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ICEC Hakkinda

Sabanci Universitesi istanbul Uluslararasi Enerji ve Iklim Merkezi (IICEC), gelecege yénelik
bir bagimsiz arastirma ve politika merkezi olarak, enerji ve iklim konularinda nesnel, kaliteli
arastirmalar yapmak lzere kurulmustur.

IICEC, kamu-sanayi-akademi ig birliklerini destekleyen basari ti¢geni modeli icerisinde,
enerji ve iklim gtindeminde gergeklestirdigi ulusal, bélgesel ve uluslararasi ¢alismalar ile
daha temiz ve glivenli enerji gelecegine katki sunmaktadir.

Bélgedeki en seckin Universitelerden birinin blinyesinde yer alan IICEC, Tirkiye enerji
sektoériine stratejik ve butlncll bakis perspektifiyle analitik calismalar gergeklestirmekte,
ayni zamanda enerji ve iklim alanlarinda kilit paydaslan bir araya getiren segkin bir
platform saglayarak fikir alisverigini ve gelisimini de tegvik etmektedir. ICEC tarafindan
2020 yihinda Tirkiye'de bir ilk olarak yayimlanan “Turkey Energy Outlook”, enerji sektérinin
verimli, givenli, rekabetgi, teknoloji-odakli ve stirdlirilebilir gelecedini somut &neriler ile
desteklemektedir.

https://iicec.sabanciuniv.edu
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Yonetici Ozeti
Genel Bakis ve TREO Senaryolari

Yenilenebilir enerji, enerji verimliligi ile birlikte Turkiye'nin artan enerji talebinin surdirilebilir
kosullarda saglanabilmesi ve gelisen enerji sisteminin glvenli ve temiz enerji gelecegi igin en
kritik basar faktdrlerinden biridir. Gegtigimiz otuz yil igerisinde kaynaklar bazinda dagilimi énemli
degiskenlik gdstermis olmakla birlikte yenilenebilir enerjinin elektrik Gretimindeki katkisi genelde
%35-%45 seviyesinde gergeklesmistir. Yenilenebilir enerjinin 1990 yilinda nihai enerji talebine, buyik
bdlumU geleneksel biyokutle kaynaklarindan gelmek Gzere yaklasik %20 olan dogrudan katkisi ise,
dogrudan modern yenilenebilir enerji kullanimindaki biylimenin nihai tiketici sektorlerin talebinde
dogal gaz basta gelmek tzere diger yakitlardaki blyime hizindan disik seyretmesi sonucunda
%5 seviyesine gerilemistir. Yenilenebilir enerji glinUmzde Turkiye'nin toplam nihai enerji talebinin
%12'sini karsilamakta olup, hentz degerlendiriimemis olan yiksek yenilenebilir enerji kaynaklari
potansiyelinin, enerji, iklim ve sanayi politikalar, piyasalar, yatirim ortami ve teknolojik firsatlar
yoluyla hizla performansa dénusttrilmesi durumunda bu oranda yiksek artiglar ile gok boyutlu
firsatlar saglanacadi saglanabilecedi gorilmektedir.

Turkiye Yenilenebilir Enerji Gérinuimi (TREO), IICEC tarafindan Turkiye'de bir ilk olarak yayimlanan
Turkey Energy Outlook (Turkiye Enerji Gérinimi) calismasinin ve lICEC Enerji Modeliile Turkiye enerji
ekonomisinin detayli bir envanteri Gzerine kurulmustur. Enerjide arz ve talep zincirinin tamamini
kapsayan bir veri tabanindan yararlanan btinctl modelleme gergevesi, kiresel ve bolgesel
enerji ve iklim dinamiklerini, Turkiye'nin glincel enerji, sanayi ve iklim politikalarindaki yénelimleri,
enerji piyasalarindaki ve yatinmlardaki gelismeleri, teknolojilerdeki ilerlemeleri yansitmaktadir,
Elektrik sektorinln ve enerji tlketicisi tum sektorlerin, yenilenebilir elektrik Gretimine ve dogrudan
yenilenebilir enerji kullaniminailiskin biylime ve gelisim perspektifi, kaynaklar ve sektérler bazinda
Turkiye'nin gok ylksek yenilenebilir enerji potansiyeli ve cok boyutlu firsat alanlariile birlikte detayl
olarak irdelenerek analiz edilmigtir.

