
Energy independence
only comes with clean
Türkiye relies on fossil fuel imports for half of power generation - that
can be halved by 2030 with a faster transition to clean power sources.
Solar power in particular needs to be a vital component of this transition.
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About
This study presents a summary of various electricity transition pathways towards 2030
under the guidance of recently conducted modeling studies on the Turkish electricity
system. The results here are aimed to guide and understand the targets to be set in the
long-awaited Turkish Ministry Of Energy’s new long term energy plan which is expected to be
in line with Türkiye’s 2053 net zero target.

Highlights

50% 40 GW 30 GW

The share of imported fossil
fuels in power generation as
of 2021 in Türkiye

The total solar power
capacity by 2030 in order to
halve foreign dependence in
power generation, up from
8.8 GW as of August 2022

The total wind power
capacity by 2030 in order to
halve foreign dependence in
power generation, up from
11.1 GW as of August 2022
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Executive Summary

Planning for more clean energy will
give Türkiye independence from
foreign fossil fuel imports
In 2021 Türkiye announced a net zero target by 2053. Now the country
needs to adjust its long term energy plan to match. A power system
aligned with the net zero plan will not only decarbonize electricity, but
also make Türkiye more independent.

01 Türkiye can halve dependence on
imported fossil fuels in power generation
by 2030
Türkiye generated 50% of its electricity from imported coal and gas in 2021.
With an accelerated clean energy transition, the country can reduce foreign
dependence in power generation to less than 25% by 2030. But this requires
wind and solar to make up more than a third of total power generation.

02 40 GW total solar power capacity is
needed to halve foreign dependence in
the power sector
To lower dependence on fossil fuel imports, around 4 GW of new solar
power capacity is needed every year by 2030. Recent deployment rates
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hover around only 1 GW per year, despite the fact that domestic
manufacturing capacity could achieve eight times that every year and solar
auctions are attracting applications for capacity 10-15 times larger.

03 At least 30 GW total wind power capacity
is needed by 2030
To halve dependence on fossil fuel imports, wind power capacity needs
around a threefold rise by 2030, up from 11.1 GW as of August 2022. This
will mean around 2.5 GW new wind power capacity added every year by
2030 - significantly higher than recent yearly wind installations (~1
GW/year).

“The world has woken up to the fact that relying on fossil fuels for electricity is
expensive and unreliable. The solution is to harness cheap and clean
renewables: wind and solar. Wind and solar will play a crucial role in the future to
make a country with limited energy resources like Türkiye more independent.”

Ufuk Alparslan
Regional Lead
Türkiye, Ukraine & the Western Balkans
Ember
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Background

Türkiye aims for net zero by 2053
Six years after signing the Paris Agreement, Türkiye ratified the
agreement in 2021, and the parliament’s decision was followed by the
announcement of a net zero target. But the country now needs a credible
plan for delivering net zero.

Global agreement on combating climate change
The Paris Agreement is a legally binding international treaty on climate change. The
agreement was signed by 196 Parties at COP 21 held in Paris on 12 December 2015. It then
came into force on November 4th, 2016. The goal of the agreement is to limit global
warming to well below 2oC and pursue efforts to limit it to 1.5°C, compared to pre-industrial
levels.

The Paris Agreement requires all Parties to put forward their best efforts through nationally
determined contributions (NDCs). In their NDCs, countries submit their climate action plan
with a certain emission reduction target in order to reach the goals of the Paris Agreement.
The agreement works on a five-year cycle with gradually more ambitious targets submitted
by countries to combat climate change.

Many countries submitted their intended nationally determined contributions (INDC) in 2015,
as per decision at COP19 held in Warsaw before the adoption of the Paris Agreement. INDCs
were then considered as NDCs following the conclusion of the Paris Agreement by those
Parties.

Türkiye ratified the Paris Agreement in 2021 and set a net zero target
Türkiye, despite being among the first signatories of the Paris Agreement, did not ratify the
treaty until 2021. Türkiye viewed its categorization of a developed country in the annex to the
agreement as inaccurate, which required the country to meet certain emissions reduction
targets without benefiting from the financial support provided for developing countries.
However, in late 2021, the Turkish government dropped this request, and did not only ratify

https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://www.aa.com.tr/en/energy/turkey/ngos-petition-turkey-to-ratify-paris-climate-agreement/31987#:~:text=Turkey%20views%20its%20categorization%20of%20a%20%E2%80%98developed%20country%E2%80%99%20in%20the%20annex%20to%20the%20agreement%20as%20inaccurate.
https://www.aa.com.tr/en/energy/turkey/ngos-petition-turkey-to-ratify-paris-climate-agreement/31987#:~:text=Turkey%20views%20its%20categorization%20of%20a%20%E2%80%98developed%20country%E2%80%99%20in%20the%20annex%20to%20the%20agreement%20as%20inaccurate.
https://www.aa.com.tr/en/energy/turkey/turkey-to-become-party-to-paris-climate-agreement-on-nov-10/33807
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the Paris Agreement, but the government also set a net zero target by 2053 to coincide with
the 130th anniversary of the Turkish Republic.

