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ABSTRACT
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September 202045 pages

Cities are responsible for over twhirds of total energy consumption due to the
population's externalities. The buildings in the urban areas cause half eh#rgy
consumption. 250 cities have 100% renewable energy taxgédwide, including
nineteen metropolitans such as London, Los Angeles, Tokyo, and Paris. Besides,
these metropolitans aim at zero emissions in new buildings by 2030 and in the
existing ores by 2050By year of 2018 asa developing country, Turkey has a
dependency ratio of 73.8 % for overall energy and 51.11%ldatricity.In order to
overcome problems like populatidbased pressure in cities and energy security,
Turkey requires effeate and realistic renewable energy solutions that can combat
climate change. As policymakers emphasize, more decentralized solutions-as city
wide and municipalitbased policies, would provide faster and more effective
results to reach renewable energy éésgThe renewable energy potential is not the
same for all citiesAlthough there are some rooftop technical solar PV potential
studies in countride, one of the main motivations of this study is to focus on both

building types and roof types to gené&al for a city. We develop an accurate



methodology to determinedtrooftop technical PV potential reliable and applicable

to every type of roofs. City of Ankara is a convenient starting point for this study
due to its relatively high solar irradiance, tigumber of public buildings and
increasing energy demand. In teeudy, buildings in Ankara divided into three
categories: residential, public, and commercial (shopping mall). After the manual
selection, the methodology is applied using a wetiown Helicscope software
program and suitable area constants (access factors) are determined for the three
categories. Constant value method was used to generalize the constants to all
buildings. The results inditathat the Monesi module application is the optimmu

one for bothpitchedroof and flatroof apartments. Bifacial modules have better
results for detached houses, public buildings, and shopping malls, and the amount of
energy production might be increadag row-spacing arrangement specifically to

the building.

Keywords: Rooftop PV, solar energy, solar potential, building solar potential,

bifacial
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kehirler, n¢gfus kaynakl ée toeoplram|ledeanr) i kte
mer kezlerindeki binal ar i se bu enerji 1
genelinde, Londr a, Los Angeles, Tokyo ve
de i -inddujpuw i ki yé¢z elliden fazla kehi
koymuktur. Bu metropoliten kehirler, 203
deva ol an binalar i-in20@18miyfy @xnliihk nbealdrtiieyk
olan ¢l kel erden ol an T¢rkiye, topl am ene
baj e mHedéekehirl erdeki ngfus artékKkenéen yar
arz ve gvenlijinin . stesinden gel ebi | mek [
m¢cadel et&déiekve ger -ek-i yenilenebilir
Pol i mrkaca&la vurgul adéjé gibi, Kehir ve L
enerji hedeflerineul ak mada | ok al yapél akmal aré s a)
-%z¢mler sajl amakéeadEebi Her e&eériji si pot .
-al ékmameaml ienmco®t i vasyonl aréndan biri - at
potansiyel: il-ii n- aT g&rkkmayear geoiesa da bi na
genell emeye odakl aaayapehmambrizéEE. bBu - al
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teknik PV potansiyelinin belr | enebi | me s i -in her -atée ti

géevenilir bir mekotekgeEmenhéni Tmrkiyve. o6Ggaka
ol masée, bakkent ol masébhedeBi pubupgdksemhséer a
enerji i htiyacemdtgvasywomaknuni ol chapal Ankar a
i -in uygun bir «kKehir kaéldmaakkt abd énra.l aBu k-oanlué k m
ticari bi nal ar (al eékveri k- inteernk elzilrealiar ao | naa na
°rnekl eme metoduyl a Hanéiko sod aupe perl adger aendd | eyng
uygul anabilir allaagir @abné dgjl mkidmé lkeatisna ynal a
genell enmiktir. Sonu-Ilar hem ejik -ateéel e hel
panell erin daha veri mlaindahdujmgmsu agd $t o miak ta
binal aré ve al ékveri kK medrakheaz lieyrii sionun- ivseer mi
Ayneé zamanda, panel |l er araseée b ok I uKk hesa
ayarl anmasénén, cretilen enerjiijimi ktarén
gzl emlenmi ktir.

Anahtar Kelimeler¢ at e ¢st ¢ FV, g¢ének eyele binpai si , gé¢ne
gé¢nek potansiyeli, -ift tarafl é panel

viii



To all whoarefair to nature



ACKNOWLEDGMENTS

Firstly, | would like to express my deepest thankfulness to my thesis advisor Prof.
Dr. B¢l ent Akénojlu because ofxtsThaB8k emai | s,
you for being always supportive, calm, reachable and semsith¢ a very

unfortunate peson, | believe that | used all my luck by having the best thesis advisor.

| would also liketothankmyeadvi sor Prof . Dr. Ujimsr Soytak ¢
Prof . Dr . Ramazan Sar é and Asst . Prof . Dr

contibution to thesis.

I want to thank Mr. Bujrahan Karaveli i, Ms .
Ms. Aycan Dumlu for their direct and indirect help to the study.

Iwouldalsol i ke to thank my | ovely friends Derya,
and Tuj ba, wipportive ane offarlany &glps s

| also want to thank Sedef Budak and Turkish Women of Renewable Energy and
Energy Sector (TWRE) group for all their sincenedavaluable works, which

provides sectoral information and encouragement to me as a woman engineer.

| would like to thankMr . Mei¢grla-and Ms. Ayken Yél maz, for in
System Science (ESS) program to me which perfectly complements my ffield o

interest.

Finally, | would like to thank my dear family the most for their generous support and
tolerance during COVIEL9 pandemic while | was writing my thesis in quarantine
with them.



Xi



TABLE OF CONTENTS

AB ST R A C T e e et e e e e a b e v
ACKNOWLEDGMENTS... . eeeee ettt eeeee e e e e e e e eeees X
TABLE OF CONTENTIS ... eeee e eree e Xii
LIST OF TABLES. ... e e e e e e e e eenaee XV
LIST OF FIGURES. ... Xviii
CHAPTERS
1 INTRODUCTION. ..ottt eeree et ee e e e e e e s 1
11 Background of the Study..........oooveeiiiiiiiiiiccc e 2
1.2 Background of Energy Policies in Turkey............ccccvvvviviieenninnnne. 4
1.3 Significance of the Study..............ccoooiiiii e 5
1.4 Studied City: ANKAIA..........coiiieiiieieeeeeeeeeicceee e eene e 8
15 Applied Software Selection...........ccooovveeeeiiiiceeiiie e 11
1.6 MoOdUle SEIECHION..........eiiieeee e 11
2  LITERATURE REVIEW. ...t 15
2.1 Similar Studies in Literature.............eevvieeiiiieemiieeeee e 15
2.2 City APPlICALIONS......coeeeiiii e e e 24
2.2.1  VienNa (AUSTIA)......coooiiiiiiieiieeee e eeeee e 24
2.2.2  Freiburg (Germany).......cccccoiiiiiiiiiiii e 25
2.2.3  DezhoU (ChIN@)......cuiiiiiiiiiaeeeiee i 26
2.2.4  BarCEIONA.......uuuiiiiiiiiiiiiiie e 26
3 METHODOLOGY ..ottt sttt emme e e e e e eeaans 29
3.1 Data ColleCHON . .....ccoeeiiie e 29

Xii



3.1. 1 TUIK DAta REVISION. .. oo 31

3.1.2. Google Earth Data ReVE.............cceevrvviviiiiimmmreeeeeeniieniees 34
3.2 Application of HElIOSCOPE.........oovvvviiiiiiiimere e 34
3.2.1 Application in Residential BuildingsS.............ccccovvvviivieenneeeeeee. 34

