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a b s t r a c t

Electricity consumption of Turkey at the year 2023 is estimated to be around 530,000 GWh. Turkey plans
to supply 30% or 160,000 GWh of this demand from renewable energy sources according to the recently
avowed government agenda Vision 2023. However, the current installed renewable energy capacity is
around 60,000 GWh. Detailed literature analysis showed that only wind and solar energy potential in
Turkey can solely supply this demand. In this study, two different scenarios were generated to analyse
the cost and environmental impacts of supplying this demand. Scenario 1, which is derived from the
official Vision 2023 targets, suggests supplying this demand from wind, solar, geothermal energy and
hydropower. The total projected cost based on Scenario 1 is estimated to be $31.000 billion and annual
greenhouse gas emissions of 1.05 million tonnes of CO2 equivalent. According to Scenario 2 or the
contrary setup it is assumed that the required demand gap could not be supplied from new renewable
energy investments but equally from coal and natural gas. The projected cost is estimated to be around
$8.000 billion and annual greenhouse gas emissions at appalling 71.30 million tonnes of CO2 equivalent.
Assuming carbon tax at the year 2023 to be $50 per tonne of CO2 emitted, supplying the demand from
renewable energy sources according to Scenario 1 would generate savings worth nearly $2.175 billion
from environmental taxes annually. Thus, making the payback time of the renewable energy investments
less than 15 years.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Turkey is a developed country, member of The Group of Twenty
(G20) major economies and a regional power. After the financial
crisis of 2001, Turkey showed vast economic growth [1]. Coupling
fast growing economy with vibrant young population, primary
energy consumption increased almost 50%, between 2001 and
2008 [2]. After 7 years of high economic growth, the big global
economic crisis of 2008 had a relatively small effect on the coun-
try’s economy, when compared to other G20 countries. Turkish
economy grew 9.2% by real gross domestic product (GDP) in 2010
and as of 2011, Turkey’s economy seemed to shake the dust of the
global economic crisis and started to sail new horizons on solid
grounds. According to the recently avowed government agenda,
Vision 2023, Turkey plans to be a member of ten major economies
in the world with a gross domestic product at purchasing power
parity per capita, GDP (PPP), of 2 trillion dollars at the year 2023 [3].
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Economic growth has always been coupled with increasing
energy consumption. If everything goes according to plan, Turkey’s
energy consumption will increase five times between 2000 and
2025 [4]. However, Turkey is a net energy importer, mainly fossil
fuels. The energy import ratio is around 66% [5,6]. Based on the
current energy market dynamics, if Turkish energy policy does not
change with time, majority of this big energy demand at the year
2023 would be supplied from fossil fuels. The price of fossil fuels
has been increasing continuously in the last decade and according
tomany scientists and energy experts will keep on increasing in the
following years [7,8]. Fossil fuels cause major environmental
problems and play a crucial role in global warming.

In order to eliminate these environmental problems and
maintain a sustainable economic growth, Turkish government
plans to produce 30% of Turkey’s electricity demand at the year
2023 from renewable energy sources [9]. This impressive goal also
matches with the energy consumption target of the European
Union [10]. However, feasibility and justifiability of this ambitious
plan have not been analysed yet. In this paper, economic and
environmental impacts of producing 30% of Turkey’s electricity
demand at the year 2023 from various renewable sources are
analysed in detail.
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Table 1
Net electricity consumption in Turkey, TWh, between1975 and
2008 [13].

Year Net electricity consumption, TWh

1975 13.5
1980 20.4
1985 29.7
1990 46.8
1995 67.4
2000 98.3
2005 130.3
2008 161.9
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2. Electricity consumption in Turkey

