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IGDIR VE FV GUNES ELEKTRIGI / IGDIR AND PV SOLAR ELECTRICITY

Igdir icerisinde bulundugu Dogu Anadolu Bdlgesinin genel iklim niteliklerinden oldukga
farkl iklimsel &zellikler tasiyan, bir mikro-klima bdlgesidir. Turkiye cografyasinda % 1'in
altinda alansal bUyUklige sahip Igdir, bdlgesel ve ulusal cografik ve meteorolojik
analizlerde gbéz ardi edilebilmekte, eksik degerlendirmelere maruz kalabilmektedir. Az
yagdsi, aclk havasi ve bol glnesiyle taninan Igdir'in bugine kadar gines enerjisi ile
anilmiyor olmasi, herhangi bir kurulum yapilmamis olmasinin da tetiklemesiyle, bolgenin
ozellikle FV GUnes Elektrigine olan uygunlugunun arastirimasi intiyacini ortaya cikarmistir.
Yapilan calismanin bir &zetiilgililer icin bu kitapcikta derlenmistir.

Igdir region has a specific micro-climate which possesses a quite different climatological
characteristics then the surrounding East Anatolian Region. Covering less then 1 % of
Turkey's surface area, Igdir's specific micro climate is sometimes ignored in regional and
national geographical and meteorological analyses. The reason that Igdir - known as
having low precipitation, clear skies and high sunshine duration - is not yet associated
with solar energy, and also no solar energy plant has yet been established in the areq,
triggered this study to research the suitability of the region for PV solar electricity. The
summary of this study is presented in this booklet for the stakeholders.

TUrkiye hem taraf oldugu iklim Dedisikligi Cerceve Sozlesmesi geredi politik ve hukuki
olarak hem de sosyo-ekonomik ve stratejik olarak genelde yenilenebilir eneriji, 6zelde ise
gunes enerijisine ilgi duymalidir. DUnya bu yone gitmektedir. Konvansiyonel enerji kaynagi
yoksunu bir Ulke olarak TUrkiye, her yil bUyUyen enerji talebini karsilamak adina yerli, yeterli,
yeni ve yenilenebilir (4Y) enerji kaynaklarinin arzini saglamak durumundadir.

Turkey, due to political and legal binding of Climate Change Framework Programme as
well as socio-economical and strategic reasons, should have a strong interest on
renewable energy in general and solar energy specifically. Other countries are also
progressing this way. Turkey, having insufficient conventional energy resources, must
provide national, sufficient, new and renewable energy resources to be able to supply
to ever growing energy demand.

2016 Mayis ayinda yayinlanan 65. HUkimet Programi’'nda Yerli ve yenilenebilir enerji
kaynaklarimizin mimkun olan en Ust dUzeyde degerlendirilecegdi ilgili kurum ve kuruluslara
6dev olarak verilmistir. 2019 ulusal hedefimiz “Gines enerjisine dayali kurulu giciin 3.000
MW’a cikariimasi”dir. AQustos 2016 itibariyle kurulu guc ancak 562 MW 1ir!

The highest possible uftilization of national and renewable energy resources are given as
the primary study area to related state services and organizations by the 65th
Government programme that is published on May 2016. Our national target by 2019 is
“to increase solar energy production to 3000 MW". The established power is only 562 MW
as of August 2016.
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Dunya elektrik tUketimi siralamasinda, yillik % 6'lik artis hizi ve 264 bin GWh/yil ile ilkk 20'de
bulunan Turkiye, birincil enerji arzni % 75 oraninda fosil kaynaklann ithalatiyla
karslamaktadir. Bu disa bagimlilik ve yUksek karbon salimi ekonomik, stratejik ve cevresel
sorunlara sebep olmaktadir.

Turkey is the 20th biggest electricity consumer in the world and 75 % of primary energy
demand is supplied by foreign exports. Annual increase on electricity demand is around
6 % and reaches to 264,000 GWH/year. Dependency on foreign exports and high carbon
emissions cause economical, strategic and environmental problems.

Bu kaygilarla 2005 yilindan itibaren mevzuat dizenlemeleri yapilarak 2013 yilinda
gUnesten elektrik Uretimi icin lisanslama streci baslatiimistir. Ancak geride kalan 11 yillik
dénemde Igdir'da lisansli lisanssiz arazi veya cati Fotovoltaik gunes elektrik santrali (FV
GES) uygulamasi yapiimamistir.

