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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 i¢geni modeli icerisinde,
enerji ve iklim glindeminde gergeklestirdigi ulusal, bélgesel ve uluslararasi ¢alismalar ile
daha temiz ve glvenli enerji gelecegine katki sunmaktadir.

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

https://iicec.sabanciuniv.edu
@ iicec-sabanci-university-istanbul-international-center-for-energy-and-climate
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Turkiye Enerji Verimliligi Gorinimii

Yénetici Ozeti

® Turkiye ekonomik blylime ve sosyal gelisimin destekleyicisi olarak enerji talebinde giclu
buyime dinamiklerine sahiptir. Son dénemde enerji verimliliginin iyilestiriimesi yéninde
saglanan gelismeler ve gliglenen politika dncelikleri, enerjide verimli buyime yoluyla eneriji
guvenligi, enerji badimsizlidi ve net-sifir emisyon hedeflerinin gergeklestiriimesi igin kritik bir
zemin ve yeni firsat alanlari olusturmaktadir.

® 2053 yilina kadar olan dénemde birincil enerji yogunlugunda yillik ortalama %2,7 iyilesme
saglanan Verimli Bliylme Senaryosunda, Baz Senaryoya gore kimulatif %12 birincil ener;ji
azaltimi saglanabilmektedir. Bu deger, mevcut tiketimlerle yaklasik bes yillik birincil eneriji
arzina esdederdir. 2023 yili baz alindiginda birincil enerji yogunlugu Baz Senaryoda %46
duserken, Verimli BlUylime Senaryosunda %57 azaltim saglanabilmektedir. Boylelikle, kisi
basina enerji tiketimleri yuksek, eneriji talebi artig hizlar daha dusik Glkelerin ortalamalarina
daha hizliyakinsanmakta, bu gelisim strdurulebilir rekabetgiligin gliglendirilmesi bakimindan
avantajlar getirmektedir.

® Calismada sunulan butuncil enerji arz ve talep gelecegdi, Turkiye'nin birincil enerji arzinda
gesitlendirmenin, yerli kaynaklarin kullaniminin, enerji gtvenliginin, nihai ener;ji tiketiminde
de elektrifikasyonun ve yenilenebilir enerji katkisinin giglenecedi bir perspektife isaret
etmektedir. Verimli Buyime Senaryosunda, nihai enerji talebi icerisinde elektrik enerijisinin
halen beste-bir olan payi, elektrigin fosil kaynaklari ikamesi yoluyla 2053 yilinda %48'e
yukselmektedir. Elektrik tGretimine ek olarak, ézellikle binalarda ve tarimda jeotermal eneriji,
sanayide ve binalarda glnes enerijisi ve havayolu ulasiminda sirdirdlebilir biyoyakitlarin
gelisimiyle, birincil enerji arzinda yenilenebilir enerjinin halen %18 olan dogrudan katkisi ise
2053 yilinda %50'ye ulasabilmektedir.

® Yiksek verim potansiyelinin ve fosil yakit ikamesinin degerlendirilmesi, yerli petrol ve dogal
gazuretimlerinde hedeflenen artiglarin gergeklesmesi sonucunda, halentigte-bir seviyesinde
olan yerlilik orani Verimli Bluyime Senaryosunda %90'a ulasirken, Baz Senaryoda lgte-iki
olarak gergeklesmektedir. Turkiye'nin enerjide badimsizlik hedefini glcli sekilde destekleyen
Verimli Buyime Senaryosunda emisyonlar 2040 yilindan énce tepe noktasina ulasmakta,
Turkiye'nin 2053 net-sifir emisyon hedefi ile tutarll azaltim patikasi da desteklenmektedir.

® Baz Senaryoda 1,1 trilyon $ olan kiimulatif ekonomik fayda, Verimli Buyime Senaryosunda
2,1 trilyon $'a yikselmektedir. Baz Senaryoda yillik ortalama 9 milyar $ yatinm karsiliginda
30 milyar $ ekonomik fayda sadlanirken, Verimli Biyime Senaryosunda yillik ortalama 13
milyar $ yatinm, 58 milyar $ fayda gergeklestirmektedir. Baz senaryoda yillik ortalama 3,2
olan fayda-maliyet ¢arpani, Verimli Bluylme Senaryosunda 4,5'e ylkselmektedir.

® \erimli Bluyime Senaryosu, guvenli ve surdurilebilir enerji gelecedine sunacagdr maliyet-
etkin katkilarin yani sira, kiresel ve bélgesel trendlerle uyum igerisinde temiz ve verimli eneriji
teknolojileri odakl ekonomik blytumeye, verimli sanayi, ihracat ve girisimcilik modellerine,
enerji ekosisteminde daha rekabetgi piyasalarin gelisimine, bdylelikle Turkiye'nin enerjide
ticaret merkezi vizyonuna da énemli agilimlar saglamaktadir. Tm bu kazanimlar, kamu,
ozel sektor, akademi is birlikleri igerisinde, uzun vadeli hedefler ve yol haritalari, dizenleyici
gergeveler, yatinm ortami, yeni is modelleri, teknolojik gelisim gibi alanlarda iyilegsmelerin
surdurdlmesi ile hayata gegirilebilecektir.
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Enerji Verimliligine Genel Bakig ve TEEO Senaryolari

Turkiye'nin ekonomik buyime ve sosyal gelisim hedeflerinin kritik destekleyicisi olan ener;ji
talebinde gic¢li biyime devam etmektedir. Turkiye 2000 yilindan bu yana birincil enerji arzinda
yaklasik iki kat artig ile Avrupa’nin en blyuk ve dinamik enerji piyasalari arasinda yer almaktadir.
Bununla birlikte halen dinya ortalamasina oldukga yakin olan kisi basina eneriji tuketimi OECD
ortalamasinin yaklasik yarisi seviyesindedir. Nifus artisi, geng niifus, sehirlesme, kentsel dénigim,
sanayilesme ve sanayi sektoérlerinin yapisi, artan ve gesitlenen mobilite ihtiyaglarn gibi faktorler
talepte blylmeyi desteklemektedir.