Forecasting energy demand in emerging markets such as Turkey
is one of the most important global policy topics, and most of the
early studies regarding Turkey used various forms of economic
models [11]. Electricity consumption in Turkey has been increasing
almost exponentially since 1975, and according to many energy
experts it will keep on increasing in the following decades due to
high economic growth and increasing population. Turkish Ministry
of Energy and Natural Resources has been using Model for Analysis
of Energy Demand (MAED) to forecast medium- and long-term
energy demand and Wien Automatic System Planning (WASP) to
use MAED’s results to develop optimum production and invest-
ment plans since 1984 [12]. The effectiveness of MAED applications
to determine future energy consumption has been analysed by
Ediger and Tatlidil, whom concluded a simple regression model,
Holt Winters exponential smoothing method, seems to be a more
sensible technique for Turkey [12]. Similarly, in this study, elec-
tricity consumption of Turkey till the year 2023 is estimated using
an exponential empirical model shown in Eq. (1) and represented
in Fig. 1. The net electricity consumption data, between 1975 and
2008, used for the estimation of model parameters are given in
Table 1 [13].

E ¼ E0exp ½k1ðt � t0Þ� (1)

In Eq. (1), E is electricity consumption, TWh; E0 is electricity
consumption at the base year, TWh; t is time, years; t0 is the base
year, and k1 is the model constant. Taking E0 as 13.5 TWh and t0 as
1975, the constant k1 was calculated as 0.0765 using the modelling
software SigmaPlot 11.0. As can be seen from Fig. 1, the mathe-
matical model fitted seamlessly to the data with R2 > 99.1%. Using
Eq. (1), Turkey’s electricity consumption at the year 2023 is esti-
mated as 530,000 GWh. This prediction matches fairly with the
reported literature: 500,000 GWh [14] and 560,000 GWh [15], with
an average of 530,000 GWh. Therefore, approximately
160,000 GWh of electricity must be produced from renewable
energy sources at the year 2023 to meet the Vision 2023 targets.
However, availability of such renewable energy potential in Turkey
must first be verified.
3. Renewable energy potential of Turkey

In Turkey, share of renewable energy sources in electricity
production reached almost 20% in the last decade [16]. However,
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Fig. 1. Estimation of net electricity consumption in Turkey, TWh, between 1975 and
2023, using the mathematical model given in Eq. (1) and the data given in Table 1 [13].
more than 95% of renewable energy-based electricity is supplied
from hydropower and share of other renewable energy sources in
the country’s annual total electricity production is less than 1%. This
is very low when compared to other European Union countries and
shows lack of diversity in energy supply. In Europe, use of hydro-
power in electricity production is not expected to further increase,
since the majority of large hydro resources are already utilised and
increasing demand for water and changing weather patterns may
reduce the amount available for electricity production in the near
future [17]. This is also the case for Turkey, and majority of new
renewable energy investments is expected to focus in wind, solar,
biomass and geothermal energy.

3.1. Wind energy potential of Turkey

Feasibility studies confirmed that Turkey has a great potential
for electricity production from wind energy [18]. Theoretically,
Turkey’s wind energy potential is estimated to be 160 TWh,
annually [19]. Around 124 billion kWh of this potential is techni-
cally feasible, and for some specific locations, the net economic
potential reaches about 14 billion kWh per annum [20]. The first
wind power plant started operation in Turkey with an installed
capacity of 1.5 MW in 1998, and the total installed capacity reached
to 730 MW by the end of 2009 [21]. Large scale wind energy
production, which is considered as an intermittent source, with
high penetration into the grids may eventually require storage and
backup systems to guarantee steady power supply [22]. As a result,
wind energy must be utilised together with other renewable
energy sources, such as solar or hydrogen energy hybrid systems in
Turkey or elsewhere [23e25].

3.2. Solar energy potential of Turkey

Solar energy is abundant in Turkey, where the average solar
radiation is 3.6 kWh/m2 per day and the total annual radiation
period is around 2610 h [26]. Theoretically, Turkey’s annual solar
energy potential is estimated to be 6150 TWh, and the annual
economical potential is estimated to be 305 TWh [27]. Unfortu-
nately, solar energy in Turkey is almost exclusively used for water
heating by using roof top thermal solar systems. In terms thermal
solar energy utilisation the total installed collector area capacity
was 8.2 million m2 in 2001, which makes Turkey one of the leading
countries in the world [28]. However, at the beginning of the 21st
century, Turkey’s total installed solar electrical energy capacity was
just around 300 kW for photovoltaic cells, which are generally used
in communication stations for cell phone operators, sea light-
houses, highway lighting and fire observation stations [29,30].
Although, this shows the lack of solar energy investments in Turkey,
it also pinpoints the availability of a new market for foreign and/or
local investment with the opportunity of rapid market domination
and growth.