With these considerations, legislative arrangements have been initiated since 2005 and
licensing period for solar electricity production has been started since 2013. But during
this 11 year period, there has been no, licensed or non-licensed, land based or roof
attached PV solar energy plant in Igdir.

2011 tarihli ETKB GuUnes Enerjisine Dayall Uretim Tesislerinin Baglanabilecedi Trafo
Merkezleri ve Kapasiteleri belgesine gdre 1gdir sinirlan icerisinde ~13 km2 FV GES alani
yatinm yapilabilir olarak gértimektedir. MUstemilatiyla birlikte 1T MW kurulum icin 20.000 m?2
alana ihtiyac duyuldugu varsayimiyla basit hesapla Igdir'da 650 MW FV GES kurulumu
yapllabilecek alan bulunmaktadir. Bu deger 600 MW aciklanan Torkiye lisansh GES
kapasitesinin tamamini karsilayacak bir bUyUklUktOr.

Based on MENR's (Ministry of Energy and Natural Resources) 2011 report on "Power
distribution units and capacities on which solar energy production plants can be
connected to", there is a ~13km?2 of area that could be feasible for PV Solar energy plant
investment in Igdir region. With the assumption of requiring 20,000 m2 area (that includes
the required buildings) for 1 MW of production plant, there is roughly potential land to
establish around 650 MW PV Solar energy plant in Igdir region. This is a large enough area
to provide the complete 600 MW licensed solar energy plant requirement for Turkey.

ETKB TUrkiye'de ilk kez, gUnesten elekirik Uretme icin lisanslama surecini baslatirken, Verimli
bir yatinm icin -GEPA degerleri ile- yatay ylUzeye gelen yillik toplam gunes isimasi alt sinir
degerinin 1620 kWh/mZyll olmasi gerektigi esas kabul edilmistir. GEPA'ya gore
GUneslenme sUresi siralamasinda 2. sira gibi cok yUksek bir gineslenme suresine sahip
Igdir GEPA gunes isimasi siralamasinda 46. srada goértlimektedir. Bu calismayla ise 1gdir
icin farkl kaynaklar ortalamasi olarak 1636 kWh/m2-yil'lik bir kUresel gUnes isimasi
potansiyeli hesaplanmaktadir.

When MENR initiated the solar electricity production licensing period for the first time in
Turkey, it was agreed that for a high yield investment, total annual solar radiation to a
horizontal surface should be 1620 kWh/m2-year in minimum based on GEPA (Solar
Potential Atlas for Turkey) standards. Based on GEPA, Igdir has a very high sunshine
duration, securing a 2. position nationally, and is listed as 46t on solar radiation. In this
report, Igdir’s solar radiation potential based on the mean of various studies is computed
to be around 1636 kWh/m?2-year.
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Bir FV sistem tasarmi yapabilmek icin kUresel gines isimasi verisine intiyac duyulur. Bu
arastirma gelistirme projesi kapsaminda MGM dogrudan &lcUm verileri de dahil 10 ayr
yontem ve kaynaktan Igdir icin FV gunes elekirik Uretimine ydnelik bir enerji potansiyel
calisiimig; Igdir'in FV GES'ler icin TUrkiye'deki uygun bdlgelerden biri oldugu tescillenmistir.

Global solar radiation data is required to design a PV system. In the context of this
research and development project, energy potential based on PV solar electricity
production for Igdir has been studied by using 10 different method and resource
including direct observation data from TSMS (Turkish State Meteorological Service). By this
study, it has been registered that Igdir is one of the suitable regions in Turkey for FV GES.

Nihai olarak edinilen senaryo ve simulasyonlarin maliyet analizlerinde hesaplanan 5-7
$c/kWh'lik FV gunes elektrigi maliyeti LCOE bazinda hesaplandiginda 6-8 $c/kWh'e ulasir.
Bu deger bile IRENA'nin Degisimin GUcU, GUnes ve RUzgar Maliyet DUsUs Potansiyeli
raporunda dngdrdigu 2025 yill 5-6 $c/kWh FV elektrik Uretim tahmini degerinin, Igdir
kosullarinda hemen hemen 2016 yiinda yakalanabilecegini géstermektedir. FV GES ile
Uretilen elektrik &z tUketim amaclh kullanilabilecedi gibi ihtiyac fazlasi da, 10 yil sure ile
gorevli tedarik sirketleri vasitasiyla 133 $/MWh fiyattan alinir. Ayrica FV GES’te, yerli aksam
kullanilmis ise 70 $/MWh'e kadar bes yil sureyle ilave edilir.

