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FOREWORD

When reverse engineering the future to the present moment, most important problem
to tackle with seems to be the global warming. One of the aspects of the global
warming is overheating (UHI effect) in urban areas which is partially dependent on
global warming. Coupled with climate change, Urban Heat Island Effect induces lots
of problems. Tackling the temperature increase caused by UHI requires additional
cooling which causes additional anthropogenic heat release. In return, it also causes
temperature increase as in vicious circle; solution to the problem increases severity of
the problem. In order to break this cycle, more research and careful planning are
required so that, future cities wouldn’t be locked under heat waves as isolation from
heat isn’t quite possible.
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Ozdemir and Prof. Dr. Nedim Sozbir, M.D. Betiil Sezgin, Fatma Akim, Siileyman
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Dr. Murat Cakan who advised me to study UHI without his encouragement and support
I would neither start nor finish my study, for their support and suggestions Prof. Dr.
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URBAN HEAT ISLAND EFFECT ON BUILDING ENERGY
CONSUMPTION: A CASE STUDY USING THERMAL LOAD
CALCULATION TOOL

SUMMARY

Urbanization increases human comfort and quality of living by altering ground canopy
layer. Building facades, roads, pavements, roofs and other urban materials are parts of
urban formation. 21% century has seen a rapid urbanization. Conflicts, better life
expectancy and lack of resources in rural areas have drawn people into the large cities.

Rapidly increasing population in the cities paved the way to the increased
anthropogenic formation on the ground canopy layer and the release of the
anthropogenic heat.

Urban formation differs from its surrounding rural areas by having different material,
shape and geometry. Altered air flow throughout the city and reduced sky-view factor
because of the urban design, increased solar absorption because of the urban material
combined with the lack of green areas led to the increased ambient temperatures in the
urban areas.

This heat content is called as Urban Heat Island which damages thermal balance of
cities. Coupled with Climate Change, UHI Effect induces lots of problems. Tackling
the temperature increase caused by anthropogenic formation, solar and infrared
heating requires additional cooling which causes additional anthropogenic heat
release. In return, it also causes temperature increase as in vicious circle; solution to
the problem increases severity of the problem. Factors that form UHI could be listed
as sky view factor, urban design and material, urban ventilation (air flow) and urban
albedo.

Mitigation strategies of UHI could be listed as, cool urban materials, super-cool
materials, urban ventilation, urban greening and reflective/retro-reflective materials.
Aim of the thesis is to show dynamics of urban formation and its relation with the
surrounding rural areas by explaining factors, variables that form UHI and related
mitigation strategies in order to build a ground and related common language for those
who wants to study and research UHI which requires extensive multi-disciplinary
contribution. Tools used while studying UHI could be listed as; numerical modelling,
field measurements and satellite sensors.

Hot Climates that require cooling more than heating are especially vulnerable to UHI
effect which increases urban temperature, mortality rates, cooling loads, peak and total
electricity demand, causing air pollution and decreasing environmental comfort and
public health

Both urban and rural areas receive the same solar radiation from the sun. Albedo
meaning fraction of incident radiation reflected by a body or surface determines the
amount of short-wave solar radiation absorbed. Due to the low albedo values, short-
wave solar radiation is absorbed by the urban materials. Absorbed solar radiation is
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then re-radiated to the urban area with a longer wave-length thus causing infrared
heating.

Anthropogenic heat is the heat content that is released as waste heat from buildings
(HVAC Equipment), transportation systems(vehicles) and power plants.
Anthropogenic Heat (AH) and moisture enter urban area simultaneously as it is
generated and causes temperature increase.

Using cool materials for urban formation that absorb less (high reflectance) and emit
more (high thermal emittance) helps to keep surface temperatures low. Cooler surfaces
convect less heat to the air, reducing ambient air temperature, conduct less heat to the
buildings, reducing heat gain.

Mitigation of UHI effect by air flow is an important countermeasure thus should be
taken into account in the design phase of an urban area. Air flow increases heating load
in the winter and reduces cooling load in the summer. By careful selection of the
orientation of the urban formation with the help of different prevailing wind directions
in the summer and winter which makes air flow an important asset of mitigating UHI.

High rise buildings on both sides in a typical urban canyon configuration, creates
reflective surfaces for radiation incident upon it thus, entrapping the radiation within
built area and converting it to the heat. If reflected radiation by the window (as it is a
mirror like reflection) is directed downwards onto the urban area (pavements,
sidewalks etc.) causes discomfort and temperature rise on the ground level. From the
ground level, infrared radiation goes upwards but due to the reduced sky view factor,
it is possible that it is going to return to the ground level. By changing reflection
direction of the windows to the sky by having retro-reflection capability means,
reflecting the incident radiation towards its incoming direction. By that, it is possible
to send NIR radiation back to the sky without directing it to the ground.

Urban greening is most widely applied mitigation strategy for UHI Effect. Vegetation
provides shade and increases evapotranspiration by retaining water especially in hot
and arid climates. UHI effect increases total and peak energy consumption of buildings
because of higher cooling demands. Buildings in the summer consume electricity to
run HVAC equipments. Generally, electricity is generated by coal and gas fired
powerplants.

Process of thermal load calculation of buildings consist of all modes of heat transfer
as conduction, convection, radiation. All modes play an important role in determining
thermal loads. All modes are interrelated, vary with time leading to a transient nature
of heat transfer rather than steady-state heat transfer.

A case study is implemented in order to investigate some of the factors forming UHI.
Case study building is an imaginary research institute building located in Istanbul
Technical University’s Ayazaga campus in Istanbul, Turkey. The building is 25 m by
25 m square building, one storey high on the ground soil.

Main aim of the thesis is to show how absorptivity levels (albedo/reflectivity) of the
building envelope affect heat gains and cooling loads. Case study building cooling
loads have been analysed in the case of UHI effect (+1°C, +2°C, +3°C, +5°C) also by
varying the building envelope absorptivity values. (as 0.3, 0.6, 0.9) For the secondary
variable, also government mandated thermostat set temperature increase (in the
summer) has been analysed. In order to show how ground reflectance should be
carefully evaluated, ground reflectance of the case study building surrounding has been
increased and cooling loads have been analysed.
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It’s been concluded that; each degree of ambient air temperature rise caused by the
UHI effect increases total and peak cooling loads in the summer. Decreasing
absorptivity level of the building envelope (increasing albedo/reflectivity) is an
effective counter-measure for UHI effect and could be used to mitigate UHI.

Higher absorptivity levels of the building envelope cause higher building surface
temperatures which leads to higher convection/radiation of heat to the surroundings of
the building thus creating UHI effect hence built environment is called as micro-
climatic formation.

While increasing reflectivity of the building envelope is an effective measure for
reducing cooling loads. Reflected heat/radiation might cause discomfort on the urban
ground. Increasing reflectivity of the surrounding of a building might increase
building’s cooling load by reflecting heat/radiation onto the building envelope.

When building energy consumption and urban environmental comfort (pedestrian
comfort) are regarded as equally important. There should be criteria/metrics for
regulation in order to achieve both as rejecting heat by having reflective building
envelope and reflecting this heat/radiation to the urban area might contradict with
having urban environmental comfort

Rejecting heat by building envelope and not reflecting heat/radiation onto the urban
ground might require to reflect heat/radiation to the sky, meaning retro-reflective
building envelope and surroundings might be adopted. Also, solution to UHI effect
cannot be more cooling, because cooling itself is one of the main sources of
anthropogenic heat release in urban areas.

Future UHI effect and related mitigation studies could be done in 3 stages. In 1% stage,
a case study using thermal load calculation tool and CFD analysis should be done. In
24 stage, small-scale experimental study similar to first stage case should be studied.
In 3" stage, criteria and metrics for regulation of all the parameters effecting UHI
should be proposed.
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SEHIR ISI ADASI ETKIiSiNIN BINALARDA ENERJi TUKETIMINE
ETKIiSi: ISIL YUK HESAPLAMA PROGRAMI KULLANILARAK
YAPILAN ORNEK BiR CALISMA

OZET

Sehirlesme, insan kaynakli yapilagma ile insan yasamini ve konforunu arttiran bir
olgudur. Bina yiizeyleri, yol, kaldirim, c¢ati vb. sehirlesmeyi olusturan temel
bilesenlerdir. 21. yiizy1l sehirlesme agisindan ciddi bir gelismeye sahne olmustur.
Kirsal kesimlerdeki sorunlar, altyap: eksiklikleri, sehirlerde sunulan hizmetler ve daha
1yi yasam beklentisi, kirsal kesimlerden sehirlere yogun bir géce neden olmustur.

Bu yogun gog, hizla artan plansiz bir yapilasmaya neden olmustur. Sehirler temel
olarak, cevrelendikleri kirsal kesimlerden, farkli malzemeye sahip olmalari, geometri
ve sekillerinin farkli olmasi dolayisi ile ayrilirlar. Sehirlesme nedeni ile, karakteristigi
degisen riizgar/hava akimlari, gokyiizii goriis oranmin azalmasi, kullanilan
malzemelerin 6zelligi nedeni ile giines 1sinlarinin daha fazla sogurulmasi, sehirlerdeki
yesil alanlarin az olmasi ile birlesince, sehirlerin, kirsal alanlara gore daha sicak
olmasina neden olmaktadir.

Bu 1s1 fazlaligi, Sehir Is1t Adast olarak isimlendirilmektedir. Bu etki, sehirlerin 1s1l
dengesini bozmaktadir. Sehir 1s1 adasi etkisi uzun zamandir bilinen ve arastirilan bir
mikro-iklim olusumudur. Ozellikle biiyiik sehirlerde insanlarin sagligini tehdit eder
hale gelmistir. Kiiresel iklim degisikligi ile birlesince, sehir 1s1 adasi etkisi birgok farkli
soruna neden olmaktadir.

