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Enerji ve Tabii Kaynaklar Bakanligi (ETKB) 2019-2023 Stratejik Plani’nda be-
lirledigi amaglardan ilki “Siirdiiriilebilir Enerji Arz Glivenligini Saglamak” sek-
linde belirtilirken bu kapsamda belirlenen hedeflerden biri “Yerli ve yenilenebilir
enerji kaynaklarina dayali elektrik kurulu giiciiniin toplam kurulu giice oraninin
ylizde 59’dan yiizde 65 seviyesine yiikseltilmesidir”. Diger bir amag ise “Enerji
Verimliligini Onceliklendirmek ve Artirmak” seklinde belirtilmekte ve buna bagh
olarak belirlenen hedefler de “Enerji verimliligine yonelik kamuoyu farkindaligini
artiracak caligmalarin yapilmasi” ve “Enerji verimliliginin artirtlmasina yonelik
calismalarin stirdiirilmesi” seklinde ilan edilmistir.

Tarim ve Orman Bakanligi 2019-2023 Stratejik Plani’nda da bakanligin faaliyetle-
rini etkileyen 6nemli bir degisken olarak yenilenebilir enerji kaynaklarmin tarim-
da sektoriinde kullaniminin yayginlastirtlmasi da yer almaktadir.

Yenilenebilir elektrik enerjisi liretimi amactyla yapilacak olan yatirimlar, enerji
arzinin yerel kaynaklar araciligiyla saglanmasi, ithal enerji faturasinin distiriilme-
si ve enerjide ithal bagimliliginin azaltilmasinin yani sira, istihdam, iiretim, kat-
ma-deger ve emisyon iizerindeki etkileri ile On Birinci Kalkinma Plani ve Enerji
ve Tabii Kaynaklar Bakanlig1 2019-2023 Stratejik Plan’1 hedefleri ortiigmektedir.

On Birinci Kalkinma Plan1 hedefleri dogrultusunda igsizligin diistiriilmesi (madde
216), cari islemler ve 6demeler dengesinin giliglendirilmesi (madde 229), yerel ve
yenilenebilir enerji yatirimlari ile enerji arzi giivenliginin saglanmasi ve ithalat ba-
gimliliginin azaltilmasi (madde 144), yatirimlar igin gerekli ekipman ve parcalarin
yerel sektorlerde tiretiminin saglanmasi durumunda rekabet giictiniin arttirilma-
st (madde 177) gibi 6nemli hedefler oldugu goriilmektedir. Bu bakimdan toplam
enerji arzi i¢erisinde ithalat oraninin azalmasi s6z konusu hedeflere yaklagilmasini
da pozitif yonde etkileyebilme potansiyeline sahip goziikmektedir.

Enerji liretiminin g¢evresel etkileri ise ihmal edilmemesi gereken bir baska alan
olarak karsimiza ¢ikmaktadir. IPCC tarafindan Subat 2022°de yayimlanan raporda
sera gazi salimmlarinin kiiresel 1sinmaya neden oldugu agik¢a ifade edilmistir.
Fosil kullanimi kaynakli CO, emisyonlarmin, kiiresel yillik sera gazi salinimlari-
nin yiizde 73,6’sm1 olusturdugu, global sicaklik artiginin 1,5 °C altinda tutulma-
s1 amaci igin en dnemli adimin, toplam CO, gazi salinimlarinin yiizde 88,6’sin1
olusturan enerji liretimi amaciyla fosil yakit kullanimini azaltmak ve yenilenebilir
enerji yatirimlarina oncelik verilerek enerji verimliliginin arttirilmasi gerektigi
Onerilmektedir.

Tiirkiye’de 2005 yilinda yiirtirlige giren 5346 sayili Yenilenebilir Enerji Kaynakla-

rinin Elektrik Enerjisi Uretimi Amach Kullanimina fliskin Kanun ile yenilenebilir
enerji kaynaklarinin elektrik enerjisi tiretimi amagli kullaniminin yayginlastiril-
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masi, bu kaynaklarin giivenilir, ekonomik ve kaliteli bigimde ekonomiye kazandi-
rilmasi, kaynak ¢esitliliginin artirilmasi, sera gazi emisyonlariin azaltilmasi, atik-
larin degerlendirilmesi, ¢evrenin korunmasi ve bu amaglarin gergeklestirilmesinde
ihtiya¢ duyulan imalat sektoriiniin gelistirilmesi planlanmistir.

* En disiik enerji tiiketim senaryosunda dahi 6niimiizdeki 10 yil igerisinde 415.042
GWh ihtiya¢ bulundugu mevcut hali ile kurulu giictin de 304.611 GWh {iretim
yapabildigi goriilmektedir. Hizla biiyiiyen elektrik enerjisi talebinin karsilanmasi
icin yenilenebilir enerji arzinin artirtlmasi gerektigi ¢ok acgik goriilmektedir.

» Tirkiye’de alternatif yenilenebilir enerji kaynaklari i¢inde riizgar enerjisi toplam
kurulu gii¢ iginde yiizde 8,15°lik bir pay ile oldukga dikkat ¢cekmekle birlikte gii-
nes yiizde 3,59, jeotermal yiizde 3,26, biokiitle yiizde 1,46 pay ile siralanmaktadir.

e Sirdiirtilebilirlik agisindan degerlendirildiginde 6nemli bir yenilenebilir enerji
kaynagi olan biyokiitle fosil temelli yakitlara kiyasla tiretimi ve kullanimi genel
olarak karbon noétr olarak kabul edilmektedir. Fosil yakitlara kiyasla biyoenerji
iiretiminin yiizde 80-85 daha diisiik emisyon oranlarina sahip olmasi dikkate deger
bir alan olarak goriilmektedir.

» Biyokiitle Enerjisi Potansiyel Atlast (BEPA) verilerine gore Tiirkiye’deki atiklarin
toplam ekonomik enerji esdegeri 3,9 MTEP/y1l civarindadir.

* Biyokiitle kullanimi uygun sekilde yonetilir ve diizenlenirse atmosferik CO, se-
viyelerini diisiirebilmekte ve enerji amagli kullanildiginda, yasam dongiisii iginde
CO, emisyonlarinda olumlu etki olusturmaktadir. Biyoenerji, karbon yakalama
ve depolama ile kullanildiginda, karbon atmosfere geri dondiiriilmemekte ve net
bir CO, diisiisiine yol agmaktadir. Benzer sekilde, biyokiitle biyo bazli malzeme-
lerde kullanildiginda tirtinlerin kullanim 6mrii boyunca malzemelerde depolanan
biyojenik karbonu artirmakta ve bazi durumlarda ortam i¢in CO, tutmanin olumlu
etkisi olabilmektedir.

» Tirkiye’de 2016-2020 donemi incelendiginde yenilenebilir enerji santralleri y1llik
ortalama c¢alisma saatleri ile mevcut potansiyelinin altinda kullanilmistir. Riizgar
santralleri 2016-2020 déneminde ortalama ytizde 31,92 kapasite ile ¢alisirken gii-
nes enerji santralleri yiizde 15,92, hidrolik enerji santralleri yiizde 28,36, biyokiit-
le santralleri yiizde 42,84 ve jeotermal santralleri yiizde 67,32’lik bir kapasite ile
calismistir. Biyokiitleden enerji tiretimi esnektir, degisken riizgar ve giines enerjisi
paymin yiiksek oldugu elektrik sebekelerindeki iiretimi dengelemeye yardimci ol-
maktadir.

* Biyokiitle kullanimi ile ortaya ¢ikan ana iiriinler elektrik, 1s1 ve biyoyakit olmak
tizere {i¢ baslikta incelenebilmektedir. Ana tiriinlere ek olarak, biyokiitlenin ener-
jiye ¢evrim iglemleri sirasinda olusan yan iriinler de pazarlanip satilarak gelir
kaynagi olusturabilmekte veya tekrar bir isleme dahil edilerek farkli ¢iktilarin
iretiminde kullanilabilmektedir. Genel olarak karbon bazli olan bu yan iiriinler
arasinda organik giibre, biyokomiir ve kiil gibi oldukga degerli iiriinler bulunmak-
tadir. Elde edilen diger iiriinler arasinda ¢esitli kullanim alanlar1 bulunan, gliserin,
seliiloz elyaf, karbonlu malzeme, biyoplastik ve furfural gibi iiriinler de bulun-
maktadir.

XIvV
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Biyokiitle enerjisinden tiim toplum kesimlerinin yararlanabilecegini sdylemek
miimkiin goziikmemektedir. Buradaki degisimlere yeterince uyum saglayamayan-
lar veya yeni firsatlara erisemeyenler i¢in elbette bir direng s6z konusu olacaktir.
Dolayisiyla sosyal kabuliin kolaylastirilmasina katki saglamasi bakimindan biyo-
kiitle enerjisinin faydalarinin daha fazla 6ne ¢ikarilmasinda yarar bulunmaktadir.

Biyokiitle kaynaklari, genel olarak hayvansal atiklar, bitkisel atiklar, kentsel atik-
lar ve enddistriyel atiklar ile ormansal atiklar olarak siniflandirilabilmektedir.

Tiirkiye’de 20 ilde hayvansal atiklarin enerji esdegerinin yiiksek oldugu goriil-
mektedir. S6z konusu bu iller ise agirlikli olarak Ege, Marmara, ¢ Anadolu ve
Akdeniz bolgesinde yer almakta ve toplam enerji esdegerinin yiizde 75’1 kanath
hayvanlarin atiklarindan elde edilmektedir.

Tiirkiye’de bitkisel enerji esdegeri dagilimda 15 il éne gikmaktadir. Bu iller I¢
Anadolu, Giineydogu Anadolu, Ege, Akdeniz ve Trakya bolgelerine dagilmakta ve
bitkisel enerji esdegerinin yiizde 77’si tarla bitkilerinin atiklarindan elde edilmek-
tedir.

Belediye atiklarinda ise 15 ilde yogunlasan kaynaklarin dagilimina bakildiginda
Istanbul basta olmak iizere Ankara, Izmir ve Bursa dne ¢ikmaktadir. Bu kapsam-
da degerlendirildiginde biyometanizasyon kaynakli enerji esdegeri yiizde 14 iken
yakma yoluyla enerji esdegeri yiizde 86 olarak hesaplanmaktadir.

Tiirkiye’deki orman atiklarinin enerji esdegerinin bolgelere gore dagiliminda Kas-
tamonu, Adapazari, Balikesir, Denizli, Antalya ve Adana bdlge miidiirliiklerinin
gorev sahasi iginde yer alan 7 bolgede orman atiklarinin enerji esdegerinin yogun-
lastig1 gortilmektedir.

Biyoenerji sektoriindeki isletmeler alternatif enerji kaynaklarinin kullanildig:
bir sektorde rekabet etmektedir. Biyoenerji kaynaklari diger yenilenebilir enerji
kaynaklaria kiyasla bazi avantajlara sahip olmakla birlikte fosil yakitlara gore
halen daha yiiksek maliyetle kullanilmaktadir ve ¢esitli destekler olmadig: takdir-
de rekabet giicti diisiik kalmaktadir. Yiiksek maliyetlerin ilk sirasinda hammadde
maliyetleri yer alirken altyapi, alternatif kaynaklarin maliyeti ve diizenleyici ted-
birlerin getirdigi ek maliyetler biyoenerji sektoriinii olumsuz etkileyebilmektedir.

Biyokiitle sektdriinde dncii ve geng firmalarin en dnemli rekabet glici YEKDEM
tegviklerinden kaynaklandig diistiniilmektedir. Haziran 2021 dncesi tamamlanmig
santrallerin YEKDEM uygulamasindan yararlanirken daha avantajli konuma gel-
mesi firmalarin yatirimlarinin da hizlanmasina neden olmustur.

Biyokiitle yatirimlari i¢in en dnemli meselelerden biri de finansman imkanlaridir.
Sektorde finansman imkanlart siirdiiriilebilir kalkinma hedefleri kapsaminda yesil
enerji iiretimi ve talebi dogrultusunda siirekli olarak gelismektedir. Siirdiiriilebilir
finansman kapsaminda c¢evreye uyarli projelerin desteklenmesi icin ilk uygula-
malardan biri yesil tahvillerdir. 2007 yilindan itibaren ihra¢ edilmeye baglanan bu
tahvillerin yani sira 2014 yilinda Siirdiirtilebilir Tahvil, 2015 Yilinda Sosyal Tah-
vil, 2016 yilinda Yesil Krediler ve 2017 yilinda Siirdiiriilebilir Baglantili Krediler
seklinde yeni araglar ortaya ¢ikmugtir.

XV
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e Tirkiye Siirdiiriilebilir Enerji Finansman Programi (TurSEFF) dikkat ¢ekmekte-
dir. Bu program kamu ve 6zel sektor tarafindan uygulanacak Siirdiiriilebilir Enerji
ve Kaynak Verimliligi yatirimlari i¢in finansman ve teknik destek saglamak tizere
Avrupa Imar ve Kalkinma Bankasi (EBRD) tarafindan gelistirilmistir bir prog-
ramdir. TurSEFF kapsaminda verilen teknik destekler Avrupa Birligi (AB) ve
Tirkiye Cumhuriyeti Hazine ve Maliye Bakanlig1 tarafindan finanse edilmektedir.

* 30.06.2021 tarihine kadar devreye giren tesisler i¢in eski YEKDEM uygulamalari
devam etmektedir. Giincel YEKDEM uygulamasinda ise tesvikler TL bazli hesap-
lanmakta ve 01.07.2021 tarihi itibari ile devreye giren biyokiitle tesisleri i¢in tes-
vik siireleri ayni1 olmakla birlikte alim garantileri ¢op gaz1 tesisleri i¢in 32 kurug/
KWh, biyometanizasyon tesisleri i¢in 54 kurus/KWh ve termal bertaraf tesisleri
icin 50 kurus/KWh olarak belirlenmistir. Yerli katki tegvikleri ise 8 kurus/KWh
olarak sabitlenmistir. Ortaya ¢ikan bu yeni durum elbette sektore yeni giren fir-
malar agisindan gegmis yillardaki avantajli alim garantilerinin olmadig: bir piyasa
olusturmaktadir.

» Finansal siirdiiriilebilirlik biyokiitle sektoriindeki yatirimeilarin sorunlarinin mer-
kezinde yer almaktadir. Biyokiitle yatirim siireci incelendiginde en biiyiik riskin
isletme déneminde oldugu goriilmektedir. Isletme donemi riskleri ise kaynak bul-
ma-dogrulama ve proje gelistirme siirecleri ile dogrudan iliskilidir. Ozellikle proje
gelistirme safhasinda yapilan hatalar biyokiitle tesisleri isletme siirecine gegtigin-
de finansal stirdiiriilebilirligi etkilemektedir. Sorunlarin ¢6ziimii kimi zaman yanlis
bir yaklagim ile elektrik alim garantisinde aranmaktadir. Bu a¢idan bakildiginda
tartigmalarin 6zellikle YEKDEM alim garantisi iizerinde yogunlagtig1 goriilmek-
tedir. Diger yandan ¢ok disiplinli yapida olan biyokiitle enerji kaynaginin sadece
YEKDEM ile desteklenerek elektrik alim garantileri ile devam etmesi ekonomik
olarak siirdiiriilebilir degildir.

* Biyokiitle ve biyoenerji gectigimiz yillarda dnemli gelismeler gostermis olsa da
kiiresel gelisimi zorlastiran ¢esitli engeller bulunmaktadir. Bu engeller, diizenle-
melerin yetersizligi ve farkindalik eksikligi gibi kiiltiirel nedenleri de kapsamakta-
dir.

* Biyokiitle enerji tiretiminin diger enerji kaynaklarina karsi sera gazi emisyonlarini
azaltict ve iklim degisikligine yavaslatici etkisinin olmasi da dahil olmak iize-
re onemli avantajlar1 bulunmaktadir. Siirdiiriilebilir kalkinma yalnizca gevresel
kaygilarla sinirlt olmayip, siirdiiriilebilirligi ¢evresel, sosyal ve yonetisim (En-
vironmental, Social, and Corporate Governance; ESG) olmak {izere ii¢ boyutta
kapsamakta ve bunlar sirketlerin gelecekteki finansal performansinin daha iyi be-
lirlenmesine yardimer olmaktadir. Sirdiriilebilirlik ve ESG ¢oklu etki ve amag
saglayarak sirketin tam potansiyel degerine yaklagsmasina imkan sunmaktadir.
Fosil yakitlardan erken uzaklasan ve yesil gelir elde eden firmalar, daha iyi per-
formans sergileyerek ESG uygunlugunun hissedar getirilerini pozitif etkiledigini
gostermektedir.
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1. GIRiS

Enerji ve Tabii Kaynaklar Bakanligi (ETKB) 2019-2023 Stratejik Plani’nda 7
amag, 31 hedef belirlenmistir. S6z konusu amaglardan ilki “Siirdiiriilebilir Enerji Arz
Giivenligini Saglamak” seklinde belirtilirken bu kapsamda belirlenen hedeflerden biri
“Yerli ve yenilenebilir enerji kaynaklaria dayal elektrik kurulu giiciiniin toplam ku-
rulu giice oraninin yiizde 59’dan yiizde 65 seviyesine yiikseltilmesidir”. Diger bir
amag ise “Enerji Verimliligini Onceliklendirmek ve Artirmak” seklinde belirtilmekte
ve buna bagli olarak belirlenen hedefler de “Enerji verimliligine yonelik kamuoyu
farkindaligini artiracak caligmalarin yapilmasi” ve “Enerji verimliliginin artirilmasina
yonelik ¢alismalarin siirdiiriilmesi” seklinde ilan edilmistir.! Ayrica Tarim ve Orman
Bakanlig1 2019-2023 Stratejik Plani’nda da bakanligin faaliyetlerini etkileyen dnemli
bir degisken olarak yenilenebilir enerji kaynaklarinin tarimda sektériinde kullanimi-
nin yayginlastirilmasi da yer almaktadir®.

Tiirkiye’deki 21 elektrik dagitim sirketinin 2022-2031 yillart arasindaki 10 yi/-
lik elektrik tiiketim talebi tahmini Tablo 1’°de gosterilmektedir. Ug farkli senaryo cer-
cevesinde yapilan tahmin sonu¢larina gore diisiik talebin olmast durumunda 10 yillik
talep artisi yiizde 25,5 olurken baz senaryo tahmininde yiizde 31 ve yiiksek talep
senaryosunda ise yiizde 44,1°lik artig dngorilmektedir?.

Tablo 1.2022-2031 Yillar1 Briit Elektrik Tiiketim Tahmini (GWh)

DUSUK % BAZ % YUKSEK %
2022 308.903 324.536 340.810
2023 317.755 2,9 335.819 3,5 354.446 4,0
2024 329.911 3,8 350.716 44 371.927 49
2025 344.265 44 367.792 4,9 391.806 53
2026 357.757 3,9 383.426 43 409.551 4,5
2027 369.703 3.3 397.438 3,7 425.790 4,0
2028 378.902 2,5 408.872 2,9 439.739 3.3
2029 389.682 2,8 421.925 32 455.387 3,6
2030 400.825 2,9 435418 32 471.572 3,6
2031 415.042 3,5 452.210 3,9 491.224 42

Kaynak: TEIAS, 2021

1 ETKB, 2019-2023 Stratejik Plani, https://sp.enerji.gov.tt/ETKB 2019 2023 Stratejik Plani.pdf, s.
23.

2 Tarim ve Orman Bakanligi (2022), 2019-2023 Stratejik Plan, https://www.tarimorman.gov.tr/SGB/
Belgeler/stratejikplan.pdf, s.49.

3 TEIAS, 2021, 10 Yillik Talep Tahminleri Raporu (2022-2031), s. 54.
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Yenilenebilir elektrik enerjisi tiretimi amaciyla yapilacak olan yatirimlar, enerji
arzinin yerel kaynaklar araciligiyla saglanmasi, ithal enerji faturasinin diisiiriilmesi ve
enerjide ithal bagimliliginin azaltilmasinin yani sira, istihdam, tiretim, katma-deger
ve emisyon iizerindeki etkileri ile On Birinci Kalkinma Plani ve Enerji ve Tabii Kay-
naklar Bakanligi 2019-2023 Stratejik Plan’t hedefleri ortismektedir. Yatirimlar ile
arttirilan elektrik iiretim kapasitesi, ithal enerji tiiketiminin diistiriilmesi ile dengele-
necek olup, 6zellikle Tiirkiye’nin ithal enerji faturasinda gergeklesecek olasi diisiisler
ile Giretim ve istthdamda yasanabilecek kayiplarin 6niine gegilmesi hedeflenmektedir.
Sekil 1’de goriildiigt gibi 2021 yilinda toplam enerji ithalati olarak bilinen mineral
yakitlar, mineral yaglar ve bunlarin damitilmasindan elde edilen iirtinler i¢in harcanan
toplam tutar 49,2 milyar dolara ulagmistir.

Sekil 1.Yillara Gore Mineral Yakitlar, Mineral Yaglar ve Bunlarin Damitilmasindan Elde
Edilen Uriinler, Bi-tiimenli Maddeler, Mineral Mumlar ithalati

Enerji ithalati Tutari (Milyar Dolar)
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Kaynak: Dis Ticaret Istatistikleri HS2 (Fasil) Siniflamasina gore Ithalat (2022)
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Sekil 2°de Tiirkiye’de 2010°dan bu yana toplam birincil enerji arzi ve ithal ener-
jinin orani gosterilmektedir. Buna goére 2010-2020 yillar1 arasinda ithal enerji kulla-
nimi1 ortalama yiizde 3,21 oraninda artig gostermis ve 2020 y1li itibariyle ithal edilen
enerji toplam enerji arzinin yaklasik yiizde 77,7’sini olusturmaktadir*

4 ETBK, (2020), Ulusal Enerji Denge Tablolar1, https://enerji.gov.tr/enerji-isleri-genel-mudurlu-
gu-denge-tablolari, Erigim Tarihi, 10.04.2022.
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Sekil 2. Yillara Gére Toplam Birincil Enerji Arzi ve Ithalat Oram
Toplam Enerji Arzi ve ithalat Oranmi (Bin TEP)
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Kaynak: T.C. Enerji ve Tabii Kaynaklar Bakanlig1, Ulusal Enerji Denge Tablolar1 (2020)

On Birinci Kalkinma Plan1 hedefleri dogrultusunda issizligin diistiriilmesi (mad-
de 216), cari islemler ve 6ddemeler dengesinin giiglendirilmesi (madde 229), yerel
ve yenilenebilir enerji yatirimlari ile enerji arzi glivenliginin saglanmasi ve ithalat
bagimliligimin azaltilmasi (madde 144), yatirnmlar igin gerekli ekipman ve pargala-
rin yerel sektdrlerde iretiminin saglanmast durumunda rekabet giiciiniin arttirilmasi
(madde 177) gibi 6nemli hedefler oldugu goriilmektedir®. Bu bakimdan toplam enerji
arz1 igerisinde ithalat oraninin azalmasi s6z konusu hedeflere yaklagilmasini da pozitif
yonde etkileyebilme potansiyeline sahip gozitkmektedir.

Enerji tiretiminin ¢evresel etkileri ise ihmal edilmemesi gereken bir bagka alan
olarak karsimiza ¢ikmaktadir. Sekil 3’e bakildiginda sera gazi emisyonlarinin biiyiik
Olciide enerji sektorii kaynakli oldugu goriilmektedir. 2019 yilinda toplam sera gazi
emisyonlarinin ylizde 72’si enerji sektorii faaliyetlerinden kaynaklanmaktadir.

Sekil 3. Yillara ve Sektorlere Gore Toplam Sera Gazi Emisyonlart

Sektorler ve Yillar bazinda Sera Gazi Emisyonlari
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Kaynak, TUIK, Sektorlere gore toplam sera gazi emisyonlari (CO, esdegeri), 1990 — 2019

5 SBB, (2019), On Birinci Kalkinma Plan1 (2019-2023), https://www.sbb.gov.tr/wp-content/up-
loads/2019/07/OnbirinciKalkinmaPlani.pdf, Erigim Tarihi: 10.04.2022.
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IPCC tarafindan Subat 2022’de yayimlanan raporda sera gazi salimimlarinin kii-
resel 1sinmaya neden oldugu agikga ifade edilmistir6. Fosil kullanimi kaynakli CO2
emisyonlarinin, kiiresel yillik sera gazi salinimlarinin yiizde 73,6’sin1 olusturdugu?7,
global sicaklik artisinin 1,5 °C altinda tutulmast amaci i¢in en 6énemli adimin, toplam
CO2 gaz1 salinimlarinin ytizde 88,6’sin1 olusturan enerji liretimi amacuiyla fosil yakit
kullanimini azaltmak8 ve yenilenebilir enerji yatirimlarina dncelik verilerek enerji
verimliliginin arttirtlmasi gerektigi 6nerilmektedir9.

Bunlara ek olarak yenilenebilir enerji yatirimlarinin ekonomik biiyliime yara-
tarak istihdam artig1 yaratmasinin yani sira emisyon salinimini azalttigi konusunda
uzlasan bir ¢ok ¢alisma bulunmaktadir'®. Istihdam artisi ise yatirrmlarin yarattigi dog-
rudan ve dolayl etkiler olarak dikkate alinmaktadir''. Amerika igin yapilan bir ¢alig-
mada yenilenebilir enerji sektortiinde yillik 150 milyar dolarlik yatirimin 1,7 milyon
dogrudan ve dolayli ig yaratacagi tahmin edilmistir'2. Literatiire genel olarak bakildi-
ginda ortak noktanin yenilenebilir enerji yatirimlarinin istihdami pozitif yonde etki-
ledigidir. Brezilya, Almanya, Endonezya, Giiney Afrika ve Giiney Kore i¢in yapilan
bir ¢aligmada; her bir iilke i¢in yillik gayrisafi yurt i¢i hasilanin yiizde 1 ila yiizde 1,5
kadarlik kisminin yenilenebilir enerji ve enerji verimliligi yatirimlarina harcanmasi
ile ayn1 tutarin fosil enerji sektorii yatirimlarina harcanmasi karsilagtirilarak ortaya
¢ikan istihdam artiginin yenilenebilir enerji Iehine oldugu hesaplanmistir'®. Benzer bir
sekilde 1 milyon dolarlik yatirim sonucunda yenilenebilir enerji sektoriinde ortalama
7,49 ila 7,72 kisi i¢in is yaratildig1, ayni yatirimlarin fosil enerji sektorlerine yapilmasi
durumunda ise 2,65 kisi i¢in ig yarattig1 tespit edilmistir'®. Bununla birlikte dikkat ¢e-

6  Intergovernmental Panel on Climate Change (IPCC), Sixth Assessment Report, “Climate Change
2021, The Physical Science Basis”, https://www.ipcc.ch/report/ar6/wgl/downloads/report/IPCC
AR6_WGI_Full Report.pdf, Erisim Tarihi: 10.04.2022.

7  United Nations Environment Programme, (UNEP), 2021. Emissions Gap Report 2021: The Heat Is
On — A World of Climate Promises Not Yet Delivered — Executive Summary. Nairobi, https:/www.
unep.org/resources/emissions-gap-report-2021, Erisim Tarihi: 10.04.2022.

8  PBL Netherlands Environmental Assessment Agency, 2020, “Trends in Global CO2 and Total Green-
house Gas Emissions”, https://www.pbl.nl/en/publications/trends-in-global-co2-and-total-greenhouse-
gas-emissions-2020-report, Erigim Tarihi: 10.04.2022.

9  United Nations Environment Programme, (UNEP), 2021. Emissions Gap Report 2021: The Heat Is
On — A World of Climate Promises Not Yet Delivered — Executive Summary. Nairobi, https:/www.
unep.org/resources/emissions-gap-report-2021, Erisim Tarihi: 10.04.2022.

10 Ayrit1 i¢in bknz., Zhe vd. 2021, Kecek vd., 2019, Ramos vd. 2018, Bouzaher vd. 2015, Pollin vd.
(2009), Wei vd. (2010), Garrett-Peltier (2017), Silva vd. (2013).

11 Fankhauser S., Sehlleier F. ve Stern, N., 2008, “Climate change, innovation and jobs”, CLIMATE
POLICY Earthscan ISSN 80513, 421-429.

12 Pollin R., Heintz J. ve Garrett-Peltier H., 2009, “The economic benefits of investing in green energy:
How the economic stimulus program and new legislation can boost US economic growth and employ-
ment”, Amherst, MA: Political Economy Research Institute, University of Massachusetts at Amherst.

13 Pollin R, Heidi Garrett-Peltier H, Heintz J, Glyn A, Chakraborty S, 2015, “Global Green Growth:
Clean Energy Industrial Investments and Expanding Job Opportunities”, Vienna and Seoul: United
Nations Industrial Development Organization and Global Green Growth Institute

14 Garrett-Peltier H., 2017, “Green versus brown: Comparing the employment impacts of energy ef-
ficiency, renewable energy, and fossil fuels using an input-output model”. Econ. Model. 2017, 61,
439-447.
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ken husus tiim yenilenebilir enerji sektoriindeki yatirimlarin ithal edilmesi durumunda
ise istihdam tizerinde negatif etkiler ortaya ¢ikabilecegi de iddia edilmektedir'®. Bir
diger konu ise bu yatirimlarin finansmanu ile ilgilidir. Yenilenebilir enerji yatirimlari-
nin finansmani fosil yakitlara verilen desteklerin azaltilmasi ile finanse edilebilmesi
durumunda istihdam etkisinin negatif oldugu da goériilmektedir'®.

Tiirkiye i¢in yapilan ¢calismalarda ise yenilenebilir enerji tiiketiminin biiylimeyi
olumlu etkiledigi'’, briit pozitif istihdam yaratt181'%, cari agikta iyilesme! ve karbon
salinimi tizerinde negatif etkisi®® olduguna dair ¢alismalar bulunmaktadir. Bir ¢alis-
mada ise gayrisafi yurti¢i hasilanin yiizde0,1’ine denk gelen kdmiir siibvansiyonla-
rinin kaldirilmasi ve karbon vergisi uygulanmasinin, ikili ekonomik yapr tizerindeki
(yuksek-orta gelir gurubu ve diisiik gelir grubu) makroekonomik etkileri incelenmis
ve pozitif biiyiime ile istihdam etkisi gdzlemlenmistir®'. Istanbul Politika Merkezinin
yayimlandig1 ¢caligmada ise giines ve riizgar enerjisi kurulu giiclerinin arttirtldigi dort
farkli senaryo i¢in istthdam faktorii yaklasimi kullanilmis, gilines enerjisinden 3.000
ile 25.000 arasinda, riizgar enerjisinden ise 9.300 ile 23.300 briit is yaratilacagt hesap-
lanmistir??. Diger bir ¢calismada ise giines, riizgér, jeotermal, biokiitle ve hidroelekt-
rik santrallerine yapilacak kapasite artirrmlart ti¢ farkli senaryoya ve iki farkl ithal
girdi kullanim1 senaryosuna gore istihdam faktorti yaklasimi ile incelenmis, toplam
106.000 ila 133.016 briit is yaratilacagi hesaplanmigtir®.

Bir taraftan yenilenebilir enerji arzinin artis1 i¢in ¢aba harcanmasi 6nemli hale ge-
lirken diger taraftan enerji verimliligi bir bagka tamamlayici unsur olarak kargimiza ¢ik-
maktadir. Ulusal Enerji Verimliligi Eylem Plani ile 2017-2023 doneminde Tiirkiye’nin
birincil enerji tiiketiminde kiimiilatif olarak 23,9 MTEP azaltim saglanmasi hedeflen-
mektedir. Bu kapsamda 6 farkli baslik altinda eylem planlart hazirlanmistir. Bunlar;

15  Garrett-Peltier H., 2017, a.g.e.

16  Ayritili bilgi i¢in bknz., Pollin vd., 2015, Béhringer vd., 2013, Mu vd., 2018, Chatri vd., 2018

17 Apaydin., S., A. Giingor ve C. Tagdogan, 2019, Tiirkiye’de yenilenebilir enerji tiiketiminin ekono-

mik biiyiime iizerindeki asimetrik etkileri, Mehmet Akif Ersoy Universitesi Iktisadi Ve Idari Bilimler
Fakiiltesi Dergisi, 6 (1),117-134.