5-7 $c/kWh FC solar electricity production cost that was calculated as cost analysis of
scenarios and simulations, reaches to 6-8 $c/kWh when computed based on LCOE
(Levelized energy cost analysis). In IRENA's report on Power of Change, Solar and Wind
cost decrease potential, PV electricity production cost is expected to be 5-6 $c/kWh in
2025 and this value can be achieved in Igdir's case almost in 2016. As well as using the
electricity produced by FV GES (PV Solar Power Plant) for local consumption, energy
surplus is guaranteed to be bought via supply companies at a 133 $/MW rate for 10 year
period. In addition to that, if FV GES uses nationally produced equipment, an extra 70
$/MW is added for the first 5 years.

Igdir'in toprak yapisi ve arazi kullanm verileri incelendiginde 8 ayn sinif toprak
sinflandirmasina tabi oldugu goérGlur. ik 4 sinif toprakta daha cok tanmsal faaliyet
yapllmaktadir. 5 ve 6. sinif topraklar da cayirr mera, otlak veya kuru tarm alani olarak
degerlendirilebilmektedir. 8. sinif toprak yapisi ise daha cok tanm yapilmayan daglik ve
engebeli alanlarn isaret eder. FV GES kurulumu icin uygun toprak sinifinin ise 7 oldugu
degerlendirilmistir. 7. sinif toprak buyUkligu 106.652 ha alani ile ilin % 31'lik kismini kaplar.
Bu calismada cati ve binaya entegre FV GES'ler haricinde kurulacak gunes tarlalarn veya
muhtemel Yenilenebilir Enerji Kaynak Alani (YEKA) icin hedef araziler 7. sinif'tir.

There are 8 different land classification in Igdir based on soil structure and land usage
data. There are agricultural activities in the first 4 types. 5th and éth type lands are
classified as grassland, dry-agricultural land and pasture. 8th type land covers non-
agricultural areas such as hills and mountains. The land class for FV GES plants is the 7th.
7th class land area covers 106652 hectares and corresponds to 31 % of the city's surface
area. The target areas - excluding the building roof and urban integrated units - for solar
farms and renewable energy resource areas (YEKA) are class 7.
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Igdir'in meteorolojik analizleri degisken bazl yapildiginda ortaya cok carpici sonuclar
cikmistir. Son 60 yildir sicakhigin duzenli olarak artis géstermesi, dogrudan kuresel isinma ile
iliskilendirilebilir. 1950’lerde 11,6 °C olan ortalama sicaklik 2010'lara geldigimizde tam 1
°C’lik artis gbstererek 12,6 °C'ye cikmistir. Bu dnemsenmesi gereken bir durumdur!
Sicakliktaki bu artis tek dedildir. Nispi nem degerlerinde de 1970'lerde 6lcUlen ortalama
% 65 oranlari son yillarda % 50'lere dUsmustUr. Net olarak atmosferin gunes isigini gecirme
niteliginin arttigi sonucuna variabilir.

There are quite remarkable meteorological analysis results for Igdir. The temperatures are
rising for the last 60 years and that could be linked to global warming. The average
temperature has risen from 11.6 °C of 1950s to 12.6 °C to 2010s with a 1 °C increase overall.
This has to be taken into account! The rise in temperature is not the only parameter. The
relative humidity went down from 65 % in 1970s to 50 %. The atmosphere’s capability to
transfer sunlight has increased based on these parameters.

Nispi nemdeki azalisa paralel olarak bulut kapalligi da son 40 yilda diuzenli olarak
azalmakta 5/10'dan 4/10'a gerilemektedir. Her iki parametrenin de gunes isinlarinin yere
ulasmasina dogrudan etki yapmasi; bunlardaki azalisin, guneslenme sGresi ve yatay
kUresel gUnes isimasi degerlerini artirmasi beklenir. Nitekim 1980’lerde 7,2 saat/gun olan
gUneslenme sUresi 2000'lerle birlikte 7,7 saat/gin’e yUkselmistir. KUresel gunes isimasi da
70'lerde 3,9 W/m2-gun iken, 80'lerde 4,0 W/m2-gun’e, 90’lar ve 2000’'lerde 4,5 W/m2-gin'e
dogru dizenli bir yUkselis egilimindedir. Onimuozdeki yillarda bu parametrelerde artisin bu
sekilde surmesi beklenmektedir.