Sehirlerdeki yapilagmadan kaynakli sicaklik artisi, insan kaynakli atik 1s1, giines
isinlar1 ve sogurulan 1silarin 1s1ma ile yayilmasi kaynakli 1sinma ile birlesince,
sehirlerin sogutma ihtiyacin1 artirmaktadir. Ancak, sogutma ile de ¢evreye atik 1s1
verildigi i¢in, sehirlerin sicaklig1 daha da artar. Probleme ¢6ziim olarak sunulan daha
fazla sogutma yapmak, aksine durumu daha da olumsuz hale getirerek bir kisir dongii
olusturmaktadir. Sehir 1s1 adas1 etkisini olusturan faktorler, sehir plan1 ve malzemesi,
sehrin havalanmasi (riizgar/hava akimi), sehrin yansiticiligi ve sehrin gokyiiziini
gérme orani seklinde siralanabilir.

Sehir 1s1 adasi etkisini azaltmak i¢in, soguk/a¢ik renkli malzemeler, siiper soguk
malzemeler, sehirlerin igine riizgar niifuzuyetini artirmak, sehirlerde yesil alanlarin
artirllmasi, yansitma ve geri yansitma katsayisi yiiksek malzemeler kullanilmas1 gibi
stratejiler bulunmaktadir.

Tezin genel amaci, sehir 1s1 adasi etkisi olusumunun dinamiklerini ve kirsal kesimler
ile olan etkilesimini, faktor ve degiskenler ile gostererek, bu konu ile ilgili yapilacak
sonra ki caligmalara destek olmaktir. Sehir 1s1 adast etkisi, yapisi geregi birgok farkl
daldan arastirmacinin beraber calismasini gerekli kilan bir konudur. Bu konuyu
calisirken kullanilacak aracglar, nlimerik modelleme, saha 6l¢iimleri ve uydu verileri
ile analizdir.

Sicak iklimler, sogutma ihtiyacinin 1sitma ihtiyacindan daha fazla olmasindan dolayi,
sehir 1s1 adasi etkisinden, daha olumsuz etkilenirler. Sehir 1s1 adasi etkisi, bu
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iklimlerde, sehirlerin ortalama sicakligini, 1s1l stres kaynakli 6liim oranlarini, sogutma
yiiklerini, pik ve toplam elektrik ihtiyacini, sehirlerdeki hava kirliligini artirarak,
sehirlerin konforuna ve halk sagligina olumsuz etki yapmaktadir.

Sehirler ve ¢evrelerinde bulunan kirsal kesimler giinesten esit miktarda 1sinim
almaktadir. Sehirlerin rengi/yansiticiligi, (Beyazlik/Albedo) giinesten gelen kisa-dalga
boyundaki isinlarin ne kadarinin sogurulacagini belirler. Genel olarak sehirlerin diigiik
yansiticilik kabiliyetine sahip olmalarindan dolay1, giinesten gelen kisa-dalga
boyundaki 1sinlar, sehirde bulunan malzemeler tarafindan sogurulmaktadir. Sogurulan
bu 1sinlar, belirli bir zaman araligindan sonra, uzun-dalga boyunda kizil-6tesi 151n
olarak yayilmaktadir. Bu da sehirlerde kizil-6tesi 1s1ma ile 1stnmaya sebep olmaktadir.
HVAC ekipmanlari, ulagim araglari, gli¢ ¢evrim santralleri vb. gibi insan faaliyetleri
kaynakl1 atik 1silar da sehirlerde 1sinmaya sebep olmaktadir. Atik 1s1 ve nem, sehrin
havasina hemen karigmakta ve sicaklik artisina sebep olmaktadir.

Sehirlerde, sogurganligi (yutma) diistik (yansiticiligi yiiksek) ve 1s1l yayiciligr yiiksek,
soguk/acik renkli malzemelerin tercih edilmesi durumunda, yiizey sicakliklari daha
diisiik olacaktir. Daha diisiik yiizey sicakliklar1 sayesinde, binalarda iletimle olan 1s1
gecisi, tasinimla havaya olan 1s1 gegisi ve kizil-6tesi 1sinim azaltilabilecektir. (Bundan
dolay1 insan kaynakli yapilar kendi mikro-iklimlerini olustururlar.) Bu da binalarda 1s1
kazanimini azaltacag i¢in sogutma ytiklerini de diistirecektir.

Hava akimlarimi kullanarak/faydalanarak da sehir 1s1 adasi etkisini azaltmak
miimkiindiir. Hava akimlari, kigin 1sitma ihtiyacini artirir, yazin ise sogutma ihtiyacini
distiriir. Sehir/Bolge planlamasi yapilirken, hava/riizgar akimlari hesaba katilarak,
sehir/bolge oryantasyonu ve yaz-kis farkli riizgar yonlerinin de yardimu ile, sehir 1s1
adasi etkisi azaltilabilir.

Tipik bir sehir tasariminda, sehir-kanyon etkisini olusturan, bir caddenin her iki
tarafindaki yiiksek katli yapilar, gelen gilines i1sinlar igin yansitic1 yiizey islevini
gorerek (cam yuzeyler), sehir yizeylerinde 1sinimin hapsolmasina neden olmaktadir.
Bu 1sinlar 1s1’ya doniiserek, bina yiizeyi ve sehir yiizeyinde sicaklik artisina neden
olmaktadir. Cam yiizeylere c¢arpan 1sinlar, sehir yiizeyine yonlendirilirse, yaya
seviyesinde konforsuzluga ve sicaklik artigina sebep olur. Yiizeye gelen 1sinlarin geri
yansimasi ve sogurulan iginlarin, malzemeler tarafindan kizil-6tesi olarak yayilmasi,
diisiik gokytizii gorlis oranlar1 nedeniyle ¢cok miimkiin olmamaktadir. Cam yiizeylerin
yansiticiligl ayna yansitmasindan, yansitma yoniinlin gokyiizline cevrilerek, geri
yansitma 6zelligi kazandirilmas1 durumunda, giinesten gelen kisa-dalga boylu 1sinlar,
sehir ylizeyine yonlendirilmeden gokyiiziine geri yansitilabilir.

Sehirlerde yesil alanlarin olusturulmasi, sehir 1s1 adasi etkisine yonelik olarak en fazla
kullanilan hafifletme stratejilerindendir. Yesil alanlar, gdlge olusturmalarinin yani
stra, Ozellikle kuru iklimlerde (nem miktarinin az oldugu) suyu tutarak buharlagma
gizli 1s1s1 ile sogutma etkisi olustururlar.

Elektrik enerjisi tiiketimini etkileyen parametreler incelendiginde; nem miktari, hava
sicakligi, glines 1sinlari, riizgar hizi, bulut miktar1 ve destekleyici faktor olarak
iklimlendirme cihazlarinin kullanim orami goriilmektedir.

Sehir 1s1 adasi etkisi, sogutma talebini artirici etkisinden dolay1 pik ve toplam elektrik
talebini artirmaktadir. Binalar, HVAC ekipmanlar1 i¢in yazin elektrik enerjisi
kullanirlar. Genel olarak, elektrik enerjisi dogal gaz ve komiir ile ¢alisan gli¢ ¢cevrim
santralleri vasitastyla arz edilmektedir. Bundan dolay1 sehirlerdeki 1s1 adas1 etkisi,
direk olarak tiiketilen elektrik enerjisini artirmakta dolayli olarak, kullanilan komiir ve
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dogal gaz miktarini artirmaktadir. Bunun sonucu olarak, atmosfere daha fazla kirletici
gazlar ve daha fazla atik 1s1 salinmaktadir. Bunlar da tekrar gehir 1s1 adas1 etkisinin
olusumuna ve etkisinin artmasina neden olurlar.

Binalarda 1s1 kazanci ve sogutma yiikii hesabi, tiim 1s1 gegis tiirlerini igeren (iletim,
taginim, 15111m) bir mahiyete sahiptir. Tiim 1s1 gegisleri birbirleri ile iligkili ve zamana
baglidir. Is1 kazanci, bina kabugundan gegen 1s1 miktart ile, sogutma yiikii ise, odadaki
sicaklik degeri ile iliskilidir. Sogutma yiikii, HVAC ekipmanlar1 vasitasiyla 1s1
cekilerek karsilanmalidir. Genellikle, 1s1 kazancinin, sogutma yiikiine doniigsmesi
arasinda bir zaman aralig1 vardir. Isil kapasitesi yiiksek bina kabuklar1 daha fazla bir
zaman araligina sebep olurlar.

Sehir 1s1 etkisini incelemek i¢in, tez kapsaminda bir bina {lizerinde 6rnek bir ¢aligma
yapilmistir. Ornek ¢alisma, Istanbul Teknik Universitesi Ayazaga kampiisiinde, 25m
x 25 m boyutlarinda, 3 metre yiiksekliginde, toprak zemin tizerinde hayali bir aragtirma
enstitiisii binasidir. Ornek binada, hava kaynakli 1s1 pompast dis iinitesi ile, fan-coil i¢
tiniteleri ve taze hava iifleme kanalina bagli bulunan kanal tipi sulu batarya sistemi
bulunmaktadir.

Tezin temel amaci, bina kabugunun 1s1y1 sogurma (yutma) seviyesinin,
(yansiticilik/albedo) binanin 1s1 kazanci ve sogutma yiikiine etkisini incelemektir.
Binanin sogutma yiikii, farkli sehir 1s1 etkisi kosullarinda (+1°C, +2°C, +3°C, +5°C)
ve bina kabugunun sogurma katsayis1 (0.3, 0.6, 0.9) degistirilerek incelenmistir. ikincil
degiskenler iginde, yazin oda termostat derecesinin artirtlmast gibi bir mevzuatin
yuriirliige konulmasi durumundaki etkisi incelenmistir. Bununla birlikte, bina
¢evresinin yansiticiliginin, bina sogutma yiikiine etkisi de incelenmistir.

