BIOCLIMATIC INTERVENTIONS FOR REDUCING COOLING ENERGY
DEMAND IN HOT AND HUMID CLIMATES

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

BURAKD ¥ NME Z

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE ORMASTER OF SCIENCE
IN
BUILDING SCIENCE INARCHITECTURE

SEPTEMBER 2019






Approval of the thesis:

BIOCLIMATIC INTERVEN TIONS FOR REDUCING COOLING ENERGY
DEMAND IN HOT AND HU MID CLIMATES

submitted byBURAK D ¥ N ME g partial fulfilment of the requirements for the
degree ofMaster of Sciencein Building Science in Architecture Department,
Middle East Technical University by,

Prof. Dr. Halil Kal eép- €&l ar
Dean, Graduate School Nhtural and Applied Sciences

Prof. Dr.F. Cana Bilsel
Head of DepartmenArchitecture

Prof. Dr.Soofia TahireEliasOzkan
SupervisorArchitecture, METU

Examining Committee Members:

Prof. DrMual | a Er keéel é-
Architecture, METU

Prof. Dr.Soofia Tahira Eliafzkan
Architecture METU

Assoc. Prof. Drkdi | Ay - am
Architecture, Gazi University

Assist. Prof. DrAy k eg ¢l Ter eci
Architecture, KTO Karatay University

Prof. DrTayyi be Nur <¢ajl ar
Architecture, TOBB ETU

Date:05.09.2019



| hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. | also declare
that, as required by these rules and conduct, | have fully cited and referenced all
material and resuts that are not original to this work.

Name,Surname BurakD °® n me z

Signature



ABSTRACT

BIOCLIMATIC INTERVEN TIONS FOR REDUCING COOLING ENERGY
DEMAND IN HOT AND HU MID CLIMATES

D° n mBurak
Master of ScienceBuilding Science in Architecture
SupervisorProf. Dr.Soofia Tahira Eliafzkan

September 201942 pages

While development of industry and science has been tremendous, population has also
increased dramatically in the last centuries. As a consequence, unchecked
consumption of energy mainly based on fossil fuels is the main culprit for triggering
climate chang worldwide. Meanwhile, an impressive amount of energy is being used
for just cooling or heating the existing building stock. The need for energy can be
reduced by adopting traditional bioclimatic measures that can be tested for their
appropriateness thrgh building performance simulations. To this end, collection and
evaluation of empirical data through parametric design simulations can enable
predictions about the adaptability and appropriateness of different bioclimatic
interventions/features in diffemeé buildings in different climates. For instance,
predictions about the impact of all or a combination of some interventions on energy
performance of buildings may be helpful for optimizing the retrofit desldnis
approach was adopted to provide a design process where the parametric variations in
the building design are made according to the building performance simulation
outputs. The aim of this research was to determine, test, select and implement the most
effective passive cooling strategies in retrofitting a local government building located

in the hot and humid climate of Alanya, in Turkey. To realize this purpose, the

municipality building was visited and observations were made regarding the current



physcal and thermal conditions and the cooling equipment used. The architectural
drawings and relevant information were obtained in order to model the building and
simulate it for its energy use, with the DesignBuilder software. Appropriate
bioclimatic intervations were then integrated one by one and simulated for their
impacts; and finally, the most efficient ones were integrated together to test their
combined effect in reducing the cooling energy used. It was determined that by using
bioclimatic measure toeduce the cooling energy demand, it was possible to achieve

70.23% savings in energy required to cool the building.

Keywords: Bioclimatic Interventions, Passive Cooling in Hot and Humid Climate,
Energy Simulation, Sustainable Design, Alanya
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¥Z

SI CAK VE NEMLK KKLKMLERDE SOJUTMA EN
GEREKSKNKMLERRMAKAZXAIKN YAPI LAN BKYOKKLK
M! DAHALELER

D° n mBuzrak
Y¢ksek,YaipseamBsi | i ml er i
Tez DanEdof BDraSoodia Tahira Elia®Dzkan

Ey |l ¢ I|,1429ayta9

Sanayi ve bilimdeki gelikmelerle Dbirlikt
artmexkteér . Bunun sonucu ol ar ak, fosi | y a
d¢nyadaki ikl im dejikiklijJinin temelini
yapélareéen éeésétélmasé ve sojutul masé i-in
Yapélarda i htiya- duyul an enerji mi kt ar €
performans sim¢glasyonlaré ile uygunl ukl a
kull anél ar ak, ampirik verilerin parametrtr
dejerlendiril mesi sonucunda farkl e ikl im
m¢dahal el erin/ °zelliklerin uygu¥ramalil ir
ol ar ak, bi nal ar én enerji perfor manseéna
kombinasyonl|l aréeyla el de edilen tahminler,
et mede yardémcé ol abilir. Bu yakl akém, b
binaperfomans si m¢gl asyon -éktélaréna g°re yap
hayata ge-irilmicktir. Bu -al é@&kmanén amac
bel ediye binaséneéen, enerji performanseéené
Ssoj ut atae jsitlrer i ni belirl emek, t est et mek,
amacé ger-eklektirmek adéna, belediye bi
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durumuyl a ve yapéda kull anél an smeut ma ekipr

DesignBuilderpmz €1 émé il e binayé modell emek ve ener
amaceéeyl a, yapéyla il gild@ bilgiler ve mimar.i
biyoi kl i msel m¢dahal el er ayré ayré yapeéya en
sim¢gl e evdei lsarktolrgar ak da, en verimli sonucu
kull anél an sojutma enerjisini azal t madaki

getiril okutemai renerji si tal ebini azal t mak [

m¢dahal el erin,ébinanégesekenhuémasji de %70, 23

tespit edil mixktir.
Anahtar KelimelerBi yoi k1 i ms el M¢dahal el er Sécak ve
Sojutma Stratejileri, Ener j i Sim¢gl asyonu, S¢
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CHAPTER 1

