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ABSTRACT

In the present study, a review of energy structure of the world, the European Union and Turkey are carried out, by
giving a specific emphasis to the development of renewable energy. The global primary energy use reached 13865
Mtoe as of 2018. Today, more than 80% of the energy currently used in the world is still provided from fossil
based non-renewable energy resources, the main energy resources being oil, coal and natural gas, with the shares
32%, 27% and 22%, respectively. In the years after 1973 oil crisis, renewable energy emerged as a potential source
for contributing to the global energy production. The installed capacity of renewable energy (excluding hydro)
reached 1180 GW globally as of 2018 that corresponds to an increase of 8% compared to the previous year.
Amongst the renewable resources, wind holds the largest share with 563.7 GW, corresponding to 47.8% of the
installed renewable capacity. Wind is closely followed by solar PV with 480.4 GW, constituting 40.7% of the total
installed power of renewable energy. The total installed capacity of bioenergy (biomass, biofuels, and biogas) is
103.1 GW, corresponding to 8.7%. The global capacity of hydroelectric power was realized as 1127 GW as of
2018. Total of 1668.1 TWh electricity was generated in the world in 2018 by the renewable resources including
wind, solar, geothermal, tide, wave and ocean.

Keywords: Global Energy Supply, Installed power capacity, Renewable capacity, Wind Energy, Solar energy,
World, European Union, Turkey

Diinya, Avrupa Birligi ve Tiirkiye’nin Enerji Arz, Kurulu Gli¢ ve
Yenilenebilir Kapasitelerinin Analizi
OzET

Bu calismada, yenilenebilir enerjiye 6zel bir onem verilmek kaydiyla diinya, Avrupa Birligi ve Tiirkiye nin enerji
yapisinin bir degerlendirilmesi yapilmaktadir. Kiiresel birincil enerji arzt 2018 yili itibariyle 13865 Mtoe'ye
ulagmigtir. Bugilin diinyada kullanilan enerjinin %80'den fazlasi halen fosil bazli yenilenemeyen enerji
kaynaklarindan saglanmakta olup, temel enerji kaynaklar1 sirastyla %32 petrol, %27 komiir ve %22 dogalgaz
olarak gerceklesmektedir. Yenilenebilir enerji, 1973 petrol krizini izleyen yillarda kiiresel enerji iiretimine katki
saglama potansiyeli olan bir kaynak tiirii olarak goriilmeye baslanmustir. Hidrolik enerji harig, kurulu yenilenebilir
enerji giicti bir dnceki yila gore %8'lik bir artig ile 2018 yil1 itibartyla diinyada 1180 GW'a ulagmustir. Yenilenebilir
kaynaklar arasinda riizgar, toplam kurulu yenilenebilir kapasitenin % 47.8'ine karsilik gelen 563.7 GW ile en
bliyiik paya sahiptir. 480.4 GW kurulu giig ile riizgar1 takip eden PV, diinya ¢apmda kurulu yenilenebilir enerji
gliciiniin % 40.7'sini olusturmaktadir. Toplam kurulu biyoenerji kapasitesi (biyokiitle, biyoyakitlar ve biyogaz)
103.1 GW ile toplamda %8.7’lik bir orani teskil etmektedir. Kiiresel hidroelektrik kurulu giicii 2018 yili itibariyla
1127 GW’a ulagsmustir. Diinyada 2018 yilinda, riizgar, giines, jeotermal, gelgit, dalga ve okyanus gibi yenilenebilir
kaynaklarla toplam 1668.1 TWh elektrik iiretimi ger¢eklesmistir.

Anahtar Kelimeler: Global enerji arzi, Kurulu gii¢ kapasitesi, Yenilenebilir kapasite, Riizgar enerjisi, Giines
enerjisi, Diinya, Avrupa Birligi, Tiirkiye
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. INTRODUCTION

Energy need of humanity both as a whole and also as individual countries continues to increase regularly
and as a result global primary energy supply and consumption increase steadily. In order to meet the
continuously increasing global energy demand, the infrastructure to convert various forms of energy has
to be increased proportionately, including the electricity generating capacity.