3.2.1.1  Application of MonaSi Panels to PitcheRoof Residential
Buildings 35

3.2.1.2  Application of PolySi Panels to Pitched RoBesidential
Buildings 37

3.2.1.3Application of MonaSi and PolySi Panels to Flat Roof Residentials

38

3.2.1.4 Application of Bifacial Panels to Residential Buildings............ 40
3.2.2 Application in Public Buildings...........cccccoiiiiiiiiiceeeeeennn 44
3.2.2.1 Application of MonaeSi Panels to Public Buildings............. 44
3.2.2.2 Application of PolySi Panels to Public Buildings................ 45
3.2.2.3 Application of Bifacial Panels to Public Buildings.............. 45
3.2.3 Application in Commercial Buildings.............ccccccvviviiieenicnnnnnn. 45

4 RESULTS AND DISCUSSION......cooiiiiiiiieeeieeiiimeiin e eeeeenieen AT
4.1 Residential Buildings Apptiation ReSUItS.........cceeeiiiiiiiiiiiiieeee a7
4.1.1 Mono-Si Panel Applications in Residential Buildings................ 47
4.1.2 Poly-Si Panel Applications in Residential Building................... 50
4.1.3 Bifacial Panel Applications in Residential Building.................. 53
4.2 Public Buildings Application ReSUILS............ccoovveiiiiiiceeiiieeeeeeinnnn, 61
4.2.1 Mono-Si Panel Applications in Public Buildings............c........... 61
4.2.2 Poly-Si Panel Applications in Public Building...........................! 63
4.23 Bifacial Panel Applications in Public Buildings......................... 66

Xiii



4.3 Commercial Buildings Application Results............cccccccccciveenenn 73

4.3.1 Mono-Si Applications in @mmercial Buildings..............ccc.vvven. 3

4.3.2 Poly-Si Applications in Commercial Buildings..............ccccc..... 14

4.3.3 Bifacial Applications in Commercial Buildings..............cc.......... 16

44 Comparison with Previous StUdIies............cooovviiiiiiiccceeee s 80

S CONCLUSION. ...ttt rmme e e eea e 85

REFERENGCES ... ..ottt e 89

A. Application Results in Public BuildingS..........ccccceveiiiiiiiiccneennn. 95
B. Comparison bTerminology Used in Literature Review and the Study

143
C. The Summary Table of ReSults..............ccooeiiiiieeee s 144

Xiv



LIST OF TABL ES

TABLES

Table 1: Selected Ankara Samples and their featurese @tial., 2018) ......... 23

Table 2: Apartment Building Data of 2019 (TUIK, 2020)........ccccveeeeeeeerrienns 31
Table 3: Detached House Data of 2019 (TUIK, 20208)...........cceeeevrrrieeennnn. 32
Table 4: Apartment data for the years between (TUIK, 2020a).......... 32
Table 5: Detached house data for the years betweerZZ0G@Q(TUIK, 2020a).. 33
Table 6: Selected Residential BUildiNgS...........cevvviiiiiiiieemiiiieeee 34
Table 7: Features of selected MeBbpanel model................ccevvviiiieeeciiinnnnee. 36
Table 8:Features of selected PeBi panel model for pitched roof................. 37
Table 9: Row Space Calculation of SolteeBTH-320M Module..................... 39
Table 10: Features of selected PBlypanel model..............ccccvviiiiiieeeiiiinnnee. 39
Table 11: Row Space Calculation Trinasolar F8M14 320 Module............... 39
Table 12: Features of selected Bifacial panel model..................ccccccee.ennn 41
Table 13: Row Space Calculation for Silfab SKA350 Bifacial Module........... 41
Table 14: Irradiation data set for sample #15 BiSdptember 2021................ 42
Table 15: Selected Public BUildiNgsS............ccoviiiiiiiiiieneeee 44
Table 16: Selected Shopping Malls..............uuuiiiiiicecrccc e, 46
Table 17: Determinationf Usable Area Ratio for Mon8i Modules in Residential
BUIIAINGS. ..t a7
Table 18: Average Annual Energy Production per MdidModule.................. 48

Table 19:Annual Energy Yield by Mon&i Modules in Residential Buildings 50
Table 20: Determination of usable area ratio for FRillModulesin Residential

BUIIAINGS. ..ttt 51
Table 21: Average Annual Energy Production per f&iliModule..................... 52
Table 22: Annual Energy Yield by Pef Modules in Residential Buildings..53
Table 23: Determination of usable area ratio for Bifacial Modules in Betsadl

BUIIAINGS. ..ttt 54

XV



Table 24: Average Annual Energy Production per Bifacial Module in Residential
2 TUT] o [T o TSP 55
Table 25: Annual Engy Yield by Bifacial Modules in Residential Buildings..56
Table 26: Summary Table for Determination of Suitable Area Constants. (%%
Table 27: Summary of Average Annual Energy Yield per module (MWh/yr) in
Residential BUIldiNgS.........ooovviiiiiiiiiiimeeers e erreas s e e e e e e e e eees 57
Table 28 Summary of Annual Energy Yield Calculations for Different Type of
Modules Scenarios iResidential BUildings............cvvvviiiiiiiiiieemiiiiieeeeeee 57

Table 29: Determiation of usable area ratio for Mot® Modules in Public

2 TUT] o [T o TS PSSO PPPRRPN 62
Table 30: Averagé&nnual Energy Production per Mon8i Modulein Public
BUIIAINGS .o eeee e 62
Table 31: Determination of usable area ratio for FRilllodules in Public

2 TUT] o [T o TS PO RPPPRRPN 63
Table 32: Average Annual Energy Production per FiliModule in Public
BUIIAINGS . eeen e 63
Table 33: Comparison of Settlement of Two Different PaiyWwlodules in Public
2 TUT] o [T o TSSOSO PPPPPRRPIN 64
Table 34: Average Annual Energy Production per Different4Soljodule in
PUBIC BUIAINGS ...t e 65
Table 35: Determination of uske area ratio for Bifacial Modules in Public

2 TUT] o [T o TS PSSO PPPPPPPIN 66
Table 37 Average Annual Energy Production per Bifacial Module in Public
BUIIAINGS ..o eeer e eeee 67

Table 38 Results of Application of the Helioscope Software in Public Buildif@s
Table 39: Determination of usable area ratio for M@ dlodules in Commercial
BUIIAINGS .. e 73
Table 40: Average Annual Energy Production per MdidModule in

Commercial BUIldiNgS.......oouuiiiiiiiii e e eaeennes 74

XVi



Table 41: Determination of usable area ratiooly-Si Modules in Commercial

2 TUT] o [T o T3PPSR 74
Table 42: Average Annual Energy Production per P8SlyModule in Commercial

[ TUT] o [T o 1SRRI 75
Table 43: Different PohSi Module Applications in CEPA..................cccvveve 75
Table 44: Determination of usable area ratio for Bifacial Modules in Commercial
2 TUT] o [T o 1 PPPPRTT 77
Table 45: Average Annual Energy Production per Bifacial Module in Commercial
2 TUT] o [T o TSRO 77
Table 46:Results of Application of Helioscope to All Shopping Malls.......... 78
Table 47: Previous St wtratersReviawe.s..u.l80s ment |
Table 48: Summary of Suitable Area Constants in the Study..................... 82
Table 49: Energy Production (MWh/yr) in BUildingsS.........ccccoeeeeeeiiiiieeeeennnnn 33

