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OZET

TUIK’in 2011 yil verilerine gére Tirkiye'de 240,8 milyar dolarlik ithalatin yaklasik 54 milyar dolari enerji ithalatindan
olusmaktadir. Baska bir ifadeyle toplam ithalatin %22’lik kismi enerji ithalati igin yapilmaktadir. 54 milyar dolarlik
enerji ithalatinin 33,6 milyar dolarlik kismi petrol ve petrol Uriinlerine harcanmaktadir. T.C. Enerji ve Tabii Kaynaklar
Bakanhdi'nin 2011 yilh verilerine goére ise Turkiye elektrik enerjisi goriniminde yaklasik 229,4 GWh (retim
gerceklestirmistir. Tlrkiye yaklasik 4,6 GWh ithalat ve 3,6 GWh ihracat gergeklestirmis olup 230,3 GWh tiketim
gercgeklestirmistir.

Tum bu veriler, Tarkiye'nin enerji ihtiyacinin ¢ok bulylk oldugunu ve bu ihtiyaci gidermek icin cok ciddi enerji
yatirimlari yapmasi gerektigini isaret etmektedir. Gerek fosil kaynaklarin hizla tiikenmesi gerek cevre kirliliginin
artmasi alternatif enerji kaynaklari arayislarini hizlandirmistir. Petrol kaynaklarina sahip olmayan bir lilke olan Tirkiye
icin de alternatif enerji kaynaklarina dayal Uretim yapmak kaginilmaz hale gelmistir.

Alternatif enerji kaynaklarindan biri de yenilenebilir enerji kaynaklaridir. Yenilenebilir enerji dogal streglerde var olan
enerji akiglarindan elde edilebilen enerjidir. Hidroglig, glnes, riizgar, jeotermal ve biyoenerji yenilenebilir enerji
kaynaklarini olusturmaktadir.

T.C. Zafer Kalkinma Ajansi'nin 2012 Dodrudan Faaliyet Destek Programi (DFD) kapsaminda hazirlanan “TR33
Bdlgesinin Yenilenebilir Enerji Potansiyeli ve Stratejik Alt Bolgelerin Tespiti” baslikl proje ile dliinyada ve Tirkiye'de gok
Oncelikli bir alan olarak gértilen yenilenebilir enerji konusu TR33 Bdlgesi dlizeyinde incelenmistir. Bu proje, T.C. Zafer
Kalkinma Ajansi 2012 DFD programinin genel amacinda belirtilen strdurulebilirlik ve yenilikgilik ilkeleri dogrultusunda
TR33 Bolgesinin rekabetgilik ve vyasanabilirlik dizeyinin artinlmasini, bdlgesel 6&lgekteki planlama, arastirma
calismalarina girdi olusturacak kritik 6neme haiz sektérel tematik arastirma, planlama, fizibilite, etlt vb. faaliyetlerin
desteklenmesini hedeflemektedir. Projenin amaci, TR33 Bdlgesinin yenilenebilir enerji kaynaklar potansiyelinin ve
bdlgenin yenilenebilir enerji kaynaklari alaninda stratejik alt bdlgelerinin tespit edilmesidir.

Bu amag dogrultusunda TR33 boélgesinin yenilenebilir enerji kaynaklari Biyoenerji (Biyokiitle), Glines Enerijisi,
Hidroenerji (Hidroelektrik Enerji), Jeotermal Enerji ve Rlzgar Enerjisi olmak Gzere bes kategoride incelenmistir. Proje
ile bélgenin yenilenebilir enerji potansiyeli gikarilmis olup, gerek yerli ve yabanci 6zel sektér gerekse belediyeler ve
diger kamu kurumlarinin yatinmlar icin ekonomik ettt ve fizibilitelerini y6nlendirebilecek bir rehber kisa vadede
olusturulmustur. Ayrica projenin rehberligi ile ileriki dénemlerde yenilenebilir enerji alaninda yatirm ve istihdam
olanaklarinin artmasi durumunda hedef gruplar ve nihai yararlanicilarin fayda ve kar dizeyini yikselten sonuglar orta
ve uzun vadede elde edilmis olacaktir.

ABSTRACT

According to the data of the year 2011 of TURKSTAT, about 54 billion U.S. dollars of imports out of 240.8 billion
dollars consists of energy imports. In other words, 22% of total imports are energy imports. 33.6 billion dollars out of
54 billion dollars of energy imports is spent on oil and oil products. According to the data of the year 2011 of Republic
of Turkey Ministry of Energy and Natural Resources, Turkey approximately achieved 229.4 GWh of electrical energy
production. Turkey has realized about 4.6 GWh import and nearly 3.6 GWh export and consumed 230.3 GWh.

All these data points out that energy need of Turkey are too great and serious and energy investments are required
to meet the need. Both the rapid depletion of fossil resources and the increase of environmental pollution have
accelerated the searches for alternative energy resources. Production based on alternative energy resources has
become inevitable for Turkey, a country that does not have oil resources.

One of the alternative energy resources is renewable energy resources. Renewable energy is the energy that can be
obtained from energy flows existing in natural processes. Hydropower, solar, wind, geothermal and bio-energy
compose renewable energy resources. A project titled “Renewable Energy Potential and Detection of Strategic Sub-
regions of Region TR33" has been prepared within 2012 Direct Activity Support Programme (DFD) of TR Zafer
Development Agency. As a priority area in the world and in Turkey, renewable energy has been analysed in Region
TR33 with this project. This project aims at increasing the level of competitiveness and liveability in Region TR33, and
supporting activities such as regional-scale planning, sectoral thematic research with critical importance for the data
of research studies, planning, feasibility, and survey and so on in line with sustainability and innovation principles that
are indicated in main aims of 2012 DFD Programme of TR Zafer Development Agency. The objective of the project is
to locate potential of renewable energy resources and strategic sub-areas of those.

For this purpose, renewable energy resources of Region TR33 are analysed in five categories which are as follows;
Bio energy (Biomass), Solar Energy, Hydro energy (Hydroelectric Power), geothermal energy and wind energy. The
region's renewable energy potential is determined by the project and a guide has been prepared in a short time for
investments of domestic and foreign private sectors as well as municipalities and other public institutions to direct
their economic survey and feasibility. Besides, in case of increased investment and employment opportunities in the
field of renewable energy in the future, results that raise the level of benefit and profit will be obtained for the target
groups and final beneficiaries in medium and long terms with the guidance of the project.
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BIYOENERJI (BIYOKUTLE)
Giris

Sirduarilebilir bir yasam kalitesi saglayabilmek igin slrdirilebilir bir enerji sistemi olusturulmasi
gerekmektedir. Geleneksel enerji kaynaklarinin her gegen giin azalmasi ve bu kaynaklarin gevreye ve
insana olan zararlarinin artmasi toplumlari alternatif enerji kaynadi olan yenilenebilir enerji kaynaklarina
yoneltmistir.

Biyoenerji, yenilenebilir enerji kaynaklari arasinda énemli bir yere sahip olan enerji tirlerinden birisidir.
Biyoenerji biyokitlenin, enerji donisim sirecleri neticesinde elde edilen bir yenilenebilir enerjidir.
Biyoenerjinin temel kaynad! biyokutledir. Bu nedenle literatlirde biyik codunlukla biyoenerji, biyokitle
olarak adlandiriimaktadir.

Biyokutle, adaclarin, otlarin ve tarimsal bitkilerin organik bir materyalidir (IRENA, 2012). Biyokitle
bitkilerden ve hayvanlardan elde edilen karbonlu kati madde olarak da ifade edilmekte olup tarim ve
orman artiklarini, hayvansal atiklari ve gida Uretimi atiklarini icermektedir (Kaygusuz & Turker, 2002).
Biyokutle elektrik Gretimi, ev isitma sistemleri, arag yakitlari ve endUstriyel tesislerin isitma sistemlerinde
kullanilarak cesitli enerji ihtiyaglarini gidermede kullaniimaktadir (Balat, 2005). Sahip oldugu blylk
potansiyeli, farkl sosyal ve ekonomik faydalari nedeniyle gelecedin en 06nemli yenilenebilir enerji
kaynaklarindan birisi oldugu dlslntlmektedir. Biyokiitle dogrudan isinma ve elektrik amaciyla
kullanilabilmekte, kati, gaz ve likit yakita gevrilebilmektedir (Karayimazlar, et al., 2011).

Hemen her yerde yetistirilebilmesi; Uretim ve c¢evrim teknolojilerinin iyi bilinmesi; her 6lcekte enerji
tiretimi icin uygun olmasi; disik isik siddetlerinde yeterli olmasi; depolanabilir olmasi; 5-35° C arasinda
sicaklik gerektirmesi; sosyo-ekonomik gelismelerde énemli olmasi; gevre kirliligi olusturmamasi (NO, ve
S0, salinimlarinin dislik olmasi); sera etkisi olusturmamasi boylece atmosferde CO, dengesi saglamasi ve
asit yagmurlarina yol acgmamasi biyokitlenin enerji kullanimindaki olumlu yonlerinden bir kacini
olusturmaktadir (Tlre, 2001).

Biyokutle enerjisi; yetistiricilige dayal oldugundan yenilenebilir, cevre dostu, yerli ve yerel bir kaynak
olarak buylk bir 6neme sahiptir. Biyokitlenin kullanimi klasik ve modern olmak lzere iki gruba ayrilabilir.
Klasik biyokiitle enerjisi, geleneksel ormanlardan elde edilen yakacak odun, yine yakacak olarak kullanilan
bitki ve hayvan atiklarindan olusmaktadir. Modern biyokutle kaynaklari ise enerji ormanciligi Grinleri ile
orman ve adac enddstrisi atiklari, enerji tarimi Grlnleri, tarim kesiminin bitkisel artiklari ve hayvansal
atiklari, kentsel atiklar, tarimsal endilstri atiklari olarak siralanabilir (Bascetingelik, et al., 2005;
Bascetingelik, et al., 2009).

YEGM (2012)’e gore biyoenerji dort farkli biyoyakit olarak elde edilebilmektedir. Bunlar Biyogaz, Biyodizel,
Biyoetanol ve Gazlastirmadir.

Biyogaz: Organik bazl atik/artiklarin oksijensiz ortamda (anaeorobik) fermantasyonu sonucu ortaya
¢ikan renksiz - kokusuz, havadan hafif, parlak mavi bir alevle yanan ve bilesiminde organik maddelerin
bilesimine bagli olarak yaklasik; % 40-70 metan, % 30-60 karbondioksit, % 0-3 hidrojen silfir ile gok az
miktarda azot ve hidrojen bulunan bir gaz karisimidir (YEGM, 2012).

Biyodizel: Biyodizel, kolza (kanola), aycicek, soya, aspir gibi yagh tohum bitkilerinden elde edilen bitkisel
yadlarin veya hayvansal yadlarin bir katalizatér esliginde kisa zincirli bir alkol ile (metanol veya etanol)
reaksiyonu sonucunda aciga cikan ve yakit olarak kullanilan bir Griandir. Evsel kizartma yadlar ve
hayvansal yaglar da biyodizel hammaddesi olarak kullanilabilir. Biyodizel petrol icermez; fakat saf olarak
veya her oranda petrol kdkenli dizelle karnigtirilarak yakit olarak kullanilabilir. Saf biyodizel ve dizel-
biyodizel karisimlari herhangi bir dizel motoruna, motor Uzerinde herhangi bir modifikasyona gerek
kalmadan veya kuclk dedisiklikler yapilarak kullanilabilir (YEGM, 2012).

Biyoetanol: Hammaddesi seker pancari, misir, bugday ve odunsular gibi seker, nisasta veya seliiloz 6zl{
tarimsal Urinlerin fermantasyonu ile elde edilen ve benzinle belirli oranlarda harmanlanarak kullanilan
alternatif bir yakittir. Biyoetanol berrak, renksiz ve karekteristik bir kokuya sahip sividir, Biyoetanol
yliksek oktanli bir yakittir (113), Biyoetanolin kaynama noktasi 78,5°C, donma noktasi -114,1°C dir,
Biyoetanol 20 °C de 0,789 gr/ml yodunluda sahiptir, Biyoetanol icten yanmali motorlara herhangi bir
modifikasyona ihtiyag duyulmadan %10 miktarinda harmanlanarak kullanilabilir, Biyoetanolun en yaygin
iki kullanim sekli E-10 ( % 10 Biyoetanol+ %90 Benzin) ve E-85 ( % 85 Biyoetanol+ %15 Benzin)
'dir. Biyoetanol benzin ile harmanlandiginda; Biyoetanol yakitlarda oktan artirmak amaci ile kullanilan
benzen, metil tersiyer bitil eter (MTBE) gibi kanserojen maddelerin gevreci alternatifidir, Biyoetanol
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benzin ile harmanlanma oranina gére 2-3 puanlik bir oktan artisi saglayarak motorun performansini
yukseltir, Biyoetanol donmay! engeller, motorun daha serin ve enjektdrlerin daha temiz kalmasini
saglar. Biyoetanoliin elde edilebildigi hammadde kaynaklari: seker pancari, seker kamisi, misir, tatl
sorgum, patates, bugday, odunsular, tarimsal atiklardir (YEGM, 2012).

Gazlastirma: 18. yy'in sonlarindan bu yana bilinen bir teknolojidir. Ozellikle gelismekte olan (lkeler igin
glinimizden gelecege 6nemli bir rol oynayan biyokutlenin kullanilabilir oldugu o yillardan bu yana
ispatlanmistir. Bilinen bir husus da bir enerji kaynadi olarak kullanilan biyokitlenin birgok dezavantajinin
oldugudur. Dislk enerji yogunluguna sahip ( yaklasik 16-20 MJ/kg ) ham biyokitle kaynaklari direk
olarak yakildigi takdirde, gok dlistik randiman sadlar ve i¢ ve dis mekanlarda yiksek seviyede hava kirliligi
olusmasina neden olur.

Gazlastirma biyokitleden gaz yakit elde edilen termokimyasal bir donlisim prosesidir. Diger bir deyisle
biyokitle termokimyasal bir donlisimle gaz yakita dontstlralir. Modernize edilmis biyokttle enerjisi
teknolojilerinin amaci tretim ve kullanim sirasinda emisyonlari azaltirken yakitin yogunlugunu arttirmaktir
(YEGM, 2012).

Gaz, sivi ve kati olmak Uzere siniflandirilabilen Biyoyakitlar, otomobillerde, adir vasitalarda, ugaklarda,
trenlerde, gemilerde ulastirma yakiti olarak kullanilmasinin yani sira dodalgazin kullanildigi her alanda
(elektrik, 1sinma, pisirme, sogutma) kullanilabilmektedir (DEK-TMK, 2011).

Biyokutle, esterfikasyon, hidroliz/fermantasyon, gazlastirma, piroliz, karbonizasyon, metanasyon ve
fotofermantasyon donisim teknolojileri kullanilarak cesitli biyoyakitlara déntstiridlmektedir. Biyokitle
kaynaklari, doniisim teknolojileri ve elde edilen biyoyakit tirleri tablo 1.1.’de gdsterilmektedir.

Tablo 1.1.Biyokiitle Doniisiim Teknolojileri

Biyokiitle Doniisiim Teknolojileri

Biyokiitle Hidroliz/
Kaynakla Il | Esterfikasyon Fermantasyon Gazlastirma Piroliz Karbonizasyon Metanasyon Fotofermentasyon
Yagli
Tohum X
Bitkileri
Sekerli
Bitkiler
Nisastal
Bitkiler
Enerji
Bitkileri
Eneriji
Ormancihidi
Adaclar X X X X
Atik
Yemeklik X
Yadlar
Orman
Artiklari
Saman X X X
Sehirsel ve
Endustriyel X X X X
Atiklar
Organik
Atiklar
Bakteriler-
Algler

Etanol,
Metanol,
Dimetil Eter,
FT Motorini,
FT Benzini,
Hidrojen

Elde
Edilen Biyodizel Etanol
Biyoyakit

Biyometan-

Biyo-Oil | Odun Kémdru B
Biyogaz

Biyohidrojen

Kaynak: (Karaosmanoglu, 2006)




GUNES ISIGI

| Atmosferdeki CO2 | | H O | | Atmosferdeki CO2 |

Klorofil (katalizor olarak) |

Yanma Yanma

| Baslangigtaki fotosentetik maddeler (CHZO+OZ) |

| Termokimyasal dénlisim | Biyokimyasal dontisim |

Biyosentetik yakitlar I Biyoalkoller
Biyoyakitlar Biyokiitle artisi | Biyodizel
Biyodizel Biyogaz

Ogitme tiketimi | Ogutme tiketimi |
Atiklar I| Biyo-artiklar | Atiklar

Sekil 1.1.Biyokiitle Teknolojisinin Temel Adimlari

Kaynak: (Demirbas, 2008)
Bitkilerin ve canli organizmalarin kdkeni olarak ortaya gikan biyokultle, genelde giines enerijisini fotosentez
yardimiyla depolayan bitkisel organizmalar olarak adlandiriilmaktadir. Fotosentez yoluyla enerji kaynadi
olan organik maddeler sentezlesirken tiim canlilarin solunumu igin gerekli olan oksijeni de atmosfere verir.
Uretilen organik maddelerin yakilmasi sonucu ortaya ¢ikan karbondioksit ise, daha &énce bu maddelerin
olusmasi sirasinda atmosferden alinmis oldugundan, biyokiitleden enerji elde edilmesi sirasinda gevre,
CO2 salimi agisindan korunmus olacaktir (YEGM, 2012). Biyokitle teknolojisinin temel adimlar sekil
1.1.’de go6sterilmektedir.

1.1.Diinyada ve Tiirkiye'de Biyokiitle

Her glin giderek artan nifus ve ekonomik gelismeler enerji ihtiyacinin artisini da tetiklemektedir. Artan
enerji ihtiyacinin ve cgevre kirliliginin azaltiimasi icin yenilenebilir enerji kaynadi olan biyokutle kullanimi
blylk bir énem kazanmaktadir. Biyokttle kullaniminin artmasi sirdulrdlebilir kalkinmaya ve Kyoto
anlasmasinin hedeflerine ulasmaya yardimci olmaktadir (Atimtay & Topal, 2005).

BiyokUtlenin ve biyokiitle ile elde edilen biyoyakitlarin 6neminin artmasi diinya ulkeleri tarafindan dikkatli
bir sekilde degerlendirilimekte ve bu konuda cesitli yatirnnmlar yapilmaktadir. ABD’de biyoetanol sektoriinde
yapilan yatirnrm 2010 yilinda 53,6 milyar dolarlik bir katma deder yaratmistir. Ayrica 70.400'G dogrudan
olmak Uzere toplamda 400.677 kisiye istihdam olusturulmustur. Petrol ithalatinda 445 milyon varil azalma
ve 34 milyar $ tasarruf elde edilmistir (DEK-TMK, 2011).

Avrupa Birligi'nde ise 2020 yilinda enerji tiketiminin %20’sini yenilenebilir enerjiden karsilanacadi ve her
bir Gye Ulkenin ulastirma sektériinde %10 biyoyakit kullanimi hedefleri olusturulmustur. Almanya‘da 4078
biyogaz tesisinden 12 milyar kWh elektrik elde edilmektedir. 2020 yilinda Ulkede tliketilen elektrigin
%20’sinin biyogazdan karsilanmasi hedeflenmektedir. Bir dijer AB (iyesi Isvec'te otomobillerin %60
biyogaz ile calismakta olup 2005 vyilindan buyana trenlerde de biyogaz kullaniimaktadir. Isvec'te
dogalgazin kullanildigi her alanda biyogaz kullaniimakta olup 2020 yilinda dodgalgaz kullanimindan
vazgecgilmesi hedeflenmektedir (DEK-TMK, 2011). Ayrica dinyanin en c¢ok yenilenebilir enerji yatirimi
yapan Ulkesi Cin‘de 2010 yilinda 530 milyon ton TCE biyokiitle kaynadi elde edilmis ve 2020 yilinda 730
milyon ton TCE biyokitle kaynadi elde edilmesi hedeflenmektedir. Cin’de elektrik lretimi yapan 22.570
biyogaz tesisi bulunmaktadir. Yillik elektrik tretimi 660 GWh’dir. Ulkedeki en bliyiik biyogaz tesisi giinliik
30.000 m? biyogaz iretmektedir (Dong, 2012).

Tlrkiye'de biyogazla ilgili ilk calismalar 1960°li yillarda Toprak ve Glibre Arastirma Enstitlsl ile Eskisehir
Bblge Topraksu Arastirma Enstitlisi‘'nde gergeklestirilmistir. 1980'li yillarda Koy Hizmetleri Ankara
Topraksu Arastirma Enstitlisi’nde biyogaz birimi kurulmustur. 1980-1986 déneminde Merkez Topraksu
Arastirma Enstitlisii'nde biyogaz Uretimi ile ilgili dnemli calismalar kaydedilmistir. Fakat konunun éneminin
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kavranamamasi Koy Hizmetleri Genel Mldirligu calismalarini durdurmustur (Koger, et al., 2006). Sonraki
dénemlerde Turkiye’'de biyodizel ve biyoetanol galismalari 2000°li yillarin baslarina rastlamaktadir. Cesitli
calismalar yapilmasina ragmen vyatirimlar istenilen diizeye getirilememistir. Vizyon 2023 kapsaminda,
2009 yilinda organik atiklarin bertaraf edilmesi amaciyla evler igin 20 m® metan/ton organik madde
kapasiteli anaerobik c¢lritme reaktdrlerinin tasarlanmasi, 2012'de, gazi isI enerjisine doénUstlren
reaktorlerin tasarlanmasi, 2014'te ise elde edilen gazi elektrik enerjisine donistiiren reaktérlerin
tasarlanmasi 6ngoérilmektedir. 2016 yilinda ise gazin temizlenerek hidrojen gazi elde edilmesi ve 2018
yiindan sonra biyoklitleden de elde edilebilen hidrojen teknolojisinin tasitlarda uygulanmasi
beklenmektedir. Tiirkiye’de biyogaz sektdrii basta Ankara, Istanbul, Bursa, Kayseri, Gaziantep, Samsun
sehirleri olmak Uzere ¢opten biyogaz Uretimi, bazi sanayi tesisleri ve belediyelerin atik su ve tesislerinden
biyogaz lretimi, Orman ve Su Isleri Bakanlii tarafindan Anadolu'nun farkll yérelerinde ydiritilen
gazifikasyon, demonstrasyon projeleri ve 6zel sektérde yuritlilmekte olan sayilari az da olsa nitelikli
biyogaz projelerinden olusmaktadir. 22,6 MW’lik elektrik Uretim kapasitesine sahip olan Ankara-Mamak
copligunden elde edilen elektrigin yani sira olusan atik 1s1 ¢oplik arazisinde kurulan seralarda
kullaniimaktadir. Ayrica toplamda 2.000 m?*ye tamamlanacak havuzlarda verimli bir biyoyakit ham
maddesi olan algler (su yosunu) yetistiriimektedir. TUBITAK-MAM tarafindan izmit Belediyesi ortakhdiyla
kurulan, kigik ve blylk bas hayvan atiklariyla park ve bahge atiklarindan Uretim yapan 330 kW’lik
biyogaz tesisi 2011 yilinda hizmete alinmistir (DEK-TMK, 2011; TMMOB, 2012).

EPDK (2012) verilerine gore lisansh Biyoktitle ve BES tesisleri olmak lizere Tlrkiye'de toplam 41 adet
isletme bulunmaktadir. Bu isletmelerin insa halindeki kapasite toplami 61,528 MWe olup isletmedeki
kapasite toplamlari ise 108,467 MWe'dir. Tlrkiye'deki toplam 41 biyokiitle ve BES isletmesinin ikisi TR33
bolgesinde yer almaktadir. Bu isletmelerin isimleri ve kapasite gugleri tablo 1.2.’de gdsterilmektedir.

TR33 Bolgesinde yer alan bir diger biyoenerji yatirimi da Opal Enerji tarafindan Afyon Gugbirligi Limited
Sirketi ile mustereken, Afyonkarahisar'da Afyon Biyogaz Enerji Santrali biyogaz sektériinde faaliyet
gbstermesi planlanmaktadir. 4,25 MW kurulu glice sahip olacak enerji santrali yatirnmi Temmuz 2012'de
Afyon Enerji ve Giibre Uretim Ticaret ve Sanayi Anonim Sirketi olarak kurulmustur. Projenin yatirim
hazirhk calismalari devam etmekte olup teknoloji segimi ve proses dizayn galismalari tamamlanmistir.
Projenin CED Belgesi alinmis ve EPDK basvurusu yapilmis olup insaata baslama safhasina gelinmistir.
2013 yili ilk geyreginde deneme (retimine baslamasi planlanan tesisin yilda yaklasik 30 milyon kWh
elektrik ve 20.000 ton dogal (organik) gibre lretmesi 6ngorilmektedir (OPAL Enerji, 2012). Ek olarak
TR33 Bolgesinde yer alan il ve ilge belediyelerinin olusturmus olduklari kati atik birlikleri atiklardan enerji
Uretimi saglayacak tesis kurulumu galismalarina devam etmektedirler.

Tablo 1.2.TR33 Bolgesinde Faaliyet Gosteren EPDK Lisansli BES Firmalari

Insa : )
. Lisans . - Tesis K“r..“'“ K“r..“'“ Lisans Lisans Halindeki Isletmedekl
Sirket Adi L Tesis Yeri - Glg Glg S s ) Kapasite
Turd Taru Tarihi Siresi Kapasite
MWm Mwe Mwe
Mwe
Arel Cevre ) Afyonkarahisar ili, Merkez
Yatinmlari ve Uretim | ilgesi, Akgin Kéyul, Duzkir
Enerji Uretim Tic. | Lisansi | Mevkii/Arel Enerji BES 1,24 1,2 18.01.2012 10 1,2
Ltd Sti. Biyokitle Tesisi
Siireko Atik Manisa 1li, Kula Ilgesi,
Yoénetimi Nakliye Uretim Kirtilh Mevkii / Kula
Lojistik Elektrik Lisansi Piroliz Yontemiyle BES 1,6 1,54 | 04.04.2012 49 1,54 0
Uretim Anonim Atiklardan Enerji Uretim
Sirketi Tesisi

Kaynak: (EPDK, 2012)

Tablo 1.3.TR33 Bolgesinde Yer Alan Belediye Atik Birlikleri

Afyonkarahisar Ili Cevre Hizmetleri Birligi

Dinar ve Cevresi Surdurilebilir Cevre Hizmetleri Belediyeler Birligi

Kitahya Kitahya 1li Yerel Yonetimler Kati Atik Bertaraf Tesisleri Yapma ve Isletme Birligi
Manisa ili Cevre Hizmet Birligi

Kula Ilcesi Belediyeleri Cevre Birligi

Manisa Turgutlu ve Ahmetli Ilce ve Belde Belediyeleri Kati Atik Bertaraf Tesisi Birligi
AKCEB (Akhisar, Gérdes, Gélmarmara Ilge ve Belde Belediyeleri)+SOMKIRCEB
(Soma/Kirkagacg Ilge Ve Belde Belediyeleri)

Usak Usak Ili Stirdirilebilir Cevre Yonetimi Belediyeler Birligi

Afyonkarahisar




Turkiye'deki yenilenebilir enerji kaynaklari Gzerine yapilan yasal dijzenlemeler_incelendiéinde karsimiza
“Yenilenebilir Enerji Kaynaklarinin Elektrik Enerjisi Uretimi Amach Kullanimina Iliskin” yasa ¢ikmaktadir.
Bu yasada biyokitle yenilenebilir enerji kaynagina dair su hikimler getirilmistir (TBMM, 2010):

MADDE 6 - Bu Kanunun yurarlage girdigi 18/5/2005 tarihinden 31/12/2015 tarihine kadar isletmeye
girmis veya girecek YEK Destekleme Mekanizmasina tabi Uretim lisansi sahipleri igin, bu Kanuna ekli I
sayili Cetvelde yer alan fiyatlar, on yil siire ile uygulanir. Ancak, arz givenligi basta olmak Uzere diger
gelismeler dogrultusunda 31/12/2015 tarihinden sonra isletmeye girecek olan YEK Belgeli Gretim tesisleri
icin bu Kanuna gére uygulanacak miktar, fiyat ve sireler ile kaynaklar Cetveldeki fiyatlari gegmemek
Uzere, Bakanlar Kurulu tarafindan belirlenir.

MADDE 6/B - Lisans sahibi tlzel kisilerin bu Kanun kapsamindaki yenilenebilir enerji kaynaklarina dayall
ve 31/12/2015 tarihinden dnce isletmeye giren Uretim tesislerinde kullanilan mekanik ve/veya elektro-
mekanik aksamin yurt icinde imal edilmis olmasi halinde; bu tesislerde Uretilerek iletim veya dagitim
sistemine verilen elektrik enerjisi igin, I sayili Cetvelde belirtilen fiyatlara, Gretim tesisinin isletmeye giris
tarihinden itibaren bes yil sitireyle; bu Kanuna ekli II sayili Cetvelde belirtilen fiyatlar ilave edilir.

I Sayili Cetvel

Yenilenebilir Enerji
Kaynagina Dayali Uretim Uygulanacak Fiyat (ABD Dolari1 cent/kWh)
Tesis Tipi
Biyokitleye dayali Uretim tesisi 13.3
(¢6p gazi dahil) !
II Sayili Cetvel
. Yerli Katki ilavesi
Tesis Tipi Yurt Iglng;aGlgzgeklesen (ABD Dolari
cent/kWh)
Akiskan yatakli buhar 0.8
kazani !
Sivi veya gaz yakith buhar
0,4
kazani
Gazlastirma ve gaz 0.6
Biyokutleye dayal Uretim tesisi | temizleme grubu !
Buhar veya gaz tlrbini 2
icten yanmali motor veya
T 0,9
stirling motoru
Jenarator ve gig elektronigi 0,5
Kojenerasyon sistemi 0,4

Tarkiye'nin uluslararasi konumunu inceleyecek olursak, Ernst&Young (2012)'In hazirladigi yenilenebilir
enerji indeksine gdre Tirkiye yenilenebilir enerji indeksinde 39 indeks puani ile 31.sirada, biyokdtle
indeksinde ise 34 indeks puani ile 34.sirada yer almaktadir. En gok yenilenebilir enerji yatirrmina sahip
olan Cin 70 indeks puani ile yenilenebilir enerjide birinci sirada yer almaktadir. Cin’i sirasiyla ABD ve
Almanya takip etmektedir. Biyokitle indeksinde Almanya 67 indeks puani ile birinci sirada yer alirken bu
Ulkeyi sirastyla ABD, Hindistan ve Cin takip etmektedir.



Tablo 1.4.Diinya Yenilenebilir Enerji ve Biyokiitle Indeksi

Yenilenebilir
Siralama | Ulke Biyokiitle indeksi | Siralama | Ulke enerji indeksi
1 Almanya 67 1 Cin 70
2 ABD(1) 63 2 ABD(1) 68
3 Hindistan 60 3 Almanya 66
4 Cin 58 4 Hindistan 63
5 ingiltere 58 5 Ingiltere 59
6 Fransa 57 6 Italya 57
7 isvec 56 7 Fransa 56
8 Italya 53 8 Kanada 54
9 Finlandiya 52 9 Isveg 50
10 Brezilya 51 10 Brezilya 49
11 Kanada 50 11 Avustralya 48
12 Avusturya(2) 48 12 ispanya 48
13 Danimarka 45 13 Romanya 47
14 Norvec 45 14 Polonya 46
15 Romanya 44 15 Glney Kore 46
16 Ispanya 43 16 Japonya 45
17 irlanda 43 17 Belgika 45
18 Ukrayna 43 18 Glney Afrika 45
19 Avustralya 42 19 irlanda 44
20 Polonya 42 20 Danimarka 44
21 Guney Kore 41 21 Portekiz 43
22 Macaristan(2) 41 22 Hollanda 43
23 Portekiz 39 23 Yunanistan 43
24 Japonya 38 24 Meksika 42
25 Belcika 38 25 Norvec 42
26 Meksika 38 26 Finlandiya 41
27 Glney Afrika 37 27 Yeni Zelenda 40
28 Hollanda 36 28 Misir 40
29 Fas 36 29 Tayvan 40
30 Misir 35 30 Fas 39
31 Tayvan 35 31 Tiirkiye 39
32 Yunanistan 34 32 Ukrayna 38
33 Yeni Zelenda 34 33 Avusturya(2) 36
34 Tiirkiye 34 34 Tunus 34
35 Bulgaristan 33 35 Bulgaristan 34
36 Arjantin 31 36 Arjantin 34
37 Cek Cumbhuriyeti(2) 30 37 Israil 33
38 Sili 27 38 Sili 32
39 Israil 25 39 Macaristan3 31
40 Tunus 19 40 Cek Cumbhuriyeti(2) 30
(1)-ABD yenilenebilir portfolyo standardi ve uygun yenilenebilir enerji rejimleri ile belirtilmektedir.
(2)-Teknoloji agirliklandirmalari deniz potansiyeli eksikligini gostermek adina karayla gevrilmis Ulkeler igin
dizenlenmistir.
Kaynak: (Ernst&Young, 2012)

Biyokutle Uzerine yapilan ileriye dénuk senaryolari dikkate alacak olursak, WWF (2011)’e gbre biyokutle

enerji  kaynadi

2050 vyili

dinya enerji

profilinde toplam elektrik guclinde %13,

endustri

sektori

yakit&sinmada %59, insaat sektoérl yakit&isinmada %13, ulasim sektdérl yakitlarinda %100°lik bir paya

sahip olacadina isaret edilmektedir.



Tablo 1.5.Kaynaga ve Yila Gore Kiiresel Enerji Profili - %

Enerji Kaynagi 2000 | 2010 | 2020 | 2030 | 2040 | 2050
Rizgar glicu: karada 1 2 9 17 21 20
Rizgar gicl: denizde 0 0 1 1 3 5
Dalga ve gelgit 0 0 0 0 0 1
Fotovoltaik glines 0 0 1 8 16 29
Yodgunlastirilmis giines enerijisi 0 0 1 5 13 17
Hidrogug 17 19 19 17 14 12
Jeotermal 0 1 1 2 3 4
Biyokiitle 0 0 0 0 2 13
Kémur 40 36 21 12 5 0
Gaz 19 23 36 33 19 0
Petrol 9 5 3 2 0 0
Nikleer 14 14 9 4 1 0
Endiistri sektorii yakiti & iIsinmada

Yogdunlastiriimis gines: isinma 0 0 0 1 4 15
Jeotermal 0 0 0 1 3 5
Biyokiitle 1 8 21 42 65 59
Fosil Yakitlari 98 92 79 57 29 21
insaat sektorii yakitlar & isinmada

Glines termali 0 1 4 17 34 52
Jeotermal 0 1 2 6 22 35
Biyokiitle 43 39 33 21 22 13
Fosil Yakitlari 57 60 61 56 22 0
Ulasim sektorii yakitlarinda

Biyokiitle 1 5 12 32 73 100
Fosil Yakitlari 99 95 88 68 27 0
Kaynak: (WWF, 2011)

1.2.Biyokiitle Potansiyelinin Hesaplanmasi

TR33 Bolgesinin biyokitle potansiyelini hesaplamada kaynak potansiyeli (NREL, 2012) veya baska bir
ifadeyle teorik potansiyel (Voivontas, et al., 2001; Oztiirk & Bascetingelik, 2006) dikkate alinmigstir.
Potansiyelin hesaplanmasinda biyokutle kaynaklari tarimsal ve tarim sinai Grin artiklari, hayvansal atiklar,
kentsel atiklar ve orman biyokitlesi olarak siniflandiriimistir (Zeng, 2005). Elde edilen veriler Mapinfo
Professional 11.5 paket programina aktarilarak tematik haritalar olusturulmustur. Tematik haritalara gore
TR33 Bolgesinin biyokitle potansiyelindeki stratejik alt bélgeleri tespit edilmistir.

1.2.1.Tarimsal ve Tarim Sinai Uriin Artiklari

TR33 Bolgesinin tarimsal ve tarim sinai Gridn artiklari teorik potansiyelinin hesaplanmasinda literatirden
yararlanarak iki farkli senaryo olusturulmustur. Birinci senaryoda tablo 1.6'daki dederler dikkate alinmistir.
Bu kapsamda TR33 Boélgesinde hasat edilen tarla Urlnlerinin her bir ilge igin toplam hasat edilen hektar
hesaplanmistir. 2011 yilina ait olan veriler TUIK'ten alinmistir. Ilcelere ait tarla Griinlerinin toplam hektar
alani bir hektardan elde edilebilecek kuru biyokitle tablo 1.6’daki dederin ortalamasi alinarak 27,5 ton
olarak dikkate alinmistir. 1 kg kuru biyokiitleden de elde edilebilecek olan enerji ortalama 4050 kcal
olarak hesaplanmistir. Ilcelere ait elde edilen kcal dederleri E)’ye dénlstirilmistir.

Tablo 1.6.Tarimsal ve Tarim Sinai Uriin Artiklan
Potansiyeli Hesaplamasi Senaryo 1

Elde edilebilecek
Birim biyokiitle/kcal
1 hektar 25-30 ton kuru biyokiitle
1kg kuru biyokiitle 3800-4300 kcal

Kaynak: (Koger & Unlii, 2007)

! Enerji dénusim dederleri ek 1’de yer almaktadir.
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TR33 BOLGESINDE TARLA URUNLERINDEN

ELDE EDILEGILECEK BIYOKUTLE
POTANSIYELL SENARYO 1 - EJ

I s o000 - 7R0A000 (1)

I 2> 000000 - 305 000.000

I 57000000 - 231.000.000 (8
I 3000000 - 157.000.000 (16)
83,000,000 (26)

9.000.000 -

=

Harita 1.1.TR33 Bolgesinde Tarla Uriinlerinden Elde Edilebilecek Biyokiitle Potansiyeli Senaryo 1
Tarimsal ve tarim sinai Grun artiklar biyokitle potansiyeli hesaplamasinda olusturulan birinci senaryoya
g6re Emirdag ilcesi birinci derece stratejik alt bolge olarak karsimiza cikmaktadir. Kitahya Merkez ve
Usak Merkez ilgeleri ikinci derece stratejik alt bdlgeler iken Sandikli, Dinar, Simav, Afyonkarahisar Merkez,

Salihli, Esme, Banaz ve Akhisar ilgeleri liglincl derece stratejik alt bdlgeleri olusturmaktadir.

Tablo 1.7. TR33 Bélgesinde Tarla Uriinlerinden Elde Edilebilecek Biyokiitle Potansiyeli Senaryo 1

TARLA
URUNLERINDEN
ELD.EDL. TARLA URUNLERINDEN
BiYOKUTLE ELD.EDL. BIYOKUTLE
POTANSIYELi POTANSIYELiI SENARYO 1-
SIRA | iLCEADI SENARYO 1- EJ SIRA | iLCEADI EJ
1 Emirdag 377.065.226 28 Emet 73.165.095
2 Kitahya Merkez 295.033.682 29 Cavdarhisar | 71.614.736
3 Usak Merkez 261.604.276 30 Aslanapa 68.885.881
4 Sandikli 214.703.945 31 Soma 58.725.370
5 Dinar 201.038.234 32 Alasehir 57.411.270
6 Simav 182.748.475 33 Sultandadi 57.310.615
7 Afyonkarahisar Merkez | 177.822.929 34 Turgutlu 48.945.575
8 Salihli 177.004.645 35 Karahalli 45.082.959
9 Esme 172.787.874 36 Kirkagag 44.790.315
10 Banaz 169.535.243 37 Evciler 41.538.150
11 Akhisar 160.427.876 38 Dazkiri 40.364.780
12 Gediz 155.134.196 39 Cobanlar 39.693.284
13 Tavsanli 147.799.000 40 Hisarcik 39.235.679
14 Selendi 139.488.015 41 Sarigol 35.910.819
15 Kula 132.845.750 42 Domanig 35.690.870
16 ihsaniye 132.370.904 43 Iscehisar 34.738.846
17 Ulubey 120.811.947 44 Dumlupinar | 32.388.843
18 Demirci 120.122.278 45 Koépribasi 31.982.498
19 Cay 115.077.903 46 Hocalar 27.836.558
20 Gordes 113.500.051 47 Basmakagl 26.934.395
21 Manisa Merkez 105.547.415 48 Bayat 25.822.536
22 Sinanpasa 104.081.401 49 Kiziléren 25.019.630
23 Altintas 100.894.008 50 Goélmarmara | 20.882.544
24 Suhut 100.384.212 51 Saphane 19.651.857
25 Bolvadin 98.833.853 52 Pazarlar 11.566.878
26 Sivasli 91.550.849 53 Ahmetli 9.718.750
27 Saruhanli 87.726.444 TOPLAM 5.280.849.363

TR33 Bodlgesinin tarimsal ve tarim sinai Urin artiklari teorik potansiyelinin hesaplanmasinda literatlirden
yararlanarak olusturulan ikinci senaryoda tablo 1.8'deki drlnler secilmis ve bu Urinlere ait Uretim
teorik ortalama artik olusturma orani

miktarlar

ve ortalama

isil  dederin carpimi

ile sonuclar
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hesaplanmistir. Senaryo 2'ye ait seqili trlinlerin Uretim miktar ve biyokitle potansiyeli sonuglarinin ayrintisi
ek 2 ve ek 3’'de yer almaktadir.