Table 2
Turkey’s Vision 2023 renewable energy installed capacity targets,
MW [44].

Source Installed capacity, MW

Hydro Full utilization
Wind 20,000
Solar 3000
Geothermal 600
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3.3. Biomass energy potential of Turkey

In Turkey, electricity production from biomass is considered to
be very promising. Biomass integrated gas turbine technologies,
which offers high conversion efficiencies, are believed to be the
future of biomass-based electricity production [31]. Turkey’s main
biomass production is based on wheat straw, wood and woody
materials, cocoon shell, hazelnut shell, grain dust, crop residues and
fruit tree residues [32]. The annual biomass energy potential is
estimated to be around 32Mtoe [33] or 372,000 GWh, and the total
recoverable portion is estimated to be about 16.9 Mtoe or
197,000 GWh [30,34]. Turkey’s first biomass-based electricity
production project is under development in Adana province, with
an installed capacity of 45 MW, and there are two other project,
which are at the feasibility study stage, in Mersin and Tarsus with
a total capacity of 30 MW [35]. In addition, each year more people
are living in cities in Turkey and the amount of municipal solid
waste generation increases almost exponentially. Therefore, elec-
tricity production from biogas at landfills could also bring a syner-
gistic solution to biomass-based electricity production. Biogas
production potential of Turkey is estimated between 1.5 and 2Mtoe
or between 17,750 and 23,250 GWh of electricity per annum, where
the biogas energy potential of animal wastes ranges between 1271
and 9856 GWh, depending on types of biogas plants [30].

3.4. Geothermal energy potential of Turkey

Turkey is one of the five leading countries in direct use appli-
cations of geothermal energy and possesses 1/8 of the world’s total
geothermal potential; however, most of this potential is consistent
of low enthalpy, which is not useful for electricity production but
suitable for direct heating applications [36,37]. Turkey’s geothermal
energy is estimated to be 38,000 GW [29]. However, more than
31,000 GW of this energy is suitable for thermal applications [19].
Turkey’s geothermal-based electricity production potential is esti-
mated to be 2000e4500 MW [19,38] or up to 35,000 GWh per
annum. According to the Ministry of Energy and Natural Resources
Turkey’s installed annual geothermal energy-based electricity
capacity was 77 MW producing 436 GWh per annum in the year
2009 [39].

3.5. Hydropower potential of Turkey

Turkey’s total annual hydropower potential is estimated to be
432 TWh, which is around 1.5% of the total hydropower potential of
the world and approximately 14% of European hydropower
potential [40]. Almost 50% of this potential is technically exploit-
able, and 28% or 124,000 GWh per annum is economically
exploitable [30]. According to the General Directorate of State
Hydraulic Works (DSI), Turkey’s hydroelectric potential is around
54,000 GWh per annum as of 2012 [41], which is nearly 40% of the
usable potential.

3.6. Renewable energy projection scenarios for Turkey in the year
2023

Current literature analysis pinpointed that Turkey’s annual
exploitable wind, solar, biomass, geothermal and hydroelectric
energy potentials are 124,000 GWh [20], 305,000 GWh [27],
197,000 GWh [34], 35,000 GWh [19], and 124,000 GWh [30],
respectively. Therefore, the required renewable energy-based
electricity demand in Turkey at the year 2023, 160,000 GWh
annually, can only be solely supplied from solar and biomass
energy. Domination of a single energy system inexorably leads to
unnecessary burden on a particular aspect of the environment, and
can cause large scale environmental fatigue, which is the case for
our current fossil fuel-based energy supply [42]. Therefore, to
achieve low carbon objectives of renewable energy utilisation [43],
power generation must be diversified in the Turkish electricity
market. Turkish government’s Vision of 2023 foresees some very
ambitious renewable energy targets as can be seen from Table 2
[44]. Strangely, the Vision 2023 agenda does not contain any
information about the capacity of biomass power plants. Consid-
ering Turkey’s vast biomass potential omitting it in the official
government renewable energy agenda is quite shocking. This is
investigated in detail in the following sections.