Birincil enerji arzinin %80'i fosil yakitlara, yaklasik Ggte-ikisi ise ithal fosil yakitlara dayall olarak
gerceklesmektedir. Son dénemde yerli petrol ve doJal gaz Uretiminde saglanan artiglar, genel
enerji dengesinde yerlilik oraninda kademeli artiglarn beraberinde getirecektir. Blylyen enerji
sisteminin net-sifir hedefi ile uyumlu gelisimi yéninde de adimlar atiimaya devam etmektedir.
Bu cergevede, cari agigin en dénemli bileseni olan ithal fosil yakit agirhdinin dastrilmesi ve
daha surdurilebilir bir enerji gelecegine ulasilmasi amaglar dogrultusunda, enerji glvenliginin
gucglendirilmesi, enerji bagimsizliginin artirilmasi ve net-sifir emisyon hedeflerinin gergeklestiriimesi
hedeflerini esas alan eneriji politikalarinda enerji verimliliginin &nemi gelismektedir.

Turkiye son ddénemde enerji verimliliginde ve ekonominin enerji yodunlugunun azaltiimasi
performansinda dnemli ilerlemeler kaydetmektedir. 2024 yili basinda agiklanan Enerji Verimliligi
2030 Stratejisi ve Il.Eylem Plani, 2030 yilina kadar olan dénemde 20,2 milyar $ yatinmla birincil
enerji tiketiminde kiimulatif %16 azaltim ve birincil enerji yogunlugunda %15 iyilesme hedeflerini
ortaya koymaktadir.

Elektrik Gretiminde yenilenebilir enerji agirlikl buylime ve eneriji tiketim sektorlerinde elektrifikasyon
hizlanirken, yenilenebilir enerji potansiyelinin, elektrikli araglar ve 1si pompalari gibi verimli elektrik
teknolojilerinin artan oranlarda degerlendiriimesi de daha guvenli, verimli ve rekabetgi bir ener;ji
sisteminin gelisimi perspektifini gliclendirmektedir. Enerji arz ve talep sektérlerinde, politikalarda
ve yatinmlardaki tim bu olumlu ilerlemeler, enerjide verimli bliyltme yoluyla ¢ok yonli faydalarin
gergeklestiriimesi icin dnemli potansiyel ve firsat alanlari sunmaktadir.

Turkiye Enerji Verimliligi Gériinimi (TEEO), IICEC tarafindan Tirkiye'de bir ilk olarak yayimlanan
Turkey Energy Outlook (Tirkiye Enerji Gérinima) galigmasinin, IICEC Enerji Modeli'nin ve Turkiye
enerji arz ve talep sisteminin detayli envanteri Gzerine kurulmustur. Enerjide arz ve talep zincirinin
tamamini kapsayan veri tabanindan yararlanan batlincul enerji modelleme ¢ergevesi, birincil
enerji arzindan nihai enerji talep sektdrlerine ve hizmetlerine kadar enerji akiglarini dikkate
almaktadir. Modelleme perspektifinde, diinyada 6ne ¢ikan enerji givenligi, iklim ve ilgili teknoloji
dinamikleri, Turkiye'nin glincel enerji, sanayi, teknoloji, iklim politikalarindaki éncelikleri ve enerji
verimliligi hedefleri, enerji piyasalarindaki ve yatinmlardaki gelismeler yansitiimaktadir.
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Calismada Turkiye'nin nihai enerji talebi, sanayi, binalar, ulastirma, tarim ve eneriji digi kullanimda,
toplam 11 talep hizmetine ayrilarak detayl olarak modellenmistir'. Talep gelisim dinamikleri,
talep hizmetlerini olusturan i1sitma, sogutma, tasimacilik gibi aktivitelerin gelisimini, binalarda
yalitim, elektrik motorlari, ulasimda yakit ekonomisi gibi teknik verim parametrelerini, her bir talep
hizmeti bazinda yakit ve teknoloji tercihlerini ve ikamelerini yansitacak sekilde ayristirlarak analiz
edilmistir’. Genel enerji dengesi icerisinde birincil enerji arzi, elektrik Gretimi gibi cevrim sektérleri
ve nihai enerji tiketimi, yakitlar ve teknolojiler bazinda dinamik olarak degerlendirilmistir.

Sektérde bir ilk olan ve senaryo bazl bir yaklagimla gergeklestirilen bu ¢alismada, iki farkli TEEO
Senaryosu ile 2053 yilina kadar olan dénemde enerji verimliliinde sektdrler ve enerji talep
hizmetleri bazinda gelisim perspektifinin, Turkiye'nin enerji glvenligine, enerjide yerlilesme
hedeflerine, enerji ithalat faturasinin dusurilmesine, temiz enerji déntisimi amaglarina, emisyon
azaltimina ve net-sifir emisyon perspektifine katkilari somut sayisal gostergeler ile irdelenmistir.
Calismada yatinm ve ekonomik fayda-maliyet analizleri de gergeklestirilmigtir.