Historically, the global primary energy use was 486 Mtoe in 1800, of which 478 Mtoe was biomass and
the rest was coal [1]. As of 1900, the global primary energy supply increased to 1100 Mtoe, biomass
and coal contributing almost equally to the total amount. Fossil fuels being the major contributors, the
present primary energy use has increased nearly 30 times since the 1800s. The global primary energy
use reached 13865 Mtoe as of 2018, particularly accelerating in 1950s [2]. Despite bioenergy falling to
around 10% of global primary energy today, however, its annual consumption grew from 478 Mtoe in
1800s to around 1194 Mtoe today.

Until 1950s, biomass and coal were the predominant energy resources. The electricity was also
predominantly produced by biomass and coal historically. As well as the biomass and coal, starting from
the 1950s, oil, natural gas and hydropower started to make a significant contribution for meeting the
global energy demand and their use has been increasing steadily. With the advance of nuclear energy
engineering, developed countries started building nuclear power stations in 1970s.

In the years following the 1973 oil crisis, which was caused by a series of political and economic reasons
of the period, the efforts made to find new energy sources/conversion technologies as alternative to the
fossil fuels increased rapidly and renewable energy emerged as a potential source for contributing to the
global energy production. In the years following, as a result of the developments in renewable energy
conversion technologies, the share of renewable energy started to increase steadily over the years in the
world. On the other hand, the reason for this increase can be regarded as the countries' re-evaluation of
their energy policies in line with the advance of renewable energy technologies and also due to various
other reasons such as the rising energy demand, fuel prices and environmental concerns.

The orientation towards renewable energy was further encouraged by the environmental problems due
to global warming. Rise in the global fossil fuel consumption has led to the phenomenon of global
warming that has in turn upset the ecological balance of the earth [2]. Global warming and the related
environmental problems have rendered it impossible to evaluate the fossil fuel consumption as just an
energy-related problem. Therefore, the focus of search for new energy sources to replace fossil fuels
was concentrated on renewable energy sources primarily, solar, wind, geothermal, bioenergy and wave
energies and hydrogen as an energy vector. As a result of intense investments and the resulting research
programs and projects, especially in developed countries, the technologies of such renewable energy
systems experienced a rapid development in the past decades. The importance of renewable energy
systems is expected to continue in the medium and long terms [3].

Today, however, more than 80% of the energy currently used in the world is still provided from fossil
based non-renewable energy sources. The main energy sources are oil, coal and natural gas with the
shares 32%, 27% and 22%, respectively [4]. The global primary energy consumption grew at a rate of
2.9% in 2018, while the supply of renewable energy grew by 71 Mtoe in the same year, corresponding
to 14.5% increase compared to the previous year. Wind energy generation increased from 1128 TWh to
1270 TWh, growing by 12.6% in 2018, providing approximately 45% of the renewables growth in that
year. Solar energy generation grew by 29%, increasing from 453.5 TWh to 584.6 TWh [5]. The
developing countries, including China, India and other Asian countries, account for nearly half of this
substantial growth rate in renewable power generation [3]. It is projected that the share of renewable
sources in the global primary energy will reach around 15% by 2040 from 4% today [3].

Turkey’s high rate of economic growth leads to equally high rate of increase in the primary energy
production and consumption [6]. This also equally translates into increase in Turkey’s power generation
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capacity, mainly electricity. However, Turkey has only limited indigenous fossil fuel reserves, meaning
that the amount of fossil fuel import has to increase to be able to satisfy the deficit of energy. As a result
of this imbalance between the fossil fuel production and consumption, Turkey should turn to alternative
energy sources, mainly to renewable energy sources, solar and wind energies being the main candidates.

1. WORLD ENERGY STATISTICS

Together with the increase in population, the acceleration of industrialization in the past century led to
an exponential growth in energy consumption. While the world population was 1.6 billion in 1900s, the
total primary energy consumption was approximately 1100 Mtoe [7]. In 2000s, the world population
increased by 3.8 times to 6 billion, meanwhile, primary energy consumption increased by 8.5 times to
9285 Mtoe [8]. While 8089 Mtoe of this energy was met from fossil resources such as oil, natural gas
and coal, the remaining 610 Mtoe was met from hydraulic energy and 584 Mtoe from nuclear energy
[7,8]. The global primary energy supply between 2008 and 2018 are presented in Figure 1. As can be
seen in Figure 1, the global consumption of primary energy increased to 13865 Mtoe as of 2018, growing
2.9% compared to the previous year [3,5,9]. From Figure 1, except for a decrease in 2009, the global
energy supply increased steadily between the years from 2008 to 2018. The annual average growth rate
of the global energy supply was %1.7, taking into account the years from 2008 to 2018.
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Figure 1. Global primary energy supply between 2008 and 2018 [5].

