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Abstract

The world is rapidly moving towards green and echo-friendly solutions; within the next few years it is expected
that more than 90% of the built environment across the globe will be constructed with green features. While many
countries are currently changing their urban policies and building codes towards creating sustainable cities and green
communities, recently, there are many cities around the world that are already transformed into sustainable cities. It
is recommended that applying green architecture in the design process should be considered by architects, educators,
and architecture schools, as the need for green architects, sustainable cities, and environmentally friendly structures
is in rapid increase. “Thinking green” when approaching a design problem is different from traditional design
thinking. Architects and architecture educators need to understand and become familiar with differences between
the two processes. The problem lies in the fact that such practice involves adopting different design approaches that
take in consideration the probability of adding and/or modifying traditional architectural spaces to fit for changes
in electromechanical utilities, components of building materials, building envelope, various architectural treatments,
sustainability, and environmental factors - that are required to create a built environment with sustainable and green
features. The research explores similarities and differences between traditional architectural and green architectural
design processes, at the end, the paper introduces three tables; the first table suggests where the green design criteria
is to be placed within the traditional design process, the second table suggests the implementation of green concepts in
various project delivery methods, and the third table suggests the integration of green architecture elements in various
building components.

Keywords Architecture design; Architecture design process; Green architecture design; Sustainable architecture de-
sign; Green buildings; Sustainable buildings

Introduction

The problem lies in the fact that such practice
involves adopting different design approaches that
take in consideration the probability of adding

“Thinking green” when approaching a design and/or modifying traditional architectural spaces
problem is different from traditional design thll’lkll’lg to fit for Changes in electromechanical utilities,
When shifting from a traditional architectural design components of building materials, building envelope,
process into a green architecture design process, various architectural treatments, sustainability, and
architects and architecture educators need to environmental factors - that are required to create a

understand and become familiar with differences buyilt environment with sustainable and green features.
between the two processes.
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Goal

In general, the goal of research is to explore between
traditional architectural and green architectural design
processes, through investigating the possibility of
integrating green features within traditional design
process, project delivery methods, and various building
components.

Literature

“Green architecture” emerged in response to
the United Nations’ global initiative for saving the
environment, decreasing pollution, and shifting
towards using clean and sustainable energy resources
instead of fossil ones.

“Green Building Councils” (GBC’s) established in
many countries with a mission concerning human
health and wellbeing, climate, environment, and best
utilization of available global resources. In reaction
to this initiative, these bodies established criterion
for the construction of a green and sustainable built
environment. The research starts with an analysis
of the traditional architectural design process, then,
the paper investigates the scale and location of the
traditional design process within various project
delivery methods (Figure 1).

Since the architect’s contribution and obligations
may vary for every project delivery method according to
his/her contract agreement with the rest of the project
stakeholders, which in turn will affect the architect’s:
team size, selected calibers, fee, cash flow, and payment
terms throughout the project life cycle.

Afterwards, the paper discusses a breakdown
of typical building components for the purpose of
exploring the possibility of integrating green design
features within its various elements.

Finally, the paper introduces three tables:

1. The first table suggests where the green design
criteria is to be placed within the traditional design
process,

2. The second table suggests the implementation of
green concepts in various project delivery methods,
and

3. The third table suggests the integration of
green architecture elements in various building
components.
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Figure 1: This diagram shows research structure. Source: (Author).

Method

Architecture

The term “Architecture” stems from the Latin word:
“@’pxirtexktovi’d,” which means the art of designing
and constructing buildings, while the “Architect” is
the person or professional who carry the process of

designing, planning, and constructing a building [1,2].

Confusing architecture design process with the
construction process

Many definitions describing the “Architecture
Design Process and Phases” confuse the design process
with the overall construction phases, the “American
Institute of Architects” (AIA) itself expands the
definition of the “Architecture design process” over
“Five Phases” starting with: Schematic Design, Design
Development, and including Contract Documents,
Bidding, and Contract Administration.

Project Delivery Methods

“Design-Bid-Build” Project Delivery Method:
The “Design-Bid-Build” (DBB) is a commonly used
method for completing construction projects, as it
appears from its name; the “Design-Bid-Build” project
delivery method consists of three major phases: [3-5].