Xvii



LIST OF FIGURES
FIGURES

Figure 1 Solar PV Installed Cap#ies (MW) in Turkey according to years
(TEIAS, 2020).....cciciiiieie e e ettt ieeer et e e e e et e e e e e e e e b eensss e e e e e e s sansseeeeeeeasamnnssssnes 2
Figure 2 Global Horizontal Irradiance (KWh Anof selected cities (Global Solar
AIAS, 2020) ... i iieieiiee ettt e e e e s e e e e e e nnn i raaes 3
Figure 3: The Ratio of Net Electricity Cammption by Different Sectors in Turkey
for the years 1972018 (TUIK,2019)......ccuuiiiiiiiiiiiaiiiiiieeee e 6
Figure 4: The Rank of Total Capacity as of 2@l 8(Couture et al., 2019).......7
Figure 5: Solar Water Heating Collector Additions, Top 20 Countries for Capacity
Added (Couture et al., 2009.........cccoiiiiiiiiiieeee e
Figure 6 City Roles in Advancing Renewables Across Different Levels of
Governance (Couture et al., 2019)........cuiiiiiiiiiiiiiiieere e 8

Figure 7 Electricity Consumption per Capita in Ankara between the years 2007

2018 (TUIK, 2020D)......uueiiiieeeiiiiiiiiieeeete e e e esieeee e e e e e sssesananseeeeeesessteeeeeaessannns 9
Figure 8: Total Solar Irradiation (KWh/year) of Ankara according to districts
(YEGM, 2020)......ccccctiiiiee e e ieiiieieeeree e e e e s e et e e e e e e e st eeessse s e e e e e s sennsaaeeeeeasamnnennees 9
Figure 9: Ankar&unshineDuration (hr) (YEGM, 2020)...........cccceevvvvvvrrrrieenn.. 10

Figure 10: Ankara Global Horizontal Irradiation (KWHirday) (YEGM, 2020)10
Figure 11: Perentage of Annual Production of Modules (Fraunhofer Institute for
Solar Energy Systems, 2020).......ccuuiiiiiiiiiiiiii e 12
Figure 12: Ankara PV Potential based on the area (KWh /year) (YEGM,202D)
Figure 13: Market share ratio of Bifacial Modules in Years (ITRPV, 2019).13
Figure 14: Market share comparison ofagial Modules and Monofacial Modules
IN YEars (ITRPV, 2019)........uuuuiiiiiiiiiiiieiiieeeiiieeieeeee e e e e e rmmme e e e 13
Figure 15: Types of Renewable Energy Potentials (Gagnon, Margdigjgyi&

o 01T X2 0 X PP UPPPPRRPR 15
Figure 16 PV Access Factor for Residential Buildings in Warmer Climates
(Paidipati et al., 2008)........uuuuuiiiiiiiiiiii e 16

Xvili



Figure 17: PV Access Factor for ResidahBuildings in Cooler Climate (Paidipati

LS A LI 00 SR PSRPR 16
Figure 18: PV Access Factor for Commercial Buildings in Warmer Climate
(Paidipati €t al., 2008).........uuuuuiiiiaeee e e e e rrrr e e e e e e e e 17
Figure 19: PV Access Factor for Comarcial Buildings in Cooler Climate
(Paidipati €t al., 2008).........cuuuuiiiiieeeee e ceeriiirsr e e e e e e e e e e e e e rrer e e e e e e e e e e e 17
Figure 20:Scheme of the hierarchical methodology to obtain the theoretical PV
Potential (Bergamasco & Asinari, 2011).............uuuuumiiiiiimemiiiiiiiieiieieeeeeeeeeenns 20
Figure 21: Residentidh Vauban City...........cccceeiiiiiiiiiiiieeeiiciiee e eeeeeeeee 26
Figure 22: Residential in Vauban City..........ccccoovviiiiiiiceciiiiiee e 26
Figure 23: EtliKk ROOTIOPS......vvviiiiiiiiiiiieie e 30
Figure 24: Buyukesat ROOFIOPS........cooveiiiiiiiiiiieee e 30
Figure 25: Erdemkent ROOFIOPS........oovvviiiiiiiiii i 30
Figure 26: Haymana Teacherage and Evening Art Schaal......................... 31
Figure 27: Camlidere Government OffiCe..........coooiiiiiiiiemn e 31
Figure28: Applied Condition Set by Helioscope Software..............ccvvveeeenn. 37

Figure 29: Triangle shadow method for the computation of the row spacing of the
system (Karaveli, 2014) .......ccoeiiiiiieeeiieeeeeee e 38
Figure 30: lllustration of Application of Bifacial Module in Pitched Raof..... 42
Figure 31: The number of settled modules in The Ministry of Family, Labor and
Social Sevices with fixed 2.3067 m row spacing (Bifacial module applicatid&
Figure 32: The number of settled modules in The Ministry of Family, Labor and
Social Services with varied row spacing (Bitd module application)............. 58
Figure 33: The number of settled modules in The Ministry of Family, Labor and

Social Services with fixed 1.8898 m row spacing (Mdaioapplication)........... 59
Figure 34 The number of settled modules in The Ministry of Family, Labor and
Social Services with varied row spacing (Me&o application)........................ 59
Figure 35: Sample #1 Mor®i Module Application.............cc.vvvvviiieiiieeniiinnnnn 60
Figure 36: Sample #1 Bifacial Module Application..............ccccceeiiiieeeneeeeeenn, 60
Figure 37: Sample #7 Mor8i Module Application...............ccceeeeeiiiiiieecennnnnnn 60

XiX



Figure 38: Sample #7 Bifacial Module Applicatian...........cccceeeeeivieeeecceeeenn. 60
Figure 39: Sample #15 Mo Module Application................cceeeiiiicmeennnnns 61
Figure O: Sample #15 Bifacial Module Application...........cccccceveeiiieaennnnnnn. 61
Figure 41: The Department of Revenue Bifacial Applicatian...................... 68
Figure 42: The Department of Revenue P8iyModule Application................. 68
Figure 43: The Department of Revenue MéidApplication............................ 68
Figure 44: TPAO Bifacial Module Applicatian..............ccuvvviiiiieeciiiiiiiiiieeee. 68
Figure 45: TPA Bifacial Module Application Shaded Version..................... 638
Figure 46: Helioscope Bifacial Module Settlement in CERA...........cccccenn... 76
Figure 47: Helioscope Bifacial Module Settlement in ARMADA.................. 76

XX



CHAPTER 1

INTRODUCTION

Cities are regpngble for over twethirds of total energy consumption due to the
population's externalities. Furthermore, it is stated that the buildings in urban areas
cause half of this energy consumpt{@outure et al., 2019Worldwide, 250 cities,
which nineteen of them metropolitans, including London, Los Angeles, Tokyo, and
Paris have 100% remable energy t@et. Besides, these metropolitans aim at zero
emissions in new buildings by 2030 and, for the existing ones by(3a5@, 2018)

As a developing country, Turkey is a net fossil fdependent countryBy year of

2018, Turkey imported its 73.8 % of the overall endigyyrostat, 2020and 51.11%

of its electrical energ(TEIAS, 2019)

Moreover, as the rate of urbanization is above the world average, the energy pressure
in the cities is incresng. Fossil fel dependency, high urbanization rates, and their
externalities push Turkey to make sustainable solutions. To overcome problems such
as populatiorbased pressure in cities, energy security and climate change, Turkey
requires effective and aéistic renewale energy solutions to combat also global
warming.As policymakers emphasize, cityide, municipalitybased policies that
refer to more decentralized solutions provide faster and more effective results to
reach renewable energy targets. Téreewable eneggpotential is not the same for

all cities; Turkey needs to shift the decentralized solution to supply the increasing
electricity demand in urbanized areas. As the capital of Turkey, Ankara receives
considerable solar energy, in this stutlye rooftop PVPotential of Ankara is
calculated as divided into three types of buildings: residential, public, and

commercial (shopping mall).



