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Executive Summary
Turkey has joined the global energy transformation trend
The urgent need for minimising the adverse effects of climate change requires the
transformation of the energy sector through energy efficiency, renewable energy and
electrification as the sector is responsible for two-thirds of the global greenhouse
emissions. The energy supply and demand stand out as the largest source of carbon
dioxide (CO2) emissions in all greenhouse gases. According to the fossil fuel based CO2
emission statistics published by the International Energy Agency, the global energy
sector emitted a total of 33 gigatonnes CO2 by end of 2019. In 2019 energy sector CO2
emissions peaked, and although since then emission levels have been stable, with
the impact of the COVID-19 pandemic it is currently following a declining trend. The
increasing share of electricity generation from renewable energy sources is one of the
main reasons in limiting the growth in CO2 emissions from the energy sector.
In Turkey, 44% of the total electricity generation was sourced from renewable energy
sources by the end of 2019. Among all types of renewables, the share of wind and
solar energy has increased rapidly in recent years representing a share of 10% in total
electricity generation. Over the past four years, renewable energy capacity represented
more than half of the annual net installed capacity additions in Turkey’s power system.
Although increasing renewable energy’s share in power system during the transition
to a low carbon economy is of great importance, benefiting from the enormous
potential of energy efficiency opportunities available in Turkey is equally important for
a complete transition.
Compared to the renewable energy sources that gained an important ground in
Turkey’s energy strategy in recent years, energy efficiency has long been at the centre
of all strategies as one of the top ranking local energy resources. The reason for
this is the high diversity, low costs, and multiple side benefits of energy efficiency
technologies and solutions. At the same time, for countries such as Turkey where
energy consumption is rapidly growing, attaining energy efficiency in new power
plants, industrial facilities and buildings investments is technically much easier,
however investment costs can be partially high.
Between 2002 and 2018 Turkey’s total final energy consumption increased by 90%. It
turns out that the electricity consumption has a significant share in this increase, in
proportion with the population and economic growth. In the same period, Turkey’s
average energy intensity, or the total primary energy supply per gross domestic
product, improved by an average annual rate of more than 1.5%. In addition to
structural changes in the economy and the sectors, the main reason behind this
improvement is the energy efficiency investments in end-use sectors. Energy efficiency
trends in Turkey show similarities with the rest of the world where the global primary
energy intensity has improved by 1.7% on average in 2018 and 1.6% in 2019.
Per capita electricity consumption in Turkey is relatively lower than in other countries.
However, Turkey’s electricity intensity is at medium-high level compared to rest of the
world. As of 2018, Turkey’s energy intensity reached 800 kilowatt-hours (kWh) per 1000
US$ (2011).
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Electricity sector at the core of energy transformation
Turkey’s total primary energy supply increased by 3.3% between 2000 and 2018,
reaching 144 million tonnes of oil equivalent (Mtoe) from 79 Mtoe. Final energy
consumption has reached 109 Mtoe from 62 Mtoe in the same period, growing 3.3%
every year. While Turkey’s total final energy consumption represents three quarters of
the total primary energy supply, electricity demand has only 20% share in total final
energy consumption as of 2018.
Today, Turkey’s total electricity generation reached the level of almost 305 terawatthours (TWh) per year. Due to the negligible levels of cross-border electricity trade,
almost all of the total electricity production in the country is directed to the end
users. While the share of electricity consumed in buildings corresponds to 42% of
total consumption, the share of industrial electricity demand is around 39%. A large
part of the remaining 19% share cannot reach the end user due to power plants’ own
consumption, and losses in the transmission and distribution grids.
In 2000, the ratio of power plants’ own electricity consumption and grid losses to total
electricity generation in Turkey was around 24.4% (30.0 TWh). This ratio decreased to
16.6% (49.3 TWh) in 2018. Similarly, the efficiency of electricity generation from fossil
fuel-fired power plants increased by an average of 5 points in the 2000-2018 period,
exceeding the 40% level. Although the decrease in losses and increase in efficiency
in electricity generation has great significance in terms of Turkey’s import-dependent
power system, domestic resource use is still limited. In 2018, 20% of electricity
production was from hydropower, 15% domestic lignite, 7% wind, 3% solar, 2%
geothermal energy and 2% other coal power plants, and a total of 149 TWh electricity
was produced from domestic resources. In other words, share of domestic resources
equalled only half of the total electricity production. While this ratio rose further by the
increase in the share of renewable sources in 2019, Turkey continues to be an importdependent country in terms of electricity generation.
In addition to its significance in import-dependency, the electricity sector has a special
importance in terms of its contribution to the global climate change problem and
greenhouse gas emissions. Electricity sector’s share in Turkey’s total CO2 emissions
reached around 40% in 2018. Today, around 450 grams (g) of CO2 is emitted for