Tablo 1.8. TR33 Bolgesinde Tarla Uriinlerinden Elde Edilebilecek Biyokiitle Potansiyeli Senaryo 2
. Teorik Isil O.rl'_te:ﬂ:iTa Ortalama
Uriinler Artigi Artik Kaynak Degeri Isil Deger
Orani M3/k Artik MJ/k
g Orani g
- 1,20 (Oztiirk & Bascetingelik, 2006) 17,50
arpa saman ¢opu 1.20 (Badger, 1999) 17.50 1,20 17,50
L 2,00 (Dasappa, 2011) 14,20
ayciceg! sap 2,80 | (Oztiirk & Bascetincelik, 2006) 14,20 2,40 14,20
badem budama artigi 0,28 (Oztiirk & Bascetingelik, 2006) 18,40 0,28 18,40
kabuk 0,95 (Oztiirk & Bagcetingelik, 2006) 19,38 0,95 19,38
o - 1,30 (Badger, 1999) 17,90
bugday saman gopu 1,30 | (Oztirk & Bascetincelik, 2006) 17,90 1,30 17,90
ceviz kabuk 1,50 (Oztiirk & Bascetingelik, 2006) 20,18 1,50 20,18
- 1,60 (Oztiirk & Bascetingelik, 2006) 17,50
gavdar saman ¢opu 1,60 (Badger, 1999) 17.50 1,60 17,50
kayisi budama artigi 2,84 (Oztiirk & Bascetingelik, 2006) 19,30 2,84 19,30
kocan 0,27 (Oztiirk & Bascetingelik, 2006) 18,40 0,27 18,40
misir saman ¢opu 1,00 (Badger, 1999) 18,40 1,00 18,40
sap 2,68 (Oztiirk & Bascetincelik, 2006) 18,50 2,68 18,50
amuk GIrgIr 0,21 (Oztiirk & Baggetingelik, 2006) 15,65 0,21 15,65
P sap 2,75 (Oztiirk & Baggetingelik, 2006) 18,20 2,75 18,20
tatan sap 2,00 (Oztiirk & Bascetingelik, 2006) 16,10 2,00 16,10
vigsne/kiraz | budama artigi 1,20 (Oztiirk & Bascetingelik, 2006) 19,00 1,20 19,00
- 1,30 (Oztiirk & Bascetingelik, 2006) 17,40
yulaf saman ¢opu 1.30 (Badger, 1999) 17,40 1,30 17,40
zevtin cekirdek 0,14 (Candzer, 1991) 15,70 0,14 15,70
Y zeytin klspesi 0,45 (Oztiirk & Bascetingelik, 2006) 20,69 0,45 20,69

TR33 BOLGESI SEGILI TARIM URUNLERI
BIYOKUTLE POTANSIVELI SENARYO 2 - EJ

89.000.000 - 111.000.000 (2)

[
I 5000000 - 67.000000 (4)
|

23.000.000 - 45.000.000 (13)

= [ 1000000 - 23000000 (34)

Harita 1.2.TR33 Boélgesinde Tarla Uriinlerinden Elde Edilebilecek Biyokiitle Potansiyeli Senaryo 2
Senaryo 2 ‘ye gbre Manisa Merkez ve Salihli ilgeleri birinci derece stratejik alt boélgeleri olusturmaktadir.
Saruhanl, Akhisar, Emirdag ve Usak Merkez ilgeleri ikinci derece stratejik alt bélgelerdir. Stratejik alt
bélgeler secili trlinlerden elde edilebilecek toplam EJ miktarina gére olusturulmustur. Segili her bir Grin igin
birinci derece stratejik alt bolgeler su sekilde olusmaktadir: Arpa-Emirdag, Aycicedi-Saphane, Badem-Suhut,
Budday-Kltahya Merkez, Ceviz-Sivasl, Cavdar-Saphane, Kayisi-Salihli, Misir-Manisa Merkez, Pamuk-
Saruhanli, TGtln-Akhisar, Visne/Kiraz-Sultandadi, Yulaf-Usak Merkez, Zeytin-Akhisar.
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Tablo 1.9. TR33 Bolgesinde Tarla Uriinlerinden Elde Edilebilecek Biyokiitle Potansiyeli

Senaryo 2
SECILMIS TARLA SECILMIS TARLA
URUNLERINDEN URUNLERINDEN
ELD.EDL. ELD.EDL.
BiYOKUTLE BiYOKUTLE
POTANSIYELi POTANSIYELi

SIRA iLCEADI SENARYO 2- EJ SIRA iLCEADI SENARYO 2- EJ

1 Manisa Merkez 110.525.467 28 Sivasli 14.552.081

2 Salihli 106.167.622 29 Kula 14.443.743

3 Saruhanli 62.304.596 30 Selendi 14.390.810

4 Akhisar 60.886.941 31 Golmarmara | 14.317.578

5 Emirdag 49.123.673 32 Emet 13.542.968

6 Usak Merkez 49.044.841 33 Demirci 12.856.343

7 Kirkagag 41.307.335 34 Dazkiri 12.248.156

8 Sinanpasa 40.620.727 35 Basmakgl 12.124.464

9 Kitahya Merkez 38.425.119 36 Sarigol 11.452.555

10 Turgutlu 36.147.086 37 Gordes 9.190.749

11 Banaz 36.090.449 38 Evciler 8.906.951

12 Sandiklh 35.479.811 39 Suhut 8.303.315

13 Afyonkarahisar Merkez | 34.791.951 40 Aslanapa 7.973.332

14 Saphane 32.049.565 41 Simav 7.667.116

15 Bolvadin 31.407.229 42 Cavdarhisar | 5.956.862

16 Tavsanl 30.705.096 43 Cobanlar 4.756.908

17 Sultandadi 27.222.447 44 Karahalli 4.599.848

18 Dinar 25.992.358 45 Domanig 4.553.876

19 Cay 25.408.191 46 Hisarcik 3.934.662

20 Altintas 21.357.713 47 Bayat 3.307.050

21 Ahmetli 19.422.980 48 Iscehisar 2.878.200

22 Ulubey 19.154.734 49 Dumlupinar 2.865.299

23 Alasehir 18.978.838 50 Pazarlar 2.407.149

24 Esme 18.922.201 51 Hocalar 2.388.922

25 Gediz 18.584.462 52 Kiziléren 1.523.532

26 Ihsaniye 16.894.275 53 Kdpribasi 1.376.511

27 Soma 16.638.171 TOPLAM 1.226.172.855

1.2.2.Hayvansal Atiklar

TR33 Bdlgesi hayvansal atiklardan elde edilebilecek olan biyokltle potansiyelini hesaplamada kullanilan
veriler TUIK’ten alinmistir. Bu veriler 2011 yilina ait olup hayvanlar biiyiikbas, kiiciikbas ve kiimes olmak
Uzere Ug kategoriye ayrilmistir. Bolgeye ait hayvan sayilari ek 4’te gosterilmektedir. Hayvan sayilarindan
elde edilebilecek olan biyogaz potansiyeli tablo 1.10’a gére hesaplanmistir.

Tablo 1.10.Hayvanlardan Elde Edilebilecek Biyogaz Potansiyeli Hesaplamasi
Hayvan Hayvan Elde
Hay_v§n basina basina edilebilir Elde edilebilir biyogaz-ton/m3
Tard kuru kuru
atik-ton . .
glibre-ton | glibre-ton
Blyukbas 9,94 1,26 0,82 200
Kiiciikbas 0,82 0,21 0,03 200
Kiimes 0,03 0,01 0,01 200
Kaynak: (Oztirk & Bascetingelik, 2006)
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TRII BOLGES] BUYUKBAS HAYVANLARDAN
ELDE EDILEBILECEK BIYOGAZ POTANSIVELL-m3
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Harita 1.3.TR33 Bolgesi Biiyiikbas Hayvanlardan Elde Edilebilecek Biyogaz Potansiyeli
BlUylkbas hayvanlardan elde edilebilecek biyogaz potansiyeli agisindan TR33 Bdlgesinde Afyonkarahisar
Merkez ve Salihli ilgeleri birinci derece stratejik alt bdlgeleri olusturmaktadir. Usak Merkez, Kitahya
Merkez ve Sinanpasa ilgeleri ikinci derece stratejik alt boélgeler olan ilgelerdir. Cay, Sandikh, Simav,
Tavsanli, Esme, Bolvadin, Ihsaniye, Suhut ve Demirci ilceleri ise {iglincli derece stratejik alt bélgelerdir.

Tablo 1.11.Biiyiikbas Hayvanla!'_da__n Elde Edilebilecek Biyogaz Potansiyeli -
BUYUKBAS . BUYUKBAS .
HAY.ELD.EDL.BIYOGAZ HAY.ELD.EDL.BIYOGAZ
SIRA | ILCEADI m? SIRA | ILCEADI m?
1 Afyonkarahisar Merkez | 8.088.316 28 Sivasli 2.050.656
2 Salihli 7.694.880 29 Sarigél 1.971.116
3 Usak Merkez 5.996.660 30 Emet 1.518.804
4 Kitahya Merkez 5.455.788 31 Aslanapa 1.480.920
5 Sinanpasa 5.113.192 32 Cobanlar 1.445.332
6 Cay 4.701.060 33 Basmakgi 1.419.912
7 Sandikli 4.697.452 34 Kirkagag 1.358.412
8 Simav 4.680.560 35 Iscehisar 1.223.276
9 Tavsanli 4.491.468 36 Domanig 1.218.028
10 Esme 4.060.148 37 Evciler 1.083.712
11 Bolvadin 3.866.300 38 Cavdarhisar | 1.032.708
12 ihsaniye 3.786.268 39 Sultandagdi 975.800
13 Suhut 3.535.676 40 Saruhanl 888.880
14 Demirci 3.443.180 41 Hocalar 878.876
15 Kula 3.422.352 42 Dazkiri 773.260
16 Banaz 3.116.000 43 Hisarcik 725.700
17 Dinar 2.942.980 44 Kopribasi 625.660
18 Selendi 2.846.548 45 Soma 575.312
19 Emirdad 2.832.444 46 Bayat 520.700
20 Manisa Merkez 2.760.120 47 Ahmetli 510.204
21 Turgutlu 2.669.920 48 Goélmarmara | 475.600
22 Gediz 2.471.316 49 Pazarlar 463.628
23 Gordes 2.370.620 50 Dumlupinar | 385.564
24 Altintas 2.353.400 51 Saphane 376.872
25 Ulubey 2.280.912 52 Kiziléren 372.608
26 Alasehir 2.267.792 53 Karahalli 336.528
27 Akhisar 2.113.632 TOPLAM 128.747.052
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TR33 BOLGESE KUCUKBAS HAYVANLARDAN
ELDE EDILEBILECEX BIYOGAZ POTANSIVELE-m3

1000000 - 1300000 (1)
B 500000 - 1000000 (4)
Bl :soc00 - 500000 (19)
B tco000 - 250000 (17)
I 00w - o000 1)

Harita 1.4.TR33 Bolgesi Kiiciikbas Hayvanlardan Elde Edilebilecek Biyogaz Potansiyeli
TR33 Bdlgesinde kiglkbas hayvanlardan elde edilebilecek biyogaz potansiyeline gére Esme ilgesi birinci
derece stratejik alt bolgedir. Emirdag, Usak Merkez, Alasehir ve Kitahya Merkez ilgeleri ikinci derece
stratejik alt bélgeleri olusturmaktadir.

Tablo 1.12.Kiiciikbas Hayvanlaf_da_p Elde Edilebilecek Biyogaz Potansiyeli L
KUCUKBAS . KUCUKBAS i
HAY.ELD.EDL.BIYOGAZ HAY.ELD.EDL.BIYOGAZ
SIRA | ILCEADI m? SIRA | ILCEADI m?3
1 Esme 1.295.256 28 Gediz 208.260
2 Emirdag 688.746 29 Sarigél 204.000
3 Usak Merkez 648.000 30 Bayat 197.922
4 Alasehir 540.030 31 Sivasli 191.988
5 Kitahya Merkez 516.030 32 ihsaniye 187.206
6 Simav 486.000 33 Sultandadi 184.980
7 Dinar 461.556 34 Hocalar 183.750
8 Salihli 456.600 35 Iscehisar 155.124
9 Demirci 420.366 36 Emet 144.960
10 Manisa Merkez 420.000 37 Basmakgi 136.212
11 Suhut 371.688 38 Dazkiri 119.886
12 Cay 353.826 39 Kopribasi 118.326
13 Akhisar 352.764 40 Cobanlar 113.412
14 Bolvadin 345.510 41 Karahalli 105.624
15 Sandikli 327.504 42 Turgutlu 86.160
16 Sinanpasa 322.668 43 Soma 85.590
17 Tavsanl 295.800 44 Goélmarmara | 85.050
18 Gordes 287.310 45 Cavdarhisar | 84.732
19 Saruhanli 285.000 46 Saphane 74.028
20 Kula 284.448 47 Domanig 71.700
21 Selendi 283.038 48 Evciler 52.452
22 Afyonkarahisar Merkez | 279.570 49 Ahmetli 42.930
23 Aslanapa 275.700 50 Dumlupinar | 36.000
24 Ulubey 270.000 51 Hisarcik 31.050
25 Kirkagag 249.024 52 Kiziléren 27.432
26 Banaz 240.000 53 Pazarlar 22.542
27 Altintas 210.000 TOPLAM 13.917.750
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TR33 BOLGES! KUMES HAYVANLARINDAN
ELDE EDILERILECEK BIYOGAZ POTANSIVELL-m3
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Harita 1.5.TR33 Bolgesi Kiimes Hayvanlarindan Elde Edilebilecek Biyogaz Potansiyeli

Kimes hayvanlarindan elde edilebilecek biyogaz potansiyeli incelendiginde Salihli, Akhisar, Afyonkarahisar
Merkez ilgeleri birinci derece stratejik alt bélgelerdir. Esme ikinci derece stratejik alt bdlge iken Turgutlu
ve Saruhanli ilgeleri Gglincl derece stratejik alt bélgeleri olusturmaktadir.

Tablo 1.13.Kiimes Hayvanlarmc.l_an Elde Edilebilecek Biyogaz Potansiyeli .
KUMES ] KUMES ]
HAY.ELD.EDL.BIYOGAZ HAY.ELD.EDL.BIYOGAZ
SIRA | ILCEADI m?3 SIRA | ILCEADI m?3
1 Salihli 11.660.312 28 Dazkiri 272.300
2 Akhisar 10.951.164 29 Selendi 249.084
3 Afyonkarahisar Merkez | 10.389.760 30 Suhut 218.280
4 Esme 9.066.092 31 Gediz 205.526
5 Turgutlu 6.621.652 32 Kitahya Merkez | 137.492
6 Saruhanli 4.962.840 33 Banaz 115.520
7 Basmakagl 3.790.400 34 Cay 82.600
8 Alasehir 2.555.600 35 Altintas 78.750
9 Soma 2.491.264 36 Karahalli 68.660
10 Manisa Merkez 1.996.390 37 Cobanlar 47.800
11 Gordes 1.981.368 38 Emirdag 34.000
12 Sandikli 1.762.500 39 Evciler 31.900
13 Usak Merkez 1.624.000 40 Aslanapa 23.700
14 Ahmetli 1.505.000 41 Dinar 22.500
15 Demirci 1.485.512 42 ihsaniye 22.000
16 Bolvadin 1.436.700 43 Domanig 15.000
17 Kdpribasi 1.238.030 44 Cavdarhisar 14.920
18 Tavsanli 901.560 45 Saphane 14.460
19 Ulubey 690.036 46 Emet 13.750
20 Kula 658.970 47 Hisarcik 13.490
21 Kirkagag 561.324 48 Pazarlar 9.450
22 Sivasli 466.650 49 Dumlupinar 8.540
23 Sinanpasa 443.900 50 Bayat 5.100
24 Simav 399.600 51 Hocalar 4.700
25 Sultandadi 368.500 52 Iscehisar 4.500
26 Goélmarmara 338.550 53 Kiziléren 1.700
27 Sarigél 326.000 TOPLAM 82.389.396
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TRI3 BOLGES! HAYVANCILIKTAN ELDE
EDILEBILECEK TOPLAM BIYOGAZ POTANSIYELL-m3
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Harita 1.6.TR33 Bolgesi Hayvanciliktan Elde Edilebilecek Toplam Biyogaz Potansiyeli

Blylkbas, klgikbas ve kimes hayvanlarinin toplamindan elde edilebilecek olan biyogaz potansiyeli
hesaplamasina goére Salihli ve Afyonkarahisar Merkez ilgeleri TR33 Bdlgesinin birinci derece stratejik alt
bolgeleridir. Esme ve Akhisar ikinci derece stratejik alt bdlgeler iken Turgutlu ve Usak Merkez Uglncu
derece stratejik alt bolgeler olarak saptanmistir.

Tablo 1.14.TR33 Bdlgesi Hayvanciliktan Elde Edilebilecek Toplam Biyogaz Potansiyeli
HAYVANCILIKTAN i HAYVANCILIKTAN i
ELD.EDL.TOPLAM BiYOGAZ ELD.EDL.TOPLAM BiYOGAZ
SIRA | ILCEADI m? SIRA | ILCEADI m?
1 Salihli 19.811.792 28 Soma 3.152.166
2 Afyonkarahisar Merkez | 18.757.646 29 Gediz 2.885.102
3 Esme 14.421.496 30 Sivasli 2.709.294
4 Akhisar 13.417.560 31 Altintas 2.642.150
5 Turgutlu 9.377.732 32 Sarigél 2.501.116
6 Usak Merkez 8.268.660 33 Kirkagag 2.168.760
7 Sandikli 6.787.456 34 Ahmetli 2.058.134
8 Saruhanh 6.136.720 35 Képribasgi 1.982.016
9 Kitahya Merkez 6.109.310 36 Aslanapa 1.780.320
10 Sinanpasa 5.879.760 37 Emet 1.677.514
11 Tavsanli 5.688.828 38 Cobanlar 1.606.544
12 Bolvadin 5.648.510 39 Sultandadi 1.529.280
13 Simav 5.566.160 40 isgehisar 1.382.900
14 Alagehir 5.363.422 41 Domanig 1.304.728
15 Demirci 5.349.058 42 Evciler 1.168.064
16 Basmakgi 5.346.524 43 Dazkiri 1.165.446
17 Manisa Merkez 5.176.510 44 Cavdarhisar | 1.132.360
18 Cay 5.137.486 45 Hocalar 1.067.326
19 Gordes 4.639.298 46 Goélmarmara | 899.200
20 Kula 4.365.770 47 Hisarcik 770.240
21 Suhut 4.125.644 48 Bayat 723.722
22 ihsaniye 3.995.474 49 Karahalli 510.812
23 Emirdag 3.555.190 50 Pazarlar 495.620
24 Banaz 3.471.520 51 Saphane 465.360
25 Dinar 3.427.036 52 Dumlupinar |430.104
26 Selendi 3.378.670 53 Kiziléren 401.740
27 Ulubey 3.240.948 TOPLAM 225.054.198
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1.2.3.Kentsel Atiklar

TR33 Bolgesinin kentsel atiklarin teorik potansiyelinin hesaplanmasinda kullanilan atik verileri 2010 yilina
ait olup veriler TUIK'ten alinmistir.

INDE ELDE EDILEBILECEK
EG/YIL

=h 000 - 150.000000 (2}

Bl o000 - 124000000 (1)

Bl oo - momoe (1)

I | 1000000 . s2o00000 (5
=]
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Harita 1.7.TR33 Bolgesinde Elde Edilebilecek Atik Miktari
TR33 Boélgesi kentsel atiklarin olusturdugu biyokiitle potansiyelinin hesaplanmasinda boélgede yer alan 53
ilceye ait toplam atik verileri tematik harita olusturularak stratejik alt bdlgelere ayrilmistir. Kitahya
Merkez ve Manisa Merkez ilgeleri birinci derece stratejik alt bdlgeleri olusturmaktadir. Afyonkarahisar
Merkez ilgesi ikinci derece stratejik alt bélgedir. Usak Merkez ilgesi lUglincl derece stratejik alt bélge iken
Akhisar, Soma, Salihli, Turgutlu ve Tavsanl ilgeleri dérdincl derece stratejik alt bélgelerdir.

Tablo 1.15.2010 Yili TR33 ilceleri Yillik Atik Miktari

. Toplam Yillik Atik . Toplam Yillik Atik
Sira |Ilge Miktari(kg/yil) Sira | Ilce Miktari(kg/yil)
1 Kitahya Merkez 155.138.190 | 29 Gordes 7.648.845
2 Manisa Merkez 154.192.723 | 30 Altintas 7.429.321
3 Afyonkarahisar Merkez 95.019.609 | 31 Hisarcik 7.277.190
4 Usak Merkez 80.000.141 | 32 Dazkiri 7.053.000
5 Akhisar 53.293.147 | 33 Kula 6.813.455
6 Soma 50.289.621 | 34 Evciler 5.546.000
7 Salihli 49.665.545 | 35 Ulubey 5.485.047
8 Turgutlu 48.297.852 | 36 Basmakg 4,518.700
9 Tavsanlh 42.836.288 | 37 Sivasli 4,391.700
10 Alasehir 30.540.142 | 38 Selendi 3.892.000
11 Simav 24.567.339 | 39 Bayat 3.344.000
12 Kirkagag 23.783.642 | 40 Cobanlar 3.190.000
13 Gediz 23.485.943 | 41 Goélmarmara 3.164.000
14 Saruhanl 21.018.600 | 42 Pazarlar 2.786.758
15 Emet 19.483.180 | 43 Iscehisar 2.537.251
16 Sandikli 19.407.957 | 44 Karahalli 2.249.000
17 Bolvadin 18.295.300 | 45 Dumlupinar 2.190.000
18 Emirdag 15.604.351 | 46 Cavdarhisar 2.017.353
19 Demirci 15.198.500 | 47 Saphane 1.855.600
20 | ihsaniye 14.397.250 |48 | Kiziléren 1.766.000
21 Sinanpasa 13.584.750 | 49 Domanic 1.580.200
22 Dinar 12.878.466 | 50 Képriibasi 1.520.500
23 Esme 12.628.500 | 51 Aslanapa 1.519.000
24 Suhut 11.049.176 | 52 Ahmetli 959.098
25 Sarigdl 10.987.650 | 53 Hocalar 783.000
26 Cay 10.042.626
27 | Banaz 9.905.200 TOPLAM 1.135.339.551
28 Sultandadi 8.230.845 | Kaynak: (TUIK, 2012)
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1.2.4.0rman Biyokiitlesi

Orman biyokdtlesi, yakacak odun ve diger Uretim artiklari ve stceyrat odun olarak dikkate alinmstir.
TR33 Bolgesi icerisinde 13 Orman Isletme Midirligi ve bunlara baglh 84 Orman Igletme Sefligi
bulunmaktadir. Ilgili veriler TR33 Bélgesi’nde yer alan 13 Orman Igletme Midirligi’nden alinmistir. 2011
ve 2010 yilina ait yakacak odun ve diger Uretim artiklari ve sliceyrat odun miktarlarinin ortalamasi
alinarak elde edilebilir orman biyokitle potansiyeli olusturulmustur. Veriler STER birimindedir. 1 STER
yaklasik 430 kg olarak hesaplanmistir. Orman biyokiitlesinin potansiyelini ortaya koymak igin elde edilen
veriler ortalama 4000 kcal (BCG, 2009; Taskiran, 2010) birim 1isil dederi ile carpilarak potansiyel enerji
olusturulmustur.
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Harita 1.8.TR33 Bolgesi Orman isletme Miidiirliikleri Bazinda Orman Biyokiitlesi Potansiyeli

Tablo 1.16.TR33 Bolgesi Orman isletme Miidiirliikleri Bazinda Orman Biyokiitlesi
Potansiyeli
Yillik Ortalama Elde
. Edilebilir Yakacak Odun,
Orman Isletme Uretim Artigi ve Siiceyrat
Sira | Miidiirliikleri Toplami (STER) Elde Edilebilir Enerji (EJ)
1 Kiitahya OIM 73.250 5.271.386
2 Akhisar OiM 64.622 4.650.473
3 Tavsanli OiM 58.366 4.200.262
4 Manisa OiM 53.790 3.870.987
5 Afyonkarahisar OIM | 36.935 2.658.020
6 Emet OIM 36.031 2.592.928
7 Simav OiM 30.555 2.198.848
8 Usak OIM 30.138 2.168.839
9 Domanig OiM 17.531 1.261.615
10 Gediz OIM 16.939 1.219.012
11 Demirci OiM 10.247 737.387
12 Gordes OiM 8.319 598.639
13 Dinar OIM 1.458 104.889
TOPLAM 438.177 31.533.284

1.3.SONUC

Elektrik Uretiminde, i1sitma sistemlerinde, arag yakitlari ve endustriyel tesislerin isitma sistemlerinde
kullanilabilen 6nemli bir yenilenebilir enerji kaynadi olan biyokutle, gerek TR33 Boélgesinin gerekse
Turkiye'nin enerji ihtiyacini gidermede de 6nemli bir yere sahiptir. Bu calismada biyokitle kaynaklari
tarimsal ve tarim sinai Grdn artiklari, hayvansal atiklar, kentsel atiklar ve orman biyokitlesi olarak
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siniflandiriimis ve elde edilebilecek enerji potansiyeli yillik hesaplanmistir. Tarimsal ve tarim sinai Urin
artiklari bazinda olusturulan senaryo 1’e gére TR33 Bdlgesinde elde edilebilir biyokitle enerji potansiyeli
toplami yaklasik 5,3 milyar EJ olarak hesaplanmistir. Senaryo 2'ye gore ise elde edilebilecek potansiyel
yaklasik 1,3 milyar EJ'dur. Hayvansal atiklardan elde edilebilecek olan toplam biyogaz potansiyeli 225
milyon m*dir. Buda yaklasik 1 milyar kWh enerjiye esittir’. Kentsel atiklar sinifina gére yaklasik 1 milyon
ton kentsel atik TR33 Bélgesinde toplanabilmektedir. Orman Isletme Mudirliikleri alt siniflarina ayrilan
orman biyokitlesi potansiyeline gore ise yaklasik 31,5 milyon EJ enerji elde edilebilecedi teorik olarak
6ngorilmektedir.

Her gegen gun giderek artan enerji ihtiyacini gidermede yenilenebilir enerji kaynaklarinin roli de buylk
onem kazanmistir. Fosil yakitlarin hizla tikenmesi ve cgevre kirliliginin artmasi 6zellikle Tirkiye gibi enerji
ithalatcisi Ulkelerde yenilenebilir enerji politikalarinin gelistirilmesi ve yatinmlarin artiriimasi kaginilmaz
hale gelmistir. En ©&nemli politika gelisiminden biri yenilebilir enerji kaynaklarinin farkindaligini
olusturmaktir. Biyokitle 6zelinde atik ve artik yonetimleri icin toplumda bu farkindaligi yaratmak buyik
6nem arz etmektedir.
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Ek 1 ENERJI BIRIMLERI VE SECILMIS YAKIT TURLERININ ENERJI ESDEGERLIKLERI

1 MW(e) = 10° watt 1 GW(e) = 1000 MW(e) = 10° watt
1 MJ = 1 megajoule = 10% joule 1 GJ = 1 gigajoule = 10° joule
1 EJ = 1 exajoule = 108 joule 1 EJ = 23,9 milyon ton petrol esdederi (million tones of oil equivalent-MTOE)

1 TW-saat = 1 terawatt-saat = 10° kilowatt-saat = 3,6 x 10> EJ
1 TCE (tonne of coal equivalent) = 29,39 GJ = 8.14 MWh 1 kWh = 3,6 MJ 1 kcal = 4184 joule

Secilmis Yakit Tiirleri ve Enerji Esdegerlikleri
Biyogaz

Enerji Yanma Kullanilabilir enerji
Yakit turi Birimi_ | degeri mj verimi % enerji mj esdegeri
Biyogaz m3 20 60 11,8 im3
Elektrik kWh 3,6 70 2,5 4,7kwh
Gazyadi L 38 50 19 0,62L
Bitan kg 46 60 27,3 0,43kg
Kémir kg 29 28 8,1 1,46kg
Kaynak: (Toruk & Eker, 2003)

Ek 2 TR33 BOLGESI SECiLI URUNLERIN 2011 YILI URETiM MiKTARI/TON

ILCELER Arpa Aycicegi | Badem | Bugday | Ceviz | Cavdar | Kayisi Misir Pamuk | Titiin | Visne/Kiraz (IY)::.:) Zeytin
Afyonkarahisar
Merkez 15.236 | 398 32 47.506 | 80 220 123 26.551 | 0 0 3.771 58 0
Basmakg! 6.581 29 0 4.067 495 78 105 13.012 [ 0 0 272 13 0
Bayat 2.851 155 6 5.634 5 101 25 1.739 0 0 136 0 0
Bolvadin 32.794 |48 31 16.459 | 119 220 37 27.702 | 0 0 1.495 0 0
Cay 18.417 | 311 228 16.960 | 250 14 622 21.486 | O 0 5.878 0 0
Cobanlar 3.025 821 0 5.189 30 9 3 3.400 0 0 618 0 0
Dazkini 8.522 160 483 8.859 345 9 101 10.783 | O 0 755 125 0
Dinar 34.785 |1.677 284 35.063 | 341 15 173 12.048 | 0 0 3.878 65 0
Emirdag 113.274 | 995 221 53.944 | 180 900 63 15.756 | 0 0 1.205 1.250 0
Evciler 2.186 972 14 9.066 3 3 9 8.202 0 0 1 60 0
Hocalar 1.696 56 0 3.643 5 39 0 1.517 0 0 166 40 0
ihsaniye 7.552 669 4 32.574 20 18 58 10.047 0 0 447 113 0
Iscehisar 1.080 39 0 9.252 5 741 5 213 0 0 491 27 0
Kiziléren 2.683 21 10 3.807 41 0 15 32 0 0 78 13 0
Sandikli 36.925 | 728 21 51.923 | 143 30 42 20.296 | 0 0 2.229 7 0
Sinanpasa 23.251 | 414 0 29.225 [ 116 76 0 37.464 | 0 0 6.187 0 0
Suhut 10.731 | O 613 14.894 | 192 30 275 135 0 0 9.303 12 0
Sultandadi 9.459 1.040 170 21.328 | 233 38 1.110 [ 15.000 | O 0 36.170 0 0
Altintas 8.227 131 0 42.891 | 17 0 0 13.037 [ O 0 342 50 0
Aslanapa 1.987 7 0 26.167 [ 11 0 0 2.001 0 0 7 0 0
Cavdarhisar 1.839 83 0 16.958 | 14 0 0 2.154 0 0 76 15 0
Domanig 4.372 6 0 7.846 112 370 0 2.132 0 0 283 224 0
Dumlupinar 2.385 17 0 8.072 18 0 0 600 0 0 163 0 0
Emet 8.780 32 372 14.420 | 299 0 35 10.526 | O 0 1.984 20 0
Gediz 19.944 | 156 70 22.365 | 542 183 125 10.733 | 0 0 4.425 0 0
Hisarcik 2.053 0 0 6.967 120 91 0 2.235 0 0 816 18 0
Kutahya
Merkez 33.942 | 208 5 78.281 | 56 200 11 16.509 | 0 0 3.336 560 0
Pazarlar 723 6 7 1.286 207 180 27 813 0 0 5.286 116 0
Saphane 10.155 | 3.257 0 34.979 | 45 3.976 0 25.092 | 0 0 5.274 150 0
Simav 944 1 62 1.879 496 0 90 2.264 0 0 22.210 450 0
Tavsanli 14980 |0 0 32.139 | 144 347 17 27.166 | 0 0 435 63 0
Ahmetli 337 0 15 3.629 5 0 33 24.804 | 438 32 243 0 793
Akhisar 4.547 12 247 43.014 | 515 175 50 52.750 | 6.271 5.795 | 826 625 48.726
Alasehir 12.877 | 0O 29 10.832 | 353 9 180 17.641 | 0O 400 1.251 0 2.228
Demirci 6.296 102 116 15.219 | 402 528 113 7.371 0 1.466 | 7.073 72 1.053
Gélmarmara 119 0 1 2.697 1 0 9 11.528 | 8.833 384 4 0 3.600
Gordes 2.623 0 188 14.569 | 128 140 93 5.400 0 2.448 | 693 0 1.660
Kirkagag 795 1.002 48 9.970 82 60 77 49.160 | 940 1.320 | 268 0 13.338
Kopribasi 913 0 0 1.890 6 0 133 550 0 597 29 0 610
Kula 10.433 | 0 362 28.059 | 276 450 135 5.480 0 938 2.671 0 3.876
Manisa Merkez | 1.610 2 142 17.933 | 203 4 196 138.932 | 2.215 568 9.837 0 7.429
Salihli 14.209 0 146 31.259 261 14 1.150 | 118.970| 12.541 | 767 1.054 0 10.424
Sarigél 1.134 0 556 7.349 215 0 367 11.810 [ 0 571 448 0 1.789
Saruhanli 993 0 11 11.886 | 9 0 10 69.180 | 13.707 | 899 142 0 10.612
Selendi 6.560 44 216 13.642 | 350 0 117 10.591 [0 2.931 | 3.718 42 659
Soma 4.173 49 97 14.221 118 270 114 14.582 1.075 509 218 180 6.728
Turgutlu 1.391 0 0 0 90 0 108 44.520 | 2.163 3.000 | 3.850 0 2.560
Banaz 28.378 | 351 48 58.201 | 437 54 19 20.992 |0 0 2.850 1.485 0
Esme 24.326 | 0 444 15.298 | 231 748 0 11.950 | O 2.912 | 920 23 0
Karahalli 11492 |0 110 7.881 150 0 27 220 41 199 88 0 0
Sivasl 22.102 |79 140 20.776 | 631 0 204 5.837 0 57 1.889 28 0
Ulubey 55.643 | 184 57 12.701 | 164 0 91 5.513 0 839 205 0 0
Usak Merkez 75.214 533 477 53.481 418 1.301 625 25.845 0 6 1.183 2.442 0
Kaynak: (TUiK, 2012)
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Ek 4 TR33 BOLGESI 2011 YILI HAYVAN SAYILARI

SIRA | ILCEADI BUYUKBAS | KUCUKBAS | KUMES TOPLAM
1 Salihli 46.920 76.100 5.830.156 | 5.953.176
2 Akhisar 12.888 58.794 5.475.582 5.547.264
3 Afyonkarahisar Merkez | 49.319 46.595 5.194.880 5.290.794
4 Esme 24.757 215.876 4.533.046 | 4.773.679
5 Turgutlu 16.280 14.360 3.310.826 | 3.341.466
6 Saruhanli 5.420 47.500 2.481.420 | 2.534.340
7 Basmakg! 8.658 22.702 1.895.200 [ 1.926.560
8 Alasehir 13.828 90.005 1.277.800 | 1.381.633
9 Soma 3.508 14.265 1.245.632 | 1.263.405
10 Manisa Merkez 16.830 70.000 998.195 1.085.025
11 Gordes 14.455 47.885 990.684 1.053.024
12 Sandikli 28.643 54.584 881.250 964.477
13 Usak Merkez 36.565 108.000 812.000 956.565
14 Demirci 20.995 70.061 742.756 833.812
15 Bolvadin 23.575 57.585 718.350 799.510
16 Ahmetli 3.111 7.155 752.500 762.766
17 Kopribasi 3.815 19.721 619.015 642.551
18 Tavsanh 27.387 49.300 450.780 527.467
19 Ulubey 13.908 45.000 345.018 403.926
20 Kula 20.868 47.408 329.485 397.761
21 Kirkagag 8.283 41.504 280.662 330.449
22 Simav 28.540 81.000 199.800 309.340
23 Sinanpasa 31.178 53.778 221.950 306.906
24 Sivasl 12.504 31.998 233.325 277.827
25 Sultandadi 5.950 30.830 184.250 221.030
26 Sarigél 12.019 34.000 163.000 209.019
27 Suhut 21.559 61.948 109.140 192.647
28 Selendi 17.357 47.173 124.542 189.072
29 Kitahya Merkez 33.267 86.005 68.746 188.018
30 Gélmarmara 2.900 14.175 169.275 186.350
31 Dazkiri 4.715 19.981 136.150 160.846
32 Gediz 15.069 34.710 102.763 152.542
33 Emirdag 17.271 114.791 17.000 149.062
34 Cay 28.665 58.971 41.300 128.936
35 Banaz 19.000 40.000 57.760 116.760
36 Dinar 17.945 76.926 11.250 106.121
37 Altintas 14.350 35.000 39.375 88.725

38 Aslanapa 9.030 45.950 11.850 66.830

39 fhsaniye 23.087 31.201 11.000 65.288
40 Karahalli 2.052 17.604 34.330 53.986
41 Cobanlar 8.813 18.902 23.900 51.615
42 Emet 9.261 24.160 6.875 40.296
43 Bayat 3.175 32.987 2.550 38.712
44 Hocalar 5.359 30.625 2.350 38.334
45 iscehisar 7.459 25.854 2.250 35.563
46 Evciler 6.608 8.742 15.950 31.300
47 Cavdarhisar 6.297 14.122 7.460 27.879
48 Domanig 7.427 11.950 7.500 26.877
49 Saphane 2.298 12.338 7.230 21.866
50 Hisarcik 4.425 5.175 6.745 16.345

51 Dumlupinar 2.351 6.000 4.270 12.621

52 Pazarlar 2.827 3.757 4.725 11.309

53 Kiziléren 2.272 4.572 850 7.694

Kaynak: (TUiK, 2012)




Ek 5 TR33 BOLGESI TARLA URUNLERI 2011 YILI HASAT EDiLEN HEKTAR

SIRA | ilgeler HASAT EDIiLEN HEKTAR | SIRA ilceler HASAT EDIiLEN HEKTAR
1 Emirdag 80.917 28 Emet 15.701
2 Kiutahya Merkez 63.313 29 Cavdarhisar 15.368
3 Usak Merkez 56.139 30 Aslanapa 14.783
4 Sandikli 46.075 31 Soma 12.602
5 Dinar 43.142 32 Alasehir 12.320
6 Simav 39.217 33 Sultandadi 12.299
7 Afyonkarahisar Merkez 38.160 34 Turgutlu 10.504
8 Salihli 37.984 35 Karahalli 9.675
9 Esme 37.080 36 Kirkagag 9.612
10 Banaz 36.382 37 Evciler 8.914
11 Akhisar 34.427 38 Dazkir 8.662
12 Gediz 33.291 39 Cobanlar 8.518
13 Tavsanh 31.717 40 Hisarcik 8.420
14 Selendi 29.934 41 Sarigol 7.706
15 Kula 28.508 42 Domanig 7.659
16 ihsaniye 28.406 43 Iscehisar 7.455
17 Ulubey 25.926 44 Dumlupinar 6.951
18 Demirci 25.778 45 Képriibasi 6.863
19 Cay 24.695 46 Hocalar 5.974
20 Gordes 24.357 47 Basmakagl 5.780
21 Manisa Merkez 22.650 48 Bayat 5.541
22 Sinanpasa 22.335 49 Kiziléren 5.369
23 Altintas 21.651 50 Gdélmarmara 4.481
24 Suhut 21.542 51 Saphane 4.217
25 Bolvadin 21.209 52 Pazarlar 2.482
26 Sivash 19.646 53 Ahmetli 2.086
27 Saruhanl 18.826 TOPLAM 1.133.247
Kaynak: (TUiK, 2012)

Ek 6 T.C. ORMAN VE SU ISLERI BAKANLIGININ TR33 BOLGESINDE YER ALAN iDARI YAPISI

Bolge Miidiirligii | isletme Miidiirliigii | isletme Sefligi Bolge Miidiirligii | Isletme Midiirligi ;se'ﬁf;‘:e
Alagdz Akhisar
. Deregarsamba Baslamis
Domanig Domanig Goktepe
Gilrgenyayla . Goélmarmara
Cavdarhisar Akhisar Kavakalan
Dedirmisaz Kirkagag
Egrigbzdagi Soma
Emet Emet Zeytinliova
Hisarcik Demirci
Orencik Bagalan
Tetik Demirci Borlu
Cukuroren Kula
Gediz Akpinar
Gediz Karadonf Selendi
Muratdagi - Golseki
Izmir -
Saphane . Sahinkaya
- Gordes = -
Yesilcay Glnegli
Altintas Gordes
. Aslanapa Adala
Katahya Cogurler Ahmeti
. Dumlupinar Alasehir
Kitahya Kitahya Manisa
Oren Osmancali
Sabuncupinar Manisa Salihli
Baskomutanlik Milli Parki Saricam
Aksaz Sarigol
Alaségut Saruhanli
Kinik Turgutlu
Simav Kigir UIuderbvent
Korucuk Yuntdag
Nasa Afyonkarahisar
Simav Cay
Sogut . Emirdag
Alabarda Eskisehir Afyonkarahisar Hocalar
Balikdy Sandikli
Tavsanh Tavsanl Sinanpasa
Tungbilek Dinar Dinar
Yaylacik
Banaz
Camsu
Catak
Esme
Denizli Usak Gilre
Pasacik
Sivasli
Ulubey
Usak

23



\Bepuelng

Bepunug

ming

JURGOD  awsal

IWSYRITAUDA Y
wipeAog

ITSEIS]

eheg
shuesy]

yewseg

[FEE]
DAY
aeug
URIOY
Hiseey
! Asgnin
pues
neeng
TR{EIOH
TANEDY YOS
mueg
eswduRurg
Jeusdnpwng
dtuered
npag
aunydes
SEILHIY
pdouesy | JESIRRARD AT
g
Zans eAYEINY
HUESAR]
WUBLLIO

jobues

Lk

Pudas

ST |

ARWIS

sjygoneyy

npndung,
ey
unes

TIRIN

IRLLIRWIOD U
|seqrudoy
lueynies
(=]
IR
seBesiy
s

I¥313571 1S39109 €€ £ 3

24



cuMm
S,
Zaftel qu"
* *
Kalkinma Ajansi -
Development Agency ’-%, g

ma g™



GUNES ENERJIisi
Giris

insanoglu var oldugundan bu yana enerji kaynaklarini direkt veya dolayh olarak tiketmektedir. Ozellikle
cevremizdeki sosyal ve fiziksel slireclerin hizi dikkate alindiginda, tiketilen enerji miktarinin ve hizinin da
katlanarak arttidi ifade edilebilir. Bu olguyu, somutlastirmak icin otuz tg¢ bin milyon ton kémirden elde
edilen enerjiye ‘Q’ diyelim. 1850'ye dek her ylzyilda yarim Q’dan az enerji tliketiliyordu. 1850’den sonra
bu oran her ylzyilda bir Q’luk tiketime ulasmistir. Ginimiuizde ise bu oran her ylzyil igin on Q'dur. Bunun
anlami, iki bin yil boyunca insanoglunun tikettigi enerjinin yarisinin son yizyilda tiketilmis oldugudur
(Toffler, 2006). Yasadigimiz ylzyilda tlketilen enerji kaynaklarinin % 90’nina yakini kémdir, petrol,
dodalgaz vb. gibi fosil kaynaklardir. Bu kaynaklarin rezervlerinin sinirl olusu, zararlari, maliyeti, disa
bagimliligin artmasi, ekolojik denge gibi nedenler géz Oniine alindiginda, alternatif olarak yenilenebilir
temiz enerji kaynaklarinin kullanimi ile ilgili galismalar ve s6z konusu kaynaklarin kullanimi hizla
artmaktadir.