Sektorde bir ilk olan ve senaryo bazl bir yaklasimla gergeklestirilen bu ¢alismada, iki farkli TREO
Senaryosu ile yenilenebilir enerjide 2050 yilina kadar olan dénemde bliyime perspektifinin,
Turkiye'nin enerjide kaynak cgesitlendirmesine ve enerji guvenligine, enerji ithalat faturasing,
temiz enerji dontsimi amaclarina ve net-sifir emisyon perspektifine, hava kalitesine, toplam
sistem verimliligine ve genis 6lgekte surdurilebilirlige katkilar somut sayisal gdstergeler ile
degerlendirilmistir.

Enerji ve iklim politikalarinin, enerji piyasalarinin ve yatinm ortaminin yenilenebilir enerjide guglu
buyumeyi destekleyecek yonde gelistidi, elektrik sektdériinde ve nihai enerji tuketici sektorlerde
enerji verimliligi potansiyelinin etkin sekilde dederlendirildigi, yenilenebilir enerji ve diger temiz
enerji teknolojilerindeki kuresel teknolojik gelismelerden azami sekilde yararlanildidr Yiksek
Senaryoda, tim bunlari saglayabilmek Uzere genis bir ekosistem, yenilikgilik ve insan kaynaklari
boyutlar da dahil olmak tizere, somut enerji ve iklim hedefleri ve yol haritalariile desteklenmektedir.
Boylelikle de zengin yenilenebilir enerji kaynak potansiyeli, mevcut trendlerden ¢ok daha yiksek
hizda ve artan oranlarda degderlendirilirken, yenilenebilir enerjinin payinda sadlanabilen yiksek
artisin, enerji guvenligine, ener;ji ile ilgili makro ekonomik dengelere, temiz enerji dénisimu
hedeflerine ve surdurulebilirlige saglayacadi ¢ok boyutlu kritik katkilar somut sayisal géstergeler
ile sunulmaktadir.
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Tum bu alanlardailerlemenin daha yavas gelistigi, politika gergevesinin ve piyasalarin yatirmlarda
ongorilebilir blylimeyi yeterince desteklemedidi, bu nedenle de yenilenebilir enerji potansiyelinin
kismen degerlendirilebildigi Yavas Senaryo ise, Turkiye'nin ylksek potansiyeliile karsilastinldiginda
enerji ve gevre performansina sinirl katki saglayabilmektedir.

TREO Senaryolari Ozeti

Yiksek Senaryoda elektrik talebi, binalarda yalitim, elektrikli aletlerde verimlilik, elektrik
motorlarinda verimli dénisim, sanayide 6z-tuketim odakli daditik Gretimin gelisimi, tarmsal
sulamada dagitik ve verimli yenilenebilir enerji ¢dzimlerinde yayginlasma gibi faktorlerin
katkisiyla, daha verimli bir blylme patikasinda gelismektedir. Sebeke kayiplarinda daha yiksek
iyilesmeler ve elektrik Gretim sisteminin butinundeki verimlilik kazanimlarinin da neticesinde, 2050
yilinda Yavas Senaryoya gére %15 daha dusuk briut elektrik talebi, elektrik enerijisi hizmetlerini
ayni konfor ve kalitede saglayabilmektedir.

Kurulu glicte mevcut blydme ivmesinde 6nemli bir artisin sadlanmadidi Yavas Senaryoda,
yenilenebilir enerjinin kurulu gig ve Uretimdeki payl 2050 yilinda sirasiyla %76 ve %61 olarak
gerceklesmektedir. Yiuksek Senaryoda ise elektrik kurulu giict 2050 yilinda 294 GW'a ulasirken
kurulu glc icerisinde yenilenebilir enerji payi, adirlikll bdlimid glines ve rlzgar enerjisinden
gelecek sekilde 2040 yilinda %80'e ve 2050 yilinda %90'a ulagmaktadir. Yenilenebilir enerjinin
elektrik Uretiminde halen %43 seviyesinde olan payinin 2040 yilinda dértte-tgln Uzerine ¢iktidi,
2050 yilinda da buglne gére iki kat artarak %86'ya ulastigi Yiksek Senaryoda, 2050 yilina kadar
elektrik Uretiminde rizgar ve gunes enerjisinin toplam payi ise dért katin Gzerinde artarak tgte-
ikiye ulagmaktadir. 2050 yilinda Uretim portféylinin tamamina yakinin disik karbonlu duruma
geldigi Yuksek Senaryo Turkiye'nin net-sifir emisyon perspektifini desteklemekte, sanayilerin ve
ekonominin rekabetciligi icin de 6nemli avantaj yaratmaktadir.