generating one kWh of electricity. Moreover, a coal-fired power plant with average
efficiency emits twice CO2 emissions per kWh. For all these reasons, transformation of
the electricity sector through renewable energy, energy efficiency, and electrification
that create synergies from these two main pillars of energy transition; and acceleration
of this transition through digitalisation and information technologies that are
increasingly needed for the management of electricity systems will play a key role in
transition to a low-carbon economy.
The Scope and Purpose of SHURA’s “The Most Economic Solution for Turkey’s
Power System: Energy Efficiency and Business Models” Study
The transition to a low-carbon economy requires the accelerated deployment
of renewables on the supply side, reduction of losses on the grid side, reduction
of electricity demand through energy efficiency improvements, and increasing
flexibility for grid integration of renewables. Among these, energy efficiency is the first
option as a low-cost and local resource. Thanks to the long years of policy, research
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and business efforts of the public sector, private sector and the academia, Turkey
currently owns a strong analytical capacity on energy efficiency. The energy efficiency
potential, costs and benefits of Turkey’s energy efficiency has been evaluated by many
organisations to date but how the potential emerging from such assessments can be
realised remains to be answered.
Turkey’s energy efficiency strategy has developed further over a long period of policy
making, including a period of harmonisation with the European Union’s energy
efficiency legislations in recent years. Assessment of Turkey’s energy efficiency
potential and how it can be turned into investments is becoming a more crucial
issue in the context of accelerating the implementation of Turkey’s National Energy
Efficiency Action Plan (NEEAP) 2017-2023 that is in force since March 2018 with a
great significance to achieve Turkey’s 2023 targets. The NEEAP aims to achieve a 14%
reduction in energy demand in terms of primary energy by 2023 compared to the 2017
levels. The plan includes 55 actions across 6 sectors of Turkey’s whole energy system.
Realising the goals of the plan requires a total investment volume of 10.9 billion United
States dollars (US$) with investments having a payback period of less than 7 years. 31
out of the total 55 actions are about increasing energy efficiency at different stages of
the electricity sector.
The primary aim of this study is to evaluate the technical and economic potential of
energy efficiency in Turkey power system to 2030 beyond NEEAP’s timeline of 20172023, and to determine the business, policy and financing models that will be needed
to in turning this potential into actual investments. The study includes the assessment
of the entire value chain of Turkey’s power system from the grid to the end user and
outlines the potential, costs and benefits of energy efficient technologies at the sector
level by distinguishing the perspectives of both the private and public sectors. In order
to provide insights into how this potential can be turned to investments, the study
analyses the role of non-technology systemic issues that include regulations, marketbased policy mechanisms, business models, financial mechanisms and measures to
increase overall system efficiency through distributed renewable energy resources,
their investment opportunities and commercialisation roadmaps along with their
costs and benefits.
This main report of the study provides detailed results of the analysis as well as the
background data and the methodology developed specifically for the purpose of this
study. 16 different Energy Efficiency Solutions have been assessed across 5 crosscutting categories to operationalise the estimated potential of energy efficiency, their
costs and benefits and commercialisation potential to 2030, based on a review of
more than 120 international best practices. A detailed report enhancing each Energy
Efficiency Solution is published along with this report that provides detailed insights.
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What are the opportunities after the National Energy Efficiency Action Plan?
The analysis was carried out based on two scenarios, namely the Baseline scenario and
the SHURA scenario, in which the extent deployment of energy efficiency technologies
differ. Baseline scenario is based on the “Turkey’s Electricity Demand Projections Report”
prepared by the Ministry of Energy and Natural Resources of Turkey. The SHURA scenario
assesses the potential of energy efficiency across 21 electricity end use areas and
accounts for an accelerated deployment of energy efficiency technologies which will be
enabled by the implementation of the proposed Energy Efficiency Solutions.
According to the Baseline scenario, Turkey’s total annual electricity demand in 2030
reaches 459.2 TWh. In the SHURA scenario, total demand reduces to 416.9 TWh with
the deployment of energy efficiency technologies. This is equivalent to a total savings
of 48.9 TWh per year in 2030. After accounting for the impact of electrification of end
uses that lead to additional electricity demand of 6.6 TWh/yr, net savings in electricity
demand amount to 42.3 TWh. The estimated savings potential is equivalent to the
electricity demand of 18 million households or the combined electricity consumption
of textiles and basic metal industries in Turkey.
Estimated total electricity savings in the industry and buildings are 19.2 TWh and
16.6 TWh per year by 2030, respectively. Thus the majority of the new total savings
potential exists in buildings and with almost 50% represented by motor systems in
the industry sector. LED lighting systems have a high energy savings potential with a