The “Design Phase”: The first phase is known
as the “Design phase” (Figure 2) and contains three
subphases where all design activities are to be
accomplished: Pre- design phase, Schematic Design
phase, and Design Development phase (Also known as
the “DD” Phase, or the “Fixation” phase). Some other
definitions expand the “Design phase” process into the
following phases [6].

Page 2 of 19


http://dx.doi.org/10.33552/GJES.2024.11.000770

Global Journal of Engineering Sciences Volume 11 -Issue 4

STEF1

DEFINE

THE PROBLEM

STEP &

IMPROVE

STEP 2

COLLECT

YOUR DESIGN INFORNATION

enicaso AREHITECTURE cuwrin

~ THEDESIGN
PROCESS m

STEP 3

BRAINSTORM

STEP &
PRESENT YOUR IDEAS

T0 OTHERS FOR

FEEDBACK o

|DEAS

STEF A

DEVELOP

SOLUTIONS/
BUILD A MODEL

Figure 2: A diagram breaking the first phase commonly known as the

“Design phase” into six subphases. Source: [6].

¢ Phase one - Problem definition: where the design
components and program are formulated.

¢ Phase two - Collection of design data and other
necessary information: where all the data are
researched and gathered that provide a knowledge
base for helping the architect to take design
decisions and set design constraints.

¢ Phase three - Brainstorming and analysis of ideas
and design concepts: where the architect starts
creating preliminary sketches and design ideas.

¢ Phase four - Developing design solutions: taking
schematics and design ideas into more mature
design options and solutions.

e Phase five - Receiving client’s feedback: explaining
design options and solutions to the client and
receiving his/her feedback.

¢ Phase six - Improving final design concept:
generating and finalizing a design concept after
been discussed with and obtained the client's
agreement.

The “Bidding Phase”: The second phase is called
the “Bidding” phase, at this stage; the architect starts
creating bidding documents, tender documents,
carries out the procurement on behalf of the client, and
prepare the contract documents [7-10].
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The “Building Phase”: The third phase is called
the “Building Phase”, also called the “Contract
administration” phase, the word “Administration”
covers all execution procedures for the completion
of the construction project until the project is finally
finished.

In addition to the “Design-Bid-Build” project
delivery method mentioned above, there are other
project delivery methods commonly implemented in
the construction industry which are: [11,12].

The “Design-Build” (DB) Method: In a “Design-
Build” project delivery method, the designer, and the
contractor form one single entity in the contract with
the owner, that is; the contractor is also the designer
of the project. In this project delivery method, the
structure and procedures of the design process are the
same as that in the “Design-Bid-Build” method. That
is; the design process with all its various stages is fully
completed before starting the next phase which is the
building phase.

The Construction Manager at Risk (CMAR)
Method: In this method the project manager is first
selected by the owner before starting the design
process, while the design process starts in parallel with
the bidding phase, that is; the design process is still in
progress even during the preparation of the bidding
phase, in this method the construction manager
responsibility is at high risk due to changes and
variations that may occur during the bidding process.

The Integrated Project Delivery (IPD) Method:
In this method both the project manager and the
contractor are first selected by the owner, where all four
parties (The owner, the designer, the project manager,
and the contractor) are directly involved in the design
and design development process, and together in the
rest of the construction process until the project is
delivered.

The problem with this method is that the design
is under highly progressive modifications that may
extend till the end of the project delivery.

Public-Private-Partnership (3P) or (PPP)
Method: In this method, a public organization sets
an agreement with a private developer to design and
build a specific project, where the fees of the later will
be paid from the revenues and return on investment
from such project. This type of agreement is more
into a business partnership contract rather than a
construction contract. The problem with this method
is that the design process may be subject to many stops
and modifications during such partnership duration
and may also experience a lot of variations due to both
the investors and clients’ changing needs and financial
situations.
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Job Order Contracting (JOC) Method: In this
method, the owner directly commissions a contractor
to construct a project, in this method the contractor is
also responsible for creating design options, however,
this method is suitable for renovating existing
buildings, where modifications in original designs are
made rather starting a design from scratch. In some
cases, when the design modification is a complicated
process, the contractor hires an architectural
consultant to help him/her in preparing the required
design modifications.