1.1  Background of the Study

As the end of 2018, Turkeyobds electricity

imported oal, 30.34% naitrd gas, 14.79% lignite, 0.11 % fuel oil, 1.70 % coal and
asphaltite, 13.44 % hydro with a dam, 6.54% wind, 6.22% lake and river, 2.56%
solar, 2.44 % geothermal, 1.19 % renewable waste and total electricity production
was 304801.9 GWh. Iretms of renewdb energy,hydro with dams was leading

with 41.90 % and followed by 20.40% wind, 19.39% lake and river, 7.98% solar,
7.60% geothermal, and 2.73 % renewable Wa@3#AS, 2019) In 2000, the part of
fossil fuels in gross available energy was 80.6% for2BlEountries and 86.6% for
Turkey; in 2018, the part of the amouwlegcreased to 72.4% EU-28 countries;
however, it increased to 87.2 % for Turkey, respectively. Moreover, although Turkey
had a better part of the amount of renewable energy with 24.9 % whi28EU
countries had 13.9% in 2000, Turkey increased to 32r2 28 years, whees EU

28 countries reached to 32.4@urostat, 2020)Turkey has hugeaplogical and
technical potential of solar energy compared with other European Countries. This
advantage is now used to install photovoltaic (PV) power plants in the last few years.

Solar PV Installed CapacifW) in Turkey
(TEIAS,2020)

5995.2 6232.1

6000 5062.8
4000 3420.7 I I
2000 8325 I I

0 = mm

2015 2016 2017 2018 2019 2020 (July)

Solar PV Installed Capacity
(MW)

Years

Figurel: Solar PV Installed Capacities (MW)Turkey according to year§TEIAS,
2020



Figure 1 shows the increasement $blar PV installation in Turkey for the years
between 2015 and 20 July After 2016, installations increased fastéor solar
sourced electricity generation according to primary sources of Turkey for the end of
July 2019 and the end of July 2020, thisralso an increasement from 5837 GWh

to 6866 GWh and installed capacities for the same period are 5513 MW and 6166
MW, respectively. With the increased ratio of 17.63% in electricity production, solar
has the highest ra{&UYAD, 2020)

As mentioned above Turkey and henceforth Ankara have high solarigbtegure

2 shows the globaldrizontal irradiance (KWh /@) of some cities, which are mostly
mentioned in the Literature Review part. It shows that the global horizontal
irradiation of Ankara is higher than the European cities.
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Figure 2: Global Horizontal iradiance (KWh /rf) of selected cities (Global Solar
Atlas, 2020)



1.2  Background of Energy Policies in Turkey

Turkey has a different statue since the Kyoto Protocol in 2004. Although Turkey was
includedin both Annex 1 and Annex 2 countries list, shed to be removed from

both of the lists, because she is not a developed country for providing financial
support for nomAnnex 1 countries and also she is a-nmfustrialized country that
doesndt mission eeduction taeget because of her hisabniesponsibility.
However, the name is only deleted from Anned
statue from other Annex 1 countries. Hence, it is not clear that Turkey must need
emission reductioratgets.

Furthermore, although the renewable ggguolicy is relatively young, it aimed to

set strategic and ambitious goals for implementation in Turkey. The law on
Utilization of Renewable Energy in Electricity generation was enacted in May 2005,
and afer that, amendments were made in January 20bllowing these
amendments, The Ministry of Energy and Natural Sources and Energy Market
Regulatory Authority (EMRA) promulgated new regulations which are the one on
Certification and Support of Renewable EneBSupport Mechanism and the other,

on DomestiaVMlanufacturing of Components used in Renewable Energy Electricity
Generation Facilitie@Basaran S.,Dogru A.,Balcik F.,Ulugtekin N.,Goksel C.,Sozen
S., 2015) Moreover, the amended law includes insiag the scale of unlicensed
projects, higher t#fs, and enlarging the guarantee period to ten years and varied
tariffs according to different sourcé&ri & Yikmaz, 2019)

In April 2016, Turkey signetut not ratified the Paris Agreement. However, through
the Paris Agreement, Turkey announced its INDC (Intended National Determined
Contributions), and it is stated up to a 21% declin&rieen House Gas (GHG
emission from Business as Usual scenario [30201oreover, as stated in INDC,
GHG emissions could be reduced to 926 million tons of €quivalent by 2030
sourcegAri & Yikmaz, 2019)



Turkey has 2028rgets in renewable total installed capacities &M\.Geothermal
Power, 34 GW Hydropower, 5 GW Solar PV (which is already reached) and 20 GW
Wind Energy(Couture et al., 2019)

Recent regulations of solar energy are entered into force by the Regulation of
Unlicensed Electricity Production in Electricityarket #30772 in May 2019. In this
regulatononl y rooftop and fa-ade Solar PV app
the way for selling of excess electricity production without any license and
compulsory of incorporation. By limitation of 10 KW for rdential and 5 MW for

public and businesses, pradion and consumption are going to be measured hourly,

and netmetering will be applied monthly. Furthermore, the previousi\/

limitation for industry, commercial, and lightening consumers is also remowed f
rooftop and f a- ad(EPDKQI¥r PV applications

1.3 Significance of the Study

In 1970, the net electricity consumption was 7,308 GWil,ieincreased to 46,820

GWh in 1990, 98,296 GWin 2000, and 258,232 GWh in 2018. Because of the
electricity demand and consumpti on i nci
dependency increasddetween the years of 2004 a2@dl4, energymports include

21% of total imports. Moreover, betweémese yearenergy import constituss85%

of thecurrent account defict Uy s al , Y &l maBoththe&conbmieand 20 15)
environmental situation snatural incerive for Turkey foratransition to reneable

energy.

Furthermore Figure 3 shows the sectoral sharing ehergyconsumption for the
years 19972018. Households have betweenZ0% of this consumption, public
buildings have %% in the last 30 years, and commerciase % 920.5 in the
previous 20 yeard-or Ankara, the bestptionis solar energy due to geological
position. Howeverin solar energy terms, for thestallmentof 1 MW, 10,098 A

area is requireKaraveli, 2014)and the land requirement has externalisiesh as



finding asuitable location and land cogtience, in this study, it is aimed to calculate
the potential of electricity produced inoftops ofbuildings since consumption and

production will take place within the same building (prosumer).

The Ratio of Net Electricity Consumption by Different
Sectors in Turkey
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Figure3: The Ratio of NeElectricity Consumption by Different Sectors in Turkey
for the years 1972018 (TUIK,2019)

Moreover,Figure4 and Figure5 show that Tirkey has the'$place in solar water
heating collector capacity and also after China has the highest ratanwater
heating collector installations.
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Figure5: Solar Water Heating Collector Additions, Top @0untries for Capacity
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As can be seen iRrigure6, municipal and citywide applications are more powerful
to set targets and applicability. They havealieect mechanism to reach energy
consumers, energy producers, regulators, facilita@mg urban plannerEities'
actiors might provide significant infomation and impachationatlevel decisions
while providing essential case studies for cifiésutue et al., 2019)
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Figure 6: City Roles in Advancing Renewables Across Different Levels of
GovernancéCouture et al., 2019)

In this concept, this study focused on gitgle applications for Ankardhere is no
previous study in the literatuthat focuses on rooftop PV potentials directly in
Turkey's city level Although thee are some studies counimyde, there is no
specific study to focus on building types and generalization. This study aims to
develop and proposefiee, reliable, opesourced, and applicable methodoldgy

everybody.

