e.g., HEPA).
C. Electrical:
1. lonic filters (using negatively charged metal
plates).
D. Chemical:
1. Electrical ozone production (a type of electrical
modification).
2. Other chemical types (e.g., added oxygen or
COy).
5. Types of piping:
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A. Hydronic water piping.
B. Refrigerant fluid piping.
C. Water drain piping.
D. Ducting for atmosphere transfer.
6. Temperature adjustment:
A. Types of heating:
1. Centralized.

i. Vented atmospheric heating (by means of
centralized ducting).

ii. Centralized under-floor heating (centralized
by means of heated water or electricity).

iii. Centralized wall-attached heating
(centralized by means of heated water or
electricity).

2. Distributed.

i. Localized under-floor heating (by means
of one water heater or one electric
distribution point).

ii. Localized wall-attached heating (by means
of one water heater or one electric
distribution point).

iii. Localized air circulation heating (e.g., mini-
split heat pumps).

B. Types of cooling:
1. Centralized.

i. Vented atmospheric cooling (by means of

centralized ducting).
2. Distributed.

i. Localized circulation cooling (e.g.. mini-split

heat pumps and air conditioners).

16.3 Conception of the atmospheric
control sub-system

An atmospheric control system is the system of
controls that change atmospheric and surface (thermal)
parameters over time. Such a system incorporates
communication between various system inputs
and outputs related to the atmosphere and surface
temperatures. Atmospheric control may be more
automated ("intelligent") or more manual.

An atmospheric control system may have any of the
following functions:

1. On/Off switch that turns the atmospheric system
(and sub-systems) on and off.

2. Volume and velocity control that makes the system
cycle or output more air.

3. Thermal control (a.k.a., temperature control) that
makes the system change the output temperature.

Atmospherics can be regulated through the following
methods:

WWW.AURAVANA.ORG
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1. Atmospheric processing and cycling can be set with
timers.

2. Heaters and coolers can be put on timers.

. Atmospherics can be connected to motion sensors.

4. Atmospherics can be connected to electromagnetic
sensors (i.e., sensors that detect sunlight).

5. Atmospherics can be connected to particle sensors
(i.e., presence of dust, contaminant, etc.).

6. Atmospherics can be connected to alarms.

w

16.3.1 Thermostat

A.k.a.,, Thermostatic regulator, thermostatic
controller.

A thermostat is a device that turns the HVAC unit on
and off to maintain the temperature at the thermostat
close to the specified setting. Simplistically, it is a device
that monitors the indoor temperature and automatically
adjusts the heating and/or cooling system to maintain
the desired level. A thermostat is wired to a heating and/
or cooling unit and acts as a thermometer, switch, and
temperature controller. It is typically mounted on an
interior wall and, alone, cannot measure temperature
throughout the house - only near the thermostat.

Most thermostat modules should be placed:

1. So thatitis easily accessible.

2. Possibly in a central location in the structure.

3. At eye-level for adults, or possibly lower for
children.

4. Away from sunlight (and other temperature
extremes.

Thermostats have a basic task - to maintain the
temperature of an area (as in, some configuration of
floor, wall, ceiling, room volume area. If the temperature
falls below the set-point, or desired temperature, the
thermostat enable the heating system, or cooling
system in the sense of rising above the set-point. Once
the temperature reaches the setpoint, the system
either disable the heating/cooling system or maintains
the area with less power. A programmable thermostat
has [at least] two inputs: the setpoint and the current
temperature. In most cases, the user programs the
setpoint atvarious activities and/or times of day for each
day of some calendar cycle (e.g., week). The thermostat
then monitors and compares the current temperature
to the desired setpoint and acts accordingly. The
Nest learning thermostat also allows the user to set a
schedule, but has a few more inputs, such as occupancy
and manual overrides. If the schedule says 23 Celsius,
but the thermostatic system doesn’t sense anyone is in
the area (e.g., home), then it will lower the temperature
automatically. These systems can be designed to "learn"
users' atmospheric habits. For example, imagine a case
where every morning someone set the thermostat to
20 Celsius, the intelligent thermostat would remember
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and predict, and thus, adjust the schedule over time to
mirror your preferences.

16.4 Conception of the atmospheric
processing sub-system

A.k.a., Atmospheric processing and distribution
systems.

An atmospheric processing system is a machine
or technology that is used to change the material
characteristics of the atmosphere, and/or its direction of
flow.

Atmospheric processing systems can perform the
following functions:

1. Temperature control - regulated by a thermostat
(Read: temperature controller):
A. Cooling of interior area:
1. Central cooling.
2. Space cooling.
B. Cooling of limited interior space:
1. Refrigerator (cooling without freezing).
2. Freezer (deep refrigeration).
C. Heating of interior area:
1. Central heating.
2. Space heating.
2. Air direction control:
A. Air circulation (fans and ducts; e.g., air handler).
3. Area air-water control:
A. Humidification (humidificator).
B. Dehumidification (de-humidificator).
4. Localized drying control:
A. Dryer (for drying of fabrics).
5. Air purity control:
A. Purification (purificator).

16.5 Conception of the heating,
ventilation, and air conditioning
(HVAC) sub-systems

A.k.a., Heating and cooling atmospheric

processing systems, heating and cooling
atmospheric fixtures.

Heating, ventilation, and air conditioning (HVAC) systems
can be classified according to:

1. Atmospheric processing type.
2. Distribution type.

The required atmospheric processes for an HVAC system
include:
1. The heating process.
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2. The cooling process.
3. The ventilation process.

Other atmospheric processes can be added, such as:

1. Ventilation fans.
2. Humidification.
3. Dehumidification.
4. Filtration.

In concern to distribution type, HVAC systems come
in two general types depending upon whether they have
venting to the exterior environment as well as venting
throughout the interior environment (Seyam, 2018):

1. Exterior environmental venting?
A. Has venting to the exterior environment.
1. Ducted (vented, central, centralized).
B. Does not have venting to the exterior
environment
1. Ductless (non-vented, local, mini-split,
minisplit).
2. Interior area venting?
A. Has venting throughout the interior
environment.
1. Ducted (vented, central, centralized).
B. Does not have venting throughout the interior
environment.
1. Ductless (non-vented, local, mini-split,
minisplit).

The same information could alternatively be displayed
as follows:

1. Ducted (vented, central, centralized):
A. Has venting to the exterior environment.
B. Has venting throughout the interior
environment.
2. Ductless (non-vented, local, mini-split, minisplit):
A. Does not have venting to the exterior
environment
B. Does not have venting throughout the interior
environment.

Central HVAC systems (ducted HVAC systems) are
located in a central equipment room and deliver the air
by a delivery ductwork system. Central HVAC systems
can be all-air, air-water, or all-water systems. Numerous
air quality products integrate easily with whole-
building, ducted systems. These include humidifiers,
dehumidifiers, and air purifiers.

A ductless indoor unit blows conditioned air and/
or heats directly into one living space without ducts.
Ductless systems can be configured with either one or
multiple indoor units.

16.5.1 HVAC components
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Table 11. Table shows the difference between central and
decentralized HVAC systems based upon a set of criteria.

Basic (generalized) components of an HVAC system
include, but are not limited to:

Decentralized

1. Mixed-air plenum and outdoor air control. Criteria IURIOH system
2. Air filter. Temperature, Fulfilling any or Fulfilling any or
3. Supply fan. humidity, and all of the design all of the design
. . space pressure parameters parameters
4. Exhaust or relief fans and an air outlet. requirements
5. Outdoor air intake. Capacity Considering HVAC Maximum capacity
6. Ducts (ventilation conduits) requirements diversity factors to | is required for each
. . reduce the installed | equipment
7. Terminal devices. equipment capacity
8. Return air system. Sionif " gquipmentlsizingd
. . . ignificant first cost iversity is limite
9. Heating anq cooling F0|Is. . . and operating cost
10. Self-;ontalned heating or cooling unit. Redundancy Standby equipment | No backup or
11. Cooling tower. is accommodated standby equipment
12. Boiler. for trou}bleshootlng
) and maintenance
13. Water chiller. , , -
Special An equipment room | Possible of no

14. Humidification and dehumidification equipment.

requirements

is located outside

equipment room is

15. Control. the conditioned needed
area, or adjacent to
. . or remote from the | Equipment may be
HVAC systems commonly include the following building |0qcat%d on the}:roof
equipment; and the ground
Installing secondary | adjacent to the
. . equipment for building
1. Primary equipment: the air and water

A. Heating equipment.
B. Cooling equipment.
C. Air delivery equipment (i.e., air handlers).

distribution which
requires additional
cost

First cost

High capital cost

Affordable capital

2. Space requirements: Considering | cost
: onsidering longer
A. Equipment rooms. equipment services
B. HVAC systems. life to compensate
C. Fan rooms. the high capital cost
D. Conduits. Operating cost More signi‘fi‘cant Les‘s‘energy
. energy efficient efficient primary
E. Equipment access. primary equipment | equipment
3. Atmospheric distribution: .
. . A proposed Various energy
A. Terminal units. operating system peaks due to
B. Ductwork. which saves occupants’
o . " operating cost preference
4, Hydronic piping (fluid conduiting):

A. System piping (supply and return).
B. Delivery piping.

Horizontal hierarchy representation of the main types of
central HVAC systems:

1.

All air systems:
A. Single zone.
B. Multi zone.

Higher operating
cost

Maintenance
cost

Accessible to the
equipment room
for maintenance
and saving
equipment in
excellent condition,
which saves
maintenance cost

Accessible to
equipment to

be located in

the basement or
the living space.
However, it is
difficult for roof
location due to bad
weather

. Reliability Central system Reliable equipment,
C. Terminal reheat. equipment can although the
D. Dual duct. be an attractive estimated
. : benefit when equipment service
E. Variable air volume. considering its long | life may be less
2. Air-Water systems: service life
A. Fan coil units. Flexibility Selecting standby Placed in numerous
B. Induction units. equipment locations to be
to provide an more flexible
3. All water systems. alternative source
A. Fan-coil units. of HVAC or backup
4. Water-source heat pumps. .
pump 16.5.2 HVAC Zoning
5. Ground-source heat pumps (geothermal).
6. Heating and cooling panels. Zoningallows for the creation of customized temperature
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zones throughout a building, which allows for greater
temperature preference control and efficiency.
This process allows the user(s) to set the conditions
independently for each section of a building. Depending
upon the specific type of HVAC machine, both split-type
systems and central ducted systems have the capacity
for single and multi-zoning.

16.5.2.1 Ducted HVAC zoning

Here, a zoned system is a single HVAC system serving
two or more zones, rather than two separate HVAC
systems. A ducted zoning system (a.k.a., zoned HVAC) is
a system that uses dampers in the ductwork to regulate
and redirect processed air to specific areas of a building.
In this case, HVAC zoning utilizes a series of dampers that
are installed either in the ducts or at the air vents. These
dampers can open or close mechanically as needed to
deliver airflow.

Ducted systems can be zoned in two ways. First, these
systems can be zoned manually with each zone having its
own thermostat. Secondly, these systems can be zoned
centrally by an intelligent central controller that allows
for adjustment of all zones from one central location.

If multiple ducts or air registers serve a particular part
of the building, multiple dampers will move at once. Note
that an air register is the same thing as a grille (vent), but
with adjustable dampers in it. In other words, a register
is a grille with moving parts, capable of being opened
and closed and the air flow directed

16.5.2.2 Ductless HVAC zoning

Ductless zoning, unlike ducted zoning, requires more
than one air handling unit. Ductless systems can be
zoned in two ways. Firstly, these systems can be zoned
manually, wherein multiple thermostats are located in
various areas of the building to turn on/off and set the
temperature of specific units in those areas. Secondly,
these systems can be zoned centrally by an intelligent
central controller that turns individual units on/off and
sets their temperature.

16.6 Conception of the admospheric
ducting sub-system

A.k.a., HVAC ducting.

Ducting is the process of selecting and routing a ducting
network. The process of ducting involves:

1. Ducts (ducting types) - duct material based (may
include function):

A. Material based (i.e., the physical/material
composition of the ducts).

B. May also include system-type (e.g., atmosphere
type). But, this is not necessary; all that is
necessary (often appropriate) is material type).

C. Contains routing preferences.

2. Ducting systems - ducting system categories (a
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system of classification by ducting system function;
e.g., hot air, cold air, purified air, vacuum, etc.).

A. Customizable potentially by:

Materials.

Mechanical calculations.

Atmosphere/gas type.

Temperature.

Atmospheric density.

6. Flow conversion method.

uhwn =

TERMINOLOGICAL CLARIFICATION: A forced
air system is essentially any HVAC system that
delivers temperature-controlled air into your
home via ducts and vents. Hence, a central air
conditioning system uses the forced-air system
to deliver cooled air, making use of the vents,
plenums, and ducts to provide conditioned air. A
central heating system does the same.

It is important to note that having a ductless system
may be more efficient, in that there is usually energy lost
in duct work. The length, size, texture, configuration of
ductwork can dramatically reduce energy efficiency.

16.6.1 Ducting system types by function

Ducting system types by function include:

1. Type of materials the that travel through ducts:
A. Used in ducting and connectors.
2. Type of atmosphere, including, but not necessary
limited to:
A. Hot air.
B. Cool air.
C. Vented air.
D. Moist/humid air.
E. Special systems:
1. Vacuum.
2. Toxic and/or other gases.

16.6.2 Ducting routing rules and parameters

The following measurement characteristics are used to
design a ducting system to meet requirements (Bhatia,
2021):

. Duct size

. Fan size.

. Duct shape.

. Airflow volume.

. Airflow pressure.
. Air intake ducting.
7. Air outlet ducting.

O Ul WN =

16.6.2.1 The measurement of airflow through ducts

Air pressure is understood in the following ways:

1. Mass: Air has mass. The density of dry air is:
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A. 1.225 kg/m~3
B. 0.0765 Ib/ftA3.

2. Atmospheric pressure - Pressure of the

atmosphere at the earth'’s surface NIST standard
atmospheric pressure = 1.01325 bar.
A. BAR - unit of pressure (or stress).

1. 1 bar =750.07 mm of mercury at 0°C, at 45°.

3. Gauge pressure - is pressure measured relative

to ambient atmospheric pressure. Quantified in
pounds per square inch-gauge (PSI-G).

4. Absolute pressure - is the total of the indicated

gauge pressure plus atmospheric pressure. The
zero reference in absolute pressure is a perfect
vacuum, which has no atmospheric pressure at
all. Pressure measured relative to full vacuum.
Referred to as pounds per square inch-absolute
(PSI-A).
A. Absolute pressure = gauge pressure +
atmospheric pressure

The pressure of airflow through ducts maintains three
possible measurement values:

1. Static pressure - is the air pressure in the duct,

which is used for fan selection. It is the pressure

that causes air in the duct to flow. Static pressure is

the outward push of air against duct surfaces and
is @ measure of resistance when air moves through
an object like duct work. Measured in pascals per
meters or inches of water column (in-wc). It acts
equally in all directions and is independent of
velocity.

A. External static pressure (ESP) - is the static
pressure created downstream of the AHU and it
includes all the duct losses from the fan until it
reaches the discharge point. This could include
a negative static pressure on the pull side of the
fan and a positive pressure on the push side,
or any combination of pressures the fan must
overcome. It is estimated by the HVAC design
engineer as he lays out the ductwork, diffusers,
and terminal devices.

B. Internal static pressure (ISP) - is pressure as it
pertains to the HYAC AHU, is the static pressure
loss across the filters, coils, louvers, dampers,
and twists and turns inside the AHU casing.

ISP is usually provided by the supplier, but for
custom designs, the HVAC design engineer
estimates the pressure loss across the various
components of the AHU

C. Total static pressure (TSP) - is the sum of the
external static pressure (ESP) and internal static
pressure (ISP).

1. TSP = ESP + ISP

2. Velocity pressure - is the pressure generated by

the velocity and weight of the air, which is used
for measuring the flow (m3/s or cfm) in a system.
Velocity pressure is the pressure caused by air in
motion. It is equal to the product of air density and
the square of the velocity divided by 2.
A. VP=05xpxv2
B. Using standard air, the relationship between V
and VP is given by:
1. VP = (v /4005)?
2. VP will only be exerted in the direction of air
flow and is always positive.

3. Total pressure - is used to find velocity pressure.
Total Pressure determines the actual mechanical
energy that must be supplied to the system. Total
pressure equals static pressure plus velocity
pressure. In other words, total pressure is the
algebraic sum of velocity pressure and static
pressure:

A. TP=VP +SP

B. TP = Total Pressure

C. VP = Velocity Pressure
D. SP = Static Pressure

Air flow is measured in the following ways and by the
following units:

1. Air volume of air flow (volumetric flow rate)

- determined by how many metric cubes per

second (or, cubic feet per minute) of air pass by a

stationary point.

A. m¥/s - meters cubed / second.

B. cfm - cubic feet/minute.

+ Air volume in cfm can be calculated by multiplying
the air velocity by the cross-sectional area of the
duct in square feet or cubed millimeters:

« cfm =fpm x area
+ Area = cfm/fpm
2. Air velocity of air flow:
A. m/s - meters / second.
B. fpm - feet / minute.
« fpm = cfm/area
+ Area = cfm/fpm
3. Duct shape size:
A. Diameter in metric or imperial.
B. Length x height in metric or imperial.
4. Friction loss.
A. Pa/100m - pascals / 100 meters
B. H20/100 ft - water / 100 feet

System capacity is directly affected by changes in air
flow. As air is heated or humidified, its specific volume
increases and its density decreases. If the air density is
low, more air volume (in m3/s or cfm) is required to keep
the mass flow rate the same.

16.6.2.1 Best practice ducting routing rules
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Some best practice ducting routing rules include, buy
are not limited to (Bhatia, 2021):

1.

Configure the network appropriately: Ducts
should be designed so that the length of each

run (each section of ductwork) is short enough

to provide proper control of air flow and stability
of construction. Radial or trunk-and-branch
configurations have shorter runs and generally
work best. Wherever possible, ducts should be
located within the conditioned space. Do not twist
or block ducts and do not position them so they
may collapse in the future.

. Straightness is optimal: this is the most important

rule of all; reduce the number of bends and

turns to an absolute minimum. From an energy
perspective, air wants to go straight and will lose
energy if it bends. From a cost perspective, straight
ducts costs less than fittings. Fittings are more
costly because they must be hand assembled

even if the pieces are automatically cut by plasma
cutters.

. Appropriately size the ducts: Ductwork that's too

small won't be able to carry enough air to heat or
cool a building. Ducts that are too large can lose
both air and energy, cutting system efficiency. Use
industry standards and procedures, such as those
published by ASHRAE, to size ducts.

. Calculate for sufficiency for sufficiency of return

ducts: Supply ducts carry conditioned air to the
building, but the system also requires enough
return ducts to bring expended air back to the
HVAC unit to be conditioned again. Each room that
receives heating or cooling should have at least
one return duct (in a centralized system). As a rule
of thumb, use 2 c¢fm for each sq.-inch of return air
opening; for example, 20" x 20" grille equals 400
sq.-in. gross area of grille, which means 800 cfm of
recommended air flow.

. Preferentially pass ducts through conditioned

spaces: Ducts placed in conditioned spaces are
more efficient than those placed in unconditioned
spaces. If located within conditioned space,
conductive and radiative losses, leakage losses,
and equipment cabinet losses are reduced or
regained into the building space. If it is not feasible
to locate ductwork within conditioned spaces, the
ducts should be properly sealed and insulated. The
trunk ducts are usually located above corridors

in the cavity above the ceiling to minimize noise
transmission to the conditioned zones and allow
easy access without disturbing the building
occupants.

6. Appropriately design for thermal zoning: Zoning
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is a practice of dividing a building into distinct

thermal zones, which have similar heating and

cooling requirements. In practice the corner rooms
and the perimetric spaces of the building have
variations in load as compared to the interior core
areas. If zones have special temperature and/or
humidity requirements, they should be served by
independent air distribution systems separate from
variable zones. The idea is to permit independent
control of temperature and humidity in similar
zones. Where it is not possible, consider use of

VAV systems and/or supplementary controls. Some

locations will have highly variable occupancy loads

that must be accounted for so as not to waste
energy and provide sufficient HVAC when occupied

(e.g., conference rooms). Building are usually

divided into two major zones:

A. Exterior zone: This is the area inward from the
outside wall (usually 12 to 18 feet, if rooms do
not line the outside wall). The exterior zone is
directly affected by outdoor conditions during
summer and winter and has variable thermal
loads.

B. Interior zone: This is the area contained by the
external zone. The interior zone is only slightly
affected by outdoor conditions and usually has
a uniform and steady cooling load throughout.

7. Seal and insulate sufficiently: Make sure all

ductwork sections fit together tightly. Connections
can be mechanically sealed with sheet metal screws
or other fasteners to improve connection strength.
Seal connections with mastic or metal tape. Cover
the ductwork with insulation, such as rigid fiber
board or standard blanket-type insulation.

8. Efficiency and effectiveness accounting rules:

A. Account for attenuation over distance:
For supply ducts longer than 10 feet, the air
is reduced in that run by 10% for every 5
feet over 10 feet. For example, a 30 foot run
yields a reduction of 40% (30-10=20, 20+5=4,
4x10=40%). Minimize length and restrictions.
Keep the supply duct length as close to 10 feet
as possible but never less than 6 feet. Use the
fewest number of bends as possible.

B. Account for structural rigidity: Use at least
24 inches of straight plenum before any fitting,
such as an elbow, tee, or takeoff. Electric duct
heaters require 48 inches. Avoid elbows directly
off units. The maximum total plenum length
should be restricted to 150 ft. For the plenum,
maximize length and minimize restrictions.

C. Account for the degree of split of a tee
connector: When using a tee, split the flow as
close to 50/50 as possible, no more than 60/40.
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Here, always use a turning vane.

D. Account for the degree of branch off a tee
connector: Turn the tee 90° to make a side
branch with no more than 30 percent of the air.
Do not use a turning vane.

E. Account for distance between takeoffs:
Maintain distance between takeoffs as evenly
as possible. Space the takeoffs at least 6 inches
apart and 12 inches from the end cap.

F. Use radiused over mitered fittings: Use long
and radiused duct fittings instead of short or
mitered fittings wherever possible. Mitered
(edged) fittings are less efficient (due to friction
loss) than radiused (rounded) fittings.

16.6.2.1 Air flow characteristics in ducts

Air flow in ducts has the following characteristics (Bhatia,
2021, p.9-10):

1. At any point, the total pressure is equal to the sum
of the static and velocity pressures.

2. The exertion of pressure is different for static
pressure and velocity pressure.

A. Static pressure (SP) is exerted equally in all
directions. Static pressure is typically used for
fan selection.

B. Velocity pressure (VP) is exerted only in the
direction of air flow. Velocity pressure is used
for measuring cfm in a system.

+ This makes it difficult to directly measure velocity
pressure in a duct; because, static pressure is
also pushing in the direction of air flow, you can
never measure just velocity pressure. Practically,
velocity pressure is calculated by measuring
pressure perpendicular to the air flow (Static
Pressure) and also measuring pressure parallel
to the air flow (Total Pressure). Once values for
the two pressures are available, it is possible to
subtract static pressure from the total pressure
and derive the velocity pressure.

*+ VP=TP-SP
3. Static and velocity pressure are mutually
convertible. The magnitude of each is dependent
on the local duct cross-section which determines
the flow velocity. The following pressure changes
are affected in the ducts:

A. Constant cross-sectional areas: Total and static
losses are equal.

B. Diverging sections (increase in duct size):
Velocity pressure decreases, total pressure
decreases, and static pressure may increase
(static regain).

C. Converging sections (decrease in duct size):
Velocity pressure increases in the direction of
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flow, total and static pressure decrease.
4. The total pressure generally drops along the air
flow because of frictional and turbulence losses.

16.6.2.2 Types of ducting
A.k.a., HVAC ducts, duct fittings.

Ducts may be classified by (note: this content is usually
defined in a set of piping standards):

1. Type of material (i.e., material composition of duct).
2. Function of duct network (e.g., to provide filtered
air, cool and/or hot air, etc.)
3. Specific duct elements:
A. Types of physical interconnection between duct
elements (e.g., glue, screw, flange, etc.).
B. Geometric function of duct elements (e.g.,
segment, curve, flexible, etc.).
C. Conduit shape (e.g., square, round, oval.)
4. Sizes
United States, Canada, and Brazil
Europe
Australia
Russia
China
Others

mmonNn®m>

16.6.2.3 Types of duct by function

The air distribution system will have a designation
depending on the function of the duct. There are five
general designations of ducts by function:

1. Supply air ductwork - supplies conditioned air
from the air handling unit to the conditioned area.

2. Return air ductwork - removes air from the
conditioned building spaces and returns the air to
the air handling unit, which reconditions the air. In
some cases, part of the return air in this ductwork
is exhausted to the building exterior.

3. Fresh air ductwork - supplies outdoor air to the
air handling unit. Outdoor air is used for ventilating
the occupied building space.

4. Exhaust (relief) air ductwork - carries and
discharges air to the outdoors. Exhaust air is taken
from toilets, kitchen, laboratories and other areas
requiring ventilation.

5. Mixed air ductwork - mixes air from the outdoor
air and the return air then supplies this mixed air to
the air handling unit.

16.6.2.4 Components of a ducting system
The primary components of ducting system are:

1. Plenum or Main Trunk - is the main part of the
supply and return duct system that goes directly
from the air handler to the “Trunk Duct".
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Trunk duct - when a duct is split into more than
one duct, it is called a “trunk”. Ducts that are on the
end of a trunk and terminate in a register are called
branches.

Take off - Branch ducts are fastened to the main

trunk by a takeoff-fitting. The takeoff encourages

the air moving the duct to enter the takeoff to the
branch duct.

Air terminals - are the supply air outlets and return

or exhaust air inlets. For supply, diffusers are most

common, but grilles and registers are also used.

A. Adiffuser - is an outlet device discharging
supply air in a direction radially to the axis of
entry.

B. Aregister - is a grille equipped with a volume
control damper.

C. Agrille - is a register without a damper.

16.6.2.5 Types of ducting material

The primary types of metal material used in ducting
include, but may not be limited to (Bhatia, 2021):

1.

Galvanized steel - is used commonly for heat

pumps and air conditioners.

+ The specifications for galvanized steel sheet are
ASTM A653, coating G9O0.

. Aluminium - is widely used in clean room

applications. These are also preferred systems for
moisture laden air, special exhaust systems and
ornamental duct systems.
+ The specifications for Aluminium sheet are ASTM
B209, alloy 1100, 3003 or 5052.
Stainless steel - is used in duct systems for kitchen
exhaust, moisture laden air, and fume exhaust.
+ The specifications for stainless steel sheet
are ASTM A167, Class 302 or 304, Condition A
(annealed) Finish No. 4 for exposed ducts and
Finish No. 2B for concealed duct.
Carbon steel (black iron) - is widely used in
applications involving flues, stacks, hoods, other
high temperature and special coating requirements
for industrial use.
Copper - is mainly used for certain chemical
exhaust and ornamental ductwork.

The primary types of non-metal material used in ducting
include, but may not be limited to (Bhatia, 2021):

1.
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Fibreglass reinforced plastic (FRP) - is used
mainly for chemical exhaust, scrubbers, and
underground duct systems. Advantages are
resistance to corrosion, self-insulation, excellent
sound attenuation and high quality sealing.
Limiting characteristics include cost, weight, range
of chemical and physical properties, and code

acceptance.

2. Polyvinyl chloride (PVC) - is used for exhaust

systems for chemical fumes and underground
duct systems. Advantages include resistance to
corrosion, light weight, and ease of modification.
Limiting characteristics include cost, fabrication,
code acceptance, thermal shock, and weight.

3. Fabric (a.k.a., textile ducts) - is usually made

of special permeable polyester material and

is normally used where even air distribution is
essential. Due to the nature or the air distribution,
textile ducts are not usually concealed within false
ceilings. Condensation is not a concern with fabric
ducts and therefore these can be used where air
is to be supplied below the dew point without
insulation.

4. Flex duct - consists of a duct inner liner supported

on the inside by a helix wire coil and covered by
blanket insulation with a flexible vapor barrier
jacket on the outside. Flex ducts are often used

for runouts, as wellas with metal collars used to
connect the flexible ducts to supply plenums,
trunks and branches constructed from sheet metal
or duct board. Flex ducts provide convenience of
installation as these can be easily adapted to avoid
clashes but has certain disadvantages. These have
more friction loss inside them than metal ducting.
Flex duct runs should be as short as possible (1.5-
1.8m or 5-6ft max.), and should be stretched as
tight as possible.

NOTE: Pressure in the air conditioning ducts is
small, so materials with a great deal of strength
are not needed. The thickness of the material
depends on the dimensions of the duct, the
length of the individual sections, and the cross-
sectional area of the duct.

16.6.2.6 Ducts classified by velocity and pressure

Ducts are classified into 3 basic categories in terms of

ve

1.

2.

require

locity (Bhatia, 2021):

Low velocity systems - are characterized by air
velocities up to 2000 fpm.

Medium velocity systems - are characterized by
air velocities in the range of 2,000 to 2,500 fpm.
High velocity systems - are characterized by air
velocities greater than 2,500 fpm.

DESIGN RELATIONSHIP CONSIDERATION:
Duct velocity influences noise, vibration, friction
losses and fan power.

High duct velocities result in lower initial costs but
increased fan static pressures; therefore,

resulting in increased energy usage. Often these need
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additional noise attenuation (use of noise silencers)
and are not suitable for comfort applications.
Generally, high-velocity systems are applicable to
large multi-story buildings, primarily because the
advantage of savings in duct shafts and floor-to-
floor heights is more substantial. Small two- and
three-story buildings are normally low velocity. A
velocity of 1,000 to 1,500 fpm for main ducts and
a velocity of 700 to 1,000 fpm for the branch take
offs are recommended.

Ducts are classified into 3 basic categories in terms
of pressure (Bhatia, 2021):

1. Low pressure - applies to systems with
fan static pressures less than 3 inches WC.
Generally, duct velocities are less than 1,500
fpm.

2. Medium pressure - applies to systems with
fan static pressures between 3 to 6 inches
WC. Generally, duct velocities are less than or
equal to 2,500 fpm.

3. High pressure - applies to systems with
fan static pressures between 6 to 10 inches
WC. Usually the static pressure is limited
to a maximum of 7 inches WC, and duct
velocities are limited to 4,000 fpm. Systems
requiring pressures more than 7 inches WC
are normally unwarranted and could result in
very high operating costs.

DESIGN RELATIONSHIP
CONSIDERATION: Duct pressure
influences the duct strength, deflection
and air leakage.

Good engineering practices for duct pressurization
are:

1. Use of medium pressure classification for
primary air ductwork (fan connections, risers,
and main distribution ducts).

2. Use of low pressure classification for
secondary air ductwork (runouts/branches
from main to terminal boxes and distribution
devices).

16.6.2.7 Types of duct sizes

Different ducting networks will need different
sizes of duct.

The current practice is to determine duct size
through the following:

1. Nominal diameter.
2. Outside diameter.
3. Inside diameter.
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4. The duct schedule (or wall thickness).

16.6.2.8 Types of duct shape

Different ducting networks will need different
shapes of duct.

Ducts typically come in three types, each with
advantages and disadvantages:

1. Round - is the most efficient (offers the
least resistance) in conveying moving air is
a round duct, because it has the greatest
cross-sectional area and a minimum contact
surface. In other words, it uses less material
compared to square or rectangular ducts for
the same volume of air handled. Some of the
advantages of round ductwork include:

A. Round shape results in lower pressure
drops, thereby requiring less fan
horsepower to move the air and,
consequently, smaller equipment.

B. Round shape also has less surface
area and requires less insulation when
externally wrapped.

C. Round ducts are available in longer
lengths than rectangular ducts, thereby
eliminating costly field joints. Spiral lock-
seams add rigidity; therefore, spiral ducts
can be fabricated using lighter gauges
than longitudinal seam ducts. Spiral ducts
leak less and can be more easily sealed
compared to rectangular ducts.

D. The acoustic performance of round and
oval ducts is superior because their
curved surfaces allow less breakout
noise. The low-frequency sound is well
contained in round ducts.

E. Round ducts can help promote healthier
indoor environments. Less surface area,
no corners and better air flow reduce the
chance of dirt and grime accumulating
inside the duct and, therefore, becoming a
breeding ground for bacterial growth.

2. Rectangular - fit above ceilings and into
walls, and they are often easier to install
between joists and studs. Disadvantages of
rectangular ducts are as follows:

A. They create higher pressure drop.

B. They use more pounds of material for the
same air-flow rate as round ducts.

C. Their joint length is limited to the sheet
widths stocked by the contractor.

D. Their joints are more difficult to seal.

E. Ducts with a high aspect ratio can transmit
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excessive noise if not properly supported.
Oval - have smaller height requirements than
round ducts and retain most of the advantages
of the round ducts. However, fittings for flat oval
ducts are difficult to fabricate or modify in the field.
Other disadvantages include:
A. Difficulty of handling and shipping larger sizes.
B. Tendency of these ducts to become more round
under pressure.
C. Inlarge aspect ratios, difficulties of assembling
oval slip joints.

16.6.2.9 Types of ducting interconnections

Connectors for ducting include, but may not be limited

to:

1.

2.

3.

By geometric function of element:
A. Straight connector.

B. 90 degree bend.

C. Other degree bends.

D. T connector.

E. Cross connector.

F. Size adapter.

By physical interconnection:

A. Compression connection.

B. Welded (solder connection).
C. Threaded (screw connection).

1. With plumbing this often necessitates another
tape like material that is first twisted around
the part to be screwed.

D. Flanged connection.
E. Glued connection.
By conduit shape:

A. Rectangular.

B. Round.

C. Oval.

16.6.2.10 Types of ducting elements

Ducting elements include:

1.
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Pipe segment - straight, horizontal segment of
pipe.

. Elbow - curved piece that joins two pipes.

A. 90 degree.
B. 45 degree.
C. Etc.

. Junction

A. Tee - shaped like a T; connects 3 pipe segments.
B. Tap.

. Cross - connects 4 pipe segments.
. Transition - adapter element for changing pipe

sizes.

. Union - connector of 2 pipe segments.
. Flange - connects piping and componentsin a

piping system by use of bolted connections and
gaskets.
8. Cap - closes (seals off) end of a pipe.

Note: The above types of [duct] fittings (unions,
interconnections) can be set for routing a duct.

16.6.2.11 Fan selection

The fan must be selected to deliver a specific volumetric
flow rate and generate static pressure to overcome the
pressure losses due to ducts (length and dimensions),
fitting, and the components of an air handling unit (AHU).

16.7 Objects in the atmospheric system:
fixtures, fittings, and appliances

Atmospheric fixtures and fittings are equipment that
interface with the atmosphere in a building:

1. Atmospheric fixtures - a device for processing air.
The most common fixtures include, but may not be
limited to:

A. Heating, ventilation, and air conditioning (HVAC)
systems.
B. Exhaust fans:
1. Humidity exhaust fans.
2. Kitchen exhaust fans.
3. Hazardous chemical exhaust fans.

2. Atmospheric fittings - a device designed to control
and guide the flow of atmosphere. The most
common fittings include, but may not be limited to:
A. Vents.

B. Air intakes.

C. Thermostats.

D. Duct airflow monitoring devices (e.g.,
anemometer and manometer).

E. Drain (e.g., for heat pumps and air conditioners).

F. Etc.

3. Atmospheric appliances - appliance devices that
change the atmosphere, the most common of
which include:

A. Drying machine.

B. Air purifier (portable).

C. De-/humidifier (portable).

D. Refrigerator

E. Freezer

F. Vacuum (a type of atmospheric filter; can be
central or portable)

IMPORTANT: All fixtures, fittings, and appliances

must be specified with the right capacity for their
placement.

16.7.1 Air handling systems

A.k.a., Air circulation systems, air handling
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fixtures, air circulation fixtures, air handling unit
(AHU).

Air handlers are a complementary component of space
heating and air conditioning equipment that distribute
air within building interiors. Air handlers also provide
filtering, and they ensure a constant supply of outdoor
air. Air handlers sustain the airflow required to deliver
heating or cooling for indoor areas. In the air handler,
the air supply is blown through a heating and/or cooling
element before circulating through the indoor area. Air
handlers are generally equipped with filters. The filter
is normally placed at the air handler intake to protect
internal components from dust and other polluting
particles. Filtering requirements change depending on
the application; for example, medical facilities and some
manufacturing processes require highly purified air
quality. (Air Handlers, 2021)

There are two general types of air handlers:

1. Localized air handler - are included in small air
conditioners and packaged units within which air
handlers are built-in.

2. Central air handlers - are used in large HVAC
systems where hydronic piping connects to air
handlers with chillers and/or boilers.

Based on their connection two a duct system, there are
two types of air handlers:

1. Air handling units designed for connection to a duct
system, where the airflow in each area is controlled
with dampers. Central air handlers generally use
ducts.

2. Air handler units that discharge air directly into
indoor spaces, without ducts. Localized air handlers
generally do not use ducting.

Based on their physical construction and applications,
air handlers may be classified as follows:

1. Fan coil units - compact air handlers with a simple
construction. Their basic components are a fan, a
filter, and a heating or cooling coil.

2. Make-up air units - larger air handlers designed
to condition outdoor air and deliver it to indoor
spaces. These air handlers do not recirculate
indoor air.

3. Rooftop package units - are used in larger HVAC
systems and designed for exterior installation
within a rooftop HVAC system configuration.

Heat exchangers are a fundamental component of
air handlers. Depending on how heat is delivered or
removed, these heat exchangers are classified as:

1. Direct heat exchange air handlers - move air
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directly through heating or cooling elements. For
example, air is blown through electrical resistance
units or gas burners in heating applications, or
through AC evaporator units when cooling is
required. Air handlers can also be integrated with
heat pumps to provide heating and cooling with the
same device.

2. Indirect heat exchange air handlers - do not move
air through the heating or cooling unit. Instead,
another substance is used to supply or remove
heat. Water is the most common option, since
it can be used for either heating or cooling, by
circulating it through a boiler or chiller. Steam and
refrigerant fluids are other options.

Air handlers with separate heating and cooling coils
can provide dehumidification. Air is cooled below
the required temperature to remove humidity by
condensation. Since this process cools the air excessively,
the heating coil is then used to raise temperature back
to a comfortable level. (Air Handlers, 2021)

Air handlers are applied to provide sufficient airflow
when the building is at full occupancy. Demand-
controlled ventilation (DCV) involves the adjustment
of airflow according to occupancy, with the purpose of
conserving power. It is possible to monitor occupancy,
and this information is used to decrease airflow when
the full capacity is not required. When deploying
demand-controlled ventilation, the speed of fans can
be adjusted with variable frequency drives (VFD), which
reduce fan power in cubic proportion to fan speed. For
example, if a VFD reduces fan speed to some lower
percentage of its rated RPM, then power consumption
is also reduced by some percentage. The performance
of air handlers can also be increased with heat recovery
systems, which exchange heat between the outdoor air
supply and the exhaust of a ventilation system. During
summer, a heat recovery system uses the exhaust air
to remove heat from the outdoor air supply. Since the
outdoor air reaches air handlers at a lower temperature,
the cooling load is reduced. The opposite process applies
during winter, where the exhaust air is used to preheat
the outdoor air supply. In this case, the heating load is
reduced. (Air Handlers, 2021)

Noise and vibration are common issues when air
handlers are not designed or installed properly, or
when maintenance has been lacking. Oversized fans
and inadequate air handler supports are two common
causes of noise and vibration issues.

The internal mechanical components will wear down
over time, and rotating elements of motors and fans
can start experiencing unbalance and misalignment,
producing more noise and vibration. A certain degree
of noise and vibration is unavoidable when using air
handlers, especially when dealing with a large unit. (Air
Handlers, 2021)

16.7.1.1 Positioning of interior air handlers
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Interior air handlers are generally placed on the wall
near the ceiling and oriented in a manner that is unlikely
to blow air on occupants.

16.7.2 Heat pump atmospheric processing
systems

A.k.a., Combined heating and cooling
atmospheric processing systems.

A heat pump is a device that transfers heat between the
inside of a building space and the outside environment.
It is an atmospheric processing system that transfers
thermal energy from a cooler location to a warmer
location using the refrigeration cycle, being the opposite
direction in which heat transfer would take place without
the application of external power. A heat pump works
similarly to a refrigerator or air conditioner -- it uses
electricity and a refrigerant to “pump” or move heat
from one location to another by using a compressor
and a circulating structure of liquid or gas refrigerant.
In a heat pump, electricity is used by the compressor to
send refrigerant around the system, capturing heat from
outside, or inside, and bringing it to the opposite side of
the split system. A pure heat pump does not generate
heat by electrifying metal (e.g., light bulb) or oxidizing
organics (e.g., furnace).

NOTE: Heat pumps can be used to transfer

thermal energy between different materials.

There are heat pumps that combine heating,
cooling, and water heating.

There aretwo general variants of heat pumps categorized
by the direction of thermal energy transfer:

1. Reversible heat pumps (two-way heat pumps)
- work in both directions to keep both the heat
and the cold-regulated. A reversible heat pump
is essentially an all-in-one air conditioning and
heating system that works year-round. These
systems conduct heat from the outdoors to the
indoors during times of cold (i.e., in winter). When
it is hot outside (i.e., in summer), these pumps
convect heat out from inside a building, keeping
the inside cool. Reversible simply means that the
flow of refrigerant can be reversed, and is therefore
able to draw ambient heat from outside to provide
indoor heating. By means of a reversing valve in
the outdoor unit, a heat pump can absorb heat
energy from outside air, even in cold temperatures,
and transfer the heat inside the building. In other
words, these systems use a reversing valve to
reverse the flow of refrigerant from the compressor
through the condenser and evaporation coils.
Reversible heat pumps are more effective
throughout the whole year than irreversible heat
pumps.
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A. In heating mode, a heat pump collects heat
from the air, water, or ground outside a
structure, then concentrates it and transfers
it for use inside. During the heating cycle, the
outdoor coil is the evaporator, and the indoor
one functionings as the condenser. Here, heat
pumps are three to four times more effective at
heating than simple electrical resistance heaters
using the same amount of electricity; they can
have coefficient of performance (COP) = 4.

B. In cooling mode, the heat pump collects thermal
energy from air inside the structure and
transfers it outside. In other words, they use a
refrigerant to absorb heat from the air inside
a building and transport it outside. During the
cooling cycle, the outdoor coil is the condenser,
and the inside one the evaporator. The COP
for cooling mode is less than for heating mode,
because the work done by compressor is
utilized only during the heating mode.

2. Irreversible heat pumps (one way heat pumps) -
heat pumps that can only transfer heat one way.

A. Heating mode only irreversible heat pumps -
can only transfer heat from outside to the inside
and will have no effect in the summer (when it
is hot outside). A separate cooling system will
need to be installed for when it is hot outside.

B. Cooling mode only irreversible heat pumps
- can only transfer heat from the inside to the
outside. An air conditioner (AC) is basically a one
way heat pump; an irreversable heap pump is
generally called and air conditioner. It can cool
but not heat. All air conditioners work on the
heat pump principle that they draw heat out of
an area.

Reversible heat pumps are machines that are capable
of producing both heating and cooling [within a single
device] for an environment. A reversible heat pump can
heat and cool. Itis important to note here that although a
reversible heat pump can heat a structure, when outside
temperatures drop below freezing, the efficiency of a
heat pump is significantly affected. Typical reversible
heat pump systems have an auxiliary heater added to
the indoor unit to add supplemental heat when outdoor
temperatures drop below freezing.

TERMINOLOGICAL CLARIFICATION: The term
heat pump is usually reserved for a device that
transfers heat from outside to inside to heat a
building. However, in the United States, the term,
heat pump, generally refers to the reversible
version of the heat pump (i.e., a two-way heat
transfer heat pump that can cool and heat).

There are three main types of heat pumps (note: all
three of these operate on the same principles, except
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they gather heat from different sources:

NOTE: These are all split atmospheric processing
machine with a part of the machine interior to
the building and another part of the machine
exterior to the building.

1. Air source heat pump (a.k.a., air-to-air heat
pump):

A. Air source heat pumps extracts heat from
outdoor air and transfers it into the building.
The system is comprised of an indoor and
outdoor unit and works by extracting heat from
the outdoor air and transferring it into the
building. This is one of the easiest and cheapest
heat pumps to install and takes up little space. It
is also the most common type of heat pump.

2. Ground source heat pump (a.k.a., geothermal):
A. A ground source heat pump extracts the heat

energy from the ground and soil around a
building's foundation and transfers it into the
building. Ground source heat pumps move
heat through a series of pipes that are buried in
loops outdoors

B. The ground temperature is almost always
warmer than the air in the winter, which is why
ground source heat pumps are more efficient
than air source heat pumps, especially in the
winter months. In other words, ground-sourced
heat pumps are typically more efficient than
air-sourced because the ground has a higher
density and heat capacity compared to air.

C. A geothermal heat pump is also more reliable
and quieter than an air source system. The main
reason geothermal heat pumps haven't become
more widespread is due to the high cost of
installation. For the system to work correctly,
excavation is needed to insert long runs of
tubing underneath or near the building. A newer
system called “direct-injection” aims to make
this process more affordable, but still requires
more time, effort and money than air source.

D. This type of heat pump requires earthwork
excavation. For new builds, the cost can
be incorporated within construction. The
underground pipes that form the exterior part
of the system extract some number of Watts
per meter of pipe underground.

3. Water source heat pump (note: sometimes
considered a sub-classification of geothermal heat
pumps):

A. Water sourced heat pumps are only viable if
there is a body of water close to the building,
such as a pond or river. Water sourced heat
pumps can be of two types related to the water
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source they are connected to: closed loop (lake)
or open loop (river). A water source heat pump
extracts heat energy from water by pumping the
water from the source directly through the heat
pump. This method provides a more constant
input temperature than an air source pump

and is much cheaper to install than a ground
source pump. Water source heat pumps require
a constant flow of water and during the heart of
the winter months, a second heat source may
be needed as back-up.

B. If the refrigerant in the heat pump system leaks
into a closed source water environment (and
even into an open sourced water environment)
it could kill fish and other aquatic life therein.

C. A non-reversing water source heat pump is one
without a reversing valve, but where the flow
of water can change direction instead of the
refrigerant.

4. Exhaust air heat pump (EAHP):

A. An exhaust air heat pump (EAHP) extracts heat
from the exhaust air of a building and transfers
the heat to the supply air, hot tap water and/or
hydronic heating system (underfloor heating,
radiators).

5. Grey water heat recovery heat pump:

A. This type of heat pump is rare and is designed

to recover heat from grey water plumbing.

Heat pumps can also be categorized based on how
they heat and cool building interiors. The classification
above describes where they exchange heat with the, but
not how the heating or cooling effect reaches indoor
spaces:

1. Liquid-to-air heat pumps - that heat or cool indoor
air directly (similar to rooftop air conditioners).
After being cooled or warmed, the air is circulated
through indoor spaces using air-handling units and
ductwork.

2. Liquid-to-water - heat pumps are similar to chilled
water systems, wherein the heat pump is used to
heat or cool water, which is then circulated through
the building. The water then heats or cools indoor
air as it circulates through fan-coils.

16.7.2.1 Geothermal systems (a.k.a., ground-source
heat pumps, GSHP)

Geothermal heat pumps draw heat from the ground
during the winter and transfer it indoors, and from the
indoor air during the summer and transfer it into the
ground. Geothermal systems can deliver atmospheric
heating and cooling (as well as water heating). For
water heating, it is possible to add a desuperheater to
a geothermal heat pump system. A desuperheater is a
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small, auxiliary heat exchanger that uses superheated
gases from the heat pump's compressor to heat water.
Desuperheaters are also available for tankless or
demand-type water heaters. Desuperheaters operate
best in summer, when the compressor has more
frequent operation. During the fall, winter, and spring,
when the desuperheater isn't producing as much excess
heat, the building will rely more on its storage or demand
water heater.

Depending on region, the underground environment
is an effective heat source during winter and an effective
heat sink during summer. These systems pump heat
between a building interior and the underground. Heat
is extracted from the building and released underground
during summer, and the opposite process is carried out
during winter. A geothermal heat pump exchanges heat
with the ground at relatively low depth in comparison to
a geothermal power plant.

Geothermal systems can be classified into three
main types, based on how they exchange heat with the
underground:

1. Direct exchange (DX) - exchange heat using
refrigerant lines that are buried in direct contact
with the ground or groundwater, as implied by
their name. This is the oldest type of geothermal
system. Because heat is exchanged directly with
the ground as refrigerant travels through buried
piping, these systems have a higher efficiency and
a lower installation cost than other geothermal
heat pumps. Direct exchange heat exchangers
are susceptible to refrigerant leakage and pipe
corrosion, and they must be designed to withstand
both conditions. Even a slight opening in refrigerant
lines can cause a serious refrigerant leak and lead
to groundwater contamination.

2. Closed loop systems - use water to exchange
heat between the refrigerant and underground.
Refrigerant never travels underground as a result.
Water circulates through a series of buried loops
before returning to the heat pump, releasing or
gathering heat depending on the operating mode.
Closed loop geothermal systems use a mixture of
water and antifreeze in the underground piping
loop. Leaks in closed loop systems are less serious
because the refrigerant evaporates rapidly when
exposed to the atmosphere.

3. Open loop systems - use water to exchange heat
with the underground, but groundwater is pumped
directly to the heat pump. The main drawback of
open loop systems is that groundwater cannot be
treated easily before circulating through the heat
pump, exposing the system to corrosive substances
or abrasive particles. Open loop geothermal
systems are a viable option when groundwater
conditions are suitable.
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When a geothermal system is installed closed to
a large body of water such as a lake, the piping that
normally travels underwater can simply be submerged.
This provides a simpler and less expensive installation,
butitis only possible if the property has access to a large
body of water.

Geothermal systems can be configured in either a
liquid-to-air or liquid-to-water configuration. In the
liquid-to-water configuration with a closed-loop or open-
loop geothermal system, it is important to remember
that the water circulating underground is completely
isolated from the water circulating through the building.

16.7.2.2 Variable refrigerant flow systems

Variable refrigerant flow (VRF), also known as variable
refrigerant volume (VRV), is an HVAC technology
characterized by using refrigerant lines directly to
move heat, similar to how a mini-split air conditioner
works, but without the use of air ducts or hydronic
piping. In general, VRF systems have a large outdoor
unit connected to several indoor units with refrigerant
lines. The outdoor unit has one or more variable speed
condensers, adjusting its continuous output according to
the total heating or cooling demand of indoor units. This
continuous configuration is significantly more efficient
than using an ON/OFF control to run the condenser
intermittently; and, equipment lasts longer by avoiding
the mechanical wear of frequent starts and stops.
(Variable Refrigerant, 2021) A variable refrigerant system
allows for the usage of zones, allowing the system to turn
off at times when certain zones do not require heating or
cooling. Additionally, these systems can be designed for
simultaneous heating and cooling in different zones, and
heat recovery from one zone to another.

Variable refrigerant flow systems may be designed to
operate as heat pumps, allowing reversible operation
between heating and cooling modes. Some VRF designs
are designed for cooling only; these systems are best
suited for tropical weather.

Variable refrigerant flow systems are available in two-
pipe and three-pipe configurations, and each option
offers different performance features:

1. Two-pipe VRF systems - have a supply line and

a return line between the outdoor unit and the

multiple indoor units. This layout is simpler and

less expensive than a three-pipe configuration,

but it also comes with a limitation: the system

cannot deliver simultaneous heating and cooling

for different building, and all indoor units must
operate in the same mode.

A. Branch controllers: Some devices include branch
controllers that allow simultaneous heating and
cooling with a two-pipe VRF system. A branch
controller uses the heat removed by units
in cooling mode and delivers it to areas that
require heating. The outdoor unit only provides
balancing between heating and cooling loads.
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2. Three-pipe VRF systems - involve two supply lines,
one for heating and one for cooling, and a common
return line. Indoor units are connected to all three
refrigerant lines, and they have a branch selector
that switches between the heating and cooling lines
as needed.

Each option has advantages and disadvantages, and the
best selection depends on project conditions:

1. Two-pipe VRF systems with branch controllers
offer the most flexible configuration for future
expansions. All refrigerant lines are connected to
a common hub, and you can simply add more as
required by new indoor units.

2. Three-pipe VRF systems allow a higher energy
efficiency. However, they are less flexible for future
expansions, since it is necessary to modify the
existing refrigerant lines.

16.7.2.3 Heat pump operation

To provide cooling inside when it is hot outside, heat
pumps have the following stages (note that the exact
same steps occur in reverse to provide heat inside when
it is cold outside):

1. Refrigerant enters the compressor (outdoor unit)
of the heat pump system as a hot low-pressure gas
and is compressed into a high-pressure gas.

2. Next a hot high-pressure gas, the refrigerant
enters the condenser where it is condensed into a
liquid. During the condensation process, the liquid
refrigerant gives up its heat, which is radiated to
the outside air.

3. Next a cold, pressurized liquid, the refrigerant
moves into the expansion valve, which restricts the
flow of the liquid. Upon exiting the expansion valve,
the pressure lets up.

4. The cold, low-pressure liquid now moves into the
evaporator, where it absorbs heat from air blown
over the evaporator coils and turns into a gas.

5. Next a hot low-pressure gas once again, the cycle
starts over. The cycle repeats until the temperature
of the air in your home matches that set by the
thermostat.

In colder temperatures a heat pump will run almost
all the time to maintain warmer internal temperatures.
A heat pump that runs all year round (HVAC system)
will have more wear and tear. However, in contrast to
a conventional furnace, the heat pump will generally
heat more evenly. In extremely cold temperatures,
heat pumps are not highly efficient. Also, the outdoor
units should never be covered in snow. Although a heat
pump can heat a home, when outside temperatures
drop below freezing, the efficiency of a heat pump is
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affected as the unit requires more energy to maintain
warm temperatures inside the home. Typical heat pump
systems have an auxiliary electric heater added to the
indoor or outdoor unit to add supplemental heat when
outdoor temperatures drop below a specifically set
degree. In specific setups, if outside heat is insufficient,
the heat pump may have an attached electric heater that
will supplement the outdoor environment with additional
heat to meet the inside heat requirements. However,
because electric auxiliary heating Is not very efficient, the
addition of a furnace can be a solution to this problem,
creating a system that relies on the heat pump as the
primary heat source but automatically switches to the
furnace when appropriate. The discharge temperatures
of a heat pump will be significantly less than that of a
furnace. However, during non-extreme temperatures,
an efficient heat pump may use four times less electricity
than a resistance heater.

Note that some heat pumps have a defrost mode.
Different heat pumps have different ways of determining
when to go into defrost. On a call for defrost, the
reversing valve is energized, switching the system into
the air conditioning mode. The outdoor evaporator
becomes the condenser but at the same time the
outdoor fan shuts off. This allows the high pressure
refrigerant circulating through the outdoor coil to get
very warm, melting the ice.

16.7.2.4 Heat pumps combined with other
atmospheric and water processing systems

In addition to the main types of heat pumps (i.e., air,

water, and geothermal), there are also several sub-types,

including but not limited to:

1. Hybrid heat pumps (a.k.a., dual fuel heat pump
or add-on heat pump) - uses both an electric heat
pump and/or a fossil fuel gas furnace (natural or
propane gas). In other words, a dual fuel system is
a system with the ability to heat with a gas furnace
and/or heat pump. Herein, the air-source heat
pump uses a gas furnace for auxiliary or backup
heating rather than the electric heating element
(within the heat pump system). When the outside
temperature drops too low (typically below the -1C
to -3C (30F to 25F) the furnace will do most of the
heating. Additionally, if the economic conditions
change and either electricity or gas becomes
more expensive or more abundant, then the least
expensive option within the system can be chosen
for a period of time.

2. Solar heat pumps - uses a solar powered boiler
to increase the initial temperature of the water.
This warm water then feeds into the heat pump
evaporator for final processing, thereby reducing
the overall amount of electricity consumed to
produce hot water.

3. Absorption heat pumps (AHP) - is an air-source
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heat pump driven not by electricity, but by a
thermal energy (heat) source, such as combustion
of natural gas, steam solar-heated water, air, or
geothermal-heated water. These heat pumps

are driven by heat as opposed to normal heat
pumps that use electricity and mechanical energy.
Absorption heat pumps can be used in situations
where both heating and cooling is required. The
principle of operation of an absorption heat pump
is based on absorption and evaporation of a
refrigerant.

4. Gas-fired absorption heat pumps (a.k.a., gas
engine heat pump) - uses a generator, and an
absorber, which combined is called a thermal
compressor. This replaces the electric compressor,
which is standard in air conditioning and heat
pump systems. Note that there are also absorption
(or gas-fired) coolers available that work on the
same principle.

NOTE: The heat transfer from a heat pump (or,
heat pump combination) can heat water for
radiators, or even circulate it under floors for
heating.

Most air conditioning units have a heat pump version.
In other words, there are air conditioners that put out
heat (i.e., they are heat pumps), however, they are sold
on the market as air conditioning systems (even though
they are heat pumps). In warm weather, a heat pump
and an air conditioner are the exact same thing (i.e.,
perform the same function similarly). During the phase
where the heat pump is cooling the interior environment
it is using the same mechanisms as an air conditioner to
do so. They both equally cool the interior environment.
The difference is that an air conditioner can't heat the
interior air significantly during winter. And, a heat pump
can be used to create and/or support interior heating. In
the case of cold temperatures outside, the external part
of the heat pump absorbs heat from outside and brings
the heat to the inside. However, the heat provided by
a heat pump is less than that provided by conventional
combustion furnaces and burners. An air conditioner
and air-sourced heat pump look identical from inside
and outside the building.

16.7.2.5 Heat pump installation configuration
options

There are a few different ways to install heat pump

systems based on the positioning of the system and

whether or not it uses ducts:

1. Ductless heat pump (a.k.a., split-ductless or
mini-split) - is used in buildings without ducts.
They include two units: an outdoor compressor
and indoor handlers (usually, a maximum of four).
These systems do not require ductwork. These
systems circulate refrigerant through the tubing
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that connects the indoor and outdoor units.

A. Single zone ductless heat pump - consist of
one outdoor unit and one indoor unit.

B. Multi-zone ductless heat pumps - consist of
one outdoor unit and two or more indoor units.
Multi-zone units can be more cost-effective,
because they have a cheaper upfront cost
compared to installing multiple single zone heat
pumps.

2. Package ducted heat pump (a.k.a., packaged
heat pump) - wherein, all the mechanical
components are housed in a relatively large, single,
outdoor unit. Only the ductwork is found inside
the building. This outdoor unit may be mounted
on a concrete pad outside or even on the roof.
Sometimes, a packaged unit also includes electric
heating coils or a gas furnace, which supplements
the heat pump to deliver warm air indoors during
extremely cold weather conditions.

3. Split ducted heat pump (a.k.a., ducted mini split)
- wherein, an indoor evaporative unit is placed in
the attic, basement, or closet, while the condenser
and compressor unit is located outside in a large
metal box. Ducting is connected to the indoor unit
and transfers air throughout the building.

16.7.2.6 Decisioning selection of a heat pump

Generally, heat pumps range from 1.2kW to over 10kW.
Here are some factors to consider when choosing the
size and type of a heat pump:

1. Does the system need to provide hot air, cool air,
hot water, or some combination?

2. Will it need to be combined with other atmospheric
and/or water processing systems?

3. What is the local climate, including the average
seasonal high and low temperatures?

4. What is the level of insulation in the building?

5. What is the size of the building(s) and the number
of occupants?

6. Is there ducting, or will there be ducting? If not then
a ductless system is necessary.

7. Is there access to a lake or river? If not, then a
water-sourced heat-pump is unavailable.

8. Is an air-sourced, ground-sourced, or water sourced
heat pump the best option given the conditions
and constraints?

16.7.3 Heating only atmospheric processing
systems

A.k.a., Heating machines, heating specific
atmospheric fixtures, environmental heating
mechanisms, heaters, heating fixtures.

WWW.AURAVANA.ORG | SSS-MS-HS-001 | THE HABITAT SYSTEM



LIFE SUPPORT. ARCHITECTURE SERVICE SYSTEM

Heaters are machines that produce significant heat for
an environment. A heater is really just a catch all term
for a device that heats up an environment. There are
several types of machines used to generate heat for an
environment. The following systems only produce heat.