18  Cetin M. ve Egrican N., 2011, “Employment impacts of solar energy in Turkey”. Energy Policy
2011, 39, 7184-7190

19  Gokee, C. & Demirtas G., 2018, “Cari Denge Agisindan Yenilenebilir Enerjinin Rolii: Avrupa Birligi
Ulkeleri ve Tiirkiye I¢in Panel Veri Analizi”, Y6netim ve Ekonomi Dergisi , 25 (3) , 641-654 . DOI:
10.18657/yonveek.452107

20  Caglar, A. E. ve Mert, M., 2017, “Tirkiye’de Cevresel Kuznets Hipotezi ve Yenilenebilir Enerji
Tiiketiminin Karbon Salimi Uzerine Etkisi: Yapisal Kirilmali Esbiitiinlesme Yaklagimi”, Yo6netim ve
Ekonomi Dergisi, 24 (1), 21-38. DOI: 10.18657/yonveek.307485

21 Acar, S., Voyvoda, E., & Yeldan, E.,2018, “Macroeconomics of climate change in a dualistic eco-
nomy: A regional general equilibrium analysis”. Elsevier

22 istanbul Politikalar Merkezi (IPM) ve Institute for Advanced Sustainability Studies (IASS),
2019, “Tiirkiye’de Yenilenebilir Enerjiyle Beceri ve Istihdam Gelisimi: Elektrik Sektdriiniin
Karbonsuzlastirmanin Yan Faydalarinin Analizi”

23 Yilmaz S. A., 2014, “Yesil Isler ve Tiirkiye’de Yenilenebilir Enerji Alanindaki Potansiyeli”, Kalkin-
ma Bakanlig1, Yaym No 2827.
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. Yatay Konular

Enerji Yonetim Sistemlerinin Kurulmasi ve Etkinliginin Artirilmasi

Ulusal Enerji Verimliligi Finansman Mekanizmasinin Gelistirilmesi

Enerji Verimliligi Projelerinin Enerji Verimliligi Yarigmalari ile Desteklen
mesi

Enerji Verimliligi Projelerinde Teknik, Hukuki ve Finansal Hususlar1 Iceren
Kilavuz, Tip Sézlesme vb. Altliklarin Olusturulmasi

Enerji Verimliligi Faaliyetlerinde Kayit, Veri Tabani ve Raporlama Sistemle
rinin Geligtirilmesi

Uluslararasi Enerji Verimliligi Finansman imkanlarinin ve Etkinliginin Art:
rilmasi, Koordinasyon ve Kontrolii

Idari ve Kurumsal Yapilanmanin Gii¢lendirilmesi

Farkindalik, Egitim ve Bilin¢lendirme Faaliyetlerinin Yiiriitilmesi

Enerji Verimliligi Etiitleri

Kamuda Siirdiiriilebilir Isletme ve Satin Alma Yaklasiminin Benimsenmesi
Enerji Dagitim veya Perakende Sirketlerine Yonelik Enerji Verimliligi Yi
kiimlilik Programi

. Bina ve Hizmetler Sektorii

Insaat Sektoriinde Kullanilan Malzeme ve Teknolojiye iliskin En Iyi Uygu
lamalarmn Tespiti ve Paylasilmasi

Binalar I¢in Enerji Tiiketim Verilerini de Igeren Bir Veri Taban1 Olusturul
mast

Kamu Binalari i¢in Enerji Tasarrufu Hedefi Tanimlanmasi

Belediye Hizmetlerinde Enerji Verimliliginin Artirilmasi

Mevcut Binalarin Rehabilitasyonu ve Enerji Verimliliginin Gelistirilmesi
Merkezi ve Bolgesel Isitma/Sogutma Sistemlerinin Kullanimmin Ozendiril
mesi

Mevcut Binalarm Enerji Kimlik Belgesi Sahiplik Oraninin Artirilmast
Siirdiiriilebilir Yesil Binalar ile Yerlesmelerin Belgelendirilmesinin Ozendi
rilmesi

Yeni Binalarda Enerji Verimliliginin Ozendirilmesi

Mevcut Kamu Binalarinda Enerji Performansinin yilestirilmesi

Binalarda Yenilenebilir Enerji ve Kojenerasyon Sistemlerinin Kullaniminin
Yayginlastirilmasi

Kobi Niteligindeki Binalara Yonelik Enerji Verimliligi Etiit Programlari ve
Etiitler i¢in Kaynak Tahsisi
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. Sanayi ve Teknoloji Sektorii

Is1 Kullanan Biiyiik Endiistriyel Tesislerde Kojenerasyon Sistemlerinin Yay
ginlastirilmasi

Sanayide Enerji Verimliligi Projelerini ve Cesitliligini Artirmak I¢in Destek
Saglanmasi

Sanayi Sektoriinde Verimliligi Artirmak

Cihazlarda Enerji Verimliligi Performans Standartlar1 ve Cevre Duyarli Ta
sarim, Uretim, Etiketleme Sisteminin Uygulanmasi

Sanayi Sektoriinde Verimlilik Artirict Projelerin Desteklenmesi

Sanayide Enerji Tasarruf Potansiyeli Haritasinin Cikarilmasi

Goniillii Anlasmalarin lyilestirilmesi

. Enerji Sektorii

Kojenerasyon ve Bolgesel Isitma-Sogutma Sistemlerinin Potansiyelinin Be
lirlenmesi ve Yol Haritasinin Hazirlanmasi

Dogal Gaz Altyapisi I¢in Verimlilik Standartlar1 Uygulanmasi

Tiiketiciye Kiyaslanabilir ve Daha Detayli Bir Fatura Bilgisinin Sunulmas,
Ol¢iim Bilgisinin Akill1 Yonetimi icin Enerji Veri Platformunun Olusturulm
asl

Elektrik Sayaglarmin Okunmast ile ilgili Diizenleyici Cergevenin Avrupa
Birligi Miiktesebati ile Belirlenen Ana Esaslarla Uyumlastiriimast (Akillt
Sayaglarin Yayginlastirilmasi)

Transformatdrlerde Asgari Performans Standartlarinin Uygulanmasi

Isitma ve Sogutma Kaynakli Puant Yiikiin Yonetilmesi

Genel Aydinlatmada Enerji Verimliliginin Artirilmasi

Elektrik letim ve Dagitim Faaliyetleri Verimlilik Artiginin Gelistirilmesi
Mevcut Elektrik Uretim Santrallerinde Verimliligin Artirilmasi

Talep Tarafi Katilimi (Demand Side Response) Uygulamast igin Piyasa Alt
yapisinin Olusturulmasi

. Ulastirma Sektorii

Enerji Verimli Araglarin Ozendirilmesi

Alternatif Yakitlar ve Yeni Teknolojilerle Tlgili Karsilastirmali Calismanin
Gelistirilmesi

Bisikletli ve Yaya Ulagiminin Gelistirilmesi ve yilestirilmesi

Sehirlerdeki Trafik Yogunlugunun Azaltilmasi: Otomobil Kullaniminin
Azaltilmas1

Toplu Tasimanin Yayginlagtirilmasi

Kentsel Ulasim i¢in Kurumsal Yeniden Yapilanmanin Gelistirilmesi ve Uy
gulanmast

Denizyolu Tagimaciliginin Giiglendirilmesi

Demiryolu Tagimaciliginin Giiglendirilmesi

Ulasima Ydnelik Veri Toplanmasi
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6. Tarmm Sektorii

+ Traktérlerin ve Bigerddverlerin Enerji Verimlileri ile Yenilenmesinin Ozen
dirilmesi

* Enerji Verimli Sulama Yo6ntemlerine Gegilmesi

e Tarim Sektoériinde Enerji Verimliligi Projelerinin Desteklenmesi

+ Tarmmsal Uretimde Yenilenebilir Enerji Kaynaklarinin Kullaniminin Ozendi
rilmesi

+ Biyokiitle Elde Etmek Amaciyla Tarim Yan Uriin ve Atik Potansiyelnin
Belirlenmesi ve Kullaniminin Tesvik Edilmesi

+  Su Uriinleri Sektoriinde Enerji Verimliliginin Desteklenmesi

2017-2023 yillar1 arasinda uygulanacak Ulusal Enerji Verimliligi Eylem Plani
kapsaminda bina ve hizmetler, enerji, ulastirma, sanayi ve teknoloji, tarim ve yatay
konular olmak iizere toplam 6 kategoride tanimlanan 55 eylem ile 2023 yilinda Tiirki-
ye’nin birincil enerji tiikketiminin ylizde 14 azaltilmasi hedeflenmektedir. 2023 yilina
kadar kiimtilatif olarak 23,9 MTEP tasarruf saglanmasi ve bu tasarruf i¢in 10,9 milyar
ABD Dolar1 yatirim yapilmasi éngoriilmektedir. 2017 fiyatlari ile 2033 yilina kadar
saglanacak kiimiilatif tasarruf 30,2 milyar ABD Dolar1 olup bazi tasarruflarin etkisi-
nin 2040 yilina kadar devam edecegi ongoriilmektedir®.

2. YENILENEBILIiR ENERJi KAYNAKLARI

Tiirkiye’de 2020 yili igin toplam elektrik enerjisi tiretim kaynaklarinin dagi-
limina bakildiginda yiizde 34,84 ile komiiriin ilk sirada yer aldig1 bunun da yiizde
20,49 unun ithal komiir ile karsilandig: bilinmektedir. Sekil 4’e gore fosil yakitlardan
elde edilen enerji miktarinin pay1 dogalgaz ile birlikte yiizde 57,49 olarak hesaplan-
maktadir. Burada dikkat ¢eken husus yenilenebilir enerji kaynagi olan hidro-elektrik
santrallerinin paymin yiizde 25,61’e ulagsmis olmasidir.

Sekil 4. 2020 Y1l i¢in Tiirkiye’de Elektrik Enerjisi Uretim Kaynaklarmim Dagilimi

%0,23 9%0,23

W Dogalgaz
W Komir
e W Hidrolik
W Riizgar
W Jeotermal
W Giines

S Yakitlar
Atk Isi
 Biyoyakitlar

Kaynak: EUAS, 2020, Elektrik Uretimi ve Ticareti Sektoér Raporu, s.16

24 ETBK, 2018, Ulusal Enerji Verimliligi Eylem Plan1 (2017-2023)
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Tablo 2 ise s6zkonusu bu kaynaklarin kullanimi neticesinde 2020 y1l1 i¢in kuru-
lu gii¢ elektrik {iretiminin kaynaklara gore dagilimini gostermektedir.

Tablo 2. 2020 Y1l Igin Tiirkiye’de Kurulu Giiciin Kaynaklara Gore Dagilimi

Kaynaklar MWh

Hidrolik 78.095.897
Dogal Gaz 68.710.315
Linyit+Tag Komiirti 62.406.953
ithal Kémiir 41.637.308
Riizgar 24.812.088
Giines 10.941.368
Jeotermal 9.942.531
Biokiitle 4.435.221
S1vi Yakitlar® + Asfaltit 2.928.105
Atk st 701.775
Toplam 304.611.543

Kaynak: EUAS, 2020 Y1l Faaliyet Raporu, 5.22; * Siv1 Yakitlar
(Fuel Oil + Motorin + Nafta)

2020 yil1 i¢in her ne kadar kodmiir kullaniminin toplam i¢indeki pay1 ytiksek olsa
da elektrik enerjisi iiretim performansi agisindan hidrolik santrallerin toplam i¢indeki
pay1 yiizde 25,64 ile ilk sirada yer alirken dogal gaz yiizde 22,56 ile ikinci sirada, ko-
miir ise toplamda yiizde 21,82’lik pay ile ligiincii sirada yer almaktadir?.

Bu sonuglart degerlendirdigimizde en diisiik enerji tiiketim senaryosunda dahi
oniimiizdeki 10 y1l igerisinde 415.042 GWh ihtiya¢ bulundugu mevcut hali ile kuru-
lu giiciin de 304.611 GWh tiretim yapabildigi goriilmektedir. Hizla biiyiiyen elektrik
enerjisi talebinin karsilanmasi i¢in yenilenebilir enerji arzinin artirilmasi gerektigi ¢ok
acik goriilmektedir. Hidrolik enerji tiretimi HES projeleri ile birlikte nemli mesafeler
almig ve ortaya ¢ikan enerji talebi i¢in ciddi 6l¢iide yenilenebilir enerji arzina katki
yapmustir. Elbette bu katkinin alternatif yenilenebilir kaynaklarla da desteklenmesi
kagmilmaz goziikmektedir. Bu noktada alternatif yenilenebilir enerji kaynaklar1 igin-
de riizgar enerjisi toplam kurulu gii¢ i¢inde yiizde 8,15’lik bir pay ile oldukg¢a dikkat
¢ekmekle birlikte giines yiizde 3,59, jeotermal yiizde 3,26, biokiitle yiizde 1,80 pay ile
siralanmaktadir®®, Goriildiigi gibi yenilenebilir enerji kaynaklari olarak riizgar, giines,
jeotermal ve biokiitle heniiz yeterli mesafeyi alamamis ve 6nemli bir yatirim alant
olarak karsimizda durmaktadir.

25 EUAS, 2020 Yili Faaliyet Raporu, 5.22
26 EUAS, 2020, a.ge., 5.22
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2.1. RUZGAR ENERJISi

Riizgar hiz ve yon olmak iizere iki parametre ile ifade edilmektedir. Riizgar hizi
ylukseklikle artmakta ve teorik giicli de hizinin kiipii ile orantili olarak degismektedir.
Riizgar enerjisi kaynakl elektrik tiretim uygulamalarinin ilk yatirim maliyetinin ytik-
sek olmasi, kapasite faktorlerinin diisiik olusu ve degisken enerji {iretimi gibi deza-
vantajlar1 olmakla birlikte baz1 Gistiinliikleri de sdyle siralanabilir;

* Yenilenebilir ve temiz bir enerji kaynagidir, ¢gevre dostudur.

+ Tiikenme ve zamanla fiyatinin artma riski yoktur.

* Maliyeti giiniimiiz gii¢ santralleriyle rekabet edebilecek diizeye gelmistir.
* Bakim ve isletme maliyetleri diisiiktiir.

» Teknolojisinin tesisi ve isletilmesi goreceli olarak basittir.

+ Isletmeye almmasi kisa bir siirede gerceklesebilir.

Tiirkiye’de yer seviyesinden 50 metre yiikseklikte ve 7,5 m/s tizeri riizgar hiz-
larina sahip alanlarda kilometrekare basina 5 MW giiclinde riizgar santrali kurulabile-
cegi kabul edilmistir. Bu kabuller 15181nda, orta-6lgekli sayisal hava tahmin modeli ve
mikro-0lgekli riizgar akig modeli kullanilarak iiretilen riizgar kaynak bilgilerinin ve-
rildigi Riizgar Enerjisi Potansiyel Atlast (REPA) hazirlanmistir. Tiirkiye riizgar enerji-
si potansiyeli 48.000 MW olarak belirlenmis olup Tablo 3’te detaylar sunulmaktadir?’.

Tablo 3. Tiirkiye’de Potansiyel Riizgar Enerji Kapasitesi-50 M

- Sinif Yillik Giig Yillik Ortalama Toplam Kapasite (MW)
tzgar Sinifi oplam Kapasite
e Yogunlugu (W/m?) Riizgar Hiz1 (m/s) & .
4 400-500 7,0-17,5 29 259,36
5 500-600 7,5-8,0 12 994, 32
6 600-800 8,0-9,0 5399,92
7 > 800 >9,0 195,84
47 849, 44
Top laIp Karasal: 37 836
Kapasite ..
Deniz Ustii: 10 013

Kaynak: https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-ruzgar

2020 sonu itibariyle Tirkiye’nin riizgar enerjisine dayali elektrik kurulu giicii
8.832 MW, toplam elektrik {iretimi igerisindeki pay1 ise yiizde 8,09’dir. Sekil 5’te
yillara gore kurulu giic degisimi ve toplam elektrik tiretimi icerisindeki pay1 goste-
rilmektedir.

27  https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-ruzgar
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Sekil 5. Tiirkiye’nin Yillara Gore Riizgar Enerjisine Dayali Elektrik Kurulu Giicii

9,000

8,000

7,000

Kurulu Gug (MW)

8,832

7,591
7,005
6,516
6,000 5,251
5,000 4,503
4,000 3,630
3,000 2,760
2,261
2,000 1,729
1,320
1000 792
! 364
19 20 59 146 .
0 . == I

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Kaynak: https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-ruzgar

Tiirkiye’de riizgar enerjisine dayali elektrik iiretimi 2010 yilindan itibaren hizla
yiikselerek 2020 yilinda yaklasik 6,7 kat artmistir. Bununla birlikte toplam elektrik
tiretimi igindeki riizgar enerjisi kaynakli elektrik iretiminin pay1 da ayn1 dénem itibari
ile yaklagik 5,8 kat artmistir. Sekil 6’da goriildiigii gibi 2010 yilinda riizgar kaynakl
elektrik iiretiminin toplam i¢indeki pay1 yiizde 1,38 iken 2020 yilinda bu pay yiizde
8,09’a ulagmustir.

Sekil 6. Tiirkiye’nin Yillara Gore Riizgar Enerjisine Dayal1 Elektrik Uretiminin
Toplam Igindeki Pay1

Toplam Elektrik Uretimi icerisindeki
Yiizdelik Pay (%)

9.00%
8.09%

8.00%

7.15%
- 6.54%
6.02%

o 5.65%
5.00% 4.45%

o 3.38%
4.00% 3.15%
3.00% 2.45%

2.06%
2.00% 138%
o 15Wo_H%o.ﬂefn
0.04%0.04%0.0790-19% m B

000% — — — ==

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Kaynak: https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-ruzgar
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Sonug olarak riizgar enerjisi ile elektrik iiretiminin yaklasik 48.000 MW kurulu
giiclin de 8.332 MW oldugu dikkate alindiginda bu alanda 6nemli yatirim ve iiretim
imkanlar1 oldugu goriilmektedir. Bu ¢ercevede Enerji ve tabi kaynaklar bakanliginin
2023 hedefi kurulu giiciin 11.883 MW seviyesine ulagtirilmasi hedeflenmektedir®.

2.2. GUNES ENERJiSi

Glines 1s18indan diinyanin yiizeyine ulagan bir dakikalik enerji miktar1 diinya
genelinde bir yilda kullanilan enerjiden daha fazla oldugu iddia edilmektedir. Dolay1-
styla yenilenebilir enerji kaynagi olarak giines 6nemli bir alternatif olarak goriilmek-
tedir. Giines enerjisinden elektrik tiretimi i¢in birden fazla metot olmasina ragmen
genel olarak egilim giinesten gelen 15181 dogrudan elektrige ¢evrildigi fotovoltaik
sistemlerdir. Ayn1 zamanda temiz bir enerji kaynagi olmasi ve kurulumdan sonra di-
siik maliyetle ¢alismasi nedeni ile gilines enerjisinin 6nemini artmaktadir.

Tiirkiye, cografi konumu nedeniyle yiiksek giines enerjisi potansiyeline sahip-
tir. Tirkiye Giines Enerjisi Potansiyeli Atlasina (GEPA) gore, ortalama yillik toplam
glineslenme stiresi 2.741,07 saat olup ortalama yillik toplam 1s1nim degeri 1.527,46
kWh/m? olarak hesaplanmistir?.

Sekil 7. GEPA’ya gore Tiirkiye 'nin giines enerjisi potansiyelini géstermektedir.

Sekil 7. Tiirkiye 'nin Giines Enerjisi Potansiyeli

Toplam Gunes
Radyasyonu

KWhim® yil

Il 1400- 1450
I 1450- 1500
[ 1500-1550
[ 1550- 1600
[ 1600 - 1650

] 1650~ 1700

Kaynak: https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-gunes

2020 sonu itibariyle Tiirkiye’nin gilines enerjisine dayali elektrik kurulu giicii
6.667 MW, toplam elektrik tiretimi icerisindeki pay1 yiizde 3,6’dir. Sekil 8 yillara gore
Tirkiye’ nin giines enerjisi kurulu giiciindeki degisimi sunmaktadir.

28 ETKB, 2019-2023 Stratejik Plani, https://sp.enerji.gov.tt/ETKB_2019 2023 Stratejik Plani.pdf, s.
76.
29  https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-gunes
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Sekil 8. Yillara Gore Tiirkiye’nin Giines Enerjisi Kurulu Giicii

Kurulu Gii¢g (MW)

7,000 6,667
5,995
6,000
5,063

5,000
+000 3,421
3,000
2,000
i 833

- 249

o —y i
2014 2015 2016 2017 2018 2019 2020

Kaynak: https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-gunes

Tiirkiye’de giines enerjisi kurulu giiclindeki en biiyiik degisim 2017 yilinda ger-
ceklesmis bu tarihten itibaren artis devam ederken 2017-2020 doneminde yaklasik
2 katlik bir bilylime gergeklesmistir. S6z konusu bu donemde ise giines enerjisinin
toplam enerji arzindaki payi ise yaklasik 3,5 kat artmistir. Sekil 9’a bakildiginda gii-
nes enerjisinin toplam enerji arzindaki pay1 2017 yilinda yiizde 0,97 iken 2020 yilina
gelindiginde yiizde 3,66’ya ulagmistir.

Sekil 9. Yillara Gére Tiirkiye'de Giines Enerjisi Kurulu Giiciiniin Toplam Icindeki Payt

Toplam Elektrik Uretimi igerisindeki
Yiizdelik Pay (%)

4.00% 3.66%
3.50%
3.04%
3.00%
2.56%
2.50%
2.00%
1.50%
0.97%
1.00%
0.38%

0.50% 0.00% 0.07%

0.00% 0.00%  0.00% -00% 0.00% 0.01% .
0.00% _ -

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Kaynak: https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-gunes
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Bu ivmeye ek olarak Enerji ve tabi kaynaklar bakanliginin 2023 hedefine gore
giines enerjisi kurulu giiciiniin 10 000 MW’ a ulagsmasi hedeflenmektedir®.

2.3. JEOTERMAL ENERJI

Jeotermal enerji, yerkabugunun gesitli derinliklerinde birikmis 1s1 ve basincin
olusturdugu sicakliklarin; bolgesel atmosferik ortalama sicakligin iizerinde olan ve
cevresindeki yeralt1 ve yeriistii sularina gore daha fazla ¢6ziilmiis mineraller, cesitli
tuzlar ve gazlar igerebilen sicak su, buhar ve gazlar ile ylizeye taginan 1s1 enerjisidir.
Elektrik tiretimi, 1s1 {iretimi ve termal turizm amagli kullanilmaktadir.

Tiirkiye jeolojik ve cografi konumu itibari ile aktif bir tektonik kusak iizerinde
yer aldig1 i¢in jeotermal agidan zengin bir konumdadir ve iilkenin her tarafina yayil-
mis yaklagik 1.000 adet dogal ¢ikis seklinde degisik sicakliklarda jeotermal kaynakla-
ra sahiptir. Tiirkiye jeotermal potansiyeli bakimindan Avrupa’nin 1. iilkesi ve kurulu
giic bakimindan ise Diinyanin 4. {ilkesi konumundadir.

Tiirkiye’nin jeotermal potansiyel alanlarinin yiizde 78’1 Bati Anadolu’da, yiizde
9°’u i¢ Anadolu’da, yiizde 7’si Marmara Bolgesi’nde, yiizde 5’i Dogu Anadolu’da ve
yiizde1’1 diger bolgelerde yer almaktadir. Jeotermal kaynaklarin yiizde 90’1 diisiik ve
orta sicaklikta olup dogrudan uygulamalar (1sitma, termal turizm, ¢esitli endiistriyel
uygulamalar vb.) i¢in, yiizde 10’ u ise dolayli uygulamalar (elektrik enerjisi tiretimi)
i¢in uygundur.

Son yillarda, sondajli jeotermal enerji aramalar1 2.000 m seviyelerinden 28.000
m seviyelerine ¢ikarilmigtir. 2005 yilindan itibaren mevcut kaynaklarin gelistirilmesi
ve yeni kaynak alanlarinin aranmasi ¢aligmalarina agirlik verilmesi nedeniyle, 2004
sonu itibari ile 3.100 MWt olan kullanilabilir 1s1 kapasitesi, 2008 yilinda, “Jeotermal
Kaynaklar ve Dogal Mineralli Sular Kanunu”nun yiiriirliige girmesi ve 6zel sektoriin
de jeotermal arama, gelistirme ve yatirim g¢alismalari ile birlikte toplam jeotermal
181 kapasitesi (goriiniir 1s1 miktart) 35.500 MWt e ulasmustir. Tiirkiye’nin muhtemel
jeotermal 1s1 potansiyeli 31 500 MWt elektik iiretimi i¢in olan potansiyel 2 000 MWe
olarak tahmin edilmektedir®'.

Tiirkiye’de jeotermal enerji elektrik {iretimi 2020 sonu itibariyle 1.613 MW,
toplam elektrik tiretimi igerisindeki pay1 ise ylizde 3,25’e ulagmistir. Bu kapsamda
yillara kurulu gii¢ degisimi ve toplam elektrik iiretimi igerisindeki pay1 sirastyla Sekil
10 ve 11°de verilmektedir.

30 ETKB, 2019-2023 Stratejik Plani, https://sp.enerji.gov.tt/ETKB 2019 2023 Stratejik Plani.pdf, s.
76.
31 https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-jeotermal
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Sekil 10. Tiirkiye’de Yillara Gére Jeotermal Kaynakli Elektrik Uretimi Kurulu Giicii

Kurulu Gii¢ (MW)
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Kaynak: https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-jeotermal

Jeotermal enerji ile elektrik iiretimi 2013 yilindan itibaren istikrarli bir sekilde
artmaya devam etmistir. Gelinen noktada 2013 yilinda 311 MW olan elektrik iiretimi
2020 yilinda 1.613 MW’a yiikselmistir. Sekil 11°de bakildiginda ise toplam elektrik
iretimi i¢indeki jeotermal enerjinin paymin 2013-2020 déneminde yaklasik 6 kat art-
t1g1 goriilmektedir.

Sekil 11. Tiirkiye’de Yillara Gore Jeotermal Elektrik Uretiminin Toplam Igindeki Paylar

Toplam Elektrik Uretimi icerisindeki
Yuzdelik Pay (%)
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2.50% 2.44%
2.06%
200 1.76%
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1.00% 0.94%
0.57%

o 0.38%
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000% = = o owm owm W
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Kaynak: https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-jeotermal
2.4. BIYOKUTLE ENERJISI

Biyokiitle, bir tiire veya c¢esitli tiirlerden olusan bir topluma ait yasayan orga-
nizmalarin belirli bir zamanda sahip oldugu toplam kiitle olarak tanimlanmakta ve
ayn1 zamanda bir organik karbon olarak da kabul edilmektedir. 5346 sayili Kanun’a
gore ise biyokiitle; Ithal edilmemek kaydiyla; kentsel atiklarmn yani sira bitkisel yag
atiklar1, tarimsal hasat atiklar1 dahil olmak tizere tarim ve orman uriinlerinden ve bu
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tirtinler ile atik lastiklerin islenmesi sonucu ortaya ¢ikan yan iiriinlerden elde edilen
kaynaklart ve sanayi atik gamurlart ile aritma ¢amurlari olarak tanimlanmaktadir.

Biyokiitle kaynaklar sirasiyla;

1.Bitkisel

* Yagli tohumlu bitkiler (kanola, ay¢igek, soya, aspir v.b.)

» Seker ve nisasta bitkileri (patates, bugday, misir, seker pancari v.b.)
» Elyaf bitkileri (keten, kenaf, kenevir, sorgum, miskantus, v.b.)

» Protein bitkileri (bezelye, fasulye v.b.)

+ Bitkisel ve tarimsal artiklar (dal, sap, saman, kdk, kabuk, v.b.)

2. Orman ve Orman Uriinleri

3. Hayvansal

Odun ve orman atiklari(enerji ormanlari ve enerji bitkileri, ¢esitli agaglar)

Sigr, at, koyun, tavuk gibi hayvanlarin diskilari, mezbahane atiklari ve hay

vansal Uirlinlerin islenmesi sirasinda ortaya ¢ikan atiklar.

N

. Organik ¢opler, Sehir ve Endiistriyel ,

Kanalizasyon ve dip ¢amurlari, kagit, sanayi ve gida sanayi atiklari, endiist

riyel ve evsel atik sular, belediye ve biiyiik sanayi tesisleri atiklari®?

Biyokiitle Enerjisi Potansiyel Atlasi (BEPA) verilerine gore Tiirkiye’deki atikla-
rin toplam ekonomik enerji esdegeri 3,9 MTEP/yil civarindadir. Tablo 4’te bu potan-

siyelin detaylar1 sunulmaktadir.

Tablo 4. Tiirkiye’de Biyokiitle Enerji Potansiyeli

Biyokiitle Kaynaklar1 Miktar
Toplam Hayvan Sayist 422.832.374 Adet
Hayvansal Atik Miktari 193.878.079 ton/y1l

Hayvansal Atiklarin Enerji Degeri (Teorik)

4.385.371 TEP/y1l

Hayvansal Atiklarin Enerji Degeri (Ekonomik)

1.084.506 TEP/y1l

Bitkisel Uretim Miktart

171.399.002 ton/y1l

Bitkisel Atik Miktar1

62.206.754 ton/y1l

Bitkisel Atiklarin Enerji Esdegeri (Teorik)

25.384.268 TEP/y1l

Bitkisel Atiklarin Enerji Esdegeri (Ekonomik)

1.462.159 TEP/y1l

Belediye Kat1 Atik Miktari

32.170.975 ton/y1l

Belediye Atiklarinin Enerji Degerleri (Teorik)

3.373.011 TEP/y1l

Belediye Atiklarinin Enerji Degerleri (Ekonomik)

485.858 TEP/y1l

Orman Atiklarinin Enerji Degeri (Ekonomik)

859.899 TEP/y1l

Atiklarin Toplam Ekonomik Enerji Esdegeri:

3.892.422 TEP/y1l

Kaynak: https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-biyokutle

32 https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-biyokutle
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Tiirkiye’de elektrik tiretiminde de yaygin bir sekilde kullanilan biyokiitle ener-
jisine dayali kurulu gii¢ 2020 sonu itibariyle 1.485 MW (369 MW"1 atik 1s1), toplam
elektrik tiretimi igerisindeki payi ise yiizde 1,80°dir. Sekil 12°de de yillara gore kuru-
lu gii¢ degisimi ve Sekil 13’te toplam elektrik iiretimi igerisindeki pay1 yer almaktadir.

Sekil 12. Tiirkiye’de Yillara Gére Biyokiitle Elektrik Uretimi Kurulu Giicii
Kurulu Gii¢ (MW)
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Kaynak: https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-biyokutle
Sekil 13. Tiirkiye’de Yillara Gére Biyokiitlel Elektrik Uretiminin Toplam Igindeki Paylart

Toplam Elektrik Uretimi icerisindeki
Yiizdelik Pay (%)
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Kaynak: https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-biyokutle

Biyokiitle kurulu giiciin 2012-2020 déneminde istikrarli bir sekilde arttig1 goz-
lenmektedir. 2012 yilinda toplam elektrik iiretimi i¢inde biyokiitle kaynakli elektrik
iiretiminin pay1 yiizde 0,3 iken 2020 yilinda yiizde 1,80’e ¢ikmustir.

3. BiYOKUTLE ENERJiSi VE SURDURULEBILIRLIiK

Tiirkiye, Birlesmis Milletler Iklim Degisikligi Cergeve Sozlesmesi (BMi-
DCS)’ne 2003 yilinda Resmi Gazete’de yayinlanan 25266 ve 4990 sayili kanunlar
kapsaminda 24 May1s 2004 yilinda 189. Taraf olarak katilmistir. S6zlesme sera gazi
emisyonlarinda azaltimi, arastirma ve teknoloji iizerinde isbirligini ve sera gazi yu-
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taklarinin (ormanlar, okyanuslar gibi) korunmasini amaglamaktadir. S6zlesme kapsa-
minda gelismis iilkeler ve Ek-I"de yer alan diger Taraflar sera gazi emisyon azaltimi
yapmakla; gelismis tilkeler ve Ek-II"de yer alan diger Taraflar da diger iilkelere mali
destek saglamakla ytlikiimliidiir. Sozlesme yiiriirliige girdigi esnada Tiirkiye her iki
ekte de yer almis olup, 2001°de gergeklestirilen 7. Taraflar Konferansi’nda alinan 26/
CP.7 sayil Kararla Tiirkiye’nin adi BMIDCS’ nin EK-II listesinden ¢ikarilmis fakat
0zel sartlar1 kabul edilerek EK-I listesinde kalmistir.

Kyoto Protokolii ise 1997 yilinda kabul edilmis ve 2005 yilinda yiriirlige gir-
mistir. Protokolde, Ek-I taraflarina sayisallastirilmis emisyon azaltim hedefleri be-
lirtilmigtir. Tiirkiye 5386 Sayili Kanun’un 5 Subat 2009’da Tiirkiye Biiyiik Millet
Meclisi’nce kabulii ve 13 Mayis 2009 tarih ve 2009/14979 Sayili Bakanlar Kurulu
Karar’nin ardindan, katilim aracinin Birlesmis Milletlere sunulmasiyla 26 Agustos
2009 tarihinde Kyoto Protokolii’ne Taraf olmustur. Kyoto Protokolii kabul edildigin-
de BMIDCS tarafi olmayan Tiirkiye’nin, Ek-1 iilkesi olmasina ragmen Protokol kap-
saminda sayisallastirilmig emisyon azaltim taahhiidii bulunmamaktadir.

Paris Anlasmasi, temel olarak Birlesmis Milletler Iklim Degisikligi Cergeve
Soézlesmesi’ne dayanmaktadir ve Kyoto Protokolii’niin sona erme tarihi olan 2020
sonrasi iklim degisikligi rejimini diizenlemeyi amaglamaktadir.

2020 sonrasi iklim degisikligi rejiminin ¢ergevesini olusturan Paris Anlasmasi,
2015 yilinda Paris’te diizenlenen BMIDCS 21. Taraflar Konferansi’nda kabul edil-
mistir. COP 21°de, 2020 sonrasi i¢in ilk kez kiiresel dl¢cekte biitiin iilkeler sera gazi
emisyon azaltimi taahhiidiinde bulunmuslardir. Anlagsma, 5 Ekim 2016 itibariyle,
kiiresel sera gazi emisyonlarmin yiizde 55’ini olugturan en az 55 tarafin anlagmay1
onaylamasi kosulunun karsilanmasi sonucunda, 4 Kasim 2016 itibariyle yiirtirliige
girmistir.

Tiirkiye, Paris Anlagmasi’n1, 22 Nisan 2016 tarihinde, New York’ta diizenlenen
Yiiksek Diizeyli Imza Téreni’nde 175 iilke temsilcisiyle birlikte imzalamis ve Ulusal
Beyanimizda adi gegen Anlagma’y1 gelismekte olan bir {ilke olarak imzaladig1 vurgu-
lanmugtir.

“7335 sayili Paris Anlagsmasinin Onaylanmasinin Uygun Bulunduguna Dair Ka-
nun” ile Birlesmis Milletler Iklim Degisikligi Cerceve Sozlesmesinin 21 inci Taraflar
Konferansinda kabul edilen ve Tiirkiye Cumhuriyeti adina 22 Nisan 2016 tarihinde
imzalanan “Paris Anlagsmasi”nin beyan ile birlikte onaylanmasi uygun bulunmustur.
06.10.2021 tarihli ve 7335 say1li onaylanmast uygun bulunan Paris Anlagmas1 9 sa-
yilt Cumhurbagkanligr Kararnamesine” gore onaylanmak suretiyle Resmi Gazetede
yayimmlanmistir®.

33 https://iklim.csb.gov.tr/bmidcs-ve-turkiye-i-4376, Erisim Tarihi, 11.04.2022.
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Bir taraftan uluslararasi anlagmalara uyum siireci devam ederken diger taraftan
Tiirkiye’nin Avrupa Birligi hedefi kapsaminda yeni gelismeler ile kars1 karsiya ol-
dugunu sdylemek miimkiindiir. Avrupa Birligi’nin ¢evre politikasi, kirliligi ortadan
kaldirmay1, azaltmay1 ve onlemeyi, dogal kaynaklarin, ekolojik dengeye zarar ver-
meyecek bicimde kullanilmasini temin ederek siirdiiriilebilir kalkinmay1 saglamayz,
cevresel zararin kaynaginda dnlenmesini ve ¢evreyi korumanin diger sektorel politi-
kalarla (enerji, ulastirma v.b.) entegrasyonunu giivence altina almay1 amaglamaktadir.

Avrupa Birligi’nin ¢evre politikasinin temel ilkeleri, “kirleten oder”, "biitiinleyi-
cilik”, “yiiksek seviyede koruma”, “kaynakta énleme”, “onleyicilik” ve “ihtiyat "tir.

Avrupa Birligi’nin ¢evre politikasinin gelisiminde, 1973 yilindan bu yana hazirlanan
Cevre Eylem Programlari oldukga etkili olmustur.

14 Ekim 2020 tarihinde Avrupa Komisyonu 8. Cevre Eylem Programi’nin hazir-
lamasina yonelik bir teklif sunmustur. 8. Cevre Eylem Programinin hedefleri asagida
siralanmaktadir;

e 2030 sera gazi emisyon azaltim hedefinin karsilanmasi ve 2050 yilina ka
dar iklim-né6tr diizene gegisin gergeklestirilmesi,

+ Iklim degisikligine yonelik adaptasyon kapasitesi ve direng giiciiniin arttiril
mast ile kirtlganligin azaltilmasi,

*  Yenileyici biiyiime modeline gegisin saglanmasi, ekonomik biiylimenin kay
nak kullanimi ve gevresel bozulmadan ayristirilmasi, dongiisel ekonomiye
gecisin hizlandirilmast.

* Hava, su ve toprakta sifir kirlilik hedefinin gerceklestirilmesi ile vatandagla
rin saglik ve refahinin korunmasi.