1.4 Studied City: Ankara

Ankara isthe capital city of Turkeywhichis| ocat ed aand cénfral 9 3
Anatolia. Ankara has more than 5 million capaadthe annual population growth
rate is reached to 2.45% between 2018 and 2019.
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Figure 7: Electricity Consumptino per Capita in Ankara between the ye2007
2018(TUIK, 2020b)

Figure7 shows an increasingend in electricity consumption per capin Ankara.
After 2016, the rate of increase is higher; hence energy demand is increasing. Ankara
belongs to the'3Climate Region in Turkey.
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Figure 8: Total Solar Irradiation (KWh/fyear) of Ankara according to districts
(YEGM, 2020)

Figure 8 shows the total solar irradiation of Ankara districts. AltHougadiation
varies between south and north districts, solar irradiation values are between 1400
KWh/m?.year and 1650 KWh/fiyear, which is higher than the avesagf the

European cities. Although in YEGK2020 report yearly solar irradiation values are



as above, ifFigure2, the Ankara city's valués given as 1655 kWh/ayearas it is
stated before. In this thesis, 1650 kWhiraar is usd.

14.00

12.00
10.00 -~
8.00
6.00 -
4.00

200 @&

0.00 -

January
February

September
October
November

December

Figure 9: Ankara SunshineDuration Figure 10:
(hr) (YEGM, 2020)
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Figure9 shows the average sunshine duration of Ankara accordimgpmnohs, and
December is the least with 3.35 hours. July has the highest dunratibn11.06

hours. Figure 10 s h o ws
monthly. In June, Ankara has the highest irradiation amaunxtthe value in July is

Ankar aods

dai |l vy

also so closdo the June amoun{Melikoglu, 2016)states that Turkeyreceives
around 3.6 KWh/mhday. On tle other hand, Ankara receives around 4.04

KWh/m2.day hence, higher than the average of Turkey.
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1.5  Applied Software Selection

PV modules are the main components of PV
energy to electricity directly. However,
varies over time, howhe amount of solar irradiation is convertetb electricity

efficiently should be estimated. These estimations can be made by software programs
which use surface irradiation measurements or satellite data and calculate
performance estimation§ ¥ z d e n , Karaveli,In &is siNky¢ noj | u,
sdtware results are appligd all the same dagorized buildings. Hence, to select

the best suitable software option is highly important to reach better réaytan

& Takdel madegac@rpdriSoh of software programs PV*SOL, Helioscope,
PolySun, and PVGIS by esite measurement in Ispast Turkey. Helioscope

application is selecteas the most accurate software, with a 1.2% standard deviation.

Also, it is stated that Helioscope has advantages such as flexibility, consitiering

technical features of selected modules, the changeabilitylighment and

orientation of modules and aWs inverter interference. Furthermore (inéden et

al., 2020) a comparison is carriedut for different software using esite
measurements in Ankara. They found that although PV*Sol and PVsyst estimates

are acceptable, the best performance is provided by Helioscope.

Sincedifferent PV subtechrologies are also compared for the same ugjdin this
study, technical features of modules are also important. Helioscope is selected in this

study both of its flexibility and previous study results for the same city.

1.6 Module Selection

Solar PV systemare attractive for investors due to recerdreases in efficiency,
increasd unit electricity price of conventional power plants, and a decrease in cost
dueto the latest developed technologies and economic scale effect. In the laboratory,
for Mono-Si Crystalline Cell 26.7% is reached, and tbe Mono-Si Crystalline
module 24.4 % efficiency is measured. Also, for Mefi Crystalline cell 22.3%,
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for Multi-Si Crystalline Module 19.9% is reached, respectiyEhaunhofer Institute

for Solar Energy Systems, 202

0%

Production 2019 (GWp)
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B rulti-si 396
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FELELEPEELEFSESEF RO
Year

Figure11: Percentage of Annual Production of Modu(€saunhofer Institute for

Solar Energy Systems, 2020)

Figurell shows the sharing percentagesh&fannual production of three different

PV technologies as thifilm, Multi-Silicon Crystalline, and Mon&ilicon

Crystalline Panels. As can be seen, although their sharing ratio varies according to

years, Silicon Crystine Modules dominates. Hence, both MeBband PolySi

modules are applied in this study for the same building
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Figurel2 Ankara PV Potential based on the area (kKiear) (YEGM,2020)
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FurthermoreFigure12 shows the estimated energy production pgéacoording to
different module types for Ankar MonaSi and PolySi are determinetb have the
highest energy productioas stated ifYEGM, 2020)
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Figure13: Market share ratio of Bifaci Figyre 14: Market share comparison
Modules in YeargITRPV, 2019) Bifacial Modules and Monofacic

Modules in YearglTRPV, 2019)

Moreover, Figure 13 and Figure 14 show how the bifacial module increases its
market sharelt is projected as the market shaf bifacial modules wiltontinue to

increase inhe2020s. Thus, bifacial modules are also considered in this study.
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CHAPTER 2

LITERATURE REVIEW

Figure 15 shows the hierarchical order of the estimation of renewable energy
potentials. In this studyhe city-based technical potential of rooftop PV is estimated.
Brief definitions can be followeby the insets of the figure.

Resource Technical Economic Market

P Potential | Potential Potential

s Projected + Regicral competibon
technology costs  with other energy

|+ Avatabio vs. ST
Cpeatirad revenss + Palicy implemantaticn

for erRrgy prajct and impacts
— ) » Ragulatory limits
gerformance

* Investor resporse

Figure 15 Types of Renewable Energy Potenti@Bagron, Margolis, Melius, &
Phillips, 2016)

2.1 Similar Studies in Literature

As describedin the abovefigure, system and topographic constraints, lase

constaints, and system performance should be known to reach technical potential
AAccess F eamtumatringludes dandase donstraints like shadings and
orientation.In this section, different terminologies are used for constants. NREL

(2008)u s e d PW¥ h a c 6 e dos differant shadings and orientati@@aidipati,

Frantzis, Sawyer, & Kurrasch, @8). For the same calculatip@r d - fez g, Jadr ac
Al egr e, &20MpusetthefieRze | at i on c o e flf4quiecdo,e nt 0 t
Rodrigues, & Fuey@2008)u s ed fav ai | @b theotherthand, in ¢hise a
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study, besides shadg and orientationmodule space, spa foraccess wiringand

invet er s are also consi der ed abbodthidtarh,i ned as i
M. Khan, Asif, & Stach(2017)ard Mainzer etal(2014)used AUt i |l i zation co
[factoro andTripathi (2014)usedtheii Us e f u | area constanto ter m.

NREL (2008) reporttit is stated thato reacha suitable area constanie PV access
factoris combined with Packing Famt which is calculated as 1.25 for residential
and commercig|Paidipati et al., 20080n the other handl.ise et al., P18)defined

two constants a$weighted average ratio of

reach usable area constant.

Figure 16: PV Access Factor for Resid
(Paidipati et al., 2008)
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Figurel7: PV Access Factor for Residential Buildings in Cooler Clin{R&dipati

et al., 2008)

16

f

a



Figurel6 andFigurel7 show PV access factors for residential buildings in a warmer
and cooler climate, respectively. In both of the climate dypéchedroofs are
assumed as 92% of the total buildingjlse averag®V accessactoris estimated as

27 % of total roof area fowvarmerclimate residential and 22% for cocledmate

residential.
Material
Compatibility i"“‘“‘f"l
1000% OGNS . 5
80% Shading Orientation/ 3
[ 75%  Coverage C?mmerma.l—
100% Warmer Climate
Total Roof —— Area Available for PV
Arca o3 [ Systems in
%t 60 % —= = z
0° tilt #_6'(7)‘._0J —= Commercial &
Industrial Buildings=

60% of total roof area

Figure 18 PV Access Factor for Commercial Buildings in Warmer Climate
(Paidipati et al., 2008)
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Figurel9: PV Access Factor for Commercial Buildings in Cooler Clin{Readipati
et al., 2008)

Moreover,Figure18 andFigure19 show the same study for commercial buildings,
whichis assumed as all flat roofsh&PV access factas estimated as 60% of total
roof area for the warmer climate and 65 % for cooler climatg respectivelyOn

the other hand, the packing fagtarhich is estimated as 1.25 for residential and
commercial budings, modifies the suitable area constant by taking into account
space required for the system like space for wiring,rieve and acess between
modules. Also, it is stated that the technical potential of the rooftop PV potential
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increases becausetwafo reasons: the increasement in system efficiency and growing

of the rooftop area over tin{Paidipati et al., 208).