Firstly, heat for a building can either be produced
centrally or by area:

1. Central heating units - have a central location
for the heating device, be it in a machine room
or attic or basement, where the heat is created
and distributed throughout the building. These
systems are generally part of an HVAC system.
These systems are quite common in most houses,
apartment complexes, and commercial buildings.
Modern central heating systems are efficient
enough that they typically won't require additional
energy-wasting localized or space heaters. A
furnace or boiler is the mechanism that produces
the heat that a central heating system will then
distribute to keep the internal environment
warm. Modern central heating units, produce
high amounts of heat, which is then distributed,
generally, by forced-air through ductwork, by
hot water circulating through pipes, or by steam
fed through pipes. A central heating system uses
some form of energy combustion (e.g., gas) and/or
electricity.

2. Space heaters (a.k.a., portable heaters, panel
heaters, area heaters, etc.) - are portable units
that lack the ability to transfer heat to another
location. These heaters heat a limited area. These
systems are generally electric. If they use any form
of combustion, then [generally] they should only be
used outdoors.

Area heaters are generally installed under windows
and on perimeter walls of the building. This allows them
to counteract the cold air radiating off the window glass,
as well as the areas where the building's greatest heat
loss tends to happen.

16.7.3.1 Combustion furnace ("fire box")

Furnaces get their name from the Greek word “fornax,”
which means oven. A furnace generates heat by burning
a fuel source (gas, oil, or biomass). Sometimes furnaces
are designed to only heat the local environment, but
more often, furnaces produce hot air and force it
throughout a building via a series of ducts.

NOTE: Many furnaces share the same interior
cabinet space, ductwork and thermostat with the
central air conditioner.

The first furnaces were stone or clay structures that
used coal and/or wood to create intense heat. The
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combustion source for a modern furnace could be:

1. Biomass (e.g., wood, wood chips, or wood pellets).
2. Bio and/or natural gas (most common).

3. Coal hydrocarbon.

4. Oil hydrocarbon.

The combustion chamber is the part of the furnace
where some combustible element (fuel) is burnt to
create the heat that enters into a heat exchanger. There
are many types of combustion furnace.

Natural gas furnaces are environmentally friendlier
and more energy efficient than oil furnaces. Natural gas
also costs less than oil. Not all locations have access to
all fuel sources. There are many similarities, but each
type has its own unique features, as well as pros and
cons for different buildings. Natural gas furnaces are
environmentally friendlier and more energy efficient
than oil furnaces. Natural gas also costs less than oil.
There must be a supply of natural gas in the area for
this type of furnace to be installed. Oil furnaces are less
expensive up front than natural gas, but the fuel costs
will depend on the highly volatile oil market. Qil is also
less eco-friendly than natural gas. Oil furnaces require
more cleaning due to the buildup of soot and debris.
However, oil furnaces can be installed in areas where
there is no natural gas.

One of the biggest benefits of a furnace is its
reliability. Though modern heat pumps work pretty well
in temperatures that dip below freezing, they still have
to source heat from somewhere. If a region experiences
long, cold winters, it's generally best to choose a furnace,
which generates its own heat. Another benefit is that
furnaces tend to last longer than heat pumps. Since they
are used only during the heating season, they generally
require less maintenance and sustain less wear and tear.
While the average useful life of a heat pump is just 10 to
15 years, both gas and oil furnaces can easily last 20 to
30 years with proper care.

There are several types of furnaces used in HVAC
systems, including but not limited to:

1. A sealed combustion furnace (a.k.a., sealed
combustion heater) - draws on air from outside
the house to use for burning fuel (i.e. combusting
fuel). The jets of the burners in a gas furnace must
have air to mix with the gas. A sealed combustion
furnace, however, isn't open to the house. It's
closed-off and draws air through a plastic PVC
pipe that connects it to the outside. A second pipe
attached to the combustion chamber sends out
the exhaust. The combustion process is entirely
isolated from the air in a house. Sealed combustion
furnaces do not remove air from indoors, and this
can be help in keeping humidity balanced inside in
winter.

2. An atmospheric furnace - uses air from within the
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building. The combustion chamber in the furnace
is exposed to the space around it so the furnace
can draw air directly inside. An atmospheric
combustion chamber draws air from inside the
house as it runs, causing an air deficit. Air from
the outside,. which is usually drier in the winter,
then rushes in to replace it; thus, creating a drier
atmosphere.

16.7.3.2 Electric furnace heater
A.k.a., Electric furnace, electric resistance heater.

Electric furnaces are a type of furnace that runs off
electricity producing heat by heating metals. The source
of power for an electric furnace is electricity. A fan is
used to circulate the heated air.

16.7.3.3 Steam water heaters

Steam heat is created by converting water from a boiler
into steam. Steam is an efficient source of heat for large
buildings; because, on the basis of unit mass, steam
can hold a significant amount of energy. It ranges from
approximately 2326 to 2908 kJ/kg (1000 to 1250 BTU/
Ib), which can be converted into mechanical operations
as heat or using a turbine. In other words, steam-based
heaters can be used for more than one purpose; they
can be used for heating [water] (to provide thermal
warmth) as well as generating electricity.

Most of the heat content in steam is latent heat;
therefore, itcan be transported atthe same temperature.
Some of the major advantages associated with using
steam systems include the high capacity for heat, low
toxicity, high efficiency, and low cost as compared to
other alternatives.

Note here that steam heaters can be very dangerous.
If a steam pipes breaks around animal occupants, the
steam can seriously harm and even Kkill. Steam systems
need to be inspected regularly (often, annually).

16.7.3.4 Boilers (boiler plants)

A boiler is a device that heats water. Most boilers
supply hot water below the boiling point, which is then
distributed through hydronic piping to provide space
heating. Some boilers use a steam-based heating and
distribution system. Here, water is turned into steam,
which is denser than air and lighter than water. Air
doesn't hold heat well, and water is difficult to move, so
steam is a good medium for transferring heat to where it
is needed. In most instances, a furnace or other heating
device is attached to the boiler. The hot water or steam
is distributed through a series of hot water pipes and/or
ducts that make up a central heating system.

Some boilers provide both hot water and hot water
atmospheric heating, which can eliminate the need to
have a separated central heating system and hot water
heater. This does, however, require hot water piping
throughout the architecture in a closed loop (primarily)
cycle that recycles back into water to be heated again.
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These systems generally use hydrocarbon combustion
to provide sufficient heat, however, smaller systems
may use electricity only. The source of power for a boiler
could be:

1. Fuel combustion - tends to be the most economic
option.
A. Wood (biomass).
B. Natural gas (most common).
C. Propane.
D. Coal.

2. Electricity - these boilers have a much higher
operating cost than combustion-based boilers,
which limits their usefulness in buildings.

The boiler plant must be designed so that building
occupants are not exposed to components at high
temperature, and it must be properly vented to prevent
the accumulation of combustion gases. Steam-based hot
water distribution systems can be very dangerous if a
pipe bursts. In such case, they are likely to kill occupants
in rooms where the steam (or very hot water) enters.

16.7.3.5 Water-based space heater

Integrated or combination water and space heating
systems usually cost more than a separate water heater
and furnace or boiler, but installation and maintenance
costs may be less. For example, you won't need multiple
utility hook-ups since there's one source of heat. There
also aren't as many moving parts to maintain or service.
Some of these high efficiency systems may also provide
power savings, and hence, lower utility costs (market
only). The sizing of a combination system involves
several different calculations than those used for sizing
a separate water heating or space heating system.

To determine the energy efficiency of a combination
water and space heating system, use its combined
appliance efficiency rating (CAE). The higher the number,
the more energy efficient. Combination appliance
efficiency ratings vary from 0.59 to 0.90. The higher the
number, the more energy efficient model.

16.7.3.6 Water-based radiant floor heater

Water-based radiant floor heating systems are fuelled by
either natural gas, propane gas, or oil. These system do
not “boil” the water, rather they heat it to below boiling.
This hot water is then pumped to radiant floor tubes, to
radiators, or it is run through a heat exchanger.

16.7.3.7 Furnace and boiler combination

A system that produces hot air and produces hot water.
These systems are generally gas, but may be electric.
The water from a boiler system can be circulated, like an
air ducted vent system, to heat the interior.

16.7.3.8 Electricity-based radiant floor heater

Electricity-based radiant floor heating systems use
electricity to heat metal under the floor.
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16.7.3.9 Portable electric space heaters

A.k.a., Electric space heater, portable space
heater, portable electric heater, portable heater.

Electric heaters use electricity to heat metals, and include
a fan to blow and circulate the heated air.

16.7.4 Cooling only atmospheric processing
systems

A.k.a., Cooling machines, cooling specific
atmospheric fixtures.

The following systems only provide cooling (i.e., reduce
heat).

16.7.4.1 Air conditioning machines

A.k.a., AirCon, AC, A/C, air cooling machine.

It is important to note here that an air conditioning
system cannot provide significant heating to an interior
environment; an air conditioner is only capable of
cooling. This means that it extracts heat from the indoor
air and transfers the heat outside. Note that some air
conditioning systems are sold as air conditioners, but
are actually reversible heat pumps (i.e., because they
are actually heat pumps, they can provide heating).
An air conditioner is typically paired with a heating
system (e.g., electric heater or furnace) to provide heat
when it is cold outside. The components used in an air
conditioner are also similar to a heat pump, consisting of
an outdoor unit housing a condenser, compressor, and
fan. The indoor unit includes an evaporator coil (a.k.a.,
evaporator core) and a fan. The evaporator coil is the part
of the system where the refrigerant absorbs heat. That
is, it's where the cold air comes from. The evaporator
coil is located inside or near the air handler where the
blower fan is. Evaporator coils are made from copper,
steel, or aluminum because these metals conduct heat
easily. A refrigerant circulates through the condenser
and evaporator, absorbing heat from indoor air and
transferring it outdoors. While the evaporator coil picks
up heat from indoor air, the condenser coil releases
heat into outdoor air. The resulting cold air moves
through the ducts using the fan and cools the indoors.
Functionally, an air conditioner has two connected
coils with continuous flowing refrigerant fluid inside of
them. The two coils form the two primary processes the
machine performs. The coil inside the build is called the
evaporator. The coil exterior the building is called the
condenser (condenser). The fundamental engineering
principle is to keep the evaporator (inside part) colder
than the room temperature, and the condenser hotter
than the surroundings. With this material configurations
making this conditions where the continuously flowing
fluid absorbs hear from the room and ejects it out to
the exterior surroundings. To achieve this engineering
objective, the machine also requires a compressor
(mechanism) and an expansion value (mechanism). The
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compressor mechanism sits near to the condenser, and
the expansion valve sits near to the evaporator. The
compressor increases the pressure on the refrigerant
fluid. By compressing the fluid, the compressor
dramatically increases its temperature. Turning it into
a hot gas that can be ejected exterior coil (condenser
coil). A fan in the condenser unit makes this task more
efficient. During the heat ejection phase, the gas turns
back into a liquid. An expansion valve fitted at the exit of
the condenser coil restricts the refrigeration flow, thus
reducing the pressure on the refrigerant fluid. The low
pressure refrigerant should be at a temperature lower
than the interior's temperature.

By passing the air of the interior environment the
machines cools (reduces the temperature) of the interior
atmospheric (and possibly, the whole interior material)
environment. The refrigerant gets converted to vapor
during this heat absorption process. There is one
significant issue with this design - near to the evaporator
coils, the air temperature will be low, which will lead to
water condensation on the evaporator coils. Therefore,
a pipe is required to remove this water condensate.

Note that compressors can be damaged if the input
refrigerant is not in gaseous form. A more advanced
expansion mechanism (which may also use its own
internal refrigerant) may be used to tightly control the
output of the compressor system. These more complex
compression mechanisms have a variable/dynamic
restriction flow system. These mechanisms ensure that
the compressor receives the refrigerant in pure vapor
form. Herein, the refrigerant flow rate and the room
temperature are actually controlled by the speed of the
compressor.

Modern air conditioners dehumidify as they cool;
this can be seen by the water that drains away from the
machine. However, this dehumidification is incidental
to their main job of controlling temperature. In general,
they cannot independently control both temperature
and humidity.

The refrigeration cycle in a typical AC works as follows:

1. Using electricity as its power source, the refrigerant
flows through a closed system of refrigeration lines
between the indoor unit and the outside unit.

2. Warm air from the inside of the building is pulled
into ductwork by a motorized fan.

3. The refrigerant is pumped from the exterior
compressor coil to the interior evaporator cail,
where it absorbs the heat from the air.

4. This cooled air is then pushed through connecting
ducts to vents throughout the home, lowering the
interior temperature.

There are two primary types of air conditioning systems
as categorized by the presence of ducting as well as
installation configuration:
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Note: These are all split atmospheric processing
machine with a part of the machine interior to
the structure and another part of the machine
exterior to the structure. Both the interior and
exterior parts need ambient air (i.e., do not

box or close them in). If they are confined,

then recirculation will occur and lead to high
inefficiency.

1. Ducted (vented, central, centralized) air

conditioner systems - a centralized air
conditioning system uses one centrally located
indoor unit, with an exterior fanned compressor
(a.k.a., condenser unit, heat pump), that delivers
cool air throughout the building through a series
of ducts and vents. In other words, a central A/C
system generates cold air at a single point inside
the building and distributes it via ducts throughout
the building. This unit is generally placed on the
roof, or on a concrete slab next to the building.
The unit is connected with the supply and return
ducts installed along the walls of a building. The
inside part of the machine is heat absorbing
when cooling (or, heat emitting if a heat pump
in heating mode). The outside unit will release
heat to the exterior environment. In a cooling
arrangement, a condensing unit is located outside
and contains the condenser coils, a compressor,
and the compressor fan motor. The evaporator
coils (cooling coils) are located inside the building.
Note that in a heating and cooling configuration
with an air handling furnace, the inside evaporator
coils are located on top of an air handling furnace.
The air handling furnace uses a blower fan motor
to draw air through the return vent, blow it past
the evaporator coils, and force the air through the
structure's venting network. The return air is then
drawn back through the return vents, cycling the
air. Once the room has reached a set temperature,
the thermostat turns the condensing unit off
until the room temperature moves outside set
parameters. Central air conditioners usually include
a large particle filter (not small particle filter, such
as, HEPA filter). These filters should be checked
monthly and replaced ever couple of months (as
needed). A typical central air conditioning system is
a two-part or split system that includes:
A. The outdoor unit contains the condenser coil,
compressor, electrical components and a fan.
B. The evaporator coil, which is usually installed on
top of the gas furnace inside the home.
C. Aseries of pipes, or refrigeration lines,
connecting the inside and outside equipment.
D. Refrigerant, the substance in the refrigeration
lines that circulates through the indoor and

outdoor unit.
E. Ducts that serve as air tunnels to the various
spaces inside your home.

2. Ductless (non-vented, local, mini-split, minisplit)

air conditioner systems - do not require ductwork

for air supply. The cold air blows through a slim

indoor unit mounted on the wall. These units are
powered by a single exterior compressor, and
connected by refrigerant tubing and electrical
wiring. Using electricity as its power source, the
refrigerant flows through a closed loop system of
refrigeration lines between the indoor unit and

the outside unit. Ductless mini-splits offer zoned

temperature controls, meaning that it is possible

to set each zone to a different temperature. These
systems generally have lower quality air filtration.

The following are types of ductless systems (which

apply to heat pumps as well as an air conditioner).

A. Single-split ductless system - uses
refrigeration technology to transfer thermal
energy from one outdoor unit to one indoor
unit.

B. Multi-split ductless system - uses refrigeration
technology to transfer thermal energy from one
outdoor unit to many indoor units.

C. Window air conditioner systems - are devices
that fit within a window port.

D. Portable air conditioner systems - are
portable air conditioning devices.

There are two primary types of air conditioning systems
as categorized by the presence of motor speed controller:

1.

Note: These are all split atmospheric processing
machine with a part of the machine interior to the
structure and another part of the machine exterior to
the structure.

Inverter - An inverter is energy saving technology
that eliminates wasted operation in air conditioners
by efficiently controlling motor speed. In inverter
type air conditioners, temperature is adjusted by
changing motor speed without turning the motor
'on' and 'off'; instead, the compressor runs on
different power modes. An inverter air conditioner
can regulate the speed of its compressor motor.
This type of system will reduce temperature
fluctuations in the environment. With inverter
technology, both the temperature and the humidity
will remain constant. Simply by adjusting the

speed of the motor(s), the compressor speed, flow
rate, cooling capacity, and temperature can all be
controlled accurately. The advantages of inverter
systems include:

A. Less electricity consumption.
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B. Constant air temperature.

2. Non-inverter - A non-inverter air conditioner
cannot regulate the speed of its compressor
motor. The motor runs at full speed, but turns
off once room temperature drops to the desired
level. Non-inverter systems cycle off the [exterior]
compressor once the set temperature is 1-2
degrees approximate the temperature set by
the user. The compressor turns back on once
the temperature is 1-2 degrees outside the set
temperature. This change will cause an ~4 degree
continuous temperature and humidity fluctuations
in the environment. The disadvantages of an non-
inverter system include:

A. More electricity consumption.
B. Environmental variable fluctuations (e.g.,
fluctuations in temperature and humidity).

Air conditioners (of the type: wall units, cassettes,
ducted units) are generally fitted at higher levels on the
walls of a room in order to produce quick cooling in the
room. As air is cooled, it contracts, become denser and
sinking. Warmer air at the bottom is displaced, and due
to it being less dense, it rises. This process continues
and sets up a convection current that will allow thermal
transfer to occur, wherein warmer air rises, is taken in by
air conditioner, and cooler air is output in a horizontal or
downward direction. Since cold air is emitted from the
A/C unit blowers, the unit has to be placed at the top
of a room to allow a convection current to form. Note
that there are some A/C units that "throw" the cool air
upwards to generate this convection current; however,
the bulk of A/Cs available are situated at the top

16.7.4.2 Chiller plants (water-based)

A.k.a., Water-based and centralized air cooling
system, water-based and centralized air
conditioning system.

Chiller plants use chilled (Read: cooled) water to remove
heat from a building. Chiller plants are commonly used
for air conditioning in large and/or integrated facilities. In
manufacturing applications, they also play an important
role in process cooling. Chiller plants use chilled (cold)
water to remove heat from indoor spaces. Chiller plant
systems cool large amounts of water in a central location,
and then pump the cool water to distal air handlers
that circulate and cool the local air. The temperature of
chilled water increases as it captures building heat within
each air handler, and is then returned to the chiller plant
to be cooled again. Chiller plants provide a high cooling
output and have a much higher efficiency than unitary
air conditioners. Additionally, hydronic piping requires
less space than air ducts, since water can hold more heat
than air in a given volume. (Chiller Plants, 2021)

A chiller plant systems consists of the following primary
elements:
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1. Large refrigeration condenser: Chillers are larger
versions of air conditioning condensers, with
cooling capacities often reaching several hundred
tons of refrigeration.

2. Pump and hydronic piping: A pump system that
distributes chilled water throughout the building,
and the piping used for this purpose is called
hydronic piping.

3. Cooling coils and fans (air handlers): Chilled
water is delivered to cooling coils in air-handling
units, where fans blow air through the coil to
reduce its temperature.

All chiller systems use water to remove heat from
buildings, but they differ in the method used to release
the heat to the exterior environment:

1. Air-cooled chillers - are exposed directly to
outdoor air, just like the condenser units of smaller
air conditioning systems. A fan is used to establish
airflow through the chiller, and the condenser is
constantly releasing heat outdoors.

2. Water-cooled chillers - are not in contact with
outdoor air, and instead they use a secondary
water loop reject heat. This water loop connects to
an outdoor cooling tower where heat is released,
and water is then returned to the chiller to remove
more heat.

Note that air-cooled chillers have a simpler
configuration because they are only connected to one
hydronic piping circuit, while water-cooled chillers use
another loop to reject their own heat. However, water-
cooled chillers typically offer a higher efficiency than
their air-cooled counterparts.

Most chiller compressors can be classified in the
following ways:

1. Reciprocating compressors - use pistons to
compress refrigerant. These resemble the
engine of a car. Depending on how the chiller
is designed, the compressor and its motor may
share the same housing, or they can have separate
housings. Reciprocating compressors are the
most affordable, and it is possible to use multiple
units together to serve variable loads. However,
reciprocating compressors are disadvantaged
by their low efficiency. Additionally, their piston
mechanisms require more maintenance.

2. Centrifugal compressors - are similar to
centrifugal pumps, since a rotating impeller is
used to increase pressure. Their cooling output is
controlled with inlet valves that regulate the flow
of refrigerant in to the compressor. Centrifugal
compressors are the most efficient type when
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operating at rated capacity. They are also very
compact, and available in a wide range of sizes. The
main disadvantage of centrifugal compressors is
their sharp drop in efficiency when operating under
part-load conditions.

3. Rotary-screw compressors - have two matching
helical screws that rotate at high speed, and
refrigerant is compressed in the space between
them. The cooling output is controlled with a
special valve that adjusts the volume ratio.

Although a centrifugal compressor is more efficient
at full load, rotary-screw compressors offer the highest
efficiency under part-load conditions. Since buildings
do not require the full cooling output all the time, these
compressors normally have the lowest running costs.
The main disadvantage of rotary-screw compressors
is their higher price, compared with reciprocating and
centrifugal units of the same capacity. They are only
recommended in applications that benefit from their
high efficiency at part load.

Note that chiller plants can be equipped with ice
storage tanks to increase their energy performance.

16.7.4.3 Water-based cooling towers

Water can absorb large amounts of heat when it
evaporates; hence, cooling towers normally use that
physical principle to expel heat from a building. Cooling
tower systems that use water evaporation to achieve
their cooling effect are classified as either (Cooling
Towers, 2021):

1. Open circuit cooling towers - discharge water
carrying the building's heat directly on the upper
side of the unit. Water falls against an upward
flow of air, which is established by a fan above
the cooling tower. With the combination of forced
airflow and water evaporation, the unit releases
a large amount of heat in a relatively compact
volume.

* The water is exposed directly to the atmosphere
before it returns to the chiller, heat pump or
process being cooled. Therefore, it must be
treated constantly to prevent contamination with
particles or bacteria.

+ Since some water evaporates as it falls through
the cooling tower, it must be replenished
constantly to sustain the required flow through
the HVAC unit or process being cooled.

2. Open circuit contamination prevention cooling
towers - this system operate similarly to the prior
system, but In this case, the water stream from
the chiller or process does not reach the cooling
tower directly, and instead it cools down in a heat
exchanger connected to the cooling tower.

« This configuration requires an extra water loop
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and pump, but it prevents contamination with
bacteria or particles.

3. Closed circuit cooling towers (adiabatic cooling
towers) - operate similarly to open circuits, but do
not expose water to the atmosphere, and instead,
circulate it through a coil inside the unit.

* This system uses a fan to establish an upward
airflow, but water is sprinkled from a separate
source. As a result, the water that flows through
the chiller plant or cooled processes is never
exposed to the atmosphere.

* These systems save water.

« Also, by deactivating the sprinklers when airflow
from the fan can provide enough cooling by
itself.

Cooling towers normally complement a major air
conditioning system such as a chiller or a large heat
pump in the following three ways:

1. While the compressor units in heat pumps and
chiller plants gather heat from indoor spaces,
cooling towers are used to remove the heat from
the compressors themselves.

2. Since large HVAC units are often found indoors,
while cooling towers are installed outdoors, both
devices are normally connected with a water loop.
The piping loop is equipped with a pump to keep
the water in circulation.

3. There are special applications where a cooling
tower can provide direct heat removal, without
being connected to a chiller or heat pump.

There are two methods to increase the energy efficiency
of a cooling tower:

1. By using high-efficiency motors to drive the pump
and fan in the cooling tower system.

2. By adding speed control capabilities to these
motors. These speech control mechanisms use
variable frequency drives (VFD). A VFD can lower
the speed of a fan or motor under partial load
conditions, achieving a drastic reduction in energy
expenses.

NOTE: Under some climate conditions, it is
possible to use a waterside economizer to
increase the efficiency of a chiller or heat pump.
When weather conditions are adequate, a
waterside economizer can assume a portion of
the space cooling load, reducing the electricity
consumed by chillers or heat pumps.

16.7.4.4 Refrigeration and freezing machines

Refrigeratorsandfreezersuseelectricityandrefrigeration
technology to reduce the temperature of an enclosed
space. These systems are considered appliances that
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provide cold storage space for food, liquids, lab samples,
and other heat-sensitive items. The purpose of the
refrigerator is to keep food fresh for a longer duration of
time. In general, food kept in an environment around 6
degrees celsius will remain fresher for a longer duration
of time. Hence, the task of a refrigerator is to maintain a
low temperature.

Refrigeration and freezing machines have the following
parameters:

1. Size of machine in liters as total gross capacity.

2. Size of refrigeration in liters.

3. Size of freezer in liters.

4. Degree of coldness.
A. Freezerless refrigerator (no-freezer refrigerator).
B. Freezer.
C. Combination refrigerator and freezer.

Refrigeration-type appliances, like many HVAC
systems, requires clearance space behind, to the sides,
in front, and at the top. This clearance space ensures the
relative free flow of air around the appliance.

16.7.5 Purification atmospheric processing
systems

A.k.a., Purification specific atmospheric fixtures.

Atmospheric filtration systems can be integrated into
architecture in two ways:

1. In-line filters integrated into HVAC systems, or
2. Portable filtration systems that are separated,
individual items (i.e., portable air filters).

Household air filters are available in two basic types:

1. Media filters create a physical barrier that traps
minute particles.

2. Electronic filters (electrostatic precipitators) use
a high-voltage charge to attract and capture
contaminants.

However, more completely, there are four types of whole
house filters:

1. Flat filters (normal for central HVAC systems).

2. Extended media filters (HEPA type filters).

3. Electronic filters (electrostatic precipitators) - these
systems produce some ozone (0%) as a byproduct.

4. Ultraviolet filters.

5. Portable room filters.

6. Ozone (O3) systems

16.7.5.1 Ozone generators

Ozone generators introduce ozone gas into the
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environment to purify the air of pathogenic organisms
and statically charge airborne particles so they more
easily stick to surfaces. Ozone generators take in oxygen
from the air (0%) and give it a strong electrical charge.
This electrical charge forces the oxygen molecules to
rearrange themselves and form 03. Ozone generators
have several primary uses:

1. Killing airborne mold and mildew

2. Preventing the growth of mold and mildew.
3. Killing bacteria and viruses.

4. Removing odors.

It is important to note here that high concentrations
of ozone can damage materials and harm human lungs.
Other types of air purifiers generally do not release
pollution into the air. While ozone generators release a
gas that is considered a pollutant to clean and sanitize.

16.7.6 De-/humidifying specific atmospheric
processing systems

A.k.a., De-/humidification specific atmospheric
fixtures.

Itis possible to control the humidity of the general indoor
environment and localized indoor spaces to:

1. Provide greater comfort.
2. Protect materials.
3. Dry wet textiles.

Within the indoor environment, low and high air
humidity can causes discomfort for humans, it can also
lead to several health issues, and can be damaging
to buildings, technologies and other indoor objects.
Humidity control isimportant in all indoor environments.

The most common material concerns for humidification
in a building include, but are not limited to:

1. Low humid air can cause dryness in wooden floors,
surfaces and furniture making them more prone to
deformation and cracking.

2. Low humid air can cause dryness in paint and
plaster causing it to crack and fall off.

3. Especially humid air can precipitate water within an
enclosed environment and lead to mold growth.

Humidification systems can also protect sensitive
electronic equipment from electrostatic discharge.

16.7.6.1 Humidification systems (humidifiers)

Outdoor air tends to have the lowest humidity during
winter, and it becomes even drier as it passes through
heating systems. As a result, indoor air can easily reach a
relative humidity value below human comfort.

The following are the most common types of

[147



LIFE SUPPORT. ARCHITECTURE SERVICE SYSTEM

humidification systems:

1. Steam humidifiers - increase indoor air humidity
with a controlled dispersion of steam, often with
the assistance of ventilation systems. Steam-based
humidification is the most expensive method but
also the cleanest, and for this reason it is preferred
in healthcare applications.

2. Atomizing humidifiers - spray water at high
pressure to increase indoor air humidity, and
they have the lowest operating cost among
humidification systems. Atomizing humidifiers
are also characterized by their flexible design,
and adaptability to serve a wide variety of
humidification loads.

3. Ultrasonic humidifiers - produce a cool mist to
humidify indoor spaces. They are less efficient than
atomizing humidifiers, but still much more efficient
than steam humidifiers. The mist produced by
ultrasonic humidifiers is quickly absorbed into the
air, preventing the accumulation of droplets on
surfaces.

Humidification is measured in kilograms per hour
(kg/h).

16.7.6.2 De-humidification systems (dehumidifiers)

Outdoor air tends to have the highest humidity during
summer. As a result, indoor air can easily reach a
relative humidity value higher than human comfort
and appropriate conditions for indoor technologies and
other objects.

De-humidification is measured in kilograms per hour
(kg/h).

16.7.6.1 Drying machines

Drying machines are used to dry textile materials and
remove separated fibers (Read: lint). Lint sticks to
clothes that have not been dried in a drier and often
enters the atmosphere when the textiles are moved.
Lint is a common source of indoor and outdoor air
pollution and can be harmful (particularly over time)
to human respiratory health. Additionally, without a
drying machine, if the clothes are dried indoors, then the
humidity in the local environment will increase.

All dryers use heat, air, and motion to catalyze the
process of drying textiles while using electricity. To
perform the drying function, drying machines create
warm/hot air within which wet textiles are tumbled
within a rotating drum. There are two categories of
drying machine based upon the different ways they
produce heat:

1. Electric heating coils.

2. Gas burners.
A. Natural gas (most common).
B. Propane (least common).
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Gas and electric dryers work similarly, but gas models
typically cost less to operate because they dry clothes
faster. Hence, gas dryers are more energy efficient than
electric only dryers. Gas drying machines also dry clothes
more quickly because they heat up more quickly. Most
electric dryers require a 240V outlet to provide enough
power to produce heat and tumble the clothes. Most
new gas dryers use 120 volts of electricity.

Drying machines come in two general types depending
upon whether they have a vent to the exterior
environment:

1. Ventless dryers - dryers that do not require a vent
to the outside. These dryers are used when there
is no vent to the outdoor, or venting to the exterior
is not possible. When using a ventless dryer there
is no need to cut holes in the walls or run ducting.
In Europe, ventless dryers are more common than
vented dryers. The two major types of ventless
dryers are:

A. Condensation dryers.
B. Heat pump dryers. Heat pump dryers are a
newer type of ventless dryer.

2. Vented - dryers that have require a vent to the
outside. In the United States, vented dryers are the
most common.

In general, ventless dryers are more expensive than
vented options. Additionally, ventless heat pump
dryers are more costly up-front than condensation
ventless dryers. However, the operating costs for
ventless heat pump dryers are lower - half or more
the cost per load of a traditional vented dryer in
gas or electric.

16.8 Installation of atmospheric system

There are many ways to install atmospherics. These
systems are usually embedded into structure.

16.9 Operation of atmospheric system

This system is more split in terms of operational
characteristics on the supply and demand sides, and
depends on installed configuration. With ducts, there is
the need for supply side dynamic air pressure. On the
demand side, the user will operate a thermostat and
possibly airflow volume and/or direction control system
in order to adjust temperature of the air, the amount of
air, and the direction of air.

16.9.1 Atmospheric load demands
A.ka., Electrical loading.

HVAC loads are measured in several ways, most notably,
energy consumed to produce:
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1. Conditioned air flow, and
2. Surface temperature.

In order to do work, HVAC systems are split into a power
usage system and an airflow and surface temperature
changing service system:

1. A power usage system:
A. Energy consumed may be by electricity or

combustion of fuel.

1. Most HVAC electrical loads are measured in
watts [of electrical] power. Often, the kilowatt
hour (kW.h)

2. Heating and cooling systems can be measured
in BTU [of heating or cooling] power

2. An airflow conditioning (production and
distribution) system:
A. Airflow volume is air flow rate, or quantity of air

B.

C.

D.

being moved, which is measured in:

1. m3/sec (cubic meters per second) or

2. cubic feet per minute (CFM).

Airflow velocity (Read: distance travelled per unit
of time) is measured by sensing the pressure
that is produced through the movement of

the air. Velocity is also related to air density
with assumed constants of 70° F and 29.92 in
Hg. Air velocity is generally measured using
anemometers, which are one of the most
effective instruments for measuring air flow,

or the speed of the air, and are available in
vane and hot-wire technologies. The vane
anemometer is in essence a small fan driven by
the movement of air across the fan blades. The
hot wire anemometer uses a heated wire that is
cooled by the movement of air across the wire.
It is possible to measure the velocity at different
points in a duct and find the average velocity in
the duct. The most common measuring units for
velocity are:

1. Meters per second (m/s, m/sec)

2. Feet per minute (FPM)

Temperature production is measured in kelvins
or Celsius (or Fahrenheit in imperial).

Static pressure is measured using a manometer
with pressure probes. Early manometers used

a column of water to reflect system pressure. A
manometer is an instrument used to measure
and indicate pressure. The air pressure
physically elevated the water in a measured in
inches, which is why static pressure is expressed
today in inches. Readings need to be taken at
the supply side and return side of the system.

It is an important design consideration to have
these openings built into the design so that
post installation construction to drill holes is not

required. The most common measuring units
for pressure are:
1. kPa
2. psi
3. H20
3. The conduit lines (ducting, transmission lines) and
filters are another type of load.
* Friction causes losses in conduit lines and filters.
4. Non-usage, but presence, may still equate to
system service usage.
+ If a usage circuit has no load in the form of a
power factor of zero the user would consume
NO watt.hours, but the supplier may still have
to send static pressure to them and incur real
energy losses in conduits, fans, and filters. Power
factor is the relationship (phase) of volume and
velocity in HVAC production-distribution system.

16.10 Engineering calculations for
atmospherics

Factually, heat will flow spontaneously from a region of
higher temperature to a region of lower temperature.
Heat will not flow spontaneously from lower temperature
to higher, but it can be made to flow in this direction if
work is performed. The work required to transfer a given
amount of heat is usually much less than the amount of
heat present. The amount of work required to drive an
amount of heat Q from a lower-temperature reservoir
(e.g., ambient air) to a higher-temperature reservoir
(e.g., the interior of a building) is:

+ W=Q/COP
* Wherein,

+ Wis the work performed on the working fluid by
the heat pump’s compressor.

* Qs the heat transferred from the lower-
temperature reservoir to the higher-temperature
reservoir.

+ COP is the instantaneous coefficient of
performance for the heat pump at the
temperatures prevailing in the reservoirs at one
instant.

16.10.1 Calculated engineering performance
of HVAC systems

The following are terms used in measuring the
performance of a HVAC system:

1. COP rating (coefficient of performance) -
indicates the ratio of heating or cooling provided
by a unit relative to the amount of electrical input
required to generate it. The higher the number, the
more efficient a heat pump is and the less energy it
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consumes. COP is not a good indicator of efficiency

because it only gives a snapshot of performance at
very specific good conditions.
+ COP = heating/cooling output (kW) / electricity
input (kW).
+ For example, if an air conditioner creates 5kW
of heat from a 1kW electrical input, its COP is
5.0.

2. SCOP rating (seasonal coefficient of efficiency) -
the manufacturer has to test the units at different
outside air temperatures. Units are expected
to operate for a certain number of hours per
temperature, which simulates the hot season.

* The higher the number, the more efficient a heat
pump is and the less energy it consumes.

3. AFUE rating (annualized fuel utilization
efficiency) - is a measure of how efficiently a
unit uses fuel. All combustion furnaces have an
energy efficiency rating known as the AFUE. This is
a percentage that shows how much of the energy
consumed by the furnace becomes heat rather
than escaping as energy loss. The higher the AFUE
percentage, the more efficient the furnace is. This
measure is for oil or gas (not electric) fired heaters
and boilers. This rating compares the heater's
annual heat (energy) output to its annual energy

input in Btu. The calculation includes expected pilot

flame losses and heater use during a typical year

at an “average” location. The higher the rating, the

more efficient a unit is.

+ In the U.S.A. the minimum allowed AFUE rating
for a non-condensing (typical home heater)
fossil-fueled, warm-air furnace is 78 percent; the
minimum rating for a fossil-fueled boiler is 80

percent; and the minimum rating for a gas-fueled

steam boiler is 75 percent. However, there are
some systems capable of very high AFUE's of
around 97 percent.

4. SEER rating (seasonal energy efficiency ratio) - is

the total cooling capacity of an air conditioner or
heat pump in Btus during its normal annual usage,
divided by the total electric input in watt-hours
during the same time period. In other words, SEER
is calculated by dividing the cooling output of the
unit in a given season by the energy it used during

that period. It measures a heat exchange efficiency

in cooling mode. The higher the SEER number, the

more efficiently the unit is at converting electricity

into cooling

+ High efficiency units must have a SEER of at
least 14. In the U.S.A,, at present, the minimum
standard SEER for newly manufactured air
conditioning and heat pump units (other than
window units) is 13 SEER.

* It should be note that a unit's actual SEER rating
will decline over time as coils get dirty, motors
and compressors age, and the refrigerant
degrades. The SEER rating also declines as the
outside temperature rises. If the unit is installed
incorrectly or the ductwork is leaky and not well
made, the actual overall SEER rating can be much
lower as well.

. HSPF (heat season performance factor) - is a

measure of a heat pump’s efficiency in heating

mode. It measures the total heating output of the

heat pump during its normal annual usage in BTUs
divided by the total electric input in watt-hours
during the same time period. It is used to measure

a heat pump’s efficiency when it is in heating mode

(note: similar to how the SEER rating measures

efficiency in cooling mode). It is only used with heat

pumps. The higher the HSPF, the more efficient the
heat pump. In other words, the higher the HSPF,
the less the unit costs to heat a space during one
year. A heat pump system with a high HSPF score
will perform better during cold snaps.

* Split system heat pumps that are considered
high-efficiency have at least an HSPF of 8.2
(some units currently go as high as 9.35). Ground
source heat pumps (“geothermal”) tend to have
high HSPF's because the heat source (ground
temperature) is very stable and predictable,
therefore the equipment can be designed very
specifically.

. EER ratings (energy-efficiency ratio) - is the

ratio of the cooling output in Btu's divided by the

unit's power consumption in Watts at a specific

temperature (usually 95 degrees Fahrenheit). This

rating is only useful for hot climates. The higher the

EER, the more efficient the model.

+ For example, if an air conditioner generates 5kW
of cooling from a 1kW electrical input its EER is
also 5.0.

. BTU rating (British thermal unit) - measures the

amount of heat energy needed to raise one pound
of water to one degree Fahrenheit at sea level. The
higher the BTU, the faster the unit can cool a space.

8. Ton - is used for air conditioning and heat pumps as

a measure of energy usage in british thermal units
(Btu). The common rating term for air conditioning
size is the "ton," which is 12,000 Btu per hour of
cooling. Before refrigeration air conditioning was
invented, cooling was done by saving big blocks of
ice. When cooling machines started to get used,
they rated their capacity by the equivalent amount
of ice melted in a day, which is where the term
“ton” came from sizing air conditioning. Relatedly,
a Btu is the amount of heat energy required to
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raise the temperature of one pound of water
(about a pint) one degree Fahrenheit in one hour.
This is also about the amount of energy given off
by completely burning a wooden kitchen match.
A heating unit is used to identify air conditioners,
because air conditioners are just moving heat -
not producing “cold.” There is no such thing as a
unit of cold, just units of heat moving out of one
environment and into another.
+ Forinstance, a 4 ton air conditioner is one that
can remove 48,000 BTUs of heat per hour from
the house.

TON = QaBsoRBED
+ 1 TON = # of Watts

9. Metric units use: Watts of cooling / Watts of
electricity.

10. Imperial units use: BTU of cooling / Watts of
electricity.

16.10.1.1 Ton rating

There are 12,000 BTUs per ton, a two-ton heat pump
has a capacity of 24,000 BTUs of heating or cooling,
meaning that it would be rated at 24,000 BTU per hour.
Compared to larger heat pumps, a two-ton unit will be
less expensive and likely occupy less space. These units
are more suited for heating and cooling smaller spaces
or enhancing comfort in areas with moderate heating
and cooling needs.

A capacity of 24,000 BTUs will heat or cool areas of
up to 1,000 square feet. But it's important to confirm
that a two-ton unit is suitable for your home and climate
before investing in one. Picking the right unit ensures
you save on energy consumption, reduce wear and tear
and maximize comfort.

A ton of heat pump capacity is equivalent to 12,000
BTU per hour, and a three-ton heat pump is rated at
36,000 BTUs per hour. This rating means that it has a
higher heating and cooling capacity than a two-ton unit
and a lower capacity compared to a 4-ton heat pump.
It will also consume more energy that a 2-ton unit to
maintain indoor air at the desired temperatures. While
it's not necessarily heavier than smaller-capacity pumps,
it will likely cost more to buy and install. A quality three-
ton heat pump can effectively heat or cool an average
area of 1,500 square feet, but will be too large for smaller
spaces.

16.10.1.2 Standard atmospheric efficiencies

HVAC systems run at different efficiencies. To provide
10,000 kWh of heating from a device that runs at 85%
efficiency, the system needs to provide the device 11,765
kWh of heat from some source, for example, gas:

+ 10,000 kWh / 0.85 = 11,765
* Inevitably, some thermal output will go to waste,
which is where the 85% efficiency comes in.

WWW.AURAVANA.ORG
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If an electric heater is 100% efficient. Hence, to provide
10,000 kwH of heating, the system needs to provide
10,000 kWh of heat from electricity.
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17 Architecture gas and fuel sub-
system

Note that an architectural gas and fuel service system
is similar to a water service system in the plumbing
networks/systems are used to access and distribute the
materials to endpoints.

17.1 Natural gas sub-systems

Natural gas and propane are common resources used in
many different home appliances, specifically in cooking
and heating systems.

17.1.1 Hazards with the natural gas system

The primary natural gas risks include, but may not be
limited to:

1. Leakage.
2. Explosion.
3. Buildup of dangerous combustion by-products.

17.1.2 Natural gas piping

Gas enters the building through a gas-based plumbing/
piping network. There are several best practices that
ought to be followed when creating a piping network for
gas (Plumbing systems, 2021):

1. Gas piping entering the building must be protected
from accidental damage by vehicles, foundation
settlement or vibration. Where practical, the
entrance should be above grade and provided with
a self tightening swing joint prior to entering the
building.

2. Gas piping shall not be placed in unventilated
spaces, such as trenches or unventilated shafts,
where leaking gas could accumulate and explode.

3. Gas shall not be piped through confined spaces,
such as trenches or unventilated shafts.

4. All spaces containing gas-fired equipment, such
as boilers, chillers and generators, shall be
mechanically ventilated.

5. Vertical shafts carrying gas piping shall be
ventilated.

6. Gas meters shall be located in a gas meter room,
thus avoiding leakage concerns and providing
direct access to the local gas utility.

7. Gas detectors should be placed on the ceiling
where gas is used.

8. All gas piping inside ceiling spaces shall have
plenum rated fittings.

9. Diaphragms and regulators in gas piping must be
vented to the outside.

Vents to the outside environment must be installed
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wherever natural gas is burned; because the combustion
creates by-products (e.g., carbon monoxide) that are
dangerous to humans and other animals.

17.1.3 Objects in the gas system: fixtures,
fittings, and appliances

Natural gas fixtures and fittings are equipment that
interface with the natural gas in a building:

1. Natural gas fixture - A device for receiving natural
gas. The most common fixtures include, but may
not be limited to:

A. Gas meters.
B. Natural gas sensors.

2. Natural gas fitting - a device designed to control
and guide the flow of natural gas. The most
common fittings include, but may not be limited to:
A. Hoses.

B. Connectors.

3. Natural gas appliances - appliance devices that
use natural gas, the most common of which
include:

A. Gas ovens.

B. Gas burners.

C. Gas grills.

D. Tankless water heaters.

E. Tank-based water heaters.
F. Fireplaces.

G. Dryers.

H. Furnaces.

I. Boilers.

J. Outdoor gas lights.

17.2 Fuel oil sub-systems

Fuel oil systems require tanks of oil to be delivered to
the architecture, which are then connected to fuel oil
fittings and appliances. Fuel oils are all petroleum-based
(hydrocarbons), and most commonly include kerosene,
diesel, and gasoline.

17.2.1 Hazards with the fuel oil system

The primary natural gas risks include, but may not be
limited to:

Oil discharge when connecting.

Leakage.

Fire.

Frequent maintenance.

Oil deliveries.

6. Buildup of dangerous combustion by-products.
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17.2.2 Fuel oil piping

Fuel oil enters the building through a gas-based
plumbing/piping network. There are several best
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practices that ought to be followed when creating a

piping network for gas (Plumbing systems, 2021):

1. Fuel oil piping system shall use at least Schedule 40
black steel or black iron piping.

2. Fittings shall be of the same grade as the pipe
material. Valves shall be bronze, steel or iron and
may be screwed, welded, flanged or grooved.

3. Double-wall piping with a leak detection system
shall be used for buried fuel piping.

4. Duplex fuel-oil pumps with basket strainers and
exterior enclosures shall be used for pumping the
oil to the fuel burning equipment.

5. Underground fuel oil storage tanks shall be
of double wall, non-metallic construction or
contained in lined vaults to prevent environmental
contamination.

6. Tanks shall be sized for sufficient capacity
to provide 48 hours of system operation
under emergency conditions (72 hours for
remote locations such as border stations). For
underground tanks and piping a leak detection
system, with monitors and alarms for both, is
required. The installation must comply with local,
State and Federal requirements, as well as EPA 40
CFR 280 and 281.

Vents to the outside environment must be installed
wherever natural gas is burned; because the combustion
creates by-products (e.g., carbon monoxide) that are
dangerous to humans and other animals.

17.2.3 Objects in the fuel oil system: fixtures,
fittings, and appliances

Fuel oil fixtures and fittings are equipment that interface
with the fuel oil in a building:

1. Fuel oil fixture - A device for receiving fuel oil. The
most common fixtures include, but may not be
limited to:

A. Not applicable.

2. Fuel oil fitting - a device designed to control and
guide the flow of fuel oil. The most common fittings
include, but may not be limited to:

A. Tanks.
B. Hoses.
C. Connectors.

3. Fuel oil appliances - appliance devices that use
fuel oil, the most common of which include:
A. Oil-fired burners.

B. Oil-fired furnaces.
C. Electrical generators.

WWW.AURAVANA.ORG
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18 Architecture electrical sub-
system

A.k.a., Electrical service engineering, electrical
power system.

Electrical systems either use electricity to function or
are involved in the production and/or transmission of
electricity.

The most common electrical sub-systems in a building
are:

. Electrical production systems; electrical supply.

. Electrical distribution systems.

. Lighting.

Heating, ventilation and air conditioning.

. Automated control.

. Operation of machines (e.g., motors and
appliances).

7. Data processing, transmission/telecommunications.
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Within architecture, there are three types of equipment:

1. Electrical demand equipment - equipment
that uses electricity, such as motors, computers,
lighting, HVAC, etc.

2. Electrical production / supply equipment -
equipment that produces electricity, such as solar
panels and generators.

3. Electrical distribution and sub-processing
equipment - equipment that allows for the
transmitted distribution of electricity and the
sub-processing to ensure compatibility with end
devices. Such as wires and transformers before
endpoint electrical devices.

In relation to electricity in buildings, the term electrical
power is usually associated with:

1. Electrical demand.
2. Electrical rating.
3. Electrical supply capacity.

In this context, electrical power is concerned with how
much power a building or a circuit may require, which in
turn will relate to capacity of supply, size and rating of
conductors, type and rating of protective equipment as
well as functional switching capacity.

Power calculation variables include, but are not limited
to:

1. The watt - is the Sl unit of electrical power that
measures energy transfer at a rate of 1 joule per
second. Herein, one watt is defined as the energy
consumption rate of one joule per second (J/s).
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One watt is also defined as the current flow of one
ampere with a voltage of one volt.

2. The circuit-watt - is the power consumed in

lighting circuits by lamps, and where applicable,

their associated control gear (including

transformers and drivers) and power factor
correction equipment.

A. Lamp lumens per circuit-watt - is the total
lamp lumens summed for all luminaires in the
relevant areas of the building, divided by the
total circuit-watts for all the luminaires.

B. Luminaire lumens per circuit-watt - is the
(lamp lumens x LOR) summed for all luminaires
in the relevant areas of the building, divided by
the total circuit-watts for all the luminaires.

18.1 Electrical standards

Significant electrical standards include, but are not
limited to:

1.

U.S. Occupational Safety and Health Administration
(OSHA; or its equivalent) - is part of the United
States Department of Labor and was created to
ensure safe and healthful working conditions for
working men and women by setting and enforcing
standards and by providing training, outreach,
education and assistance.

2. Institute of Electrical and Electronics Engineers

(IEEE) - is the world's largest technical professional
organization dedicated to advancing technology for
the benefit of humanity. The IEEE has developed
standards for over a century using technical
experts from all over the world. The IEEE has over
1100 active standards.

+ |EEE 1547 - Standard for Interconnection and
Interoperability of Distributed Energy Resources
with Associated Electric Power Systems
Interfaces. This is the standard that describes
the interconnection of PV and other distributed
energy resources (DERs) to the utility grid.

3. International Electrotechnical Commission (IEC)

- is an international standards organization that
prepares and publishes international standards for
all electrical, electronic and related technologies.

4. American National Standards Institute (ANSI) -
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a private, not-for-profit organization dedicated to

supporting voluntary standards. ANSI accredits

many different standards developers, including

those familiar to the electrical industry like

NFPA, UL, and IEEE. ANSI has over 11,500 active

standards.

+ ANSI /IEEE Standard C37.2 - Standard for
Electrical Power System Device Function
Numbers, Acronyms, and Contact Designations.

Identifies the features and function number
of a protective device such as a relay or circuit
breaker.

5. National Electrical Manufacturers Association
(NEMA) - develops performance standards and
promotes product interoperability to increase
market demand while improving safety to mitigate
risks.

6. North American Electric Reliability Corporation
(NERC) - is a not-for-profit international regulatory
authority whose mission is to assure the effective
and efficient reduction of risks to the reliability and
security of the grid.

Significant electrical codes include, but are not limited
to:

1. The International Code Council (ICC) has a chapter
in its international building code (IBC) related to
electricity, chapter 13 (2018). [codes.iccsafe.org]

2. U.S. National Fire Protection Association (NFPA)

. U.S. National Electrical Code (NEC)

. Institute of Electrical and Electronics Engineers

(IEEE)

. National Electrical Safety Code (NESC)

. International Code Council (ICC)

. International Building Code (IBC)

. International Fire Code (IFC)

9. International Energy Conservation Code (IECC)

10. Energy Market Authroity (EMA) Codes of Practice

11. Etc.
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NOTE: In some jurisdictions, there are also
testing agencies, that test and then certify the
building as meeting a set of criteria.

18.1.1 Standard electrical documentation

A.k.a., Atmospheric system specification and
drawings.

Electrical systems are documented via specifications and
drawings.

1. Electrical drawings (a.k.a., electrical schematics,
electrical schematics): illustrate the system that
will support airflow and transfer thermal energy.
Atmospheric (HVAC) drawings illustrates the
atmospheric system.

2. Electrical specifications: include all written
content, reasoning for decisions, and calculations.

18.1.1.1 Electrical load data tables

Electrical system equipment includes two primary
categories:

1. Electrical usage equipment [data] table (a.k.a.,
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electrical usage equipment list) - is appliances,
devices and other equipment that uses electricity
to meet human technical needs. All endpoint
equipment that uses electricity.

2. Electrical equipment [data] table (a.k.a.,
electrical equipment list) - is equipment that
relates specifically to the electrical system (e.g.,
solar power equipment, transformers, circuit
breakers, etc.). All electrical system specific
equipment.

3. Load calculation table (a.k.a., demand
calculation table) - this table shows electrical load
calculations for each family. The calculations in this
table are often separated first by family, and then,
totals.

4. Load forecast table - this table shows

18.1.1.2 Electrical production drawings and
specifications

A.k.a., Electrical system diagrams, electrical
system schematics.

An electrical drawing illustrates the electrical circuit
system.

1. Circuit diagram (a.k.a., wiring diagram, wiring circuit
diagram).
2. One-line electrical wiring diagram.

An electrical specification includes a materials list:

1. Schedule for a power panel.
2. Schedule for electrical circuit.
3. Schedule for solar system.

18.1.1.3 Electrical system plan
An electrical plan covers the following elements:

System concept.

Load calculation.

System zoning.

Electricity distribution.
Equipment selection.

Wiring size calculation.

. Adjustment, testing and balance.
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The electrical plan includes standards for safety
and electricity quality for all buildings. It also covers
requirements for the prevention of fires and other
hazards.

18.1.1.4 Electrical efficiency plan

The analysis to determine the best system to meet the
energy/power requirements for a habitat service system,
and may be produced through the following steps:

1. Step 1: Determine the following [for the whole HSS,

individual buildings and combined buildings]:
A. Hourly electrical load for the whole HSS
1. Demand loads.
B. Hourly thermal loads for the HSS.
C. Hourly heating loads for the HSS
D. Hourly cooling loads for the HSS.
E. The final estimation, which can be based on
measured data or simulation analysis.

. Step 2: Identify the main energy resources available

within or close to the site where the HSS is located.
These resources typically include solar, wind,
geothermal, hydroelectric, fossil fuel, and biomass.
Step 3: Collect specific analysis data including
market-economic parameters such as fuel costs
and electricity prices from the grid as well as the
capital and operation and maintenance (O&M)
costs for various power-generating technologies.
Step 4: Carry out optimal analysis for various
technically feasible options for power generation
technologies, including fuel-based as well as
renewable energy technologies. Calculation
formulas within tables, as well as simulation tools,
are typically used in the analysis.

. Step 5: Rank and select the most [cost-]effective

system, including the optimal capacities.

18.1.2 Standard electrical requirements

What is required for a viable electrical production-
distribution system is:

1.

For architecture - Electrical production
proportionate to electrical demand [via a load,
motion].

. For economic calculation - Data sheet about loads

(electrical appliances) to produce optimization
calculation.

. For life support demand - electricity proportionate

to human demand.

For technology and exploratory demand -
electricity proportionate to human demand.

For buildings - Appropriated localized electrical
production proportionate to a mains supply (Read:
supply from a distance).

18.1.3 Hazards with the electrical system

The most common hazards with an electrical system are:

kW=

Outage.

Load growth.
Electrical shocks.
Fires.

Lightning.
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6. Damage to devices. Some electrical equipment
and devices are sensitive to changes in supply
frequency and voltage levels. In most cases,
electrical systems are designed to operate within
certain ranges of tolerances of specific values of
frequencies and voltages.

7. Over or under parameter electricity (e.g., over
voltage, under current, etc.).

8. Short-circuiting. Occurs when electrical wires that
are not intended to touch come into contact with
one another.

18.1.3.1 Electrical safety

Electrical safety covers the design, installation, inspection
and testing, and operation of electrical installations
in order to prevent injuries from electrical shocks and
burns, and to prevent injuries arising from fires due to
electrical components overheating or arcing. To ensure
safety, all electrical equipment should be able to handle,
control and dissipate electrical power safely, to avoid the
risk of fire or electric shock.

18.1.3.2 Power quality disturbance protection
elements

In order to protect against power quality disturbances,

the following are some preventive and corrective devices

and strategies that can be considered:

1. Pulsed rectifiers - are utilized to improve the
shape of voltage and current sinusoidal waveforms,
especially when operating motors

2. Power harmonic filters - are commonly used to
reduce the effects of harmonic distortions

3. Dynamic voltage compensators - installed
between power sources and loads to protect
electrical systems against voltage sags

4, Capacitor banks - are specified to provide
several benefits to the electrical distribu-tion
systems, including increase in the power factor,
improvement of voltage regu-lation, reduction
in energy losses, and prevention of harmonic
resonances

5. Special transformers - are utilized to control
harmonic currents and mitigate voltage sags

6. Uninterruptible power supply (UPS) systems -
are commonly specified as backup power sources
for critical loads that require stable voltage levels.
For several buildings, UPS systems consist typically
of battery-powered devices that are charged
from the utility power source using inverters
and rectifiers. When the source voltage level is
reduced due to any disturbances, a bypass switch
is activated and power is supplied from the battery.
The battery continues to provide steady power
to the critical loads until the main power source
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returns to its normal operating condition, unless
the battery is totally discharged. Generally, battery-
powered UPS systems come in a variety of sizes
from 100 W to 500 kW. It should be noted that
these standard sizes of batteries can only maintain
the necessary voltage level for short periods. For
large critical building loads, such as data centers or
operating rooms in hospitals, UPS systems include,
standby engine generators. The generators are
connected to the critical load through transfer
switches and can provide power for extended
periods of time.

18.1.3.3 Electrical grounding

It is important to properly ground electrical systems
to minimize fire hazards, electrical shocks and injuries
to occupants, and damage to equipment. Grounding
systems are passive systems used to establish an
electrical potential reference pointin an electrical system
for the proper dissipation of electrical energy in case of
abnormal or transient conditions.

Design documents for grounding systems shall indicate
at a minimum the following:

. Type and location of grounding electrodes.

. Bonding requirements.

. Testing requirements.

. Conductor material type, size and protection
requirements.

5. Separate grounding systems, properly bonded, per

code and use requirements.

A WN —

The following types of grounded systems may be used
in a building:

1. Electrical system grounding: Electrical systems
that are grounded shall be connected to earth in
a manner that will limit the voltage imposed by
lightning, line surges, or unintentional contact
with higher-voltage lines and that will stabilize the
voltage to earth during normal operation.

2. Grounding of electrical equipment: Normally
non-current-carrying conductive materials
enclosing electrical conductors or equipment, or
forming part of such equipment, shall be connected
to earth so as to limit the voltage to ground on
these materials.

3. Bonding of electrical equipment: Normally non-
current-carrying conductive materials enclosing
electrical conductors or equipment, or forming part
of such equipment, shall be connected together
and to the electrical supply source in a manner that
establishes an effective ground-fault current path.

4. Bonding of electrically conductive materials and
other equipment: Normally non-current-carrying
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electrically conductive materials that are likely to
become energized shall be connected together and
to the electrical supply source in a manner that
establishes an effective ground-fault current path.
Figure 5.26 illustrates the application of a bonding
jumper system to connect the panel enclosure to
the neutral wires.

5. Effective ground-fault current path: Electrical
equipment and wiring and other electrically
conductive material likely to become energized
shall be installed in a manner that creates a
permanent, low-impedance circuit facilitating
the operation of the protection device or ground
detector for high-impedance grounded systems.

It shall be capable of safely carrying the maximum
ground-fault current likely to be imposed on it from
any point in the wiring system where a ground fault
may occur to the electrical supply source. The earth
shall not be considered as an effective ground-fault
current path.

The following grounding electrodes are possible for use
in a grounding system:

Metal underground water pipe.

Metal frame of the building or structure.
Concrete-encased electrode.

Ground ring.

Rod and pipe electrodes.

Other listed electrodes.

Plate electrodes.

Other local metal underground systems or
structures.

©No vk WwWN =

Some building standards do not allow for the following
types of grounding electrodes:

1. Metal underground gas piping system.
2. Aluminum electrodes.

There are several basic rules for specifying grounding
electrodes to protect building electrical systems from
fault currents:

1. Each [circuit] system has to be grounded.

2. Grounding location needs to be as close to the
power source of the derived. The grounding
connection should be inside tripping protection
device. If the tripping device trips, then the circuit
would become ungrounded.

3. There should be only one grounding connection per
derived system. When two or more locations are
connected to the earth may result in return flow of
ground-fault current back to the system.

4. In order to facilitate the flow of fault currents into
the ground, low resistance path for the grounding

WWW.AURAVANA.ORG | SSS-MS-HS-001 | THE HABITAT SYSTEM

conductor is needed. The ground electrode system
connecting a building electrical system to ground
will often have an electrical resistance lower than
25 Q. Several parameters and factors can affect
the resistance of the ground electrode system (e.g.,
oxidation, earth movement, and moisture).

5. In order to ensure that all non-electrical conductive
parts of equipment are safe to touch under normal
operation, equipment grounding is required.

The frames, enclosures, or structural supports

of electrical equipment and distribution systems
such as transformers, switchboards, panels, motor
controllers, motors, generators, cabinets, lighting
equipment, and outlet boxes have to be connected
to earth through permanent and continuous paths
that may include raceways, cable trays, armors of
cables, and equipment grounding buses.

18.1.3.4 Lightning protection

Lightning protection systems are passive systems used
to protect building and structures from damage caused
by lightning and static discharges. Direct lightning strikes
can be neutralized by a structural lightning protection
system (a structural LPS). This interception establishes a
circuit, allowing the structural LPS to conduct the lightning
current to the earth, bypassing the building structure
while equalizing the potential between the cloud and the
earth. Roof lightning protection systems are essential
to protect buildings, persons, and equipment from
lightning. The lightning protection system intercepts
lightning strikes and safely passing their extremely high
currents to ground.