Ornek ¢alisma sonuglarina gore, her bir derece dis ortam hava sicakliginin artmasi, pik
ve toplam elektrik talebini artirmaktadir. Bina kabugunun, 1s1y1 sogurma katsayisinin
diisiiriilmesi (yansiticiligin artirilmasi) sehir 1s1 adasi etkisinin azaltilmasi i¢in uygun
bir strateji oldugu goriilmiis, sogurma katsayisinin diisiiriilmesi, sogutma ytikiinii
azaltmastir.

Bina kabugunun yansiticiliginin artirilmasi, sogutma yiikleri agisindan avantaj
saglarken, bina kabugu tarafindan sogurulmayip, sehir ylizeyine yansitilan isinlar,
yaya seviyesindeki 1s1l konforu diisiirmektedir. Bununla birlikte, bina ¢evresinin de
yansitici olmasi, bina ¢evresinden binaya dogru olan yansimayi artirarak sogutma
yiiklerinin artmasina sebep olabilmektedir.

Binalarda enerji tiikketimi ve sehirlerdeki ¢evresel konfor ayn1 derecede dnemli olarak
goriildiigii taktirde, binalarin yansitici yiizeylerinin, sogutma yiiklerini azaltmasinin
yani sira, sehir yiizeylerine yansittiklar1 1sinimdan kaynakli 1s1l konforun diismesine
neden olabilecegi i¢in, iki durumun dengelenmesi ile ilgi mevzuat ve standartlarin
olusturulmasi gerektigi goriilmektedir.

Yiiksek yansitma katsayisina sahip bina yiizeylerinden yansitilan isinlarin, sehir
ylzeylerinde ¢evresel ve 1s1l konforu diistirmemesi i¢in, bu 1sinlarin sehir yiizeyine
yansitilmadan, gokyiiziine dogru geri yansitilmasi gerekliligi ortaya c¢ikabilir. Bundan
dolay1 geri-yansitma 6zelligine sahip malzemelerin kullanilmasi tercih edilebilir. Sehir
1s1 adasi etkisinin giderilmesi i¢in, sogutmanin bir ¢éziim olarak degil, ayn1 zamanda
bir atik 1s1 kaynagi oldugu igin, problemi artiran bir olgu olarak goriilmesi
gerekmektedir.

Gelecekteki sehir 1s1 adasi caligmalar 3 asama halinde yapilabilir. i1k asamada, 6rnek
bir bina i¢in, CFD analizi ve 1s1l ylik hesaplama programui ile hesaplamalar yapilabilir.
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2. Asamada, kiiglik 6lgekli saha 6l¢iimleri ile bu veriler dogrultusunda simiilasyonlarin
kalibrasyonlar1 yapilmalidir. Daha sonra daha biiyiik 61gekli saha 6l¢iimleri yapilabilir.

3. Asamada ise, sehir 1s1 adasi etkisinin azaltilmasi ile ilgili kriter ve standartlar ortaya
konulabilir.
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1. INTRODUCTION

Urbanization increases human comfort and quality of living by altering ground canopy
layer. Building facades, roads, pavements, roofs and other urban materials are parts of
urban formation. 21% century has seen a rapid urbanization. Conflicts, better life
expectancy and lack of resources in rural areas have drawn people into the large cities.

2008 was a threshold year in that globally, urban population exceeded rural population.
In 2018, urban population reached 55% of the whole population. Urban population
was 30% in 1950 and projected to be 68% by 2050. Urbanization levels vary according
to different geographical regions. In Northern America 82% of the population is
urbanized, in Europe 74%, Asia is now approaching to 50% and only geographical
region that urbanization level below 50% is Africa where 43% of its population lives
in urban areas. The global urban population is projected to grow by 2.5 billion urban
dwellers between 2018 and 2050, with nearly 90% of the increase concentrated in Asia
and Africa. As rapid increase in urbanization continues, sustainable development relies
on sustainable urban growth and planning. Today’s cities account for between 71%
and 76% of CO2 emissions, between 67% and 76% of global energy use and

approximately 80% of global gross domestic product (GDP) [1].

Rapidly increasing population in the cities paved the way to the increased
anthropogenic formation on ground canopy layer and the release of the anthropogenic
heat. Urban formation differs from its surrounding rural areas by having different
material, shape and geometry. Altered air flow throughout the city and reduced sky-
view factor because of the urban design, increased solar absorption because of the
urban material combined with the lack of green areas led to the increased ambient
temperatures in the urban areas. This heat content is called as Urban Heat Island which

damages thermal balance of cities.

Coupled with Climate Change, UHI Effect induces lots of problems. Tackling the
temperature increase caused by anthropogenic formation, solar and infrared heating

requires additional cooling which causes additional anthropogenic heat release. In



return, it also causes temperature increase as in vicious circle; solution to the problem

increases severity of the problem which has been depicted in Fig. 1.1 given below.

Urban Heat Island Effect
Overheating in Urban Areas
(Ambient Air Temperature

Increase)

Additional
Coiling Need

NLY

Additional Anthropogenic Heat
Release due to the Cooling

Less Efficient
Cooling
(low COP levels)

Figure 1.1: Feedback loop of UHI effect.

Hot Climates that require cooling more than heating are especially vulnerable to UHI
effect which increases urban temperature, mortality rates, cooling loads, peak and total
electricity demand, causing air pollution and decreasing environmental comfort and
public health. In hot climates, in the summer due to rapid increase in anthropogenic
heat and solar radiation, UHI effect may raise temperatures by up to 10°C [2].

As these adverse effects seem to be enormous, potential UHI Mitigation strategies are
also quite promising. Factors that form UHI could be listed as sky view factor, urban
design and material, urban ventilation (air flow), urban albedo. Tools used while
studying UHI could be listed as; numerical modelling, field measurements and satellite

Sensors.



2. FORMATION OF URBAN HEAT ISLAND

UHI is caused by Anthropogenic Heat Release and Solar radiation. Anthropogenic
Heat enters urban area simultaneously without a time lag (as it is in convection mode
of heat transfer) and causes temperature increase. While part of the solar radiation
heats the urban area directly, some part of solar radiation is absorbed by urban
formation. This absorbed heat is then re-radiated to the urban area with a time lag

thus, causing infrared heating [3].

Formation of Urban Heat Island could be described best by Surface Energy Balance
(SEB) Equation. The general form of this equation for a unit surface area which is flat,

horizontal and homogeneous is given in Watts in Eq. (1.1) [4].

dTs

asQ + asq + a L + Qp = €oTg + he(To — Too) + k-

|z=0 + AE (1.1)

Where «a, is absorptivity for short wave radiation,

a;, is absorptivity for long wave radiation,

Q is the direct short-wave radiative flux,

q is the diffuse short-wave radiative flux,

L is the incoming long wave radiative flux,

Qy is the anthropogenic heat flux, € is the emissivity of the surface,
o is the Stefan-Boltzmann constant,

T, is the surface temperature, (subject to convection and radiation)
T,a 1S air temperature,

h. is a convective mode of heat transfer coefficient,

k is the thermal conductivity of the ground,

T, is the surface temperature (subject to heat conduction through surface)

A is the latent heat due to evaporation and E is the rate of evaporation

The first two terms represent the absorbed short-wave solar radiation, the third term is
the absorbed long wave radiation, and the fourth term is anthropogenic heat flux at the
surface. The first and second terms on the right-hand side represent the radiative and

sensible heat fluxes, the third term represents heat conduction into or from the sub



medium through the surface, and the fourth term is the latent heat flux. Eq. (1.1) can

be recast as Eq. (1.2) given below [4].
(1—a) +L +Q=H+AE+G (1.2)

Where a is the albedo, I is the incoming total solar radiation, L* is the net long wave
radiation at the surface, Q; is the anthropogenic heat and H, AE, G are the sensible,

latent, and ground heat fluxes, respectively [4].

2.1 Solar Radiation

Both urban and rural areas receive the same solar radiation from the sun. Albedo
meaning fraction of incident radiation reflected by a body or surface determines the
amount of short-wave solar radiation absorbed. Due to the low albedo values, short-
wave solar radiation is absorbed by the urban materials. Absorbed solar radiation is
then re-radiated to the urban area with a longer wave-length thus causing infrared
heating. Solar radiation reaching the earth’s surface consists of 3 bands; Ultra-Violet
(~5%), Visible (VIS, ~43%), and Near-Infrared (NIR, ~52%) as depicted in Fig. 2.1

given below.
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Figure 2.1: Typical spectral solar energy intensity [5].

NIR Radiation (Nearly half of the solar power) is absorbed by the surfaces but not
visible to human eyes. Dense and compact urban materials absorb short-wave radiation
and emits it with a longer wavelength as infrared heat (see Fig. 2.2). Both solar
radiation and infrared heat radiation are the means of heat gain thus subject to
contribute cooling loads. Long-wave infrared radiation intensity, depends on albedo,
emissivity, temperature, thermal inertia of the material and sky-view factor [6].
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Due to reduced sky-view factor in the cities, infrared radiation can’t be directed to the

sky and would be incident on the urban formation and people.
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Figure 2.2: All wave radiations to/from earth [6].
2.2 Anthropogenic Heat

Anthropogenic heat is the heat content that is released as waste heat from buildings,
HVAC (Heating, ventilation, and air conditioning) equipment, transportation systems
and power plants. Anthropogenic Heat (AH) and moisture enter urban area
simultaneously (because it is in convection mode of heat transfer) as it is generated
and causes temperature increase. Higher Anthropogenic heat release could be seen in
cold climates in winter because of the high heating demand. 40% of AH comes from
buildings in large cities [2]. AH release might be related to the population density and
energy consumption. For major US city centres AH values vary between 20 W/m? and
40 W/m? in the summer, 70 W/m? and 210 W/m? in the winter (210 W/m? being

uncommon extreme) [4].