Net zero target requires an updated emission reduction plan
Türkiye submitted an emission reduction plan (INDC, or Intended Nationally Determined
Contribution) once in 2015 and has not updated it since then. In its INDC, Türkiye aimed to
lower greenhouse gas emissions by 21% in 2030 relative to its self-defined Business As
Usual (BAU) scenario. By targeting 929 MtCO2e total annual emissions in 2030, this
translates into a 77% rise compared to total emissions from Türkiye in 2020.

New emission reduction plan requires a new energy plan
As an emerging economy, Türkiye’s rising emissions parallels its economic growth. However,
the emission reduction plan Türkiye submitted back in 2015 did not promise even a slower
pace in its emission rise - putting it out of step with what will be needed for the net zero
target.

The average annual growth rate of Türkiye’s greenhouse gas emissions was around 3.1%
between 2000 and 2015. On the other hand, the average annual growth rate the BAU

https://www.aa.com.tr/en/energy/turkey/turkey-to-become-party-to-paris-climate-agreement-on-nov-10/33807
https://unfccc.int/sites/default/files/NDC/2022-06/The_INDC_of_TURKEY_v.15.19.30.pdf
https://data.tuik.gov.tr/Bulten/Index?p=Sera-Gazi-Emisyon-Istatistikleri-1990-2020-45862#:~:text=Sera%20gaz%C4%B1%20envanteri%20sonu%C3%A7lar%C4%B1na%20g%C3%B6re,CO2%20e%C5%9Fd.%20olarak%20hesapland%C4%B1.
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scenario Türkiye assumed in its emission reduction plan was 6.2% between 2015-2030. Even
in its mitigation scenario the annual growth rate in emissions was targeted at around 5%.

Following the ratification of the Paris Agreement, Türkiye now needs to submit a new
emission reduction plan with an updated NDC. Accordingly, in the climate summit’s
declaration which was held in February 2022, the country is now working on a new NDC in
line with the country’s 2053 net zero target. In parallel to this, in a December 2021 edition of
the Official Gazette, the Ministry of Energy was assigned to prepare a new long term national
energy plan in the following year which would be subject to a revision every five years. As the
Turkish Energy Minister also stated recently, the new energy roadmap will be published
before COP27, the United Nations climate change conference to be held in Egypt between
November 6-18, 2022.

https://iklimsurasi.gov.tr/public/images/sonucbildirgesi.pdf
https://iklimsurasi.gov.tr/public/images/sonucbildirgesi.pdf
https://www.resmigazete.gov.tr/eskiler/2021/12/20211225-1.htm
https://www.resmigazete.gov.tr/eskiler/2021/12/20211225-1.htm
https://www.aa.com.tr/tr/ekonomi/donmez-yillik-dogal-gaz-depolama-kapasitemizin-11-milyar-metrekupe-cikarilmasina-yonelik-yatirimlarimiz-devam-ediyor/2613342#:~:text=Bu%20y%C4%B1l%C4%B1n%20%C4%B0klim%20De%C4%9Fi%C5%9Fikli%C4%9Fi%20Taraflar%20Konferans%C4%B1%20(COP%2027)%20%C3%B6ncesi%20enerji%20sekt%C3%B6r%C3%BCnde%20yeni%20yol%20haritam%C4%B1z%C4%B1%20da%20kamuoyuyla%20payla%C5%9Faca%C4%9F%C4%B1z.%20T%C3%BCrkiye%20Ulusal%20Enerji%20Plan%C4%B1%27nda%202053%20net%2Ds%C4%B1f%C4%B1r%20emisyon%20hedeflerine%20ula%C5%9Fmak%20i%C3%A7in%20enerji%20sekt%C3%B6r%C3%BCn%C3%BCn%20d%C3%B6n%C3%BC%C5%9F%C3%BCm%C3%BCn%C3%BCn%20planlamas%C4%B1n%C4%B1%20da%20ortaya%20koyaca%C4%9F%C4%B1z.