TEEO Senaryolan Ozeti

Enerji verimliliginde politika hedeflerinin kismen gergeklestidi, yatirrmlarda hedeflenen ivmenin
tam olarak saglanamadigi ve enerji dengesinin genel dinamiklerinde elektrifikasyon ve
yenilenebilir enerji kullaniminda daha sinirl artiglarin kaydedildigi Baz Senaryoda Turkiye'nin 2023
yilinda 158 Mtep olarak gergeklesen birincil enerji arzi, 2053 yilinda 256 Mtep'e yukselmektedir.
Bunun neticesinde 2023-2053 déneminde birincil enerji yodunlugunda vyillik ortalama %2
iyilesme gerceklesmektedir’. Buna karsin, enerji verimliliginde sektérler bazinda hedeflerin hizla
gerceklestigi, elektrifikasyon, yenilenebilir enerji ve verimli teknolojilerde blylime firsatlarinin
daha etkin degerlendirildigi Verimli Bliyime Senaryosunda birincil enerji arzinda artig hizi 2050
yilina dogru yavaslamakta ve 2053 yilinda 205 Mtep olarak gergeklesmektedir. Verimli Blylime
Senaryosu, Baz Senaryoya gére 2053 yilinda %20, 2023-2053 déneminde ise kiimilatif %12 birincil
enerji azaltim saglayabilmektedir (Turkiye'nin mevcut bes yillik birincil enerji arzina esdeger
yaklagik 800 Mtep). Verimli Blyume Senaryosunda birincil enerji yodunlugu vyillik ortalama %2,7
iyilesmektedir (Sekil 1).

2023 yil baz alindiginda birincil enerji yogunlugu Baz Senaryoda %46 duserken, Verimli Blylume
Senaryosunda %57 azaltim saglanabilmektedir (Sekil 2). Boylelikle, kisi basina enerji tuketimleri
yuksek, ekonomik buylime ve enerji talebi artis hizlan daha disik OECD Avrupa ulkelerinin
ortalamalarina daha erken sirede yakinsanmakta, bu gelisim sUrdurilebilir rekabetgiligin
guglendiriimesi bakimindan avantajlar getirmektedir. Verimli Bluylme Senaryosu ile sunulan enerji
yodunlugu azaltim patikasi, Turkiye'nin enerji verimliligi performansinda kiresel konumunu da
guglendirmektedir.

TKarayolu yolcu tasima, karayolu yiik tasima, diger ulasim; binalarda isitma ve sogutma, binalarda aydinlatma ve cihazlar, binalarda sicak su ve pisirme;
enerji-yodun imalat, enerji yogun olmayan imalat, diger sanayi; tarim; enerji disi tuketim.

2 Enerji talebini belirleyen etkenlerin aynistirimasi yontemiyle, aktivite etkisi, teknik verim etkisi ve yakit kompozisyonunda déntsim saglayan yakit
ikamesi etkileri ayri ayri analiz edilmis ve enerji talebinde net degisim modellenmistir.

32000- 2023 ortalamast %1,8. Nihai enerji tilketiminde ve birincil enerji arzinda artis hizinin yavasladigi 2022 ve 2023 yillarinda sirasiyla %6,3 ve %4,5.
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Sekil 1. ICEC Senaryolarinda Birincil Enerji Yogunlugu iyilesme Hizinin Gelisimi (2023-2053, %)
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Sekil 2. IICEC Senaryolarinda Birincil Enerji Yogunlugunun Geligimi (2023 = 100)
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Calismada Turkiye'nin enerji talebini belirleyen sektorler, talep hizmetlerine, yakit ve teknoloji
kullanimlarina gére detayl olarak irdelenmistir. IICEC analizlerine gére toplam talebin %2'si
binalarda i1sitma ve sogutmada, %18'i karayolu yolcu tasimada, %18'i enerji yodun imalat
sektorlerinde, %8'i karayolu yik tasimada, %7'si ise binalarda aydinlatma ve cihazlarda
gerceklesmektedir. Bunlarin disinda kalan talep alanlarinin enerji tiketiminde toplam payi ise
yaklasik %30 diuzeyindedir. NUfus artisinin sirmesi, bina ve arag stokunun eski ve verimsiz olusu,
karayolunun toplam ulasim aktivitesindeki agiridi ve sanayinin enerji-yogun yapisi nihai eneriji
talebinin temel belirleyicileridir.

Senaryolarda 6zellikle binalarda yalitim performansinda iyilesmeler, ulasimda filonun
gencglesmesi ile yakit ekonomisinde gelismeler, elektrifikasyon, entegre mobilite ¢dézimleri ve
modlar arasi gegisler, sanayide orta ve uzun vadede daha az enerji-yodun sektérlere kademeli
olarak dénisum, atik 1si ve i1si pompasi firsatlarinin degerlendiriimesi neticesinde énemli verim
iyilestirmeleri saglanabilmektedir. Verimli Biylime Senaryosunda tim bu alanlarda ve diger
tuketim segmentlerinde daha hizli ve gigli teknik verim kazanimlari gergeklesmekte, fosil yakitlarin
elektrik enerjisi ve yenilenebilir 1si ile ikamesi enerji sisteminin toplam verimini yukseltmektedir.
2053 yilinda Verimli Senaryoda nihai enerji talebi Baz Senaryonun %21 altinda gergeklesmektedir.
Verimli BlyUme Senaryosu, sadece enerjinin daha rasyonel kullanimini saglayan tiketim
davranig degisiklikleri yoluyla Baz Senaryoya gére 2053 yilinda nihai enerji talebinde %8 azaltim
saglayabilmektedir.