Yuksek Senaryoda 2050 yilina kadar olan dénemde yenilenebilir enerjide daha verimli ve hizl
bUyUmeyi destekleyen yillik yatinm tutar gereksinimi, Yavas Senaryodaki 14,1 milyar 2022$'in
sadece %6 Uzerinde éngérilmektedir (14,9 milyar 2022$). Ancak yatirnmlarin sektérel dadiliminda
onemli bir degisim gergeklesmekte, yatirmlar icerisinde son dénemde %30'un altinda, Yavas
Senaryodaise %30'lar seviyelerinde olan sebeke, enerji depolama ve talep verimliligi yatinmlarinin
pay Yuksek Senaryoda %40'lar seviyesinde gergeklesmektedir. Yiksek Senaryoda 2050 yilina
kadar olan dénemde yenilenebilir elektrik Gretimi igin yillik yatinm miktari ortalama 5,5 milyar $
olarak hesaplanmaktadir.

Yuksek Senaryoda enerji glvenligi, temiz enerji déntstimi ve bunlarailigkin maliyetler bakimindan,
toplam elektrik yatinm gereksinimindeki artisin ¢ok Uzerinde katkilar elde edilebilmektedir.
Ornegin, Yavas Senaryo ile kiyaslandiginda, yillik 800 milyon $ yatinm fazlasina karsin enerji ithalat
faturasinda yillik 2 milyar $' tasarruf saglanabilmektedir (Yakit ithalati tasarrufu carpani 2,5).
Yiksek Senaryoda elektrik Uretiminden kaynakli emisyonlar 2030 yilindan énce tepe noktasina
ulagmakta ve 2050 yilinda mevcut dizeyinin %85 altina diugmektedir. 100 $/ton karbon fiyati
seviyesinde, Yavas Senaryoya gére yillik ortalama ekonomik karsiligi 6,7 milyar $'a ulasan emisyon
tasarrufu sadlanabilmektedir (Emisyon maliyeti tasarrufu ¢arpani 8,4). 2050 yilina dogru, kukurt-
dioksit ve azot-oksitler gibi 6nemli hava kirleticilerin yillik emisyon hacmi Yavas Senaryoda 2022
seviyesine gore Ugte-bir azalirken, Yiksek Senaryoda ise sadece sinirl dogal gaz tliketiminden
kaynakl olacak sekilde 2040 yilindan sonra neredeyse timuyle ortadan kaldinlabilmektedir.

TIEA Announced Pledges Senaryosu fiyat éngérileri ile. Meveut emtia fiyatlariyla 8,4 milyar $
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Yiksek Senaryoda, nihai enerji talebi icerisinde elektrik enerjisinin halen beste-bir olan pay;,
elektrigin fosil kaynaklari ikamesi yoluyla 2050 yilina dodru %40'lar seviyesine gelmektedir.
Ozellikle binalarda ve tarmda jeotermal enerji, sanayide ve binalarda giines enerijisi ve havayolu
ulasiminda surdurdlebilir biyoyakitlarin gelisimiyle, nihai enerji tiketiminde yenilenebilir enerjinin
halen %5 olan dogrudan katkisi ise 2050 yilinda %15'in tzerine gikmaktadir. Bdylelikle nihai enerji
talebinde yenilenebilir enerjinin toplam payi %12'den 2030 yilinda %22'ye, 2040 yilinda %35'e ve
2050 yilinda bugiine goére doért katin Gzerinde artigla %50'ye ulasmaktadir.