Sanayi devriminden bu yana, dinya nifusundaki artis ve buna bagli olarak enerji ihtiyacindaki yikselis,
alternatif yakitlara daha fazla 6nem verilmesine ve buna bagli olarak daha fazla zaman ve para
harcanmasina neden olmaktadir. Var olan fosil yakit kaynaklarinin ortalama 100 yillik bir 6mri kaldigi ve
enerji Uretimi sirasinda da silftir, azot oksitler gibi bazi zararl kimyasallari Greterek cevreye verdigi
zararda dislintldiginde, verilen Onemin artmasinin normal oldudu goérilmektedir. Bu kapsamda
alternatif enerji kaynaklarindan, ginesle termal 1sitma, giines pilleri ve yakit pilleri sahip oldugu pek cok
olumlu 6zellik ile 6n plana gikmaktadir. GUines yeryuziinde tiketilen toplam enerjiden 10 000 kez daha
fazla enerjiyi yeryliziine yollayan cgevre dostu bir enerji kaynagidir. Son yillarda glines teknolojilerindeki
gelisim ve bunlarin verimlerindeki artis, gines enerjisi kullanimini daha ekonomik hale getirmektedir
(Kadirgan, 2007).

2.1.Giines Enerjisi Kullaniminin Tarihi Geligsimi

insanoglu bilinen yazili kayitlara gére M.O. 7. yizyildan giinimiize giines enerjisini kullanmaktadir.
GUnUmuzde evlerde elektrik Gretim amach kullanimdan arabalara kadar genis bir yelpazede glines enerjisi
kullanmaktadir. ilk olarak M.O. 7. ylizyilda, giines isinlar odaklanarak ates yakilmasinda kullaniimistir.
M.0O. 212 yilinda Yunanli Arsimed, glines isinlarinin yansimasini kullanarak Syracuse'yi isgale calisan tahta
gemileri yakmigtir. M.S. 1. ylzyil ve 4. ylzyil arasinda Romalilara ait buyik hamamlarda, gtinesi etkin bir
sekilde kullanan hamamin yizi glineye dénik sekilde yapilarak glines enerjisinden faydalaniimistir. M.S.
sonra 1200l yillarda, Pueblo’nun atalari olan ve Anasazi olarak bilinen Kuzey Amerika’da yasayan bir
halk glinesten yararlanma amaciyla kayaliklara 6zel bir yerlesim kurmuslardir. Eski sehirler, genellikle
glinesten maksimum faydalanabilmek icin ana cephelerini giineye dogru kurmuslardir. Onemli teknolojik
dedismelerin yasandidi sanayi devrimine kadar insanogdlu glines enerjisinden yararlanabilmeyi basarmistir.
Sanayi devriminden sonra, glines kollektorleri, ganak sistemi, verimli fotovoltaik hlicreler gelistiriimesi gibi
onemli gelismeler, glines enerjisi teknolojilerinin gelismesini saglamistir. Glinimizde ise fotovoltaik panel
sistemleri, yogunlastirilmis fotovoltaik sistemler ve glines termik santralleri gibi pek cok yéntem
gelistirilmis ve uygulamaya gegirilmistir (Guglter, 2010).

2.2.Giines Enerjisi ve Teknolojileri

Glnes enerjisi, glinesin cekirdedinde yer alan flizyon sireci ile agida gikan isima enerjisidir, glinesteki
hidrojen gazinin helyuma doénlismesi seklindeki flizyon silirecinden kaynaklanir. Dlinya atmosferinin
disinda gilines enerjisinin siddeti, asadl yukari sabit ve 1370 W/m2 dederindedir, ancak yerylziinde 0-
1100 W/m? dederleri arasinda degisim gésterir. Bu enerjinin diinyaya gelen kiiglik bir bslimi dahi,
insanhdin mevcut enerji tiketiminden kat kat fazladir. Glnes enerjisinden yararlanma konusundaki
calismalar 6zellikle 1970'lerden sonra hiz kazanmis, giines enerijisi sistemleri teknolojik olarak ilerleme ve
maliyet bakimindan diisme goOstermis, cevresel olarak temiz bir enerji kaynadi olarak kendini kabul
ettirmistir. Dinya ile Glnes arasindaki mesafe 150 milyon km'dir. Dinya'ya glinesten gelen enerji,
Dinya'da bir yilda kullanilan enerjinin 20 bin katidir. Glines isiniminin tamami yerylzeyine ulasmaz, %30
kadari dinya atmosferi tarafindan geriye yansitiir. Glnes isiniminin %50'si atmosferi gegerek dlinya
ylizeyine ulasir. Bu enerji ile Dlnya'nin sicakhgi ylkselir ve yeryliziinde yasam mimkin olur. Rizgar
hareketlerine ve okyanus dalgalanmalarina da bu isinma neden olur. Yerylizeyine gelen glnes isiniminin
%1'den azi bitkiler tarafindan fotosentez olayinda kullanilir. Bitkiler, fotosentez sirasinda gines isigiyla
birlikte karbondioksit ve su kullanarak, oksijen ve seker Uretirler. Fotosentez, yerylziinde bitkisel yasamin
kaynadidir. Diinya'ya gelen bitliin glines Isinimi, sonunda Islya donlsir ve uzaya geri verilir (YEGM,
2012a).
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Glnes enerjisi uygulamalari; sicak su Uretimi, bitkisel Griinlerin sogutulmasi ve kurutulmasi, pisirilmesi,
deniz suyunun damitilmasi, elektrik Uretimi, hacim isitilmasi ve sodutulmasi, sulama suyunun
pompalanmasi, endustriyel islem isisi Uretme, fotokimyasal ve fotosentetik gevrimlerin gerceklestirilmesi
olarak siralanabilir. Glunes enerjisinin avantajlari; yakit masrafi olmadigindan isletme maliyetinin disuk
olmasi, proses Isisinin istenilen sicaklikta dogrudan elde edilmesi, enerji kaynaginin tikenmez olusu ve en
Onemlisi cevreyi kirletmemesi olarak sayilabilir. Dezavantajlari ise, genis kullanim alanlarina ihtiyag
duyulmasi, kullanilabilir enerjileri dontstiirme teknolojisinin henliz tam olarak yayginlasmamasi, ilk
yatirim maliyetinin ylksek olmasi ve gelen enerjinin kesikli ve dedisken olmasi olarak siralanabilir. Bu
dezavantajlarin ortadan kaldirilmasi igin gerekli teknolojiler Gizerinde bilimsel calismalar devam etmektedir
(Dinya'da ve Tirkiye'de Gines Enerjisi, 2009).

Glines enerjisi temel olarak elektrik enerjisi Gretiminde kullanilmaktadir. GinimUizde glines enerjisinden
elektrik Gretmek amaciyla bir ¢ok yontem gelistirilmistir. Bu temel y6ntemler, asadidaki diyagramda
gosterildigi Gzere (Sekil 2.1), PV, CVP ve CSP olmak lzere Ui¢ grupta toplanabilirler (Giglter, 2010):

Sekil 2.1. Giines Enerjisinden Elektrik Uretimi igin Uygulanan Yontemler

Glnes Enerjisinden
Elektirik Uretimi

PV CPV CSP
Fotovoltaik Glines Yogunlastiriimig Yogunlastiriimig
Panelleri Fotovoltaik Glnes Termik Santrali

Ada PV Sistemleri Parabolik Oluk

Sebekeye Bagli Canak Siscemi
Sistemler

Glines Kulesi

Fresnel Sistemi

Glnes enerjisi teknolojileri ydntem, malzeme ve teknolojik dizey agisindan c¢ok cesitlilik géstermekle
birlikte iki ana gruba ayrnlabilir (YEGM, 2012a). Bunlar; fotovoltaik glines teknolojisi ve isil gines
teknolojileridir. Fotovoltaik glines teknolojisi, fotovoltaik hilicreler denen yari-iletken malzemeler giines
1Isigini dogrudan elektrige cevirirler. Isil glines teknolojileri ise, Bu sistemlerde oncelikle glines
enerjisinden 1si elde edilir. Bu i1si dogrudan kullanilabilecedi gibi elektrik tGretiminde de kullanilabilir (YEGM,
2012a).

2.2.1.1s1l Giines Teknolojileri

Isil Glnes Teknolojileri, dustik sicaklik sistemleri ve yodunlastirici sistemler olmak (zere ikiye
ayrilmaktadir.

i) Disiik Sicaklik Sistemleri: DuUslUk sicaklik sistemlerinde gines teknolojileri; dlzlemsel glnes
kollektorleri, vakumlu glnes kollektérleri, giines havuzlari, glines bacalari, su aritma sistemleri, glines
mimarisi, Urlin kurutma ve seralar, gunes ocaklari olarak siralanabilir. Dlzlemsel Glines Kollektérleri,
Glnes enerjisini toplayan ve bir akiskana 1si olarak aktaran gesitli tir ve bigimlerdeki aygitlardir. En
¢ok evlerde sicak su 1sitma amaciyla kullanilmaktadir. Ulastiklari sicaklik 70°C civarindadir (YEGM,
2012b).

ii) Yogunlastirici Sistemler: Glnes enerjisi uygulamalarinda dizlemsel glines kollektér sistemlerinin
yani sira daha ylksek sicakliklara ulasmak icin yodunlastirici kollektor sistemleri kullanilmaktadir.
Yodunlastirici  sistemler; parabolik oluk kollektérler, parabolik canak sistemler ve merkez alic
sistemlerden olusmaktadir. Parabolik oluk kollektérler, dogrusal yogunlastirici termal sistemlerin en
yayginidir. Bu sistemler yogunlastirma yaptiklari igin daha ytksek sicaklida ulasabilirler. (350- 400°C)
Dogrusal yodunlastirici termal sistemler ticari ortama girmis olup, bu sistemlerin en blyik ve en
taninmis olani 354 MW gliclindeki simdiki Kramer&Junction eski Luz International santralidir. Parabolik
canak sistemler, iki eksende glinesi takip ederek, sirekli olarak glinesi odaklama bdlgesine
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yogunlastirirlar. Canak-Stirling bilesimiyle gines enerjisinin elektrige donustlrilmesinde % 30
civarinda verim elde edilmistir. Merkezi alici sistemlerde 1si, aktarim akiskani olarak hava da
kullanilabilir, bu durumda sicaklik 800°C 'ye cikar. Bu sistemlerin kapasite ve sicakliklari, sanayi ile
kiyaslanabilir dizeyde olup Ar-Ge galismalari devam etmektedir (YEGM, 2012b).

2.2.2.Giines Pilleri (Fotovoltaik Giines Teknolojisi)

Glnes hucreleri (fotovoltaik hicreler), ylzeylerine gelen glines isigini dogrudan elektrik enerjisine
dontstlren yari iletken maddelerdir. Glines enerijisi, glines hiicresinin yapisina bagh olarak % 5 ile % 20
arasinda bir verimle elektrik enerjisine gevrilebilir. Glines pilleri, elektrik enerjisinin gerekli oldugu her
uygulamada kullanilabilir. Bu sistemler, 6zellikle yerlesim yerlerinden uzak, elektrik sebekesi olmayan
yorelerde, jeneratore yakit tasimanin zor ve pahali oldugu durumlarda kullanilirlar. Bunun disinda dizel
jeneratorler ya da baska gug sistemleri ile birlikte karma olarak kullaniimalari da mimkUindir. Gines pili
sistemlerinin sebekeden badimsiz olarak kullanildigi tipik uygulama alanlari; haberlesme istasyonlari,
kirsal radyo, telsiz ve telefon sistemleri, petrol boru hatlarinin katodik korumasi, metal yapilarin (kopritler,
kuleler vb) korozyondan korumasi, elektrik ve su dagitim sistemlerinde yapilan telemetrik dlglimler, hava
g6zlem istasyonlari, bina ici ya da disi aydinlatma, ,dadevleri ya da yerlesim yerlerinden uzaktaki evlerde
TV, radyo, buzdolabi gibi elektrikli aygitlarin galistirimasi, tarimsal sulama ya da ev kullanimi amaciyla su
pompajl, orman gdzetleme kuleleri, deniz fenerleri, ilkyardim, alarm ve glvenlik sistemleri, deprem ve
hava gbzlem istasyonlari olarak belirtilebilir (YEGM, 2012c).

2.3.Diinyadaki Giines Enerjisi Potansiyeli ve Giines Enerijisi ile Ilgili Gelismeler

Dinya’nin ana enerji kaynadi glinestir. Dinyaya bir ginde glinesten gelen enerji miktari, glnlik
tiketimin yaklasik 15.000 katidir. Dinya atmosferinin disinda glines enerjisi, glinesin goruldidu her
metrekarede 1.367 Watt'dir. Dlnyanin doénlsinden gines yoéringesinin asimetrik olusundan ve
atmosferin yapisindan dolay! bu buylk miktardaki enerji yeryilzine ulasamamaktadir. Glines enerjisinin
bir bdélgedeki miktar ve kalitesi oraya yapilacak gines enerjisi sistemleri igin blyidk édnem tasimaktadir.
Son 10 yilda, diinyada gunes elektrik enerjisi kapasite artisi yaklasik % 1000 olarak gergeklesmistir. 2007
yilinda, glnes enerjisi ile birlikte yenilenebilir enerji kapasitesini arttirmaya, santral insasina, arastirma ve
gelistirmeye dinya cgapinda 100 milyar ABD dolarindan fazla bir para harcanmistir. Bu gok énemli bir
doénim noktasidir. Yenilenebilir enerji Uretim kapasitesi 2007 yilinda dinyada yaklasik 240 GW'a
yukselmistir. Bu, 2004’e gére % 50’lik bir artis demektir. 2007 itibariyle yenilenebilir enerji kaynaklari
kiresel enerji kapasitesinin % 5’ine ve kiiresel enerji tUretiminin % 3,4'Une karsilik gelmektedir (Kendi
basina kiresel enerji tretiminin % 15’ini karsilayan blyUlk hidroelektrik santrallar bu rakamin disindadir)
(Diinya'da ve Tirkiye'de Gunes Enerjisi, 2009).

Dinyadaki en hizh bliydyen enerji teknolojisi 2006 ve 2007 yillarinda toplam kurulu giicte yillik % 50’den
fazla artarak tahmini 7,7 GW'a ulasan sebekeye badh glines fotovoltaik (glnes pili) teknolojisidir. Bu,
diinya capinda 1,5 milyon evin cati glines pilleri ile sebekeye enerji verdidi anlamina gelmektedir. 2009
yih dinya gilines fotovoltaik enerjisi kapasitesinin 12 GW ‘I asacadl tahmin edilmektedir. Cati glines Isi
kolektorleri diinyada 50 milyon eve sicak su ve giderek artan sayida eve de isitma saglamaktadir. Var
olan glnes sicak su/isitma kapasitesi 2006’da % 19 artarak dinya gapinda 105 gigawatt-termal (GWth)
glice ulasmistir. Ayrica dinyada 2,5 milyon evde gilnes aydinlatma sistemleri kullanildigi
distnldlmektedir. Diunyadaki gines kaynakli sicak su kapasitesinin % 70‘inden fazlasi gelismekte olan
Ulkelerdedir (Dlnya'da ve Tirkiye'de Glines Enerjisi, 2009).

2.4.Tiirkiye'de Giines Enerjisi Potansiyeli

Tiarkiye, glines enerjisi potansiyeli ve bu potansiyelin bélgelere dagdihmi yoninden, glnes enerjisi
uygulamalarina uygun bir Ulke sayilabilir. Topografyanin, yerlesim yerlerinin vb. alanlarin dagilimi ve
ulasim gibi kisitlayici faktorlerin, bu alanlarin ancak % 1’inin kullanilmasina imkan sadlayacadi kabul
edildiginde, Turkiye icin giines enerijisi gercek kullanma alani 7,8 milyon m? olmaktadir. Bununla beraber
Tirkiye’nin tim yiizeyine bir yilda diisen giines enerjisi 975x10'? kWh kadardir. Diger bir deyisle, glines
Tirkiye icin 376 TW (1TW=10° MW) giic kaynagdi demektir. Bu deder kurulu elektrik santrallerimizin 7.880
katina esittir (Dinya'da ve Tlrkiye'de Glines Enerjisi, 2009).

Ulkemiz giines kusagl icerisinde yer almakta olup, giines enerjisi kullanimi agisindan énemli bir
potansiyele sahiptir. Ulkemizde giines enerijisi potansiyeli Avrupa’da Ispanya hari¢ tim Ulkelerden daha
fazladir (Keskin, 2011). Tlrkiye'de elektrik Gretimi icim kullanilabilecek blylk bir enerji potansiyeli
olmasina karsilik, bu potansiyelden daha ziyade diiz plakali glines kollektérleri kullaniimasi suretiyle
meskenlerde sicak su dretimi igin faydalaniimaktadir (Cevre Teknolojileri ve Yenilenebilir Enerji Raporu,
2010). Halen ilkemizde giines kollektéri, yillik Gretim miktari yaklasik 750 bin m? ‘dir. Giines enerjisi Is

28



yilhik Gretimi yaklasik 420 bin TEP civarindadir. Bu haliyle Ulkemiz dinyada kayda deder bir glines
kolektdrii Ureticisi ve kullanicisi durumundadir. Ulkemiz giines pilleri-fotovoltaik sistemler agisindan
dederlendirildiginde, cogunlugu Orman Bakanhgi Orman Gozetleme Kuleleri, Tlirk Telekom, deniz fenerleri
ve otoyol aydinlatmasinda, Elektrik isleri Etiit idaresi Genel Mudirligi ve bazi Giniversitelerimizde kiigik
glgclerin karsilanmasi ve arastirma amacl kullaniimaktadir. Bu nedenle kayda deder glines pili kurulu
glcimiz bulunmamaktadir. Avrupa Toplulugu bu teknolojinin 6nde giden kurulus lideridir. Clnki
arastirma ve gelistirmede aktif rol almiglardir. Tarkiye'nin bu Ulkeleri izlemesi, teknolojiyi 6zimlemesi ve
hizla glines enerjisi uygulamalarini baslatmasi gerekmektedir. Cinku tlkemiz konumu itibariyle Avrupa
Ulkelerine gére glines enerjisi bakimindan ¢ok daha zengindir (Dlinya'da ve Turkiye'de Glines Enerjisi,
2009).

Ulkemizde giines enerjisine dayali yatirim yapilabilecek alanlar ve bu alanlara ait giines kaynak bilgilerinin
saglikli bir bicimde belirlenmesi ve kullanicilara sunulmasi amaciyla, Elektrik isleri Etit idaresi Genel
Mudarlagu  (EIE) tarafindan glines enerjisine dayall elektrik ve 1si enerjisi Uretim imkanlarinin
belirlenmesine yonelik Tirkiye Glines Enerjisi Potansiyeli Atlasi (GEPA) gelistirilmistir (GEPA, 2010).
Asadidaki haritada ilkemizin glines enerjisi potansiyeli gosterilmektedir.

Sekil 2.2: Tiirkiye Giines Enerjisi Potansiyeli

Toplam Giines
Radyasyonu

KWhim™yil

B 1400- 1450
B 1450- 1500
[] 1500-1550
] 1550 - 1600
[] 1600 - 1650
B 1650 - 1700
Bl 1700-1750
B 170 - 150
Bl 100 - 200

Kaynak: Tirkiye Giines Enerjisi Potansiyeli Atlasi, 2010

Turkiye GlUnes Enerjisi Potansiyel Atlasi verilerine gore Tilrkiye'nin gineslenme slireleri ve toplam glines
radyasyonu dederleri Tablo 2.1’de verilmektedir. Tabloya gore, Turkiye'nin yillik ortalama toplam
glineslenme slresi 2766 saat (glinlik toplam 7,58 saat), yillik toplam gines radyasyon dederinin ise
(ortalama toplam i1sinim siddeti) 1521 kWh/m?-yil (ginliik toplam 4,17 kWh/m?) oldugu tespit edilmistir.
Tablodan, Tirkiye genelinde maksimum glineslenmenin Temmuz ayinda, minumum glineslenmenin ise
Aralik ayinda oldugu goérilmektedir.

TABLO 2.1: Tiirkiye'nin Toplam Global Radyasyon Degerleri ve Giineslenme Siireleri

AYLAR Glneslenme Siiresi Toplam Glnes Radyasyon Dederleri
Saat/Gin* Saat/Ay kWh/m? -giin** | kWh/m? -ay

OCAK 4,15 128,65 1,79 55,49

SUBAT 5,33 149,24 2,46 68,88

MART 6,28 194,68 3,86 119,66

NiSAN 7,50 225,00 4,93 147,90

MAYIS 9,22 285,82 6,10 189,10

HAZIRAN 10,97 329,10 6,55 196,50

TEMMUZ 11,44 354,64 6,46 200,26

AGUSTOS 10,79 334,49 5,79 179,49

EYLUL 9,28 278,40 4,79 143,70

EKIM 6,89 213,59 3,46 107,26

KASIM 5,17 155,10 2,14 64,20

ARALIK 3,80 117,80 1,59 49,29

TOPLAM 2766 saat/yil 1521 kWh/m?-yil

ORTALAMA 7,58 saat/gin 4,17 kWh/m?-giin

* Ay igerisindeki bir glinlik toplam glineslenme siresi

**Ay icerisindeki bir glinliik toplam gilines radyasyonu

***Calismada tarafimizca hesaplanan degerler, GEPA (2010) verilerine dayanilarak yapilmistir.

Kaynak: Tirkiye Glnes Enerjisi Potansiyel Atlasi (GEPA, 2010)
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Tablo 2.2, glines enerjisi potansiyeli ve gineslenme dederlerinin kalkinma ajanslari bolgelerine gore
dagihmini 6zetlemektedir. Tirkiye'nin en gok gilines enerjisi alan kalkinma bdlgesi TR 52 Bodlgesi olup,
bunu TR B2 bdlgesi takip etmektedir. Glineslenme slresi agisindan en zengin bdlge yilda 3002 saat ile TR
32 Bolgesi‘dir. TR 90 Bolgesi 2206 saat ile glineslenme siiresi agisindan en distk dedere sahiptir.
Glnes enerjisi elektrik Uretim santrallerinin yatirnrma uygun sahalarin tespitinde genel bir ifade ile belirli
kriterlerin mevcut oldugu belirtilebilir. Bu sahalarin belirlenme asamasinda dikkate alinan faktorler
asag|dak| gibi siralanabilir (Dlinya'da ve Turkiye'de Glnes Enerjisi, 2009):
Orman arazisi olmayan alanlar,
- Kuru, sulu veya dikili nitelikte tarim arazisi olmayan alanlar,
- Gol veya benzeri nitelikte, yatirnma elverisli olmayan su alanlari,
- Yerlesim alani olmayan alanlar,
- Ortalama arazi egimi 5 dereceden kiicik alanlar,
- 11 yillik ortalama toplam giines radyasyonu potansiyeli dederi sabit ve yatay konumdaki bir ylzey
icin en az 1.600 MWh/m?-Yil olan alanlar,
- lligili kanunlarinca koruma altina alinmig bir alan olmayan alanlar, (Dogal ve Arkeolojik Sit Alani,
Milli Parklar v.b.)
- Hava ve deniz limani arazisi olmayan alanlar,
- 1-3 derece ana fay hatti Gzerinde bulunmayan alanlar.

TABLO 2.2: Tiirkiye'nin Yillik Toplam Giines Enerjisi Potansiyelinin Kalkinma Ajanslari Bolgelerine
Gore Dagilimi*

= Bolge Toplam Radyasyon Toplam Radyasyon Gune__slen_me Gune__slen_me
BOLGE Kodu Degeri (kWh/m?-yil) | Degeri (kWh/m?-giin) Suresi suresi
(Saat/yi) (Saat/gin)

MEVKA TR 52 1662 4,55 2957 8,10
DAKA TR B2 1640 4,49 2988 8,19
BAKA TR 61 1633 4,47 2942 8,06
FKA TR B1 1617 4,43 2751 7,54
DIKA TR C3 1616 4,43 2932 8,03
CKA TR 62 1612 4,42 2988 8,19
KARACADAGKA TR C2 1609 4,41 2971 8,14
IKA TR C1 1607 4,40 2976 8,15
GEKA TR 32 1607 4,40 3002 8,22
DOGAKA TR 63 1587 4,35 2948 8,08
AHIKA TR 71 1571 4,30 2819 7,72
KUDAKA TR Al 1569 4,30 2512 6,88
ORAN TR 72 1567 4,29 2730 7,48
ZAFERKA TR 33 1543 4,23 2727 7,47
SERKA TR A2 1539 4,22 2742 7,51
izKA TR 31 1516 4,15 2988 8,19
ANKARAKA TR 51 1495 4,10 2617 7,17
BEBKA TR 41 1448 3,97 2476 6,78
DOKA TR 90 1444 3,96 2206 6,04
OKA TR 83 1418 3,89 2433 6,67
GMKA TR 22 1414 3,87 2752 7,54
KUZKA TR 82 1410 3,86 2424 6,64
MARKA TR 42 1377 3,77 2387 6,54
BAKKA TR 81 1353 3,71 2391 6,55
TRAKYAKA TR 21 1343 3,68 2649 7,26
ISTKA TR 10 1332 3,65 2449 6,71
*Bolge degerlerinin hesaplanmasinda, il dederlerinin ortalamasi esas alinmistir.
Kaynak: Tirkiye Glines Enerjisi Potansiyel Atlasi (GEPA, 2010)

Yukaridaki faktérler ve calismada &6zetlenen genel ya da bdlgesel mevcut veriler g6z 6nine alinirsa,
Turkiye'nin glnes enerjisinden elektrik Uretimi ile elektrik enerjisi ihtiyacini uzun yillar karsilayabilecek
blylik ve 6nemli bir potansiyele sahip oldudgu ifade edilebilir. Bununla birlikte, glines enerijisi kullanimi isil
enerji kullanimi acgisindan dederlendirildiginde, Tirkiye'nin %17'sini kapsayan bdéliminde giinesli su
Isiticilarinin yil boyunca tam kapasite ile galistidi, % 63’ (inU kapsayan bdlimde yil boyunca galisma oranin
% 90 oldugu ve ulkenin % 94'Gnlu kapsayan boélimindeki calisma oranin % 80 oldudgu sonucuna
varilmistir (Dinya'da ve Tirkiye'de Gines Enerjisi, 2009). Buradan yola gikarak da, Tlrkiye'nin her tirll
glines enerjisi uygulamalarin misait bir llke oldudu ifade edilebilir.
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2.5.TR33 Bolgesinde Giines Enerjisi Potansiyeli

Elektrik isleri Etit Idaresi (EIE) tarafindan hazirlanmis olan Tirkiye Giines Enerjisi Potansiyel Atlasi
(GEPA) verilerine, TR33 bélge illerindeki yillik ortalama giines enerjisi toplam radyasyon dederi m? basina
Afyonkarahisar icin 1584 kWh, Usak icin 1566 kWh, Kitahya icin 1513 kWh ve Manisa icin 1508 kWh
olarak hesaplanmistir. Afyonkarahisar ve Usak illerindeki toplam radyasyon dederlerinin, Turkiye
ortalamasinin Uzerinde oldugu disinilldiginde boélgenin potansiyelinin oldukga iyi oldugu ifade edilebilir.
Glnes termik santrali kurulabilir alanlar TR33 Boélgesi'nde Afyonkarahisar ilinde mevcut olup yilhk
glineslenme siiresi ve yillik radyasyon dederleri ile Tlrkiye ortalamasinin Ustlinde bulunmaktadir. Tlrkiye
ortalamasinin altinda olan diger illerdeki toplam radyasyon dederleri Avrupa ile karsilastirildidinda ylksek
bir dedere sahiptir. Avrupa’da ki gines enerjisi kullanimi ve teknolojilerinin ileri seviyede oldugu
distnildigiande, bolge potansiyelinin 6nemli oldugu belirtilebilir.

TABLO 2.3: TR33 Bolgesi Giines Enerji Potansiyeli*

= Toplam Radyasyon Toplam Radyasyon Gung_slen_me Gune__slen_me
BOLGE Degeri (kWh/m?2-yil) | Degeri (kWh/m2-giin) Suresi Suresi
(Saat/yiD) (Saat/glin)
TURKIYE 1521 4,17 2766 7,58
ZAFERKA (TR33) 1543 4,23 2727 7,47
AFYONKARAHISAR 1584 4,34 2708 7,42
USAK 1566 4,29 2793 7,65
KUTAHYA 1513 4,14 2560 7,01
MANISA 1508 4,13 2845 7,79
*Bolge dederinin hesaplanmasinda, il dederlerinin ortalamasi esas alinmistir.
Kaynak: Tirkiye Glnes Enerjisi Potansiyel Atlasi (GEPA, 2010)

2.5.1.Afyonkarahisar Ili ve Ilceleri Giines Enerjisi Potansiyeli

Afyonkarahisar yillik yaklasik 1584 kWh/m?lik giines radyasyonu degeriyle, hem bdlge ortalamasinin hem
de Tirkiye ortalamasinin lzerinde olmasi suretiyle, énemli bir potansiyele sahiptir. Asagidaki tabloda
Afyonkarahisar ili ve ilgelerinin toplam glines enerji potansiyelleri ve glneslenme sireleri 6zetlenmistir.
Sekil 2.3 ve Sekil 2.4 ise ilin toplam radyasyon potansiyeli ve bdélgedeki kullanilamaz alanlari
gostermektedir. Tablo ve sekillerden de anlasilacagi lzere Afyonkarahisar ili ve ilgelerinin toplam giines
enerji potansiyeli bélgedeki en fazla degerlere sahiptir. Bélgenin tiim ilcelerinde toplam radyasyon degeri,
1521 kWh/m? olan Tirkiye ortalamasinin (zerindedir. Giines termik santrali kurulabilir alanlar
Afyonkarahisar ilinde mevcut olup yillik glineslenme siiresi ve yillik radyasyon dederleri ile Tirkiye
ortalamasinin stlinde bulunmaktadir. Nitekim Enerji ve Tabii Kaynaklar Bakanligi'nca; 8 Ocak 2011 tarih
ve 27809 sayili Resmi Gazete'de vyayinlanarak vyurirlige giren 6094 sayili “Yenilenebilir Enerji
Kaynaklarinin Elektrik Enerjisi Uretimi Amacl Kullanimina Iliskin Kanunda Degisiklik Yapilmasina Dair
Kanun”un 4 Uncl Maddesi geregi, 31/12/2013 tarihine kadar glines enerjisine dayal Uretim tesislerinin
baglanabilecedi trafo merkezleri ve baglanti kapasiteleri belirlenmis (11 Agustos 2011 tarih 28022 sayili
Resmi Gazete) ve Afyonkarahisar ili de bu listeye dahil edilmistir.

TABLO 2.4: Afyonkarahisar ili ve ilceleri Giines Enerji Potansiyeli*

= Toplam Radyasyon Toplam Radyasyon Degeri Gung_slen_me Glineglenme Siresi
BOLGE Degeri (KWh/m2oyil) (kWh/m>-giin) Suresi (Saat/giin)
(Saat/yil)

TURKIYE 1521 4,17 2766 7,58
ZAFERKA (TR33) 1543 4,23 2727 7,47
AFYONKARAHISAR 1584 4,34 2708 7,42
DAZKIRI 1599 4,38 2896 7,93
BASMAKCI 1593 4,36 2891 7,92
DINAR 1590 4,36 2821 7,73
EVCILER 1588 4,35 2888 7,91
KIZILOREN 1587 4,35 2792 7,65
SUHUT 1580 4,33 2737 7,50
SANDIKLI 1572 4,31 2733 7,49
HOCALAR 1571 4,31 2721 7,45
SULTANDAGI 1566 4,29 2776 7,61
CAY 1564 4,28 2684 7,35
BOLVADIN 1563 4,28 2697 7,39
SINANPASA 1560 4,27 2658 7,28
COBANLAR 1557 4,26 2972 8,14
MERKEZ 1555 4,26 2654 7,27
ISCEHISAR 1554 4,26 2612 7,16
BAYAT 1539 4,22 2598 7,12
IHSANIYE 1532 4,20 2552 6,99
EMIRDAG 1528 4,19 2654 7,27
*Bolge dederinin hesaplanmasinda, il degerlerinin ortalamasi esas alinmistir.

Kaynak: Tirkiye Gines Enerjisi Potansiyel Atlasi (GEPA, 2010)
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Sekil 2.3: Afyonkarahisar ili Giines Enerjisi Potansiyeli
& s

A

<&

o = AFYONKARAHISAR

\_,/\

i

\ | —— // Toplam Giines
{ / S Radyasyonu
T3 o KwWh/m?- yil

1400 - 1450
1450 - 1500
] 1500 - 1550
1550 - 1600
1600 - 1650
1650 - 1700
1700 - 1750
1750 - 1800
1800 = 2000

\‘u
| [ I

Sekil 2.4: Afyonkarahisar ili Kullanilmaz Alanlar Haritasi

* AFYON Toalam Rcmmyin
(KWhim*yl)

B 14001450
1450 . 1500
1500 - 1530
1550 - 1600
1600 - 1630
1650 - 1700
1700 - 1750
1750 - 1800
1800 - 1850
1850 - 1300
1900 - 1950

il

Kullanimaz

2.5.2.Kiitahya Ili ve Ilgeleri Giines Enerjisi Potansiyeli

Kitahya ili 1513 kWh/m? olan giines enerijisi toplam radyasyon degeri ile Tiirkiye ortalamasi ve bdlge
ortalamasina ¢ok yakin olmakla birlikte bu dederin altindadir. TR33 Bolgesi agisindan dederlendirildiginde
ise, Uglncl sirada yer almaktadir. Dumlupinar ve Altintas ilgeleri hem bdlge dedgerleri hem Tirkiye
ortalamasinin Uzerinde seyretmektedir. Tablo 2.5, Kiatahya ili ve ilgeleri gunes enerji potansiyelini
O0zetlemektedir. Sekil 2.5, Kltahya ilinin toplam radyasyon dederlerini, Sekil 2.6 ise Kiitahya ilinde giines
termik santrali kurulamaz alanlari gostermektedir.
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TABLO 2.5: Kiitahya ili ve ilceleri Giines Enerji Potansiyeli*

= Toplam Radyasyon Toplam Radyasyon Gune;_slen_me Gune:_s,len_me
BOLGE Degeri (kWh/m?2-yil) | Dederi (kWh/m2-giin) Suresi Suresi

(Saat/yiD) (Saat/gin)
TURKIYE 1521 4,17 2766 7,58
ZAFERKA (TR 33) 1543 4,23 2727 7,47
KUTAHYA 1513 4,14 2560 7,01
DUMLUPINAR 1544 4,23 2634 7,22
ALTINTAS 1523 4,17 2586 7,08
PAZARLAR 1519 4,16 2721 7,45
SAPHANE 1516 4,15 2678 7,34
GEDiz 1513 4,15 2667 7,31
ASLANAPA 1509 4,13 2583 7,08
CAVDARHISAR 1502 4,12 2572 7,05
MERKEZ 1494 4,09 2338 6,41
EMET 1488 4,08 2611 7,15
HISARCIK 1487 4,08 2655 7,27
SIMAV 1486 4,07 2670 7,32
TAVSANLI 1375 3,77 2589 7,09
DOMANIC 1363 3,73 2533 6,94

*Bolge dederinin hesaplanmasinda, il dederlerinin ortalamasi esas alinmistir.
Kaynak: Tirkiye Glnes Enerjisi Potansiyel Atlasi (GEPA, 2010)

Sekil 2.5: Kiitahya

4

* KUTAHYA

ili Giines Enerijisi Potansiyeli

Toplam Giines
Radyasyonu

KWh/m>~ yil

B 1400 - 1450
I 1450 - 1500
[] 1500 - 1550
[ 1550 - 1500
[ 1600 - 1550

> [ 1650 - 1700

B 1700 - 1750
Il 1750 - 1300
Il 1800 - 2000

Topdnm Rodyasyon
IkWhm )

R 1400 - 1450
1450 - 1500
1500 - 1550
1550 - 1600
1600 - 1650
1650 - 1700
1700 - 1750
1750 - 1800
1800 - 1850

1850 - 1900
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2.5.3.Manisa Ili ve Ilceleri Giines Enerjisi Potansiyeli

Manisa ili glines enerijisi toplam radyasyon dederi 1513 kWh/m?*dir. Sézkonusu deger Tiirkiye ortalamasi
olmakla birlikte bu degerin altindadir.
dederlendirildiginde ise, dordlinct sirada yer almaktadir. Sarigél ve Kula ilgeleri hem bdlge dederleri hem
Turkiye ortalamasinin Ulzerinde seyretmektedir. Tablo 2.6, Manisa ili ve ilgeleri giines enerji potansiyelini
Ozetlemektedir. Sekil 2.7, Manisa ilinin toplam radyasyon dederlerini, Sekil 2.8 ise Manisa ilinde gines

ve bdlge ortalamasina yakin

termik santrali kurulamaz alanlari gostermektedir.
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TABLO 2.6: Manisa ili ve ilceleri Giines Enerji Potansiyeli*

= Toplam Radyasyon Toplam Radyasyon Gune;_slen_me Gune:_s,len_me
BOLGE Degeri (kWh/m?2-yil) | Dederi (kWh/m2-giin) Suresi Suresi
(Saat/yiD) (Saat/gin)

TURKIYE 1521 4,17 2766 7,58
ZAFERKA (TR 33) 1543 4,23 2727 7,47
MANISA 1508 4,13 2845 7,79
SARIGOL 1528 4,19 2905 7,96
KULA 1522 4,17 2842 7,79
ALASEHIR 1514 4,15 2888 7,91
SELENDI 1513 4,14 2771 7,59
KOPRUBASI 1501 4,11 2858 7,83
SALIHLI 1501 4,11 2888 7,91
DEMIRCI 1500 4,11 2753 7,54
TURGUTLU 1499 4,11 2946 8,07
AHMETLI 1499 4,11 2929 8,02
GORDES 1493 4,09 2794 7,65
MERKEZ 1485 4,07 2947 8,07
GOLMARMARA 1485 4,07 2880 7,89
SARUHANLI 1477 4,05 2909 7,97
AKHISAR 1472 4,03 2827 7,75
KIRKAGAC 1449 3,97 2786 7,63
SOMA 1444 3,96 2791 7,65

*Bolge dederinin hesaplanmasinda, il dederlerinin ortalamasi esas alinmistir.
Kaynak: Tirkiye Glnes Enerjisi Potansiyel Atlasi (GEPA, 2010)

Sekil 2.7: Manisa ili Giines Enerjisi Potansiyeli

Toplam Giines
Radyasyonu

KWh/m®~ yil

B 1400 - 1450
B 1450 - 1500
[] 1500 - 1550
[ 1550 - 1600
[] 1600 - 1650
[ 1650 - 1700
B 1700 - 1750
B 1750 - 1800
Bl 1300 - 2000

TR33 Bodlgesi




Sekil 2.8: Manisa ili Kullanilmaz Alanlar Haritasi

+ MANISA

2.5.4.Usak ili ve Ilceleri Giines Enerjisi Potansiyeli

Toplam Radyasyon
(KWh/mfyl)

I 1400 - 1450

il

1450 - 1500
1500 - 1550
1550 - 1600
1600 - 1650
1650 - 1700
1700 - 1750
1750 - 1800
1800 - 1850
1850 - 1900
1900 - 1950

Kullamimaz
Alan

Usak yillik yaklasik 1566 kWh/m?lik glines radyasyonu dederiyle, hem bélge ortalamasinin hem de
Turkiye ortalamasinin zerinde olmasi suretiyle, 6nemli bir potansiyele sahiptir. Tablo 2.7'de Usak ili ve
ilcelerinin toplam giines enerji potansiyelleri ve giineslenme sireleri 6zetlenmistir. Sekil 2.9 ve Sekil 2.10

ise ilin toplam radyasyon potansiyeli ve bdlgedeki

kullanilamaz alanlari gdstermektedir. Tablo ve

sekillerden de anlasilacagi Uzere Usak ili ve ilgelerinin toplam glines enerji potansiyeli bdlgede genel
olarak ikinci sirada yer almaktadir. Bélgenin tiim ilgelerinde toplam radyasyon dederi, 1521 kWh/m? olan
Tarkiye ortalamasinin (zerindedir. Bu agidan degerlendirildiginde Giines enerjisi teknolojileri kullanimi
agisindan, Usak ilinin glines enerjisi potansiyeli, s6z konusu teknoloji yatirimlarina agik oldugu ifade

edilebilir.
TABLO 7: Usak ili ve ilceleri Giines Enerji Potansiyeli*
= Toplam Radyasyon Toplam Radyasyon Gune"§|en.me Gunejlslen.me
BOLGE Degeri (kWh/m?-yil) | Degeri (kWh/m?-giin) Suresi suresi
(Saat/yil) (Saat/glin)
TURKIYE 1521 4,17 2766 7,58
ZAFERKA (TR 33) 1543 4,23 2727 7,47
USAK 1566 4,29 2793 7,65
KARAHALLI 1556 4,26 2833 7,76
BANAZ 1550 4,25 2691 7,37
SIVASLI 1550 4,25 2771 7,59
ULUBEY 1547 4,24 2894 7,93
ESME 1541 4,22 2866 7,85
MERKEZ 1534 4,20 2763 7,57
*Bo6lge dederinin hesaplanmasinda, il degerlerinin ortalamasi esas alinmistir.
Kaynak: Tirkiye Gilines Enerjisi Potansiyel Atlasi (GEPA, 2010)
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Sekil 2.9: Usak ili Giines Enerjisi Potansiyeli
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Sekil 2.10: Usak ili Kullanilmaz Alanlar Haritasi

+ USAK
Taplam Radyasyen
(W}
B :00 - 1250

1450 - 150C

1550

}

1500 - 1550
1600
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i
1600 - 165(
1650 - 1700
1700 - 1750
1750 - 1800
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| Hausllanirma:
A

2.6.SONUGC

Glnes enerjisi teknolojilerinde ve 6zellikle fotovoltaik glines pili uygulamalarinda, diinyada ve Turkiye'de
Uretim ve yatinm sireciyle ilgili dnemli gelismeler yasanmaktadir. Tlrkiye’de ve TR33 Bdlgesi'nde
elektrik Gretimi icin kullanilabilir glines enerjisi potansiyeli oldukga iyi bir durumda olmasina karsin, gines
enerjisinden adirlikl olarak diiz plakal glines kollektérleri kullanilmak suretiyle yararlanilmaktadir. Benzer
sekilde fotovoltaik sistemlerinde sadece, otoyollarin aydinlatiimasinda, sinyalizasyon sistemlerinde, Cevre
ve Orman Bakanlii'na ait gozetleme kuleleri ve deniz fenerlerinde kullanildidi dislntldiginde, s6z
konusu teknolojiden de vyararlanilamadidi ifade edilebilir (Cevre Teknolojileri ve Yenilenebilir Enerji
Raporu, 2010). Genel olarak bu faktorler ele alindiginda Tirkiye'de ve TR33 Bolgesi'nde glines enerjisinin
elektrik dretimi icinde kullanilmasinin yayginlastiriilmasi énemli bir politika haline getirilerek bu konudaki
tesviklerin artiriilmasi gerekmektedir.