Sekil 3. Nihai Enerji Talebinin Hizmetlere ve Yakitlara Dagilimi (2023, Mtep, %)
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Sekil 4. lICEC Senaryolarinda Nihai Enerji Talebinin Hizmetlere ve Yakitlara Dagilimi

(2053, Mtep, %)
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Calismada sunulan butincul enerji arz ve talep gelecegdi, Turkiye'nin birincil enerji arzinda
gesitlendirmenin, yerli kaynaklarin kullaniminin, enerji giavenliginin, nihai enerji tiketiminde de
elektrifikasyonun ve yenilenebilir enerji katkisinin giiglenecedi bir perspektife isaret etmektedir.
Verimli BUyime Senaryosunda, ener;ji politikasinin, enerji bagimsizlidi, enerji glvenligi ve net-sifir
emisyon hedeflerinin timinde es zamanl olarak ¢ok daha yiksek katkilar saglanabilmektedir.
Bu senaryoda nihai eneriji talebi icerisinde elektrik enerjisinin halen beste-bir olan payi, elektrigin
fosil kaynaklar ikamesi yoluyla 2053 yilinda %48'e ylkselmektedir. Elektrik Uretimine ek olarak,
ozellikle binalarda ve tarimda jeotermal eneriji, sanayide ve binalarda glines enerijisi ve havayolu
ulasiminda surdurdlebilir biyoyakitlarin gelisimiyle, birincil enerji arzinda yenilenebilir enerjinin
halen %18 olan dogrudan katkisi ise 2053 yilinda %50'ye ulasabilmektedir.

Enerji arzinda ve talebinde yiksek verim potansiyelinin dederlendiriimesi, yenilenebilir enerjinin
ve temiz elektrifikasyonun daha hizli yayginlagsmasi, yerli petrol ve dogal gaz Uretimlerinde
hedeflenen artislarin gergceklesmesi sonucunda 2053 yilina kadar olan dénemde Verimli Blylime
Senaryosunda birincil enerji arzinda yerlilik orani %90'a ulasirken, Baz Senaryoda Ugte-iki olarak
gerceklesmektedir. Fosil yakitlarnn birincil enerji arzindaki payi ise Baz Senaryo %48'e, Verimli
BUylme Senaryosunda ise %30'a dismektedir. Baz Senaryoda emisyonlar 2053 yilindan énce
tepe noktasina ulagsmakla birlikte mevcut seviyesine oldukg¢a yakin seyretmektedir. Buna karsin,
Turkiye'nin enerjide badimsizlik hedefini gtglu sekilde destekleyen Verimli Bluyime Senaryosunda
emisyonlar 2040 yilindan énce tepe noktasina ulasmakta, 2050 yilinda 191 milyon ton CO,-
es ile mevcut diuzeyinin %52 altina dugsmektedir. Boylelikle, enerjide verimli blylme perspektifi
Turkiye'nin 2053 net-sifir emisyon hedefi ile tutarli azaltim patikasini ve karbon yodunlugunda
gucli dustst desteklemektedir.

Calismada eneriji ithalati ve emisyon azaltimindan kaynakl ekonomik tasarruflar detayl olarak
analiz edilmistir. Baz Senaryoda 1,1 trilyon $ olan kimulatif ekonomik fayda, Verimli Buylime
Senaryosunda 2,1 trilyon $'a yiikselmektedir. Yatirnm gereksinimleri, teknik verim yatirimlari ve nihai
talep sektorlerinde fosil yakit ikamesini saglayan yatinmlar bazinda ayr ayri analiz edilmistir.
Baz Senaryoda yillik ortalama 9 milyar $ yatinm karsiidinda 30 milyar $ ekonomik fayda
saglanmaktadir. Verimli Buyime Senaryosunda vyillik ortalama 13 milyar $ yatinm, 58 milyar $
fayda gerceklestirmektedir. Baz senaryoda yillik ortalama 3,2 olan fayda-maliyet carpani, Verimli
Blyume Senaryosunda 4,5'e gcikmaktadir (Sekil 7). Verimli Buyime Senaryosunda enerji gtivenlidi,
temiz enerji déntsimi ve bunlara iliskin maliyetler bakimindan, toplam yatirim gereksinimindeki
artisin gok Gzerinde katkilar elde edilebilmektedir. Verimli Blylime Senaryosu Baz Senaryoya gore
yilda ortalama 4 milyar $ fazla yatirm ile 28 milyar $ ek fayda saglayabilmektedir.

Verimli BuyUme Senaryosunda elektrik enerjisi talebinde yillik ortalama biyime hizi toplam
talepteki buyUime hizinin yaklagik bes kat Uzerindedir. Adirlikli olarak kesintili rizgar ve
gunes Uretimi ile desteklenen elektrifikasyonda yayginlasma, elektrik sisteminin esnekliginin
guglendirilmesi intiyacini beraberinde getirecektir. Dijitallesme ve yapay zeka, elektrik talebinde
blyumeyi desteklerken, optimizasyon firsatlariyla daha verimli enerji tiketimi igin yenilikgi is
modellerine ve isbirliklerine de zemin olusturabilecektir. Calismada elektrik enerjisi talebinde
bliyime hizina ydnelik bir hassasiyet analizi de gergeklestirilmistir. Elektrifikasyonun Verimli
BUylme Senaryosunda éngoérilenden daha hizli gergeklesmesi durumunda, elektrik enerijisinin
verim avantajlari neticesinde énemli ek kazanimlar sadlanabilmektedir. 2053 yilinda birincil
enerji arzinda yerlilik orani %97'ye yukselirken, emisyonlar mevcut seviyenin yaklasik tgte-birine
dusmektedir. Hizl elektrifikasyon, sagladigi ekonomik faydalar yoluyla fayda-maliyet carpanini
4,7'ye ylkseltmektedir.
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Sekil 5. Verimli Biyiime Senaryosunda Nihai Enerji Talebinin Geligimi (2023-2053, Mtep)
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Sekil 7. Senaryolarda Yillik Ortalama Fayda, Maliyet ve Kiimiilatif Fayda-Maliyet Carpanlari
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IICEC Onerileri