Melius, Margolis, & Ong(2013) stated that the methods éstimate the suitable
rooftop area have both advantages and disadvantages. Firstly, although the constant
value method is good as a s$itag point since it is quick and easy to compute, results
are difficult to validate. Secondly, despite the manual 8elemethods being detall
specific and making more realistic assumptions, it is a-tint@sive method that is
not applicable for widerad multiple regions. Thirdly, GEBased methods are also
detailspecific and applicable for wide/ multiple regions, iyét time-intensive and
intense computeresource required. Furthermore, according to revised stbgies
constant value methoduitabk PV area vaesbetween 180% for residential, and
15-65% forcommercialslt varies between 1.333% for pitched rods and 1.31
55% for flat roofswhenthe manualselection methods selectedThe suitable area
constantvaries between 6:59% byGIS-based method used studies. Moreover, in
constamvalue method studies, 8% of all residential buildings and 63% of all
comnercial building rooftops are assumed as flat for the U.8dralidation part,

it is stated that although GIS tools like Sokanalyst underestimates the solar

potential, constantalue methods overestimate the energy potential.

Vardimon (2011) studied Israel's photovoltaic electricity ptmiion based on a
complete GIS dataset for the whole country. &alying the orthophotos of all
town's buildings, buildings werdassified according to the usage of purpose, and
ArcGIS software is applied. After calculating the total roof area by GpScagpion,

a PV access factas calculated using constamdlue methods based on literature
values.The results are calculated thscenarios: "Total Potential Scenario" and
"Economic Scenario” where all rooftops are accounted in the total potentialiscena
andthe PV access factas assumed as 30% for all rooftops the other handn
Economic Scenario, only the roofs which daeger than 800 mare taken into
account. For this scenarithe PV access factols assumed as 50%. The module

efficienciesare taken as 16% for Total Potential Scenario and 10% for Economic
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Scenario. Yearly production potential is calculated as 15.8 1oV Total Potential
and 3.3 TWh for Economic Potential.

Ord:- Yez, Jadr aque (201®& analged the phofovoltdia solaf n e z
energy capacity of residential rooftops in Andalusia (Spain) by starting from usage
of gross roof surfacerea statistics for each building type from the Spanish Ministry

of Development. Buildings are divided intbree parts:detachedismi-detached
houses, town/row houses, and higge buildings. To reach a suitable roof area,
urban maps are provided from Gp@ Earth and scaled with the AutoCAD. Obstacle
constants such as HVAC system, antennas, shaded area calculated by AutoCAD
applicdion. Two types of installation are done, and different modules from the same
brand are applét Relation coefficients for theuitable area, free of obstacles,
calculated as 0.740 for flat roof and 0.974 forghehedroof in detached and semi
detached houses, 0.796 for flat and 0.983fmhedroofs in town/row houses and
0.654 for flat, 0.789 for thpitchedroof in highrise buildings. After installations,
coefficients are decided for flat roofs: 54.9% in detachedses, 53.72% in
townhouses, 51.83% in higise buildings then it is found a®1.12% detached
houses, 20.19% for townhouses and 16.83% in-hsghbuildingswith pitched

roofs.

Izquierdo, Rodrigues, & Fuey@008)emphasized that no study includes the rooftop

area as direct input data; hence there should be a method to estimate the roof area,
which is reliable, low cost, effient, and flexible for unforeseen aspects. The formula

is suggested to calculate the availablef areajncludingthe builtup area, the void
fraction coefficient, the shadowing coefficient, and the facility coefficient. The
method is applied for 8320 micipalities with 40,727,624 capita in Spain, and the
portion of the coefficient is calculated 19.45% for Spain. Moreover, it is indicated

that some cities have higher potential, although the lower solar irradiation, because

of the availability of theaof area.

Khan, Asif, & Staci{2017)studied the rooftop PV PotentialtimeResidential Sector

of the Kingdom of Saudi Aabia by different methods. In this paper, the mean floor
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area of differentesidential types ianalysed, then the total rooftop area is calculated
by multiplying average area witihe number of buildings. For usable area, balustrade
shadows, the intelow gap between the modules and other obstacles such as satellite
dishes and aiconditioning units, staircase room, and commercial shadows are also
considered To alculate theutilization constants, The King Fahd University of
Petroleum and Minerals (KFUPNS carried outa case study. It is stated that all of
the roofs are flat, and the total roof area is calculated by ArcGIS software and
utilization constants edimated as 30%T hey calculated,30% of total residential

electricity demand can be met.

Yuan, Farnham, Emura, & L{@016)studied potential afooftop photovoltaic power
generation in Osaka City, Japan, by using aerial photo data ob@sek pixel
analysis techniques with the C++ Program. In the study, 24 regions, which afe 1 km
selected, and their annual solar radiation is calculated. @rsenitable aredor PV
installation is estimated for all the samples. After estimating thegsennual PV
power generation of samples, it is applied to the whole city. It is assumed that all
useful roof area can be utilized. Suitable area ratios arelasd according to the

selected region, not according to the roof.
Theoretical o i
Potential i
Energ:\_' . Accessory PV Module Tilt &
Exploitation losses Efficiency Azimuth
Geographical e Roof Roofi
[Potential [A‘ aLLabthtyJ Esurface areaj [[;‘;}og;- j
Physical < Global solar ..
E’otential E Glmate JEradiation J[Shadox\mgj}

Figure 20: Scheme of the hierarchical methodology to obtain the theoretical PV
Potential(Bergamasco & Asinari, 2011)
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Bergamasco & AsinafR011)studied jmotovoltaic solar energy potential assessment

based on available roof surfeaeain the Piedmont Region (ltalyffigure20shows

the suggested methodology for obtaining the theoretical PV Potential and maps
studied by ESRI Arc@ 9.3 and theperformed in MATLAB. In Piedmont Region,

the slope varies 385%; hence inclination angle pitchedr oof s i s assumed
Then, for a suitable area, constants are determined. It is assumed as only one side of
pitched roofs are usable; hee rooftype wmefficient assumed as 0.5, corrective

feature coefficient, consider occupied area by a chimney, windows, antennas, etc.,
assumed as 0.7, solar thermal coefficient assumed as 0.9, covering index coefficient,

the ratio of module surface dividéy the totakuitable roof area, assumed as 0.45

and shadowing coefficient assumes as 0.46. While considering the inclination angle

20 A for residential and 30 A for indust
be 0.065 for residential and 048 for industral buildings. The results aenalyed

in 3 scenarios: different module technologies, mornystalline only, and thifilm

only and applied all municipalities.

Both Izquierdo, Rodrigues, & Fuey(008) and Bergamasco & Asinar{2011)
indicated that some cities have higher potential althobhghing lower solar

irradiation, because of the availability of the roof area.

Huang, Mendis, & X2019)studied the urban solar utilization mapping of Wuhan,
China, via dep learning technology. In this study, instead of LIDAR or CAD epen
source satellite imagery is used for 2D information for the rooftop areaiarstated
that there isaninsignificant error in roof recognition because of machine learning
recognition shadings and reflections dueneighboringouilding and Python is used
as a programming language. Although urban density results are parallekalith
urban density, solar irradiation results show 9.5&rf6r, and it is stated that future
research shodlbe focused on determining the shading factor.