TR33 Boélgesi, cografi konumu nedeniyle sahip oldudu glines enerjisi potansiyeli agisindan birgok bodlgeye
gore sansh durumdadir. TR33 bélge illerindeki yillik ortalama giines enerjisi toplam radyasyon degeri m?
basina Afyonkarahisar icin 1584 kWh, Usak icin 1566 kWh, Kitahya igin 1513 kWh ve Manisa igin 1508
kWh olarak hesaplanmistir. Afyonkarahisar ve Usak illerindeki toplam radyasyon dederlerinin, Tlrkiye
ortalamasinin Gzerinde oldugu dustnildiginde bdlgenin potansiyelinin oldukga iyi oldugu ifade edilebilir.
Glnes termik santrali kurulabilir alanlar TR33 Boélgesi'nde Afyonkarahisar ilinde mevcut olup yilhk
glineslenme silresi ve yillik radyasyon dederleri ile Turkiye ortalamasinin Gstlinde bulunmaktadir. Tlrkiye
ortalamasinin altinda olan diger illerdeki toplam radyasyon dederleri Avrupa ile karsilastirildijinda ylksek
bir dedere sahiptir. Avrupa’da ki glnes enerjisi kullanimi ve teknolojilerinin ileri seviyede oldugu
distnilduginde, teknoloji verimliligi ve artisi ile bélge potansiyelinin 6nemli oldugu belirtilebilir.
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Sekil 2.11: TR33 Bdlgesi Giines Enerjisi Potansiyeli
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Sekil 2.11, TR33 Bdlgesi gunes enerjisi potansiyelini gostermektedir. Bdlge glines enerjisi teknolojileri
kullanimi acisindan dederlendirildiginde, sekilden de goruldigl lGzere ¢ 6nemli alt stratejik boélgeye
ayrilmis durumdadir. Birinci alt stratejik bdlgede toplam 18 ilge yer almaktadir. Bu ilgeler sirasiyla;
Dazkiri, Basmakgi, Dinar, Evciler, Kiziléren, Suhut, Sandikli, Hocalar, Sultandadi, Cay, Bolvadin,
Sinanpasa, Gobanlar, Karahalli, Afyonkarahisar Merkez, Isgehisar, Banaz ve Sivasli’dir. S6z konusu
ilcelerin, hem bdlge hem de Tirkiye ortalamasinin lzerinde olmalari suretiyle, glines enerjisi teknolojileri
kullanimi agisindan énemli bir potansiyele sahip olduklar gériilmektedir. ikinci alt stratejik bélgede
toplam 16 ilge yer almaktadir. Bu ilgeler sirasiyla; Ulubey, Dumlupinar, Esme, Bayat, Usak Merkez,
Ihsaniye, Emirdag, Sarigél, Altintas, Kula, Pazarlar, Saphane, Alasehir, Gediz, Selendi ve Aslanapa’dir.
Iigili stratejik bélgedeki ilcelere bakildidinda, ilk 10 ilcenin giines enerjisi potansiyeli agisindan Tirkiye
ortalamasinin lzerinde oldugu, dider ilgelerin ise ortalamaya yakin seyrettikleri tespit edilmistir. Uglincii
alt stratejik bdlgede, toplam 19 ilge yer almaktadir. Bu ilgeler sirasiyla; Cavdarhisar, Képribasi, Salihli,
Demirci, Turgutlu, Ahmetli, Kiitahya Merkez, Gordes, Emet, Hisarcik, Simav, Manisa Merkez, Gélmarmara,
Saruhanli, Akhisar, Kirkagag, Soma, Tavsanl ve Domanig'tir. S6z konusu ilgceler, bdlge ve Turkiye
ortalamasinin altinda olmakla birlikte, diinyadaki glines enerjisi potansiyeli ile karsilastirildiklarinda dnemli
bir dedere sahip olduklari gérilmektedir. TR33 Bolgesi‘ndeki stratejik alt bolgeler genel olarak
degerlendirildiginde ise, toplam radyasyon dederleri ve gilineslenme slreleri agisindan 6nemli bir
potansiyele sahip olduklari aciktir.
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HIDROELEKTRIK ENERJI
Giris
Turkiye’de ve buna paralel olarak TR33 Bdlgesinde, gerek artan nlfusun enerji talebi ve gerekse lretim

sureglerinde gereksinim duyulan enerji miktari giin gecgtikge artmaktadir. Bu talebin karsilanabilmesi igin
enerji ithal edilmekte ve ciddi bir dis ticaret agigi verilmektedir.

Fosil yakitlarin Gretimi konusunda yeterince basarili olamayan Turkiye igin son donemde yenilenebilir
enerji kaynaklari 6n plana cikmaktadir. Tirkiye’de glines ve riizgar santralleri su an itibariyle ihtiyaclari
karsilayabilecek kadar biyik boyutta Uretime imkan vermemektedir. Bu itibarla artan enerji agiginin
kapatilmasi igin Tlrkiye'nin é6nindeki en uygun segenek su, yani hidroelektrik enerji olarak gérilmektedir
(MGM HES Raporu, 2011). 2005 yilinda ¢ikan ‘5346 Sayili Yenilenebilir Enerji Kaynaklarinin Elektrik
Enerjisi Uretimi Amacl Kullanimina lliskin Kanun’un 3. maddesine gére; hidrolik kaynaklar, yenilenebilir
enerji kaynaklari arasinda sayilmistir.

Hidroelektrik enerjinin ilk yatirnm maliyetleri ylksek olmasina ragmen, uzun Omdrli olmasi, isletme
maliyetlerinin dislik olmasi, gevre kirliligi yaratmamasi nedeniyle tercih edilmektedir. Tirkiye’deki durum
hidrolik enerji bakimindan biraz daha iyidir. Cinkl AB’de termik ve nikleer enerjinin Uretim orani hidrolik
enerjiye gore yliksekken, Tirkiye’de bu durum birbirlerine esit oranda seyretmektedir.(Ustiin vd., 2009)

3.1. Hidroelektrik Enerji Nedir?

Hidroelektrik enerji, suyun akis glclnin elektrige donlstlrilmesi sonucu ortaya cikar. Hidroelektrik
santrallar (HES) akan suyun giclnl elektrige dontstlrtrler. Akan su icindeki enerji miktarini suyun akis
veya duslus hizi tayin eder. Blyilk bir nehirde akan su blyik miktarda enerji tasimaktadir. Su gok yutksek
bir noktadan disirildiginde de yine yilksek miktarda enerji elde edilir. Her iki yolla da kanal ya da
borular igine alinan su, tirbinlere dogru akar ve elektrik Gretimi igin pervane gibi kollari olan tirbinlerin
donmesini sadlar. Turbinler jeneratorlere baghdir ve mekanik enerjiyi elektrik enerjisine
doénulstartrler.(YEGM, 2012)

Hidroelektrik santrallar;

Yenilenebilir kaynak olan sudan enerji elde etmeleri,

Sera gazl emisyonu yaratmamalari,

insaatin yerli imkanlarla yapilabilmesi,

Teknik dmrindn uzun olmasi ve yakit giderlerinin olmamasi,

Isletme bakim giderlerinin disiik olmasi,

istihdam imkani yaratmalari,

Kirsal kesimlerde ekonomik ve sosyal yapiy1 canlandirmalari yéninden en dnemli yenilenebilir
enerji kaynadidir.

3.2. Hidroelektrik Enerjinin Tarihi

insanoglu, binlerce yildir is yapmak icin sudan yararlanmaktadir. Yunanllar, 2000 yildan daha fazla bir
slire 6nce, bugday! un haline getirecek tekerlekleri hareket ettirmek icin su kullandilar. Bunun yani sira
suyun glcu; odun tasimak, tekstil garklarini hareket ettirmek ve imalat gergeklestirmek igin kullanildi. Bir
yuzyildan fazla bir siiredir, hidroelektrik olusturmak igin diisen suyu kullanan teknoloji vardir. Modern
hidrogl¢ turbininin gelisimi, 1700'lerin ortasinda bir Fransiz hidrolik ve askeri mihendisi olan Bernard
Forest de Bélidor’'un Mimari Hidrolik (Architecture Hydraulique) isimli kitabini yazdiginda basladi. Bernard
Forest de Bélidor, yatay aksh bir makinaya karsilik dikey aksliyi kullanarak tanimladi. 1700’ler ve 1800’ler
boyunca su tlrbini gelismeye devam etti. 1880’de, su tribini tarafindan hareket ettirilen bir kolektér arki
Istk dinamosu Michigan’da tiyatro ve vitrin aydinlatmasini saglamak igin kullanildi ve 1881’de, bir kolektor
dinamosu Niagara Selalesi'nde sokak aydinlatmasi saglayan bir tribiine baglandi. Bu iki projede dogru
akim teknolojisi kullanildi. Alternatif akim buglin kullanilmaktadir. Elektrik jeneratéri tlrbine
badlandiginda cidir acan bir bulus haline geldi. Bunun sonucunda, diinyanin ve ABD'nin ilk hidroelektrik
tesisi Appleton (Wisconsin)'de 1882'de kurulmus oldu. (U.S. Energy Department)

VVVVVYVYY

Son iki yuzyil icinde, Sanayi Devriminin de etkisiyle, hizla gelisen ve bugln enerji talebi yliksek dizeyde
olan sanayilesmis Ulkeler ve son dénemde gelismekte olan Ulkeler, dinyada enerji tiketimini ve dretimini
hizla arttirmaktadirlar. Bu kapsamda hidroelektrik enerji de 6nemini korumakta ve cesitli Ulkelerde
gelisme imkani bulmaktadir.

3.3. Hidroelektrik Santrallerin Tiirleri

Enerji ve Tabii Kaynaklar Bakanlidi, Yenilenebilir Enerji Genel Mldirligi’'ntn bilgilerine gore; en genel
anlamiyla hidroelektrik santrallar, geleneksel hidroelektrik santrallar ve pompaj depolamali hidroelektrik
santrallar olarak siniflandirilabilir. Bunun disinda depolama yapilarina, disllerine, kurulu glglerine, ulusal
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elektrik sisteminin ytkind karsilama durumuna, baraj gdévdesinin tipine, santral binasinin konumuna gére
de siniflandirilabilir. Asagida bu siniflandirmalar yer almaktadir:

Depolama Yapilarina Gore: Ulusal Elektrik Sisteminin Yiikiinii Karsilama Durumuna Gére:
o Depolamali(rezervuarl) HES'ler * Baz YUk HES

« Nehir Tipi(regulator) HESler * Puant(Pik)Yik HES

Diisiilerine Gére: e Hem Baz hem de Puant(Pik)Yik HES
o Algak disilii HES'ler(H<10m) Baraj Gévdesinin Tipine Gére:

« Orta dusili HESler(H= 10-50 m arasl) o Agirlikli Beton Goévdeli Barajli HES

* Yiiksek diistilii HES'ler(H>50 m den buyiik dusuli) ~ * Beton Kemer Govdeli Barajh HES
Kurulu Giiclerine Gére: e Kaya Dolgu Govdeli Barajli HES

* Gok kiigiik (mikro) kapasiteli(<100 kW) * Toprak Dolgulu Govdeli HES

o Kiicik(Mini) kapasiteli(100-1000 kW) Santral Binasinin Konumuna Gore:
« Orta kapasiteli(1000-10000 kW) * Yer Ustl HES

« Biiyiik kapasiteli(>10000 kW) * Yer Alti HES

e Yari GOmUlld veya Batik HES

3.4. Hidroelektrik Enerjinin Olumsuz Etkileri

Hidrogicln kullaniminin olumlu yanlari olumsuz yanlarindan daha fazla olmakla beraber, asadidaki bazi
hususlar olumsuz cevresel ve sosyal etkileri ele almak acisindan énemlidir:

Barajlar, suyun akis yoninU degistirerek, temiz su ekosistemini, hayati balikciliga, sulak alanlara ve tarim
icin tortu depolarina dayanan milyonlarca insanin yasamini tehdit etmektedir. Barajlar, baliklarin yasam
ortamlarini pargalar ve geleneksel yumurtlama bdlgelerine erisimini engeller. Yapilan rezervuarlar, blyuk
alanlari etkileyen sellere ve dinya gapinda 40 - 80 milyon insanin hidroelektrik planlarin bir sonucu olarak
yer dedistirmek zorunda kalmasina neden olmustur. (WWF, The Energy Report 2011)

Tirkiye’de de bu durumun benzeri durumlari gérmek mimkindir. Ozellikle bol yadis alinan dénem ve
bolgelerde zaman zaman baraj kapaklarinin acilmasi giindeme gelmekte ve seller nedeniyle ciddi kayiplar
olabilmektedir. Ayrica Gaziantep'in Nizip ilgesinde Birecik Baraj Goliu kiyisinda bulanan Zeugma Antik
Kenti'nin baraj sularinin tehdidine maruz kalmasi da bu kapsamda ele alinabilir.

3.5. Diinyada Hidroelektrik Enerji Uretimi ve Tiiketimi

Sanayilesme vyarisi, dedisen glc¢ dengeleri, Uretim merkezlerinin Avrupa’dan Asya'ya dodru kaymasi,
alternatif enerji kaynaklarinin Gretilmesi gibi bazi 6nemli konular, enerji Gretiminin ve kullaniminin hizh bir
sekilde hem icerik hem de buyuklik olarak dénlisimini netice vermektedir. Buna paralel olarak,
dinyada hem hidroelektrik enerji Uretimi ve tlketiminde hem de (lkelerin konumlarinda dedisim
yasanmaktadir.

Worldwatch Enstitlisiiniin yayinladigi Vital Signs raporuna goére, kiresel hidrogtic kullanimi 2009-2010
arasinda %5’den daha fazla artmistir. Hidroglic kullanimi, 3.427 terrawat-saat olarak ve kuresel elektrik
tiketiminin %16,1'ini olusturarak rekor seviyeye ulasmistir. Hidroelektrik enerjisi 150°den fazla llkede
Uretilmekte, fakat birkag boélgede ve llke yogunlasmaktadir. 2010 yilinda Asya-Pasifik bolgesi, kiresel
hidroglicin vyaklasik %%32’sini olusturmaktadir. Oysa Afrika, dinyadaki en disik hidroglice sahip
bdélgesidir. Dunya kurulu guc¢ kapasitesinin yaklasik olarak %52'si Cin, Rusya, Kanada, ABD,
Brezilya’dadir. Cin, en buylUk hidrogig ureticisidir ve gelecek vyillar igerisinde kiresel su kullaniminda
liderligini devem ettirmesi beklenmektedir. Bu llke, 2010 yilinda, 721 terrawatt-saat elektrik Uretti ve bu
onun yurtigi elektrik kullaniminin %17’sine karsilik geliyor. Cin ayni zamanda, 2010 yili sonu itibariyle 213
gigawatt ile en blylk kurulu hidroglic kapasitesine de sahiptir.(Vital Signs Online)

Uluslararasi Enerji Ajansi’'nin 2012 Key World Energy Statistics raporuna gére 1973’te diinya hidroenerji
Uretiminin (didnya toplami 1294 TWh) %2,3'G Cin tarafindan karsilanirken, 2010 yilinda Cin’in dlinya
Uretimindeki (diinya toplami 3516 TWh) payi %20,5 duzeyine gelmistir. 37 yil igerisinde diinya Uretimi Ug
katina gikarken, Cin’in pay! yaklasik 10 katina gikmistir. OECD Uyesi Ulkelerin hidroelektrik tretimindeki
payl %71,9 iken, 2010 yilinda pay! %40,5’e diasmdstir. (www.iea.org)

Grafik 3.1'e goére; hidroelektrigin %32'si Asya-Pasifik Boélgesinde Uretilmekte ve bu enerjinin tamami yine
Asya-Pasifik Bolgesinde tiketilmektedir. Bu durum, dinyada hidroelektrik konusunda en baylk gicin
Asya-Pasifik Bolgesi oldugunun da bir kanitidir.
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Grafik 3.1: Bolgelere Gore Diinyada Enerji Uretimi ve Tiiketimi (Milyon TEP*)
Balgelere Gore Diinya Enerji Uretimi (Milyon TEP)
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Kaynak: T.C. Enerji ve Tabii Kaynaklar Bakanhgi, Dinyada ve Turkiye'de Enerji Gorinimu Raporu, 2012

3.6. Tiirkiye’de Enerji Talebi ve Hidroelektrik Enerji Uretimi

Tarkiye'de enerji talebi her gegcen giin artarken, yerli enerji arzinin yetersiz kaldigi goériilmekte ve bu
nedenle dis ticaret acgiginin 6nemli bir kisminin enerji ithalinden kaynaklandigi bilinmektedir.

Grafik 3.2: Tiirkiye’de Enerji Arz ve Talebi
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Kaynak: MMO, 2012

Artan enerji talebinin karsilanabilmesi icin Tirkiye'nin avantajli oldugu kaynaklarin basinda hidroelektrik
enerji gelmektedir. Potansiyelin yliksek oldugu bu alan, henliz tam olarak dederlendirilebilmis degildir.

Turkiye'nin brit teorik hidroelektrik potansiyeli 433 TWh'dir ve bu rakam teorik kiiresel potansiyelin
neredeyse % 1'i ve Avrupa potansiyelinin % 14’G kadardir. Genel hidrolik enerji potansiyeli ise yillik 216
TWh'dir. Yetkili kuruluglar degerlendirilebilir potansiyeli 140 TWh olarak belirlemistir. Mevcut 172 hidrolik
enerji santralinin toplam kurulu gltct 14,2 GW’dir; toplam kapasitesi 8,6 GW olan bir bdlim insa
halindedir ve 22,7 GW’lik béliim ise planlama asamasindadir. Ulke hidroelektrik kapasitesinin 2012 yilina

" Ton Esdeger Petrol ( Ornegin; 1000 kWh elektrik = 0,086 TEP’dir. 1 TEP 11,627 MWh elektriktir.)
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kadar 35 GW’'a cgikarilmasi planlamaktadir. Sonug olarak Tirkiye'de, geri kalan yilhk 69 TWh kapasiteli
hidroelektrik Gretim sahasindan yararlanmak icin, 300’den fazla hidroelektrik enerji santralinin daha insa
edilmesi tasarlanmaktadir. 30 milyar dolar maliyetli bu uzun vadeli plana gére 19 GW'’lik ek bir
hidroelektrik kapasitesi saglanacaktir. (ONAL ve YARBAY, 2010)

Turkiye’'de hidroelektrik santrallerinin Uretim dlzeyleri son yillarda artmis ve 2000 yilindaki 11.175
MW’dan 2011 yilinda 17.137 MW'a yukselmistir. Hidroelektrikte potansiyelin tamaminin kullanilir hale
getirilmesi, Enerji ve Tabii Kaynaklar Bakanliginin 2023 yili hedefleri iginde yer almaktadir.

Grafik 3.3: Tiirkiye’de Hidroelektrik Santrallerin Uretim Kapasitesi

MW

HES 17.137,06
15.831,20
14583,40
1224000 1287870 1264540 1290600 1306270 1339480 4
| Ii’ I I I I I I I
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Kaynak: http://www.eie.gov.tr/images/gra_son_ist.png

Grafik 3.4, Turkiye'de kurulu glc icerisindeki paylari itibariyle termik, jeotermal, hidrolik ve riizgar enerji
kaynaklarinin dagihmini géstermektedir. Hidrolik kaynaklardan elde edilen elde edilen payin 6zellikle 2009
ve sonrasinda artmakta oldugu goérilmektedir.

Grafik 3.4: Tiirkiye’de Toplam Kurulu Giig icerisinde Hidroelektrigin Payi
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Kaynak: T.C. Enerji ve Tabii Kaynaklar Bakanhgi, Dinyada ve Turkiye'de Enerji Gérinimu Raporu, 2012

Ayrica Enerji ve Tabii Kaynaklar Bakanligi'nin Diinyada ve Turkiye'de Enerji Gérinim{ Raporuna (2012)
gbre; 2011 yili sonu itibariyla lisans verilen hidrolik enerji Gretim hacmi 15.980 MW'dir. Bu rakam, 16.763
MW’lik hacmi ile dodalgazin ardindan ikinci blylk lisans hacmi anlamina gelmektedir. Bu alanda ozel
sektor yatirnmlarinin da oldukga arttigi goérilmektedir. Yine bakanlik verilerine gore; hidroelektrik enerjisi
Uretiminde isletmeye giren kurulu glclin son yillarda arttigi ve 2011 yilinda lisans verilen kurulu glictin
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%33’'Unun dodalgaz ve %32'sinin hidroelektrik kaynakli oldugu gérilmektedir. Ayrica isletmeye giren 6zel
sektor yatirimlari iginde hidroelektrigin 4,5 milyar TL ile Gglinci sirada oldugu goérilmektedir.(Grafik 3.5)

Grafik 3.5: isletmeye Giren Ozel Sektor Kurulu Giicii ve Ozel Sektor Yallfll‘lmlal‘l
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Kaynak: T.C. Enerji ve Tabii Kaynaklar Bakanhgi, Dinyada ve Turkiye'de Enerji Gériunimu Raporu, 2012
3.7. TR33 Bolgesinde Hidroelektrik Enerji

TR33 Bolgesi (Afyon, Klitahya, Manisa, Usak); tarimdan sanayiye, turizmden madencilige kadar pek cok
genis bir alanda ekonomik gelisim potansiyeline sahiptir. Hizli bir sekilde gelisen her bolgede oldugu gibi
TR33 Boélgesinde de enerji talebi ve bu talebin karsilanmasi 6nemlidir.

Yenilenebilir Enerji Genel Mudurlaga verilerine gére 2011 yilinda Tirkiye’'de enerji tiketim durumu Harita
3.1’de verilmistir. Bu haritaya bakildiginda, Tirkiye’nin sanayilesmis bélgelerinin (6zellikle istanbul,
Kocaeli, Ankara, izmir, Antalya gibi sehirler) enerji talebi 5.000.000 MWh’den fazla oldugu gériilmektedir.
Bati Anadolu’da enerji tiketimi 1.000.000 MWh'den daha disik olan bes sehir bulunmaktadir. Bunlar
Burdur, Isparta, Usak, Dlzce ve Bolu’dur. Ayni verilere gére TR33 Boélgesinin durumu incelendiginde;
Manisa, Afyon ve Kitahya’nin enerji tiketiminin 1.000.000 MWh ile 5.000.000 MWh arasinda oldugu
gorulmektedir. Ancak bdélgenin enerji tiketimi en disiuk sehri Usak'tir.

Harita 3.1: Tiirkiye’de Enerji Tiiketim Durumu Haritasi

ENERJI TUKETIM DURUMU

BN 1000000 <= X < 5000000 (MWh)

0 == X < 1000000 (MWh)
R 5000000 <= X (MWh)

Kaynak: Yenilenebilir Enerji Genel Mudirligu
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Yenilenebilir Enerji Genel Mudurligi’'nin Tlrkiye’'de kurulu glice gore hidrolik enerji haritasi
incelendiginde, Sanliurfa, Diyarbakir, Elazig, Adana ve Samsun sehirlerinin 6ne ciktigi gortilmektedir. Bu
sehirlerin kurulu hidrolik enerji gulgleri 1.000 MW'tan daha yuUksektir. TR33 Boélgesinin durumu
incelendiginde, bolgenin bitlin sehirlerindeki hidrolik kurulu glcin 100MW’dan daha klgik oldugu
gérilmektedir. Bu durum hidrolik enerji agisindan TR33 bdlgesinin gok blylk bir enerji potansiyeli
barindirmadigini da géstermektedir.

Harita 3.2: Tiirkiye'de Kurulu Giice Gore Hidrolik Enerji Haritasi

KURULU GUCE GORE HIDROLIK ENERJI

0==X<100 (MW)
100 <= X < 1000 (MW)
HR 1000 <= X (MW)

Kaynak: Yenilenebilir Enerji Genel Mudurlugu

Tablo 3.1, TR33 Bélgesinde 2011 yili igin bazi 6nemli gostergeleri ele almaktadir. Buna goére toplam kurulu
glic bakimindan en disutk sehir Afyon iken, hidrolik kurulu glic bakimindan en zayif sehir Usak'tir. Usak
sehrinin kurulu gict sifirdir. Afyon ve Kitahya'nin kurulu glgleri 3 MW ve bdlgenin hidrolik enerji
acisindan en buylk kapasitesine sahip olan sehri Manisa’nin kurulu glici 69 MW'tir.

Tablo 3.1: TR33 Bolgesinde Bazi Gostergeler

Nufus Elektrik Tiketimi Tlketimin Kurulu Gig Tirkiye'de Hidrolik
(2010) Tarkiye'deki Toplami Kurulu Giig Kurulu Giig

Payi (2010) (2011) Payi (2011) (2011)
Afyon 698.626 116.419 kWh %0,06 5 MW %0,00 3 MW
Kitahya 564.264 1.165.541 kWh %0,67 1033 MW %1,96 3 MW
Manisa 1.340.074 2.911.462 kWh %1,69 1686 MW %3,20 69 MW
Usak 339.731 904.860 kWh %0,52 79 MW %%0,15 0 MW

Kaynak: Turkiye Elektrik Iletim A.S., http://www.teias.gov.tr/TurkiyeElektrikIstatistikleri.aspx

TR33 Bolgesindeki hidroelektrik santraller Tablo 3.2’de verilmistir. Tabloya gdére bdlgenin en bulyuk
hidroelektrik enerji Demirk6épri barajinda Uretilmektedir. Afyon ve Kitahya’daki hidroelektrik santrallerin
kurulu glict oldukga disuktir. Bélgenin santrallerine iliskin detaylh bilgi sonraki basliklarda verilmistir.

Tablo 3.2: TR33 Bodlgesindeki Hidroelektrik Santraller

Hidroelektrik Santral Adi Kurulu Giig Kaynak Tirl
Afyon METAK (Dinar) 3,000 MW | Akarsu
Kitahya Kayakoy 2,560 MW | Akarsu
Manisa Demirkopri 69,000 MW | Barajli

Kaynak: Tirkiye Elektrik Iletim A.S., www.eie.gov.tr/il_enerji_ayr.aspx

Tablo 3.3'te TR33 Bdlgesinde son dénemde EPDK (Enerji Piyasasi Dlizenleme Kurumu) tarafindan izin
verilen HES yatirimlar ile ilgili bilgi verilmektedir. Tabloya gore hélihazirda isletmede bulunan tek HES
olan Kitahya/Eger HES yatirimi 1,92 MW kapasiteyle Uretim yapar durumdadir. Diger (g proje ise insa
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halinde olan kapasiteye sahiptir ve dolayisiyla elektrik tretimi yapmamaktadirlar. Ayrica Usak ilinde hicbir
HES projesi yer almamaktadir. Manisa ve Kltahya’da insa halindeki kapasitenin Uretime gegmesi ile
16,45MW’lik bir kapasite kazanimi daha olacaktir ki, bu durum TR33 bélgesi igin dnemli bir kazanim
olacaktir.

Tablo 3.3: TR33 Bolgesinde Lisans izni Verilen Yeni HES Projeleri ve Uretim Durumlari

Sirket Ad Tesis Yeri Lisans Tarihi Kurulu Giig Insa Halindeki Isletmedeki
(MW) Kapasite Kapasite
Eger Elektrik | Kitahya Ili, Eger 01.15.2009 1,92 - 1,92
Uretim Ltd. HES Projesi
Sti.
Unsa Eneriji Kitahya 1li, 06.04.2009 1,20 1,20 0
Kayabodgazi
Baraji ve HES
Uner Eneriji Kitahya 1li, 12.15.2009 11,05 11,05 0
AS Haymeana I-1I
Gékova Manisa 1li, 08.02.2012 4,20 4,20 0
Eneriji Ltd. Salihli llgesi,
Sti. Karaagag Koyl

Kaynak: EPDK'nin Elektrik Piyasasi Uretim Lisanslari veri tabanindan derlenmistir.

3.7.1. Demirkoprii Baraji ve Hidroelektrik Santrali

Yapilan teknik gezide ilgililerden ve Yenilenebilir Enerji Genel Midurliigi’'nden elde edilen bilgilere gore;
Gediz havzasindaki Gediz Nehri lizerinde kurulu olan Demirképri baraji ve hidroelektrik santrali, 1960
yilinda isletmeye aciimistir. Taskin 6nleme, dlizenli sulama suyu temini ve enerji Uretimi Oncelikli
amaclaridir. GOl hacmi 1 milyar 320 milyon metrekiptir. Baraj, toprak ve tas kaya dolgudan yapilmistir.
112 bin hektar alan baraj sulari ile sulanmaktadir. Her biri 23 MWh’lik 3 adet jeneratér (toplam 69 MWh)
ile elektrik Uretilebilmektedir. Yillik ortalama enerji 193 GWh'tir. Devlet Su isleri (DSI) ile ortak eneriji
retim programi var olan tesisin, izmir'de yiik daditim merkezi ile baglantisi vardir. Santralde 30 teknik
personel calismaktadir. (http://www.eie.gov.tr/HES/index.aspx)

Teknik gezide elde edilen diger bir 6nemli bilgi de, Demirkopri baraj dolgusunun altindan gikan farkli bir
su kaynadi ile ilgilidir. Bu akarsu, Demirkodprii Hidroelektrik Santralinin kenarindaki kanyon boyunca
akmakta ve daha sonra 30 metreden daha fazla bir disu ile selaleye dénusmektedir. Ancak bu su
kaynadi, Adala Belediyesi tarafindan kullanilmaktadir. Bu vylizden selalenin debisi son dénemde
dismistar. Dusllerine gére HES'ler ele alindidinda; Orta Diuslli  kapsaminda (10-50 m)
dederlendirilebilecek bu kaynadin (zerine bir HES kurulmasi durumunda ciddi bir elektrik enerjisi
Uretilmesi de mimkin gérinmektedir.

3.7.2. METAK (Dinar II) Hidroelektrik Santrali

Afyon ili, Dinar ilgesinde kurulu olan Dinar II hidroelektrik Santrali, Metis Holding' e bagh METAK Enerji ve
Ticaret A.S. tarafindan Yap-islet-Devret modeliyle yapilmistir. Projenin Bakanlik¢a yer teslimi 17 Kasim
1999'da yapilmis, santral ise 01 Aralik 2000 tarihinde ticari Uretime baslamistir. Tesis 15 yil sireyle
METAK Enerji A.S. tarafindan isletilecektir. Dinar-Karakuyu-Capali ok amacl D.S.I. Projesi iginde yer alan
DINAR II HES'le 6zellikle Capal (Karakuyu) depolamasi ve Kumali, Pinarbasi derelerinin sularindan
yararlanilarak yilda 16.260.000 Kwh enerjinin Uretilmesi planlanmaktadir. Uretilen bu enerji ulusal
sebekeye verilmesi temel amactir. DINAR II HES 1,5 MW giiciinde iki tiniteden olusmaktadir; santralin
kurulu giici 3 MW'dir. Proje debisi 2,77 m’/s, net disi ise 131,50 metredir. Mevcut dolusavak yanina
yapilan ylukleme havuzunda biriktirilen su 1.220 metre uzunlugundaki cebri boru ve iki adet bransman ile
santrale ulastiriimaktadir. Santralde yatay eksenli Francis tlrbinlerle tahrik edilen iki adet statik ikazh
generatér bulunmaktadir. Santral timuyle otomatik kontrol sistemiyle donatiimistir. Elektromekanik
techizat ve salt sahasi SIEMENS tarafindan tesis edilmistir. (hesiad.org.tr)

3.7.3. KAYAKOY Regiilatorii ve Hidroelektrik Santrali

Kiatahya'nin Susurluk Havzasinda nehir Gzerine kurulu olan Kayakdy Regulatéri ve Hidroelektrik
Santralinin kurulu giici hakkinda istatistiklerde bazi uyumsuzluklar s6z konusudur. Yenilenebilir Enerji
Genel Mudurlagu web sitesinde yer alan birinci veri, Tablo 3.2'deki gibi 2,560 MW'dir. Ancak ayni genel
mudurligun ikinci bir veri tabaninda Kayakdy Santralinin kurulu gict 3,84 MW'dir. Santralin vyillik
ortalama enerji tretimi 12 GWh'dir.

3.7.4. Kiitahya / Eger Hidroelektrik Santrali

Eder Elektrik Uretim Ltd. Sti. tarafindan tesis edilen ve Kiitahya ili, Tavsanl Ilcesi, Orhaneli (Kocasu) Cayi
Uzerinde 1,92 MW gl ile yilda 5,59 GWh enerji Uretilebilen hidroelektrik santralidir.
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3.7.5. TR33 Bolgesindeki Akarsular ve Diger Potansiyeller
TR33 Bolgesindeki illerin valiliklerinden elde edilen bilgilere gére akarsu kaynaklara asagida verilmistir;

Afyon ilinde; Akargcay, Aksu (Araph) Deresi, Seyitler Cayi, Cay6zi Deresi, Kali Cayi, Cay Deresi
bulunmaktadir.

Klatahya ilinde; Kirmasti, Kocasu (Adirnaz), Kocagay ve Simav’in sulari Marmara Denizine, Felent ve
Porsuk cayinin sulari Sakarya nehri vasitasiyla Karadenize, Gediz cayi ise Ege Denizine doékulir.

Manisa ili akarsularinin baslicalari sunlardir: Gediz Nehri; Murad Dadindan dodar. Gediz ilgesinin
glineyinden gegip, Selendi ve Demirci suyunu biinyesine katar. Foca yakininda Ege Denizine dokdulir.
Uzunlugu 350 km’dir. Bakir Cayi; Soma’nin kuzeydodgusundaki dadlardan cikar. Sik sik tasar, akisi
diizensizdir. Soma Ovasini sular. Uzunlugu 104 km’dir. izmir il sinirina girer. Alasehir (Derbent) Cayi; Cal
Dagindan gikar. Salihli Ovasinda Gediz ile birlesir. Uzunlugu 115 km’dir. Kum Cayi; Tirkmen Dadindan
cikar. Nif Cayl; Kemalpasa yakinlarindan dogar. Ayrica Dernek Cayi, Delinis Cayl ve Gordes Cayi vardir.
Manisa Dagindan inen Akbal, Haydar ve Tabakhane dereleri diger 6nemli kaynaklardir.

Usak ilinin en 6énemli iki akarsuyu, Banaz Cayi ile Gediz Irmadidir. Banaz Cayinin uzunlugu 165 km’dir.
Murad Dagindan cikar ve kuzey-giiney istikdmetinde akar. Il topraklarini asip, Biiyiik Menderes Nehrine
katilir. Gediz Irmadi, Murad ve Egrigoz Dadlarindan cikarak ilin kuzeybatisindan gecerek, Manisa il
topraklarina girer. Ayrica, Karabol Cayi ve Yaver Deresi gibi kiglik akarsular da vardir.

Bolgede genel olarak akarsularin debileri ylksek dedildir ve rejim dlizensizligi vardir. Yeralti sulari,
akarsularin beslenmesinde rol oynar. Ancak yine de bu akarsularin potansiyel hidroglcinden
yararlaniimasinin uygun olacagi distinilmektedir.

Harita 3.3: Tirkiye'deki Akarsular ve Goller
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3.7.6. HES'lerin Bolgedeki istihdam ve Cevresel Siirdiiriilebilirlik Uzerine Etkileri

Gokova Eneriji Ltd. Sti. tarafindan Manisa 1li, Salihli Ilcesi, Karaagag Kéyiinde yapilmasi planlanan HES ile
ilgili olarak yapilan gezide kdéy muhtarindan elde edilen bilgiye goére; sirket, HES yapiminda ve
isletilmesinde Karaagag Koyilindeki vatandaslardan isci alimi gerceklestirme taahhlidiinde bulunmustur. Bu
durum HES’lerin bdlgeye yapacadi katkinin artmasina yardimci olacaktir. Bu durum, bdlgedeki diger
HES’lerin yapiminda da g6z énitinde bulundurulmasi gereken bir érnektir.

HES’lerin yapiminda dodal dengenin bozulmamasi igin azami gayret gosterilmesi gerektigi agiktir. Elektrik
Uretirken cevresel sirdirilebilirligin dikkate alinmasi énemlidir. Bunun igin Enerji ve Tabii Kaynaklar
Bakanligi'nin denetimleri énemli bir rol oynayacaktir. Bu konu bélgede yatirim yapan firmalarin insafina ve
inisiyatifine birakilamayacak kadar énemlidir.

3.8. SONUGC ve ONERILER

Fosil yakitlarin olusturdugu sorunlara karsilik, yenilenebilir enerji kaynaklarina duyulan ihtiyag her gecen
glin artmaktadir. Genel olarak Turkiye'de ve 6zelde TR33 bdlgesinin enerji ihtiyacinin karsilanmasinda,
hidrolik kaynaklarin énemi oldukga bulylktlir. Boélge hidrolik kaynaklar agisindan analiz edildiginde,
ozellikle Manisa ve Kitahya illerinde potansiyel kaynaklarin daha fazla oldugu goérilmektedir. Bu durum
gerek kurulu glic¢ acgisindan gerekse insa halindeki yatirnmlardan anlasiimaktadir. Hidrolik kaynaklar
acisindan en zayif ilin Usak oldugu ifade edilebilir.
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Akarsu debilerinin distkligu ve rejim dizensizligi sorununun varlidi, bélgedeki her su kaynaginin elektrik
Gretiminde etkin bir sekilde kullanilmasini engellemektedir. Ancak biitlin olumsuzluklara ragmen akarsu
kaynaklarinin daha etkin kullanimi igin stratejik calismalarin ve yatirimlarin devam etmesi gerektigi
aciktir.

Yatirim yapilabilecek alanlar debisi glgli akarsu yataklaridir. Gediz Nehri ve Gediz Havzasi dnemli bir
yatirim alani olmakla beraber, dijer akarsular da kendi potansiyelleri icinde dederlendirilmelidir.

Yukarida da belirtildigi gibi, Demirkopri baraj dolgusunun altindan c¢ikan diger bir su kaynadinin da
dederlendiriimesi gerekmektedir. 30 metreden daha fazla bir disl ile selaleye doénisen bu kaynadin
yatirim igin uygun oldudu soylenebilir.

Ayrica mevcut yatirimlar, ayni akarsu Gzerine baska bir yatirimin yapilmasina tamamen engel dedildir. Bu
konuda iyi bir fizibilite ile kaynaklarin daha etkin kullanimi ve yeni yatirrm alanlarinin agilmasi mimkun
goérinmektedir.
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JEOTERMAL ENERJI
Giris

Jeotermal enerji yer kabugunun cesitli derinliklerinde birikmis 1sinin olusturdugu sicakliklari sirekli olarak
bolgesel atmosferik ortalama sicakligin lGzerinde olan ve cevresindeki normal yeralti ve yerlstl sularina
gbre daha fazla erimis mineral, cesitli tuzlar ve cgesitli gazlar icerebilen sicak su ve buhar olarak
tanimlanmaktadir. Ayrica herhangi bir akiskan icermemesine ragmen bazi teknik yéntemlerle isisindan
yararlanilan, yerin derinlerindeki “Sicak Kuru Kayalar” da jeotermal enerji kaynadl olarak
nitelendirilmektedir (MOIK, 1996). Yer alti su beslenmesi dogrudan yadislarla ilgilidir. Yer altina siiziilen
sular, 10-12 bin metre derinlige yerlesen olasi bir magma ocaginin yaydigi sicaklkta isinip, cekim faylari
boyunca ylkselerek yeryilziine ulasmaktadir. Faylar, yikselen sicak ve mineralli sular icin hidrotermal
oluk gorevi yapmaktadir. Isinan sular yine yer derinliklerinde hazne 6zelligi gosteren kayaglar igerisinde
birikerek rezervuari olustururlar (Yilmazer, et al., 2010).

Yenilenebilir bir enerji kaynagi olan jeotermal enerji, yer kirenin ig isisidir. Bu Isi, merkezdeki sicak
bblgeden yeryliziine dogru yayilmaktadir. Bilindigi gibi, yer kiirenin merkezinde dogru inildikge her 100
metrede sicaklik 2,5-3 °C artmaktadir (Eren, 2009).

Jeotermal akiskan yer alti sularindan olustugu igin gesitli ¢c6ziinmus mineraller igerir. Tipik mineral yapisi
NaCl (agirlik olarak yaklasik %70), KCI, CaCl (%6), H,SiO; (%12), az miktarda bor vb.” dan olusur.
Ayrica iginde yogusmamis karbondioksit, hidrojensulftr vb. gazlar da bulunur (DEKTMK, 2011).

Jeotermal enerji, dodgasi geredi dis ortam kosullarindan bagimsiz bir enerji kaynadidir. Bu nedenle,
kullanilabilirligi oldukga fazladir ve diger yenilenebilir enerji kaynaklari arasinda en kararli olanidir. Bunun
yaninda jeotermal enerji herhangi bir depolama veya nakliye islemi gerektirmemektedir (Arslan, et al.,
2006).

Jeotermal sicaklik eneriji, sicaklik icerigine gére diisiik sicaklikl sahalar (20-70 °C), orta sicaklikli sahalar
(70-150 °C) ve yiiksek sicaklikl sahalar (150 °C’ den yiiksek) olarak {i¢ grupta siniflandirilabilmektedir.
Jeotermal enerji, jeotermal kaynaklardan dodgrudan veya dolayli her tlrli faydalanmayi kapsamaktadir.
Duslik (20-70°C) sicaklikl sahalar basta isitmacilik olmak Uzere, endlistride, kimyasal madde Uretiminde
kullanilmaktadir. Orta sicaklikli (70-150°C) ve ylksek sicakhklh (150°C'den yliksek) sahalar ise elektrik
Gretiminin yani sira reenjeksiyon kosullarina bagl olarak entegre sekilde isitma uygulamalarinda da
kullanilabilmektedir (Anon., 2012)

Jeotermal sahalardan uretilen akiskan, sicaklik dederlerine gore oldukca genis bir yelpazede kulanim
olanadi sunmaktadir. Jeotermal enerji, elektrik UGretimi 1sitma (sehir, konut, termal tesis, sera vb.),
kimyasal madde Gretimi, kurutmacilik, agartma, bitki ve balk kultiriinde kullaniimaktadir (EHAK, 2001).
Jeotermal enerjinin sicaklik degerlerine gore kullanildigi yerler Tablo 4.1" de ayrintili olarak gésterilmistir.