8

Decarbonization pathways

Solar, wind and energy efficiency
are key
Four recent models of the Turkish electricity system predict a significant
rise in power demand ahead and conclude that this needs to be met by
the cheapest tools: solar, wind and energy efficiency.

Four models
Since the net zero target was announced in Türkiye, four different studies were published
that model how the country’s power sector could move towards its 2053 target.

● The Istanbul Policy Center's (IPC) study sets a pathway to reach net zero by 2050
across all sectors.

● The World Bank’s (WB) Climate and Development report considers a significant
reduction in power sector emissions by 2040 in its all-sector study.

● A report from Europe Beyond Coal (EBC) and other local environmental organizations
maps out how Türkiye can exit coal by 2030

● Analysis from Turkish energy transition think tank SHURA shows two main
decarbonization scenarios with various sensitivity analyses: Accelerated Renewable
Energy Supply (ARES) and Coal Phase Down (CPD).

More details about these studies are provided in the Annex.

Here we will draw out overarching next steps for the power sector based on these four
models to decarbonize electricity while meeting growing demand, focusing on energy
efficiency, solar and wind.

Energy efficiency can play an important role in decarbonization

All the models recognize the role of energy efficiency, although they vary on how they pace
the electrification of other sectors - like transport and buildings - to keep electricity demand
growth in check.

https://ipc.sabanciuniv.edu/Content/Images/CKeditorImages/20211103-20111678.pdf
https://www.worldbank.org/en/country/turkey/brief/key-highlights-country-climate-and-development-report-for-turkiye
https://beyond-coal.eu/2021/11/02/new-report-sets-out-roadmap-for-paris-compatible-turkish-coal-power-exit/
https://shura.org.tr/en/integration-of-renewable-energy-into-the-turkish-electricity-system/
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The World Bank model stands out with its special focus on immediate action on energy
efficiency. It projects a modest demand increase (+3.7%) between 2021-2030 in stark
contrast to the historical rise (+35%) between 2012-2021. The assumption is an immediate
increase in energy efficiency in key sectors and a delayed electrification of buildings. The
rationale behind delayed transition in some sectors is to keep short term costs lower and to
benefit from the expected decline in the cost of green technologies. As its demand
projection is a significant outlier, the World Bank will be excluded in wind and solar capacity
comparisons for the sake of comparability.

Solar power takes off in all scenarios

All four models evaluated see a crucial role for solar power, modeling 34-41 GW of solar
power by 2030, up from 8.8 GW as of August 2022.

The solar power capacities at the lower end of the projections have some drawbacks.
SHURA ARES scenario has the lowest solar power capacity projection (34 GW) due to the
lack of ambition to replace the dirtiest generation source, with 17% coal share in power
generation by 2030. This scenario also falls behind the other scenarios by having the highest
foreign dependency in power generation by 2030 (27%). Another lower solar capacity
projection, IPC, estimates 36 GW solar power by 2030. However, the capacity factor
assumed (22.3%) for solar power generation is significantly higher than the countrywide
capacity factor realized in 2021 (20%).



10

On the other hand, both EBC and SHURA CPD scenarios reach a lower share of power
generation relying on fossil fuel imports by 2030 (18-23%) and have more realistic solar
capacity factor assumptions (19.5-20.5%). The solar power capacity projection (~40 GW by
2030) made by these models therefore looks more plausible.

In order to achieve 40 GW total solar power capacity by 2030, Türkiye’s current solar capacity
(8.8 GW) needs more than a fourfold rise, meaning 4 GW of new solar power capacity
addition every year. This is four times more than the recent solar deployment rate which
barely exceeds 1 GW/year. Although the domestic panel manufacturing capacity could
achieve eight times that every year and solar power auctions attract applications for
capacity 10-15 times larger.

https://ember-climate.org/insights/research/turkey-wind-and-solar-saved-7-bn-in-12-months/#the-way-forward
https://ember-climate.org/insights/research/turkey-wind-and-solar-saved-7-bn-in-12-months/#the-way-forward
https://ember-climate.org/insights/research/turkey-wind-and-solar-saved-7-bn-in-12-months/#the-way-forward
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Wind capacity needs to be tripled

There exists a consensus between all different scenarios that Türkiye reaches at least 30
GW total wind power capacity by 2030. However, EBC is an outlier from the rest, projecting
42 GW wind capacity by 2030. The higher wind power target results from EBC’s ambitious
coal phase out plan by 2030 and the fact that it does not allow significant capacity additions
other than wind and solar. The results of other scenarios are therefore taken as the basis of
the wind capacity target in this analysis.