Parallel to the decrease in relative humidity, the cloud coverage has also decreased
from 5/10 to 4/10 during the last 40 years. Both parameters have a direct influence on
the arrival of sun lights on surface causing an increase on both sunlight duration and
horizontal solar radiation. As a result, 7.2 h/day of sun light duration in 1980s has increased
to 7.7 sunlight duration in 2000s. Global solar radiation has also regularly increased from
3.42 W/m2-day in 70s to 3.48 W/m?2-day to 80s and 3.9 W/m2-day in 90s and 2000s. A similar
increase on those parameters is expected to contfinue in coming years.

Igdir ili basta gineslenme potansiyeli ve elverisli arazilerin varli@r olmak Uzere bircok
bakimdan, gunes enerjisine dayal elektrik Uretim tesislerinin kurulmasi icin Ulkemizin uygun
bolgelerinin basinda gelmektedir. Igdir'in yalnizca Dogu Anadolu Bdlgesi icin degil tim
TUrkiye icin kUresel gines isima kapasitesi 1636 kWh/m2-yil esigini asan FV GES yatnmlarna
uygun bir il oldugu arazi ve gines enerjisi potansiyeli akademik, teknik ve ekonomik
olarak sayisal ifadelerle ortaya cikarlarak tescillenmistir.

City of Igdir is one of the more suitable regions of building solar energy based electricity
production plants based on many factors including solar radiation potential and
suitability of existing land areas. Igdir is therefore registered to be a city suitable for FV
GES by exceeding 1636 kWh/m2-year global solar radiation capacity threshold which is
not only for Eastern Anatolia region but also for overall Turkey and its potential based on
land characteristics and solar energy is established with concrete academic, technical
and economical analyses.
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METEOROLOJIK ANALIZ / METEOROLOGICAL ANALYSIS

FV yéntemle gUnesten elektrik Uretiminde gUnes isimasi birincil etkendir. Bunun yaninda
tabloda sunulan diger meteorolojik degiskenler de FV GES’'lerde elektrik Uretimine
dogrudan veya dolayll etki ederler. Bu gerekceyle Igdir icin uzun yillar meteorolojik ve
iklimsel analizler yapilmistir. Bu sekilde uc degerler ile ortalama degerler tespit edilerek, FV
GES saha belirleme, fizibilite hazrlama ve proje tasarlamada muhendislere sinirlar
verilebilmistir. Ayrica son 40 yilda nemin ve bulutlulugun azaldigi, sicakligin, gineslenme
sUresinin ve gunes 1simasinin dolayislyla atmosfer gecirgenliginin duzenli olarak arthigi
tespit edilmistir. Hesaplanan 1636 kWh/mz2-yil'lik kUresel gines isimasi degeri ise yatinm
yapmak icin oldukca uygundur!

Solar radiation has the primary role on electricity production by PV method. In addition
to that, other meteorological parameters presented atf the table have direct and indirect
contributions on the electricity production by PV systems. For that reason, meteorological
and climatological analyses over long periods are carried out for Igdir. This provides to
determine the extreme and average conditions that help engineers and system
designers for FV GES land selection, feasibility preparation and project design. Also, a
decrease on humidity and cloud cover and an increase on temperature, sunshine
duration and solar radiation, hence transparency of atmosphere over the last 40 years
have been identified. The obtained global solar radiation value of 1636 kWh/m2-year is
quite fit for investment.

Degiskenler Olcilen asgari  Olgilen azami Uzun yillar ortalama
Parameters Minimum Maximum Average for years
Guines isimasi 1636 kWh/m2-yil
Solar radiation, >2000 kWh/m2-year
Gineslenme suresi 13,7 saat/gin 6.7 saat/gin
Sunshine duration, >2000 hour/day hour/day
Sicakhk . . .
Temperature, 1940-2013 -30.3°C 41,5°C 12,6 °C
Toprak sty minimum sicaklik . .