Tablo 4.1: Lindal Diyagrami

Sicaklik Kullanim Alanlari Elektrik Isitma
(°c) Uretimi
180 Yiksek konsantrasyonlu solisyonlarin buharlastiriimasi, elektrik +

Uretimi
170 Diatomitlerin kurutulmasi, adir su ve hidrojen siilfat eldesi +
160 Kereste kurutmaciligi, balik kurutmacilidi +
150 Bayer’s metodu ile aliminyum eldesi +
140 Konservecilik, ciftlik Grinlerinin gabuk kurutulmasi +
130 Seker enduistrisi, tuz endistrisi +
120 Distilasyonla temiz su elde edilmesi +
110 Cimento kurutmacilidi +
100 Organik maddeleri kurutma, yln yikama ve kurutma +
90 Balik kurutma (stok balik) +
80 Yer ve sera isitmaciligi +
70 Sogutma (Alt Sicaklik Limiti) +
60 Sera, ahir ve kiimes isitmaciligi +
50 Mantar yetistirme, balneolojik hamamlar +
40 Toprak isitma +
30 Yizme havuzlari, fermantasyonlar, damitma +
20 Balik ciftlikleri +

Kaynak: (EHAK, 2001).
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4.1.Diinyada Jeotermal Enerji

Teorik hesaplamalara gore, 0-10 km. derinlik arasinda diinyada birikmis i1sI enerijisi, ylksek 1si akili alanlar
icin 245*10° EJ (exajoules), disik akili alanlar icin 181*10° EJ’dur. Bu enerjinin % 0,1’ inin isletilebilecegi
disunilirse jeotermal kaynak 0,4*10° E)’den fazla olacaktir. Bu ise diinyada bugiinkii mevcut enerji
tiketimine gore 1000 vyillik bir potansiyel demektir. Dinyada dogal akiferlerden toplam 0,5 EJ Uretim
yapildidi, Uretilebilecek ispatlanmis rezervin ise 50 EJ oldugu tahmin edilmektedir (EHAK, 2001).

Diinyada jeotermal elektrik tretiminde ilk 5 ilke siralamasi, ABD, Filipinler, italya, Meksika ve Endonezya
seklindedir. Dlnya jeotermal Isi ve kaplica uygulamalarindaki ilk 5 Ulke siralamasi ise Cin, Isveg, ABD,
Izlanda ve Turkiye bigimindedir (DEKTMK, 2008).

2010 yili itibariyle Diinyada 78 Ulkenin jeotermal enerji dogrudan kullanim kapasite toplami 50.583 MW,’
dir. ilk on (lke ABD 12.611 MW, ,Cin 8.898 MW, ,Isvec 4.460 MW, , Norvec 3.300 MWt, Almanya 2.485
MWt, Japonya 2.099 MWt, Tirkiye 2.084 MWt, izlanda 1.826 MWt, Hollanda 1.410 MWt, Isvicre 1.061
MWt dir (DEKTMK, 2011).

Dinyada toplam 50.583 MWt jeotermal enerji dogrudan kullanim kapasitesinin uygulamalara gore
dagilimi: Jeotermal 1si pompalari 35.206 MWt, ylizme havuzlari/kaplicalar 6.689 MWt, boélgesel konut
Isitilmasi 5.391 MWt, sera isitilmasi 1.544 MWt, balik ciftlikleri 653 MWt, endustriyel kullanim 533 MWt,
sogutma / kar eritme 368 MWt, tarimsal kurutma 127 MWt, diger kullanimlar 72 MWt dir (DEKTMK,
2011).

Diinyada 2010 yil itibariyle jeotermal enerjinin dogrudan kullanim yillik 1sil enerji miktari toplam 438 071
TJ dur (121 696 GWh). ilk 10 llke Gin 75 348 TJ, ABD 56 552 TJ, isvec 45 301 TJ, Tirkiye 36 886 TJ,
Norveg 25 200 TJ, izlanda 24 361 TJ, Japonya 15 698 TJ, Fransa 12 929 TJ, Almanya 12 765 TJ, Hollanda
10 699 TJ dir (DEKTMK, 2011).

Dinyada toplam 438.071 TJ jeotermal enerjinin dogrudan kullanim vyilik sl enerji miktarinin
uygulamalara gére dadgihmi: Jeotermal 1si pompalari 214.782 TJ, yizme havuzlar / kaplicalar 109.032 TJ,
bolgesel konut isitilmasi 62.984 TJ, sera isitilmasi 23.264 TJ, endustriyel kullanim 11.746 TJ, balik
ciftlikleri 11.521 TJ, sogutma/ kar eritme 2.126 TJ, tarimsal kurutma 1.662 TJ, diger kullanimlar 954 TJ
dir (DEKTMK, 2011).

4.2.Tiirkiye’de Jeotermal Enerji

Jeotermal enerji, Turkiye'nin yogun tektonik hareketliligi nedeniyle énemli bir, yerli ve yenilenebilir enerji
kaynadidir. Tirkiye'de jeotermal potansiyelinin belirlenmesi igin gerekli arastirmalarin ve incelemelerin
blayik bir kismi Maden Tetkik ve Arama (MTA) Genel Mudurliga tarafindan baslatiimistir. Ginimuzde
MTA tarafindan 198 jeotermal alan tespit edilmis ve yaklasik 550 sondaj kuyusu acilmistir (DEKTMK,
2011). Turkiye danyanin 7. blylk jeotermal enerji potansiyeline sahiptir. Turkiye'nin jeotermal enerji
potansiyeli 31.500 MW varsayilmaktadir. Ispatlanmis fiili kullanilabilir teknik kapasite 4.078 MWt olup %
34 (1.306 MWt)" 0 kullanilmaktadir. Elektrik teknik potansiyel ise 600 MWe (4 milyar kW h/yil, kesfedilen
15 saha) fiili kurulu giic ise 92 MWe’ dir. iTU Enerji Enstitiisti, yapilacak yeni saha arastirma ve sondaj
calismalariyla, bu rakamin 2000 MWe’ ye vyikseltilebilecegini 6ngdérmektedir. Lisans alan jeotermal
elektrik santrallerinin kurulu glici 244,10 MWe’ dir. Ancak bu glcin 101,6 MW’lik kisminda, yatirimlarin
ilerleme orani hakkinda bilgi yoktur. Kalan 142,50 MW’hk kurulu gicin,40 MW’hk kisminin yatirim
ilerleme orani % 10“un altindadir. Ayrica, toplam 359,95 MW kapasitede 15 proje lisans basvuru slirecinin
gesitli asamalarindadir. Yaklasik 150-200 MWe icin de arama, saha calismalar devam etmektedir (TMMO,
2012).
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Harita 4.1:Tiirkiye’de Jeotermal Kaynaklar ve Uygulama Haritasi

Jeotermal Kaynaklar ve Uygulama Haritas:
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Kaynak: (Karadaglar, 2012)

Turkiye'de daha c¢ok Bati Anadolu’da yer alan jeotermal sahalarinin % 95’i bdlgesel konut isitilmasina,
seracilida ve kaplica turizmine uygundur. MTA tarafindan ispatlanmis jeotermal isil kapasite toplami 4.078

MWt dizeyindedir (TMMO, 2012).
Tablo 4.2: Jeotermal Enerji ile Bélgesel Isitma Yapilan Yerler

Isitma Yapilan Bolge Isitilan Esdeder Konut Sayisi Jeotermal Akiskan Sicakligi (°C)
Balikesir-Génen 3400 80
Kitahya-Simav 5000 137
Kirsehir 1900 57
Ankara- Kizilcahamam 2500 70
izmir-Balcova 15000 137
Afyon 4600 95
Nevsehir-Kozakl 1300/3500 90
izmir-Narlidere 1500 125
Afyon-Sandikli 6000/12000 75
Agri-Diyadin 570/2000 70
Manisa Salihli 5000/24000 94
Denizli-Saraykdy 1900/5000 95
Balikesir-Edremit 4600/7500 60
Balikesir-Bigadig 1950/3000 96
Yozgat-Sarikaya 600/2000 60
Yozgat-Sorgun 1500 80
Yozgat-Yerkdy 500/3000 65
izmir-Bergama 7850/10000 60

Kaynak: (TMMO, 2012).

Sicakliklari 20-242°C arasinda dedisen 1500 tane sicak ve mineralli su kaynagi mevcuttur. Turkiye'de:
85.000 konut esdederi bina, 2.585,000 m? sera 325 SPA tesisi jeotermal enerjiyle isinmaktadir.
Turkiye'de Aralik 2011 itibariyla mevcut yedi jeotermal elektrik santralinin toplam kurulu gici 114 MW’
dir (TMMO, 2012).

Tablo 4.3: Devrede Olan Jeotermal Elektrik Uretim Santralleri

Yer Isletici Firma Kurulu Giicii MW, isletmeye Alinis Yili
Denizli-Kizildere-Saraykdy Zorlu Enerji 15 1984
Aydin-Salavatli (Dora-1) Menderes Jeotermal 7,95 2006
Aydin-Salavatli (Dora-2) Menderes Jeotermal 9,5 2010
Aydin Germencik Glrmat 47,4 2009
Denizli-Kizildere Bereket 6,85 2008
Canakkale-Tuzla Enda (TJEAS) 7,5 2010
Aydin-Germencik Maren Enerji 20 2011

Kaynak: (TMMO, 2012)
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Ulkemizde 18 yerlesim birimimizde merkezi konut isitmasi (67700 konut esdederi, 608MW,), 15 sahada
seracilik, (1579000 m?, 292 MW,;) ve 200’Gn Uzerinde termal tesiste tedavi ve termal turizm amacgh
yararlaniimaktadir (Anon., 2012).

Tablo 4.4: Tirkiye'de Sera Kullanimi Mevcut Durum (Ocak 2011)

Yer Sera Alani (Dekar) | Tahmini Gig (MWt)
Afyon 50 9.80
Aydin-Glmiskdy 60 11.76
izmir- Balcova 17 3.33
izmir-Dikili 880 117.60
Denizli-Gélemezli 110 21.56
Kirsehir 50 9.80
Ankara-Kizilcahamam 0.5 0.10
Nevsehir-Kozakli 67 13.13
Manisa-Salihli 250 49.00
Afyon-Sandikli 81.5 15.97
Saraykody (Tosunlar+Kizildere) | 152.8 29.94
Kitahya-Simav-Eynal 310 60.76
Yozgat-Sorgun 15 2.94
Urfa 170 33.32
Denizli-Yenicekent 53.4 10.47
Toplam 2267.2 444.34

Kaynak: (Anon., 2012)
4.3.TR33 Bélgesinde Jeotermal Enerji ve Potansiyeli

Afyon, Kltahya, Manisa ve Usak illerini kapsayan TR 33 bdlgesindeki jeotermal sahalarin arastiriimasi
1970’li yillardan itibaren MTA tarafindan baslatiimis olup, bu arastirmalar glinimize kadar devam
etmektedir. Bulgular Afyon, Kitahya ve Manisa illerinde jeotermal potansiyelin yiksek oldugunu
gostermektedir. TR33 bdlgesinde bulunan jeotermal kaynaklarin potansiyelinin hesaplanmasinda, iller
icerisindeki her saha icin alan, 6lcllen sicaklik, kullanilan sicaklik, rezervuar kalinhdi parametreleri temel
alinmistir.

4.3.1.Kiitahya 1li Jeotermal Sahalari ve Potansiyeli

Kiatahya ili jeotermal kaynaklar acisindan Turkiye'nin en zengin illerinden biridir. Sekil 4.1'de de
goraldagu gibi, Kiatahya’da ki mevcut jeotermal alanlar Simav - Eynal - Citg6l -Nasa, Gediz - Abide,
Muratdadi, Yoncali, Emet, Yenicekdy, Dereli, Gébel, Ilica (Harlek) Hisarcik ve Saphane’dir. Kitahya’da ki
jeotermal kaynaklarinin olasi potansiyeli tablo 4.5te gorildigi gibi 355 MW,’ dir.

Tablo 4.5: Kiitahya ili Jeotermal Kaynaklarin Olasi Jeotermal Potansiyelleri

] Jeotermal Alanin Yizey _Kuyu-Kaynak Kullanlvm Rezeerzl'ar Olasi
Il Adl Alani (km?) Olgtlen Sicaklik Sicakhgi Kalinhig Potansiyel
(0Q) (06) (km) (MWy)
Simav-Eynal- 10 162 100 0,5 264
Citgol- Nasa
Gediz-Abide- 5 110 80 0,4 73
< Saphane
; Yoncali-Geven 3 55 43 0,3 6
E Emet 3 49 45 0,3 7
) Hisarcik 2 51 45 0,3 5
X Muratdagi-
DZ?—QIIEZKOPJG_:I- < 35 Dederlendirmeye Alinmadi
Harlek
TOPLAM POTANSIYEL | 355

Kaynak: (Yilmazer, 2012)
Kitahya ilinde en ylksek jeotermal potansiyel potansiyele sahip alan 264 MW, ile Simav - Eynal - Citgdl -

Nasa jeotermal sahasidir. En ylksek ikinci jeotermal potansiyele sahip alan ise 73 MW, ile Gediz - Abide -
Saphane jeotermal sahasidir.
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Sekil 4.1.Kiitahya ili Jeotermal Sahalari

=

Kaynak: (MTA, 2005)
4.3.1.1.Simav - Eynal - Citgdl - Nasa Jeotermal Alani

Eynal sahasinda 55, Citg6él ve Nasa sahasinda toplam 34 kaynak saptanmis olup, bircogunun kurudugu
gbzlenmistir. Bolgede sicak sularda kent isitmasinda, balneolojide ve sera isitmasinda yararlaniimaktadir
(MTA, 2005). Simav, Eynal, Citg6l ve Nasa sahalarindaki jeotermal kaynaklarin gelistirilmesi durumunda,
sahadaki kaynaklardan sera, termal tesis ve konut isitiimasinda daha ok faydalanilmasi éngdérulirken
ayrica endustriyel kullanimda da gelismeler olmasi beklenmektedir.

Tablo 4.6: Simav-Eynal-Citgdl-Nasa Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Eynal Sicak Su Kaynaklari 25-96 2,1

Citgol Sicak Su Kaynaklari 77-83 -

Nasa Sicak Su Kaynaklari 43-63,5 2

Kaynak: (MTA, 2005)

4.3.1.2.Gediz - Abide Jeotermal Alani

Yapilan incelemeler sonucu bdlgedeki sicak su kaynaklari asadidaki tabloda gosterilmistir. Sicak akiskan
kaplica, termal tesislerin isitilmasinda kullanilmakta olup, Gediz ilgesinin isitiimasina yonelik proje
calismalari devam etmektedir (MTA, 2005).
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Tablo 4.7: Abide Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Yeni Kaynak 74 3
Boldanh (Sarikiz) 74 3,2

Yeni Kaynak 74 3,4
Hamam Bodazi 76 -
Camasirhane 65 0,3
Fatmanim Camuru 68 1
Budlarca 70 3

Kaynak: (MTA, 2005)
4.3.1.3.Muratdag: Jeotermal Alani

kullanilmaktadir (MTA, 2005).
sahadaki  kaynaklardan

sahasindaki jeotermal
faydalaniimasi

Muratdagdi
termalizm de

Sicak akigskandan kaplica amagl
kaynaklarin  gelistirilmesi  durumunda,
ongorilmektedir.

Tablo 4.8: Muratdadi Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Kaplica 39 7
Uyuz Hamami 37 0,5

Kaynak: (MTA, 2005)
4.3.1.4.Yoncali Jeotermal Alani

Alandaki ilk jeotermal incelemeler 1989 vyilinda baslamistir. Alandaki sicak akiskandan balneolojide
yararlanilmaktadir (MTA, 2005). Yoncal sahalarindaki jeotermal kaynaklarin gelistirilmesi durumunda,
sahadaki kaynaklardan termal tesis isitiimasinda faydalaniimasi 6ngorilmektedir.

Tablo 4.9: Yoncali Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Celik- Dibecik ve Yoncali Hamamlari 32-41 3
Erkekler Hamami 41 3

Kaynak: (MTA, 2005)
4.3.1.5.Emet Jeotermal Alani

Kaynaklarin yerylziine ciktigi noktalar asadidaki tabloda gosterilmistir. Sicak sulardan kaplica amagl
yararlaniimaktadir (MTA, 2005). Emet sahasindaki jeotermal kaynaklarin gelistirilmesi durumunda,
sahadaki kaynaklardan termalizm ve termal tesis isitiimasinda faydalaniimasi 6ngérilmektedir.

Tablo 4.10: Emet Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Yesil Hamam 44 -
Kaynarca 47 -

Kaynak: (MTA, 2005)
4.3.1.6.Yenicekoy Jeotermal Alani
Sicak sulardan ilkel bir tesisle halk istifade etmektedir (MTA, 2005).
Tablo 4.11: Yenicekdy Jeotermal Alanindaki Kaynaklar
Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)

Yenicekoy 41 ~0,5
Kaynak: (MTA, 2005)

4.3.1.7.Dereli Jeotermal Alani

Sicak sulardan kaplica amach kullaniimaktadir. Bélgedeki kaynaklarin debilerinin yiksekligi dikkat
cekmektedir (MTA, 2005). Dereli sahasindaki jeotermal kaynaklarin gelistiriimesi durumunda, sahadaki
kaynaklardan termalizm de faydalaniimasi éngoérilmektedir.

Tablo 4.12: Dereli Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Dereli (Glnlice) Kaynaklari 40,3 25
Kadinlar Hamami 41,6 50

Kaynak: (MTA, 2005)



4.3.1.8.Gobel Jeotermal Alani

Bolgedeki sicak sulardan kaplica amacgli yararlanilmaktadir (MTA, 2005).

Tablo 4.13: Gobel Jeotermal Alanindaki Kaynaklar

Kaynak Adi

Sicaklik (°C)

Toplam Debi (I/s)

Gobel

34,3

60

Kaynak: (MTA, 2005)

4.3.1.9.1lhca (Harlek) Jeotermal Alani

Harlek jeotermal alaninda kadinlar hamami, erkekler hamami ve hasulas havuzu olmak lizere 3 tane

kaynak bulunmaktadir. Sicak akiskan balneolojide kullanilmaktadir (MTA, 2005).

Tablo 4.14: Ilica (Harlek) Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Kadinlar Hamami 30 5
Erkekler Hamami 41 -
Hasulas Havuzu 29 4

Kaynak: (MTA, 2005)
4.3.1.10.Hisarcik (Sefakdy - Hamamkoy - Yukari Yoncaagacg) Jeotermal Alani

Bolgede bulunan toplam 5 kaynadin sicaklik ve debi dederleri asadidaki tabloda goésterilmistir. Sicak
akiskan balneolojide kullaniimaktadir (MTA, 2005).

Tablo 4.15: Hisarcik (Sefakéy-Hamamkdoy-Yukari Yoncaagag)
Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Sefakéy-1 51 Olciilemedi
Sefakdy-2 40 Olciilemedi
Hamamkdy 44 Olclilemedi
Yukari Yoncaagag-1 46 2

Yukari Yoncaagag-2 46 0,2

Kaynak: (MTA, 2005)

4.3.1.11.Saphane Jeotermal Alani

Bélgedeki kaynagin sicakhdi 25,5 °C olup sicak sudan higbir sekilde yararlaniimamaktadir (MTA, 2005).

Tablo 4.16: Saphane Jeotermal Alanindaki Kaynaklar
Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Topal Ahmetler 25,5 -

Kaynak: (MTA, 2005)

4.3.2.Afyon 1li Jeotermal Sahalari ve Potansiyeli

Sekil 4.2’de gosterildigi gibi, Afyon ilinde Omer-Gecek-Kizik-Uyuz, Gazligdl, Heybeli-Cay, Sandikli olmak
Uzere toplam 4 adet jeotermal alan bulunmaktadir. Jeotermal kaynaklardan elde edilen sular isitmacilikta
ve balneolojide kullanilmaktadir (MTA, 2005). Kitahya'da ki jeotermal kaynaklarinin olasi potansiyeli
asadidaki tabloda da goruldigu gibi 139 MW, dir (Yilmazer, 2012).

Tablo 4.17: Afyon ili Jeotermal Kaynaklarin Olasi Jeotermal Potansiyelleri

] Jeotermal Alanin Yizey _Kuyu-Kaynak Kullanlvm Rezeerzl'ar Olasi
Il Ad Alani (km?) Olgulen Sicaklik Sicakhgi Kalinlig Potansiyel
] (0C) (0C) (km) (MW,)
> Omel‘;rl'zﬁfcek 4 98 90 0,3 54
o —
> Gazlgdl 2 74 60 0,3 12
< Heybeli-Cay 4 56 52 0,3 16
Sandikl 10 76 70 0,2 57
TOPLAM POTANSIYEL 139

Kaynak: (Yilmazer, 2012)

Afyon ilinde en yuksek jeotermal potansiyel potansiyele sahip alan 57 MW, ile Sandikh jeotermal sahasidir.
En ylUksek ikinci jeotermal potansiyele sahip alan ise 54 MW, ile Omer - Gecek - Kizik jeotermal sahasidir.
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Sekil 4.2.Afyon ili Jeotermal Sahalar

ACIKLAMA
=i JEOTERMAL ALAN
01 - OMER-GECEK-KIZIK-UYUZ
02 - GAZLIGOL
03 - HEYBELI-CAY
04 - SANDIKLI

Kaynak: (MTA, 2005)
4.3.2.1.0mer-Gecek-Kizik-Uyuz Jeotermal Alani

Bolgedeki kaynaklarin sicaklik ve debi degerleri asadgidaki tabloda gosterilmistir. Bolgedeki kaynaklar
kaplica amach kullanilmaktadir. Ayrica bélgede otel, villa ve sera isitmaciligi da yapilmaktadir. Kuyulardan
elde edilen sudan Afyon kentinin bir bdlimi de isitiimaktadir (MTA, 2005). Omer, Gecek, Kizik ve Uyuz
sahalarindaki jeotermal kaynaklarin gelistiriimesi durumunda, sahadaki kaynaklardan endustriyel
kullanimda, daha cok sera, termal tesis ve konutun isitilmasinda, ciftlik ve hayvancilikta kullanimi ve
soguk hava deposu isletmesinde faydalaniimasi 6ngorilmektedir.

Tablo 4.18: Omer-Gecek-Kizik-Uyuz Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Omer Hamami Kaynaklar 51-64 2,5
Gocek Hamami Kaynaklari 52-64 1,5
Kizik-Uyuz Hamami Kaynaklari 46-71 2,1

Kaynak: (MTA, 2005)
4.3.2.2.Gazligdl Jeotermal Alani

Bolgede toplam 14 adet su kaynadi bulunmasina karsin, bu kaynaklardan cikan suyun debileri distktir.
Sulardan kaplica amagh kullanilmaktadir (MTA, 2005). Gazhgél sahasindaki jeotermal kaynaklarin
gelistirilmesi  durumunda, sahadaki kaynaklardan termal tesis Isitilmasinda, faydalaniimasi
ongorilmektedir.
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Tablo 4.19: Gazligél Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Kukartld Kaynagdi 54 1,5

Eski Hamam 47,8 0,5

Yeni Hamam 28-46 0,17-0,5
Acik Hamam 58 0,5

Kaynak: (MTA, 2005)

4.3.2.3.Heybeli-Cay Jeotermal Alani
Bélgedeki sulardan kaplica amaglh yararlaniimaktadir (MTA, 2005).

Tablo 4.20 Heybeli-Cay Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Heybeli Kaynaklari 36,5 0,1-0,8
Karaburun Kaynagdi 30 0,5
Cobanhamami Kaynadi 30 0,7
Karaburun T. Kuzey Koyu 30 0,2

Kaynak: (MTA, 2005)

4.3.2.4.Sandikh Jeotermal Alani

Bolgede cok sayida su kaynadi var olup, bunlarin besinin toplam debisi ve sicaklik dederi asagidaki
tabloda gdsterilmistir. Sicak sular i1sitmacilikta ve balneolojide kullanilmaktadir (MTA, 2005). Sandikh
sahasindaki jeotermal kaynaklarin gelistirilmesi durumunda, sahadaki kaynaklardan sera ve konut
Isitmasinda, faydalanilmasi 6ngdérilmektedir.

Tablo 4.21: Sandikli Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Hamamcgay Kaynaklari 45-70 112
Kaynak: (MTA, 2005)

4.3.3.Usak Ili Jeotermal Sahalari ve Potansiyeli
Sekil 4.3'te gorildigl gibi bélgede Emirfaki - Akbulak, Hamambodgazi, Kizilcadren - Ilica, Aksaz, Haskdy,
Orencik olmak (izere 6 jeotermal alan bulunmaktadir. Bélgede potansiyel barindiran tek alan Banaz-
Hamambodgazi olup, bu alanin potansiyeli 9 MW, dir.

Tablo 4.22: Usak ili Jeotermal Kaynaklarin Olasi Jeotermal Potansiyelleri

il Jeotermal Yiizey Alani Kuyu-Kaynak Olgilen Kullanim Rezervuar Kalinligi Olasi Potansiyel
Alanin Adi (km?) Sicaklik (0C) Sicakligi (0C) (km) (MWy)
v Banaz 1,5 71 60 0,3 9
g
%" Emirfaki-Ulubey < 35 Degerlendirmeye Alinmadi
TOPLAM POTANSIYEL | 9

Kaynak: (Yilmazer, 2012)
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Sekil 4.3.Usak ili Jeotermal Sahalan

Kaynak: (MTA, 2005)

4.3.3.1.Emirfaki - Akbulak Jeotermal Alani

Sahadan gikan sicak sulardan kaplica amacgh yararlaniimaktadir (MTA, 2005).

Tablo 4.23: Emirfaki - Akbulak Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Emirfaki 38 ~3
Akbulak 31 -

Kaynak: (MTA, 2005)

4.3.3.2.Banaz-Hamambogazi Jeotermal Alani

Bolgedeki kaynaklar kaplicada kullanilmakta olup, ileride bu kaynaklardan isitmacilikta kullaniimasi

diisiinilmektedir (MTA, 2005).

Tablo 4.24: Banaz-Hamambodazi Jeotermal Alanindaki Kaynaklar

Kaynak Adi

Sicaklik (°C)

Kaynak

37-40

Toplam Debi (I/s)

Kaynak: (MTA, 2005)
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4.3.3.3.Banaz-Kizilcadren Ilica Jeotermal Alani

Bélgedeki iki kaynak 25 °C olup bu kaynaklardan faydalaniimamaktadir (MTA, 2005).

Tablo 4.25: Banaz-Kizilcaéren Ilica Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Maden Suyu 25 1
Ilica Kaynadi 25 ~3

Kaynak: (MTA, 2005)
4.3.3.4.Ulubey-Aksaz Jeotermal Alani
Bdlgedeki sicak sular kaplica amagl kullaniimaktadir (MTA, 2005).
Tablo 4.26: Ulubey-Aksaz Jeotermal Alanindaki Kaynaklar
Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)

Kaplica Kaynadi 36 28
Kaynak: (MTA, 2005)

4.3.3.5.Ulubey-Haskoy Jeotermal Alani

Haskdy kaynaginin sicaklik degeri 34 °C olup, sicak sular kaplica amacli kullaniimaktadir (MTA, 2005).

Tablo 4.27: Ulubey-Haskdy Ilica Jeotermal Alanindaki Kaynaklar
Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Haskoy 34 0,5
Kaynak: (MTA, 2005)

4.3.3.6.0rencik Jeotermal Alani

Mevcut olan sicak su kaplica amacgh kullanilmakta olup, sicak sudan termalizm amaglh faydalaniimasi
ongorulmektedir (MTA, 2005).

Tablo 4.28: Orencik Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Orencik 30-34 -
Kaynak: (MTA, 2005)

4.3.4.Manisa ili Jeotermal Sahalari ve Potansiyeli

Manisa ili jeotermal kaynaklar acgisindan Tlrkiye’nin ve bdlgenin en zengin illerinden biridir. TR33
Bolgesinde 9667 MW, ile en yliksek jeotermal potansiyele sahip il olarak karsimiza gikmaktadir. Sekil
4.4'te de goruldaglu gibi bolgedeki jeotermal alanlar Turgutlu - Urganhl, Salihli - Kursunlu, Alasehir -
Horzum Sazdere, Kopribasi - Saraycik, Kula - Emir - Sehitli, Demirci - Eskihisar, Alasehir - Sarikiz, Soma
- Mentese, Sarigdl olarak 9 alandir.

Tablo 4.29: Manisa ili Jeotermal Kaynaklarin Olasi Jeotermal Potansiyelleri

) Jeotermal Alanin Yiize _Kuyu-Kaynak Kullanim Rezervuar Olasi
1l Ad Alan (k¥112) Olculen Sicaklik Sicakhgi Kalinhigi Potansiyel
(0C) (06) (km) (MW)
Sarigol-Alasehir
Arasi 150 60 50 0,5 915
Alasehir-
g Kavaklidere 90 213 100 0,5 2380
E Arasi
< Kavaklidere-
s Salihli Arasi 120 182 90 0,5 2685
Salihli-Ahmetli 160 155 90 0,5 3580
Arasi
Ahmetli-Urganli 50 85 70 0,5 712
Kula Cevresi 6 65 60 0,5 60
Borlu-Saraycik 6 74 50 0,5 35
Mentese 2 57 _ 50 0,5 12
TOPLAM POTANSIYEL 9667
Kaynak: (Yilmazer, 2012)
Manisa ilinde en yulksek jeotermal potansiyele sahip alan 3580 MW, ile Salihli — Ahmetli arasindaki

jeotermal sahadir. En ylksek ikinci jeotermal potansiyele sahip alan ise 2685 MW, ile Kavaklidere - Salihli
arasindaki jeotermal sahadir. Alasehir Kavaklidere arasindaki jeotermal saha 2380 MW, potansiyele sahip
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olup, sirasiyla Sarigdl - Alasehir arasi ve Ahmetli - Urganli jeotermal sahalari 915 MW, ve 712 MW,
jeotermal potansiyele sahiptir.

Sekil 4.4.Manisa ili Jeotermal Sahalan

K
¥ . T
.
. 1
|
b
v -
¥ W
i
.
» .
ACIKLAMA
=i, JEOTERMAL ALAN

12 - SA LI-KURSUNLU
03 - ALASEHIR-HORZUM SAZDERE
04 - KOPRUBASI-SARAYCIK
05 - KULA-EMIR-SEMIT
11; DE =
08 - SOMA-ME
09 - SARIGOL

Kaynak: (MTA, 2005)
4.3.4.1.Turgutlu-Urganh Jeotermal Alani

Urganli jeotermal alaninda mevcut kaynaklar asadidaki tabloda gosterilmistir. Jeotermal kaynaktan
kaplica amagh ve sera isitmasinda yararlaniimaktadir (MTA, 2005). Turgutlu - Urganh sahalarindaki
jeotermal kaynaklarin gelistirilmesi durumunda, sahadaki kaynaklardan daha cok seranin isitilmasinda ve
termal tesis isitilmasinda faydalaniimasi 6ngérilmektedir.

Tablo 4.30: Turgutlu - Urganli Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Akhamam 80 1,5
Camurlu Kaynak 80 2

Garkin Hamami 73 5

Uyuz Hamami 53 5

Esas Kaynak 64,5 5

Kirk Damlalar 77 1

Kovalik Kaynak 51 3
Kumkaldiran 73 3

Kaynak: (MTA, 2005)
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4.3.4.2.Salihli - Kursunlu Jeotermal Alani

Bolgede cok sayida kaynak mevcut olup, énemli olanlar asadidaki tabloda gosterilmistir. Sicak sulardan
kaplica amacgh yararlaniimaktadir (MTA, 2005). Salihli - Kursunlu sahalarindaki jeotermal kaynaklarin
gelistiriimesi durumunda, sahadaki kaynaklardan termal tesis isitiilmasinda, kurutmacilik ve sogutmada
faydalanilmasi 6ngérilmektedir.

Tablo 4.31: Salihli-Kursunlu Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Dere ici 55 -

Gazino Onii Dere Sagi 63,5 0,60
Gazino Onii Havuza Akan 85-89 0,57
Kursunlu 62 0,3

icme 40 0,73
Kakurtld 43 0,2

Celikli 34,5 0,04

Sart (Camur) 50 3

Kaynak: (MTA, 2005)
4.3.4.3.Alasehir - Horzumsazdere Jeotermal Alani

Sicak akiskandan faydalanilmamaktadir. Kaynaklar bosa akmaktadir (MTA, 2005).

Tablo 4.32: Alasehir-Horzumsazdere Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Horzumsazdere - Gobekli Girme 30-73 3
Kaynaklari

Kaynak: (MTA, 2005)
4.3.4.4.Kopriibasi-Saraycik Jeotermal Alani

Alandaki sicak akiskandan kaplica amagh yararlanilmakta olup, alandaki kaynaklar tabloda belirtilmistir
(MTA, 2005). Kopribasi - Saraycik sahalarindaki jeotermal kaynaklarin gelistiriimesi durumunda,
sahadaki kaynaklardan termalizm de ve termal tesis isitiimasinda faydalanilmasi éngérilmektedir.

Tablo 4.33: Kopriibasi-Saraycik Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Saraycik Ilicasi 55 -
Eski Hamam Ustii 40 -
Dere ici 55 -
Yol Uzeri Kaptaj 49 -
Oniks Ocadi 51 -
Demirci Ilicasi (Maden Suyu) 30-37 -

Kaynak: (MTA, 2005)
4.3.4.5.Kula-Emir-Sehitli Jeotermal Alani

Alandaki kaynaklardan cikan suyun sicaklik dederleri 30-60 °C, debileri 0,5-5 I/s dederleri arasindadir.
Sicak akiskandan kaplica amagh yararlanilmaktadir (MTA, 2005).

Tablo 4.34: Kula-Emir-Sehitli Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Képru Tepe-1 38 1,5

Képru Tepe-2 30 0,25
Fokurdak 42 2
Emirhamami-1 45 0,5
Emirhamami-2 58 5

Geren Cay 50 1
Emirhamami 60 1

Gediz Kenari 36 1

Kaynak: (MTA, 2005)
4.3.4.6.Demirci-Eskihisar Jeotermal Alani

Alandan ¢ikan sicak suyun sicaklik dederi 29 °C olup debisi 0,5 I/s’ dir. Yére halki kaplicadan camasirhane
olarak faydalanmaktadir (MTA, 2005).
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Tablo 4.35: Demirci-Eskihisar Jeotermal Alanindaki Kaynaklar
Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Eski Hamam 29 0,5
Kaynak: (MTA, 2005)

4.3.4.7.Alasehir-Sarikiz Jeotermal Alani

Belgedeki kaynada ait veriler asadidaki tabloda go6sterilmistir.  Sicak akiskandan kaplica amagli
yararlaniimaktadir (MTA, 2005).

Tablo 4.36: Alasehir-Sarikiz Jeotermal Alanindaki Kaynaklar
Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Sarikiz 27 2
Kaynak: (MTA, 2005)

4.3.4.8.Soma-Mentese Jeotermal Alani

Bélgedeki sicak akiskandan kaplica amacgh yararlanilmaktadir (MTA, 2005).

Tablo 4.37: Soma-Mentese Jeotermal Alanindaki Kaynaklar

Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Mentese 57 2
Kaynak: (MTA, 2005)

4.3.4.9.Sarigol Jeotermal Alani

Kaynak suyu debisi 0,01 I/s dederinde olup, sicak sudan yararlanilmamaktadir (MTA, 2005).

Tablo 4.38: Sarigél Jeotermal Alanindaki Kaynaklar
Kaynak Adi Sicaklik (°C) Toplam Debi (I/s)
Veli Cesmesi 26 0,01
Kaynak: (MTA, 2005)

4.4.TR33 Bolgesinde Jeotermal Santral Uygulamalan

Hazne sicakhdi 150 °C’den fazla olan sahalarda konvansiyonel elektrik (retimi gergeklestiriimektedir.
Elektrik Gretimi icin jeotermal suyun sicakligi ve debisi cok 6nemlidir. Elektrik Gretimi igin degisik buhar
cevrimi uygulamalari bulunmaktadir. Jeotermal sahalarda kullanilan sicak su separatérlerde ayrilip,
tlrbine gonderilen buhar genleserek elektrik enerjisi Uretimini sadlar. Son yillarda gelistirilen ve ikili
(binary) cevrim olarak adlandirilan bir sistemle, buharlasma noktalar disik gazlar kullanilarak T>80
°C'ye kadar sicakliktaki akiskandan elektrik Uretilebilmektedir (Kaymakgioglu & Cirkin, tarih yok).

TR33 bdlgesinde isletmede olan jeotermal elektrik santrali bulunmamaktadir. TR 33 bdlgesinde, Manisa ve
Katahya illeri sinirlari igerisinde bulunan, dretim lisansina sahip ve insa halinde olan veya yatirm
galismalari devam eden bes jeotermal elektrik santrali tesisi bulunmaktadir. Proje kapsaminda yapilan
saha arastirmalari neticesinde Manisa ilinin Alasehir ilgesi, Caferbeyli Mevkii‘'nde bulunan insa halindeki
jeotermal elektrik santralinin su debisi (4,5 I/s) dusik oldugundan dolayl yapilan yatirimlara ara
verilmistir. Bélgedeki kaynadin sicakligi 110 °C ve kaynagin akar durumdaki sicakligi 86 °C’ dir.

Tablo 4.39: TR 33 Bolgesindeki Insa Halindeki Jeotermal Elektrik Santralleri ve Kapasiteleri

] Lisans/Ruhsat ] ) . insa Halindeki isletmedeki
Sirket Adi Turi TESI‘S Yeri Kurulu Gig MW, Kapasite MW, Kapasite MW,
Santral Enerji B Manisa Ili, Salihli
Uretimi Sanayi Uretim Lisansi Ilgesi, Caferbeyli 15 15 0
ve Ticaret A.S. Mevkii
Manisa i,
Zorlu Jeotermal B Alasehir Ilgesi,
Elektrik Uretim Uretim Lisansi Erenkdy- 30 30 0
A.S. Osmaniye-
Cesneli
Turkerler - Turkerler
. Uretim Lisansi Alasehir 24 24 0
Jeotermal Enerji e
Jes/Manisa Ili
Turkerler . Jes/f/laar:?;za ili
Jeotermal Eneriji Uretim Lisansi s i 10 10 0
o Alasehir Ilgesi,
Arama ve Uretim -
Sarikiz Mevkii
Zorlu Enerji
Elektrik Gretim Arama Ruhsati Kitahya-Simav 30 (Yatinm - -
A.S asamasinda)
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4.5.SONUG VE ONERILER

Jeotermal enerjinin konvansiyonel enerji kaynaklarina gére en 6nemli UstinlGgd, sdrdirdlebilir eneriji
kaynadi olmasidir. Diger enerji kaynaklarinda sikgca rastlanan cevreyi kirletme sorunu, bu enerji
kaynadinda s6z konusu dedildir. Fosil yakitlarin yerine jeotermal kaynaklarin kullanimi, CO2 seviyelerini
kontrol ederek sosyal maliyetlerin de dismesine neden olacaktir (Kilig & Kilig, 2009).

Tiarkiye'nin ihtiyac duydudu ylksek enerji gereksinimi, petrol ve dodalgazda disa bagimhligin azaltiimasi,
dolayisiyla cari agigin da azaltilmasi dncelikleriyle, diger yenilenebilir enerji kaynaklari gibi Turkiye’deki
jeotermal kaynaklarin potansiyelinin belirlenmesi ve jeotermal enerjinin ginlik hayatta ve ticari alanda
tartismasiz dederlendirilmesi gerekmektedir.

Bolgedeki mevcut jeotermal kaynaklar agirlikli olarak kaplica turizminde kullanilmakta olup, konut
Isitmaciligi ve sera isitmacilidi uygulamalarinin mevcut oldugu gorilmektedir. Jeotermal kaynaklardan,
elektrik Gretimi icin potansiyel barindirmasina ragmen bu alanda istifade edilememektedir.

TR33 bdlgesindeki jeotermal kaynaklarin cogunlugu dislik - orta entalpili gruba girmektedir. Dolayisiyla
bu jeotermal gruptan elektrik enerjisi elde etmek igin binary ve kalina gevrimlerinin kullanilmasi esastir.

Jeotermal enerjinin Gretim ve kulanim maliyeti diger enerji kaynaklarina gére daha az olmasi sebebiyle,
belediyeler jeotermal enerjinin kullaniminda dnctllik edip, jeotermal enerjinin kullanimini desteklemelidir.
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Giris

Enerjinin yeterli, zamaninda, kaliteli, ekonomik, givenilir ve temiz olarak sunumu gintmiuzde ulkelerin
gelismislik dizeylerini belirleyen en 6nemli géstergelerden biridir. Sanayinin oldugu kadar halkin gunlik
yasantisinin da en énemli girdilerinden olan enerjiye talep slrekli olarak artarken enerji kaynaklari da hizh
bir sekilde tikenmektedir. Sirdurilebilir bir dengenin sadlanabilmesi icin enerji kaynak cesitliliginin
saglanmasi ve konvansiyonel enerji kaynaklarinin yaninda yenilenebilir enerji kaynaklarinin kullanima
sunulmasi biyiik 6nem kazanmistir (Ozerdem, 2003).