Primarily led by China and India, the vast majority of the increase in power demand originates from the
developing countries as the demand growth in the developed economies, including the OECD, is
significantly smaller. The global energy demand is expected to increase between 20 and 35% by 2040
according to various scenarios developed by the BP. It is predicted that the developing countries will
contribute most to this increase due to potential changes such as fast industrial and infrastructural
developments and the increasing living standards [3]. It should be added that while countries need to
increase or sustain their power generation, however, this cannot be realized without complying with
restrictions stipulated by the international environmental agreements such as the Paris Agreement.
Therefore, countries need to implement such policies that will enable them to achieve a low carbon
footprint in the energy conversion processes. Parallel to this, according to one of BP’s scenarios named
the ‘evolving transition’, it is expected that renewables and natural gas will meet as much as 85% of the
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annual primary energy growth. The ‘evolving transition’ is developed based on the assumption that the
dynamics behind the energy policies such as the government policies, technologies and societal
preferences will continue as before [10]. It should be noted that the ‘evolving transition’ takes a more
moderate view compared to the other scenario of BP namely “rapid transition”. On the other hand, the
latter assumes a more aggressive transition to a low carbon era by swiftly adopting actions required such
as the incentives, tariffs, and investments in such clean technologies [3].

Share of global primary energy supply by source

Renewables Oil
Nuclear £0% 33.6%

Hydro 4,4%
6,8%

Natural gas
23,9%

Coal
27,2%

Figure 2. Source shares of primary energy supply for 2018 in the world [5].

The distribution of the global primary energy supply by source is given in Figure 2. As it is shown in
Figure 2, in today's world, oil, natural gas, and coal are still notably dominant, constituting 84.7% of the
primary energy consumption in 2018. According to the source shares of primary energy supply in Figure
2, oil has the largest share with a ratio of 33.6% [5]. It is followed by coal with 27.2% and natural gas
with 23.9%. These data verify that fossil fuels will continue to dominate the energy balances for years
to come. China, which is the most populous country in the world, has seen a big growth in its energy
supply/consumption due to rapid industrialization. China consumes 23.6% of the world’s primary
energy source alone corresponding to 3273.5 Mtoe. China is followed by the USA with 2300.6 Mtoe,
which corresponds to 16.6% [5].

The global installed power capacity is around 7150 GW as of 2018 [11]. The source with the highest
installed power is coal with approximately 2100 GW of global capacity, followed by natural gas with
about 1750 GW capacity. Hydro sources, renewables, oil and nuclear energy have a global installed
power capacity of 1270 GW, 1181 GW, 450 GW and 392 GW, respectively. The global electricity
generation is currently 26614.8 TWh of which 11233.6 TWh is produced in OECD countries. Except
for a 0.8% decrease in 2009 compared to the previous year, the average growth in the global annual
electricity generation is 3.1% between the years 2008 and 2018. Between the same years, the total
growth was 30.3% from 20433.3 TWh in 2008 to 26614.8 TWh in 2018. As of 2018, 10100.5 TWh of
the total generation was by coal, corresponding to 38.0%. This is followed by natural gas with 23.2%.
Hydro sources contribute 15.8% to the global electricity generation. Nuclear energy and the renewables
contribute 10.1% and 9.3%, respectively, while the oil and the others have a share of 3.6%.
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A. GLOBAL RENEWABLE ENERGY STATISTICS

One of the main motives of countries’ preference towards renewable energy is the global warming. This
is shown as the reason as to why renewable energy will have to provide most of the world’s energy in
future. It has been argued that a figure of 350 ppm for CO in the atmosphere is considered as the safe
‘planetary boundary’ [1]. However, it was reported that the atmospheric concentration of CO, has
already passed 407 ppm in 2018 [12]. On the other hand, it is generally acknowledged that the frequency
of occurrence of extreme meteorological events have been increasing over the past decades [12]. Taking
the 400 ppm level as the safe limit, some researchers link these increasingly frequent extreme
meteorological events to this high concentration of CO, [12].
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Figure 3. Global renewable energy supply between 2008 and 2018 [3,5].