The current annual hydroelectric capacity of Turkey is around
54,000 GWh [16,45]. It is assumed that with possible closures of
some hydropower stations and commissioning of new hydropower
plants, which are currently under construction this capacity will
rise to 80,000 GWh [41] at the year 2023. Supplying nearly15% of
Turkish annual electricity demand. For the hydropower plants
which are currently under construction the required funds are
allocated from the government budget. Therefore, new hydroelec-
tric investments are omitted from the calculations. Assuming the
capacity factors for solar, biomass, geothermal and wind power
plants as: 25%, 85%, 90%, and 40%, respectively [46]; the required
electricity generation from renewable energy sources by type to
fulfil the Vision 2023 targets are calculated and reported in Table 3.
Reverse engineering official capacity goals verified that without
commissioning new biomass power plants Turkey could produce
30% of her energy demand from hydropower, wind, solar and
geothermal energy if the planned plants are commissioned by the
year 2023. This demand setup, as shown in Table 3, is denoted as
Scenario 1. The cost and greenhouse gas emission savings based on
Scenario 1 are calculated and analysed in the following sections.

As a fact, whether the renewable energy investments in Turkey
are realized or not the electricity demand at the year 2023 must be
supplied somehow. Considering this as a contrary scenario, it is
assumed that if the renewable energy investments could not be
realized until the year 2023, the gap in demand could be satisfied
from new coal and natural gas power plants, 7.5% (40,000 GWh)
each or 15% in subtotal plus 15% from hydropower plants, making
30% in total. This projection is denoted as Scenario 2. The average
investment costs for various renewable and fossil energy sources,
and their allocated greenhouse gas emissions are reported in
Table 4 [47] and Table 5 [48,49], respectively. As a note of caution, in
Table 5, the greenhouse house gas emission savings of coal and
natural gas power systems are taken from the Intergovernmental
Panel on Climate Change (IPCC) report for low carbon mitigation
substitution option systems, which is planned to be in operation by
the year 2023.
4. Estimation of renewable energy investments and allocated
greenhouse gas emissions in Turkey according to Vision 2023
scenarios

The initial capital investment costs for renewable energy
investments based on Scenario 1 are calculated and reported in
Table 6. Amongst different sources, the lowest capital investment is



Table 3
Required electricity generation from renewable energy sources by type,
GWh, to fulfil the Vision 2023 targets, Scenario 1.

Source Electricity generation, GWh

Hydro 80,000
Wind 70,250
Solar 6750
Geothermal 4750

Table 5
Average greenhouse gas emissions in various electricity generating systems,
gCO2/kWh, adopted from Refs. [48,49].

Source Greenhouse gas emission, gCO2/kWh

Wind, onshore 10
Solar 23
Biomass 26
Geothermal 38
Natural gas, combined cycle 404
Pulverised coal, advanced steam 710
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required for geothermal energy at $1.300 billion. This is followed by
solar energy at $9.700 billion. Calculations showed that the highest
investment cost is required for wind energy at $20.000 billion.
Thus, making the total investment cost for renewable energy-based
supply at staggering $31.000 billion. Currently, initial investment
costs of new generation coal and natural gas power plants are
around $750 and $650 million per MW [50]. Assuming a 1000 MW
coal or natural gas power plant producing 7 billion kWh annually,
the initial investment costs for coal and natural gas power plants
are calculated as $4.300 and $3.700 billion, respectively. Making the
total fossil fuel-based capital investment according to Scenario 2 at
$8.000 billion.

According to the results based on Scenario 1, over a time span of
12 years, around $2.500 billion of new renewable energy invest-
ment must be realized in Turkey, annually. However, considering
the Turkish government’s current plan to fully privatise the elec-
tricity market, it is a big question that who will pay this huge bill.
Currently, guaranteed tariff for electricity produced from renew-
able energy sources is between 7.3 and 10.3 USA cent/kWh in
Turkey [51]. This price range is low compared to other European
countries, and Turkish government must adjust the purchase price
of electricity produced from renewable energy sources at
a reasonable rate and facilitate some other subsidies and/or
incentives to realise the Vision 2023 goals.

