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ABSTRACT

ARCHITECTURAL DESIGN FOR CLIMATE CHANGE M ITIGATION
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Ak k 9GKez e m
Master of ArchitecturgArchitecture
SupervisorAssoc. Prof. Drk pe k G¢r s el Di no
Co-SupervisorAssist. Prof. Dr¢ aj | a Mer al Ak gyl

September 201969 pages

Climatechange has been proven largely to be a consequence of human activities and
has adestructive impact on ecosystems. Societies and economies have become a
growing global concern for the last few years and the building industry has a key role
in this change due to its huge amount of environmental footprint. The energy
consumption and grebouse gases emissions of the built environment influence the
climate in a negative way while the changing climate also influences the energy and
thermal performance of the built environment and comfort and health of users. In this
thesis, architectural dgyn strategies for existing buildings that aim for climate change
mitigation and adaptation are exploresing research through design and a
simulationbased quantitative approashadoptedA design method is proposed in
order to reduce the reciprocafluence of the built environment and climate change.
The method is implemented in an educational building in Ankara by the aim of testing
and verification. The aim is to evaluate the impacts of climate change predictions
together with urban heat islandexft on energy and thermal performance of existing
buildings and to improve the performance of buildings through dynamic energy
simulation software and passive architectural design techniqgues. The main

contribution of the thesis is to understand the effestd interactions of different



design alternatives on the building performance and to develop the most effective and
feasible design approach which can support the designers throughout the design

processes for climate resilience in existing buildings.

Keywords:Climate change, Passive design, Existing buildings, Building performance,

Building energy simulation
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CHAPTER 1

INTRODUCTION

"The world will not be destroyed by those who do evil, but by those who watch them

without doinganything."~ Albert Einstein
1.1.Background
A global crisis - Climate Change

AWar ming of the climate system i s uneqgu
observed changes are unprecedented over decades to millennia. The atmosphere
and ocean have warmed, the amounts of snowcankdave diminished, and sea
l evel h Fifth Assasssnent Report from the UN Intergovernmental Panel
on Climate Change (IPCC), 2014.
Climate change is not a problem of the futim, ratheiit is a problem of the present.
It has become a compellinthreatening, and devastating reality a long time &go
other wordsglimate changlas become a global crisis in every aspect. Many negative
impacts of climate change dwumanhealth,earthecosysters economy, and society
have begun to be experiencgach as wildfires in California in 2018 or Hurricane
Harvey in 2017. NASA reports that the average temperature of the Earth has already
risen nearly 1®Aentsy andtee gibdaletempesature has Been
recorded eighteen of the 19 warmest years since 2001. Besides, warming oceans,
shrinking ice sheets, glacial retreat, a serious reduction in snow and ice covers, risen
of sea levels, extreme events and oceatiifaxdtion has been recorded in last century

(National Aeronautics and Space Administration [NASA], n.d.). These changes are



driven mostly by increasg levels of carbon dioxide and other anthropogénic
emissions into the atmosphere (IPCC, 2014). The tndysagricultural, and
transportation activities, and human settlements on which the modern civilization
depends upon produced greenhouse gases such as carbon dioxide, methane, and
nitrous oxide. These activities have raised atmospheric carbon dioxXude |6@els

from 280 parts per million (ppm) to 412 ppm in the last 150 years (National
Aeronautics and Space Administration [NASA], n.d.).

The humarnnduced impacts are expected to continue to increase with the growing

population and increasing consumptitCC (2014) estimates that

temperatures will continue to rise,

precipitation patterns will change,

extreme events such as hurricanes, storms, floods will become stronger and
more intense,

1 sea levels will rise and the Arctic will likely become-itee (IPCC, 2014).

The climatic models point out that the global temperature will rise approximately plus

1. 5AC by -20G 0byan2d0 820 and the atowilisapeher i c
increased to 600ppm. Moreover, in IPCC AR5 report (2014), it is geetithat
climaterelated risks to human health, livelihoods, food security, human security, and

water supply will all increase.
Buildings and Climate Change

Regarding the facts mentioned above, it is obvious that there is a strong relationship
between dmate change, greenhouse gases (GHG) emissions, and energy
consumption in the fields of industry, agriculture, transportation, and human

settlements. In this context, buildings are a significant contributor to GHG emissions.