Rizwan et al. reports from various researches on AH release, values vary as; 5-20
W/m? for Basel, Switzerland, 32 and 35 W/m? from Lodz, Poland and Reykjavik,
Iceland, respectively. 60 W/m? in summer and 75 W/m?in winter from six large cities
of USA while 200 W/m? in summer and 400 W/m? in winter and the highest value of
1590 W/m? in Tokyo [3]. AH needs intense field measurements for proper

evaluations. As AH can’t be converted into radiation (other than amplifying



atmospheric thermal radiation) it should either be converted into sensible or latent heat

or stored.



3. MITIGATION STRATEGIES OF URBAN HEAT ISLAND

As seen in Eq. (1.1) solar radiation, corresponding long-wave radiation and
anthropogenic heat release (partially dependent on solar radiation) should be converted
either sensible or latent heat or stored. Mitigation strategies for a given area should
take into consideration of related SEB Eq. of that area. Increase in albedo decreases
absorbed solar radiation and emitted/absorbed long-wave radiation. Anthropogenic
heat release should also be lowered by proper design and using efficient solutions.
Ambient air temperature could be mitigated by evapotranspiration (evaporation
+transpiration) with the help of increase in urban greening. UHI Effect, increases
cooling load in the summer while it reduces the need for heating in the winter. In cold
climates in the winter, absorbed solar radiation by the horizontal surfaces is only a

fraction of that absorbed in the summer [7].

3.1 Cool Urban Materials

Urban formation consists of vertical and horizontal surfaces listed as facades, roofs,
pavements that absorb and/or reflect solar radiation then emitting the absorbed part as
infrared radiation. On a dry surface, 50% of the absorbed solar radiation is convected
to the air. Using cool materials for urban formation that absorb less (high reflectance)
and emit more (high thermal emittance) helps to keep surface temperatures low. Cooler
surfaces convect less heat to the air, reducing ambient air temperature, conduct less
heat to the buildings, reducing heat gain. Materials with high solar reflectance and high

thermal emittance are referred to as “cool” materials [5].

Effect of building envelope absorptivity value (for different albedo values) and
surrounding reflectivity have been evaluated within case study. (please see chapter 6

for more information)

Cooler roofs include, reflective cool-coloured and green roofs. Green roofs, provides
favourable conditions because of having more mass, retaining water for
evapotranspiration, providing shade and filtering the air around it. Most of the paving

materials used in urban areas are asphalt and concrete which are mostly dark-coloured



and don’t retain water for evaporation. Porous and permeable paving materials retain
water, decrease the amount of run-off water thus helps to increase storm water

management capabilities.

3.2 Urban Ventilation

Typical urban formation in large urban areas consist of narrow streets confined by
buildings on both sides leads to Urban Canyon Effect [8]. This formation reduces the
air flow throughout the city hence reducing the dispersion of pollutants and removal
of heat by convection. The reduction of air flow within urban area, may be up to 10%
of corresponding air flow in rural surrounding which leads to stagnant, polluted, warm
air within urban limits as depicted in Fig. 3.1 given below. Occasionally, wind tunnel

effect may be experienced in urban areas [9].

Leeward . :

Figure 3.1: Hlustration of adverse effect of urban canyon [10].

Mitigation of UHI effect by air flow is an important countermeasure thus should be
taken into account in the design phase of an urban area. Air flow increases heating load
in the winter and reduces cooling load in the summer. By careful selection of the
orientation of the urban formation with the help of different prevailing wind directions
in the summer and winter makes air flow an important asset of mitigating UHI. (no

evaluation has been done for the effect of urban ventilation/air flow in the case study.)
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3.3 Reflective and Retro-reflective Materials

High rise buildings on both sides in a typical urban canyon configuration, creates
reflective surfaces for radiation incident upon it thus, entrapping the radiation within
the built area and converting it to the heat. As solar radiation passes through the
atmosphere some of it gets absorbed, scattered, and reflected. This type of solar
radiation is called as diffuse solar radiation. Solar radiation reaching to earth without

getting diffused is called direct beam solar radiation [11].

Each type of urban materials reflects solar radiation differently. Windows reflect the
solar radiation as specular (mirror like), roofs, pavements and opaque walls reflect
solar radiation in the manner of diffuse radiation as depicted in Fig. 3.2 given below.
Visible Band of the solar radiation creates illuminance, feeling of openness and
reduces lighting demand. By contrast, NIR Band of the solar radiation is not visible to

human eyes and heats up the surfaces.
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Figure 3.2: Reflection characteristics of solar radiation [12].

Conventional high-reflective windows which are mostly transparent to VIS Band of
solar spectrum and translucent to NIR Band provides energy efficiency by reducing
the cooling load and lighting demand with selectively reflecting the NIR band as

opposed to conventional windows.

If reflected radiation by the window (as it is a mirror like reflection) is directed
downwards onto the urban area (pavements, sidewalks etc.) causes discomfort and

temperature rise on the ground level as can be seen in Fig. 3.3.
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Figure 3.3: Effect of different reflections from window [13].

From the ground level, infrared radiation goes upwards but due to the reduced sky
view factor, it is possible that it is going to return to the ground level. By changing
reflection direction of the windows to the sky by having retro-reflection capability
means, reflecting the incident radiation towards its incoming direction. It is possible
to send NIR Radiation back to the sky without directing it to the ground. Selectively
Retro-reflecting NIR Band of solar radiation both satisfies building energy savings and
urban environmental comfort. Retro reflective materials include coatings, spray paints
and thin films [12, 13].

Increase in NIR reflection capability meaning less cooling load for building but higher
heat on urban environment will result in need for regulation of reflectivity of building
envelopes, anthropogenic heat release and urban environmental comfort [14]. No
evaluation has been implemented for the effect of retro-reflective building envelopes

in the case study.

3.4 Super-cool Materials

Everything (people, buildings, pavements etc.) that has a temperature more than 0 K
radiates heat in the infrared band. Radiated heat escapes to the space through
atmosphere. Earth’s blanket like atmosphere absorbs most of it and radiates it back to
earth’s surface. Infrared rays between 8 and 13 micrometres in wavelength, however,
are not captured by the atmosphere and leave earth. Night time passive radiative

cooling below ambient air temperature has long been utilized [15].

Eqg. (3.1) can be applied in order to evaluate a passive radiative cooler material [16].

Pcool(T) = Prad (T) - Patm(Toa) - Psun - Pcond+c0nv (3-1)
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P.,,:(T) is cooling power of the material at ambient air temperature as a function of
its temperature (T < T,q), Prqq(T) radiation from the material, Pg;,,(T,,) is the
absorbed power due to atmospheric thermal radiation corresponding to the ambient air
temperature, Py, is the absorbed solar power, P.,,q4+conv 1S the transferred heat to the

cooler due to conduction and convection.

If there is a positive net outflow from the material, it can be defined as passive radiative
cooler at night (when P,,,, is zero). During daytime, when cooling power is most
needed, if a material achieves a positive net outflow meaning, it radiates more heat
than it gains from solar radiation and atmospheric thermal radiation. It can be defined

as passive radiative cooler under direct sunlight.

Raman et al. devised a material that stays cooler than ambient air temperature (4.9°C
cooler) by emitting selectively and strongly only between 8 um and 13 pum, where the

atmosphere is transparent, and reflect all of the other wavelengths [16].

Research teams around the world have made types of materials including films, spray
paints and treated wood, that stay cool in the direct sunlight reaching different

temperature drops up to 10°C [15].

These materials work best in arid climates as water vapor traps infrared heat. There is
still ongoing R&D on these materials in order to prevent cooling in the winter thus
causing increase in heating demand. (no evaluation has been implemented for the

effect of super-cool materials in the case study)

3.5 Urban Greening

Urban greening is most widely applied mitigation strategy for UHI Effect. Vegetation
provides shade and increases evapotranspiration by retaining water especially in hot
and arid climates. Parks and gardens create urban cool islands that are 2°C to 8°C

cooler than their surroundings [4].

Green cover could be listed as; parks and gardens, green roofs, green facades.
Evapotranspiration which is water loss of the plant in the form of vapor in which
required energy to evaporate retained water by the plant is taken partially from
surrounding air thus resulting cooling of leaves, soil and air surrounding the plant.
Urban greening may decrease cooling loads in summer because of the shade provided

by the leaves as seen in Fig. 3.4 given below. At the same time, it may increase the
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cooling load because of the obstruction of the air flow (summer breeze) by the leaves
and trees (reverse in winter) [6].

Careful evaluation and field measurements are needed in order to utilize urban

greening for mitigation. (no evaluation has been done for the effect of urban greening
in the case study)

Figure 3.4: Sidewalk greening as an example for urban greening [17].
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4. URBAN HEAT ISLAND EFFECT ON ENERGY CONSUMPTION

UHI effect increases total and peak energy consumption of buildings because of higher
cooling demands. Buildings in the summer consume electricity to run HVAC
equipments. Generally, electricity is generated by coal and gas fired powerplants. UHI
effect directly increases electricity consumption and in-directly increases coal and gas
consumption which in return leads to more pollution and heat release to the

environment.

4.1 Urban Heat Island Effect on Electricity Consumption

Higher ambient temperature due to urban formation increases total and peak electricity
demand for cooling needs. Studies are carried out to determine the impact of various
primary climatic parameters on the electricity demand such as; humidity, ambient
temperature, solar radiation, wind speed, cloud cover and supporting parameter as
penetration of air conditioning (AC) (households that own air conditioning equipment)
[18].

Most of the studies conclude that, ambient temperature is most effective parameter on
the electricity demand. Eleven studies analysing the impact of ambient temperature
increase on peak electricity demand show that, for each degree of temperature rise
(DOTR), peak electricity demand increases between 0.45% and 4.6%. Fifteen studies
analysing the impact of ambient temperature increase on the total electricity demand
show that, total electricity demand increases between 0.5% and 8.5% for each DOTR
(see Fig. 4.1).

Utilities use response functions in order to estimate additional electricity demand for
each DOTR. Electricity demand increase means an increase in electricity supply in
order to meet the demand thus constructing new power plants leading to higher costs

of electricity supply [18].

