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About [ICEC

The Sabanci University Istanbul International Center for Energy & Climate (IICEC) is an
independent Center at Sabanci University that produces energy policy research and
uses its convening power at the energy crossroad of the world. Utilizing this strategic
position, ICEC provides national, regional and global energy analyses as a research and
an international networking center. Since it was established in 2010, IICEC has leveraged
Istanbul’s strategic position to host high-level Forums featuring sector leaders from
government, international organizations, industry and academia fostering substantive
discussion among key stakeholders with the aim of charting a sustainable energy
future. IICEC also hosts seminars and webinars on important energy policy, market and
technology areas.

As a research center in one of the most reputable universities in its region, ICEC has built
a comprehensive technological and economic overview of the Turkish energy economy,
published research reports on a wide variety of energy and climate topics and supports
energy education at Sabanci University. IICEC also provides concise analyses of key energy
market developments for policy makers and energy professionals with busy agendas. IICEC
emphasizes a holistic and quality analytic approach integrating energy policy objectives
with technological assessments, economic analyses, market drivers, regulatory factors and
reflecting business acumen.
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Turkey Energy Outlook Executive Summary

Overview

The Turkey Energy Outlook (TEO) proposes energy policies to further improve energy security,
increase use of domestic energy resources, advance energy efficiency, build clean energy
infrastructure, develop a more competitive energy market with cost-reflective energy pricing
and also to support all necessary steps towards achieving a sustainable energy system in Turkey.
The main themes include increased energy efficiency, higher use of renewable energy, improving
electricity and natural gas markets, building Turkey's first nuclear power plants, increased energy
technology R&D and continuing and expanding the recent efforts to discover and produce more
natural gas and oil.

Turkey's per capita energy and electricity consumption are less than half of the OECD average.
As a country that is still developing, compared to Turkey's OECD peers, the growth of energy
services per capita will be much higher. This is necessary to accommodate increasing incomes,
population growth, industrialization, urbanization, increased mobility and wider access to
modern energy services. The Turkey Energy Outlook (TEO) provides an independent assessment
of changing technological opportunities and policy priorities to secure an efficient, competitive
and sustainable energy future. Two TEO Scenarios quantify the consequences of two different
policy pathways out to 2040.

TEO Scenarios

The TEO is built on a detailed bottom-up accounting of the Turkish energy economy. [ICEC
recognizes that each component of Turkey's energy economy is interdependent. Before taking
on the task of developing a TEO, IICEC developed a first-of-its-kind detailed modeling framework
for Turkey using data from a wide variety of sources, including all open data available from
relevant ministries and other public and private institutions. In order to reconcile the best sources
of data into a consistent and integrated modeling framework, it was necessary to develop new
data series and modeling frameworks, such as a new vehicle stock retirement model that was
compatible with international fuel economy studies or estimating the value-adjusted levelized
cost of energy to reflect the system costs of different power generating technologies.

Two TEO Scenarios are provided: a Reference Scenario outlining the continuation of current
policies but not necessarily achieving the most ambitious and challenging long-term targets.
The Alternative Scenario assumes additional policy initiatives that, while cost-effective, require
more challenging policy obstacles to be overcome in order to serve energy policy goals including
efficiency, competitiveness and sustainability, among others. The TEO Scenarios also take into
account the current and possible future impacts of the Covid-19 pandemic on each sector and
fuelincluding a long-term sensitivity analysis for assessing the most probable permanent impacts
on the energy sector, notably in travel activity and oil demand.
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TEO Scenarios Summary

In both TEO Scenarios, ICEC projects an increased share of renewables as well as nuclear in the
power sector, more use of electricity, natural gas and renewables in all energy end-use sectors
and increased efficiency in every aspect of energy production, transformation and use. The
Reference and Alternative Scenario differ in terms of how much and how fast these gains can
be realized with stronger energy policies assumed in the Alternative Scenario towards a more
sustainable energy future.

Energy Consumption: In the Reference Scenario, final energy demand increases by one-half by
2040 compared to 2019. The wider efficiency gains in the Alternative Scenario reduce this growth
to one-third. While the Reference Scenario includes many energy efficiency and renewable
energy policies, the Alternative Scenario includes more ambitious policies that, for example,
achieves more efficiency in the more difficult end-use sectors such as transport and stimulates
more renewable energy uptake in the power, buildings, industry and agriculture sectors. The
Alternative Scenario also shows faster vehicle fleet renewal and more use of high occupancy
modes of travel, especially in Turkey's growing urban areas with a new urban transportation
planning proposal. In terms of cutting Turkey's fuel import bill, the Alternative Scenario projects
that more intensified E&P activities could cut Turkey's natural gas imports in half by 2040 and
reduce Turkey's oil import dependency.