As aresult of the developments in renewable energy conversion technologies and countries’ preference
due to global warming, the share of renewable energy has been increasing steadily in recent years. As
given in Figure 3, by the end of 2018, total renewable energy supply including wind and solar was 561.3
Mtoe [5]. In 2018, the renewable energy supply increased by 14.5% compared to the previous year [5,9].
The annual average increase in the renewable energy supply between the years 2008 and 2018 was
16.3% [5,13]. Regarding the renewable energy supply by country, China leads with 143.5 Mtoe as of
2018 [3,5]. It is followed by the USA with 103.8 Mtoe and Germany with 47.3 [3,5]. These figures
clearly demonstrate that countries have steadily been increasing the share of renewable energy in their
total energy supply.

The total installed renewable power in the world reached 1181 GW as of 2018, increasing by 8.01%
compared to the previous year [3,5]. The source share of globally installed renewable electricity capacity
as of 2018 is presented in Figure 4. Note that the globally installed hydroelectric power capacity was
1126 GW, which is not included in Figure 4. Amongst the renewable resources, wind holds the largest
share with 563.7 GW, corresponding to 47.7% of the installed renewable capacity. In 2018, solar PV,
which has the highest growth rate among all energy systems in the world, reached a capacity of 480.4
GW, corresponding to 40.7%, with an increment rate of 16% compared to the previous year [3,5].
Bioenergy has a capacity of 104.6 GW, corresponding to 8.9% of the global renewable capacity. The
contribution of other renewable energy sources at the end of 2018 is as follows: geothermal was 13.3
GW and tide wave and ocean energy was 0.532 GW [3,5].
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Figure 4. Source share of installed renewable electricity capacity [3,5].
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Figure 5. Source share of global renewable electricity generation in 2018 [3,5, 13].
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Source share of global renewable electricity generation in 2018 is given in Figure 5. Total of 2447 TWh
electricity was generated in the world in 2018 by the renewable resources including wind, solar PV and
thermal, geothermal, bioenergy, waste and tide, wave and ocean. Electricity generated globally by hydro
resources reached 4197.3 TWh in the same year. As seen in Figure 5, nearly two thirds of the energy
was generated by wind, amounting to 1270 TWh globally.

Electricity generation increased by 3.7% in 2018 compared to the previous year, China alone accounting
for more than half of the growth, India and the US also contributing significantly. Renewable sources
met one third of the increase in this year. In this year, 45% of this global renewable electricity generation
growth came from China, which accounted for a higher contribution than that of the OECD [3,5].
Renewable electricity was closely followed by the electricity generated by coal (31%) and natural gas
(25%). With this increase, the cumulative portion of renewable electricity rose from 8.4% to 9.3%.
Overall, however, coal continued to dominate its position cumulatively with 38% [5].

As shown, the statistics indicate that the renewables, dominated by the wind and solar, are significantly
increasing their share when compared to the other energy sources of coal, nuclear and hydro. This clearly
shows the inclination towards a more renewable future. In fact, even according to the moderate ‘evolving
transition’ scenario of BP, with the present annual growth rate of 7.6%, renewable electricity will make up
a portion of two thirds of the increase in the global electricity generation so that, by 2040, it will take the
lead as the electricity generation technology. In contrast, the share of fossil fuels in the global electricity
generation will decline; coal, for example, will be overtaken by renewables as the main source of
electricity by 2040 [3,5].