Kolokotroni et al. analysed a typical office building in London heat island and found
that, heating load reduced by 22% while cooling load increased by 25% due to the UHI
Effect [19]. Santamouris et al. assessed the UHI of Athens where the mean UHI
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intensity exceeds 10°C and found that, cooling load may be doubled, the peak
electricity demand for cooling may be tripled and because of the higher ambient air
temperatures, coefficient of performance (COP) values of air conditioners (AC) may
be decreased up to 25% thus creating a vicious circle. In parallel, heating load may be
reduced up to 30% [9].
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Figure 4.1: Increase in electricity demand per degree of Toa rise [18].

Rising population and increasing income in emerging economies which most of them
are in hot climatic zone will require huge electricity supply for cooling needs as air
conditioning use and purchase of new equipments in hot climates are increasing as

depicted in Fig. 4.2 given below.
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Figure 4.2: Households equipped with AC in selected countries, 2018 [20].
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It is projected that air conditioning will be the primary drive for peak and total

electricity demand in the upcoming decades (see Fig. 4.3).

share in peak electricity load

2016 @ 2050 Baseline Scenario 2050 Efficient Cooling Scenario

Figure 4.3: Share of cooling in electricity system peak loads in selected

countries/region, baseline and cooling scenario [20].
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5. THERMAL LOAD CALCULATION OVERVIEW

Process of thermal load calculation of buildings consist of all modes of heat transfer
as conduction, convection, radiation. All modes play an important role in determining
thermal loads. All modes are interrelated, vary with time leading to a transient nature
of heat transfer rather than steady-state heat transfer. In order to analyse heat transfer
in buildings, 3 important parameters can be used. Heat gain is the total heat quantity
passing through the building envelope. Load is the amount of heat gain quantity
transferred to the ambient room air thus increasing ambient room air temperature and
if the room is conditioned then shows the excess heat to be removed (cooling load)
from the room. This excess heat should be extracted from the room air by the HVAC
equipment in order to keep the room temperature within thermostat (T-stat) setpoints.
In order to maintain a room temperature at a constant level or within a throttling range,

cooling load caused by the heat gain should be extracted by HVAC system.

In order to illustrate the modes of heat transfer in a room and its transient nature
following example can be considered. A lighting equipment which is lighting the room
affects the room temperature by convecting heat to the air surrounding it thus
increasing ambient air temperature and radiating heat to the surrounding environment.
Convected heat initiates further convection, radiated heat gets reflected and absorbed
by the surfaces causing temperature increase in the surfaces. This temperature increase
in the surface initiates heat storage by conduction, heats up the air surrounding the
surfaces thus causing convection and re-radiates heat to the surrounding area. This
process is inter-related, vary with time and its effects can be seen even after the lights
are turned off because of the thermal inertia of the materials. (stored heat will be
discharged when suitable conditions occur) As a result of thermal inertia, there is a
time lag between a heat gain occurs and its transition to cooling loads in a conditioned
room. This excess heat, keeping the room away from its thermostat set points should

be extracted by HVAC equipment thus initiating further heat transfer processes.

The example given for a lighting equipment in a room can be used as an analogy for
how heat transfer process occurs in urban areas. (outside of building envelope) Sun as

in lighting equipment radiates heat to the urban areas and this radiated heat gets
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reflected/absorbed thus initiating conduction, convection and further re-radiation

(summarised from [21]).

5.1 Methods for Thermal Load Calculation

5.1.1 Heat balance method

In order to define heat flow at a node where a node means surface or mass element
within the room boundary all conduction, convention and radiation modes of heat
transfer at that node should be specified and solved simultaneously. By solving these
heat balances simultaneously, the total rate of load (ambient air temperature increase)
can be determined. Heat balance equations are typically differential heat transfer

equations or linearized forms of these equations.

Heat Balance Method (HBM) is the most reliable method of calculating thermal loads.
But it requires detailed input, longer calculation times and powerful computers hence
considered as harder to use method. On the other hand, the Transfer Function Method
(TFM) which is based on Heat Balance Method proved to be easier to use. By using
key assumptions, the Transfer Function Method performs accurate thermal load

calculations (summarised from [21]).

5.1.2 Transfer function method

The Transfer Function Method is based on Response Factor Principle. This principle
states that the response of the heat gain to cooling load conversion pattern for each
specific heat gain for a period of time will always be the same. For example, a 10 W/m?
lighting equipment heat gain to cooling load conversion response pattern will be same
as 20 W/m? lighting equipment response pattern. The Response Factor Principle is
based on 3 main principles. The Principle of Superposition which allows each load to
be considered separately and after calculation to be added in order to get the total load.
As opposed to Heat Balance method in which each heat gain should be considered
simultaneously. Also, superposition principle allows calculation of the effects of the

load for the following hours to be calculated separately.

For example, solar heat gain from a window, and a transmission heat gain through the
wall can be computed separately and then added together to determine the total room

load. The Principles of Linearity and Invariability enables the patterns to be calculated
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once by HBM then the response of each type of heat gain to load conversion pattern

for each hour will be a linear function thus enabling vast reductions in calculations.

TFM enables to define the load as a function of heat gain and time in a mathematical
relationship for each type of heat gain. Then, it can be used to calculate load for each
hour. The mathematical relationship for a Room Transfer Function Equation can be

expressed as in Eq. (5.1) given below.

Qo + w1.Q1 +Ww3.Q2 = vp.q0 + V1.q1 + V2.3 (5.1)

Q is the cooling load. Subscript 0 is the current hour, subscript 1 is the one-hour
previous cooling load and 2 is the two-hour previous, g is heat gain. v and w are

coefficients for transfer function.

Coefficients vary according to each type of heat gain, room type and building weight.
(American Society of Heating Refrigerating and Air Conditioning, ASHRAE
published value tables for these coefficients.) Room Transfer Function Equation states
that, load of current hour and the previous two hours loads are the result of heat gains
of current hour, and two previous hours. In order to use the room TFE, firstly transfer
function coefficients should be specified then conversion of heat gain to load can be

easily done (summarised from [21]).

5.1.3 Transfer function example for lighting loads

In Fig. 5.1, an example of lighting heat gain and load calculation using transfer
function method for a 12-hour period is shown. Lighting equipment operates between
0-6 hours. When the light is on, heat gain caused by the lighting is larger than the load.
This is because part of the heat gain is in radiation mode of heat transfer.

Convected heat caused by the light is turned into load simultaneously but radiant heat
gets absorbed by the masses in the room and slowly convects heat to the room air in
preceding hours. In the case of radiant heat, there is a time lag between a heat gain
occurs and its full effects on cooling load appears. This time lag depends on thermal
inertia of the materials within the room and mode of heat transfer. For example, heavier
construction materials which stores more thermal energy than lighter ones tend to
cause more of a time lag. After light is turned off, its full effects on cooling load
continues to develop as stored heat continues to be dissipated to the room air in the

form of convection.
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Figure 5.1: Lighting heat gain to cooling load conversion pattern [21].

Lighting heat gain and load calculation show us the transient nature of heat transfer in
buildings. Because of the radiated heat as stored, build-up thermal energy slowly
dissipates over a period of time. Conduction mode of heat transfer also shows the
transient nature of heat transfer in buildings. There is a time lag in which a heat gain
occurs at the outer surface of wall and roof and its effects reaches to interior surface
of the wall and roof. Building envelope properties effect conduction mode of heat
transfer and time lag between a heat gain occurs and its full effect on cooling loads.
Taking conduction through a wall into consideration, Conduction transfer function

equation is used (summarised from [21]).

5.2 Heat Extraction Principles

Cooling load is calculated in the case that space is conditioned at a fixed thermostat
set temperature. The excess heat in the room causes deviation from the thermostat set
temperature. If this excess heat is removed by the HVAC equipment, room can
maintain its ambient temperature in the event of heat gain to cooling load conversion.
Cooling loads is the measure of deviation from thermostat set conditions meaning, heat
should be extracted equal to cooling loads in order to have a steady state room

temperature which is equal to thermostat set temperature.

Generally, heat extraction causes room temperature to float in a pre-determined
thermostat throttling range. If HVAC system is sized insufficiently, the room

temperature may not drop to desired conditions meaning, heat extraction amount is
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less than cooling loads at that given time. HVAC system is sized according to the peak
loads meaning when there is less demand than the peak loads heat extraction rate of

the HVAC equipment will be less than full.

Fig. 5.2 given below shows an HVAC system which operates from 8 am to 10 pm and
is off for the remaining hours of the day. Cooling load is calculated using the room

transfer function procedures.

During operation, HVAC system maintains the room temperature within thermostat
throttling range. During off hours, hence there is no heat extraction by HVAC system,

room air temperature increases.

During off hours, heat accumulates within building mass. When operation starts again,
this accumulated heat throughout the night is removed in addition to current hour’s

cooling load showing a pulldown of heat extraction.
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Figure 5.2: An example for cooling load, heat extraction and zone temperature
profiles [21].
In the winter, system works in reversed manner. Steady-state heat loss caused by the
ambient air temperature leads to instantaneous conversion to heating loads in order to
maintain thermostat set temperature. In this case, heat is added to the room air by
HVAC system rather than extracted. In heating load calculation neither transient heat
transfer nor transfer function method principles are used. All heat gains are excluded
from the calculation in order to be on the safe side meaning worst-case scenario is

considered (summarised from [21]).
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5.3 Thermal Load Calculation Tool

Carrier’s Hourly Analysis Program (HAP) is a computer based thermal load
calculation and energy analysis/simulation tool. HAP’s calculation is based on
ASHRAE-endorsed transfer function method. HAP calculates design cooling and
heating loads (peak power) for buildings in order to size HVAC system components
required to condition building zones, spaces at specified thermostat setpoints. HAP
provides information on sizing coils, terminal units, air circulation fans, chillers,
boilers etc. HAP simulates each of 8,760 hours of energy consumption of buildings for
HVAC and non-HVAC systems which yields to total energy consumption of
buildings.