Smith (2005) indicates that Bding constructions, renovation works, and operations

1AnthropogenicRelating to, or resulting from the influence of human beings on ndtitips://www.merriam
webster.com/dictionary/anthropogenduly 2019.
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consume more neutral resources and more energy than any other human activities and
they generatbuge amountsf greenhouse gases, toxic air, £&d water pollutants
(Smith, 2005). In another studie IPCC report (2014) states ttiaefinal energy use

of buildings in 2010 generat&2% of total global energy use, 19%energyrelated

GHG emissions anapproximately onghird of black carbon emissions (IPCC 120.

In line with these factduildingsplay a leading role in climate change crises.

There is aomplexinteraction between buildings and the changing climate. Just as the
building-related emissions have impacts on climate change, the changing climate has
an impact on building systems andfpemance. The shift in energy use and thermal
comfort, HVAC capacity mismatch, problems caused by overloadingneffigiency

and malfunction in the building systems can be observed as a consequence of the
climate change impacts on buildin@e Wilde anl Coley, 2012)Furthermore, these
impacts have potential consequences for building occumamts asdiscomfort,

illness, morality, or reduction of productivity and performance. All these problems
result ina feedback loop where an increase in building emissions contributes to

further anthropogenic climate chan@@e Wilde and Coley, 2012, p.1).

1.2.Problem Statement

Climate change and architectur€limate change isne of the main challenges facing
humankind i the 2% century.At current rates of warming, it is estimated theatny

cities will become uninhabitable due to extreme events imgjuitbods, wildfires,
drought and heatwaves and this is predicted to trigger mass migration (Murray, 2019).
A researclconducted in the Crowther Laboratory at the ETH University in Zurich,
Switzerland examined how climate change will affect the world's top 520 cities by
2050. According to this research, 77% of the cities around the world will experience
a striking changefalimate conditionsand the other 22% will encounteonditions

t hat cur r e nBadtinyet all 2010 ThroegRoutEtropg, the temperature of

cities wild@ be 3.5AC war mer i n summer s,

can be as warm a®tday 0 s Barcel ona, Kstanbul tod



Tashkent Bastin et al. 2019). These estimations make it clear that the built
environment will be severely and intensely affected by climate chamdjee with

these facts, it is obvious that arguture is part of this crisidoth affecting and
affected factor and architecture should resptmnthe changing climate. However,
although the signs and predictions are so vital, the knowledge gap still exists
corresponding with how emissions from bwehvironments can be mitigated and,
simultaneously, how buildings and their occupants can adapt to the changes in global
and local climate. This gap is need to be filgth the development of a new form of
architecture that can adapt to climate changpeavith extreme events and reduce
damage to the environment. Moreover, this approach should be in dialogue with
different disciplines that include urban design, engineering, physics, climatology,
physiology, psychology, material science and bioscienicesrderto address the
complex requirements of climate change mitigation and adaptation processes.
Consequently, buildings need to be designed and operated according to both dynamic
environmental forces and comfort and health of their users with efficserdf energy

and without harmful wastes and emissions all around the world.

Climate change and existing building performandewly designed buildings are not
sufficient to deal with the climate crisis because they constitute only arouBdD¥%0

per annm compared to the existing buildings (Maooper,Daly, & Ledo, 2012).
Buildings constructed in late 2@entury have already started to perform poorly in
summer because they are characterized by lightweight, poorly insulated construction,
large openings, unshadiglazing, and poor ventilatioéthing & Puckett, 2023It

is also an undeniable fact that&tkMig buildings are an effective way to minimize the
negative impacts of the warming climate, considering that buildings have a relatively
long life-cycle. Therefore, it is essential to focus on the existing buildings stock for
energy efficiency and thermhaomfort interventions and to provide their mitigation
and adaptation to climate change. In many instances, however, there is algekeral

of relating to the variability of future climatic conditions to existing building

performance. In consideration gbme intergovernmental agreements on climate



change such as the Paris Agreement, climate change adaptation policies have started

to be implemented for existing buildings, but these projects show too slow progress.

Microclimate and existing building perfmance:In order toanalyze the performance

of existing buildirgs more accurately and reliably, microclimatanditions need to

be included in the design process. The built forms in cities create a unique, and site
specific climatic conditions and the latic conditions in the cities differ from their
surrounding rural areas. Generallyrban areas are in a tendency to be warmer than
rural areas regarding tthe thermal and optical qualities of finishing materials,
geometry, spacing, orientation, and gyeconsumption of buildings and the use of
green and blue infrastructure$i3 phenomenon is callékdeurban heat island (UHI)
effect, one of the weknown forms of local anthropogenic climate change
(KleerekoperVan Esch, & Salced@2012). As UHI effetcauses a major increase in

the outdoor temperature, it is directly associated with energy and thermal performance
of existing buildings. However, the climatic data are generally collected at rural areas,
outside of the urban beland UHI effect and itpossible impacts on the temperature

areneglected in general.