The Architect and the Construction Methods:
It is important for every architect to be aware of the
various construction methods, for him/her to know
where exactly to fit his/her design and architectural
contribution within different phases of construction.

Green Architecture Design

Green Architecture: “Green Architecture” is
a design philosophy aiming towards designing
buildings with the most minimal negative impact on its
surrounding environment, and to achieve such goals, a
green architect will take in consideration the following
design constrains at the early schematic phase, and
throughout the rest of the design process and phases:
[13].

Green Architecture Design Constrains: There are
many suggestions describing the design criteria for
creating a green building with sustainable attributes,
in general, such constraints may be summarized as
follows: [14].

e Minimizingnegativeimpactofthe built construction
on the surrounding environment: like minimizing
carbon emissions, use of non- toxic building

e materials that are echo friendly and minimizing
pollution.

e Efficient energy management: use of renewable
energy like solar energy, creating a building with
smart envelope that adapts the building to seasonal
climatic change with respect to their geographic
locations.

e Efficlent waste management: solid waste,
wastewater, and other disposable materials

e Applying recycling of water, and any material that
can be re-used.

“Ergonomics” is simply the science of human comfort, the
concept was initially introduced for the purpose of improving
the office workspace environment, this knowledge emerged in
response to health issues that happened due to long sitting hours
of work; like for example, eye strain from starring at computer
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e Considering indoor air quality in design and
implementation of HVAC systems, and/or designing
buildings with good ventilation

e Integrating smart technologies in the built

environment

Considering “Ergonomic” ' factor (Figure 3) in
design that provides quality of life for the building
occupants [15].

CHECK YOUR
BODY POSTURE

’_,./
ﬁ@l |

WRONG SITTING POS TURE CORRELT SITTING POSITION

WORKING AT DESK

ﬁ

ORRECT §TANDING POSITION

Figure 3: A diagram showing the emergence of the science of ergonomics
firstly for the purpose of improving the quality of the workspace, before
the concept is involved in the design process. Source [46].

Standard Building Components: Standard compo-
nents of a building (Figure 4) may be summarized in
the following: [16].

e Roof: including roof coverings and interior roof
finishing material

e Exterior walls above the ground: including finishing
material inside-out.

¢ Windows: exterior or fagade windows

¢ Balconies and terraces: including external finishing
and floor coverings.

e Partition walls: including all interior wall finishing.
e All internal ceilings: including finishing material.
e Allinternal floors: including floor coverings.

e All MEP fixtures: electrical, HVAC, firefighting,
water supply, sanitary, lighting, networks, energy,
surveillance, etc.

monitors for long time, upper and lower back, and leg pains from
sitting, and other health issues. Afterwards, architects started to
consider ergonomics in the design process and not only in furniture
re-design.
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e All concrete slabs

e All beams

e All columns

e Allretaining walls under ground level, and finishing.

¢ All Foundation including base slab and floor
covering.

¢ Otherifany

Legend:
Hemet

gy

Figure 4: [s a diagram summarizing building components. Source [16].

Back To the Architecture Design Process

Out of the many prepositions describing the design
process, schematic phase and design development
phase are repetitive in all design process definitions.

2 “Vitruvius” was a roman architect who lived between 70-80
first century BC. his personality and work are well known among
the architectural community, his work and architecture philosophy
were considered the foundation of the renaissance movement that
adopted much of the roman architecture.

In addition, “Marcos Vitruvius Polio” ? - commonly
known among architects as “Vitruvius”, identified
three major elements for a successful and appealing
building, since the latter is the product and the
outcome, or the result of the design process, in his
work “De Architectura - The 10 Books of Architecture”
3, (Figure 5) he mentioned that every building should
be: “Firmitas, Utilitas, and Venustas” that is to fulfil
“Strength”, “Utility”, and “Beauty” [17-20].

-v-l-

Figure 5: Is an image of the A 1521 Italian language edition of “De
Architectura”, Translated and illustrated by “Cesare Cesariano”, the original
copy is kept in the Smithsonian Museum of American History. Source [19].