Verimli Buyime Senaryosu, guvenli ve sUrdarilebilir enerji gelecegdine sunacagdi somut ve
maliyet-etkin katkilarin yani sira, kiresel ve bdlgesel trendlerle uyum igerisinde temiz ve
verimli enerji teknolojileri odakli ekonomik blylimeye, verimli sanayi, ihracat ve girisimcilik
modellerine, enerji ekosisteminde daha rekabetci piyasalarin  gelisimine, bdylelikle
Turkiye'nin enerjide ticaret merkezi vizyonuna da énemli agilimlar saglamaktadir. Tum bu
kazanimlar, kamu, 6zel sektdr, akademi is birlikleri icerisinde, uzun vadeli hedefler ve yol
haritalar, dizenleyici cergeveler, yatinm ortami, yeni is modelleri, teknolojik gelisim gibi
alanlarda iyilegsmelerin surdurtlmesi ile hayata gegirilebilecektir.

ICEC, Turkiye'nin enerji verimliliinde ylksek potansiyeli ve enerjide verimli bluyime
firsatlaryla gok yénli enerji, ekonomi ve iklim faydalarinin dederlendirilmesi icin,

1. GUglu talep dinamikleri igerisinde, enerji gtvenligi, enerji bagimsizligi ve ener;ji
dontsimi hedeflerinin, enerji verimliligi politikalarn, stratejileri ve yol haritalari ile
desteklenmeye devam edilmesini,

2. Eneriji verimliligi bilincinin ve farkindaliginin artirilmasini, enerjinin verimli kullanimini
6zendirecek davranis degisikliklerinin saglanmasini, sosyal boyutu ve enerjiye adil
erisimi de gézeterek verimli ve rekabetgi enerji piyasalari gelisiminin strdurdlmesini,

3. Yatinm blyuklagunu ve gesitliligini artiracak yenilikgi finansman mekanizmalari ve
is modelleri ekseninde paydaslar arasinda is birliklerinin gelistiriimesini,

4. Olcme ve izleme sistemlerinin yayginlastiriimasini, veri analitigi, dijitallesme ve
yapay zeka firsatlaryla enerji verimliligi kazanimlarinin degerlendirilmesini,

5. Binalara yoénelik kapsamli bir envanter hazirlanarak, eski konutlar basta olmak
Uzere enerji performansinin giglendiriimesine yonelik dénisim programinin ve yol
haritasinin hayata gegirilmesini,

6. Yolcu ve yuk tasimaciliginda, elektrikli mobilite, tasit filosunun gencglestiriimesi,
modlar arasi gegisler, mikro mobilite ve butlnlesik ulasim perspektifleriyle, ok yonla
yakit ve enerji verimliligi firsatlarinin dederlendirilmesini,

7. Sanayide enerji verimliligi performansini, rekabetgciligi, katma degeri giglendiren
desteklerin strdurdlmesini, kiyaslama ¢alismalarinin, iyi uygulamalarin, verimli
teknolojilerin sektorler genelinde yayginlastiriimasini,

8. Temiz elektrifikasyonun, jeotermal ve glnesten vyenilenebilir isi enerjisinin
yayginlasmasi yoluyla fosil yakit ikamesi, teknik enerji verimi ve karbon faydalarinin
hizla degerlendirilmesini,

9. Isitma ve sodutma taleplerinin daha verimli ydnetilebilmesi igin etkin bir 1si
piyasasinin olusturulmasini, 6zellikle yerli ve yenilenebilir kaynaklara dayali bélgesel
Isitma ve sogutma, atik i1si ve 1si pompasi uygulamalarina iglerlik kazandiriimasini,

10. Ulasim ve sehircilik altyapilarina, sanayide teknoloji-yodun ve ylksek katma-
degerli yapisal déntsime, surdirilebilir tarm ve gida tedarikine iligkin uzun vadeli
planlamalarda enerji ve kaynak verimliligi potansiyellerinin dederlendiriimesini,

11. Enerji verimligini merkeze alan politika ve stratejilerin strdurtlmesiyle, kuresel
olgekte érnek bir liderlik konumuna erisilmesini &nermektedir.
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Executive Summary




Turkiye Energy Efficiency Outlook (TEEO)
Executive Summary

® Turkiye has strong growth dynamics in energy in support of economic growth and social

development objectives. Recent developments in advancing energy efficiency and boldening
policy emphasis provide a critical base and new opportunities towards the realization of energy
security, energy independence, and net-zero emission objectives.

The efficient growth scenario achieves a 2.7% annual average energy efficiency improvement until
2053. It can provide a cumulative 12% primary energy reduction compared to the Base Scenario.
This saving is equivalent to five years of annual primary energy consumption at current levels. The
Efficient Growth Scenario enables a 57% decrease in primary energy intensity compared to 46%
in the Base Scenario. As a result, Turkiye can ensure faster convergence to the average status of
high per capita energy consumption and low energy demand growth countries. This development
brings advantages for enhancing the sustainable competitiveness of the national economy.

The holistic supply and demand future presented in the study points to a perspective in which
diversity and indigenous energy resource utilization in the primary energy supply will increase.
This development pathway will enforce energy security, including stronger contributions from
electrification and renewable energy in final energy demand sectors and services. Electrification
increases from one-fifth of final energy demand at present to 48% through substitution of fossil
fuels. In addition to rising prospects for power generation, renewables contribution to primary
energy supply can rise to 50%, especially via geothermal use in buildings and agriculture, solar
consumption in buildings and industry sectors, and sustainable biofuels developments in the
aviation industry.