In order to supply nearly 80,000 GWh of electricity at the year
2023; 56% of wind, 2% of solar and 14% of geothermal energy
potential of Turkey must be allocated for power production.
Although, for solar and geothermal energy these utilisation rates
seem to be feasible, for wind energy in order to supply 70,250 GWh
of electricity around half of the exploitable potential should be
allocated. As an alternative, 35,000 GWh of electricity could be
produced from biomass and the remainder 35,250 GWh could still
be supplied from wind energy. The total estimated cost for this
alternative scenario would be approximately $30.000 billion; and
28% of wind, 2% of solar, 19% of biomass, and 14% of geothermal
energy potential of Turkey’s would be allocated to fulfil the Vision
2023 targets. As stated above, considering Turkey’s vast biomass
potential the government officials should really think on incorpo-
rating biomass-derived power into the energy basket and update
the goals of Vision 2023 agenda.

In order to reduce greenhouse gas emissions and tackle
dependency on imported fossil fuels, the Turkish government also
plans to generate a substantial amount of energy from nuclear
power. The aim is to have 10,000 MW of electricity generating
capacity installed, with 8 nuclear reactors, by the year 2023, with
an additional 5000 MW under construction [44]. Currently, all the
Table 4
Average investment costs for different renewable energy sources, $/kW,
adopted from Ref. [47].

Source Average investment cost, $/kW

Wind 1000
Solar 3250
Biomass 1700
Geothermal 2250
required administrative steps for the construction of two nuclear
power plants, 4 reactors each, have been finalised by the govern-
ment and if everything goes according to plan these reactors will be
in operation in the centennial of the republic. The use of nuclear
energy can help to reduce environmental pollution. Carbon dioxide
emissions from nuclear power plants are generally by two orders of
magnitude lower than those of fossil fuelled power plants [52].
However, there are general public concern over nuclear power in
relation to the safety of reactor operation, nuclear waste disposal,
and possible diversion of nuclear material capable of use in
weapons manufacture [53]. After the Fukushima nuclear accident
in 2011, due to a major earthquake, concerns over the safety of
nuclear power plants have been raised worldwide and some
countries have frozen their approvals of new nuclear power plant
projects. In a political climate like this and considering Turkey’s
geographical location in a seismically active Mediterranean Earth-
quake belt [54] there is an increasing public concern in Turkey
about the safety of the planned nuclear reactors. In addition,
according to Sirin, Turkey has not evidently defined the role of
government in development and acquirement of nuclear tech-
nology, has not developed a comprehensive policy for self-reliance
in nuclear technology, and has not established proper legal
framework and dispute settlement mechanisms so far [55].

On the other side, supporters of nuclear energy in Turkey claim
that these power plants, when completed, would be landmarks for
the economic and industrial development of Turkey, and socially
assert her role as a regional power in the Middle East and Eastern
Europe. Others also state that considering the instability in the
Middle East, Turkey must have these nuclear power plants, no
matter what the cost is, in that it could act as a psychological
deterrent to potential treats. It could be argued that it would be
unfortunate if political and security issues drove the decision,
rather than scientific, environmental and economic assessments.
Considering Turkey’s huge energy demand in the year 2023 having
nuclear power as a mix in the energy basket could provide some
benefits. However, Turkey could achieve much more in terms of
sustainability, environmental protection and technological
enhancement if focuses her time, effort and money on renewable
energy technologies. Time will show which is the wiser approach.

Turkey’s greenhouse gas emissions have been increasing line-
arly between 1990 and 2009 [56]. This is believed to be related to
economic growth and increasing population. Globally, energy
sector accounts more than 70% of the greenhouse gas emissions
[57], and 76% of Turkey’s greenhouse gas emissions are generated
from this sector [58]. Since, Turkey is an emerging market and
Table 6
Investment costs according to Scenario 1, billion $.