* Dogal sermayenin giiclendirilmesi, biyolojik cesitliligin korunmasi, muhafa
za edilmesi ve giiclendirilmesi,

+  Uretim ve tiiketim faaliyetlerinin ¢evre ve iklim iizerindeki baskisinin azal
tilmasi (6zellikle enerji, endiistri, altyapi ve insaat ile ulagim ve gida sektd
riinde)

1 Aralik 2009 tarihinde yiiriirliige giren Lizbon Antlagmasi ile ¢evre, AB ile
iiye llkeler arasinda paylasilan yetki alanlarindan biri olarak kabul edilmistir. Lizbon
Antlagmasi uyarinca, Birligin ¢evre politikasi, asagidaki hedeflerin takibine katkida
bulunur:

* Cevre kalitesinin muhafaza edilmesi, korunmasi ve iyilestirilmesi,

+ Insan sagliginin korunmast,

* Dogal kaynaklarin basiretli ve rasyonel bigimde kullanilmasi

* Bolgesel veya diinya ¢apindaki ¢evre sorunlarinin ele alinmasina yonelik
uluslararasi diizeydeki tedbirlerin tesvik edilmesi ve 6zellikle iklim degisik
ligiyle miicadele edilmesi.
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11 Aralik 2019 tarihinde, Avrupa Komisyonu Basgkani tarafindan agiklanan Av-
rupa Yesil Mutabakati (AYM), Avrupa’y1 2050 yilina kadar sera gazi emisyonlari-
nin net olarak sifirlandig1 diinyanin ilk iklim-nétr kitasi haline getirmeyi hedefleyen
AB’nin yeni bilyiime stratejisidir. AB’yi kaynak-verimli, rekabet¢i ve modern bir
ekonomik yapiya kavusturmay: 6ngdren AYM, tiretimden ticarete, enerjiden ulastir-
maya, tarimdan vergilendirmeye kadar pek ¢ok alani kapsayan kokli bir doniisiim
planidir. AYM uyarinca, AB ekonomisinin tiim sektorlerinin AB’nin 2050 yilinda ik-
lim-nétr olma hedefine katkida bulunacak sekilde yeniden yapilandirilmas: 6ngoriil-
mektedir. AYM nin hedeflerine ulasilabilmesi igin gelecek 10 yillik donemde yaklasik
1 trilyon avro tutarinda siirdiiriilebilir yatirimin hayata gegirilmesi planlanmaktadir.

Avrupa’nin iklim-nétr diizene gegisine yonelik siyasi taahhiidiin hukuki aci-
dan baglayici bir yiikiimliilige doniistiiriilmesi amaciyla, 30 Haziran 2021 tarihinde
“Avrupa Iklim Yasas1” kabul edilmistir. Yasa kapsaminda ayrica, AB’nin 2030 y1-
lina yonelik 6ngordiigii sera gazi emisyonlarinda 1990°a kiyasla yiizde 40 azaltim
saglanmasi hedefi de “1990’a kiyasla en az ylizde 55 azaltim” olarak giincellenerek
baglayici hale getirilmistir. S6z konusu giincellenmis hedef Aralik 2020°de, AB’nin
Paris Anlagmasina yeni katkis1 olarak Birlesmis Milletler iklim Degisikligi Cergeve
Sézlesmesi’ne (BMIDCS) sunulmustur.

AYM ile 6ngoriilen koklii dontisiim siireci Tiirkiye nin AB’ye katilim siireci ve
Birlik ile olan ticari ve ekonomik iliskileri kapsaminda yakindan takip edilmekte ve
gereken hazirlik ¢alismalari ilgili kurumlarin esglidiimiinde yiiriitiilmektedir. Bu ¢er-
¢evede AYM Eylem Planina iliskin Cumhurbagkanligi Genelgesi 16.07.2021 tarihli
ve 31543 sayili Resmi Gazete’de yayimlanmistir. Ayni tarihte kamuoyuyla paylasilan
ve 9 ana baglik (“Sinirda Karbon Diizenlemesi”, “Yesil ve Dongiisel Bir Ekonomi”,
“Yesil Finansman”, “Temiz, Ekonomik ve Giivenli Enerji Arz1”, “Siirdiiriilebilir Ta-
rim”, “Siirdiiriilebilir Ulasim”, “iklim Degisikligiyle Miicadele”, “Diplomasi”, “Bil-
gilendirme ve Bilinglendirme Faaliyetleri”) altinda toplam 32 hedef ve 81 eylemi ige-
ren AYM Eylem Plani, Tiirkiye nin yesil dontisiim alaninda gerceklestirecegi uyum
calismalarina yonelik detaylt bir yol haritas1 sunmaktadir. Tiirkiye’nin 2021 tarihi
itibariyle Paris Anlagmasina taraf olmasi ve 2053 yilina yodnelik net sifir emisyon
hedefini agiklamasi da AYM Eylem Planinin uygulanma siirecini hizlandiracaktir®.

Tiim bunlara paralel bir sekilde Tiirkiye’de 2005 yilinda yiiriirlige giren 5346
say1li “Yenilenebilir Enerji Kaynaklarmimn Elektrik Enerjisi Uretimi Amac¢h Kullanimina
iliskin Kanun” ile yenilenebilir enerji kaynaklarinin elektrik enerjisi iiretimi amagl
kullanimimin yayginlastiriimasi, bu kaynaklarin giivenilir, ekonomik ve kaliteli bi-
¢imde ekonomiye kazandirilmasi, kaynak ¢esitliliginin artirilmasi, sera gazi emisyon-
larinin azaltilmasi, atiklarin degerlendirilmesi, ¢evrenin korunmasi ve bu amaglarin
gerceklestirilmesinde ihtiya¢ duyulan imalat sektoriiniin gelistirilmesi planlanmuistir.

34 https://www.ab.gov.tr/fasil-27-cevre_92.html, Erigim Tarihi, 11.04.2022.
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S6z konusu kanunda Biyokiitle, organik atiklarin yani sira bitkisel yag atik-
lar1, tarimsal hasat artiklar1 dahil olmak {izere, tarim ve orman iriinlerinden ve bu
iirtiinlerin islenmesi sonucu ortaya ¢ikan yan iiriinlerden elde edilen kati, sivi ve
gaz halindeki yakitlar olarak tanimlanmakta ve biyokiitle kaynaklarini kullana-
rak elektrik enerjisi veya yakit liretimine yonelik AR-GE tesis yatirimlarinin Ba-
kanlar Kurulu karari ile tegviklerden yararlandirilabilecegi ifade edilmektedir®
28/2011 sayili Kanun Hitkmiinde Kararnamede ise “biyokiitle; tarim (bitkisel ve hay-
vansal maddeler dahil), ormancilik ve balik¢ilik ve su iiriinleri yetistiriciligi, kamu ve
ozel yesil alanlardan bigme ve budama dahil olmak iizere ilgili endiistrilerden kay-
naklanan tiriinlerin, atiklarin ve biyolojik kaynakli kalintilarin biyolojik olarak par-
calanabilen kismi” olarak tanimlanmigtir,

Strdiiriilebilirlik agisindan degerlendirildiginde énemli bir yenilenebilir ener-
ji kaynagi olan biyokiitle fosil temelli yakitlara kiyasla tiretimi ve kullanimi genel
olarak karbon nétr olarak kabul edilmektedir. Fosil yakitlara kiyasla biyoenerji iire-
timinin ylizde 80-85 daha diisiik emisyon oranlarina sahip olmasi dikkate deger bir
alan olarak gortilmektedir. Elbette bu emisyon oranlarinin gerceklesmesi siirdiirtile-
bilir biyokiitle kaynaklarina ve bu kaynaklarin yonetim ve isleme asamalarindaki ve-
rimliik diizeylerine bagli kalmaktadir. Bununla birlikte, biyoenerji tiretimi igin arazi
kullanimi, verimli kullanilmayan ve terk edilmis arazileri tekrar iireten bir kullanima
cevirerek liretim ve verimliligin artirilmasi konusunda 6nemli bir potansiyele sahiptir.
Ayrica, biyoenerji iiretimi hammaddeleri olarak hasat kalintilarinin kullanilmasi, kay-
nak verimliliginin artirilmasinin yani sira, toprak kullaniminda olumsuz bir etki yarat-
madan sera gazi emisyonunun azaltilmasini saglamaktadir. Ayrica biyoenerji iiretimi
icin kullanilan araziler, biyogesitlili§in azalmasina veya artmasina neden olabilmekte
ve bu nedenle biyoenerji iiretiminde gerekli 6nlemlerin alinmast ¢ok biiyilk dnem
tagimaktadir.

Biyoenerji tiretimi i¢in tarimsal iiriinlerin veya birincil kalitilarin kullanilmasi
toprak kalitesinin diisme ve besin maddelerinin tiikkenme risklerini beraberinde ge-
tirmektedir. Diger taraftan, atiklarin iglenmesinin toprak kalitesi tizerindeki olumlu
etkisi de bunlarin giibre olarak kullanilmasidir. Siirdiiriilebilir uygulamalar ile uy-
gun biyokiitle hammaddelerinin kullanilmasi, bozulmus arazilerin rehabilitasyonuna
katkida bulunarak iyilestirilmis toprak kalitesi ile sonuglanabilmektedir. Biyoenerji
tiretiminin, ¢evresel etkilere iliskin risklerinin ve potansiyel faydalarinin hammadde,
yonetim sistemi, kullanilan teknoloji, isletme bolgesi gibi etkenlere gore farklilik gos-
terdigi sdylenebilmektedir.

35 https://www.resmigazete.gov.tr/eskiler/2005/05/20050518-1.htm, Erisim Tarihi, 11.04.2022.
36 Bereket-Bas, Z., (2022), Biyokiitlenin Yenilenebilir Enerji ve Tarimdaki Hukuksal Durumunun
Analizi, 11-13 May1s 2022 Biyokiitlede Risk ve Finansman Calistay1, Izmir.
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Bunlara ek olarak biyokiitle hammaddelerinin kontrolsiiz yontemlerle yakilma-
s1, karbon emisyonlarina yol agarak hava kirliligine ve birtakim saglik sorunlarina ne-
den olabilmektedir. Ancak, modern sistemlerin ve kontrollii yontemlerin kullanilmasi
ile hava kalitesi gereksinimleri karsilanabilmektedir. Biyokiitle kaynaklarinin arazi
bazli kullanimu ile {iretim alaninda ve ¢evresinde bulunan su kaynaklarinin tiikenme-
si veya kirlenmesi riski olugsmaktadir. Diger taraftan, biyoenerji tiretimi igin atik su
kullaniminin ve biyoyakitlar i¢in yosun kullaniminin, kirlenmis veya besin agisindan
zengin su akislarini temizlemek gibi bir¢ok faydasi da bulunmaktadir. Siirdiiriilebi-
lir uygulamalar ile kullanilan uygun biyokiitle hammaddeleri, bozulmus arazilerin
rehabilitasyonuna katkida bulunabilmekte ve bu durum su havzalarinin korunmasi
ile sonuclanmaktadir. Biyoenerji tiretimi ve kullaniminin toprak ve su kalitesi, arazi
kullanim hakki ve giivenli ¢aligsma kosullart gibi bir¢ok konu tizerindeki etkisi bulun-
maktadir. Bu nedenle, biyoenerji iiretimi ve kullaniminin ortaya ¢ikaracagi sonuglar
g6z 6ntinde bulundurularak kontrollii yontemlerle yapilmasi gerekmektedir®’.

Bilindigi lizere yenilenebilir enerji kaynaklari, fosil yakitlarin yanmasindan
kaynaklanan sera gazi emisyonlarinin yerini alma ve boylece iklim degisikligini
azaltma konusunda biiyiik bir potansiyele sahiptir. Yenilenebilir enerji kaynaklariin
uygun bir sekilde uygulanmasi, sosyal ve ekonomik kalkinmaya, enerji erisimine ve
enerji tedariginin ¢evre lizerindeki olumsuz etkilerinin azaltilmasina katkida bulu-
nabilmektedir. Yenilenebilir enerjiye yapilan yatirimlarin, iyilestirilmis enerji erigi-
mi, azaltilmig emisyon yoluyla daha iyi saglik kosullariin olusturulmasi ve istihdam
yaratilmasi1 gibi kalkinma etkileri bulunmaktadir. Ayrica, orman ve arazi kullanimu,
iklim eylemini desteklemektedir ve 6nemli dogal kaynaklari ile ¢evreyi korumakla
birlikte, toplumlar i¢in stirdiiriilebilir ge¢cim kaynaklari saglamaktadir®®.

Tim bunlar dikkate alindiginda biyokiitle kaynaklarinin kullanimi ve enerji
iiretiminin stirdiiriilebilirlik unsurlari olan ¢evresel, sosyal ve ekonomik unsurlar agi-
sindan degerlendirilmesinde yarar bulunmaktadir

3.1. CEVRESEL BOYUT

Biyokiitle kullanim1 uygun sekilde yonetilir ve diizenlenirse atmosferik CO2
seviyelerini diisiirebilmekte ve enerji amagl kullanildiginda, yasam dongiisii icin-
de CO2 emisyonlarinda olumlu etki olusturmaktadir. Biyoenerji, karbon yakalama
ve depolama ile kullanildiginda, karbon atmosfere geri dondiiriilmemekte ve net bir
CO2 diistisiine yol agmaktadir. Benzer sekilde, biyokiitle biyo bazli malzemelerde
kullanildiginda tirtinlerin kullanim 6mrii boyunca malzemelerde depolanan biyojenik
karbonu artirmakta ve bazi durumlarda ortam igin CO2 tutmanin olumlu etkisi olabil-
mektedir. Dongiisel karbon ekonomisinde biyoenerji, sisteminin sadece bir pargasidir.

37 PwC, (2021), Biyokiitle ve Biyoenerji Sektorlerine Genel Bakis, www.pwc.com.tr, Erisim Tarihi,
11.04.2022, 5.8-9.
38 PwC, (2021), a.g.e.,s. 12.
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Biyoenerji, tedarik zinciri boyunca iiretilen kalintilar ve atiklarin yakilmasi, israf veya
imha edilmesi yerine gelir akislari olusturarak tiim biyokiitle sistemini giiglendirmek-
tedir. Ayrica, metan emisyonlar1 gibi ¢evresel sorunlarin da 6nlenmesine yardimei
olmaktadir®.

Sekil 14. Entegre Kat1 Atik Yonetim Semasit

Diizenli Depolama

Kagit/Karton
Plastik

Geri DOnligiim Metal
Cam
Evsel Kati Atiklar Biyometanizasyon
Organik Atiklar 1 Ayristirma Tesisi | Tesisi _

Ayri Toplanan
Organik Atiklar | On-islem Eleme —| Kompost Tesisi

Kaynak: PwC, (2021), a.g.e., s.59

Biyokiitle ¢esitli cevrim teknolojileri kullanilarak kati, sivi, ve gazli yakitlara
dontstiiriilmektedir. Tiirkiye’de yer alan biyokiitle tesislerinde hayvansal atik, tarim-
sal atik, ormansal atik, kentsel ve endiistriyel atik kullaniminin yani sira enerji bit-
kilerinin kullanimu ile de enerji tiretilmektedir. Entegre kati atik yonetim semasi bu
atiklarin geri doniisiime ve elektrik iiretimine doniisiim iligkilerini tanimlamaktadir.
Sekil 14’te goriildiigii gibi ayr1 toplanan organik atiklar dogrudan kompost tesislerine
giderken evsel atiklar i¢inde yer alan organik atiklar ayrigtirma tesisinde islemden
gecirilerek kompost tesisine yonlendirilmektedir. Ayristirma tesisi bir taraftan biyo-
metanizasyon i¢in hammadde temini saglayarak elektrik iiretimini desteklerken diger
taraftan geri doniisiim ile kagit/karton, plastik, metal ve cam’in geri kazanimina des-
tek vermektedir.

Sekil 15°te goriildiigii gibi ambalaj atiklarin geri kazanim oranlarinda en di-
stik verimlilik cam ve ahsap atiklarda en yiiksek geri kazanim orani ise kagit ve karton
ambalajlarda gergeklesmektedir. Tiirkiye’de ortalama geri kazanim orani ise yiizde 62
olarak hesaplanmistir.

39 PwC, (2021),a.g.e.,s. 15
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Sekil 15. 2020 Y1ilt Ambalaj Atiklarinin Geri Kazanim Oranlart (%)
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Kaynak: Ambalaj Biilteni, (2020),Ambalaj ve Ambalaj Atiklar1 Istatistikleri, https://webdosya.
csb.gov.tr/db/cygm/icerikler/ambalajbulten-2020-20220226105845.pdf, Erisim Tarihi,
13.04.2022

Yonetmelige gore, ambalaj atig1 toplama ayirma ve geri doniisiim tesislerinin
lisans almalar1 gerekmektedir. Sekil 16’da 2018 yili itibariyle toplam toplama ayirma
tesislerinin sayis1 731, geri doniisiim tesisi sayisi ise 1.128 seviyesine ulastig1 goriil-
mektedir*

Sekil 16. Toplama-Ayirma ve Geri Doniisiim Tesislerinin Yillara Gore Dagilimi (Adet)
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Kaynak: PwC, (2021), a.g.e., s. 65

Sekil 17°de gore biyometanizasyona uygun belediye atiklarinin niifus yogun-
lugu fazla olan iller basta olmak {izere haritada kirmizi renkle tanimlanan 16 ilde
yogunlastig1 goriilmektedir. Tiirkiye’de toplam belediye atiklarinin yiizde 45’1 biyo-
metanizasyona uygun atik olarak kabul edilmektedir. Biyometanizasyona uygun bele-
diye atiklarin teorik enerji esdegeri 466.881 TEP/y1l iken bu atiklarin ekonomik enerji
esdegeri 93.396 TEP/y1l olarak hesaplanmaktadir*.

40 PwC, (2021), a.g.e.,s. 65
41 https://bepa.enerji.gov.tr/, , Erigsim Tarihi, 10.05.2022
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Sekil 17. Biyometanizasyona Uygun Olan Belediye Atiklarinin llere Gére Dagilimi
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Kaynak: https://bepa.enerji.gov.tr/

Sekil 18. Bertaraf ve Geri Kazanim Yo6ntemine Gore Belediye Atiklarinin Dagilimi (%)
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Kaynak: TUIK, (2021), 2020 Y1l1 Atik Istatistikleri Biilteni, Erisim Tarihi, 10.05.2022

Sekil 18’de goriildiigii gibi 2020 yilinda atik hizmeti verilen belediyelerde top-
lanan 32,3 milyon ton atigin yiizde 69,41 diizenli depolama tesislerine, ylizde 17’si
belediye ¢opliiklerine ve yiizde 13,2°si geri kazanim tesislerine génderilirmis, yiizde
0,4’1 ise agikta yakilarak, gomiilerek, dereye veya araziye dokiilerek bertaraf edil-
mistir. Belediyelerde toplanan kisi basi1 giinliik ortalama atik miktar1 1,13 kg olarak
hesaplanmigtir*?.

42 TUIK, (2021), 2020 Yili Atik Istatistikleri Biilteni, Erisim Tarihi, 10.05.2022
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Tablo 5. Atik Bertaraf ve Geri Kazanim Tesis Sayilart; 2018,2020

2018 2020
Tesis Sayis1 Tesis Sayis1

Atik bertaraf tesisleri 166 184
Diizenli depolama tesisi 159 174
[Yakma Tesisi 7 10
Atik geri kazanim tesisleri 2.057 2.568
[Kompost Tesisi 8 9
[Beraber yakma (ko-insinerasyon) tesisi 40 50
Diger geri kazanim tesisi 2.009 2.509

Kaynak: TUIK, (2021), 2020 Y1li Atik Istatistikleri Biilteni, Erisim Tarihi, 10.05.2022

Tablo 5’te goriildiigii gibi 208 yilindan 2020 yilina kadar atik bertaraf tesisleri-
nin sayisi 18 artarken atik geri kazanim tesislerinin sayist 511 artmistir. 2020 yilinda
atik bertaraf ve geri kazanim tesislerinde islenen 127,4 milyon ton atigin® 78,3 mil-
yon tonu bertaraf edilmis, 49,1 milyon tonu ise geri kazanilmistir. Toplam islenen
atik miktar1 ise 2018’e gore yiizde 22 artmugtir. Dlizenli depolama tesislerinin toplam
kapasitesi 1,2 milyar m? olarak hesaplanmakta ve toplam 174 diizenli depolama tesi-
sinde 31,9 milyon tonu tehlikeli olmak {izere 77,8 milyon ton atik bertaraf edilmekte-
dir. Atik geri kazanim lisansi olan beraber yakma (ko-insinerasyon) tesislerinde 1,3
milyon ton atik yakilarak enerji geri kazanimi gergeklestirilirken kompost ve beraber
yakma tesisleri hari¢ lisans1 olan diger atik geri kazanim tesislerinde toplam 47,6 mil-
yon ton metal, plastik, kagit, mineral vb. atik geri kazanilmigtir*.

Imalat sanayi isyerleri, maden isletmeleri, termik santraller, organize sanayi
bolgeleri (OSB), saglik kuruluslari ve hane halklart 2020 yilinda 30,9 milyon tonu
tehlikeli olmak {izere toplam 104,8 milyon ton atik olusturmustur. imalat sanayi isyer-
lerinde 4,6 milyon tonu tehlikeli olmak iizere toplam 23,9 milyon ton atik olusmus-
tur. Toplam atigin ylizde 56,3’ satilmis veya lisansl atik isleme tesislerine gonde-
rilmistir. Yiizde 24,2’si diizenli depolama tesislerine gonderilmis, yiizde 7,1°1 isyeri
sahasinda depolanmistir. Yiizde 7’si tesis biinyesinde geri kazanilmis, ylizde 3,2’si
belediye veya OSB yonetimleri tarafindan toplanmis, ylizde 1,7’si beraber yakma
(ko-insinerasyon) veya yakma tesislerine gonderilmis, yilizde 0,4’l dolgu malzemesi
olarak kullanilmig/dogaya yeniden kazandirilmistir. Yiizde 0,1°1 ise diger yontemlerle
bertaraf edilmistir.

43 Atk Bertaraf ve Geri Kazanim Tesisleri Anketi kapsaminda nihai atik bertaraf ve geri kazanim verile-
rini elde etmek amaglandigindan; atik toplama, ayristirma, ara depolama gibi 6n-islem tesisleri kapsam
dig1 tutulmustur. Tesislerde ithal atiklar da islenmektedir.

44  TUIK, (2021), 2020 Y1l1 Atik Istatistikleri Biilteni, Erisim Tarihi, 10.05.2022
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Tablo 6. Toplam Atik Miktarmin Dagilimi; 2018,2020

Toplam Atik Miktari Tehlikeli Atik Miktar1 Tehlikesiz Atik miktart

2018 2020 2018 2020 2018 2020
Toplam (ton) 94.870.818 | 104.848.864 | 15.078.573 | 30.876.658 |79.792.245 | 73.972.206
g‘;aeljtega“ayi 22.881.144 | 23.867.866 |3.677.320 |4.597.274 |19.203.824 | 19.270.593
Termik Santraller | 26.127.134 | 24.375.356 | 13.805 10.012 26.113.329 | 24.365.343
Maden isletmeleri | 17.387.029 | 27.581.875 | 11.176.581 | 26.044.730 |6.210.448 |1.537.144
0SB 286.843  |279.067 111733 |116.720 175.110 | 162.347
Saglik Kuruluslar1 | 89.454 109.683 86.916 106570 |2.538 3.113
Hanchalki 28.099.214 28.635.018 | 12.218 1.352 28.086.966 | 28.633.665

Kaynak: TUIK, (2021), 2020 Y1l Atik Istatistikleri Biilteni, Erisim Tarihi, 10.05.2022

Tablo 6’da goriildiigi gibi 2020 yilinda maden isletmelerinde dekapaj malzeme-
si/pasa hari¢ 27,6 milyon ton atik olusmustur. Toplam atigin yiizde 71,31 pasa saha-
larinda, atik barajlarinda veya diizenli depolama tesislerinde bertaraf edilmis, yilizde
26,4°1 ocak icine geri doldurulmus, yiizde 2,3’ ise diger yontemlerle geri kazanilmis
ya da bertaraf edilmistir.

Termik santrallerde 10 bin tonu tehlikeli olmak iizere toplam 24,4 milyon ton
atik olusmustur. Toplam tehlikesiz atigin yiizde 79,5’ini kiil ve ciiruf atiklari, yilizde
20,5’ini ise metal, kagit, plastik atiklar, atiksu aritim ¢amurlart ile evsel ve benzeri
atiklar olusturmustur. Toplam atigin yiizde 85,9’u kiil dagi, kiil baraji veya diizenli
depolama tesislerinde bertaraf edilirken, ylizde 13,2’si lisansl tesislere gonderilmis
ve maden/tas ocaklarinin geri doldurulmasinda kullanilmigtir. Yiizde 0,9’u ise diger
yontemlerle bertaraf edilmistir.

OSB miidiirliiklerinin altyapt hizmetleri, atiksu aritim1 vb. idari faaliyetleri so-
nucu 117 bin tonu tehlikeli olmak tizere 279 bin ton atik olusmustur. Olusan atigin 6
bin tonu OSB biinyesinde geri kazanilmig veya gegici depolanmis, 208 bin tonu OSB
disinda geri kazanilmistir. 66 bin tonu ise OSB biinyesinde veya OSB disinda bertaraf
edilmistir. Bertaraf edilen atiklarin yiizde 59,41 diizenli depolama tesislerinde, yiizde
40,6s1 ise belediye/OSB ¢opliiklerinde bertaraf edilmistir.

Saglik kuruluslarindan 110 bin ton tibbi atik toplanmistir. Toplam tibbi atigin
yiizde 23,7’si Istanbul, yiizde 7,8’i Ankara ve yiizde 5,8’i Izmir olmak iizere, yiizde
37,31 bu ¢ biiytiksehirde bulunan saglik kuruluslarindan toplanmistir. Toplanan tib-
bi atigin yiizde 90,6’s1 sterilize edilerek depolama alanlarina, yiizde 9,41 ise yakma
tesislerine gonderilerek bertaraf edilmigtir®.

45 TUIK, (2021), 2020 Y1l1 Atik Istatistikleri Biilteni, Erisim Tarihi, 10.05.2022
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Tablo 7. 2018 Yilinda Tehlikeli Atik Miktarinin En Fazla Oldugu Baslica Iller

Tehlikeli Atik Miktarlari (Ton)
Istanbul 185.892
fzmir 166.512
Bursa 114.738
Ankara 74.845
Manisa 57.775
Konya 38.119
Adana 30.013
Mersin 22.998
Samsun 22.213

Kaynak: PwC, (2021), a.g.e., s. 68

Sanayi tesislerinin daha yogun oldugu bolgelerde tehlikeli atik miktarinin da
yiiksek oldugu gériilmektedir. Tablo 7°de goriildiigii gibi Istanbul, izmir ve Bursa bas-
ta olmak iizere sanayi merkezleri olan iller ilk sirada yer almaktadir. Ozel Atiklar ola-

rak degerlendirilen maddelerin ¢ogu geri doniistiiriilebilir malzemelerden olusmakta
ve tehlikeli atik kapsamina girmektedir.

Sekil 19. 2018 Y1t Ozel Tehlikeli Atik ve Tibbi Atiklarin Dagilimi

N

m Atk Yag m Bikissl Atk Yag = Pil-AkO Atk Elektrikli ve Elektronik Esyalar = Tibbi Atk

Kaynak: PwC, (2021), a.g.e., s. 67

Sekil 19’da goriildiigii gibi 2018 yilinda 6zel tehlikeli atiklar iginde yiizde
44°liik pay ile tibbi atiklar 6ne ¢ikmakta, atik yaglar ise yiizde 29’luk pay ile ikinci si-
rada yer almaktadir. Sekil 20°de ise tehlikeli atiklarin isleme dagilimi yer almaktadir.
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Sekil 20. 2018 Y1l Tehlikeli Atiklarin Isleme Dagilimi (%)
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Kaynak: PwC, (2021), a.g.e., s. 69

2018 yilinda beyan edilen tehlikeli atigin yilizde 85°1 geri kazanilmak iizere atik
isleme tesislerine gonderilirken yiizde 13,3’l bertaraf edilmek {izere sterilizasyon,
diizenli depolama ve yakma tesislerine gonderilmistir. Tehlikeli atigin yiizde 1,2’si
tesislerde stok olarak tutulmus ve yiizde 0,601 ise ihrag¢ edilmistir.

3.2. EKONOMIK BOYUT

Biyokiitle enerji i¢in kullanildiginda, ya dogrudan kullanilir ya da ilk olarak
nakliye ve kullanim i¢in uygun bir forma doniistiiriiliir (odun peletleri ve yag gibi)
ve daha sonra tekrar 1s1 veya elektrik iiretimi i¢in kullanilabilir. Bitkilerde depola-
nan kimyasal enerji, yakma yoluyla dogrudan 1s1 olarak agiga cikarilabilir (bir motor
veya tiirbin yoluyla giice/elektrige doniistiiriilebilir) veya gesitli ara kimyasal ve enerji
iiriinlerine doniistlirtilerek pazarlanabilir.

Biyokiitleden 1s1 iiretimi, biyokiitlenin geleneksel enerji kullanimidir. Biyokiit-
lenin 1s1 i¢in yakilmasi, kat1 biyokiitleyi enerjiye doniistiirmenin en eski yolu olarak
bilinmektedir. Dogrudan 1s1 uygulamasi i¢in gazlastiricilarin kullanimi da yaygin ola-
rak kullanilmaktadir. Biyokiitle kaynaginin daha enerji verimli kullanimi igin bilyiik
6lgekli 1s1 uygulamalar1 genellikle kombine 1s1 ve gii¢ sistemlerinde elektrik iiretimi
ile birlestirilmektedir.

Kati, stvi ve gaz halindeki biyokiitle ve atik yakitlar halihazirda enerji sekto-
riinde 1s1 ve elektrik tiretmek i¢in kullanilmaktadir. Hammaddeler ve teknolojiler ¢ok
kapsamlidir; tarim ve ormancilik artiklarinin yakilmasi gibi olgun ve diisiik maliyetli
seceneklerin yani sira gazlastirma veya siki emisyon kontrollerine sahip belediye kati
atik iiretegleri gibi heniiz olgunlagmamig ve pahali segenekler de bulunmaktadir. Bun-
larla birlikte, biyokiitleden elektrik tiretimi ¢ogunlukla kombine 1s1 ve gii¢ sistemleri
araciligiyla saglanir.
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Biyokiitleden enerji tiretimi esnektir, degisken riizgar ve giines enerjisi payinin
yiiksek oldugu elektrik sebekelerindeki tiretimi dengelemeye yardimer olmaktadir.

Sekil 21. Yillara Gore Biyokiitle Kaynakl Is1 Uretimi (TJ)
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Kaynak: PwC, (2021), a.g.e., s. 61

Sekil 21°de goriildiigii gibi Tirkiye’de biiyiik 6lgiide biyogaz kullanimi ile 1s1
iiretimi yapilmakta son donemlerde ise endiistriyel atik ve kat1 biyoyakitlarin da kul-
lanildig1 goriilmektedir.

Sekil 22. 2019 Y1l1 Elektrik Uretiminde Biyokiitle Kurulu Gii¢ Dagilimi
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Kaynak: PwC, (2021), a.g.e., s. 60

2019 yilinda Tiirkiye’de biyokiitle kaynakli elektrik tiretimi 1.163 MW olur-
ken bunun kaynaklara gore dagilimi Sekil 22°de goriilmektedir. Elektrik tiretiminde
biyogazin yiizde 53°liik bir pay ile diger biyokiitle kaynaklarindan daha biiyiik bir
paya sahip oldugu tespit edilmistir.

46 PwC, (2021),a.g.e.,s. 79

30



YENILENEBILIR ENERJI KAYNAKLARI: BIlYOKUTLE

Tiirkiye’de 2016-2020 dénemi incelendiginde yenilenebilir enerji santralleri
yillik ortalama ¢alisma saatleri ile mevcut potansiyelinin altinda kullanilmistir. Buna
ragmen riizgar santralleri 2016-2020 doneminde ortalama yiizde 31,92 kapasite
ile ¢alisirken giines enerji santralleri yiizde 15,92, hidrolik enerji santralleri ylizde
28,36, biyokiitle santralleri yiizde 42,84 ve jeotermal santralleri yiizde 67,32°1ik bir
kapasite ile calismistir. S6z konusu 5 yillik donemde santrallerin ortalama galisma
saatleri Sekil 23’°te sunulmaktadir. Buna gore yenilenebilir enerji santrallerinin ¢alis-
ma saatleri karsilastirildiginda jeotermal santralleri ilk sirada yer alirken biyokiitle
santralleri ikinci sirada bulunmaktadir.

Sekil 23.2016-2020 Yillar1 Arasinda Yenilenebilir Enerji Santralleri Ortalama Caligma

Oranlart (%)
BO
70
60
50
A0
30
20
: udil 1
] l
Rilzgar Gines Hidrolik Joetermal Biyokitle

m2016 w2017 w2018 @m2019 m2020

Kaynak: TEIAS, (2021), Uretim Kapasite Projeksiyonu, 2021-2025, 5.30

Her ne kadar s6z konusu santraller kapasitelerinin altinda ¢alismis olsa da Tab-
lo 8’de goriildiigii gibi EPDK’nin 18.06.2020 tarihli kararina bakildiginda biyokiitle
santrallerinin y1llik ¢aligma saati 7500 ve kapasitesi yilizde 85 olarak kabul edilmek-
tedir.

Tablo 8. 2020 Y1l Santrallerin Azami Uretim Miktar1 ve Kapasitesi

Kaynak Yillik Caligma Saati Kapasite Faktorii (%)
Riizgar 4000 45
Giines 2000 22,8
Biyokiitle 7500 85
Jeotermal 8000 92

EPDK, (2020), 18.06.2020 Tarih ve 9395 Numarali Kurul Karar1
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Is1 ve elektrik tiretiminin yani sira biyokiitle kaynaklari karayolu tasimaciliginda
icten yanmali motoru olan binek araglar ve kamyonlar icin alternatif bir yakit olan,
cogunlukla biyoetanol ve biyodizel olmak tizere, sivi biyoyakitlara doniistiiriilebil-
mektedir. Her gegen giin fosil yakit enerji kaynaklarinin azalmasi ve enerji talebindeki
artis ile ortaya ¢ikan arz-talep dengesizligi, enerji fiyatlarmin yiikselmesinin arkasin-
daki faktorlerden biri olarak ortaya ¢ikmaktadir. Artan enerji fiyatlariyla daha gok
one cikan ve ulusal ekonomilerin biitgelerini olumsuz etkileyen petrol bagimligini
azaltmak icin biyoyakit kullanimi, Tiirkiye dahil birgok tilkede tesvik edilmektedir.
Bunun yani sira tilkelerin sera gazi salinimlarini azaltma taahhiitleri de, biyoyakitlarin
tesvik edilmesinin bir diger nedeni olarak goriilmektedir. Enerji sektoriinde kullani-
lan fosil yakitlarin sera gazi saliiminin yiizde 60’dan fazlasini olusturdugu dikkate
alindiginda, siirl olsa da fosil yakitlara alternatif olabilecegi diisiincesi ile biyoyakit
kullanimina olan ilginin daha da artacagi 6ngoriilebilir. Mevcut durumda 6zellikle
geligmis lilkelerde ulagim sektori agirlikli olmak iizere biyoyakit kullanimi yaygin-
lasmaktadir. Ulagim sektoriiniin kiiresel yakit kullanimindaki pay1 yaklasik yiizde
30’a karsilik gelirken bunun yiizde 99°u fosil yakitlardan karsilanmakta ve kiiresel
sera gazi emisyonunun yaklasik yiizde 21’ine sektdrde kullanilan fosil yakitlar neden
olmaktadir. Biyoyakitlarin agirlikli olarak tarimsal {irinlerden tiretilmesi bir baska de-
yisle yenilenebilir olmasi, tarimsal gelirlerde artis yaratabilme imkani, yeni istihdam
olanaklar1 yaratma potansiyeli ve fosil yakitlarla benzer kullanim etkinligi saglamasi
gibi avantajlar biyoyakit kullaniminin gelecekte daha da yayginlasacagina dair bek-
lenti olusturmaktadir?’.