Self-sufficiency rate in primary energy supply increases from about one-third at present to 90%
in 2053 in the Efficient Growth Scenario, as a result of significant achievements in utilizing the
vast energy efficiency and fossil fuel substitution potential, together with targeted increases in
domestic oil and natural gas production (two-thirds in 2053 in the Base Scenario). Consequently,
the Efficient Growth Scenario supports a pathway that is in line with the country's 2053 net-zero
emission target with emissions peaking before 2040 while substantially advancing the energy
independence objectives.

The cumulative energy import and carbon saving benefit reaches $2.1 trillion in the Efficient
Scenario compared to $1.1 trillion in the Base Scenario. The Base Scenario can realize an annual
average of $30 billion in benefit with a $9 billion investment. The Efficient Growth Scenario provides
a $58 billion/year economic benefit with a $13 billion/year investment. The benefit-to-cost ratio
increases to 4.5 in the Efficient Growth Scenario over 3.2 in the Base Scenario.

Furthering the cost-effective contributions it will offer to a more secure and sustainable energy
future, the Efficient Growth Scenario would also provide significant other value-added avenues
for Turkiye. These include an economic growth model focused on clean and efficient energy
technologies in line with emerging global and regional trends, more efficient industry, export,
and entrepreneurship models, the further development of more competitive energy markets
ecosystem, and thus Turkiye's vision to become a trade center in energy. All these significant gains
can be realized by continuing improvements in various policy, market, and technology areas such
as long-term policy objectives and roadmaps, regulatory frameworks, investment environment,
new business models, and technological developments, all within the expanding collaborations
among the public, private sector, and academia.
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Energy Efficiency and TEEO Scenarios Overview

Providing crucial support to the national economic growth and social development objectives,
Turkiye's energy demand continues to grow strongly. The country has become one of the largest
and most dynamic energy markets in Europe, with an almost twofold increase in primary energy
supply since 2000. However, per capita energy consumption is on par with the world average
and stands at approximately half of the OECD average. Population growth, young population,
urbanization, urban transformation, industrialization and the structure of industrial sectors, as
well as increasing and diversifying mobility needs are among the key factors supporting growth
in energy demand.

Currently, 80% of the primary energy supply is based on fossil fuels, while approximately two-
thirds of demand is met by imported fossil fuels. Recent increases in domestic oil and natural gas
production will provide gradual increases in the self-sufficiency rate across the general energy
balance. Several steps are being taken towards the development of a growing energy system in
line with the net-zero target. The importance of energy efficiency is boldening in energy policies,
which are centered around the strategic goals of reducing the import fuel dependency, which is
the most important component of the current account deficit, and achieving a more sustainable
energy future. These pillars will strengthen energy security, increase energy independence, and
provide a pathway for achieving net-zero emission targets.

Recently, Turkiye has achieved significant strides in energy efficiency with solid reductions in the
energy intensity of the economy. The Energy Efficiency 2030 Strategy and Il.Action Plan was
announced in early 2024. It sets forth targets for a cumulative 16% reduction in primary energy
consumption and a 15% improvement in primary energy intensity, requiring an investment of $20.2
billion out to 2030.

While renewable energy-based growth in electricity generation and electrification across
energy-consuming sectors are both accelerating, further utilization of the country's rich
renewable energy potential and adoption of efficient electrical technologies such as electric
vehicles and heat pumps also strengthen the perspective of developing a more secure, efficient,
and competitive energy system. All these positive developments in energy supply and demand
sectors, policies, and investments offer significant potential and new opportunities for realizing
multifaceted benefits through a more efficient growth in energy demand.

Turkiye Energy Efficiency Outlook (TEEO) is based on the detailed inventory of Turkey Energy
Outlook, published by IICEC as a first-of-its-kind in the sector, the IICEC Energy Model, and
Turkiye's growing energy supply and demand system. The holistic energy modeling framework
benefits from a rich database covering the entire energy supply and demand chain and takes into
account energy flows from primary energy supply to final energy demand sectors and services. In
the modeling perspective, the global energy security, climate, and related technology dynamics,
Turkiye's current energy, industry, technology, climate policy priorities, energy efficiency targets,
and developments in energy markets and investments are reflected.
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In the study, Turkiye's final energy demand is modeled in detail by decomposition into a total of
eleven demand services' across industry, buildings, transportation, agriculture, and non-energy
use. The demand development dynamics were analyzed by decomposing the development of
demand in terms of activities such as heating, cooling, and travel that constitute demand services;
technical efficiency parameters such as insulation in buildings, electric motors, fuel economy in
transportation; fuel and technology preferences and substitutions for each demand service’.
Dynamics of the primary energy supply, conversion sectors such as electricity generation, and
final energy consumption within the general energy balance are analyzed taking into account
all fuels and technologies.

This study is a first-of-its-kind in the sector and provides a scenario-based approach within a
long-term perspective. Within two different ICEC scenarios, efficiency development perspectives
and opportunities across energy demand sectors and services as well as the broader energy
balances are assessed in detail with solid energy and climate indicators. These include Turkiye's
energy security, localization in energy supply with reductions in energy import bill, clean energy
transition aspirations, emission reduction, and net-zero emission objectives. Investment and
economic cost-benefit analyses were also carried out within a holistic perspective.