Energy consumption and thermal comfort in educational buildirgacational
buildings constitute a significant majority of the ab@tated existing building stock.

For instance, in Europe, they together with office buildings account for about 40% of
the noares i dent i al floor spaces ( A#&danolin e, Bi .
2017). In line with this, they are responsible for the high energy consumption of up to
18 percent within the neimdustrial energy usage andcaensiderable amount of this
energy is used to provide thermal comf@kscione etal., 2017 and Zomorodian,
Tahsildoost & Hafezi, 2016). Thermal comfort is one of the determinative indoor
environment variables that affect physical and psychological health, productivity, and
performance of users (Katafygiotou and Serghides, 2014)jislcdntexteducational
buildings with high occupant density in classrooms are unique and critical instances.
. Their thermal conditions have the power to enhance and/or detract from the learning

process and the performance and productivity of studedteanhers (Sanoff, 2001).



Besides, thermal comfort perception varies accordingaagestudentbave a higher
sensitivity towards$iot temperatureelativdy to their body weights and their tissues
and difference in their metabolisnt rates(Katafygiotau and Serghides, 2014

other words,studentsare more vulnerable to poor thermal comfort conditions.
Existing studiesfurther show that in many instances, educational buildings are
designed and constructed with disregard of the abwemtioned criteria
(Katafygiotou and Serghides, 2014). That results in improper and poorly performed

educational buildings in many countries.

As a result of abovenentioned considerations, architectural design requires a new
approach that combines the built and naturalirenments, weather, climate, and
human activity, behavior, and needs. The role of climate and climate change,
microclimate or UHI effects and the preferences of building occupants need to be
incorporated into the building design process. This thesis essea omprehensive
study of the inteelationship between the design variables associated with these
metrics for the existing educational building.

1.3. Aims and Objectives

The main aim of this thesis is to evaluate and predict the impact of current aned futu
variable climatic patterns on existing educational buildings energy and thermal
performance and develop a frameworktw design process in order to improve the
energy demand and @imal comfort using simulation tooldn this regard,
intervention scearios are determined through passive design techniques as mitigation
and adaptation strategies to achieve the development of the framework based on the
selected representative school building. The scenarios need to be adapted to the
context of Ankara, Turky through the effective use of building materials and shading

el ement s, the alteration of the fa-ade

design parameters.
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The proposed framework aims to support designers in the understanding of the

different aternatives and proper selection among them.
In summary, the following specific focusameto be succeeded in this research;

1 An understanding of climatic conditions of Ankara corresponding with
climate change and urban heat island effect;

1 The evaluatiorof the combined effects of current and future variable climatic
patterns with urban heat island effect on energy and thermal performance of
the selected educational building through modeling and simulation;

1 Identification of the intervention scenarios moprove the performance of the
current design, based on passive design techniques and quantifying the
effectiveness of these scenarios.

1 Developinga guideline and recommendations for existing educational

buildings towards mitigation and adaptation in/tonelte change.

1.4.Research Questions

Considering the discussion in the previous sections, this thesisteeghkswerthe

following main question:

What is a viable design method that can support design activities for climate

change adaptation and mitigatiom existing buildings?

To answer the main question, several-qubstions need to be examined thoroughly,
as follows:

1) How can passive design techniques be employed in the existing educational
buildings to provide the right balance between energy perfaenamd
thermal comfort under the future climatic conditions and further mitigate and

adapt climate change?



2) How do the varying future climatic conditions and urban heat island (UHI)
influence the outdoor temperature?

3) How do the varying future climatic conditions modified with UHI affect the
energy and thermal performance of existing (educational) buildings?

4) How can passive design techniques be effective in improvement of the
performance of educational buildings?

5) Whatare the most influential techniques for both energy efficiency and

thermalcomfort

1.5.Scope of the Thesis

Architectural design for climate change has a large research domain. To ensure the
quality and clarity of the research, the thesis needs to be conedrdraits specific
aims and objectives as described above. The scope of this thesis will be limited to

and excluded some specific aspects as follows:

1 Existing buildings particularly educational buildings are the main focus of
this research. The other hiing types are not investigated.