Biyokiitle kullanimi ile ortaya ¢ikan ana iiriinler elektrik, 1s1 ve biyoyakit olmak
iizere ii¢ baglikta incelenebilmektedir. Ana iirtinlere ek olarak, biyokiitlenin enerjiye
cevrim iglemleri sirasinda olusan yan iiriinler de pazarlanip satilarak gelir kaynagi
olusturabilmekte veya tekrar bir isleme dahil edilerek farkli ¢iktilarin Giretiminde kul-
lanilabilmektedir. Genel olarak karbon bazli olan bu yan triinler arasinda organik
giibre, biyokdmiir ve kiil gibi olduk¢a degerli iiriinler bulunmaktadir. Elde edilen di-
ger iriinler arasinda cesitli kullanim alanlar1 bulunan, gliserin, seliiloz elyaf, karbonlu
malzeme, biyoplastik ve furfural gibi iriinler de bulunmaktadir*.

Biyokiitle yan trlinleri pazarlamasi agisindan 6nemli kisitlar ile kars1 karsiya
olmakla birlikte biyokiitle santralleri i¢in 6nemli bir potansiyel gelir kaynagit olarak
goriilmektedir. Santrallerin elektrik ve 1s1 iiretimini gerceklestirirken elde edecegi bu
yan iriinleri degerlendirmesi potansiyelinin altinda elektrik {iretimi yapan isletmeler
acisindan oldukga stratejik bir firsat olarak degerlendirilmektedir. Tablo 9’da potansi-
yel yan tiriinlere yer verilmektedir.

47 Rajagopal, D. ve Zilberman, D. (2007). Review of Environmental, Economic and Policy Aspects of
Bio-fuels. World Bank Policy Research Working Paper, WPS4341, s.7-8.
48 PwC, (2021),a.g.e., s. 85
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Tablo 9. Biyokiitle Yan Uriinleri ve Kullanim Alanlari

Yan tiriin Olusumu ve Kullanim Alanlari
Biyokiitlenin yakilmast ile olusan atik kiil giibre olarak toprak 1slahi, ¢cimento ham-
Kiil maddesi, ¢imento ve beton dolgu maddeleri ve yeralti madenciligi gibi alanlarda kul-
lanilmaktadir

Ozellikle hayvansal atiklarin anaerobik ciiriime islemi sonucunda olusan organik

Organik Giibre giibre tarimin yan1 sira saksi yetistiriciliginde de kullanilmaktadir.

Biyokiitle piroliz islemi sonucunda yanici gazlar ve yaglarin yani sira biyokdmiir
Biyokomiir iiretmektedir. Biyokdmiir, enerji kaynagi olarak veya toprak 1slahi i¢in katki maddesi
olarak kullanilabilmektedir.

Transesterifikasyon yontemi ile biyodizel olusturma islemi sirasinda yan {iriin olarak
Gliserin ortaya ¢ikan gliserin, 6zellikle gida ve kozmetik sektdrlerinde yaygin olarak kulla-
nilmaktadir.

Biyoplastikler; seker kamisi ve misir gibi biyokiitle kaylarindan olusmakta ve giinii-
Biyoplastik miizde paketleme, tarim, ¢igekgilik, kompost posetleri ve biyomedikal gibi birgok
sektorde kullanilmaktadir.

Bugday samani, piring samani, musir saplari gibi biyokiitle kaynaklarinin kullanimi
Seliiloz Elyafi sonucunda olusan selilloz elyaflar: tekstil, kagit ve kagit hamuru gibi cesitli sektor-
lerde kullanilmaktadir.

Kaynak: PwC, (2021), a.g.e., s. 85

Yenilenebilir enerji sektoriinde kiiresel istthdam 2018 yili itibari ile 10,98 mil-
yon kisiye ulagsmistir. Bu istihdamin enerji tiirlerine gore dagilimina Sekil 24’te yer
verilmektedir.

Sekil 24. 2018 Yil1 Yenilenebilir Enerji Sektérlerinde Kiiresel Istihdam Dagilimi (%)

Hidrolik
19%

Biyoenerji
29%

Giines PV
33%

Kaynak: IRENA, (2019), Renewable Energy and Jobs, Annual Report 2019, www.irena.org,
Erigim Tarihi 13.04.2022, s.7.

Toplam igindeki ylizde 29°luk pay ile biyoenerji sektorii biyoyakitlar, biyokiitle
ve biyogaz sektorlerini kapsamakta ve 3,2 milyon kisilik bir istthdama karsilik gel-
mektedir. S6z konusu bu istihdamin dagilimi ise Sekil 25°te gosterilmektedir.
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Sekil 25. 2018 Y1l1 Biyoenerji Sektoriindeki Kiiresel istihdamin Dagilimi

0,70 0,64

0,60

0,50

0,40

0,30 0,24

0,20

0,10
0,10
0,00
S Biyoyskitlar Kati Biyokiitle Biyog= Kentsal ve Endlstriyel
Atiklar

Kaynak: IRENA, (2019), Renewable Energy and Jobs, Annual Report 2019, www.irena.org,
Erigim Tarihi 13.04.2022, s.14.

S1v1 biyoyakitlar sektdriinde ¢alisanlar digerlerine kiyasla daha ytiksek sayida
yer almakta, toplamda 2.063 bin kisi istthdam edilmektedir. Kat1 Biyokiitle, Biyogaz
ve Kentsel/endiistriyel atik sektorlerinde ise toplam 1.162 bin kisi istihdam edilmek-
tedir.

Sekil 26. 2018 Y1l1 Tiirkiye’de Biyoenerji Sektoriindeki Istihdam Dagilimi

0.7 0,65
0,6
0,5
0,4
> 0,21
0,2 0,15
0

Sn Biyoyakitlar Byoga Kentsel ve Endustriyel Atiklar

Kaynak: PwC, (2021), a.g.e., s. 86

Sekil 26°da goriildigii gibi Tiirkiye’de biyoener;ji sektoriindeki 3.400 kisi olarak
goziiken istthdamin dagiliminda yiizde 65 ile kentsel ve endiistriyel atik sektorii ilk
sirada yer almaktadir.

Biyokiitle potansiyelinin etkili ve yaygin bir sekilde kullanilmasi, biyokiitlenin
kullanimryla ortaya ¢ikan enerjinin elektrik, 1s1 ve yakiti olarak kullanilmast iilke eko-
nomisine dnemli bir katki saglamaktadir. Biyoenerji gelisiminin gelir yaratma, istih-
dam arttirma ve bolgesel ekonomileri giiglendirme gibi yerel konularla birlikte; ticaret
dengesi ve giivenli enerji arzi gibi ulusal konularda da 6nemli etkisi bulunmaktadir®.

49 PwC, (2021), a.g.c., s. 86
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3.3. SOSYAL BOYUT

Yenilenebilir enerji kaynaklarinin kullanimimin yayginlasmasini engelleyen en
onemli engellerden biri “sosyal kabul” olarak tanimlanmaktadir. Sosyal kabul ye-
nilenebilir enerji iiretimin kapasitesinin artirilmasini engelleyen teknik olmayan bir
bariyerdir.

Sosyal kabulu etkileyen elementler sunlardir:

Farkindalik: Insanlarin temiz enerji teknolojilerine yénelik kabuliinii etkileyen
ana faktor olan farkindalik; bilgi, tecriibe, sosyal sorumluluk ve ¢evresel bilincini
tanimlamaktadir. S6z konusu farkindalik 6zellikle iklim degisikligi ve temiz enerji
teknolojileri konusundaki bilgiyi ve bilingliligi ifade etmektedir.

Aciklik/Tarafsizlik: Sitirecteki konularin net ve agik olmasi, toplumun ve ilgili
kisilerin karar verme siirecine dahil olmasi ve karar vericilerin bu dahiliyeti g6z dniine
almas1 temiz enerji teknolojilerinin toplum tarafindan kabul edilmesini kolaylastir-
maktadir.

Maliyet, risk ve faydalarin degerlendirilmesi: Bir temiz teknolojinin sosyal ka-
bulii maliyetlerin, faydalarin ve potansiyel risklerin degerlendirilmesi ile iligkilidir.
S6z konusu degerlendirme ya toplumun bilgi diizeyinin bir sonucudur ya da proje
gelistiricilerin, hiikiimetin ya da ilgili bir grubun degerlendirmesi temelinde olugmak-
tadir.

Yerel sartlar: Genel olarak toplumun temiz enerji teknolojilerine yonelik tutum-
lar1 pozitif olurken, bireysel projeler ya da politikalar siirekli olarak yerel toplumun
direnisi ile karsilasmaktadir. Yerel kaygilar ve sartlara bagl olarak yatirimlara yone-
lik tepkiler s6z konusu olabilmektedir.

Giiven: Giiven faktorii, karar vericilere ve diger paydaslara olan giiveni ifade
eder. Giiven faktorii, dikkate alinmasi gereken baglayici bir konu olarak ele alinan ve
diger tiim elementlerin iizerinde etkisi olan faktor olarak goriilmektedir®.

Yenilenebilir enerji teknolojilerine iliskin toplumsal kabul birbirlerine bagli tig
boyut ile agiklanmaktadir. Bunlar; sosyo-politik kabul, yerel kabul ve piyasa kabulii-
diir. Burada teknolojilerin ve politikalarin kamu, ana paydaslar ve karar vericiler ta-
rafindan benimsenmesi sosyo-politik kabule; yenilenebilir enerji projelerinin ve yer-
lestirme kararlarinin yerel paydaslarca, 6zellikle de yore sakinleri ve yerel otoritelerce
onaylanmasi yerel kabule ve yeniliklerin tiiketiciler ve yatirimeilar tarafindan kabuli
ise piyasa boyutuna karsilik gelmektedir®.

50 Arslan, F. ve A. Uzun, (2017), Yenilenebilir Enerji Yatirnmlarmin Sosyal Kabul Boyutu, Dumlupinar
Universitesi Sosyal Bilimler Dergisi, Say1 51, Ocak, s. 105-106.

51 Peker, Z. (2013), Yenilenebilir Enerji Girisimlerinin Sosyal Boyutu, Dokuz Eyliil Universitesi Sosyal
Bilimler Enstitiisii Dergisi, Cilt: 15, Say1: 4, s.664-665.
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Sekil 27. Biyokiitle Enerji Uretiminde Sosyal Etkilere Genel Bakis

Yeni Piyasalar, Milli Gida Fiyatlarinda

I 1

Yeni Uretim Siiregleri

Hanehalki Beslenme
Gelirlerinde —»| Aliskanliklarinda
Degisim Degisim

Kaynak: Hasenheit, v.d. (2016)

Sekil 27°de biyokiitle enerjisinin yaratacag sosyal etkiler ana hatlari ile veril-
mektedir. Bu sekile bakarak biyokiitle enerjisinden tiim toplum kesimlerinin yararla-
nabilecegini sdylemek miimkiin géziikmemektedir. Buradaki degisimlere yeterince
uyum saglayamayanlar veya yeni firsatlara erisemeyenler i¢in elbette bir direng s6z
konusu olacaktir. Dolayisiyla sosyal kabuliin kolaylastirilmasina katki saglamasi ba-
kimindan biyokiitle enerjisinin faydalarinin daha fazla 6ne ¢ikarilmasinda yarar bu-
lunmaktadir. Biyokiitle enerjisinin sosyal faydalar: su sekilde siralanabilir;

Yanan fosil yakitlar atmosfere astim, kanser ve solunum sorunlarina neden
olabilecek kiikiirt dioksit, civa ve partikiil madde salmaktadir. Biyokiitle
enerjisi ise fosil yakitlara kiyasla daha az zararl1 yan tirtinler yaymakta, bu da
daha temiz hava ve daha saglikli insanlar anlamina gelmektedir.

Biyoyakait, atil kalan arazilerde biyokiitle materyali yetistirme firsati saglaya-
rak kirsal ekonomileri iyilestirebilir.

Biyoyakit iiretmek icin gerekli malzemeleri toplamak ve islemek i¢in ilave
istihdam firsati yaratabilir.

Artan istihdam sonucu ortaya ¢ikan gelir artis1 kir ve kent arasindaki gelir
esitsizligini azaltabilir.

Biyokiitle yenilenebilir bir enerji kaynagi oldugundan, enerji saglayicilar ver-
gi indirimi veya tesvik alabilirler.

Yeterli biyokiitle kaynaklarina sahip iilkeler, fosil yakitlara bagimliliklarini
azaltarak yerel ekonomilerini kalkindirabilir.

Artan biyokiitle enerji kullanimi1 orman yanginlarini azaltabilir®.

52 https://www.bioenergyconsult.com/tag/social-benefits-of-biomass-energy/, Erisim Tarihi 13.04.2022
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4. BIYOKUTLE CEVRIM TEKNOLOJIiLERIi

Biyokiitle enerjisi ¢evrim yontemleri termokimyasal, biyokimyasal ve fiziko-
kimyasal olarak 3 temel gruba ayrilmaktadir.

Termokimyasal Doniisiim

Karbonizasyon; Organik maddelerin havasiz ortamda yiiksek sicakliklarda 1siti-
larak ugucu bilesenlerinin uzaklastiritlmasi sonucunda karbon igerigi ¢ok yiiksek kati
bir {iriin elde edilmesidir.

Piroliz; Odun ve orman atiklari gibi organik katt maddelerin, oksijensiz ortamda
yluksek sicaklilarda 1sitilmasi ile olugmaktadir. Bu islem sonucunda kati, sivi ve gaz
ciktilar meydana gelmektedir.

Gazlastirma; Bu yontemde, karbon igerikli biyokiitle, ¢ok yiiksek sicakliklarda
kismi oksijenli ortamda bozunmakta ve iglem sonucunda yanabilir gaz elde edilmek-
tedir. Uretilen gaz sonrasinda cesitli uygulamalar ile birlikte dogal gaz gibi kullanila-
bilmektedir.

Fizikokimyasal Cevrim

Transesterifikasyon/Esterlestirme; Bu ¢evrim yonteminde bitkisel ve hayvan-
sal yaglar kullanilarak biyodizel (yag asidi esterleri) ve gliserin elde edilmektedir.
Esterlesme ile birlikte yaglar, arag motorlar1 ve yakit sistemleri i¢in uygun yakitlara
donistiirilmektedir.

Biyokimyasal Doniisiim

Havasiz(Anaerobik) Ciirlitme; Oksijensiz ortamda yasayabilen mikroorganiz-
malarin organik maddeleri ¢iiriitmesi islemini kapsamaktadir. Bu islem, biyokiitlenin
metan ve karbondioksite dontistiiriilmesi olarak da ifade edilmektedir.

Fermantasyon: Bu islemde organik maddenin igerisinde bulunan nisasta, 1s1 kul-
lanilarak sekere doniistiiriillmektir. Ortaya ¢ikan sekerin mayalanmasi sonucunda ise
etanol elde edilmektedir®.

Sekil 28’de biyokiitle enerjisi cevrim yontemleri ve elde edilen tiriinler 6zetlen-
mistir. Biyokiitleden biyoyakit iiretimine yonelik farkli prosesler mevcuttur. Her bir
proses; kullanilan hammadde ve elde edilmek istenilen son iiriiniin niteligine gore be-
lirlenmekte, proses kosullar1 bu parametreler géz oniine alinarak olugturulmaktadir®.

53 PwC, (2021),a.g.e.,s. 31
54 TUBA, (2022), TUBA Biyokiitle Enerjisi Raporu, Ed. M.H. Alma, Ankara, s.34
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Sekil 28. Biyokiitle Cevrim Teknolojileri

BiYOKUTLE
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Kaynak: TUBA, (2022), TUBA Biyokiitle Enerjisi Raporu, Ed. M.H. Alma, Ankara, .34
5. BIYOKUTLE KAYNAKLARI VE RiSKLER

Biyokiitle kaynaklari, genel olarak hayvansal atiklar, bitkisel atiklar, kentsel
atiklar ve endiistriyel atiklar ile ormansal atiklar olarak siniflandirilabilmektedir. Buna
ek olarak biyokiitlenin birincil, ikincil ve tigiinciil kaynaklardan elde edilebilen farkli
tiirleri bulunmaktadir. Birincil biyokiitle kaynaklar: enerji tiretimi igin bitki yetisti-
riciligini kapsamakta ve yetistirilen bu bitkiler i¢in baska bir kullanim &ngoriilme-
mektedir. Birincil kaynaklar genel olarak plantasyon agaglari (6rnegin, okaliptiis) gibi
odunsu biyokiitleleri ve enerji otu veya tahillari gibi otsu biyokiitleleri kapsamaktadir.
Ikincil biyokiitle kaynaklari enerji {iretimi igin kullanilan yan iiriinleri ifade etmekte-
dir. Hasat edilen ana iiriin (6rnegin gida ve yem igin tahil) enerji tiretimi i¢in kulla-
nilmazken herhangi bir artik (saman, kabuk gibi) kullanilmaktadir. Benzer sekilde,
odunsu biyokiitle i¢in de ana iiriin enerji iretimi i¢in kullanilmazken (6rnegin, odun
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kagit tiretiminde kullanilabilir veya kalas olarak hasat edilebilir) odunun yan iiriinleri
enerji {iretimi igin kullanilmaktadir. Ugiinciil biyokiitle kaynaklar1 émriinii tamam-
lamis kaynaklar olan her tiirlii ati§1 kapsamaktadir. Bu atiklar; ormansal, hayvansal,
tarimsal, kentsel ve endiistriyel atiklar olarak siniflandirilabilmektedir. Biyokiitle tii-
riiniin siniflandirilmasinda temel olarak biyokiitle veya hammaddenin alternatif kulla-
nimi dikkate alinmaktadir®.

Sekil 29. Hayvansal Atiklarin Enerji Esdegerinin illere Gére Dagilimi (TEP/Y1l)
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Kaynak: https://bepa.enerji.gov.tr/

Sekil 29°da Tiirkiye’deki hayvansal atiklarin enerji esdegerinin illere gore da-
gilim1 yer almaktadir. Bu kapsamda 20 ilde hayvansal atiklarin enerji esdegerinin
yiiksek oldugu goriilmektedir. S6z konusu bu iller ise agirlikli olarak Ege, Marmara,
I¢ Anadolu ve Akdeniz bolgesinde yer almakta ve toplam enerji esdegerinin yiizde
75’1 kanatli hayvanlarin atiklarindan elde edilmektedir.

55 PwC, (2021), a.g.e., s.72.
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Sekil 30 Bitkisel Enerji Esdegerinin [llere Gore Dagilimi (TEP/Y1l)

GURCISTAN
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Kaynak: https://bepa.enerji.gov.tr/

Cesitli tarimsal iirtinlerin (misir, bugday, pamuk, seker kamisi, vb.) gida i¢in kul-
lanilan kisimlarinin hasadindan sonra kalan artik ve atiklari kapsamaktadir. Tarimsal
atiklar bitki yapraklari, kabuklari, kokleri ve govdelerini de igermektedir. Misir hasat
edildiginde enerjiye donistiiriilebilen biyokiitle, kocan seklinde tarlada kalmaktadir.
Benzer sekilde, bugday, pamuk, soya, bezelye, seker kamisi, zeytin, ceviz gibi tarim-
sal lirinlerin hasatlart sonucunda da biyokiitle kaynagi olarak kullanilabilecek kabuk,
¢ekirdek ve lifler ortaya ¢ikarmaktadir. Mevcut tarimsal uygulamalarda genellikle bu
kalintilar topraga geri siirtilmekte, yakilmakta veya c¢lirimeye birakilmaktadir. Bu ka-
lintilar, ¢esitli cevrim yontemleri ile elektrik ve 1s1 iretmek igin kullanilabilmektedir.
Ek olarak, biyoyakita doniistiiriilmek {izere nisasta, seker veya yag kullanilmasi i¢in
yetistirilen tarimsal iiriinler de mevcuttur. Diinya capinda her yil 6nemli miktarlarda
mahsul kalintist tiretilmektedir. Tarimsal kalintilarin biyokiitle kaynagi olarak kulla-
nilmasinin bir avantaji, gida mahsulleri ile birlikte yetistirildikleri i¢in ek arazi kulla-
nimina ihtiya¢ duyulmamasidir®,

Sekil 30°da goriildiigii gibi bitkisel enerji esdegeri dagilimda 15 il 6ne ¢ikmak-
tadir. Bu iller I¢ Anadolu, Giineydogu Anadolu, Ege, Akdeniz ve Trakya bolgelerine
dagilmakta ve bitkisel enerji esdegerinin ylizde 77’si tarla bitkilerinin atiklarindan
elde edilmektedir.

56 PwC, (2021), a.g.e., s.73.
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Sekil 31°de ise belediye atiklarinin enerji esdegerleri yer almaktadir. Yine 15
ilde yogunlasan bu kaynaklarn dagilimima bakildiginda Istanbul basta olmak iizere
Ankara, Izmir ve Bursa 6ne ¢ikmaktadir. Bu kapsamda degerlendirildiginde biyo-
metanizasyon kaynakl enerji esdegeri yiizde 14 iken yakma yoluyla enerji esdegeri
yiizde 86 olarak hesaplanmaktadir.

Sekil 31. Belediye Atiklar Enerji Esdegerinin illere Gére Dagilimi (TEP/Y1l)
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Kaynak: https://bepa.enerji.gov.tr/
Belediye atiklar1 olarak iki kisma ayrilmaktadir. Bunlar;

Endiistriyel atiklar: Gida sektdrii biyokiitle enerji kaynagi olarak kullanilabile-
cek ¢ok sayida kalinti ve yan iriin iiretmektedir. Kati atiklar; meyve ve sebze artiklart,
kalite kontrol standartlarini karsilamayan gida tiriinleri, seker ve nisasta ekstraksiyo-
nundan elde edilen posa ve lifler, kahve telvesi gibi tirlinleri igermektedir. Bu atiklar
genel olarak ¢op sahalarinda toplanmaktadir. Stv1 atiklar; et, meyve ve sebzelerin yi-
kanmasi, kiimes hayvanlarimin ve baliklarin pisirilmesi ve temizlenmesi gibi igslemler
sonucunda olugmaktadir. Olusan atik sular; seker ve nisasta gibi organik maddeler
icermekte ve enerji tiretimi i¢in kullanilabilmektedir. Kagit endiistrisi ise yiiksek de-
recede enerji ve su tiikketmekte olup iiretim sonrasinda heterojen yapida atik su birak-
maktadir. Birakilan atik su, siv1 biyokiitle kaynagi olarak kullanilabilmektedir.

Kentsel atiklar: Cope atilan veya geri doniisiime gonderilen atiklart kapsamakta-
dir. Ozellikle kagt, karton ve atilmis gida iiriinleri gibi kentsel kat1 atiklar, biyokiitle
hammaddesi i¢in 6nemli kaynaklardir. Bununla birlikte, baz1 kentsel atiklarin (6zel-
likle metal ve plastik atiklar) biyokiitle kaynagi olarak kullanimi uygun degildir. Her
y1l milyonlarca ton evsel atik toplanmakta ve ¢ogunlukla agik sahalarda bertaraf edil-
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mektedir. Kentsel kat1 atiklar, ¢esitli gevrim yontemleriyle enerjiye doniistiiriilmekte
depolama sahalarinda iiretilen gaz 1s1 ve elektrik tiretimi i¢in kullanilmaktadir. Aritma
camuru, hayvansal atiklara benzer bir enerji kaynagi olarak biyogaz tiretiminde kul-
lanilmaktadir®’.

Birgok iilke bugiin kendi ekolojik kosullarina gére en uygun ve en ekonomik
tarimsal tirlinlerden alternatif enerji kaynagi saglamaktadirlar. Tiirkiye de bu potansi-
yeli ile, ekolojik yapiya sahip tilkeler arasindadir. Tiirkiye’de enerji ormanciligi yo-
niinden ekonomik degeri yiiksek ve hizli biiyiiyen yerli agac tiirleri arasinda, akkavak,
titrek kavak, kizilagac, kizilgam, mese, disbudak, fistik cami, karagam, sedir ve servi
agaclarin1 saymak miimkiindiir. Tiirkiye ortaminda yetisecek yabanci kdkenli agag-
lar arasinda ise okoliptiis, papulus euramericana, pinus pinaster, acacia cynophilla
gibi tlirleri saymak miimkiindiir. Burada kavak, sogiit gibi olduk¢a fazla su isteyen

agaclarin yani sira, olduke¢a kurak alanlarda yetisebilecek agaclara da dnem verilmesi
gerekmektedir®.

Tiirkiye’deki ormanlarda Orman Genel Miidiirliigii’niin yakacak odun tiretimi
disinda; ormanlarin 1slahi, bakim1 ve hasat sonucu olusan {iretim artiklart, orman yan-
ginlar1 agisindan tehlike olusturan odunsu malzemeler ve bozuk baltalik ormanlarin
belli bir dl¢iide iyilestirilerek verimli hale doniistiiriilmesiyle elde edilecek emval;
kirsal kesimde yakacak olarak degerlendirilen odunlar ve 6zellikle Karadeniz Bolge-
sinde yaygin olan Siiceyrat odun olmak iizere, yillik kabaca 5 milyon tonluk odunsu
biyokiitle potansiyeli oldugu tahmin edilmektedir. En biiyiik potansiyel ormancilik
faaliyetlerinin yogun oldugu bat1 ve giiney kisimlarda 6zellikle Akdeniz Bdlgesi’nde
yer almaktadir®.

Sekil 32’de Tiirkiye’deki orman atiklarinin enerji esdegerinin bdlgelere gore
dagilimi verilmektedir. Kastamonu, Adapazari, Balikesir, Denizli, Antalya ve Adana
bolge midiirliklerinin gérev sahasi i¢inde yer alan 7 bolgede orman atiklarinin enerji
esdegerinin yogunlastigi goriilmektedir.

57 PwC, (2021), a.g.e., s.73.
58 TUBA, (2022), a.g.c., 5.109.
59 TUBA, (2022), a.g.e., s.115.
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Sekil 32. Orman Atiklar1 Enerji Esdegerinin Bolgelere Gore Dagilimi (TEP/Y1l)
GURCISTAN
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Kaynak: https://bepa.enerji.gov.tr/

Biyokiitle kaynaklart her ne kadar ¢ok ¢esitli goziikse de iiretim siirecine dahil
edilirken farkl: risklerde barindirmakta ve bu risklerin 6ngériilebilir seviyelere diisii-
rilmesi sektordeki yatirimlar i¢in 6nem arz etmektedir. Karsilasilan risklerin bir kismi
su sekilde siralanabilir;

Uriin yetistirme riskleri: Biyokiitle sektdriiniin, gida ve ormancilik sektorleriyle
paylastig1 temel risk, tiretime iligkin risklerdir. Biyoyakit {iretimi i¢in bu riskler dog-
rudan mahsul iretimi ile ilgiliyken, biyoisi ve biyoenerji i¢in bu riskler genellikle
orman ve odun endiistrisinden gelen atiklarin tedarikleriyle ilgilidir. Diger taraftan,
kuraklik ve hava ile ilgili diger etmenler, yangin ve zararli canlilar (bocekler, bitki
hastaliklar1 ve omurgalilar gibi) biyokiitle hammaddelerinin kullanilabilirligini azal-
tabilmektedir. Bu riskler, uygun planlama ve yonetim ile azaltilsa da tamamen ortadan
kaldirilamamaktadir. Daha uzun vadeli riskler ise, iklim degisikliginin etkileriyle or-
taya ¢ikan belirsizlikleri igermektedir. Artan sicakliklar ve degisen yagmur trendleri,
diinyanin farkli bolgelerinde belirli mahsullerin tiretimini etkilemektedir. Ek olarak,
yanlis sulama uygulamalar1 veya mahsul kalintilar1 giderilirken yapilan hatalar nede-
niyle toprak ve su bozulmasi da tiretkenligi ciddi sekilde etkileyebilir.

Tedarik riskleri: Hammadde tedarikinde piyasa ihtiyaglarinin, kalitenin ve fiya-
tin giivence altina alinmasi 6nem tasimakla birlikte, farkli biyoenerji hammaddeleri
icin farkli zorluklar bulunmaktadir. Geleneksek biyokiitle kullaniminda gida ve or-
mancilik sektorleri ile yasanan rekabet, arz-talep dengelerini ve hammadde fiyatlarini
etkileyerek risk olusturmaktadir. Enerji icin 6zel bitki yetistiriciligi de birtakim en-
gellerle karsi1 karsiyadir. Bu biyokiitle kaynaklarinin biyiik bir cogunlugu igin teknik,
ticari, politik, ekonomik ve kiiltiirel engeller bulunmaktadir. Cesitli kavak ve kamis
tiretiminde kullanilan teknolojiler dogrudan kullanilabilirken odunsu iriinler 6zel ta-
rim ve ormancilik ekipmanlar1 gerektirmektedir. Biyokiitle artiklart orman ve tarim
enddistrilerinin yan iirtinleridir. Bu tirlinler iiretimdeki degisimlerden etkilendigi i¢in
biyokiitle artiklarinin mevcudiyetini tahmin etmek ve gilivence altina almak zordur.
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Hammadde Degiskenligi: Biyoenerji ¢evrim yontemlerinin bircogu hammadde
kalitesindeki ve nem igerigindeki degisikliklere karsi ¢ok esnek degildir. Bu durum,
iiretim performansini, giivenilirligini ve dolayisiyla ekonomisini etkilemektedir.

Hammadde kullanimi: Kati biyokiitle hammaddesinin diisiik yogunlukta ve ¢e-
sitli yapilarda bulunmasi, teknik olarak islenmesini ve depolanmasini zorlastirmakta-
dir. Kazan besleme sistemlerinin giivenilirligi 6zellikle basing altinda calisan gazlas-
tirma tiniteleri i¢in 6nemli sorunlardan biridir.

Zehirli emisyonlar: Zehirli emisyonlar konusunda gittik¢e artan sinirlamalari
ve standartlar1 kargilamak i¢in baca gazi temizligi ve daha fazla Ar-Ge faaliyeti ge-
rekmektedir. Bu, daha basit ve uygun fiyatli ¢oziimlere ihtiya¢ duyan kiigiik 6lgekli
tesisler i¢in 6zellikle 6nem tasimaktadir.

Teknolojilerin Ticarilestirilmesi: Yetersiz kaynak mevcudiyeti, dagitim ve lojis-
tik konularindaki zorluklar nedeniyle hammaddelerin biiyiik tesislere taginmasi ko-
nularinda riskler bulunmaktadir. Bu risklerin giderilmesi, gelismis ekonomiye sahip
da iyilestirmeler gerektirmektedir®.

6. TURKIYE’DE BiYOKUTLE YATIRIMLARI VE RiSKLER

Biyoenerji sektoriindeki isletmeler alternatif enerji kaynaklarmim kullanildig:
bir sektorde rekabet etmektedir. Biyoenerji kaynaklar1 diger yenilenebilir enerji kay-
naklarina kiyasla bazi avantajlara sahip olmakla birlikte fosil yakitlara gére halen
daha yiiksek maliyetle kullanilmaktadir ve ¢esitli destekler olmadig: takdirde rekabet
giicti diisiik kalmaktadir. Yiiksek maliyetlerin ilk sirasinda hammadde maliyetleri yer
alirken altyapi, alternatif kaynaklarin maliyeti ve diizenleyici tedbirlerin getirdigi ek
maliyetler biyoenerji sektoriinii olumsuz etkileyebilmektedir.

Istikrarli ve destekleyici bir politika ortami biyokiitlenin farkli uygulamalarda
gelistirilebilmesi i¢in biliylik 6nem tagimaktadir. Benzer sekilde, planlama, diizenleme
ve emisyon standartlart gibi diizenleyici konularda netlik ve 6ngoriiye ihtiyag du-
yulmaktadir. Bunlara ek olarak hammadde mevcudiyeti ve fiyati gibi g¢esitli riskler
yatirimcilar i¢in 6nemli bir endise kaynagi olusturmaktadir. Hammadde maliyetleri,
biyoenerji iiretim maliyetlerinin biiyiik bir boliimii olusturdugu igin, biyokiitle proje-
lerinin belirsizliklerinin ortadan kaldirilmasi i¢in, uzun vadeli tedarik sdzlesmelerinin
saglanmasi fayda saglayabilmektedir. Hammadde degiskenligi ve bunlarin gevrim
yontemleri {izerindeki etkisi yatirimeilarin giivenini etkilemektedir. Ote yandan, ham-
madde ve teknoloji segenceklerinin gesitliligi yatirim kararlarina karmasa katmaktadir.
Biyokiitlenin gida ve ormancilik gibi diger sektorlerle etkilesimi ve bunlari etkileyen
politikalar da bir risk kaynag1 olmakla birlikte biyoenerji sektoriintin gelecekteki ge-
lisimine daha fazla belirsizlik getirmektedir®'.

60 PwC, (2021), a.g.e., s.74.
61 PwC, (2021), a.g.e., s.75.
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Sekil 33. Biyodizel Ureten Firmalarin Dagilimi

GURCISTAN

Kaynak: https://bepa.enerji.gov.tr/

Sekil 34. Biyoetanol Ureten Firmalarin Dagilim

GORCISTAN

Kaynak: https://bepa.enerji.gov.tr/

Tiirkiye’de biyodizel tiretimi, yilda 244.225 ton olarak rapor edilmistir. Biyodi-
zel Uretiminin gergeklestirildigi trtinler, pamuk yag1 (ylizde 32), atik bitkisel yaglar
(ytizde 30), kanola yag (yiizde 26), diger yaglar (yiizde 8) ve aspir yag1 (yiizde 4)
seklinde siralanmaktadir. Sekil 33’te goriildiigii gibi biyodizel iiretiminin ger¢ekles-
tirildigi toplam 5 tesis bulunmaktadir. Yine Sekil 34’te goriilecegi tizere Tiirkiye’de
Tezkim Tarimsal Kimya San. ve Tic. A.S., Tarimsal Kimya Teknolojileri San. ve Tic.
A.S., Konya Seker San. ve Tic. A.S. Cumra Biyoetanol Tesisi Subesi ve Tiirkiye Se-
ker Fabrikalar1 A.S. Eskisehir Seker Fabrikasi olmak tizere 4 firma bes farkli ilde
faaliyet gostermektedir. Sivi biyoyakitlarin araglarda kullanimina iliskin 30098 say1
ve 16.06.2017 tarihli Resmi Gazete’de yayimlanan “Benzin Tiirlerine Etanol Har-

manlanmas1 Hakkinda Teblig” kapsaminda; “....benzin tiirlerinin toplamina, en az
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yiizde 3 (V/V), oraninda yerli tarim {iriinlerinden iretilmis etanoliin harmanlanmig
olmast zorunludur.” ibaresi yer almaktadir. Ayni zamanda, “Motorin Tiirlerine Biodi-
zel Harmanlanmas1 Hakkinda Teblig” kapsaminda ise; “....motorininin toplamina, en
az ylizde 0,5 (V/V) oraninda yerli tarim iiriinlerinden ve/veya bitkisel atik yaglardan

iretilmis biodizelin harmanlanmis olmasi zorunludur.” agiklamasi bulunmaktadir®,

Sekil 35. Biyokiitle Kaynakl Lisanssiz Elektrik Ureten Firmalarin illere Gére Dagilimi (kWe)

- GURCISTAN
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Kaynak: https://bepa.enerji.gov.tr/

Sekil 35°te goriildiigii iizere Tiirkiye’de agirlikli olarak kiigiik 6lgekli olmakla
birlikte 22 ilde biyokiitle kaynakli lisanssiz elektrik tireten firmalar bulunmaktadir.
Geriye kalan iller dikkate alindiginda bu alanda 6nemli bir potansiyel oldugu diist-
niilmektedir.