Firmitas - Strength

The first “Vitruvius” element of a building is
“Firmitas” or “Strength”, meaning that the architect
should ensure that his/her designed building will
be durable and withstands the test of time, that is;
the building may remain in good condition as long as
possible.

In general, geographic location, construction
materials, and the way the building is used affect its
depreciation and durability. Building codes in the
United States assume that the life span of anew building
may vary from 50 to 75 years [21,22].

3 “De Architectura - The 10 Books of Architecture” written by
“Vitruvius” during the age of the roman emperor “Caesar Augustus”,
were considered by architects as the first book on architectural
theory, and a major source of classical architecture.
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Utilitas - Utility

The second “Vitruvius” element of a building is
“Utilitas” or “Functionality”, meaning that the architect
should ensure that his/her designed building fits for,
and serves the purpose it is built for, that is; all its
spaces are efficient for use by its dwellers.

Venustas - Beauty

The third “Vitruvius” element of a building
is “Venustas” or “Beauty”, throughout history,
“Architecture” has been known as a form of “Art”, the
aspect of “Technical Engineering” has been associated
with architecture lately in modern ages, when the
need for adapting the built environment to increase
in population, labor migration to industrial cities, and
progress in materials and construction technologies,
facilities like networks, electro mechanical utilities,
HVAC, lighting, etc. - were not known in middle ages nor
in ancient architectures, since art plays an important
role in architecture, creating a building is a sort of
sculpting an artwork in a three dimensional form

Discussion
Conclusion

e “Architecture” is the art of designing and
constructing buildings.

e Many definitions describing the “Architecture
Design Process and Phases” confuse the design
process with the overall construction phases,

e There are many Project Delivery Methods that
include the design process located in different
parts of the project delivery schedule.

e It is important for every architect to be aware of
the various construction methods, for him/her
to know where exactly to fit his/her design and
architectural contribution within different phases
of construction.

e “Green Architecture” is a design philosophy aiming
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towards designing buildings with the most minimal
negative impact on their surrounding environment.

e There are many suggestions describing the
design criteria for creating a green building with
sustainable attributes.

e Green architecture considers “Ergonomic” factors
in design that provide quality of life for the building
occupants.

e Out of the many prepositions describing the design
process, schematic phase and design development
phase arerepetitive in all design process definitions.

e The three elements of “Vitruvius” remain the

cornerstones of architecture design.

e Regardless of whether the architect is designing
a building with green features or not, “Vitruvius”
elements exist in both cases.

e Similarities and differences between traditional
design and green design processes could be
defined, and green design criteria could be placed
within the design process.

e Green design criteria could also be integrated
in both project delivery methods and in various
building components.

Results

Integration of Green Design Criteria with the
Typical Architectural Design Process

Regardless of whether the architect is designing a
building with green features or not, the three elements
of “Vitruvius” remain a major design goal.

The following (Table 1) suggests where the green
design criteria is to be placed within the design process.
The “Right” sign in the table means this design activity
is shared by, and similar in both design processes,
while the “Wrong” sign means that such design activity
is missing in one of them.
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Table 1: The table suggests where the green design criteria is to be placed within the typical or traditional design process.

Source (Author).

DESIGN DESIGN SIMILARITIES DIF-
FERENCES
PHASE * PROCESS °® GOALS ® REMARKS
TYPICAL DESIGN GREEN DESIGN
1 | Defining design components « «
Proplem definition: where the And creating design pro- . ,
1 | design components and pro- 2 gram
gram are formed
Z 3 Defining Green Design X «
e Criteria ’
7]
0 g Collection of design data and Setting Major Design Goals: i ,
o) other necessary information: 4 | “Firmitas”, “Utilitas”, “Ve- « « -
g where all the data are re- nustas”
) searched and gathered that ) o . :
provide a knowledge base for > | Design Decisions « « ="
helping the architect to take , ,
design decisions and set design | g | And Design Constraints « « -
constraints
7 | Brainstorming « « =
= Brainstorming and analysis of 8 | Bubble Diagrams « « -
E ideas and design concepts: . ,
1 E 3 | where the architect starts cre- 9 | Zoning and Spatial Relations « « oo
) ating preliminary sketches and prelimi Sketches 2D/3D - -
% tee e 10 re |m|n.ary etches 2D/ « «
and Design Ideas
Sketching Green Design X :
1 |2 «
Criteria
Creating 3Dimensionl Mock- : :
12 « «
Ups
Implementing Green Design X « ===
13
Concepts
E De\./eloplng des.lgn solutlor?s: 14 | Creating Plans « « -
2 — 4 taking schematics and design
A ideas into more mature design . . g : -
= options and solutions 15 | Creating Elevations « «
16 | Creating Sections « « -
Creating 3Dimensional « « ---
17
Snapshots