Electrical engineering documents for lightning protection
systems shall indicate:

. Air terminals height and spacing.

. Arrangement of main and down conductors.
. Grounding points and spacing.

. Legend.

. Testing requirements of grounds.

b wNn =

18.2 Conception of the electrical service
system

A.k.a., Electrical supply sub-system.

Inahabitat, power is produced for buildings as endpoints.
Power production system are often differently configured
around the world depending on their earth geo-position
and the local jurisdiction (market-State). Buildings are
connected to electrical supplies from either proximal
or distal locations. When distal, a transmission network
exists to supply multiple locations. The specific voltages
distributed and served to buildings vary significantly
worldwide and depend on the building types. Note that
in most design cases, electrical systems are designed to
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operate within certain ranges of tolerances of specific
values of frequencies and voltages.

Different jurisdictions in the world use different power
system specifications:

Frequencies (Hz).
Number of phases.
Low voltages.
Medium voltages.

ApON-

For example, as of 2017, the following jurisdictions
maintain the following specifics for their power systems
(Krarti, 2017):

Number Medium
Country :::;;:]uency of :'\7)W VLS voltages
phases (kV)
Argentina | 50 1.3 2307400 6.6,
13.2,33
Brazil 60 1.3 1107220, 6,11.4,
125/216, 13.8, 22,
127/220, 25,345
220/380
120/240
France 50 1.3 115/220, 3.3,5.5,
127/220, 10, 15,
220/380 20, 30
Japan 50 1.3 100/200 3,6, 6.6,
11, 20,
22,60
United 60 1.3 120/240, 2.4,
States 120/208, 4.16,
227/480 4.8, 6.9,
8.32,12,
12.47
Venezuela | 60 1.3 120/240 2.4,
4.16,
4.8,
12.47,
13.8

Some ssystems are more affected by currentandvoltage
levels, and others more by frequency levels. A larger
current flow can result in higher heat to be dissipated in
the device. Specifically, the dissipated heatis proportional
to the square of the current flow. For instance, doubling
the voltage will typically double the current, resulting in
the device dissipating four times the heat. Most devices
cannot tolerate large increases in heat generation and
may be significantly damaged. Most electrical devices
cannot operate reliably with supply voltage levels that
are higher than 10% of their rated voltage. Alternatively,
some devices depend on magnetic fields to transfer and
convert electrical energy to operate (such as motors and
transformers) and are thus affected by any changes in
frequency levels. For example, a pump driven by a 60 Hz
electrical motor transfers less fluid when operated with
50 Hz source voltage. The electrical motor shaft speed is
reduced by the ratio 5/6. Therefore, the output of direct-
driven systems (such as HVAC equipment including
pumps and fans) should be derated, typically by a factor
of 5/6. It should be noted, however, that a 60 Hz motor
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can be operated to deliver the same mechanical power
even when operated from a 50 Hz source, by increasing
the torque has to be increased when operated at 50
Hz since the mechanical power is the product of the
torque and the shaft speed (i.e., if shaft speed is 50Hz
then the torque must be increased over a motor shaft
speed of 60Hz. Similarly, operating a 60 Hz transformer
using a 50 Hz source may cause saturation of its core
resulting in overheating conditions. Other electrical
systems can be sensitive to changes in frequencies from
60 to 50 Hz. For instance, circuit breakers have different
tripping curves depending on the frequency level. It is
important to ensure that adequate trip curves with the
proper frequency value are utilized when coordinating
protection devices. Moreover, reading meters may lose
their accuracy when operating at different frequency
systems.

High voltage levels are not safe to human life and
require special safety precautions. For safe utilization,
low voltages are typically used in buildings. High voltages
are sometimes used in specialized manufacturing
operations.

18.3 Conception of the electrical
distribution sub-system

Power distribution systems are often differently
configured for:

1. Dwellings,
2. Units of dwellings (apartments), and
3. Commercial buildings.

A typical electrical distribution system for a building
consists of:

1. A supply line from some source.

2. If the supply line is from the market-State, then
there is a meter (to measure usage for payment).

3. The line continues through the meter to a circuit
breaker panel that serves a set of branch circuits
with fuses.

4. The branch circuits provide electricity to various
loads (lighting and receptacles) located within the
building.

5. In the United States, small buildings are served
using 240/120 V system (dwellings and detached
homes) or 208Y/120-V system (small commercial
buildings or apartment buildings). These voltages
are obtained directly from a utility transformer that
is served by a 13.8 kV distribution voltage.

Electrical distribution systems can include, but are not
limited to the following additional elements:

1. A step-down transformer(s).
2. Power panels.
3. Protection devices.
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4. Grounding systems.
5. Wiring methods.

Residential buildings generally include the following
base elements (in order from endpoint to production
source):

1. Loads: usage sub-systems.

2. Branch circuits: to many endpoints. Electricity
feeds a panel that then feeds a branch-like
connection of loads (Read: demands...for
electricity).

3. Panel-board circuitry: connects branches with a
main (or, mains) sources. This type of panel can
house:

A. A connected main and branch distribution panel
(a.k.a., main distribution panel, MDP). Herein,
the main panel supply is served by the main
feeder from some step-down transformer.

B. A branch to branch distribution panel.

4. Panel-board protection device: with breakers or
fuses, or even uninterpatible connections between
a mains the branches.

5. Grounding elements: are often connected to
the panel-board and ground the whole electrical
system into the earth.

6. Electricity usage meter : used by market entities
to "profit" and "big data", or used in community to
monitor and adjust production.

7. Proximal feeder: service entrance feeder.

8. Transformer: to ensure safe voltage and current
enter architecture.

9. Mains feeder and entrance of electricity: from
the (Intersystem team or market-State entity) utility
production organization.

A typical electrical distribution system consists of
a meter connected to one panel that serves a set of
branch circuits to provide electricity to various loads
(lighting and receptacles) located within the building.
The production of electricity comes from one or more
sources.

The electrical power distribution systems for
commercial buildings is more complex than those
of residential buildings, but utilizes the same basic
component configuration, including: a network of
step-down transformers, lighting and power panels,
protection devices, grounding systems, monitoring
systems, and wiring methods. In production and/or high
occupancy buildings (a.k.a., commercial buildings in the
market-State), the electricity is supplied at a high voltage
of, for example, 13.8 kV and is distributed to the building
at lower levels of 480Y/277-V and/or 208Y/120-V. Herein,
the main feeder supplies electricity from the utility,
which moves through a transformer served by the
main feeder and transforms it into a safer and more
usable for electricity using loads (Read: demands) within
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the building. Here, a main distribution panel (MDP),
served by the main feeder from the main step-down
transformer (13.8-kV-480Y/277-V), provides electricity
safely to various loads through subfeeders, low-voltage
step-down transformers (480Y/277-V-208Y/120-V), and
panels. While the MDP is protected by power circuit
breakers as well as a grounding system, the panels
include several molded-case breakers that protect
branch circuits serving building end-use loads such as
plug-loads (receptacles) and lighting fixtures, or motors.

The complexity of power distribution in a larger building,
versus individual residences, includes the following base
elements (in order from endpoint to production source):

1. Loads connected to end-point distribution branch
circuits. The building will be divided into electrical
areas, each connecting loads directly with the
endpoint branch circuit.

2. Endpoint branch panels house the branch circuitry,
and connect loads to transformers.

3. These transformers step-down current from the
interior sub-feeder. In other words, the interior
sub-feeder feeds many transformers that
subsequently feed safer electricity into as many
branch panels as there are branch areas (and
branch circuitry).

4. The main distribution panel (MDP) connects
the buildings electrical sub-feeder to the main
electrical supply coming from outside the building
(generally).

5. The main feeder from outside the building connects
to the main distribution panel (MDP).

6. The main feeder is in turn connected to another
transformer for stepping down electricity from the
utility to the interior of the building.

7. A meter may exist between the building (from the
point of the transformer forward) to measure
electricity usage by the building and its interior
occupation. In the market-State, this meter is used
to tax (State behavior) and profit (market behavior).

18.4 Conception of the electrical wiring
sub-system

The laying of electrical wire can be optimized by the
following best practices:

1. Use a conduit (or, raceway) with pre-placed "pull
wire" to pull a new wire and/or replace an old.

2. Use a metal conduit to reduce attenuation of the
wire's electromagnetic field, as well as reduce
shocks and the potential for damage by insects
and/or rodents.

3. Never permanently staple wires (any type of wire,
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including power and data).

Electrical wire conductors transport electricity. These
wire conductors include:

1.
2.

Different materials.

Different configuration of wiring (e.g., flat, twisted,
etc.).

Different number of wires (most homes have three-
wire service - two hot wires and one neutral).
Different sizes.

Different coverings (Read: insulation).

NOTE: There are also different wiring methods.

18.4.3.1 Primary electrical circuits

There are two primary electrical circuits in a building,
which are generally rated differently:

1.

2.

Main circuit - is a conductor that attaches to

the primary outside source of electricity (often

coming from a municipal electric utility fed from an

electrical grid). The main circuit is generally rated
on the amapcity of the conductors.

+ The question is, how much amperage can the
main circuit [into the building] handle?

Branch circuit(s) - is a conductor or a set of

conductors that extends typically from a panel

(such as a circuit power panel or a lighting panel)

to the utilization equipment (e.g., a electrical outlet,

receptacle, a motor, or a lighting fixture). A building
can have many branch circuits. Branch circuits

are generally not rated based on the ampacity of

the conductors, but by the size of the overcurrent

protection devices connected to them with ratings

of 15, 20, 30, 40, and 50 A.

« The main safety question is, how much
overcurrent protection does the branch have?

« The main design question is, what is the demand
load associated with the panel to determine the
best circuit breaker size (Read: amperage rating)
of each circuit breaker in the panel.

18.4.1 Electrical loading specification

In order to specify the components for electrical
distribution systems for a building, it is necessary to
determine:

1. All the end-use loads that need to be served by

electricity as well as their:
A. Rated voltages.
B. Rated frequencies.

The procedure is generally as follows:

1.
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The loads are estimated
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2.
3.

4.

The branch circuits are selected

The panels as well as the feeders and subfeeders
are specified.

If required, transformers are added as needed to
supply voltages throughout the building.

Design objectives include, but are not limited to:

1.

Safety should be the most important objective
for specifying various components of the power
distribution systems for buildings.

. When any problem occurs, such as a fire due to

short-circuiting, arcing, or melting within a power
unit, any person located near has access to a fire
extinguisher device and can have a safe pathway to
the exit.

. Electrical production and distribution systems

should be designed to ensure that they operate
reliably without interruption under normal loading
conditions.

. The design specifications of any electrical

production and distribution system should allow
for some flexibility. In particular, the system should
be able to handle additional electrical loads due

to future expansion and/or change of end-use
equipment or loads (i.e., lighting, appliances, or
motor loads).

. The components of the power production and

distribution systems should be designed to
be easily accessible in order to facilitate their
maintenance, repair, and replacement.

. Selecting a rating of 20Amp for a circuit breaker

provides more reliability (and safety) than using a
15Amp circuit breaker.

18.5 Objects in the electrical system:

fixtures, fittings, and appliances

Electrical fixtures and fittings are equipment that
interface with the electricity in a building:

1.

2.

Electrical fixtures - a device for producing and/or
processing electricity. The most common fixtures
include, but may not be limited to:

A. Circuit breaker.

B. Solar panels.
C. Backup batteries.
D. Transformers.
E. Generators.
F. Grounding elements and electrodes.

G. Lightning protection elements.

H. Feeders.

Electrical fittings - a device designed to control
and guide the flow of electricity. The most common
fittings include, but may not be limited to:
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. Switches.
. Sockets.
. Light fittings.
. Fans (etc.)
Electrical wiring (note that this could also
be considered a fixture. Additionally, some
buildings make is so wiring cannot be replaced
without demolishing walls -- in this case,
builders sometimes staple the wiring to the
studs).
3. Electrical appliances - most appliances require
electricity.
A. Motors.
B. Robots.

monNw>

IMPORTANT: All fixtures, fittings, and appliances
must be specified with the right capacity for their
placement.

18.5.1 Outlets

Outlet receptacles in an electrical system can be of many
types, including but not limited to:

Duplex receptacle.

Ground fault current interrupter.

Weatherproof duplex receptacle.

Duplex receptacle served by an emergency branch
circuit.

ApON -

18.5.2 Switches

Switches in an electrical system can be of many types,
including but not limited to:

1. Simple switch.
2. Three way switch.
3. Switch with built-in dimmer.

18.5.3 Electrical processing equipment

Electrical processing equipment in an electrical system
can be of many types, including but not limited to:

1. Power panels.
2. Junction boxes.
3. Transformers - are electrical components designed
to do one of three things:
A. Decouple one circuit from another,
B. Increase voltage from one value to a higher
potential, or
C. Decrease voltage to a lower potential.
4. Electrical meters (instrument transformers).

18.5.3.1 Electrical transformers

WWW.AURAVANA.ORG
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Common types of transformers used in building include,
but may not be limited to:

1. Power transformers - change power parameters,
of which there are two usages:

A. Used for electricity transmission and
distribution. Electrical power is transmitted
long distances at very high voltages. This power
must be stepped down for most buildings. A
transformer may be installed to step-down
transmission voltages to voltages expected for
individual buildings.

B. Used within buildings In particular, power
transformers are cost-effective devices to make
available voltages needed for lighting and other
specialized applications.

2. Electrical instrument meters (instrument
transformers) - are often instrument transformers
that monitor (and "meter") electricity use. These
instrument transformers allow the measurement of
high voltage and current with low-scale voltmeters
and ammeters. There are two basic types of
instrument transformers: voltage transformers
(a.k.a., potential transformers, PT) and current
transformers (CT).

3. Autotransformers - are small and relatively
inexpensive transformers used to that step down
voltages to low voltage.

There are basically two types of connections for electrical
transformers used for building systems:

1. Single-phase transformers.
2. Three-phase transformers.

There are basically two types of transformers for building
applications:

1. Liquid-filled transformers - wherein the liquid acts
as a coolant and an insulation dielectric. Oil-filled
transformers can create a severe fire and explosion
hazard and therefore have to be mounted
outdoors unless fireproof and explosion-proof
vaults are used for indoor installations.

2. Dry-type transformers - are constructed so that
the core and coils are open to allow cooling by the
free movement of air. In some cases, fans may be
installed to increase the cooling effect. The dry-
type transformers are widely used because of their
lighter weight and simpler installation method
compared to the liquid-filled transformers. Dry-
type transformers are more expensive, typically by
more than 200%, than the oil-filled transformers.

There are several potential hazards that need to be
considered in the case of transformers:
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1. Noise problems: To reduce noise problems, it
is recommended to specify transformers with
minimum sound level (50 dB or lower). Moreover,
it is desirable to place the transformer in the least
valuable space of the building away from any
quiet areas. In some cases, the electrical room
where the transformer is located may need to be
soundproofed using adequate acoustical materials.

2. Vibration problems: To reduce the vibration
associated with the operation of transformers,
isolators should be placed beneath the transformer
mounting pads. Moreover, flexible conduits
should be installed to house the secondary and
primary feeders of the transformer. Without these
measures, vibration may be transferred to other
building parts and cause structural damages.

3. Heat problems: Heat is dissipates by transformers
as part of the copper conduit losses. This heat can
represent 0.5%-2% of the total transformer power
rating depending on the transformer efficiency. To
avoid overheating of the transformer and the room
housing the transformer, ventilation should be
provided or adjustable louver should be installed in
the wall or the door adjacent to the transformer.

4. Electromagnetic field problems: Transformers
should not be placed near normal human occupied
locations because of their strong electromagnetic
fields (e.g., a transformer should not be on the
other side of the wall of a couch, bed, or any
potentially normally occupied location).

18.5.4 Electrical protection equipment

Types of electrical panel protection devices include, but
are not limited to, all of which are designed to interrupt
the power to a circuit when the current flow exceeds
safe levels:

1. Fuses ("fuse box") - are an over-current protective
device with a circuit opening fusible part that is
heated and severed by the passage of current
through it. A fuse box is a place where one or more
fuses may be installed into a system. A fuse should
not be used in situations that require a GFCI.

2. Circuit breakers ("breaker box") - are a device
designed to open and close a circuit by non-
automatic means (i.e., manually) and to open
the circuit automatically on a predetermined
matter without damage to itself when properly
applied within its rating. A circuit breaker is a trip
mechanism for shutting of the electricity in cases
of potential danger. The circuit trip mechanism
itself can wear out over time and may/will need to
be replaced. A typical circuit breaker consists of a

main breaker handle and multiple branch circuit
breakers. The main breaker handle mechanism

is the most often replaced part due to failure.

The branch breakers and the main breaker are,
basically the same thing. They function in the
same way, but the branch breakers are smaller.
The main breaker is designed to interrupt a larger
amperage load. Circuit breakers are available for
various voltages and continuous current ratings

as well as interrupting current ratings, response
characteristics, and methods of operation. A branch
circuit is a conductor (or a set of conductors) that
extend from a panel to the utilization equipment
(e.g., receptacles, motors, and lighting fixtures).
Branch circuits are generally not rated based on
the ampacity of the conductors but by the size of
the overcurrent protection devices connected to
them with ratings of 15, 20, 30, 40, and 50 A. The
mechanism of opening the contacts may involve
solid-state, thermal, magnetic, or thermal-magnetic
trip units. In general, circuit breakers have two
different ways of working: the first is through the
use of an electromagnet and the other is through
the use of a bi-metal strip. In both instances, when
turned on, the breaker allows electrical current to
pass from a bottom to an upper terminal across
the strip. Once the current reaches any unsafe
levels, the magnetic force of the solenoid or strip
becomes strong enough to throw a metal lever in
the switch mechanism, breaking the current. The
other option that can happen is that the metal strip
can bend, throwing the switch and breaking the
connection. In order to reset the flow of electricity,
the switch can just be turned back on (generally,
manually). This movement of the switch reconnects
the circuit. Circuit breakers have other applications,
such as using for ground-fault circuit interrupter,
or GFCI. The function of GFCl is to prevent electric
shock, rather than just overheating. It breaks the
circuit in an outlet if the current gets unbalanced.
To reduce and even eliminate the potential
damages associated with ground faults, addi-tional
protection systems are needed. In particular, the
use of ground-fault current inter-rupters (GFCIs)

is required for several locations within buildings.
GFCls allow the detection of small ground faults
(as low as 6 mA) and to quickly open the circuit

to avoid any harm to humans and damages to
electrical equipment. The GFCI can generally be
reset by the touch of a button. GFCI technology

is widely found in kitchens or bathrooms, where
electrocution is a risk from the use of electrical
appliances near water sources such as sinks

or faucets. GFCI circuit breakers are commonly
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installed in panels and provide ground-fault
protection to all the loads served by the branch
circuits connecting the breakers. There are also
portable in-line GFCI units that go in between an
outlet and the power cable to an electrical device.
Circuit breakers can be installed either in single
pole or multipole. Multipole breakers are generally
gang operated so that all the poles are closed and
opened simultaneously by one common operating
mechanism (such as a handle). Therefore, circuit
breakers cannot cause single phasing in three-
phase systems as can be the case when using
fuses as protection devices. Circuit breakers do not
contain fuses, instead electrical circuitry are used.
Circuit breakers have several advantages compared
to fuse only systems:
A. Can serve as means of both protecting and
switching an electrical circuit.
B. Does not cause single phasing.
C. Can be remotely operated.
D. Can easily incorporate ground-fault protection.

Non-panel fault protection types include, but may not be
limited to:

+ Grounding (earthing).

18.5.5 Feeders

Electrical feeders are the power lines through which
electricity is transmitted in power systems. These
electrically conductive lines (Read: feeders) transmit
power from a generating station or substation to the
distribution points. In power engineering, a feeder
line is part of an electric distribution network, usually
a radial circuit of intermediate voltage. For sizing the
feeders and subfeeders, demand loads rather than the
actual connected loads should be considered to account
for the fact that not all the loads would be utilized
simultaneously.

In small buildings there is just one main feeder
supplying a branch circuit breaker panel. In larger
buildings there are two feeders, one that supplies the
mains circuit breaker panel and a sub-feeder that feeds

18.5.6 Motors

Motors convert electrical energy to mechanical energy
and are typically used to drive machines. The driven
machines can serve a myriad of purposes in buildings,
including moving air (supply and exhaust fans), moving
liquids (pumps), moving physical objects (gates), and
compressing gases (refrigerators). To select the type of
motor to be used for a particular application, several
factors have to be considered, which include the
following (Krarti, 2017):

WWW.AURAVANA.ORG

SSS-MS-HS-001 | THE HABITAT SYSTEM

1. The form of the electrical energy that can be
delivered to the motor:

A. Direct current (DC), or

B. Alternating current (AC), single phase or three
phases.

2. The requirements of the driven machine, such as
motor speed and load cycles.
3. The environment in which the motor is to operate:

A. Normal (where a motor with an open-type
ventilated enclosure can be used).

B. Hostile (where a totally enclosed motor must
be used to prevent outdoor air from infiltrating
inside the motor).

C. Hazardous (where a motor with an explosion-
proof enclosure must be used to prevent fires
and explosions).

4. Depending on materials and configurations, motors
can be more or less efficient. In the market, more
efficient motors cost more.

The difference in electrical efficiency between two
motors can be calculated by (Krarti, 2017):

* APR=Ppm ((1/ns) - (1/ng))

* Wherein,

* PM is the mechanical power output of the motor.
ns is the design (i.e., full-load) efficiency of the
standard motor.
ne is the design (i.e., full-load) efficiency of the
energy-efficient motor.

Hence, the electric energy savings incurred from the
motor replacement is thus:

« AKWh = APNR « Npx LFy
* Wherein,

+ APg is the reduction in motor real power
demand estimated using the equation for the
difference in electrical efficiency between two
motors (see above).

* Np, is the number of hours per year during
which the motor is operating.

« LFM is the load factor of the motor's operation
during 1 year.

18.6 Installation of electrical system
A.k.a., Wiring installation.

There are many ways to install electrics. These systems
are usually embedded into structure.

18.7 Operation of electrical system
A.k.a., Wiring operation.
Most significant operational activities are located on
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the supply side because of the requirement for static
pressure given dynamic demand. Some demand-side
specialized electrical systems, such as solar panels, may
have significant operational activities.

18.7.1 Electrical load demands

A.ka., Electrical loading.

In order to do work, electrical systems are split into an
electrical power production, distribution, and usage
service system. Herein, electrical loads are measured in
several ways, most notably, energy consumed:

1. Most electrical loads are measured in watts [of
electrical] power. Watts is a unit of power.

+ Kilowatt hour (kW.h or kWh) is a unit of energy
equal to one kilowatt of power sustained for one
hour or 3600 kilojoules (3.6 megajoules).

+ How many kWh does a load use? A 60-watt
load uses 60 watts of energy/power; if energy
usage is accounted in hours of usage, then
power usage for loads may be expressed in
some scaled unit of the watt hour (e.g., kilowatt
hours). One kilowatt hour is equal to 1,000
watts continuously for 1 hour. Therefore, a 60-
watt bulb uses 60 watts hours or . 06 kilowatt
hours of energy for each hour it's on.

2. Volt-ampere hour (V.A.h, VAh, or VA) which are the
same as W.h or Wh when power factor =1.

+ As power factor drops (current & voltage
increasingly are out of phase) the user gets
increasingly-less Watts for the same VA.

3. The transmission lines and transforms are another
type of load.

+ Current causes losses in transmission lines and
transformers.

4. Non-usage, but presence, will still equate to system
service usage.

+ If a usage circuit has no load in the form of a
power factor of zero the user would consume
NO watt.hours, but the supplier would still have
to send current to them and incur real energy
losses in lines and transformers. Power factor is
the relationship (phase) of current and voltage in
AC electrical distribution systems.

NOTE: /t is important to note that when
calculating usage of electricity by a device,
measuring amperes don't provide sufficient
information about energy transfer from a source
to a load. If a load took 100 amperes at 1 volt,
the power consumption (joules of energy per
second) is 100 watts. If a different load took 100
amperes at 100 volts, the energy transfer per
second is 10,000 watts.
load evaluation includes

Electrical the following
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calculable variables:

1. Load - demand.

+ Connected load - is the total electric power-
consuming rating of all devices connected to an
electrical distribution system, the total demand.

2. Demand load - is calculated in a certain time
interval by measuring the greatest load demand
during this time interval.

Demand loads can be calculated using demand factors
as summarized for lighting loads (generalized examples
shown):

Connected loads Demand factors

Occupancy type range (VA) )
Dwelling units 0-3,000 100
3,001-120,000 35
Over 120,000 25
Hospitals 0-50,000 40
Warehouses for 0-12,500 100
storage
Over 12,500 50

Demand factors for non-dwelling
(generalized examples shown):

Connected loads range (VA) Demand factors (%)

0-10,000 100
Over 10,000 50

receptacle loads

3. Maximum demand - the integrated demand for a
specified time interval (i.e., 5 minutes, 15 minutes,
30 minutes, or other appropriate time intervals,
rather than the instantaneous demand or peak
demand).

+ Maximum load demand - is defined as the sum
of ratings of all electrical equipments that are
connected at the supply point regardless of their
status of operation It is calculated depending on
the installed equipment without measuring or
testing their actual demand The connected load,
which is independent of time, is greater than the
maximum load demand.

4. Instantaneous demand (a.k.a., instantaneous
load) - the power that something is using (or
generating) at any one moment in time.

5. Peak demand (a.k.a., peak load) - the power that
everything is using at some peak time(s).

6. Demand factor (a.k.a., power factor) - is the ratio
of the sum of the maximum demand of a system
(or part of a system) to the total connected load on
the system (or part of the system). Demand factor
is always less than one. The ratio of the maximum
coincident demand of a system, or part of a system,
to the total connected load of the system. Demand
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factor is express as a percentage (%) or in a ratio
(less than 1). Demand factor is always < =1. The
lower the demand factor, the less system capacity
required to serve the connected load. The term
demand factor is used to refer to the fractional
amount of some quantity being used relative to the
maximum amount that could be used by the same
system. The word “demand” itself says the meaning
of Demand Factor. The ratio of the maximum
coincident demand of a system, or part of a system,
to the total connected load of the system. The
demand factor is always less than or equal to one.
As the amount of demand is a time dependent
quantity so is the demand factor. Demand factor is
the ratio of the maximum (peak) demand to the full
load of a device in a specific period of time.

The demand factor is the ratio of the maximum
demand on a system to the total connected load of
the system or

EQUATION: Demand factor = Maximum demand
load / Total load connected

Demand Factor = Maximum demand / Total
connected load

A. To calculate demand for a part of a system:
* fpemand(t) = demand / maximum demand

* Wherein,
* fpemand = demand for load in a given time
period / maximum possible demand for load

B. To calculate demand for a whole system:

DF = Maximum demand of a system (M.D) / Total
connected load (TL) on the system

*« DF=M.D/TL

* Wherein (i.e., this formula uses 2 variables):

1. Maximum demand - Maximum coincident
demand is the maximum of all the demands
that have occurred during a given period.

* Measured in Watt.

2. Total connected load - Total Connected Load is

the load connected across the system.
* Measured in Kilowatt.

EXAMPLE: If a residence having 6000W
equipment connected has a maximum demand
of 300W, then demand factor = 6000W / 3300W
= 559%. Or, for example, an over sized motor 20
Kw drives a constant 15 Kw load whenever it is
ON. The motor demand factor is then 15/20 =
0.75= 75 %.

7. Coincidence factor - is the ratio of the maximum

demand of a system, or part under consideration,
to the sum of the individual maximum demands of
the subdivisions.

EQUATION: Coincidence factor = Maximum
system demand / Sum of individual maximum
demands

. The load factor (fioaq)- Is defined as the average

load divided by the peak load in a specified time
period. It is a measure of the utilization rate, or
efficiency of electrical energy usage; a high load
factor indicates that load is using the electric
system more efficiently, whereas consumers or
generators that underutilize the electric distribution
will have a low load factor. The load factor is the
ratio of the average load over a designated period
of time, usually 1 year, to the maximum load
occurring in that period.

EQUATION: Load factor = Average load /
Maximum load

fioad = average load (or, demand) / maximum
load (or demand) in a given time period

. Diversity factor - is the ratio of the sum of the

individual maximum demands of the various
subdivisions of a system (or part of a system) to the
maximum demand of the whole system (or part

of the system) under consideration. The diversity
factor is the reciprocal of the coincidence factor.
Diversity is usually more than one. Consider two
buildings with the same maximum demand, but
that demand occurs at different intervals of time.
When supplied by the same feeder, the demand on
such a system is less the sum of the two demands.
In electrical design, this condition is known as
diversity. Diversity factors have been developed
for main feeders supplying a number of feeders,
and typically, they are 1.10 to 1.50 for lighting
loads and 1.50 to 2.00 for power and lighting loads.
Feeder conductors should have sufficient Ampere
Capacity to carry the load. For example, consider
that a feeder supplies five users with the following
load conditions: On Monday, user one reaches a
maximum demand of 100 amps; on Tuesday, two
reaches 95 amps; on Wednesday, three reaches

85 amps; on Thursday, four reaches 75 amps;

on Friday, five reaches 65 amps. The feeder’s
maximum demand is 250 amps.

EQUATION: Diversity factor = Sum of individual
maximum demands / Maximum system demand

Hence, in this example, the diversity factor
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can be determined as follows:

Diversity factor = Sum of total demands +
Maximum demand on feeder = 420 + 250 = 1.68
x 100 = 168%

Diversity Factor = (Sum of individual maximum
demand) / (Maximum demand of power station)

Diversity Factor = Installed load / running load.

The demand load for a panel:

Demand Load

Load type (Pk%V) (PkXVAR) PR (kW) (PkXVAR)
Lighting 14 1 1.00 15 4.2
Appliances | 4.1 2.1 0.5 4.1 2.1
Heatpump 14.8 4.9 1.1 15 8.8
Total 34.1 15.1

To determine true load and compare between loads, the
following factors are required:

1. Idling/standby losses.
2. Raw electrical transformation efficiency.
3. Raw power output supply potential.

18.8 Engineering calculations electricity

To determine electrical power usage ("consumption”)
for a building, a control system may have an instrument
transformer (utility "meter") installed in the high-voltage
side of the service transformer. In particular, potential
transformers (PTs) and current transformers (CTs)
are installed to form wattmeters. One method that is
commonly used to measure energy use in buildings
(kWh) consists of using three wattmeters (one per phase).
A wattmeter is made of a PT and a CT with a common
turns ratio of 100. Estimate the actual current supply to a
building supplied by 208Y/120 voltage system if a phase.
Optimization of an electrical system can occur on both
the production and demand side of the system. Effective
power systems need planning and demand forecasting
to ensure that power supply meets power demand.
Here, it is essential to calculate the power factor of
every system. The power factor is defined as the ratio of
actual power used by the consumer (expressed in kW) to
the total power supplied by the utility (expressed in kVA).

18.8.1.1 Power generation cost

A.k.a., Power generation cost, energy cost.

It is possible to determine the cost effectiveness of
local power production systems and transported power
(Read: utility grid power) systems, which can then be
compared and combined. In general, the cost of energy
is calculated as the cost of generating one kWh by the
power production system/technology; while, accounting
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for its capital costs, financing costs, fuel costs, and fixed
and variable operating and maintenance (O&M) costs
over an assumed lifetime. Typically, the term levelized
cost of energy (LCOE) is utilized when the present worth
of all costs are considered. The specific calculations for
LCOE depend on the power generating technology, but a
general method is provided:

LCOE = ( XNy=g Ck * SPPW (d,k)) / ZNy<o Ex

* Wherein,

+ Cy are the total costs incurrent in year k and
include investment expenditures, operations and
maintenance (O&M) expenditures, and fuel costs.

*+ Eyis the total electrical energy produced at year
k.

NOTE: In the market, for a power generating
technology to be economically competitive, LCOE
should be lower than the baseline (typically from
the grid) prices.

18.8.1.1 Life cycle financial cost

The life cycle analysis method is the most commonly
accepted method to assess the financial costs of
energy efficiency or distributed generation technology
applications over their lifetime. For instance, itis possible
to decide between two alternatives for the same project:
install an energy-efficient transformer or consider
premium efficiency motors), or both.

The basic procedure of the method is relatively simple,
since it seeks to determine the total cost incurred by
various alternatives over the lifetime of the system.
The total costs are estimated over the system lifetime
including installation, operation, replacement, and
maintenance costs. The cost is commonly determined
using:

1. The current cost [to legally acquire and legally
install the capital/technology]. There word "legal"
is used here because there are often legal and/or
State taxes related to the acquisition of assets.

2. The annualized cost [to continue to legally own,
operate, replace, and maintain the capital/
technology].

In the market-State, the system alternative with the
lowest total cost is typically selected.

18.8.1.2 Electricity production resources and costs

There are resources and costs (market only) associated
with electricity production, including but not limited to:

1. Generation plant: The cost of acquisition and
operation of the power plant to generate electricity
represents typically the highest cost category. The
power generation plants have to meet several
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regulatory and safety requirements.

2. Transmission/distribution systems: To deliver
the electricity from the generation plant, where
it is produced, to areas where it is utilized,
transmissions lines, sub-stations, and distribution
networks have to be used. The cost of the
transmission/distribution systems depends on the
distances to be covered as well as transformers,
capacitors, and meters to be used. Moreover, the
delivery energy losses can be a significant part of
the transmission/distribution costs.

3. Fuel systems: The electricity is generated using
a primary fuel source depending on the power
plant. The fuel cost can be small as in the
case of hydroelectric plants or significant as in
conventional fuel oil or coal power plants. The
cost of fuel may fluctuate depending on the world
markets.

4. Administrative costs: In the market, these are the
salaries of management, technical, and office staff
as well as insurance.

5. Maintenance costs: In the market there are

maintenance costs for the power plant equipment.

WWW.AURAVANA.ORG

19 Architecture illumination sub-
system

A.k.a., Lighting, illumination engineering, lighting
engineering.

Lighting systems convert electrical energy or fuel into
light. Herein, lightandillumination are one thing. Principle
and attribute. Principle refers to what something is
(e.g., light), and attribute is what something does (e.g.,
illumination).The illumination of buildings is a design
process aimed at generating light for the user's well-
being. The layering and patterning of light is considered
successfulwhen complex physiological and psychological
requirements are satisfied. Such requirements arise
from vision: the medium through which information
and perceptions about a given space are received by
photosensitive organs and processed by the brain.
The illumination of an architectural space is simply the
result of transmitted or reflected light emanating from
proximal and distal surrounding surfaces. Only with a
proper understanding of physiological and psychological
factors, and a familiarity with available technologies, can
lighting decisions be made for proper effect.

When available and well controlled, daylight is by
far the preferred source of illumination. Today, the
common design approach combines the contribution of
both electric and natural lights.

Architectural illumination has several significant design
elements:

1. lllumination within the building.

A. Natural sunlight.

B. Artificial (by means of electrical power).
2. lllumination surrounding the building.

A. Natural sunlight.

B. Artificial (by means of electrical power).

The most significant characteristics of an illumination
system are:

. Volume of area consumed by technology.

. Connector type.

. Power type.

. Lumen output (measured in lumens or luminous
flux).

. Color rendering index.

. Color temperature.

7. Thermal output (note that some lighting adds

relevant heat to a building).

8. Electrical load.

9. Total wattage.

10. Nominal wattage.

11. Lifetime.

A WN -
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19.1 Illlumination standards
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Just like other subsystem services (e.g., plumbing,
electrical), there are illuminance standards, produced
with different objectives.

19.1.1 Standard illumination documentation

lllumination systems are documented via specifications
and drawings.

1. lllumination drawings (a.k.a., illumination
schematics, light drawings) illustrate the system
that will support illumination.

2. lllumination specifications include all written
content, reasoning for decisions, and calculations.

An illumination drawing (illumination system schematic)
illustrates the illumination system, including its wiring
and electrical subsystem, and its lighted surface values.
Note that an electrical diagram may/will include a circuit
diagram for lighting.

There are two primary lighting diagrams:

1. An electrical lighting circuit diagram - shows the
wiring of a lighting circuit(s) and the endpoints. In
some cases, the main electric lighting circuits are
separate from the power ring main circuit.

2. Anilluminance diagram - shows the illuminance
values of all surfaces, including time-of-day and
illumination programming.

19.1.1.1 Illlumination system plan

NOTE: An illumination plan may be a sub-
section of the electrical plan.

An illumination (lighting and shading) plan necessarily
involves:

1. Illuminance design diagram includes location and
orientation of illumination:
A. Light transportation surfaces (e.g., windows and
mirrors).
B. lllumination points.
1. Natural.
2. Artificial.
C. Shading from view.
1. Privacy.
D. Shading from local illumination:
1. Functional and desired.
2. Function and not desired (i.e., light pollution).
E. Shading from sun.
2. Electrical [lighting] design diagram for the circuitry
that provides electricity and control to the
illumination (and sensor) points.

19.1.2 Standard illumination requirements

What is required for a viable illumination system is:
168|

1. For architecture - lllumination production
proportionate to user demand.

2. For economic calculation - Data sheeting about
demand (lighting) to produce optimization
calculation.

3. For life support demand - illumination
proportionate to human demand.

4. For technology and exploratory demand -
illumination proportionate to human demand.

5. For transport - Lighting proportionate to motion
and safety.

6. For walking - Lighting proportionate to motion and
human biorhythms.

7. For dwellings - Appropriate space lighting with a
human circadian light proportionate setting.

8. For working areas - Appropriate space lighting for
safety, motion, and/or human biorhythms.

19.1.2.1 Bio-compatibility requirements

When designing an illumination system, circadian
compliant environmental lighting is preferred. Designs
have a requirement to account for light [artificial
production] in relationship to natural restoration cycles,
both in existence, illuminance power, and frequency
duration. In particular, a general rule for outdoor human
compliance outdoor lighting is designed to protect
eyes from higher frequency blue light and to increase
contrast. The best choice is for specific tints of:

* Red.

+ Orange.

+ Red-orange = 100% protection (no visible blue).

* Yellow

* Amber

* Gold

* Brown = moderate protection (some visible blue).

It is noted that some areas may be specifically light
with tints of higher frequency blue for a specific localized
reason (e.g., event or recreational landscape, possibly
including buildings). It is also important to remember
here that the farther into full red the color filter (in the
form of glasses, or emitted in the form of a red bulb/
led) the more other colors will be distorted and blend
together. This can have consequences in situations
where high visual precision in a complex environment
requires contrast awareness between objects.

The most biocompatible light bulbs are those that are
capable of emitting a full-spectrum of light during the day
(capable of matching sky blue also) while dimming and
emitting more red-type wavelengths when electrically
dimmed.

To protect the eyes from the wrong frequencies of
light at night, and to increase contrast over pure red, it is
relevant to select specific tints:
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1. 100% protection (no visible blue)
A. Orange
B. Red-orange
2. Moderate protection (some visible view, but more
contrast.
A. Yellow
B. Amber
C. Gold
D. Brown

NOTE: It is important to be aware, for safety,
that 100% blue blocking (Read.: only red light)
will distort other colors. And, the closer to all
red, the more colors will lose contrast between
one another. For this reason, some tasks that
require high physical precision should likely not
be performed with them on. Of additional note,
after someone removes blue-blocking glasses,
for example, their color perception will be
temporarily altered so that specific colors appear
to be other colors.

19.1.2.2 Efficiency possibilities

In general, the most energy efficient lights are LEDs (light
emitting diodes).

19.1.3 Hazards with the illumination system

There are several hazards associated with anillumination
system, including but no necessarily limited to:

1. Light pollution - refers to outdoor or indoor
artificial light that is considered excessive or
obtrusive - artificial light which shines where it
is neither wanted, nor needed. Light pollution
has the potential to disrupt breeding patterns of
nocturnal animals, insects and the migration of
birds. It can also have an adverse impact on the
health and wellbeing of people, disrupting natural
body cycles regulated by darkness and light. Light
after dusk, when people are attempting to sleep,
can trigger daytime physiology, telling the brain to
become more alert, increasing the heart rate and
body temperature, and suppressing the production
of melatonin. It is thought that sleep disorders,
increased stress and certain types of cancer can be
developed if sleep is disturbed by artificial lighting.
Light pollution can also be a significant waste of
energy. The main categories of light pollution are
(Light pollution, 2021):

A. Glare - is a discomforting or disabling brightness
that causes a loss in visibility as stray light
scatters within the eyes.

B. Sky glow - occurs from both natural and
artificial sources of lighting that increase night
sky brightness. Light can be emitted directly
or reflected into the atmosphere to produce
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a luminous background. Here, the ability of
ground observers to view the stars at night is
hindered.

C. Light trespass - occurs when light enters into
areas in which it is unwanted (or, unneeded).
An example of this would be the light from an
exterior street light entering a bedroom window
and illuminating the interior.

D. Over-illumination - simply refers to the
excessive use of lights.

E. Light clutter - occurs when an area where
there are large group of lights that may cause
distraction or confusion. Clutter can be found in
particular in parts of cities or on busy roads.

2. Shadow - refers to places blocked by light (either
at night by artificial lights, or during the day with
sunlight). Shaded areas with a lot of decomposing
organic matter, and/or high humidity, are likely to
develop mold and bacterial growth.

Fires.

4. Electrical shocks.

w

19.2 Conception of the illumination
system

NOTE: Sometimes the illumination system is
considered a sub-system of the electrical system.

lllumination is the attribute (quality) of ‘'light"
Light is a physical process measured by means of
electromagnetism, and illumination is measured by
the quality of the light in meeting fulfillment and the
quantity of the light in lux (illuminance) and kelvin
(color temperature). Fundamentally, a light source is a
controlled loss of energy emitter.

19.2.1 Natural illumination

A.k.a., Natural lighting.

Natural light, as opposed to artificial light, refers to light
produced by sunlight.

19.2.2 Artificial illumination
A.k.a., Artificial lighting.

Artificial light, as opposed to natural light, refers to any
light source that is produced by electrical means.

The most common forms of artificial illumination are:

1. Incandescent - uses a wire or filament being
heated to incandescence (emitting light) by a flow
of current through it. It can be run directly on line
current and therefore does not require a ballast.

It can also be dimmed using relatively simple
equipment. Produces light in a well accepted warm
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tone.

2. Fluorescent - produces light by activating selected
phosphors on the inner surface of the bulb with
ultraviolet energy, which is generated by a mercury
arc. Because of the characteristics of a gaseous arc,
a ballast is needed to start and operate fluorescent
lamps. Produces bluer light and has a flicker rate
that can be draining to human energy levels.

A. Induction - Induction lamps are electrodeless
fluorescent lamps driven by high-frequency
current, typically between 250kHz and 2.65mHz,
usually via an external generator. They are
available in limited wattages and are known for
exceptionally long service life: up to 100,000
hours. Lamp efficacies typically range from 64
to 88 lumens per watt. Color rendition with
induction lamps is very good.

3. High intensity discharge (HID) - Light is produced
in HID and low pressure sodium (LPS) sources
through a gaseous arc discharge using a variety of
elements. Each HID lamp consists of an arc tube
which contains certain elements or mixtures of
elements which, when an arc is created between
the electrodes at each end, gasify and generate
visible radiation.

A. Metal halide (MH).

B. Mercury vapor (MV).

C. High pressure sodium (HPS).

D. Low pressure sodium (LPS) - similar to high
pressure sodium.

4. Light-emitting diode (LED) - a semiconductor light
source that emits light when current flows through
it. LEDs have a flicker rate. LEDs require a separate
power supply. LEDs come in to types:

A. LED bulbs.

B. LED strips.

Artificial lighting in an illumination system can be of
many types, including but not limited to:

1. Lighting panel.

2. Recessed light.

3. Recessed light served by an emergency branch
circuit.

. Recessed linear light.

. Recessed linear light served by an emergency
branch circuit.

. Track light.

. Recessed can light.

. Wall-mounted light.

9. Recessed wall wash light.

10. Battery-powered emergency light.

11. Ceiling-mounted exit sign - arrow for direction.

12. Wall-mounted exit sign - arrow for direction.
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19.2.3 Shadows (deprivation of illumination)

The shadow of each building needs to be accounted for.
Large buildings have been blamed for casting a shadow
over public areas. In other cases, the design of highly
reflective buildings can creating a "death ray" type beam
of sunlight capable of melting cars on the street.

In mostcommon areas, unless intended for specialized
reasons, dark spaces should be avoided.

19.2.4 Redirecting light (reflecting
illumination)

Objects redirect light to varying degrees. Some objects
can be designed to absorb near all light.

Light can be redirected in several ways.

1. Redirected sunlight using an inside mirror.

2. Redirecting light using non-mirrored surfaces.

3. Redirecting light using buildings. Architects can now
designed buildings which don't block out the light
by diffusing light from one building onto a wide
area (possibly, including other buildings). Such
building designs and configurations work together
to disperse and refract sunlight. They are designed
so that when one building creates shade, the other
can act as a huge curved mirror, allowing the light
to be reflected downwards into its shadow.

19.2.5 Affects of illumination

Illumination has affects on its environment, both for the
object(s) reflecting the illumination and the organisms
inhabiting that environment. The most notable affect of
illumination on objects is that of heat and appearance
to organisms. Blue light is an indicator of sunlight and
daytime, under normal conditions. Additionally, under
natural conditions the near infrared is always present,
and the human body has evolved and adapted to its
presence.

19.2.5.1 Illlumination and heat

Two components to the heat of the light are:

1. The way the light is generated.
2. The power consumed.

19.2.5.2 Illlumination and human biorhythms
A.k.a., Light and biological cycles.

INSIGHT: Humans (and some other organisms)
are designed to live under light, to take in light,
and to use it for bio-cellular processes.

Both sunlight and artificial light are likely to have an
affect upon human biorhythms. Both daytime light
and night time light ought to be compatible with
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human biorhythms. Technology can facilitate human
connection or disconnection from oneself and the
natural environment. Humans and other animals react
to light cycles. Humans are designed to live under light,
to take in light, and to use it for bio-cellular processes.

Humans evolved under the presence of natural high
blue light during the day and the absence of that type
of light at night. Through evolution humans have had a
very predictable day and night, light and dark pattern.
With the advent of modern technology, humans can
now simulate day-time during the night-time, which
leads to the disregulation of natural circadian and
cortisol rhythms. Daylight during night-time is often
is a detrimental influence, because it stops (or at least
hinders) the human body's ability to regenerate itself
during sleep mode. Itis possible that If you the use of the
wrong kind of light at night can reduce the effectiveness
of the regeneration phase, opening the door for
degenerative diseases. Potentially, it is in human DNA
to have reduced brightness and color temperature
after sunset. Fundamentally, light influences biological
timings.

It is important to note here that the brightness and
frequency of light at night can affect other organisms,
including plants and other mammals (e.g., owls).

“We need to realize that it's in our DNA to have
darkness after sunset, before we go to sleep. That
gives us access to our intuition, our creativity. |
would put it right up there with survival.”

- Pam Morriss, Lighting Expert, San Francisco
Magazine October 2009

19.2.5.3 Illlumination flicker and humans

Flicker refers to the on and off pulsing of a light source.
LEDs and other sources of light have some degree of
flicker (a stroboscopic effect). The lower the flicker rate,
the more perceptible it is to human physiology, and the
higher the likelihood of causing stress (or even, distress)
to human physiology. In order to not negatively affect
human biophysiology, an LED pulse width modulation
of 10000hz or higher is considered optimal for human
safety. This means the light turns on and off 10000 times
per second, and the flicker will not be visible to human
sight.

When flicker is present, the brain has to eliminate
these pulses, and this is what makes people exceedingly
tired after being its presence for relative durations of
time. When significant flicker is present the body has to
significantly adapt to it.

19.2.5.4 Illlumination and performance

Some technology can make it more difficult to perform
and function. For example, working under flourscent
light tinted toward the blue spectrum, with high contrast,
and with relative flicker is likely to stress the human brain
and reduce performance on work with a focused task.
Light can reduce or improve performance in relation to
both:
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1. Visual sight accuracy. This element is associated
with a color rendering index and contrast index.
Herein, visual contrast sensitivity (VCS), is the
ability to distinguish between an object and its
background or detect differences between objects.
Note that color depends on frequency presence
in conjunction with how something absorbs and
reflects light.

2. Visual physiological performance. This is a
subjective element and relative to the individual,
the context, and the illumination configuration.
There are a variety of known causes of in concern
to light, including:

A. Brightness at the wrong time.

B. Color at the wrong time.

C. Frequency (flicker) at the wrong time.

D. Electrical-magnetic fields that power electrical
lights.

19.2.5.5 Biocompatible light bulb technology

Commercial products in this category include, but may
not be limited to:

1. TrueLight Luna Red™ Sunset Light - is an adjustable
wavelength emitting lightbulb by TrueDark
[truedark.com]. These are a 4-way adjustable light
bulb emitting wavelengths from 1000K to 3000K
with the ability to dim or brighten to customize the
illumination of the environment.

A. The characteristics of the bulb include:

. Standard A19 size with E26 base

. AC 85V-265V / 50Hz - 60Hz

. Flicker-Free LED Bulb

. Lumens: 121Im - 447Im (1000K =121Im /

2000K = 264Im / 3000K = 447Im)
5. CRI: 1000K Ra=51.4 / 2000K Ra=92.1 / 3000K
Ra=81.8

B. The costs of the bulb include:

1. Monetary acquisition cost: 22.5 USD per unit
(or, 4 bulbs =90 USD).

2. Power requirement cost per bulb: 7 watts (per
hour).

3. Replacement life span: 30,000 hours /27.4
years (based on 3 hrs/day).
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19.3 Conception of the electrical
illumination circuit sub-system

Electrical illumination circuits come in both types of
electricity:

1. AC electrical illumination circuits.
2. DC electrical illumination circuits.

19.4 Conception of the illumination
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control sub-system

A lighting control system is the system of controls that
change lighting parameters over time. Such a system
incorporates communication between various system
inputs and outputs related to lighting. Lighting control
may be more automated ("intelligent") or more manual.
Lighting control systems are used on both indoor and
outdoor lighting. Lighting control systems serve to
provide the right amount of light where and when it is
needed.

An illumination control system may have any of the
following functions:

1. On/Off switch that turns the illumination on and off.

2. Dimmer switch that makes the illumination brighter
or dimmer.

3. Color spectrum control:

A. By means of control built into the bulb (such
that when the power changes, the color
temperature changes).

B. By means of a light panel that allows for
controlling the color temperature of LEDs.

Lights can be regulated through the following methods:

Lights can be put on timers.

Shades can be put on timers.

Lights can be connected to motion sensors.

Lights can be connected to electromagnetic sensors
(i.e., sensors that detect sunlight).

Lights can be connected to alarms.

Lights can be dimmed (so as to reduce power input,
for example, at night).

PN~
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Automated control of anillumination system can account
for the following factors:

1. Chronological time - schedules incorporate specific
times of the day, week, month or year.

2. Solar time - schedules incorporate sunrise and
sunset times, often used to switch outdoor lighting.
Solar time scheduling requires that the location of
the building be set. This is accomplished using the
building's geographic location via either latitude
and longitude or by picking the nearest city in a
given database giving the approximate location and
corresponding solar times.

3. Occupancy - is primarily determined with
occupancy sensors.

4. Alarm conditions - typically include inputs from
other building systems such as the fire alarm or
HVAC system, which may trigger an emergency
‘all lights on' or ' all lights flashing' command for
example.
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5. Program logic - specialized logic set by a user(s).

19.4.1 Shading control

Shading is the term used when illumination from non-
controllable sources are to be reduced or blocked (i.e.,
to be controlled).

Shading control involves:

1. Shading requirements:
A. Shading of light during day.
1. Shading from sun.
2. Shading from sources of light exterior to
architecture.
B. Shading of light during night.
1. Shading from moon.
2. Shading from sources of light exterior to
architecture.
2. Architectural shading with exterior blinds.
A. Attachments at top and bottom of exterior
(veranda) at edge and surrounding walkway.
1. Allows for customization of shades in
appearance and materials.
3. Architectural shading with interior blinds, curtains,
or other.
A. Attachments at top and possibly bottom of
interior edge near the exterior surface (wall or
window).

19.4.2 Safety control

Within a habitat, lights may be used as signals in the
case of emergency. Also, at night and when there is
presence they come on to illuminate the surroundings,
but importantly, at night the color temperature of their
illumination remains low so as not to disrupt our bodies
production of melatonin and its other restoration cycles.

19.5 Objects in the illumination system:
fixtures, fittings, and appliances

lllumination fixtures and fittings are equipment that
interface with the electrical-illumination in a building:

1. Hlumination fixtures - a device for producing light.
The most common fixtures include, but may not be
limited to:

A. Light fixtures - hold light bulbs.

B. Shade fixtures (e.g., blinds, screens) - allows for
control of illumination.

C. Curtains - allows for control of illumination.

D. Windows (also classified as 'structural' and
'surface') - window surfaces are a light
permittance surfaces, and can be part of
construction and/or installation. These surfaces
can let different amounts of frequencies of light
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through.

E. Light controllers - provide electrical control of
some light sources.

F. Lighting electrical ballasts - provide appropriate
electrical power for some light sources.

G. Electrical transformers - provide appropriate
electrical power for some light sources.

H. Mirror - light redirecting surface fixture (also
classified as 'surface').

2. lllumination fittings - a device designed to control
and guide the flow of electricity and illumination.
The most common fittings include, but may not be
limited to:

A. Switches - control points for lights and shades.

B. Light bulbs - come in many different types and
can be categorized according to their energy
usage and emission wavelength and brightness

3. lllumination appliances - appliance devices that
change the atmosphere, the most common of
which include:

A. Portable lamps with light bulbs.

IMPORTANT: All fixtures, fittings, and appliances
must be specified with the right capacity for their
placement.

19.5.3 Light switches

A.k.a., lllumination switches.

A light switch is an electrically wired switch most
commonly used to operate electric lights, permanently
connected equipment, or electrical outlets. External to
the architectural wiring of a building, portable lamps
such as table lamps may have a light switch mounted on
the socket, base, or in-line with the cord.

NOTE: In many architectural constructions,
buildings are a mess of light switches. Light
switch placement can be confusing to users
and use materials unnecessarily given available
wireless technologies. Light switch wiring
diagrams are some of the most complex
diagrams for an architectural construction.

There are several types of light switch:

1. Manually operated on/off switches.

2. Dimmer switches that allow control of the
brightness of lights as well as turning them on or
off.

3. Time-controlled switches (some of which are
integrated into the wiring and others are separate
external items that fit into an electrical socket and
into which the cord of a lamp is placed). This may
be a type of smart home system.

4. Occupancy-sensing switches (motion sensors). This
is a type of smart home system.
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5. Daylight-sensing switches. This is a type of smart
home system.

6. Remote controlled physical switches and dimmers
(a.k.a., physical smart switches, physical wifi
switches). This is a type of smart home system.

7. Remote controlled software-only switches and
dimmers (no-touch switches). This is a type of
smart home system.

NOTE: Light switches are also found in
flashlights, vehicles, and other devices.

There are two general types of illumination control for a
building; illumination control:

1. With light switches - the use of physical light
switches placed [generally on walls] within the
building.

2. Without light switches - the use of digital
controllers, and possibly, physical [motion] sensors.
Of course, a hidden “switch” or circuit breaker must
still exist, but there's no need to have a visible
switch on the wall surface. This method uses
software-only switches and dimmers (no-touch
switches).

19.5.4 Panelized light switches

A.k.a., Panelized illumination switches.

In the case of a panelized lighting solutions, switches are
replaced with keypads and motion sensors that trigger
scene lighting. All lights are run to a panel and the panel
circuits are smart.

19.6 Installation of illumination system
A.k.a., lllumination circuit installation.

There are many ways to install illumination circuitry.
These systems are usually embedded into structure.

19.6.1 Illumination point placement

Lights can be placed on all allowable surfaces. The
placement of lights depends on context.

19.6.1.1 Interior lighting

There are four general types of interior lighting:

1. Accent - lighting aimed at areas of interest.

2. Ambient - appropriate lighting that fills an
area with an appropriate brightness and color
temperature.

3. Decorative - lighting that provides for a type of
festivity (e.g., christmas lighting) or fixture-based
beauty (e.g., chandelier lighting).
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4. Task - lighting for an activity that facilitates
performance and reduces unwanted stress.

19.6.2 LED strip placement

There are a series of best practices that should be
followed when placing LED strips:

1. LED strips should never be directly exposed (i.e.,
visible to users). They should be mounted out of
sight and projected toward another surface.

2. With long led strips, the voltage will decrease along
the strip. Hence, there will be very bright lights at
the beginning of the strip where the voltage is high,
and dim lights at the end where the voltage is less.
If many light strips are combined in series, then the
voltage and brightness decrease over distance.

3. LED strips should be placed inside of a channel
with a diffuser where appropriate. This isn't of high
importance when the LED strip is hidden from
view. In instances where there is nothing for the
light to be projected onto, LED strips should be
installed inside of a channel with a diffuser. These
channels hide the led strips, but they are also
much easier to mount and keep straight than the
bare LED strip. Typically, these channels are made
out of aluminum or silica gel. Aluminum channels
come in two options: a corner mount option or a
flat surface option. There are also silica gel covered
channels. Silica gel channels are bendable, while
the aluminum ones are not (note: bends are up
and down, and not left and right). Some of these
channels are waterproof while others are not. Note
here that surface attachable mounting clips can
be used in place of channels to attach LED strips
to surfaces. If there is adhesive on the back of
the strip, these mounting clips will reinforce that
adhesive.

4. Installations should keep a uniform distance and
angle to the surface they are projecting onto. Not
doing so can cause Hotspot in the illumination.
These Hotspot can also be cause by turns in the led
strip themselves (creating more illumination in one
area versus others). Loops at corners will create a
hotspot because the number of LEDs in that area
will increase. A better option is to use solderless
corner connectors. Here, the number of copper
connects on the strip are matched to a corner
connecter with the same amount of pins.

5. LED strips do not need to be RGB. There are at least
three types of LED strips in relation to color:

A. RGB strips - each channel can be turned on or
off.

B. RGB + W (white) strips - each channel can be
turned on or off.
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C. White strips (or, another single color).

6. Choose the right power for the application,
including voltage and watts. Note that watts will
add up when LED strips are connected. The voltage
needs to match exactly, but it is OK to go over in
concern to watts.

7. Choose the right number of LEDs per meter
(density). The greater the LED density, the more
expensive the strip will be, but it will also provide
greater color accuracy and brightness. Note here
that a higher density equates to higher power
consumption and higher heat. Additionally, heat
will lower the lifespan on the strip.

8. Select the right waterproofing type. Note here
that as waterproofing increases, heat dissipation
decreases. There are three types of waterproofing
for LED strips:

A. IP 20/30 - no water protection.

B. IP 65 (silicone coating) - the top of the strip
is coated in a waterproof silicone layer. This
is sufficient for LEDs that will occasionally be
splashed or exposed to high humidity.

C. IP 67 (silicone sleeve) - the strips are sealed in a
silicone sleeve that provides a completely water-
tight seal.

9. Individually addressable LEDs include microchips
connected to each LED that takes instructions,
allowing for each LED to take different actions.
Note here that in some cases, a single dead
addressable LED can cause the rest of the strip to
start working.

19.7 Operation of illumination system

In concern to electrics, most significant operational
activities are located on the supply side because of the
requirement for static pressure given dynamic demand.
In concern to illuminance, most significant operational
activities are located on the demand side because of
needed changes (e.g., occupancy and time of day) in the
illuminance of areas.

19.7.1

A.ka., lllumination loading.

llumination load demands

lllumination loads are measured in several ways, most
notably, energy consumed to produce:

1. Energy consumed,
2. lllumination produced, and
3. Thermal temperature.

In order to do work, illumination systems are split into
a power usage system and an illuminance changing
service system:
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1. A power usage system:

A. Energy consumed may be by electricity or
combustion of fuel.

1. Most electrical illumination loads are
measured in watts [of electrical] power. Often,
the kilowatt hour (kW.h)

2. lllumination systems can be measured in BTU
[of heating or cooling] power.

2. Anillumination-flow conditioning (production and

distribution) system:

A. Light flow illuminance is light flow rate,
or quantity of light being moved, which is
measured in:

1. Light intensity emitted [from a source]: Lumen
(Im) is the unit for luminous flux. It measures
the total amount of light emitted by a light
source in all directions. Luminous flux takes
into account the sensitivity of the eye to the
visible part of the electromagnetic radiation.
Lumen is therefore the unit to measure the
brightness of a light source independently of
the direction of the light beam. Luminous flux
is @ measure of the total amount of lightin a
light beam. Light intensity is a measure of the
light density.