Jahanfar, Sleep & DraK@017)analyzed net energy and emissitactors for green
roof, PV, and GRPV roof systems. To overcome the uncertainty in design

parameters, a probabilistic approach is applied. Fopeoson, embodied energy,
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energy savings, and energy production are estimated for GR, PV and their
combinaton. Then, it is stated that the &R/ roof system has much higher energy
reduction than separate GR or PV systems. In the conclusion part ofdigitstsi
predicted that the installation of combined systems can reduce electricity demand by
28 %.

Mainzer et al(2014)studied the technical potential for residential roufunted PV
systems in Germany and compared the results with previous ones for the same
federalstates. To calculate the technical PV potential, firstly a suitable area, then a
combination of suitable aa, local solar radiation, and theeegy conversion
processes' efficiencyre applied. For singtamily buildings average available roof
area is asumed as 141.44for flat roof and 113.7 ffor pitchedroof, for double

family buildings 143.9 rhfor flat roof and 130.2 ifor pitchedroof and for multi

family buildings 135.7 rhfor flat roof and 207.3 mfor a pitched roof. The
utilization factor & estimated as 27% for flat roof and 58% fopitched roof.
However, it is stated that the utilization factor pitchedroofs (58%) is around twice

the previous studies. Previous studies in Germany estimated the utilization factors

between 283% for flat roofs and between 481% for apitchedroof.

Tripathi et al.(2014) studiedIndia's technical and economic potentiahd first
calculated the land use ratios. It is estimated that 40% of the land is used by
residential, 2% by commercial buildings and 3% by industrial buildiigey
reachedhe usetll rooftop area constanising3 scendos: Pessimistic, realistic, and
optimistic. According to these scenarios, the pessimistic constant is estirhated a
10%,therealistic constant estimateti20% andtheoptimistic constanis estimated

as 30% for reidential buildings. Furthermore, comral buildings constants are

estimated 620%,30% and 4%, respectively.

(Lise et al., 2018published a report Rooftop Solar PV Market assessment of Turkey
and calculated the usable rooftop arebseven cities of Turkegnd 909 polygons
selected in these @s. The total area for rooftop PV is estimated as 1.1 billibn m

which includes 596 million ffor residentials, 499 million ffor commercial and

22



industrial buildings and 42 million #for public buildings bya weighted average

ratio of usable are& which is 47% for residential, 57% for commercials, 45% for
public buildings. Then, to reach the technical potential useful area is reached by
appling penetration factor, which is 0.39 for residentials, 0.43 for comaieand
industrials, and 0.49 for publibuildings. Solar potential (GW) is reached 23.3 for
residentials, 21.46 for commercials, and 2.06 for public buildings. To validate, 18
building samples are used, and 8 of the samples located in Ankalote 1 shows

the selecte samples and their features from Ankara.

Tablel: Selected Ankara Samples and their featutase et al., 2018)

The Samples Building Roof Apgle Total Area lfrzgjl Argjel}'\tglti o
Type (A) | ) %)
4-Floor Muti-
A”gl‘“a A2 Dwelling 20 450 150 33
ock . )
Residential
Angora Df't)alj:g:d 25 450 150 33
24 floors
Atlantis City Multi-
(Batikent) Dwelling 0 700 560 80
Residential
Atlantis AVM Commercial 0 12,000 6000 50
Ulusoy Plaza | - o mercial 5 900 720 80
Ikizler
Building Commercial 0-10 3450 2800 81.16
Techocity
Angora Fine
Arts High Public 10 4000 1600 40
School
METU EEE Public 0 2000 1600 80

*Table 42 and Table 48 obtained from(Lise et al., 2018andcomnbined, and the ratio is added
after calculation

Acar et al(2020) published a very new report which focused on Rooftop PV
Potential in Buildings inTurkey. In the study, the buildings built after 1970 are
considered, and buiing numbers according to building types are analysed. To
estimate the useful area, average building areas are used. In consequence of

Stakeholder interviews, for muttamily resdential building area estimated as 150
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250 ntf, for onedwelling residentials80-120 nt, for commercial and public
buildings the value estimated as 380 nt and for shopping malls it is estimated

as 11001500 nf; also it is stated that for all buildingpges 25% of roof area is
suitable for PV installationdt is stated that iimodulesare settled only m south

faced roof segments, the technical potential is calculated as 55 GW; on the other
hand, if modulesresettledusing aPV access factaf 0.25 the technical potential

is estimatedo be14.9 GW According to technical gential results, mukdwelling
residentials have a higher share with 13.2 TWalyCommercial, public and
Industrial buildings follow this with 5.1 TWh/yeand onedwelling resdentials

have 2 TWh/year potential.

2.2  City Applications

As mentioned before, It of cities and municipalities make a regulationcity

based In this sectionliterature abousome of these cities will bgiven.

2.2.1 Vienna (Austria)

The new roof program isnderstatedn the Governmental Agreement between the
Green party ye#&® 2020ftm 2024,t anck it is stated that 1 million
photovoltaic roofing will be added inclusive of the program. Any kind of properties
such as car parking units will be fundeddait is stated that 27 TWh additional
energy production is possible from esvables.11 TWh of this production is
assumedo come from photovoltaics until 2030. Today, Austria produces 1.4 TWh
from renewables, which covers 2.5% of Austrian energy den{&manuela
Barbiroglio, 2020)

The capital city of Vienna is planning a CO2neutral city as soon assgsible.
Industrial buildings in Vienna already have a photovoltaic obligation, and now the
municipality expands these regulations as adding obligation to nedemé&al and

educational buildings. One and twavelling buildings will be excluded from the
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new PV system obligation. By this regulation, schools and other educational
buildings and multdwelling residentials will be equipped with solar PV systems. In
this concept, to produce more green electricity will be encourtageed the part of

the Vienra power grid's electricityThelimit of installationamount of obligation is
calculated according to electricity produced and consumed in residential buildings,
directly (SPIEGEL, 202Q) The obligation will be applied from 2021 for new
buildings, and also along with new obligations, Vienna municipality invests 1.2
billion euros forthe expansion of renewables until 2080ONTRAST, 2020)

2.2.2 Freiburg (Germany)

Germany has one of the biggest solar PV markets, and around 65% of this capacity
comes from Rooftop Solar PlRSPV) Germany promotes theeltConsumption

model for RSPV in the national solar matk&here is no requirement for local
permits, inspectiogsy and no permit fees for small residential RSPV systerss et

al., 2018)

Freiburg is a solar city that is leading the green energy of revoiati@ermany. In

1986, after Chernobyl, Freiburg focused on solar energy as the main energy source.
By 2010, Freibuy put on regulation that required the city to obtain 10% of electricity
from renewable energy, and for all new residential, energy stanslamuired
(Evans, 2015)Furthermore, Freiburg contes the Vauban district, which is the most
sustainable town in Europ¥auban's settlemeind the first communityglobally as

an amount of produced energy more than the consumed arAsightown inFigure

21 and Figure 22, these buildinggienerate more renewable energy than others,
known as plusenergy buildings. This emgyis mostly sourced by the rooftop solar
panels on residential and municipal buildings. Moreover, the rooftop PV panels are
combined with the local biomass plant, and excess energy is sold back to the

municipality's utility companyBraff, 2020)
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Figure2l: Residential in Vauban City Figure22 Residential in Vauban City

2.2.3 Dezhou (China)

The local government of Dezhou announced a Development Plan whicHizestra
sdar technology research and developmentin 1997. After the developed solar energy
industry, The National Renewable Energy Law entered into force by establishing the
Dezhou Solar City Plan. The local government reduced the barriers to entry of new
solar initiatives. In 2008, The Million Roof Project was launched, aiming for all new
residential buildings in urban to be equipped with solar thermal facilifies.
projectstated that residential buildings with less than 12 floors should install thermal
rooftop facilities, and higher than 12 floors should install watbunted or
centralized solar thermal equipment. Furthermore, in the context of this project, the
renovation of existing buildings is also included. On the other hand, for rural
residentialThe Thaisand Bathroom Project was launched in the same year to supply
a solution to the scarcity of hot water in winfg€ong, 2012)