INTRODUCTION

This study examines the decrease in cooling energy demands of buildings in hot and
humid climates by applying bioclimatic interventions. In this chapter, the argument
for and the objectives of the study, and its procedure are explained. The chapter is
concluded with the disposition of contents irsthesis

1.1. Argument

Mankind had a susitzable lifestyle by using local resources and agriculture until the
industrial revolution. Aftethe industrial revolution, fossil fuels have been used for
almost every industrial productigBovill, 2015). With the rapid growt of industry

and technology, population has also increased dramatically in the last centuries. For
instance, population bounced from 1 billion to 7 billion between the years 1800 and
2010. Since production per person has been increasing, resourcesdadyrstem of

the earth will not be sufficient. The use of fossil fuedsenergy for productidmas, in

turn, increased the carbon dioxide levels in the atmosphere greatly, which has resulted
in a situation that has a high potentiaspeed uglimate chage.

Sustainable projects, carried out considering bioclimatic interventions have become
important in recent years. According @&eenspace (2011yhich is a nosprofit
organization, designing and constructing sustainable building gives the tools ¢o creat
high-performing, healthy homes and communities. Sustairdgs&gnconsiderations
should be involved in every stage of the design and construction process and create
opportunities for each member of the development team to come up with a better
building. Working through a collaborative process with the whole team is essential to
making the most appropriate decisions. For new construttiehuilding orientation

to take advantage of sun and wind, efficient space planning, appropriate systems



selection ad sizing, and tight building envelopes are the best praaicasstainable
design By applying theselesign principles, initial and loAtgrm operating costs can

be loweredeven in existing buildingg-or instance, its possible to optimize whole
building performance by coordinating window replacement with an upgrade to-a high
efficiency,correctlysized mechanical systemnergy efficient appliances amtVAC
systems, water saving devices and landscaping, and use of nontoxic materials
improvethe quality of life for the occupantsloreover py eliminating waste through
recycling, purchasing materials from local sources, and minimizing storm water
runoff, the buildings become sustainable and adapt to surrounding environment and
the plane{Greenspace, 201I)his approach is the basis of bioclimatic architecture.

According to Erkinay and Erten (2010), with the increase inufan and
industrialization in Turkey, energy use and environmental pollution has been
increased anbasreached dangerous dimensions. The energy use for heating per unit
in Turkey is 50% more than Germany, 60% more than USA, and 73% more than
Sweden. Thse figures demonstrate the necesstyconstruct buildings more
consciously. While the rate of increase in the energy consumption per capita is
considered to ba positive indicator for development, the increase of energy use
shows that energy consumdubsld be reduced not only for economy but also for a
healthy life. Reducing the energy usagensityin the short and medium term can

only be achievetly adopting energy efficient bioclimatic design principles

On the other handhere are some obstach®l reasons whyioclimaticbuildings are

not widespread and are netually builtinstead of currentonventionabuildings.In

order to promote bioclimatic architectuyreforming and persuading both clients and
contractors in the prdesign stagean telp overcomesome of thes@roblems. In
order to make themrealize tle need for bioclimatic desigrempirical data and
predictions about different features of buildings are very important. For instance,
predictions about performance of buildings such dsan thermal comfort, energy
usage for cooling and heating, etc. may be helpful for optimizing design. Moreover,

being aware of buildings costs while planning for the building use perthlso



comparing theunningcostsfor conventional building vesus bioclimatidouildings
may help to understand asdlect theonewhich is more economicahndalsomore

comfortable for the occupants.

On the other handrophy and Lewis (2011point outthat although occupangsefer
desigrs which are environmentallyfriendly and cost efficient for building
maintenance, contractors or investorsfer tolower thecost for investments asuch
aspossibleHence, it is very difficult to convince the client to agree to the integration
of sustanable and bioclimatic architecture principl€®r instance, projectwners

who are als@ccupantgain betteawarenessf ecofriendly designs and their outputs

and benefits inthe long term Besides that, someontractorswant to get their
investment bek immediately. Thisituationdirectly affects the initial budget of the
project. Therefore, architects have to face and overcome not only the design and
constructionssueshut also relations between the consultants and clightsmay be

builders and/opwners

Ken Yeang2010)st at es t hat one of the most I mpor
is designing sustainable future. Ecological strategies, production systems, materials

and processes facilitate and organize the spread and implementatiomiobilgly .

These strategies should be implemented not only for the rating systems such as LEED

and BREAM, but also for application of sustainable thinking and for spreading to the

wider public.

The main issues while designing sustainable buildings asemitig and persuading
both clients and contractors in the jolesign stage. In order to realize that, numerical
data and predictions about different features of buildings are very important. For
instance, being aware of building costs during building zatilon period and
comparing the costs between conventional building and bioclimatic building may help
to understand and choose which one is better and more comfortable.