similar contribution among all the different technology types that have been assessed.
Distribution network losses can be reduced by 7.2 TWh in 2030 compared to the
Baseline scenario due to savings in end users, distributed energy resource deployment
and demand side response. Most of these savings will be achieved through technology
and the measures taken to increase energy efficiency. Additionally, significant gains
can be achieved through methods such as energy management systems and the
optimisation of energy consumption on the demand side. The total amount of savings
are expected to be at a higher level if these gains which have been assessed only in
relatively less detail are included in the scope of this study.
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Figure 1: Developments in electricity demand according to different scenarios, 2010-2030
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Figure 2: Breakdown of electricity savings according to the SHURA scenario, 2030
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Costs of energy efficiency improvements and investment needs
SHURA scenario is estimated to create an investment need of US$ 54 billion in the
2020-2030 period. This is split into US$ 30 billion for energy efficiency, US$ 11 billion
for distributed energy resources and US$ 13 billion for electrification (including heat
pumps). Of the total energy efficiency investments, half of the investments will be
related to electrical appliances in buildings (US$ 15 billion) and the remaining half is
split across US$ 5 billion in industry, US$ 3 billion in smart homes, US$ 2 billion in air
conditioners and US$ 3 billion other areas. The estimated investment needs in the
SHURA scenario is four times higher than in the Baseline scenario. The investment
amount determined for the next 10 years is approximately by a factor three higher than
the US$ 10 billion spent for energy efficiency in all sectors of Turkey between 20022018 and the investments of US$ 10.9 billion targeted in the NEEAP.
When these investments are discounted to their lifetime and when the costs of
operation, maintenance and energy costs are accounted for, the weighted average
levelised cost of energy savings for the SHURA scenario technology portfolio is
estimated to be between US$ 9 and 14 cents per kWh of saved electricity. The cost of
policy implementation is around 1% of these costs. Weighted average levelised cost of
energy savings exclude any gains from the electricity savings.
According to the public perspective, 82% of the total energy savings of 48.9 TWh
per year in 2030 is lower than the foreseen electricity tariff in the same year. In other
words, these technologies provide direct benefits to investors. The remaining 18% of
the savings on the other hand, will need additional support or incentives to become
more attractive to investors. Energy efficiency technologies that cost less than the
electricity tariff stand out as lighting, industrial process heating and cooling, variable
speed drive applications, distributed production technologies, equipment and process
improvements in electric arc furnaces and efficiency increasing applications in the
cement sectors. Demand side participation, efficient air-conditioning in residential
buildings, some efficient electrical appliances, and smart home technologies are
considered as technologies that have higher costs than the electricity tariffs.
Benefits of increasing the energy efficiency for Turkey’s economy and the
environment
For each US$ 1 spent for the deployment of the technology portfolio according to the
SHURA scenario, there are net benefits of $ 1.2-1.5.
While the electricity demand per person in the Baseline scenario is estimated to
be 4,920 kWh in 2030, in the SHURA scenario per capita demand reduces to 4,467
kWh. Compared to the level in 2019 (3,652 kWh/capita) in the Baseline and SHURA
scenarios, the per capita electricity demand is estimated to increase by 35% and 22%
in 2030, respectively.
The savings potential determined in the SHURA scenario reduces the demand
for electricity generated from natural gas by almost half as well as reducing the
dependence on imported coal by 10% compared to the Baseline scenario by 2030.
While the natural gas consumption of power plants in the Baseline scenario is
estimated to be 19.7 billion m3 in 2030, this amount declines to 8.7 billion m3 with
the decrease in electricity demand in the SHURA scenario. As the SHURA scenario
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also accounts for the deployment of technologies such as combined heat and power
capacity (to around 5 GW by 2030), electrical cooking and heat pumps, natural
gas consumption is estimated to increase by an additional 2.3 billion m3 per year
by 2030. The benefit of reducing the natural gas consumption by 8.7 billion m3 is
estimated to be approximately US$ 2.4 billion in 2030. In the Baseline scenario, the
coal consumption of power plants in 2030 is expected to be 111.8 million tonnes,
while this value decreases by 3% in the SHURA scenario to 108.2 million tonnes. When
savings from imported coal are also accounted for, the total benefit in terms of energy
dependency is equivalent to US$ 2.7 billion per year.
In the SHURA scenario, the annual CO2 emissions related to the electricity sector
are reduced by 25.1 million tonnes compared to the Baseline scenario in 2030. This
translates to limiting the growth in CO2 emissions of the electricity sector to 5%,
compared to its current level. Decrease in the use of coal for centralised electricity
generation has a large impact on CO2 emissions. In 2020, the generation of 1 kWh
electricity results in around 465 g CO2 emission. Emissions are expected to decrease to
409 g and 380 g levels in Baseline and SHURA scenarios in 2030, respectively.
Figure 3: Change in CO2 emissions from power plants, (2020-2030)
Mt CO2/year
200