1 This research examines orthe adaptation and improvement strategias
the buildingscale The urbarscale issues such as urban design, urban
morphology and arrangement, and landscape design are out of the scope of
this research.

1 This thesis only focuses on passive design strategies. Active strategies such
as photovoltaics, solar thermal @altors, mechanical systems, or efficient
lighting and its impacts on the building performance are not included in the
scope.

1 One of the main subjects of this research is energy efficiency and thermal
comfort. Indoor air quality, visual and acoustic coméod not included in

terms of comforrelated issue and it is assumed that thermal comfort is



independent of other issues. In terms of energy efficiency, requirements of
heating and cooling and solar gain are focused on. The other issues such as
lighting, equipment demand, and so on are excluded.

1 Analyses of the climatic conditions were conducted only for AnKeuegkey

in this research.

1.6. Thesis Methodology

This research is based osystematianethodology that is underpinned byilding
performancenalyss throughquantitative simulationA design method is proposed

that can help architects during the design processes of climate change adaptation and
mitigation of existing buildingsThe method seeks to incorporate ithgact of the

current and future ainatic conditions modified with urban heat island effect on the
performance of existing educational buildings and to progiddance in the

development and analysis gdissive design scenarid$e research presented in this

thesisconsists of several stepas indicated below:

a) An extensive literature review on climate and the built environment, urban
heat island effect and its relationship with climate change, thermal comfort
and comfort requirements in educational buildings, and architectural design
appoaches as mitigation and adaptation strategies to cope with the changing

climate and warming temperature.

b) The assessment or analysis of current and future climate data with urban heat
island effect and selection of climate scenarios to constiuale-building

model simulations of the building.

c) The development of a simulatidrased computational method to analyze the
current performance of building and the impact of changing climate on the

energy and thermal performances.



d) The identification an@xaminationof mitigation and adaptation strategies on
an individual basis to decrease the energy demand and to improve thermal

comfort by material and design modification.

e) The determination of combinations consists of the most effective strategies

among theenergy efficiency and comfort, usable by designers.

1.7.Thesis Structure

This thesis constitutes of six chapters, shown as FigurénlHe fird chapter, a brief
introduction, conceptual background, problem statement, aims and objectives,
research questins, thesis methodology, and the main structure of the thesis are
presented. The second chapter covessmaprehensivéiterature review of the main
issuesin accordance witlthe aims and objectives of the research included climate
change impacts, urban heat island effect, thermal comfort, and architectural design
solutions as mitigation and adaptation strategies in climate change. The third chapter
representthemethodology of th thesis that considers the design of the research. The
fourth chapter investigates the implementation of the proposed mettimbseected

case study. Chapter fivdiscusses the results obtained from simulation model and it
alsopresents a design guidet by using the proposed framework to provide an insight
into the building performancén final chapter, te conclusion, limitations, and the

possible future extensions of the themis outlined.
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CHAPTER 2

LITERATURE REVIEW

This chapter provides an extensive overview of research advancements related to
climate change anits relation with the built environment, urban heat island effect and

its relationship with climate change, thermal comfort and comfort requirements in
educational buildings, and architectural design approaches as mitigation and
adaptation strategies tom®with the changing climate and warming temperature. The
aim of the chapter is to in detail identify the aspexatd problemghat have been

successiflly clarified by other authors.

2.1.Climate and the Built Environment

The climate and architecture are always in a complex interaction and in a dynamic
dialogue. Architecture modifies the climate and creates unique andpsitdic
microclimatic conditions while the climate plays an important role while designing a
building. DavidP e ar | mut t e In madérmtimes, thishcgcte of influence has
been obscured, because technology and cheap fuel have allowed architects the option
of i gnor i ng Peatimutteg ROO7 p.762). eHewever, with the changing
climate, tle necessity of restablishing the dialogue of architecture with the climate

has become a critical issue. The following sections present the climate and built

environment relationship with respect to climate change.

21.1.The Earthés Climate System

Climate 8 d e f i theeayerageswedather, or more rigorously, as the statistical

description in terms of the mean and variability of relevant quantities over a period of
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time ranging from months to thousands or millions of y@arsby Fi ft h Asses s me
Report AR50 f | PCC (1 PCC, 2014, p.126). The Eart't
complex systems and in order to understand it and the climate change, it is essential

to also understand the Earth system as encompassing the climate system. The Earth is

made up of fourndependent but interconnected components called spheres that are

the lithosphere, pedosphere, cryosphere, hydrosphere, and atmosphere. The

lithosphere as the term given to the rock and minerals is uppermost part of the outer

crust and it provides importaminerals to the Earth. The pedosphere is the Earth's

soil layer and also the foundation of terrestrial life. The cryosphere is the part of the

Earth's surface where water exists as ice and there is a wide overlap with the
hydrosphere. The hydrospherevisole the waters on the earth's surface, such as lakes

and seas, and sometimes including water over the earth's surface, such as clouds. The
cryosphere and the hydrosphere are an integral part of the global climate system.