5.3.1 Weather data

HAP uses design parameters as temperature, humidity and solar radiation in order to
calculate thermal loads for buildings and constructs 24-hour profiles (design day
condition) of temperature and humidity with clear sky conditions for solar radiation
for all 12 months of a year. The warmest outdoor air dry-bulb (DB) temperature in a
given month is considered to be the design day condition for that month. Each design
day condition represents warmer than usual conditions meaning that, conditions
targeted for cooling for each month. Cooling is mostly required in the winter for
special applications and peak cooling loads may occur at any given time in tropical

regions.

For the design day in each month, the dry-bulb temperature profile is created using the
design dry-bulb temperature for that month and a model for the hourly variation of
temperatures recommended by ASHRAE which produces smooth profiles with
maximum temperatures at 3pm and minimum temperatures at 5am. The warmest
outdoor air dry-bulb temperature (the warmest month) is set to be the summer design
condition which is the worst-case scenario for a building’s cooling needs. Summer
design properties consist of three items that define characteristics of cooling design
temperature profiles. Summer Design Dry-Bulb is the warmest outdoor air dry-bulb
temperature, Summer Coincident Wet-Bulb (WB) is the average wet-bulb temperature
which is used to generate humidity profiles for design cooling loads. Summer Daily
Range represents the difference between maximum and minimum dry-bulb

temperatures during the warmest month of the year. For weather data stated in the
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ASHRAE Handbook of Fundamentals, 0.4% design values are used. Meaning that, the

warmer temperatures occur in only 0.4% or about 35 hours during the year [22].

Heating design properties consists of winter design temperature and humidity values
for the calculation of heating loads. For the total thermal loads, HAP uses actual
weather data (temperature, humidity, solar radiation) for simulation and analysis of
energy use by HVAC equipment.

Approach for calculating total cooling or heating loads and simulating the total energy
use are different than each other. For the thermal loads, the worst-case scenario is
considered for sizing HVAC equipment and for the total energy use, actual weather
data is used.

For the energy management approach, 1-hour cooling/heating load(demand) is the
peak power required by the building and for all 8,760 hours, it is culmination of
percentages of the peak power which yield to total energy demand. For the peak load
calculations, weather properties stated in Table 5.1 given below are used.

Table 5.1: Design weather properties of istanbul (for peak load calculation).

2001 Design UHI UHI UHI UHI

Parameters ASHRAE Condition +1°C  +2°C  +3°C  +5°C

Summer Design

DB(°C) 30 33 34 35 36 38
Summer Coincident

WB(°C) 21.1 25 25.3 25.5 25.8 26.3
?}gmer Daily Range 8.5 105 105 105 105 105
Elevation (m) 36.9 36.9 36.9 36.9 36.9 36.9
Relative Humidity % 45.33 52.64 50 47.07 4477 40.19
Humidity Ratio 0.0121 0.0168 0.0168 0.0168 0.0168 0.0168
Dew Point T. (°C) 16.91 22.04 22.12 2204 2212 2214
Winter Design

DB(°C) -3.3 -3 -2 -1 0 2
Winter Coincident

WB(°C) -5.7 -5.7 -5.1 -4.5 -3.9 -2.7
Relative Humidity % 52.03 47.13 42.8 39.07 35.83 31.26
Humidity Ratio 0.0015 0.00138 0.0014 0.0014 0.0014 0.0014
Dew Point T. (°C) -10.81 -11.63 -11.77 -11.86 -11.9 -11.82
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Anthropogenic moisture and/or reduced air flow throughout urban areas may increase
humidity levels in urban areas. UHI effect on relative humidity and total moisture
amount in the air requires field measurement or climate model. Because of that reason,
no consideration on the UHI effect on humidity has been implemented in this study.
Humidity amount has been kept constant while increasing the ambient air temperature
meaning less than actual effects have been calculated to be on the safe side. (As a
result, relative humidity (RH) levels dropped per each degree of air temperature rise.)

(summarized from [22]).

5.3.2 Building data

Case study building is an imaginary research institute building located in Istanbul
Technical University’s Ayazaga campus in Istanbul, Turkey. The building is 25m by
25m square building, one storey high on the ground soil (see Fig. 5.3). Details for the

case study building is shown in Table 5.2 given below.

Table 5.2: Case study building parameters.

Parameter Value
Building Dimension 25m X 25m x 3m
Window coverage 50% of the wall (at all directions)
Uwindow 1.80 W/m?K
Overall Shade Coefficient 0.5 (SHGC=0.435)

From Inside 2 cm gypsum plaster (Rg.p.=0.0275)
20 cm HW concrete (Rc=0.11562)

Wall Materials ) )

6 cm insulation (Ri=1.38739)

2 cm stucco to outside (Rs=0.02771)
Uwall 0.576 W/m?K
Weight of the wall 523.2 kg/m?

From Inside 1.2 cm gyps. board (Rg.6.=0.07455)
20 cm HW concrete (Rc=0.11556)

4.3 cm insulation (Ri=2.07041)

1 cm build-up roof to outside (Ror=0.06147)

Roof Materials

Uroof 0.400 W/m2K
Weight of the roof 470 kg/m?
Ufloor 0.600 W/m?K

0.3 = Light Coloured
0.6 = Medium Coloured
0.9 = Dark Coloured

Building Envelope
Absorptivity values (o)
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3D model of the case study building has been generated via using Energy3D software
[23].

Figure 5.3: 3D Model of the building.

5.3.3 HVAC system data

HVAC system details (heat extraction strategy) is shown in Table 5.3 given below.

Table 5.3: HVAC system details.

Parameter Value
HVAC operation from 07:00 to 21:00 (excl. Sunday)
Occupancy 50 people
Fresh air per person 27.2 m¥h
Lighting Heat Gain 20 W/m?
Electrical Equip. Heat Gain 5 W/m?
Sensible Heat Gain per Person 67.5W
Latent Heat Gain per Person 3BW
Thermostat Set Conditions Heating Season (7 months)
Temperature 22°C
Relative Humidity 0.5
Thermostat Set Conditions Cooling Season (May-September)
Temperature 24°C
Relative Humidity 0.5

HVAC Equipment (outside unit)

Terminal Cooling (inside unit)

Design Supply Temperature
(Fan-coil Units)

Cooling Coil (inside unit)

Design Supply Temperature
(Water Coil)

Air-cooled Heat Pump

Fan-coil Units

13°C (in summer)

35°C (in winter)

Water Coil in fresh air supply duct
16°C (in summer)

30°C (in winter)

Infiltration doesn't occur during HVAC operation (occurs only when fan is off)
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Water has been selected as a primary working fluid (more efficient, denser than air,
high thermal capacity) so, fresh air has only been supplied to the building just for
ventilation purposes, minimum required air volume is used according to the standards
(ASHRAE Std 62.1-2010) and air has been conditioned down to 8°C-10°C below t-
stat set temperature of the room. Heat extraction mainly is done by terminal units
(terminal cooling) located inside the building. But conditioned fresh air (cooling coil)

also removes some part of the heat and reduces cooling load for the terminal units.
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6. CASE STUDY

6.1 Aim of the Thesis

Main aim of the thesis is to show how absorptivity levels of the building envelope
affect heat gains and cooling loads. Case study building cooling loads have been
analysed for different building envelope absorptivity values as 0.3, 0.6, 0.9. Building
envelope values set to be the primary variable. As discussed earlier, one of the
dynamics of UHI formation is absorption of radiation by urban materials then

convection of heat to the ambient air and re-radiation of heat to the urban areas.

Case study building cooling load has been analysed in the case of UHI effect (+1°C,
+2°C, +3°C, +5°C) also by varying the building envelope values. (as 0.3, 0.6, 0.9)
Within secondary variable, also government mandated thermostat set temperature
increase (in the summer) has been analysed. In order to show how ground reflectance
should be carefully evaluated, ground reflectance of the case study building
surrounding increased and cooling loads have been analysed (please see Table 6.1 for
the details).

Table 6.1: Set of variables for the case study (total of 24 sets).

Building Envelope Absorptivity Values

Secondary Variables (o) as Primary Variable

UHI (+0°C) 0.3 0.6 0.9
UHI (+1°C) 0.3 0.6 0.9
UHI (+2°C) 0.3 0.6 0.9
UHI (+3°C) 0.3 0.6 0.9
UHI (+5°C) 0.3 0.6 0.9
T-stat Set T: 25°C 0.3 0.6 0.9
T-stat Set T: 26°C 0.3 0.6 0.9
Increasing Ground Reflectivity

of surroundings of the building 0.3 0.6 0.9

from 0.21t0 0.3

Higher building envelope absorptivity values would lead to higher ambient air
temperature. Because of that reason, for peak cooling load calculation, summer design
values have been increased in order to simulate UHI effect for the case study. Weather
and building interact with each other. Weather conditions is the main cause of heat
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gain. (Others could be listed as heat gain from people, equipment etc.) Also, formation
of building creates its own micro-climatic condition due to the distortion of the urban
ground. So, ambient air temperature surrounding a building would be warmer than air

in rural areas in the case of UHI.

6.2 Analysis and Results

As seen in Eq. (1.1), higher absorptivity level leads to more heat (short-wave solar
radiation and long-wave radiation) absorbed by the building envelope meaning more
cooling loads, in return more anthropogenic heat release thus creating a heat island
effect in that area. While considering UHI, if ambient outside air temperature
increases, its effect could be seen as an increase in both terminal cooling and cooling
coil loads. Only parameter that affects the cooling coil load is the ambient outside air

temperature.

If absorptivity of the building envelope changes, it’s effect could be seen only in
terminal loads. (As higher absorption would lead to higher heat gain and cooling
loads.) In our case study calculations, absorptivity changes affect the terminal cooling
loads. In the case of UHI, higher ambient air temperature effect is visible both in

terminal and cooling coil loads.