190

Baseline scenario, 188
Standarts
Certification

180

Energy efficiency audits
and energy management
Energy efficiency
obligations

170

160

SHURA scenario, 158

150

Energy efficiency auctions
Energy efficiency networks
Demand-side participation
Smart meters
Energy efficiency funds
ESCO’s
Other financial
support systems
System efficiency

140

130
2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

Improving energy efficiency has not only economic benefits, but also additional
benefits such as contributing to increasing the share of renewable energy, reducing
CO2 emissions and new job creation, which are also assessed within the scope of the
study. Energy efficiency also allows for more efficient use of local resources such as
natural gas that Turkey is in search of, supporting these resources in meeting Turkey’s
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energy need for many years to come. It should be taken into account that the social
and economic benefits that are excluded from the scope of the study such as creating
new employment areas, increasing research and development capacity, improving air
quality and human health, increasing raw material efficiency and other non-energy
benefits are expected to be much higher than the economic benefits. The costs of
SHURA scenario technology portfolio should be assessed with the non-energy related
benefits it might create.
What are the pathways to achieve SHURA scenario’s energy efficiency potential?
SHURA scenario shows potential total savings in electricity demand of 48.9 TWh/year
and an additional electricity demand of 6.6 TWh/year in 2030 due to electrification.
Compared to the Baseline scenario, net annual savings in the same year are estimated
at 42,3 TWh. In order to understand how this potential can be operationalised, the
study assesses 16 Energy Efficiency Solutions across 5 cross-cutting categories of
regulation, market-based policy mechanisms, business models, financing mechanisms
and measures to increase system efficiency.
Figure 4: Impact of Energy Efficiency Solutions on the Sectors
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Detailed recommendations for policy makers and other actors of the power system
are provided in the 5 supporting reports prepared for each Energy Efficiency Solution
category. General policy recommendations, developed taking into account that energy
efficiency is at the top of accelerating the energy transformation of Turkey, are as
follows:
• As the results of this study show, for accelerating energy efficiency in Turkey, it will
be important to determine long-term strategies and targets in line with sectoral
targets. Energy sector-wide targets should be determined in the first place and
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•

•

sectoral targets should be defined within this general framework. To achieve these,
it will be necessary to review and re-define the duties and responsibilities of actors
to implement and manage the proposed Energy Efficiency Solutions. In parallel
with the technological developments, to accelerate the improvements in energy
efficiency in all sectors, the current Energy Efficiency Solutions that are in place
should be constantly reviewed and should be redefined and improved if necessary.
Technical and administrative competencies should be increased and existing
practices should be developed in order to achieve the potentials and to effectively
implement and manage energy efficiency. Technical and administrative
competencies of stakeholders that deal with the different Energy Efficiency
Solutions should be increased and processes should be improved by monitoring
the benefits obtained as a result of their implementation. It is essential to develop
appropriate measurement, reporting and verification systems to monitor and
manage the implementation of the Energy Efficiency Solutions.
Sector stakeholders should be informed about the transforming role of energy
efficiency, their awareness about the economic and other benefits of energy
efficiency should be increased and they should be made conscious about the
potential of energy efficiency investments.