Fuel Mix: Turkey's energy supply becomes more diversified and less carbon intensive in the
Alternative Scenario. The fuel mix shifts to more electricity, natural gas, and renewables.
Renewables and nuclear provide 58% of Turkey's power in the Reference Scenario in 2040.
These increase to 75% in the Alternative Scenario. Combined share of wind and solar in power
generation increases from 11% in 2019 to 36% in 2040. The Alternative Scenario includes measures
to rebalance oil products demand towards gasoline with limited growth in diesel in order to better
match Turkey's refinery slate while increasing the uptake of electricity and natural gas vehicles
as this was estimated to significantly reduce Turkey's fuel import bill. The primary energy supply
mix significantly shifts through 2040 towards a more sustainable and less import-dependent
structure with share of oil reducing from 29% to 24% while renewables show the fastest growth
increasing their share from 14% to 33%. The electricity represents 28% of total final energy demand
compared to 22% in 2019.

Investments and Advanced Technologies: The TEO underlines the importance of sustained
investments to achieve a technology-driven transformation in all sectors, including the power
industry. In the Alternative Scenario, average annual spending requirement for the power
sector is $9 billion, around 10% higher than the Reference Scenario, to achieve wider gains by
electrification. More investment is spent on the power grid to accommodate more intermittent
renewables, more variable demand features, more decentralized generation assets and a rapidly
advancing electro-mobility ecosystem. Every aspect of Turkey's changing energy economy
provides opportunities to advance energy technology R&D and become an exporter of advanced
energy technologies. The Alternative Scenario consistently reflects increased localization of
global energy technology trends such as onshore and offshore wind, solar PV, electric vehicles,
battery storage and many end-use applications. It also introduces a pathway for developing
and deploying new energy technologies such as hydrogen production from Turkey's domestic
coal through carbon capture and storage. Mobilizing the necessary investments along the whole
energy value chain is critical for a secure, efficient and sustainable energy future.
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Environment: In the Reference Scenario, energy sector CO, emissions increase by 30% by 2040
compared to 2019. However, with the more ambitious Alternative Scenario policies, a 10% CO,
emission decrease is projected. Both scenarios demonstrate a significant reduction in the carbon
intensity of energy consumption (14% in the Reference Scenario and 31% in the Alternative Scenario
by 2040) mainly by increased energy efficiency and higher use of renewables and nuclear power.
By 2040, carbon intensity of the power sector drops by 28% in the Reference Scenario and 54%
in the Alternative Scenario. The Alternative Scenario emissions pathway also implies much
higher reductions after 2040. These additional emission intensity reductions do not come about
because of policies that explicitly target CO, emissions but instead result from policies to reduce
Turkey's dependence on foreign energy imports and localize energy technologies in Turkey.
Local air pollution is also reduced with much less oil and coal combustion in the buildings sector,
removing high polluting diesel vehicles from the truck fleet, and limiting oil demand growth in
transportation.

10 Policy Recommendations

Based on our TEO findings, the following policies can be recommended:

1.  Anattractive investment framework to mobilize investments for meeting increasing
demand for modern energy services while achieving a more secure, efficient and
sustainable energy future;

2. Faster progress towards competitive power and natural gas markets and wider
private sector participation with cost-reflective energy prices while addressing
the social dimension;

3. Increased renewable and nuclear power with more flexibility in the power grid
including demand side services;

4. Increased energy and fuel efficiency across all sectors supported by fuel shifts
towards further electrification and larger use of renewable energy;

5. Strong policy initiatives, market based and innovative financing and business
models to exploit the energy efficiency potential in buildings and industries,

6.  Faster uptake of electric vehicles and Turkey's recharging infrastructure and faster
retirement of older, inefficient and polluting transportation vehicles;

7 Increased modal shifts from energy and oil intensive road to rail and marine as
well as a data-driven urban transportation planning structure to ensure effective
public transit capital investments and measures to discourage private automobile
travel;

8. Sustained exploration and production (E&P) efforts and investments to discover
and produce more domestic oil and gas;

9. Increased uptake of digitalization and advanced data analytics along the energy
supply and demand chain; and

10. Increased innovation, R&D and manufacturing of advanced energy technologies.
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Turkiye Enerji Gortinimu Yonetici Ozeti
Genel Bakig