2. Light intensity received [to a surface]: Lux
(Ix) is a unit of illumination: 1 lux is the
illuminance produced by 1 candela on a
surface perpendicular to the light rays at
a distance of 1 meter from the source.

Lux corresponds to the illuminance that is
obtained by an observer when each square
meter of the considered surface receives

a luminous flux of one lumen. Lux can be
measured from different distances. With a
light meter it is possible to measure the lux
value of any surface or space.

3. Light intensity observed [by someone]:
Candela (cd) is the unit for brightness. The
word candela means candle in Latin. One
candela corresponds approximately to the
light intensity of a normal candle. The candela
is related to the lumen and lux units. The unit
lumen is used for the total luminous flux in
a light beam. A light beam with a strength of
1 candela and a space angle of 1 steradian
(for a cone-shaped beam corresponds to an
opening angle of 65.5 °) has a total luminous
flux of 1 lumen. 1 candela is thus equal to 1
lumen per steradian. When a beam with a
strength of 1 lumen illuminates a surface of
1 square meter, this gives an illuminance of
1 lux. 1 lux is therefore equal to 1 lumen per
square meter.

B. Light temperature is frequency of the light
(tint).It is possible to measure the color of
light at different points on a surface and find
the average frequency of the light. The most
common measuring unit for temperature:

1. Kelvin

C. Thermal temperature production is measured in
kelvins or Celsius (or Fahrenheit in imperial).

3. The conduits and circuitry connected to electrical
illumination loads are another type of load.

« Current causes losses in transmission lines,
transformers, and circuitry.

4. Non-usage, but presence, will still equate to system
service usage.

+ If a usage circuit has no load in the form of a
power factor of zero the user would consume
NO illumination (i.e., no usage), but the supplier
would still have to send static illumination to
them and incur real energy losses in electrical
lines, circuitry, and filters. Power factor is the
relationship (phase) of light and timing in an
illumination production-distribution system.

19.8 Engineering calculations for
illumination

Illuminance area calculations for different configurations
of lighting and different types of day, with different
configurable shading configurations.

To provide appropriate light and/or other desirable
elements (e.g., heat), an illumination system must be
designed to account for:

1. Electrical service illumination object name.

2. Electrical service illumination object identifier.

3. Table of technical electrical specifics of illumination
object.

4. Table of electrical usage specifics of illumination
object.

5. Table of applicable access categories (person to

common to InterSystem).

. Time of day (t) of usage(s).

7. For each task and activity of usage [of illumination
object], calculate:
A. Ep (Lx)
B. Ug
C. UGR,
D. R,

[9))]

llluminance is the level of light on a surface; measured
in lux (Ix, illumination value). It can be used as a reference
measurement of the performance of a lighting system as
related to the activity.

Lux is a measure of the amount of light on a surface.
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* One lux is equal to one lumen per square metre
(Im/mA2).
* Wherein, a lumen (Im) is the Sl unit of luminous
flux, describing the quantity of light emitted by a
lamp or received at a surface.

Average illuminance is the illuminance averaged over a
specific area. This may be derived from either:

1. An average of the illuminances at a representative
number of points on the surface.

2. From the total luminous flux falling on the surface
divided by the total area of the surface.

Characteristics of illuminance include, but may not be
limited to:

1. Correlated colour temperature (CCT; a.k.a., color
temperature and color appearance) - refers to
the visual sensation correlated with the ‘warmth’ or
‘coolness’ of light. The metric used to characterise
the colour appearance of the light emitted by a
light source is the, expressed in Kelvin (K).

« Warm white light is produced by light having a
colour temperature below 3,000 K (reddish hues),
whereas 4,000 K and above (bluish) is cool and
cold white light.

2. Colour rendering index (CRI) - refers to the ability
of a light source to show surface colours as they
should be, usually in comparison with a tungsten or
daylight source. Measured on the colour rendering
index (CRI) scale.

+ Avalue of 0 means it is impossible to discern
colours at all, and a score of 100 means no colour
distortion. For most indoor lighting applications a
value of at least 80 is recommended.

Items to be included in lighting design and analysis
engineering are:

. Average illuminance.

. Equivalent spherical illuminance.

. Uniformity ratios.

. Visual comfort probability.

Visual bio-compatibility probability.

6. Special purpose lighting characteristics.

A wN =

Electrical engineering documents for lighting systems
shall, at a minimum, indicate the following:

1. Lighting fixture performance specifications and
arrangements

Emergency Lighting

Exit Lighting

4. Lighting Control and circuiting

w N
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19.8.1 Standard illumination efficiencies

A.k.a., lllumination control and automation,
smart lighting, intelligent lighting control.

Often, the greatest three efficiencies achievable in an
illumination system are:

1. Identifying and eliminating (or significantly
reducing) light pollution.

2. On when needed only, and off when needed only.
(i.e., not leaving lights on when not needed, which
can be achieved easily through automation).

3. Using natural sunlight. Daylight availability can be
used to reduce artificial ilumination. Reducing the
amount of artificial lighting used when daylight is
available is known as, daylight harvesting.

Given current technology, it is possible to construct
buildings without the need or presence for physical light
switches. Switches are gradually being replaced by touch
panels or directly operated via apps on smartphones/
tablets.

NOTE: It is reasonable to consider how it may
always be important to have a manual backup
of the system.

Instead of physical switches, illumination control works
by means of:

1. Presence sensors (not necessarily required) -
these sensors are installed strategically to detect
human movement that in turn, triggers the systems
to be activated or deactivated and at different
intensities as per the specific programming of
different zones in the building. The following
sensors detect motion and presence:

A. Passive infrared sensor (PIR) sensors - detect
changes in the levels of energy around the area.
PIR sensors don't actually emit the infrared;
objects give the sensor infrared rays.

B. Active infrared sensors (AIR, sometimes
just IR) - will detect motion and presence
by emitting infrared rays and then recording
and measuring the result over time to detect
changes that indicate the presence of motion
and presence.

2. Control software - computer programs running on
a computing system with a display and can effect
digital and mechanical control devices.

A. Tablet - a device for interfacing with the
software program.

B. OpenHAB to control the illumination.

INSIGHT: In an optimized scenario, users simply
walk from room to room and the lights adjust
accordingly.
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In the following cases, having no light switches may be
preferable:

1. Turning on the light should be as easy or easier
than flipping a wall switch.

2. Guests, children, and occupants who currently
can't find their phone must be able to control
those aspects of the system that do require human
interaction. In these cases, a dedicated mounted
tablet or a remote control may be suitable.

Alternatively, in certain building cases it is not feasible
to have no light switches (i.e., complete automation of
illumination):

1. The building may not be to meet jurisdictional code.

2. The building may be difficult to resell.

3. The lights won't work if your central controller goes
down.

4. Locations where it is easier to flip a switch, rather
than access a phone.

5. Locations where a near instantaneous control of
illumination is critical in cases of emergencies.

6. Locations where it is not possible to access a phone.

7. Locations where any downtime of the serveris a
serious issue for illumination considerations (i.e.,
emergency-type environments).

8. Alocation where possible future switch control may
be necessary. Similarly, a location where running
wires while building is easy, but doing so after is
much more difficult.

Some factors to consider in concern to illumination
automation include:

1. Check for bulbs that can restore last state when
power fails. Right now most bulbs will turn on after
power failure. If a power failure happens when
the user is out of town, they may return to their
building to find the bulbs have been continuously
on since the power failure. Herein, it is also possible
to use motion sensors to remedy bulbs turning on
after a power outage when the occupant(s) are not
in the building.

2. Add a whole house battery backup or generator.

WWW.AURAVANA.ORG
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20 Architecture communication
sub-system

A.k.a., Communications, telecommunications,
electrical signaling.

Communications systems convert electrical power into
data-communications signals. These signals are sent,
processed, transmitted, and received.

Architectural communication has several significant
design elements:

1. Communication within the building.
A. Support service systems.
B. Automated control systems.
2. Communication outside the building.
A. Local person-to-person communications.
B. Internet communications.

The most significant characteristics of a communications
system are:

. Electrical power.

. Electrical wiring.

. Network switching.

. Data transport.

. Transmitting and receiving.
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20.1 Communications standards

Just like other subsystem services (e.g., plumbing,

electrical), there are communications standards,

produced with different objectives.

20.1.1 Standard communications
documentation

Communications systems are documented via

specifications and drawings.

1. Communications drawings (a.k.a., communications
schematics, light drawings) illustrate the system
that will support illumination.

2. Communications specifications include all written
content, reasoning for decisions, and calculations.

A communication drawing (communication system
schematic) illustrates the communication system,
including its wiring, powering, and distribution
subsystem, and its qualities therein. Note that an
electrical diagram may/will include a circuit diagram for
communications.

There are two primary communications diagrams:

1. A wired communications circuit diagram - shows the
powering, process, and wiring of a communications
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circuit(s) and the endpoints. In some cases, the
main electric communications circuits are separate
from the power ring main circuit.

2. An access distribution diagram - shows the location
of communications endpoints (including outlets)
and/or wireless network area of coverage.

20.1.1.1 Communications system plan

NOTE: A communications plan may be a sub-
section of the electrical plan.

A communication plan necessarily involves:

1. Communication design diagram includes location
wiring of sub-systems:

. Areas of wired coverage.

. Areas of wireless coverage.

. Electrical communications circuits.

. Electrical power wiring (e.g., ac/dc).

. Electrical communications wiring (e.g., ethernet).

. Communications computational processors (e.g.,
switches and routers).

G. Architectural plug-in ports (e.g., RJ45 plug).
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20.1.2 Standard communications
requirements

What is required for a viable communications system is:

1. For architecture - Communications transmission
proportionate to user demand.

2. For economic calculation - Data sheeting about
demand (communications) to produce optimization
calculation.

3. For life support demand - communications
proportionate to human demand.

4. For technology and exploratory demand -
communications proportionate to human demand.

5. For transport - communications proportionate to
motion and safety.

6. For walking - communications proportionate to
motion.

7. For dwellings - Appropriate communications
systems for user-to-user and user-to-building
communications.

8. For working areas - Appropriate communications
infrastructure for safety, motion, and coordination.

20.1.3 Hazards with the illumination system

There are several hazards associated with an
communication system, including but no necessarily
limited to:

1. Electrical hazards - the communications system
is powered by electricity, and thus, has the same
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hazards as other electrically powered systems.

20.2 Objects in the communications
system: fixtures, fittings, and
appliances

Furniture fixtures and fittings are equipment that sit on
or are otherwise attached to the architectural surfaces
of a building for the specific purpose of resting objects:

1. Communication fixtures - furniture objects that
are classified as fixtures are affixed to or through
the architecture. The most common fixtures
include, but may not be limited to:

A. Electrical power wiring.
B. Electrical signals wiring.
C. Graphical user interfaces.
D. Data ports.

2. Communication fittings - communications objects
that are classified as fittings are not affixed to the
architecture and are more immediately mobile.
The most common fixtures include, but may not be
limited to:

A. Routers.
B. Switches.
C. Graphical user interfaces.

20.3 Installation of communications
system

Communications objects are physically built and moved
into place. Sometimes installation can be done by one
or more people, and other times installation requires
special mechanical and/or human assisted equipment.

20.4 Operation of communications system

Communications systems operate in a variety of ways,
including:

Machine-to-machine
Machine-to-human
Human-to-machine
Human-to-human
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Communications with and between humans requires
a physical interface that the human sends and receives
signals (data/information) through.

20.5 Engineering calculations for
communications

Data and computer communications
calculations go here.
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21 Architecture furniture sub-
system

A.k.a., Joinery, woodwork, millwork, casework,
etc.

In most buildings, there are additional objects that
provide surfaces for the storage and/or placement of
other animate (e.g., human) and inanimate (e.g., toaster)
objects. Furniture provides stationary surfaces for the
placement of objects (including humans). Furniture can
be made out of many different substances. Furniture has
aesthetic shape and surface properties to individuals,
within which there are cultural and functional
preferences.

Terminological clarification:

Typically, "millwork" refers to custom built items,
whereas "casework" refers to pre-fabricated
items.

21.1 Furniture standards

Just like other subsystem services (e.g., plumbing,
electrical, etc.), there are surface standards.

21.1.1 Standard furniture documentation

Furniture systems are documented via specifications
and drawings.

1. Furniture drawings (a.k.a., surface schematics,
surface drawings) illustrate the system that will
support illumination.

2. Furniture specifications include all written content,
reasoning for decisions, and calculations.

Furniture may have the following diagrams:

1. Object construction diagram.
2. Object usage diagram.

3. Object placement diagram.

4. Object maintenance diagram.

21.1.2 Standard furniture requirements

What is required for a viable furniture system is:

1. For architecture - Furniture appropriate for:

A. Aesthetics.
B. Function.

2. For walking and transportation - Surfaces
designed proportionate to motion and surface
composition, including the maintenance (cleaning)
of the surface.

A. For transport - Furniture proportionate to
motion and safety.
B. For walking - Furniture proportionate to
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disability.

3. For economic calculation - Data sheet about
furniture composition, usage, and safety to
produce optimization calculation.

4. For life support demand - Furniture proportionate
to human demand.

5. For technology and exploratory demand -
Furniture proportionate to human demand.

6. For dwellings - Furniture proportionate to human
demand.

7. For working areas - Furniture proportionate to
human and production demand.

21.1.2.1 Standard furniture efficiencies

Furniture can be made more efficient by reducing:

1. The amount of materials used.

2. The labor associated with production

3. The labor associated with installation.

4. The necessity to maintain/clean the furniture.

21.1.3 Hazards with the furniture system

Common hazards with the furniture system include, but
may not be limited to:

1. Off-gassing (a.k.a., out-gassing) of harmful
chemicals.

. Falling over (for tall furniture; including, dropping).

. Cleaning issues.

. Sharpness of edges.

. Pinching (for furniture that moves).

U b~ WN

21.2 Objects in the furniture system:
fixtures, fittings, and appliances

Furniture fixtures and fittings are equipment that sit on
or are otherwise attached to the architectural surfaces
of a building for the specific purpose of resting objects:

1. Furniture fixtures - furniture objects that are
classified as fixtures are affixed to the ground and
not immediately mobile without unattaching. The
most common fixtures include, but may not be
limited to:

A. Storage furniture: These are areas that hold or
otherwise store objects. Some of these fixtures
store objects inside of themselves (e.g., cabinet),
and some store objects on top of themselves
(e.g., table).

1. Shelving (architecturally attached) - are
individualized planks (generally, horizontal)
that store objects.

2. Cabinets (with and without shelving) - are
objects that store objects within themselves.
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i. Permanently open cabinets - cabinets with
no doors).

1. Cabinets with connected appliances
inside (e.g., oven or dishwasher inside a
cabinet space).

2. Cabinets without connected appliances.

ii. Open-close cabinets - cabinets with doors.
The doors to a cabinet can be mesh and
some degree of opaque to transparent
(glass).

3. Tables (architecturally attached) - are objects
that store other objects on top of themselves
for direct access and/or observation via
humans. Tables can have shelving within
them (i.e., table with shelves). When a table
allows for storage inside (i.e., table with
cabinet).

B. Animal furniture: These are objects that allow
humans to sit or be in a non-upright form.

1. Chairs (architecturally attached).

i. One person chair.

ii. Multi-person chair.

2. Lying furniture (i.e., sleeping furniture, beds):

These are objects that allow humans to lie
down and are attached to the architecture.
Wall folding beds are an example of
architecturally attached lying furniture.

2. Furniture fittings - furniture objects that are
classified as fittings are not affixed to the ground
and are more immediately mobile. The most
common fixtures include, but may not be limited
to:

A. Object storage furniture: These are objects
that store other objects.

1. Shelving (freestanding).

i. With and/or without wheels.

2. Cabinets (freestanding).

i. With and/or without wheels.

3. Tables (freestanding).

i. With and/or without wheels.

4. Boxes (or cans) can be used to store objects
and/or waste.

B. Animal furniture: These are objects that allow
humans to sit to sit or be in a non-upright form.

1. Chairs (architecturally attached).

i. One person chair.
ii. Multi-person chair.

2. Lying furniture (i.e., sleeping furniture, beds):
These are objects that allow humans to lie
down and are attached to the architecture.
Wall folding beds are an example of
architecturally attached lying furniture.

3. Furniture appliances - appliances and objects that
change the surface, the most common of which
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include:

A. Connectors - mechanical devices (sometimes
magnetic) that connect furniture to furniture
and furniture to architecture. An example of a
connecting device is a cabinet door hinge.

1. Mechanisms - mechanical (and sometimes,
magnetic) systems that connect objects in a
dynamic way.

2. Hooks - mechanical (and sometimes magnetic)
objects that statically connect (Read: hook)
mobile objects to architecture or other
freestanding objects.

B. Locks - mechanical (and sometimes magnetic)
devices that lock objects to other objects.

21.3 Installation of furniture system

Furniture objects are physically built and moved into
place. Sometimes installation can be done by one or
more people, and other times installation requires
special mechanical and/or human assisted lifting
equipment (e.g., crane in the mechanical sense, and lift
ropes in the case of human assisted).

21.4 Operation of furniture system

In general, furniture systems require little specialized
operation. Doors (drawers, etc.) are opened and closed
by either humans or automated mechanisms. Most
furniture is operated in the sense that elements of it are
opened and closed, as needed, by the user(s).

21.4.1 Furniture load demands

A.ka., Furniture loading.

Furniture loads are measured primarily in the following
ways:

1. Gravity:
A. Weight (and mass) capacity as amount of weight
a furniture object can sustain and remain a
viable structure (and not, break).
B. Stability: Likelihood of overturning (or, becoming
unstable) given accidental pressure.
2. Resistance to damage and failure from:
A. The elements and contact with other [accounted
for] materials.
B. Repeated cleaning.
3. Electricity (electrical power) to do the work of
motion in dynamic furniture systems.

21.5 Engineering calculations for furniture

Furniture construction and usage calculations go
here.
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21.6 Common furniture materials
Most furniture is made out of some combination of

wood, fabric, metal, plastics, adhesives, or glass. Some
furniture also has stone as part of its composition.
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22 Thermal energy design
optimization

A.k.a., Thermal control engineering.

It is essential to consider energy saving techniques and
materials when designing buildings. Consideration is
given to the placement of windows, doors, and even to
where a structure is located on a property. Buildings
and their subsystems can be designed and integrated
to better account for and use thermal energy. Whole-
building energy simulations can optimize the thermal
design of a building. Thermal energy design is necessary
for both:

1. Energy sustainability (a.k.a., energy savings).
2. Human comfort.

Human thermal comfort has been defined as the
condition of the psycho-physiology that expresses
satisfaction with the surrounding environmental
temperature.

The are factors that affect thermal sensation include, but
may not be limited to:

. Air temperature.

. Humidity.

. Air velocity.

Mean radiant temperature.
. Clothing levels.

. Human metabolic rate.

oOUTh WN =

Thermal energy standards include the construction,
installation and use of boilers, chimneys, flues, hearths
and fuel storage installations.

22.1 Thermal energy factors

Thermal considerations for the design of structures
include:

1. Building architecture specific factors:
A. Shading.
B. Openings.
C. Ventilation.
D. Materials and surface finishes.
2. Site specific factors:
A. Location on site.
B. Shading on site.
C. Direction on site.

NOTE: These energy factors are all interrelated.
Any mention of one factor will necessary include
a mentioning of the other(s).

The three primary thermal considerations are:
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1. Sunlight.
2. Exterior environmental temperature.
3. Interior temperature changes (e.g., heaters).

Sunlight is electromagnetic radiation that will pass
through glass windows to varying degrees due to
composition, and can make a building (its interior and
exterior) hot.

22.1.1 Thermal bridging

A thermal bridge is a localised area of the building
envelope where the heat flow is different (usually
increased) in comparison with adjacent areas (if there is
a difference in temperature between the inside and the
outside). In other words, a thermal bridge results when
the inside and the outside of the building are directly
connected through elements that are more thermally
conductive than the surrounding areas of the structure
(e.g., screws penetrating, beams penetrating, joists
passing through an insulation layer). Thermal bridging
is a major cause of poor energy performance, durability,
and indoor air quality of buildings. Thermal bridging
results in condensation, and a high (or, higher) potential
for mold. One of the most regular locations of thermal
bridging is at window framing points.

To prevent thermal bridging, the following options are
available for window installation:

1. Glass glazing (glass panes): Use double, triple, or
quad glazing.

A. Gas glazing (gas filled panes): Gas filled glazing.
Argon gas is cost effective and provides a good
boost in performance over air-filled units.
Krypton gas, while more costly, provides an
increase to performance.

B. Frames: Select frames made of low conductive
materials. Aluminum frames without thermal
breaks are a complete no-no for energy
efficiency and comfort. Aluminum is a high
conductor of heat. Note, thermally broken
aluminum is a good option depending on how
good the thermal break is.

C. Spacers: Spacers are the material attached to
the surface structure of the windows between
each glazed window pane. Selecting windows
with better spacers can help prevent thermal
bridging in the windows as well. These spacers
separate the panes of glass and appear where
there are divided lights. Avoiding spacers made
of aluminum and steel, and selecting stainless
steel and various composite materials are much
better options.

D. Installation: Proper window installation
including air sealing and insulation around the
windows will significantly reduce the amount of
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energy loss.

22.1.2 Shading (in the context of thermal
energy)

Shading can be used to reduce the amount of transmitted
radiation into a closed space. Traditional shading devices
have included overhangs, venetian blinds, and trees or
bushes. Shading is very beneficial during seasons of
overheating due largely to the positioning of the sun.
Determining the exact periods of overheating in an area
is obviously important to builders. Decisions on where
and when to include shading can greatly affect the
comfort level inside a closed space.

22.1.3 Openings and ventilation (in the
context of thermal energy)

Openings in the building provide ventilation. Ventilation
is the intentional introduction of outside air into a
building to ensure the health and well-being of the
occupants thatinhabit it (Hill). The function of ventilation
can be arranged in three categories:

1. Health comfort ventilation
2. Thermal comfort ventilation
3. Structural ventilation

Health comfort ventilation helps ensure the quality
of indoor air by replacing it with outdoor air. Thermal
comfort ventilation prevents bodily discomfort by
removing excess skin moisture that ordinarily would
decrease the dissipation of heat. Health ventilation
replenishes oxygen supplies and prevents the toxic build
up of carbon monoxide.

In general, windows are considered separately from
regular walls, because they behave like holes in the wall.
Windows (Read: windowed openings) can quickly affect
the overall comfort level of the structure. Glass windows
or openings transfer heat by either conduction or direct
transmission.

22.1.3.1 The material composition of openings

Like all materials the ability of glass to conduct heat is
measured by its insulation value. Even though insulated
glass will reduce heat flow considerably, the heat
transfer rate through glass is still several times greater
than through a well-insulated wall. Regardless of glass'
poor resistance to heat flow, solar radiation can be
transmitted through it instantly. This gives glass areas
a much greater influence on the heating and cooling
potential within a building. When solar radiation strikes
a window some of it will be reflected, some of it will be
absorbed and some will be transmitted. The proportion
of solar radiation that will be absorbed, reflected, or
transmitted depends on the angle of the sun's rays
that strike the glass. For instance, when the sun strikes
the glass in a perpendicular direction, the transmitted
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component is large and the reflected component is
small. At incidence angles greater than 60 degrees, the
reflected proportion increases, and the transmitted
proportion or component decreases. Itis the transmitted
component that influences the thermal conditions of
space inside a structure.

22.1.4 Insulation (in the context of thermal
energy)

Today insulation is one of the most efficient ways in
which builders can protect the inside space of structures
against fluctuations in outside temperatures. Thermal
insulators are those materials that restrict the flow of
heat.

Thermal insulation materials have a low thermal
conductivity which serves to limit the flow of heat energy
between one side of the insulation and the other. In the
build environment thermal insulation is typically used
to reduce the passage of heat between the inside of a
building and the outside.

In architectural science, heat is transferred through:

1. Radiation - heat transfer mechanism because heat
energy is transmitted as electromagnetic waves.

2. Convection - heat moves through liquid or gas
molecule mediums.

3. Conduction - heat energy is transferred between
bodies in direct contact.

4. Evaporation - heat in this mechanism is transferred
through water vapor where by heat is lost to the
atmosphere through vapor.

Insulation provides for a passive restriction of heat
by either of the above-mentioned methods. Insulators
act as sieves, holding back some of the heat but not
completely blocking all of it. The amount of heat that
would pass through a material depends on the type
of material. The ability of any material conduct heat is
measured by its insulation value.

The insulation values used to evaluate the amount of
heat flow/transferred through a material are:

1. U-value - represents the amount of heat that flows
through a square foot of material in one hour.

2. k-value - the conductivity value of a material. It
reflects the amount of heat that can pass through
one inch of thickness of a material.

3. R-value - the number of square feet it takes for one
BTU to pass through a material. BTU is the amount
of heat it takes to raise the temperature of one
pound of water one degree Fahrenheit.

Insulation is the basic feature in a building's structure
necessary to protect it from the changes in outside
temperature. If properly designed, insulation can

WWW.AURAVANA.ORG | SSS-MS-HS-001 | THE HABITAT SYSTEM

greatly increase the comfort level within a structure.
Thermal insulators are those materials, which block or
decrease the flow of heat. These insulation materials can
drastically decrease the flow of heat through all three
modes of transfer: radiation, convection and conduction.
Insulation serves three purposes as it relates to the
three modes of heat transfer. First, insulation may act as
a reflection material that reflects electromagnetic waves
of radiation. Secondly, it acts to trap air and other gases
preventing these gases from transferring heat through
convection. Thirdly, it acts to sieve out heat by providing
a material that has a high resistance to heat transfer
through conduction.

All insulation is rated according to its “U” or “R"
value, but it is also classified according to its physical
characteristics. These classifications are largely
determined by the physical properties of the materials
that make them up. Some of the physical characteristics
of insulation include low or high densities, high or low
compressibility, stiff or loose consistency, frothiness,
and reflective ability.

22.1.5 Materials (in the context of thermal
energy)

Certain materials are more likely to decrease heat
transmission, and other materials are more likely to
increase heat transmission.

The thermal behavior of a material is a function of its:

1. Density.
2. Thermal conductivity.
3. Specific heat capacity.

'Thermal mass' is an attribute that represents the best
combination of these three properties of a material for:

1. Absorbing (energy acquisition).
2. Storing.
3. Slowly releasing heat (energy transfer).

Materials with thermal mass readily absorb excess
heatwithoutgetting hot. This heat may be from the sun or
from internal loads, such as lights and computers. Once
ambient temperatures drop, the thermal mass will slowly
release stored heat to the surrounding environment
without getting cold. Optimal use of thermal mass can
reduce a building's energy use, environmental footprint
and peak-energy loads, as well as increase occupant
thermal comfort.

Suitable building materials for thermal mass are
those that have high specific heat, high density and low
conductivity. Insulation materials, such as fiberglass and
polystyrene foam, have low conductivity, but their density
and specific heat are too low to provide thermal mass.
Metals have high specific heat and density, but their
levels of conductivity are too high. Materials like brick,
stone, adobe and concrete have suitable properties for
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thermal mass.

22.1.5.1 Fluid-based thermal energy acquisition,
storage and transfer systems

It is possible to include a fluid-based heat exchange
circuit embedded in the structure of a building (Uribe,
2015).

It is possible to design a building that includes:

1. Afluid heat exchange circuit (in structure of
building) that transfers heat between:
A. Asolar collector (located in the roof).
B. A low enthalpy geothermal heat store (ground
heat exchanger).
C. Adynamic thermal barrier (walls).

These sub-systems can be interconnected by the
hydraulic circuit that controls the fluid flow.

22.2 Energy conservation standards

The primary standard for architectural

conservation is:

energy

* The International Energy Conservation Code from
The International Code Council [iccsafe.org].
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23 Insulation design optimization

A.k.a., Insulation engineering.

The word ‘insulate’ means to protect something by
interposing a material between it and other elements
that prevents transmission between them. The word
‘insulation’ refers to the material that is interposed.
Insulation may be used in the construction industry for a
number of different purposes:

1. Thermal insulation - to prevent the transmission
of heat, typically between the inside and outside
of a building. For more information see: Thermal
insulation.

2. Acoustic insulation (sound insulation, acoustic
control) - to prevent the transmission of sound,
for example between a recording studio and a
performance space. Sound insulation describes
the reduction in sound across a partition. Privacy
describes the perceived sound reduction across a
wall. Privacy is a function of both sound insulation
and background noise. Background noise is made
up of services noise and environmental noise
sources breaking in through the facade or open
windows, vents etc. Two parameters are used to
describe the sound insulation of a partition are:

« Dw - represents the sound insulation between
rooms on-site. Dw levels are specified by clients
and Building Regulations.

* Rw - represents the lab tested sound insulation of
an element making up a partition wall/floor type.

3. Fire insulation - to prevent the passage of fire
between spaces or components. Fire insulation (or
more usually fire-rated or fire-resistant insulation)
is a term that covers insulation materials which
have insulative properties but are also non-
combustible or have limited combustibility. Fire
insulation is a passive fire protection element.

It does not need to be activated to provide fire

resistance, and hence, can help prevent the spread

of flame between spaces and components within
and between buildings.

4. Electrical insulation - to contain and separate
electrical conductors and to limit the spread of
electromagnetic fields.

There are many different types of insulation, which
vary in terms of colour, surface finish texture, core
composition and performance. Very broadly however,
they tend to be open cell or closed cell.

+ Open cell insulation - allows the passage of air
through air pockets, but the route is so complex
that effectively, no air will pass from one side to
the other, and so heat transfer by convection is
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prevented.
+ Closed cell insulation - formed by bubbles of gas
whose thermal conductivity is very low.

Common types of insulation include, but are not limited
to:

1. Blanket insulation (also called matting insulation).

A. Mineral wool - refers to fibre materials that are
formed by spinning or drawing molten minerals.
It can be manufactured in various thicknesses
and widths and is often supplied in rolls.

B. Sheep’s wool - real wool from sheep that is
often treated to make it more fire and insect
resistant.

C. Glass wool (fiberglass or glass fiber) - consists
of glass fibres arranged using a binder into a
wool-like texture.

2. Foam boards - rigid panels of insulation which are
cut and fitted in place. Most commonly they are
made from polystyrene, polyisocyanurate, and
polyurethane

3. Radiant barriers - consist of a highly reflective
material that reflects radiant heat rather than
absorbing it.

4. Blown-in insulation - typically involves mineral
fibres being blown into a void in the space that
needs insulating.

5. Spray foam insulation - typically formed of
polyurethane and is sprayed as a liquid which
gradually expands to up to 100 times its original
volume. Once set, it creates an effective thermal
and noise insulating layer. Slow-curing foams can
be used for cavity walls as they will flow around
any obstructions before hardening. As spray
foam can produce dangerous fumes and damage
the structural integrity of the building if applied
incorrectly

6. Structural insulated panels (SIPs) - a form of
composite sandwich panel system that take the
form of an insulating core (such as closed-cell
polyurethane foam or expanded polystyrene)
sandwiched between two structural facings.

7. Aerogel insulation - a lightweight solid derived from
gel in which the liquid component of the gel has
been replaced with gas. Areogel insulation comes
in sheets of wrapping that are placed in a surface of
the structure as insulation.

8. Transparent insulation (versus opaque insulation)
- materials that perform a similar function to
opaque insulation, but they have the ability to
transmit daylight and solar energy, reducing the
need for artificial light and heating. There are four
common types depending on the structure of the
material:
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A. Absorber perpendicular.

B. Absorber parallel.

C. Cavity.

D. Quasi-homogeneous.
9. Other types of insulation.

In an architectural construction, insulation is most

commonly applied to:

1. Floors (floor insulation)
2. Walls (wall cavity insulation)
3. Roofs (roof insulation)

The insulation thermal quantities can be calculated
using:

1. R-value (r-factor) - the capacity of an insulating
material to resist heat flow. The higher the R-value,
the greater the insulating power.

2. U-value (a.k.a., thermal transmittance) - the rate
of transfer of heat through a structure.

This can be a single material or a composite and
the graphic below shows the relationship of U-value to
R-value.

The U-value of a wall (or window) is the inverse of
the sum of the R-values of that wall's (or window's)
components (i.e., a low U-value is preferable). The higher
the U-value, the faster heat flows through the material.
The lower the U-value, the slower the heat flows through
the material.

The formula is:
U=1/(R1+R2+R3)
U=(1/R)= (QA/AT)

Wherein,

* QA = Heat transfer rate
« AT = Temperature difference (inside versus outside)

23.1 Recreational insulation design

Some recreational facilities (exploratory service sub-
systems) will produce a relatively large amount of
noise and/or light pollution. These environments, when
commonly accessed, need to have a sufficient insulation,
either structurally, orin land area between. For example,
the important consideration for a pool's placement for
common access is a position (generally) that is highly
sound isolated from residences, if children will frequent
them. The requirement to remember about common
children-accessible poals, is that they may scream loudly.
This is similarly the case with sports stadiums. Insulation
can come in the form of:
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1. Localized structural [attenuation], and/or
2. Spatial land area and 3D objects attenuation.

In other words, requirements for optimizing insulation
must account for master habitat service system strategic

planning at both object and distance (object-to-object)
levels.
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24 Accessway and security design
optimization

A.k.a., Site access, building access, and
accessibility engineering.

An accessway is a path, route, opening, etc., that provides
access to a specific destination or area.

There are two types of accessway:

1. Unobstructed accessway - open pathway/driveway.
2. Obstructed accessway - inclusive of a door or gate.

Buildings should be accessible to, functional for, and
safe for use by their users, who may include:

1. Humans
A. Normal functioning humans.
B. Humans with disabilities.
2. Animals
3. Vehicles
A. Human driven
B. Automated

Note here that some buildings types are of an open
design and do not require specialized access-ways. Other
buildings are closed ("sealed") often for protection from
the elements, insulation, and atmospheric conditioning
efficiency. These buildings require specialized access-
ways like doors and windows.

It is relevant to note here that there may be other types
of access, including but not necessarily limited to:

1. Atmospheric access
A. Doors
B. Windows
C. Vents and ducts
2. Non-atmospheric materials access
A. Pipes

An access specification may include:

1. Access plan for users.
A. Human access (walkway access)
B. Animal access (pathway access)
C. Vehicle access (driveway access)
2. Evacuation plan for users.
A. Human evacuation
B. Animal evacuation
C. Vehicle evacuation
3. Catastrophe plan - area of refuge/safety
requirements in case of catastrophe.

Access-ways for buildings include, but may not be limited
to:
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1. Based on direction.
A. Bi-directional.
B. Directional.
1. Entraceway (a.k.a., ingress).
2. Exit (a.k.a., egress).
2. Based on placement location.
A. Gate - a gate is a hinged barrier used to close an
opening in a wall, fence, or hedge.
B. Door - a door is a hinged, sliding, or revolving
barrier at the entrance to a building, room, or
vehicle, or in the framework of a cupboard.

24.1 Presence signaling

Presence signaling devices signal an owner/occupant to
the presence of someone or some thing at an accessway
entrance or exit. There are two primary types of presence
signaling:

1. Doorbells.
2. Motion sensors.

24.1.1 Doorbell

Adoorbellisasignaling device typically placed nearadoor
to a building's entrance. When a visitor presses a button
a bell rings (inside the building or on a smartphone),
alerting the owner/occupant to the presence of the
visitor.

24.1.2 Motion sensor

A motion sensor is a device that senses the presence of
motion and may send an alert to an owner/occupant.

24.2 Access security
A.k.a., Secure access design

Secure access design is intended to provide that
reasonable provision must be made to resist
unauthorised access to specific architectural areas (in
particular, to dwellings), including any part of a building
from which access can be gained to a home or secure
space within the building.

24.2.1 Access control
Access control for a building includes both:

1. Accessway obstructions (e.g., doors and gates).
2. Locks.

24.2.1.1 Locks

A lock is security mechanism that secures an obstructed
opening from intrusion.

There are two general types of door locks:
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1. Manual locks - require physical access (e.g.,
physical key) and presence.
2. Electronic locks - require electricity.
A. Manual electronic locks - require physical
presence (e.g., access card or push button pin).
B. Wireless electronic locks - may be opened
from anywhere.

The main parts of a door lock are:

1. The cylinder (lock body) - the part of the door lock
where the key is inserted or where an electronic
motor is housed.

2. The bolt or latch - a piece of metal that extends
from the door into the frame and holds it closed.
There are two main styles of latch (or bolt) - a
spring bolt and a deadbolt. When the lock is
disengaged, the bolt is inside the cylinder.

3. The box - the bolt extends from the cylinder into a
shaped hole ("box") inside the door frame.

4. The strike plate - a metal plate that attaches to the
frame of the door. The purpose of the strike plate
is to guide the bolt from the cylinder into the box
of the frame and give added reinforcement to the
locking mechanism.

Electronic access control systems (ACS) include, but are
not limited to:

1. PIN codes.

2. Magnetic identity cards.
3. Proximity tokens.

4. Biometric devices.
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25 Automation design
optimization

A.k.a., Automation engineering, automation
control engineering, building automation
systems.

Building control functions can be automated using
automatic control, regulation, and monitoring of building
functions. Itis possible to integrate all building functions
integrated into one automation system. It is possible to
develop and operate building wide control (automation)
systems, commonly known as building automation
systems (BAS). In many buildings around the world,
particularly newly built buildings, physical switches
are being replaced by digital wireless controllers.
These controllers (Read: automation or smart building
technologies) can be used to control and automate:

1. The entire electrical connection system of a
building.

2. lllumination.

3. HVAC.

4, Audio and video systems (AV).

5. Plumbing.

6. Curtains and blinds.

7. Doors and windows.

8. Access Control (security).

9. Pools and water features.

10. IT peripherals.

There are currently solutions that cover all aspects of
building automation, including but not limited to:

1. Intelligent lighting control - needs based lighting
control. Numerous conventional switching devices
are no longer required, the optimized switching
activation and deactivation of loads reduces energy
consumption, and the high flexibility of the control
system permits later changes with little user effort.

2. Control of room/area parameters - needs based
area control

3. Swimming pool and water features control -
automation of pools and ponds. These systems can
monitor and adjust:

A. The water level (Read: water quantity).
B. The water quality.

C. The water temperature.

D. Other water parameters.

4. Water pump control - automation of water pumps.
These systems may be capable of controlling at
least:

A. Irrigation.

B. Fountains,

C. Cisterns

D. Lifting and pressure pumps.
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E. Etc.

5. Doors, gates, windows and other openings -
needs based accessway controls.

6. Access control - needs based access control. Some
access control involves the control of doors, gates,
and windows.

7. Safety and security/alarming control - needs
based safety and security automation.

Problems with smartphone and tablet based automation
systems include, but may not be limited to:

1. The app continues to still exists and is supported.

2. The app is installed on the occupants smartphone/
tablet.

3. The device has a charged battery. For instance,
the phone is asleep or the battery is dead and
someone needs to turn on a light at 02:00.

4. The device is missing. For instance someone
misplaced or broke their phone.

5. The device is properly paired with the building's
network.

6. The device and app respond quickly.

7. Potential for increased wireless radiation.

8. May not be dependable in emergency situations.

A reasonably complete automation system for a
dwelling-type structure may include the following:

1. Functions:
A. What functions must the system perform?
B. what sub-systems must the controller control?
2. Wireless solution - radio frequency solutions
including wifi and bluetooth.
3. Wired solution - ethernet wired solutions.

The means of control include:

1. Mobile appllication].

2. Computer application.

3. Voice.

4. Automatic (programmed).

25.1 Control sub-systems

An architectural control system generally comprises the
following sub-systems:

. A human-machine interface (HMI).

. Programmatic control logic.

. Computational processing hardware.

. Timing and sequencing hardware (e.g., swtiches).

. Communication interfaces (e.g., wifi router) serving
as the head end of a point-to-multipoint network.

. Individual client devices.
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26 Accessibility design
optimization

A.k.a., Disability inclusivity, disability support
optimization, accessible design, accessibility
engineering.

Accessibility is the term most often used to refer to access
to a building by someone with a disability. Accessible
design is an approach to designing architecture that
renders them easier to access and use by people with
physical, sensory, or cognitive disabilities. Accesibility
requires the inclusive provision of ease of access to,
and circulation within, specific architecture (primarily,
buildings), together with requirements for facilities for
disabled people.

The following terms and factors are relevant to
accessibility design:

1. Accessible route - A continuous and unobstructed
path of travel that meets or exceeds the
dimensional requirements.

2. Visitability - A structure that is designed
intentionally with no architectural barriers in its
common spaces (entrances, doors openings,
hallways, bathrooms), thereby allowing persons
with disabilities who have functional limitations to
visit.

3. Area requirements - areas with additional floor
space that meet or exceed the dimensional and
inclusionary requirements.

4. ldeal design for accessibility - Design which meets,
as well as exceeds, compliance with accessibility
building code requirements.

Note that under some conditions it is useful to design
building units (e.g., dwellings) with features that can be
modified without structural change to meet the specific
functional needs of an occupant with a disability.

26.1 Accessibility design standards

Accessible design standards are often legislated by
governments:

* |In the United States of America, the Americans
with Disabilities Act (ADA) is a federal law, passed
in 1990, which prohibits discrimination against
people with disabilities. The term "disability" means
a physical or mental impairment that substantially
limits one or more of the major life activities of
such individuals. Among the provisions in the law
are requirements that impact plumbing products
in the design of accessible bathrooms and facilities.
Herein, an ADA-compliant device is a device which
is fully compliant, when properly installed, with
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the current requirements of the Americans with
Disabilities Act Accessibility Guidelines (ADAAG), as
legislated by the Americans with Disabilities Act of
1990.
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27 Safe access design optimization

A.k.a., Safe access engineering.

Safe access design refers to the application of standards
to ensure that occupants and machines are safe and
protected from all of the following sources of danger:

1. Falling
2. Collision
3. Impact.

Safe access standards should be followed in order
to ensure the safety of stairways, ramps and ladders,
together with requirements for balustrading, windows,
and vehicle barriers to prevent falling. Also included
are requirements for guarding against and warning
of, hazards from the use and position of doors and
windows. Also included are safety requirements relating
to the use and cleaning of windows.

NOTE: Some systems are static and do not
require removal when they are not in use. Other
systems do not need to be permanently installed
and can be disassembled when not in use.

27.1 Collective restraints and barriers

Collective restraint systems protect occupants and
workers. These include, but are not limited to:

1. Guardrails - a longitudinal barrier that prevents
people from falling or straying into a dangerous or
restricted zone.

2. Barriers or guardings - are structures that deny
access to unsafe areas, and include raised rails,
parapets, or walls.

3. Purlin trolleys - provide workers with a safety
deck to walk on and protect them from exposure
to edging. They are frequently used in roofing
installations.

4. Bollards - protective posts that avoid vehicle
collision on buildings and guard pedestrians at
intersections.

27.1 Fall prevention and arrest systems

In concern to working, fall prevention systems (or fall
restraint systems) are safety systems designed to stop
personnel from falling when working at height. Ideally,
this type of system completely eliminates the hazard by
making it impossible to fall. Fall prevention systems are
active systems, which means workers have to take action
in order to be protected. This aspect differentiates them
from collective restraint systems, which are passive and
require no action on the part of the worker. Prevention
systems use individual restraints to keep workers
from falling. They incorporate customised harnesses
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connected to an anchor and safety line to keep workers
from entering areas where hazards are located. Fall
prevention systems must be replaced when necessary
and must be maintained. Training is required for proper
use. Note that a personal fall arrest system (FAS) is a
system designed to minimise injury if a worker should
fall from a significant height and experience impact.
The purpose of the system is not to stop the fall (that is
the purpose of a fall restraint system or fall prevention
system), but to limit the injuries that could happen to a
worker as a result of the fall's impact.
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28 Acoustics design optimization

A.k.a., Sound design, acoustics control
engineering, sound control engineering.

Sound is a series of pressure vibrations that move
through an elastic medium. Its alternating compressions
and rarefactions may be far apart (low- pitched), close
together (high- pitched), wide (loud), or narrow (soft). All
perceived sound has a source, path, and receiver. Each
source has a size, direction, and duration. Paths can be
airborne or structure- borne. Sound has four quantifiable
properties:

1. Velocity
2. Frequency,
3. Intensity
4. Diffuseness.

Regarding velocity, sound travels much faster through
solids than air (and faster through warm air than cool
air). Frequency is sound's vibrations per second, or hertz
(Hz). This varies according to its purity and pitch. The
average human pitch for hearing is about 1000 Hz.
Intensity is the power level (or loudness) measured
in decibels (dB). Attenuation is the loss of a sound's
intensity as it travels outward from a source. Diffuse
noise (blanket or background noise level) is sound
emanating from a multiple of similar sound sources.
Sound has four quantifiable.

Sound travels through walls and floors by causing
building materials to vibrate and broadcasts in resonant
locations. There are two methods of setting up the
vibration (through structure-borne sound and/or air-
borne sound):

1. Structure-borne sound - the vibration of building
materials by vibrating pieces of equipment, or
caused by walking on hard floors.

2. Air-borne sound - a pressure vibration in the air,
such as wind or other moving air. When the air hits
a wall, the wall materials are forced to vibrate. The
vibration passes through the materials of the wall.
The far side of the wall then passes the vibration
back into the air.

28.1 Acoustic requirements

In architecture, there are several requirements that deal
specifically with acoustics:

1. Requirements for sound isolation during
construction.

2. Requirements for sound insulation between
buildings, including both new dwellings and the
conversion of buildings to form dwellings.

3. Requirements for sound reduction between rooms
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and apartments (i.e., between architectural spaces).
4. Requirements for sound reduction within a room.
5. Requirements for sound amplification in specially

designated areas (e.g., theatres and concert halls).

28.2 The sound problem

The acoustic quality of an architectural space is related
to both:

1. The ability to carry out the activities for which a
space has been designed, and

2. not having noise pollution problems (such as those
related to reverberation and isolation).

28.2.1 Sound pollution

A.k.a., Noise pollution.

Sound pollution occurs anywhere sound is present and
is unwanted. It is important to note here that sound
can be a form of pollution. Sound pollution can include
exterior sources of sound, such as outside construction
and landscaping noises, or interior sources, such as a
washing or drying machine.

INSIGHT: Noise pollution can reduce messages
from nature, such as from birdsong.

28.3 Cymatic science data

Constructions on a landscape convey [acoustic]
frequency information [to users of the habitat-
construction system]. Hence, it is interesting to consider
the acoustic (3D) depiction of a landscape, which
necessarily necessitates different views of the acoustic
nature of the habitat. Herein, cymatics is the study of
perceptible (usually visual) sound vibration, showing the
transformational nature of sound and matter. Essentially,
cymatics is the scientific relationship between sound
and form, which relates information about acoustic
(mechanical) pressure induction. The idea is that for
every acoustic vibration, be it audible or not, there’s a
predictable, repeatable pattern that is likely to form in
matter. Vibrational sound tones (i.e., audio frequencies)
reveal themselves (i.e., are visibly observed) as patterns
of particles in a vibratory chamber. When the physical
vibratory frequency is higher, the pattern is more
complex. When the frequency is turned off or removed,
the matter falls out of pattern. These instruments are
call cymascopes. Cymatic patterns can be scientifically
observed through a cymascope. It is possible to can
re-create the archetypal forms of nature as acoustic
frequency through cymatic processes programmed into
cymascopes.

Consider that sound has form; it can affect matter
and cause form between particles matter. Now consider
the structural formation of a habitat (i.e., city system),
and its continuous operation. And if we ponder on that,
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perhaps cymatics can provide useful data on the optimal
formation of that city.

28.4 Acoustic (sound) control

Sound of any kind emitted in a room will be absorbed
or reflected off the room surfaces. Soft materials absorb
sound energy. Hard materials reflect sound energy back
into the space.

Note that some architectural environments are
designed to be expressive of sound, such as theatres
and concert halls.

Sound control uses the properties of:

1. Isolation (a.k.a., sound isolation, noise isolation)
- Placement of sound producing equipment in
isolated areas.

2. Reflection - Large concave surfaces concentrate
sound and should usually be avoided, while convex
surfaces disperse sound.

3. Diffusion - Providing uniform distribution. It is
increased by objects and surface irregularities.
Ideal diffusing surfaces neither absorb nor reflect
sound but scatter it.

4. Absorption - Provides the most effective form of
noise control.

A. Vibration isolation padding - can be placed
under the feet of machines to reduce their
vibration. A dryer and washing machine are
examples of machines that can often create
significant vibration.

B. Noise dampening (a.k.a., sound dampening)
materials - these materials absorb sound.
Examples of noise dampening materials include,
but are not limited to:

1. Noise dampening foam.
2. Rugs and carpets.
3. Curtains and blinds.
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29 Fire and contaminant
protection design optimization

A.k.a., Fire and contaminant protection
engineering.

In concerntofires, this covers all precautionary measures
necessary to provide safety from fires for construction
and operation of architecture, including occupants,
persons in the vicinity of buildings, and firefighters.
Here, requirements and guidance covers:

. Means of escape in cases of fire.

. Fire detection and warning systems.

. The fire resistance of structural elements.

. Fire separation, protection, compartmentalisation
isolation to prevent fire spread, control of
flammable materials.

Access and facilities for firefighting.

6. Requirements to control fire sources and prevent
burning, pollution, carbon monoxide poisoning, etc.
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Fire and atmospheric danger prevention and resistance
includes:

1. Fire safety/warning system (smoke alarms) - Each
dwelling must have smoke detectors in each
sleeping room and the corridor to sleeping rooms,
at each story (close proximity to stairways), and
basement.

A. Safety and alarm requirements
1. Fire detection and/or suppression
requirements
2. Gas hazard detection

Normal atmospheric-type of detectors found in many
buildings:

1. Smoke detector
2. Gas detectors can be used to detect combustible,
flammable and toxic gases, and oxygen depletion.
A. Carbon monoxide detector - build-up of carbon
monoxide is dangerous.
B. Natural gas - leakage is dangerous (e.g.,
propane, butane, methane, etc.).
C. Low oxygen - presence of low oxygen is
dangerous.
3. Radon detector
4. Other site related hazardous and dangerous
substances.

These detectors are connected to an alarm system that
alerts occupants and others to:

1. Leakage - for example, toxic and flammable gases.
2. Build-up - for example, carbon monoxide.
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3. Depletion - for example, oxygen.

It is important to have control protocols for toxic
substances, during both the construction (including
demolition) and operation of architecture.

29.1 Fire and contaminant protection
requirements

The optimization of several architectural elements
can optimize the reduction and elimination of fires;
optimization requirements for fire (and contaminant
protection) may include, but are not limited to:

1. Optimization of infrastructural interiors, including
fixtures, fitting and appliances.

2. Optimization of furniture so that they do
not interfere with potential fire producing
infrastructural services..

3. Optimization of illumination so that sunlight doesn't
cause quick light damage.

4. Optimization of landscape to reduce the likely
appearance and spread of fire.

5. Optimization of safety mechanisms to ensure that
fires can be effectively resolved in a relatively short
amount of time and with as little damage and harm
to life as possible.

29.2 Optimization of a landscape to
reduce the likelihood of fire and its
spread

Landscapes are areas where fires have the potential
of appearing. Therein, it is important to arrange and
caretake plants. Careful placement of plants can
significantly reduce the impact of fire. The immediate
area around buildings should be free of trees and other
combustible materials. It is possible to create effective
barriers to the spread of fire by means of well watered
lawns, paved areas, driveways, fire breaks between
trees, etc.

Fire protection principles include, but are not limited to:

1. Distances from buildings: Keep trees at least the
same distance as the height of the mature tree
from any buildings, for example if the height of a
particular tree is 20 metres when fully grown, then
it should be planted at least 20 metres away from
any building (if the tree falls, then burning branches
won't hit the building).

2. Consider prevailing winds: The prevailing winds will
affect the way fires will travel and where ash and
burning embers fall. It is important to note that
prevailing winds may vary from season to season,
although days of extreme fire danger are usually
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characterized by hot gusty winds with southerly
wind shifts later in the day.

3. Consider vehicular access: Access routes to dams,
pumps, roads etc. should be kept free of trees and
flammable material. This includes all routes of
escape.

4. Maintenance: Points to Remember: Water trees in
summer (keep moisture in the plant high)

5. Fertilize plants: Regularly fertilize. A plant that has
lush green growth is less likely to burn.

6. Have water available: Have a water hose ready at all
times, and ensure water is readily available.

7. Only use mulches that will not burn readily.

8. Remove dead woody material: Remove twigs, leaf
litter, branches, etc. from the ground. A compact
mulch of stone or even food shavings is not
generally a problem, but leaves and twigs can be, in
a bushfire. Leaf litter can be dug in or composted
to prevent it burning.

9. Remove flaky loose bark from trees: Smooth barked
trees are less likely to catch fire.

10. Prune lower branches: so that burning debris
under plants can't ignite foliage.

11. Remove dead trees and fallen branches.

12. Fill hollows/cavities (hollow trunks, depressions
where branches break & rot gets in) with concrete
or remove the plant...fire can catch in such hollows
and the tree may smoulder for some time without
you knowing it.

13. Avoid large dense clumps of trees & shrubs
particularly near buildings.

14. Have succulent ground cover, lawn or gravel under
large trees or regularly slash or cut any underlying
scrub and grass to remove potential fuel for fires.
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30 Pest control design
optimization

A.k.a., Pest control engineering.

A pest is either a destructive insect or animal that
attacks and damages the architectural construction and/
or is a nuisance to human occupants. Therein, there
are two categories of pests in relation to architectural
constructions:

1. Pests to the materials used to construct
architectural objects.
A. Termites.
B. Wasps.
C. Rodents and other mammals.
D. Birds.
E. Mites and silverfish
2. Pests to humans.
A. Biting and stinging insects.
. Mosquitoes.
Ants.
. Biting flies.
. Spiders.
. Wasps
B. Non-biting insects.
1. Flies.
C. Rodents and other mammails.

The best method of pest prevention is prevention
by design of the architectural construction itself.
Pest proofing in conjunction with sanitation efforts
provides the best long-term management of urban
pest infestations. Building codes generally require
some of the more common procedures of pest control
(e.g., screening foundation vents), but often do not go
far enough in facilitating the design of buildings and
landscapes that sufficiently reduce or eliminate pests.

It is important to understand local pest pressures
when localizing architecture. Climatic factors and bio-
regions limit the distribution of many pest organisms.
Generally speaking, insect pests are most troublesome
in warm, humid climates. Warm temperatures speed
up insects' life cycle, resulting in higher populations.
(Geiger, 11, 2012)

Animals of all kinds, whether vertebrate or
invertebrate, are living organisms with biological needs
and behavioral preferences. All require the following in
order to take up residence and become pests (Geiger,
2012):

1. Food
2. Water
3. Harborage
4. Entry

Eliminating just one of these factors can be sufficient
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to prevent infestations. All of the pest prevention tactics
listed herein are based on minimizing these factors.

30.1 Pest control design considerations

When designing for pest control and deterrence, the
following principles should be considered (Geiger, 2012):

1. Understand the local pest pressures.

Analyze the physical context (function and local
surroundings) of the building.

Design for the necessary pest tolerance level.
Use durable pest-resistent materials.

Design for easy inspection.

Minimize moisture.

Seal off openings.

Eliminate potential harborage.

Engineer slabs and foundations to minimize pest
entry.

10. Engineer access-ways to minimize pest entry.
11. Design buildings to be unattractive to pests.

N
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30.1.1 Pest tolerance level

The tolerance to pest infestations varies by architectural
function, and ideally should be considered at the design
stage. An occasional trail of ants in the home may be a
mere nuisance, but even a single ant in a surgical ward
can have grave consequences. Institutional kitchens,
health care facilities, and mission-critical manufacturing
facilities demand detailed and careful design and
planning to exclude potential pests. (Geiger, 13, 2012)

30.1.2 Pest control methods

Pest control methods for the material used in
architectural constructions include, but may not be
limited to:

1. Pest-resistant buildings reduce not only pest
problems, but also the need for pesticide
applications.

A. Select pest resistant materials:

1. Using materials that pests do not consume
(e.g., concrete, specific types of wood).

2. Treating (impregnating, pressure soaking)
materials that pests would otherwise
consume with toxins (e.g., wood soaked in a
toxin). Note here that if/when these buildings
catch fire their combustion can be more
toxic because of the compounds they are
impregnated with (i.e., soaked in), and the
toxins can leach into the local environment.

i. For example, chromate copper arsenate
(CCA) treatments pose cancer and
reproductive hazards to workers and the
public, while compounds with high copper
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content (such as amine copper quat, ACQ)
pose higher aquatic toxicity hazards.
(Dickey, 2003)

ii. Borate treatments are viable alternatives
for interior use, or situations with low
exposure to moisture, which can leach the
material out of the wood.

iii. Silicates.

B. Sealing off access areas:

1. Screening of vents.
2. Sealing all gaps.

C. Removing sources of intrusion, such as dense
vegetation proximal the architecture, to reduce
intrusion from a variety of small mammals,
such as rats, mice, chipmunks, ground squirrels,
raccoons, opossums, and tree squirrels.

D. Adding harborage disruption elements (e.g.,
spikes to prevent bird roosting).

2. Pesticides (insecticides).

A. Distributed within the building (e.g., within the
attic or basement).

B. Distributed in the grounds around the building.

Pest control methods for rodents include, but may not
be limited to:

1. Rodenticides.
2. Mechanical traps.
A. Capture alive traps.
B. Kill traps.
3. Rodent impervious constructions.

Pest control methods for insects include, but may not be
limited to:

1. Repellents for airborne pests:
A. Repelling plants.
1. Catnip plants.
2. Citronella plants.

B. Repelling gases and odors.
1. Citronella candles.

C. Repelling by means of rapid movement.

1. Fans - rapidly moving air will deter airborne
pests.
2. Mechanical dislodging of airborne pests and their
nests:

A. Brush to rid area of a nest.

B. Vacuum to rid area of nest.

C. Pressure washing to rid area of a nest.

3. Traps for airborne pests:

A. Traps with gas - A machine that transforms
propane into carbon dioxide, which attracts
mosquitoes, and then, captures them.

B. Traps without gas:

1. Glue paper.
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2. Mechanical trap.
3. Bug lightbulbs.
4. Traps for ground-based pets:
A. Insecticide traps for ants.
B. Insecticide traps for cockroaches.

NOTE: Ultrasonic rodent and insect "repellent”
devices have generally been shown to be
ineffective as deterrent agents and are not listed
above.

Techniques for pest prevention in architectural design
include, but are not limited to (Geiger, 13, 2012):

1. Intrusion prevention:

A. Screen vents, tunnels, pipes, etc., to prevent
intrusion.

B. Remove intrusion sources, such as carpet-style
ground cover and vines.

C. Fill'in architectural gaps.

1. Seal off all openings to the building exterior,
as well as openings between interior rooms.

2. Use elastomeric sealant to seal small cracks,
gaps around countertops, or pipe breaks
against insect entry; stainless steel wool
and fire block foam can be used for larger
openings.

3. Use escutcheon plates around all pipes where
they enter through walls is essential.

4. Foundation expansion joints can be
safeguarded against termites with stainless
steel mesh.

D. Install tight fitting fixtures.

1. Install doors with minimal gaps, including
functioning door sweeps where necessary.

2. Install tight fitting windows.

2. Reduce standing water and moisture to eliminate
harborage and material decay.

A. Reduce moisture in the building. Moisture
promotes building decay, moisture also
promotes serious problems with insect
pests such as termites, wood-boring beetles,
cockroaches, flies, carpenter ants, silverfish,
and millipedes, to name but a few. Perhaps
even more important, excessive moisture
inside buildings can lead to serious mold
contamination issues—some of which
can require many thousands of dollars in
remediation. Multiple procedures can be
used to minimize building moisture including
proper guttering, downspout placement,
correct ventilation of crawl spaces, one-piece
countertops, humidistats, vapor barriers for
crawl space flooring, appropriate slopes for
patios, etc.
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B. Do not leave standing water on the architecture
or surrounding landscape. Standing water is
a breading habitat for mosquitoes and other
insects.
3. Reduce the presence of pests on the surrounding
landscape.
4. Clean refuse containers sufficiently.
5. Use durable pest-resistent materials. Selecting pest-
resistant materials can exclude pests from entering
a structure, or deny pests harborage once they are
there. Some materials provide resistance to pests
while other materials provide exclusion.