Ground temperature -35.2°C 252°C

Nem

Humidity, 1970-2009 59,4 %
Ruzgar 111,6 km/saat 4,6 km/saat
Bulut kapalilig

Cloudiness, 2000-2010 4.2/10
Yags 41,6 mm/gun 256 mm/yl
Kar

Snow 38 cm

Basing

Pressure' 1970_20"0 892,4 mB 94] ,2 mB 9] 7,5 mB

Igdir ve FV GUnes Elektrigi 5 lgdir and PV Solar Electricity



IGDIR'IN GUNES ENERJISi POTANSIYELi / SOLAR ENERGY POTENTIAL FOR IGDIR

GUnes enerjisinin sayisal bUyUklogunin sdylenebilmesi icin tahmin yéntemleri, uydudan
uzaktan erisim, cografi bilgi sistemleri, modelleme, hesaplama ve dogrudan dlcum
yéntemlerinden en az birisine ihtiyac vardir. OlcUm haricinde gelistirilen ydntemler,
gdzlem ve dlcUmun dogrudan yapilamayacagd sartlarda bilgi ihtiyacini karsilamaya
yoneliktir. TUm kaynak ve yontemlerden edinilen sonuclar dogrultusunda bir bdlgenin FV
gunes elektrigi potansiyelinden sayisal ifadelerle kati olarak bahsetmek mUimkUn degildir.
Meteorolojik ve iklimsel kosullara bagli olarak yildan yila salinim gérulebilir. Tablo'da farkli
yontem ve vyaklasmlarla Igdrr icin gineslenme sUresi ve gunes I1simasi degerleri
sunulmaktadir. MGM verilerine dayandirilarak yapilan hesaplamalarda ise 1gdir kUresel
gunes isimasi degerinin 1636 kWh/m2-yil oldugu hesaplanmigstir.

To be able to determine the solar energy capacity, at least one of the methods of
prediction methods, remote sensing, geographical information systems, modelling or
direct observation techniques is needed. Methods other than observations are
employed in case a direct observation is not possible. Even in case of all resources and
methods are used, it is not always possible to determine PV solar electricity potential of a
region in strict numerical terms. It may vary over years depending on meteorological and
climatological conditions. Following table presents Igdir's sunshine duration and solar
radiation values based on different methods. Igdir's global solar radiation is calculated
to be 1636 kWh/m2-year based on data provided by TSMS.

Gines isimasi, kWh/m2-yil
Solar radiation, kWh/m2-year

Guineslenme siresi, Saat/yil
Sunshine duration, hour/year

Veri kaynagi

Data source

NASA, Bird 4425 (Acik gbkyuzi — Clear sky) 2911 (Teorik - Theorethical)
3350 (Turkiye'de en yUksek ikinci 1493
GEPA —Second high rank in Turkey)
1600 (Igdir'in batisi —-Western
Igdir, Tuzluca)
1618
PVGIS 1824 (32° aciyla FV yuzey - PV
panel angle)
A 1610 (20095)
HelioClim 1646 (2004)
4456 (Aclk gbkyUzU — Clear sky) 1607 (Ortalama - Average)
NASA SSE 1864 (Max.)
2140 (Acik gékyuzU — Clear sky)
1600 (TUrkiye haritasi — Turkey
SOLARGIS map)
1650 (iran haritasi - Iran Map)
o 0664 1365 (Dogu Anadolu Bolgesi —
DMI-EIE, 1983 Eastern Region of Turkey)
1311
DMI/TSMS, CAR model,
2009 2330 1625
DMI/TSMS, GWR model,
2009 >1625
MGM/TSMS, 1970-2010 2394 (Ortalama - Average) 1342 (Ortalama - Average)
2463 (Ortalama - Average) 1423 (Ortalama - Average)
MGM/TSMS, 1990-2010 2832 (gdlgeleme etkisinden 1636 (golgeleme etkisinden
arindinimis ortalama — Average | anndinimis ortalama — Average
free of shadowing effect) free of shadowing effect)
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GUNES ENERJISI YATIRIMLARI iCiN DIKKATE ALINAN PARAMETRELER VE IGDIR’'DAKiI DEGERLERI
SOME PARAMETERS FOR SOLAR ENERGY INVESTMENTS AND IGDIR VALUES

FV gunes elektrigine yatirm yapabilmek icin arastinimasi gerekli kosullar 1gdir icin
asagidaki tabloda 6zetlenmistir. Tablo 6zel ve kamu karar vericilerini dogru yonlendirmeyi
hedeflemektedir.

Following table summarizes the required conditions to invest PV solar electricity for Igdir.
This table intends to provide necessary information for private and governmental
decision makers.