Tirkiye Enerji Gériinimu, enerji guvenligini daha fazla guglendirmek, yerli enerji kaynaklarinin
kullanimini artirmak, enerji verimliligini gelistirmek, temiz enerji altyapilar olusturmak, maliyetleri
yansitan, ayni zamanda Tuarkiye'de surdarilebilir bir enerji sistemine ulasiimasina yénelik tim
adimlaridestekleyen, rekabetgi enerji piyasasini gelistirmek yéninde politikalar destekleyen ener;ji
politikasi segenekleri &nermektedir. Baslica temalar, enerji verimliginin artinlmasi, yenilenebilir
enerji kullaniminin yayginlastiriimasi, elektrik ve dogal gaz piyasalarinin gelistirilmesi, Tarkiye'nin
ilk nUkleer enerji santrallerinin kurulmasi, enerji teknolojileri Ar-Ge ¢alismalarinin artirilmasi ve son
dénemdeki ¢abalarin artarak surdirilmesi ile daha fazla petrol ve dodal gazin kesfedilmesi ve
Uretilmesini icermektedir.

Turkiye'nin kisi basina enerji ve elektrik talebi OECD ortalamasi seviyesinin yarisinin altindadir.
Gelismekte olan bir tlke olarak, diger OECD uyesi Ulkeler ile karsilastinidiginda, kisi basina ener;ji
hizmetlerine olan talep artisi gok daha ylksek olacaktir. Bu blylime, artan gelir dizeyleri, nifus
artisl, sanayilesme, kentlesme, mobilite ve modern enerji hizmetlerine erigsimin yayginlagmasini
desteklemek tizere gereklidir. Turkey Energy Outlook (TEO), politika éncelikleri ve dedisen teknolojik
firsatlar gercevesinde verimli, rekabetci ve strdurilebilir bir enerji gelecedinin givence altina
alinmasina yénelik bagimsiz bir degerlendirme sunmaktadir. iki TEO senaryosu ile, 2040 yilina
kadar olan dénem icin iki farkh politika patikasinin neticeleri kantitatif olarak irdelenmektedir.

TEO Senaryolarn

TEQ, Turkiye enerji ekonomisinin detayl bir envanteri Gzerine kurulmustur. IICEC, TEO ¢aligmasinin
gelistiriimesi oncesinde, Turkiye enerji ekonomisinin tim bilesenlerinin birbirleri ile etkilesim
durumunda oldugunu dikkate alarak, ilgili bakanliklar, kamu ve ézel sektdr kuruluglarinin tim agik
veri kaynaklarindan faydalanan, detayli bir modelleme gergevesi gelistirmistir. Veri setlerini uyumlu
ve entegre bir modelleme gercevesine oturtabilmek Gzere, uluslararasi yakit ekonomisi gcalismalar
ile benzer ulastirma araglar modeli ve farkli elektrik tretim teknolojilerinin sistem maliyetlerini
yansitabilmek icin dedere goére belirlenmis bir seviyelendirilmis enerji maliyet éngérusu gibi
alanlarda yeni veri serileri ve modelleme bilesenleri gelistirilmistir.

Mevcut politikalarin strdirdldigu ancak ulasilmasi nispeten zorlu olan uzun vadeli hedeflerin
timayle karsilanamadigi Referans Senaryo ve maliyet-etkin olmakla birlikte bazi zorlu engellerin
asllmasini ve ek politika segeneklerini gerektiren, boylelikle verimlilik, rekabetgilik ve strdurilebilirlik
basta olmak Uzere pek cok enerji politikasi hedefinin gerceklestirildigi Alternatif Senaryo olmak
Uzere iki TEO senaryosu sunulmaktadir. TEO Senaryolari, Covid-19 pandemisinin tim sektér ve
yakitlara mevcut ve olasi gelecek etkilerini de dikkate almakta ve 6zellikle seyahat aktivitesi ve
petrol talebinde kalici olma olasilidi ylksek olan etkilerin irdelenmesine yénelik uzun-vadeli bir
hassasiyet analizi de sunmaktadir.
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TEO Senaryolar Ozeti

IICEC her iki TEO Senaryosunda da, elektrik sektériinde yenilenebilir enerji ve nikleer enerjinin
payinin artmasini, tUm nihai ener;ji tiketicisi sektorlerde elektrik, dogal gaz ve yenilenebilir enerji
kullaniminin yayginlagsmasini ve enerji Uretimi, dénlisimu ve tuketiminin tim asamalarinda
verimliliginin artmasini 5ngérmektedir. Referans Senaryo ve Alternatif Senaryo, bu kazanimlarinin
hangi hizda ve oranda gergeklesecedi noktasinda farklilagsmakta olup, Alternatif Senaryo'daki
daha guglu ener;ji politikasi hedefleri daha surdurilebilir bir enerji gelecedine katki sunmaktadir.