Material specifics for pest control include, but are not
limited to (Geiger, 2012):

1. Pressure treated wood.

2. Stucco - resistant to insect penetration from the
outside, is generally a poor choice in high termite
pressure areas for two reasons:

A. When improperly constructed, moisture can
accumulate in the enclosed wood.

B. The stucco shell makes inspection virtually
impossible.

3. High-density plastic - will deter gnawing by rats
and mice, and neither rodents nor insect pests are
likely to penetrate high quality elastomeric sealant
compounds when applied correctly.

4. Stainless steel mesh carpeting material - deters
rodents from burrowing into soil to gain access.

30.1.2.1 Insecticides (pesticides)

Boric acid (borax) is most often used in pesticides, and
can be found in tablet form, liquid form, powder form
and in various types of traps. It is a natural salt and
is one of the oldest inorganic compounds known to
mankind in treating pests; it is generally considered a
natural and non-toxic insecticide. Itis a mined substance.
Boric acid and its sodium salts can be used to control
a wide variety of pests; these include: insects, spiders,
mites, algae, molds, fungi, and weeds. It kills insects by
absorbing into them, poisoning their stomachs, affecting
their metabolism, and also, abrading their exoskeletons
causing them to dehydrate (dry out). Boric acid is a white
or colorless powder that can be used as an insecticide,
herbicide or fungicide. Note that boric acid can also be
used as an abrasive when cleaning with water. Boric
acid dust should not be breathed in by humans and is
dangerous to human lung tissue.

A commonly used and simple boric acid treatment for an
insect infestation is as follows:

1. Ingredients:
A. 1 tbs of boric acid.
B. 1 tbs of sugar.
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C. 4 oz water.
D. Cotton balls.
2. Recipe:

A. Mix the boric acid and sugar in a bowl.

B. This mixture can be poured over an area, or
over a cotton wad.

C. In the case of the usage of cotton, place the
cotton balls in the path of the insects.

30.2 Architectural pest avoidance design
practices

The following architectural design practices will reduce
pests. The following architectural design elements
should be accounted for (Geiger, 2012):

Landscape

Foundations and slabs
Building exterior: siding
Building exterior: wall and perimeter
Building exterior: lighting
Roofs

Interior walls

Floors

9. Doors

10. Windows

11. Bedrooms

12. Bathrooms

13. Kitchens: general

14. Kitchens: institutional

15. Utilities, HVAC, and chutes
16. Refuse and recycling

17. General area

30.2.1 Landscape
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30.2.1.2 Design and maintain landscape areas near
buildings to minimize the number and types
of pests

1. Tree branch maintenance.

* Maintain at least 6 feet of clearance between
exterior walls and tree limbs/branches that might
provide vertebrate pest access (3.048m if tree
squirrels are a problem).

2. Fruit trees that are attractive to pests.

+ Use plants that shed a minimum of seeds and
fruits, since the seeds and fruit may attract and
support insects, rodents, and undesired birds.

3. Landscape plants that are attractive to rats.

+ Avoid planting Algerian or English ivy, star
jasmine, and honeysuckle on fences or buildings,
as they provide shelter and food for rats.

4. Landscape plants that are attractive to ants.

+ Where Argentine ants are common, avoid

bamboo, cherry laurel, fig, pine, and roses near
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buildings. These plants often have abundant
scale and aphid populations, and excreta from
these insects provides food for ant colonies.

5. Plants with dense canopies.

+ Separate the canopy of densely growing plants
from one another and from buildings by a
distance of 0.6m or more to make it more
difficult for rats to move between them.

6. Wood mulch.

+ Decorative wood chips and mulch should be used
sparingly in situations where termite infestation
is a high probability. Wood chips should never
be allowed to contact wood siding or framing of
doors or windows. Crushed stone or pea gravel
are alternative solutions and may also discourage
ants and spiders.

30.2.2 Foundations and slabs

30.2.2.1 Drainage design

1. Slope of concrete and asphalt areas near buildings.

+ Provide 6.35mm slope at patio slabs, walks, and
driveways away from building.

2. Backfill around foundations.

« Tamp backfill to prevent settling and slope the
final grade away from the foundation at a rate
of 1.27cm per 0.3m over a minimum distance of
3.04m.

30.2.2.2 Reduce moisture in crawl spaces and under
concrete slabs

1. Vents maintenance.

+ Air should flow freely (not blocked by shrubbery,
mulch, or other landscape materials) through
vents to reduce moisture levels. Maintain vent
openings to crawl spaces.

2. Subgrade membranes under concrete slab
foundations.

* Use a continuous, durable subgrade membrane
sealed at all splices, perimeters, and protrusions
in order to minimize foundation moisture
problems. The membrane product selected
should be specifically manufactured for use as
a subgrade membrane and conform to ASTM
E1745, latest edition, 0.1 perm maximum.
Installation should conform to ASTM E1643, latest
edition.

30.2.2.3 Prevent pest access to crawl spaces

1. Corrosion resistant, pest-resistant mesh on crawl
space vents.
* For any ground-level space (e.g. raised foundation
crawl space) requiring foundation vents, specify
corrosion resistant vent material (e.g. bronze)
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and a vent opening size smaller than the pest to
be inhibited. For example, for typical ants and
termites, use #50 bronze mesh between layers of
12.7mm to 25.4mm mesh for durability. Building
codes generally require mesh with maximum
opening of 6.35mm, which will block rodent
access.
2. Clearance between crawl space ventilation and

finished ground level.

+ Foundation vents should be at least 150 mm
above finished ground level.

30.2.2.4 Access for inspections in the design
of accessory structures that abut the
foundation sidewall or other structures

1. Clearance at accessory structures.

* Provide 45.72cm clearance beneath and 15.24cm
clearance between accessory structures and
exterior wall coverings at decks, fences, patios,
planters, and other accessory wood structures. If
this clearance is not possible, construct accessory
structures so that they are easily removable to
allow inspection for termites.

2. Access to foundations.

* Provide easily removable components to allow

access to foundation for inspections.
3. Concrete substructures.

* In order to minimize entry of pests via joints,

pour concrete patios as part of the main slabs.

30.2.2.5 Eliminate wood and cellulose-containing
material under and near structures

1. Wood material adjacent to building.

* No cellulose-containing material (wood scraps,
form boards, vegetation, stumps, large dead
roots, cardboard, trash, and foreign material)
should be buried on the construction site within
fifty feet of any building, especially in areas with
high termite pressure.

2. Fill material.

+ Fill material used around structures should
be clean and free of vegetation and cellulose
material.

3. Remove wood materials from masonry

* Prior to concrete placement, clean all cellulose-
containing material from cells and cavities in
masonry units to inhibit termite colonization.

4. Remove extraneous wood materials after
foundation construction.

+ After all foundation work is completed, remove all
loose wood and debris from the crawl space and
within 0.3048m of the perimeter of the building.

30.2.2.6 Consider termite susceptibility in choice of
foundation materials
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1. Steel posts in post and beam foundations.

+ Use steel posts for post and beam foundations,
especially in areas with high termite pressure.
The ends of the posts should be sealed at both
ends with welded plates and the posts should be
set in concrete foundations.

2. Synthetic stucco.

* In areas of high termite hazard, avoid Exterior
Insulation and Finish Systems (EIFS, commonly
referred to as synthetic stucco).

3. Foam insulation and foundation systems.

* In areas of high termite hazard, avoid subgrade
foam insulation on the exterior of the
foundation, or pre-formed closed cell foam
foundation systems.

30.2.2.7 Minimize cracks more than 1 mm wide in
concrete foundations and slabs

1. Expansion joints.

* Minimize need for expansion joints when
designing slabs. When expansion joints are used,
inspection access should be readily available
and the use of termite-resistant mesh should be
considered. In one study, 83% of subterranean
termites entering buildings came in through
expansion joints in concrete slabs.

2. Voids in concrete.

* In order to minimize voids in concrete slabs,
mechanically compact concrete with a vibrator
when pouring a slab.

3. Curing of concrete slabs.

« Cure concrete slabs slowly to reduce shrinkage
and cracks. Moist curing periods should generally
not be less than seven days. Consult a structural
engineer for design standards.

4. Anchors in concrete slabs.

« Embed anchor bolts in slabs as the slab is
poured. If additional anchors are necessary,
use adhesive anchoring systems rather than
expanding fasteners to avoid causing cracks.

5. Topical curing compounds for small foundations.

+ For foundations and slabs up to about 15.24m
in dimension, use liberal applications of topical
curing compounds to decrease cracking.

6. Topical curing compounds or shrinkage admixtures
for intermediate sized foundations.

* For foundations about 15m to 30m in dimension,
use adequate concrete reinforcing and proper
concrete mix design, placement, finishing, and
curing techniques. Additionally, use a shrinkage
limiting concrete admixture.

7. Topical curing compounds or shrinkage admixtures
for large foundations.

+ For foundations greater than about 30m in
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dimension, use adequate concrete reinforcing
and proper concrete mix design, placement,
finishing and curing techniques. Additionally, use
a properly designed, shrinkage compensating
concrete admixture.

8. Integrated slabs are preferred. If joints are

necessary, consider termite barriers.

+ Concrete slab foundations should be monolithic
(floor slab integrated and poured simultaneously
with footings). Unplanned construction joints
should be minimized. In areas of high termite
pressure any joints should be protected with
mesh barriers or sand (graded stone) barriers.
Mesh barriers should be laid on top of the vapor
barrier and have a 15mm accordion fold under
the joint. Edges should be turned up 25mm to
be cast into the slab. The accordion fold should
be protected by a strip of vapor barrier material
so that the concrete does not bond to the
accordion fold. Alternatively, a mesh barrier with
an accordion fold can be parged to the top of
the slab. Sand barriers should be confined within
a void adjoining the joint that is at least 75 mm
deep and at least 50 mm wide. A retainer cast
into the slab should be used to confine the sand
particles.

30.2.2.8 Reduce opportunities for undetected termite

access

1. Visual access of upper edges of concrete slabs.

+ The upper 100mm of the edges of a slab should
remain exposed at all times; it should not be
concealed by masonry, timber, soil, paving, etc.

2. Avoid indentations in edges of concrete slabs.

* The vapor barrier underneath a slab should
end no higher than the level of the finished soil
or paving level. Slab formwork should include
100mm of smooth faced timber around the
top of the slab edge. The purpose of these
construction details is to avoid indentations
which allow undetected termite access.

30.2.2.9 In areas of high termite hazard use

shields or barriers with concrete slabs and
foundations

1. Appropriate materials and designs for termite

shields.

* If termite shields are used to reduce
subterranean termite damage, they should
be constructed of galvanized steel at least 0.5
mm thick; sheet copper at least 0.4mm thick;
stainless steel at least 0.4mm thick; aluminum
alloy at least 0.5mm thick; copper and zinc alloys
at least 0.5mm thick; or woven stainless steel
mesh. Joints and corners should be mitered

and soldered, welded, or brazed. Shields

should extend 70-80mm past the foundation or
foundation component. The last 30 mm of the
shield should be bent downward at a 45 degree
angle to reduce injuries during inspection.

In addition, corners should be rounded. The
slippery metal of termite shields provides a poor
footing for termites and their tubes, although
there is controversy about their effectiveness.
Termite shields are also useful for inspection
purposes to spot signs of infestation. The shields
should be constructed with no gaps for termite
access, and in settings that permit inspection.

2. Mesh barriers for termite exclusion

* When stainless steel mesh is used as a termite
barrier, the mesh should be made from grade
304 or 316 wire with a minimum diameter of
0.18mm. The maximum aperture size should be
0.66mm x 0.45mm. This maximum size should
be reduced if local termite species are known
to be small. As necessary the mesh should be
parged to concrete foundations with a grout
consisting of water-dispersed copolymer, type
GP Portland cement and sieved aggregate that
can pass through the stainless steel mesh. The
mesh should not contact dissimilar metals that
will produce a corrosion reaction. If pieces of
mesh need to be joined, the joint should consist
of an area 10-15mm wide where the edges of
the two pieces are folded together 2 1/2 times
or a parged area 35mm wide where the pieces
overlap. Mesh can be used as a perimeter barrier
for masonry exterior walls when parged to the
concrete slab, draped across the cavity, and then
built into the exterior wall. It can also be used as
a continuous barrier under concrete slabs, or as
a barrier under joints and for utility penetrations.

3. Sand or basalt barriers for termite exclusion.

* Where graded particles (sand or basalt) are
used as a termite barrier, the particles should
be graded and shaped so that a sufficient
proportion of them are of a size that cannot
be transported by local termite species. They
also should be able to be placed so that voids
between particles to not permit penetration of
local termite species. They can be either igneous
or metamorphic stone. The wet/dry analysis
must have less than 35% variation and their
specific gravity must be at least 2.52. Graded
particles can be used as a perimeter barrier when
installed in wall cavities or in a trench around the
foundation. In either case the minimum depth of
the particles should be 75 mm. Trenches should
be at least 100 mm wide. Graded particles can

WWW.AURAVANA.ORG | SSS-MS-HS-001 | THE HABITAT SYSTEM [199



LIFE SUPPORT. ARCHITECTURE SERVICE SYSTEM

also be used as a continuous under-slab barrier.
These barriers should be 75-100mmm deep and
compacted with a vibrating plate-type tamper.
Graded particles can also be used as a barrier
under joints and around utility penetrations.
Appropriate diameters for particles are 1.2-1.7
mm for the western subterranean termite, 1.7-
2.8mm for the eastern subterranean termite, and
1.7-2.4mm for the Formosan termite.

30.2.2.10 All points where utilities go through

the slab should be readily accessible for
inspection. Gaps between penetrations
and slab should be sealed using epoxy as a
sealant, mesh barriers, or sand batrriers.

1. Epoxy sealants for utility breaks.

+ Use epoxy immediately prior to pouring a slab to
seal concrete around utilities.

2. Mesh barriers for utility breaks.

« Mesh barriers should consist of a flange of mesh
50mm wide. The mesh flange should be attached
to the penetrating utility with a stainless steel
clamp and embedded in the slab. Alternatively,
the mesh flange can be attached with a stainless
steel clamp and then parged to the top surface of
the slab.

3. Sand barriers for utility breaks.

+ For sand barriers, concrete should be poured

in a circular area 25mm around the utility pipe.
That void should then be filled with sand at least
75mm deep. The sand should be capped at the
top of the slab, and a retainer cast into the slab
below the sand should be used to prevent sand
loss beneath the slab.

30.2.2.11 Maintain adequate clearance between

wood foundation components and soil.

1. Minimum clearance.

* There should be a minimum clearance of

45.72cm between beams or joists and soil.

2. Increased minimum clearance.

+ In areas of high termite hazard, clearance

between beams or joists and soil should be
91.44cm.

30.2.2.12 Use "curtain walls" around and below a

foundation where necessary

1. Effective designs for curtain walls.
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+ Rats often burrow under foundations of buildings

without basements. Vertical curtain walls 0.6m
below the surface with an 20cm horizontal

"L" or flange directed away from the building
are usually effective in preventing rats from
burrowing under foundations. Construct curtain
walls of 29-gauge corrugated iron, concrete, or

bricks.

30.2.1 Building exterior: siding

30.2.1.1 Install and finish siding to minimize gaps,

warping, and cracking

1. Caulk and sealant for siding installation.

+ On siding, use high quality, exterior grade caulks
and sealants that meet ASTM standard C-920.
Caulk should be compatible with both siding
materials and trim materials.

. Areas to be caulked or sealed during siding

installation.

+ Caulk or seal the following areas: wherever siding
meets trim, around windows and doors, and
around any penetrations (pipes, wires, etc.) that
are not self-flashing.

. Back flashing at siding butt joints.

+ Use back flashing at siding butt joints to minimize
openings that might allow entry of pests.

30.2.1.2 Provide sufficient clearance between siding

and soil

1. Siding or stucco installation.

+ Siding and stucco should begin at least six
inches above soil level. This decreases the risk
of subterranean termites reaching the wood,
and makes their mud tubes more visible to
inspectors.

30.2.2 Building exterior: wall and perimeter

30.2.2.1 Direct rainwater away from walls

1. Discharge from downspouts and gutters.

* To minimize moisture accumulation, all
downspouts and gutters should discharge at
least 0.3048m away from structure wall, using
a connection to storm sewers, tail extensions,
splash blocks, or dry wells.

2. Placement of gutters with downspouts.
+ Use gutters with downspouts on all buildings

with eaves of less than 15.24cm of horizontal
projection except for gable ends and roofs above
other roofs.

30.2.2.2 Prevent rodents from using downspouts and

pipes to climb up exterior walls

1. Flap valves or mesh on downspouts.
* In areas of high rodent pressure, use flap valves

to prevent rodents from entering downspouts.
Mesh is also an option, but periodic cleaning will
be necessary.

2. Cones and discs.
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+ In areas of high rodent pressure, use cones or
discs (typically metal) to prevent rodents from
traveling up downspouts and pipes. Cones
should be mounted with the wide end of the
cone facing down and should be 30.48cm in
diameter and 30.48cm long. Discs should be 18
inches in diameter.

3. Vertical pipes.

+ Prevent mice and Norway rats from climbing on
exterior vertical pipes by applying a 45.72cm
band of glossy paint around the pipe.

4, Strainer leaf guards.

+ Use expanded strainer leaf guards (made for
keeping leaves out of downspouts) to keep
rodents from entering open pipes.

30.2.2.3 Design building perimeter to be unattractive
to pests

1. Gravel strip around perimeter of foundation.

+ To discourage rodent burrowing, install a gravel
strip of 0.5cm diameter or larger, laid in a band at
least 60cm wide and 15cm deep.

2. Plant-free strips around structures.

* Maintain plants, grass, and mulch several
inches away from the foundation of buildings to
minimizing nesting sites for ants.

3. Exterior landscaping.

« Design exterior landscaping so it does not cause
moisture build-up around the foundation.
Consider use of drip irrigation. Maintain
clearances between vegetation and exterior
walls.

30.2.2.4 Design accessory structures, fences, posts,
planter boxes, and stairs to minimize termite
problems

1. Contact between accessory structures and the main
building.

+ Construct decks, fences, patios, planters, or other
wooden structural components that directly abut
the sidewall of the foundation or structure to
provide: (a) an 45.72cm clearance beneath the
component, or (b) a 15.24cm clearance between
the top of the component and the exterior wall
covering, or (c) have components that are easily
removable by screws or hinges to allow access
for inspection of the foundation sidewall.

2. Termite-resistant fence and post materials.

+ Use termite-resistant fence and post materials,
including naturally durable wood, concrete and
steel.

3. Wood steps above grade

* Wood steps should rest on a concrete base at
least 15.24cm above grade to minimize access by
wood-destroying pests, particularly in areas with
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high termite pressure.

30.2.2.5 Prevent animal access under sheds, decks,
and porches
1. Use of metal mesh.

+ Install quality 0.635cm or 1.27cm galvanized
hardware cloth from the bottom of the shed/
porch/decks without perimeter foundations to
7.62-10.16cm below the ground and then out in a
perpendicular fashion at least 30.48cm from the
vertical line. To improve appearance of hardware
cloth used under sheds, decks, and porches,
cover with lattice after installation.

30.2.2.6 Design and construct exterior building
surfaces to minimize pest access to interior

1. Holes or joints in exterior or other cavity walls.

+ Seal all holes or joints in exterior or other cavity
walls that are larger than 6.35mm diameter to
prevent access by mice. Where larger holes or
joints are necessary they should be screened
with 6.35mm mesh or otherwise shielded from
pest intrusion. Seal smaller holes to eliminate
access from smaller pests. Use caulk (non-
elastomeric, does not return to original shape
when stretched or compressed) for openings of
6.35mm diameter or less. Use an elastomeric
sealant to close larger openings. Use a liquid
sealer to close pores and hairline cracks.

2. Concrete masonry unit walls.

+ “Cap” concrete masonry unit walls by filling
the top row of blocks with cement to eliminate
rodent access to the interior of the wall.

3. Sealing along foundation for standard stucco weep-
screed construction.

+ For standard stucco weep-screed construction,
seal along foundation with 15.24cm minimum
rubberized asphaltic, self-adhesive membrane
extending down over foundation 2.54-5.08cm.
At point above screed section, also seal back
of flashing to foundation with generous bead
of foundation mastic. Use vinyl weep screed in
corrosive environments.

4. Appropriate flashing for stucco walls with offset
weep-screed.

* For offset weep-screed installation use weep-
screed flashing with offset in the flashing equal
to actual framing offset. Install per standard
weep-screed construction procedures except
use 8-inch minimum self-adhesive membrane
extending to bottom of weep-screed. Use small
bead of caulking between base of framing and
flashing.

5. Sealing for stucco walls with offset framing and
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standard weep screed.

+ For offset framing where standard weep screed
was used, install closed-cell-foam backing rod
between foundation and flashing. Apply suitable,
vertical application and resilient caulking
between foundation and flashing. Alternatively
fill gap between foundation and flashing with
self-adhering, expanding foam. Upon cure, trim
flush with base of flashing.

30.2.2.7 Design building exterior to minimize
attractiveness for roosting birds

1. Design exterior structures to minimize bird
perching, roosting, or nesting.

+ Design exterior structures like decorative screens,
moldings and lattices, siding, awnings, window
sills, signs, fire sprinkler pipes, and column
capitals so that they do not provide opportunities
for bird perching, roosting, or nesting especially
near building entrances. Use smooth materials
and avoid horizontal surfaces. Where necessary,
retrofit existing structures with exclusion devices
(looped wires, sheet metal spikes, springs, nets,
etc.), although these devices are not foolproof
and require maintenance. Openings in buildings,
exposed rafters on overhanging dock roofs, or
any likely perches in semi-enclosed areas can
be screened with rust-proof, 1.905cm wire or
plastic mesh, or 1.27cm mesh to also exclude
rodents. Plastic netting is less durable and must
be replaced more often.

2. Avoid semi-enclosed spaces or alcoves.

+ Semi-enclosed alcoves or courtyards, especially
with open roofs, provide ideal roosting and
nesting opportunities for pigeons and other
birds. If these structures must be included in
the building design, include bird barriers and
minimize horizontal surfaces.

30.2.3 Building exterior: lighting

30.2.3.1 Choose exterior light fixtures to discourage
bird roosting and nesting

1. Bird-resistant light fixtures.

+ Choose light fixtures with sloping surfaces rather
than horizontal surfaces to deter bird roosting
and nesting.

2. Bird deterrents on light fixtures.

+ Install bird spikes, "porcupine wire," netting, or
similar devices to discourage birds from nesting
on light fixtures.

3. Bird exclusion devices.

+ Use bird exclusion devices, including wires,

springs, nets, and electrical strips, to prevent
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birds from reaching light fixtures.

30.2.3.2 Design and install exterior light fixtures to
minimize attraction of flying insects

1. Motion detectors on exterior lights.

+ Motion detectors allow lights to be on for shorter
amounts of time and can reduce accumulation of
insects around lights.

2. Timers on exterior lights.

+ Use timers to restrict light operation to high
traffic times as appropriate. This may reduce the
volume of insects attracted to the lights.

3. Reflected light rather than direct light.

+ Use reflected light rather than direct light to
illuminate doorways, as appropriate and allowed
by local codes. Insects are more attracted to
point sources of light and are therefore less likely
to enter doorways.

4. Direct exterior lighting only for essential areas.

* Minimize direct lighting to high priority areas
that maximize resident safety, especially near
structures. All such lighting should meet local
code requirements. This will minimize insect
attraction to point source lights.

5. Yellow or red exterior lights.

+ Use yellow or red lights ("bug" bulbs or sodium
vapor lights, for example) in exterior areas
where insect attraction to lights is an issue.

Both intensity and color are important in insect
attraction.

30.2.4 Roofs

30.2.4.3 Construct roofs to reduce pest access into
the building structure

1. Bird stops on tile roofs.
* Fit eave roof tiles with commercially available bird
stops, which also exclude bats and flying insects.
2. Screens for attic vents and chimneys.
+ Attic and chimney screens can prevent problems
with bats, squirrels, and birds. In areas of
where drywood termites are known to be a
problem, consider replacing screens on attic
vents (typically 6.35mm) with window screening.
This may not be appropriate in damp climates,
because the smaller mesh screening can impede
air flow. Building codes generally allow attic vent
screening as long as the mesh size is greater than
1.5875mm.

30.2.5 Interior walls

30.2.5.1 Construct interior walls to minimize
harborage and pathways for insect and
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are safe for children and the elderly. Follow
manufacturer's safety instructions for closure
mechanisms.

6. Screen doors.

+ Use screen doors with durable frames to prevent
warping and ensure a good seal from the
outdoors.

7. Weather-stripping of exterior doors.

+ Use weather-stripping of all exterior doors to

better seal against pest entry.

30.2.8 Windows

30.2.8.1 Design and construct windows to minimize
pest attraction and access to interior

1. Window ledges.

+ Slope smooth-surfaced window ledges and
projections at 45 degrees to minimize bird
perching and roosting.

2. Screens.

+ International Property Maintenance Code
requires screens on windows in habitable
rooms as well as rooms used for food storage
and preparation unless air curtains or fans are
employed.

3. Weather-stripping.
+ Use weather-stripping for all operable windows.

30.2.9 Bedrooms

30.2.9.1 Minimize bed bug harborage

1. Moldings and joints.

+ Moldings and joints around the room perimeter
(floor, doors, cabinets, and windows) should be
caulked with silicone sealant to eliminate hiding
spots for bed bugs.

2. Hard flooring materials.

+ Use wood, tile, linoleum, or similar flooring

materials instead of carpets or rugs.
3. Built-in furniture.

* Built-in furniture provides harborage for bedbugs
that is difficult to inspect. If built-in furniture is
used, provide access for inspection.

4. Furniture that minimizes attractiveness to bedbugs.

+ Use leather, metal, plastic or laminate furniture
rather than upholstered, wicker, or wood
furniture. Metal and laminate furniture is harder
for bedbugs to climb than wood furniture. If
upholstered furniture is used, it should have
metal legs and the fabric should be at least a
few inches from the floor and from any other
pieces of furniture. If possible, use furniture that
is easily washable and light colored. Beds should
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not have headboards and mattresses should be
encased in commercially available, insect-proof
coverings.

30.2.9.2 Seal openings that allow bedbug movement
between rooms or units

1. Openings in floors, walls, and ceilings.

* Openings around pipes or other structures that
come through walls, floors and ceilings should be
sealed. caulk, foam, seal, paint, or otherwise fill
any cracks and holes larger than the thickness of
a credit card.

30.2.10 Bathrooms

30.2.10.1 Prevent moisture accumulation in
bathrooms

1. Floor, wall, and ceiling penetrations.

+ All penetrations of floors, walls, and ceilings
should be sealed with metal escutcheon plates
if feasible, or with polyurethane foam, silicone
sealant, or other flexible sealant. Penetrations
include electrical wires, supply and drain pipes,
heating and ventilation systems, and recessed
lights. Larger gaps may require the addition of
copper or stainless steel wool to the foam, in
order to effectively bar access to rodents.

2. One-piece countertops.

+ Countertops should be one piece if possible,
that is, with an attached backsplash. If this is not
feasible, use an elastomeric sealant to seal along
edges of countertops and backsplashes where
they meet walls.

3. One-piece tub or shower enclosures.

+ Use one-piece tub or shower enclosures where
they are appropriate with the bathroom design,
to minimize potential infiltration of moisture.

4. Water controls

+ In large shower enclosures, offset water controls
so that they are close to the door. This makes
them easier to use,and lessens the likelihood of
water escaping the shower.

5. Shower shelves and soap holders.

+ Slope horizontal surfaces of soap holders,
shampoo cubbies, and shower seats so water
drains into the shower or tub. This reduces
moisture buildup.

6. Toilet tanks.

+ Use insulated toilet tanks to minimize toilet

sweating and moisture buildup.
7. Slope ventilation ducts.

+ Ensure horizontal ventilation ducts are sloped so
that condensation water doesn't accumulate in
the ducts.
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rodent pests

1. Baseboard installation.

+ Use straight base rather than cove base. Cove
bases are typically installed with adhesives that
may be food for cockroaches, and the gap behind
the cove provides potential harborage for a
variety of pests, including bed bugs. Alternately,
use cove bases that have no gap, and install
them to be more easily removable (using screws
or nails) to make inspection and treatment
easier.

2. Gaps between wall and flooring.

* In an interior wall made of wood and drywall,
the bottom plate is not usually completely tight
against the floor due to uneven floors and the
natural bends in wood. Similarly, the drywall
panels that are hung on the wall framing often
have a gap along the bottom edge. Gaps should
be minimized as much as possible during
construction.

30.2.6 Floors

30.2.6.1 Floors should be durable, non-absorbent,
without crevices, and capable of being
effectively cleaned

1. Concrete.

+ Concrete floors should be durable, steel-float
finished and sealed to prevent dirt accumulation
in crevices and provide a non-slip surface.

2. Carpet.

A. Avoid installing carpet in areas prone to
moisture: bathrooms, laundry rooms, kitchens,
entryways and damp basements. Moisture
promotes fungal growth and accompanying
insect infestations.

30.2.6.2 Floors should be durable, non-absorbent,
without crevices, and capable of being
effectively cleaned

1. Moisture resistant materials in commercial
kitchens.

* In commercial food preparation areas, use quarry
tile, poured seamless epoxy floor, approved
commercial grade vinyl, or similar materials to
avoid moisture accumulation and harborage of
insect pests.

30.2.6.3 Design floor drains for complete drainage
and easy cleaning
1. Floor slope.
* Where floor drains are installed, slope

surrounding floors 0.635cm per 0.3048m to the
drain.
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2. Drain covers and baskets.

* Cover floor drains with mesh screen covers or
sunken drain baskets. Baskets or covers should
be removable for cleaning. Codes usually require
removable strainers.

3. Floor drain access.

* Floor drains should be easily accessible to enable
cleaning and inspection. Floor drains should not
be located under fixed kitchen equipment.

30.2.7 Doors

30.2.7.1 Reduce pest access through doors.

1. Solid-core doors.

+ Use solid-core doors where possible. Solid-core
doors are more durable and do not have hidden
recessed areas or cavities that could harbor
pests.

2. Doors with metal kick plates.

* In areas of high rodent pressure, fit external
doors with 26-gauge sheet metal kick plates
30.48cm tall and mounted no more than 0.635cm
from the bottom of the door. Metal plates should
not interfere with the swinging of the door.

3. Thresholds of exterior doors.

+ Doors should fit tightly; the distance between
the bottom of the door and the threshold
should not exceed 0.635cm. Use tight-fitting
door sweeps if gaps are larger than 0.635cm. If
appropriate, use automatic door sweeps, which
drop to seal against the floor when the door is
closed. If automatic sweeps are not possible,
bristle sweeps are preferable to rubber or plastic.
If rodent pressure is high, protect rubber and
plastic sweeps with metal kick plates installed on
the outside of the door.

4. Air curtains.

* In commercial buildings, specify air curtains
(air doors) where doors are frequently open.

Use models that start automatically when the
door is opened to conserve energy. Properly
installed and sized air curtains are typically about
80% effective in preventing insect entrance.
Users have reported over 99% reduction in fly
numbers.

5. Self-closing doors.

+ All doors leading to the outside should be
equipped with self-closing devices and
supplementary screen doors. For large overhead
doors, such as warehouses or processing
facilities, consider electrically operated screen
doors or a permanent frame with screening. As
appropriate, make sure the closure mechanisms
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8. Bathroom fans with a humidistat.

+ Install bathroom fans with a humidistat to more
effectively avoid moisture buildup. Humidistats
automatically turn on fans when humidity
reaches a certain level.

30.2.11 Kitchens: general

30.2.11.1 Design kitchens for easy cleanability and
pest inspections

1. Joints between toe-kicks and floor.

+ Use curved joints between floor and the vertical
toe-kick under cabinets rather than right angle
joints. "Roll" the edge of the floor up to the toe-
kick with a smooth curve. Ensure that edges are
properly sealed to avoid creating harborages for
pests.

2. Joints between sinks and countertops.

+ Avoid joints that are difficult to clean between
sinks and countertops. Use undermount or
integral sinks.

3. Kitchen cabinets with smooth, flat doors.

+ Specify cabinets with flat rather than raised panel
doors. Raised panels or elaborate moldings
create more opportunities for dirt accumulation.
Enamel, gloss paint, or other smooth finishes are
preferable to make cleaning easier.

30.2.11.2 Eliminate moisture buildup in kitchens.

1. One-piece countertops.

+ Use one piece countertops with attached
backsplash when possible. If one-piece
countertops are not feasible, use an elastomeric
sealant to seal along edges of countertops and
backsplashes where they meet walls.

30.2.11.3 Eliminate potential pest harborage

1. Cabinets contacting floor and walls.

+ Using an elastomeric sealant, seal joints where
cabinets contact the floor and walls. The wall
behind the cabinet should be free of holes or
voids. The goal is to prevent access to hidden
spaces favored by cockroaches. This is especially
critical in institutional kitchens.

30.2.12 Kitchens: institutional

30.2.12.1 Design kitchens for easy cleanability and
pest inspections

1. Food storage areas.
+ Food storage should be elevated off the floor
and away from walls to facilitate inspection and
cleaning.

WWW.AURAVANA.ORG | SSS-MS-HS-001 | THE HABITAT SYSTEM

2. Coved junctions.

+ Wall-wall and wall-floor junctions should be
coved to facilitate easier cleaning and prevent
the accumulation of debris. Wall-ceiling junctions
should be coved or sealed. Rubber or flexible
plastic baseboard coving should be avoided,
since it is very difficult to remove and inspect.
Avoid cove base that is installed with adhesive.
Choose coving that does not include an air gap
under the curve, which could provide harborage
for cockroaches.

3. Lighting in storage areas.

+ Storage areas should have adequate lighting to

allow efficient cleaning and easy pest inspection.
4. Access to suspended ceilings.

* Provide access to voids above suspended ceilings
for inspections and cleaning. In large buildings,
provide walkways for this purpose.

5. Cabinets with legs.

+ Specify cabinets with legs to facilitate cleaning
underneath. Legs should either be bolted to the
floor with gaskets or sealant to eliminate gaps, or
should be on wheels to enable easy moving.

6. Wheeled appliances.

+ Specify the use of wheeled stoves, mixers,
refrigerators, and other appliances to encourage
regular cleaning. Wheel fenders should include
adequate clearance for cleaning around the
wheels.

7. Drains.

+ Locate drains so that they are accessible for
cleaning.

8. Flush thresholds in doorways.

* When possible use flush thresholds in doorways.
Thresholds collect dirt and food debris that can
attract fruit flies or roaches.

9. Food preparation areas.

* When possible, locate food preparation areas
on islands rather than against walls. Cleanup is
generally easier around islands.

10. Stainless steel backsplashes.

* Install stainless steel backsplashes behind sinks
and work surfaces for easier cleaning and avoid
moisture buildup. Use sealant around edges.

30.2.12.2 Eliminate moisture buildup in kitchens

1. Ventilation in moist areas.
* Provide extra ventilation for dishwasher,
cooking line, and in the mop room. This can be
accomplished through modifications of venting
or through installation of small fans. Reduction of
moisture buildup will inhibit fruit flies and other
pests.

30.2.12.3 Minimize pest entrance into kitchen
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1. Separation of refuse disposal, recycling areas, and

food delivery entrances.

+ Refuse disposal, recycling areas, and food
delivery entrances should ideally be located away
from frequently used entries. Refuse disposal
and recycling areas attract flies and other pests,
even when bins are well sealed and frequently
cleaned. If the disposal area is adjacent to
frequently used entries, such as those used for
food deliveries, it is easier for the flies to enter
the kitchen.

2. Self-closing doors for food storage rooms.

+ Use self-closing doors for food storage rooms to
shut out rodents and some insect pests. Doors
should be adequately sealed around the edges,
with door sweeps or bottoms and no gaps over
0.635cm.

3. Wiring and pipe penetrations.

+ Seal all penetrations through walls and floors,
including wiring and pipe penetrations through
wall framing at top and bottom plates. Use either
an elastomeric sealant or fire block, depending
on the size of the gap, its location, and local
building codes. This is especially important in
institutional kitchens where there is no tolerance
for pest infestations. For larger gaps, including

pest intrusions

. Rodent-resistant materials to seal around utility

penetrations.

+ Use escutcheons, cement mortar, or copper
mesh or hardware cloth embedded in patching
plaster to seal any openings around utility
penetrations.

. Use sealant on small gaps around penetrations.

* Where rodent pressure is not high, or with gaps
< 6.35mm, use silicone sealant to seal around
utility penetrations to deter insect movement.

. Air intakes and vents.

* Qutside air intakes or vents for wall-mounted
heaters, air conditioners, and exhaust fans
should be screened to exclude insects a variety
of pests. Use 10-mesh screen or smaller and
design/install the screen so that it can be easily
removed for cleaning.

. Outlets and switches.

+ Use foam gaskets behind electrical cover plates
to seal off access to pests, particularly in pest
sensitive areas such as institutional kitchens.

. Cleaning around utility penetrations.

+ There should be adequate space and access for
cleaning around utility penetrations.

6. Dryer exhaust vents.

+ Terminal ends for clothing dryer vents are
available that exhaust the air vertically rather
than horizontally and may be more effective in
excluding rodents than the usual flapper-type
vent ends.

copper or stainless steel wool with foam may be
necessary to exclude rodents.

30.2.12.4 Eliminate potential pest harborage

1. Wall hangings and signs.

+ Any wall storage, ornamentation, signage, bulletin
boards, etc. should be sealed using elastomeric
sealant or hung at least 0.635cm from the wall to
discourage pest harborage.

2. Storage rooms without void spaces.

* If rodent pressure is high, design food storage
rooms without double walls, false ceilings,
enclosed staircases, boxed plumbing, and voids
under cabinets. This permits easy inspection and
removes harborage.

3. Ceramic outside corner tiles.

+ Avoid use of ceramic outside corner tiles. Ceramic
tiles located in heavily used areas are highly
prone to breakage. Broken tiles provide access
to voids that can harbor pest insects. Durable
outside corners, such as metal or plastic, are
preferred alternatives.

30.2.13 Utilities, HVACs, chutes

30.2.13.2 Design trash and laundry shafts to exclude
pests and minimize pest harborage.

1. Chute doors.

+ Trash and laundry chutes should have tight-
fitting doors. Avoid any gaps between door and
surrounding wall.

2. Chutes circular in cross section.

+ Use metal garbage and laundry chutes with a
circular cross section to avoid accumulation of
debris in hard-to-clean corners.

3. Trash chute size.

* Hopper doors into vertical trash chutes should be
large enough to fit a full trash bag, to avoid the
accumulation of debris from torn bags and keep
chutes cleaner.

30.2.14 Refuse and recycling

30.2.14.1 Exclude rodents from refuse and recycling

30.2.13.1 Design and construct utility penetrations, areas

such as water pipes, electrical wires and
conduit, cold air return ducts on forced air

L 1. Prevent access to refuse and recycling areas.
furnaces, and exhaust vents, to minimize
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+ Design refuse and recycling areas with concrete )
pads that extend past the boundaries of the
enclosure so that rodents cannot burrow into the
enclosed area.

2. Rodent-resistant enclosures.

+ Enclose refuse and recycling areas with metal,
concrete, or similar materials to prevent
vertebrates from gnawing or climbing the
enclosure. Enclosures should be solid and
extend all the way to the ground. Do not plant ivy
around enclosures.

3. Pest-resistant containers.

4. Use refuse containers that are heavy duty, rust
resistant, rat and damage resistant, and equipped
with tight-fitting lids. Racks or stands prevent
corrosion or rusting of containers, reduce rat
shelter under containers, and minimize the chance

Rodent teeth are well adapted to gnawing
through all but the hardest materials. Rats have
been known to gnaw through lead. Rodent-
resistant materials include concrete with a
minimum thickness of 5.1cm if reinforced, or
9.5 cm if not reinforced; galvanized sheet metal
if 24 gauge or heavier for wall or pipe barriers,
22-gauge or heavier for kick plates or door
edging, or 14-gauge if perforated or expanded
sheet metal grills; brick if 9.5 cm thick with joints
filled with mortar; hardware cloth (wire mesh)

if woven, 19- gauge, 1.3cm x 1.3cm mesh to
exclude rats or 24-gauge, 0.6cm x 0.6cm mesh to
exclude mice; aluminum if 22-gauge for frames
and flashing or 18-gauge for kick plates and
guards; plaster; or corrugated metal.

of containers being overturned. 30.2.15 General area

30.2.14.2 Design refuse and recycling areas for easy

30.2.15.1 Design for easy inspection

cleaning
1. Floors areas. 1. Minimize inaccessible spaces.
» Use concrete floors in refuse and recycling areas * Example of inaccessible spaces include: false
2. Drainage. ceilings, false bottoms under cabinets, pegboard

« Slope floor of recycling and refuse area to a drain
connected to the sanitary sewer.

storage systems, air plenums, gaps behind
or within machinery, spaces behind coved

3. Hose bib. baseboards, or enclosed spaces under bathtubs.
* Provide a hose bib near the enclosure for 2. Access to enclosed spaces.
periodic cleaning. * Where hard-to-access spaces are necessary,

30.2.14.3 Durable pest-resistant construction
materials

1. Termite resistant building materials
» Termite-resistant materials include brick,

concrete, stone, naturally resistant wood, metal,
and rigid plastics. Naturally resistant woods
commonly used in North America include:
western red cedar, redwood, incense cedar,
Port Orford cedar, black locust, northern white
cedar, and Alaska cedar are known to dissuade
termite infestations. Using these durable woods
makes infestation less likely but does not
guarantee that infestations will not occur. It is
also important to note that only the heartwood
from these species is resistant. While they do not
constitute a food source for wood-destroying
insects, brick, concrete block, and plastic may still
provide harborage for the pests. Foam insulation
mounted on the outside of foundations, for
example, provides near-ideal temperature and
humidity conditions for termite tunnels. Regular
termite inspections are important even when
using resistant materials.

2. Rodent resistant building materials.

WWW.AURAVANA.ORG SSS-MS-HS-001

provide enough access to allow inspections of
the space. Examples include: 1) Provide hatches
or walkways for inspection of voids above
suspended ceilings, 2) leave 15.24cm clearance
between wood structures and soil (preferably 18
inches in areas with high termite pressure), and
3) make sure expansion joints or utility breaks

in foundation are accessible to inspection. Note
that access to attics, crawl spaces, and other
underfloor spaces is required by code.
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Book references

31 Modularity design optimization

A.k.a., Modularity engineering.

Modular architectural structures are built in large three-
dimensional sections, which are typically 95% complete
when they leave the structural production center. The
modules are then transported to the site and placed
(often by crane) onto a permanent foundation where
final assembly is complete.

31.1 Modularity analysis
A modularity analysis involves:

Structural analysis
Connectivity analysis

Fixtures analysis

Fitting analysis

Internal area module analysis

vk wnN =
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TABLES

Table 12. Table showing BIM related level of development (LOD) stages in relation to model content.

Model Content  LOD 100 LOD 200 LOD 300 LOD 400 LOD 500
3D Model-based | Site level coordination Major large object General object-level | Design certainty N/A
Coordination coordination coordination coordination
4D Scheduling Total project Time-scaled, Time-scaled, Fabrication N/A
construction duration. ordered appearance | ordered appearance | and assembly
Phasing of major of major activities of detailed detail including
elements assemblies construction means
and methods
(cranes, man-lifts,
shoring, etc.)
Cost Estimation | Conceptual cost Estimated Estimated Committed Record cost
allowance Example $/sf cost based on cost based on purchase price of
of floor area, $/hospital measurement of the | measurement of specific assembly at
bed, $/parking stall, etc. | generic element (i.e. | specific assembly buyout
assumptions on future generic interior wall) | (i.e. specific wall
content type)
Program Compliance Specific room FF & ampkE, Specific Purchase
Compliance Gross departmental requirements casework, utility manufacturer documentation
areas connections selections
Sustainable LEED strategies Approximate Precise quantities Precise simulation Commissioning
Materials quantities of of materials with based on and recording
materials by LEED percentages of the specific of measured
categories recycled and/or manufacturer and performance
locally purchased detailed system
materials components
Analysis/ Strategy and Conceptual design Approximate Precise simulation
Simulation performance criteria based on geometry | simulation based based on
based on volumes and and assumed on specific building | the specific
areas system types assemblies and manufacturer and
engineered systems | detailed system
components

Table 13. Simplified materials construction technology table (materials technology construction matrix).

_ Materials Calculations Outcomes

Technologies

Calculations

Outcomes

Table 14. Design build matrix.

Design
Build . - .
Schematic Design Contract Bid / Construction
Development Documents Negotiations Observation

Site

Foundation

Framing

Roofing

Exterior Finish

Plumbing
HVAC

Electrical

Insulation

Walls

Interior Finish

Landscape
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TABLES

Table shows maximum gap sizes for excluding various pests. (Geiger, 15, 2012)

Common Name

Biting midges

Scientific Name

Ceratopogonidae

Maximum opening size /

mesh size

0.605 mm ~30 mesh

Reference

AFPMB, 2009

Cheese skipper

Piophila casei

0.595 mm ~32 mesh

Ebeling, 1975*

Cockroaches

Blatella germanica

1.66 mm ~12 mesh

Koehler, 1994**

Cotton aphid

Aphis gossypii

0.341 mm ~50 mesh

Bethke & Paine, 1991*

Fruit flies Drosophilida spp. 2.12 mm ~10 mesh NPS, 2006
Honeybees Apis spp 3.00 mm ~7 mesh NPS, 2006
House flies Musca domestica 2.03 mm ~10 mesh Block, 1946
Mosquito Aedes egyptii 1.03 mm ~18 mesh Wesley & Morrill, 1956; Block,
1946
Mosquito Anopheles quadrimaculatus, 1.38 mm ~14 mesh Block, 1946
Culex quinquefasciatus
Redlegged Necrobia rufipes 0.595 mm ~32 mesh Ebeling, 1975*
ham beetle
Sand flies Phlebotominae spp. 0.605 mm ~30 mesh AFPMB, 2009

(Psychodidae)

Termites (Eastern

Reticulitermes flavipes

0.610 mm ~30 mesh

Tucker, 2008*

é subterranean)

é‘ Termites Coptotermes formosanus 0.660 mm ~28 mesh Grace et al, 1996*

< (Formosan

f Thrips Frankiniella occidentalis 0.192 mm ~80 mesh Bethke & Paine, 1991*

1%]

E Yellowjackets Vespidae spp. 3.00 mm ~7 mesh NPS, 2006

[%]

£ Scorpions Scorpionida spp 1.6 mm Timm & Marsh, 1997
Pigeons Columba livia 50.8 mm (2 in) Timm & Marsh, 1997

1%]

2 Sparrows, Passer spp., 19.1 mm (0.75 in) Timm & Marsh, 1997

o Starlings Sturnus vulgaris
Bats Chiroptera spp 6 mm/0.25 in Greenhall & Frantz, 1994

K% Mice Mus musculus 6 mm/0.25 in Greenhall & Frantz, 1994

©

E Rats Rattus norvegicus, 9.5mm/3/8 in gaps Corrigan, 1997

m R. rattus under doors; 18 gauge

= 13 mm/0.5 in mesh

* Studies marked with an asterisk identified nominal gap sizes; these were matched with the closest Tyler mesh size. All
other studies referred specifically to minimum mesh sizes; these were matched with approximate gaps sizes. Mesh
opening sizes are nominal, i.e., not diagonal.

**Study pertained to preferred harborage for nymphs, not minimum opening for access, which is likely smaller.
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TABLES

Table 16. List of common building materials.
Adhesives Coal ash Gypsum.
Adobe. Concrete Hempcrete
Acrylic. Concrete fibre High alumina cement
Aggregate Copper. Icynene spray foam insulation
Alkali-activated binder Daub Laminated veneer lumber LVL
Aluminium. ETFE Lead in construction
Architectural fabrics Fibre cement Limecrete
Asphalt Glass for buildings Masonry

Bulk filling materials

Glass reinforced concrete

Mastic sealant

Carbon fibre Glass reinforced plastic GRP Metal

Cast iron Glulam Mortar

Cavity wall insulation Graphene in civil engineering Mycelium

Cement Gravel Nylon

Ceramics Gravel v hardcore v aggregates. Oil - a global perspective
Chert Grouting in civil engineering. Paint

Clay

Table 17. Comparison of BIM work stages.

PAS 1192
Process map

APM

(listed in CIC BIM
protocol)

RIBA 2013

CIC BIM protocol
(attributed to PAS
1192)

1 Brief 0 Strategy 0 Strategic definition 1 Brief
1 Brief 1 Preparation and brief
2 Concept 2 Concept 2 Concept design 2 Concept
3 Definition 3 Definition 3 Developed design 2 Development design
4 Design 4 Design (production 4 Technical design (Procurement is flexible and does 4 Production

information)

not have a numbered stage)

5 Build & Commission

5 Build & Commission

5 Construction (including mobilization)

5 Installation

6 Handover & Closeout

6 Handover & Closeout

6 Handover & Closeout

6 As constructed

7 Operation
In use (no number)

7 Operation and end of life

7 In use

7 In use
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Table 18. Method of calculating coincident peak demand.

Description ;Ejiekcvtved gi’g;it‘odﬁ) gearﬁ;n;w If-:catgr, ?aor;i?;:fi;,nce ggiankt’:ig\t’evnce
Fire station 14.6 30 4.4 15 521 2.3

X technology # # # #

Y technology #

Z technology #

Total

System
losses

Grand total
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Table 19. UniFormat for universal preliminary planning. This list of plannable elements contains numbers and titles associated with
phases and/or deliverables. This list may be compared against other "Title and Numbering" standards, including but not limited to:
CSI MasterFormat, etc. (Guthrie, 2010)

Number Title

1 ELEMENT: PROJECT COORDINATION (CSI,
PROJECT DESCRIPTION)

10 Project description

1010 Project summary

1020 Project program

1030 Existing conditions

1040 Owner's work

1050 Funding

20 Proposal, bidding, and contracting

2010 Delivery method

2020 Qualification requirements

2030 Proposal requirements

2040 Bid requirements

2050 Contracting requirements

30 Cost summary

3010 Elemental cost estimate

3020 Assumptions and qualifications

3030 Allowances

3040 Alternatives

3050 Unit prices

A ELEMENT: SUBSTRUCTURE (CSI - A,
SUBSTRUCTURE)

A10 Foundations

A1010 Standard foundations

A1020 Special foundations

A1030 Slab on grade

A20 Basement construction

A2010 Basement excavation

A2020 Basement walls

B ELEMENT: SHELL (CSI - B, SHELL)

B10 Superstructure

B1010 Floor construction

B1020 Roof construction

B20 Exterior enclosure

B2010 Exterior walls

B2030 Exterior windows

B30 Roofing

B3010 Roof coverings

B3020 Roof openings
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ELEMENT: INTERIOR SURFACES (CSI - C,

¢ INTERIORS)

c10 Interior construction

Cc1010 11 Partitions and partitioned modules

C1020 12 Interior doors

C1030 13 Fittings

Cc20 Stairs

C2010 Stair construction

C2020 Stair finishes

C30 Interior finishes

C3010 Wall finishes

C3020 Floor finishes

C3030 Ceiling finishes

D ELEMENT: UTILITY SERVICES (CSI - D,
SERVICES)

D10 Conveying

D1010 Elevators and lifts

D1020 Escalators and moving walks

D1090 Other conveying systems

D20 Plumbing

D2010 Plumbing fixtures

D2020 Domestic water distribution

D2030 Sanitary waste

D2040 Rain water drainage

D2090 Other plumbing systems

D30 Heat!n.g, \{entilation, and air
conditioning (HVAC)

D3010 Energy supply

D3020 Heat generation

D3030 Refrigeration

D3040 HVAC distribution

D3050 Terminal and packaged units

D3060 HVAC Instrumentation and controls

D3070 Testing, adjusting, and balancing

D3090 Other special HVAC system and equipment

D40 Fire protection

D4010 Sprinklers

D4020 Standpipes

D4030 Fire protection specialists

D4090 Other fire protection systems

D50 Electrical
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D5010 Electrical service and distribution

D5020 Lighting and branch wiring

D5030 Communications and security

D5090 Other electrical systems

D60 Basic materials and methods

E ELEMENT: EQUIPMENT AND FURNISHINGS
(CSI - E, EQUIPMENT AND FURNISHINGS)

E10 Equipment

E1010 Commercial equipment

E1020 Institutional equipment

E1030 Vehicular equipment

E1090 Other equipment

E20 Furnishings

E2010 Fixed furnishings

E2020 Movable furnishings
ELEMENT: SPECIAL CONSTRUCTION

F AND DEMOLITION (CSI - F, SPECIAL
CONSTRUCTION AND DEMOLITION)

F10 Special construction

F1010 Special structures

F1020 Integrated construction

F1030 Special construction systems

F1040 Special facilities

F1050 Special controls and instrumentation

F20 Selective demolition

F2010 Building elements demolition

F2020 Hazardous components abatement

G ELEMENT: BUILDING SITEWORK (CSI - G,
BUILDING SITEWORK)

G10 Site preparation

G1010 Site clearing

G1020 Site demolition and relocation

G1030 Site earthwork

G1040 Hazardous waste removal

G20 Site improvements

G2010 Roadways

G2020 Parking lots/garages

G2030 Pedestrian paving

G2040 Site development

G2050 Landscaping

G30 Site civil/mechanical utilities

G3010 Water supply

G3020 Sanitary sewer

G3030 Storm sewer

G3040 Heating distribution

G3050 Cooling distribution

G3060 Fuel distribution

WWW.AURAVANA.ORG
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G3090 Other site mechanical utilities
G40 Site electrical utilities
G4010 Electrical distribution

G4020 Site lighting

G4030 Site communications and security
G4090 Other site electrical utilities
G90 Other site construction
G9010 Service tunnels

G9090 Other site systems

z ELEMENT: GENERAL (CSI - Z, GENERAL)
Z10 General requirements
Z1010 Administration

21020 Quality requirements

Z1030 Temporary facilities

2104 Project closeout

721050 Permits, insurance, and bonds
71060 Fees

Z20 Contingencies

72010 Design contingency

72020 Escalation contingency

722030 Construction contingency
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Abstract

Water is called the "universal solvent" because it is capable
of dissolving more substances than any other liquid. This
is important to every living thing on earth. Water is a core
component of the planet's ecospheric cycle. Hydrology is the
study of water in its totality, including is cycles and qualities.
Water is an essential requirement of all life. Water is a uniquely
accountable physical resource (Read: object). Different needs,
and sub-services therein, have different requirements of
and for water. Water is a material with many different sub-
compositions, some of which are usable for specific functions,
and others of which are not. Water serves many functions
in a materialized societal system. The the processing and
distribution of water can be integrated into a city platform.

Graphical Abstract

Image Not Yet
Associated
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1 Hydrology and the earth’s
hydrological/water cycle

ASSOCIATION: This section, "Water Service
System" is linked to a related section of The
Material System: HabitatSystem Standard
entitled “Life Support: Architecture Service
System: Architectural Water Service System”.

Hydrology is the scientific study of the movement,
distribution, and quality of water on Earth and other
planets, including the hydrologic cycle, water resources
and environmental watershed sustainability. Hydrology
is subdivided into surface water hydrology, groundwater
hydrology (hydrogeology), and marine hydrology.
Domains of hydrology include hydrometeorology,
surface hydrology, hydrogeology, drainage basin
management and water quality, where water plays the
central role. In terms of environmental measurements,
hydrology refers to the physical movement of a body
of water, including changes in water level, flow, and
other dynamic processes. Hydrological modeling refers
to modeling of the hydrologic cycle (i.e., water cycle).
The water cycle, also known as the hydrologic cycle or
the H20 cycle, describes the continuous movement of
water on, above and below the surface of the Earth. The
hydrologic cycle is the term used to describe the natural
circulation of “raw” water in, on, and above the earth.
Water occurs in many forms as it moves through this
cycle. The Earth's water cycle is sub-composed of a set of
identifiable processes/steps listed in table ...

Water is placed in the air by evaporation from water
and land surfaces and by transpiration from plants.
It then condenses to produce cloud formations and
returns to earth as rain, snow, sleet, or hail. Some of this
evaporates, while some flows as runoff into lakes and
streams. The remainder goes into the soil and then into
underlying rock formations by seepage or infiltration.
The water which has seeped through the earth will finally
find its way to the surface through springs. It can also
flow through porous media until intercepted by streams,
lakes, or oceans. The cycle does not always progress
through a regular sequence; steps may be omitted or
repeated at any point. For example, precipitation in hot
climate may be almost wholly evaporated and returned
to the atmosphere.

NOTE: With the appropriate technology, water
may be collected at any point in the Earth’s
water/hydrological cycle.

The mass of water on Earth remains fairly constant
over time but the partitioning of the water into the
major reservoirs of ice, fresh water, saline water and
atmospheric water is variable depending on a wide
range of climatic variables. The water moves from
one reservoir to another, such as from river to ocean,
or from the ocean to the atmosphere, by the physical
processes of evaporation, condensation, precipitation,
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infiltration, runoff, and subsurface flow. In doing so, the
water goes through different phases: liquid, solid (ice),
and gas (vapor). The water cycle involves the exchange
of energy, which leads to temperature changes. For
instance, when water evaporates, it takes up energy
from its surroundings and cools the environment.
When it condenses, it releases energy and warms the
environment. These heat exchanges influence climate.

On earth, water moves continuously through the water
cycle which comprises:

+ Evaporation and transpiration.
+ Condensation.

* Precipitation.

* Run-off.

1.1 Primary components of the water
service system

The water system is a system of engineered hydrologic
and hydraulic components that provide a water supply,
modified where necessary, to meet service requirements.

A water supply system involves everything from the
collection of source water through to the point of use, as
well as all transformation, recycling, and transportation
therein.

A water supply system typically includes:

1. An ecosystem that re-cycles water and fulfills the
H20 needs of organisms living in a habitat. The
ecosystem of a water body is known as an ‘aquatic
ecosystem’.

2. A drainage basin (catchment basin) is an extant
or area of land where surface water from rain,
melting snow, or ice converges to a single point ata
lower elevation, usually the exist of the basin where
water joins another water body, such as a river,
lake, reservoir, estuary, wetland, sea, or ocean.
Other terms that are used to describe drainage
basins are catchment, catchment area, drainage
area, river basin and water basin. The drainage
basin includes both the streams and rivers that
convey the water as well as the land surfaces
from which water drains into those channels, and
is separated from adjacent basins by a drainage
divide. The drainage basin acts like a funnel,
collecting all the water within the area covered
by the basin and channelling it into a waterway.
Each drainage basin is separated topographically
from adjacent basins by a geographical barrier
such as a ridge, hill or mountain, which is known
as a water divide. In nature, drainage basins
are dynamic because the water and sediment-
producing areas expand and contract depending
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upon the catchment characteristics, the antecedent
conditions prior to any water even, and the
character of the water input. In the technical sense,
a watershed refers to a divide that separates

one drainage area from another drainage area.
However, in some areas, the term is often used to
mean the drainage basin or catchment area itself.

. Araw water collection point (above or below
ground) where the water accumulates, such as a
lake, a river, or groundwater from an underground
aquifer. Water in this form is considered “raw”,

as opposed to water which has been treated
before consumption, such as “drinking water” or
water which has been used in an materialization
process, such as “waste water”. Raw water may

be transferred using uncovered ground-level
aqueducts, covered tunnels or underground water
pipes.

. Water processing and purification technologies.

. Water storage locations such as reservoirs, water
tanks, or water towers. Smaller water systems may
store the water in cisterns or pressure vessels. Tall
buildings may also need to store water locally in
pressure vessels in order for the water to reach the
upper floors.

. Additional water pressurizing components
[beyond that of gravity due to elevation
differentials] such as pumping stations, which may
need to be situated at the outlet of underground or
above ground reservoirs or cisterns (if gravity flow
is impractical).

. A pipe network for distribution/transportation
of water to points of storage, transformation, or
usage. Water is transferred using water pipes
(usually underground).

. Input and output connections the distribution/
transportation network, including drains and
faucets.

1.2 Raw water sources and catchment

entered the “saturated zone". The height of water
in the saturated zone is called the water table.
In dry places, the water table is very deep, but in
moist places, the water table is very shallow. When
the water table is higher than the actual surface
of the ground, there are streams, rivers, and lakes
on the land (i.e., surface water). Ground water is
partially “filtered” through the ground, and partially
flows through rivers that disappear beneath the
earth. Rain that soaks into the ground, rivers that
disappear beneath the earth, melting snow are but
a few of the sources that recharge the supply of
underground water. Because of the many sources
of recharge, ground water may contain any or all
of the contaminants found in surface water as well
as the dissolved minerals it picks up during its long
stay underground. Collection technologies: welling
technologies and distribution technologies (e.g.,
applied hydraulics and pumps).