The architect has a key role in putting sustainable design into practice. That is, the

architect can function as a bridge between the design and its application. Besides that,



showing that the cost will be reduced in time and informing and convincing clients
and design team about environmental aspects which are the iniEortianecessy

for asustainable design may alaml thearchitect for applying the environmentally
conscious design. Ithe predesign stage, climate and location features are the key
factors for the relation between the design and contgite, building size andisage

are other factors for desig@limate is one the basic parameters that shape the building
and structure. In the historical process, social, economic and political influences have
always been variable and have affected the aesthetic perception ladildiags.
However, as can be seen from human experiences and production in this historical
process, climatic adaptation has been the basic architectural principle. Therefore,
bioclimatic influences should be a guideline when creating the form of théeuseuc

not the dogmas that shape the design. In other wdrdse tall affect the energy
performance and requirement of buildiny®ang 1994. That is, energy usage for
cooling and heating is directly related to orientation, dayjgimetration, ventilain,
material selection and insulation of buildinthus althoughthe design process is
relatedto different aspects, architect should manage and take into account all of these
in the early design stage and also inform the client or investor about ootgbes
sustainable design (Brophy & Lewis, 2011).

1.2. Aim and Objectives

The aim of the research is renovating existing buildings kinbotid climate to reduce
energy consumption for coolifyy employingbioclimatic design principles, such as
controlling thesunlight by using shadindevices, choosing appropriate material for
finishing and insulation, using natural ventilation and passive cooling systems, and
finally, checking these interventions withn energy simulation softwareThe
objectiveis to adopt alesign process where the variations inldb#ding design are
made according to the building performance simulation outmuish that, these
decisions and simulation resultsin guide architects,clients and contractorg

realizingbuildings designed regarding biaoclimatic principles



To investigate these objectives, the research questions needing answers are listed

below:

1 Which bioclimatic interventions can be used for reducing energy demand by
improving thermal comfort iexisting buildings?

1 How can an existing building be renovated by considetiregsebioclimatic
interventions?
What are the traditiongassivedesign methods for hot and humid climate?

1 How can natural ventilation and passive cooling be provided in hohamid
climate?

1 How can natural ventilation and passive cooling strategies be integrated easily and
effectively in existing buildings?

1 Which bioclimatic interventions can be used for reducing energy demand by

improving thermal comfort in existing buildings
1.3.Procedure

In this thesis, passive cooling principlesed for bioclimatic architectufa hot and
humid climate are examined. To demonstrate ti@seprinciplescan beeffectivein
improving thermal comfort and thus reducicapling energy loadghemunicipality
building in Alanya was selected as case study. Accorditg bioclimatic
interventions in renovating thHauilding were applied,evaluatedandtestedvirtually

by usinganenergy simulation software.

Firstly, the microclimate of the existing migipality buildingwas studied. After that,
the deficiencies of the building in terms of climatic behawere determined. The
architectural drawings of the buildinvgere obtained andthe building was modelled
by using Design Builder software. The binlg was renovated by applying
bioclimatic interventiongo the virtual modeli.e., improving the building envelope

and promoting natural ventilation.



Finally, after the simulation of existing and renovated situations, the effects of the

different interventions on the energy consumption wested and compared.
1.4.Disposition
This study consists of five chapters.

Firstly, the study is introduced by argemt, and thenaim and objectiveprocedure,

and dispositiorof the study are given in introduction chapter.

In the second chapteitdrature review of sustainaldechitecturatiesignbioclimatic
interventions, andassessing the renovation of existibgilding by using energy
simulation software are presentéa.addition to that, at the end of this chapter, the

critical analysis of literature is given.

Materials and methods of the study are described in the third ch@péhuilding
selected as castudy, the software which are used for the study, and the bioclimatic
interventions which are applied for reducing the energy demand of the building are

explained in this chapter.

The results of the simulations and evaluation of the results are examihaarth

chapter.

Lastly, the fifth chapter presents the conclusion of the study



CHAPTER 2

LITERATURE REVIEW

In this chapter, a survey of literature regarding the subject of the study is presented.
Literature review is composed of three sections, andritains relevant information

about sustainablearchitectural design, bioclimatic interventions, andgirtual
renovation of existing building by using energy simulation software. In the first
section, principles of sustainable architecture, the relation between design stages and
integration of sustainability are investigated in detMbreover, description of
bioclimatic architecture, passive cooling in hot and humid climate, and natural
ventilation are researched in the second section. In the third section, integration of
bioclimatic interventions and energy simulation software, and comparisons of existing
and renwated building in terms of energy usage are studibateover, a critical

review of literature is given at the end of this chapter.
2.1. Sustainable Design

Sustainability has been defined as the need to protect current natural resources in order
tocontinueearh 6s r esour ces f{Costanzh & Patten,€l99f)lesn er at i
concept has gaineduch importance after the impact of climate change has started to

be felt worldwide. Consequentlthere is need tiurtherdecrease eneygonsumption

or change the type of energy sourdas tothe risks of global warming ardepletion

of fossil fuels(Xu H. , 2016)

Energy consumption hamcreased extremely because of economic growth and
developments in urbanization. One of the biggest factors for this situation is building
sector(Ran & Tang, 2018)Building sector which is one of the largest economic
sectorsworldwide has significant impact for greenhouse gas emigMohammadi,
Saghafi, Tahbaz, & Nasrollahi, 2018} is determined that building sectaccounts



for 35% of totalenergy demandRan & Tang2018)point that this duation causes
energy problems and also unusual weather conditions because of climate change
(Frank, 2005)In addition to that, while economic and social conscious are increasing,

peopl eds demand for ednimnggased! comf ort has

Because of rapid population growth, urbanization and most importantly energy
consuming buildings are highly increased in the developed and developing cities
(Mohammadiet al, 2018). For these reasons, sustainable approaches and compatible
decisions withregard toenvironmental factors have become critical issues especially
for designof building. Mohammadiet al point that there is necessity that a new
sustainable path which is based on using renewable energy and considering energy
efficiencgy should be followed to decrease the risks of climate change and dependency
to fossil fuels.