It may be argued that, higher absorption of the building envelope would lead to higher
ambient air temperatures because of the convection of heat from surfaces to the
surrounding air. Due to limitations of the HAP software, it cannot be taken into
consideration. Fresh air supply and HVAC equipments generally located on the roofs.
It is safe to assume that, the air is being received by the HVAC equipment would be
partially affected by the surface temperature of the rooftop. If anthropogenic heat

release is also considered, the air, one is receiving may be the other’s waste heat.

For the comparison of the calculations of each set, Absorptivity (a) value of 0.6 has
been selected as a base-line case. As absorptivity (o) value of 0.6 corresponds to
medium coloured building envelope which is more common than light and dark

coloured building envelopes.

As it can be seen in Fig. 6.1 that, increasing absorptivity value of building envelope,
increases total cooling loads for each month in cooling season. In July, increasing

absorptivity level from 0.6 (medium coloured) to 0.9 (dark coloured) leads to 9.9%
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increase in total cooling load, decreasing absorptivity level from 0.6 (medium
coloured) to 0.3 (light coloured) leads to 9.47% decrease in total cooling demand. Total
cooling load difference for July between 0.3 (light coloured) to 0.9 (dark coloured)
building envelope is 21.45% meaning that, dark coloured building requires 21.45%
more cooling than its light coloured one.
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Figure 6.1: Total cooling loads for different absorptivity levels in cooling season
[UHI (+0°C)].

While increasing absorptivity value of building envelope increases total cooling loads,
at the same time it decreases total heating load in heating season (see Fig. 6.2).
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Figure 6.2: Total heating loads in heating season for different absorptivity levels
[UHI (+0°C)].

For a medium-coloured building, its total heating demand is 3.25% less than its light-
coloured equivalent and 3.2% more than dark-coloured building. It should be noted
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that, even if less heating demand caused by UHI effect in winter is favourable, UHI’s

effect in summer is more powerful especially in hot climates.

In Fig. 6.3 given below, comparison for peak cooling loads for different building

envelope absorptivity levels (0.3, 0.6, 0.9) can be seen.
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Figure 6.3: Peak cooling loads for different absorptivity levels [UHI (+0°C)].

Itis clear that, when the absorptivity level increases, corresponding peak cooling loads
for the building increases. Please note that, absorptivity value only affects terminal
cooling (hence peak cooling) loads. For medium-coloured building, it requires 7.5%
more cooling than light-coloured one and 4.5% less than dark-coloured one. Also, it
should be noted that sum of peak cooling coil and peak terminal cooling coil don’t
need to be equal to peak cooling load as peaks of terminal cooling and cooling coil
may occur at different times. Peak cooling load means highest sum of the cooling coil

load and terminal coiling load.

In Fig. 6.4, variations of outdoor and indoor DB (Dry-Bulb) temperatures, indoor RH
(Relative Humidity) and cooling loads for each hour in design day July can be seen.
Peak cooling load has been experienced at 15.00 with a value of 44.5 kW. When
considering UHI, its effect on different times may vary. For example, UHI effect may
increase ambient outdoor air DB temperature by 2°C at 15.00. But, in order to know
UHI Effect on full 8760 hours may require field measurements or UHI climate model

to determine given variables’ effect on all hours.

In this study, UHI Effect’s on the peak cooling load (kW) at 15.00 is investigated. In
order to calculate UHI’s effect on total cooling load (kWh), realistic climate model

and/or field measurement is required.
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Figure 6.4: Baseline case peak cooling demand for July [UHI (+0°C), a=0.6].

Fig. 6.5 shows UHI effect on peak cooling demand with varying building envelope
absorptivity levels. As it can be seen, both increase in UHI intensity (outdoor ambient
temperature increase) and absorptivity level result an increase in the peak cooling
demand as warmer air and more heat gain contribute to higher cooling loads.
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Figure 6.5: UHI effect on peak cooling load with varying building envelope
absorptivity levels.

For medium-coloured envelope (0=0.6), from normal weather conditions UHI (+0°C)

to UHI (+1°C) one degree of temperature rise increases peak cooling load by 2.7%,
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from UHI (+1°C) to UHI (+2°C) one degree of temperature rise increases peak cooling
load by 2.6%, from UHI (+2°C) to UHI (+3°C) one degree of temperature rise
increases peak cooling load by 2.77%, from UHI (+3°C) to UHI (+5°C) two degrees
of temperature rise increases peak cooling load by 4.77%. Meaning, each degree of
temperature rise increases peak cooling load roughly by 2.6% for medium-coloured
envelope. Please note that, effect of increasing ambient air temperature on the humidity
levels has not been evaluated in this study and amount of humidity has been kept

constant thus, above values would be less than actual values.

For all absorptivity values, one degree of temperature rise increases cooling loads by
3% on average. Also, Fig. 6.5 may give an idea on how absorptivity of building
envelope increase would be translated into the ambient temperature increase. While
comparing values of; 44.5 kW for a=0.3, UHI (+2°C) and 0=0.6, UHI (+0°C) which
could be interpreted as increasing albedo value of a building envelope, decreasing
absorptivity from 0.6 to 0.3 would be equal to 2°C ambient air temperature decrease.
Also, comparing values of; 50.5 kW for 0=0.6, UHI (+5°C) and a=0.9, UHI (+3°C)
would give us the same interpretation as increasing albedo value of a building
envelope, decreasing absorptivity from 0.9 to 0.6 would be equal to 2°C ambient air

temperature decrease.

As seen in Fig. 6.6 and Fig. 6.7 given below, peak cooling demand and peak electricity
demand occur at 15.00 which may imply that electricity demand for cooling purposes
partially drives peak electricity demand (share of cooling in electricity system peak
loads, please see Fig. 4.3). Thus, increase in UHI intensity (ambient air temperature
increase) would increase peak electricity demand and at the same time, it increases

total electricity demand.
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Figure 6.6: Peak electricity demand graph for Turkey in 2014 [24].
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Figure 6.7: Peak cooling demand increase in design day July for different UHI
intensities (a=0.6).
When UHI intensity increases, especially in the case of heat waves, only solution
seems to increase the use of air conditioners to keep indoor temperatures low. But use
of AC also contributes to UHI intensity via increasing anthropogenic heat release.
Intense AC use during heat wave periods may accentuate heat wave. It may be also
argued that no AC use during this period is a potential health hazard. In some counties,
governments are planning to bring AC use restrictions via regulating AC min set-point
temperature and also room t-stat set point temperature [25].

Fig. 6.8 given below shows the cooling load reduction in the case of government

mandated t-stat set temperature increase during summer season.
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Figure 6.8: Peak cooling loads for different t-stat set temperatures [UHI (+0°C)].
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This action reduces total and peak cooling loads, reduces anthropogenic heat release
caused by the intense AC use in return it also reduces the UHI intensity and effect of
heat waves. For medium-coloured envelope (a=0.6), increasing t-stat set temperature
from 24°C to 25°C leads to 4.5% less peak cooling demand and from 24°C to 26°C
leads to 6.75% less peak cooling demand, from 25°C to 26°C leads to 2.35% less peak

cooling demand.

For the total cooling loads, for medium-coloured envelope (a=0.6), increasing t-stat
set temperature from 24°C to 25°C leads to 8.7% less total cooling demand and from
24°C to 26°C leads to 17.2% less total cooling demand, from 25°C to 26°C leads to
9.4 % less total cooling demand (see Fig. 6.9).

Other interpretation of these numbers is that, with the help of passive, active and hybrid
design solutions, required cooling loads may be decreased as these solutions would
already decrease indoor temperatures so, less cooling would be required to bring down
room temperature at t-stat set temperature.
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Figure 6.9: Total cooling loads for different t-stat set temperatures [UHI (+0°C)].
There is a balance between reflectivity of the building envelope and reflectivity of the
surfaces surrounding the building. As described earlier, when reflected radiation (short
wave and long wave radiation) is directed onto the building, it increases cooling loads
in the summer and decreases heating loads in the winter. Generally using reflective
materials for building envelopes decrease cooling loads of buildings because of the

less absorbed heat. But having highly reflective surroundings may increase absorption
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by sending more radiation via reflecting it onto the buildings from surrounding highly
reflective building facades, roads, windows and roofs etc.

As seen in Fig. 6.10, for medium-coloured envelope (¢=0.6), increasing ground
reflectivity (GR) from 0.2 to 0.3 leads to 3.6% more peak cooling demand caused by
the increase in radiation onto the building.
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Figure 6.10: Peak cooling loads for different ground reflectivity (GR) levels.

Fig. 6.11 below shows that, increasing ground reflectivity from 0.2 to 0.3 leads to 6.7%

increase in total cooling loads for medium-coloured envelope (a=0.6).
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Figure 6.11: Total cooling loads for different ground reflectivity levels.

As seen in Fig. 6.12, as expected, reflected radiation from the surroundings onto the
building decreases total heating loads. For reliable evaluation of convecting less heat
to the ambient air and reflecting more heat to the building phenomena needs
Computational Fluid Dynamics (CFD) analysis and site-specific data.

35



17000 16818

16505
16500 16272
15968
16000 15752
15472
15500
15000 I
14500

0=0.3 0=0.3 0=0.6 0=0.6 0=0.9 0=0.9
G.R:0.2 G.R:0.3 G.R:0.2 G.R:0.3 G.R:0.2 G.R:0.3

Total Heating Load (kwh)

Figure 6.12: Total heating loads for different ground reflectivity levels.

Generally, increased reflectivity, decreases the surface temperatures meaning less heat
would be convected to the air so, ambient air temperature effecting the building would
decrease. In HAP calculation, only the increased absorption has been taken into
consideration. Decrease in air temperature is neglected. Also, it should be noted that,
increase in air temperature leads to more transmission loads by conduction at the same
time decreased radiation would lead to less radiative heating through windows
meaning heat gain percentage for different mode of heat transfers play an important
role in determining effect of reflection on building envelopes. Most of the cases,
(depending on window/wall ratio) solar radiation have much more effect than heat gain

by transmission.