Lastly, the atmosphere that isstmost important parts of the global climate system

consists of the thick layer of gaseous surrounding the Earth. It comprises: 78.09%

nitrogen, 20.95% oxygen, 0.93% argon, 0.039% carbon dioxide and very small

amounts of other gases. Moreover, atmosphaneams water vapour as a natural gas.

These gases are often termed O6greenhouse gas:s
the Earth's temperature at a level suitable to sustain life. In addition to sustaining life

chemically, the atmosphere plays an esaknile in storing moisture and solar energy

while helping transport these energies in the form of heat and to create wind and

weather systems (Skinner and Murck, 2011). These components of the Earth that

constantly interact and adjust to both internal@xtdrnal forces constitute the climate

system and also, Skinner and Muck (2011) claim that the anthroposphere has also

become a key constituent of the climate system since the Industrial Revolution. In

substance, the climate system and its componentdriaen by solar energy that is

also a component of the system. Clouds, atmospheric pollutants, gases, aerosols and

surfaces of Earth reflect back 30% of the incoming solar energy into space and 20%

of the solar energy is absorbed and remitted by the atmacspocean and land (IPCC,
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2013). All components relating to the global climate system is shown in Figure 1.1

schematically.
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Figure 2.1. Schematic view of the components of the global climate system (Skinner et.al, 2011,
p.380).

Natural or humatinduced factors in components of this complex and interrelated
system and their interactions could result in climate fluctuations. The following p
introduces various aspects of natural and anthropogenic emade, climate

fluctuations or changes.

2.1.2.Natural and Anthropogenic Causes and Effects of Climate Change

Climate change can be defined as the variability of its properties that occurrerdiffe
time scales, ranging from decades to many millions of years (IPCC, 2013). It is
difficult to determine the responsibility of these variables, as several different
mechanisms are responsible for them in a complex way. As stated previously, natural
andanthropogenic factors that result in changes in the climate are observed. Natural

factors can be listed as follows;
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Al teration of the Earthods orbit and moven
The variation in the intensity of solar radiation (thecsa | | ed 6ésol ar const
Shift in the geological equilibrium of the planet (such as shape or position of

the continents)

f Vvariation in the equilibrium of oceanic
al bedo (i .e. the reflectivity of the plan
2008).

Best known examples that arise from natural factors are the Ice Age of 20.000 years
ago and the Little Ice Age in the early Middle age and researchers have connected
them to some possibilities and theories such as variations in Earth's orbit, cyclical lows
in solar radiation, heightened volcanic activity, changes in the ocean circulation or
variations in Earth's orbit. In addition to these theories, as stated in the IPCC reports
(2014), the climate has changed both locally and globally in time and it isdxlie

that carbon dioxide concentration has a role in triggering these changes. Carbon
dioxide (CQ) that is a natural greenhouse gases and carbon cycle have a key role to
sustain life and to stabilize the climate. £@sorbs less heat per molecule than the
greenhouse gases methane or nitrous oxide, but it has more longevity in the
atmosphere and it absorbs wavelengths of thermal energy. That is to say, it has a great
impact on the greenhouse effect and the total energy imbalance that are responsible
for theincrease in temperature of the Earth. Compared with the natural causes, the
pace of the increase in carbon concentration is higher in anthropogenic causes.
Atmospheric CQlevels from 280 parts per million (ppm) have been raised by human
activities in thelast 150 years and the curréetels in the air that has reached 411
ppm are the highest levels in 650,000 years and quite threatening (National

Aeronautics and Space Administration [NASA], n.d.) (Figure 2.2).
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Figure 2.2. CO2 Measurement: 20Bresent. Reprinted from Global Climate Change in NASA.
RetrievedMarch 20, 2019, from https://climate.nasa.gov/vitaigns/carbordioxide/.

Anthropogenic factors, the reason for this rapid increase, are mainly rapid population
growth, economic, industrial and agricultural activityham lifestyle, energy use, land
use patterns with huge environmental impacts, urbanization, buitpegations,

technology and climate policy (IPCC, 2014).