Yenilenebilir enerji kaynaklari, kendisini diinya var oldukga yenileyen, yani tikenmeyen enerji
kaynaklaridir. Fosil enerjilerle karsilastirildiinda cevreye daha dost olduklari ve cok daha disik sera
etkisine sahip olduklari gorulir. Baslicalari, hidrolik enerji, rizgar enerjisi, biyokultle enerjisi, solar enerji,
fotovoltaik sistem ve jeotermal enerjidir. Temelde riizgar enerjisi de donlsiime ugramis glines enerjisidir
(Karamanlioglu, 2011). Glnesin dinyaya godnderdigi enerjinin %1-2 gibi klglk bir miktari rizgar
enerjisine dondsmektedir. Glinesin, yer ylzeyini ve atmosferi homojen isitmamasinin bir sonucu olarak
ortaya cikan sicaklik ve basing farkindan dolay! hava akimi olusur. Bir hava kitlesi mevcut durumundan
daha fazla i1sinirsa atmosferin yukarisina dogru ylkselir ve bu hava kitlesinin ylikselmesiyle bosalan yere,
ayni hacimdeki soduk hava kitlesi yerlesir. Bu hava kutlelerinin yer dedistirmelerine riizgar adi
verilmektedir. Dider bir ifadeyle rizgar; birbirine komsu bulunan iki basing bdlgesi arasindaki basing
farklarindan dolayr meydana gelen ve yilksek basing merkezinden algak basing merkezine dogru hareket
eden hava akimidir. Rizgarlar ylksek basing alanlarindan alcak basing alanlarina akarken; dinyanin kendi
ekseni etrafinda dénmesi, ylzey surtinmeleri, yerel 1si yayihimi, rizgar dnindeki farkli atmosferik olaylar
ve arazinin topografik yapisi gibi nedenlerden dolayi sekillenir. Rlizgarin 6zellikleri, yerel cografi farkliliklar
ve yerylzinlin homojen olmayan isinmasina baglh olarak, zamansal ve yo6resel degisiklik gosterir. Rizgar
hiz ve yon olmak lzere iki parametre ile ifade edilir (www.yegm.gov.tr, 2012).

5.1.Riizgar Enerjisinin Tarihgesi

Diinyada riizgar enerjisinden ilk olarak MO yaklasik 500 yil énce Misir'da kayiklarin bir sahilden digerine
ylzdirilmesi icin faydalanilmistir. MO 200 yilinda ilk olarak bir eksene tutturulmus pervaneler ile déniis
hareketi treten bir makine seklinde calisan yel dedirmenlerinin yapildigi sdylenmektedir. Yel degirmenleri
ile ilgili yazili belgelere 12. ylz yilda rastlanmaktadir. 1889 yilinda ABD’de yel dedirmenlerinin Gretimini
yapan fabrikalar kurulmustur. Cok kanath yel degirmenlerinin yapilmasindan sonra bu dedirmenlerin
pervaneleri gelistiriimek suretiyle su pompalama islerinde de riizgar enerjisinden faydalanilmistir (ilkihg,
2009). Binlerce yildir insanhdin hizmetinde bulunan riizgar enerjisinden elektrik tretimi ise ilk olarak 1891
yilinda Danimarka’da gergeklesmistir (Kilig, 2009).

Rizgar enerjisinin tarihi gelisimi sadece teknolojik gelismelere badl olarak gerceklesmemistir. Bazi tarihi
olaylar da ulkeleri alternatif enerji kaynaklari arayisina yoénlendirmistir. ikinci Diinya Savasindan sonra
petrol fiyatlarinin dismesiyle, rilzgar tirbinlerine olan ilgi azalmis 1970‘lerde petrol fiyatlarinin asiri
yukselisi ile dinya cgapinda rlizgar tirbinlerine ilgi tekrar artmistir. 1970’lerdeki petrol ambargolarini
takiben, rizgar tiurbini jeneratérlerinin nasil daha kullanish ve daha verimli hale getirilebilir sorusunun
cevabi aranmistir. Bu yaklasimlarin bir gogu riizgar ciftliklerinin Amerika ve Avrupa sebekeleri igin yararl
olacagini gostermistir. 1970’lerden itibaren riizgar teknolojisi adim adim gelismis, 1990’larin sonunda
riizgar enerjisi en dnemli yenilenebilir enerji kaynaklarindan birisi olarak yeniden ortaya cikmistir (Ozgir,
2006).

Diger taraftan teknolojik gelismelere baglh ilerleme dlinyayr daha c¢ok lreten ve tiiketen bir doneme
surtklemistir. Bu yeni dénemde enerji ihtiyaci da giderek artmistir. Daha ©6nceden enerji ihtiyacini
karsilamada kullanilan fosil kékenli yakitlarin kullaniimasi ciddi miktarda karbondioksit gazi emisyonuna
sebep olmustur. Enerji Uretiminde fosil yakitlarin kullaniimasi ile olusan karbondioksit emisyonu ise
kiresel iIsinma ve iklim dedisikliine sebep olan emisyon Urinlerinin basinda gelmektedir. Bunun igin
gelismis ve gelismekte olan (lkeler Japonya’nin Kyoto sehrinde toplanarak iklim dedisikligine sebep olan
sera gazi emisyonlarini azaltmaya yonelik tedbirlerin alinmasi igin bir protokol yayinlamiglardir. 1997
yilinda Japonya’nin Kyoto sehrinde 141 Ulke tarafindan imzalanan Kyoto protokoll, endlstriyel alanda
ilerlemis dlkelerin sera gazi miktarlarini 2012 yilina kadar, 1990 seviyesinin %5 gerisine ¢ekmelerini
6ngdren bir protokol olarak Ulkeleri yenilenebilir enerji kaynaklarindan yararlanmaya tesvik eden dnemli
faktdrlerden biri olmustur.
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5.2.Riizgar Enerjisinin Ustiin ve Zayif Yonleri

Yenilenebilir bir enerji kaynadi olan rizgar enerjisinin fosil ve dijer enerji kaynaklarina gére bir cok
Gstlnlikleri bulunmaktadir. Rliizgar enerjisi temiz ve bedava olan yenilenebilir bir enerji kaynadidir. Dinya
ve glines var oldugu slirece bu kaynadin tiikenme ihtimali bulunmamaktadir. Rizgar, yerylzinde sirekli
var oldugu icin enerji givenligi saglar. Fosil yakitlarin fiyat degiskenliginden kaynaklanan karmasikhgi
dnler. Riizgar bedava estigdi icin fiyatinin yiikselme ve disme riski yoktur (Ilkilig, 2009).

Fosil yakitlarin sebep oldugu hava kirliligi rizgar tlrbinleri icin s6z konusu dedildir. Bu tlrbinler yakit
olarak rtizgari kullandiklari icin atmosfere zehirli gaz atiklari birakmazlar. Rizgardan enerji elde edilirken
yanma olmadidi igin karbon emisyonu gergeklesmez dolayisiyla riizgar enerjisi kiresel isinmaya ve iklim
degisikliklerine neden olmaz (ilkilig, 2009). Rizgardan enerji elde etmek icin kullanilan 1 MW kapasiteli
bir tlrbin, ayni enerjiyi kémir ile calisan bir santralden karsilanmak istendiginde yakilacak olan ve
135.000 adacin Uretebilecedi oksijeni tasarruf etmek demektir (Varinca & Gondlli, 2006).

Rizgar enerjisinin 6énemli avantajlarindan bir digeri ise rizgar ciftliklerinin sékim maliyetlerinin
olmamasidir. Sokllen tirbinlerin hurda dederi sokim maliyetlerini karsilamaktadir. Bu ciftliklerin
omdurlerini tamamlamasindan sonra tirbinlerin kullanildigi alan eski haline kolayca getirilebilmektedir. Bir
rizgar tlrbininin kuruldugu arazinin %5'ini isgal etmesi ve tirbin kanatlarinin yerden epeyce ylksekte
olmasi, kalan arazinin tarim otlatma ve diger amaclarla kullanilabilmesine olanak vermektedir (Bayrakgl &
Delikanh, 2007).

Rizgar enerjisi bolgesel kalkinmaya da katkida bulunur. Rizgar ciftliklerinin yapim asamasinda insaat
faaliyetleri yoredeki insanlara is olanaklari yaratir. Genelde kirsal alanlara kurulan bu ciftlikler arazi igin
O0denen satin alma veya kira bedelleriyle yoredeki insanlara ciddi bir ekonomik girdi saglamaktadir
(Bayrakgi & Delikanli, 2007).

Ustiin yénlerinin yani sira riizgar enerjisinin dezavantajlari olarak gérillen bazi durumlar da séz
konusudur. Rizgar enerjisinin glrulti ve goérunti kirliligine, kus 6limlerine sebep olmasi, tv ve radyo
yayinlarini etkilemesi gibi bazi cevresel etkileri oldugu soylense de konuyla ilgili yapilan arastirmalar bu
etkilerin distk dizeyde oldugunu gostermektedir.

Bir rlzgar ciftligi icerisindeki gulrultl, gelistirilmis tlrbinlerin bulundugu ortamda 85 dB dlzeyini
asmamaktadir. Bir otomobil igerisindeki gulriltli ise 80-90 dB kadardir. Rizgar tarlalari ile yerlesim
birimleri ve konutlar arasindaki uzakhdin 300 metreden az olmamasi, standart 400 m olmasi guriltl
korumasini saglamakta, bu kosulda var olan taban guriltilye, 5 dB daha girulti eklenmektedir. Bdylece,
yeni teknoloji UriinG tirbinlerle 400 m uzaklikta gurdlti kirliligi 36.9 dB'e diismektedir (Ozgiir, 2006).

Rizgér tarlalarinin en c¢ok tartisilan cevresel etkilerinden biri de kurulduklar alan (zerindeki gorsel
etkisidir. Triblnlerin estetik goériinim acisindan glzel olup olmadigi kisiye gore degisen 06znel bir
durumdur. Ancak gorsel etkinin asil 6nemli unsurlari golge titresimi ve pariltidir. Glinesin dogusu ve batisi
esnasinda rlizgar tirbinlerinin donmekte olan kanatlari gélge oynamasina, gélge titresimine neden
olabilir. Ayni sekilde cilali kanatlara gelen glines Isi§1 da civara yansiyarak parilti etkisi yaratabilir. Bu
sorunlar, kanatlarin ve tarbinin ginidn her sartlarindaki renk kosullarina uyan acik mat gri renk ile
boyanmasi ile en aza indirilebilir. Bir diger gortntt kirliligini engellemek icin pilon tipi kafes kulelerin
yerine boru tip kuleler kullanilmahdir. S6z konusu riizgar tirbinlerinin gérsel etkisi; temiz, cevreci ve ucuz
bir enerji tretimi dikkate alindiinda, estetik zevkten ézveri gerekmektedir (Ozkaya, et al., 2008).

Bir baska cevresel dezavantaj ise kus olimleri olarak karsimiza cikar. Kus élimleri daha ¢ok toplu gogler
sirasinda karsilasilan bir sorundur. Fakat bu sorun yliksek gerilim hatlarinin yarattidi tehlikelerden buyik
degildir. Kus gogleri genellikle 300-1000 metre arasinda yodun olmakla birlikte gok ylkseklerde ucan
kuslar da vardir. Ama yine de rlizgar ciftliklerinin kuruldugu alanlarin gog yollari lizerinde olmamasi en iyi
¢cozimdur (Ozkaya, et al., 2008).

5.3.Diinyada ve Tiirkiye'de Riizgar Enerjisi

Dinya Uzerinde rlizgar enerjisi kurulu gicli 1996°dan beri surekli artmaktadir. Global Wind Energy
Council’in yayinladidi istatistiklere gére 2011 yili sonu itibariyle diinya Uzerinde toplam kurulu gig
238.351 MW'tir. Ulkeler arasinda riizgar enerjisinden en c¢ok faydalanan iilke 62.733 MW’lk kurulu
guciyle Cin'dir. Ikinci sirada ise birinciligi son yillarda Cin’e kaptiran 46.919 MW kurulu gicle ABD yer
almaktadir. Ug, dért ve besinci siralarda sirasiyla Almanya (29.060 MW), Ispanya (21.674 MW) ve
Hindistan (16.084 MW) bulunmaktadir (GWEC, 2011).
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Grafik 5.1.Kiiresel Kiimiilatif Riizgar Kurulu Giicii (1996-2011)
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Kaynak: (GWEC, 2011)

Rizgar enerjisi kullanimi Avrupa’da da ¢ok yaygindir. Avrupa‘da riizgar enerjisinden en ¢ok elektrik lireten
Ulke Almanya (29.060 MW) iken rlizgar enerjisi ile Glkenin elektrik talebini karsilama oraninin en ylksek
oldugu Ulke Danimarka’dir. Danimarka elektrik ihtiyacinin %26’sini rlizgar enerjisinden karsilamaktadir
(www.gwec.net, 2011).

Tirkiye'de rlizgar enerjisinden elektrik Gretiminin gelisimine bakildiginda 6zellikle 2006 yilindan itibaren
riizgar enerjisi santrallerinin blyiik oranda artmaya basladi§i gérilmektedir (Grafik 5.2). TUREB’in Subat
2012 tarihli raporuna goére Tlrkiye’'de riizgar enerjisi santrallerinin toplam kurulu giici 1.805,85 MW, insa
halinde olan santrallerin kapasitesi ise toplamda 517,55 MW’dir (TUREB, Subat 2012). T.C. Enerji ve
Tabii Kaynaklar Bakanhgi Strateji Raporu’na goére ise Tlrkiye Cumhuriyeti’nin kurulusunun 100. Yili olan
2023 yili kurulu glic hedefi 20.000 MW olarak belirlenmistir.

Grafik 5.2.Tiirkiye’de Riizgar Enerjisinin Gelisimi
Tiirkiye Riizgar Enerjisi Santrallerinin Kurulu Giic Bakimindan Yillara Gore Kiimiilatif Dagilimi
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Kaynak: (TUREB, Subat 2012)

Tirkiye'nin riizgar enerjisi potansiyeli acisindan en verimli bdlgeleri Marmara ve Ege’dir. Isletmedeki
RES'ler, kurulu glic bakimindan bodlgelere goére siralandiginda %38,51'le Ege Bolgesi birinci gelmektedir.
Sirasiyla diger bolgeler ve yizdeleri ise Marmara Bolgesi %35,79, Akdeniz Bolgesi %18,25, Karadeniz
%3,92 ve I¢c Anadolu Bélgesi 3,53 seklindedir. Riizgar santrallerine tiirbin Ureticileri agisindan bakildiginda
ise en buyuk payl %27,87 ile Vestas tirbinlerinin olusturdugu, onu %?25,97 ile Nordex, %?25,87 ile
Enercon ve 15,23 ile GE'nin izledigi gérilmektedir (TUREB, Subat 2012).
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5.4.Riizgar Enerjisi Potansiyelinin Belirlenmesi

Rizgar enerjisi potansiyelinin belirlenmesini agiklamadan 6nce rlizgar enerjisinin bazi dogal 6zelliklerinden
bahsetmek faydali olacaktir (Malkog, 2006):

RlUzgarin Hizi
= Riizgar enerjisi rizgarin kiiplyle artar
= Rizgar hizinda %10’luk bir artis elektrik tretiminde %30’luk bir artis meydana getirir.
= 2x Rizgar Hizi= 8x Elektrik Enerjisi

Yukseklik
= Rlzgar enerjisi yukseklikle (1/7) Ussel artar
= 2x Yikseklik= %10,4 daha fazla elektrik

Hava Yogunlugu
= Rizgar enerjisi hava yogunlugu ile orantili bir sekilde artar
= Nemli iklimler kuru iklimlerden daha fazla hava yogunluguna sahiptir
= Ylksekligi distk olan yerler daha ylksek hava yodunluguna sahiptir

Kanat Supurme Alani
= Rlzgar enerjisi kanat siplirme alani ile orantili bir sekilde artar
= Kanat gapinda %10’luk bir artis kanat stiptirme alaninda %21’lik bir artis meydana getirmektedir.

Herhangi bir 6lgekte rizgar enerjisi projesi planlamadan 6nce atilmasi gereken en é6nemli ilk adim en iyi
rizgar kaynaklarinin nerede oldugunu belirlemek ve bu kaynadin 6zelliklerini anlamaktir. Yeni nesil riizgar
enerjisi potansiyel atlaslari bu imkanlar saglamakta ve rlizgar enerjisi sektértniin gelisimine son derece
Onemli katkilarda bulunmaktadir. Yeni rlzgar enerjisi potansiyel atlaslarini hazirlamada kullanilan
bilgisayar teknikleri ve meteorolojik modeller ise en uygun rizgar kaynak alanlarini tespit etmek igin
saatlik, glinlik, aylik, mevsimlik ve yillik zaman olgeklerinde riizgar rejimi hakkinda cok dederli bilgiler
sunabilmektedir. Codrafi bilgi sistemleri (CBS) ile entegre edilebilen yeni nesil rlizgar enerjisi atlaslari,
rizgar enerjisi uygulamalari igin en uygun alanlari tespit etmede hem zaman hem de maddi yonden
dnemli faydalar saglayabilmektedir. Ornegin riizgar enerjisi uygulamalari agisindan énem arz eden trafo
merkezleri, sebeke altyapisi, ulasim imkanlari gibi bir ¢ok parametre rizgar kaynaklariyla beraber
incelenerek en uygun yerin ortaya konulmasi asamasinda ilk etiit calismalarinin ortadan kaldirilmasina
dolayisiyla zaman ve maddi tasarruf saglanmasina imkan tanimaktadir (Malkog, 2007).

Ulkemizde 2006 yilinda hazirlanmis olan Tirkiye Rizgér Enerjisi Potansiyel Atlasi (REPA), orta-élcekli
sayisal hava tahmin modeli ve mikro-6lcekli rizgar akis modeli kullanilarak dretilen rizgar kaynak
bilgilerinin verildigi Rizgar Enerjisi Potansiyel Atlasi’dir. Bu atlas yardimiyla Turkiye genelinde 200 m x
200 m ¢ozindrlaglinde (Galskan, 2011);

- 30, 50, 70 ve 100 m yuksekliklerdeki yillik, mevsimlik, ayhk ve giinlik rtzgar hiz ortalamalari,
- 50 ve 100 m yulksekliklerdeki yillik, mevsimlik ve aylik riizgar glic yogunluklari,

- 50 m yukseklikteki yillik kapasite faktoru,

- 50 m yukseklikteki yillik riizgar siniflari,

- 2 ve 50 m yiksekliklerdeki aylik sicaklik degerleri,

- Deniz seviyesinde ve 50 m yiksekliklerdeki aylik basing dederleri 6grenilebilmektedir.

REPA ile denizlerimizde, kiyillarimizda ve yiksek rakimli bélgelerimizde daha 6nce 6lcemedigimiz ylksek
yogunluklu potansiyeller gérinilr hale gelmistir. Tablo 5.1'de riizgar hizinin ve glic yodunlugunun rizgar
kaynak derecelerine goére siniflandiriimasi gosterildikten sonra riizgar enerjisi potansiyeli belirlemede
kullanilan en 6nemli kriterler olan riizgarin hizi, giic yogunlugu ve kapasite faktor( verileri ile ilgili Tlrkiye
Rizgar Enerjisi Potansiyeli Atlaslarina yer verilmistir.

Tablo 5.1.Riizgar Hiz/Gii¢ Yogunlugu Siniflandiriimasi ve Derecelendirme

Rizgar Kaynak Rizgar 50m. Yikseklikteki 50m. Yikseklikteki Glig
Derecesi Sinifi Rizgar Hizi m/s Yogunlugu W/m2

Zayif 1 <5,5 <200

Dusuk 2 5.5-6.0 200 - 300
Orta 3 6.0-7.0 300 - 400
Tyi 4 7.0-7.5 400 - 500
Harika 5 7.5-8.0 500 - 600
Mikemmel 6 8.0-9.0 600 - 800
Siradisi 7 >9 >800

Kaynak: (Malkog, 2006)
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Harita 5.1.Tiirkiye Geneli 50 Metre Yiikseklikteki Ortalama Yillik Riizgar Hizlari Dagilimi
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Kaynak: (Galiskan, 2011)

Harita 5.3.Tiirkiye Geneli 50 Metre Yiikseklikteki Ortalama Giic Yogunlugu Dagilimi
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Kaynak: (Caliskan, 2011)
REPA ile Ulkemizde yillik rizgar hizi 8,5 m/s ve Uzerinde olan bélgelerde en az 5.000 MW, 7,0 m/s'nin

Uzerindeki bolgelerde ise yaklasik 48.000 MW buytklaglnde rizgar enerjisi potansiyeli bulundugu tespit
edilmistir (www.enerji.gov.tr, 2012).
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Tablo 5.2.Tiirkiye Riizgar Enerjisi Potansiyeli
Yillik Ortalama Riizgar hizi > 7,0 m/s - 50 m a.g.l. (Above Grand Level)

Yilhik Ortalama Rizgar Hizi Ortalama Rizgar Gig Toplam Kurulabilecek Gilig
(m/s) Yogunlugu (W/m?2) Miktar (MW)
7.0-7.5 400 - 500 29 259,36
7.5-8.0 500 - 600 12 994,32
8.0-9.0 600 - 800 5 399,32
>9 >800 195,84
Total 47,849

Karasal Alanlar (MW) Deniz L(Jl\s/ItVL:I)AIanIar

37 836 10 013
Kaynak: (Caliskan, 2011)

Tlrkiye'nin 47.849 MW tekno-ekonomik potansiyeline 83.906,96 MW'’lik orta rizgar sinifi potansiyelini de
dahil ettigimizde, rizgar sinifi orta ile siradisi arasinda olan rlzgarh arazilerin toplam 131.756,40 MW
rizgar enerjisini destekledigi gorilmektedir.

Rizgar enerjisi uygulamalari agisindan uygun olmayan alanlar ise asadidaki gibidir (Caliskan, 2011):

= Rakimi 1500 metrenin izerinde ve edimi %20’den fazla olan bélgeler
= Yerlesim alanlari

= Kara ve demir yollari ile hava alanlari ile limanlar

= Sulak alanlar ve nitelikli orman alanlari

= Koruma alanlari (milli parklar vb.)

= Enerji santralleri

= Emniyet bantlari

= Derinligi 50 metreden fazla olan deniz alanlari

5.5.TR33 Bolgesinin Riizgar Enerjisi Potansiyeli

Ekonomik bir RES yatirimi igin santral kurulmasi planlanan yerde yillik ortalama riizgar hizinin 7 m/s veya
Uzerinde ve kapasite faktdérlinin de %35 veya lzerinde olmasi gerekmektedir. Buna ek olarak riizgar
tlrbini teknolojisinde gerceklesebilecek gelismeler sayesinde daha dnceden elektrik enerjisi Gretilemeyen,
yillik ortalama rizgar hizinin 7 m/s ve kapasite faktérinin %35'in altinda kalan orta sinif riizgar enerjisi
potansiyeline sahip bolgelerin de ileride RES yatirimlari acgisindan daha verimli hale gelebilecedi g6z
6ndnde bulundurulmalidir.

TR33 Bodlgesi icin EIE tarafindan olusturulan REPA’lar incelendiginde bdlgenin riizgar enerjisi potansiyel
goérinimi Tablo 5.3teki gibi olmaktadir. Bolgedeki iller potansiyel blyukligl sirasina goére Manisa,
Afyonkarahisar, Kitahya ve Usak'tir.

Tablo 5.3.TR33 Bolgesi Riizgar Enerjisi Potansiyeli

iller Toplam Alan Toplam Kurulabilecek Glg
(Km?2) Kapasitesi (MW)
Manisa 1.060 5.302,32
Afyonkarahisar 172,05 860,24
Kitahya 38,03 190,16
Usak 1,85 9,28
Toplam 1.271,93 6.362

6.362 MW rilizgar enerjisi potansiyeline sahip TR33 Bodlgesi'nde 344,43 MW isletmede, 472 MW insa
halinde toplam 816,43 MW RES yatirrmi mevcuttur. Tablo 5.4'te bdlgede yer alan isletmede ve insa
halinde olan RES’ler hakkinda bilgi verilmistir.
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Tablo 5.4.TR33 Bélgesinde Yer Alan isletmede Olan ve insa Halindeki RES'ler

. . . Kurulu Hafﬁ'l?eki isletmedeki
Il Adi Isletmeci Firma Adi Bulundugu Ilge Giig . Kurulu Giig
(MW) Gc (MW)
(MW)
x . Tamyeli Enerji Yatirm Uretim ..
% Ince Su Res ve Ticaret A.S Kiziléren 10 10 0
- = T
T Dinar RES O_Igu Enerji Yatinm Uretim ve Dinar 50 50 0
§ Ticaret A.S _
< Gulnce Enerji Yatirnm Uretim ve
§ Sandikli Res Ticaret A.S Sandikli 12 12 0
o Izdem Eneriji Yatinm Uretim ve
t Afyon 2 Res Ticaret A.S Sandikli 88 88 0
< Eber Res Eber Elektrik Uretim A.S. Sultandagi 36 36 0
Akres Akhisar Enerji A.S. Akhisar 43,75 0 43,75
Gokres-2 RES Sasret Enerji Uretim ve Ticaret Akhisar 35 35 0
o Babadag Elektrik Uretim San. o
Kirkagag RES Ve Tic. A.S. Kirkagag 45 45 0
Geres RES Geres Elektrik Uretim A.S. Kirkagag 27 27 0
Kocatepe RES Diinya Enerji Uretim A.S. Kirkagag 25 25 0
. Gol Marmara Enerji Yatinm Salihli ve
< -
0 Golmarmara RES Uretim ve Ticaret A.S. Golmarmara 45 45 0
Z Soma RES Bilgin Ruzgar Santrali Elektrik Soma ve 20 0 20
‘Zt Uretim A.S. _ Kirkagag
Soma RES -SUgE"TAHE'\i\EgJI ELEKTRIK Soma 140,08 0 140,08
Karakurt RES gifﬂ'eztiE'ekt”k Uretim Limited Akhisar 10,8 0 10,8
Kuyucak RES ﬁ'ge Enerji Elektrik Uretim Kirkagac 25,6 0 25,6
Sayalar RES zosga' Enerji Elektrik Uretim Sayalar 54,2 20 34,2
Arnaz Res Rizgar Enerjisinden
¥ Usak RES Elektrik Uretim Santrali Ltd. Sti Banaz >4 >4 0
ff,. Civan RES KLF Enerji Elektrik Uretim A.S. Merkez 15 15 0
=] Eksel Elektrik Uretim San. ve
Alares Tic. Ltd. Sti Merkez 10 10 0
Kaynak:EPDK TOPLA 816,4 472 344,43

Harita 5.4.Afyonkarahisar ili Riizgar Hiz Dagilimi - 50 metre
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Kaynak: (YEGM, 2012)
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Harita 5.5.Afyonkarahisar ili Kapasite Faktorii Dagilimi - 50 metre
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Kaynak: (YEGM, 2012)

Afyonkarahisar ilinde 7m/s rizgar hizi ve Uzerinde kalan yerler Cay ilgesinin Sultandadi ilcesi ile sinir
oldugu kuzey bati kesimi ve Dinar ilgesidir. Sandikl ilgesinin dogusu, Merkez ve Suhut ilgelerinin sinir hatti
ve Cobanlar ilgesi ise orta rizgar kaynak derecesi (6.5m/s — 7.0m/s) potansiyeline sahip bdlgelerdir. Bu
bolgelerde kapasite faktori %30-35 arasindadir.

Elektrik Isleri Etit idaresi’'nin (EIE) calismalarina gére Afyonkarahisar ili icin toplam 172,05 km2’'lik alanda
860,24 MW kurulabilecek glic kapasitesi hesaplanmistir. Hesaplamalarda riizgar enerjisi uygulamalari
acisindan uygulanabilir alanlara km2 basina 5 MW giclinde RES kurulabilecedi kabul edilmistir. Harita
5.7'de bdlgede RES kurulamayacak alanlar gri renkte gosterilmistir.

Harita 5.6.Afyonkarahisar Ili Riizgar Enerjisi Santrali Kurulabilir Alanlar
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Kaynak: (YEGM, 2012)
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Harita 5.7.Kiitahya ili Riizgar Hiz Dagilimi - 50 metre
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Kaynak: (YEGM, 2012)

Harita 5.8.Kiitahya ili Kapasite Faktorii Dagilimi - 50 metre

rennmemm i

Kaynak: (YEGM, 2012)

Kutahya ilinde riazgar hizinin 7m/s’nin Uzerinde yer aldigi boélgeler Gediz ve Simav ilgelerinin dogu
kesimleridir. Bu bélgelerde kapasite faktérii ise %30-35 arasindadir. EIE’nin calismalarina gore Kitahya ili
icin toplam 38,03 km?2'lik alanda 190,16 MW kurulabilecek gli¢ kapasitesi hesaplanmistir. Harita 5.9'da
bélgede RES kurulamayacak alanlar gri renkte gdsterilmistir.
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Harita 5.9.Kiitahya ili Riizgar Enerjisi Santrali Kurulabilir Alanlar
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Kaynak: (YEGM, 2012)

Harita 5.10.Usak ili Riizgar Hiz Dagilimi - 50 metre
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Kaynak: (YEGM, 2012)

Harita 5.11.Usak ili Kapasite Faktorii Dagilimi - 50 metre
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Kaynak: (YEGM, 2012)
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Usak ilinde riizgar hizinin 7m/s’nin tzerinde oldugu bélgeler Banaz ilgesinin dogu kesimleridir. Bu bdlgede
kapasite faktorii ise %30-35 arasindadir. EIE’nin calismalarina gére Usak ilinde toplam 1,856 km2'lik
alanda 9,28 MW kurulabilecek glic kapasitesi tespit edilmistir. Harita 5.12'de gri renkli alanlara RES
kurulamayacadi kabul edilmektedir.

Harita 5.12.Usak ili Riizgar Enerjisi Santrali Kurulabilir Alanlar
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Kaynak: (YEGM, 2012)

Harita 5.13.Manisa ili Riizgar Hiz Dagilimi — 50 metre
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Kaynak: (YEGM, 2012)
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Harita 5.14.Manisa ili Kapasite Faktorii Dagilimi - 50 metre
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Kaynak: (YEGM, 2012)

Bdlge illeri arasinda en ylUksek rlizgar enerjisi potansiyeline sahip il Manisa’dir. Manisa ilinde riizgar
enerjisi potansiyeline sahip ilceler Akhisar, Kirkagag ve Soma’dir. Bu ilgelerde yillik ortalama rizgar hizlar
iyi ile mikemmel riizgar kaynak dereceleri arasinda (7.0m/s - 9.0m/s) yer almaktadir. S6z konusu
ilcelerin yani sira Manisa Merkez ilgesinin kuzey, ve Turgutlu ilgesinin gliney kesimleri de rlizgar enerjisi
santrali yatirimlari icin gerekli potansiyele sahip diger bolgelerdir.

EIE'nin calismalarina goére Manisa ilinde 1.060 km2'lik alanda 5.302,32 MW giiciinde RES yatirimi
yapilabilecegdi tespit edilmistir. Harita 5.15te bélgede RES kurulamayacak alanlar gri renkte gosterilmistir.

Harita 5.15.Manisa ili Riizgar Enerjisi Santrali Kurulabilir Alanlar
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Kaynak: (YEGM, 2012)

5.6.SONUC
TR33 Boblgesinde yer alan Afyonkarahisar Merkez, Cay, Cobanlar, Dinar, Sandikh, Gediz, Simav, Banaz,

Akhisar, Kirkagag, Manisa Merkez, Soma ve Turgutlu ilceleri rlizgar enerjisi potansiyeline sahip stratejik
alt bolgeler olarak tespit edilmistir.
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Rizgar enerjisi potansiyelinin bulundugu tespit edilen boélgelere iliskin yatirim kararlarinda, bélgenin;
rakimi 1.500 metrenin (zerinde ve egimi %20'den fazla olan alanlar, yerlesim alanlari, kara ve demir
yollari, hava alanlari, limanlar, sulak alanlar, milli parklar, nitelikli orman alanlari vb. gibi riizgar enerjisi
uygulamalari agisindan uygun olmayan alanlar arasinda yer almamasina dikkat edilmelidir.
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BIOENERGY (BIOMASS)

INTRODUCTION: To ensure a sustainable life quality a sustainable energy system should be formed. The lessening of the
traditional energy sources and the increase of harms of these sources to the nature and people driven societies to alternative
renewable energy sources. Bioenergy is one of the energy types that has an important place among renewable energy
sources. Bioenergy is a renewable energy which is obtained as a result of biomass’ energy transformation process.
Bioenergy’ main source is biomass. As a result, in literature bioenergey is mostly called biomass. Biomass is an organic
material of trees, grass’ and agrarian vegetation (IRENA, 2012). Biomass is defined as carboniferous solid matter, which is
obtained from vegetation and animals, also consists of agrarian and forestry residues, animal wastes and food production
wastes (Kaygusuz & Tirker, 2002). Biomass is used to meet the needs of variety of energy types by being used in production
of electricity, in house heating systems, vehicle fuels and industrial heating systems (Balat, 2005). It is thought to be one of
the most important renewable energy sources of future owing to the great potential it has, and, its variety of social and
economic benefits. Biomass can be used as a direct means for heating and electricity, and can be transformed to solid, gas
and liquid fuel (Karayimazlar, et al., 2011). It being grown in almost everywhere, great knowledge about its environment and
cycle technologies; it suitability for energy production in every scale; it’ sufficiency in low light intensity; its need for
temperatures between 5-35°C; it's importance in socio-economic improvements; it doesn’t constitute environmental pollution
(low release of NOx and SO,) ; it doesn’t produce greenhouse effect so that it balances the CO, in atmosphere and doesn’t
cause acid rains are some positive aspects of biomass energy usage (Tlre, 2001). Biomass energy; can be renewed for it's
based on cultivation, as an environmental friendly, native and local source, it has a big importance. Biomass’ usage can be
departed into two groups as conventional and modern. Conventional biomass energy is formed of cordwood which is gathered
from forests and wastes of vegetation and animals which are also used as burning material. Whereas, modern biomass
sources can be listed as energy forestry products and forest and log industry wastes, energy agriculture products, vegetal
and animal wastes of agrarians, urban wastes, food linked agro-industrial wastes (Basgetingelik, et al., 2005; Bascetingelik,
et al., 2009). According to YEGM (2012), bioenergy can be obtained as 4 different biofuels. These are biogas, biodiesel,
bioethanol and gasification.

Biogas: It's a gas mixture that emerges as a result of the fermentation of organical based residues/wastes in anaerobic
environment, and it’s colorless - scentless, lighter than air, burning with a light blue flame, and depending on the organic
materials in its mixture; containing approximately %40-70 methane, %30-60 carbondioxyde, % 0-3 hydrogen sulfide and
thimbleful nitrogen and hydrogen (YEGM, 2012). Biodiesel: Biodiesel emerges as a result of reaction between vegetal or
animal oils, which are obtained from oleiferous vegetations such as colza, sunflower, soy, safflower, and short carbon chained
alcohol accompanied by a catalyst and it's a product that is used as a fuel. Domestic frying oil and animal fats can also be
used as biodiesel’s staple. Biodiesel doesn’t contain petroleum; however, it can be used pure or be mixed with every
proportion of diesel with petroleum roots. Pure biodiesel and diesel-biodiesel mixtures can be used in any diesel engine
without the need of any sort of modification on engine or with just little changes (YEGM, 2012). Bioethanol: It's an
alternative fuel whose staple is acquired by the fermentation of sugar, starch or cellulose based agrarian products such as
sugar beet, corn, wheat and ligneous, and used after being mixed with certain proportions of petroleum. Bioethanol is a clear,
colorless liquid which has a characteristic scent, bioethanol is a high octane fuel (113), bioethanol’s boiling point is 78,5 °C,
freezing point is -114,1°C, bioethanol has 0,789 gr/ml intensity at 20 °C, bioethanol can be used, %10 blended, with internal
combustion engine without needing any sort of modification, two most common usages of bioethanol are E-10 ( % 10
Bioethanol + %90 benzine) and E -85 ( %85 Bioethanol + % 15 Benzine). When bioethanol is blended with benzine; in
bioethanol fuels benzene that is used to increase octane is the environmentalist alternative of the carcinogen materials such
as methyl tertiary butyl ether (MTBE), depending on its proportion of being blended with benzine, bioethanol provides 2- 3
points of octane increase, so increases performance speed, bioethanol prevents freezing, ensures engine to remain cooler
and its injectors to remain cleaner. Staples from which bioethanol can be obtained are: sugar beet, molasses, corn, sweet
sorghum, potato, wheat, ligneous, agrarian wastes (YEGM, 2012). Gasification: It's a known technology since the late 18"
century. Especially for developing countries’ future, biomass, which has an important role, has been proved to be usable
since that time to today. A known respect is, the biomass used as a energy source has many disadvantages. When raw
biomass sources which have low energy density (approximately 16 — 20 MJ/kg) is directly burnt, they provide low efficiency
and cause lots of air pollution indoors and outdoors.

Gasification is a thermo chemical transformation process in which gas fuel is obtained from biomass. In other words, biomass
is turned into gas fuel with a thermo chemical transformation. The purpose of modernized biomass energy technology is to
increase the intensity of the fuel while decreasing the emission during production and use (YEGM, 2012).

Biofuels that can be sorted as gas, liquid and solid, are used in every aspect where natural gas is used (electricity, heating,
cooking, cooling) as well as being used in auto cars, heavy vehicles, planes, trains, ships as a transportation fuel (DEK-TMK,
2011).

Biomass is transformed to variety of biofuels by using transforming technologies such as esterification, hydrolysis/
fermentation, gasification, pyrolysis, carbonization, metanation and photo fermentation. Biomass sources, transformation
technologies and acquired biofuels types are shown in the chart 1.1. Biomass which came out as the root of the vegetation
and living organisms is usually called vegetal organisms that stock solar energy by photosynthesis. While organic materials,
which become energy sources by photosynthesizing, become synthesized, oxygen which is necessary for all living things to
respire is released to the atmosphere. Due to the fact that carbondioxyde, which is released as a result of the burning of the
organic material, has been taken from the atmosphere during the formation of these materials; whilst the acquisition of
energy from the biomass, environment will be protected with regards of CO, release (YEGM, 2012). Basic steps of biomass
technology are shown in the chart 1.1.

Population and economic improvements which escalate day by day, triggers the need for energy. For increasing energy need
and to lessen environmental pollution, renewable energy source biomass is gaining lots of importance. Increase of the usage
of biomass helps to achieve the aim of sustainable development and the goals of Kyoto Protocol (Atimtay & Topal, 2005).
Increasing importance of biomass’ and biofuels that are obtained with biomass is being carefully evaluated by word nations
and several investments about this issue is being done. In USA in 2010, the investment to bioethanol sector created 53,6
billion dollars of accretion value. Besides, 70.400 of it being direct, it created employment for 400.677 people. In petroleum
importation 445 billion barrels of decrease and 34 billion dollars of saving were acquired (DEK-TMK, 2011).

1.2. Biomass in World and in Turkey: In Europe, the aim is in the year 2020, %20 of energy need will be met by
renewable energy and every member country will use %10 of biofuels in country’s transportation service. In Germany 12
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billion kWh electricity is obtained from 4078 biogas facilities. Aim is that in 2020, %20 of the electricity consumption to be
met by biogas. In another EU country, Sweden, while %60 of the auto cars run by biogas, since the year 2005 biogas is used
in trains. In Sweden, biogas is being used in every aspect where natural gas can be used, and in 2020 it is planned to give up
on using natural gas (DEK-TMK, 2011). Besides, the country which makes the most investments on renewable energy
sources, in China, in 2010 530 billion tons of TCE biomass source was obtained and in 2020, it's aimed 730 billion tons TCE
biomass source to be obtained. In China, there are 22.570 biogas facilities that produce electricity. Annual electricity
production is 660 GWh. The biggest biogas facility in the country produces 30.000 m? of biogas daily (Dong, 2012).

In Turkey, first works on biogas was done during 1960’s at Toprak ve Giibre Arastirma Enstitlsu ile Eskisehir Bolge Topraksu
Arastirma Enstitlisi. In 1980’s, in Koy Hizmetleri Ankara Topraksu Arastirma Enstitlisi biogas unit was founded. In 1980-
1986, in Merkez Topraksu Arastirma Enstitisi important works on biogas were recorded. However, due to lack of
understanding about the importance of the issue K8y Hizmetleri Genel Mudurligu stopped the works (Koger, et al., 2006).
Later on, in Turkey, biodiesel and bioethanol studies happened in early 2000’s. Although varieties of research have been
done, investments weren't in the desired level. In coverage of vision 2023, in the year 2009 to rule out the organic wastes,
for houses the design of 20m* methane/ton capacitated anaerobic rebuttal reactors, in 2012, the design of reactors that
would turn gas into thermal energy, in 2014, the design of reactors that would turn the acquired gas to electric energy were
set forth. In 2016 acquiring of hydrogen by cleansing gas and after 2018 hydrogen technology that is obtained from biomass
is expected to be applied to vehicles. In Turkey biogas sector is mainly in Ankara, Istanbul, Bursa, Kayseri, Gaziantep,
Samsun; constitutes of biogas production of waste, biogas production of dirty water by some industrial facilities and
municipality, gasification which is run by Ministry of Forestry and Water Affairs, demonstration projects and few but qualified
biogas projects in private sector. Besides the electricity obtained from Ankara - Mamak dumping ground, which is capable of
22.6 MW of electricity production, surplus heat is used in glasshouses founded in dumping ground’s area. Additionally, in
pools which are to be completed to 2000 m?, a prolific biofuels staple, alga (seaweed), is being cultivated. Founded by
TUBITAK- MAM, in association with Izmit municipality, 330 kW of Biogas facility that is producing with the Small cattle’s and
bovine animals’ and garden wastes was opened to service in 2010 (DEK-TMK, 2011; TMMOB, 2012).

According to EPDK (2012) data, there are 41 facilities in Turkey, containing licensed biomass and BES facilities. These
facilities’ capacity is 61,528 MWe under construction and 108,467 MWe in business. In Turkey, two of 41 biomass and BES
facilities are located in TR33 area. Names and capacities of these facilities are shown in the chart 1.2. Another bioenergy
investment located in TR33 area is planned to be in service in Afyonkarahisar, in Afyon Biogas Energy Power Plant by Opal
Energy in association with Gugbirligi Limited Company. Investment of the power plant that would have 4,25 MW power was
founded in July, 2012, as Afyon Energy and Fertilizer Production Trade and Industry Stock Cooperation. Project’s investment
preparation works still continue, technology and process design works has been completed. Project’s CED warrant and EPDK
recourse has been obtained; the point to start to construction is achieved. The facility, whose trial production is expected to
begin in the first quarter of 2013, is expected to produce 30 billion kWn electricity and 20.000 tons of natural (organic)
fertilizer (Opal Energy, 2012). Additionally, solid waste unions that are formed by province and district municipalities still
continue their works which would provide energy production out of waste.