Elektrik Sektériinde Yenilenebilir Enerji Gelecegi

‘ GW ‘ ‘ Mutlak Deger ‘ TWh ‘ ‘ Mutlak Deger
Elektrik Yavas N(1EEE | Yavas Elektrik Yavas WN(CE'E | Yavas
Puant Talep 56,3 770 73,7 160,5 134,3 Tuketim 331,7 451,7 432,5 878,1 76
Kurulu Gug 998 146,2 155,1 296,3 294,1 Uretim 334,7 4517 432,5 878,1 7476
Yenilenebilir 53,6 91,6 1019 2249 264,5 Yenilenebilir 199 2195 2570 5395 6478
Hidro 315 356 36,1 415 42,0 Hidro 559 76,1 772 68,3 70,7
Ruzgar 10,6 22,0 259 659 80,2 Ruzgar 34 63,6 749 190,5 2354
Glnes 78 28,4 32,2 105,7 1289 Glnes 139 52,2 62,1 2173 268,4
Biyokdtle 20 3,5 3,6 6,2 68 Biyokutle 78 13,8 14,2 24,4 26,8
Jeotermal 17 21 4,1 56 6,6 Jeotermal 10,8 13,8 28,7 389 46,5
Nukleer - 4.8 4.8 18,3 124 Nukleer - 33,6 33,6 128,2 869
Kémar 20,4 21,8 21,8 16,8 - K&mir 03,4 N4.4 76,2 88,1 -
Dogal Gaz 25,6 28,0 26,5 364 172 Dogal Gaz m.2 84,1 65,4 122,2 129
Petrol 0,3 - 01 - - Petrol 03 - 0,2 - -
Yerli 63,7 1017 12,0 2300 | 2645 Yerli 168,3 2728 | 2925 5665 | 6478
ithal 36,1 444 430 66,3 296 ithal 166,4 178,8 1399 31,5 998
Dusik Karbon 53,6 96,4 106,7 2432 2769 Dusik Karbon 199 2532 290,7 6677 734,7
Fosil Yakitlar 46,2 498 48,4 53,2 172 Fosil Yakitlar 214,8 198,5 1418 210,3 129
GunesveRizgar | | 184 | | 504 | 581 || m6 | 209 | Gines ve Ruzgar | | 454 | | msg | 1369 || 4078 | s038
% ‘ ‘ Pay ‘ % ‘ ‘ Pay
Glicl Yavas [ (1GES Yavas Elektrik Uretimi Yavas | (F[E=14 Yavas
Yenilenebilir 54% 63% 66% 76% 90% Yenilenebilir 36% 49% 59% 61% 87%
Hidro 32% 24% 23% 14% 14% Hidro 17% 17% 18% 8% 9%
Razgar % 15% 17% 22% 27% Rizgar 9% 14% 7% 22% 31%
Gunes 8% 19% 21% 36% 44% Gunes 4% 12% 14% 25% 36%
Biyokutle 2% 2% 2% 2% 2% Biyokutle 2% 3% 3% 3% 4%
Jeotermal 2% 1% 3% 2% 2% Jeotermal 3% 3% 7% 4% 6%
Nikleer 0% 3% 3% 6% 4% Niikleer 0% 7% 8% 15% 12%
Komar 20% 15% 14% 6% 0% Komar 31% 25% 18% 10% 0%
Dogal Gaz 26% 19% 17% 12% 6% Dogal Gaz 33% 19% 15% 14% 2%
Petrol 0% 0% 0% 0% 0% Petrol 0% 0% 0% 0% 0%
Yerli 64% 70% 72% 78% 90% Yerli 50% 60% 68% 65% 87%
ithal 36% 30% 28% 22% 10% ithal 50% 40% 32% 35% 13%
Dustik Karbon 54% 66% 69% 82% 4% Dustik Karbon 36% 56% 67% 76% 98%
Fosil Yakitlar 46% 34% 31% 18% 6% Fosil Yakitlar 64% 44% 33% 24% 2%
Glnes ve Rizgar 18% 34% 37% 58% 7% Gunes ve Rizgar 14% 26% 32% 46% 67%
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Toplam Nihai Enerji Talebinde Yenilenebilir Enerji Gelecegi

2050
Yuksek

TWh 2021
Elektrik Uretimi 334,7 432,5 7476
Yenilenebilir 199 2570 6478
Hidro 559 772 70,7
Ruzgar 34 749 2354
Glnes 139 62,1 2684
Biyokutle 78 14,2 26,8
Jeotermal 10,8 28,7 46,5
Nihai Enerji Tuketimi 154 123,5 146,5
Elektrik 24,4 31,7 58,1
Yenilenebilir Elektrik 838 18,8 50,3
Dogrudan Yenilenebilir 56 8,8 23,0
Toplam Yenilenebilir 14,4 276 733

Elektrik Uretimi (%)

2021

2050
Yiksek

Yenilenebilir 36% 59% 87%
Hidro 7% 18% 9%
Riizgar 9% 7% 31%
Glnes 4% 14% 36%
Biyokutle 2% 3% 4%
Jeotermal 3% 7% 6%

Nihai Enerji Tiiketimi (%)

Elektrik 21% 26% 40%

Yenilenebilir Elektrik 8% 15% 34%
Dogrudan Yenilenebilir 5% 7% 16%
Toplam Yenilenebilir 12% 22% 50%

Yiiksek Senaryoda Yavas Senaryoya Gére Yillik Ortalama Degisim (milyar 2022$)

2,0

1,0

Senaryolar Farki (milyar 2022 $/yil)