Human influence on the climate is explicit and the current climate change has had
widespread and vital impacts on human and natural sysi#msatmosphere and
ocean have warmed, the amounts of snoeviee have diminished, sea level has risen,
lakes have broken up earlier, plant and animal ranges have shifted and trees are
flowering sooner (Figure 2.3). Moreover, changes in much extreme weathers and
climate events such as heat waves, droughts, flaydtones and wildfires, reveal
significant vulnerability and exposure of some ecosystems have been observed as the

results of anthropogenic climate change (IPCC, Synthesis report, 2014).
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Figure 2.3. Data of climate change impacts. Reprinted from Global Climate Change in NASA.
RetrievedMarch 20, 2019, from https://climate.nasa.gov/vitaigns

2.1.3.Future Scenarios

Effects that scientists had predicted in the past would result from global climate
change are now occurring and they are predicting in the present that the change will
continue through the extended period of time. The future emissions of greenhouse
gasesaerosols and other natural and rmaade factors designate the future of the
climate and future climate depends on how the Earth reacts these factors together with
its internal variability (IPCC, 2014). There are four different scenarios depending on
different emission scenarios that are calgpresentative Concentration Pathways
(RCPs).The four RCPs, namely RCP2.6, RCP4.5, RCP6, and RCP8.5, represent
possible changes in future anthropogenic GHG emissindsaim to represent their
atmospheric concentratis (IPCC, 2014)These are a stringent mitigation scenario,
two intermediate scenarios and a very high gas emissions scenario (IPCC, 2014).

According to the best estimate scenario for the stringent mitigation (RCP2.6), it is
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Figure 2.4. Possible temperature responses to emission sce(i@®@S AR5 p.1037)

Additionally, according to IPCC (IPCC, Synthetic Report, 2014, p.10),

filt is virtually certain that there will be more frequent hot and fewer cold

temperature extremes over mtmtd areas on daily and seasonal timescales,

as global mean surface temperature incredisissvery likely that heat waves

will occur with a higher frequency and longer duration. Occasional cold winter

extremes will continue to occor.

Moreover, it is pedicted that the precipitation patterns will change in an uneven

manner, the ocean will continue to warm and rise, extreme events will become

stronger and more intense during thé& @dntury and the glacier volume will continue

to shrink.

In addition to natural hazards, there will be the impacts on the physical and

psychological health of humans. Luber and Prudent (2009) point out that excessive
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heatrelated illnesses, and waterborne diseases, increased exposure to environmental
toxins, exacerbation ofacdiovascular, respiratory diseases will appear due to
consequences of climate change. Moreover, mental and social health are also affected

through flood and drought impacts on housing, food security, and livelihoods.

2.1.4.Climate Change and Built Environment

As stated previously, human development and the Earth system have an intricate
relationship that dramatically influences each other. In this context, the built
environment and infrastructure, marade structures, features, and facilities that
provide thesettings for activities of humans, is one of the key drivers of the
greenhouse gases (GHGs) especially @@issions, energy consumption, and current

and further anthropogenic climate change.

First of all, the contribution of urban areas to climate chanijebe discussed.

According to information from UN Habitat, although urban areas cover 0.5% of the
Earthdés surface, 71 to 76% of the worldbés ca
and a significant portion of total greenhouse gas emissions areddéowve urban

areas (UN Habitat, n.d.). As cited in AR5 report of IPCC, it is reported that

fiUrban energy related CO2 emissions at 19.8 Gt or 71% of the global total for
the year 2006. This corresponds to 330 EJ of primary energy, of which urban
final enegy use is estimated to be at 222 EJ. The Global Energy Assessment
provides a range of final urban energy use between 180 and 250 EJ with a
central estimate of 240 EJ for the year 2005. This is equivalent to an urban
share between 56% and 78% (central emén76%) of global final energy

used (IPCC, 2014, p.935).

Moreover, urbanization has multiple dimensions, including population size, land use,
and density that are the main factorsamthropogenic climate change and rapid

urbanizationespecially in develping countries has resulted in acceleration of the
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global change. As a result of rapid urbanization, it is estimated that in 2030, urban
land cover will increase by 1.2 million Kmand the world will have 43 meggties
with more than 10 million inhabités (UN Habitat, n.d.)As consequence of these,

the most cities are expected to becammhabitable

Secondly, the role of buildings in climate change will be addreltgsdndicated that
buildings including construction, renovation works, and operaticonsume more
neutral resources and more energy than any other human activity. They generate
approximately 33% of annual global GHG emissions that means higher emissions than
emissions from industry and transportation, shown as Figure 2.5 (Smith, 2008 a
Roche, 2012).