When legal regulations that are about renewable energy sources are inspected, “About Renewable Energy Sources’ Usage
with the Purpose of Production of Electric Energy”

Ordinance comes across. In this law, about biomass renewable energy source, these decrees are mentioned (TBMM, 2010):

ENACTMENT 6 - To the production license owners dependant to TEK Supporting Mechanism which has been running, or will
start to run from the date 15/5/2005, when this law is abolished, to the date 31/12/2015; prices in the Statement 1, linked
to the enactment, is applied for a decade. However, for the YEK certificated facilities which will start running after the date
31/12/2015, for reasons beginning with supply safety and other reasons, the price that will be applied according to the
enactment for sources about charges and time will be decided by Ministers Cabinet on the condition that it will not overlap
the price in the Statement.

ENACTMENT 6/B - In production facilities, which are based on renewable energy sources in respect of this enactment, and
started business before the date 31/12/2015, of legal entities owning license, in case of used mechanical and/or electro-
mechanical parts be produced domestically; for the electricity power that is produced and given to transmittal or distribution
system, after the date of production facility started business; prices remarked at Statement II which is adherent to this
enactment are added to the prices in Statement I

If we take a look at Turkey’s international position, according to Ernst&Young’s (2012) energy index, Turkey is in the 31%
place in renewable energy index with 39 index points, and is 34" in biomass index with 34 index points. China, where has the
most investment on renewable energy, is 1% in line with 70 index points in renewable energy. USA and Germany follow China
respectively. While Germany is in the 1% place in biomass index with 67 index points, USA, India and China follow this
country, respectively. If we consider scenarios on biomass, according to WWF (2011), it is pointed out that biofuels will have
proportions of %13 in total electricity power, in fuel & heating of industry sector %59, in building sector’s heating & fuel
%13, and %13 in transportation system

1.3 Calculating of Biomass’ Potential: In calculating biomass potential of TR33 area source potential (NREL, 2012), or in
other words theoretic potential (Voivontas, et al., 2001; Oztirk & Bascetincelik, 2006) is considered. In calculation of
potential energy, biomass sources are listed as, agrarian and agro-industrial product residues, animal wastes, urban wastes
and forest biomass (Zeng, 2005). Thematic maps are created by transferring Acquired data to MapInfo Professional 11.5
packet program. According to the thematic maps strategic sub-areas in TR33 area are determined.

1.3.1 Agrarian and Agro - Industrial Product Residues: In calculation of theoretic potential of TR33 area’s agrarian and
agro-industrial residues, two different scenarios were formed in accordance with literature. In first scenario chart 1.6 is
considered. In this extent, in TR33 area for every district, total harvest amount of hectares were calculated of harvested field
crops. Data of 2011 were taken from TUIK. Total hectare area of the crop fields belonging to districts, dry biomass that could
be obtained from one hectare is considered 27,5tons after taking approximate value from the chart 1.6. Energy that can be
obtained from 1kg dry biomass was calculated to be approximately 4050 kcal. Kcal values belonging to districts are
transformed to EJ!.

! Energy transformation values are in addition 1.
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According to the first scenario of calculating agrarian and agro-industrial product residues’ biomass potential, Emirdag district
is the first strategic sub-area we see. While center Kutahya and center Usak districts are secondary sub-areas, Sandikli,
Dinar, Simav, center Afyonkarahisar, Salihli, Esme, Banaz and Akhisar districts forms third degree sub-areas.

In the second scenario which is formed in accordance with the literature for calculation of theoretic potential of TR33 area’s
agrarian and agro-industrial residues, products from chart 1.8 have been selected and these products’ production proportions
are calculated as a result of multiplying theoretical residues production and approximate heating value. Details of production
amounts and biomass potential results belonging to second scenario are at addition 2 and addition 3. According to scenario 2,
center Manisa and Salihli districts form first degree sub-areas. Saruhanli, Akhisar, Emirdag and center Usak districts are
second degree sub-areas. Strategic sub-areas are formed according to total EJ that can be obtained from chosen products.
For every chosen product, sub-areas are: barley- Emirdag, sunflower- Saphane, almond- Suhut, wheat- center Kitahya,
walnut- Sivasl, rye- Saphane, apricot- Salihli, corn- center Manisa, cotton- Saruhanli, tobacco- Akhisar, cherry/ sour cherry-
Sultandadi, avena- Usak, olive- Akhisar.

1.3.2. Animal Wastes: Data that are used to calculate biomass power which can be obtained from animal waste has been
taken form TUIK. These data belongs to the year 2011, animals are separated into three categories as bovine animals, small
cattle and barnyard fowls. Animal numbers belonging to district are shown in addition 4. Biogas potential that can be
obtained from animal number has been reckoned according to chart 1.10.

With regards of potential biogas that can be obtained from animals in TR33 area, center Afyonkarahisar and Salihli districts
form first degree strategic sub-area. Centre Usak, centre Kitahya and Sinanpasa districts are second degree strategic sub-
areas. Cay, Sandikli, Simav, Tavsanh, Esme, Bolvadin, Ihsaniye, Suhut and Demirci districts are third degree strategic sub-
areas.

According to the biogas potential that can be obtained from small cattle in TR33 area, Esme district is first degree strategic
sub-area. Emirdag, center Usak, Alasehir and center Kiitahya form second degree sub-areas. When biogas potential that can
be obtained from barnyard fowls, Salihli, Akhisar, center Afyonkarahisar districts are first degree strategic sub-areas. While
Esme is second degree strategic sub-area, Turgutlu and Saruhanl districts form third degree strategic sub-areas. According
to reckoning of biogas potential that can be acquired from total of small cattle, bovine animals and barnyard fowls Salihli and
center Afyonkarahisar districts first degree sub-areas in TR33 area. Whereas Esme and Akhisar are second degree strategic
sub-areas, Turgutlu and center Usak are third degree strategic sub-areas.

1.3.3 Urban Wastes: Waste data that is used to calculate urban wastes’ potential belong to the year 2010 and is taken from
TUIK.In calculation of the potential that urban wastes in TR33 area, 53 cities’ total waste data was turned into a thematic
map, and segregated into sub-areas. Centre Kitahya and centre Manisa constitutes first degree strategic sub-areas. Centre
Afyonkarahisar district is second degree sub-area. While centre Usak district is third degree, Akhisar, Soma, Salihli, Turgutlu
and Tavsanl districts are fourth degree sub-areas.

1.3.4. Forest Biomass: Forest biomass is considered as cordwood and other production and sliceyrat surpluses. In TR33
area there are 13 Forestry Operation Directorates and dependent to them there are 84 Forest Sub-District Directorates.
Related data is taken from 13 Forestry Operation Directorates in TR33 area. Forest biomass potential is formed by rating
average of cordwood and other production residues and sliceyrat which belong to the years of 2011 and 2010. Data are in
STER unit. 1 STER is calculated approximately as 430 kg. Potential energy is formed by multiplying data that are obtained to
prove forest biomass potential with unit thermal value which is approximately 4000 kcal (BCG, 2009; Taskiran, 2010).

CONCLUSION: Biomass, an important renewable energy source, which can be used in electricity production, vehicle fuels
and industrial facilities’ heating systems, has a great importance in meeting the energy needs of both TR3 area and in
Turkey. In this work, biomass sources are classified as agrarian and agro-industrial product residues, animal wastes, urban
wastes, and obtainable energy potential is reckoned annually. According to scenario 1, which is based on agrarian and agro-
industrial product residues, total biomass energy potential that can be obtained from TR33 area is calculated to be 5,3 billion
EJ. According to the scenario 2, potential energy to be obtained is about 1,3 billion EJ. Total biomass potential to be obtained
from animals is 225 billion m®. This equals to almost 1 billion kWh?, With respect to urban wastes, 1 billion tons of urban
waste can be collected from TR33 area. According to forest biomass potential which is separated into Forestry Operation
Directorates sub-areas, theoretically obtaining almost 31,5 billion EJ is set forth.

SOLAR ENERGY

INTRODUCTION: Since the human beings exist, they consume the energy resources directly or indirectly. Particularly, when
the speed of social and physical processes around us is considered, it may be expressed that the amount and speed of the
energy consumed exponentially increased. To reify this phenomenon, let’s name the energy obtained from thirty-three
thousand million tons of coal as Q. Until 1850 less than the half of the Q has been consumed each century. After 1850, this
rate of consumption reached to a Q per century. Today, however, this rate is ten Qs for each century. This means that half of
the energy consumed by mankind for two thousand years is depleted within the last century (Toffler, 2006). Nearly 90% of
the energy sources consumed in our century are fossil resources such as coal, oil, natural gas and so on. Regarding factors
such as limited reserves, losses, and costs of these resources, being dependent on outside sources, and ecological balance;
studies related to the use of renewable clean energy sources as an alternative and the use of those sources mentioned are
increasing rapidly.

Since the industrial revolution, the increase of world population and therefore the rise of energy requirements have lead
alternative fuels to be paid much more attention and in accordance with this they lead to further expenditure of time and
money. The increase of the importance is observed normal thinking the existing fossil fuel resources having an average life
span of 100 years and environmental damage caused during energy production by producing some harmful chemicals such
as sulphur, nitrous oxide. In this context, alternative energy sources; solar thermal heating, solar cells and fuel cells come to
the fore with its many positive features. The sun is an environment friendly source of energy sending 10 000 times more
energy to earth than the energy consumed on earth. In recent years, the development of solar technologies and the increase
in their efficiency has made the use of solar energy more economic. (Kadirgan, 2007).

2.1. Historical Development of the Use of Solar Energy: According to written records known, mankind has been using
the solar energy since the 7™ century BC. Today, solar energy is used in a wide range of different ways from electricity

2 An standart bulb of 12W consumes 288Wh of electricity in 24 hours. 288Wh =0,288 kWh. With 1m? of biogas almost 16 standart bulbs of 12W
can be run for 24 hours.
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generation aimed use in houses to cars. First, it was used in making up fire in 7" century BC by focusing the sunrays. In 212
BC the Greek Archimedes, used the reflection of sunrays and burned the wooden ships trying to occupy Syracuse. Between
the 1% and 4™ centuries AD, Romans made efficient use of solar energy in their large baths by building them south-faced
facade. In the 1200s AD, the people who were the ancestors of Pueblo and living in the north of America known as Anasazi,
populated a special habitat within the rocky fields with the aim of benefiting from the sun. Ancient cities usually set up their
facades to the south in order to take advantage of the sun at maximum capacity. Mankind has managed to access to leading
solar energy until industrial revolution when significant technological changes experienced. After the industrial revolution,
major developments such as solar collectors, satellite systems, and the development of efficient photovoltaic cells have led to
the development of solar energy technologies. Today, the photovoltaic panel systems, concentrated photovoltaic systems and
solar thermal power plants, and many other methods have been developed and implemented (Glglier, 2010).

2.2, Solar Energy and Technologies: Solar energy is the radiant energy released by the fusion process at the core of the
sun, and is caused by the fusion process when the hydrogen gas converts into helium. Strength of the solar energy outside
the Earth's atmosphere is more or less constant, and 1370 W/m?, but its value on the earth varies between 0 W/m?and 1100
W/m?2. Even a small fraction of this energy coming to the world is many times greater than the current energy consumption
of mankind. Studies on utilization of solar energy has gained momentum especially after the 1970s, solar energy systems
advanced in terms of technology and had a decrease in terms of production costs, and proved itself as an environmentally
clean source of energy. The distance between the Earth and Sun is 150 million km. Energy from the Sun to Earth is 20.000
times more than the energy used on Earth in a year. All of solar radiation does not reach the earth’s surface, 30% of it is
reflected back by of the earth's atmosphere. 50% of it reaches the Earth's surface through the atmosphere. This energy rises
the Earth's temperature so that life is possible on Earth. This warming also causes the movements of wind and ocean surges.
Less than 1% of the incoming solar radiation to the Earth’s surface is used in the process of photosynthesis by plants. Plants
during photosynthesis using sunlight, carbon dioxide and water, produce oxygen and sugar. Photosynthesis is the source of
plant life on earth. All the solar radiation reaching Earth is eventually converted into heat and is sent back into the space
(YEGM, 2012a).

Solar energy applications can be put into order as; hot water production, cooling, drying, and cooking of plant products,
distillation of sea water, electricity generation, heating and cooling of the capacity, pumping irrigation water, generation of
industrial process heat, and realization of photochemical and photosynthetic cycles. The advantages of solar energy can be
listed as; low operating costs owing to not having any fuel costs, obtaining the desired temperature of the process directly,
inexhaustible source of energy, and the most important factor of it is being non-polluting. The disadvantages can be listed
as; the need of wide use area, the available energy conversion technology’s being not widespread enough, high initial
investment cost, and intermittent and variable energy. For eliminating these disadvantages, scientific studies are in progress
on technologies (Solar Energy in the World and in Turkey, 2009).

Solar energy is mainly used for the production of electrical energy. Nowadays, many methods have been developed in order
to produce electricity from solar energy. These basic methods, as shown in the diagram below (Figure 2.1), can be grouped
into three as PV, CSP, and CVP (Glgluer, 2010):

Solar energy technologies besides showing variety of methods, materials, and level of technology, can be divided into two
main groups (YEGM, 2012a). These are photovoltaic solar technology and thermal solar technologies. In photovoltaic solar
technology, semi-conductor materials called as photovoltaic cells convert sunlight directly to electricity. In thermal solar
technologies, heat is obtained from solar energy first. This heat can be used directly or in the production of electricity (YEGM,
2012a).

2.2.1. Thermal Solar Technologies: Thermal Solar Technologies are divided into two as; low-temperature systems and
concentrator systems.

i) Low Temperature Systems: solar technologies of low-temperature systems can be listed as; planar solar collectors,
vacuumed solar collectors, solar pools, solar chimneys, water purification systems, solar architecture, product drying and
greenhouses, and solar cookers. Planar Solar Collectors are various kinds and forms of devices that collect solar energy and
transfers it to a fluid as heat. It's mostly used at homes to heat the water. The temperature reached is 70 ° C (YEGM,
2012b).

ii) Concentrating Systems: In solar energy applications as well as planar solar collector systems, concentrating collector
systems are used to reach higher temperatures. Concentrator systems are composed of parabolic trough collectors, parabolic
dish systems and central receiver systems. Parabolic trough collectors are the most common ones of linear concentrating
thermal systems. These systems can reach higher temperatures owing to their concentration. (350-400 ° C) Linear
concentrating thermal systems have entered into commercial environment, and today’s Kramer & Junction power plant which
was formerly known as Luz International is the biggest and most well-known of these systems with 354 MW. Parabolic dish
systems, by tracking the sun in two axes, concentrate the sun on the focus area continuously. Efficiency of around 30% has
been obtained in conversion of solar energy to electricity with Dish-Stirling combination. Heat in Central receiver systems and
air can also be used as transferring fluid, in this case temperature rises at about 800 °© C. Capacity and temperature of these
systems is at a comparable level to the industry, and R & D efforts are ongoing (YEGM, 2012b).

2.2.2. Solar Cells (Photovoltaic Solar Technology): Solar cells (photovoltaic cells) are semiconductor substances that
convert sunlight coming to their surfaces directly into electricity. Solar power, depending on the solar cell structure can be
converted to electrical energy with the efficiency of 5% to 20%. Solar cells can be used in each application which requires
electrical energy. These systems are used in areas far away from the settlements, which are without electricity and in
situations when transportation of fuel for generator is difficult and expensive. Other than that, it is also possible to use them
with diesel generators and other power systems together. Typical application fields of solar cell systems where they are used
as off-grid can be specified as follows: communication stations, rural radio, radio and telephone systems, cathodic protection
of pipelines, corrosion protection of metal structures (bridges, towers, etc.), telemetric measurements in electricity and water
distribution systems, air monitoring stations, inside or outside lighting of the buildings, running electrical devices such as TV,
radio, fridge in cottages or houses away from residential areas, water pumping for the purpose of agricultural irrigation of
home use, forest lookout towers, lighthouses, first aid, alarm and security systems, earthquakes and weather observation
stations(YEGM, 2012c).

2.3. Solar Energy Potential and Related Developments in The World: The world's main energy source is the sun. The
amount of energy from the sun to the earth in a day is approximately 15,000 times more than the daily consumption. Solar
energy outside the Earth's atmosphere is 1.367Watt per square meter where the sun is seen. This great amount of energy
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cannot reach the earth due to the rotation of the Earth, asymmetric orbit of the sun and the structure of the atmosphere. The
quantity and quality of solar energy in an area is of great importance for solar energy systems to be set there. In the past 10
years, the increase of solar electric power capacity in the world was about 1000%. In 2007, more than 100 billion U.S. $
worldwide have been spent to increase the capacity of renewable energy together with solar power, for power plant
construction, and research and development. This is a very important turning point. In 2007, renewable energy production
capacity in the world increased approximately to 240 GW. This is an increase of 50% compared to 2004. Renewable energy
sources by 2007 corresponds to 5% of global energy capacity and 3.4% of global energy production (This figure excludes
large hydro-electric power stations that meet 15% of global energy production by themselves) (Solar Energy in the World
and in Turkey, 2009).

The fastest growing energy technology is the grid-connected solar photovoltaic (solar cell) technology which increased more
than 50% per year and reached 7.7 GW approximately in 2006 and 2007 with the total installed capacity. This refers to a
worldwide network of energy provided by solar cells on the roof of 1.5 million houses. World solar photovoltaic power
capacity of 2009 is estimated to exceed 12 GW. Rooftop solar heat collectors provide 50 million homes for hot water and
heating for growing number of homes in the world. Existing solar hot water / heating capacity increased by 19% in 2006 and
has reached capacity of 105 gigawatts-thermal (GWth) worldwide. In addition, 2.5 million households are considered to use
solar lighting systems around the world. More than 70% of the world's solar hot water capacity is in developing countries
(Solar Energy in the World and in Turkey, 2009).

2.4. Solar Energy Potential in Turkey: Turkey, in terms of solar energy potential and the distribution of this potential
region, is a convenient country for solar energy applications. Turkey’s actual use area of solar energy becomes 7.8 million m?
when it is accepted that topography, distribution of settlements and similar areas and restrictive factors such as
transportation will enable the use of only 1 % of those areas. However, the solar energy that comes to the entire surface of
Turkey is 975x1012kWh per year. In other words, the sun for Turkey means 376 TW (1TW = 106 MW) of power supply. This
value is equal to 7880 times installed electric power plants (Solar Energy in the World and in Turkey, 2009).

Being located in the sun-belt our country has considerable potential for the use of solar energy. Solar energy potential in
Turkey is more than all countries in Europe except for Spain (Keskin, 2011). Although there is a large potential which can be
used for electricity generation, this potential is used for production of hot water in the houses through planar solar collectors
(Environmental Technology and Renewable Energy Report, 2010). Currently, in our country, the amount of the annual
production of solar collectors is still about 750 thousand m?. Annual production of solar heat is approximately 420 thousand
TEP. Our country as it stands is a remarkable country for solar collector manufacturer and user in the world. When our
country is evaluated in terms of solar cells-photovoltaic systems, the majority of it is used for lightening by Ministry of
Forestry, Forest Surveillance Towers, Turk Telekom, lighthouses and highways, and is used to meet small amounts of power
and for research by General Directorate of Electrical Power Resources Survey and Development Administration and some
universities. For this reason, there is no remarkable power of solar cell installed. European Community is the leading
organization of this technology because they have taken an active role in research and development. Turkey should monitor
these countries, assimilate the technology, and quickly launch applications of solar energy because our country as of its
position is much richer than other European countries in terms of solar energy (Solar Energy in the World and in Turkey,
2009).

General Directorate of Electrical Power Resources Survey and Development Administration (EIE) has developed a Solar
Energy Potential Atlas of Turkey (GEPA) for the determination of electricity and heat energy generation opportunities based
on solar energy for the purposes of specifying fields available to invest for solar energy and solar resource information of
these fields in a healthy way, and submit these information to the users. The following map shows the solar energy potential
of our country.

According to the data of Solar Energy Potential Atlas of Turkey, Turkey's sunshine duration and total solar radiation values
are given in Table 2.1. According to the table, it is determined that Turkey's average annual total sunshine duration is 2766
hours (total 7.58 hours per day), while the value of the annual total solar radiation (average total radiation intensity) is 1521
kWh/m2-year (total 4.17 kWh/m? per day). It appears in the table that the maximum sunshine duration is in July, and that of
minimum is in December in Turkey.

Table 2.2 summarizes the distribution of values of the solar energy potential and the sunshine in zones of development
agencies. The development zone of Turkey which has the most sunshine is Region TR 52 and it is followed by in Region TR
B2. With 3002 hours of sunshine duration per year, Region TR 32 is the richest region. Region TR 90 has the lowest value
with 2206 hours of sunshine duration. It can be stated that there are certain criteria in the determination of the appropriate
areas of solar energy power generation plants. Factors taken into account during the determination of these areas can be
listed as follows (Solar Energy in the World and in Turkey, 2009):

- Non-forest areas,

- Dry, wet or planted but non-agricultural areas,

- The lake or the like areas of water not conducive to investment,

- Non-residential areas,

- Areas with an average slope that’s smaller than 5 degrees.

- Areas whose average 11-year total solar radiation potential value is at least 1600 MWh/m?-year for a surface with a stable
value and horizontal position,

- Areas which are not under protection with related laws, (Natural and Archaeological Settlement Areas, National Parks, etc.)
- Areas which are not air and sea ports,

- Areas which are not on the main fault lines between 1 and 3.

If the factors above and current data either general or regional summarized in the study are considered, it can be expressed
that Turkey has a great and significant potential to meet electricity needs for many years with the production of electricity
from solar energy. However, when the use of solar energy in terms of thermal energy is evaluated, it is concluded that solar
water heaters are being run at full capacity in 17 % of Turkey’s land throughout the year, the ratio of that is 90% in 63 % of
Turkey’s land and in 94% of Turkey’s land the ratio of usage is 80% (Solar Energy in the World and in Turkey, 2009). Based
on this it can be stated that Turkey is a country available for all kinds of solar energy applications.

2.5. Solar Energy Potential in Region TR33: According to data of Turkey Solar Energy Potential Atlas (GEPA) prepared by
Electrical Power Resources Survey and Development Administration (EIE), the value of the average annual total radiation of
solar energy in cities of the Region TR33 is calculated as 1584 kWh for Afyonkarahisar, 1566 kWh for Usak, 1513 kWh for
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Kitahya and 1508 kWh for Manisa per m?. Regarding that the values of total radiation in Afyon and Usak are above the
average of Turkey, the potential of the region can be considered quite well. Available areas for installing solar thermal plants
are in the province of Afyon, in Region TR33, annual sunshine duration and annual radiation values are above the average of
Turkey. Total radiation values of other provinces below the average of Turkey have a high value when compared that of the
Europe. Considering that the use of solar energy and technologies in Europe are at advanced level, the potential of the region
can be specified to be important.

2.5.1. Solar Energy Potential in Afyon and its Districts: With the solar radiation value of 1584 kWh/m2 per year,
Afyonkarahisar, has a significant potential being above the average of the region as well as Turkey’s. The following table
summarizes the total solar energy potential and sunshine duration in Afyon and its districts. Figure 2.3 and Figure 2.4 show
the province's total radiation potential and unusable lands in the region. As seen in the tables and figures; total solar energy
potential of Afyonkarahisar and its discticts has the highest value in the region. Total radiation value of all the districts of the
region is above the average of Turkey’s which is 1521 kWh/m?2. In Afyonkarahisar there are available fields to install solar
thermal plants, with its annual sunshine duration and radiation levels the province is above the average of Turkey's. In fact,
as of 31.12.2013 substations have been defined where solar power production plants can connect and Afyonkarahisar has
been included in that list (Official Gazette numbered and dated 28022, August 117, 2011) in accordance with the 4™ article of
“the law amendment numbered 6094 concerning the law of the use of Renewable Energy Resources for the purpose
generating Electricity” which has been put into force by being published in Official Gazette Dated and numbered January 8",
2011, 27809, by the Ministry of Energy and Natural Resources,

2.5.2. Solar Energy Potential in Kiitahya and its Districts: With the solar radiation value of 1513 kWh/m?, Kitahya, has
a potential quite close to the average of the region as well as Turkey’s but below this value. In terms of Region TR33,
however, it is in the third place. Dumlupinar and Altintas districts are above the regional values and the average in Turkey.
Table 2.5 summarizes the potential of solar energy in Kitahya and its districts. Figure 2.5 shows the total radiation values
wheras 2.6 shows unusable lands for installing solar thermal plants in Kitahya.

2.5.3. Solar Energy Potential in Manisa and its Districts: Total solar radiation value of Manisa is 1513 kWh/m?. The
value in question is close to the average of the region and Turkey but below this value. In terms of Region TR33 it's the
fourth. Sarigdél and Kula districts districts are above both the regional values and the average in Turkey. Table 2.6
summarizes the potential of solar energy in Manisa and its districts. Figure 2.7 shows the total radiation values wheras 2.8
shows unusable lands for installing solar thermal plants in Manisa.

2.5.4. Solar Energy Potential in Usak and its Districts: With the solar radiation value of 1566 kWh/m? per year, Usak,
has a significant potential being above the average of the region as well as Turkey’s. Table 2.7 summarizes the total potential
of solar energy and sunshine duration in Usak and its districts. Figures 2.9 and 2.8, show the total radiation potential and
unusable lands in the region. Figure 2.9 and Figure 2.10 show the areas of the province's total radiation potential and can not
be used in the region. As seen in the tables and figures, total solar energy potential of Usak and its districts in the region is in
second place overall. Total radiation value of all the districts of the region, is 1521 kWh/m? which is above the average of
Turkey. In that respect, in terms of the use of solar energy technologies, solar energy potential in Usak can be expressed as
open to such technological investments.

2.6. CONCLUSION: In Solar energy technologies and especially photovoltaic solar cell applications, there are significant
developments about processes of production and investment in the world and Turkey. Solar energy is mainly used by planar
solar collectors although the solar energy potential in Turkey and region TR33 that can be used for electricity generation is
fairly in good condition. Similarly, it can be expressed that technologies in question cannot be used efficiently regarding of
photovoltaic systems which are only used for lightening the highways, signaling systems, surveillance towers and lighthouses
belonging to the Ministry of Environment and Forestry, (Environmental Technology and Renewable Energy Report, 2010).
With regard to these factors in general, extending the use of solar energy for electricity generation should be turned into an
important policy and it is required to increase the promotions about this in Turkey and region TR33.

Region TR33, due to its geographical location in terms of the potential for solar energy is lucky considering many regions. The
value of the average annual total radiation of solar energy in cities of the Region TR33 is calculated as 1584 kWh for
Afyonkarahisar, 1566 kWh for Usak, 1513 kWh for Kiitahya and 1508 kWh for Manisa per m?. Regarding that the values of
total radiation in Afyon and Usak are above the average of Turkey, the potential of the region can be considered quite well.
Available areas for installing solar thermal plants are in the province of Afyon, in Region TR33, annual sunshine duration and
annual radiation values are above the average of Turkey. Total radiation values of other provinces below the average of
Turkey have a high value when compared that of the Europe. Considering that the use of solar energy and technologies in
Europe are at advanced level, the potential of the region can be specified to be important.

Figure 2.11, shows the potential of solar energy in Region TR33. In terms of the use of solar energy technologies in the
region, as seen in the figure it is divided into three major sub-strategic regions. A total of 18 districts are located in the first
sub-strategic area. These districts respectively are Dazkiri, Basmakgi, Dinar, Evciler, Kiziléren, Suhut, Sandikh, Hocalar,
Sultandadi, Cay, Bolvadin, Sinanpasa, Cobanlar, Karahalli, Afyonkarahisar Merkez, Iscehisar, Banaz and Sivasll. These
districts, as they are above the average of both the region and Turkey, have an important potential for the use of solar
energy technologies. A total of 16 districts are located in the second sub-strategic area. These districts respectively are
Ulubey, Dumlupinar, Esme, Bayat, Usak Merkez, Ihsaniye, Emirdag, Sarigdl, Altintas, Kula, Pazarlar, Saphane, Alasehir,
Gediz, Selendi and Aslanapa. Considering districts in the related sub-strategic area, the top 10 districts are above the
average of Turkey in terms of solar energy potential and the other districts are stated to range close to the average. A total
of 19 districts are located in the third sub-strategic area. These districts respectively are Cavdarhisar, Képribagi, Salihli,
Demirci, Turgutlu, Ahmetli, Kiitahya Merkez, Gordes, Emet, Hisarcik, Simav, Manisa Merkez, G6lmarmara, Saruhanli, Akhisar,
Kirkagag, Soma, Tavsanl and Domanig. Whereas these districts are below the average of the region and Turkey, it is seen
that they have a significant value when compared with the solar energy potential in the world. When a general evaluation is
made of the sub-regions in Region TR33, it is obvious that they have a significant potential of total radiation and sunshine
duration.

HYDROELECTRIC POWER

INTRODUCTION: Both energy demand of the increasing population and the amount of energy needed in production
processes are increasing day by day in Turkey and correspondingly in Region TR33. In order to meet this demand, energy is
imported causing a serious foreign trade deficit.
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Renewable energy sources have recently come to the fore for Turkey not being successful enough in the production of fossil
fuels. Solar and wind power plants in Turkey cannot produce the needed amount to meet the needs at the moment. In this
respect, water, that’s hydroelectric power, is seen the most appropriate option to meet Turkey's growing energy deficit (MGM
HES Raporu, 2011). In accordance with the 3™ article of the law numbered 5346 concerning “the use of Renewable Energy
Resources for the purpose generating Electricity” hydraulic resources are included in renewable energy resources.

Hydroelectric power is preferred because of being long-lasting, environment friendly and giving low operating costs, despite
the high initial investment costs. The situation in Turkey is slightly better in terms of hydraulic energy because thermal and
nuclear energy production rate is high in comparison with hydraulic energy in the EU, whereas the situation in Turkey
remains equal to each other. (Ustiin and others, 2009)

3.1. What is Hydroelectric Power?: Hydroelectric power occurs as a result of the hydroenergy transformation into
electricity. Hydroelectric power plants (HPP) convert the power of flowing water to electricity. The amount of energy in
flowing water is determined by the speed of falling or flowing water. Water flowing in a large river carries a great amount of
energy. Water that falls from a very high point results in high amount of energy as well. Either way, the water, taken in the
channel or pipes, flows through the turbines and enables turbines with handles like a fan to turn for electricity generation.
The turbines are connected to generators and convert mechanical energy to electrical energy. (YEGM, 2012)

Hydroelectric power plants are the most crucial renewable energy resources due to;

obtaining energy from water, the renewable resource of energy,

not causing greenhouse gas emissions,

domestic possibilities of construction,

technical longevity and no fuel costs,

low maintenance costs,

creating employment opportunities, and

regenerating economic and social structure in rural areas.

3.2. History of Hydroelectric Power: Mankind benefits from water for work for thousands of years. The Greeks, for more
than 2000 years ago, used water to move the wheels to grind wheat into flour. The power of the water was used to carry
wood, move the wheels of textile and manufacture. For more than a century, the technology has exists to use the falling
water to generate hydroelectric power. The development of modern hydropower turbines started in the mid-1700s when a
French hydraulic and military engineer Bernard Forest de Bélidor wrote his book “Architecture Hydraulic (Architecture
Hydraulique).” Bernard Forest de Bélidor used a machine with a vertical axis corresponding to the one with a horizontal axis.
Water turbine throughout the 1700s and 1800s continued to evolve. In 1880, a collector arc light dynamo driven by water
turbine was used in Michigan to lighten a theatre and shop window and in 1881; a collector dynamo was connected to a
tribune which lightens the street in Niagara Falls. Direct current technology was used in these two projects. Alternating
current is used today. Connecting Electrical generator to the turbine became a groundbreaking invention. As a result, the first
hydroelectric plant in the world and the United States was established in Appleton (Wisconsin) in 1882. (U.S. Energy
Department)

In the last two centuries, with the impact of the Industrial Revolution, rapidly developing and industrialized countries with a
high level of energy demand today and recently developing countries quickly accelerate the energy consumption and
production. In this context, hydropower maintains its importance and has the opportunities to develop in various countries.

3.3. Types of Hydroelectric Power Plants: According to the data of Renewable Energy General Directorate of Ministry of
Energy and Natural Resources, hydroelectric power plants can be classified as traditional hydroelectric power plants and
pumped storage hydroelectric power plants in general. In addition they can be classified according to the storage structures,
heads, established powers, meeting the needs of national electricity system, types of dam body, and location of the power
station. These classifications are as follows:

Based on Storage Structure:e Storage (reservoir) power plants, ¢ River type (regulator) power plants

Based on head:e Low-head power plants (H <10m), ¢ Medium-head power plants (from H = 10-50 m),e High-head power
plants (over H> 50 m)

Based on the Power of the Plant :e Very small (micro) capacity (<100 kW),e Small (Mini) capacity (100-1000 kW)

e Medium capacity (1000 - 10,000 kW),e Large capacity (> 10000 kW)

Based on the coverage of national electricity system needs:e Base load power plants,e Peak Load c

* Both base and Peak load power plants

Based on the Types of Dam Body:e Mainly concrete dam power plants,e Concrete belt dam power plants

¢ Rock filled dam power plants,e Soil filled power plants

Based on the location of the power station :¢ Above-Ground power plants,e Underground power plants

e Semi-recessed or sunken power plants

3.4. Negative Effects of Hydropower: Although advantages are more than disadvantages of the use of hydropower, the
following issues are important to address the negative environmental and social impacts: Dams, changing the direction of the
flow of water, threaten the lives of millions of people whose survival depend on fresh water ecosystem, fishing, wetland and
sediment stores for agriculture. Dams damage fish habitats and prevent access to traditional spawning areas. The reservoirs
have caused floods affecting large areas and forced 40-80 million people world-wide to move as a result of hydro-electric
schemes. (WWF, the Energy Report 2011) It is likely to see such situations in Turkey. The opening of the dam covers come
up from time to time and due to the floods serious losses may occur especially, in the periods and regions of abundant
rainfall. In addition, it can be considered in this context that the ancient city of Zeugma located near Birecik Lake Dam in
Nizip, the district of Gaziantep, is exposed to the threat of dam water.

3.5. Hydroelectric Energy Production and Consumption in The World: Some important issues such as industrialization
race, shifting balances of power, changing production centers from Europe to Asia, and production of alternative energy
resources, lead the energy production and consumption transform rapidly both in content and size. In parallel with this, there
occurs a change in hydroelectric energy production and consumption as well as in position of the countries in the world.

According to a report published by the Vital Signs World Watch Institute, global use of hydropower increased more than 5%
between 2009 and 2010. The use of hydropower reached a record level with 3427TWh constituting 16.1% of global electricity
consumption. Hydroelectric energy is produced in more than 150 countries, but centers around a few regions and countries.
In 2012 the Asia-Pacific region accounted for 32% of global hydropower however Africa is the region which has the world's
lowest hydropower. Approximately 52% of installed power capacity in the world is in China, Russia, Canada, USA, and Brazil.
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China is the largest hydropower producer and expected to keep its leadership in the global water use within the coming
years. This country, produced 721TWh of electricity in 2010, and this corresponds to 17% of its domestic electricity use.
China also has the largest installed hydropower capacity with 213 GW by the end of 2010. (Vital Signs Online)

According to the report of 2012 Key World Energy Statistics of the International Energy Agency, while 2.3% of world
hydropower production (the world total is 1294TWh) was supplied by China in 1973, China's share of world production (the
world total is 3516TWh) reached 20.5% in 2010. While the world production has tripled within 37 years, China's share has
increased tenfold. While the share of hydropower production of OECD countries was 71.9%, it dropped to 40.5% in 2010.
(www.iea.org).According to the Graph 3.1, 32% of hydroelectric energy is produced and all of it is consumed in Asia-Pacific
region as well. This proves that Asia-Pacific region is the world's largest hydro-electric power.

3.6. Energy Demand and Hydraulic Energy Production in Turkey: Whereas the energy demand in Turkey increases
each day, the domestic energy supply is insufficient and, therefore, it is known that a significant portion of the foreign trade
deficit is caused by the energy import.

Hydroelectric power takes the first place in advantageous resources of Turkey in order to meet the increasing demand for
energy. This area with the high potential has not been not fully evaluated yet.

Turkey's gross theoretical hydropower potential is 433TWh, and this figure is almost 1% of the theoretical global potential
and 14% of Europe’s. General hydraulic energy potential is 216TWh annually. The assessable potential is determined to be
140 TWh by competent authorities. The current total power of 172 installed hydraulic power plants is 14.2 GW, a section with
a total capacity of 8.6 GW is under construction, and a section of 22.7 GW is at planning phase. Country’s hydroelectric
capacity is planned to be raised at 35 GW until 2012. As a result, more than 300 hydro-electric power plants are planned to
be built in Turkey to take advantage of the remaining hydroelectric production field with the annual capacity of 69TWh.
according to this long-term plan with $ 30 billion of Cost, an additional hydropower capacity of 19 GW will be provided.
(ONAL and YARBAY, 2010)

Production levels of hydroelectric power plants in Turkey has increased in recent years and 11 175 MW of the year 2000 rose
to 17 137 MW in 2011. The objectives of the year 2023 of the Ministry of Energy and Natural Resources include making use
of all hydroelectric potential.

Graph 3.4 shows the distribution of thermal, geothermal, hydro and wind energy resources as of their share in installed
capacity in Turkey. The share obtained from hydraulic resources appears to be increasing particularly in and after 2009.

With respect to Energy Outlook Report in Turkey and in the world (2012) of the Ministry of Energy and Natural Resources, 15
980 MW hydroelectric power production capacity has been licensed by the end of 2011. This figure with 16 763 MW means
the second largest license capacity after that of natural gas. Private sector investments have increased notably in this area.
According to the data of the ministry, installed capacity in hydroelectric power production has increased in recent years and
installed capacity which was licensed in 2011 comprised of 33% of natural gas and 32% of hydroelectric power. In addition,
hydroelectric is the third of private sector investments put into operation with 4.5 billion Turkish Liras. (Figure 3.5)

3.7. Hydroelectric Energy in Region TR33:Region TR33 (Afyon, Kitahya, Manisa, Usak) has an economic development
potential in a wide range of areas from agriculture to industry, from tourism to mining. In Region TR33 like rapidly developing
each region, energy demand and meeting this demand is important. Energy consumption status of Turkey in 2011 is given in
Map 3.1 according to data from the General Directorate of Renewable Energy. Looking at this map, it is seen that the
industrialized regions of Turkey (cities such as Istanbul, Kocaeli, Ankara, Izmir, and Antalya particularly) has more than 5
million MWh of energy demand. There exist 5 cities in Western Anatolia where the energy consumption is lower than
1,000,000 MWh. They are Burdur, Isparta, Usak, Dizce and Bolu. With regard to the same data, status of the region TR33 is
examined and it'’s found out that energy consumption of Manisa, Afyon and Kitahya is between 1.000.000MWh and
5.000.000MWh. However, the city with the lowest energy consumption is Usak in the region.

When hydraulic energy map concerning the installed capacity of Turkey of the Directorate General of Renewable Energy
analyzed, the cities; Sanlurfa, Diyarbakir, Elazi§, Adana and Samsun come to the fore. Installed capacity of hydraulic energy
powers of these cities is higher than 1000 MW. When the situation in Region TR33 is examined, it's found out that installed
capacity of hydraulic power of all the cities in the region is smaller than 100MW. This shows that the region TR33 it does not
have a huge energy potential of hydroelectric power.

Table 3.1 covers some of the important indicators in Region TR33 for the year 2011. Accordingly, while the lowest city is
Afyon in terms of total installed capacity, the weakest in terms of installed capacity of power is Usak. The installed capacity of
the city Usak is zero. Afyon and Kitahya have an installed capacity of 3 MW. Manisa which has the largest capacity in the
region in terms of hydropower has 69 MW of installed capacity.

Hydroelectric power plants in Region TR33 are shown in Table 3.2. According to the table, the biggest hydroelectric power of
the region is produced in Demirk&épri Dam. In Afyon and Kiitahya installed capacity of hydroelectric power plants is quite low.
Detailed information about power plants is given in the next heading.

Table 3.3 provides information about HPP investments permitted recently in Region TR33 by the EMRA (Energy Market
Regulatory Authority). According to the table the only HPP already in operation is Kiitahya/Eger HPP and has a production
capacity of 1.92 MW. The other three projects are under construction. Hence they do not generate electricity. Besides, there
is no HPP project in Usak. When the under construction capacity in Manisa and Kitahya begins, there’ll be a recovery
capacity of 16.45 MW so that this situation will be an important achievement in Region TR33.

3.7.1. Demirkoprii Dam and Hydroelectric Power Plant: Demirképri Dam and Hydroelectric Power Plant installed on
Gediz River on Gediz basin started operation in 1960 according to the data obtained from authorities and the General
Directorate of Renewable Energy during the technical trip. The primary goals are Flood prevention, water supply for regular
irrigation, and energy production. Lake volume is 1 billion 320 million cubic meters. The dam is made of soil and rock stone
stuff. 112 thousand hectares of land is irrigated by the waters of the dam. Electricity is generated with 3 generators each of
which has 23MWh. (a total of 69MWh) Annual average energy is 193GWh. The plant which has a joint energy production
programme with State Hydraulic Works (DSI) is connected to the load dispatch center in izmir. The plant employs 30
technical personnel. (http://www.eie.gov.tr/HES/index.aspx)

During the technical trip, some more significant information is obtained related with a different water resource springing
beneath the Demirkdpri Dam. This river flows through the canyon near Demirkdpri Hydroelectric Power Plant and then turns
into a waterfall with a head of 30 meters. However, Adala municipality uses this water supply. Therefore, the waterfall’s flow
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has decreased recently. When HPPs based on heads are taken into consideration, this water supply can be considered as a
Middle-head HPP (10-50 m) and it seems possible to establish a HPP on this resource and generate electricity as well.