Yatirrm
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Turkiye Yenilenebilir Enerji Gérunimd, bir net-sifir emisyon perspektifi calismasi olmamakla
birlikte, enerji verimliliginin, temiz elektrifikasyonun ve dogrudan yenilenebilir enerjinin yiksek
katkisi, birincil enerji arzinda halen ¢ok yilksek olan fosil yakit yogunlugunu blylk 6lglde
sinirlandirabilmekte, 2050 yilinda nihai enerji tiketiminin %60'a yakini, sadece bu U¢ alandaki
firsatlarin degerlendiriimesiile karbondan arindiriimig olmaktadir. Bu &nemli gelisim, temiz hidrojen
ve karbon-yakalama-depolama teknolojileri gibi yenilikgi alanlarda atilabilecek diger adimlarla
net-sifir emisyon perspektifinin temel zeminini olusturmaktadir. Yiksek Senaryo, givenli ve temiz
enerji gelecedine sunacagdi bu somut katkilarin yani sira, kiresel ve bélgesel trendlerle uyum
icerisinde temiz enerji teknolojileri odakl ekonomik blylimeye, sosyal gelisime, yenilikgi sanayi,
ihracat ve girisimcilik modellerine de énemli bir agiim saglamaktadir. Tum bu kazanimlar, kamu,
ozel sektdr, akademi is birlikleri igerisinde, uzun vadeli hedefler ve yol haritalar, piyasa geligimi
ve yatirm ortami, sebekeler ve butlncll elektrik sistemi, kritik teknolojilerde Ar-Ge ve imalat
yetkinlikleri, enerjide verimli blylume gibi kritik gelisim alanlarinda énemli iyilesmeler ile hayata
gecirilebilecektir.

IICEC Onerileri

lICEC, Tiirkiye'nin yenilenebilir enerjide ve ilgili teknolojilerde, enerji gluivenligi, temiz eneriji
doniisiimi, rekabetgi ve teknoloji-odakli sanayi gelisimi igin gok boyutlu firsatlar sunan,
yliksek biliylime potansiyelinin degerlendirilmesi igin,

1. 2050 yilinda 250 GW'In Uzerinde toplam yenilenebilir enerji kurulu gicu ile %85'in
Uzerinde yenilenebilir elektrik Uretim payina, nihai enerji talebinde %50 toplam
yenilenebilir payina ulasilmasini ve buna yénelik yol haritalarinin, kaynaklar, teknolojiler
ve sektorler bazinda belirlenmesini,

2. Verimli, derinlikli, maliyetleri yansitan, éngérulebilir bir elektrik piyasasi isleyisinin
saglanmasini, sirdurilebilir yatirm ve finansman modellerinin gelistiriimesini, bdylelikle
proje stokunda glg¢li bluylimenin saglanmasini,

3. Elektrik sisteminin omurgasini olusturan sebekelerin kapasitesinin ve esnekliginin, uzun
vadeli dinamik planlamaiile desteklenen, teknoloji-odakl yatinmlar ile glglendiriimesini,

4, Rizgar ve glnes teknolojilerinde gelisimin, tedarik zincirlerinin strddrdlebilirligini,
Turkiye'nin boélgesel temiz enerji teknolojileri Gretim Usst olmasini destekleyecek sekilde
surdurulmesini; enerji depolama ve yesil hidrojen tretimi teknolojilerinde gelistirmelerin
hayata gegirilmesini,

5. Binalarda, sanayide, ulasimda ve diger enerji tlketicisi sektorlerde, temiz
elektrifikasyona ek olarak, dogrudan yenilenebilir enerji katkisinin da en az tg¢ kat
artinlmasini temin ederek enerji giivenligi ve temiz enerji ddntisimunin desteklenmesini,

6. Deger zincirinde enerji verimliligi potansiyelinden ve dijitallesme ¢ézimlerinden
faydalanilarak yenilenebilir enerji ekosistemindeki blyimenin yltksek katma dederli
firsatlara dénistirilmesini,

7. Yenilenebilir enerjide glglu ve surdurilebilir blylumeyi ve rekabetgiligi destekleyecek,
nitelikli insan kaynagdinin ve girisimcilik ekosisteminin gelistiriimesini dnermektedir.

10 Turkiye Yenilenebilir Enerji Gérinimu | 2022



Executive Summary
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Turkiye Renewable Energy Outlook Executive Summary

General Overview and IICEC Scenarios

Renewable energy, together with energy efficiency, is one of the most critical success factors if
Turkiye is to meet its increasing energy demand and to create a secure and clean energy future
for its energy system. Although the breakdown of resources has varied considerably over the past
thirty years, the overall contribution of renewable energy to electricity generation has generally
been between 35% and 45%. The direct contribution of renewable energy to the final energy
demand was approximately 20% in 1990, most of which came from traditional biomass sources.
This figure declined to 5% in 2021, as the growth in the use of direct modern renewable energy was
outpaced by that of other fuels, primarily natural gas, in final energy demand. Renewable energy
currently meets 12% of the final energy demand in Turkiye. The high potential of renewable energy
resources, which has yet to be fully evaluated, can be rapidly harnessed through energy, climate
and industrial policies, markets, investment, and environment and technological opportunities,
and create multidimensional benefits.