For our case study building, comparison between cooling loads caused by different
mode of heat transfers is shown in Table 6.2. As expected, most of the cooling load is
caused by solar radiation through windows as window coverage is high. For the ground
reflectivity of 0.2 and UHI (+0°C), changing absorptivity value of building envelope
affects the transmission loads as no change in radiation because of reflection or retro-
reflection is taken into account. Because of the higher outside building surface
temperatures, wall and roof transmission loads increased. As there is no increase in
outside air temperature (slight increase would occur because of heat transfer from
building envelope surface to the surrounding air but it is neglected in this study.) no
change occurred in transmission through window. Increasing absorptivity value from
0.3 to 0.6 increases wall transmission loads by 50.5%, from 0.3 to 0.9 by 101%,
Increasing absorptivity value from 0.3 to 0.6 increases roof transmission loads by
121%, from 0.3 to 0.9 by 242%.
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Table 6.2: Comparison of cooling load types caused by UHI intensity.

onc UHI (+0°C), GR=0.2 UHI (+2°C), GR.=0.2
T;;es Details Sensible Heat (W) Sensible Heat (W)
a=03 =06 a=09|a=03 aoa=06 aoa=009
Window 144 10512 10512 10512 10512 10512 10512
Solar Loads m?2
Wall 156 461 694 927 640 874 1107
Transmission m2
Roof 625 1508 2672 4136 1708 3171 4635
Transmission m2
Window 144 1g45 1845 1845 2364 2364 2364
Transmission m2
Overhead 8125 5006 2736 2736 2736 2736 2736
Lighting wW
Electric 8125 ,e71 2871 2871 2871 2871 2871
Equipment W
People
(Sens.Heat+ 50 4285 4285 4285 4285 4285 4285

Latent Heat)

For the effect of UHI to the cooling loads, absorptivity value of 0.6 is compared
between UHI (+0°C) and UHI (+2°C) while keeping GR constant. For wall
transmission load, from UHI (+0°C) to UHI (+2°C) leads to 26% increase, for roof
transmission load, from UHI (+0°C) to UHI (+2°C) leads to 18.6% increase (see Table
6.2).

Ground reflectivity has been increased from 0.2 to 0.3 in order to simulate the effect
of reflective surroundings to the building cooling loads. As solar radiation and long-
wave radiation could be reflected by the reflective surfaces towards building, both

transmission loads and loads caused by radiation have increased.

For our case study building, reflections to the roof have not been taken into account.
It should be noted that, reflections from higher building’s fagades could be incident on
roofs. For absorptivity value of 0.6; increasing surrounding ground reflectivity from
0.2 to 0.3 leads to 14% increase in windows solar load and 7.3% increase in wall

transmission load (see Table 6.3).

Due to the limitation of HAP software, effect of surrounding surface temperature
reduction to the surrounding air temperature because of higher reflection is neglected

hence no reduction occurred in window transmission load.
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Table 6.3: Comparison of cooling load types caused by surrounding reflection.

UHI (+0°C), GR.=0.2 UHI (+0°C), GR.=0.3
_ll__oad Details Sensible Heat (W) Sensible Heat (W)
Ypes
0a=03 a=06 oa=09 | a=03 a=06 aoa=09
Window 144 10512 10512 10512 11989 11989 11989
Solar Loads m?2
Wall 156 461 694 927 486 745 1004
Transmission m2
Roof 625 1008 2672 4136 1208 2672 4136
Transmission m2
Window 144 1845 1845 1845 1845 1845 1845
Transmission m2
Overhead 8125 56 2736 2736 2736 2736 2736
Lighting W
Electric 8125 ,a70 2871 2871 2871 2871 2871
Equipment W
People
(Sens.Heat+ 50 4285 4285 4285 4285 4285 4285

Latent Heat)

All cooling loads mentioned in this section can be converted into electrical loads by
taking COP into consideration. Cooling load divided by COP value would give
electrical load. Peak cooling loads for our case study span a wide interval starting from
41.4 KW up to 52.5 kW which makes it impractical to use the same HVAC equipment
for comparison. COP value depends on ambient outdoor air temperature, partial and
full loads in which HVAC equipment is operating. So, an air-cooled heat pump as a
HVAC equipment is selected which has a nominal cooling capacity of 49.7 kW and
max. cooling capacity of 59.3 kW. HVAC equipment works in the range of 7°C to
12°C. So, Evaporator leaving water temperature (ELWT) is 7°C [26].

Fig. 6.13 shows that, COP value decreases when ambient air temperature increases.
For the comparison of electrical loads, UHI (+0°C) equivalent of ambient air
temperature of 33°C and UHI (+2°C) equivalent of Toa 35°C with building envelope
value of 0.6 are selected. Corresponding nominal COP values are 2.61 and 2.52
respectively (COP value decreased by 3.45%), cooling loads are 44.5 kW and 46.9 kW
respectively (in both situations, HVAC unit is considered to be working in nominal
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conditions) which yields to 17.05 kW and 18.61 kW electrical loads respectively,

meaning 9.15% more electricity is required where cooling demand increase is 5.4%.
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Figure 6.13: Effect of ambient air temperature on COP value.

Also, it should be noted that, UHI increases ambient air temperature, in return it leads
to more cooling load thus more electricity is required. Important parameter to consider
here is that, UHI effect also reduces the efficiency of cooling by decreasing COP value
meaning when heating caused by UHI effect starts, more cooling will lead to

overheating in urban areas thus creating a vicious cycle.
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7. CONCLUSIONS

Heat waves in Europe, bush fires in Australia showed how much overheating matters
not only in urban areas but also in rural areas. UHI is the by-product of urban
formation. Solar radiation and anthropogenic heat release are the main causes of UHI
while, increasing solar reflectance and evapotranspiration are the main mitigation
strategies. For a given urban area; from SEB equation to deciding required method to
mitigate UHI by selecting proper material then policies to govern and implement these

strategies in order to lead sustainable urban area is a must.

It’s been concluded that; each degree of ambient air temperature rise caused by the

UHI effect increases total and peak cooling loads in the summer.

(1) Decreasing absorptivity level of the building envelope (increasing
albedo/reflectivity) is an effective counter-measure for UHI effect and could be used
to mitigate UHI. Results showed considerable decrease in peak and total cooling loads
leading to decrease in peak and total electricity demand and anthropogenic heat

release.

(2) While increasing reflectivity of the building envelope decreases total and peak
cooling loads, at the same time it increases total and peak heating load in heating
season. It should be noted that, even if less heating demand caused by UHI effect in
winter is favourable, UHI’s effect in summer is more powerful especially in hot

climates.

(3) Higher absorptivity levels of the building envelope cause higher building surface
temperatures which leads to higher convection/radiation of heat to the surrounding of
the building thus creating UHI effect hence built environment is called as micro-

climatic formation.

(4) As cooling itself is one of the heat sources in the urban area, government mandated
air conditioning restrictions/regulations and room thermostat set temperature increase
might be put into effect in the near future as it is an effective mitigation strategy of

UHI by decreasing anthropogenic heat release to the urban environment.
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(5) While increasing reflectivity of the building envelope is an effective measure for
reducing cooling loads. Reflected heat/radiation might cause discomfort on the urban
ground. Increasing reflectivity of the surrounding of a building might increase

building’s cooling load by reflecting heat/radiation onto the building envelope.

(6) When building energy consumption and urban environmental comfort (pedestrian
comfort) are regarded as equally important. There should be criteria/metrics for
regulation in order to achieve both as rejecting heat by having reflective building
envelope and reflecting this heat/radiation to the urban area might contradict with

having urban environmental comfort.

(7) Rejecting heat by building envelope and not reflecting heat/radiation onto the urban
ground might require to reflect heat/radiation to the sky, meaning retro-reflective

building envelope and surroundings might be adopted.

(8) Solution to UHI effect cannot be more cooling, because cooling itself is one of the
main sources of anthropogenic heat release in urban areas which in return increases
ambient air temperature, decreases COP values of HVAC equipment, accentuating

UHI effect thus decreasing urban environmental comfort.

(9) Even 1°C overheating or decreasing urban area’s ambient air temperature by 1°C
has a significant impact on electricity consumption. So, for energy efficient system
design and operation, all available tools as passive, active and hybrid design solutions,
retrofit ready solutions to existing building stock should be used and should be
supported by government incentives in order to drive the change for the sustainable

urban areas.

(10) UHI studies require extensive multi-disciplinary contribution and deep analysis.
Future cities would require building information modelling (BIM) and building energy
modelling (BEM) in order to be designed as climate-proper in which extend of
modelling should be the whole urban area.

(11) Future Urban Heat Island effect and related mitigation studies could be done in 3

stages.

(1 stage) A case study using thermal load calculation tool and CFD analysis should
be done. Effect of rooftop HVAC outside unit’s waste heat release, air flow throughout
a building should be studied. Simulating UHI effect on a single building might require

modelling of a small-scale urban area in which minimum area should be carefully
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evaluated in order to include all of the important parameters effecting UHI intensity

for the building in the CFD analysis.

(2" stage) Small-scale experimental study similar to first stage case should be studied.
According to the measurements, CFD analysis should be calibrated. After that, a large-
scale experimental study could be implemented using satellite sensing technology,
remote sensing technology and geographic information system model. For the large-
scale experimental study, ITU’s Ayazaga campus could be proposed as being very
close to densely populated business district with high-rise buildings and containing
buildings, pavements, tree canopy and a lake inside the campus. Also, required data
and tools in order to study UHI effect might be already there and/or can be acquired

with less effort as it is a university campus.

(3 stage) Criteria and metrics for regulation of all the parameters effecting UHI

should be proposed.
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