62 TUBA, (2022), a.g.e., s.112.
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Sekil 36. Biyokiitle Kaynakli Lisansli Elektrik Ureten Firmalarim illere Gére Dagilimi (MWe)

GURCISTAN

Potl

Kaynak: https://bepa.enerji.gov.tr/

Sekil 36’da ise biyokiitle kaynakli lisansl elektrik tiretimi yapan firmalarin il-
lere gore dagilimi yer almaktadir. Kurulu kapasite bakimindan sektorde ciddi dl¢ii-
de faaliyet gosteren bu firmalarin 11 ilde yogunlastig1 ve biiyiiksehirler basta olmak
iizere toplamda 58 ilde yer aldiklar1 goriilmektedir. Cop gazi ve belediye atiklarindan
elektrik tiretimi yapan bu firmalarin sektérde 6nemli oyuncular olarak yer aldigi soy-
lenebilir.

6.1. TURKIYE’DE BiYOKUTLE SEKTORUNDE REKABET

Tablo 10. 2021 Yilinda Biyokiitle Sektoriinde Onde Gelen Firmalarmn Lisansh Kapasiteleri

(MWe)
Firmalar Lisansh Kapasite
ITC Tiirkiye 143
Biotrend 118
Oltan ve Koleoglu 99
ISTAC 90
Ortadogu Enerji 88
Beintag 63
Giilsan Holding 61
Istanbul Enerji 52
Bemka Enerji 45
Panab Enerji 44
Global Yatirim Holding 41
Mutlular Enerji 41
Eren Holding 34
Era Cevre Teknolojileri 28
Arel Enerji 25

Kaynak: PwC, (2021), a.g.e., s.102.
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Tiirkiye’de biyokiitle sektoriinde faaliyet gosteren en biiyiik 15 sirket, toplam
lisansli kurulu giiciin yarisindan fazlasini olustururken, Tablo 10°da gorildigi gibi
Subat 2021 itibariyle lisanshi kurulu gii¢ bakimindan en biiytik sirketler ITC Tirkiye,
Biotrend ve Oltan Koéleoglu olarak gergeklesmistir. Diger taraftan, Biotrend en fazla
iretim tesisine sahip sirket olmustur.

Sekil 37. 2021 Yilinda Biyokiitle Sektdriinde Onde Gelen Firmalarin Kurulu ve Planlanan

Gili¢c Dagilimi (MWe)
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Kaynak: PwC, (2021), a.g.e., s.103.

Sekil 37°de goriildiigii gibi ITC Tiirkiye lisanshi kapasite bakimindan ilk sirada
yer alirken insa halindeki kapasite ve Onlisans1 alinmig kurulu gii¢ toplami dikkate
alindiginda Biotrend sektorde ilk siraya yerlesmistir. Bununla birlikte inga halinde-
ki kapasiteler dikkate alindiginda ISTAC, Beintas, Oltan ve Kéleoglu firmalari da
sektorde dnemli oyuncular olarak goriilmektedir. S6z konusu lider firmalar dikkate
alimdiginda evsel/endiistriyel atik ve ¢0p gazi ile elektrik tiretimi yaptiklart kiiglik
6l¢ekli firmalarin ise bitkisel ve hayvansal atiklardan 1s1 ve elektrik tiretimi yaptiklari
bilinmektedir.

Biyokiitle sektdriinde dncii ve geng firmalarin en 6nemli rekabet glici YEKDEM
tesviklerinden kaynaklandigi diistiniilmektedir. Haziran 2021 6ncesi tamamlanmis
santrallerin YEKDEM uygulamasindan yararlanirken daha avantajli konuma gelmesi
firmalarin yatirimlarinin da hizlanmasina neden olmustur. Bu bakimdan sektorde yer
alan firmalarin kurulus tarihleri ve kalan YEKDEM siireleri dikkate alindiginda sz
konusu bu firmalarin rekabet avantajini tespit etmek miimkiin géziikkmektedir. Sekil
38 biyokiitle sektoriinde dnde gelen firmalarin ve geng santrallerin kurulus tarihi ve
kalan YEKDEM siireleri ile bir karsilastirmasi verilmektedir.
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Sekil 38. 2021 Yilinda Biyokiitle Sektoriinde Onde Gelen Firmalarin Gegmis Lisans Siireleri
ve Kalan YEKDEM siirelerinin Kargilagtirilmasi (Y1l)

Kaynak: PwC, (2021), a.g.e., s.104.

Sekil 38’e bakildiginda geng santrallerin ve buna bagli olarak YEKDEM giin-
celleme Oncesi var olan yiiksek desteklerden faydalanan firmalarin sektérde onemli
bir yogunluga sahip oldugu gézlenmektedir.

6.2. TURKIYE’DE BiYOKUTLE SEKTORUNDE FiNANSMAN OLA-
NAKLARI

Biyokiitle yatirimlari i¢in en dnemli meselelerden biri de finansman imkanlari-
dir. Sektdrde finansman imkanlar siirdiirtilebilir kalkinma hedefleri kapsaminda yesil
enerji iretimi ve talebi dogrultusunda siirekli olarak gelismektedir.

Siirdiiriilebilir finansman kapsaminda gevreye uyarli projelerin desteklenmesi
icin ilk uygulamalardan biri yesil tahvillerdir. 2007 yilindan itibaren ihra¢ edilme-
ye baglanan bu tahvillerin yani sira 2014 yilinda Siirdiirtilebilir Tahvil, 2015 Yilinda
Sosyal Tahvil, 2016 yilinda Yesil Krediler ve 2017 yilinda Siirdiiriilebilir Baglantili
Krediler seklinde yeni araglar ortaya ¢ikmigtir®.

63 PwC, (2021), a.g.e., s.26.
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Sekil 39. 2019 Yilinda Siirdiiriilebilir Finansman imkanlarmin Kiiresel Dagilim1
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Kaynak: PwC, (2021), a.g.e., s.26.

2019 yilinda toplam kiiresel siirdiiriilebilir bor¢lanma ihract 465 milyar dola-
ra ulagsmistir. Bu bor¢lanma araglari igerisinde en biiyiik paya sahip olan arag 272
milyar dolar ile yesil tahviller olmugtur. 2007 yilindan itibaren bankalar tarafindan
cikarilmaya baslanmis olan yesil tahviller gelismeye devam etmektedir. ihtiyag ve
kullanim arttik¢a ilkeler ve standartlar gibi diinyada 6zel mevzuatlar hazirlanmistir.
Bu tahvillerin kullanim yontemlerine gore farkl tiirleri de olusmustur. Faizsiz finans
uygulamalarinin gergeklestigi tilkelerde yesil sukuk adiyla islem gérmektedir. Tiir-
kiye’de ihra¢ hacmi ¢ok diisiiktiir. Iklim Tahvilleri Girisimi (Climate Bonds Initiati-
ve) verilerine gore Tiirkiye kiimiilatif ihra¢ hacmi ile 2020 yilinda 65 iilke arasinda
59. Sirada yer almaktadir. Ayrica Borsa Istanbul ve SPK’da 6zel bir uygulama veya
mevzuat bulunmamaktadir. Ancak, iklim finansmani uygulamalart yiiriitilmektedir.
Bu yonii ile dzellikle Turkiye’de de gelismeye agik oldugu diistiniilmektedir®. 2017
yilindan itibaren ihraci gergeklesen siirdiiriilebilirlik baglantili krediler ise 122 milyar
dolar ile ikinci sirada yer almaktadir.

Cevreci ve siirdiiriilebilirlik baglantili krediler, ¢evre dostu konut projelerine,
enerji verimliligi ve yenilenebilir enerji, stirdiirilebilir su yonetimi, ¢evreci tasima-
cilik, girisimci kadinlara destek gibi alanlarda saglanmaktadir. Buna ek olarak, ban-
kacilik sektorii tarafindan ihrag edilen gevreci/siirdiiriilebilir tahvil miktart da gittikge
artarak 2016 yilindan bu yana toplam 2,7 milyar ABD dolarina ulagsmistir. Uluslara-
ras1 kuruluslar ve ¢ok tarafli kalkinma bankalari da siirdiriilebilirlik odakli projelere
finansman saglayabilmekte olup, Tiirkiye’deki ¢evreci projelere basta Avrupa Imar ve

64 Mentese, (2021), Yesil Tahvilin Gelisimi ve Tiirkiye’deki Uygulamalari, Uluslararast Muhasebe ve
Finans Uygulamalar1 Dergisi, Cilt 3, Say1 1, s. 96.
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Kalkinma Bankas1 (EBRD) olmak iizere Diinya Bankasi, Avrupa Konseyi Kalkinma
Bankasi, Fransiz Kalkinma Ajansi ve Alman Sanayilesme Fonu gibi kuruluslarca fi-
nansman saglanmaktadir®.

Bu kapsamda Tiirkiye Siirdiirtilebilir Enerji Finansman Programi (TurSEFF) dikkat
cekmektedir. Bu program kamu ve 6zel sektor tarafindan uygulanacak Siirdiiriilebilir
Enerji ve Kaynak Verimliligi yatirimlari i¢in finansman ve teknik destek saglamak
iizere Avrupa Imar ve Kalkinma Bankas1 (EBRD) tarafindan gelistirilmistir bir prog-
ramdir. TurSEFF kapsaminda verilen teknik destekler Avrupa Birligi (AB) ve Tiirki-
ye Cumbhuriyeti Hazine ve Maliye Bakanlig1 tarafindan finanse edilmektedir.

Sekil 40. Tiirkiye’de 2021 itibariyle TurSEFF Tarafindan Saglanan Finansman imkanlari

Lisanssiz GES Arazi Tipi £272.454.674
Hidroelekfrik Sanfrali € 39,894,083
Biyogaz Sanfrali €39,148,411
Lisanssiz GES Cah Tipi €30,677.347
Riizgar Enerjisi Santrali €24,036,741
Copgaz Santrali €22,124,030

Jeotermal Enerji Santrali €5384,615

Isi Pompalan || € 3,904,883

Biyokiifle - Gazlashrma [ ¢ 3844 154
Biyokiile - Piroliz || € 2,173,000
Biyokiitle - Yakma || €1,183,700

Aroilik 2021

Solar Termal | € 382,318
Sebekeden Badimsiz GES € 250,000

0 50,000,000 100,000,000 150,000,000 200,000,000 250,000,000 300,000,000

Kaynak: Inal, S., (2022), Tiirkiye’de Biyokiitle Tesislerinde Kredilendirme ve Diinyadaki
Sistemlerden Ornekler, 11-13 Mayis 2022 Biyokiitlede Risk ve Finansman Calistay1, Izmir.

Sekil 40°ta goriildiigii gibi TurSEFF her tiirlii yenilebilir enerji projelerine fi-
nansman saglamakla birlikte toplam krediler i¢inde en biiyiik pay1 GES projeleri al-
maktadir. TurSEFF finansmanina basvuru ve proje gelistirme siiregleri, proje tipine,
finansman yontemine ve sektorlere gore degisiklikler gosterebilmekle beraber, genel
siire¢ Sekil 41°de goriilmektedir.

65 TCMB, (2021), Finansal istikrar Raporu, Mays, s.17. , https://www.tcmb.gov.tr/, Erisim Tarihi,
13.04.2022
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Sekil 41. TurSEFF Bagvuru ve Finansman Siireci

Yatnmer Anlagmal Finansal Kurum TurSEFF Uzmanlan Anlagmali Finansal Kurum Yatinmei ve TurSEFF
. B B B . - O
Projenin Anlagmali finansal Projenin teknik Finansmanin Projenin dogru
anlasmall kurumun ve ekonomik onaylanmast ve bir sekilde
finansal kuruma finansmani olarak faydalaniciya uygulanmasi ve
sunulmasi inceleme sireci degerlendirilmesi ddeme yapimasi dogrulanmasi

Kaynak: Inal, S., (2022), Tiirkiye’de Biyokiitle Tesislerinde Kredilendirme ve Diinyadaki
Sistemlerden Ornekler, 11-13 Mayis 2022 Biyokiitlede Risk ve Finansman Calistay1, {zmir.

Bunlara ek olarak ticari bankalarin finansman imkanlar1 da siirekli gelistirilmek-
te, yesil kredilerde; elde edilen gelirler yalnizca yesil yatirimlarda kullanilabilirken
stirdiiriilebilirlikle baglantili kredilerde elde edilen gelirler her hangi bir alanda (is-
letme kredi ihtiyac1, nakit yonetimi, dis ticaret iirtinleri gibi) kullanilabilmektedir®.

Yesil tahvillerin yani sira son yillarda Sosyal Tahviller ve Siirdiiriilebilirlik Tah-
villeri de ihra¢ edilmektedir. Uluslararast Sermaye Piyasalari Birligi (ICMA) tarafin-
dan Sosyal Tahviller, tahvil gelirlerinin sosyal faydalar saglama amacina yonelik yeni
veya mevcut projelerin finansmaninda kullanildigi tahviller olarak tanimlanmistir.
Siirdiiriilebilir tahviller ise, gelirlerinin tamamen veya kismen yesil ve sosyal proje-
lerde kullanilacak sekilde tanimlanmistir. ICMA, entegre bir tahvil piyasasi olustur-
mak amactyla sosyal ve siirdiiriilebilir tahviller i¢in saydamlik, aciklama ve raporlama
standartlarini Haziran 2018’de agiklamigtir®’.

6.3. TURKIYE’DE BiYOKUTLE ENERJi TESVIKLERINDE GUNCEL
DURUM

Enerji sektoriine verilen mevcut kredilerin ve 6zel sektor enerji yatirimlarinin
bu denli biiyimesinde etkili olan dolar bazli YEKDEM garanti fiyat mekanizmasi
2021 yili Temmuz ay1 itibarryla son bulmustur. Yeni YEKDEM mekanizmasi, yilin
ikinci yarisinda devreye girmistir. Sektérde TL bazli YEKDEM mekanizmasi ile yapi-
lacak finansmanlarda, 6zkaynak/kredi oraninda ve finansman vadelerinde dolar bazl
YEKDEM’de uygulanan finansman yapisina gore degisiklige gidilmesi beklenmek-
tedir. 01.07.2021 tarihinden itibaren isletmeye girmis ya da girecek olan lisansli {ire-
tim tesislerinin ve 21.06.2018 tarihinden sonra baglanti anlasmasina ¢agri mektubu
almaya hak kazanan lisanssiz tiretim tesislerinin YEKDEM kapsaminda doviz kredi-

66 GarantiBBVA, (2022), Yesil Finansmanda Banka Stratejileri, 11-13 May1s 2022 Biyokiitlede Risk ve
Finansman Calistay1, izmir.

67 Turguttopbas, N. (2020), Siirdiiriilebilirlik, Yesil Finans ve Ilk Tiirk Yesil Tahvil Ihraci, Finansal
Aragtirmalar ve Caligmalar Dergisi, Cilt 12, Say1 22, s. 275.
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si kullanma imkan1 bulunmamaktadir. YEKDEM kapsami disindaki firmalara doviz
geliri olmadan doviz kredisi kullanma imkani saglayan; 15 milyon dolar fazla risk
bakiyesine sahip olunmasi, Genelge’ye uygun sartlarda Yatirim Tesvik Belgesi’ne sa-
hip olunmasi, Genelge’nin Gegici 1. maddesi kapsaminda holding biinyesinde doviz
kredisi kullanilabilmesi gibi istisna hiikiimleri ise devam etmektedir. Bu istisnalarin

kapsamini belirleyen maddeler halen yiiriirliktedir®.

Tablo 11. Yenilenebilir Enerji Kaynaklar1 Destekleme Mekanizmasi (YEKDEM)

Tesis Tiirii (30.06.2021°e kadar devreye Garantili Fiyat Yerli Aksam Tesviki
giren santraller)

(dolar cent/KWh) (dolar cent/KWh)
Hidroelektrik iiretim tesisi 7,3 1,0—2.3
Riizgar enerjisine dayali iiretim tesisi 7,3 0,6—3,7
Jeotermal enerjisine dayali tiretim tesisi 10,5 0,7—2,7
Biyokiitleye dayali {iretim tesisi (¢op 13,3 0,4—5,6
gaz1 dahil)
Giines enerjisine dayali tiretim tesisi 13,3 0,5—6,7

Kaynak: Karakaya ve Cakirlar, (2022), Yenilenebilir Enerji Kaynaklarinda Siirdiiriilebilir
Finans, 11-13 Mayi1s 2022 Biyokiitlede Risk ve Finansman Calistay1, [zmir.

Tablo 12. Giincel YEKDEM Uygulamasi

01.07.2021°den sonra devreye giren santraller Yeni- | Fiyat Kurus/ Yerli Katki Yeni Ust Sinir
lenebilir Santral Turt KWh Kurug/KWh | dolar cent/KWh
Hidroelektrik tiretim tesisi 40 8 6,4
Riizgar enerjisine dayali tiretim tesisi 32 8 5,1
Jeotermal enerjisine dayali tiretim tesisi 54 8 8,6
BES Cop Gazi/Atik Lastik 32 8 5,1

Biyometanizasyon 54 8 8,6

Termal Bertaraf 50 8 8,0
Glines enerjisine dayali tiretim tesisi 32 8 5,1

Kaynak: Karakaya ve Cakirlar, (2022), Yenilenebilir Enerji Kaynaklarinda
Siirdiiriilebilir Finans, 11-13 Mayis 2022 Biyokiitlede Risk ve Finansman Calistayi,
[zmir.

Tablo 11°de 30.06.2021 tarihine kadar devreye giren tesisler i¢in eski YEK-

DEM uygulamalart devam edecektir. Biyokiitle tesisleri i¢in 6ngoriilen 13,3 dolar
cent/KWh alim garantisi 10 yil siire ile devam ederken yerli aksam tesvikleri i¢in

68 Karakaya E. ve B. Cakirlar, (2022), Yenilenebilir Enerji Kaynaklarinda Siirdiiriilebilir Finans, 11-13
May1s 2022 Biyokiitlede Risk ve Finansman Calistay1, Izmir.
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ongoriilen siire 5 y1l olarak devam etmektedir. Tablo 12’de goriilen giincel YEKDEM
uygulamasinda ise tesvikler TL bazli hesaplanmakta ve 01.07.2021 tarihi itibari ile
devreye giren biyokiitle tesisleri icin tesvik stireleri ayni1 olmakla birlikte alim garan-
tileri ¢Op gazi tesisleri i¢in 32 kurus/KWh, biyometanizasyon tesisleri i¢in 54 kurus/
KWh ve termal bertaraf tesisleri i¢in 50 kurus/KWh olarak belirlenmistir. Yerli katk1
tesvikleri ise 8 kurus/KWh olarak sabitlenmistir. Ortaya ¢ikan bu yeni durum elbette
sektore yeni giren firmalar agisindan gegmis yillardaki avantajli alim garantilerinin
olmadig1 bir piyasa olusturmaktadir.

7. BiYOKUTLE YATIRIMLARINDA MALi DEGERLENDIRME

Finansal siirdiiriilebilirlik biyokiitle sektoriindeki yatirimcilarin sorunlarinin
merkezinde yer almaktadir. Biyokiitle yatirim siireci incelendiginde en biiytik riskin
isletme doneminde oldugu goriilmektedir. Isletme dénemi riskleri ise kaynak bul-
ma-dogrulama ve proje gelistirme siiregleri ile dogrudan iliskilidir. Ozellikle proje
gelistirme sathasinda yapilan hatalar biyokiitle tesisleri isletme siirecine gectiginde
finansal siirdiirtilebilirligi etkilemektedir. Sorunlarin ¢éziimii kimi zaman yanlis bir
yaklagim ile elektrik alim garantisinde aranmaktadir. Bu agidan bakildiginda tartisma-
larin 6zellikle YEKDEM alim garantisi tizerinde yogunlastig1 goriilmektedir. Diger
yandan ¢ok disiplinli yapida olan biyokiitle enerji kaynaginin sadece YEKDEM ile
desteklenerek elektrik alim garantileri ile devam etmesi ekonomik olarak siirdiiri-
lebilir degildir. Son 10 yillik donemde 6zellikle giines enerjisi alaninda yakalanan
yatirim maliyeti diisiisleri diger yenilenebilir kaynaklara verilecek desteklerin birbir-
leri ile uyum igerisinde yiirtitiilmesi gerekliligini dogurmustur. Bu sorunlarin agilmasi
atik bertaraf hizmetinin hak ettigi karsiligin1 bulmasina ve yiiksek standartlarda yan
tirlinler elde edilmesine baghdir. Dongiisel ekonomi gereklilikleri proje gelistirme
safhasinda en st diizeyde aranmali ve planlama ¢alismalarinda goz oniinde bulun-
durulmalidir®.

Tablo 13. Biyokiitle Yatirimlarinda Ongériilen Maliyetler

Teknoloji 1-5 MW 510 MW | 1040 MW
Yatirim Bedeli (USD/KW) |
Yanma tesisi (su/buhar kazani) 5.000 - 10.000 4.000 — 8.000 3.000 - 6.000
Yanma tesisi (ORC) 3.000 — 8.000 2.000 — 5.000
Biyogaz tesisi (gaz motoru) 3.500 - 6.500 -

Kaynak: Inal, S., (2022), Tiirkiye’de Biyokiitle Tesislerinde Kredilendirme ve Diinyadaki
Sistemlerden Ornekler, 11-13 Mayis 2022 Biyokiitlede Risk ve Finansman Calistay1, izmir.

Tablo 13’te goriildiigii gibi biyokiitle yatirimlarinin ortalama birim maliyetleri-
nin tesis dl¢egi biiylidiikce azaldig1 sdylenebilir. Yine benzer bir degerlendirme Tablo
14’te sunulmakta biyokiitle yatirim harcamalariin dagiliminda ana proses ekipman-
lar1 i¢in yapilan harcamalar en 6nemli maliyet kalemi olarak géze ¢arpmaktadir.

69 TUBA, (2022), a.g.c., 5.109.
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Tablo 14. Yatirim Harcamalarmim Dagilim1

Yatirim Kalemi %
Proje gelistirme 10
Atik yonetimi/iglenmesi 10-20
Ana proses ekipmanlar1 55-60
Insaat 15— 20

Kaynak: Inal, S., (2022), Tiirkiye’de Biyokiitle Tesislerinde Kredilendirme ve Diinyadaki
Sistemlerden Ornekler, 11-13 Mayis 2022 Biyokiitlede Risk ve Finansman Calistay1, {zmir.

Biyokiitle yatirimlarinin finansmani i¢in alternatif tiriinlere yonelmek yakin do-
nemde 6nemli bir imkan olacak potansiyele sahip goziikkmektedir. Bu nedenle siirdii-
rlilebilir finans imkanlarina erigim igin gerekli sartlarin yerine getirilmesi veya dngo-
riillmesi projelerinin finansman maliyetlerinin diisiiriilmesine firsat vermektedir. Ozel
sektor yatirnmlarini siirdiiriilebilirlige fayda saglayan projelere ve faaliyetlere yonlen-
dirmenin temel gereksinimlerinden biri siirdiiriilebilir finans piyasalarinda ortak bir
dil gelistirmek ve “siirdiiriilebilir” olarak kabul edilen faaliyetlerin net bir tanimini
yapmaktir. Bu nedenle siirdiiriilebilir ekonomik faaliyetler i¢in ortak bir siniflandirma
sistemi olan “AB Taksonomisi” olusturulmustur.

AB Taksonomisi biyokiitle tesisleri agisindan incelendiginde;

Hammaddelerin hangi alanlardan saglanabilecegi ile ilgili bazi kisitlamalar
belirtildigi,

Biyogaz tesislerinde proses sonrasi olusan sivi giibrenin hangi sartlarda tarim
alanlarinda kullanilabilecegine dair kisitlamalar oldugu,

Biyogaz tesislerinde metan kagaklarinin dnlenmesi ve izlenmesi ile ilgili
maddeler oldugu,

Ozellikle yakma tesisleri icin emisyon sinir degerlerine atiflar yapilmis oldu-
&,

Cevresel etki degerlendirmesi siirecinde su kaynaklarina ve biyo-cesitlilige
potansiyel etkilerin incelenmesi ve gerektigi takdirde dnlemlerin tanimlan-
mas1 gerektigi,

oIklim degisikligi kaynakli risklerin de gozetilmesi gerektiginin ve riskli ko-

nular i¢in iklim degisikligi adaptasyon planlari hazirlanmasinin beklendigi
goriilmektedir”.

Sonug olarak AB taksonomisi dikkate alinarak hazirlanan projelerinin finansa
erisiminin daha kolay ger¢eklesebilecegi ve maliyetleri azaltarak alim garantisi uygu-
lamalarindaki politika degisikliklerinden korunabilecegi dikkate alinmalidir.

70 Karakaya E. ve B. Cakirlar, (2022), Yenilenebilir Enerji Kaynaklarinda Siirdiiriilebilir Finans, 11-13
May1s 2022 Biyokiitlede Risk ve Finansman Calistay1, Izmir.
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8. BIYOKUTLE SEKTORUNUN GELECEGI

Biyokiitle ve biyoenerji gectigimiz yillarda 6nemli gelismeler gdstermis olsa
da kiiresel gelisimi zorlastiran g¢esitli engeller bulunmaktadir. Bu engeller, diizenle-
melerin yetersizligi ve farkindalik eksikligi gibi kiiltiirel nedenleri de kapsamaktadir.
Gelismis toplumlar enerji kaynaklariin siirdiriilebilirligini sorgulamakta ve alter-
natif olusturabilecek enerji secenekleri talep etmektedir. Biyokiitle, bu taleplere bir
¢ozlim sunabilse de biyokiitleye karsi bireysel ve toplumsal farkindaligin eksik olma-
s1, biyokiitlenin etkin ve verimli kullanimimi engellemektedir. Karsilasilan engellere
dikkat ¢ekilmesi, kiiresel anlamda basarili bir enerji gecisi i¢in temel olusturmaktadir.
Diizenleyici kurumlarin biyokiitlenin gelisimini engelleyen faktorlere yonelik ¢esitli
onlemleri bulunmaktadir. Bu 6nlemler arasinda hibeler, tarife garantileri ve sertifika
programlari gibi destek mekanizmalarinin yani sira, atik yonetimi ve ayristirmasina
yonelik mevzuatlar da bulunmaktadir. Ulkeler, biyoenerji teknolojilerinin gelistirilip
yayilmasini tegsvik edebilmektedir. Hedeflenen enerji gegisinin basarisi, benimsenen
politikalara ve bu politikalarin uygulanma hizina gére degismekle birlikte uluslararasi
is birlikleri ve dayanisma bu konuda 6nemli rol oynamaktadir.

Biyoenerjinin enerji sistemi planlamalarina entegre edilmesi ve biyokiitlenin
potansiyeli hakkinda farkindalik yaratilmasi gerekmektedir. Modern biyoenerji, ge-
sitli sektorlerde onemli katkilar saglayabilmektedir. Ancak, tiiketiciler ve deger zin-
cirindeki diger paydaslarin biyoenerjinin potansiyeli konusundaki farkindaligi yeterli
seviyede degildir. Bu nedenle, enerji politikalart gelistirilirken bu potansiyel tam ola-
rak arastirilmali ve biyoenerji kullanim deneyimleri yaygin olarak paylagilmalidir.
Ulkelerin biyokiitlenin geleneksel uygulamalarinin 6tesindeki kullanimlar1 konusun-
da farkindalik yaratmak igin birlikte ¢alismalar1 ve ¢esitli pilot uygulamalar1 tesvik
etmeleri gerekmektedir.

Uluslararasi is birligi ile bilgi ve teknoloji aktariminin tesvik edilmesi gerek-
mektedir. Enerji doniisiimiinde biyokiitle kullaniminin kiiresel olarak artirilmasi ge-
rekmektedir. Sinirli biyokiitle arz1 ile tilkeler arasindaki kaynaklardaki farkliliklar,
biyokiitlenin uluslararasi ticaretinin artmasina neden olacaktir. Gliniimiizde, nispeten
az sayida tilke biyokiitle kullanimini arastirip genisletmekte olup, bu konuda tilkelerin
cabalarini artirmasi gerekmektedir. Gerekli teknik ve diizenleyici farkindaligr ve ka-
pasiteyi olusturmak 6zellikle gelismekte olan tilkeler i¢in oldukga zordur. Bu nedenle,
en iyi uygulamalarin paylasilmasi, teknoloji aktarimin tesvik edilmesi ve uluslararasi
ticaret mekanizmalariin gelistirilmesi ig¢in daha fazla uluslararasi is birligine ihtiyag
duyulmaktadir. Ulkelerin biyokiitle kullanimim tesvik etmesi ve gelisimi hizlandir-
mak adina destek mekanizmalarini genisletmesi gerekmektedir. Cesitli farkindalik
programlari, biyokiitle kullanimi ile temiz enerji ¢6ziimlerinin benimsenmesini tesvik
edebilmektedir. Devletler ve diizenleyici kurumlar, tiiketicilere ve potansiyel yatirim-
cilara biyoenerji konusunda agik ve giivenilir bilgi saglamakta 6nemli rol oynamakla
birlikte, biyoenerji kullaniminin yararlar1 konusunda farkindaligin artmasina yardim-
c1 olabilmekte ve teknolojilerin benimsenmesini tesvik edebilmektedir’.

71 PwC, (2021), a.g.e., s.131.
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Tiirkiye’de ¢ok onemli ithalat giderlerini olusturan dogalgaz ve petrole bagh
disa bagimlilig1 azaltmak, ¢evre kirliliginin 6nlenmesine katkida bulunmak, {iretim-
deki en 6nemli gider kalemlerinden olan enerji giderini azaltarak, iiriin maliyetini
diistirmek hedeflenmektedir. Bunun icin alternatif enerji kaynaklarina yonelmek ve
bu konularda temel arastirmalar yiiriitmek gerekmektedir. Tarim ve orman atiklari
gibi biyokiitle kaynaklarinin enerji kaynagi olarak kullanilmast durumunda getirecegi
faydalar agagidaki sekilde agiklanabilir:

 Isil degeri 4.000 kilo kaloriyi bulmaktadir. Biyokiitle gazlastirildiginda at-
mosfere kiikiirt dioksit ve azot oksitler gibi zararli gazlar vermez.

* Bitki yetismesi sirasinda havadan aldig1 karbondioksiti, yandiginda geri ver-
diginden, kiiresel 1stnmaya neden olan karbondioksit miktarini arttirmaz.

* Havadaki karbondioksit miktarini etkilemeyen diinyadaki tek yakittir. Ozel-
likle enerji bitkileri, bitki i¢inde yaklasik ylizde 15 civarinda seker bulun-
makta olup, bu da daha verimli gazlasmasini saglamaktadir.

« Kati yakit olarak maliyeti, yerli linyit ve ithal komiirlerden ¢ok daha diisiik-
tiir. Kiil miktar1 ¢cok diisiiktiir. Temiz syngaz yakit elde etmek miimkiindiir.

* Ayrica biyokiitle kaynagi olarak tatli sorgum gibi enerji bitkilerinin yaygin
olarak kullanilmasi durumunda, 6zellikle kirsal kesimde biiyiik bir is potan-
siyeli yaratilacaktir.

* Hava kirliligi azalacaktir. Tarimin gelismesine ve erozyonun 6nlenmesi sag-
lanacaktir.

Biyokiitle yakma sistemleri kendini kanitlamis ticari bir teknoloji olup ¢ok fark-
I1 gii¢ seviyelerinde hem elektrik, hem 1s1, hem de kojenerasyon (is1 ve elektrigin
birlikte iiretildigi) santrali olarak tasarlanabilmektedir. Endiistriyel alanlarda ise genel
olarak etanol, metanol ve biitanol gibi depolanabilir sivi yakitlar kullanilmaktadir.
S1v1 yakitlarin depolama sorununun olmamasi ve ihtiya¢ durumunda kullanilabilmesi
sebebiyle tercih edildigi alanlar daha fazla yogunluktadir. Metanol iiretimine gegisin
katkilari ise su sekilde siralanabilir:

* Metanol iiretimi ile diger sivi1 yakitlara kiyasla ¢ok daha diisiik CO, emisyonu
olusmaktadir,

* Metanol’iin yakit olarak kullanimi sirasinda SO, ve NO_emisyonlari olusma-
maktadir,

» Metanol araglarin motorlarinda modifikasyona gerek kalmaksizin tek basina
veya benzin ile karistirilarak yakit olarak kullanilabilmektedir,

» Siv1 bir yakit olmasi ona depolanabilirlik 6zelligi kazandirmaktadir,

» Oktan sayis1 yiiksek olmasi sebebiyle yiiksek enerji igerigine sahiptir,

* Metanol ¢evre dostudur ve gida zincirini veya arazi kullanimimi etkileme-
mektedir.

Biyokiitle enerji tiretiminin diger enerji kaynaklarina karsi sera gazi emisyon-
larimi azaltic ve iklim degisikligine yavaglatici etkisinin olmasi da dahil olmak tizere
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6nemli avantajlar1 bulunmaktadir. Stirdiirtilebilir kalkinma yalnizca ¢evresel kaygilar-
la smirlt olmayip, stirdiiriilebilirligi ¢evresel, sosyal ve yonetisim (ESG) olmak iizere
ii¢c boyutta kapsamakta ve bunlar sirketlerin gelecekteki finansal performansinin daha
iyi belirlenmesine yardimct olmaktadir. Siirdiiriilebilirlik ve ESG ¢oklu etki ve amag
saglayarak sirketin tam potansiyel degerine yaklagsmasina imkan sunmaktadir. Fosil
yakitlardan erken uzaklasan ve yesil gelir elde eden firmalar, daha iyi performans
sergileyerek ESG uygunlugunun hissedar getirilerini pozitif etkiledigini gostermek-
tedir’.
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EXECUTIVE SUMMARY

While the first of the objective set by the Ministry of Energy and Natural Resources
(MENR) in its 2019-2023 Strategic Plan is stated as “Ensuring Sustainable Energy
Supply Security”, one of the objectives set in this context is “The share of the
installed power of domestic and renewable energy sources within the total installed
power shall be increased to 65 percent from 59 percent”. Another aim is stated
as “Prioritizing and Increasing Energy Efficiency” and the targets determined
accordingly are announced as “Increase public awareness regarding energy
efficiency” and “Continuing activities that focus on increasing energy efficiency”.

The 2019-2023 Strategic Plan of the Ministry of Agriculture and Forestry includes
increasing the use of renewable energy resources in the agricultural sector as an
important factor affecting the activities of the ministry.

Investments to be made for the production of renewable electricity, providing
energy supply from domestic resources, reducing the energy import costs and
reducing dependence on imports in energy, as well as their effects on employment,
production, added-value and emissions are consistent with the Eleventh
Development Plan and the 2019-2023 Strategic Plan of the Ministry of Energy
and Natural Resources.