Enerji Tiiketimi: Referans Senaryo'da nihai enerji talebi 2040 yilina kadar %50 oraninda artmaktadir.
Alternatif Senaryo'daki daha yuksek verimlilik kazanimlarn bu artigi Ggte bir ile sinirlamaktadir.
Referans Senaryo ¢ok sayida verimlilik ve yenilenebilir enerji politikasi icermekle birlikte, Alternatif
Senaryo'da ulastirma sektdrt gibi daha zorlu nihai tlketici sektérlerde daha yuksek verimlilik
artisini ve elektrik tretimi, binalar, sanayi ve tarim sektérlerinde daha fazla yenilenebilir ener;ji
kullanimini destekleyen daha iddiali hedefler sunulmaktadir. Alternatif Senaryo ayni zamanda
ulastirma sektdrindeki arag parkinin daha hizli yenilenmesini yansitmakta ve ézellikle sehirlerde
toplu tasima kullaniminin daha fazla yayginlagsmasina yénelik bir sehirigi ulasim planlama
onerisi sunmaktadir. Alternatif Senaryo'da daha yogdun arama ve Uretim faaliyetleri neticesinde
Turkiye'nin dogal gaz ithalat orani yariya digerken petrol ithalat dizeyi de azalmaktadir.

Yakit Bilesimi: Turkiye enerji arzi Alternatif Senaryo'da daha gesitlendiriimis ve ayni zamanda
daha distk karbon yogunluguna sahip bir yapiya ulasmaktadir. Yakit bilesimi, daha ylksek
oranda elektrik enerjisi, dogal gaz ve yenilenebilir enerji ydoninde gelismektedir. Yenilenebilir
enerji ve nukleer Referans Senaryo'da 2040 yilinda toplam elektrik Gretiminin %58'ini saglamakta,
bu oran Alternatif Senaryo'da %75'e ¢ikmaktadir. Rizgar ve gunesin elektrik tretiminde 2019
yilinda %11 olan toplam payi 2040 yilinda %36'ya ulagsmaktadir. Alternatif Senaryo, petrol Grtnleri
talebini Turkiye rafinerilerinin giktilar ile daha uyumlu duruma getirmek Uzere benzin talebinde
artis, dizelde sinirl buyime, elektrikli ve dogal gaz yakith araglarin kullaniminda artis ile yakit
ithalat faturasini dustirmektedir. Birincil enerji arzi, 2040 yilina dodru daha surdurilebilir ve daha
az ithalata dayall bir yapiya ulagsmaktadir. Petroliin payi %29'dan %24'e diserken, yenilenebilir
enerji en hizl buyimeyi gostererek payini %14'den %33'e artirmaktadir. Elektrik enerijisinin nihai
enerji talebindeki pay1 2019 yilindaki %22 seviyesinden %28'e ¢cikmaktadir.