To ensure sustainabilitirougharchitecturatlesign it is necessary to work with basic
principles of ecology and essentiaté cultural (Rego, Uson , & Furnado, 2015)
Architecture is a practicghat combines technology and art, but sustainable
architecture has additional disciplines like ecology, sociology and philogbphy
must be considered at the design s{&ggoet al, 2015).

The sustainability issue in design is extensive aedsitive topic, with new
innovations generating new unanswered questions and experiments. The principles of
sustainable design were namnployedin conventionalpractices until progressas

made irknowledge and technology. Thus, there are some steps and ¢ateniaking

any building sustainabléShelton, 2007)With the balance betwedrumanbeings,
architecture and climate, low carbon architecture can be designectlRetmv

carbon architecture has become one of the key factors of sustainable architécture
W., 2011) Because of that, (PO11)emphasizethat sustainable architecture can be
associated with human ecology which is ret&ib economy, society ardvironment,
respectively. In other words, sustainable design is created as a whotedmating

these three maj@spects

a l



Li (2011)points that sustainability includes four parts which are low carbon economy,
society, natudaenvironment and architectu¢Eigure2.1). The components of these

parts are detailed below:

1 Natural Environment: Orientation, climate, light, natural ventilation, energy,
water.
Low Carbon Economy: Added value, flexibility, commercial reality, longevity.
Society: Culture, social benefits, people, health and betig.

1 Architecture: Form andunction, identity, structure, materials, innovation.

Natural
Environment

Economy Society

Figure 2.1. Three rings diagram to illustrate connection between the parts of sustairtapllity
(2011)

Moreover, it is very critical to reduce energy consumption in long term for achieving
a sustainable desigMasood, Abd AlHady, & Ali, 2017) Masoocdet alspecify some

points why so important that reducing energy consumpbown

1 Energy is very critical for economic and security reasons for nations and people.



1 Every person is responsible for reducing energy usage because itthfedisle
like theinductive method.

1 By reducing energy usage, climate change can be slowed

Furthermore, while designing building, the natural factors related to climatic
conditions over the site should be considered because these factors directly affect the
human comfort and building design. Givoni (1976) described these climatic elements
as ®lar radiation, air temperature, humidity, wind, and precipitation.

In addition to that, sustainability is a significant issue which should be taken into
consideration at the design stage in terms of environmental, economic and social
issues; as they impve architectural quality and provide economic advantages
(Bragan- a, Vi e i r Bhere &e nmamydlefiaitres of wBad rhakes a
building sustainable in terms of social, economic and environmental issues. For
instancesocial issue is about enhancing the quality of life for people. For economic
issue, improving wealth and decreasing the cost of maintaining. Moreover,
environmental issue is about reducing the effect of buildings on the natural
environmen{Grierson & Moultrie, 2011) B r aegah (2014)claim that there are
three indicators which have a major influence on sustainability and can be evaluated
in conceptual design stage as environmental impacts, energy, and life cycle costs.

2.1.1.Principles of Sustainable Design

According to Shelton (2007), this to development of technology and spread of
sustainable works, the principles of sustainable design has become more common.
Moreover, some strategies have been determined that help architectural projects

become more sustainable. These strategies ted bglow:

1 Orientation and configuration of buildings according to the context
1 Window design for solar gain

1 Designing microclimates and landscape responsively

10



Window design for gaining effective daylighting

1 Water management not only foronsumer s6 usage al so f
environment

1 Choosing durable and local materials

1 Organizing inner and outer relations of building providing natural ventilation

Minimizing the cooling requirement of a building with appropriate architectural

design can be achieved basically by minimizing solar and heat gains derived from
building envelope. For hot climates, the most critical season is summer so building
design should be created according to building thermal performance in this period.
Thereforethe design should aim to reduce indoor temperatures and promote natural

ventilation.

Givoni (1994) specified the architectural design features affecting the building thermal

performance below:

Building layout

Orientation of main rooms and windows
Window sze, location, and details
Shading devices for windows

Color of the buildingds envelope

=4 =4 A A4 A

Vegetation near the building

For sustainable design, water consumption is also an important issue besides energy
consumption. Whil@opulation increases, the consuraptof water resources also
increasing Water demand ighangedby additionalinfluencessuch as land use,
urbanization, and climate chang&immerman, Mihelcic, & Smith, 2008)Each
stressorof influencerelates to anotheiorming a complex webso changes one
stressor will ultimately affect the others (Zimmernetal, 2008). When designing a
system, certain stressors, such as population and urbanization projections are included
in the preliminary evaluatiotdowever, other stressolike climate change, are often
ignored(Joustra, 2010)

11
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Figure 22 shows the comparison of conventional water allocatioshappropriation

Blackwater
Blackwater | Potable water °
Rainwater

Figure2.2. Water flow in a conventional structure (left) vs. a sustainable building (lghlpustra
(2010

of water in asustainablduilding.

Greywater

2.1.2.Relation Between Design Stages and Sustainable Design

Kibert (2005) pointoutthat the quality of the buildingan be increased by applying
the rules and techniques of sustainable meth¥@snacular architecturahethods
form the basis of sustainable architecture. In addition tq that process ofhe
principles of sustainabijithas also been supported by empirical data. In other words,
the experiment has a key role for sustainable designs.