The Turkiye Renewable Energy Outlook (TREO) is based on a detailed inventory of Turkiye's
energy economy, the “Turkey Energy Outlook” that was published by IICEC as a first-of-its-
kind study in Turkiye, and the IICEC Energy Model. This holistic modeling framework employs a
database covering the entire energy supply and demand chain, reflects global and regional
energy and climate dynamics; current trends in national energy, industry, and climate policies;
developments in energy markets; and investments together with advancements in technologies.
This report analyzes in details the growth and development perspective of all energy sectors
regarding renewable-electricity generation and direct renewable energy use alongside the
multidimensional avenues for Turkiye to reach its significant renewable energy potential.

This first-of-its-kind study in the sector was carried out with a scenario-based approach to
assess growth perspectives in renewable energy through 2050. Two different TREO scenarios
are showcased to assess the contribution of renewable energy to improving energy resource
diversification and energy security, alleviating the country’s energy import bill, achieving a clean
energy transition and net-zero emission targets, improving air quality, enhancing overall system
efficiency, and fostering sustainability with solid indicators and metrics.

The High (high adoption) Scenario benefits from supportive energy and climate policies and the
development of energy markets and an investment environment to fuel growth in renewable
energy. The potential of energy efficiency is effectively utilized in the electricity sector and the
benefits from global technological developments in renewable energy and other clean energy
technologies are highly captured in end user energy sectors. It is supported by concrete energy
and climate targets and roadmaps encompassing a broad ecosystem including innovation and
human resources in support of a renewable energy-driven future. This enables a higher utilization
of Turkiye's unexploited renewable energy resource base compared to the current trends and
provides critical contributions to energy security, energy-related macro-economic balances,
clean energy transformation aspirations, and other sustainability benefits.

The Slow (slow adoption) Scenario, on the other hand, exhibits underwhelming progress in all
respective areas, especially within the policy framework, and markets do not provide sufficient
support for predictable growth ininvestments.
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The renewable energy potential is partly utilized with a limited contribution to energy and
environmental performance as compared to the high potential of Turkiye.

TREO Scenarios Summary

In the High Scenario, electricity demand develops on a more efficient growth pathway, with the
contribution of factors such as insulation in buildings, efficiency in electrical appliances, efficient
transformation in electric motors, development of self-consumption-oriented distributed
generation in the industry, and the widespread use of distributed and efficient renewable energy
solutions in agricultural irrigation. As a result of higher improvements in grid losses and efficiency
gains in the entire electricity generation system, Turkiye realizes 15% lower gross electricity
demand in 2050 compared to the Slow Scenario but provides electrical energy services with the
same comfort and quality.

The share of renewable energy in installed capacity and power generation is 76% and 61%,
respectively, in 2050 in the Slow Scenario, where there is no significant acceleration in the current
growth momentum in renewable energy-based power investments. The installed capacity in the
High Scenario, on the other hand, increases to 294 GW in 2050 while the share of renewable
energy in installed power reaches 80% in 2040 and 90% in 2050, predominantly from solar and
wind energy. The contribution of renewables in electricity generation increases to over 75% by
2040 and doubles from 43% at present to 87% in 2050. The combined share of solar and wind
in gross electricity generation increases by more than four times to reach two-thirds of gross
electricity generation by 2050. In the High Scenario, nearly the entire power generation portfolio
becomes low-carbon in 2050, supporting the net-zero emission goal and creating significant
advantages for the sustainable competitiveness of industries and the overall economy.

The High Scenario supports a more efficient and faster growth in renewable energy in the period
until 2050 with an investment requirement of only 6% over the Low Scenarios ($14.9 billion/year
vs $14.1 billion/year in 2022 currency values). However, a significant shift takes place in the
sectoral breakdown of investments: the share of power grids, energy storage, and demand-side
efficiency investments, which stood below 30% in recent years and is around 30% in the Slow
Scenario, increases to roughly 40% in the High Scenario. In the High Scenario, the average annual
investment amount for renewable electricity generation in the period until 2050 is estimated as
$5.5 billion.