According to the modeled projections, Türkiye needs to reach at least 30 GW total wind
power capacity by 2030, which is almost triple its current wind power capacity (11.1 GW). It
means around 2.5 GW of new wind power capacity addition every year in the following eight
years, well above the recent wind deployment rate of 1 GW/year.

The role of other renewables

According to all models, only a modest rise in other renewable energy sources is estimated
in the next few years.

The models do reveal that small increases in hydropower, geothermal and biomass capacity
can significantly reduce the capacity needed by wind and solar power, thanks to their
relatively high capacity factors and less variation in their hourly generation.

Compared to the other models, the EBC sees 4-6 GW lower capacity in other renewables,
which results in around 8 GW more wind capacity. On the other hand, SHURA ARES scenario
compromises with higher coal generation share (16.5%) in 2030 by adding lower capacity in
these other renewables.
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Decarbonization = Independence

Clean energy can make Türkiye
more independent
Energy transition pathways aligned with Turkey's net zero goal can halve
the country’s reliance on imports in power generation by 2030.

Türkiye is highly reliant on fossil fuel imports

Foreign dependence of Türkiye in power generation hovers around 50% in the last 25 years.
Only two exceptions in that period were the COVID-hit year 2020, and 2019 when the country
experienced record high hydropower generation. In 2021 the share of imported coal and gas
in power generation was 16.7% and 32.7% respectively.

https://www.aa.com.tr/tr/ekonomi/heslerden-uretilen-enerjide-rekor-kirildi/1636009#:~:text=Pakdemirli%2C%20DS%C4%B0%20Genel%20M%C3%BCd%C3%BCrl%C3%BC%C4%9F%C3%BC%20ve%20%C3%B6zel%20sekt%C3%B6r%20taraf%C4%B1ndan%20T%C3%BCrkiye'de,%C5%9Fimdiden%20ge%C3%A7ilerek%20yeni%20bir%20rekora
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This reliance comes with a cost. The country’s monthly trade deficit set an all-time record in
July 2022, reaching $62 billion for the period of January-July due to rising costs of energy
imports.

Wind and solar to exceed a third share by 2030

According to the decarbonization scenarios we covered above, Türkiye would need 40 GW
solar and 30 GW wind power capacities in 2030. By achieving these targets, wind and solar
would reach 34-38% share in total power generation by 2030. As of 2021, wind and solar
account for 13.6% of total power generation in the country.

Under the same scenarios, wind and solar’s 34-38% share in power generation would reduce
the share of imported fossil fuels in power generation to 23-24%, down from 50% in 2021. In
other words, by reaching slightly more than a third share in power generation, wind and solar
can halve the share of imported fossil sources in power generation.

The many virtues of clean power

As the Turkish Ministry of Energy points out, Türkiye has enormous solar energy potential
thanks to its geographical location and Türkiye has the highest solar panel manufacturing
capacity in Europe. However, in 2021 Türkiye generated only around 4% of electricity from
solar in 2021 and reached 8.8 GW solar power capacity as of August 2022. These statistics
are very close to a much less sunny country than Türkiye: Ukraine.

Apart from power sector decarbonization and reaching net zero, Türkiye has very good
reasons to realize its high solar potential. Solar power is cheap, it matches well with the
countrywide demand profile peaking in summer due to growing need of air conditioning, and
it can compensate for hydropower in dry seasons. Solar power can also help to shift some
hydropower generation into winter in order to reduce peak gas demand which is hardly met
during cold spells and gas supply issues. The solar potential is also more uniformly
distributed across the country than other power generation sources.

Wind and solar will not only lower the power sector emissions and make the country closer
to its net zero target, but will also lower the high costs of fossil fuel imports and can make a
country with limited resources more independent. Wind and solar already saved Türkiye $7
billion between July 2021 and April 2022 when the gas prices were half of the current prices.
The gas prices are expected to remain high until the end of 2024, therefore Türkiye’s new
energy plan will not only determine its level of emission reductions, but will also determine
its level of energy independence.