Brophy and Lewis (2011) mention thanh architect has a key rolen puting
sustainable design into practice. Thataisarchitect can fuction as bridge between

the design and its application. Besides that, showing that the cost will be reduced in
time and informing and convincing clients and design team about environmental
aspects which are importaand necessamlementof sustainable esign may also

be a role ofthe architect for applying the environmentattgnscious design. In pre
design stage, climate and location features are the keydémttine relation between

the design and context. Moreover, building size and usage ardauttoes for design.
These all affect the energy performance and requirement of buildings. That is, energy
usage for cooling and heating is directly related with orientation, daylight penetration,
ventilation, material selection, insulation of buildinghefefore, although design

process is related with different aspects, architect should manage and take into account

12



all of these in early design stage and also inform the client or investor about outputs

of the sustainable design.

The terns sustainable biding and sustainable design are alsmeised aspreen
buildingbd and green design (EPA, 2016). For instance, Brophy and Lewis (2011)
described the sustainable strategies as green strategies. Because of that, the term green
strategy continued to be uskmt the clarification in this section. Tab®l shows the

design process of the building and green strategies at different stages. The key strategy
is climate; thereforghe location of the buildingecome one of the most important
parametersAfter these, orientation of the building, the mass of the building such as
building size, openings, courtyards, and materials and their application can be stated
as green strategies. Brophy and Lewis (2011) categorized design process at different
stages which aréoriefing, initial studies, concept design, preliminary design,
developed design, detailed design, tender, supervision at construction, commissioning
at construction, operational support, maintenance support, and refurbishment. Table

2.1presentshe clusteed stages which are derived from the stages mentioned above.

13



Table2.1. Design Process with Green Strategies summarized from Brophy & (204i§

Design Process with Green Strategies

DESIGN

T

= =/ 4 =4

]

Orientation of the building according to the pass
strategiesi.e. passive heating, cooling and ventilation
Evaluation of water management

Selection of local materials

Calculation of energy performance

Optimization of the openings regards with adequ
daylight and energy consumption
Finalization of the architectural drawings

Determination of construction methods

TENDER

Convincing the contractors for green design
Specification of the importance of building performai
evaluation

Identification of low carbon construction practices

CONSTRUCTION

=4 =2 =4 4 -

Protection of the natural landscape of the constructior
Waste management on the site
Application of the design by good quality of workmans
Testing of the building envelope
Expression of passive and active systems for the cl

and contractors

OPERATION

Eval uation of the buil di
Consideration of the quality for building environment &
indoor air

Application of the good quality green materials ¢
sanitary products
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The design process is detailed below by investigating camaegé¢sign stage and

construction stage.
2.1.2.1.Concepual Design Stage

Brophy and Lewis (2011) mention thiie conceptial designstage has a significant

role in starting a projectFirst of all, huilding orientation, building relations with
environment and organizations of indoor and outdoor spaces are mahagedhe
architectural drawings, which are floor plans, sections and elevations, of these
decisions and their alternatives are prepafdter that, he materials and different
alternatives are selected. In the lights @ thformation, costs are calculated.dhort,

the decisions athe architects, and interdisciplinary works have key roles for holistic

success of ectriendly applications.

The planning session during the predesign dstageritical importance to realize the

goal of sustainability becauseid the starting point to achieve sustainability. The
client has to clearly identify the needs; architects, engineers, and project managers
have to figure out the project envelope; and environmental engineer and quantity
surveyor should research into susébility issues and lifeycle costing. Different
parties contribute their knowledge into the process to identify the performance goals,
such as site issues, water efficiency, indoor environmental quality, and

environmentally responsible construction atiges (Wu, 2010).

Halliday (2008) proposethat the project should start with high aspirations, or
principles of sustainabilityand involve the widest range of interests in the design
process. In addition, regular progress meetings during the prdgatyile have

critical importancdor the success dustainabléduilding.

The table (Table .2) illustrates the topics, which apacticedand experienced by
different approaches of the concept design stage to optimize different design
parameters. Brdyy and Lewis (2011) discussed these topics as site planning, building

form and envelope, and materials.
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Table2.2. Topics of the Concept Design Stage adapted by Brophy & Lewis (2011)

Topics of the Concept Digm Stage

T

Orientation of the building for optimization of the heat

and cooling loads, ventilation, daylight, and shading

1 Providing water ruroff by using soft landscape ar
Site Planning vegetation
1 Designing the surrounding of the buildingagiaminate the
noise and pollution
Designing the form and the facades,
Building Form To prevent heat loss
& To gain adequate sunlight for daylighting and heating

Building Envelope

T
T
T
T

To provide natural ventilation

To prevent excessive sunlight fmverheating

Materials

M

Selection of the appropriate and local materials regar

with the climate and environment

2.1.2.2.Construction Stage

According to Anantatmula (2010)sustainable projects are different from

conventional projects in terms tchnical aspects. That to achieve sustainability,

the material specifications, and unique building solutions and praetieagquired.

Moreover, if there is aanvironmental certification goal, extensive documentation and
reporting are also required@he typical characteristics of sustainable projects require

adjustments of traditional project practices to minimize risks and also to improve the

chances of providing the project within acceptable costs. To makieaghyeen, there

is a need for crosdiscipline coordination osite selection, design process,

construction techniques and building systems in design and project life cycle.

16



Wu (2010) claims that the construction period is often subjected to all kinds of
pollutions, which can influence bothehocal andhaturalenvironments, depending

on the nature of the project. Labor, equipment, and materials are of critical importance
to improve the overall productivity and reduce waste in the construction period.
Basically, green construction is aboutrpiang and scheduling. Other than introducing
the lowemission vehicles and improving fuel efficiensystainableconstruction

aims at planning and scheduling to fulfill the greentificationrequirements.