3.7.2. METAK (Dinar II) Hydroelectric Power Plant: Located in Dinar district in Afyon, Dinar II hydroelectric power plant
was established as a Build-Operate-Transfer model by METAK Energy and Trade Co. under Metis Holding. The place for the
project was delivered on November 17% 1999 by the Ministry. Power plant started commercial production on December 1%,
2000. METAK Energy Co. is going to run the plant for 15 years. By Dinar II HPP within Dinar-Karakuyu-Capali multi-purpose
State Hydraulic Works (DSI) Project, it is planned to produce 16.260.000 Kwh of energy per year benefiting from Especially
Capal (Karakuyu) storage and Kumali and Pinarbasi streams. Main objective is to provide the produced energy for the
national grid. DINAR II HPP consists of two units each with 1.5 MW. The plant’s installed capacity is 3 MW. Project flow is
2.77m3/h and the net head is 131.50 meters. The water is accumulated in the installation pool next to the existing spillway.
Then, it is transferred to the power plant through a 1220-meter-long penstock and two branches. There are two static
excitation generators driven by horizontal axed Francis turbines in the power plant. Power plant is fully equipped with
automatic control systems. Electromechanical equipment and switchyard has been established by SIEMENS. (hesiad.org.tr)

3.7.3. KAYAKOY Regulator and Hydroelectric Power Plant: There are some incompatibilities about the statistics of the
installed capacity of Kayakdy Regulator and Hydroelectric Power Plant that is installed on the river on Susurluk basin in
Kltahya. The first data on the website of the General Directorate of Renewable Energy as well as in Table 3.2 is 2.560 MW.
However, installed capacity of Kayakdy Hydroelectric Power Plant is 3.84 MW in a second database of the same general
directorate. The average annual energy production of the plant is 12GWh.

3.7.4. Kiitahya / Eger Hydroelectric Power Plant: It is the hydroelectric power plant established by Eder Electricity
Generation Ltd. Co. on Orhaneli (Kocasu) streamlet in Tavsanl district in Kitahya. It produces 5.59GWh of energy per year
with the power of 1.92 MW.

3.7.5. Streams and Other Potentials in Region TR33: According to the information obtained from the governorates of
the provinces in Region TR33, stream resources are as follows;

Akarcay, Aksu (Araph) Stream, Seyitler Streamlet, Cay6zi Stream, Kali Streamlet, and Cay Stream are in In Afyon. In
Kitahya streams of Kirmasti, Kocasu (Adirnaz), Kocagay and Simav flow into the Marmara sea; those of Felent and Porsuk
flow into the Karadeniz sea via Sakarya River and stream of Gediz flows into the Aegean sea.

Here are some of the major streams of Manisa. Gediz River rises from Mountain Murad flows through south of the town of
Gediz and absorbs the streams of Selendi and Demirci. It flows into the Aegean Sea near Foga. The length of it is 350 km.
Bakir Streamlet rises from the mountains in the northeast of Soma. Its flow is irregular and it often overflows. It irrigates
Soma Plain and is 104 km long. It flows across the borders of Izmir. Alasehir (Derbent) Streamlet rises from Mountain Cal
and merges with Gediz in Salihli Plain. It is 115km long. Kum Streamlet rises from Mountain Tirkmen. Nif Streamlet rises
near Kemalpasa. In addition there are Dernek, Delinis and Gordes Streamlets. Akbal, Haydar and Tabakhane Streams flowing
down the Mountain Manisa are other important resources.

The two most important streams of Usak are Banaz Streamlet and Gediz River. Banaz is 165 km long. It rises from Mountain
Murad and flows though north-south direction and crossing the lands of the province, it merges with Menderes River. Gediz
River rises from Mountain Murad and Egrigoz, flows through the northwest of the province and enters the land of Manisa. In
addition, there are small streams such as Karabol and Yaver. Flow rates in the region are not high, in general and the rivers
have irregular flows. Groundwaters play a role in feeding rivers. However, it is considered to be appropriate to make use of
potential hydropower of these streams.

3.7.6. Effects of HPPs on Employment and Environmental Sustainability in the Region: A trip was taken to the
village Karaadag, in Salihli district, in Manisa concerning the planned HPP to be established there by Gékova Energy Ltd. Co.
according to information obtained from the village reeve, the company committed to employ villagers of Karagag in HPP
construction and operation. This will help to increase the contribution of HPP to the region and it is an example that should be
considered in the construction of other HPPs in the region.

It is obviously required not to damage the natural balance in the construction of HPPs and important to consider
environmental sustainability during electricity generation. Thus, audits of the Ministry of Energy and Natural Resources are of
great importance. This issue is so crucial that it cannot to be left to the initiative and mercy of the firms making investment in
the region.

3.8. CONCLUSION AND RECOMMENDATIONS: The need for renewable energy resources against the problems of fossil
fuels increases every day. Hydraulic resources are at great importance to meet the energy needs of Turkey in general, Region
TR33 in particular. When the Region is analyzed in terms of hydraulic resources, it is seen that more potential resources exist
especially in the provinces of Manisa and Kitahya. It is understood from both installed capacity and investments under
construction. The weakest city in terms of Hydraulic resources is Usak.

Issue of low stream and irregular flows prevents all water resources from being used effectively in electricity generation.
However, despite all the negativity, it is obvious that strategic efforts and investments should be carried on for a more
efficient use of water resources. Areas to make investments are streambeds with high flow rates. Although Gediz River and
Gediz Basin are important areas of investment, other streams should be evaluated in their own potential. As noted above,
another resource of water rising under the Demirkdpri Dam needs to be assessed. This resource can be said to be suitable
for investment as it turns into a waterfall with a head of more than 30 meters

In addition, existing investments are not completely obstacles for making another investment on the same stream. It seems
possible to use resources more efficiently and open up new areas of investment with a well feasibility study on this subject.

GEOTHERMAL ENERGY

INTRODUCTION: Geothermal energy is defined as warm water and steam formed by accumulated heat in various deep
layers of the earth, with a heat constantly over average regional atmospheric heat and having more melted minerals, various
salts and gases than normal underground and surface waters around. “Warm Dry Rocks” deep down, which are used for its
heat with some specific techniques, are also defined as source of geothermal energy though it does not contain any fluids.
(MOIK, 1996). Underground water richness is directly about rains. The water flowing underground is heated by warmth
spread by a magma chamber located 10000 or 12000 meters down and reach the surface by flowing through gravity fault.
Faults function as hydrothermal drain for rising water and mineral waters. Heated water forms the reserves by accumulating
in rocks which function as stores deep down the earth (Yilmazer, et al., 2010).
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As a renewable source of energy, geothermal energy is the inner heat of the earth. This heat flows through the surface from
central warm area. As it is already known, the temperature rises 2,5-3°C every 100 meters as it gets deeper underground
(Eren, 2009).

Geothermal includes various dissolved minerals since it consists of fluid underground water. The typical mineral is composed
of NaCl (mostly %70), KCI, CaCl (%6), H,SiOs (%12), and boron at small amounts. Also there are uncondensed carbon gases
like dioxide, hydrogen sulfurets etc. (DEKTMK, 2011).

Naturally geothermal energy is a source of energy independent of external environment conditions. Thus its use is very
common and it is the most determined one compared to other renewable sources of energy. Also geothermal energy does not
require any process of storage or transfer (Arslan, et al., 2006).

Geothermal heat energy can be classified in three groups as low temperature areas (20-70 °C), medium temperature areas
(70-150 °C) and high temperature areas (higher than 150 °C) according to heat content. Geothermal energy covers every
kind of benefiting from geothermal sources directly or indirectly. Low temperature (20-70°C) areas are used mainly at
heating industry and other industries and chemical materials. Medium temperature (70-150°C) and high temperature (higher
than 150 °C) areas can be used at integrated heating applications depending on reinjection conditions as well as electricity
production. (Anon., 2012)

The fluid produced out of geothermal areas provides a large scale of use depending on temperature values. Geothermal
energy is used to generate electricity, for heating (city, residence, thermal facility, glasshouse etc.), production of chemical
materials, drying, whitening, and plant and fish culture (EHAK, 2001). The areas where geothermal energy is used according
to their heat value are shown in details at Table 4.1.

4.1. Geothermal Energy in the World: According to theoretical estimations, heat energy accumulated between 0-10 km.
deep in the world is 245*10° E) (exajoules) for high heat fluidity areas while it is 181*10° EJ for low fluidity areas.
Considering that only 0,1 % of this energy can be operated, geothermal source will be more than 0,4*10° EJ. This
corresponds to a 1000 years of potential according to current energy consumption in the world. It is estimated that 0,5 EJ is
produced from natural aquifers and proved reserve to be produced is 50 EJ (EHAK, 2001).

Five leading countries in geothermal electricity generation in the world are USA, Philippines, Italy, Mexico and Indonesia. Five
leading countries in geothermal heating and thermal spring applications are China, Sweden, USA, Iceland and Turkey
(DEKTMK, 2008).

As of 2010, the total capacity of using geothermal energy directly for 78 countries in the world is 50.583 MW,. The leading
ten countries are USA 12.611 MW, ,China 8.898 MW,, Sweden 4.460 MW, , Norway 3.300 MWt, Germany 2.485 MWt, Japan
2.099 MWt, Turkey 2.084 MWt, Iceland 1.826 MWt, Netherlands 1.410 MWt, Switzerland 1.061 MWt (DEKTMK, 2011).

The distribution of totality of 50583 MWt geothermal energy according to capacity of direct use: Geothermal heat pumps
35.206 MWt, swimming pools/thermal springs 6689 MWt, regional residence heating 5391 MWt, glasshouse heating 1544
MWt, hatchery 653 MWt, industrial use 533 MWt, cooling/snow melting 368 MWt, agricultural drying 127 MWt, other uses 72
MWt (DEKTMK, 2011). As of 2010 total amount of annual heating energy for geothermal energy in the world is 438071 TJ]
(121696 GWh). Top 10 countries are China 75 348 TJ, USA 56 552 TJ, Sweden 45 301 TJ, Turkey 36 886 TJ, Norway 25 200
TJ, Iceland 24 361 TJ, Japan 15 698 TJ, France 12 929 TJ], Germany 12 765 TJ, Netherlands 10 699 TJ (DEKTMK, 2011).

Distribution of total 438071 TJ geothermal energy according to direct use of annual heating energy amount is: Geothermal
heating pumps 214.782 TJ], Swimming pools/thermal springs 109.032 TJ], regional residence heating 62.984 MWt,
glasshouse heating 23.264 MWt, hatchery 11.521 MWt, industrial use 11.746 MWt, cooling/snow melting 2.126 MWt,
agricultural drying 1.662 MWt, other uses 954 MWt (DEKTMK, 2011).

4.2, Geothermal Energy in Turkey: Geothermal energy is an important local and renewable source of energy because of
its heavy tectonic motion. Most of the researches and investigations required to determine geothermal potential in Turkey is
initiated by General Directory of Mineral Research and Examination. Today 198 geothermal areas have been located by the
MTA (General Directory of Mineral Research and Examination) and almost 550 boreholes have been opened (DEKTMK, 2011).

Turkey has the 7™ largest geothermal potential in the world. It is estimated that the geothermal potential of Turkey is 31500
MW. Proved practical technical capacity in use is 4078 MW and 34% of it is used. Electrical technic potential is 600 MWe (4
billion KW p/year, 15 areas discovered) established power in use is 92 MWe. Istanbul Technical University Institute of Energy
estimates that the capacity can reach up to 2000 MWe through new area researches and drillings. The established power of
licensed geothermal electricity power plants is 244,10 Mwe. Yet there is no information about the progress of investments
concerning the 101,6 MW power capacity of this power. The progress rate of 40 MW part of remaining established 142,50 MW
is 10 %. Also for 359,95 MW capacity there are 15 project appeals in progress. For 150-200 MW there are researches and
area discoveries in progress (TMMO, 2012).

95 % of geothermal areas most of which in West Anatolia is suitable to be used by regional residence heating, glasshouses
and thermal springs in Turkey. The totality of heating capacity proved by MTA is 4078 MWt. There are 1500 warm and
mineral water sources of which temperature varies between 20-242°C. 85000 residential buildings, 2.585.000 m? glasshouse
and 325 SPA facilities are heated by geothermal energy. As of December 2011, established power of existing 7 geothermal
electricity plants is 114 MW in Turkey (TMMO, 2012).

Geothermal energy is used for central residence heating in 18 settlements (corresponding to 67700 residences, 608 MWL), for
glasshouses in 15 areas (1579000 m?, 292 MW,), and for treatment and thermal spring purposes in over 200 thermal
facilities (Anon., 2012).

4.3. Geothermal Energy and the Potential in Region TR33: The researches about geothermal areas in region TR33
including the provinces of Afyon, Kiitahya, Manisa and Usak were initiated by MTA from 1970 on and the researches have
been in progress so far. The findings indicate a high potential in the provinces of Afyon, Kitahya and Manisa. For the
estimation of potential geothermal sources in region TR33, parameters of area, measured temperature, temperature used
and the density of reserve are used for every area in the provinces have been taken as basis.

4.3.1. Geothermal Areas and their Potential in the Province of Kiitahya: Kitahya is one of the richest provinces of
Turkey in terms of its geothermal sources. As it is seen in Chart 4.1, existing geothermal areas are in Simav - Eynal - Citgol
-Nasa, Gediz - Abide, Muratdadi, Yoncali, Emet, Yenicekdy, Dereli, Gobel, Ilica (Harlek) Hisarcik and Saphane. Possible
potential of geothermal sources in Kiitahya is 355 MW, as in Table 4.5.
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The area with the highest geothermal potential in Kitahya is Simav - Eynal - Citgdl — Nasa geothermal area with 264 MW..
The second highest geothermal potential is in Gediz - Abide — Saphane geothermal area with 73 MW..

4.3.1.1.Simav - Eynal - Citgol - Nasa Geothermal Area:55 sources have been located in the area of Eynal in addition to
34 ones in Citgdl and Nasa areas and most of them have dried out. The sources are used for city heating, balneology and
glasshouse heating (MTA, 2005). If the geothermal sources in the area of Simav, Eynal, Citgél and Nasa, it is predicted that
sources in the area will be more efficient in heating of glasshouses, thermal springs and residences and developments in
industrial use will be more common.

4.3.1.2. Gediz - Abide Geothermal Area: As a result of investigations, sources of hot water have been listed in the table
below. Warm fluid thermal spring is used for heating thermal facilities and project studies for the heating of Gediz district is in
progress. (MTA, 2005).

4.3.1.3. Murat Mountain Geothermal Area: It is used for thermal springs from hot fluids (MTA, 2005). If the geothermal
sources in Murat Mountain are developed, they can be used also for thermal springs.

4.3.1.4. Yoncali Geothermal Area: The first geothermal examinations in the area were started in 1989. The hot fluid in the
area is also used in balneology (MTA, 2005). If the geothermal sources in Yoncali are developed, it is estimated that they will
be used in the heating of thermal facilities.

4.3.1.5. Emet Geothermal Area: The points of where sources spring out are shown on the table below. The hot water is
used for thermal spring aims. (MTA, 2005). If the geothermal sources in Emet are developed, it is estimated that they will be
used in the heating of thermal facilities.

4.3.1.6. Yenicekdy Geothermal Area: The hot water is used by the public with a primitive facility. (MTA, 2005).

4.3.1.7. Dereli Geothermal Area: The hot water is used for thermal springs. High capacity of the sources in the region is
remarkable. (MTA, 2005). If the geothermal sources in Dereli are developed, it is estimated that they will be used in thermals
facilities.

4.3.1.8. Gobel Geothermal Area: The hot water in the region is used for thermal springs (MTA, 2005).

4.3.1.9. Ihca (Harlek) Geothermal Area: There are 3 sources in Harlek geothermal area which are Turkish Bath for ladies,
Turkish Bath for men and Hasulas pool. The hot fluid is used in balneology. (MTA, 2005).

4.3.1.10. Hisarcik (Sefakdoy — Hamamkoy - Yukari Yoncaagag) Geothermal Area: 5 sources in the region and their
capacity of flow are shown on the table below. The hot fluid is used in balneology (MTA, 2005).

4.3.1.11.Saphane Geothermal Area:The temperature of the source in the region is 25,5 °C and not used anywhere (MTA,
2005).

4.3.2. Geothermal Areas and the Potential in the Province of Afyon: As it is shown at Chart 4.2 there are 4 geothermal
areas which are Omer-Gecek-Kizik-Uyuz, Gazligél, Heybeli-Cay, Sandikli in Afyon. The water obtained from the sources are
used in heating and balneology (MTA, 2005). The possible potential of geothermal sources in Kitahya is 139 MW, as it is
shown at the table below. (Yilmazer, 2012).

The area with the highest geothermal potential in the province of Afyon is Sandikli geothermal field which is 57 MW.. the
second highest potential is Omer — Gecek - Kizik geothermal field which is 54 MW..

4.3.2.1. Omer-Gecek-Kizik-Uyuz Geothermal Area: Temperature values and capacity of flow in the region are shown at
the table below. The sources in the region are used for thermal springs. Also they are used in the heating of hotels, villas and
glasshouses. Some of the water obtained from the drills is also used in heating of some parts of Afyon (MTA, 2005). If the
geothermal sources in Omer, Gecek, Kizik and Uyuz are developed, it is estimated that they will be used in industry, and
more in heating of glasshouses, thermal facilities and residences, also in farming, ranching and management of cool air
storage.

4.3.2.2. Gazhigol Geothermal Area: Although there are 14 water sources in the region, the capacity of the sources are low.
The water is used by thermal facilities (MTA, 2005). If the geothermal sources in Gazligdl are developed, it is estimated that
they will be used in the heating of thermal facilities.

4.3.2.3. Heybeli-Cay Geothermal Area: The water in the area is used in thermal facilities (MTA, 2005).

4.3.2.4. Sandiklh Geothermal Area: There are many water sources in the area and five of these are shown at the table
below with their capacity and temperatures. Hot water is used in heating and balneology (MTA, 2005). If the geothermal
sources in Sandikh are developed, it is estimated that they will be used in the heating of glasshouses and residences.

4.3.3. Geothermal Areas and the Potential in the Province of Usak: As it is seen in Chart 4.3, there are 6 geothermal
areas in the region which are Emirfaki - Akbulak, Hamambogazi, Kizilcaéren - Ilica, Aksaz, Haskdy, Orencik. Only area with a
potential in the region is Banaz-Hamambodazi and it has a potential of 9 MW,.

4.3.3.1. Emirfaki - Akbulak Geothermal Area: The hot water obtained here is used for thermal spring facilities (MTA,
2005).

4.3.3.2. Banaz-Hamambogazi Geothermal Area: The hot water obtained here is used for thermal spring facilities, and it
is planned that the sources are used in heating (MTA, 2005).

4.3.3.3.Banaz-Kizilcaéren Ilica Geothermal Area: The two sources in the area have the temperature of 25 °C and they
are not in use (MTA, 2005).

4.3.3.4.Ulubey-Aksaz Geothermal Area: The hot water obtained here is used for thermal spring facilities (MTA, 2005).

4.3.3.5.Ulubey-Haskdy Geothermal Area: The temperature of Haskdy source is 34 °C and the hot water obtained here is
used for thermal spring facilities (MTA, 2005).

4.3.3.6.0rencik Geothermal Area: The hot water obtained here is used for thermal spring facilities, and the same water is
also planned to be in thermals (MTA, 2005).

4.3.4. Geothermal Areas and the Potential in the Province of Manisa: The province of Manisa is one of the richest of
the region and Turkey in terms of geothermal sources. It is the province which has the highest geothermal potential in TR33
Region with 9667 MW.. As it is seen in Chart 4.4, there are 9 areas which are Turgutlu - Urganli, Salihli - Kursunlu, Alasehir -
Horzum Sazdere, Kdpribasi - Saraycik, Kula - Emir - Sehitli, Demirci - Eskihisar, Alasehir - Sarikiz, Soma - Mentese, Sarigdl.
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The area which has the highest potential in Manisa is the geothermal area between Salihli and Ahmetli with 3580 MW,. The
area between Kavaklidere and Salihli is the area which has the second largest potential which is 2685 MW,. The area between
Alasehir and Kavaklidere has the potential of 2380 MW, and the areas between Sarigdl and Alasehir, and Ahmetli and Urganh
have the potential of 915 MW, and 712 MW, respectively.

4.3.4.1. Turgutlu-Urganh Geothermal Area: The existing sources in Urganl geothermal area are shown at the table. The
geothermal source is used for thermal springs and the heating of glasshouses (MTA, 2005). If the geothermal sources in
Turgutlu - Urganli are developed, it is estimated that they will be used in the heating of glasshouses and thermal facilities.

4.3.4.2.Salihli - Kursunlu Geothermal Area: There are many sources in the region and the important ones are shown at
the table. The hot water is used for thermal springs (MTA, 2005). If the geothermal sources in Salihli = Kursunlu are
developed, it is estimated that they will be used in the heating of thermal facilities, drying and cooling.

4.3.4.3.Alasehir - Horzumsazdere Geothermal Area: There is no use of hot fluid. The sources flow for nothing (MTA,
2005).

4.3.4.4.Kopriibasi-Saraycik Geothermal Area: The hot fluid in the region is used for thermal springs and the sources in
the area shown at the table (MTA, 2005). If the geothermal sources in Kdpriibasi — Saraycik are developed, it is estimated
that they will be used in the heating of thermal facilities and thermalism.

4.3.4.5.Kula-Emir-Sehitli Geothermal Area: The temperature of the water obtained in the area is 30-60 °C, and the flow
capacity is 0,5-5 I/h. The hot fluid in the region is used for thermal springs (MTA, 2005).

4.3.4.6.Demirci-Eskihisar Geothermal Area: The temperature of the water obtained in the area is 29 °C and the flow
capacity is 0,5 I/h. Local people use the thermal spring as laundry (MTA, 2005).

4.3.4.7.Alasehir-Sarikiz Geothermal Area: The data about the area is seen at the table below. The hot fluid in the region
is used for thermal springs (MTA, 2005).

4.3.4.8.Soma-Mentese Geothermal Area: The hot fluid in the region is used for thermal springs (MTA, 2005).
4.3.4.9.Sarigol Geothermal Area: The capacity of source water is 0,01 I/h and the hot water is not used (MTA, 2005).

4.4. Geothermal Power Plant Applications in Region TR33: Conventional electricity generation occurs in the fields
where storage temperature is over 150 °C. To generate electricity, the temperature and the flow capacity of geothermal
water are very important. There are different steam circulation applications in the generation of electricity. The hot water
used in geothermal fields is divided in separators and the steam sent to tribunes dilates and provides the generation of
electricity. Through a recent system with the name of binary circulation, steam points use low gases and can generate
electricity from flusd up to T>80 °C (Kaymakgioglu & Cirkin, tarih yok).

There is no geothermal power plant working at region TR33. In region TR33, there are 5 licensed geothermal electricity
power plant facilities under construction and with the investments in progress within the borders of Manisa and Kitahya.

As a result of field examinations in the project, investments have been suspended for geothermal electricity power plant
under construction around Caferbeyli in Alasehir district of Manisa since the flow capacity is low (4,5 I/h). The temperature of
the source in the region is 110 °C and the temperature of flowing water is 86 °C.

4.5. RESULT AND SUGGESTIONS: The most important superiority of geothermal energy to conventional energy sources is
sustainability. The problem of pollution in other energy sources is not valid for this energy source. Use of geothermal sources
rather than fossil fuels will cause the fall of social costs by taking CO2 levels under control (Kilig & Kilig, 2009).

High energy requirement of Turkey makes it necessary to determine the potential of geothermal sources as well as other
renewable sources in Turkey and to evaluate geothermal energy in daily and commercial life with the priority of decreasing
the dependence on foreign countries for oil and natural gas and therefore decreasing primary deficit.

The existing geothermal sources in the region are mostly used in thermal spring tourism in addition to heating residences and
glasshouses. Geothermal sources are not used yet in the generation of electricity though there is a great potential in this
field.

Most of the geothermal sources in region TR33 are grouped under low-medium enthalpy. Therefore it is essential to use
binary and calina circulations to obtain electricity power from this geothermal group.

Due to less cost of production and use in geothermal energy than other energy sources, the municipalities should lead in the
use of geothermal energy and support the use of geothermal energy.

WIND ENERGY

INTRODUCTION: Representing sufficient, tempore, qualified, economic, reliable and clean energy is one of the most
important aspect of assessing/determining development level of countries nowadays. When the demand of energy, which is
both most important input of public/commonwealth in daily life and in industry, rises continuously, energy resources are
exhausted rapidly. To afford a sustainable balance, providing energy resources variety and putting to use renewable energy
resources beside conventional energy resources become important (Ozerden,2003). Renewable energy resources are the
energy resources which have never become exhausted and renewed itself as the world exists. When it was compared with
fossil energies, it can be seen that it is more environment-friendly to the nature and have less greenhouse effects. The most
important energies are Hydraulic energy, wind energy, biomass energy, solar energy, photovoltaic system and geothermal
energy. Basically wind energy is a transformed solar energy (Karamanlioglu, 2011). %1-2 percent of solar energy that sun
sends to world transformed into wind energy. Stream of air occurs because of the pressure and the temperature differences
which are occurred as a result of the sun that does not warm up the atmosphere and the earth homogeneously. If An air field
gets warmer than the present circumstances, it rises above the atmosphere and the place of this is placed/filled with a cold
air field with same size/cubage. It is called ‘wind’ to this swop places of air fields. In other words, wind is a stream of air
which occurs because of the pressure difference between these two adjoining pressure areas and moves /flows center of high
pressure from center of low pressure. When the winds flow to the center of high pressure from the center of low pressure,
they are formed because of some reasons like the rotation of the world, surface frictions, local/endemic heat widespread,
different atmospheric events in the presence of wind and topographical structure of the area/land. Winds qualifications show
temporality and endemic differences according to local geographical differences and earth’s inhomogeneous warm. Wind is
denoted with two parameters; speed and direction (www.yegm.gov.tr, 2012).

5.1 History of Wind Energy: This is the first time in history people utilized from the wind energy by shipping boats from
side to side before 500 years in BC. It is said to use wildmill which worked as a machine that produce rotation movement by
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the help of fans were founded in 200 BC. First briefs about wildmill were come across in the 12th century. In America, 1889
factories, which produced windmill, were founded. After the production of multi-panel/wing windmills, as these windmills’ fan
blowers were developed, it was utilized from wind energy in pumping water (ilkilic, 2009). Electricity production from the
wind energy, which is in the service of humanity for thousands of years, was firstly eventuated in Denmark in 1891 (Kilg,
2009). Wind energy'’s historical development has not happened according to only technological developments. Some historical
events direct the countries to research alternative energy resources. After the Second World War with the decrease of oil
prices, interest to wind turbine became less and in 1970s with the excessive increase of oil prices, interest to wind turbine
became popular in world wide. After the oil embargos in 1970s, the answer was researched about how the wind turbine
generators can be more useful and efficient. Most of these approaches show the wind farms will be useful for American and
European systems/Networks. Beginning from 1970s, wind technology developed gradually/step by step and in the end of
1990s wind energy turned up one of the most important interconvertible energy resource again (Ozgiir, 2006). On the other
hand, advancement, which is according to technological development, pulls the world in a period in which there are more
consumption and production. In this new period, energy needs increases gradually. The usage of these kind of fossil origin
fuels cause carbon dioxide emission significantly. This carbon dioxide emission, which is formed with the usage of these kind
of fossil origin fuels, is the first order of importance head list emission products which cause global warming and climate
change. Because of that, .developed and developing countries got together in Kyoto city of Japan and they gave out a
protocol about taken measures about decrease the greenhouse gas emissions, which cause climate changes. Kyoto protocol,
which has signed from 141 countries in Kyoto, Japan, has become one of the most important factors that induced the
developed countries in industry to utilize from the renewable energy resources for to reduce the quantity of greenhouse gas
till 2012 under the %5 level of 1990.

5.2 Superior and Weak Sides of Wind Energy: Wind energy as a renewable energy resource, has a lot of advantages
considering fossil and other energy resources. Wind energy is clean and free/free of charge renewable energy resource. As
long as the world and the sun exist, there is no possibility of consumption/exhaustion of this resource. Wind, which exists in
the world continually, guarantees the energy security. It suppresses the complexity resulted from price instability/alterability
of fossil fuels. As the wind blows free in charge there is no risk about the increase and decrease of price (ilkilig,2009).

Air pollution caused by fossil fuels is not discussed for wind turbines. These turbines use the wind energy as a fuel; they don't
leave/dismiss poisoned gas wastes to the atmosphere. When the energy is derived from the wind there is not a burning
because of that carbon emission does not occur; consequently wind energy does not cause global warming and climate
changes (ilkilig, 2009). A turbine with 1MW capacity, which is used for produce energy from the wind, means the dispose of
oxygen, which is produced by 135.000 trees by burning them in a central works with coal (Varica & Gondlli, 2006).

One of the other most important advantages of wind energy is not to have take apart cost of wind-farms. Salvage value of
removal turbines meet the take apart cost. When the operating time finishes, the area where the turbines are placed can be
reassembled. A turbine fills %5 of founded area and its wings are very high from the ground by this way it provides an
opportunity for the usage of this area with other aims like agriculture, pasture (Bayrakgl & Delikanl, 2007). Wind energy
makes contribution to the regional development. In the build up stage of wind farms,building activities create opportunity for
employment to the district people. These farms, which are founded in rural areas in generally, afford serious economic input
to the people in the district with renting and purchasing costs (Bayrakgi & Delikanh, 2007).

Besides its advantages, there are some situations which are seen disadvantages of wind energy. As it is said to have some
environmental impacts like visual and noise pollution, effects to TV and radio broadcasts and reason to bird death, but
research which has done about this subject, shows us these impacts are in low level. Noise in a wind farm does not go
beyond 85dB level in enhanced turbine environment. A noise in a car is between 80-90 dB. the distance between wind fields
and digs which is not be less than 300 meters and if it is 400 meters as standard it secures the noise protect and it only add
5dB noise to the lower limit of noise. In this way, with new technology turbine with standard 400 m distance, noise pollution
reduces to 36.9 dB (Ozgir, 2006). One of the most argued environmental impact of these wind-farms is visual impact on
settled area. Whether the turbines are good or not according to aesthetic appearance is a subjective situation that changes in
accordance with a man. But important components of visual impact are shadow vibrancy and blink/sparkle. When the sun
rises and downs, rotated wings of wind turbines can cause shadow change, Shadow vibrancy. Similarly, sun shines which
comes to glazed/polished wings reflect the environment and can create sparkle impact. These problems can be minimized by
painting these wings and turbines into light- grey. For to obstruct the other visual pollution, pipe tube tower must be used
instead of pylon type cage/frame tower. Such wind turbines visual impacts require dedicated efforts about aesthetic pleasure
when the clean, cheap energy production is taken into consideration. (Ozkahya, et al., 2008). Another environmental
disadvantage appears as bird-death. Bird death is a problem that is faced mostly mass migrations. But this problem is not
bigger than dangers that high-voltage-lines caused. Although Bird migration mostly happens between 300-1000 meters high,
there are birds which fly very high. Anyway, the best solution is not to build these wind farms on migration ways (Ozkahya,
et al., 2008).

5.3 Wind Energy in Turkey and in the World: Wind energy has been rising continuously since 1966 in the world.
According to statistics, which has been published by Global Wind Energy Council, total power is 238.351 MW at the end of
2011. Between the countries china is the most utilized country from the wind energy with 62.733 MW installed capacity.
America, which gives the first tier to China in recent years, places in the second tier with 46.919 MW installed capacity. In the
third, fourth and fifth tier respectively Germany (29.060MW), Spain (21.674 MW) and India (16.084 MW) stand (GWEC,
2011). Usage of wind energy is very widespread in Europe. Germany is the country which produces the most electricity from
the wind energy but Denmark is the country which has the highest rate about meeting the countries electricity demand with
wind energy. Denmark meets %26 demand of electricity from wind energy (www.gwec.net, 2011). When we look at the
development of electricity production from the wind energy in Turkey, it is seen that especially wind energy centrals have
raised considerably since 2006 (graphic 5.2). According to TUREB’s February 2012 report, wind energy’s total installed
capacity in Turkey is 1.805,85 MW and the total capacity of centrals, which are under construction, are 517,55 MW (TUREB,
February 2012). According to Turkish Republic Ministry of Energy and Natural Resources strategy report, installed capacity in
2023 ,which is the 100. Years of foundation of Turkish Republic, is determined 20.000 MW. Turkey’s most efficient/richest
regions about wind energy potential are Aegean and Marmara Regions. Aegean region is in the first tier with %38,51
percentage according to installed capacity. It is respectively lined up like that, Marmara Region with %35,79; Mediterranean
Region with %18,25; Black sea Region %3,92 and Central Anatolia Region with 3,53. When we look at the wind centrals
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according to turbine producers, it is seen that Vestas Turbines has the highest share with %27,87; Nordex with %25,87,
Enercon with %15,23 and GE follows it(TUREB, Subat 2012).

5.4 Determination of The Wind Energy Potential: Before the explanation of the determination of the wind energy
potential, talking about the some natural aspects of wind power will be beneficial (Malkog, 2006):

Wind speed: wind energy rises with wind’s cubic,%10 percent of accretion in wind speed occurs %30 of accretion in
electricity generation,2 x wind speed = 8 x electric energy

Altitude: Wind energy rises with altitude exponentially,2 x altitude= %10,4 more electricity

Density of air: Wind energy rises proportionally with density of air, Humid climates have more density of air than dry
climates, Places with a low altitude has a higher density of air

Wing sweeping area: Wind energy rises with wing sweeping area exponentially,% 10 percent accretion in the wing diameter
(cadastral extract) causes %21 percent accretion in the wing sweeping area

Before planning the wind energy project with any scales, the most important first step is determined the place of wind
resources and understand the features of this resource. New kinds of wind energy potential atlas afford this opportunity and
they make a contribution to the development of the energy sector. Computer techniques and meteorological models which
are used in preparing new kinds of wind energy, can show us very valuable information about wind regime in the hourly,
daily, monthly, seasonal and annual time scales to determine the fields of wind resources. New kind of wind energy atlas,
which can be integrated with Geographic Information Systems, can obtain important benefits about time and material to
determine the suitable fields for wind energy applications. For example, a lot of parameters like transformer centers, network
substructures, transportation facilities about wind energy applications are evaluated with wind resources in the stage of
presenting the most suitable place, they afford an opportunity for material savings by abeting the first preliminary studies
(Malkog, 2007). Turkey Energy Potential Atlas, which is prepared in 2006,is a wind energy potential atlas in which the wind
resources data is given by using the medium-scale numeric weather cast model and the micro-scale wind-flow model.
Throughout Turkey with the 200m x200 m resolution;Yearly, seasonal, monthly, daily wind speed averages on 30, 50, 70 and
100 meter altitudes, Yearly, seasonal, monthly wind emigration density on 50 and 100 meter altitudes, Yearly capacity factor
on 50 meter altitudes, Yearly wind classes on 50 meter altitudes, Monthly temperature values on 2 and 50 meter altitudes,
Monthly pressure degree on the sea level and 50 meter altitudes can be learnt.

With wind energy potential atlas (WEPA), potentials, which have high density and we can not measure in the sea, costal and
high-altitude regions, become observable. In table 5.1 after showing the classification of wind speed and energy density
according to wind resource degrees, Turkey Wind Energy Potential Atlas are placed about the most important criteria- wind
speed, energy density and capacity factor data- which are used to determine the wind energy potential. With WEPA, it is
ascertained that there are 5.000 MW wind energy potential in the regions which have 8.5 m/s and above annual wind speed,
and 48.000MW wind energy potential in the regions which have 7,0 m/s and above annual wind speed in our Country
(www.enerji.gov.tr, 2012). When we add 83.906,96 MW medium wind class potential to the 47.849 MW techno-economic
potential of Turkey, It is seen that the windy areas supported wind energy totally with 131.756,40MW. Inappropriate areas
about the applications of wind energy are given below (Caliskan 2011):Regions with elevation more than 1500 m and more
than %20 declivity, Highways,railways,airports,seaports, Wetlands and qualified forest areas, Under-protection areas (national
parks etc.),Generating stations, Emergency areas, Sea areas with more than 50 meters depth.

5.5 Wind Energy Potential of TR33 Region: For an economic WES investment, annual average wind speed must be 7 m/s
or above and capacity factor must be %35 or above in the region where the santral is decided to build on. Additionally, by
the help of process, which can be eventuated in wind turbine technology, the places, where has the medium-level wind
energy potential with the average wind speed is under 7 m/s and capacity factor is under %35, can be more efficient about
WES investment and it must be taken into account. When the WEPAs, which is comprised by electricity survey board for TR33
Region, are investigated the potential view of region looks like on table 5.3. According to their potential size, cities in this
region are Manisa, Afyon,Klitahya and Usak respectively.

In tr33 region, which has 6.362 MW wind energy potential, totaly 816,43 MW wind energy central investments are exist.
344,43 iMW part of it is on the enterprises and the rest of it-472 MW- is still under construction. In table 5.4. There are
information about enterprices and under construction places about WES in the region.

In Afyonkarahisar; Sultandagl, northwest part of Cay , where is the border between Cay and Sultandagl, have 7m/s wind
energy and above. Dinar, East part of Sandikli, border line of Suhut and City centre and Cobanlar are the regions where have
the medium wind factor potential (6.5m/s-7.0m/s). Capacity factor is between % 30-35 in this region. According to electricity
survey board (EIE)’s research, it is determined that with 5.302.32 mw potential energy capacity are calculated on 172,05
km2 area in Afyon. In the calculations it is accepted to built wind energy central with 5SMW energy in each kilometer on the
aplicable areas. In map 5.7 places, in which RES can not be founded, are shown with grey. In Kiitahya east parts of Gediz
and Simav are the places where the speed of wind is over 7m/s Capacity factor is between %30-35 in these regions.
According to EIE studies, 190,16 MW establishable energy capacity is calculated in 38,03 km area totally in Kiitahya. In map
5.9 places, in which RES can not be founded, are shown with grey. In usak, east part of Banaz is the place where the speed
of wind is over/below7m/s. Capacity factor is between %30-35 in this region. According to EIE studies, 9.28 MW
establishable energy capacity is determined in 1.856 km area totally in USAK. In map 5.12 it is accepted that the RES can
not be founded in grey areas. Manisa is a city which has the highest wind energy power between the cities in this region. in
Manisa, Akhisar, Kirkagag and Soma districts have wind energy potential. In these districts, average wind speed is between
good and excellent level/degree of wind resources (7.0m/s-9.0m/s). Besides these districts, North part of Manisa center and
South part of Turgutlu ar the areas where have the suitable potential for the investigations of wind energy stations. According
to electricity survey board’s researches, it is determined that res investigation with 5.302.32 mw potency can be done in
1.060 km2 area in Manisa. In map 5.15 the place in which res investigations can not be done shown with grey.
CONCLUSION: City center of Afyonkarahisar, Cay, Cobanlar, Dinar, Sandikl, Gediz, Simav, Banaz, Kirkagag, city centre of
Manisa, Soma and Turgutlu ,where are in the TR 33 Region, are determined as sub regions which have wind energy
potential. In the investigation decisions about the places, where have the wind energy potential, it must be beware that the
places ,which are not suitable for wind energy applications, like Regions with elevation more than 1500 m and more than
%20 declivity, settled-areas, highways, railways, airports, seaports, wetlands, national parks, qualified forest areas etc...
must not take place in this category.
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Ajans Vizyonu

Bolgenin Kalkinmasi icin,
Dinamik Bir Takim Ruhuna Sahip,
Kaliteli Hizmet Sunan,

Odrenen Ve Odreten,

Baslattigi Her Girisimi Zafer' le
Tacglandiran Bir Ajans Olmak.

Ajans Misyonu

TR33 Bolgesinin Yasam Kalitesini Arttirmak
Amaciyla;Boélge Dinamiklerini Harekete
Gecgirmek ve Paydaslar Arasi Koordinasyonu
Saglamak,Bolgedeki Kaynaklarin Yerinde ve
Etkin Kullanimini Gergeklestirmek,Girisimcilik ve
Inovasyonu Ozendirerek Bolgeyi Cazibe Merkezi
Haline Getirmek ve Sardirdlebilir

Kalkinmayi Saglamaktir.

Zafer

Kalkinma Ajansi

Development Agency

T.C. Zafer Kalkinma Ajansi Genel Sekreterligi
Cumbhuriyet Mahallesi Hayme Ana Caddesi
Metem Tesisleri Kat: 4, Kutahya - TURKIYE

T: +90 274.271 77 61 (pbx)
F: +90 274.271 77 63
e-posta: info@zafer.org.tr
www.zafer.org.tr

444335

Afyonkarahisar Yatinnm Destek Ofisi
Dumlupinar 2. Cad. No:10

(Ticaret ve Sanayi Odasi Kat: 4)
Afyonkarahisar, TURKIYE

T: +90 272.212 20 70

F: +90 272.212 21 70

e-posta: afyonkarahisarydo@zafer.org.t

Kiitahya Yatirim Destek Ofisi
Hayme Ana Cad.

METEM Tesisleri Kat: 4

Kiitahya, TURKIYE

T: +90 274.271 77 61 - 112

F: +90 274.271 77 63

e-posta: kutahyaydo@zafer.org.tr

. Dumlupinar Universitesi
|\ Sosyal Bilimler Enstitlisii

} Evliya Celebi Yerlegkesi

f‘:*r_;' Tavsanli Yolu 10. KM Kiitahya - TURKIYE

T: +90 (274) 265 20 31 (3 Hat)

e-posta: sbe@dpu.edu.tr

Manisa Yatirnm Destek Ofisi
1.Anafartalar Mah. 1601 Sok. No:20/3
45020

Manisa / TURKIYE

T: 4+(90) 236 237 29 47

F: +(90) 236 239 49 51

e-posta : manisaydo@zafer.org.tr

Usak Yatirim Destek Ofisi
Durak Mah. Fatih Cad. No:2/404,
Ozmerkez is Merkezi 64100
Usak / TURKIYE

T: +(90) 276 224 43 41

F : +(90) 276 224 43 42

e-posta : usakydo@zafer.org.tr

TR33 Bélgesinin Yenilenebilir Enerji Potansiyeli ve Stratejik Alt Bélgelerin Tespiti raporu, T.C. Zafer Kalkinma Ajansi” nin katkisi ile hazirlanmistir.
Raporun igeriginden sadece Dumlupinar Universitesi Sosyal Bilimler Enstitlist sorumludur ve bu igerigin herhangi bir sekilde T.C. Zafer Kalkinma Ajansi’ nin

goras ve tutumunu yansittigi ileri strtilemez.
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