Beyond these recommendations, the detailed and inclusive energy efficiency
regulations that are already in place in Turkey should be continued and strengthened
so as to realise higher energy savings to 2023 and beyond the NEEAP. To support the
regulations, market-based policy mechanisms should be implemented as soon as
possible to increase energy efficiency at low cost and effectively. Within the scope of
these mechanisms, investments with low implementation costs and high contribution
to energy efficiency should be put into practice through energy efficiency obligations
and energy efficiency auctions, and these activities should be supported by energy
efficiency networks.

General and detailed
recommendations for
policy makers and other
actors of the power
system are provided in
the 5 supporting reports
prepared for each Energy
Efficiency Solution category:
Regulation, market based
policy mechanisms,
business models, financing
mechanisms, system
efficiency.

Financing mechanisms and models should be developed and implemented to ensure
that regulation, market-based policy mechanisms and other efficiency enhancing
actions are implemented in a less costly and faster manner. Energy transition and its
sub topics should be defined as a separate item under financing mechanisms.
Business models that can further integrate the demand side and distribution grids
should be developed and implemented to increase energy efficiency. In this context,
the use of smart meters should be increased in parallel with Turkey’s existing smart
grid roadmap, and the demand side response for increasing system flexibility should
be utilised through the creation of various markets. System efficiency mechanisms
and models that will empower the consumer, enable the whole system to operate
in a more integrated and efficient fashion, and enable opportunities arising from
distributed energy resources should be assessed and implemented.
The results of this comprehensive study, which consists of six reports published by the
SHURA Energy Transition Center in 2020, could be an important starting point for the
development of the new energy efficiency strategies and targets to 2030 and beyond,
as well as supporting the realisation of the NEEAP targets until 2023.
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What are the benefits of energy efficiency for the Turkish economy and society?
The decisions that will be taken by the Turkish energy sector today is of key
importance for transforming the energy system into a cleaner, cheaper and more
secure supply in the next 10 years in terms of renewable energy, electrification, and
especially from the perspective of energy efficiency as shown in this study.
The energy efficiency measures that allow for the strengthening of the energy system
brings about solutions to the ongoing energy import dependency of Turkey as shown
in this study, also playing an important role in reducing the adverse impacts of climate
change by reducing electricity sector’s CO2 emissions, which is responsible for the
largest share of greenhouse gas emissions in Turkey.
Energy efficiency, electrification and distributed energy resources required for
this transformation in Turkey are leading the way to increase economic activity by
providing an investment opportunity of US$ 54 billion dollars in the next 10 years.
These investments in particular will certainly play a big role in reducing dependence
on foreign trade of manufactured technologies and equipment, enabling these to be
produced in Turkey. The increase in investments and domestic production will be
reflected as new opportunities for employment. Procuring the necessary technologies
and services for an industry with more renewable energy shares and increasing energy
efficiency will carry the current employment levels up. Turkey’s industry providing a
much cleaner source of energy, providing lower costs and less emissions in the value
chain of products on the market, will also support the country’s export potential. In
addition to economic benefits, energy efficiency will also contribute greatly to the
reduction of air pollutant emissions to which a high proportion Turkey’s population is
exposed to.
There are enormous opportunities ahead of Turkey in accelerating the energy
sector transformation in the next decade and all stakeholders, especially the public
sector, have come a long way in recent years in order to take advantage of these
opportunities. These efforts will need to be continued to realise the cost-effective
potential evaluated in this study. Energy efficiency investments can be considered
as losing their priority in different sectors for a short time, along with the decreasing
energy prices since the beginning of the COVID-19 pandemic. However many strides
made by the National Energy Efficiency Action Plan’s long-term positive effects should
be considered in order to accelerate the implementation of Turkey, in particular at the
beginning of 2020. Preventing a delay that may occur due to a decrease in demand
and energy prices in the implementation of such a comprehensive and detailed plan
will primarily provide commencement of the implementation of the solution for the
problems of Turkey’s dependence on imported fuels without postponement, and
maximise the social and economic benefits of the energy transition.
In this context, the energy sector will overcome the difficulties associated with the
changes in investment, financing and energy prices, which the energy sector has
increasingly felt since the beginning of 2020 due to different reasons including
the developments in the global economy alongside with the COVID-19 pandemic.
Meanwhile, Turkey will also be able to go a long way in increasing the welfare of the
society by having a cheaper, cleaner and more secure energy system. As in this study, it
is of great importance to start exploring all these opportunities now and to include the
results in medium- and long-term plans.
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