Another consideration is the need to minimize sonfusion during construction or
to protect materials and equipment from corruption during the construction process.
Hence, planning and schedulingeneeded tachiee the project requirements with

high efficiency and low interruption (Glavinich, 28)0

In the concepts of sustainable design and sustainable construction, many parameters,
which are energy efficiency, quality management, environmentally friendly materials,

shouldalsobe considered.
2.2.Bioclimatic Approach for Sustainability

The tecimi mdtiiocd means obéof, or pertaining
t hings and c-Webster Dietibnary) Mt evas first ased in terms of design

in the early sixties by Victor Ol gyay i
bioclimaticapprode t o ar chi tectur al souwtgtheneeafoi s mo ;
considering climatic factors in designing spaces that would be thermally comfortable

for their occupants. He also developed the bioclimatic chart, based on thelliry
temperatures, wingpeeds and relative humidity values, in order to identify the limits

of the human comfort zone (Figu2e3). He poins out that if climatic conditions are
determined to be outside the comfort zone, then corrective interventions are needed

(Olgyay, 1963)Comfort zone and the effects on it are illustrated in FigBe
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Figure 2.3. Bioclimatic chart proposed by Olgyay (1963) to aid architectural design

Bioclimatic architectural interventions ameeded whe the prevailing comfort

conditions arenot withinthe comfort zone.

In other words, whetthe conditiols are outside of the comfort zone, architectural
interventionsshould beperformed. (Manzanégugliaro, Montoya, Sabi®rtega, &

G a r -€Criza2015). The most productive and efficient conditions are also defined as
comfort zone, which is based on visual, acoustical, psychological and thermal
comfort; but the key ithe thermalcomfort because without optimization of thermal
balance, comfort conditions cannot be fulfilled, and human beings cannot be

productive.

Major factors which affect human comfort are air temperature, radiation, air

movement, and humidity (Olgyay, 1963), artiede can be optimized through

18



bioclimatic design strategies. In short, thermal comfort is related with the heat balance
between the human body and its surroundings. In other words, it is the optimum
thermal sensation of the human being in the current spgdude heat balance is
supplied with conduction, air movement, evaporation of skin moisture and radiation
(Watson & Labs1992. Figure2 4 illustrates these parameters. Three of them depend
on individual factors which are metabolism, clothing and skirperature. Moreover,

four of them are related to surrounding environment which are temperature, relative
humidity, surfacaemperature and airspeed. Therefore, in order to provide optimum

thermal comforin spaces, design decisions play an essentia(Botphy & Lewis,

2011).

| ]. ril‘; ‘! :

- S

Activity Human Heat Balance Clothes

Figure 2.4. The parameters affecting human heat balance demonstrated by Brophy and Lewis (2011)

While Watson (1989) defined the bioclimatic design strategiemiasnization of

conductive heat flow, infiltration, external air flow and solar gain, promotion of solar

gain, ventilation, radiant cooling and evaporative cooling, and providing thermal
storage, Canas and Martz2n ( ygbthefmalmagse ci f i
protection against solar radiation, rain, wind and cold temperatures, usage of solar

radiation and natural resources, proper building form and town planning.

19



Ol gyay <classified the term &édbioclimatic des
Figure 2.5 shows the bioclimatic design and its relations with other disciplines as

biology, climatology, technology and architecture. Thankbhéserelations, climate

balance can be achieved.

Figure 2.5. Interlocking disciplines of climate design proposed by Olgyay (1963)

When these disciplines are taken into consideration as overall, the optimum relation
between the human and climate can be achieved. Then, biocloeatgn helps to
manage these interdisciplinary situations and also has been a significant role for
bioclimatic design(Szokolay, 2008). In other words, bioclimatic design and its
principles help designing environmentalgppropriate buildings. That is, the
orientation, form and materials of the buildings are arranged with respect to the
climatic factors (Hyde, 2000).
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In short, to providecomfortablethermal zong in the buildings, active and passive
design systems are usedgiether Passive design systenre @xaminedinder thesub

heading obioclimaticarchitecturen this study.
2.2.1.Bioclimatic Architecture

Bioclimatic architectureis a current topic for energy efficiency concept in
architecture One of he ains of bioclimatic architecturels to minimize the energy

usage by increasing ventilation capacities and energy saviedgsr & Boxem, 2009)

Lee, Lee & Lim (2015) mention thabioclimatic architecturés about using natural
energy sources amtkesigning hildings regarding environment. In addition to that,
bioclimatic architecture is the method afhievingenergy efficient design. Building
orientation according to the sun, building shape, building envelope and other factors
like these are the desigshemants of bioclimatic architectureMoreover, loclimatic
architecturancludes principles of passive design. On the other hand, adeggn is
related with technological methods like mechanical systems, which include heat
recovery,mechanicaVlentilation,and floor heating systems, or technological systems

using natural sources of energy, such as solar and geothermal energy.

According to Jones (1998), bioclimatic architecture stipuldigisthe building should

be designed bgonsideringhe issues which amicroclimate, formand fabric. For
instance, in hot climatesndoor spaces can be cooled by using passive and active
systems to achieve thermal comf@bnsequently, high energy use and unfavorable
environmental effectsanappear. That isit is obvious that there ia relationship
between climate change and tbehavior ofbuildings. For this reason, while
designing buildings and obtaining the thermal comfort, the environmental impacts

should be considerednd these issues should be approaemedevaluated together

Bioclimatic architecture includes the passive architectural design prindipkest al.
(2015) points that while designing passive buildinlgsymal insulation and adequate
ventilation should belesigned and managed to minimibe nergy consumption

Hence, selecion of the most suitable and efficient materialand designing the
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building according to bioclimatic principlese criticalfor buildings Yeang& Woo

(2010) specify that to realize the passive design strategiesstiesiwhich are low
energy design, the unique climatic and natural features of the building site, and the
form of the building should be take into consideration. When designing the building
these topics should be evaluated as a whole. For instance, rieecland the
topography of the site affect the building form and design decisions. Moreover, the
design and the orientation of the building are determined by considering sun control,

natural ventilation, and vegetation.