The High Scenario delivers a significant pay-off in energy security, clean energy transformation,
and associated costs. For example, compared to the Slow Scenario, Tirkiye can realize an
annual savings of $2 billion' in its energy-import bill despite an annual increase of $800 million
in total investment, a fuel import-savings multiplier of 2.5. In the High Scenario, emissions from
electricity generation peak before 2030 and fall 85% below their present level by 2050. At a
carbon price level of $100/ton, emissions-related average cost savings of up to $6.7 billion/year
can be achieved with the Slow Scenario, an emission cost-savings multiplier of 8.4. Towards
2050, annual emissions of important air pollutants such as sulfur dioxide and nitrogen-oxides
decrease by one-third compared to 2022 in the Slow Scenario, while the High Scenario nearly
eliminates these after 2040 to limited natural gas consumption.

T With the IEA Announced Pledges Scenario price series. 8.4 milyar $ with current commodity prices
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The share of electricity in final energy demand increases from 20% to 40% by 2050 replacing fossil
fuels in energy demand. Meanwhile, the direct contribution of renewable energy in final energy
consumption increases from 5% to 15% in 2050, especially with the wider adoption of geothermal
energy in buildings and agriculture, solar energy in industry and buildings, and sustainable
biofuels in air transport. Thus, the total share of renewable energy in final energy demand rises
from 12% at present to 22% in 2030, 35% in 2040, and 50% in 2050, representing a more than
fourfold increase.

Elektrik Sektériinde Yenilenebilir Enerji Gelecegi

| ow | Absolute Value | [Twh | Absolute Value |
2030 2050 2030 2050
Peak Demand 56.3 770 73.7 160.5 | 134.3 Consumption 331.7 4517 | 4325 878.1 7416
Installed Capacity 99.8 146.2 155.1 296.3 294.1 Generation 334.7 451.7 4325 878.1 747.6
Renewables 53.6 91.6 1019 2249 | 2645 Renewables 1199 2195 2570 5395 6478
Hydro 315 35.6 36.1 415 420 Hydro 559 76.1 772 68.3 70.7
Wind 10.6 220 259 659 80.2 Wind 3.4 63.6 49 190.5 235.4
Solar 78 28.4 32.2 105.7 1289 Solar 139 522 62.1 2173 268.4
Biomass 2.0 35 3.6 6.2 6.8 Biomass 78 13.8 14.2 24.4 26.8
Geothermal 17 2.1 4.1 5.6 6.6 Geothermal 10.8 13.8 28.7 389 46,5
Nuclear - 4.8 4.8 18.3 12.4 Nuclear - 33.6 33.6 128.2 869
Coal 20.4 21.8 21.8 16.8 - Coal 103.4 N4.4 76.2 88.1 -
Natural Gas 25.6 28.0 26.5 36.4 17.2 Natural Gas m.2 84.1 65.4 122.2 129
Qil 0.3 - 0.1 - - Qil 0.3 - 0.2 - -
Domestic 63.7 101.7 12.0 230.0 264.5 Domestic 168.3 272.8 292.5 566.5 6478
Imported fuel 36.1 444 430 66.3 296 Imported fuel 166.4 178.8 1399 3NS5 998
Low carbon 53.6 96.4 106.7 2432 2769 Low carbon 199 253.2 290.7 6677 734.7
Fossil fuels 46.2 498 48.4 53.2 172 Fossil fuels 214.8 198.5 141.8 210.3 129
Solarand Wind | | 184 | | 504 | s81 || me | 20m | SolarandWind | | 454 | | mss | 1369 || 4078 | soss
% ‘ ‘ Pay % ‘ ‘ Pay
Electricity 2021 2030 2050 Electricity 2021 2030 2050
Installed Capacity Slow Slow Generation Slow Slow
Renewables 54% 63% 66% 76% 90% Renewables 36% 49% 59% 61% 87%
Hydro 32% 24% 23% 14% 14% Hydro 17% 17% 18% 8% 9%
Wind M% 15% 17% 22% 27% Wind 9% 14% 17% 22% 31%
Solar 8% 19% 21% 36% 44% Solar 4% 12% 14% 25% 36%
Biomass 2% 2% 2% 2% 2% Biomass 2% 3% 3% 3% 4%
Geothermal 2% 1% 3% 2% 2% Geothermal 3% 3% 7% 4% 6%
Nuclear 0% 3% 3% 6% 4% Nuclear 0% 7% 8% 15% 12%
Coal 20% 15% 14% 6% 0% Coal 31% 25% 18% 10% 0%
Natural Gas 26% 19% 17% 12% 6% Natural Gas 33% 19% 15% 14% 2%
Qil 0% 0% 0% 0% 0% Qil 0% 0% 0% 0% 0%
Domestic 64% 70% 72% 78% 90% Domestic 50% 60% 68% 65% 87%
Imported fuel 36% 30% 28% 22% 10% Imported fuel 50% 40% 32% 35% 13%
Low carbon 54% 66% 69% 82% Q4% Low carbon 36% 56% 67% 76% 98%
Fossil fuels 46% 34% 31% 18% 6% Fossil fuels 64% 44% 33% 24% 2%
Solar and Wind 18% 34% 37% 58% 71% Solar and Wind 14% 26% 32% 46% 67%
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Toplam Nihai Enerji Talebinde Yenilenebilir Enerji Gelecegi