Important targets such as; reducing unemployment (article 216), strengthening the
current account and balance of payments (article 229), ensuring energy supply
security with domestic and renewable energy investments and reducing import
dependency (article 144), increasing the competitiveness by producing the needed
equipment and parts for the investments domestically (article 177) are mentioned
within the objectives of the Eleventh Development Plan. In this respect, the
decrease in the import rate within the total energy supply will likely have a positive
impact on the attainment of these objectives.

The environmental effects of energy production should also not be ignored. In
the report published by the IPCC in February 2022, it was clearly stated that
greenhouse gas emissions cause global warming. According to the report, the
fossil related CO, emissions account for the 73,6 percent of the global greenhouse
gas emissions. It is stated that the most important steps for keeping the global
temperature rise below 1.5 °C are to limit energy production from fossil fuels,
which accounts for 88.6 percent of the total CO, emissions, and to prioritize
renewable energy investments and to increase the energy efficiency.

Law on Using Renewable Energy Sources for Electricity Generation (Law No. 5346),
which entered into force in 2005 in Tirkiye, regulates the following targets:
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expanding the use of renewable energy resources for the purpose of electricity
generation, bringing these resources to the economy in a reliable, economical and
high quality manner, increasing the diversity of resources, reducing greenhouse
gas emissions, evaluating waste, protecting the environment, and developing the
manufacturing sector needed for the realization of these goals.

Even in the lowest energy consumption projection, it is seen that 415,042 GWh
of electricity is needed in the next 10 years, and the installed power can produce
304,611 GWh in its current state. It is clear that the renewable energy supply needs
to be increased in order to meet the rapidly growing electricity demand.

Among the alternative renewable energy sources in Tirkiye, wind energy draws
attention with a share of 8.15 percent in total installed power, while solar with a
share of 3.59%, geothermal with 3.26 percent and biomass with a share of 1.46
percent.

Biomass, which is an important renewable energy source when evaluated in
terms of sustainability, is generally accepted as carbon neutral in production and
use compared to fossil-based fuels. It is seen as a critical point that bioenergy
production has 80-85% lower emission rates compared to fossil fuels.

Biomass Energy Potential Atlas (BEPA) data, the total economic energy equivalent
of waste in Tiirkiye is around 3.9 MTEP/year.

Biomass use, if properly managed and regulated, can reduce atmospheric CO, levels
and, when used for energy purposes, it has a positive effect on CO, emissions in
the life cycle. When bioenergy is used with carbon capture and storage, the carbon
is not returned to the atmosphere, leading to a net reduction of CO, Similarly,
when bio-based materials are used biomass increases the biogenic carbon stored
in the materials during the lifetime of the products and in some cases, it can have
a positive effect on CO, sequestration for the environment.

During the 2016-2020 period in Tiirkiye, renewable energy power plants are
used below their current potential with annual average working hours. Despite
this, wind power plants operated with an average capacity of 31.92 percent in
the period of 2016-2020, solar power plants with a capacity of 15.92 percent,
hydropower plants with 28.36 percent, biomass power plants with 42.84 percent
and geothermal power plants with a capacity of 67.32 percent. Energy production
from biomass is flexible, helping to balance production in electricity grids where
the share of non-stable wind and solar power is high.

The main products resulting from the use of biomass can be examined under
three topics: electricity, heat and biofuel. In addition to the main products, the by-
products formed during the conversion of biomass to energy can also be marketed
and sold to create a source of income or be included in a process again and used
in the production of different outputs. These by-products, which are generally
carbon-based, include highly valuable products such as organic fertilizer, bio-coal
and ash. Other products obtained include glycerin, cellulose fiber, carbonaceous
material, bioplastic and furfural, which have various uses.
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It does not seem possible to say that all segments of society can benefit from
biomass energy. Of course, there will be resistance for those who cannot adapt
well to the changes here or to access new opportunities. Therefore, it is useful
to highlight the benefits of biomass energy more in terms of contributing to
facilitating social acceptance.

Biomass resources can be generally classified as animal wastes, vegetable wastes,
urban wastes, industrial wastes and forestry wastes.

It is seen that the energy equivalent of animal wastes is high in 20 provinces in
Tiirkiye. These provinces are mainly located in the Aegean, Marmara, Central
Anatolia and Mediterranean regions, and 75 percent of the total energy equivalent
is obtained from the wastes of poultry.

In Tiirkiye, 15 provinces stand out in terms of phyto-energy equivalent distribution.
These provinces are distributed over Central Anatolia, Southeast Anatolia,
Aegean, Mediterranecan and Thrace regions, and 77 percent of the vegetable
energy equivalent is obtained from the wastes of field crops.

Considering the distribution of resources concentrated in 15 provinces for
municipal waste, Ankara, Izmir and Bursa and especially Istanbul stand out.
When evaluated in this context, the energy equivalent from bio-methanization is
14 percent, while the energy equivalent by incineration is calculated as 86 percent.

In the distribution of the energy equivalent of forestry wastes in Tiirkiye by
regions, it is seen that the energy equivalent of forestry wastes is concentrated in
7 regions within the scope of Kastamonu, Adapazari, Balikesir, Denizli, Antalya
and Adana regional directorates.

Businesses in the bioenergy sector compete in a sector where alternative energy
sources are used. Although bioenergy resources have some advantages compared
to other renewable energy resources, they are still used at a higher cost than
fossil fuels and their competitiveness remains low if incentives are not available.
While raw material costs are at the top of the high costs, the cost of infrastructure,
alternative resources and the additional costs of regulatory measures may adversely
affect the bioenergy sector.

It is believed that the most important competing power of pioneering and young
businesses in the biomass sector came from the YEKDEM incentives. The fact
that the power plants completed before June 2021 benefited from the YEKDEM
incentives and became more advantageous caused the investments of the
companies to accelerate.

One of the most important issues for biomass investments is financing opportunities.
Financing opportunities in the sector are constantly improving in line with green
energy production and demand within the scope of sustainable development
goals. One of the first applications to support environmentally friendly projects
within the scope of sustainable finance is green bonds. In addition to these bonds,
which started to be issued since 2007, new instruments emerged in the form of

XII



EXECUTIVE SUMMARY

Sustainable Bonds in 2014, Social Bonds in 2015, Green Loans in 2016 and
Sustainable Linked Loans in 2017.

e Tirkiye Sustainable Energy Financing Facility (TurSEFF) draws attention. This
program has been developed by the European Bank for Reconstruction and
Development (EBRD) to provide financing and technical support for Sustainable
Energy and Resource Efficiency investments to be implemented by the public
and private sectors. Technical supports provided within the scope of TurSEFF are
financed by the European Union (EU) and the Ministry of Treasury and Finance of
the Republic of Tiirkiye .

* The old YEKDEM incentives continue for the facilities that were commissioned
until 30.06.2021. In the current YEKDEM system, incentives are calculated on a
TL basis and the incentive periods are the same for the biomass plants that came
into operation as of 01.07.2021, but the purchase guarantees are 32 kurusg/ KWh
for landfill gas facilities, 54 kurus/ KWh for biomethanization facilities and 50
kurus/KWh for thermal disposal facilities. Domestic contribution incentives are
fixed at 8 kurus/ KWh. This new situation, of course, creates a market where
the advantageous purchase guarantees of the past years do not exist for the new
companies entering the sector.

* Financial sustainability is at the center of the problems of investors in the biomass
sector. When the biomass investment process is examined, it is seen that the
greatest risk is during the operation period. Operational period risks are directly
related to sourcing-verification and project development processes. In particular,
mistakes made during the project development phase affect financial sustainability
when biomass plants are in operation. The solution of the problems is sometimes
wrongly sought in the electricity purchase guarantee. From this point of view, it is
seen that the discussions focused especially on the YEKDEM purchase guarantee.
On the other hand, it is not economically sustainable for the multidisciplinary
biomass energy source to be supported only by YEKDEM and to continue with
electricity purchase guarantees.

* Although biomass and bioenergy have made significant advances in recent years,
there are several barriers that complicate global development. These barriers also
include cultural reasons such as inadequate regulations and lack of awareness.

» Biomass energy production has significant advantages over other energy sources,
such as; reducing greenhouse gas emissions and slowing down climate change.
Sustainable development is not limited to only environmental concerns. It also
includes sustainability in three different dimensions (Environmental, Social, and
Corporate Governance; ESG) and these dimensions help determine the financial
performance of companies in the future. Sustainability and ESG provide multiple
effects and goals, allowing the company to approach its full potential value. Firms
that move away from fossil fuels early and generate green income outperform,
demonstrating that ESG compliance positively impacts shareholder returns.
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1. INTRODUCTION

In the Ministry of Energy and Natural Resources (MENR) 2019-2023 Strategic
Plan, 7 objectives and 31 targets were determined. While the first of these objectives
is stated as “Ensuring Sustainable Energy Supply Security”, one of the targets set in
this context is “to increase the ratio of the installed electricity installed power based
on domestic and renewable energy sources from 59 percent to 65 percent”. Another
objective is stated as “Prioritizing and Increasing Energy Efficiency” and the targets
determined accordingly are announced as “Conducting studies to increase public awa-
reness on energy efficiency” and “Continuing studies to increase energy efficiency™.
In addition, the 2019-2023 Strategic Plan of the Ministry of Agriculture and Forestry
includes the widespread use of renewable energy resources in the agricultural sector
as an important factor affecting the activities of the ministry?.

The 10-year electricity consumption demand forecast of 21 electricity distribu-
tion companies in Tirkiye between 2022 and 2031 is shown in Table 1. According to
the estimation results made within the framework of three different scenarios, the 10-
year demand increase is 25.5 percent in case of low demand, 31 percent in the baseline
scenario and 44.1 percent in the high demand scenario °.

Table 1 .2022-2031 Gross Electricity Consumption Forecast (GWh)

LOW % BASE % HIGH %
2022 308,903 324,536 340,810
2023 317,755 2.9 335,819 3,5 354,446 4.0
2024 329,911 3.8 350,716 4.4 371,927 4.9
2025 344,265 4.4 367,792 4.9 391,806 5.3
2026 357,757 3.9 383,426 4.3 409.551 4.5
2027 369,703 3.3 397,438 3.7 425,790 4.0
2028 378,902 2,5 408,872 2.9 439,739 3.3
2029 389,682 2.8 421.925 3.2 455.387 3.6
2030 400,825 2.9 435,418 3.2 471.572 3.6
2031 415,042 3,5 452.210 3.9 491,224 4.2

Source: TEIAS, 2021

Investments to be made for the production of renewable electricity, energy
supply through domestic resources, reducing the energy import spending and redu-
cing dependence on imports in energy, as well as their effects on employment, pro-
duction, added-value and emissions, are consistent with the Eleventh Development

1 MENR, 2019-2023 Strategic Plan, https://sp.enerji.gov.tt/ETKB 2019 2023 Stratejik Plani.pdf, p.
23.

2 Ministry of Agriculture and Forestry (2022), 2019-2023 Strategic Plan, https://www.tarimorman.gov.
tr/SGB/Belgeler/stratejikplan.pdf , p.49.

3 TETC, 2021, 10-Year Demand Forecasts Report (2022-2031), p. 54.
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Plan and the 2019-2023 Strategic Plan of the Ministry of Energy and Natural Re-
sources. The electricity production capacity increased by investments will be balan-
ced with the reduction of imported energy consumption, and it is aimed to losses that
may occur in production and employment by the possible reductions in Tiirkiye’s
energy import spending. As seen in Figure 1, the total amount spent on mineral fu-
els, mineral oils and products obtained from their distillation, known as total energy
imports, reached 49.2 billion dollars in 2021.

Figure 1. Imports of Mineral Fuels, Mineral Oils and Their Distillation Products, Bi-luminous
Substances, Mineral Waxes by Years
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Figure 2 shows the ratio of total primary energy supply and imported energy in
Tiirkiye since 2010. Accordingly, between 2010 and 2020, the use of imported energy
increased by an average of 3.21 percent and as of 2020, imported energy constitutes
approximately 77.7 percent of the total energy supply.*

4 MENR, (2020), National Energy Balance Figures, https://enerji.gov.tr/enerji-isleri-genel-mudurlu-
gu-denge-tablolari , Access Date, 10.04.2022.
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Figure 2 . Total Primary Energy Supply and Import Rate by Years
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Important targets such as; reducing unemployment (article 216), strengthening
the current account and balance of payments (article 229), ensuring energy supply
security with domestic and renewable energy investments and reducing import de-
pendency (article 144), increasing the competitiveness by producing the needed equ-
ipment and parts for the investments domestically (article 177) are mentioned within
the objectives of the Eleventh Development Plan. 3 In this respect, the decrease in the
import rate within the total energy supply will likely have a positive impact on the
attainment of these objectives.

The environmental effects of energy production should also not be ignored. Lo-
oking at Figure 3, it can be seen that greenhouse gas emissions are mostly caused by
the energy sector. In 2019, 72 percent of total greenhouse gas emissions originated
from energy sector activities.

5  PSB, (2019), Eleventh Development Plan (2019-2023), https://www.sbb.gov.tr/wp-content/up-
loads/2019/07/OnbirinciKalkinmaPlani.pdf , Access Date: 10.04.2022.
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Figure 3 . Total Greenhouse Gas Emissions by Years and Sectors
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In the report published by the IPCC in February 2022, it was clearly stated that
greenhouse gas emissions cause global warming °. According to the report, the fos-
sil related CO2 emissions account for the 73,6 percent of the global greenhouse gas
emissions.’

It is stated that the most important steps for keeping the global temperature rise
below 1.5 C are to limit energy production from fossil fuels, *which accounts for 88.6
percent of the total CO2 emissions, and to prioritize renewable energy investments
and to increase the energy efficiency’.

In addition to these, there are many studies that agree that renewable energy
investments not only increase employment by creating economic growth but such
investments also reduce emissions '°. The increase in employment is considered as the

6  Intergovernmental Panel on Climate Change (IPCC), Sixth Assessment Report, “Climate Change
2021, The Physical Science Basis”, https://www.ipcc.ch/report/ar6/wgl/downloads/report/IPCC
AR6_WGI_Full Report.pdf, Accessed Date : 10.04.2022.

7  United Nations Environment Programme, (UNEP), 2021. Emissions Gap Report 2021: The Heat Is
On — A World of Climate Promises Not Yet Delivered — Executive Summary. Nairobi, https://www.
unep.org/resources/emissions-gap-report-2021, Accessed Date: 10.04.2022.

8  PBL Netherlands Environmental Assessment Agency, 2020, “Trends in Global CO2 and Total
Greenhouse Gas Emissions”, https://www.pbl.nl/en/publications/trends-in-global-co2-and-total-
greenhouse-gas-emissions-2020-report, Accessed Date: 10.04.2022.

9  United Nations Environment Programme, (UNEP), 2021. Emissions Gap Report 2021: The Heat Is
On — A World of Climate Promises Not Yet Delivered — Executive Summary. Nairobi, https:/www.
unep.org/resources/emissions-gap-report-2021, Accessed Date: 10.04.2022

10 For details, see Zhe et al. 2021, Kecek et al., 2019, Ramos et al. 2018, Bouzaher et al. 2015, Pollin et
al. (2009), Wei et al. (2010), Garrett-Peltier (2017), Silva et al. (2013).
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direct and indirect effects of investments ''. In a study conducted for the USA, it was
estimated that an annual investment of 150 billion dollars in the renewable energy se-
ctor would directly and indirectly create 1.7 million jobs 2. The common point of the
academic researches in the field is that renewable energy investments affect employ-
ment positively. In a study conducted in Brazil, Germany, Indonesia, South Africa and
South Korea; it is calculated that the increase in employment is in favor of renewable
energy when between 1 percent and 1.5 percent of the annual gross domestic product
is spent on renewable energy and energy efficiency investments and the same amount
is spent on fossil energy sector investments.". Similarly, it was determined that as a
result of an investment of 1 million dollars, jobs were created for 7.49 to 7.72 people
on average in the renewable energy sector, and if the same investments were made in
the fossil energy sectors, it created jobs for 2.65 people . However it is also claimed
that if all investments in the renewable energy sector are imported, negative effects
on employment may occur *. Another issue is related to the financing of these invest-
ments. It is also seen that the effect on employment is negative if the financing of re-
newable energy investments is created by reducing the support given to fossil fuels '°.

The studies conducted for Tiirkiye, show that renewable energy consumption
positively affects growth !7, creates positive gross employment ¥, improves the cur-
rent account deficit'® and has a negative effect on carbon emissions®. In one study, the
macroeconomic effects on the dual economic structure (high-middle income group
and low income group) of the removal of coal subsidies, which corresponds to 0.1 per-
cent of gross domestic product, and the implementation of a carbon tax are examined

11 Fankhauser S., Sehlleier F. and Stern, N., 2008, “Climate change, innovation and jobs”, CLIMATE
POLICY Earthscan ISSN 80513, 421-429.

12 Pollin R., Heintz J. and Garrett-Peltier H., 2009, “The economic benefits of investing in green energy:
How the economic stimulus program and new legislation can boost US economic growth and employ-
ment”, Amherst, MA: Political Economy Research Institute, University of Massachusetts at Amherst.

13 Pollin R, Heidi Garrett-Peltier H, Heintz J, Glyn A, Chakraborty S, 2015, “Global Green Growth:
Clean Energy Industrial Investments and Expanding Job Opportunities”, Vienna and Seoul: United
Nations Industrial Development Organization and Global Green Growth Institute

14 Garrett-Peltier H., 2017, “Green versus brown: Comparing the employment impacts of energy ef-
ficiency, renewable energy, and fossil fuels using an input-output model”. econ. Model. 2017, 61,
439-447.

15 Garrett-Peltier H., 2017, ibid .

16 For detailed information, see Pollin et al., 2015, Bohringer et al., 2013, Mu et al., 2018, Chatri et al.,
2018

17 Apaydin., S., A. Gilingdr and C. Tasdogan, 2019, Asymmetric effects of renewable energy consumption
on economic growth in Tiirkiye , Mehmet Akif Ersoy University Journal of Faculty of Economics and
Administrative Sciences, 6 (1), 117-134.

18 Cetin M. and Egrican N., 2011, “Employment impacts of solar energy in Tiirkiye”. Energy Policy
2011, 39, 7184-7190

19 Gokee, C. & Demirtas G., 2018, “The Role of Renewable Energy in terms of Current Account Balance:
Panel Data Analysis for European Union Countries and Tiirkiye”, Journal of Management and Econo-
my, 25 (3), 641-654 . DOI: 10.18657/yonveck.452107

20 Caglar, AE and Mert, M., 2017 , “Environmental Kuznets Hypothesis and the Effect of Renewable
Energy Consumption on Carbon Emission in Tiirkiye: Structural Fracture Cointegration Approach”,
Journal of Management and Economics, 24 (1), 21-38. DOI: 10.18657/yonveek.307485
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and positive growth and employment effects were observed?'. In the study published
by the Istanbul Policy Center, the employment factor approach was used for four dif-
ferent scenarios, in which solar and wind energy installed capacities were increased,
and it was calculated that between 3,000 and 25,000 gross jobs would be created from
solar energy and between 9,300 and 23,300 gross jobs from wind energy . In another
study, capacity increases to solar, wind, geothermal, biomass and hydroelectric power
plants were examined with the employment factor approach according to three diftfe-
rent scenarios and two different imported input scenarios, and it was calculated that a
total of 106,000 to 133,016 gross jobs would be created 2.

On the one hand, efforts to increase the renewable energy supply become impor-
tant, on the other hand, energy efficiency appears as another complementary element.
In the National Energy Efficiency Action Plan, it is aimed to achieve a cumulative
reduction of 23.9 MTEP in Tiirkiye’s primary energy consumption in the period of
2017-2023. In this context, action plans have been prepared under 6 different headin-
gs. These are;

1. Horizontal Topics

» Establishing and Increasing the Efficiency of Energy Management Systems

* Development of the National Energy Efficiency Financing Mechanism

» Supporting Energy Efficiency Projects with Energy Efficiency Competitions

* Preparing Basic Materials for Energy Efficiency Projects such as Guidelines
that Cover Technical, Legal and Financial Issues, Sample Contracts, etc.

* Development of Registration, Database and Reporting Systems in Energy
Efficiency Activities

* Increasing, Coordinating and Controlling International Energy Efficiency
Financing Opportunities and Efficiency

 Strengthening the Administrative and Institutional Structure

» Carrying out Awareness, Education and Informative Activities

* Energy Efficiency Studies

* Adoption of Sustainable Business and Procurement Approach in the Public
Sector

» Energy Efficiency Obligation Program for Energy Distribution or Retail
Companies

2. Building and Services Sector

* Identifying and Sharing Best Practices for Materials and Technology Used in

21 Acar, S., Voyvoda, E., & Yeldan, E.,2018, “Macroeconomics of climate change in a dualistic economy:
A regional general equilibrium analysis”. Elsevier

22 Istanbul Policy Center (IPM) and Institute for Advanced Sustainability Studies (IASS), 2019, “Skills
and Employment Development with Renewable Energy in Tiirkiye: Analysis of Co-Benefits of Decar-
bonization of the Electricity Sector”

23 Yilmaz SA, 2014, “Green Affairs and Its Potential in the Field of Renewable Energy in Tiirkiye”, Ministry
of Development, Publication No. 2827.
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the Construction Industry

Creating a Database Including Energy Consumption Data for Buildings
Defining Energy Saving Targets for Public Buildings

Increasing Energy Efficiency in Municipal Services

Rehabilitation of Existing Buildings and Improving Energy Efficiency
Encouraging the Use of Central and District Heating/Cooling Systems
Increasing the Energy Performance Certificate Ownership Rate of Existing
Buildings

Encouraging the Certification of Sustainable Green Buildings and Settle-
ments

Promoting Energy Efficiency in New Buildings

Improving Energy Performance in Existing Public Buildings

Expanding the Use of Renewable Energy and Cogeneration Systems in Buil-
dings

Energy Efficiency Study Programs for SMEs’ Buildings and Resource Allo-
cation for Studies

. Industry and Technology Sector

Expansion of Cogeneration Systems in Large Industrial Facilities Using Heat
Providing Support to Increase Energy Efficiency Projects and Diversity in the
Industry

Increasing Efficiency in the Industry Sector

Application of Energy Efficiency Performance Standards and Environmen-
tally Responsible Design, Production, Labeling System in Devices
Supporting Productivity Increasing Projects in the Industry Sector

Mapping Energy Saving Potential in Industry

Improving Voluntary Agreements

. Energy sector

Determining the Potential of Cogeneration and District Heating-Cooling Sys-
tems and Preparation of a Roadmap

Implementation of Efficiency Standards for Natural Gas Infrastructure
Providing Comparable and More Detailed Billing Information to the Consu-
mer, Creating an Energy Data Platform for Smart Management of Metering
Information

Harmonization of the Regulatory Framework for Reading Electricity Meters
with the Main Principles Determined by the European Union Acquis (Increa-
sing the Number of Smart Meters)

Application of Minimum Performance Standards in Transformators
Managing Peak Load from Heating and Cooling

Increasing Energy Efficiency in General Lighting

Improving Efficiency Increase in Electricity Transmission and Distribution
Activities
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* Increasing Efficiency in Existing Power Generation Plants

+ Establishment of Market Infrastructure for Demand Side Response Applica-
tion

5. Transportation Sector

* Encouragement of Energy Efficient Vehicles

* Development of Comparative Studies on Alternative Fuels and New Techno-
logies

* Developing and Improving Cycling and Pedestrian Transportation

» Reducing Congestion in Cities: Reducing Automobile Use

» Dissemination of Public Transport

* Development and Implementation of Institutional Restructuring for Urban
Transport

+ Strengthening Sea Freight

 Strengthening Rail Transport

» Data Collection for Transportation

6. Agriculture Sector

* Encouraging the Renewal of Tractors and Combine Harvesters with Energy
Efficient Ones

+ Transition to Energy Efficient Irrigation Methods

» Supporting Energy Efficiency Projects in the Agriculture Sector

* Encouraging the Use of Renewable Energy Resources in Agricultural Produ-
ction

+ Identifying the Potential of Agricultural By-Products and Waste to Obtain
Biomass and Promoting Its Use

* Supporting Energy Efficiency in the Fisheries Sector

Within the scope of the National Energy Efficiency Action Plan to be implemen-
ted between 2017-2023, it is aimed to reduce Tiirkiye’s primary energy consumption
by 14 percent in 2023 with 55 actions defined in 6 categories, including buildings and
services, energy, transportation, industry and technology, agriculture and horizontal
issues. It is envisaged to save 23.9 MTEP cumulatively by 2023 and to invest USD
10.9 billion for this saving. With 2017 prices, the cumulative savings to be achieved
until 2033 is 30.2 billion USD, and it is predicted that the effect of some savings will
continue until 2040 .

2. RENEWABLE ENERGY SOURCES

When the distribution of total electricity energy production resources in Tiirkiye
for 2020 are examined, it is seen that coal ranks first with 34.84 percent, of which
20.49 percent is met by imported coal. According to Figure 4, the share of energy ob-

24 MENR, 2018, National Energy Efficiency Action Plan (2017-2023)
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tained from fossil fuels, together with natural gas, is calculated as 57.49 percent. The
point worthy of attention here is that the share of hydro-electric power plants, which
are renewable energy sources, has reached 25.61 percent.

Figure 4 . Distribution of Electricity Energy Production Resources in Tiirkiye for
2020
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Source: EGC, 2020, Electricity Generation and Trade Sector Report, p.16

Table 2 shows the distribution of installed power electricity generation by re-
sources for 2020.

Table 2 . Distribution of Installed Power in Tiirkiye by Resources for 2020

Resource MWh
Hydraulic 78,095.897
Natural gas 68,710.315
Lignite+ Hard Coal 62,406,953
Imported Coal 41,637,308
Wind 24.812,088
Sun 10,941,368
Geothermal 9,942,531
Biomass 4,435,221
Liquid Fuels* + Asphaltite 2,928,105
Waste Heat 701.775
Total 304,611,543

Source: EGC, 2020 Annual Report, p.22; * Liquid Fuels (Fuel Oil + Diesel + Naphtha)
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Although the share of coal use in the total is high for 2020, the share of hydraulic
power plants in the total electricity energy production performance is in the first place
with 25.64 percent, natural gas is in the second place with 22.56 percent, and coal
ranks third with a share of 21.82 percent®.

When we evaluate these results, it is seen that even in the lowest energy con-
sumption scenario, 415,042 GWh is needed in the next 10 years, and the installed
power can produce 304,611 GWh in its current state. It is clear that the renewable
energy supply needs to be increased in order to meet the rapidly growing electri-
city demand. Hydraulic energy production has taken significant distances with the
HEPP projects and has contributed significantly to the renewable energy supply for
the emerging energy demand. Of course, it seems inevitable that this contribution
should be supported by alternative renewable resources. At this point, among alter-
native renewable energy sources, wind energy draws attention with a share of 8.15
percent in the total installed power, while solar with a share of 3.59%, geothermal
with 3.26 percent and biomass with a share of 1.80 percent 2°. As can be seen, wind,
solar, geothermal and biomass as renewable energy sources have not yet come a long
way and stand before us as an important investment area.

25 EGC, 2020 Annual Report, p.22
26 EGC, 2020, ibid, p.22
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2.1.WIND POWER

Wind is expressed by two parameters, speed and direction. Wind speed incre-
ases with height, and its theoretical strength varies in proportion to the cube of its
speed. Although wind energy-based electricity generation applications have disad-
vantages such as high initial investment cost, low capacity factors and variable energy
generation, some advantages can be listed as follows;

 Itis arenewable and clean energy source, which is environmentally friendly.

» There is no risk of exhaustion and increase in price over time.

* Its cost has reached a level that can compete with today’s power plants.

* Maintenance and operating costs are low.

 Its technology is relatively simple to install and operate.

+ Commissioning can take place in a short time.

In Tiirkiye, it has been accepted that 5 MW wind power plants per square kilo-
meter can be established in areas 50 meters above ground level and with wind speeds
above 7.5 m/s. In the light of these assumptions, the Wind Energy Potential Atlas
(WEPA) has been prepared, in which wind resource information produced using a
medium-scale numerical weather forecast model and a micro-scale wind flow model
is given. Tiirkiye’s wind energy potential has been determined as 48,000 MW and
details are presented in Table 3 7.

Table 3 . Potential Wind Energy Capacity in Tiirkiye-50 M

Annual Power Annual average Total Capac
Wind Class Density Wind speed (MV&I;) v
(W/m?) (m/s)
4 400-500 7.0-7.5 29259.36
5 500-600 7.5-8.0 12994, 32
6 600-800 8.0-9.0 5399,92
7 >800 >9.0 195.84
Total Capacity 47 849, 44
Terrestrial: 37 836
Above Sea: 10 013

Source: https://enerji.gov.tr/eigm-yenilenen-enerji-kaynaklar-ruzgar

As of the end of 2020, Tiirkiye’s installed power based on wind energy is 8,832
MW, and its share in total electricity generation is 8,09 percent. Figure 5 shows the
change in installed power over the years and its share in total electricity generation.

27 https://enerji.gov.tr/eigm-yenilenen-enerji-kaynaklar-ruzgar



Celal TASDOGAN

Figure 5 . Tiirkiye’s Installed Electricity Based on Wind Energy by Years
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Electricity production based on wind energy in Tiirkiye has increased rapid-
ly since 2010 and has increased approximately 6.7 times by 2020. In addition, the
share of wind energy-based electricity generation in total electricity production has
increased by 5.8 times as of the same period. As seen in Figure 6, while the share of
wind-based electricity generation in the total was 1.38 percent in 2010, this share
reached 8.09 percent in 2020.

Figure 6 . Share of Tiirkiye’s Wind Energy Based Electricity Production within the Total
Electricity Production by Years
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As a result, considering that the electricity production with wind energy is ap-
proximately 48.000 MW and the installed power is 8.332 MW, it is seen that there are
significant investment and production opportunities in this field. In this framework,

12
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the 2023 target of the Ministry of Energy and Natural Resources is to reach the instal-
led power level of 11,883 MW 2,

2.2. SOLAR ENERGY

It is claimed that the amount of energy reaching the earth’s surface from sunlight
in one minute is more than the energy used worldwide in a year. Therefore, the sun is
seen as an important alternative as a renewable energy source. Although there is more
than one method for generating electricity from solar energy, the general trend is pho-
tovoltaic systems in which the light from the sun is directly converted into electricity.
At the same time, the importance of solar energy is increasing because it is a clean
energy source and works at a low cost after installation.

Tiirkiye has high solar energy potential due to its geographical location. Ac-
cording to the Tiirkiye Solar Energy Potential Atlas (SEPA), the average annual total
sunshine duration is 2,741.07 hours and the average annual total radiation value is
calculated as 1.527.46 kWh /m 2.

Figure 7 . Tiirkiye’s Solar Energy Potential
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Source: https://enerji.gov.tr/eigm-yenilenen-enerji-kaynaklar-gunes

As of the end of 2020, Tirkiye’s solar-based electricity installed power was
6.667 MW, and its share in total electricity generation was 3.6 percent. Figure 8 shows
the change in Tiirkiye’s installed solar power over the years.

28 MENR, 2019-2023 Strategic Plan, https://sp.enerji.gov.tt/ETKB 2019 2023 Stratejik Plani.pdf, p. 76.
29  https://enerji.gov.tr/eigm-yenilenen-enerji-kaynaklar-gunes
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Figure 8 . Tiirkiye’s Solar Energy Installed Capacity by Years
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The biggest change in solar energy installed power in Tiirkiye took place in
2017. The increase has continued since this date, while a 2-fold growth has occurred
in the 2017-2020 period. In this period, the share of solar energy in the total energy
supply has increased approximately 3.5 times. Looking at Figure 9, indicates that the
share of solar energy in total energy supply was 0.97 percent in 2017, it reached 3.66
percent in 2020.

Figure 9 . Share of Solar Energy Installed Capacity within Total Installed
Capacity in Tiirkiye by Years
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In addition to this acceleration , according to the 2023 target of the Ministry of
Energy and Natural Resources , it is aimed that the installed solar energy capacity will
reach 10 000 MW .

30 MENR, 2019-2023 Strategic Plan, https://sp.enerji.gov.tt/ETKB 2019 2023 Stratejik Plani.pdf, p. 76.
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2.3.GEOTHERMAL ENERGY

Geothermal energy is the heat energy carried to the surface by hot water, ste-
am and gases, which are above the regional atmospheric average temperature and
may contain more dissolved minerals, various salts and gases than the surrounding
underground and surface waters. These hot temperatures that generate geothermal
energy are formed by the heat and pressure accumulated in various depths of the
earth’s crust. Geothermal energy is used for electricity generation, heat generation
and thermal tourism.

As Tiirkiye is located on an active tectonic belt due to its geological and geog-
raphical location, it is in a geothermal rich location and has geothermal resources at
different temperatures in the form of approximately 1,000 natural outlets spread all
over the country. Tiirkiye is the 1st country in Europe in terms of geothermal potential
and the 4th country in the world in terms of installed power.

78 percent of Tiirkiye’s geothermal potential areas are located in Western Ana-
tolia, 9 percent in Central Anatolia, 7 percent in the Marmara Region, 5 percent in
Eastern Anatolia and 1 percent in other regions. 90 percent of geothermal resources
are at low and medium temperatures and are suitable for direct applications (heating,
thermal tourism, various industrial applications, etc.), and 10 percent for indirect app-
lications (electric power generation).

In recent years, drilling in geothermal energy exploration has been increased
from 2,000 m to 28,000 m. The usable heat capacity was 3,100 MWt as of the end of
2004. Due to the focus on the development of existing resources and the search for
new resource areas, and the preparation of “Geothermal Resources and Natural Mine-
ral Waters Law” in 2008 and the private sector’s geothermal exploration, development
and investment activities the total geothermal heat capacity (apparent heat amount)
has reached 35,500 MWt. Tiirkiye ‘s probable geothermal heat potential is estimated
as 2 000 MWe for 31 500 MWt electricity generation 3'.

As of the end of 2020, geothermal energy electricity generation in Tiirkiye has
reached 1.613 MW, and its share in total electricity generation has reached 3,25 per-
cent. In this context, the change in installed power over the years and its share in total
electricity generation are given in Figures 10 and 11, respectively.

31 https://enerji.gov.tr/eigm-yenilenen-enerji-kaynaklar-jeothermal
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Figure 10 . Installed Capacity of Geothermal Power Plants in Tiirkiye by Years
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Electricity production with geothermal energy has continued to increase steadily
since 2013. Electricity production, which was 311 MW in 2013, increased to 1.613
MW in 2020. In Figure 11, it is seen that the share of geothermal energy in total elect-
ricity production has increased approximately 6 times in the 2013-2020 period.

Figure 11 . Share of Geothermal Electricity Production within the Total Electricity
Production by Years in Tiirkiye
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2.4.BIOMASS ENERGY

Biomass is defined as the total mass of living organisms belonging to a species
or a community of various species at a given time, and is also considered an organic

carbon. According to the Law No. 5346, biomass is defined as; provided that it is not
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imported; In addition to urban wastes, resources obtained from agricultural and forest

products, including vegetable oil wastes, agricultural harvest wastes, and by-products

resulting from the processing of these products and waste tires, and industrial waste

sludge and treatment sludge.