Summary of TEEO Scenarios

In the Base Scenario, policy targets in energy efficiency are partially achieved, the targeted
momentum in investments is not fully realized, and limited increases occur in electrification
and direct renewable energy use within the general dynamics of the energy balances. Turkiye's
primary energy supply increases from 158 Mtoe in 2023 to 256 Mtoe by 2053. As a result, an annual
average of 2% improvement is achieved in primary energy intensity in the 2023-2053 period®. On
the other hand, the Efficient Growth Scenario enables a faster achievement of energy efficiency
targets across all sectors while greatly benefiting from multiple avenues in electrification,
renewable energy use, and adoption of the most efficient technologies. The increase in primary
energy supply slows down towards 2050 and reaches 205 Mtoe in 2053. The Efficient Growth
Scenario can achieve a primary energy reduction of 20% in 2053 compared to the Base Scenario
and a cumulative 12% primary energy reduction in the 2023-2053 period (which is equivalent
to Turkiye's five year primary energy supply at current terms). In the Efficient Growth Scenario,
primary energy intensity improves by 2.7% on average annually over the same period.

Primary energy intensity decreases by 46% in the Base Scenario, while a 57% reduction can be
achieved in the Efficient Growth Scenario from 2023 to 2053. Thus, Turkiye can converge faster to
the levels of OECD European countries, which possess high per capita energy consumption and
lower economic and energy demand growth. This development brings important advantages in
support of the sustainable competitiveness of the national economy. Hence, the energy intensity
reduction pathway shown by the Efficient Growth Scenario also strengthens Turkiye's global
position in energy efficiency performance.

1 Road passenger transport, road freight transport, other transport; heating and cooling in buildings, lighting and appliances in buildings, hot water
and cooking in buildings; energy-intensive manufacturing, non-energy-intensive manufacturing, other industry; agriculture; non-energy consumption.

2 Factor decomposition method is applied to assess activity, technical efficiency and fuel switching impacts in detail and determine net changes in
energy demand per demand services.

32000- 2023 average is %1,8. Slowing growth in final demand and primary energy supply in 2022 and 2023 with annual improvements of 6.3% and 4.5%
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The study sheds light on the demand and efficiency dynamics of each sector that determines
Turkiye's energy demand by providing detailed assessments in terms of demand services as well
as fuel and technology choices. According to the IICEC analyses, 20% of the total energy demand
comes from heating and cooling in buildings, followed by 18% in road passenger transportation,
18% in energy-intensive manufacturing sectors, 8% in road freight transportation, and 7% in
lighting and appliances use in buildings. The remaining demand services account for about 30%
of the total final consumption. The continuing population growth, the old and inefficient building
and vehicle stock, the high share of road modal in total transportation activity, and the energy-
intensive structure of the industry sector are the main determinants of the final energy demand.

In the scenarios, significant energy efficiency improvements can be achieved as a result of
multifold developments across demand services such as improvements in insulation performance
in buildings; fleet renewals in transportation together with developments in fuel economy,
electrification, integrated mobility solutions, and intermodal shifts; gradual transformation to
less energy-intensive sectors over the medium-to-long-term across the industry; and utilization
of waste heat and heat pump opportunities. In the Efficient Growth Scenario, stronger technical
efficiency gains are realized in all these areas and beyond. In addition, faster replacement of
fossil fuels with electricity and renewable heat increases the total efficiency of the complete
energy system. In 2053, final energy demand in the Efficient Scenario is 21% lower than the Base
Scenario. It is important to note that the Efficient Growth Scenario can achieve an 8% reduction
in final energy demand compared to the Base Scenario only through consumption behavior
changes, which enable more rational use of energy.

Figure 3. Total Final Energy Demand by Services and Fuels (2023, Mtoe, %)

120

Non-energy Consumption

W Agriculture ( t, Irrigation and Gr 1s5€)

100
® Industry (Mining, Construction and Other)
80 ® Industry (non-Energy-intensive Manufacturing)

m Industry (Energy-intensive Manufacturing)
60

R

2023

————y Buildings (Hot water and Cooking)
Buildings (Lighting and Appliances)
40
® Buildings (Heating and Cooling)

v

20 m Transport (Marine, Aviation and Rail)

m Transport (Road Freight)

0 m Transport (Road Passenger)
Fossil fuels Electricity =~ Renewables

Non-energy Consumption [ I
Agriculture (Equipment, Irrigation and... - _—
Industry (Mining, Construction and Other) | .ﬂ - __ = Coal
Industry (non-Energy-intensive Manufacturing) . -\ - _ u Gl
Industry (Energy-intensive Manufacturing) _ -ﬂ _ ‘ Natural Gas
Buildings (Hot water and Cooking) l I ‘ - - I W Electricity
Buildings (Lighting and Appliances) - I Solar
Buildings (Heating and Cooling) [l | B [ ] B = Geothermal

Transport (Marine, Aviation and Rail) . m Biomass

Tansport (vcad reig) [N I - Other heat
Transport (Read passene) | I
0 5 10 15 20 25 30 35 40 0% 20% 40% 60% 80% 100%

22 Turkiye Enerji Verimliligi Gériinimii | 2025



Figure 4. Total Final Energy Demand by Services and Fuels in ICEC Scenarios
(2053, Mtoe, %)
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The holistic energy supply and demand future presented in the study points to a perspective where
diversification in the primary energy supply, utilization rate of domestic resources, energy security,
electrification in final energy consumption, and renewable energy contribution will be strengthened.
In the Efficient Growth Scenario, much higher contributions can be achieved simultaneously in
all three crucial pillars of the energy policy: energy independence, energy security, and net-zero
emission targets. In this scenario, the share of electricity in final energy demand increases to 48% in
2053 from about one-fifth at present, through the substitution of fossil fuels by efficient electricity
technologies. In addition to increasing utilization supporting secure and clean electricity production
growth, the direct contribution of renewable energy to primary energy supply also ramps up
significantly, from 18% at present to 50% in 2053, benefitting from geothermal energy, especially in
buildings and agriculture; solar energy in industry and buildings; and sustainable biofuels use in the
aviation industry.