https://www.bloomberg.com/news/articles/2022-08-29/turkey-posts-record-high-trade-deficit-on-rising-energy-costs
https://www.bloomberg.com/news/articles/2022-08-29/turkey-posts-record-high-trade-deficit-on-rising-energy-costs
https://enerji.gov.tr/eigm-renewable-energy-resources-biomass#:~:text=Our%20country%20has%20high%20solar,(TOE)%20is%20the%20size.
https://www.aa.com.tr/tr/ekonomi/turkiye-gunes-paneli-uretiminde-avrupada-lider-konumda/2577954
https://www.aa.com.tr/tr/ekonomi/turkiye-gunes-paneli-uretiminde-avrupada-lider-konumda/2577954
https://ember-climate.org/data/data-explorer/
https://irena.org/publications/2022/Jul/Renewable-Power-Generation-Costs-in-2021
https://ember-climate.org/insights/research/turkey-electricity-review-2022/#analysis-hydropower-varies-in-a-high-range
https://www.al-monitor.com/originals/2022/01/irans-gas-cut-exposes-turkeys-vulnerability-energy-risks
https://globalsolaratlas.info/download/turkey
https://globalsolaratlas.info/download/turkey
https://ember-climate.org/insights/research/turkey-wind-and-solar-saved-7-bn-in-12-months/
https://ember-climate.org/insights/research/turkey-wind-and-solar-saved-7-bn-in-12-months/
https://www.theice.com/products/27996665/Dutch-TTF-Gas-Futures/data?marketId=5429405&span=2
https://www.cmegroup.com/markets/energy/natural-gas/dutch-ttf-natural-gas-calendar-month.html
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Supporting Materials

Annex

The scenarios covered in this analysis

Among the aforementioned studies, The Istanbul Policy Center (IPC) and Europe Beyond
Coal (EBC) ran two scenarios other than the baseline scenario, with/without nuclear. The
scenarios with nuclear assumed the 4.8 GW Akkuyu nuclear power plant to be completed as
it was planned. The World Bank’s only decarbonization scenario assumed the nuclear project
to be completed in time, while SHURA assumed between 2.4 and 4.8 GW nuclear capacities
in all scenarios. Hence in this analysis we only use the scenarios taking the nuclear energy
into account to make them comparable. As a matter of fact Akkuyu nuclear power plant,
which is owned by the Russian government, has already received the production licenses
and began construction of all four units.

SHURA has two main decarbonization scenarios: accelerated renewable energy supply
scenario (ARES) and coal phase down scenario (CPD). Although several sensitivity analyses
were studied on these scenarios, the results do not vary dramatically under different
sensitivity analyses. Thus, in this analysis we only cover the ARES base and the CPD base
scenarios.

In all of these studies the models add the cheapest power generation options into the
system under various constraints and assumptions (i.e energy efficiency, electrification, net
zero by 2050, a certain coal phase-out date, etc) while keeping up with the power demand.
The power plants currently under construction and expected to be completed are also taken
into account in the new capacity development projections of the models.

Coal share in generation varies between 0-16.5% in these scenarios. Although only EBC’s
study seems to propose a coal exit among all, SHURA CPD also has an ambitious coal phase
down plan estimating a 5.4% coal share in power generation in 2030. However, this
projection assumes Akkuyu Nuclear Power Plant to be partially completed with only 2.4 GW.
By assuming 4.8 GW nuclear power capacity, most of the coal generation projected (23 TWh)
could also have been replaced by 2030. Similarly if IPC did not assume around 50-65 TWh
higher power demand by 2030, its coal generation projection (32 TWh) could also have been
close to zero by 2030 (IPC’s model reaches coal exit by 2035). Apart from these, the World
Bank projects a 9% coal share in generation by 2030.

https://www.world-nuclear-news.org/Articles/Construction-begins-of-fourth-Turkish-reactor
https://www.world-nuclear-news.org/Articles/Construction-begins-of-fourth-Turkish-reactor


15

Acknowledgements

Contributors

We appreciate the valuable review and feedback received from Charles Moore, Pawel
Czyzak, Hannah Broadbent and Ali Candlin. We thank Chelsea Bruce-Lockhart for her
valuable contributions to data visualization, and Camilla Knudsen (World Bank) and Duygu
Kutluay (Europe Beyond Coal) for providing the data enabling us to conduct our analysis.

Cover image

Solar panels on a rooftop overlooking the mountains in Bursa, Turkey, in 2021.

Credit: Harun Bilal Çagiran / EyeEm / Alamy Stock Photo

© Ember, 2022

Published under a Creative Commons ShareAlike Attribution Licence (CC BY-SA 4.0). You are actively encouraged
to share and adapt the report, but you must credit the authors and title, and you must share any material you
create under the same licence.

https://www.alamy.com/scenic-view-of-mountains-against-sky-image446273857.html