The table (Table.3) showsthat the environmental control area of passive design

techniques includes the light environment, air environment, and thermal environment.

Table2.3. Environmental effect of passive design techniqudsbyLee, & Lin{2015

Environmental control Area

Design Passive Design

. Light ; ; ;
Area Techniques &h Air Environment |Thermal Environment
Environment
South orientation natural lighting - solar radiation penetration
Buildine Sun shading form daylight shading - solar radiation shading
PANS I entilation path - natural ventilation |air intake
Orientatio : : :
n & Shape Raised roof - - Efficient control of sunlight
Vol surfz 3 5 ’
ha o suae - - efficient control of sunlight
ratio
; T .. .. |solar radiation penetration
Atrium natural lighting |natural ventilation |, . . A P
Open /air intake
Spaces solar radiation penetration

Court yard, light well [natural lighting |natural ventilation Yt Jitalke

solar radiation penetration

Opening&(k3light moniior natural lighting |natural ventilation

Device roof /air intake
Clerestory natural lighting |natural ventilation b aciatiot peeiation
/air intake
Daylight duct natural lighting - -

Light shelves,
daylight ceiling
Ventilation duct,
ventilation tower

natural lighting - s

- natural ventilation |air intake

Double skin - - efficient control of sunlight
Building |Translucent skin daylight shading - solar radiation shading
Skin Louver, sun screen  |daylight shading - solar radiation shading
Closed facade - - efficient control of sunlight
Green roof, —— .
Building |landscaped ramp ) ) Sol R At on
Planting |Green wall - - soil insulation
Water space - - heat exchange
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In short, the goal of the bioclimatic architecture is creating the spaces by-nature
friendly andeconomicmattersto achievehealthy, comfortable, and energy efficient
living areagTundrea & Budesci2013)

2.2.1.1.Bioclimatic Design Interventions

Bioclimatic interventions are based on reducing energy need while providing thermal
comfort. They can help enhance thermal comfort, thus reducing and balancing heating
and cooling demands in buildings (TejgBmo n z § | h iAcnodtrel, b 8Gfae zc,2 a
VelascoG:- mez, -M&arReyw ez, 2 6tal§g2pl6) pan that teaditoral
bioclimatic interventions are more sustainable practices instead of the current generic
techniques. It goes without saying that vernacular actite that is based on passive

design principles is the result of bioclimatic design concerns. For thousands of years
people have used environmental factors to obtain the best solutions for providing

t her mal comf ort wi t hin ( @acolarsnethds Mave t 2 n
varied depending on site conditions, location, climatic conditions, local materials and

cultural norms.

There is a synthesis between technical sustainability whegends orenergy,
materials, water, etc., and plasased locally agtered design. Local values reflect the
past which worked well. Cultural or human heritage in buildings can be viewed
through the context of history in the built works of past genera{iGlaske, 2008)
Sustainability has beethought with issues of energy and resource consumption, and

minimization of human impactan the environment

The approach of Ken Yeang to the architectural design is to build by considering
environmental strategies for the climatic and cultural conBaxthis way, bioclimatic
architecture is achieved and applied by passive design principles and innovations
(Kassim, 2006)
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Clarke (2008plsopointsthat the understanding of heritage provides the designer with
the conceptual tools frorie past geological areas and human history and different

|l ayers of siteds natur al history. I n ot her
providesa guiding path tothedesigner. This path reflects the connection between the
works of past generations, socultural heritage and environmental impacts. Thanks

to that, natural heritage and cultural heritage can be separated, and information of the
geographical character of the site can be found. The climate which affects each site
individually can be found ith these deeper layers. It can be seen that the living layer
of natural history which is still sitting across previous layers and human history. That
is, Clarke points that sustainability issue can be achieved not only determining energy
usage, environmeal values and new technologies but also continuity of social and

cultural values and also minimum intervention of traditional methods.

2.2.1.2.Strategies of Bioclimatic Architecture

Watson & Labs 1992 states that bio-climatic design principles aimat providing
thermal comfort in occupied spaces of the buildjifigsall seasons. For instance, in
winter, the behaviors of the buildings are regulated to gain heat from therstive
contrary, in summer, they are formed to provide heat loss. To solve this contrast
interventions should be designed according to the local climates. In other words, the
principles whichwerepromoting ventilation or solar gain operated effectively in both

summer and winter.

WebsterMannisonret al. (2013)specifysome strategies to define and solve the energy
problems of the buildings, and to create a vision on clibased designs. The aim of
these essential strategies is to provide designers with environmentally aware
approaches. Because there is no absollué@o for this issue, designers should solve

the problems according to the unique characteristics of building environment.