Yatinm kriteri
Investment

Degiskenler Igdirdaki deger

Parameters Value in Igdir

criteria
Y‘|.Il|k 'Toplom gUneslenme 2600 saat/yi
Konum sUresi . . hour/year
Yearly sunshine duration
Location Yillk toplam gUnes isimasi / 1636 kWh/mz2-yil
Yearly solar radiation kWh/m2-year
A’rmosf?r yogunlugu (Bulp’r DUsUk, 0-3 Okfa*
kapallig)) / Atmospheric Low
density (Cloudiness)
A!<orsu yo’roklomc uzakhk <20 km
Distance to running water
Hava kirliligi Sehir merkezinde yogun
iklim Szellikleri A|r pollution _ Hozcrdous'.df‘r pollution
RUzgar potansiyeli DuUsUk, 1,5 m/s
. . Wind potential Low
Climatic T
- Iklim yapisi Yar kurak
characteristics - N
Climate Semi arid
Nem orani
Humidity %ol
Denize uzaklk Cok uzak
Distance to the sea Far away
Hava sicakligi 12,6 °C/yll
Air temperature °C/year
Arazi egimi <% 2, GUneybatidan Kuzeydoguya
Slope from Southwest to Northeast **
Deprem riski 2. derece deprem bodlgesi
Earthquake risk Second-degree seismic zone
Agrn Dagi Milli Parki (National park), Aras
Korunan alan Karasu Taskinlar (overflows) ile Korhan Yaylasi
Protected area (Plateau), Karakoyunlu, Asma kdy ve Kiltepe
Konumsal e
szellikler _ . HoyUQu siti (Protected area)
Orman bdlgesi Orman alani, 8.241 ha
Location Forest area _ Forest area
characteristics Tarm alani / Agricultural area 118.525 ha,
Tanm bdlgesi Sulanabilir tanm arazisi / Irrigable ares 97.041
Agricultural area ha,
Sulanan arazi / Irrigation area 81.719 ha
Mera sahasi Cayir-mera
Pasture area Grass and pasture 146.571 ha
'If/\oorl%ygzddurumu I§dir-Kars, Ermenistan, Nahcivan, iran
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Havaalani yakinligi
Distance to airport

<10 km

Askeri alan
Military zone

Ulke sinirlarn, < 20 km
Country border

Yerlesime uzaklik
Distance to the city center

~20 km

Maden sahasi
Mining area

> 15 km, Tuzluca krom ve tuz (Chromium and
salt), Aralik ve Suveren’'de pomza (Pumice)

YUkseltilere uzaklik
Distance to highlands

Agr Dagl (Mountain)< 80 km

Kus gé¢ yollar
Bird migratory routes

Kus gézlem faaliyeti, < 30 km
Bird watching

Diger

Other

Yatinm izinleri
Investment permission

6. tesvik bolgesi
Incentive area

Trafo ve iletim sebeke
kisitlar
Transformer  and grid
eligibility

954-116: 954 hat kesiti / line cutter (MCM) -
116 km ;154 kV iletim hatti / line Kars'a (3
iletkenli / conductive wire)

LOY kapsami dahil tim trafo kapasiteleri bos /
Lack of application for the capacity
assigned

Kamusal tesvikler,
destekler, muafiyetler
Legal incentives, supports
and exemptions

Bkz.B / See also B on the book.

Ozel bélge durumu
Special district

Yok
N/A

Yatinmci girisimci durumu
Investors and
entrepreneurs

Yatinm sermaye durumu
Investment capital

Potansiyel yatinm sermayesi ve devlet
tesvikleri

Potential investment capital and government
promotion

Finans kaynaklari
Financial sources

Yerel ve yabanci sermaye ile hibe ve
destekler
Local and foreign capital, grant and supports