2. Surface water: include rivers, streams, glaciers,
including some a superficial cavity of some
kind, like a dug well. As water travels over
the surface of the land, it dissolves naturally
occurring minerals and can pick up substances
resulting from the presence of animals or from
human activity. Surface water is exposed to
many different “contaminants”, such as foliage,
wastes, -icides, algae, and many other organic
and inorganic materials. Collection technologies:
land restructuring technologies; catchment
technologies; evaporation technologies;
distribution technologies

3. Precipitation: includes rain, hail, snow, fog, etc.
Precipitation is any form of liquid or solid water
particles that fall from the atmosphere and reach
the surface of the Earth. Precipitation comes
in many forms, but it all comes from the same
general process. Collection technologies: rain
water catchment technologies (e.g., rain barrels)
and distribution technologies. Any surface with
significant displacement is probably a good water

The collection of water from a raw water source is
referred to as raw water collection/catchment. The
Earth’'s water cycle provides sources of water. Those
sources of water are:

catchment platform. Roofs and trees, for example,
work for water catchment. Water rains down on
the roof and it is channelled into a gutter that feeds
into the water system.

1. Ground sources: include groundwater, springs, 4. Biological sources: such as plants. Some plants
hyporheic zones and aquifers. Ground water is directly produce a drinking “water” liquid. One
water that moves in some manner through the of the most well known of these plants is the
“ground” (i.e., water that has “gone underground”). coconut palm tree. However, drinking water can
Spring water is water that has moved through be collected from the transpiration of water.
the ground and reappeared on the surface of Most plants constantly transpire water vapor.
the land. If you travelled underground you would The transpiration process leads to the release of
eventually get deep enough to find that all the water vapor from plants and soil into the air. The
rock around you is soaked with water. You'd have intent of this technique is to collect and condense
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plant-respirated water vapor. This is often done

by placing a container over the plant and securing

the opening. Collection technologies: desalination
technology; evaporation technology; distillation
technology; osmotic technology.

« Ocean water (salinated seawater): - About

97 percent of the Earth’s water can be found in

the unified form of an ocean. The ocean covers

about 71 percent of the Earth and is blue, while
land makes up the other 29 percent and varies in
colour. The large presence of an ocean gives the

Earth the appearance of a blue marble. Collection

technologies: desalination technology; evaporation

technology; distillation technology; osmotic
technology. Ocean breezes contain elements which
are highly corrosive to various substances.

5. Atmospheric sources: Water is constantly
evaporating into the air. Air can carry water, it

is called ‘humidity’. All breathable air has some

degree of water vapor (moisture) present.

A. Relative humidity (RH) is the amount of water
vapor in the air. Water vapor is the gaseous
state of water and is invisible to the human
eye. Humidity indicates the likelihood of
precipitation, dew, or fog. While humidity itself
is a climate variable, it also interacts strongly
with other climate variables. Humidity depends
on water vaporization and condensation,
which, in turn, mainly depends on temperature.
Humidity is affected by winds and by rainfall.
The most humid regions of the earth are
generally located closer to the equator, near
coastal regions. Relative humidity is not a good
measure for how humid it feels outside. Humid
air is less dense than dry air. Dewpoint is a more
accurate measure of how humid it feels.

B. Dewpoint is a measure of atmospheric
moisture. The higher the dewpoint, the more
moisture in the air. It is the temperature
measure to which air must be cooled to
reach saturation (assuming air pressure and
moisture content are constant). A higher dew
point indicates more moisture present in the
air. It is sometimes referred to as dew point
temperature, and sometimes written as one
word (dewpoint). Frost point is the dew point
when temperatures are below freezing.

1.3 Functional usages of water

The parameters for water quality are determined by
the intended use. Work in the area of water quality
tends to be focused on water that is treated for human
consumption, industrial use, or in the environment.

1.

0 N o U A

Drinking water (a.k.a., potable water/"spring
water”) - this is water that is safe for humans to
drink and to use in nutrition preparation (i.e., food
preparation).

. Ecological cultivation and aquaculture - water for

consumption, or a life-media, by other organisms in
the ecology.

. Good and service production (including medicine,

cleaning, and other productive uses)

. Washing & cleaning.
. Recreating in (i.e., swimming ponds and pools).

As a “waste” recycling medium.

. Hydronic radiant heat to flooring.
. Power/Energy production - water turbine and

electrolysis (water splitting) to produce hydrogen.

. Power/Energy emergency control - fire suppressant.

NOTE: Electrolysis is the process of passing
electricity through water and splitting the water
into its component parts.

1.3.1 Hydraulic water distribution, water

movement & distribution

Water is moved around a water system through either
pumping or gravity-flow through elevation differentials.
Therein, elevation can be used to run distribution sub-
systems through gravity pressure.

1.

Positive pressure generated by gravity through a
water tower. Great big tanks of water up on stilts.
Pumps run all day to push water up into them, and
when you open the faucet water flows downhill
through the pipes and out of the tap. A tall tank is
necessary to provide pressure, but it doesn't have
to be big to provide quantity, as the water may be
pumped up just before use.

. Gravity flow and pump flow. A water service system

could use one or the other, but generally they are
used together.

. There are other ways of providing pressure than

gravity flow. A pump can provide positive pressure.
Or a pump filling an internal airspace at the top of
a tank could provide positive pressure. Pumps are
located in “pump stations”.

. Reservoirs or when the water source is at a higher

elevation create an environment where water
flows downhill by gravity, through processing, into
the mains distribution, with no pumps required.
In some higher elevation geographic locations the
water must be pumped up to the higher elevation
to maintain enough pressure.

. If there is too much pressure due to elevation,

then sometimes the water processing system
downstream has to decrease pressure rather than
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increasing it.

6. Pumps and water towers work hand-in-hand.
Without water towers, the pumps would have to
operate continuously, even during low-demand
periods. With water towers, the pumps pump water
up into the towers, which then maintain pressure.
As water is consumed, the level in the water
tower drops until it reaches a certain point, which
actuates a level switch to start up the pumps again.
You can't have water towers without pumps. You
can have pumps without water towers, but would
always need to keep the pumps running (which is
not generally practical).

7. Today speed drives control the speed of the
pumps. As demand goes up the pumps speed up.
Depending on the city the system pressure can run
from 50 to 120 PSI.

8. Sometime buildings in a water distribution system
have water regulators in them to protect the pipes
of the building from the city's higher pressure.

9. However, it's pretty easy to provide the same
constant, even, reliable pressure if you let gravity
do it, or enclose the water in a tank which also
contains a compressed gas like air -- a substance
which is highly compressible.

10. You pump water into a tank, even in spurts, or
compress air into a tank at irregular intervals, and
the resulting gravity or air pressure evens out the
flow to a workable level (e.g., positive-displacement
pump).

11. When you have a centralized network around a
series of main pumps, then the pressure will likely
taper off as you approached the periphery of the
network. Hence, elevated storage tanks and re-
pump stations are necessary at strategic locations.

12. Aclear well (a.k.a., clearwell) is an output/finished
water storage area.

1.4 Water storage points
Water can be stored in the following ways:

* Underground reservoirs; lakes; ponds; streams

* Water channels, wells, and pools

* Water containers including barrels, tanks, and other
vessels

» Water pipes

* Water bottles

1.5 Water distribution access points
Water access points are the locations where water

is accessible to systems, to the community, and to
individuals.
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Common water distribution access points include, but
are not limited:

1. Buildings where water is used.

2. Portable stores of water (i.e., bottled water).

3. Swimming points.

4. Places where people move a lot for hydration
and recreation (e.g., bodies of water and water
fountains).

5. Ecosystem water distribution points (i.e., sprinklers).

6. Fire suppressant system distribution points.

1.6 Human-use water outlets (taps &
faucets)

Human use water switches are designed to be as
precise, simple, and helpful as possible. Faucets have
three primary functional designs:

1. No handle design (i.e., touch interface or other).

2. Single handle design allow the user to turn on and
off the tap with one hand. Users of single handle
designs are less likely to leave the water on than
users of a two handle design. Also, with a single
handle design the user can set the temperature of
the water more easily than with two handles.

1.7 Water as a solvent

Water is one of the most important elements humankind
needs to survive. It is a universal solvent for living things,
which can dissolve many substances, both solid and
gaseous, that come into contact with it. We use water
everywhere, constantly.

The temperature of water affects how quickly
substances dissolve in it and, in some cases, the quantity
that can be dissolved: for example, warm water holds
less dissolved oxygen than colder water, but it holds
more of most solids. Temperature also has a major effect
on living things within the water. Compared to air or soil,
bodies of water change temperature slowly, so aquatic
life is generally not exposed to sudden fluctuations of
temperature.
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2 Water quality

Water quality testing is an important part of
environmental monitoring. When water quality is poor,
it affects not only aquatic life but the surrounding
ecosystem as well. By measuring the characteristics of
water bodies we can determine its ability to sustain life
and meet our productive and ecological needs.

“Pure” water is essentially non-existent in the
natural environment. Natural water, whether in the
atmosphere, on the ground surface, or under the
ground, always contains dissolved minerals and gases
as a result of its interaction with the atmosphere,
minerals in rocks, organic matter, and living organisms.
Water is dangerously good at dissolving things. Since
water is a polar molecule, its positive end is attracted to
negatively charged ions or the negative sides of other
polar molecules, and its negative side is attracted to
positively charged ions or the positive sides of other
polar molecules.

Impurities in raw water are either suspended or
dissolved. Suspended impurities include diseases
organisms, silt, bacteria, and algae. Some disease
organisms must be removed or destroyed before
the water is safe to consume. Dissolved impurities
include salts, (calcium, magnesium, and sodium),
iron, manganese, and gases (oxygen, carbon dioxide,
hydrogen sulfide, and nitrogen). These impurities must
be reduced to levels acceptable for human consumption.

As water goes through the hydrologic cycle, it gathers
many impurities. Dust, smoke, and gases fill the air and
can contaminate rain, snow, hail, and sleet. As runoff,
water picks up silt, chemicals, and disease organisms.
Water is a carrier of many organisms which cause
disease. As it enters the earth through infiltration,
some of the suspended impurities may be filtered out.
However, other minerals and chemicals are dissolved
and carried along. As ground water, in underground
reservoirs, it may contain disease organisms as well
as harmful chemicals. In addition to the impurities in
water resulting from infiltration, many are contributed
by an industrialized society. Garbage, sewage, industrial
waste, pesticides, and nuclear, biological, and chemical
(NBC) agents are all possible contaminants of raw water.

DESIGN REQUIREMENT: Drinking water must
be free of anything that would degrade the
human restoration and performance cycle.
Additionally, it should not damage the materials
used in its transportation and storage.

In community, we scientifically monitor all water
sources for quality (i.e., composition and condition).
Generally, ground water (subsurface) and spring water
has less chemical and biological contaminants than
surface water, provided reasonable care is exercised
in the selection of the well site or spring. Harmful
microorganisms are usually reduced to tolerable levels
by passage through the soil; however, the water should
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still be tested. Water collected from its raw source does
not always require purification/modification.

Water quality is a measure of the condition of water
relative to the requirements of one or more biotic
species and or to any human need or purpose. It is most
frequently used by reference to a set of standards. The
parameters for water quality are determined by the
intended use.

Environmental indicators and parameters for water
quality typically fall under six categories:

1. Physical properties/indicators

« Temperature, specific conductance (EC), electrical
conductance, conductivity, total dissolved solids
(TDS) + hardness, total suspended solids (TSS),
turbidity (a.k.a., transparency), odour, colour,
taste, volume and depth

+ Chemical composition/indicators

* Potential hydrogen (pH), biochemical oxygen
demand (BOD), chemical oxygen demand
(COD), dissolved oxygen (DO) + oxidation-
reduction potential (ORP), total hardness (TH),
metals and metalloids, hormone analogues,
pharmaceuticals, metabolites, surfactants, and all
other chemical compounds organic/in-organic/
natural/man-made which may be found in the
water

2. Biological composition/indicators (i.e., ecological
assemblage - the collection of organisms in the
aquatic ecology)

+ Algae, phytoplankton, vegetation, fish, reptiles,
insects, and all other aquatic life

3. Microbiological composition/Indicators

* Bacteria, protozoa, viruses

4. Radiological composition/indicators
« Radon, nuclear waste, nuclear medicines, and all
other radioactive elements
5. Quantum electrodynamic coherency
* Structure + temperature of water molecules
6. Movement of water

* The properties of water vary naturally depending
on the surrounding environment; hence, data
collected about water quality must be interpreted
in the context of the water body's particular
environment and position in the catchment.

* Flow is the volume of fluid (in this case, water)
that passes through a passage of any given
section in a unit of time. Flow, for the purposes
of measurement, is the velocity of water
multiplied by the cross-sectional area of the
stream. Flow is modified by conditions along and
around a waterway. The amount of any particular
substance carried in the water is known as the
load.
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Biological assessment (bioassessment) is an
evaluation of the condition of a water body based on
the organisms living within it. It reveals cumulative
effects, as opposed to chemical observation, which
is representative only at the actual time of sampling.
Biological systems reflect overall ecological integrity and
integrate the effects of different stressors. Thus, their
observation provides a broad measure of aggregate
impact and fluctuating environmental conditions. The
primary reason for bioassessment and monitoring is
that degradation of water body habitats affects the biota
using those habitats; therefore, the living organisms
themselves provide the most direct means of assessing
real environmental impacts.

2.1 Water standards

There are a variety of national and international
standards related to water quality (Safe Plumbing, 2021):

1. NSF/ANSI Standard 60 - A standard related to
chemicals used to treat drinking water. Developed
by NSF and conforming to the ANSI voluntary
standard, the standard was accepted by the
NSF board in 1988 to evaluate products, such
as softeners and oxidizers, to assure that usage
amounts safeguard the public health and safety.

2. NSF/ANSI standard 61 - A standard related to
products that come in contact with drinking water.
Developed by NSF and conforming to the ANSI
voluntary standard, the standard was accepted
by the NSF board in 1988 to confirm that such
products will not contribute excessive levels of
contaminants into drinking water. Most U.S. states
and many Canadian provinces require products
used in municipal water distribution systems
and building plumbing systems to comply with
Standard 61.

3. USA, California, Proposition 65 - Also known
colloquially as Prop 65, California's Safe Drinking
Water and Toxic Enforcement Act of 1986 requires
companies to post notice of chemicals in products
that can be released into the environment and
have been determined by the state to be a cause
of cancer. In early 2008, the list included 775
chemicals. Prop 65 impacts residents in other
states when they receive such notices in purchased
products, such as bathroom faucets. Companies
will often post the notification on all products,
rather than incur extra costs to isolate products
sold only in California.

4. USA, Safe Drinking Water Act (SDWA) - The
Safe Drinking Water Act (SDWA) is a federal law
originally passed by Congress in 1974 to protect
public health by regulating the nation's public
drinking water supply. Amendments were passed
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in 1986 and in 1996. The SDWA requires many
actions to protect drinking water and its sources:
rivers, lakes, reservoirs, springs, and ground
water wells. SDWA authorizes the United States
Environmental Protection Agency to set national
health-based standards for drinking water to
protect against both naturally occurring and man-
made contaminants. Enforcement is accomplished
through the National Primary Drinking Water
Regulations.

2.2 Definition of indicators
Physical indicators include:

1. Temperature - the degree or intensity of heat
present in a substance or object, especially as
expressed according to a comparative scale and
shown by a thermometer or perceived by touch.
Temperature is a physical property of water
that quantitatively expresses hot and cold. The
temperature of a water body directly affects many
physical, biological and chemical characteristics.
Temperature is measured in Celsius.

* Water changes phase at specific temperatures
(accounting for pressure).

* The temperature of a body of water influences
its overall quality and ecology. Warm waters are
more susceptible to eutrophication — a build-up
of nutrients and possible algal blooms — because
photosynthesis and bacterial decomposition both
work faster at higher temperatures. Oxygen is
less soluble in warmer water and this can affect
aquatic life. By contrast, salts are more soluble
in warmer water, so temperature can affect the
water's salinity. Temperature directly affects the
metabolic rate of plants and animals. Aquatic
species have evolved to live in water of specific
temperatures. If the water becomes colder
or warmer, the organisms do not function as
effectively, and become more susceptible to toxic
wastes, parasites and diseases. With extreme
temperature change, many organisms will die.
Changes in long-term temperature average may
cause differences in the species that are present
in the ecosystem.

+ If the water temperature changes by even a few
degrees, it could indicate a source of unnatural
warming of the water or thermal pollution.

+ Factors that affect water temperature: air
temperature; air movement; amount of shade
and sunlight; soil erosion increasing turbidity;
thermal pollution; water depth and volume;
confluence of water movement.

+ Effects of water temperature: suspended and
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dissolved solids are changed; solubility of
dissolved gas; rate of plant growth; metabolic
rate of organisms; resistance of organisms.

2. Electrical conductivity (EC) is the property of a

substance which enables it to serve as a channel
for medium for electricity. It is a measure of water’s
capability to pass electrical flow. This ability is
directly related to the concentration of ions in the
water. These conductive ions come from dissolved
salts and inorganic materials such as alkalis,
chlorides, sulfides and sulphates, and carbonate
compounds. Compounds that dissolve into ions
are also known as electrolytes. The more ions that
are present, the higher the conductivity of water.
Likewise, the fewer ions that are in the water,

the less conductive it is. Distilled or deionized
water can act as an insulator due to its very low

(if not negligible) conductivity value. Sea water,

on the other hand, has a very high conductivity.
Conductivity, in particular specific conductance, is
one of the most useful and commonly measured
water quality parameters. In addition to being the
basis of most salinity and total dissolved solids
calculations, conductivity is an early indicator of
change in a water system. Salty water conducts
electricity more readily than purer water. There
are a number of scales used in EC, most commonly
micro-Siemens (pS) or milli-Siemens (mS). For
example, if a particular application calls for water
with “2.0 EC,” this is an incorrect determination.
Most likely, the application is calling for an EC level
of 2.0 mS. 2.0 mS = 2000 pS.

3. Total Dissolved Solids (TDS) is a measure of the

combined/total amount of mobile charged ions,
including minerals, salts or metals dissolved in a
given volume of water, expressed in units of mg
per unit volume of water (mg/L), also referred to
as parts per million (ppm). TDS is a measure of
the combined content of all inorganic and organic
substances. The TDS of water is composed of
mineral salts and small amounts of other inorganic
and organic substances contained in a liquid in
molecular, ionized or micro-granular (colloidal
sol) suspended form. A TDS measure combines
the sum of all ion particles that are smaller than
2 microns (0.0002 cm). Generally the operational
definition is that the solids must be small enough
to survive filtration through a filter with two-
micrometer (nominal size, or smaller) pores. There
are three primary classifications of water, based on
the concentration of total dissolved solids:
* Fresh - TDS less than 1,000 - 1,500 ppm
(milligrams-per-liter of dissolved solids).
+ Brackish - TDS between 1,500 ppm and 16,00

ppm; Brackish water (less commonly brack water)
is salt water and fresh water mixed together.
+ Salt water (seawater) - TDS greater than 15,000

4. Hardness in water is caused by calcium (Ca?")

and magnesium (Mg2") - two nontoxic, naturally

occurring minerals in water. Water hardness is

typically reported in grains per gallon, milligrams
per liter (mg/l) or parts per million (ppm). One grain
of hardness equals approximately 17.1 ppm (mg/L)
in TDS. Excessive hardness makes it difficult for
soap to lather, leaves spots on dishware, reduces
water flow, and can cause pipe, valve, and drain

“scaling”.

+ Soft water - water with a low mineral content.
Water softening is the removal of calcium,
magnesium, and certain other metal cations
in hard water. The resulting soft water is more
compatible with soap and extends the lifetime
of plumbing. However, soft water is more acidic
and may leach minerals like cadmium from metal
pipes.

+ Hard water - water with a high mineral content.
Note that mineral waters (with appropriate
quantities and types of minerals) are often better
for drinking that soft water.

5. Turbidity is the measure of relative clarity of a

liquid. It refers to the opacity or muddiness caused
by particles of extraneous matter. Turbidity is
measured in nephelometric turbidity units (NTU).
The instrument used for measuring it is called
nephelometer or turbidimeter, which measures
the intensity of light scattered at 90 degrees as a
beam of light passes through a water sample. In
general, the more material that is suspended in
water, the greater is the water’s turbidity and the
lower its clarity. Turbidity affects how far light can
penetrate into the water. It is not related to water
colour: tannin-rich waters that flow through peaty
areas are highly coloured but are usually clear,
with very low turbidity. Measures of turbidity are
not measures of the concentration, type or size of
particles present, though turbidity is often used
as an indicator of the total amount of material
suspended in the water (called total suspended
solids). Turbidity can indicate the presence of
sediment that has run off from construction,
agricultural practices, logging or industrial
discharges.
+ Suspended particles absorb heat, so water
temperature rises faster in turbid water than
it does in clear water. Then, since warm water
holds less dissolved oxygen than cold water, the
concentration of dissolved oxygen decreases.
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+ If penetration of light into the water is restricted,
photosynthesis of green plants in the water is
also restricted. This means less food and oxygen
is available for aquatic animals. Plants that can
either photosynthesise in low light or control
their position in the water, such as blue-green
algae, have an advantage in highly turbid waters.

+ Regular turbidity monitoring may detect
changes to erosion patterns in the catchment
over time. Event monitoring (before, during
and immediately after rain) above and below
suspected sources of sediment can indicate the
extent of particular runoff problems.

Chemical indicators include:

1. pH (potential hydrogen) - The measured indicator

for acidity or alkalinity is known as the pH value. A
pH value of 7 means a substance is neutral, water
with a pH lower than 7 is considered acidic and with
a pH greater than 7 water is considered alkaline.
The normal range for pH in surface water systems
is 6.5 to 8.5. Potential hydrogen is measured with a
pH meter.

2. Dissolved oxygen (DO) refers to the level of

free, non-compound oxygen present in water

or other liquids. It is an important parameter in

assessing water quality because of its influence

on the organisms living within a body of water. In
limnology (the study of lakes), dissolved oxygen

is an essential factor second only to water itself.

A dissolved oxygen level that is too high or too

low can harm aquatic life and affect water quality.

Dissolved oxygen is a measure of the quantity of

oxygen present in water (it has nothing to do with

the oxygen atoms within the water molecules).

+ Oxygen is essential for almost all forms of life.
Aquatic animals, plants and most bacteria
need it for respiration (getting energy from
food), as well as for some chemical reactions.
The concentration of dissolved oxygen is an
important indicator of the health of the aquatic
ecosystem. Persistently low dissolved oxygen will
harm most aquatic life because there will not be
enough for them to use.

* In some circumstances, water can contain too
much oxygen and is said to be supersaturated
with oxygen. This can be dangerous for fish.
Supersaturated conditions occur in highly
turbulent waters in turbines and at spillways,
because of aeration, and also on sunny days in
waters experiencing algal blooms or with many
aquatic plants, because of photosynthesis. In
this supersaturated environment, the oxygen
concentration in fishes' blood rises. When the

fish swim out into water that has less dissolved
oxygen, bubbles of oxygen quickly form in their
blood, harming the circulation.

+ The air is one source of dissolved oxygen, and
aquatic plants, including algae, are another. The
speed at which oxygen from the air enters and
mixes through a water body depends on the
amount of agitation at the water surface, the
depth of the water body and the rate at which it
mixes itself. As water temperature rises, oxygen
diffuses out of the water into the atmosphere.

+ Dissolved oxygen concentrations change with the
seasons, as well as daily, as the temperature of
the water changes. At very high altitudes, the low
atmospheric pressure means dissolved oxygen
concentrations are lower

+ Deep muddy lowland rivers, which contain more
organic matter than upland streams, are likely
to have lower dissolved oxygen concentrations
than upland streams because bacteria are using
the oxygen to break down the organic matter.
Likewise, dissolved oxygen is usually lower
than normal after storms have washed organic
materials into any water body. Aquatic plants
photosynthesise during daylight and increase
dissolved oxygen concentrations around them.

3. Oxidation-reduction potential (ORP) is a

measurement of water’s ability to oxidize
contaminants. The higher the ORP, the greater

the number of oxidizing agents. Checking ORP is

a simple method to monitor the effectiveness of a
sanitizer or the quantity of anti-oxidants in a liquid.
The ORP level of water can also be viewed as the
level of bacterial activity of the water because a
direct link occurs between ORP level and the count
of certain bacterial species in water. ORP sensors
work by measuring the dissolved oxygen. An ORP
meter measures very small voltages generated with
a probe placed in water. The electrode is made

of platinum or gold, which reversibly looses its
electrons to the oxidizer. A voltage is generated
which is compared to a silver (reference) electrode
in a silver salt solution, similar to a pH probe. The
more oxidizer available, the greater the voltage
difference between the solutions. ORP cannot

be used as a direct indicator of dissolved ozone
residual, except in very clean water applications.

If there is ozone in the water, then ORP is a
convenient measure of ozone's ability to perform a
chemical task.

2.3 Water quality standards

Drinking water standard:
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+ Drinking-water should be supplied under
continuous positive pressure in a plumbing system
free of any defects that could lead to contamination
of any product.

+ Drinking-water is unmodified.

+ Water that has elements or compounds with
additive pharmacological effects (e.g., sodium
fluoride/fluoridation) is not pure drinking water.

Radiological standards for water include:

+ Radiological water quality standards are based
on the fact that radiation has an adverse physical
effect on human physiology. Any treated water that
contains nuclear contamination should be avoided.
When ingested, radioactive isotopes interfere with
the reproduction of human cells. They can cause
nausea, vomiting, and hair loss and weaken the
body's defenses to infections.
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3 Water processing

NOTE: Nature makes water “pure” by heating
it up, causing evaporation, then eventually
condensing into clouds, and finally, falling back
to the earth as rain (or snow). However, when
water passes through the atmosphere it will
pickup pollutants present therein.

The objective of water processing is to produce water
that meets the specified requirements of a specific
purpose. Water may be processed so that it is fit for
human consumption (as “drinking water”). Water
processing may also be designed for a variety of other
purposes, including fulfilling the requirements of
medical, chemical, and other applications. The most well-
known water process is that of water filtration. However,
water processing may also include the restructuring of
water and the addition of elements to the water, as well
as modification of the water’s properties, including pH
and temperature.

In industry, the processes that make water more
acceptable for an end-use, which may be drinking,
industry, or medicine are called “water treatment”.
The term “water treatment” generally refers to potable
water production from raw water, whereas “wastewater
treatment” refers to the treatment of polluted water,
where the pollution could be from human waste,
industry, agricultural waste or other sources of pollution.

Many people assume that the water flushed down
their drains is of little consequence to the environment,
with any contaminants of concern being removed by
wastewater treatment plants. In reality, however, most
wastewater treatment plants are not equipped to
remove various medications and other chemicals that
may end up being flushed or poured down your drain.
They end up being continuously recycled through a
populations water supply and accumulate over time.

There are many different “grades” of water. The common
classifications for water are:

1. Drinking water (drinking-water) is water that
is suitable for drinking. Drinking water is both
potable and palatable. Drinking water is the
minimum quality of water that should be used for
the preparation of productive substances. Once
produced, drinking water has to be protected from
microorganisms and contaminants that can enter
the water through the pipelines that transport it to
households. This happens by means of disinfection
with various disinfection agents.
A. Potable water (meaning drinkable or fit
to drink) is water that is free from disease-
producing organisms, poisonous and toxic
substances, chemical or biological agents, and
radioactive elements, which make it unfit for
human consumption or other uses. This is water
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that is satisfactory for drinking, culinary and
domestic purposes.

B. Palatable water is water that is pleasing in
appearance and taste. It is significantly free
from colour, turbidity, taste, and odor. It
should also be cool and aerated. Water may be
palatable and at the same time not be potable.
However, visual inspection cannot determine if
water is of appropriate quality to drink.

2. Filtered water is water that has been processed
at a basic level to remove chemicals, biologicals,
suspended solids, and gases.

3. Purified water is water that has been processed
to meet the requirements for ionic and organic
chemical purity, and is protected from microbial
contamination. In other words, purified water is
generally free of dissolved minerals. While not all
filtered water is purified water, all purified water
has been filtered. The minimum quality of source

or “feed water” for the production of purified water
is drinking water. “Purified” water, being essentially

free of minerals, is an active absorber (i.e., it is

“aggressive”), in that it tends to dissolve substances

with which it is in contact. Notably, when it comes
into contact with air, carbon dioxide from the air is

rapidly absorbed, making the water acidic and even

more “aggressive”. Many metals are dissolved by
purified water.

4. Black water (blackwater) is water that contains
animal, human, or food waste. Black water is also
referred to as sewage, wastewater and sewer
water. Blackwater generally travels from where it
is produced as sewage to either an on-site septic
system or a water processing system prior to its
release into an ecosystem. In general, blackwater
can be sent to a biodigester, then go through two
filters, then go through a patch of plant filters (e.g.,
banana plants), before returning back to the clean
water table.

5. Grey water (greywater) is used water from
bathroom sinks, showers, tubs, and washing
machines. It is not water that has come into
contact with faeces, either from the toilet or from
washing diapers. Grey water may contain traces
of dirt, food, grease, hair, and biodegradable
cleaning products. If grey water does not include
pharmaceuticals, corrosive chemicals, or industrial
soaps, then it can be used to irrigate a garden.

6. Waste water (wastewater) is any water that has

been adversely affected in quality by anthropogenic

influence.

7. Recycled/reclaimed water is water that has been
processed and captured for reuse.

8. Green water (natural, hydrological cycle water)

is water already in the natural hydrological cycle.
Green water is water in the environment, as rain,
water in ponds, in grass. Essentially water rained
onto the ground, as well as the moisture in the
ground. For instance, it rains, grass grow, cows eat
grass, cows urinate, it rains, and moisture in soil
refill aquifers. Water in the natural ecological cycle.
Green water cannot be counted as a loss, because
it remains in the ecological cycle. Of note, cattle
livestock on pasture land use mostly green water
(i.e., they use mostly water already in the local
environment). Properly grazed grazing animals will
increase the carbon in the soil as well as the soil
capacity for holding water. They can facilitate the
greenwater cycyle in producing more abundant
soil.

9. Blue water is water in lakes, rivers, oceans, and

aquifers. To see blue water, look down on a map
and see a blue color. Blue and green water are
synonmous in some cases.

Water types can also be classified in the following way:

1. White water (clean water, drinking water) -

Clean white water is safe to drink.

2. Waste water - Once you use your white water, it

is considered wastewater and is not fit for human
consumption or washing or bathing because it
contains bacteria, pathogens and chemicals, like
soaps and detergents. There are two types of
wastewater, including blackwater and greywater.
A. Blackwater (black water) - Blackwater in
a sanitation context denotes wastewater
from toilets, which likely contains pathogens.
Blackwater can contain feces, urine, water and
toilet paper from flush toilets. Blackwater has
come in contact with organic matter, like food
particles, and human and/or pet waste. This
water is considered dangerous because it can
contain harmful pathogens, like bacteria and
viruses. Heavily contaminated water can also
come from natural floods where heavy rain
causes rivers and streams to overflow. During
this scenario, river water can mix with sewer
water, creating blackwater. This water can cause
illnesses.
B. Greywater (grey water) - Greywater is the
classification for water that has been used
for washing. This water can contain soap and
other dirt and debris, and it occurs after you
do a load of dishes, wash your clothes, mop
your floors or wash your hands and body. This
water has not come in contact with organic
matter or human or pet excrement. While this
water shouldn't be used for cooking or drinking,
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some people choose to recycle it to water their
lawns and flower beds. However, it is important
to understand that greywater can turn into
blackwater in as little as 48 hours. Blackwater
is distinguished from greywater, which comes
from sinks, baths, washing machines, and other
kitchen appliances apart from toilets. Greywater
results from washing food, clothing, dishes,
as well as from showering or bathing. Gray
water, on the other hand, has not come into
contact with solid human waste. This greatly
decreases the risk of disease and increases
the speed at which it can be broken down
and safely reabsorbed into an active garden
or lawn. The line between white and gray,
however, comes down to a number of possible
additions made in the acts of washing, bathing,
cooking and cleaning. Unlike white water, gray
water may contain soap particles, fat and oil
from cooking, hair, and even flakes of human
skin. The exact contents of gray water depend
heavily on the household producing it, so if
you want to start reusing your gray water, you
have to start regulating exactly what you send
down the drain. If the household chemicals
in gray water are kept to a minimum, most
plants will be able to handle it. You can keep
chemical contamination to a minimum by
using environmentally friendly, biodegradable
soaps and detergents whenever possible. In
commercial and residential buildings that are
seeking to be more environmentally friendly,
the greywater is funneled through a separate
drainage system so that it can be reused. It this
automated systems, the slightly contaminated
wastewater can be stored in a tank and sent
back to be used in toilets and for irrigation
systems in order to reduce overall water usage.
1. Note: In some jurisdictions, using water from
toilets, kitchen sinks, dishwashers, photo lab
sinks and garage floor drains is illegal.

C. Rainwater - Rainwater is obviously rain that

has fallen out of the sky. In a conventional
building, this water is discharged to a surface
water sewer, combined sewer, or a soakaway;
if it is stored for use back in the building it is
still rainwater, until it is used. Once it is used it
becomes either foul water (if used to flush WCs
or urinals) or waste water if used for washing
clothes. If wastewater from a bath, basin or
shower is collected for re-use it becomes
greywater. If greywater is used to flush WCs

it becomes foul water. If it is used in washing
machines it becomes waste water (but would

not circulate through the greywater recycling
system again as waste water from washing
machines has too many detergents in it to be
considered as suitable for greywater recycling).

D. Brackish water - water occurring in a natural
environment that has more salinity than
freshwater, but not as much as seawater.

3. Sewage treatment water

A. Direct re-use - The planned and deliberate
use of treated sewage. The sewage effluent is
cleaned to potable water standard and injected
directly into the mains supplying a town or city.
However, most direct re-use systems clean the
sewage effluent so that it is considered fit for
purpose for irrigation, WC flushing and urinal
flushing, and supply a secondary network of
distribution pipework for this water as well as a
mains supply network.

B. Indirect re-use - Water that is taken from a
river, lake or aquifer that has received sewage
or sewage effluent. With planned indirect
water re-use the sewage effluent is discharged
immediately upstream of the water treatment
plant or used to recharge aquifers. Indirect re-
use of sewage effluent is beginning to be used
far more around the world as water demand
increases and the water suppliers need a
guaranteed supply.

Water system processing service points include:

1. Source-point

2. Continuous storage
3. End-point

4. Mobile/portable

3.1 Water usage cycling

The flow and usage of water can be controlled, and in
some cases, reused and/or recycled. The habitat service
water cycle (a.k.a., municipal water cycle, urban water
cycle) involves the controlled usage, processing, and re-
use of water in order to conserve it as a resource.

3.1.1 Greywater recycling

An efficient way to maximize greywater disposal is
through the use of a greywater recycling system.
A greywater system filters the water using a highly
effective multi-stage filtration system to remove lint,
hair and impurities. Instead of traveling through your
septic system, the filtered greywater is diverted to flower
beds and gardens, creating an efficient irrigation system.
These systems generally consist of a unit that is installed
outside your home and is connected to your household
appliances as well as your home's irrigation system. Each
time you shower or use your appliances, the unit collects
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and filters the water, removing impurities without the
use of chemicals. The filtered water is then delivered via
your irrigation system to wherever you need it, including
flowerbeds, gardens and landscaping areas. Instead of
inefficient greywater disposal, you benefit from recycling
what would otherwise be nothing more than wastewater.

3.1.1.1 Greywater disposal and recycling
considerations

If the soil is overly permeable or not permeable enough,
or there is not enough area to effectively process the
greywater, recycling may not be practical. If the system
is in a cold climate, recycling for irrigation may only be
possible during the warmer months. Some jurisdictions
have certain restrictions against the use of greywater
systems.

3.1 Water Purification processes
Typical water purification processes require:

1. Aeration is the process of increasing the oxygen
saturation of the water. Dissolved oxygen (DO) is a
major contributor to water quality and a factor in
the pH of water. Not only do fish and other aquatic
animals need it, but oxygen breathing aerobic
bacteria decompose organic matter. When oxygen
concentrations become low, anoxic conditions
may develop which can decrease the ability of the
water body to support life. Water aeration is often
required in water bodies that suffer from anoxic
conditions, usually caused by adjacent human
activities such as sewage discharges, agricultural
run-off, or over-baiting a fishing lake. Aeration is
one method of for reducing algae growth in a water
body. Any procedure by which oxygen is added to
water can be considered a type of water aeration.
This being the only criterion, there are a variety
of ways to aerate water. These fall into two broad
areas - surface aeration and subsurface aeration.
There are a number of techniques and technologies
available for both approaches. Natural aeration is
a type of both sub-surface and surface aeration.

It can occur through sub-surface aquatic plants.
Through the natural process of photosynthesis,
water plants release oxygen into the water
providing it with the oxygen necessary for fish to
live and aerobic bacteria to break down excess
nutrients. Oxygen can be driven into the water
when the wind disturbs the surface of the water
body and natural aeration can occur through a
movement of water caused by an incoming stream,
waterfall, or even a strong flood. In large water
bodies, autumn turn-over can introduce oxygen
rich water into the oxygen poor hypolimnion.

+ Asolar aeration unit (i.e., solar aerator) is a pump

powered by solar energy that aerates a water
body. Fountains are a form of aeration.

2. pH adjustment is typically done with chemicals,

such as caustic soda, lime, soda ash, or sodium
bicarbonate. One natural way to raise the pH of
the ground water is through aeration. Aeration will
strip off dissolved carbon dioxide and raise the pH
of the water. If there is radon present in the water,
it will also be stripped.

3. lon exchange (IE or ix) is a chemical water

processing method involving reversible chemical
reactions for removing dissolved ions from solution
and replacing them with other similarly charged
jons. In other words, undesirable contaminants
are removed from water by exchange with another
non-objectionable, or less objectionable substance.
Both the contaminant and the exchanged
substance must be dissolved and have the same
type (+,-) of electrical charge. Deionized water (DI
water, DIW or de-ionized water), often confused
with demineralized water / DM water, is water that
has had almost all of its mineral ions removed,
such as cations like sodium, calcium, iron, and
copper, and anions such as chloride and sulfate.
Because most non-particulate water impurities

are dissolved salts, deionization produces a high
purity water that is generally similar to distilled
water, and this process is quick and without

scale buildup. However, deionization does not
significantly remove uncharged organic molecules,
viruses or bacteria, except by incidental trapping in
the resin. Deionization can be done continuously
and inexpensively using electrodeionization.
Three types of deionization exist: co-current,
counter-current, and mixed bed. Water softening
is the removal of calcium, magnesium, and certain
other metal cations in hard water. The resulting
soft water is more compatible with soap and
extends the lifetime of plumbing. Water softening
is usually achieved using lime softening or ion-
exchange resins. As water flow through the water
softener, it will pass through a resin, bed of small
plastic beads or chemical matrix (called Zeolite)
that will exchange the calcium and magnesium ions
with sodium ions (salt). Therefore, the TDS level
will remain virtually constant (there may be minor
differences).

4. Dilution is a natural process that occurs in nature

when “pollution” occurs. Nature provides its flowing
waters with the ability to restore themselves
through their own self-purification processes. It
was only when humans gathered in great numbers
to form cities and created novel chemicals that the
stream systems were not always able to recover
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from having received great quantities of waste.
Note, the self-purification discussed here relates to
the purification of organic matter only.

3.1.1 Emergency water purification

Each individual should select the clearest, cleanest
water with the least odor and then process the water
using individual water purification procedures from

thei

r knowledge skill-set. Productive technologies for

emergency water purification include: bottled water;
iodine tablets, chlorine ampules, boiling, earth-based
filtration, hand operated water purifiers; spring water;

and

3.2

passive water generation techniques.

Water processing technologies

Disinfection and sterilization are both decontamination
processes:

1. To disinfect means to eliminate most harmful

microorganisms (not including their spores) from
surfaces or objects, and to inactivate viruses.

2. To sterilize means to kill all organism, whether

3.2.

harmful or not, and their spores present. In other
words, sterilization is distinct from disinfection,
sanitization, and pasteurization in that sterilization
kills, deactivates, or eliminates all forms of life and
other biological agents.

1 Physical water processes

Clarification: A physical process is defined

as a passive process that requires no energy.
Alternatively, a physiologic process is defined

as a living process, and it requires energy. For
example, when writing with a pen, penetration of
the ink into the surface/substance is a physical
process, and the process of oxidation is a
chemical reaction of the ink with the oxygen.
Consider the settling and filtration of water for
purposes of solids separation.

Physical water processes include:

1. Distillation - Distillation is a process of separating

230]|

the component substances from a liquid mixture
by selective evaporation and condensation.

It is a change of state, or a way of separating
mixtures. It is the process in which water is
evaporated (by an evaporator) and the vapor
condensed (by a condenser). It is important to
understand that evaporation is not the same

as condensation although evaporation in an
enclosed environment can subsequently lead
to the condition of condensation as evaporated
moisture is “condensed” out of the air and is
reverted to a liquid stage. Distillation may result
in essentially complete separation (nearly pure

components), or it may be a partial separation
that increases the concentration of selected
components of the mixture. In either case the
process exploits differences in the volatility of a
mixture’s components. Distillation is a physical
separation process and not a chemical reaction.
The process of distillation essentially purifies
water by heating it until only the water molecules
evaporate and condense in another part of the
filter, leaving impurities behind in the original
water source. Water and dissolved salts can be
separated by distillation. Scientists consider
distilled water an unnaturally pure form of drinking
water and as a result, substances are routinely
added to remineralize it. Minerals are considered
a nutritionally necessary (i.e., “healthy”) part of
drinking water. Distilled water has an exceptionally
low TDS, and it is often remineralized before
being used as drinking water. Vapor compression
distillation (technology: Slingshot water purifier).
Solar distillation

2. Alcoholic Distillation produces a usable/drinkable

concentrate of ethyl alcohol through distillation of

a mixture produced from alcoholic fermentation.

Distillation comes after the brewing/fermenting

of a material (mixed with water) into an alcoholic

solution. The product of alcoholic distillation is a

water alcohol solution with disinfection, and other,

properties. The distillation process purifies the
solution, and removes diluting components like
water, for the purpose of increasing its proportion
of alcohol content (commonly expressed as alcohol
by volume, ABV).

A. Ethyl alcohol (ethanol), the alcohol in alcoholic
beverages, is a bacterial metabolite produced
by the fermentation of sugar molecules found
in various natural substances. It is a by-product
of bacterial metabolism and is toxic to bacteria,
as well as other organismal programs. Hence,
alcohol disinfects, but also makes the result
of distillation a poor hydration source. The
higher the percentage of alcohol, the greater
disinfection effect. Ethanol is also known as
pure alcohol, grain alcohol and drinking alcohol.
Ethyl alcohol is used in some cosmetics to
enhance the absorption of other ingredients,
which means that anything mixed with it
is likely to move through the skin and into
the bloodstream more easily. Ethanol is an
“alcohol solvent”. Alcohol is highly flammable.
Ethyl alcohol has significant and noticeable
consciousness altering properties when
consumed.

B. Any alcohol when consumed in enough of a
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quantity can be toxic (i.e., a toxicant); however,
ethanol is a “natural” by-product of bacterial
fermentation and is something our body is
evolved to understand. Hence, ethanol is not is
not in the same toxicant category as “unnatural
toxic alcohols”. “Toxic alcohols” are molecules
which are not understood and responded to
well by our human metabolism -- they cause our
human physiology to systemically malfunction
in various ways. They have similar harmful
effects on most other organisms. This difference
in relationship between categories relates to
the way humans and other organisms respond
when exposed to the substance [in the context
of an emergently evolving biology]. To be more
clear, medical practitioners refer to these
alcohols as “toxic alcohols” due to their effect on
human biophysiology. “Toxic alcohols” include,
but are not limited to: methanol; ethylene glycol;
propylene glycol; and isopropanol (isopropyl
alcohol) -- these are all “alcohol solvents” like
ethanol, and hence, skin contact will lead to
some absorption. In the market-State, “toxic
alcohols” are more readily available than
ethanol, and are usually cheaper.

. Denatured alcohol (SD, methylated spirits)

is ethanol that has additives to make it
poisonous, extremely bad tasting, foul smelling
or nauseating, to discourage recreational
consumption. In some cases it is also dyed. The
ethanol is made undrinkable. This alcohol is
bad for your skin since it is drying and irritating,
even though it has antibacterial, antiseptic, and
astringent properties. In the market, denatured
alcohol is used as a solvent and as fuel for
alcohol burners and camping stoves. Because
of the diversity of industrial uses for denatured
alcohol, hundreds of additives and denaturing
methods have been used. The main additive
has traditionally been 10% methanol, giving rise
to the term “methylated spirits”. Other typical
additives include isopropyl alcohol, acetone,
methyl ethyl ketone, methyl isobutyl ketone,
and denatonium. Methanol, also called methyl
alcohol, is found in windshield wiper fluid, de-
icing products, paint removers, photocopying
fluid, shellacs, and embalming fluid. In humans,
methanol is metabolized first to formaldehyde
and then to formic acid or formate salts, which
is poisonous to the central nervous system, and
in sufficient concentration may cause blindness,
coma, and death.

. Isopropyl alcohol (a.k.a., rubbing alcohol,
isopropanol, Iso, IPA) is used similarly to

ethanol, except it is more toxic than ethanol,
but less drying to skin. It is a petrochemical
product, and numerous tests have shown it to
be a strong neurotoxin (significantly stronger
than ethyl alcohol). Isopropyl, like ethanol,

is absorbed through the skin -- skin contact
with isopropyl alcohol should be avoided.
Isopropyl alcohol is a popular alternative to
ethyl alcohol in commerce because it cannot
be safely consumed by humans. Isopropyl
alcohol cannot be used to purify water for
human consumption. Isopropyl alcohol is a
strong solvent and dissolves a wide range

of non-polar compounds. It has the similar
disinfectant properties to ethanol. It evaporates
into the air quickly, and is relatively non-

toxic in comparison to other petrochemical
and synthesized solvents. After evaporation,
isopropyl alcohol exists in the atmosphere in
the gas phase. The dominant atmospheric loss
process for isopropyl alcohol in the troposphere
is by reaction with the hydroxyl radical. Based
on this reaction, the atmospheric half-life and
lifetime of isopropyl alcohol is estimated to be
1.9 days and 2.7 days, respectively (Atkinson,
1994). The major reaction product from this
reaction is acetone (Atkinson, 1995). Disinfecting
solutions generally consist of 60-70% solution
of isopropyl alcohol in water. Water is required
to open up membrane pores of bacteria, which
acts as a gateway inside for isopropyl.

3. Atmospheric water generation (AWG) is a process

that extracts water from surrounding, ambient air
(i.e., from the water vapor in the air), and often,
filters it to remove particulates and bacteria. The
resulting water is clean and free of chemicals and
other hazards. There is vapor/humidity in the air
due to the evaporation of water from land. All air
on Earth contains at least a little water. Hence,
water generators, also known as “water makers”,
harvest the moisture suspended in humid air. They
use one of three basic methods: water vapor in
the air is condensed by cooling the air below its
dew point (i.e., condensation); exposing the air to
desiccants (i.e., desiccation); or pressurizing the air
(i.e., pressurization). The most common method
uses technology similar to the refrigerant-based
air conditioner to condense the air into a liquid
flow, filter it, and then store it in a carafe or other
holding tank. The technical approach uses a water
extraction method that relies on chemistry. It uses
a cocktail of chemical salts to pull water out of the
air. Salt is a natural desiccant, which means that

it draws and holds moisture. In desiccant based
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water generators, humid air passes over a salt
mixture. The wet salt is then heated to the boiling
point. The steam is condensed and routed to filters
for processing. To save on energy, a vacuum is
employed to lower the boiling point of water. One
big advantage to desiccant-based atmospheric
water generation is that it's more energy efficient
than the other practical options currently available.
Typically, the reclaimed water is filtered a number
of times to take out airborne particles and bacteria
as part of the process. If the water sits in the
reservoir for longer than a day or so, it's filtered
again to keep it purified. Unlike a dehumidifier, an
AWG is designed to render the water potable. If
the atmosphere is contaminated, then the water
produced purely from the AWG technology will

be partially contaminated also. Atmospheric

water generators don't work everywhere. To work
effectively, a few conditions must be met: The
temperature of the ambient air has to be at least a
few degrees above freezing. The humidity should
be above a certain concentration, too. The figure
varies depending on the manufacturer and method
of extraction, but 32 to 40 percent humidity is in
the ball park. High altitude can also interfere with
the process. Also, because an AWG condenses
water from the air it acts as a dehumidifier, and it
can be combined with air-conditioning technology.

4. Passive water generation (air well or dew

harvester) have been used for millennia. An air
well or aerial well is a structure or device that
collects water by promoting the condensation of
moisture from air (Read: it uses condensation to
collect moisture). Designs for air wells are many
and varied, but the simplest designs are completely
passive, require no external energy source and
have few, if any, moving parts. Three principal
designs are used for air wells, designated as high
mass, radiative, and active. It appears that air wells
designed to promote condensation were used

by the ancient Greeks to provide water to large
populations.

5. Sedimentation is the tendency for particles in

suspension to settle out of the fluid in which they
are entrained and come to rest against a barrier.
This is due to their motion through the fluid in
response to the forces acting on them: these
forces can be due to gravity (a physical process),
centrifugal acceleration (a physical process), or
electromagnetism (an electromagnetic process).
Controlled sedimentation (in a sedimentation
basin) is when water is left undisturbed to allow
heavy particles to sink out, and greases and oils
to rise to the surface. The material on the top and

bottom of the tanks is skimmed away. In geology,
sedimentation is often used as the opposite

of erosion (i.e., the terminal end of sediment
transport).

. Filtration is commonly the mechanical or physical

operation which is used for the separation of
solids from fluids (liquids or gases) by interposing
a medium through which only the fluid can

pass. The fluid that passes through is called the
filtrate. Oversize solids in the fluid are retained,
but the separation is not complete; solids will be
contaminated with some fluid and filtrate will
contain fine particles (depending on the pore size
and filter thickness). Filter media can be cleaned
by rinsing with solvents or detergents, or may

be cleaned by backwashing. Self-cleaning screen
filters utilize point-of-suction backwashing to
clean the screen without interrupting system flow.
Passing water through a bed of sand and gravel is
a common last step in water purification. As water
filters through the sand, the remaining particles
of suspended matter are trapped in the sand bed.
In the filtration process, water flows on top of the
sand bed and travels through the bed until it is
collected at the bottom in underdrains. Filtered
water flows from the underdrains into clear wells
or filtered water reservoirs.

. Earth filtration are made of various mineral media,

including various types of clays, diatomaceous
earth, glass (silica) and other fine particles.

The media are blended, shaped by manual or
mechanical methods, dried and then fired at
various temperatures to achieve different pore
sizes and filtration properties. Some are unfired to
maintain an open pore structure for filtration. Most
ceramic filters are easy to use and are a potentially
sustainable technology. The availability of suitable
raw materials and the appropriate technology to
blend these raw materials, shape the filter units
and then perhaps fire them in a kiln are the main
technical and accessibility barriers. The need for
inspection and other quality control measures, as
well as appropriate testing for proper pore size are
also important requirements for their production.
Some units are brittle and fragile and therefore,
can break during use. Broken filters, even if only
slightly cracked, are unsuitable for removal of
particles and microbial contaminants from water.
Well constructed earth filters have been extensively
tested for efficacy in reducing various waterborne
microbial contaminants. Some of these are rated
to remove at least 99.9999% of bacteria, such as
Klebsiella terrigena, 99.99% of viruses, such as
polioviruses and rotaviruses, and 99.9% of Giardia
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cysts and Cryptosporidium oocysts.

8. Ground rock filtration is the natural filtering of

particles in water by porous rocks as it moves
through the ground and reappears in the form
of spring water or well water. Spring water is
collected immediately at the source before other
particles can dissolve into it.

9. Carbon filtration is a method of filtering that uses

a bed of activated carbon to remove contaminants
and impurities, using chemical absorption. Each
particle/granule of carbon provides a large surface
area/pore structure, allowing contaminants

the maximum possible exposure to the active
sites within the filter media. One pound (450 g)

of activated carbon contains a surface area of
approximately 100 acres (40 Hectares). Activated
carbon is carbon that has been processed to
increase its adsorption properties. Absorption is a
process whereby [pollutant] molecules in the fluid
become trapped inside the pore structure of the
carbon substrate. Carbon filtering is commonly
used for water and air filtration. Active charcoal
carbon filters are most effective at removing
chlorine, sediment, volatile organic compounds
(VOCs), taste and odor from water. They are not
effective at removing minerals, salts, and dissolved
inorganic compounds. Typical particle sizes that can
be removed by carbon filters range from 0.5 to 50
micrometres. The particle size will be used as part
of the filter description. The efficacy of a carbon
filter is also based upon the flow rate regulation.
When the water is allowed to flow through the filter
at a slower rate, the contaminants are exposed to
the filter media for a longer amount of time.

10. Membrane filtration (ultra/micro/nanofiltration)

is a water separation process. Water processing
membranes are thin sheets of material that are
able to separate water from other elements based
on properties such as size or charge. Water passes
through a membrane; but depending on their

size, larger particles, microorganisms, and other
elements are separated out. Some of these systems
are pressure driven and depend on water pressure
to separate the particles based on size. Reverse
osmosis and nanofiltration are two membrane
technologies. Membranes are often made of plastic
or ceramic, with tiny openings called pores through
which the water is filtered. The smaller the pore,
the greater quantity of pollutants rejected and the
more energy needed to force the water through
the membrane. Membrane filtration produces
clean water (“permeate”) and a “waste” stream
(concentrate/retentate) is discharged that contains
all of the material that has been filtered out.
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The higher the TDS of water, the more difficult it
becomes to maintain a membrane filter.
Membrane filter types include:

A. Hyper filtration (HF) can separate larger ions
and molecules from smaller ones. (0.0001
micron pore size)

B. Ultra filtration (UF) using hollow fibres can
filter the smallest bacteria. (0.01 to 0.1 micron)

C. Nano filtration (NF) use membranes to filter
viral organisms. (0.001 to 0.01 micron)

Reverse osmosis (RO) membrane filtration is

a physical membrane process for separation of

dissolved substances into two streams, permeate

(purified) and concentrate (unpurified). Essentially,

reverse osmosis (RO) is a physical process for the

de-concentration of substances dissolved in liquids.

The process occurs by drawing water through a fine

membrane under pressure. While the process is

comparatively slow, this type of purification system
can rid water of almost any contaminant, including
radioactive particulates. The filtered water is
stored in a closed tank to prevent contamination.

The RO process strips the water down to mostly

H20 molecules, and hence, minerals are routinely

re-added to improve the quality of the water

(if it is to be used for drinking water). The pore

size of reverse osmosis membranes is so small

that mostly water passes through. The filtration

generally begins with the water flowing first
through an activated charcoal pre-filter where it

is cleansed of large molecular materials. Next the

water flows through the main RO filter (i.e., screen/

diaphragm). The tiny water molecules easily pass
through the half permeable (“semi-permeable”)
diaphragm, which functions like a screen with an
extremely small mesh size (2-3 angstroms). Nearly,
but not all, pollutants are substantially larger in
their molecule size than the H20 (water) molecule;
thus, the pollutants get caught in the reverse
osmosis diaphragm. These filtered pollutants

are then rinsed off by the next flow of water, and

washed down the concentrate drain. In this way

the diaphragm is constantly cleaned and prevented
from accumulating pollutants. Reverse osmosis
systems produce larger quantities of wastewater

(or “concentrate”) than most other systems. They

can become clogged with clay or organic materials

if particle-rich source water is not filtered first.

Maintenance is generally not difficult, but it can

be expensive since the main action required is to

replace the membrane as necessary. Maintenance

problems tend to involve leaking and fouling of
membranes.

12. Membrane bioreactors (MBR) use a
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water purification process that integrates a
perm-selective or semi-permeable filtration
membrane with a biological process contained
within a bioreactor. The anaerobic membrane
bioreactor (AnMBR), which is a combination of
the anaerobic biological wastewater treatment
process and membrane filtration, represents a
recent development in the high-rate anaerobic
bioreactors.

3.2.2 Biological water processes

Biological water processes include:

1. Bacterial processes are introduced, and they begin

consuming the small particles of organic matter
that remain in the water. To facilitate this, oxygen is
pumped into the water to allow the bacteria to feed
continuously, as low oxygen levels cause feeding
rates to slow.

2. Myco-filtration as mycological processes is a

biological approach to water purification that uses
the web-like tissue of mushroom-forming fungi (i.e.,
mycelium) to capture and degrade environmental
pollutants. Mycofiltration is a sustainable approach
to storm water processing.

3. Slow sand filters are large open sand beds without

any backwashing mechanism. They are excellent
at removing coliform bacteria and protozoans
such as Giardia and Cryptosporidium. A slow
sand filter not only physically filters the water,
but also provides biological treatment from an
organic mat which naturally forms on the filter
surface. A slow sand filter can reduce microbial
contaminants without the high cost of coagulation
or pre-processing chemicals needed for common
high-rate filters. Slow sand filtration percolates
source water slowly through a bed of porous
sand, with the influent water introduced over the
surface of the filter, and then drained from the
bottom. Properly constructed, the filter consists
of a tank, a bed of fine sand, a layer of gravel to
support the sand, a system of underdrains to
collect the filtered water, and a flow regulator to
control the filtration rate. No chemicals are added
to aid the filtration process. The slow sand filter
reduces suspended organic and inorganic matter,
and may remove some pathogenic organisms.

A granular activated carbon (GAC) sandwich

filter is a modified slow sand filter that removes
organic material. The removal action includes

a biological process in addition to physical and
chemical ones. Slow sand filters are less effective
at removing microorganisms from cold water
because as temperatures decrease, the biological

activity within the filter bed declines. Since the
purification mechanism in a slow sand filter is
essentially a biological process, its efficiency
depends upon a balanced biological community
in the schmutzdecke. A sticky mat of biological
matter, called a “schmutzdecke,” forms on the
sand surface, where particles are trapped and
organic matter is biologically degraded. Slow sand
filters rely on this cake filtration at the surface of
the filter for particulate straining. As the surface
cake develops during the filtration cycle, the cake
assumes the dominant role in filtration rather
than the granular media. A slow sand filter must
be cleaned when the fine sand becomes clogged,
which is measured by the head loss. The length
of time between cleanings can range from several
weeks to a year, depending on the raw water
quality. The operator cleans the filter by scraping
off the top layer of the filter bed. A ripening period
of one to two days is required for scraped sand

to produce a functioning biological filter. The
filtered water quality is poor during this time and
should not be used. Slow sand filter monitoring
and operation is not complicated. Daily tasks
include reading and recording head loss, raw and
filtered water turbidity, flow rates, and disinfectant
residual. If necessary, the operator should adjust
the flow to bring water production in line with
demand.

3.2.3 Chemical water processes

A chemical reaction is a process that leads to the
transformation of one set of chemical substances to
another.

Chemical water processes include:

1. Coagulation and Flocculation - Particles
suspended in water naturally repel other particles.
They cannot join to form larger particles that
would settle more quickly. Coagulation occurs
when a coagulant is added to water to “destabilize”
colloidal suspensions. A coagulant, such as alum,
is added to the source water to overcome the
repulsion between the particles. Flocculation
involves gently mixing the water so that the
particles can combine and form larger particles.
Flocculation, in the field of chemistry, is a process
wherein colloids come out of suspension in the
form of floc or flake; either spontaneously or due to
the addition of a clarifying agent. The action differs
from precipitation in that, prior to flocculation,
colloids are merely suspended in a liquid and not
actually dissolved in a solution. In the flocculated
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system, there is no formation of a cake, since all
the flocs are in the suspension. These processes
are essential pre-processing for many water
purification systems. In conventional coagulation-
flocculation-sedimentation, a coagulant is added to
the source water to create an attraction among the
suspended particles. The mixture is slowly stirred
to induce particles to clump together into “flocs.”
The water is then moved into a quiet sedimentation
basin to settle out the solids. Dissolved air flotation
systems also add a coagulant and flocculate

the suspended particles; but instead of using
sedimentation, pressurized air bubbles force them
to the water surface where they can be skimmed
off. A flocculation-chlorination system has been
developed as a point-of-use technology. It uses
small packets of chemicals and simple equipment
like buckets and a cloth filter to purify the water.
Finally, lime softening is a technology typically used
to “soften” water—that is, to remove calcium and
magnesium mineral salts. In this case, the material
that is settled out is not suspended sediment but
dissolved salts.