“See the (The “Design Phase”) Paragraph of this paper.
>See the (The “Design Phase”) Paragraph of this paper.
See the (Back to The Architecture Design Process) Paragraph of this paper.
’See the (Green Architecture Design Constrains) Paragraph of this paper.
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solutions to the client and
5 | receiving his/her feedback

18

Analysing Client’s Feedback

Receiving client’s feedback: 19
explaining design options and

Creating Inside/Out

Lighting Schemes

20

Mapping Electromechanical:
Networks, HVAC, Sanitary,
Firefighting, Surveillance,
etc.

21

Overall Review of The Cre-
ated Design Before Starting
the Required Modifications

22

Adding/Removing Spaces
And/or Other Design Com-

ponents

Improving final design con-

23 | Final Modification of Design

w
DESIGN DEVELOPMENT - DD
(Fixation)

cept: generating and finalizing

. 24
6 | a design concept after been

Generating Final Design
Drawings

discussed with, and obtained

the client’s agreement
25

Obtaining Client’s Final
Agreement (Preferably A
Written Agreement And/or
Client’s Signatures)

LA KA TATTKS T KK
"NALY YR YAYER R YA

26 | Fixing the Design

L
L

Integration of Green Architecture Design in
Project Delivery Methods

In general, it is possible to integrate green features
in all project delivery methods, however, the problem
lies in the difficulties and complications that may
arise during project delivery methods that overlap the
design process with the rest of phases. This situation
puts the architect under stress, continuous process of

design modifications, and solutions that he/she should
develop instantly during site work. The following
(Table 2) introduces the implementation of green
concepts in various project delivery methods rated in
a scale of “One-to-Ten” in terms of difficulty. A value
of “One” represents best and optimum integration
circumstances, a value of “Ten” represents maximum
difficulty with possibility.

Table 2: Introduces the implementation of green concepts in various project delivery methods rated in a scale of “One-to-Ten” in terms of

difficulty. Source (Author).

PROJECT IMPLEMENTATION DIFFICULTY
DELIVERY (In a Scale of 1-to-10)
REASON
METHOD
1 2 /34|56 7 |89 10
Integrating green concepts in the design pro-
Design-Bid-Build cess in this project delivery method is easy,
1 | (DBB) Project ‘ because both the design and design devel-
Delivery opment phases are sequential, well defined,
and have enough time span to be completed
Integrating green concepts in the design
process in this project delivery method is
2 Design-Build easy, since enough time span is given to the
(DB) Method . architect to finalize his/her work without
confusing design and design development
stages with further phases
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Construction
Manager at Risk
(CMAR)

Integrating green concepts in the design
process in this project delivery method is
possible with moderate difficulty, since the
option to start the design process and give

it enough time to mature in an early stage
of the method is available, just in case the
construction manager decides to hire an
architect to finish the design before the con-
struction starts, or the option to overlap the
design process with the site work phase is
also available, in both cases, the decision is
in the hands of the project manager, and the
rest of the project’s parties and stakeholders

Integrated
Project Delivery
(IPD)

Integrating green concepts in the design pro-
cess in this project delivery method is not

an easy task, because it puts the architect
under stress and subject to a lot of design
modifications, that in many cases never
reach a fixation or ends until late stages of
the construction project.