Pazara yakinlik
Distance to the market

Yerinde Uretim ve tUketim
Local prosumer

Hammaddeye yakinlk
Distance to the raw
material

Yerinde kaynak ve Uretim
Raw material and production

Sosyal ve kulturel cevre
Social and cultural
environment

Yenilige ve yatinma aciklik
Open to innovation and investment

Igdir ve FV GUnes Elektrigi

8 lgdir and PV Solar Electricity



SIMULASYONLAR / SIMULATIONS

Igdir'da muhtemel FV GES vyatinmlarna dayanak teskil edecek sekilde yapilan
meteorolojik analizler sonucunda duzenleyici, yatinmci, girisimci ve denetleyicilere yol
gosterici olmasi bakimindan bir “Esas Senaryo”, bir “KétUmser Senaryo” ve bir de “lyimser
Senaryo” hazirhid yapimistir. Kétomser ve lyimser Senaryolarnn gerceklesme olasiliklar
dUsUk iken Esas Senaryonun gerceklesme olasiligi kesinlikle daha yUksektir. 30 yila yakin bir
sUre calismasi dngdérulen FV GES'lerin bu uzun periyot icerisinde karsi karsiya kalabilecedi,
ihtimal dahilinde olunan senaryolar dngérilmeye calisilmistir. TUm senaryolar icin saha ve
projelendirme tercihleri ayni kalmak kosuluyla kUresel gines isimasindaki salinim farklihgina
goére FV GES elekirik Uretim performansi karsilastinimaya calisimistir. Senaryolar 1T MW
kurulu gucUnde bir FV GES olusturacak sekilde tasarlanmistir. Bdylece 250 W'lk FV
panelden 4000 adet, eviriciden de 27 adet gerekecektir. Yatinmcilar elektrikle birlikte
karbon kredisi de Uretebilir ve bu kredileri uluslararasi piyasalarda karbon ayak izlerini
azaltmak veya sifirlamak isteyen isletmelere satarak ek gelir elde edebilirler.

Based on meteorological analyses oriented for a probable FV GES investment in Igdir
region, a “base”, a “pessimistic” and an “optimistic” scenarios are prepared to provide
guidance for investors, entrepreneurs and regulators. Pessimistic and optimistic scenarios
have low realization probabilities whilst base scenario is highly likely to realize. Different
scenarios that are likely to happen over a nearly 30 years of an operatfional run fime of a
FV GES are projected. In all scenarios, with the condition that land selection and project
choices remain identical, FV GES electricity production performances are compared
due to changes on global solar radiation. Scenarios are set up for a 1 MW production FV
GES plant. By this way, 4000 of 250 W PV panels and 27 units of inverter are needed.
Investors may also benefit from producing carbon credits that would be possible to sell
on international markets to the companies that would like to reduce their carbon
footprints.

GUneslenme suresi, Saat/yil GUnes 1Isimasi, kWh/mz2-yil
Scenario Sunshine duration, hour/year | Solar radiation, kWh/m2-year
Esas 2600 saat/yil 1636 kWh/m2-yil
Base
Koétimser 2200 saat/yil 1391 kWh /m2-yil
Pessimistic
fyimser 3000 saat/yil 1881 kWh/m2-yil
Optimistic
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FV GES Projelendirme yazilimi : PVSYST Vé6.47

Meteorolojik veri : MGM Igdir MOdUrligu dogrudan gunluk dlcUmleri

Proje sahasi :1gdir Tuzluca yolu Uzerinde OSB ve Havaalani arasi

Optimum acilandirma : TUm senaryolarda FV panellerin optimum kurulum acisi 35°

FV panel . Gaziantep'te Uretimi yapilan SolarTurk markasinin 250 W
coklu kristal silisyum paneli,

Evirici : Kocaeli'de Uretilen Mavisolar'in 32 kWAC'lik modeli

FV GES project software : PVSYST Vé.47

Meteorological data : TSMS Igdir station direct observations

Project area : Between Airport and OIZ (Organized Industrial Zone) along
lgdir Tuzluca highway

Optimized angels : PV Panel optimized angel is 35 in all scenarios

PV panel : 250W muulti-crystal silisium panel produced by SolarTurk in
Gaziantep

Inverter . Mavisolar 32 kWAC model produced in Kocaeli

Senaryolar Elekirik Elekirik Tesis Karbon Tesis Yilhk Toplam Yatirnmin

Uretimi maliyeti elekirik kredisi toplam isletme yatinm geri donis
geliri, degeri  geliri, maliyeti, bedeli, siresi

Scenario Electricity Electricity Plant Carbon Plant Yearly Investment Return of
production, cost, electricity credit, total operation value $/yill investment,
MWh/yil USS/kWh  income S/yll income cost $/yil Yil (year)

Ef;: 1642 0,06 218.386  6.560  224.946 20.000  1.000.000 ~5

Kotumser

Pessimistic 1364 0,07 181.412 4.897 186.309 20.000 1.000.000 ~6

lyimser _

Optimistic 1926 0,05 256.158 6.915 263.073 20.000 1.000.000 4
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