Some of these principles are specified by Wekst@nnisonet al (2013) below:
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1 Enhance daylightingy:

o

o

o

o

o

Controlling glare

Using light shelves
Increasing the use of daylight
Using shades for glazing

Using high performance glazing

1 Augmenting natural ventilatioby:

o

o

o

o

Increasing interior air movement

Using natural ventilation

Using fans

Re-designing the building according to dtaffect principle
Creating atria

Thermal chimneys

71 Building envelopeptimization by:

o

o

In addition to that, Brophy & Lewis (2011) clarithe key factors of sustainable design

asbuilding structure, building envelope, daylight, heating and cooling. These factors

Insulating roof, walls and ground

Using local materials for insulation

are described in detail below:

1 Building structure: Raise, local and longife materials may be selected.
1 Building envelope: The materials may be tested in terms of parigrair

permeability and air tightness. Open areas for lighting and thermal performance

may be arranged.
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Daylight: Openings may be designed regarding efficient daylight usage.
Heati ng: Buil ding
T Cooling: Fa-ade and

mass and to allow natural ventilation.

and fa-ade

ng

pl an
shadi

may

syst ems

Hyde (2013) mentionthat with the development of the new technology and also
enlarging the building spaces, the buildings except foreasal ones have bedtted

with mechanical systems to providadoor thermal comfort due to not only
complexity ofthe buildingprogram but also the dense urban context. In TaBlehe
comparisons of the bioclimatic buildings and conventional buitdiagd their general

characteristicare presented

Table2.4. General features of the bioclimatic buildings and conventional buildings stated by Hyde
(2013)

may

Bioclimatic Buildings/ Traditional

Conventional Buildingg Current

Optimally orientated
Use fresh air
Daylight

Solarheated

Deep plan
Gl

Mechanically lit

ass fa-ades

Fully air conditioned

=4 =4 4 A -

Naturally ventilated
Highly shaded

Reliant on fossil fuel energy

= =4 4 A -4 A -

Well insulated

While bioclimatic buildings are part of the traditiomales, conventional buildings are
current types of buildings.

Basic principles are determined in order to create a sustainable basis. In addition to
these general characteristics, it is necessaryseo local parameters to design a

building in accordance with bioclimatic principles. In addition, environmental impacts
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should be reexamined at the beginning of the design because ecosystems are non
stable dynamic structures. (Yeang, 1996). Thus, reldtipasetween architecture

and ecosystem can be achieved (Hart, 2011). Yeang (2010) specified the strategies of
bioclimatic architecture. Firstly, the strategy is applied to achieve the relations
between the human interference and natural environment. betmtegy is to
harmonize the building structure and functions with the ecosystems of the site. The
other strategy is designing the landscape not only for the building but also for the
surroundings of the site. The last strategy is to consider desigstechay the context

of the global biosphere.

Figure 2.6 illustrates the strategies of climate control by applying four heat flow
opportunities, i.e., conduction, convection, radiation and evaporation, in the summer
and winter conditions. The nine stragy which are minimization of conductive heat
flow, external air flow, solar gain, infiltration, and promotion of ventilation, radiant
cooling, solar gainand evaporative cooling, are matched with the heat flows and

applications irdifferentseasons (Wabn &Labs, 1983).

CONDUCTION CONVECTION RADIATION EVAPORATION
” PROMOTE Promote Solar Gain
GAIN
=
=
g
=~ S STeT = Air Flow
3 RESIST Minimize Conductive
n S Heat Flo
- LOSS i Minimize Infiltration
=,
>
=
= [~ RESIST Minimize Conductive Minimize Infiltration Minimize Solar Gain
S = | GAIN Heat Flow
g o
s = -
= = EROMOTR; Promote Promote Ventilation Promole Fromote
@ | LOSS Earth Cooling e Radiant Cooling Evaporative Cooling
HEAT
SOURCES Atmosphere Sun
HEAT
SINKS Earth Atmosphere Sky Atmosphere

Figure 2.6. Strategies of climate control identified by Watson & Lab39Q)
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Moreover, the figure shows the relations between the heat flows, heat sources and heat
sinks. While these heat sources @mentified as atmosphere and sun, heat sinks are

givenas earth, atmosphere and sky.

Tengku Robert Hamzah and Ken Yeang have beantiping sustainable design
met hods both for the architectural projects
practices, they examined topics related to climate and culture of the building site
(Couzens, n.d.)Hamzah & Yeang ha applied these principles into practice. For
instance, Solaris Building in Singapore constructed in 20&6designed with respect

to local climate and ecosystem. As can be seen from the section in Eigutlee

atrium was designed toobtain adequate daylight and fresh air. This atrium also
provides passive cooling by promoting ventilation to apply passive cooling. The roof
of the atrium was covered by operable glasses with louvere type shadings. This roof
is convertible and it is opated by climatic sensors to promote stack ventilation and

to protect the inner spaces from the rain. The rain screen walls were operated by the
same system. Moreover, the inner spaces were vegetated to maintain the relations

between the natural and cultueamvironmeniWidera, 2014)

i s s ¥

gl e

FLILL

Figure 2.7. Sectionof Solaris Building illustrated bilamzah & YeandWidera, 2014)
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The other example is the school project constructed in Khan Younis, Gaza in 2014 by
Michael Collins Associates (MCA). Figure 2.8 illustrates the section of the building
which was designed according to bioclimatic principles and these principles were

applied at minimum cost (Widera, 2014).

Figure 2.8. Section of Kuwait School illustrated by MCA (Widera, 2014)

2.2.2.PassiveCooling in Hot and Humid Climate

The temperature characteristics of Mediterranean climate are hot and humid that
average highevelsfrom 3 0 t&&£0 Uo@er nidht temperature is useful for
ventilation and cooling (Mercer, Tuan, & Radfp2®d07. Natural \entilation is a basic
passive cooling system. Cross ventilation and natural ventilation are needed for
practicing passive cooling. In addition to thagntilation stacks are used to remove

hot air from inner parts of buildings in summers. Green walls and controlling water
usage are alsother usefubtrategies. Merceet al (2007)also state that green walls

and shadinglemens are useful focontrolling the sun andaturallight for buildings.
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