Since hiring an architect in this project deliv-
ery method is a decision depending on the

Public-Pri- partners’ agreements, where in most of the
vate-Partner- cases, they decide not to hire an architect
ship (3P) or to reduce the project’s cost. This situation
(PPP) leads to the contractor doing the design
instead of an architect, in turn, all types of
design complications will arise
In this project delivery format, the project
Job Order Con- is direct.ly assignefi tota cor}tractor, the
. latter will never hire an architect to reduce
tracting (JOC)

cost, and secondly, to get rid of the factor of
consulting and design supervision

Integration of Green Architecture Elements in The “Right” sign in the table means this feature is
Building Components already available in the construction industry, while
the “Wrong” sign means that it is not yet found, the

The following (Table 3) suggests the Integration of = «j.ce» sign means it is probably under development.

Green Architecture Elements in Building Components.
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Table 3: Shows Integration of green design elements in building components. Source (Author).

BUILDING GREEN FITTING
EXPLANATION
COMPONENT 8 FEATURE POSITION
A green roof treatment is a roof garden with a growing vegetation. It reduces
both the roof surface and surrounding heat temperatures, increases air quali-
ty around the building, reduces pollution since vegetations produce oxygen at
night, maximises rainwater use, and expands shaded areas [41]
Vegetation

« Roof Cover- G,'Wing SECER
. Filter membrane
ings

Roofs Drainage layer
Koot barrier
Thermal insulation
Vapor barrier
Structural suppaort
Figure 6: Is a diagram showing common green roof layers. Source [41]

O Interior Roof | Developing green treatments for the interior of the roof finishing is probable

Finishing upon progressive research.
Exterior « Exterior A green exterior facade treatment is a growing vegetation system that ex-
Walls Above Facades Fin- | tends vertically along the fagade height with routes grounded in vertical pots.
the Ground ishing Ma- It improves indoor air quality, reduces pollution, and expands shaded areas
terial from [40]
Outside
Figure 7: Is a detailed cross section showing an external green fagade Treat-
ment. Source [41]

« Exterior Fa- | A green interior facade treatment is a growing vegetation system that ex-
cades Finish- | tends vertically along the floor height with routes grounded in vertical pots.
ing Material | It improves indoor air quality, reduces pollution, expands shaded areas, and
from Inside | creates an environmentally friendly interior visual effect
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3 | Windows « Exterior Windows have been given great attention within green architecture design;
Facade Win- | some manufacturers produce what an “E-Glass” windows. They are windows
dows with transparent glass that reflects ultraviolet and infrared rays, while allow-

ing natural light to pass into the interior space. Other common types are the
“Photovoltaic” windows. They are windows with transparent glass, but act
like a traditional solar panel generating electricity [29,45]

O

solar energy

Electrode
Reflect-proof film

N-type semiconductor |

P-type semiconductor

solar cell

Figure 8: Is a diagram showing composed layers of A “Photovoltaic” glass win-
dow. Source [45]

4 | Balconies External There is not much to develop in the aspect of balconies finishing materials

and Terraces X Finishing now, except for a traditional approach to change a typical balcony into a
garden. either by using artificial plantation or growing vegetations. In general,
the green colour improves the visual environment of balconies and terraces
and creates a natural mood.

Figure 9: Is an image with a sectional view of a building with balconies gar-
dens. Image of the “Jardim Paulista” building in Brazil, by: Edificio Lorena /
Lucia Manzano Arquitetura and Paisagismo. Source [37]
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Floor Cover- | Balcony floors are treated with artificial grass coverings that generate the
ings look and feel of a natural grass fabric.
Figure 10: Is an image of a balcony floor covered with artificial grass. Source
(466 Pinterest, n.d.)
5 | Partition Including All | Interior walls are covered by vertical vegetation, advantages of indoor wall
Walls Interior Wall | plantation are the generation of oxygen that improves indoor air quality,
Finishing and the relaxing mood it provides due to integrating plants as an element of

nature inside building spaces, however, the main disadvantage of planting in-
terior walls with natural plants is the problem of maintenance, irrigation, and
sanitary systems. Many manufacturers replace natural plants with artificial
vegetation walls that gives the same look and feel of natural ones. [35,38]

i

Figure 11: Is an example of an interior wall planted with natural vegetation in
an office space. Source [35]
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6 | All Internal Including Interior suspended ceilings are made of recycled materials with low carbon
Ceilings Finishing emission, and other features that improves health quality of the indoor envi-
Material ronment, an example to this is acoustic ceilings and medically treated ceilings

with antibacterial paints for hospitals. [30,39]