Industry

21%

Transportation

14%

Agriculture, Foresty
and Other Land Use

22%

Figure 2.5. Annual global emissions according to the sectors.

Generally, this number only involves emissions from a dhehrfar energy use in
buildings,not the other building relateanissions, but in fact, the specified percentage
may reach larger numbers. Electricity use in the buildings and the key trends for
instance space and water heating, cooling and lighting represent a majority of global
final energy consumption and @é@missons related to this consumption have shown
dynamic growth. The AR5 of IPCC reported tha 2010, the building sector
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accounted for approximately 117 Exajoules (EJ) or 32 % of global final energy
consumption and 19 % of energglated CQemissions; and5% of global electricity
consumption (IPCC, 2014, p.677). It is foreseen that energy used by buildings double
or triple at the miecentury due to the key trends (IPCC, 2014). In summary, built
environment have a long life cycle during which they constimaeexcessive amount

of energy and emit a major G@nd it is one of the main responsible of the

anthropogenic climate change.

As buildings have an influence on the changing climate, climate change has some
degree of impact on building behavior and perfmnce. For instance, rising
temperatures have an impact on external surfaces and thermal performance of
buildings. Another example of this situation is that flooding and sea level rising lead
to coastal and inland flooding, contamination from sewage, soilaud, water
damage to buildings, and undermining of foundations. Besides, the consequences of
climate change on buildings have an extremely complicated interaction with the
occupants of the buildings and major processes inside the buildings. Figure 2.6
represents this complex relationship between climate change, buildings, occupants,

and processes.
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Figure 2.6. Representation of complex relationship between climate change, buildings, occupants and
processefDe Wilde and Coley, 2012, p.2)

Turkey is located in the Mediterranean geographical region that has quite temperate

climatic conditions, however, there are significant differences in climatic conditions

there.

classification, lhe climate of Turkey is divided into three different climate zones.

The coastal areas of the Mediterranean Sea and the Black Sea have a Csa Climate, a

warm temperate Mediterranean climate with dry, warm summers and moderate, wet
t he

winters a d

of Anatolia have a Dsa Climate, with snowy winters and dry summers and the warmest
a b and ¢he @lAestGnonth below A C .

mont h

war mest
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Anatolian plateau can be classified as Csb Climate, a cold, dry climate with a dry

summer and annual average temperatures under

As compared to the global change in temperature, the imphctsnate change in
Turkey reflect global patterns but Turkisyprojected to be one of the regions that is
most vulnerable to climate change in the Mediterranean basin (IPCC, 2014). The

impacts are projected to continue and can be summarized as follows:

Temperature increases causing warmer winters with less snow
Heat waves and greater droughts frequency
Reduction in surfaces and freshwater resources

Greater frequency of floods due to sudden and heavy rainfall

= =4 4 -4 -

The gradual shifting of the seasons.

The mapr causes of these impacts are incorrect agricultural activities and
implementations, fagjrowing population and rapidly and wrongly increasing

urbanization. In the UNDP project report (2010), itis statedithatr Kk ey 6 s ur bani zat i
rate increased from 52% in 1990 to 74.9% in 2008 and the number of residential

and commercial buildings in large cities has risen rapiditythe same time frame,

1,524 million n? of total area have been covered with residential, commercial, and

public buildings. These numlserconstantly continue to increase and in direct

proportion to this expansion, energy consumption anéedtssion originated from

the building sector constitute the majority
emissions. In 2009, in consideration offarmation from UNDP report (2010),

building sector in Turkey generated 53.4 Mt of CO2 emissions and energy
consumption in the same year was 29.5 million TOE (tonne of oil equivalent) and it

Is estimated to reach 47.5 million TOE in 2020, meaning th&@@#emission figures

will double in 2020.
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2.2.Urban Heat Island Effect