Yatinmlar ve lleri Teknolojiler: TEO, elektrik sektéri dahil tim sektérlerde teknoloji odakli bir
dontstimi gergeklestirebilmek tzere yatinmlarda strdurdlebilirliginin &nemine isaret etmektedir.
Alternatif Senaryo'da elektrik sektoérinin yilllik ortalama yatirnm gereksinimi Referans Senaryo’'nun
%10 Uzerinde ve elektrifikasyonun yaygin kazanimlarina ulasabilmeyi teminen 9 milyar ABD dolari
olarak 6ngdérulmektedir. Daha fazla kesintili yenilenebilir enerji Gretimine, daha degisken talep
dinamiklerine, daha fazla dagitik tGretime ve hizla geligen elektrikli ulagim ekosistemine destek
olabilmek Gzere elektrik sebekelerinde daha fazla yatirm gergeklesmektedir. Turkiye'nin degdisen
enerji ekonomisinin tim bilesenleri, enerji teknolojieri Ar-Ge faaliyetlerinin ileriye tasinmasi ve
ileri enerji teknolojilerinde ihracatgl konuma gelebilmek Uzere firsatlar sunmaktadir. Alternatif
Senaryo'da, kara ve denizde ruzgardan elektrik Uretimi, gines fotovoltaik, elektrikli ulagim
araglari, batarya depolama ve pek ¢ok nihai tiketim uygulamasinda artan oranda yerlilesme
perspektifi sunulmaktadir. Alternatif Senaryo ayni zamanda Turkiye'nin yerli linyit kaynaklarinin
karbon yakalama ve depolama teknolojileri ile hidrojen Gretiminde kullanilmasi gibi alanlarda
yeni teknolojilerinin gelistiriimesi ve yayginlastirimasi yéninde gelisim firsatlar da énermektedir.
Enerji de@er zincirinde gerekli yatinmlarin harekete gegirilmesi, givenli, verimli ve rekabetgi bir
enerji gelecedine ulasilmasi igin kritik Snemdedir.
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Cevre: Referans Senaryo'da enerji sektéri CO, emisyonlari 2019 yilina kiyasla %30 artmaktadir.
Daha zorlu Alternatif Senaryo politikalari ile %10 CO, emisyon azaligi éngérilmektedir. Her iki
senaryoda da, 6zellikle artan enerji verimliligi ve yenilenebilir enerji ve nlkleer enerjinin ylksek
oranda kullanimi yoluyla enerji tiketiminin karbon yogunlugu énemli oranda azalmaktadir
(Referans Senaryo'da %14 ve Alternatif Senaryo'da %31). 2040 yilinda elektrik sektériinin karbon
yodunlugu Referans Senaryo'da %28 ve Alternatif Senaryo'da %54 oraninda dusmektedir.
Alternatif Senaryo'da emisyon trendleri 2040 yilindan sonraki dénemde daha ylUksek distslere de
isaret etmektedir. Emisyon yodunlugundaki distsler CO, emisyonlarinda azaltim odakl politika
tercihlerinden degil, Turkiye'nin enerjide ithalat bagimliligini azaltmaya ve enerji teknolojilerini
yerlilestirmeye yonelik politikalardan kaynaklanmaktadir. Binalarda petrol ve kémdr tiketiminin
azalmasi, kirleticiligi yiksek dizel kamyonlarin arag¢ parkindan gikariimasi ve ulastirmada petrol
talep artiginin sinirlanmasi ile hava kirliginde de azalma saglanmaktadir.

10 Politika Onerisi

TEO bulgularn gergevesinde, asadidaki politikalar &dnerilmektedir:

1.  Modern enerji hizmetlerine artan talebin karsilanmasi ve daha gtvenli, verimli
ve sUrdurulebilir bir enerji gelecedini temin etmek Uzere yatinmlarin cazibesinin
artinlmasi;

2. Daha rekabetgi elektrik ve dogal gaz piyasalarina gegisin hizlanmasi, maliyetleri
yansitan fiyatlandirma ve sosyal boyut da gozetilerek &zel sektor katiliminin
artirnlmasi;

3.  Elektrik Gretiminde yenilenebilir enerji ve nikleerin payinin artirilmasi ve talep tarafi
hizmetlerini de icerecek sekilde elektrik sebekelerinin esnekliginin gtglendirilmesi;

4. Daha fazla elektrifikasyon ve yenilenebilir enerji kullanimi ile de desteklenecek
sekilde tim sektdrlerde eneriji ve yakit verimliliginin artinlmasi;

5. GuUglu politika girisimleri, piyasa odakli ve yenilikgi finansman ve is modelleri yoluyla
binalarda ve sanayide ener;ji verimliligi potansiyelinin degerlendirilmesi;

6. Elektrikli araglarin ve sarj altyapisinin hizli buydmesi ve eski, verimsiz ve kirleticiligi
yuksek ulasim araglarinin arag parkindan gikariimasi;

7. Enerji ve petrol yogun karayolu ulasimindan rayl sistemler ve deniz ulasimina
gegisin artinlmasi ve veri ile desteklenmis kentsel ulasim planlamasi, etkin toplu
tasima yatirmlar ve yéntemleri ile sehirici 6zel arag trafiginin azaltiimasi;

8. Arama ve Uretim ¢abalari ve yatinmlarinin strddrilmesi sayesinde daha fazla
petrol ve dogal gaz kesfi ve Uretimi saglanmasi;

9.  Enerji arz ve talep zincirinde dijitallesme ve ileri veri andlitiginin daha yaygin
kullaniimasi;

10. lleri enerji teknolojilerinde inovasyon, Ar-Ge ve Uretimin artinlmasi.

10 Turkey Energy Outlook | 2020



Turkey Energy Outlook | 2020

n



12 Turkey Energy Outlook | 2020






TURKEY ENERGY
OUTLOOK 2020

ISBN 978-605-7003-18-8

1

.. Sabanc1 .

SABANCI UNIVERSITY
< S I I C E C ISTANBUL INTERNATIONAL
Universitesi CENTER FOR ENERGY AND CLIMATE

9"786057"003188