2. Ozone (03), or trioxygen, is an inorganic molecule

with the chemical formula Os. It is an unstable form
of pure oxygen (0,); it is a gas. Ozone the tri-atomic
form of oxygen: instead of the normal arrangement
of 2 atoms of oxygen (O,), ozone is comprised of

3 atoms of oxygen (O3). Ozone is nothing other
than ionized oxygen. Ozone, however, doesn't
want to stay in that tri-atomic state very long and
unless held in check or bound by other molecular
couplings, ozone will usually break down from O3
to O, + O4 within 20 minutes (at approximately
atmospheric pressure). O is called a singlet oxygen
atom and it is highly reactive - it is a powerful
oxidant with bactericidal properties very similar

to chlorine. Because ozone is highly reactive, it
readily oxidizes (i.e., breaks down) organic matter.
When ozone encounters another compound,

one oxygen atom will break away, attach itself to
the compound, and oxidize (“clean” or “purify”)

it. Ozone quickly reverts back into oxygen,

leaving nothing behind other than oxygen. In
concentration, it will reduce or prevent the growth
of micro-organisms including bacteria, viruses,
cysts, spores, mold and mildew. Ozone is also
effective in eliminating or controlling color, taste,
and odor problems. It oxidizes iron and manganese
into solid particles that can be filtered out. Ozone
is produced in nature when the ultraviolet rays of
the sun strike oxygen molecules. When this occurs
stratospheric layer of the atmosphere, it creases
what we know as the “ozone layer”. Nature also

produces ozone near the earth’s surface. Ozone

is created when lightening, air, and precipitation
combine. The sweet, fresh smell after a
thunderstorm is the smell of ozone gas. Its efficacy
is not dependent upon pH as is that of chlorine.
There are 3 common methods of producing ozone:
hot spark as corona discharge (CD), ultraviolet
light, and cold plasma. A typical ozone system
consists of an ozone generator mounted on the
wall of a storage tank. The system uses a pump to
circulate the ozone through the water. And, a filter
is generally placed inside an storage tank to catch
particles. Rising bubbles of ozone and air cause
water to be drawn through the filter and it cleans
the water without a water pump. The ozonation
process is currently the most effective, sustainable,
and safest non-chemical method of eliminating
bacteria from water. Due to the highly reactive
nature of ozone, it can corrode some materials.
Hence, all surfaces coming in contact with ozone
should be made of ozone-resistant materials, such
as stainless steel. Ozone is an irritant (i.e., caustic)
to lung and nasal tissue at concentration, and
hence, generators may leak and could create an
ozone hazard. However, ozone dissolved in water
will not irritate skin, nose, or ears, nor will it dry
out or leave a chemical film on skin. Ozone does
not affect the pH balance of water like traditional
chemical treatment methods. Ozone is a powerful
sanitizer and oxidizer and reverts back into oxygen,
leaving no harmful by-products whatsoever. Ozone
can be used to purify a water body, including
water in containers, storage tanks, spas, bathtubs,
fountains, and wading pools. An ozonation system
will sanitize the tank as well as the air above the
water line. Most ozone systems require a storage
tank for the treated water. With ozone treatment,
disinfection occurs primarily at the point of contact
between the ozone and the water. The disinfection
process does not occur beyond the treatment unit.
This contrasts with chlorination treatment where
the residual chlorine remains in the water and
continues the disinfection process for some time.
Because ozone is so unstable, it does not produce a
reliable residual. Ozone has an active residual time
measured in minutes, whereas the active residual
time for chlorine is measured in hours. Here,
temperature is an important variable. The colder
the water the more ozone will be dissolved in water
and the longer the residual. Room temperature
water looses its concentration of ozone within
several minutes. Ozone is continuously moving
out of solution and will dissipate completely

from very cold water (context dependent) within
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about 20 minutes. In general, the lower the water
temperature, the more ozone is dissolved in the
water. Ozone has been found to be effective over

a wide range of pH, but a pH slightly above 7
increases treatment efficiency. The ozone demand
is related to the level of contamination in the water.
When substances in the untreated water react with
ozone, part of the ozone is used up, which may
leave less ozone available to treat the targeted
contaminants. Ozonation units are installed as

a point-of-entry treatment system. At the point
where the ozone mixes with the water, turbulence
and bubbles are created (through aerated diffusion
of the ozone); these ensure that the ozone contacts
as much of the raw water as possible, and is
dissolved into the water to some degree. The
greater the water flow rate, aeration (e.g., “diffuser
stone”), and pressure differential/turbulence, the
more effective the “treatment”. The effectiveness
of ozonation depends significantly on the contact
time, temperature, and solubility. In general, ozone
requires a shorter contact time than chlorine.
Ozone treatment can produce harmful by-products
in water. For example, if bromide is present in the
raw water, ozone reacts with it to form bromate,
shown to cause cancer in rats. The less humidity
an ozone generator has to work with, the better
the results. The perfect environment for ozone
production is close to 15-38°c with no humidity.
Ozone can still be made in an environment with
high humidity (50-80%), but with an air drier, the
ozone generator will double or even triple the
amounts of ozone produced, cleaning your water
in less time. An air drier will also lengthen the

life of the ozone machine by allowing it to run
more efficiently. After a period of time, an ozone
machine (without an air dryer) converts moisture
to an acidic yellow coloured paste. This paste
build-up will ruin the ozone generator causing poor
ozone performance. Most ozone systems do not
require extensive maintenance. Some systems use
an air-drying material, which needs to be replaced
periodically. It is also necessary to periodically clean
the water storage tank and check pumps, fans

and valves for damage and wear. If UV radiation
generates the ozone, the lamp must be replaced
periodically. Any pre-treatment or post-treatment
devices may require additional maintenance.
Additional uses for ozone: Ozonated water can

be used to sanitize surfaces when submerged in

a sufficient concentration for a sufficient amount
of time. In other words, it can be used to disinfect
toothbrushes and dentures. It can be used as

a gargling solution. | can be used as type of “air

purifier”.

3.2.4 Electromagnetic processes

Electromagnetic water processes include:

1. Ultraviolet (UV) radiation/energy is found in

the electromagnetic spectrum between visible

light and x-rays and can best be described as
invisible radiation with disinfection as a property.
The ultraviolet bandwidth occupies wavelengths
roughly between 200 and 400 nanometers.
Purification via exposure to ultraviolet radiation
(UV germicidal irradiation) is unique from other
types of sterilization modalities due to the fact

that it does not necessarily cause death of the
target organism. In those pathogens it does not
directly kill, the UV radiation effectively alters the
organism'’s genetic structure. UV energy penetrates
the outer cell membrane, passes through the

cell body and disrupts its DNA preventing
reproduction. By causing damage to the target
bacteria's Deoxyribonucleic Acid (DNA), the bacteria
is sterilized at the genetic level. Thus, the organism
is no longer able to reproduce and cause disease.
The degree of inactivation by ultraviolet radiation is
directly related to the UV dose applied to the water.
The dosage, a product of UV light intensity and
exposure time, is measured in microwatt second
per square centimeter (pws/cm?). UV treatment
does not alter water chemically; nothing is being
added except energy. UV units only kill bacteria

at one point in a watering system and do not
provide any residual germicidal effect downstream.
The sterilized microorganisms are not removed
from the water -- bacteria cells are converted into
pyrogens. The killed microorganisms and any
other contaminants in the water are a food source
for any bacteria that do survive downstream of

the UV unit. Due to these limitations, the piping

in a watering system treated by UV disinfection

will need to be periodically sanitized with a
chemical disinfectant. UV disinfection does

not remove dissolved organics, inorganics or
particles in the water. Although 100% destruction
of microorganisms cannot be guaranteed, it is
possible to achieve 99.9% reduction in certain
applications and with proper maintenance. In order
for a UV unit to successfully disinfect water, the
following additional variables must be considered:
Firstly, the composition of water can reduce the
transmission of UV light through the water, which
reduces the UV dose that reaches the bacteria. UV
disinfection is most effective for treating high-
clarity purified reverse osmosis or distilled water.
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Secondly, all UV units have a maximum flowrate
capacity and some have a minimum flowrate as
well. Finally, UV radiation generates ozone that can
damage surrounding materials.

2. Boiling is the oldest water disinfection technique.
Boiling is the rapid vaporization of a liquid, which
occurs when a liquid is heated to its boiling point,
the temperature at which the vapor pressure of
the liquid is equal to the pressure exerted on the
liquid by the surrounding environmental pressure.
effective despite contaminants or particles present
init, and is a single step process which eliminates
most microbes responsible for causing intestine
related diseases. In places having a proper water
purification system, it is recommended only as
an emergency treatment method or for obtaining
potable water in the wilderness or in rural areas, as
it cannot remove chemical toxins or impurities.

3. Steam and pressure sterilization through the
use of an autoclave. An autoclave is a pressure
chamber used to sterilize materials by subjecting
them to high pressure saturated steam for a
duration of time.

3.2.5 Electrochemical water processes

Electrochemical approaches to water tend to emphasize
the recovery of metals and chemicals, and the destruction
of organic contaminants.

Electrochemical water processes include:

1. Desalination is the process of removing dissolved
salts and minerals from seawater or brackish
water. It is also called desalination or desalting.
Desalination is an advanced technical process
involving many different technologies, including
distillation, reverse osmosis, electrochemical
mediation, and membrane filtration. Desalination
produces drinking water and concentrate (the
water that contains the salts that were removed in
the desalination process, which used to be called
brine). Salt water is desalinated to produce fresh
water suitable for human and ecological usage.
The minerals in the concentrate can be separated
to produce, at the very least, a large amount
of salt and a complex mineral solution for the
biological nutrition needs of various organisms,
notably, vegetation In other words, ocean water
can be desalinated to produce a complex mineral
solution (i.e., nutrient source) for plants and other
organisms.

2. Electrodialysis is a water processing system
that uses electrical potential to remove charged
impurities from water. It is widely used for

the processing of brackish water and for the
desalination of seawater. Unlike other membrane
processes, the source water never passes through
the membranes during electrodialysis. The
migration of ions across the membrane under
the influence of a potential gradient is the basis
of electrodialysis. Early processes used a three-
compartment cell and the membranes were
non-selective. Today, an array of membranes are
used with alternating cation-selectivity and anion-
selectivity.

3. Disinfection is the chemical or biological

destruction of pathogenic microorganisms such
as viruses, protozoa, and bacteria, or at least the
deactivation of those microorganisms. Several
chemicals are used in water disinfection and
electro-chemistry is involved in the production of
those chemicals. Common disinfection chemicals
include: halogens; chlorine (Cl); chloramine (NH,Cl);
chlorine dioxide (ClO2); bromine (Br); hypochlorite
(ClO-); ozone (O3); hydrogen peroxide (H202); and
iodine (I). The importance of these chemicals is
based predominantly on their oxidizing power.
They provide a flexible, controllable bioaction that
can be maintained throughout a water distribution
system. However, these chemicals have varying
residual disinfection properties.
A. Ozone (03) is a strong oxidizing substance with
bactericidal properties very similar to chlorine.
It is claimed that ozone destroys bacteria
more rapidly than chlorine and its efficacy is
not dependent upon pH as is that of chlorine.
The ozonation process is currently the most
effective, sustainable, and safest non-chemical
method of eliminating bacteria from water.
Note, the major difference between ozone and
UV is that ozone is a very powerful oxidizer and
kills all known microorganisms—whereas UV
typically just inactivates them. Ozone actually
opens up the cell wall of the bacteria, virus,
mold, fungus, etc. Then, because ozone oxidizes
them (opens up the cell wall), the impurities
clump together and are more easily filtered
out. Water becomes clear with ozone, and the
clearer the water is, the more effective UV is.
Only clear water can be effectively treated with
UV, cloudiness in the water can absorb the UV
light. If you use UV, you should definitely use
ozone too. But if you use ozone—you don't
necessarily need UV. Ozone does everything UV
does and more. But UV does not do everything
that ozone does.
B. Hydrogen peroxide is a chemical compound
with the formula H,0,. Hydrogen peroxide
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should really be called hydrogen dioxide. In
its pure form, it is a colourless liquid, slightly
more viscous than water; however, for safety
reasons it is normally used as an aqueous
solution. When exposed to other compounds
hydrogen peroxide dismutates readily. The
extra oxygen atom is released leaving H,0
(water). In nature oxygen (0,) consists of two
atoms--a very stable combination. H,0, is
found naturally in rainwater. There is ozone
(O3) in the atmosphere, and when it rains, the
unstable ozone gives up atoms of oxygen to
falling water to form hydrogen peroxide. It
turns out that this is one of the reasons that
rainwater causes plants to grow more rapidly.
In the human body, the cells responsible for
fighting infection and foreign invaders in the
body (your white blood cells) make hydrogen
peroxide and use it to oxidize pathogens.
Hydrogen peroxide is the simplest peroxide
(a compound with an oxygen-oxygen single
bond) and finds use as a strong oxidizer,
bleaching agent and disinfectant. When stored
under the proper conditions, it is a very stable
compound. Concentrated hydrogen peroxide,
or “high-test peroxide”, is a reactive oxygen
species and has been used as a propellant in
rocketry. Pure hydrogen peroxide will explode
if heated to boiling. Hence, for general usage,
it is usually handled as a dilute solution. 3-6%
H,0, will not burn skin, but will kill bacteria
on awound. 32-35% (a.k.a., food grade) will
burn skin on contact and is generally diluted
before use. On human skin, peroxide reacts
with melanin to oxidize it and convertitinto a
compound which is free of colour. Hydrogen
peroxide's same oxidizing properties allow it to

surfaces like toothbrushes and countertops. It
can be used as a bleach on skin, grout, hair, and
clothes. It can be added to a clothes washing
agent to facilitate cleaning and to bleach fabric.
It can be used on vegetables and will disinfect/
sanitize utensils. Plant seeds can be soaked

in a low-grade hydrogen peroxide solution to
simulate rainwater. It can be used in aquatic
environments to reduce algae.

C. Chlorine (and chloramine) is used to kill any
harmful bacteria that might be presentin a
water source, and it is the most widely use
disinfecting agent in early 21st century society.
The amount of chlorine that is used is based on
the amount of water that is treated, the amount
of contaminants that must be controlled, and
the time it takes for the water to reach its first
usage (i.e., residual disinfection).

4. Bleaching refers to the usage of a number

of chemicals which remove color, whiten or
disinfect, often by oxidation. Chlorine is the basis
for the most commonly used bleaches. Bleach
performs two types of actions: it whitens, and

has antimicrobial efficacy. There are two primary
classes of bleach: chlorine-based bleach and
peroxide-based bleach. Sodium hypochlorite

is the most commonly encountered bleaching
agent, usually as a dilute (3-6%) solution in water.
Chlorine bleach forms dioxin after contact with
organic compounds. Dioxins are a group of
chemically-related compounds that are persistent
environmental pollutants (POPs). Dioxins are
highly toxic and can cause reproductive and
developmental problems, damage the immune
system, interfere with hormones and also cause
cancer.

react with bacteria, viruses, spores, and yeasts, ~ 3-2.6 Ecological processes

making it a functional disinfectant. It is rarely
used in drinking water production as a stand-
alone treatment process. Hydrogen peroxide
solution may be used to disinfect surfaces.

Consider the role of water in the structure and function
of ecological processes.

1. Waste Stabilization Ponds (WSP) and

When it comes into contact with bacteria on

a wound there is a fizzing and bubbling that
happens, which is the result of the H,0, bonds
breaking during the reaction. One of the oxygen
molecules is liberated, leaving H,0. The free
oxygen molecules are what you see bubbling

to the surface. It has a variety of medical uses
including that of mouthwash (wherein it whitens
teeth) and used to treat fungal issues on tissue.
Hydrogen peroxide is odorless and colorless,
but not tasteless. It can also be used in the ear
to treat ear infections. It can be used to disinfect

Constructed Wetlands (CW) (or CWWSP)

are a form of wastewater and stormwater
processing, which involve the construction of low
energy-consuming ecosystems that use natural
processes to transform, decompose, and recycle
materials. A CWWSP forms a controlled ecological
network of ponds (Read: a pond system) for the
transformation, decomposition, and recycling

of materials from used water and storm water.
Together, the different ecological compositions of
the ponds in the network, and the flow of water
therein, form a unified ecological transformation
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system for processing water with a portion of

the material effects of our living into sustainable
building blocks (i.e., nutrients) for further life.
Therein, interconnected pond water levels dictated
by ground water levels. The pond system attract
wildlife. It is essentially a system designed to mimic
(as in, biomimicry) the way nature transforms
water.

2. Waste Stabilization Ponds (WSP) are large,

shallow basins in which raw sewage is processed

(i.e., “treated”) entirely by natural processes,

primarily involving algae and bacteria.

A. Anaerobic ponds - Anaerobic ponds are
commonly 2 - 5m deep and receive wastewater
with high organic loads (i.e., usually greater than
100 g biochemical oxygen demand (BOD)/m3
.day, equivalent to more than 3000 kg/ha.day
for a depth of 3m). They normally do not contain
dissolved oxygen or algae. In anaerobic ponds,
BOD removal is achieved by sedimentation of
solids, and subsequent anaerobic digestion in
the resulting sludge.

B. Faculative ponds - (1-2m deep) are of two
types: Primary facultative ponds that receive
raw wastewater, and secondary facultative
ponds that receive particle-free wastewater
(usually from anaerobic ponds, septic tanks,
primary facultative ponds, and shallow
sewerage systems). The process of oxidation
of organic matter by aerobic bacteria is usually
dominant in primary facultative ponds or
secondary facultative ponds.

C. Maturation ponds are usually 1-1.5m deep,
receive the effluent from the facultative ponds.
Their primary function is to remove excreted
pathogens. Although maturation ponds achieve
only a small degree of BOD removal, their
contribution to nutrient removal also can be
significant. Maturation ponds usually show
less vertical biological and physicochemical
stratification, and are well-oxygenated
throughout the day. The algal population in
maturation ponds is much more diverse than
that of the facultative ponds, with non-motile
genera tending to

3. Constructed wetlands (CW) are planned systems

designed and constructed to employ wetland
vegetation to assist in processing wastewater

in @ more controlled environment than occurs

in natural wetlands, but mirroring the way the
natural wetlands function. Herein, aquatic plants
as a bio-filter/bio-transformer. Essentially, a
constructed wetland is a designed complex of
saturated substrate, emergent and submerged
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4.

5.

vegetation, animal life, and water that simulate

wetlands for human uses and fulfillment. In early

21st century society, constructed wetlands are an

“eco-friendly” alternative for secondary and tertiary

municipal and industrial wastewater treatment.

The pollutants removed by CW's include organic

materials, suspended solids, nutrients, pathogens,

heavy metals and other toxic or hazardous
pollutants. In municipal applications, they can
follow traditional sewage treatment processes.

Different types of constructed wetlands can

effectively treat primary, secondary or tertiary

treated sewage. However wetlands should not

be used to treat raw sewage and, in industrial

situations, the wastes may need to be pre-treated

so that the biological elements of the wetlands
can function effectively with the effluent. CW's are
practical alternatives to conventional treatment

of domestic sewage, industrial and agricultural

wastes, storm water runoff, and acid mining

drainage.

+ Constructed wetlands for wastewater treatment
can be categorized as either Free Water Surface
(FWS) or Subsurface Flow (SSF) systems. In FWS
systems, the flow of water is above the ground,
and plants are rooted in the sediment layer at
the base of water column. In SSF systems, water
flows though a porous media such as gravels or
aggregates, in which the plants are rooted.

Riverbank filtration (bank filtration) - The

improvement of water quality through natural

filtration by soil and microbial processes caused

by the percolation of water through natural or

engineered media. Bank filtration involves installing

a well near the surface water source to allow

pulling water through the ground to effect some

natural filtration. This concept requires granular
soils adjacent to or under the surface water
source. Where these conditions exist, there can be
significant benefits with employing bank filtration.

Reed beds are natural habitats found in

floodplains, waterlogged depressions and

estuaries. Reed beds are part of a succession from
young reed colonising open water or wet ground
through a gradation of increasingly dry ground.

As reed beds age, they build up a considerable

litter layer which eventually rises above the water

level, and ultimately provides opportunities for
scrub or woodland invasion. Artificial reed beds
are used as a method of removing pollutants from
grey water, which will concentrate many of the
undesirable elements of water into the stems of
the plants given sufficient time. The Common Reed

(Phragmites Australis) has the ability to transfer
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oxygen from its leaves, down through its stem,
porous speta and rhizomes, and out via its root
system into the rhizosphere (root system.) As a
result of this action, a very high population of
micro-organisms occurs in the rhizosphere, with
zones of aerobic, anoxic, and anaerobic conditions.
Therefore with the wastewater moving very slowly
and carefully through the mass of reed roots, this
liquid can be successfully treated, in a manner
somewhat similar to the conventional biological
filter bed systems of sewage treatment plants.

3.2.6.1 Additional pond functions in a pond system

There are many practical uses for a pond. Below are
some of the other ponds in a pond system.

NOTE: Ponds cannot be discharged for aesthetic
reasons.

1. Evaporation ponds evaporate water from a
surface area by sunlight and exposure to the
ambient temperatures. Evaporation ponds have
several uses. They can be used to evaporate
stormwater. They are also used to dispose of
brine from desalination plants. Mines use ponds
to separate ore from water. Evaporation ponds
at contaminated sites remove the water from
hazardous waste, which greatly reduces its weight
and volume and allows the waste to be more easily
transported, treated and stored. They can be used
to produce salt and mineral solutions from sea
water (i.e., salt evaporation ponds). However, any
contaminants in the seawater will end up resulting
solution. The evaporation of water leaves most,
but not all, salts and impurities behind. In the
agricultural industry, evaporation ponds are used
to prevent pesticides, fertilizers and salts from
agricultural wastewater from contaminating the
water bodies they would flow into.

2. Irrigation ponds store and supply water for later
usage in irrigation. Ponds can also be used to
regulate stream flow. Overhead sprinkler often
lead to a lot of water evaporation prior to reaching
the soil.

3. [Storm] Drainage ponds and retention basins
for detention/retention/evaporation of storm and
flood water. Storm drainage ponds are part of the
overall surface water management system on a site
and are used for flood control. The purpose is to
store water during peak storm events to slow the
discharge offsite and contribute to the flood control
of a local storm area. There are two basic types of
storage: an above ground pond or underground
structures of vaults or high-volume pipes. Ponds
generally have an“outflow structure” composed of
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an inlet and a metered outflow structure. Surface
ponds are usually planted with vegetation that
serves as a pollutant filter of water before being
discharged downstream.

4. Swimming ponds are used for human bathing and
swimming.

3.2.6.2 Natural swimming ponds/pools

A natural swimming pool or natural swimming pond
(NSP) is a system consisting of a constructed body of
water, where the water is contained by an isolating
membrane or membranes, in which no chemicals or
devices that disinfect or sterilize water are used, and all
clarifying and purifying of the water is achieved through
biological filters and plants rooted hydroponically in the
system.

It is called a “natural swimming pool” because the
filtration systems used have biological equivalents in the
natural world. In fact if there is not an example of the
type of filtration being used in the natural world then
it is not seen by the IOB (International Organization
for natural Bathing waters) to be naturally filtered.
Natural aquarium and koi ponds also exist, but use
algae scrubbers for their filtration. Systems that use UV,
ozone and copper/silver ion disinfection techniques are
examples of additive methods.

The NSP is divided into two areas, the swimming
zone and the regeneration zone, which are physically
separated. The regeneration zone and swimming zone
must be equal in area for sufficient purification. The
swimming portion of the pool can look like a conventional
swimming pool or a natural pond. The regeneration
zone and swimming zone must be equal in area for
sufficient purification. The swimming portion of the pool
can look like a conventional swimming pool or a natural
pond. The regeneration zone can be placed adjacent to
the swimming area or in a remote location depending
on the space available. In up-to-date natural swimming
pools there is no minimum depth for the swimming zone
and the regeneration zone can now be reduced greatly
and in some cases is non existent.

NSPs rely on a combination of hydraulic design
techniques in conjunction with a fine filter. They
require a specialized skimmer or overflow channel.
Downstream, a bioreactive biological filter removes and
retains additional particulate matter down to a particle
size of 100 micrometres. Pumps different from those
found in conventional pools hydraulically optimize
water flow rates and volumes, thereby accelerating
the cleaning process even further. This mechanically
enhanced natural filtration produces clear, clean water.
In fact, when NSPs are installed in Europe, pool owners
and builders will ceremoniously wrap up an installation
with a ceremonial drink of water collected directly from
the pool. A biofermenta system is the latest form of
filtration for NSPs reducing the need for large plantation
areas and filtration beds.

In an NSP, swimming pool water flows via gravity from
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the swimming pool into distribution shafts. The water
then passes through a biological fine filter/bioreactor
before it is pumped into the regeneration zone. Plants
in the regeneration zone are planted in the substrate,
and these plants compete for nutrients that would feed
algae. The water is cleaned biologically by the metabolic
processes found in the substrate in which the plants
are rooted. Thus, microorganisms and the water plants
ensure effective, continuous cleaning. No processes
beyond these, such as UV sterilization, are necessary
unless something is added into the system that causes
an imbalance.

Because of their reliance on natural environmental
factors, each NSP system is built with consideration to
the region and climate where it is installed. Construction
elements such as the biological filter and the combination
of contaminant ridding plants vary with each pool. These
ponds may also be connected to a larger pond water
filtration, purification, and recycling system.

Of note, natural swimming ponds can be heated to
27°c, and under certain circumstances, higher than that.
These ponds do require some additional pipework and
a heating system. Once people become acclimated to
swimming in a pond, temperature is often not found to
be the issue they thought it was beforehand. Particularly
for natural designs, water in the shallow areas heats up
quickly in the sun and can raise the natural temperature
of the whole pond to 75 degrees during the summer in
some climates. Heat pumps and solar panel warming
systems can easily beincorporatedinto NSP construction.

Perhaps more importantly, natural water “feels”
much more comfortable on the skin. It has a different
composition of suspended and dissolved solids, and so,
what might feel cold in chlorinated water, 71 degrees for
example, actually feels comfortable in natural water.

Typically, a chemically treated pool can discharge up
to 3 times its volume of water into the sewer per year.
As there is no use of chemicals in the water of NSPs and
their water is maintained as “living” (i.e. the NSP is not
drained and refilled), there is no need for this waste
of water being discharged into the sewer. Also, there
is considerably reduced energy consumption for the
mechanical operation of many NSP systems.

Each NSP is unique, and so each has a different
“break-in" period during which the system finds balance.
While NSPs can be used for swimming immediately, it
takes approximately two to three years until a stable
biological equilibrium is reached. Once an NSP has
reached equilibrium, it requires considerably less regular
maintenance than a conventional swimming pool.
Seasonal care and maintenance is still required over the
course of the year, though even this differs from care of
a conventional swimming pool. For example, ducks and
other water fowl in migration have been known to visit
NSPs during the winter months. Additionally, amphibious
and aquatic creatures like frogs, salamanders, and snails
often make their homes in the regeneration zones of
NSPs.
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3.2.6.3 Additional benefits of ponds

Besides water transformation ponds provide a number
of other benefits.

NOTE: Ponds do not function well on sandy or
other highly porous soils

1. Ponds are often used for frost protection,
particularly on wine grapes. The use of water for
this purpose typically ranges from 0.4-1.6 inches of
water in a year.

2. Ponds can be managed to provide wildlife habitat.

3. Ponds constructed primarily for fish production,
typically at least a half-acre in size and a minimum
depth of 8 feet, can yield 100-300 pounds of fish
per year for each acre of water surface.

4. Ponds can assist in flood control by capturing and
slowing the flow of water through a watershed.

5. Ponds help recharge groundwater. Whether filled
with water diverted from a stream or with tailwater
from irrigation, clay-lined ponds seep water into
the ground at highly variable rates (depending on
size and construction), but typical seepage loss
from a well-sealed pond is estimated at one foot of
water per year.

6. Storing water captured from rainfall or from
tailwater in on-farm ponds can also reduce energy
use by displacing pumped groundwater.

7. Ponds can serve as water sources for fire protection
if they are sited in proximity to structures.

8. Ponds can be used to settle and filter runoff,
capturing soil that can be returned to use
and filtering pollutants and particulates that
would otherwise negatively impact the broader
ecosystem.

9. A pond network creates a more localized and
distributed water supply, which can offset water
transported from distant reservoirs, reducing the
energy needed for water conveyance.

10. Ponds can be used in the intentional and directed
flooding application known as rapid flood flow
irrigation. Rapid flood flow irrigation involves the
application of a large amount of water to the land,
which soaks in, and does not have significant
evaporation.
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4 Water temperature modification

5 Cleaning with water

Water resists temperature change, both for heating and
cooling. Water can absorb or release large amounts of
heat energy with little change in actual temperature. At
sea level, pure water boils at 1000C and freezes at oC.
The boiling temperature of water decreases at higher
elevations (lower atmospheric pressure). For this reason,
an egg will take longer to boil at higher altitudes. The
high boiling point of water (similar sized molecules are
normally gases at room temperature) is also due to its
ability to form hydrogen bonds.

4.1 Water heating

Water heating is a thermodynamic process that uses an
energy source to heat water above its initial temperature.
Heated water is used for cooking, cleaning, bathing,
space heating. In materialization and other services,
hot water and water heated to steam have many uses.
Water heating systems are categorized by their energy
source and whether the system is tank-type or tankless.

+ Tank-based water heating system - either the
storage tank is directly heated, or panels that cycle
water through the storage tank are heated with an
energy source such as solar, geothermal, or wood.

+ Instantaneous water heating systems - provide
hot water on-demand at their point-of-use (POU).
These systems may use a water storage tank, but
the water in the tank is not hot; it becomes hot at
its point of use.

4.2 Water cooling
A.k.a., Water chilling.

Herein, refrigeration technology is applied to water in
order to reduce its temperature.
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Regular cleaning of material surfaces reduces the build-
up of environmental materials and decomposition
factors, while also reducing the amount of organic (and
inorganic) matter that contributes to the proliferation
of bacteria and viruses, and may inhibit the intended
functioning of the surface. The purpose of cleaning
is to remove the build-up of materials and to prevent
future accumulation. Cleaning is essential for food
production and preservation, as well as for the care of
textiles. Cleaning must be considered in the context of
an ecology, in particular, a bacterial ecology.

1. Physical / mechanical pressure cleaning - a process
that utilizes mechanical energy (e.g., washing
machine, pressure washing, scrubbing).

2. Ultrasonic cleaning - a process that utilizes sound
energy to create cavitation of microscopic bubbles
on the surface of an object.

3. Chemical cleaning - a process that utilizes a
chemical agent (i.e., soaps/detergents).

The performance of a “cleaner” can be measured via the
following indicators:

1. If a product leaves any residue from the detergent
solution, then it is not clean.

2. If a product adds to the weight of the material, then
it is not clean.

3. If the cleaning damages the surface unnecessarily,
then it is a poor quality cleaner.

5.1 Mechanical pressure washing

Pressure washing uses a high-pressure mechanical
sprayer used to remove material from surfaces and
objects such as buildings, vehicles, and concrete with
water [under pressure]. They are used primarily as
exterior cleaning tools. The volume of a pressure washer
is expressed in litres per minute, and may be variable
or static. The basic pressure washer consists of a motor
(either electric, internal combustion, pneumatic or
hydraulic) that drives a high-pressure water pump, a
high-pressure hose and a trigger gun-style switch. Just
as a garden hose nozzle is used to increase the velocity
of water, a pressure washer creates high pressure and
velocity.

Some washers, with an appropriate nozzle, allow
detergent to be introduced into the water stream,
assisting in the cleaning process. Different pressure
washers can use water at differing temperatures.
And, there are different types of nozzles for different
applications.

Washers are dangerous tools and should be operated
with due regard to safety instructions. The water
pressure near the nozzle is powerful enough to strip
flesh from bone. Particles in the water supply are ejected
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from the nozzle at great velocities. The cleaning process
can propel objects dislodged from the surface being
cleaned, also at great velocities. Pressure washers have
a tendency to break up tarmac if aimed directly at it, due
to high-pressure water entering cracks and voids in the
surface. Washers can damage surfaces: water can be
forced deep into bare wood and masonry, leading to an
extended drying period. Such surfaces can appear dry
after a short period, but still contain significant amounts
of moisture that can hinder painting or sealing efforts.

5.2 Cleaning instruments

Methods of cleaning instruments with water include, but
are not limited to:

1. Dish/instrument washing (sanitizing) machines:
These machines rely on the following parameters
to clean the objects:

A. Pressure.

B. Time.

C. Temperature.

D. Surface tension modification (often, via a
washing agent or soap).

2. Asponge is a tool or cleaning aid consisting of
porous material. Sponges are usually used for
cleaning impervious surfaces. They are especially
good at absorbing water and water-based
solutions. Natural sponges are generally known as
a “loofah”. A natural loofah is a plant seed pod in
the cucumber or gourd family that grows on a vine.
The pod is rough textured when dry, and softens
when combined with water.

5.3 Cleaning with water ‘washing agents’

The two primary types of washing agents are soaps and
detergents. The distinction between them is relatively
small. One hundred years ago there was no such thing
as a “detergent”. Today, a “detergent” is anything that
grabs onto dirt, soil, grease, oil, odor, bacteria, etc. and
holds it well enough to loosen its grip on clothing, skin,
hair, wall paint, etc. and pull it into the wash water. If the
detergent hooks-up too well it may join the dirt on the
fabric or surface and become part of the problem (soap
and detergent scum). The cleaning agent must remain
well attached to the water so that as the water rinses
away, the detergent goes with it still holding fast to the
dirts and soils it has released from the material being
cleaned. Effectively, the cleaning agent allows insoluble
particles to become soluble in water, so they can be
washed away. This is how cleaning works whether it is
called “soap” or “detergent”. The category difference
relates to how the cleaner (i.e., cleaning/washing agent)
is created (i.e., materialized). A detergent or soap
molecule is different on one end from the other. One
end is attracted to “dirt” and the other is attracted to
water.
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Every washing agent contains chemicals to separate
added material (a.k.a., “soil") from a surface (e.g.,
fabric) and carry it away with the water. These are
called surfactants (Read: surface active agents/
substances) and they do whatever “cleaning” occurs.
A properly designed and selected washing agent (i.e.,
surfactant) should remove matter efficiently from a
surface and wash away completely without residue. In
order to achieve this, a synergistic blend of two or three
compatible surfactants is generally required.

Whereas soap is a metal salts of long chain higher
fatty acids, detergents are sodium salts of long chain
hydrocarbons like alkyl sulphates or alkyl benzene
sulphonates. Soaps are prepared from vegetable oils and
animal fats. Detergents are prepared from hydrocarbons
of petroleum or coal and are “soapless”. Soaps cannot
be used effectively in hard water as they produce “soap
scum” (i.e., insoluble precipitates of Ca2+, Mg2+, Fe2+
etc.). Detergents are generally not made insoluble by
mineralized (so-called hard) water. The polar sulfonate
(of detergents) is less likely than the polar carboxyl (of
soap) to bind to calcium and other ions found in hard
water. Some detergents also have secondary usages as
acid solutions and foaming agents. Soap cannot be used
as any form of acid solution, but it is sometimes used
as a [component of a] lubricant (e.g., textile spinning).
Whereas soaps are biodegradable, not all detergents are
biodegradable.

« An example of a soap is sodium palmitate:
CH3(CH2)14-COO> Na*

+ An example of a detergent is sodium lauryl sulfate:
CH3(CH2)12-OS(O)2-O_ Na*

Water, although a good general solvent, is also a
substance with a very high surface tension. Because of
this, water molecules generally prefer to stay together,
rather than to migrate to other surfaces. Surfactants
work by reducing the surface tension of water, allowing
the water molecules to better wet the surface and thus
increase water's ability to dissolve dirty, oily stains.
Soap technology is essential for the removal of oil
molecules from a surface. Oil molecules are non-polar,
which means that they are not charged, and therefore,
are not attracted to polar substances such as water
(lipophilic). Because of this, oil tends to stick with its
own molecules or other non-polar substances. Water
is a polar substance which is made up of one positive
and one negative charge. With this, water dissolves salt
easily because salt is made up of charged ions in which
the positive charge will be attracted to the negative ions
in water (hydrophilic). When an appropriate surfactant is
applied to oil, the lipophilic parts of surfactant will attach
itself to the non-polar molecules of the oil. When water is
applied onto this surface with a sponge, the hydrophilic
component will be attracted to the water molecules and
is lifted from the surface, together with the oil. Also,
oil and grease will stick onto plates and cutlery during
cleaning, and no amount of water can completely
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remove it without significant temperature and pressure,
unless a surfactant is present.

NOTE: The presence of surfactants affects the
natural micro-organism ecology.

A surfactant (once dissociated in water) consists of
a non-polar hydrocarbon tail and a polar head. The
non-polar hydrocarbon tail interacts with non-polar
substances through dispersion forces, whilst the polar
head interacts with polar substances (normally water)
which forms dipole-dipole interactions and hydrogen
bonds with water. The presence of soap, for example,
in a mixture of oil/grease and water will create an
emulsion upon agitation. The hydrocarbon tails of soap
dissolves in the oil and promotes droplet formation.
These droplets repel each other, as they have the same
net negative charge. These individual droplets can be
dissolved in water as they form ion-dipole interactions.

An emulsion is a type of dispersion in which two
normally immiscible substances are stabilised by another
substance, called an emulsifier. For example, olive
oil and water will not dissolve in one another, as their
intermolecular forces differ (like dissolves like). While we
can agitate to form a suspension, it is temporary and the
oil and water will eventually separate into distinct layers.

5.3.1 Soap

Soaps are cleaning agents that are usually made by
chemically reacting alkali (e.g., sodium hydroxide) with
naturally occurring fat or fatty acids in order to facilitate
the removal of organic and in-organic matter from the
surface of a material. The metal is often an alkali metal
such sodium or potassium, or an alkaline earth metal,
such as calcium or magnesium. The fatty acid is often
of plant or animal origin. Essentially, soap is a result of
combining fat (i.e., oil) with an alkaline solution, and the
productive chemical reaction is called saponification.
The reaction produces sodium salts of these fatty acids,
which improve the cleaning process by making water
better able to lift away fatty material from skin, hair,
clothes, and many other surfaces.

Historically, soap was made by boiling animal fat and
adding lye to supply charged ends for the oil molecules.
Time and temperature cause various combinations to
occur and each will interact differently with the soils and
especially with the calcium and magnesium in the wash
water.

+ Soap is most effective when mixed with mechanical
pressure.

« Different oils and alkali solutions produce soaps
with different properties. Especially coconut oil and
palm oil produce excellent lathering properties.

+ Temperature is a significant variable when using
soap.

+ Essential oils are sometimes added to soaps for
their aromatic and anti-pathogenic properties.
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5.3.2 Natural cleaners and soap

Natural ecologies produce arange of “soft” soap materials
that are useful for cleaning. Although rare, soap is indeed
found in nature. One family of historical soaps was
made by infusing, simmering or mashing ‘saponin’ rich
plants in water. If you have seen frothy puddles on the
road near chestnut trees you have got the idea. Plants
produce saponins as part of their immune system to
deter insect attack and to act as natural anti-microbials,
protecting their life bearing seeds. Hunter gatherers
still exploit the soap-bearing plants for their medicinal
properties and for cleaning. Grated or pounded horse
chestnuts (aesculus hippocastanum), soaked and boiled
bracken root (pteridium aquilinum), fern root (dryopteris
filix-mas), snowberries (symphoricarpos albus), and
soapwort (saponaria officinalis) will yield a soft water-
based soap. Chestnuts are difficult to process, especially
when you need to remove the shell first. Fern or bracken
roots can not be collected from the wild and snowberries
are best left on the plant as vital winter food for birds.
Soapwort, our best known soap bearing plant is certainly
worthy of its name and the whole of the plant can be
used.

The soap nut tree Sapindus Mukorossi (a.k.a., Indian
Soapberry) is a very large tree that produces prodigious
amounts of a saponifying nut that you can use as a
greywater safe laundry detergent, dish and hand soap.
Soap nuts are berries that grow on a tree and naturally
contain soap. Sapindus Mukorossi requires a fertile soil
and a frost free climate. It's a tall tree that can take as
long as ten years to begin fruiting. Just 5 berries can
do multiple loads of laundry in a conventional washing
machine. The natural soap found in these berries is
called saponin. Saponin is a natural cleaner that works as
a surfactant, breaking the surface tension of the water to
penetrate the fibers of your clothing, lifting stains from
the fabric, and leaving dirt suspended in the water that
is rinsed away.

In an emergency when soap is not available, then
there are many natural alternatives including: clean ash;
vinegar, salt, mud, and sand/soil. Mud is a lesser known
cleaner for hair (i.e., “shampoo”) commonly used in the
Mashreq and Maghreb regions.

Vinegar is a natural all-purpose acidic cleaner with
anti-microbial properties. It is sometimes added to a
surfactant solution to increase its effectiveness. Vinegar
can be used to “clean” most standard surfaces including
ceramic, glass, and fabrics. Vinegar cannot be used on
marble or similar surfaces because its acid content will
damage (i.e., “eat away") the surface, and quickly lose its
shine.

Both baking soda and salt are excellent scouring
powders. Baking soda is an excellent stain and odor
remover. The solution can be used as a facial scrub. It
can also be used as a toothpaste and tooth whitener.
Clay can also be added to toothpaste to fa-ciliate whiter
teeth due to its abrasiveness.

There are certain leaves that when diluted in hot
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water, form a weak cleaning solution. Two of the
most well-known leaves for this purpose are palm
an bay leaves.

5.3.3 Hydrophilic-lipophilic balance
(HLB)

A system was developed to assist in making
systemic decisions about the amount and types of
surfactantsneededinstable products. Surfactants
are compounds that lower the surface tension
(or interfacial tension) between two liquids or
between a liquid and a solid. Surfactants may act
as detergents, wetting agents, emulsifiers, foaming
agents, and dispersants. The hydrophilic-lipophilic
balance of a surfactant is a measure of the degree
to which it is hydrophilic or lipophilic, determined
by calculating values for the different regions of
the molecule. The system is called the HLB system
and has an arbitrary scale of 1-18. HLB numbers
are experiment ally determined for the different
emulsifiers. If an emulsifier has a low HLB number,
there are a low number of hydrophilic groups on
the molecule and it will have more of a lipophilic
character. For instance, substances with low HLB
numbers are generally oil soluble. As a result of
their oil soluble character, they will cause the oil
phase to predominate and form a water-in-oil
emulsion. The higher HLB numbers would indicate
thatthe emulsionhas alarge number of hydrophilic
groups on the molecule and therefore should be
more hydrophilic in character. Substances with
high HLB numbers are water-soluble. And because
of their water soluble character, they will cause the
water phase to predominate and form an oil-in-
water emulsion.

5.3.4 Detergent washing agent residue

Most commercial cleaners are filled with additional
chemicals. Industry is not overly concerned with
sustainable and efficient cleaning, and so, they
create a chemical soup of additives. There are
thousands of synthetic fragrances and over 200
brighteners which might be called dyes, colorants,
color enhancers, color safe bleach, fluorescent
whitening agents (FWA), etc. Then, manufactures
add oils, silicones, and polymers to attach the
fragrances and brighteners to the washing agents.
Lubricants are added to make the fabrics less stiff,
other lubricants for the washing machine pump,
polyvinylpyrrolidone to seal the surfaces and
ends of fibers, antiredeposition agents, perhaps
sanitizers (anti-microbial agents), enzymes and
oxidizers, also softeners, and of coarse inert
fillers so you know by the size of the expensive
containers that you got your moneys worth.

NOTE: In commercial products, the
highest levels of fragrance are often found
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in “Baby” detergents. These fragrances can
mask natural body odor/pheromones.

Fabric softeners coat the surface of a fabric with
chemical compounds that are electrically charged,
causing threads to “stand up” from the surface,
and thereby, causing the fabric to feel softer.

Oxidizers (oxidizing agents) and enzymes react
with the smooth surface of fibers causing tiny
pits and fissures that hold particles of residue.
As temperature and humidity change, these
imperfections swell and shrink. The eroded surface
scatters light causing colours to look bleached and
faded and the fibers weaken, loose memory, and
eventually break. Elastomers fail significantly more
quickly under these conditions than other fibers.

Optical brighteners are added to make the
clothes appear cleaner. It would seem that if you
can't clean clothes with less than six chemicals,
maybe you're not focused on cleaning. Most of
the other ingredients in commercial products are
there to help the surfactants, or they are present
to make you believe your clothes are clean, and
hence, must remain in your clothes to be effective
(e.g., optical brighteners).

Gutting (The Detergent Conspiracy) clarifies the
effects of some modern detergents on clothing:

Tests done at the Clemson University
School of Textiles and Polymer Science
(Nicholson, 1995) showed that washing in
regular grocery store detergent actually
added a measurable amount of weight
(contamination) to the clothes. Washing
added 2% of the weight of the cloth in just
10 washings. The residue was equal to the
full amount of detergent recommended to
wash clothes. Let me be specific about this.
When you pour in the detergent before the
wash cycle, the scoop of powder or cup

of liquid, you use is equal to the amount
of chemical you will have in your clothes
after 10 washes. It doesn't increase much
beyond 10 washes because you reach a
point where you are washing out as much
as you are washing in.

Detergents for colors and blacks have
higher levels of polymer, which attaches to
the clothing, to hide the scattering of light
(i.e., “fading”) caused by fiber erosion.

The latest news in home laundry
detergents is a Proprietary Protective
Fiber Complex. This goes beyond polymers
to a new silicone complex that not only
provides additional lubrication, but

also forms little cells of oiliness to keep
the silicone complex and other care
ingredients from washing away. This
technology is especially important for
high efficiency (HE) washing machines.
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The new machines not only save water and
power, but rinse clothes more completely. Better
rinsing is good for you but makes it difficult for
the detergent makers to leave enough residue

to assure you that your clothes are clean.
Detergent makers had initially been forced to
add more of the “care” chemicals, but this new
technology allows them to overcome the great
rinsing performance of your new HE machine
and attach exactly the right amount of residue to
your clothes.

Of course, residue is not without consequence. It
impacts the functioning of a material. It can degrade
wicking, breathability, rapid drying, and water repellency
in just a few washings. Detergent residue may not only
slow drying, but will rehydrate itself when dry by drawing
moisture from the air or from its user. Extra moisture
reduces the efficiency of insulation. Insulation is also
less able to loft up when coated with sticky residue,
this further decreases effectiveness. Fabrics feel stiffer
when coated with sticky chemicals because fibers
cannot slip against each to allow a soft hand. Detergent
manufacturers try to overcome some of this friction with
silicone but deliberately leave some stiffness to ensure
an opportunity to sell fabric softener. It is only a small
exaggeration to say that washing clothes in regular
detergents destroys them as fast as not washing them
atall.

What are the effects of detergent residue on humans?
An increasing slice of the population is experiencing
episodes of eczema, psoriasis, and other reactive skin
irritations loosely referred to as contact dermatitis.
Humans will inevitably get the residue on their hands
and likely end up consuming some of it. The human
organ known as the skin may absorb some of it.

5.3.5 Overuse of soap

Cleanliness has come to mean an effort to remove
germs and other hazardous materials. Today we now
know that bacterial populations play an important role
in the sustainment of a healthy ecological system, and in
humans, a healthy immune system. Although cleanliness
as the removal of dead cells, decomposition matter,
contaminants, and excessive build-up of microorganisms
and viruses has an important role in healthy functioning,
excessive cleaning is often unnecessary and can damage
surfaces.

It is the body oils forming a thin film on the surface
of the skin that give human skin its smoothness. When
the oils are washed off the body (i.e., stripped off of the
skin) it tends to reduce the smoothness and “glow” of the
skin. Now when you lather your body with soap during
your bath, the lipophilic part attaches itself to your body
oils and the hydrophilic part attaches itself to water.
When you wash off the soap with water, your body oils
are wrenched off from the skin and are washed of with
the water. Your skin is deprived of its natural moisture
but it gives you a feeling that you are cleaned/scrubbed.
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This feeling basically comes from the skin reporting the
lack of an essential ingredient which we mistakenly feel
to be fresh. You feel that you are cleaned off of all the
“dirt” and that you are fresh. What really happened is
that your body moisture is washed off and you need to
replenish the body moisture. The soap industry realized
what their soaps are doing to people and started adding
moisturiser to the soap itself so that what is washed
off by the soap part is replenished by the moisturiser.
Excessive washing to remove oil from the skin also
prevents vitamin D both from being formed on the skin
and absorbed via the oils through the skin [via exposure
to sunlight]. It is also relevant to note that soap is not
essential for the removal of many pathogens from the
hands.
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6 Drainage

7 Water transportation

Sustainable urban drainage systems (SUDS) can provide
an alternative to, or addition to, traditional drainage
systems. They mimic 'natural' drainage by adopting
techniques to deal with surface water runoff locally,
through collection, storage, and cleaning before allowing
it to be released slowly back into the environment.
SUDS techniques seek to capture, use, delay or absorb
rainwater, rather than reject it as a nuisance or problem.

SUDS techniques might include, but are not limited to:

Filter strips and drains.
Swales.

Permeable surfaces.
Basins and ponds.
Underground storage.
Wetlands.

Green roofs.
Rainwater harvesting.
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Water is transported around a habitat through a water
transportation system (a.k.a., plumbing or hydraulics
network/system) involving a network of pipes and
pumps.

7.1 Pumps
A.k.a., Water pumps.

A pump is a device that moves fluids (liquids or gases). It
is a device that moves fluid through a piping system by
mechanical action. As such, it is a pressure (hydraulic)
driven machine that converts mechanical energy to
hydraulic energy. Pumps operate by a rotary and
reciprocating mechanism, and they consume energy to
move fluid. Water pumps move water (Read: transfer
water) from one place to another. A water pump is an
electromechanical device that pulls water from a water
source (e.g., well, river, etc.) and pumps it into a water
pipe system and/or fills a water tank. Water pumps
supply the pressure needed to pressurize a plumbing
system or fill a water tank with water from an outside
source of water.

Pumps can have several functions, including but not
limited to (Variable speed, 2021):

1. Pressure pump - provides water and creates water
pressure for plumbing.

2. Hot water recirculating pumps - provide hot
water for hot water outlets.

3. Booster pump - boosts water pressure in high-rise
buildings.

4, Pool pump - provides water and circulation of
water in pool and other aquatic areas.

5. Hydronics pump (HVAC pump) - provides for the
circulation of HVAC fluid(s).

6. Fire pump - provides water (and water pressure)
fire protection.

7. Manufacturing water pump - provides water (and
water pressure) for manufacturing processes.

There are several additional types of pumps for most
architectural structures:

1. Sump pumps - remove water that collects in basins
from around a structure’s foundation. Many are
submersible sump pumps. They have a manual
or semi-automatic motor housed in a water-tight
compartment. This allows the pump to be fully
immersed in liquid.

2. Trash pumps - designed for de-watering
applications. These pumps help remove water that
contains things like vegetation and sludge.

3. Transfer pumps - are utility pumps that move
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water from one location to another through hoses.
They can handle everything from light aquarium
applications to heavy de-watering.

4. Boosting pumps - add water pressure for washing
services or lawn sprinkling. They can also increase
pressure where low or inadequate water pressure
is an issue. These pumps include water garden
pumps.

5. Lawn sprinkler pumps - used to draw water from
various sources to a garden sprinkler systems.

6. Pond pumps and water garden pumps - power
water flow and circulation for decorative water
features.

7. Sewage effluent pumps - pump liquids and semi-
solids. They are usually located in a basement or
a below-grade area. They are powerful enough to
pump from a sewage basin up to the main sewer
line for removal.

8. Condensate pumps (evaporative cooler pumps)
- automatically remove condensation in high
moisture areas. For example, they can remove
collected condensation from furnaces or air
conditioning units.

9. Pool pumps - for circulating water within a pool
and may also be used for removing water from a
pool.

In general, pumps are normally powered by either:

1. An electric motor.
2. A combustion engine.

Pumping systems can experience noise and vibration
issues due to poor design, poor installation, and
inadequate maintenance. Periodic inspections are
recommended to make sure all system components are
working correctly. Some common causes of vibration
are:

1. Inadequate equipment supports and/or vibration
dampeners.

2. Unbalance.

3. Misalignment.

Controlling vibration is very important. Vibration can
speed up the mechanical wear of system components,
decreasing life-span and increasing maintenance.

7.1.1 Types of pumps

At a high-level, pumps can be classified into three major
groups according to the method they use to move/
transport the fluid:

1. Direct lift.
2. Displacement.
3. Gravity pumps.
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In general, there are two categories of pump as classified
by mechanism of operation (i.e., two functional types).
The following list includes many sub-types of these two
categories, but not all:

1. Dynamic pumps (a.k.a., rotodynamic, non-
positive displacement) - the voltage of fluid
pumped depends on the viscosity of flow.

A. Centrifugal pumps - are a rotodynamic pump
that uses a pivoting impeller to expand the
weight and flow rate of a liquid. Centrifugal
pumps have most applications in moving fluid
through pipes. They have a rotating impeller
with curved blades, which increase the pressure
of water by accelerating it towards the edges.
Centrifugal pumps have a direct relationship
between flow rate and pressure, and flow
decreases when they work against a higher
system pressure. Centrifugal pumps can be
further classified into three subtypes based on
their flow direction:

1. Axial flow pumps - move water along the
same direction of the impeller shaft.

2. Radial flow pumps - move water at a 90°
angle with respect to the shaft.

3. Mixed flow pumps - intermediate, producing
flow at an angle less than 90°.

. Vertical centrifugal pumps

. Horizontal centrifugal pumps
D. Submersible pumps (a.k.a., cavitation pump)

- a device which has a hermetically fixed engine
close-coupled to the pump body. The advantage
this pump has over other pump is that elevation
does not affect the flow of fluid.

E. Fire hydrant pumps (a.k.a., hydrant boosters,
fire pumps, & fire water pumps)

2. Positive displacement pumps - move fluid
in “pockets” at regular intervals. These pumps
transport fluid by constraining a fixed volume
and displacing that trapped volume in a discharge
pipe. Positive displacement pumps can sustain a
constant flow under variable pressure, due to how
the pumping process is carried out. Based on their
construction, positive displacement pumps can be
described as either:

A. Reciprocating-type positive displacement
pumps - use a cavity that expands and contracts
to move water, controlling the flow direction
with check valves.

1. Plunger pump - pushes the fluid through
valves that are opened, closed by suction on
way back.

2. Diaphragm pump (a.k.a., AOD pumps, air
operated diaphragms, pneumatic pumps,
and AODD pumps) - a plunger pressurizes
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hydraulic oil which is used to flex the
diaphragm in the pumping chamber(cylinder).
Diaphragm pumps are used to pump toxic
and hazardous fluids.

3. Piston displacement pump - are frequently
used in water irrigation, scenarios requiring
high, reliable pressure and delivery systems
for transferring chocolate, pastry, paint, etc.

B. Rotary-type positive displacement pumps
- trap water in cavities around a rotor, and
displace it towards the outlet. In other words,
these pumps transport fluid by means of
a rotating mechanism that creates a space
(vacuum) that captures and draw fluid into the
pump.

1. Gear pumps - a simple rotary pump which
operates by pushing transported fluid
between two gears.

2. Rotary vane pumps - a round and hollow
rotor encased in a comparably formed
lodging. As the rotor circles, the vanes trap
liquid between the rotor and the packaging,
drawing the liquid through the pump.

3. Peristaltic pumps (a.k.a., tube pumps) - a
kind of positive displacement pumps and the
applications of these pumps mainly involve
in processing of chemical, food, and water
treatment industries. It makes a stable flow
for measuring and blending and also capable
of pumping a variety of liquids like toothpaste
and all kinds of chemicals.

4, Screw pumps - state of the internals of this
pump is generally two screws turning against
each other to pump the fluid.

5. Lobe pumps

C. Linear-type positive displacement

1. Rope pumps

2. Chain pumps

7.1.2 Pump specifications

Pumps will need to sized for the specific requirements
of the water source and water needs. Pump ratings are
in terms of gallons per minute (GPM, imperial) and liters
per minute (LPM, metric) as well as gallons per hour
(GPH) and liters per hour (LPH). An average dwelling
with three or four bedrooms needs 30 to 45LPM (8 to
12 GPM). When figuring out how much water a system
needs, add 3.7LPM (1GPM) for each water fixture, such
as dishwashers, clothes washers, refrigerators, faucets
and showers.

It is important to state here that pumps that must
transport water over longer distances will require more
horsepower. Additionally, an oversized unit will lead
to reduced performance and energy inefficiencies. If
you need to replace your pump, pick one with identical
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horsepower. However, note that you may need extra
horsepower if you plan to add new family members or
appliances.

7.1.3 Pump efficiency

Pump efficiency is defined as the proportion of the power
bestowed on the liquid by the direct in connection to
the power provided to drive the pump. For a centrifugal
pump, efficiency increases with flow rate increase up
to midpoint and it then starts to decline as flow rate
increase further. Generally, pump efficiency decrease
overtime due to wear and tear.

7.1.4 Hydrualic horsepower of a pump

The hydraulic horsepower of pump is determined by
discharge and suction pressure. It is given by

+ Power output from pump = (P2-P1) * Q
« P2: Pump discharge pressure in N/m2

* P1: Pump suction pressure in N/m2

* Q: Flow delivered by pump in m3/s

7.1.5 Pumping power

The power imparted into a fluid increases the energy of
the fluid per unit volume. Thus, the power relationship
is between the conversion of the mechanical energy
of the pump mechanism and the fluid elements within
the pump. In general, this is controlled by a series of
simultaneous differential equations, known as the
"Navier-Stokes" equations. However a more simple
equation relating only the different energies in the fluid,
known as "Bernoulli's" equation can be used. Hence the
power, P, required by the pump (Pump, 2021):

* P=(4pQ)/n
* Where,

* P =power

« Ap is the change in total pressure between the
inlet and outlet (in Pa).

* Qis the volume flow-rate of the fluid is given in
m3/s.

* n is the pump efficiency. This may be given by the
manufacturer's information, such as in the form
of a pump curve, and is typically derived from
either fluid dynamics simulation (i.e. solutions
to the Navier-Stokes for the particular pump
geometry), or by testing.

The total pressure may have gravitational, static
pressure, and kinetic energy components (i.e., energy is
distributed between change in the fluid's gravitational
potential energy as going up or down hill, change in
velocity, or change in static pressure). The efficiency of
the pump depends upon the pump's configuration and
operating conditions (such as rotational speed, fluid
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density and viscosity etc.).
« AP = ((v?5 - v4) / 2) + Azg + (APstatic / p)

For a typical "pumping" configuration, the work is
imparted on the fluid, and is thus positive. For the fluid
imparting the work on the pump (i.e. a turbine), the
work is negative. Power required to drive the pump is
determined by dividing the output power by the pump
efficiency. Furthermore, this definition encompasses
pumps with no moving parts, such as a siphon.

7.1.6 Pump data specification

A data specification table for a pump includes, but may
not be limited to, the following data categories:

Data Category Specifics

Pump type

Housing material

Impeller material

Pump dimensions (W, H, & D)
Weight (kg or Ibs)

Number of impellers

Pump switch type

Discharge flow rate

Number of electrical wires

Amperage (Amps)

Voltage

Power type required (AC or DC)

Discharge flow per m (or ft) at x PSI
(GPH, LPH, GPM, LPM)

Maximum pressure (psi)

Head pressure (m or ft)

Volumetric flow rate

Outlet pressure (m or ft of head)

Inlet suction (m or ft of head)

Maximum horesepower (hp)

Vertical lift (m or ft)

Minimum working temperature

Maximum working temperature

Outlet connection

Warranty (market only)

Certifications and listing

Specific terminology related to pump specificationing
includes, but may not be limited to:

1. Best efficiency point (BEP) - the point where the
power coming out of the pump is the closest to the
power coming into the pump. In other words the
BEP is the point at which the head (pressure) and
flow converge to produce the greatest amount of
output for the least amount of energy.

2. Brake horsepower (BHP) - the actual amount

of horsepower being consumed by the pump as
measured on a pony brake or dynamometer.

3. Cavitation - a process in which cavities or bubbles
form in the fluid low-pressure area and collapse in
a higher pressure area of the pump - causing noise,
damage to the pump, and loss of efficiency because
it distorts the flow pattern. Occurs in centrifugal
pumps when NPSHa < NPSHr.