Biomass sources are respectively;

1.

Herbal

Oilseed plants (canola , sunflower, soybean, safflower etc. )

Sugar and starch crops (potato, wheat, corn, sugar beet etc.)

Fiber crops (flax, kenaf, hemp, sorghum, miscanthus, etc.)

Protein crops (peas, beans, etc.)

Vegetable and agricultural residues (branches, stems, straw, roots, bark, etc.)

. Forest and Forest Products

Wood and forest wastes (energy forests and energy crops, various trees)

. Animal

Feces of animals such as cattle, horses, sheep, chickens, slaughterhouse was-
tes and wastes generated during the processing of animal products.

. Organic garbage, City and Industrial

Sewage and bottom sludge, paper, industry and food industry waste, indust-

rial and domestic wastewater, municipal and large industrial plant wastes*

According to the Biomass Energy Potential Atlas (BEPA) data, the total econo-

mic energy equivalent of waste in Tiirkiye is around 3.9 MTEP/year. Table 4 presents

the details of this potential.

32 https://enerji.gov.tr/eigm-yenilenen-enerji-kaynaklar-biokutle
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Table 4 . Biomass Energy Potential in Tiirkiye

Biomass Resources Amount

Total Number of Animals 422,832,374 Quantity
Animal Waste Amount 193,878.079 tons/year
Energy Value of Animal Waste (Theoretical) 4.385.371 TOE/year
Energy Value of Animal Waste (Economic) 1,084,506 TOE/year
Vegetable Production Amount 171,399.002 tons/year
Vegetable Waste Amount 62.206.754 tons/year
Energy Equivalent of Vegetable Wastes (Theoreti- | 25,384,268 TOE/year
cal)

Energy Equivalent of Vegetable Wastes (Economic) | 1.462.159 TOE/year
Municipal Solid Waste Amount 32,170,975 tons/year
Energy Values of Municipal Waste (Theoretical) 3.373.011 TOE/year
Energy Values of Municipal Waste (Economic) 485,858 TOE/year
Energy Value of Forest Wastes (Economic) 859,899 TOE/year
Total Economic Energy Equivalent of Wastes: 3.892.422 TOE/year

Source: https://enerji.gov.tr/eigm-yenilenen-enerji-kaynaklar-biokutle

The installed power based on biomass energy, which is also widely used in ele-
ctricity generation in Tiirkiye, is 1.485 MW (369 MW of which is waste heat) by the
end of 2020, and its share in total electricity production is 1.80 percent. Figure 12
shows the change in installed power by years and Figure 13 shows its share in total
electricity generation.

Figure 12 . Biomass Electricity Production Installed Capacity by Years in Tiirkiye
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Figure 13 . Share of Electricity Production from Biomass within Total Electricity
Production by Years in Tiirkiye
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Source: https://enerji.gov.tr/eigm-yenilenen-enerji-kaynaklar-biokutle

It is observed that the biomass installed power has increased steadily in the
2012-2020 period. While the share of biomass-based electricity generation in total
electricity production was 0,3 percent in 2012, it increased to 1,80 percent in 2020.

3. BIOMASS ENERGY AND SUSTAINABILITY

Tiirkiye joined the United Nations Framework Convention on Climate Change
(UNFCCC) as the 189th Party on May 24, 2004 within the scope of the laws numbe-
red 25266 and 4990 published in the Official Gazette in 2003. The Convention aims to
reduce greenhouse gas emissions, increase collaboration on research and technology,
and protect greenhouse gas sinks (such as forests, oceans). Within the scope of the
Convention, developed countries and other Parties included in Annex-I shall make
greenhouse gas emission reductions; developed countries and other Parties included
in Annex II are also obliged to provide financial support to other countries. At the time
the Convention entered into force, Tiirkiye was included in both annexes, and with the
Decision No. 26/CP.7 taken at the 7th Conference of the Parties held in 2001, Tiirki-
ye’s name was removed from the UNFCCC ANNEX-II list, but its special conditions
were accepted and it remained on ANNEX- I list.

The Kyoto Protocol was adopted in 1997 and entered into force in 2005. In
the protocol, quantified emission reduction targets are specified for Annex I parties.
Tiirkiye became a party to the Kyoto Protocol on August 26, 2009 by submitting the
accession instrument to the United Nations, after the adoption of the Law No. 5386
by the Turkish Grand National Assembly on February 5, 2009 and the Council of Mi-
nisters Decision dated May 13, 2009 and numbered 2009/14979. Although Tiirkiye,
which was not a party to the UNFCCC when the Kyoto Protocol was adopted, was an
Annex-1 country, there was no quantified emission reduction commitment within the
scope of the Protocol.
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The Paris Agreement is essentially based on the United Nations Framework
Convention on Climate Change and aims to regulate the post-2020 climate change
regime, which is the expiration date of the Kyoto Protocol.

The Paris Agreement, which constitutes the framework for the post-2020 clima-
te change regime, was adopted at the UNFCCC 21st Conference of the Parties held in
Paris in 2015. At COP 21, for the first time after 2020, all countries on a global scale
made a commitment to reduce their greenhouse gas emissions. The agreement entered
into force on 4 November 2016, as a result of meeting the requirement that at least 55
parties ratify the agreement, which as of 5 October 2016 accounts for 55 percent of
global greenhouse gas emissions.

Tiirkiye signed the Paris Agreement with the representatives of 175 countries
at the High Level Signing Ceremony held in New York on April 22, 2016, and it was
emphasized that it signed the Agreement mentioned in our National Declaration as a
developing country.

The ratification of the “Law on the Approval of the Paris Agreement No.
7335” and the “Paris Agreement”, which was accepted at the 21st Conference
of the Parties to the United Nations Framework Convention on Climate Change
and signed on 22 April 2016 on behalf of the Republic of Tiirkiye, were deemed
appropriate to be ratified. The Paris Agreement, that was deemed to be appropria-
te for ratification on 06.10.2021 and numbered 7335, was approved in accordan-
ce with the “Presidential Decree No. 9” and published in the Official Gazette®.
While the harmonization process with international agreements continues, it is pos-
sible to say that Tiirkiye is faced with new developments within the scope of the
European Union target. The environmental policy of the European Union aims to eli-
minate, reduce and prevent pollution, to ensure sustainable development by ensuring
that natural resources are used in a way that does not harm the ecological balance, to
prevent environmental damage at its source and to ensure the integration of environ-

mental protection with other sectoral policies (energy, transportation, etc.).
The basic principles of the European Union’s environmental policy are “polluter

pays”, “being integrative”, “high level of protection”, “prevention at source”, “being
ventiv uti .
reventive” and “precaution ”’

Environmental Action Programs, which have been prepared since 1973, have
been very influential in the development of the European Union’s environmental po-
licy.

On 14 October 2020, the European Commission submitted a proposal to prepare
the 8th Environment Action Programme. 8. The objectives of the Environmental Ac-
tion Program are listed below;

33 https://iklim.csb.gov.tr/bmidcs-ve-turkiye-i-4376 , Accessed Date, 11.04.2022.
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* Meeting the 2030 greenhouse gas emission reduction target and realizing the
transition to climate-neutral order by 2050,

* Reducing vulnerability by increasing adaptation capacity and resilience to cli-
mate change,

* Enabling the transition to a regenerative growth model, decoupling economic
growth from resource use and environmental degradation, accelerating the
transition to a circular economy.

* Protecting the health and well-being of citizens by achieving the goal of zero
pollution to air, water and soil.

« Strengthening natural capital, protecting, preserving and strengthening bio-
logical diversity,

* Reducing the pressure of production and consumption activities on the envi-
ronment and climate (especially in the energy, industry, infrastructure and
construction, transportation and food sectors)

With the Lisbon Treaty, which entered into force on 1 December 2009, the environ-
ment was accepted as one of the shared jurisdictions between the EU and its member
states. Under the Lisbon Treaty, the Union’s environmental policy contributes to the
pursuit of the following objectives:

* Maintaining, protecting and improving environmental quality,

e Protection of human health,

* The prudent and rational use of natural resources

* Promoting measures at the international level to address regional or global
environmental problems, and in particular combating climate change.

The European Green Deal (EGD), which was announced by the President of
the European Commission on 11 December 2019, is the new growth strategy that
aims to make Europe the world’s first climate-neutral continent where greenhouse
gas emissions will be net zero by 2050 . The EGD, which envisages bringing the
EU to a resource-efficient, competitive and modern economic structure, is a radical
transformation plan that covers many areas from production to trade, from energy to
transportation, from agriculture to taxation. According to the EGD, it is envisaged that
all sectors of the EU economy will be restructured in a way that will contribute to the
EU’s goal of being climate-neutral by 2050. In order to achieve the EGD’s goals, it
is planned to realize a sustainable investment of approximately 1 trillion Euros in the
next 10 years.

European Climate Law was adopted on 30 June 2021 in order to transform a
political pledge regarding the transition of Europe to the climate-neutral order into
a legally binding obligation. Within the scope of the law, the target of 40 percent
reduction in greenhouse gas emissions by the EU for 2030 compared to 1990 was
updated as “at least 55 percent reduction compared to 1990” and became binding.
This updated target was submitted to the United Nations Framework Convention on
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Climate Change (UNFCCC) in December 2020 as the EU’s new contribution to the
Paris Agreement.

The radical transformation process envisaged by the EGD is followed closely
within the scope of Tiirkiye’s EU accession process and its commercial and econo-
mic relations with the Union, and the necessary preparatory work is carried out in
coordination with the relevant institutions. In this context, the Presidential Circular
on the EGD Action Plan was published in the Official Gazette dated 16.07.2021 and
numbered 31543. 9 main topics of EGD Action Plan (“Border Carbon Regulation”,

CEINNTS

“Green and Circular Economy”, “Green Financing”, “Clean, Economic and Secure
Energy Supply”, “Sustainable Agriculture”, “Sustainable Transportation”, “Comba-
ting Climate Change”, “Diplomacy”, “Information and Awareness Activities”), were
shared with the public on the same date. The EGD Action Plan, which includes a total
of 32 targets and 81 actions, provides a detailed roadmap for Tiirkiye’s harmonization
efforts in the field of green transformation. Tirkiye’s becoming a party to the Paris
Agreement as of 2021 and announcing its net zero emission target for 2053 will also

accelerate the implementation process of the EGD Action Plan.

Parallel to all of these issues, in Tiirkiye “Law on Use of Renewable Energy Resour-
ces for Electricity Production” numbered 5346 entered into force in 2005. With this law,
following are planned; increasing the use of renewable energy resources for electrical
energy generation purposes, bringing these resources into the economy in a reliable,
economical and high quality manner, increasing the diversity of resources, reducing
greenhouse gas emissions, making use of the waste, protecting the environment, and
improving the manufacturing sector needed for the realization of these purposes.

In the said law, Biomass is defined as solid, liquid and gaseous fuels obtained
from agricultural and forest products, including organic wastes, vegetable oil wastes,
agricultural harvest residues, and by-products of the processing of these products. It is
regulated that R&D facility investments for electricity production or fuel production
using biomass resources can benefit from incentives with the decision of the Council
of Ministers®.In the Decree Law No. 28/2011, biomass is defined as the “biodeg-
radable portion of products, wastes and residues of biological origin from related
industries, including agriculture (including plant and animal matter), forestry and fis-
heries, and aquaculture, mowing and pruning from public and private green spaces.”

Biomass, which is an important renewable energy source when evaluated in
terms of sustainability, is generally accepted as carbon neutral in production and use
compared to fossil-based fuels. It is seen as a remarkable feature that bioenergy pro-
duction has 80-85% lower emission rates compared to fossil fuels. Of course, the

34  https://www.ab.gov.tr/fasil-27-cevre_92.html , Accessed Date, 11.04.2022.

35 https://www.resmigazete.gov.tr/eskiler/2005/05/20050518-1.htm , Access Date, 11.04.2022.

36 Bereket-Bas, Z., (2022), Analysis of the Legal Status of Biomass in Renewable Energy and Agricul-
ture, 11-13 May 2022 Risk and Finance Workshop in Biomass, Izmir.
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realization of these emission rates depends on sustainable biomass resources and the
efficiency levels of these resources in the management and processing stages. Additi-
onally, land use for bioenergy production has significant potential to increase produc-
tion and productivity by converting unused and abandoned lands to production facili-
ties. In addition, the use of harvest residues as raw materials for bioenergy production
not only increases resource efficiency, but also reduces greenhouse gas emissions
without having a negative impact on land use. On the other hand, the lands used for
bioenergy production can cause a decrease or increase in biodiversity, and therefore
it is of great importance to take the necessary precautions in bioenergy production.

The use of agricultural products or primary residues for bioenergy production
brings the risks of reduced soil quality and depletion of nutrients. On the other hand,
the positive effect of waste treatment on soil quality is their use as fertilizer. The use
of suitable biomass feedstocks with sustainable practices can contribute to the reha-
bilitation of degraded lands, resulting in improved soil quality. It can be said that the
risks and potential benefits of bioenergy production related to environmental impacts
differ according to factors such as raw materials, management system, technology
used, and operation region.

In addition, uncontrolled burning of biomass raw materials can cause carbon
emissions, causing air pollution and some health problems. However, air quality requ-
irements can be met with the use of modern systems and controlled methods. With the
land-based use of biomass resources, there is a risk of depletion or pollution of water
resources in and around the production area. On the other hand, the use of wastewater
for bioenergy production and the use of algae for biofuels also have many benefits,
such as cleaning polluted or nutrient-rich water streams. Appropriate biomass raw ma-
terials used with sustainable practices can contribute to the rehabilitation of degraded
lands, resulting in the protection of watersheds. Bioenergy production and use has an
impact on many issues such as soil and water quality, land tenure and safe working
conditions. For this reason, it should be done with controlled methods, taking into
account the consequences of bioenergy production and use ¥’.

As it is known, renewable energy sources have a great potential to replace gre-
enhouse gas emissions from the combustion of fossil fuels and thus reduce climate
change. Appropriate application of renewable energy sources can contribute to social
and economic development, energy access and reducing the environmental impact of
energy generation. Investments in renewable energy have development implications
such as improved energy access, better health through reduced emissions and job
creation. In addition, forest and land use support climate action and provide sustai-
nable livelihoods for communities, while protecting important natural resources and

37 PwC, (2021), Biomass and Bioenergy Sectors Overview, www.pwc.com.tr , Accessed Date,
11.04.2022, p.8-9.
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the environment *®. Considering all of these, it is beneficial to evaluate the use of bio-
mass resources and energy production in terms of environmental, social and economic
factors, which are sustainability factors.

3.1.ENVIRONMENTAL DIMENSION

Biomass use, if properly managed and regulated, can reduce atmospheric CO,
levels and, when used for energy purposes, has a positive effect on emissions CO, over
its life cycle. When bioenergy is used with carbon capture and storage, the carbon is
not returned to the atmosphere, leading to a net reduction of CO, Similarly, when
biomass is used in bio-based materials, it increases the biogenic carbon stored in the
materials over the lifetime of the products and in some cases can have a positive effect
on CO2 sequestration for the environment In the circular carbon economy, bioener-
gy is only a part of its system. Bioenergy strengthens the entire biomass system by
generating revenue streams instead of incineration, waste or disposal of residues and
wastes produced throughout the supply chain. It also helps prevent environmental
problems such as methane emissions *.

Figure 14 . Integrated Solid Waste Management Chart
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Source: PwC, (2021), supra, p.59

Biomass is converted into solid, liquid and gaseous fuels using various conver-
sion technologies. In addition to the use of animal waste, agricultural waste, forestry
waste, urban and industrial waste in biomass facilities in Tiirkiye, energy is also pro-
duced by the use of energy plants. The integrated solid waste management scheme
defines the transformation relationships of these wastes to recycling and electricity
generation. As seen in Figure 14, the organic wastes collected separately go directly

38 PwC, (2021), ibid, p. 12.
39 PwC, (2021), ibid, p. 15
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to the compost facilities, while the organic wastes included in the domestic wastes
are processed in the separation facility and directed to the compost facility. While the
separation facility supports electricity generation by providing raw materials for bio-
methanization, it also supports recycling of paper/cardboard, plastic, metal and glass.

As seen in Figure 15, the lowest efficiency in the recycling rates of packaging
wastes occurs in glass and wood wastes, and the highest recovery rate in paper and
cardboard packaging. The average recycling rate in Tiirkiye is calculated as 62 per-
cent.

Figure 15 . Recycling Rates of Packaging Waste in 2020 (%)
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Source: Packaging Bulletin, (2020),Packaging and Packaging Waste Statistics, https://
webdosya.csb.gov.tr/db/cygm/icerikler/ambalajbulten-2020-20220226105845.pdf , Access
Date, 13.04.2022

According to the directive, packaging waste collection, sorting and recycling fa-
cilities are required to obtain a license. In Figure 16, it is seen that the total number of
collection and separation facilities reached 731 and the number of recycling facilities
reached 1,128 as 0of 2018.4°

40 PwC, (2021), ibid ., p. 65
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Figure 16 . Distribution of Collection-Separation and Recycling Facilities by Years (Quantity)
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According to Figure 17, it is seen that municipal wastes suitable for biometha-
nization are concentrated in 16 provinces marked with red on the map, especially in
provinces with high population density. In Tiirkiye, 45 percent of total municipal was-
te is considered as waste suitable for biomethanization. While the theoretical energy
equivalent of municipal wastes suitable for biomethanization is 466,881 TEP/year,
the economic energy equivalent of these wastes is calculated as 93,396 TEP/year !

Figure 17 . Distribution of Municipal Wastes Suitable for Biomethanization by Provinces
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41 https://bepa.enerji.gov.tr/ , , Access Date, 10.05.2022
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Figure 18 . Distribution of Municipal Wastes by Disposal and Recovery Method (%)
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As seen in Figure 18, 69.4 percent of the 32.3 million tons of waste collected in
municipalities that provide waste services in 2020 was sent to landfills, 17 percent to
municipal dumps and 13.2 percent to recycling facilities, 0.4 percent were disposed
of by burning in the open, burial, dumping into a stream or land. The average daily
amount of waste per person collected in municipalities is calculated as 1,13 kg *.

Table 5 . Number of Waste Disposal and Recovery Facilities; 2018, 2020

2018 2020
Number of Facilities Number of Facilities

Waste disposal facilities 166 184
Landfill facility 159 174
Combustion Plant 7 10
Waste recovery facilities 2.057 2,568
Compost Plant 8 9
Co-combustion plant 40 50
Other recovery facility 2009 2,509

Source: TURKSTAT, (2021), Bulletin of Waste Statistics for 2020, Accessed Date, 10.05.2022

As seen in Table 5, while the number of waste disposal facilities increased by
18 from 2018 to 2020, the number of waste recycling facilities increased by 511. In
2020, 78.3 million tons of 127.4 million tons of waste processed in waste disposal
and recycling facilities were* disposed of and 49,1 million tons were recovered. The
total amount of processed waste increased by 22 percent compared to 2018. The total

42 TURKSTAT, (2021), Waste Statistics Bulletin for 2020, Access Date, 10.05.2

43 Asitisaimed to obtain the final waste disposal and recovery data within the scope of the Waste Disposal
and Recovery Facilities Survey; Pre-treatment facilities such as waste collection, sorting, and interme-
diate storage are excluded. Imported wastes are also processed in the facilities.
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capacity of the landfill facilities is calculated as 1.2 billion m* and 77.8 million tons of
waste, 31.9 million tons of which is hazardous, is disposed of in a total of 174 land-
fills. While energy is recovered by burning 1.3 million tons of waste in co-incineration
facilities with a waste recovery license, a total of 47.6 million tons of metal, plastic,
paper, mineral waste is recovered in other waste recovery facilities that have a license,
excluding compost and co-incineration facilities etc.*.

Manufacturing industry workplaces, mining enterprises, thermal power plants,
organized industrial zones (OIZ), health institutions and households generated a total
of 104.8 million tons of waste in 2020, 30.9 million tons of which was hazardous. A
total of 23.9 million tons of waste, 4.6 million tons of which is hazardous, was gener-
ated in manufacturing industry workplaces. 56.3 percent of the total waste was sold or
sent to licensed waste treatment facilities. 24.2 percent of it was sent to landfills and
7.1 percent was stored at the workplace. 7 percent was recovered on site, 3.2 percent
was collected by the municipality or OIZ administrations, 1.7 percent was sent to
co-incineration or incineration facilities, 0.4 percent was used as filling material or
was returned to nature. 0.1 percent was disposed of by other methods.

Table 6 . Distribution of Total Waste Amount; 2018,2020

The amount of non-
hazardous waste

2018 2020 2018 2020 2018 2020
Total (tonnes) 94,870,818 | 104,848,864 | 15,078,573 |30,876.658 |79,792,245 |73,972,206

Manufacturing

Total Waste Amount Hazardous Waste Amount

Industry 22,881,144 |23,867,866 |3,677,320 |4,597274 |19,203,824 |19.270.593
Workplaces

gg’;fgal Power 16 127.134 24375356 | 13,805 10.012 26,113.329 | 24.365.343
Mining 17,387.029 27,581,875 |11.176.581 |26,044,730 |6.210.448 |1,537,144
managements

0SB 286,843 279,067 111,733 116,720 175,110 162,347
Health 89,454 109,683 86,916 106,570 2,538 3.113
Organizations

household 28,099,214 |28,635,018 |12,218 1,352 28,086,966 | 28,633,665

Source: TURKSTAT, (2021), Bulletin of Waste Statistics for 2020, Accessed Date, 10.05.2022

As can be seen in Table 6, 27.6 million tons of waste, excluding stripping ma-
terial/waste, was generated in mining operations in 2020. 71.3 percent of the total
waste was disposed of at waste sites, tailings dams or landfills, 26.4 percent was
backfilled into the quarry, and 2.3 percent was recovered or disposed of by other
methods.

A total of 24.4 million tons of waste, 10 thousand tons of which is dangerous,
was generated in thermal power plants. Ashes and slag wastes accounted for 79.5 per-

44 TURKSTAT, (2021), Waste Statistics Bulletin for 2020, Access Date, 10.05.2022
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cent of the total non-hazardous waste, while metal, paper, plastic wastes, wastewater
treatment sludge and domestic and similar wastes accounted for 20.5 percent. While
85.9 percent of the total waste was disposed of in ash mountain, ash dam or landfill
facilities, 13.2 percent was sent to licensed facilities and used for backfilling mines/

quarries. 0.9 percent was disposed of by other methods.

As a result of administrative activities such as infrastructure services, wastewa-
ter treatment, of OIZ managements 279 thousand tons of waste, 117 thousand tons
of which is dangerous, was generated. 6 thousand tons of the waste was recycled or
temporarily stored within the OIZ, and 208 thousand tons were recovered outside the
OIZ. 66 thousand tons were disposed of within or outside the OIZ. 59.4 percent of
the disposed wastes were disposed of in landfills, and 40.6 percent in municipal/OSB
landfills.

110 thousand tons of medical waste was collected from health institutions. 37.3
percent of the total medical waste was collected from health institutions located in
three largest metropolitan cities: 23.7 percent in Istanbul, 7.8 percent in Ankara and

5.8 percent in Izmir. 90.6 percent of the collected medical waste was sterilized and

sent to landfills, and 9.4 percent was disposed of by incineration *.

Table 7 . Major Provinces with the Highest Amount of Hazardous Waste in 2018

Hazardous Waste Quantities (Ton)
Istanbul 185,892
Izmir 166,512
Bursa 114,738
Ankara 74,845
Manisa 57,775
Konya 38.119
Adana 30,013
Mersin 22,998
Samsun 22.213

Source: PwC, (2021), supra, p. 68

It is seen that the amount of hazardous waste is high in regions where indus-
trial facilities are concentrated. As can be seen in Table 7, provinces with industrial
centers, especially Istanbul, Izmir and Bursa, are at the top. Most of the materials
considered as Special Wastes consist of recyclable materials and fall under the scope
of hazardous waste.

45 TURKSTAT, (2021), Waste Statistics Bulletin for 2020, Access Date, 10.05.2022
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Figure 19 . Distribution of Special Hazardous Waste and Medical Wastes in 2018
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Figure 19 shows that medical wastes stand out with a share of 44 percent among
special hazardous wastes in 2018, while waste oils take the second place with a share
of 29 percent. Figure 20 shows the processing distribution of hazardous waste.

Figure 20 . Processing Distribution of Hazardous Wastes in 2018 (%)
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While 85 percent of the hazardous waste declared in 2018 was sent to waste
processing facilities for recycling, 13.3 percent was sent to sterilization, landfill and
incineration facilities for disposal. 1.2 percent of the hazardous waste is kept as stock
at the facilities and 0.60 percent is exported.
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3.2.ECONOMIC DIMENSION

When biomass is used for energy, it is either used directly or first converted into
a form suitable for transport and use (such as wood pellets and oil) and then reused
for heat or electricity generation. Chemical energy stored in plants can be directly
released as heat by combustion (converted to power/electricity via an engine or tur-
bine) or marketed by being converted into various chemical intermediates and energy
products.

Heat generation from biomass is the traditional energy use of biomass. Burning
biomass for heat is known as the oldest way of converting solid biomass into ener-
gy. The use of gasifiers for direct heat application is also widely used. Large-scale
heat applications are often combined with electricity generation in combined heat and
power systems for more energy efficient use of the biomass resource.

Solid, liquid and gaseous biomass and waste fuels are currently used in the ener-
gy sector to generate heat and electricity. Raw materials and technologies are numer-
ous; apart from well-established and low-cost options such as incineration of agricul-
tural and forestry residues, there are recently developing and expensive options such
as gasification or municipal solid waste generators with strict emission controls. Still,
electricity generation from biomass is mostly facilitated through combined heat and
power systems. Energy production from biomass is flexible, helping to balance pro-
duction in electricity grids where the share of variable wind and solar power is high .

Figure 21 . Biomass Sourced Heat Production (TJ) by Years
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As can be seen in Figure 21, heat production is carried out with the use of biogas to a
large extent in Tiirkiye, and it is seen that industrial waste and solid biofuels are also

used recently.

46 PwC, (2021), supra, p. 79
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Figure 22 . Biomass Installed Power Distribution in Electricity Generation in 2019
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In 2019, electricity generation from biomass in Tiirkiye was 1,163 MW, and its distri-
bution by resources is shown in Figure 22. It is observed that biogas has a larger share
than other biomass resources with a 53 percent share in electricity production.

During the 2016-2020 period in Tiirkiye, renewable energy power plants are used
below their current potential with annual average working hours. Despite this, wind
power plants operated with an average capacity of 31.92 percent in the period of 2016-
2020, solar power plants with a capacity of 15.92 percent, hydraulic power plants with
28.36 percent, biomass power plants with 42.84 percent and geothermal power plants
with a capacity of 67.32 percent. Average working hours of the power plants in the
mentioned 5-year period are presented in Figure 23. Accordingly, when the working
hours of renewable energy power plants are compared, geothermal power plants are
in the first place, while biomass power plants are in the second place.

Figure 23 . Average Operating Rates of Renewable Power Plants Between 2016-2020 (%)
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Although the said power plants worked below their capacity, as seen in Table
8, considering the EMRA’s decision dated 18.06.2020, the annual working hours of
biomass power plants are 7500 and the capacity is 85 percent.

Table 8 . Maximum Production Amount and Capacity of Power Plants in 2020

Source Annual Working Hours Capacity Factor (%)
Wind 4000 45
Sun 2000 22.8
Biomass 7500 85
Geothermal 8000 92

EMRA, (2020), Board Decision dated 18.06.2020 and numbered 9395

In addition to heat and electricity generation, biomass resources can be con-
verted into liquid biofuels, mostly bioethanol and biodiesel, which are an alternative
fuel for passenger cars and trucks with internal combustion engines in road trans-
port. The supply-demand imbalance resulting from the decrease in fossil fuel energy
sources and the increase in energy demand with each passing day emerges as one of
the factors behind the increase in energy prices. The use of biofuels is encouraged in
many countries, including Tiirkiye, in order to reduce the dependence on oil, which
is more influential in increasing energy prices and negatively affects the budgets of
national economies. In addition, the commitments of countries to reduce greenhouse
gas emissions are also seen as another reason for promoting biofuels. Considering that
fossil fuels used in the energy sector account for more than 60 percent of greenhouse
gas emissions, it can be predicted that the interest in biofuel use will increase even
more because they can substitute fossil fuels at least to some degree. Currently, the
use of biofuels, especially in the transportation sector of the developed countries, is
becoming widespread. While the share of the transportation sector in global fuel use
corresponds to approximately 30 percent, 99 percent of this is met by fossil fuels and
approximately 21 percent of global greenhouse gas emissions are caused by fossil
fuels used in the sector. Advantages such as the production of biofuels mainly from
agricultural products, in other words, being renewable, the possibility of creating an
increase in agricultural incomes, the potential to create new employment opportuni-
ties, and the use of similar efficiency with fossil fuels create an expectation that the
use of biofuels will become more widespread in the future *.

The main products produced from the use of biomass can be examined under
three headings: electricity, heat and biofuel. In addition to the main products, the
by-products formed during the conversion of biomass to energy can also be marketed

47 Rajagopal, D. and Zilberman, D. (2007). Review of Environmental, Economic and Policy Aspects of
Biofuels. World Bank Policy Research Working Paper, WPS4341 , pp.7-8.
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and sold to create a source of income or be included in a process again and used in the
production of different outputs. These by-products, which are generally carbon-based,
include highly valuable products such as organic fertilizer, biochar and ash. Other
products obtained include glycerin, cellulose fiber, carbonaceous material, bioplastic
and furfural, which have various uses .

Biomass by-products are seen as an important potential source of income for
biomass power plants, although they face significant constraints in terms of market-
ing. It is considered as a very strategic opportunity for businesses that produce elec-
tricity below their potential to utilize these by-products that the power plants will
obtain while producing electricity and heat. Table 9 lists potential by-products.

Table 9 . Biomass By-Products and Uses

By-Product Formation and Usage Areas

Waste ash generated by the burning of biomass is
used as fertilizer in areas such as soil improvement,
cement raw materials, cement and concrete fillers,
and underground mining.

Ash

In particular, organic fertilizer formed as a result
Organic Fertilizer of the anaerobic decay process of animal wastes is
used in pot cultivation as well as agriculture.

As a result of the biomass pyrolysis process, it pro-
duces biochar as well as combustible gases and oils.
Biochar can be used as an energy source or as an
additive for soil improvement.

Biochar

Glycerin, which is produced as a by-product during
the biodiesel formation process by the transesteri-
fication method, is widely used especially in food
and cosmetics industries.

Glycerin

Bioplastics; consists of biomass rocks such as sugar
cane and maize and is used today in many industries
such as packaging, agriculture, floriculture, com-
post bags and biomedical.

Bioplastic

Cellulose fibers, which are formed as a result of the
use of biomass sources such as wheat straw, rice
straw, corn stalks, are used in various sectors such
as textile, paper and pulp.

Source: PwC, (2021), supra, p. 85

Cellulose Fiber

Global employment in the renewable energy sector reached 10.98 million people
as of 2018. The distribution of this employment by energy types is given in Figure 24.

48 PwC, (2021), supra, p. 85
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Figure 24 . Global Employment Distribution in Renewable Energy Sectors in 2018 (%)
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Source: IRENA, (2019), Renewable Energy and Jobs , Annual Report 2019, www.irena.org ,
Accessed 13.04.2022, p.7.
The bioenergy sector covers the biofuels, biomass and biogas sectors with a 29
percent share in the total and corresponds to an employment of 3.2 million people.
The distribution of this employment is shown in Figure 25.

Figure 25 . Distribution of Global Employment in the Bioenergy Sector in 2018
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www.irena.org , Accessed 13.04.2022, p.14.

The number of employees in the liquid biofuels sector is higher than the others,
and a total of 2,063 thousand people are employed. A total of 1,162,000 people are
employed in the Solid Biomass, Biogas and Urban/industrial waste sectors.
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Figure 26 . Employment Distribution in the Bioenergy Sector in Tiirkiye in 2018
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As can be seen in Figure 26, in the distribution of employment, which is record-
ed as 3,400 people in the bioenergy sector in Tiirkiye, the urban and industrial waste
sector ranks first with 65 percent.

The effective and widespread use of biomass potential and the use of the energy
generated by the use of biomass as electricity, heat and fuel make a significant contri-
bution to the country’s economy. Along with local issues of bioenergy development
such as income generation, job creation and strengthening regional economies ; de-
velopment of bioenergy has a significant impact on national issues such as the balance
of trade and secure energy supply *.

3.3.SOCIAL DIMENSION

One of the most important barriers preventing the widespread use of renewable
energy sources is defined as “social acceptance”. Social acceptance is a non-technical
barrier to increasing the capacity of renewable energy generation.

Elements that affect social acceptance include:

Awareness: Awareness, which is the main factor influencing people’s accep-
tance of clean energy technologies; defines knowledge, experience, social respon-
sibility and environmental awareness. This awareness refers to the knowledge and
consciousness about climate change and clean energy technologies.

Openness/Impartiality: The clarity and precision of the discussed issues, the in-
volvement of the society and relevant people in the decision-making process, and the
fact that the decision-makers consider this involvement facilitate the acceptance of
clean energy technologies by the society.

49 PwC, (2021), supra, p. 86
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Evaluation of costs, risks and benefits: Social acceptance of a clean technology
is associated with an assessment of costs, benefits and potential risks. The evaluation
is either a result of the knowledge level of the society or is based on the evaluation of
the project developers, the government or a relevant group.

Local conditions: While overall society’s attitudes towards clean energy tech-
nologies are positive, individual projects or policies constantly encounter resistance
from the local community. Depending on local concerns and conditions, there may be
reactions to investments.

Trust: The trust factor refers to the trust in decision makers and other stakehold-
ers. The trust factor is seen as the factor that is considered as a binding issue to be
considered and has an impact on all other elements *°.

Social acceptance of renewable energy technologies is explained by three in-
terconnected dimensions. These are socio-political acceptance, local acceptance and
market acceptance. The adoption of technologies and policies by the public, key
stakeholders and decision makers correspond to socio-political acceptance; approval
of renewable energy projects and deployment decisions by local stakeholders, espe-
cially residents and local authorities, correspond to local acceptance, and acceptance
of innovations by consumers and investors correspond to market acceptance®'.

Figure 27 . An Overview of Social Impacts in Biomass Energy Production
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50 Arslan, F. and A. Uzun, (2017), Social Acceptance Dimension of Renewable Energy Investments,
Dumlupinar University Journal of Social Sciences, Issue 51, January, p. 105-106.

51 Peker, Z. (2013), Social Dimension of Renewable Energy Initiatives, Dokuz Eylul University Journal
of Social Sciences Institute, Vol: 15, No: 4, pp.664-665.
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In Figure 27, the social effects of biomass energy are outlined. Looking at this
figure, it does not seem possible to say that all segments of society can benefit from
biomass energy. Of course, there will be resistance for those who cannot adapt well to
the changes here or to access new opportunities. Therefore, it is useful to highlight the
benefits of biomass energy more in terms of contributing to facilitating social accep-
tance. The social benefits of biomass energy can be listed as follows;

* Burning fossil fuels releases sulfur dioxide, mercury and particulate matter
into the atmosphere that can cause asthma, cancer and respiratory problems.
Biomass energy, on the other hand, emits fewer harmful by-products than
fossil fuels, which means cleaner air and healthier people.