As a result of cost-effective gains from energy efficiency in both energy supply and demand,;
the faster uptakes of renewable energy and clean electrification; and the targeted increases in
domestic oil and natural gas production, the localization rate in primary energy supply reaches 90%
in the Efficient Growth Scenario until 2053 from about one-third at present (two-thirds in the Base
Scenario by 2053). The share of fossil fuels in primary energy supply decreases to 48% in the Base
Scenario and to 30% in the Efficient Growth Scenario. In the Base Scenario, emissions peak before
the year 2053 but remain very close to their current level. In contrast, in the Efficient Growth Scenario,
which strongly supports Turkey's energy independence goal, emissions peak before 2040 and fall
more than 50% below their current level to 191 million tons of CO,-eq in 2053. Thus, the perspective of
efficient energy growth presented in this study supports an emission reduction pathway consistent
with the country’'s 2053 net-zero emissions target as well as a strong decline in the carbon intensity.

The study analyzes the economic savings resulting from energy imports and emission reductions
in detail. The cumulative economic benefit, which is $1.1 trillion in the Base Scenario, increases to
$2.1 trillion in the Efficient Growth Scenario out to 2053. Investment requirements are assessed in a
disaggregated manner based on technical efficiency investments and investments that provide fuel
and technology switching and fossil fuel substitution in final demand sectors. In the Base Scenario,
an average annual investment of $9 billion provides an economic benefit of $30 billion annually.
In the Efficient Growth Scenario, an average annual investment of $13 billion leads to $58 billion
annual benefit. The annual benefit-cost multiplier of 3.2 in the Base Scenario advances to 4.5 in the
Efficient Growth Scenario. The Efficient Growth Scenario enables multifold contributions in energy
security and clean energy transitions far exceeding the additional need for investment. The Efficient
Growth Scenario can provide an additional benefit of $28 billion with an average annual investment
increase of $4 billion compared to the Base Scenario.

In the Efficient Growth Scenario, the annual average growth rate in electricity demand is estimated
to be approximately five times higher than the growth rate in overall energy demand. The
expansion of electrification, which is mainly supported by intermittent wind and solar generation,
will necessitate efforts for strengthening the flexibility of the electrical system. While digitalization
and artificial intelligence support growth in electricity demand, they can also provide an important
basis for innovative business models and collaborations towards more efficient energy consumption
with optimization opportunities. A sensitivity analysis was also performed in the study regarding
the pace of growth in power demand. If electrification occurs more rapidly than envisaged in the
Efficient Growth Scenario, significant additional gains could be achieved as a result of the efficiency
advantages of electricity. The localization rate in primary energy supply increases to 97% in 2053
while emissions are decreasing to approximately one-third of the current level. Fast electrification
increases the benefit-cost multiplier to 4.7 with additional economic benefits.
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Figure 5. Final Energy Demand Development in the Efficient Growth Scenario (2023-2053, Mtoe)
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Figure 7. Annual Average Benefit, Cost and Cumulative Benefit-Cost Multiplier in ICEC Scenarios
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IICEC Recommendations

In addition to the tangible and cost-effective contributions it will provide for a more secure
and sustainable energy future, the Efficient Growth Scenario also offers multifold value-
added avenues for economic growth focused on clean and efficient energy technologies in
line with emerging global and regional trends; efficient industry, export, and entrepreneurship
models; the further development of more competitive energy markets in the ecosystem; and
thus Turkiye's vision to become a trade center in energy. All these gains can be realized by
continuing improvements in various areas such as long-term policy objectives and roadmaps,
regulatory frameworks, investment environment, new business models, and technological
development, all within public-industry-academia partnerships. IICEC recommends the
following for benefitting from Tirkiye's high potential in energy efficiency and efficient growth
opportunities towards the realization of multifaceted energy, economic, and climate benefits:

1. Implementing energy efficiency policies, strategies, and roadmaps in line with strong
demand dynamics to support energy security, energy independence, and energy
transition objectives,

2. Raising awareness and promoting behavioral change to encourage more efficient
energy use while fostering competitive and efficient energy markets, addressing social
dimensions, and ensuring access to modern energy,

3. Strengthening stakeholder collaboration to develop and implement innovative
financing mechanisms and business models that diversify and expand the investment
portfolio,

4. Enhancing monitoring and measurement systems by leveraging data analytics,
digitalization, and artificial intelligence to advance energy efficiency improvements,

5. Developing a comprehensive building stock inventory and implementing a
transformation program with a roadmap to improve energy efficiency performance,
especially in old residential buildings,

6. Maximizing fuel and energy efficiency in passenger and freight transportation
through electric mobility, fleet renewal, intermodal shifts, micro-mobility, and
integrated transport solutions,

7. Expanding support for energy efficiency improvements to enhance competitiveness
and value-added industries while promoting benchmarking studies, best practices,
and advanced technologies,

8. Accelerating the adoption of clean electrification and geothermal and solar heating
to maximize technical energy efficiency and carbon reduction benefits,

9. Establishing an effective heat market by promoting district heating and cooling
systems, particularly those utilizihg domestic and renewable resources, waste heat,
and heat pump technologies for better management of heating and cooling energy
demand,

10. Integrating energy and resource efficiency into long-term urban and transportation
infrastructure plans, industrial transformations, and sustainable agriculture and food
supply strategies,

11. Achieving an exemplary global leadership in energy efficiency by continuously
advancing energy efficiency-focused policies and strategies.
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