4. Head - a measure of pressure, expressed in meters
or feet of head for centrifugal pumps. Water is used
as the default where 10 meters (33.9 ft.) of water
equals one atmosphere (14.7 psi. or 1 bar).In other
words, head refers to the resistance to flow, such
as how many bends in the pipe the water must go
through, the size of the pipes, and the distance the
water needs to travel. Moreover, this is measured
by meters (or feet) of resistance (or, meters or feet
of head).

5. Efficiency - a ratio of total power output to the total
power input, expressed as a percent.

6. Flooded suction - a type of system in which the
liquid flows to the pump inlet from an elevated
source by means of gravity. This is generally
recommended for centrifugal pumps.

7. Flow (flow rate) - a measure of the liquid volume
capacity of a pump. Given in gallons per hour
(GPH), gallons per minute (GPM), liters per minute
(L/min), or milliliters per minute (mL/min).

8. Friction head - the pressure expressed in pounds
per square inch or feet of liquid needed to
overcome the resistance to the flow in the pipe and
fittings.

9. Net positive suction head available (NPSHa) - the
NPSHa available to prevent cavitation of the pump.
To calculate the NPSHa, you take the [Static Suction
Head] plus [Suction Vessel Surface Pressure Head]
minus [vapor pressure of your product] minus
[friction losses in the suction piping, valves and
fittings].

10. Net positive suction head required (NPSHr)

- the NPSHr to stop a pump from cavitating. The
NPSHr is generally supplied to you by the pump
manufacturer.

11. Pipe friction loss - the positive head loss from the
friction resistance between the pipe walls and the
moving liquid.

12. Pressure - the force exerted on the walls of a
pipe by a liquid. Normally measured in pounds per
square inch (psi).

13. Pressure drop - refers to the loss of pressure
between two points in a pipeline system. Generally
occurs because of pipe friction loss of differences in
elevation between the two points.

14. Pump impeller - the moving elementin a
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centrifugal pump that drives the fluid.

15. Pump performance curve - a diagram provided
by the pump manufacturer to explain the
relationship between the head and the flow rate
of a pump using various size impellers. The curve
also includes efficiency, NPSH required, and horse
power consumption as a function of flow.

16. Specific gravity (liquid) - the ratio of the weight
of a given volume of liquid to pure water. Pumping
heavy liquids (specific gravity greater than 1.0) will
require more horsepower.

17. Suction head - a condition that occurs when the
liquid source is above the centerline of the pump.

18. Suction lift - a condition that occurs when the
liquid source is below the centerline of the pump.

19. Specific speed - a formula that describes the
shape of a pump impeller. The higher the specific
speed the less NSPH required.

20. Total head / total dynamic head - the amount
of head produced by the pump. Calculated by
summing the static head, friction head, pressure
head, and velocity head.

21. Viscosity - a measure of a liquid's resistance to
flow. Essentially it's a how thick the liquid is. The
viscosity determines the type of pump used, the
speed it can run at, and with gear pumps, the
internal clearances required.

Scholarly references

¢ Nicholson, R. (1995). Detergent Evaluation of Sport-
Wash. Clemson University School of Textiles and
Polymer Science. [atsko.com]

Book references

+ Spellman, F.R. (2014). The science of water: concepts
and applications. CRC Press.

Online references

+ Guttin, D. The Detergent Conspiracy. Atsko. Accessed:
January 7, 2020. [atsko.com]

* Pump. Wikipedia.org. Accessed 2 November 2021.
[wikipedia.org]

* Safe Plumbing Technical Glossary. Plumbing
Manufacturers International. Accessed: October 6,
2021. [safeplumbing.org]

* Variable speed pumping systems. NY Engineers.
Accessed: 17 October 2021. [ny-engineers.com]

WWW.AURAVANA.ORG SSS-MS-HS-001 | THE HABITAT SYSTEM

|251


http://www.atsko.com/sport-wash-detergent-evaluation/
http://www.atsko.com/the-detergent-conspiracy/
https://en.wikipedia.org/wiki/Pump
https://www.safeplumbing.org/technical/glossary#faq-119
https://www.ny-engineers.com/mep-engineering-services/mechanical-services/variable-speed-pumping-systems

LIFE SUPPORT. WATER SERVICE SYSTEM

TABLES

Table 20. Life Support > Water: Drainage basin components.

Drainage basin components

Drainage basin component Provisional definition

River channel Linear feature along which surface water may flow, usually clearly differentiated from the adjacent
flood plain or valley floor.

River reach A homogeneous section of a river channel along which the controlling factors do not change
significantly.

Channel pattern Or channel planform, is the plan of the river channel from the air; may be either single threat or
mult-ithread, varying according to discharge.

Floodplain Valley floor area adjacent to the river channel.

Drainage network Network of stream and river channels within a specific basin; may be perennial, intermittent or
ephemeral/

Drainage basin or catchment Delimited by a topographic divide or watershed as the land area which collects all the surface runoff

flowing in a network of channels to exit at a particular point on a river.

Table 21. Life Support > Water: The earth's water/hydrological cycle processes.

The earth's water cycle processes

Process Definition

Precipitation Condensed water vapor that falls to the Earth's surface . Most precipitation occurs as rain, but also includes snow,
hail, fog drip, graupel, and sleet.

Canopy The precipitation that is intercepted by plant foliage, eventually evaporates back to the atmosphere rather than

interception falling to the ground.

Snowmelt The runoff produced by melting snow.

Runoff The variety of ways by which water moves across the land. This includes both surface runoff and channel runoff.

As it flows, the water may seep into the ground, evaporate into the air, become stored in lakes or reservoirs, or be
extracted for agricultural or other human uses.

Infiltration The flow of water from the ground surface into the ground. Once infiltrated, the water becomes soil moisture or
groundwater. A recent global study using water stable isotopes, however, shows that not all soil moisture is equally
available for groundwater recharge or for plant transpiration.

Subsurface flow | The flow of water underground, in the vadose zone and aquifers. Subsurface water may return to the surface (e.g.
as a spring or by being pumped) or eventually seep into the oceans. Water returns to the land surface at lower
elevation than where it infiltrated, under the force of gravity or gravity induced pressures. Groundwater tends to
move slowly, and is replenished slowly, so it can remain in aquifers for thousands of years.

Evaporation The transformation of water from liquid to gas phases as it moves from the ground or bodies of water into the
overlying atmosphere. The source of energy for evaporation is primarily solar radiation. Evaporation often implicitly
includes transpiration from plants, though together they are specifically referred to as evapotranspiration.

Sublimation The state change directly from solid water (snow or ice) to water vapor.

Deposition This refers to changing of water vapor directly to ice.

Advection The movement of water — in solid, liquid, or vapor states — through the atmosphere. Without advection, water that
evaporated over the oceans could not precipitate over land.

Condensation The transformation of water vapor to liquid water droplets in the air, creating clouds and fog.

Transpiration The release of water vapor from plants and soil into the air. Water vapor is a gas that cannot be seen.

Percolation Water flows vertically through the soil and rocks under the influence of gravity.

Plate tectonics Water enters the mantle via subduction of oceanic crust.
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Abstract

A power service provides power. In physics, ‘energy’ and
‘power’ are extremely complex and convoluted concepts, which
are themselves not fully understood. Hence, the practical
view/perspective on ‘energy’ and ‘power’ taken by the Power
Service System may be referred to as the substance-like view
(or depository view) of energy and power. This view states that
'objects’ move and ‘energy’ is a "substance-like" quantity that
some objects/systems “have” and other objects/systems “need"”
in the “form of” a substance called ‘power’ in order to carry out
functions. Itisimportantto recognize thatthisis nothow‘energy’
and ‘power’ are defined in physics, but for practical application
in a material system, this definition is appropriate at the service
level. All power, currently, is motion power generation; the
trading of one motion for another (i.e., all power generation,
currently, relies on motion generation of a new system from
a prior source of motion. The primary catalyst in the universe
for energy production is hydrogen; the primary source in

Graphical Abstract

the universe for energy production is solar bodies. Power is
always distributed through objects, because it is always objects
that can only be in motion. Power can be distributed through
tangible objects as conduits or guides of that power. Certain
technologies require guided power; other technologies can use
wireless power that moves electromagnetic objects in relation
to one another. Many technologies require power to operate.
The human life requirement of controlling body temperature
can be extended through clothing (structure), but even more
greatly extended through the powering of structures in such
a way that the effects is an intentional change of temperature
(e.g., a useful thermal output). Power's ability to change
temperature (mass vibration) can be used to cook, provide
warmth, process information, and display calculations. Energy
can be stored, and the usage requirements for power can be
calculated. Power generation and distribution technologies can
be compared.

Figure 14. A power system transfers prior
motion to another location and/or for
another function through some other object

POWER" b| input “POWER " = output

power = work/time power = work/time

process

that acts as a conduit or conversion device.
Through this method, electricity, and other
sources of power, can be produced.

energy input

energy output
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1 Energy (Introduction)

It is important to realize that in physics today, we
have no knowledge of what energy is.

- Richard Feynman, Nobel Prize 1965, Physics
Lectures 4-1

Although it is recognize that ‘energy’ is not a physical
substance, from the perspective of the Habitat Service
System, the substance metaphor shall be used.
Herein, five principles guide the conceptualization and
application of ‘energy"

1. Energy can be viewed as a substance-like,
measurable quantity [relative to all existence] that
can be (1) stored in, (2) carried by, or (3) used over a
specific time period by, an existent system.

2. Energy can be transferred and flow from one system
(or carrier) to another, and by doing so, effect
change. Energy provides the ability to run pre-set
processes in systems (i.e., to “do things”). Energy is
the instantiating capacity to produce effect\change.

3. Energy maintains its identity after being transferred.

The total quantity of energy is conserved.

5. The term ‘energy’ can be qualified by the name
given to the system that is storing, carrying, or
using the energy (e.g., kinetic energy, potential
energy, internal energy, electrical energy,
mechanical energy, etc.). Energy can exist in
numerous carriers (“forms”).

»

Energy is the capacity or ability to produce an effect
(i.e., a change). The presence of a quantity of “energy”
makes change possible. In physics, energy is a
measurable property of existence (systems and objects)
that can be transferred within and between existence,
and converted/transformed into different forms by
existence, but cannot be created or destroyed. In terms
of a system, energy is the fundamental ability\capacity
that allows for the existence\occurrence of the system,
and any process, operation, and/or function performed
by the system. It is an axiomatic property (and input)
for the occurrence of any effect\change (and hence,
all existence). In other words, energy is the capacity to
produce change and sustain existence.

Energy is present if relationships between objects and
fields change (in some way) from moment to moment,
in time/memory. In physics, a field’ is a physical quantity
that has a value for each point in space and time. Moving
things and doing actions in the physical environment
requires energy.

CLARIFICATION: A ‘property’ is any
characteristic of a system. In physical systems,
properties are considered to be either intensive
or extensive. ‘Intensive properties’ are those
that are independent of the mass of a system
(e.g., temperature, pressure, density). ‘Extensive
properties’ are those values that depend on
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the size or extent of a system. Therein, ‘specific
properties’ are ‘extensive properties’ per unit
mass.

Hence, there exists for every system a property
called ‘energy’. As a property, energy is something that
existence (e.g., matter) has, not something it is made
of. In other words, energy is something possessed by a
system or object, a property [of an something's existence
relative to all existence] — a property of systems and
objects that characterizes their existence, as well as their
behavior and their relationships (interactions) to one
another.
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2 Power (Introduction)

Althoughiitis recognized that power is the rate of transfer
of energy, from the perspective of the Habitat Service
System, the substance metaphor shall continue to be
used. Herein, six principles guide the conceptualization
and application of ‘power’.

1. Power can be generated by the conversion of a
source of energy.

2. Power can be transmitted and distributed from one
system to another given a conducive pathway.

3. Power can be modulated given a control system that
adjusts the quantity of energy and/or time-transfer
rate the energy.

4. Power can be applied to (or utilized by) a conducive
system to cause processes therein to operate.

5. The total quantity of power is not conserved.

6. The term ‘power’ can be qualified by the name of
the system that is generating power, distributing
power, or having power applied to it (e.g., electrical
power, fluid power, hydroelectric power, wind
power, etc.).

NOTE: In the market, the electric power industry
does not generate energy. They use the energy
available in our common environment to
produce and sell a product/service, that of,
power as the controlled flow of electric charge
(i.e., electricity or electric [potential] pressure).
Through the movement of electric charge energy
is transferred through useful circuitry that works/
functions to provide us with additional (higher
order(ed]) services.

2.

—

Energy and living systems

INSIGHT: The more energy and power a system
has [accessible], the more it can do. With more
energy and more power there is more capacity/
ability to do [new] things.

“Energy” is necessary for existence; for the existence
of movement, heat, electricity, and life. All organisms
need energy to live. In other words, living organisms
require available energy to stay alive (survive) and to
thrive. Energy is connected to all organismal activities
-- whenever organisms think or move, they “use” the
energy available to their bodies. In a very real sense,
energy makes the climate liveable for a human beings.

NOTE: Energy is a need (a critical requirement\
input) for the sustainment of an existent system.

Organisms gathering together in the form of a ‘city’
have a need for energy [to maintain themselves and their
material service systems]. Note that the processes of
Earth’s climate and ecosystem are driven by the energy
that Earth receives from the sun, and the geothermal
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energy contained within the earth. The Sun is the main
source of energy for the Earth, and in particular, for
changes on the earth’s surface. The sun is the major
source of energy for phenomena on the earth’s surface,
including the growth of organisms, wind, ocean currents,
and the water cycle. The Earth continuously receives an
uninterrupted flow of energy from the Sun. For Earth’s
ecosystems, the major source of energy is [in the form of]
sunlight. Note here that geothermal and nuclear energy
do not derive from the subsequent transformations
of solar energy, but are instead related to the Earth's
formation.

HISTORICAL NOTE: The first technological
source of energy used by humans was fire,
which hominids began using/controlling [at
least] several hundred thousand years ago.
Whereupon, they began using it to process/
transform biomass, and then later, metals.

Without energy there is no ability to maintain
structure against the entropic movement of the universe
-- without energy there is no ability to do anything
[constructive]. Life is universally understood to require
a source of energy and mechanisms [of action] (i.e.,
forces) with which to transform it. Energy in many of its
forms may be used in natural processes, or to provide
a service to society, such as heating, refrigeration, light,
or performing mechanical work. Energy, in many of its
forms, may be used in our bodies’ own natural processes
to keep our organisms functioning optimally, and we also
use it to provide technological service to ourselves and
our ecology through ‘energy transformation’, examples
of which include heating, refrigeration, lighting,
performing mechanical work to operate machines, and
information processing. We can transform energy, and
our transformations may have more or less potential
[to facilitate the expression of our highest potential].
Human technology is based largely on the knowledge of
methods to manipulate these “energy” forms to produce
a desired function/outcome.

NOTE: Technology channels energy into work
or heat (i.e., service) for the function of human
fulfillment, but it does not replace it.

The Habitat Service System’'s Energy Sub-system
takes energy [expressed as charge and/or motion] and
redirects it (via transfer or transformation) into the
iterative re-construction of our material environment for
service continuity and higher functioning. In other words,
the Habitat Service System redirects environmental
energy into material constructions that facilitate our
survival and the expanded emergence of our highest
potential selves.

NOTE: In physics, ‘charge’, also known as electric
charge, electrical charge, or electrostatic charge
(dielectric), and symbolized ‘q’, is a characteristic
of a unit of matter that expresses the extent to
which it has “more (-ion) or fewer (+ion) electrons
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than protons”.

At a biological level, energy transformation toward
higher functioning occurs through a system known as
‘mitochondria’. Biologically speaking, our organisms strip
electric charge off food in a similar, though significantly
more complex, manner to the functioning of turbines in
a hydroelectric dam through which water flows. When
water goes through the turbines electric charges are
moved (by the technological system), and fed into an
electric energy grid through electrical transmission. In
fact, our mitochondria are a miniature example of this
electric charge transport chain seen in hydroelectric or
nuclear generating power systems. Living organisms
take high energy [macrolnutrients as proteins, lipids,
and carbohydrate (as well as solar energy) and process
them through an energy transducer (i.e., “powerhouse”)
know as mitochondria to produce a set of “high” energy
intermediaries (e.g., atp, nadph) that are then directed
and delivered to regions of the cell(s) that maintain living
function(e.g., muscles to contract or neurons to fire
or digestive juices to be released or cells to replicate).
This process is technically known as ‘mitochondrial
bioenergetics'. At a practical level, diet and lifestyle play
animportantrolein sustaining the ability of mitochondria
to transform energy for continued functioning of the
body (and optimal health)

NOTE: A socio-economic system that increases
available energy with equal access is ‘egalitarian’,
and creates an environment where individuals
have more freedom.

2.2 The energy system architecture

CLARIFICATION: Energy transfer is required
for the creation and operation of all existent
systems.

The Energy-Power System accounts for energy and
directs power throughout the Habitat Service System. As
aservice systemitself, the Energy-Power System harvests,
stores, and transfers energy in order to generate and
transmit power throughout the Habitat Service System
in order to run all technical processes. ‘Energy’ and its
transfer rate as ‘power’ are necessary for all technical
change: the control of material resources, the [re]
ordering of material existence, and the processing of all
information. Without a source of ‘energy’, an its transfer
rate as ‘power’, there is no ability to effect change in the
world. Thus, the Energy-Power System inputs energy
carrying resources (i.e., stores of energy) and outputs
generated power, which is transmitted throughout the
Habitat Service System.

NOTE: Every system in our physical environment
needs energy to support its initial setup and
sustained existence.

The Habitat Service System Energy-Power Sub-system
consists of:

256

—_

. Sources of energy.

2. An energy transfer (carrier conversion) system to
generate power.

3. A heat rejection/thermal management system.

4. A power management and distribution system that

includes controls for generation, transmission, and

modulation of power.

The choice of a particular power system, and its
particular architecture, will be determined by application
requirements.

CONSIDER THE FOLLOWING QUESTIONS:

As a substance-like entity possessed by a system:
Where is the energy stored?

Where did it come from?

Where did it go?

What does it do?

As the need of a system:

Into what system is the power generated?
Through what medium is the power transmitted?
Does the power meet required modulation
parameters?

What is the power use of the system?

All organisms require a transfer of energy to live,
and all real world systems require a transfer of energy
to setup and operate. In other words, living organisms
and their service systems require available energy to
stay alive (survive) and to thrive. Energy is connected to
all activities and changes in the real world -- whenever
something occurs, energy is present (or transferred).

NOTE: Energy is a useful accounting tool that
allows for calculating power sources and
requirements, and determining whether change
is “energetically” possible.

Organisms gathering together in the form of a ‘city’
have a need for [the transfer of] energy to maintain
themselves and their material service systems. Note
that the processes of Earth’s climate and ecosystem are
driven by the [transfer of] energy that Earth receives
from the sun, and the geothermal [transfer of] energy
contained within the earth. The sun is the major source
of energy for phenomena on the earth’s surface,
including the growth of organisms, wind, ocean currents,
and the water cycle. The Earth continuously receives an
uninterrupted flow of energy from the Sun. Note here
that energy from geothermal and nuclear sources do not
derive from the subsequent transfer of solar energy, but
are instead related to the Earth’s formation.

HISTORICAL NOTE: The first technological
source of energy “used” by humans was fire,
which hominids began “using” and “controlling”
[at least] several hundred thousand years ago.
Whereupon, they began “using” it to process/
transform biomass, and then later, metals.

Without energy there is no ability to maintain
structure against the entropic movement of the universe
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-- without energy there is no ability to do anything
[constructive]. Life is universally understood to require a
source of energy and mechanisms [of action] with which
to transfer (i.e., “transform”) it. Energy in many of its
carrying forms may be “used” in natural processes, or to
provide a service to society, such as heating (temperature
regulation), refrigeration, illumination, mechanization,
and computation. Additionally, energy may be “used” by
our bodies' own natural processes to keep our organisms
functioning [optimally]. We can transfer energy, and our
transfers of energy into and through material systems
may provide us more or less potential to facilitate the
expression of our highest potential.

“There is no energy in matter other than that
received from the environment.” - Nikola Tesla

Human technology is based largely on the knowledge
of methods of transferring energy into the generation
of power for a desired service function and outcome/
output.

INSIGHT: Energy-power technologies may be
designed to channel energy into service (e.g.,
working and heating) for the function of human
fulfillment, but it does not replace human
fulfillment.

The Habitat Service System's Energy-Power Sub-
system takes energy and redirects it via technology
into the operation and iterative re-construction of
the Community's material environment for service
continuity and higher functioning. In other words, the
Habitat Service System redirects environmental energy
into material constructions that facilitate our survival
and the expanded emergence of our highest potential
selves.

INSIGHT: Energy is [that which is required

for] the temporal [re-Jordering of existence. A
constant energy source and transfer as power

is needed for maintaining the ordered state of
living processes. An energy source is required fro
controlling the ordered state of living systems.

At a biological level, energy transfer toward higher
functioning occurs through a system known as
‘mitochondria’. Biologically speaking, organisms strip
electric charge off food in a similar, though significantly
more complex, manner to the functioning of turbines in
a hydroelectric dam through which water flows. When
water goes through the turbine-generator, electric
charges are moved, and transferred into an electrical
energy grid through electrical transmission. In fact,
mitochondria are a miniature example of this electric
charge transport chain seen in hydroelectric and
nuclear generating power systems. Living organisms
take high energy [macro]nutrients as proteins, lipids,
and carbohydrate (as well as solar carrying energy), and
process them through an energy “transducer” (i.e., a
“powerhouse”) know as mitochondria to produce a set
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of “high energy” intermediaries (e.g., atp, nadph) that
are then directed and delivered to regions of the cell(s)
that maintain living function (e.g., muscles to contract
or neurons to fire or digestive juices to be released or
cells to replicate). This process is technically known as
‘mitochondrial bioenergetics'. At a practical level, diet
and lifestyle play an important role in sustaining the
ability of mitochondria to transfer energy for continued
functioning of the body (and optimal health).

NOTE: A socio-economic system that increases
available energy with equal access is ‘egalitarian’,
and creates an environment where individuals
have more freedom.

2.3 Energy/power grid-network

INSIGHT: Possibly, energy is matter in motion
relative to the rest of the matter in the universe.

Within the infrastructure of the habitat service system,
energy is transferred and power may be supplied via any
of the following possible energy/power networks (grids):

Electrical power network (grid)
Mechanical power network (grid)
Pneumatic power network (grid)
Hydraulic power network (grid)
Gas transfer network (grid)

LARE Sl o

2.4 Energy-based services

“There is no energy in matter other than that
received from the environment.”
- Nikola Tesla

The Energy-Power System provides two main categories
of service (two categories of output): heating services
and non-heating services.

2.4.1 Heating services

Heating services are the services whose primary function
is to deliver heat. Examples are space heating, water
heating, and oven heating. These heating services have
two important characteristics:

+ Aninherent inertia hence an inherent buffer
storage capacity.

*+ The capability of being powered with a combination
of heat and electricity, combination often very
flexible.

The operation of heating services usually requires the
simultaneous operation of less intensive, accessory non-
heating services such as the operation of a pump or a
control system.

2.4.2 Non-heating services
Non-heating services are all the other services that do
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not involve energy transfer via heat. It must be noted
that the operation of these services may dissipate heat
as a by-product, but it is not their prime function and
more importantly it is not the amount of heat that will
determine the level of operation of the service. These
non-heating services have:

* No inherent inertia, hence no inherent buffer
storage capacity.

* To be powered exclusively by electricity or [other]
pressurized substances.
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3 Energy carriers

Energy is a substance-like/information-like
quantity that can flow or be transferred.

Per the substance-like perception of energy, energy is
contained in and/or possess by what are called ‘energy
[re]sources’ and ‘energy carriers’. By definition, an energy
source/carrier is a substance or a phenomenon that
contains energy. In physics, energy always transfers (i.e.,
flows) simultaneously with at least one substance-like,
physical quantity. Here, it is most appropriate to visualize
energy as something that can flow from one place to
another only when “carried” by another substance-like
quantity through which change can be perceived. The
thing for which change can be perceived and “carries”
the energy is called an “energy carrier”. Hence, the term
“energy carrier” is able to provide clear language of how
energy flows. The substance-like physical quantity which
flows while energy is flowing, “carries” the energy, and
may be referred to as an “energy carrier”.

NOTE: Transfer does not mean the same thing
as transformation or conversion. The terms
transformation and conversion mean that

the thing itself changes form. Energy does not
change form; it changes carrier or system.

“Energy” is transferred between or within carriers.
When energy is transferred, some change is occurring
to the carrier(s), but no-thing (no transformation) is
happening to the energy. And, the carrier(s) are not
necessarily transformed or converted when the energy
is transferred. The energy itself is not trans-formed
or converted, because it doesn't have form; it is an
abstraction (in physics) and remains energy regardless
of the carrier or the value of ‘energy’ given to that carrier.

CLARIFICATION: Energy cannot be transformed,
it can only be transferred within and between
carriers, until it is finally transferred through

a service, whereupon it may be recoverable or
irrecoverable.

In this visualization, energy is not ever transformed
(or converted) from one form into another, but rather,
it transfers its carrier. The energy is transferred and the
carrier(s) is changed (its motion and/or composition),
possibly transformed/converted.

CLARIFICATION: When people speak about
“energy conversion”, they mean converting one
form of energy into another form. However,
energy does not have different forms. There

is just energy. Hence, “energy conversion” is a
misconception.

It is customary to say that energy exists in different
forms, which are transformed or converted into one
another during physical processes. However, using
the term “energy form” for the respective categories
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is unsatisfactory because it easily leads to the
misinterpretation thatthere are different kinds of energy.
In other words, the notion that the energy is transformed
leads to the incorrect idea that there are different forms
of energy, which there are not. It is imprecise to speak
about the forms of something that itself does not
change, but rather, which only changes carriers. Energy
maintains its identity regardless of transfer or material
transformation. There is only one energy. In this sense,
‘energy carriers’ exist, whereas ‘energy’ is the result of a
mathematical expression depicting the motion, action,
or change of existence (of energy carriers).

NOTE: The utilization and generation of power
(as the rate at which energy is transferred)
always means the transfer of energy within and/
or between carriers.

Of course, there are limits as to how literally the
expression “energy carrier” should be understood.
The word “carry” implies only a temporal relationship
between the flow of energy and the “flow” of an energy
carrier. Itis not meant to imply that energy and its carrier
necessarily occupy the same position in space or even
“flow” with the same velocity.

Further, an energy carrier can be “loaded” with more
or less energy (as in, ‘energy density’) in the same sense
that a carrier of material objects can be loaded with
more or less of the objects.

The picture of “energy carriers” and “energy load
factors” is especially useful to describe devices which
are traditionally called *“energy transformers” or
“converters.” Traditionally speaking, energy flows
into an energy “transformer” in one form and out in
another. Unfortunately, such language suggests that
one physical quantity of energy is transformed into
another within such a device. Instead, energy simply
changes its carrier within the device. In other words, the
energy is transferred from one carrier to another within
the device. Accordingly, the term ‘energy transceiver' is
more appropriate to the actual function of such a device.
A transceiver is a device composed of both a receiver
and transmitter, and designed to transmit and receive
energy (or data, or a signal).

NOTE: The common term for anything that is
said to convert one form of energy into another
(i.e., transfer energy between carriers) is a
transducer. In common parlance, a “transducer”
is anything that converts one form of energy

into another. But, remember that energy cannot
ever be converted or transformed, it can only be
transferred between carriers. A transducer is a
technological device that transfers (“transforms”)
energy from one form to another (from trans-
“across” + ducere “to lead”). The process of
transferring energy between carriers (i.e.,
converting one form of energy to another) is
known as transduction. Of note, transducers
are used in electronic communications systems
to convert signals of various physical forms to
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electronic signals, and vice versa. Examples of
transducers include a battery (energy carried by
chemical composition which may be transferred
to an electrically conductive circuit); a hydro-
electric dam (energy carried by falling water
transferred to an electrically conductive circuit).

It is easy to visually represent the energy transfer
from one device or region of space to another through
an energy flow diagram (or energy transfer diagram).

INSIGHT: Talking about energy transfer stresses
the importance of thinking about energy as
staying the same kind of thing, but going from
place to place.

Energy carriers can be acquired, transported, and
used. In this sense, energy is like information. We say
that it can be stored in books, on computer hard drives,
external drives, and disks. Information can be transferred
from place to place via cables or by wireless transmission
techniques. Information can be read and applied. But,
there is nothing substantial about the information itself;
it cannot be touched and its mass cannot be measured;
it is substance-like. Even though information is moved
from place to place and stored in different ways, and
received by different people who apply it, nothing about
the information itself has changed.

Hence, from the information metaphor (or analogy),
three principles are present:

1. Energy can be viewed as a substance-like quantity
that can be stored in an existent system.

2. Energy can “flow” or be “transferred” from one
system to another and so cause changes.

3. Energy maintains its identity after being
transferred. Energy is always energy.

3.1 The energy carrier function pyramid

Given the availability of technology, certain carriers of
energyaremoreorlessfunctionalthan other carriers. The
presence and control of carriers higher up the pyramid
allows for a more flexible and thought responsive
environment than those lower on the pyramid. Electricity
(electrical energy/power), for instance, is highly
functional, because it can be converted to mechanical or
thermal energy, and also used in electronics for a variety
of functions, including but not limited to communication,
computing, and lighting. Carriers higher up the pyramid
are more functional than those lower on the pyramid.
When attempting to “convert” a quantity of energy
to a form that is higher on the energy usefulness
pyramid, invariably a large amount will be degraded.
When thermal energy is converted to mechanical or
electrical energy, part of the thermal energy has to be
expelled into the environment. This energy is considered
“degraded”. Degraded energy still exists but essentially
can no longer be converted into mechanical or electrical
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energy. In other words, degraded energy can no longer
do work.

3.2 Energy carrying sources

NOTE: An energy carrying [reJsource is
something that can [be used to] produce heat,
sustain organisms, move objects, or produce

electricity.

Generating and utilising power means transferring
energy from one carrier/source to another. The transfer
of energy, as well as generation and utilization of power,
necessitates the acquisition and control of sources of
energy (i.e., prime moving energy carriers). An energy
carrier is a substance or sometimes a phenomenon
that contains a quantity energy that can be transferred,
and in doing so, produce work or heat, or to operate
chemical or physical processes. An energy carrier does
not produce energy; it simply contains energy imbued
by another system. Energy carriers are the source of
power for the Habitat Service System'’s energy-requiring
systems. An originating source carrier of energy, prior
to any processing by the Habitat Service System, is
known as a ‘primary energy source/carrier’ (a.k.a., prime
mover). This source/carrier may be used directly, or
the energy therein may be transferred to a secondary
(or tertiary) energy carrier prior to being transferred as
power through useful service. Secondary and tertiary
carriers occupy an intermediate step in the energy-
supply chain between primary sources/carriers and end-
use applications.

The term ‘final energy carrier’ (a.k.a., “useful energy
carrier”) refers to the energy carrier that delivers the
energy through intended end-service (i.e., end use). A
‘final energy carrier’ may be a primary, secondary, or
tertiary energy carrier depending upon the number of
intermediary transfers.

The concept of primary and secondary energy is used
especially in energy statistics in the course of compilation
of energy balances To avoid double counting, it is
important to be able to separate new energy entering
the system (primary) and the energy that is transformed
within the system (secondary).

CLARIFICATION: ‘Fuels’ are sometimes
specifically and solely referred to as ‘energy
carriers’.

There are two general types of energy source/carrier:

1. Primary energy is the state/source/carrier in which
energy occurs in nature.

2. Secondary energy is produced by technically
converting energy between carriers (forms).
For instance, it can derive from primary energy
through a single conversion step (solar radiation to
electricity in a PV-panel) or through multiple steps
from other forms of secondary energy (hydrogen
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from electrical energy through electrolysis). This
conversion comes always with energy losses.

3.2.1 Energy carrier/resource development

NOTE: Humans can make devices that interact
with the source of energy of all existence, and
by so doing, increase their potential for creation
and fulfillment.

Energy development (ak.a., energy resource
development) is a field of scientific discovery and
engineering focused on making available sufficient
primary and secondary energy sources to meet power
requirements.

3.3 Primary energy sources/carriers

NOTE: Energy in the universe transfers naturally
over time in the presence of a triggering
mechanism.

A primary source of energy (primary energy carrier)
is an energy carrying [re]source found in nature as an
object or phenomena that has not been subject to any
technical conversion or transfer process (by humans). It
is a carrier in its “raw” form, and received as input into
the Energy-Power System. The term ‘primary energy’
only designates those sources/carriers that involve
extraction or capture, with or without separation from
contiguous material, cleaning or grading, before the
energy embodied in that source can be converted into
heat or power.

In some cases, the primary energy carrier is the same
as the final energy carrier (e.g.,, wood gathered for
combustion and cooking purposes, animate power for
pulling, or wind for sailing). Hence, primary carriers of
energy can be used directly, such as burning wood sticks
biomass for heat and light, or converted into a secondary
energy carrying resource for storage/transport and/
or higher functioning, such as wood pellets for a wood
pellet stove.

The primary energy sources/carriers known to
humankind are:

. Biomass - organism composition (chemical motion)

. Animate - organism motion (biochemical motion)

. Solar - light/electromagnetic motion

. Water (hydro) - type of planetary motion

. Wind - type of planetary motion

. Geothermal - type of planetary motion (heat;

electromagnetic motion)

7. Mineral fuels (e.g., uranium) - mineral composition
(atomic motion)

8. Fossil fuels (hydrocarbons) - fossilized organisms as
composition (chemical motion)

9. Gravity - considered a type planetary motion

(possibly, electric or electromagnetic motion)

ol WN =
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It is observed that these primary energy carrying
sources are not the ultimate source of origin of the
energy. For instance, animate comes from biomass,
whereas biomass ultimately comes from the sun. Apart
from geothermal and mineral fuels (a.k.a., “nuclear”), all
“primary energy carrying sources” ultimately get their
energy from the sun.

NOTE: The systems that transfer and/or convert
this primary source energy are sometimes called
‘primary energy conversion/transfer systems’.

3.3.1 Fuels and flows

Besides gravity, there are two types of primary energy
carrier: fuels and flows. Fuels like coal, natural gas,
and uranium are dense carriers of energy, that are
transformed/converted (i.e., “consumed”) when used.
Flows are natural [motion] processes that carry energy
associated with their movement. Using a flow means
harnessing the motion of that flow in order to transfer
its carried energy.

Fuels are dispatchable, which means the energy is
available for transfer whenever it is needed. A flowing
carrier differs from a fuel, because energy transfer
from a flowing carrier is only available when the carrier
is flowing. For instance, the energy carried by solar
radiation is only available when there is sunlight, and
the energy carried by wind is only available when the
atmosphere is flowing (i.e., when it is windy).

3.3.2 Renewability
A.k.a., Continuity.

Primary energy carrying sources may be classified
according to their renewability (as in, re-new-able
versus non-re-new-able). However, this terminology
is rather ambiguous, as the meaning of the word
“renewable” often depends on the context of its use.
In general, a renewable energy carrier (i.e., “renewable
energy”) refers to “inexhaustible natural resources”, and
is contrasted with in-earth exhaustible natural resources
(fossil fuels). Hence, energy carrying resources are
considered ‘renewable’ if they are naturally replenished
(in a relatively short time-frame).

Presently, there are seven known renewable energy
carrying sources:

Biomass - fuel

Animate - flow

Solar (strictly intermittent) - flow
Hydro - flow

Wind (strictly intermittent) - flow
Geothermal - flow

Gravity - unknown

NouhkswWwhN =

Hydrocarbons are primarily contained in coal, oil and
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natural gas (Read: in-earth hydrocarbons). Some plants
also contain hydrocarbons, but these would be classified
as biomass sources. Of note, some in-earth forms of
hydrocarbon are actually “renewable” in terms of being
naturally replenished, but they take a long time (in
concern to a human lifespan) to renew. Additionally, it
is possible to imagine that a species could draw, harvest,
or transfer so much motion from its planet[ary motion
cycles] through large scale geothermal or atmospheric
wind collection that the draw on those sources could be
unsustainable and disrupt the natural motions of the
planet. One could also use biomass at such a rate that it
too becomes unsustainable.

DEFINITION: A variable renewable energy (VRE)
carrier is a renewable resource that is non-
dispatchable due to its fluctuating nature, like
wind and solar, as opposed to a controllable
renewable sources such as hydroelectricity, or
biomass, or a relatively constant source such as
geothermal or run-of-the-river hydroelectricity.

3.4 Secondary energy sources/carriers

A secondary source of energy (secondary energy
carrier) is derived from the transfer of energy from a
primary energy carrier, whereupon the carrier itself may
or may not have been transformed/converted in the
process. Secondary energy should be used to designate
all sources of energy that results from transformation
of primary sources. Secondary sources of energy are
sometimes confusingly referred to as just “energy
carriers”, wherein primary sources are referred to as
“energy sources”, because secondary carriers, unlike
primary sources that are not also ‘final energy carriers’,
are generally capable of being stored in a usable “form”
and transported in a controlled manner from one place
to another.

CLARIFICATION: Primary carriers transfer
energy directly from the environment, while
secondary carriers acquire energy transferred
from the primary environmental carriers.

There are four types of secondary energy carrier:

1. Mechanical [solid] carrier - mechanical energy/
power

2. Pressurized [fluid] carrier - fluid energy/power

(including elevation relocated water or other liquid)

. Chemical [bond] carrier - chemical energy/power

4. Electrical [charge] carrier - electrical energy/power
or electricity

5. Electromagnetic [field] carrier - electromagnetic
energy/power

6. Thermal carrier - thermal energy/power or internal
energy

w

NOTE: The systems that transfer and/or convert
this secondary source energy are sometimes
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called ‘secondary energy conversion/transfer
systems”.

For example, petrol fuel (secondary, chemical carrier)
is made from the processing of crude oil (primary).
Electricity (secondary) may be obtained from the
harvesting of planetary motion (hydro-electric and
wind-electric). Note that a battery is an example of a
secondary energy source, a type of ‘fuel’ that stores
electric charge potential as “chemical energy”. Electricity
is a secondary energy resource, and it can be generated/
made by a number of different primary sources. What we
commonly know as “the flow of electric charge/power”
(i.e., “electricity”) is [to us] a secondary “energy” source.
The controlled flow of electric charge (i.e., “electricity”) is
a product of the transfer of energy from primary sources
of energy such as wind, coal, natural gas, or solar [into
the controlled flow of electric charge].

NOTE: The electrical carrier takes the form of
an electrical cable network or electrical grid
reticulating electricity around the generation
point. The thermal carrier may take the form of
a pipe network reticulating heating “hot” water
(HHW) around the system. Heat is then delivered
to the services through heat exchangers.
Operation of an HHW network requires a
minimum of electricity for the circulating pumps
and controls.

The presence of thermal carriers is not strictly
necessary in a habitat service system since all heating
services could be powered exclusively by electricity
(heat on-demand), but the presence of a thermal carrier
is generally well justified by the facts that: 1) a large
amount of waste heat can be recovered on the electricity
generation process; and 2) heat-only can be produced
much more efficiently than electricity-only.

The concept of ‘renewability’ does not apply to
secondary energy sources/carriers. For instance, the
energy sources we use to produce (make/generate) the
controlled flow of electric charge may be characterized
as renewable or non-renewable, but electric charge (and
its flow) cannot be classified as either renewable nor
non-renewable.

3.5 Power systems

NOTE: Conceptually, there is no such thing
as an “energy system”, because energy is just
a quantity. Power involves the transfer of
energy per time, and hence, involves a set of
relationships that form a system.

All technological systems require the transfer of energy
for their construction and operation. In order to transfer
energy effectively, the flow of its carriers must be
controlled. The rate at which energy is transferred is
called power. Whereas an ‘energy system’ may be said
to account for the presence of and necessity for energy,
a ‘power system’ may be said to control the rate and
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quality of energy transfer, by controlling its generation,
transmission, distribution, and modulation.

Power systems may be categorized according to the
type of carrier experiencing the transfer of energy. Note
that the suffixes of the types of power system mentioned
below, end in either “ic” or “ical” or “al”, which are used to
form adjectives from nouns (gerunds) with the meaning
“of or pertaining to” or “a type of". The suffix “ic" also
means “application of”, as in electronic (the application
of electrons) or atomic (the application of the atom).

Energy can be transferred, and hence, work can be done
in the following physical [power] systems:

1. Kinetic/mechanical power system (mechanical
power system) - a solid is the carrier using linear
or rotational motion.

. Fluidic/fluidal power system - a fluid is the carrier.

3. Atomic/chemical power system - the structural
composition of atoms and molecules (i.e., mass,
number of particles, and bonding), is the carrier.

4. Thermic/thermal power system - atomic and
molecular oscillation in all degrees of freedom is
the carrier.

5. Electric/electrical power system - electrically
conductive circuit within which free charged
particles are the carrier.

6. Magnetic power system - magnetism is the
carrier.

7. Electromagnetic power system - an
electromagnetic radiating “wave” (the vacuum or
ether) is the carrier.

N

NOTE: Technically, mechanical power can be
subdivided into solid mechanical, fluid, and
inertia.

These power systems may be connected to form a
network of transceiving (transmitting and receiving,
conversion) power systems.

NOTE: As a physical concept, ‘power’ requires
both a change in the universe and a specified
time over which the change occurs.

When building a system to transfer energy for the
production of power, three main questions must be
considered:

1. What is the original carrier of the energy?

2. What energy transfer process will be used?

3. How will the carrier be changed and/or moved from
one place to another?

4. How will the energy eventually be transferred
through useful service?

5. Other factors that must be considered include
where the energy carrier is located, the amount of
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power that must be produced, and the length of
time it must be controlled.

Like all technology systems, power systems have
inputs, processes, outputs, and feedback. All power
systems require the same five resources as inputs:

. Information

. Materials

. Tools and machines

Energy

Time

€apitat // no market in community

SUAWN

The operation of a power system requires:

1. Power generation units
2. System controls
3. System stability

3.6 Energy transfer/power conversion
systems

NOTE: Power engineering deals with the
generation, transmission, and distribution of
power as well as the design of a range of related
devices.

Power conversion refers to the time interval transfer
of energy between different carriers/sources of energy
(Note: In practice, “power conversion” is sometimes
referred to as “energy conversion”). A power conversion
system (a.k.a., “energy transfer system”, “energy
transformer”, “energy transducer”, “energy transceiver”,
“energy converter”) accepts input energy as power
from one carrier (i.e., one power/energy system) and
delivers output energy as power to another carrier (i.e.,
in another energy system).

REMEMBER: In the substance-like metaphor,
energy does not ever transform, though it can be
transferred and stored. And, power (as the rate
of transfer) does not convert, though it can be
generated, distributed, and utilized.

The ‘utilization’ and ‘generation’ of power always
means transferring energy from one carrier to/through
another. Whereas the ‘generation’ of power relates to a
source of energy, the ‘utilisation’ of power serves an end-
use of energy. In between, the energy can flow through a
number of energy transfer/power conversion steps. The
words “generation” and “utilisation” are a little confusing
because, in fact, no energy can be created or destroyed,
but power can be supplied and cancelled.

The generation, transmission, and utilization of power
requires the input, transfer, and output of energy:

1. When generating power, energy is made available
(input) from a source, and transferred into/through
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a technical system to produce power (energy
transferring at a specific rate).

2. When transmitting power, energy is carried by the
transmitting system at a specific rate.

3. When utilising power, energy is made unavailable
(output), possibly irretrievably so, to power a
process or service.

Power conversion devices are not 100% efficient.
Some input energy is “lost” in the transfer process.

Energy transfer/power conversion devices (technologies
and systems) are generally named for their input energy
carrying system:

1. Mechanical power conversion transfers energy
carried by a mechanical system to:
+ Mechanical > fluidal (e.g, power steering pump)
* Mechanical > electrical (e.g., alternator)
+ Mechanical > fluidal (e.g., fan, propeller)
* Mechanical > thermal (e.g., thermal welding)
2. Fluidal power conversion transfers energy carried
by a fluidal system to:
* Fluidal > mechanical as linear/rotational motion
(e.g., turbine)
3. Electrical power conversion transfers energy carried
by an electric system to:
* Electrical > mechanical (e.g., electric motor,
actuator)
* Electrical > thermal (e.g., heater, light bulb)
* Electrical > electromagnetic (e.g., antenna
transmitter)
* Electrical > magnetic (e.g., electromagnetic
induction, electrical transformer)
4. Magnetic power conversion transfers energy
carried by a magnetic system to:
+ Magnetic > electrical (e.g., electrical generator)
* Magnetic > mechanical (e.g., magnets)
+ Electromagnetic power conversion transfers energy
carried by a electromagnetic system to:
* Electromagnetic > electrical (e.g., antenna
receiver, solar panel)
+ Electromagnetic > mechanical (e.g.,
electromagnet)
5. Thermal power conversion transfers energy carried
by a thermal system to:
« Thermal > fluidal (e.g., steam plant boilers
generate electricity)
* Thermal > mechanical (e.g., combustion engine)
* Thermal > electric (e.g., thermopile,
thermoelectric generator)
6. Chemical power conversion transfers energy
carried by a chemical system to:
* Chemical > mechanical (e.g., chemical motor,
internal combustion engine)
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+ Chemical > electrical (e.g., chemical battery)
+ Chemical > electromagnetic (e.g., combustion fire)

Power can be converted from one system to another
form in three primary ways:

1. Through the action of forces.

A. Electric and magnetic [force] fields - Charged
“particles”, upon which electrical fields exert
forces, possess potential energy in the presence
of an electric field in a way similar to that of an
object in a gravitational field. These force fields
can accelerate particles, converting a particle’s
potential energy into kinetic energy. Likewise,
charged particles can interact via the electric
and magnetic fields they create, transferring
energy between them, and in the case of
an electrical current in a conductor, cause
molecules to vibrate (i.e. converting electrical
potential energy into heat).

B. Frictional forces - The macroscopic (large-scale)
energy of an object, that is, the potential and
kinetic energy associated with the position,
orientation, or motion of the entire object,
not counting the thermal or heat energy of
the system, can be converted into thermal
energy (heat), whenever the object slides
against another object. The sliding causes the
molecules on the surfaces of contact to interact
via electromagnetic fields with one another and
start vibrating.

C. Gravitational force - when gravity accelerates
a falling object it converts its potential energy to
kinetic energy. Likewise, when an object is lifted,
the object stores the energy exerted by the lifter
as a potential energy in the earth-object system.

2. When atoms absorb or emit electromagnetic
radiation. When light falls on an object, an incident
photon may either pass through the object, be
reflected by the object, or be absorbed by the
atoms making up the object. If most of the photons
pass through, the object is said to be transparent.

Depending on the smoothness of the surface on

the scale of the photon’s wavelength, the reflection

may be either diffuse (rough surface) or coherent

(smooth surface). If the photon is absorbed, the

photon’s energy may also be split up and converted

in the following ways:

A. Photothermal effect: the energy absorbed
may simply produce thermal energy, or heat in
the object. In this case the photon’s energy is
converted into vibrations of the molecules called
phonons, which is actually heat energy.

B. Photoelectric effect: the energy absorbed
may be converted into the kinetic energy of
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conduction electrons, and hence electrical
energy.

C. Photochemical effect: the energy may bring
about chemical changes which effectively store
the energy.

3. When nuclear reactions occur, that is, when there
are rearrangements of the subatomic particles that
make up the nuclei of atoms. There are two basic
types: Fission - when nuclei combine, and Fusion -
when nuclei split apart.

3.7 Transfer efficiency

INSIGHT: In community, all energy transfer loses
are heat and/or technical losses; there are no
administrative loses. In the market, many energy
transfer losses are administrative losses.

Efficiency’ is the ability to achieve a desired result with as
little “loss” of energy and effort as possible. In concern
to energy and power, it is the ability to avoid “wasting”
materials, energy, efforts, and time in producing a
desired result. It is a dimensionless performance
measure of a process or technology. The term ‘efficiency’
makes sense only in reference to the wanted effect.
Energy transfer efficiency is not defined uniquely, but
instead depends on (is relative to) the usefulness of the
output. An incandescent light bulb, for example, might
have 2% efficiency at emitting light, yet still be 98%
efficient at heating a room. (in practice it is nearly 100%
efficient at heating a room because the light energy will
also be converted to heat eventually, apart from the
small fraction that leaves through any windows).

NOTE: Energy may be transferred within
or between carriers at various efficiencies,
depending upon technical ability.

Transfer efficiency refers to the ratio between the
useful output of a system, and the input, and it can be
calculated in terms of energy and power. Efficiency is
directly calculated through the output-input ratio, where
the output is the desired service, and the input is the
quantity input into the system. In concern to energy,
the efficiency of an energy transfer is the percentage or
fraction, of the energy input that is transferred to useful
output. This figure is multiplied by 100% to give you the
result in percentage.

NOTE: The system boundary must be carefully
specified when measuring efficiency.

Generally, energy transfer efficiency is a dimensionless
number between 0 and 1.0, or 0% to 100% (when the
ratio is multiplied by 100). Transfer efficiency is usually
expressed by the Greek letter n = (output energy / input
energy) x 100%.

1. In concern to energy, the efficiency of a system
transfer process is defined as the “quantity of
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energy"” output from the transfer (the output)
divided by the “quantity of energy” put in for
transfer (the input), and then, multiplied by 100%.
+ Energy efficiency % = (useful energy output /
useful energy input) x 100%
+ Efficiency = useful energy out / total energy in
2. In concern to power, the efficiency of a system
transfer process is defined as “useful power
output” divided by the “total power consumed”, and
then, multiplied by 100%.
+ Power efficiency % = (useful power output /
useful power input) x 100%
+ Efficiency = useful power out / total power in
3. In concern to work, efficiency is the ratio of useful
work out from the total amount of work done, as a
percentage.
+ Efficiency % = (useful work out (J) / Total work
done (J)) x 100

If the efficiency of an energy transfer amounts to 60%,
this means that out of 100 energy units included in a
process (total energy in), 60 were transferred through to
desired change (useful energy out), whereas the other
40 were transferred through undesired change (wasted
energy out). That energy or power which has gone into
the process, but has not come out of the process as
useful is generally considered “wasted” or a loss (i.e.,
cannot be used).

NOTE: Energy is always transferred from one
input carrier to many output carriers (the
application + “losses”) with perfect efficiency
(law of conservation). An energy transfer
technology with an efficiency over 100% may
be called an ‘overunity machine’ or ‘zero-point
machine’, and there are no known schematics
for such a machine, which breaks the laws of
thermodynamics.

Electrical power transfer has three types of energy loss:

1. The Joule effect, where energy is lost as heat in the
conductor (a copper wire, for example).

2. Magnetic losses, where energy dissipates into a
magnetic field.

3. The dielectric effect, where energy is absorbed in
the insulating material.
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4 Power system types

There are seven general power system types:

. Mechanical (kinetic) power systems
. Fluidic/fluidal power system

. Atomic/chemical power system

. Thermic/thermal power system

. Electric/electrical power system

. Magnetic power system

. Electromagnetic power system

NOoO b WN =

4.1 Mechanical (kinetic) power systems

Mechanical power is the time rate of motion, and when
motion is applied to a task, then it is the time rate of
work [done to accomplish the task].

4.2 Mechanics

Mechanics is (physics) an area of science that studies
and attempts to predict the behavior of physical bodies
when subject to forces and displacements, and the
subsequent effects of the bodies on their environment.
In other words, it is concerned with the action of forces
that displace (i.e., move) material objects with mass. It
is the study of interactions between bodies and forces
that produce motion. Mechanics describes the motion
of bodies, and the causes that effect them. This includes
the special case where the “motion” is no motion (i.e.
bodies that are stationary).

NOTE: In physics, a physical body or physical
object (sometimes simply called a body or
object; also: concrete object) is an identifiable
collection of matter, which may be more or

less constrained by an identifiable boundary,

to move together by translation or rotation, in
3-dimensional space. In classical mechanics

a physical body is collection of matter having
properties including: mass, velocity, momentum,
and energy. The matter exists in o volume

of three-dimensional space. This space is its
extension. In continuum mechanics an object
may be described as a collection of sub objects,
down to an infinitesimal division, which

interact with each other by forces which may be
described internally by pressure and mechanical
stress.

Mechanics is based on the three “Newtonian laws of
motion”:

1. First law - In an inertial reference frame, an object
either remains at rest or continues to move at a
constant velocity, unless acted upon by a net force.

2. Second law - In an inertial reference frame,
the sum of the forces F on an object is equal
to the mass m of that object multiplied by the
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acceleration a of the object: F = ma.

3. Third law - When one body exerts a force on a
second body, the second body simultaneously
exerts a force equal in magnitude and opposite in
direction on the first body.

There are two branches of mechanics, each with multiple
sub-branches:

+ Classical mechanics - study of motion above
atomic scale.

* Quantum mechanics - study of motion below
atomic scale.

These branch distinctions, however, are not
fundamental in nature. They are distinctions made
by humans, which are useful for comprehending and
for engineering when nature (i.e., physics) is not fully
understood. Hence, any attempt to define the difference
is to some extent arbitrary, and will not last as the subject
is unified through greater understanding.

4.2.1 Energy in mechanics

In concern to mechanics, there are four elements that
compose the characterization of energy:

1. Cause - that which allows for (gives rise to) a force.

2. Force - any interaction that, when unopposed, will
change the motion of an object.

3. Displacement (effect) - a motion of any distance.

4. Work - the act of using a force to cause
displacement. Hence, there are three key elements
to the concept of ‘work'’ - force, displacement, and
cause.

Energy is what allows the exertion of a force. With
“zero” energy, no force can be exerted, and no action
can be taken. By exerting a force over a distance energy
is transferred (“transformed”). Work is technically
defined as what is done when a force moves its point
of application. Work implies movement of a body by
the application of a force. Work may be perceptible or
imperceptible to human senses. Energy, can therefore
be termed as that which can bring about a change and is
the cause of all dynamic manifestations.

4.2.2 Classical mechanics

“Classical” mechanics is a branch of physics concerned
with the set of physical laws describing the motion of
matter (in macroscopic and microscopic form, but not
atomic) under the influence of forces. Within classical
mechanics are fields of study that describe the behavior
of solids, liquids and gases and other specific sub-topics.

Classical mechanics consists of the work mostly done
in the areas of chemistry and physics prior to the 20th
century. This includes the organization of the periodic
table, thermodynamics, the wave theory of light, and
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Newtonian mechanics.

There are three perspectives (branches) deriving
axiomatic formulations for classical mechanics separated
into two forms of mechanics, the original Newtonian
Mechanics and the reformulated Analytical Mechanics:

Newtonian mechanics (original) is classical mechanics
based on the Newtonian understanding of motion as
understood through the equation (Newtonian second
law of motion):

* Force (f) = mass (m) - acceleration (a)
* This formulation of classical mechanics is also
widely known as Newtonian mechanics.

Analytical mechanics (reformulation of Newtonian
mechanics with an emphasis on system energy, rather
than on forces):

1. Classical mechanics based on the formulation of
Lagrangian mechanics.
2. Classical mechanics based on the formulation of
Hamiltonian mechanics. In Hamiltonian mechanics,
a classical physical system is described by a set
of canonical coordinates r = (q,p), where each
component of the coordinate q;,p;j is indexed to
the frame of reference of the system. A particle
on a line whose position (q) and momentum (p)
are functions of time (t). If the energy (H) is a
function of position and momentum, then the time
evolution of the system is:
+ dp/dt = -(0H/dq) and dg/dt = +(0H/dp)
» where, H = H(q,p,t) is the Hamiltonian, which
often corresponds to the total energy of the
system.

NOTE: In physics, a force is any interaction that,
when unopposed, will change the motion of

an object. In other words, a force can cause an
object with mass to change its velocity (which
includes to begin moving from a state of rest),
i.e., to accelerate. Force can also be described
by intuitive concepts such as a push or a pull. A
force has both magnitude and direction, making
it a vector quantity. It is measured in the Sl unit
of newtons and represented by the symbol F.

The following branches of Classical Newtonian
Mechanics are useful to have in awareness, simply
because they are used so frequently in academic and
industrial physics and engineering:

1. Statics is (mechanics) the study of forces in
equilibrium without consideration of changes over
time (stationary objects).

* The study of equilibrium and its relation to forces.

2. Kinematics is (mechanics) the study of (relative)
motion, including displacement, velocity, and
acceleration, without any consideration of why
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those quantities have the values they do. Herein,
the description of the motion itself (expressed by
mechanics) is called kinematics. In other words,
kinematics is the branch of classical mechanics
that studies and describes the motion of physically
joined points/parts (multi-link systems) such as

an engine, a robotic arm or the skeleton of the

human body. These descriptions setup the relevant

degrees of freedom, represented as variables

in a relevant mathematical form. Kinematics is

concerned with the effects of motion on objects

without reference to its causes. Kinematics pertains
to motions determined by conservation laws:
kinematics tells you that momentum and energy
have to balance.

+ The study of the implications of observed
motions without regard for circumstances
causing them.

3. Kineto-statics is (mechanics) is concerned with the
study of forces in equilibrium, with the addition
of motion related forces (like inertia forces via
D'Alembert’s principle) one instant at the time.
Results from one time frame do not affect the
results on the next time frame.

4. Dynamics is (mechanics) concerned with the
effects of forces and torques on the motion of
objects. Dynamics means a study of the rules
governing the interactions of particles, which allow
for a determination of why the quantities have the
values they do. The description of the causes of
motion expressed by mechanics, and how these
causes effect motion is called ‘dynamics’. These
causes are often divided into forces and torques.
Dynamics provides full consideration of time
varying phenomena in the interaction between
motions, forces and material properties. Typically
there is a time-integration process where results
from one time-frame effect the results on the next
time-frame. Dynamics depends on interactions,
and not just on conserved quantities, which is what
kinematics depends on.

* The study of motion and its relation to forces.

* In engineering, dynamics is sometimes referred
to as the combination of kinematics and kinetics
of proper motion. And, statics is the kinematics
and kinetics of static equilibrium.

The difference between kinematics and dynamics may
be understood in terms of programming a computer to
simulate the physical system. ‘Kinematics’ is the data
structure required to simulate the general situation,
involving what variables with what range of values.
‘Dynamics’ is the actual algorithm that simulates the
motion. The difference is the consideration of forces.
‘Kinematics' concerns the range of movement or
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change a system can undergo, or the state space in
which it acts. ‘Dynamics’ concerns the movement it
undergoes according to the laws of motion. This means
that conservation of energy and other quantities is
dynamical, because it only holds when the equations of
motion are in effect.

When mechanics is studied in the context of
macroscopic bodies and systems, then following
branches are useful to have in awareness, simply
because they are used in academic and industrial physics
and engineering:

+ Continuum mechanics is the study of the physics
of continuous materials, and can be subdivided
into solid mechanics and fluid mechanics. Itis a
branch of Classical Newtonian Mechanics that deals
with analyses of the kinematics and mechanical
behavior of materials modelled as a continuous
mass, rather than as discrete particles.

+ Solid mechanics is the branch of continuum
mechanics that studies the behavior of
solid materials, especially their motion and
deformation under the action of forces,
temperature changes, phase changes, and other
external or internal agents. The study of the
physics of continuous materials with a defined
rest shape.

* Fluid mechanics is the branch of continuum
mechanics that studies the behavior of fluids
(liquids, gases, and plasmas), and the forces on
them. The study of the physics of continuous
materials which deform when subjected to a
force.

+ Deformation mechanics is the branch
of continuum mechanics that studies the
behavior of a body undergoing transformation
from a reference configuration to a current
configuration.

* Rheology is the branch of continuum mechanics
that concerns the study of materials with both
solid and fluid characteristics.

When mechanics is applied to the design and
development of technology, then following branches/
disciplines are useful to have in awareness, simply
because they are used in academic and industrial physics
and engineering:

1. Applied mechanics is the practical application of
mechanics.

2. Mechanical engineering (classical mechanical
engineering) is a discipline of engineering that
applies the principles of physics and materials
science for analysis, design, manufacturing, and
maintenance of mechanical systems. It is the
branch of engineering that involves the production
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and usage of heat and mechanical power for the
design, production, and operation of machines and
tools.

3. Biomechanics is (mechanics) concerned with
the study of the movement of living things
using the science of mechanics, which provides
conceptual and mathematical tools as necessary
for understanding how living things move.
Biomechanics is the study of the structure and
function of biological systems such as humans,
animals, plants, organs, fungi, and cells by means
of the methods of mechanics.

4. Mechatronics is multidisciplinary field of science
that includes a combin