Although cities cover up to 2% of the world, they are changing the land use with their
construction and construction activities and the expansion of transportation networks,
resulting ina tremendous amount of energy consumption and loss of natural resources.
These processes withetlbuilt forms in cities createnique and sitspecific climatic
conditions and the climatic conditions in the cities differ from their surrounding rural
areas.At the urban or local scale, differences in cloud cover, precipitation, solar
irradiation, air temperature, and wind speed are observed (Kleerekoper et al., 2012).
At the smaller scale or miciecale, the thermal and optical qualities of its finish
materals, the geometry, spacing, and orientation of buildings and the use of landscape
vegetation modify the climate. The phenomenon that air or surface temperatures of
urban areas tend to be higher than its surrounding is called urban heat island effect
(UHI effect). According to ErellPearimutter& Williamson (2011,

AUnder certain weather conditions a sub
observed between a city and its surrounding rural areas. When isotherms are drawn

for the area in question, tlodty is apparent as a series of concentric, closed lines of

higher temperature, with maximum values recorded at or near the densest part of

the urban are@Figure2.7) Thi s condition is kHEelwn as
etal., 2011, p.67).
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Figure 2.7. Generalized cross section of a typical UHI
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2.2.1.Types of UHIs

Urban heat islands can be categorized into two types: the surface and atmospheric
heat islands. These two heat island types are differéatms of their formation,

intensity, impacts, temporal behavior and degree of homogeneity (Erell et al., 2011).

1 The surface urban heat islandsThe surface heat islands refer to that the
temperature of surfaces is greater than surrounding naturalesutfet can
remain close to air temperature. They occur day and night but tend to be
more intense during the day depending on the intensity of the sun and
weather conditions.

1 Atmospheric urban heat islands: Atmospheric urban heat islands refer to
warmer ai temperatures and they can be defined as warmer air in urban areas
compared to the cooler air in nearby rural surroundings. There are two sub
categories of them, the canejayer heat islands and the boundiyer heat
islands. The canophayer heat islads exist in the layer of air where is the
closest to the surface in urbareas and they can be observed generally at
night. They have a direct effect on the occupants of buildings. The boundary
layer heat islands form from the rooftop to downwind of ¢lies and they

can be observed one kilometer or more in thickness in the day time.

2.2.2.Cause of UHIs

The formation of UHIs is one of the most effective evidence of the anthropogenic
changes to the natural environment and Erell et al. (2011) state that ewegiea
building may create a measurable disturbance to the land in its natural state (Erel et
al., 2011, p.70). There are variables that can be categorized as controllable and
uncontrollable, as shown in Figure 2.8 (Rizw&@®snnis, & Chunho2008). Wind

speed, cloud cover, anticyclone conditions, diurnal conditions, and season that are
derived from nature are uncontrollable variables and they have temporary effects
(Rizwan et al., 2008 and Lee, Din, Ponraj, NoorC&elliapan 2017). The main
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factors affedhg the intensity of UHIs are urban form, building density, sky view
factors, impervious surfaces, vegetation, properties of urban materials, and
anthropogenic heat sources including the cooling and heating of buildings and they
are controllable and permamt variables related to the built environment. Population

density also plays an important role in UHI intensity.

Urban design and structure related Controllable variables
Sky view factor Green areas Building materials | ‘ Population related

Air pollutants

/ Anthropogenic heat

Un-controllable
variables

‘ Anticyclone conditions |Season‘ Diurnal conditions |Wi11d speed ‘ Cloud cover ‘

Figure 2.8. Controllable and Uncontrollable Factors (Rizwan et al., 2008).

The variablesaffecting UHIs intensity by built environment arel¢iérekoper et al.,
2012, p.30).

1. Absorption of shortvave radiation from thesun in low albedo (reflection)
materials and trapping by multiple reflections between buildings and street

surface.

2. Air pollution in the urban atmosphere absorbs anengts longwave radiation

to the urban environment.
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3. Obstruction of the sky by buildings results in a decreasedu@vg radiative
heat loss from street canyons. The heat is intercepted by the obsteiofaces,

and absorbed or radiated back to the urban tissue.

4. Anthropogenic heat is released by combustion processes, such as traffic, space

heating and industries.

5. Increased heat storage by building materials with large thermal admittance.
Furthermoe, cities have a larger surface area compared to rural areas and

therefore more heat can be stored.

6 . The evaporation from urban areas
s u r f alesgperineable materials, and less vegetation compared to rural areas.

As a consequence, more energy is put into sensible heat and less into latent heat.

7. The turbulent heat transport from within streets is decreased by a reduction of

wind speedFigure 2.9).

Figure 2.9. Causes of UHIs (Kleerekoper et al., 2012, p.30).

In addition to these variables, manufacturing, transportation, and lighting also have a

contribution to UHIs effect in an instant and direct ways. UHI intensities show
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