Figure 12: Is an example of an interior green ceiling of a hospital treated with
antibacterial painting, and acoustic properties, also made of recycled Foam
and plastic materials. Source [30]

7 | All Internal «’ Including One of the most popular green floor materials is “Linoleum?”, it is fully made

Floors Floor Cover- | of natural substances like: linseed oil, rosins, jute, pigments, wood flour,
ings ground limestone, and powdered cork. Natural “Linoleum” is different from
artificial and other synthetic vinyl types although it is similar in its look and
feel.

The trademark of the “Linoleum” has suffered indecent competition with
vinyl tiles, at the beginning many companies produced some vinyl types
made of synthetic materials and deployed them in the construction market
under the name of “Linoleum” with durability issues, and bad effects on
health, because they contained “Asbestos” ? in their chemical components,
these marketing campaigns lead to people stopping using “Linoleum” for a
while.

The use of “Natural Linoleum” — not the synthetic one came back to the front
by the emergence of sustainability and green concepts. [27,28,31,36]

8 | All MEP Electrical Conventional electrical energy sources are large power plants working with

Fixtures « coal and other fossil fuels, green electricity is that generated from clean and
natural resources like wind, solar and tidal powers, also from Biofuels (Burn-
ing biological materials like dry plants, woods, and food waste), Hydroelectric
power (Electricity generated from turbines installed in dams), and Geother-
mal power (Heat captured from the earth’s deep layers through heating
water turbines). Green electricity can be provided by companies installing
solar panels, windmills, and/or biogas power plants, commonly known in the
market as “Green Energy Suppliers” [32]
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v

HVAC

A conventional HVAC system usually runs on electrical power supply. The sys-
tem generates both heat, and coldness by using “Freon” 1° gas. A green HVAC
system reduce billing cost by almost (30 to 50%), decrease maintenance
problems, consume less electrical energy, and more environmentally friendly,
most common types of green HVAC systems are: “Dual-Fuel Heat Pumps”:
use gas furnaces and some electricity to generate heat. “Geothermal Heat
Pumps”: bring heat from the ground and store it in looped pipes. “Ice-Pow-
ered Air Conditioning Units”: unlike Freon, these units freeze water into
large amounts of ice that in turn will generate coldness. “Hydronic Systems”:
circulate both cold and hot water in under-floor pipes and extensions. “Quiet
Duct Wrap”: is a ducting system built using recycled “Denim” %, the latter
reduces air loss inside HVAC ducts and protect interior spaces from excessive
moisture and dust that may reside inside ducts. “Wind Power Systems”: gen-
erate electricity to run an HVAC system by installing a windmill over houses
and building roofs. “Solar Energy Systems”: is an HVAC system that runs on
electricity generated from solar panels. For both conventional and green
HVAC systems, the architect is required to create special spaces in the design
for containing various system units and components. [42,28]

Figure 13: Is an image of “Denim” commonly known by “Jeans” fabrics.
Source [48]

Firefighting

Replacing the standard firefighting foams that contains “PFAS 2 chemicals
with green certified substance called “GFFF *3” foam, since “PFAS” is a toxic
material that led to reporting many cancer deaths among firefighters [33,47]

AR

Water Sup-
ply

“Green” water is that captured in soil for the purpose of irrigation, green
water come from various sources like rain, lakes, and rivers. “Blue” water is
that pure water distilled from oceans and seas. “Grey” water is the domestic
wastewater without solid components like faecal substances

Figure 14: Is a diagram showing the natural cycle of a green water resources.
Source [34]
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Sanitary Many projects are currently under development for building green sanitary
v systems that capture grey water from houses and other buildings, in spe-
cial tanks for treatment and recycling to be used in irrigation. Such systems
require the architect to create additional building spaces for the necessary
equipment, pumps, and tanks [43]
Interior Using “LED” ** lighting sources in interiors reduces energy consumption by al-
v Lighting most 50% compared to conventional lighting source like; standard fluorescent
and halogen lamps [19,20]
Figure 15: Is an image of three diode-based lamps “LED” in red, green, and
blue colours. Source [20]