Source Average investment cost, billion $

Wind 20.000
Solar 9.700
Geothermal 1.300
Total 31.000



Table 7
Annual greenhouse gas emission estimates based on Scenario 1, million tonnes CO2

equivalent.

Source Greenhouse gas emissions,
million tonnes CO2 equivalent

Wind 0.70
Solar 0.17
Geothermal 0.18
Total 1.05
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reached to a developed country status recently, slightly higher
carbon dioxide emissions from the global average are considered to
be acceptable. Greenhouse gas emissions based on Scenarios 1 and
2 are calculated using average emission values for various elec-
tricity generating systems, reported in Table 5. The results are
tabulated in Tables 7 and 8, respectively. According to the current
assessment, solar-based electricity production is found to be the
most environmentally friendly option with an annual greenhouse
gas emission estimate at 0.17 million tonnes CO2 equivalent. This is
followed by geothermal energy at 0.18 million tonnes of CO2

equivalent, then wind energy at 0.70 million tonnes of CO2 equiv-
alent. Summing up, the total annual greenhouse gas emissions of
renewable energy systems supplying 30% of Turkey’s electricity
demand at the year 2023, based on Scenario 1, would be around
1.05 million tonnes of CO2 equivalent. Comparing to the high
economic cost, renewable energy-based electricity production has
very low environmental pollution, as expected. On the other side,
greenhouse gas emissions from fossil fuel-based supply of 30% of
Turkey’s electricity demand at the year 2023, based on Scenario 2, is
estimated at staggering 44.50 million tonnes million tonnes of CO2
equivalent. Showing the inadequacy of such systems at environ-
mental protection even when they are so called low carbon miti-
gation systems.

Global warming is an undeniable fact and its damage on the
environment and humans has become one of the most serious
threats in the world; in order to reduce greenhouse gas emissions
various policy methods have been implemented and among these
methods carbon tax is considered to be a cost effective method in
achieving a given reduction target and highly recommended by
international organizations and energy experts [59]. Agostini et al.
stated environmental taxation, or carbon tax as it is called now, can
stabilize greenhouse gas emissions in the electricity generation of
Europe at 1988 levels if high tax rates are assumed $100 per tonne
of CO2, however, the total emissions in all sectors would still keep
on growing with only a decelerated rate [60]. Since Turkey is an
associate member of the European Union the carbon tax would
inevitably be implemented.

British Chancellor of the Exchequer George Osborne said the
minimum paid by U.K. electricity producers will be £30 or around
$47 per tonne of carbon dioxide by 2020. Assuming, this figure
would be a constant value for all European Union member and
associate countries, the adjusted carbon tax for Turkey in the year
2023 for electricity production is assumed to be $50 per tonne of
CO2 released to the atmosphere. Therefore, the carbon tax for
renewable energy-based supply according to Scenario 1, and fossil
Table 8
Annual greenhouse gas emission estimates based on Scenario 2, million tonnes CO2

equivalent.

Source Greenhouse gas emissions,
million tonnes CO2 equivalent

Coal 28.40
Natural gas 16.10
Total 44.50
fuel-based supply according to Scenario 2, would be $0.052 and
$2.225 billion per annum, respectively. Thus, based on the carbon
tax emission savings renewable energy investments based on
Scenario 1 would have a payback period of less than 15 years.
5. Conclusion

Electricity consumption of Turkey is expected to reach
530,000 GWh at the year 2023. As an associate member of the
European Union and according to the government agenda, Vision
2023, Turkey plans to produce 30% of this demand from renewable
energy sources. This means supplying 160,000 GWh of electricity
annually. Energy and environment are the most important topics of
the 21st century and sustainable consumption of resources is
gaining much more importance each day. In this study, economic
and environmental implications of providing this amount of energy
from renewable energy sources and fossil fuels are analysed based
on two different scenarios. The results showed the utmost impor-
tance and benefit of renewable energy-based supply from both
economic and environmental perspectives. This study can be
further used as a foundation for the analysis of renewable energy
investments in Turkey and their environmental impacts in the
following years from both academic and economic perspectives.
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