2.2.4 Barcelona

Barcelona is the first EU city that establishes a Solar Thermal Ordinance (STO). By
this ordinance, the obligation of using solar energy for the supply of 60% of hot water

in all new buldings, renovated commercials and renovated morelfamvellings
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residentials are applied. The applicatiocasried out as partof Barcelonag&Energy

Plan and adopted by the municipalithis application between ti20002011 solar
thermal cdectors'surfaceincreasedrom 1.1 n? /1000 capita to 59 11000 capita
(Schio, 2012)After this success, more than 70 municipalities have also followed the
Barcelonacase for theirsln 2006, Spain camthe first country to enact building
codes that included solar water heaters by installing solar panels of both electricity
and hot water in new buildings and renovating large buildings. As a consequence of
these policies, the number of solar water healers inceased to fortyfold
(Jacobsn, 2012)
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CHAPTER 3

METHODOLOGY

3.1 Data Collection

There is no direct recorded data for the rooftop area for Turkey. Hence, as a starting
point, TUIK data are used to reach thaildings' number andloor base for
residential buildingsGoogle Earthg alsousedto calculatethe total roof area of
selectedsamples, all public and commercial buildings. In this study, by the Manual
SelectionMethod access factor in selected buildingsdetermined, and then, by
Constant Value Method, access factorsagelied for all buildings. However, it is

necessary to ake assumptions since there is a lack of information.

Assumptions and Limitations

A Since there is no additional information about apartments and detached
houses, buildingsvith one and two dwellings arassumed as detached
houses.

A Since TUIK data classifiealccording to floor numbers and the buildinggw
ten floors and higher labeled as 10+, these buildings assemédors.

A Because of the floor base area used as a roof area, all temaassumed as
closed terraces.

A Although all public building addssses are checked from official web pages,
since there are a lot of changes between public buildisgsh asthe
transferring of The Ministry of Health from Mithatpasa Street to Eskisehir

Road andhe transferring of Governorship of Ankara toe old Ministry
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building or closure and transferring of Prime Ministry, there might be a
mistake in namingf not updated.

As shown below,Figure 23, Figure 24 and Figure 25 show the rooftops of
different parts of Ankara. Hence, roof directions in Ankar@accepted as
random.

L o \9,~ 5 [ S "(V "‘ . St e
Figure 23. Etlik Figure 24: Buyukesat Figure 25. Erdemkent
Rooftops Rooftops Rooftops

According to Ankara Building BylawsAnkar a B¢y ¢kkehir Bel e
2013.) roofs' slopecannot exceed 40%. Hence the angle of twfsris

assumed as constant andc20

Some of the public buildings have both {ftabf andpitchedroof buildings

on their campus. e.g., MIT building has 443922pitchedroof and 45578.5

m? flat roof; hence to ease of calculation, all roofs are assamedfiat roof

(the one which has a higher ratio).

As can be seen ifigure 26, Google Earth cannot findome addresses
accurately. These addresses are mentione
Also, some roofs are measured roughly beeaokthe low resolution of

Google Earth in some regiorsjch ag-igure27.
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Figure 26: Hé_ymar‘ia Techerageh a Fiure 27 Camlidere Governmer
Evening Art School Office

3.1.1 TUIK D ata Revision

In this thesis, residential buildings are studied in three categdtitiedroof
apartmentsflat-roof apartments, and detached houses. Forealtlential types
TUIK building data for the years between 2000 and 2@81%ed because of the
Communiqueof Mandatory Standardsut in forcein 200Q

Table2: Apartment Building Data of 201@ UIK, 2020)

Number | - 3 4 5 6 7 8 9 10+ | Total
of floors

Number
of 7 46 121 662 640 261 136 114 513 2500

buildings

Total
area 5939 | 28136 | 120492 | 922456 | 1165306 | 580336 | 366739 | 427453 | 3603094 | 7219951

(m?)
Base area ,970 | 9379 | 30123 | 184491| 194218 | 82905 | 45842 | 47495 | 360309 | 957732

(m?)

As shown in Table 2, thiotal base area is reacheddiyiding thetotal area (rf) by
the number of floors for applying all numbered floors. Alsoe same calculation

applied for detached houses is showiiaitle 3.
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Table3: Detached House Data of 20[RUIK, 2020a)

Number 1 2 3 4 5 6 7 Total
of floors
Number
of 176 335 480 20 1 0 0 1012

buildings

Total 26669 96060 171750 12298 847 0 0 307624
area (nv)

Base 26669 48030 57250 3074.5 169.4 0 0 135192.9
area (nv)

Table4: Apartment data for the years between 200Q9(TUIK, 2020a)

Apartments Total Number of Total Floor Base Area
Years Buildings (m?)
2019 2500 957731.73
2018 3522 1224816.00
2017 3753 1368806.28
2016 3609 1184517.45
2015 4070 1332671.10
2014 4608 1624286.34
2013 4873 1647141.06
2012 4235 1325785.33
2011 4362 1339204.00
2010 4021 1274079.51
2009 3894 1164194.13
2008 3315 954253.54
2007 3972 1183340.32
2006 4297 1226124.94
2005 3994 1188127.28
2004 2103 592208.89
2003 2051 584517.04
2002 2085 570502.54
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Table 4:Apartment data for the years between 2Q0Q9(TUIK, 2020a)( ¢ o n

2001 3194 678062.24
2000 3449 648267.71
Total 71907 22068637

Table5: Detachedouse data for the years between 20009(TUIK, 2020a)

Detached House

Total Number of

Total Floor Base Area

Years Buildings (m?)
2019 1012 135192.90
2018 1599 223195.24
2017 1596 219998.00
2016 1750 246428.23
2015 1610 211142.58
2014 2273 295073.67
2013 2704 310234.05
2012 1442 154285.07
2011 1757 227142.90
2010 1957 169511.63
2009 1069 121184.62
2008 1107 111164.18
2007 1501 171541.75
2006 1265 117889.53
2005 1188 115297.93
2004 817 94159.40
2003 1212 116550.65
2002 818 84075.33
2001 1797 120065.15
2000 1001 69032.28
Total 29475 3313165
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Table4 andTable5 show the total floor baseea (nf) based on years, which are
assumed as floor area is equal to the roof area. According to these tables, the total
roof area (both apartment and detached houses) is fol2&281,802.53n? for

19 years.

3.1.2. Google Earth Data Revision
In this thesis, Gogle Earth Pro polygon ruler is usedmeasureghe roof area of
residential samples, all public and commercial buildingsg(simy malls) by
and Li onso

consideringi Assumpti ons mitat.

3.2 Application of Helioscope

3.21 Application in Residential Buildings

For calculation of thesuitable area coefficientthe Helioscope software program is
used. 14 apartmeitype housswith different floor numbers and different locations

and 3 detached houses are selected as a sample.

part .

Table6: Selected Residential Buildings

Roof Area
Samples Location Roof Number of Number of (m?)
P Type Floors dwellings (Google
Earth)
#1 Yesloz .
Pursaklar Pitched 3 12 470.62
Apt.
#2 Hace
Etlik Pitched 3 14 656.72
Apt.
#3 Kocak Apt. Etlik Pitched 3 8 384.6
#4 Kilic Apt. Birlik Pitched 4 8 340.84
#5 Beyler Apt. | Kecioren| Pitched| 4 (3+1)* 379.06
#6 | kK éKk| Etlk Pitched| 5 (4+1)* 18 527.28
#7 Beyaz Apt. | Ovecler | Pitched| 6 (4+2)* 16 461.74
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