* Biofuel can improve rural economies by providing the opportunity to grow
biomass material on land that remains idle.

It could create additional employment opportunities to collect and process the
materials needed to produce biofuels.

* The increase in income resulting from increased employment can reduce the
income inequality between rural and urban areas.

* Because biomass is a renewable energy source, energy providers can receive
tax breaks or incentives.

» Countries with sufficient biomass resources can develop their local econo-
mies by reducing their dependence on fossil fuels.

* Increased biomass energy use can reduce forest fires 2.

4. BIOMASS CONVERSION TECHNOLOGIES

Biomass energy conversion methods are divided into 3 main groups as thermo-
chemical, biochemical and physicochemical.

Thermochemical Conversion

Carbonization; it is producing a solid product with a very high carbon content
as a result of removing the volatile components by heating organic materials at high
temperatures in an airless environment.

Pyrolysis; in this method organic solid materials such as wood and forest wastes
are heated at high temperatures in an oxygen-free environment. As a result of this
process, solid, liquid and gaseous outputs are formed.

Gasification; in this method, carbon-containing biomass decomposes in a par-
tially oxygenated environment at very high temperatures and combustible gas is ob-
tained as a result of the process. The produced gas, can be used like natural gas with
various applications.

52 https://www.bioenergyconsult.com/tag/social-benefits-of-biomass-energy/ , Accessed 13.04.2022
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Physicochemical Conversion

Transesterification/Esterification; in this conversion method, biodiesel (fatty
acid esters) and glycerin are obtained by using vegetable and animal oils. With ester-
ification, oils are converted into suitable fuels for vehicle engines and fuel systems.

Biochemical Conversion

Airless (Anaerobic) Decomposition; it covers the process of decomposing or-
ganic matter by microorganisms that can live in an oxygen-free environment. This
process is also referred to as the conversion of biomass into methane and carbon
dioxide.

Fermentation: in this process, the starch in the organic matter is converted into
sugar using heat. Ethanol is obtained as a result of fermentation of the resulting sugar®.

In Figure 28, biomass energy conversion methods and the products obtained are
summarized. There are different processes for biofuel production from biomass. Each
process; is determined according to the nature of the raw material used and the end
product desired to be obtained, and the process conditions are formed by considering
these parameters™.

Figure 28 . Biomass Conversion Technologies
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Source: TUBA, (2022), TUBA Biomass Energy Report, Ed. MH Alma, Ankara, p.34

53 PwC, (2021), supra, p. 31
54 TUBA, (2022), TUBA Biomass Energy Report, Ed. MH Alma, Ankara, p.34
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5. BIOMASS RESOURCES AND RISKS

Biomass resources can be classified as animal wastes, vegetable wastes, urban
wastes, industrial wastes and forestry wastes. In addition, there are different types of
biomass that can be obtained from primary, secondary and tertiary sources. Primary
biomass sources cover the cultivation of plants for energy production and no other use
is foreseen for these plants. Primary sources generally include woody biomass such
as plantation trees (e.g. eucalyptus) and herbaceous biomass such as energy grass or
cereals. Secondary biomass resources refer to by-products used for energy produc-
tion. The main harvested product (e.g. grain for food and feed) is not used for energy
production, while any residue (such as straw, bark) is used. Similarly, for woody bio-
mass, the main product is not used for energy production (for example, wood can be
used to make paper or harvested as timber), while the by-products of wood are used
for energy production. Tertiary biomass sources cover all kinds of wastes, which are
end-of-life resources. These wastes; can be classified as forest, animal, agricultural,
urban and industrial wastes. Alternative use of biomass or raw material is taken into
account in the classification of biomass type *.

Figure 29 . Distribution of Energy Equivalent of Animal Waste by Provinces (TEP/Year)
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Figure 29 shows the distribution of the energy equivalent of animal waste in
Tirkiye by provinces. In this context, it is seen that the energy equivalent of animal

55 PwC, (2021), supra, p.72.
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wastes is high in 20 provinces. These provinces, are mainly located in the Aegean,
Marmara, Central Anatolia and Mediterranean regions, and 75 percent of the total
energy equivalent is obtained from the wastes of poultry.

Figure 30 Distribution of Vegetative Energy Equivalents by Provinces (TEP/Year)
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It covers the residues and wastes left after the harvest of parts of various agricul-
tural products (corn, wheat, cotton, sugarcane, etc.) used for food. Agricultural waste
also includes plant leaves, bark, roots and stems. When the corn is harvested, the
biomass, which can be converted into energy, remains in the field in the form of a cob.
Similarly, as a result of the harvesting of agricultural products such as wheat, cotton,
soybean, pea, sugar cane, olive and walnut; shells, seeds and fibers that can be used as
a source of biomass are revealed. In current agricultural practices, these residues are
often given back into the ground, incinerated or left to decompose. These residues can
be used to generate electricity and heat by various conversion methods. In addition,
there are agricultural products that are grown to use starch, sugar or oil to be convert-
ed into biofuels. Significant amounts of crop residue are produced each year around
the world. One advantage of using agricultural residues as a source of biomass is that
there is no need for additional land use as they are grown together with food crops .

As itis seen in Figure 30, 15 provinces stand out in the vegetative energy equiv-

56 PwC, (2021), supra, p.73.
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alent distribution. These provinces are distributed over Central Anatolia, Southeast
Anatolia, Aegean, Mediterranean and Thrace regions, and 77 percent of the vegetable
energy equivalent is obtained from the wastes of field crops.

Figure 31 shows the energy equivalents of municipal waste. Considering the
distribution of these resources, which are also concentrated in 15 provinces, Ankara,
{zmir, Bursa, and especially Istanbul come to the fore. When evaluated in this context,
the energy equivalent from biomethanization is 14 percent, while the energy equiva-
lent by incineration is calculated as 86 percent.

et

Figure 31 . Distribution of Energy Equivalent of Municipal Waste by Provinces (TEP/Year)
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Municipal waste is divided into two parts. These are;

Industrial wastes: The food sector produces a large number of residues and
by-products that can be used as a biomass energy source. Solid wastes include; fruit
and vegetable scraps, food products that do not meet quality control standards, pulp
and fibers that are obtained from the extraction of sugar and starch, coffee grounds.
These wastes are generally collected in landfills. Liquid wastes are produced as a
result of processes such as; washing meat, fruit and vegetables, cooking and washing
of fowl and fish. The remaining waste waters; contain organic material like sugar or
starch and can be used for energy production. The paper industry consumes high
amounts of energy and water and waste water in heterogeneous formation remain
after production. The released waste water can be used as a source of liquid biomass.
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Urban wastes: includes wastes that are thrown away or sent for recycling. Es-
pecially urban solid wastes such as; paper, cardboard and discarded food products
are important resources for biomass raw material. However, some municipal wastes
(especially metal and plastic waste) cannot be used as a source of biomass. Millions
of tons of household waste are collected each year and are mostly disposed of in open
areas. Urban solid wastes are converted into energy by various conversion methods,
and the gas produced in the landfills is used for heat and electricity generation. Sew-
age sludge is used in the production of biogas as an energy source similar to animal
waste V.

Today, many countries provide alternative energy sources from the most suit-
able and economical agricultural products according to their ecological conditions.
With this potential, Tiirkiye is among the countries with an ecological structure. It
is possible to count poplar, aspen, alder, red pine, oak, ash, stone pine, black pine,
cedar and cypress trees among the native tree species with high economic value and
fast growing in terms of energy forestry in Tiirkiye. Among the foreign-origin trees
that will grow in Tiirkiye are eucalyptus, papulus euramericana, pinus pinaster, acacia
cynophilla. Here, in addition to trees that require a lot of water, such as poplar and
willow, attention should be paid to trees that can grow in very dry areas *.

Except for the firewood production of the General Directorate of Forestry in the
forests in Tirkiye; it is estimated that there is an annual woody biomass potential of
roughly 5 million tons, including the following; the assets to be obtained by improv-
ing and transforming the production residues resulting from the improvement, main-
tenance and harvesting of forests, woody materials that pose a danger to forest fires,
and degraded coppice forests to a certain extent, wood used as fuel in rural areas and
Siiceyrat wood, which is common in the Black Sea Region. The greatest potential is
located in the western and southern parts, where forestry activities are intense, espe-
cially in the Mediterranean Region *°.

In Figure 32, the distribution of energy equivalent of forest wastes in Tiirkiye by
regions is given. It is seen that the energy equivalent of forest wastes is concentrated
in 7 regions within the scope of Kastamonu, Adapazari, Balikesir, Denizli, Antalya
and Adana regional directorates.

57 PwC, (2021), ibid, p.73.
58 TUBA, (2022), supra, p.109.
59 TUBA, (2022), ibid, p.115.
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Figure 32 . Distribution of Forest Waste Energy Equivalent by Regions (TEP/Year)
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Although biomass resources seem very diverse, they contain different risks
while being included in the production process, and it is important for investments in
the sector to reduce these risks to predictable levels. Some of the risks encountered
can be listed as follows;

Crop growing risks: The main risk biomass sector shares with food and forest-
ry sectors is the risks related to production. While these risks relate directly to crop
production for biofuel production, for bioheat and bioenergy, it is generally related to
supply of waste from the forest and wood industry. On the other hand, other factors
relating to drought and weather, fire and harmful creatures (such as insects, plant dis-
eases, and vertebrates) can reduce the availability of biomass raw materials. Although
these risks can be mitigated with proper planning and management, they cannot be
completely eliminated. Longer-term risks include uncertainties caused by climate
change. Rising temperatures and changing rain trends affect the production of certain
crops in different parts of the world. In addition, improper irrigation practices or crop
residues soil and water due to mistakes made while removing degradation can also
seriously affect productivity.
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Supply risks: Although providing security in market needs, quality in raw mate-
rial supply and price is important for raw material supply, there are different challeng-
es for different bioenergy raw materials. In traditional biomass use, the competition
with the food and forestry sectors creates risk by affecting supply-demand balances
and raw material prices. Special plant cultivation for energy is also faced with some
barriers. There are technical, commercial, political, economic and cultural barriers for
the vast majority of these biomass resources. While technologies can be directly used
in the production of several poplar and cane types, special agriculture and forestry
equipment are required for woody products. Biomass residues are the by-products of
the forest and agriculture industries. Since these products are affected by changes in

production, predicting and securing the presence of biomass residues is difficult.

Raw Material Variability: Many of the bioenergy conversion methods are not
very flexible against changes in the quality and moisture content of the raw material.

This situation affects the production performance, reliability and therefore economy.

Raw material usage: Existence of solid biomass raw material in low density and
in various structures, makes it difficult to technically process and store it. Reliability
of boiler feeding systems is one of the important problems especially for gasification

units working under pressure.

Toxic emissions: Flue gas cleaning and more R&D activities are required to
meet increasing limits and standards for toxic emissions. This is especially important

for small-scale facilities that need simpler and more affordable solutions.

Commercialization of Technologies: There are risks in transporting raw mate-
rials to large facilities due to insufficient availability of resources and difficulties in
distribution and logistics. Addressing these risks requires the commercialization tech-
nologies with advanced economic structures and improvements in the availability and

logistics of biomass®.

6. BIOMASS INVESTMENTS AND RISKS IN TURKIYE

Businesses in the bioenergy sector compete in a sector where alternative energy
sources are used. Although bioenergy resources have some advantages compared to
other renewable energy resources, they are still used at a higher cost than fossil fuels
and their competitiveness remains low if various incentives are not available. While
raw material costs are at the top of the high costs, the cost of infrastructure, alternative
resources and the additional costs of regulatory measures may adversely affect the
bioenergy sector.

60 PwC, (2021), supra, p.74.
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A stable and supportive policy environment is of great importance for the de-
velopment of biomass in different applications. Similarly, clarity and foresight are
needed on regulatory issues such as planning, regulation and emissions standards. In
addition, various risks such as availability and price of raw materials are a major con-
cern for investors. As raw material costs constitute a large part of bioenergy produc-
tion costs, long-term supply contracts can be beneficial to eliminate the uncertainties
of biomass projects. Raw material variability and their impact on conversion methods
affect investor confidence. On the other hand, the diversity of raw material and tech-
nology options adds complexity to investment decisions. The interaction of biomass
with other sectors such as food and forestry and the policies that affect them are also
a source of risk, and such factors bring more uncertainty to the future development of
the bioenergy sector ©.

Figure 33 . Distribution of Biodiesel Producing Companies
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61 PwC, (2021), ibid ., p.75.
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Figure 34 . Distribution of Bioethanol Producing Companies
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Biodiesel production in Tiirkiye has been reported as 244.225 tons per year. The
products with which biodiesel is produced are listed as cottonseed oil (32 percent),
waste vegetable oils (30 percent), canola oil (26 percent), other oils (8 percent) and
safflower oil (4 percent). As seen in Figure 33, there are 5 facilities in total where
biodiesel production is carried out. As can be seen in Figure 34, Tezkim Agricultural
Chemistry Inc., Agricultural Chemical Technologies Inc., Konya Sugar Inc., Cumra
Bioethanol Plant Branch and Tiirkiye Sugar Factories Inc. Eskisehir Sugar Factory are
4 companies that operate in five different provinces. Within the scope of the “Com-
muniqué on Blending Ethanol with Gasoline Types” published in the Official Gazette
dated 16.06.2017, numbered 30098, concerning the use of liquid biofuels in vehicles
it is mentioned that “ .... at least 3 percent (V/V) ethanol produced from domestic
agricultural products must be blended to the sum of gasoline types,.” At the same
time, within the scope of the “Communiqué on the Blending of Biodiesel into Diesel
Types “ it is explained that “ .... biodiesel produced from local agricultural products

and/or plant based waste oil must be blended to the diesel fuel at a rate of at least 0.5
percent (V/V).«6?

62 TUBA, (2022), supra, p.112.
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Figure 35 . Distribution of Unlicensed Electricity Producers from

Biomass by Provinces (kWe)
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Figure 35 shows that there are companies that produce unlicensed electricity
from biomass in 22 provinces, although they are predominantly small-scale. Consid-
ering the remaining provinces, it is thought that there is an important potential in this
field.
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Figure 36 . Distribution of Licensed Electricity Producers from Biomass by Province (MWe)

Sinop poy  GURCISTAN
klarellv‘?

ZonguldakJ Kastamont) B
l b D 3 AT

Teklrdag Istanbul, %
Kosa kawDuzoe
(,‘anklrl

BUI’SB B. -
Ceiger A"ka-"-é-"kkﬂ'e Yozgat:

Kl'.lt'ahya '3
usakf\ronkarahlsar _h;gce Bingsl Mus.
& . f Halatva R

Denzli yfilspartal

el

Maolissog

[ sincar ~ Musul

Province with a figure between 0,64-2,04 12

i Province with a figure between 2,04-6 12
i Province with a figure between 6-12 12
Q Province with a figure between 12-28,80 11
i Province with a figure between 28,80-106,69 11
Province non-analyzed. 23

Information: Map coloring is done with colors corresponding to the ranges
mentioned above. Non-analyzed areas are not colored and are indicated as
non-analyzed numbers.

Source: https://bepa.enerji.gov.tr/

Figure 36 indicates the distribution of licensed electricity producers from bio-
mass by province. It is seen that these companies, which are active in the sector to a
great extent in terms of installed capacity, are concentrated in 11 provinces and are
located in 58 provinces in total, especially in metropolitan cities. It can be said that
these companies, which produce electricity from landfill gas and municipal waste, are
important players in the sector.
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6.1. COMPETITION IN THE BIOMASS SECTOR IN TURKIYE
Table 10 . Licensed Capacities of Leading Companies in the Biomass Industry in 2021 (MWe)

Companies Licensed Capacity
ITC Tirkiye 143
Biotrend 118
Oltan and Koleoglu 99
ISTAC 90
Ortadogu Energy 88
Beintas 63
Gtlsan Holding 61
Istanbul Energy 52
Bemka Energy 45
Panab Energy 44
Global Yatirim Holdings 41
Mutlular Energy 41
Eren Holding 34
Era Environmental Technologies 28
Arel Energy 25

Source: PwC , (2021), ibid ., p.102.

While the 15 largest companies operating in the biomass sector in Tiirkiye con-
stitute more than half of the total licensed installed power, as of February 2021, the
largest companies in terms of licensed installed power were ITC Tiirkiye, Biotrend
and Oltan K&leoglu, as seen in Table 10. On the other hand, Biotrend was the compa-
ny with the most production facilities.
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Figure 37 . Installed and Planned Power Distribution of Leading Companies in
Biomass Sector in 2021 (MWe)
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As seen in Figure 37, Biotrend ranks first in the sector considering the total
capacity under construction and installed power with pre-license but ITC Tirkiye
still at the top of the list in terms of licensed capacity. Furthermore, considering the
capacities under construction, ISTAC, Beintas, Oltan and Koleoglu companies are
also seen as important players in the sector. Considering the above-mentioned leading
companies, they produce electricity from domestic/industrial waste and landfill gas.
The small-scale companies, on the other hand, produce heat and electricity from plant
and animal waste

The most important competitive power of pioneering and young companies is
believed to be the YEKDEM incentives. The fact that the power plants completed
before June 2021 benefited from the old YEKDEM incentives and became more ad-
vantageous caused the investments of the companies to accelerate. In this respect,
considering the establishment dates of the companies in the sector and the remaining
YEKDEM periods, it seems possible to determine the competitive advantage of these
companies. Figure 38 gives a comparison of the leading companies and newly con-
structed power plants in the biomass sector with the establishment date and remaining
YEKDEM periods.
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Figure 38 . Comparison of Past License Periods and Remaining YEKDEM Periods of Leading
Companies in the Biomass Industry in 2021 (Year)

Source: PwC , (2021), ibid ., p.104.

Looking at Figure 38, it is observed that the newly constructed power plants and
accordingly the companies that benefited from the high supports available before the
YEKDEM update have a significant density in the sector.

6.2. FINANCING OPPORTUNITIES IN THE BIOMASS SECTOR IN
TURKIYE

One of the most important issues for biomass investments is financing oppor-
tunities. Financing opportunities in the sector are constantly improving in line with
green energy production and demand within the scope of sustainable development
goals.

One of the first applications to support environmentally friendly projects within
the scope of sustainable finance is green bonds. In addition to these bonds, which
started to be issued since 2007, new instruments emerged in the form of Sustainable
Bonds in 2014, Social Bonds in 2015, Green Loans in 2016 and Sustainable Linked
Loans in 2017.¢

63 PwC, (2021), ibid ., p.26.
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Figure 39 . Global Distribution of Sustainable Finance Opportunities in 2019 (Billion $)
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Source: PwC , (2021), ibid ., p.26.

Total global sustainable debt issuance reached 465 billion dollars in 2019. The
instrument with the largest share among these debt instruments was green bonds with
272 billion dollars. Green bonds, which have been issued by banks since 2007, contin-
ue to develop. As the need and use increased, special legislation was prepared around
world such as principles and standards. There are different types of these bonds ac-
cording to their usage methods. It is traded under the name of “green sukuk™ in coun-
tries where interest-free finance practices are implemented. The volume of issuance in
Tiirkiye is very low. According to Climate Bonds Initiative data, Tiirkiye ranks 59th
among 65 countries in 2020 with its cumulative issuance volume. In addition, there
is no special application or legislation in Borsa Istanbul or Capital Markets Board.
However, climate finance practices are carried out. With this aspect, it is considered to
be open to development especially in Tiirkiye . Sustainability-related loans, which
have been issued since 2017, rank second with 122 billion dollars.

Environment friendly and sustainability-related loans are provided in areas such
as environmentally friendly housing projects, energy efficiency and renewable ener-
gy, sustainable water management, environmentally friendly transportation, and sup-
port for entrepreneurial women. In addition, the amount of environmental/sustainable
bonds issued by the banking sector has gradually increased and reached a total of USD
2.7 billion since 2016. International organizations and multilateral development banks
can also finance sustainability-oriented projects, and environmental projects in Tiirki-
ye are financed primarily by the European Bank for Reconstruction and Development
(EBRD), the World Bank, the Council of Europe Development Bank, the French De-
velopment Agency and the German Industrialization Fund. ¢

64 Mentese, (2021), Development of Green Bonds and Applications in Tiirkiye, International Journal of
Accounting and Finance Practices, Vol 3, No 1, p. 96.
65 CBRT, (2021), Financial Stability Report, May, p.17. , https://www.tcmb.gov.tr/ , Access Date, 13.04.2022
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In this context, TurSEFF draws attention. This program has been developed by
the EBRD to provide financing and technical support for Sustainable Energy and Re-
source Efficiency investments to be implemented by the public and private sectors.
Technical supports provided within the scope of TurSEFF, are financed by EU and the
Ministry of Treasury and Finance of the Republic of Tiirkiye .

Figure 40 . Financing Opportunities Provided by TurSEFF as of 2021 in Turkiye

Unlicensed SPP Land Type €272,454,674
Hydroelectric Power Plant €39,894,083
Biogas Plant €39,148411
Unlicensed SPP Roof Type € 30,677,347
Landfill Gas €24.036,741
Geothermal Energy Plant €22,124,030
Heat Pump €5,384,615
Biomass- Gasification €3,906,883
Biomass €3,846,154
Pyrolysis €2.173.000
Biomass-Combustion €1,183,700 e
Solar Thermal €362,318
SPP Outside Grid EEE
0 50,000,000 100,000,000 150,000,000 200,000,000 250,000,000 300,000,000

Source: Inal, S. , (2022), Lending in Biomass Facilities in Tiirkiye and Examples from
Systems in the World, 11-13 May 2022 Risk and Finance Workshop in Biomass, [zmir.

As seen in Figure 40, although TurSEFF provides financing for all kinds of renewable
energy projects, SPP projects have the largest share in total loans. Although the pro-
cess of applying for TurSEFF financing and project development may vary according
to the project type, financing method and sectors, the general process is shown in

Figure 41.
Figure 41 . TurSEFF Application and Financing Process
Investor Contracted Financial TurSEFF Experts Contracted Financial Investor and TurSEFF
Institution Institution
BANK
— I— I=h —
Presenting the Approval of the Technical and Approval of the Accurate
project to the financing and economic financing and application of
contracted financial payment to the examination of the payment to the the project and
institution beneficiary project beneficiary validation

Source: Inal, S., (2022), Lending in Biomass Facilities in Tiirkiye and Examples from
Systems in the World, 11-13 May 2022 Risk and Finance Workshop in Biomass, Izmir.

In addition to these, financing opportunities of commercial banks are constantly
being developed, in green loans; the revenues obtained can only be used in green
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investments. In sustainability-related loans the revenues obtained can be used in any
field (such as business loan needs, cash management, foreign trade products) .

In addition to green bonds, Social Bonds and Sustainability Bonds have also
been issued in recent years. Social Bonds are defined by the International Capital
Markets Association (ICMA) as bonds in which the proceeds of the bonds are used
to finance new or existing projects for the purpose of providing social benefits. Sus-
tainable bonds, on the other hand, are defined as bonds that their proceeds are used
wholly or partially in green and social projects. In June 2018 , ICMA announced its
transparency, disclosure and reporting standards for social and sustainable bonds to
create an integrated bond market .

6.3. CURRENT STATUS OF BIOMASS ENERGY INCENTIVES IN
TURKIYE

Dollar-based YEKDEM guarantee price mechanism, which was affective in the
growth of existing loans to the energy sector and private sector energy investments,
came to an end as of July 2021. The new YEKDEM mechanism came into effect in
the second half of the year. It is expected that in the financing activities in the sector to
be made with TL-based YEKDEM mechanism, the equity/credit ratio and financing
terms will be changed according to the financing structure applied in the dollar-based
YEKDEM. Licensed production facilities that have started its operations or will be
operational as of 01.07.2021 and unlicensed production facilities that have been enti-
tled to receive a call letter for the connection agreement after 21.06.2018 cannot use
foreign currency loans within the scope of YEKDEM. Exemption provisions, which
provide the opportunity to use foreign currency loans without foreign currency income
to companies outside the scope of YEKDEM, such as having an excess risk balance of
15 million dollars, holding an Investment Incentive Certificate in accordance with the
Circular, and using foreign currency loans within the holding within the scope of the
Temporary Article 1 of the Circular still continue. The clauses determining the scope
of these exceptions are still in force .

66 GarantiBBVA , (2022), Bank Strategies in Green Finance, 11-13 May 2022 Risk and Finance Work-
shop in Biomass, izmir.

67 Turguttopbas , N. (2020), Sustainability, Green Finance and the First Turkish Green Bond Issue, Jour-
nal of Financial Research and Studies, Vol 12, No 22, p. 275.

68 Karakaya E. and B. Cakirlar, (2022), Sustainable Finance in Renewable Energy Resources, 11-13 May
2022 Risk and Finance Workshop in Biomass, Izmir.
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Table 11 . Renewable Energy Resource Support Mechanism (YEKDEM )

Facility Type (Power plants commissioned until Guaranteed Price | Domestic Parts Incentive
30.06.2021) (dollar cents / KWh ) (dollar cents / KWh )
Hydroelectric generation facility 7.3 1.0—23
Production facility based on wind energy 7.3 0.6—3.7
Production facility based on geothermal energy 10.5 0.7—2.7
Biomass based production facility (including 133 0.4—5.6

landfill gas )

Solar energy based production facility 13.3 0.5—6.7

Source: Karakaya and Cakirlar, (2022), Sustainable Finance in Renewable Energy Resources,
11-13 May 2022 Risk and Finance Workshop in Biomass, Izmir.

Table 12 . Current YEKDEM Application

ORGSR TE o Domestic Contribution | New Upper Limit
OT;;)J.ZOZI Renewable Power Plant | Price Kurus/ KWh Kurug/ KWh dollar cent / KWh
Hydroelectric generation facility 40 8 6.4
Production facility based on wind 32 8 5.1
energy
Production facility based on 54 8 8.6
geothermal energy
Landfill Gas/Waste Tire 32 8 5.1
Biomass | Biomethanization 54 8 8.6
Thermal Disposal 50 8 8.0
Solar energy based production 32 8 5.1
facility

Source: Karakaya and Cakirlar, (2022), Sustainable Finance in Renewable Energy Resources,
11-13 May 2022 Risk and Finance Workshop in Biomass, Izmir.

Old YEKDEM practices, listed in Table 11, will continue for the facilities that were
commissioned until 30.06.2021. While the purchase guarantee of 13.3 dollars cent /
KWh for biomass facilities continues for 10 years, the incentives for domestic parts
continue for 5 years. In the current YEKDEM application, seen in Table 12, the incen-
tives are calculated on TL basis and the incentive periods are the same for the biomass
plants activated as of 01.07.2021, but the purchase guarantees are 32 kurus/ KWh for
landfill gas plants, 54 kurus/ KWh for biomethanization plants and 50 kurus/ KWh
for thermal disposal power plants. Domestic contribution incentives are fixed at §
kurug/KWh. This new situation, of course, creates a market where the advantageous
purchase guarantees of the past years do not exist for the new companies entering the
sector.
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7. FINANCIAL ASSESSMENT OF BIOMASS INVESTMENTS

Financial sustainability is at the center of the problems of investors in the bio-
mass sector. When the biomass investment process is examined, it is seen that the
greatest risk is during the operation period. Operational period risks are directly relat-
ed to resource finding-verification and project development processes. In particular,
mistakes made during the project development phase affect financial sustainability
after the biomass plants are commissioned. The solution of the problems is sometimes
sought in the electricity purchase guarantee with a wrong approach. From this point
of view, it is seen that the discussions focused especially on the YEKDEM purchase
guarantee. On the other hand, it is not economically sustainable for the multidisci-
plinary biomass energy source to be supported only by YEKDEM and to continue
with electricity purchase guarantees. In the last 10 years, the decrease in investment
costs, especially in the field of solar energy, has necessitated the support to be given
to other renewable resources in harmony with each other. Overcoming these problems
depends on the waste disposal service getting the value it deserves and obtaining high
standard by-products. Circular economy requirements should be sought at the highest
level during project development phase and taken into account in planning activities®.

Table 13 . Projected Costs in Biomass Investments

MWe [ MWe [ wmwe
T hn l S T 40
Sy Investment Cost (USDYkW) I
Combustion plant (water/steam boiler ) 5,000 — 10,000 4,000 — 8,000 3,000 — 6,000
Combustion plant (ORC) 3,000 — 8,000 2.000-5.000 -
Biogas plant (gas engine) 3,500 — 6,500 - -

Source: Inal, S., (2022), Lending in Biomass Facilities in Tiirkiye and Examples from Sys-
tems in the World, 11-13 May 2022 Risk and Finance Workshop in Biomass, Izmir.

As seen in Table 13, it can be said that the average unit costs of biomass investments
decrease as the scale of the facility grows. A similar evaluation is presented in Table
14. In the distribution of biomass investment expenditures, the expenditures made for
the main process equipment stand out as the most important cost item.

69 TUBA, (2022), supra, p.109.
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Table 14 . Distribution of Investment Expenditures

Investment Item %
Project development 10
Waste management/processing 10-20
Main process equipment 55-60
Construction 15-20

Source: Inal, S., (2022), Lending in Biomass Facilities in Tiirkiye and Examples from
Systems in the World, 11-13 May 2022 Risk and Finance Workshop in Biomass, Izmir.

Choosing alternative products for financing biomass investments seems to have

the potential to be an important opportunity in the near future. For this reason, fulfill-

ing or foreseeing the necessary conditions for access to sustainable finance opportu-

nities gives the opportunity to reduce the financing costs of the projects. One of the

main requirements for directing private sector investments into projects and activities

that benefit sustainability is to develop a common language in sustainable financial

markets and to make a clear definition of activities that are considered “sustainable”.

For this reason, the “EU Taxonomy”, which is a common classification system for

sustainable economic activities, has been created.

The following points are observed when the EU Taxonomy is examined in terms

of biomass facilities;

Some restrictions are stated on the areas from which raw materials can be
obtained,
There are restrictions on the conditions under which the liquid fertilizer
formed after the process in biogas plants can be used in agricultural areas,
There are provisions related to the prevention and monitoring of methane
leaks in biogas plants,
Emission limit values are referred to especially for combustion plants,
During the environmental impact assessment process, potential impacts on
water resources and biodiversity should be examined and measures should
be defined if necessary,

The risks stemming from climate change should also be taken into consid-
eration and that climate change adaptation plans should be prepared for risky
issues 7°.

70 Karakaya E. and B. Cakurlar, (2022), Sustainable Finance in Renewable Energy Resources, 11-13 May
2022 Risk and Finance Workshop in Biomass, Izmir.
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As a result, it should be taken into consideration that the projects prepared by
taking into account the EU taxonomy can have easier access to finance and can be
protected from policy changes in purchase guarantee practices by reducing costs.

8. THE FUTURE OF THE BIOMASS INDUSTRY

Although biomass and bioenergy have made significant advances in recent
years, there are several barriers that complicate global development. These barriers
also include cultural reasons such as inadequate regulations and lack of awareness.
Developed societies question the sustainability of energy resources and demand al-
ternative energy options. Although biomass can offer a solution to these demands, the
lack of individual and social awareness towards biomass prevents the effective and ef-
ficient use of biomass. Addressing the barriers faced lays the foundation for a success-
ful global energy transition. Regulatory authorities have various measures to prevent
the development of biomass. These measures include support mechanisms such as
grants, tariff guarantees and certificate programs, as well as legislation on waste man-
agement and segregation. Countries can encourage the development and expansion of
bioenergy technologies. Although the success of the targeted energy transition varies
according to the policies adopted and the speed of implementation of these policies,
international cooperation and solidarity play an important role in this regard.

It is necessary to integrate bioenergy into energy system planning and raise
awareness about the potential of biomass. Modern bioenergy can make significant
contributions in various sectors. However, awareness of consumers and other stake-
holders in the value chain about the potential of bioenergy is not sufficient. Therefore,
this potential should be fully explored when developing energy policies and bioenergy
usage experiences should be shared widely. Countries need to work together to raise
awareness regarding the uses of biomass beyond its traditional practices and encour-
age various pioneering applications.

It is necessary to encourage the transfer of knowledge and technology through
international cooperation. Global use of biomass in energy transition should be in-
creased. With limited biomass supply, and differences in resources between coun-
tries; international trade of biomass will increase. Currently, relatively few countries
research and expand the use of biomass. The countries should increase such efforts.
Especially it is very difficult for developing countries to form the necessary techni-
cal and regulatory awareness and capacity. For this reason, more international co-
operation is required for sharing best practices, promoting technology transfer and
developing international trade mechanisms. The countries shall encourage biomass
use and expand support mechanisms to accelerate development of biomass. Various
awareness programs can encourage biomass use and acceptance of clean energy solu-
tions. Governments and regulators play an important role in providing clear and re-
liable information on bioenergy to consumers and potential investors, while helping
to raise awareness of the benefits of using bioenergy and promoting the adoption of
technologies.”".

71 PwC, (2021), supra, p.131.
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It is aimed to reduce foreign dependency due to natural gas and oil, which con-
stitute very important import expenses in Tiirkiye, to contribute to the prevention of
environmental pollution, to reduce the cost of products by reducing the energy cost,
which is one of the most important expense items in production. For this, it is neces-
sary to prefer alternative energy sources and to carry out basic researches on these is-
sues. The benefits of using biomass resources such as agricultural and forestry wastes
as an energy source can be explained as follows:

o Its calorific value reaches 4,000 kilocalories. Biomass, when gasified, does
not emit harmful gases such as sulfur dioxide and nitrogen oxides to the at-
mosphere.

It does not increase the amount of carbon dioxide that causes global warming,
since the carbon dioxide taken from the air during plant growth is returned
when burned.

It is the only fuel in the world that does not affect the amount of carbon di-
oxide in the air. Especially in energy crops, there is about 15 percent sugar in
the plant, which ensures more efficient gasification.

* Its cost as a solid fuel is much lower than domestic lignite and imported coal.
The amount of ash is very low. It is possible to obtain clean syngas fuel.

+ In addition, if energy crops such as sweet sorghum are widely used as a bio-
mass source, a massive employment potential will be created, especially in
rural areas.

* Air pollution will decrease. The development of agriculture and the preven-
tion of erosion will be ensured.

Biomass combustion systems are proven commercial technologies and can be
designed as both electricity, heat and cogeneration (where heat and electricity are
produced together) power plants at very different power levels. In industrial areas,
storable liquid fuels such as ethanol, methanol and butanol are generally used. Since
liquid fuels do not have storage problems and can be used in case of need, the areas
where they are preferred are wider. The contributions of the transition to methanol

production can be listed as follows:

*  With methanol production, much lower CO2 emissions occur compared to
other liquid fuels,

* SO_and NO_emissions do not occur during the use of methanol as fuel,

* Methanol can be used as fuel alone or mixed with gasoline without the need
for modification in the engines of vehicles,

* Being a liquid fuel gives it storability,

+ It has a high energy content due to its high octane value,

* Methanol is environmentally friendly and does not affect the food chain or
land use.
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Biomass energy production has significant advantages over other energy sourc-
es, including reducing greenhouse gas emissions and slowing climate change. Sus-
tainable development is not limited to environmental concerns, but covers sustain-
ability in three dimensions: environmental, social and governance (ESG). These help
companies to better determine their future financial performance. Sustainability and
ESG provide multiple impact and purpose, enabling the company to approach its full
potential value. Firms that move away from fossil fuels early and generate green in-
come outperform, demonstrating that ESG compliance positively impacts shareholder
returns 7.
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