Networks Research is still under progress for developing green solutions for all types of
networks, especially cell phones and wireless devices to reduce the harmful
effect of “4G” and “5G” networks on the human brain. Surveillance networks
depend on devices that are less harmful like motion detectors, fire sensors,
and cameras

9 | All Concrete 5 Floor Slabs Unlike traditional concrete that is composed of gravel, sand, and cement,
Slabs v green concrete consists of materials that tend to be more natural with less
carbon emissions like: wastes that results from power plants, slag, recycled
concrete aggregates, glass, residues, mud, dust, and ashes [24]
10 | All Beams Beams Studies regarding adding green components to beams like; fly ash and silica
v fume, and reinforced with polymer (BFRP) bars and stirrups; has shown an
increase in shear capacity and overall strength [26]
11 | All Columns ; Columns Applying green concrete improves columns endurance and capacities to com-
v pression and weights
12 | All Retaining Retaining Retaining Walls under ground level may be built using organic materials
Walls v Walls Under | like natural stones, clay, and wooden beams. In general, all types of organic
Ground non-manufactured building materials are considered echo-friendly with low
Level carbon emissions
; And Finish- | If the outer surface of a wall built from an organic material is left without any
v ing Material | painting or artificial coating, then it remains green and echo-friendly, and
from an aesthetic perspective; the look and feel of an organic surface creates
an intimate and comforting effect
13 | All Founda- Including Applying green concrete improves base slabs overall shear capacity
tion v Base Slab
And Floor In some cases, basement floors may be covered with interlock tiles, or paints.
Covering The decision to use interlock tiles for basement floors covering is that of the

architect. Since interlock tiles may be made of natural stones they could be
echo-friendly
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14 | Other If Any

ol

Recommendations

The world is rapidly moving towards green and
echo- friendly solutions, within the next few years it is
expected that more than 90% of the built environment
across the globe will be constructed with green features.

Many countries are currently changing their urban
policies and building codes towards the criteria of
creating sustainable cities and green communities,
recently, there are more than ten cities around the
world that are already transformed to sustainable

in the design process should be considered by
architects, educators, and architecture schools, as
the need for green architects, sustainable cities, and
environmentally friendly structures is in rapid increase
[24-48].
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It is recommended that applying green architecture

8See the (Standard Building Components) Paragraph of this

9“Asbestos” is a very popular material commonly known for its use in the construction industry, as it enters in the components of
many construction materials, especially in the production of corrugated roof sheets. Medical research discovered the harmful effect of
“Asbestos” on health, reporting fatal health problems for large numbers of workers and people who are working or living in buildings with
“Asbestos” materials. The material causes what is known in medicine as the “Asbestosis” disease, inhaling the smell of “Asbestos” lead to
noticeable numbers of severe lung fibrosis, development of lung cancer, and death around the world. Accordingly, the use of “Asbestos” in
construction industry has become illegal in many countries, while some others still use it despite its hazard and dangerous effect on health.

“Freon” is anon flammable gas that is pumped inside HVAC and refrigerator tubes to produce cooling temperatures, it is also known
as “Refrigerant Gas”.

11“Denim” is a fabric made of cotton wrapped in special way, it is popularly known as “Jeans” fabric.

12“PFAS” or “Perfluoroalkyl and Polyfluoroalkyl Substances” substance contains materials like burnt benzene and formaldehyde
exposed to fire debris may chemically react with wooden and asbestos structures during the fire, and release toxins that when inhaled by
fire fighters they become in danger of developing cancer.

13“GFFF” or “Green Fire Firefighting Foam” is a nontoxic foam type licensed for use by the United States’ “National Institute for
Occupational Safety and Health” (NIOSH)

WLED” “Light Emitting Diode” are light sources made of diodes that emit light when electricity passes through them, unlike lamps

with traditional tungsten wires.
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