TWh geal il?;: i?;ﬁ Electricity Generation (%) 2oz f-l?;l? T-I?gsg
Electricity Generation 334.7 432.5 7417.6

Renewable 199 2570 6478 Renewables 36% 59% 87%
Hydro 559 772 70.7 Hydro 17% 18% 9%
Wind 3.4 %9 235.4 Wind 9% 17% 31%
Solar 139 621 268.4 Solar 4% 14% 36%
Biomass 78 14.2 26.8 Biomass 2% 3% 4%
Geothermal 10.8 287 46.5 Geothermal 3% 7% 6%

2021 2930 2950 2021 2930 2950
Mtoe High High Final Energy Consumption (%) High High
Final Energy Consumption 15.4 123.5 146.5
Electricity 24.4 31.7 58.1 Electricity 21% 26% 40%
Renewable Electricity 8.8 18.8 50.3 Renewable Electricity 8% 15% 34%
Direct Renewables 5.6 8.8 230 Direct Renewables 5% 7% 16%
Total Renewables 14.4 27.6 73.3 Total Renewables 12% 22% 50%

Yiiksek Senaryoda Yavas Senaryoya Gére Yillik Ortalama Degisim (milyar 2022$)

0 n

High Scenario Over Slow Scenario (billion 2022 $/year)

Investment Fuel Import Costs Emissions Cost
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The Turkiye Renewable Energy Outlook is not a net-zero emissions study. However, a strong
contribution from energy efficiency, clean electrification, and direct use of renewable energy
can greatly reduce the high intensity of fossil fuels in the primary energy supply. These three
areas can provide almost 60% of total final energy consumption by 2050, a development that
lays the groundwork for the net-zero emission perspective with other clean energy actions
that can be realized in many emerging technology areas such as clean hydrogen and carbon-
capture-storage technologies. In addition to several tangible contributions to a secure and clean
energy future, the High Scenario provides an important gateway to economic growth, social
development, innovative industry, exports, and entrepreneurship models around clean energy
technologies in harmony with global and regional trends and advancements. All these benefits
can be realized with developments on several fronts such as policy targets and roadmaps,
market development and investment environment, grids and a holistic power system, R&D and
manufacturing competencies in critical technologies, and more efficient growth in energy-
demand services supported by the public sector, private sector, and academia success triangle
model.

IICEC Recommendations

IICEC recommends the following to harness the strong potential of Turkiye in renewable energy
and related technologies and thus provide multiple benefits for energy security, a clean energy
transition, and a more competitive and technology-driven development of the industry:

1. Developing roadmaps for resources, technologies, and sectors to achieve over 250 GW
of total renewable energy installed capacity, with a more than 85% renewable energy
contribution in power generation and a 50% renewable energy contribution in final energy
demand by 2050,

2. Ensuring an efficient, cost-reflective, and more predictable electricity market and
developing sustainable investment and financing models to enable strong growth in the
project portfolio,

3. Strengthening the capacity and flexibility of the networks that form the backbone of the
electricity system with technology-oriented investments supported by long-term dynamic
planning,

4, Continuing efforts to develop wind and solar technologies in a way that supports the
sustainability of supply chains and supports Tirkiye becoming a regional clean energy
technologies production base while also advancing developments in energy storage and
green hydrogen-production technologies,

5. In addition to clean electrification, increasing the direct contribution of renewable energy
at least threefold in buildings, industry, transport, and other energy-consuming sectors to
support energy security and a clean energy transition,

6. Turning the growth in the renewable energy ecosystem into high value-added
opportunities by utilizing energy efficiency potential and digitalization solutions across the
value chain,

7.Developing qualified humanresources and a talent pool together with an entrepreneurship
ecosystem that supports strong, sustainable, and competitive growth in renewable energy.
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