A. 1. Global Installed Photovoltaic Capacity

At the end of 2018, the world's total renewable energy capacity excluding hydro reached 1179.15 GW
[3]. Of the total capacity 480.4 GW was the PV power [5]. As of 2018, solar PV power constitutes 40.7%
of the total installed power of renewable energy worldwide [5]. 263 GW of the total 480.4 GW installed
power across the globe is on the Asian continent [12]. China has the largest installed PV power of this
continent with 175 GW [13]. Japan follows China with an installed power of 55.5 GW [13]. These two
countries make use of their solar energy potential effectively. Asia is followed by Europe with an
installed power of 115.3 GW, excluding Turkey [5]. Moreover, the total installed power of the EU
countries is almost equal to that of Europe. Germany is the country that has the highest installed capacity
in Europe with a total installed capacity of 45.2 GW [5]. America has the third largest installed power
with approximately 74 GW, constituting nearly one fifth of the global capacity [5]. The largest installed
power in this continent is the United States with 62.2 GW [5]. The global PV electricity generation
reached 443.6 TWh as of 2018, corresponding to 26.6% within the renewable resources.

A. 2. Global Installed Wind Capacity

Wind energy has been one of the fastest growing energy conversion systems in the world in the past few
decades. The global wind electricity generation increased over 12 fold from 104 TWh to 1270 TWh
between the years 2005 and 2018. It is argued that if the present momentum is conserved and the
renewable energy transition and wind energy diffusion continue to increase worldwide, wind energy
will be responsible for savings of nearly 23 billion tonnes of CO; by 2030, in addition to other benefits
such as the creation of millions of new jobs [14].

The global installed wind capacity was 514.9 GW at the end of 2017, generating a total of 1127 TWh
of electricity. The installed capacity reached 591 GW at the end of 2018, the electricity generated
reaching 1270 TWh [5]. China has got far the highest installed wind capacity with 211.4 GW followed
by the US with 96.7 GW as of 2018. On the other hand, in 2018, wind energy contributed most to the
Danish electricity system, covering the equivalent of 40.7% of the Danish electricity consumption [15].
The installed wind capacity in Denmark rose to 5758 MW in 2018 by an increase of 5.2% from the
previous year of 5475 MW.
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In 2018, 7.0% of the global electricity generation and a relatively smaller part of the primary energy
supply came from solar and wind [5]. If wind and solar will increase their share in the total energy
supply in future, energy storage on a large scale is seen as the most important challenge to be faced,
especially since most energy will be produced as electricity. Therefore, cost-effective and efficient
methods for energy storage on a large scale are required such as batteries, pumped water storage,
compressed air energy storage, and conversion to hydrogen, either for direct use or storage for later use
[16].

l1l. ENERGY STATE OF THE EUROPEAN UNION

Most EU countries largely fail to meet their energy needs from their own natural resources. In 2018, the
EU (EU-27) generated only 41.8% of its energy, having had to import 58.2% of its energy need [17].
Due to the fact that the EU attaches importance to the security of energy supply, they aim to increase
the diversity of its energy generation sources.

Primary energy supply

Renewables and Others Natural gas
biofuels 1,4% 21,3%
14,6%

Nuclear
12,9%

Figure 6. Share of primary energy supply of EU countries by source [18,19].

The share of primary energy supply by source in the EU in 2018 is shown in Figure 6. As of 2018, the
energy portfolio of the EU largely included the following energy resources; as the primary source,
petroleum products were at the forefront with 36.0%, including the crude oil. It is followed by natural
gas with 21.3%, solid fossil fuels with 13.8%, renewables and bioenergy with 14.6% and nuclear with
12.9%. As for the same year, the share of fossil fuels in gross available energy in the EU was 72.5%.

The share of final energy consumption by source for individual member countries varies according to
their natural energy potentials [18,19,20]. The member countries having the largest share of oil within
the total energy consumption are; Cyprus with the rate of 93%, Malta with 79% and Luxembourg with
63%. In Italy and the Netherlands natural gas constitute one-third of the total energy consumption. In
Estonia, where fossil fuels are the main source of energy, 61% of total energy is supplied from coal. It
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is followed by Poland with a rate of 49%. While nuclear power meets 42% of France's energy needs and
33% of Sweden's, Lithuania and Sweden are the countries with highest rates of renewable energy share
in their total energy consumption, each with 37%.

The share of energy generation by source also varies significantly within member countries [18,19,20].
For instance, nuclear power constitutes 80% of total electricity generation in France. Regarding nuclear
energy, France is followed by Belgium (75%) and Slovakia (62%). Renewable energy, which holds the
second largest share in the energy generation of the EU, is the primary energy source of most member
countries such that it constitutes 90% of the total primary energy generated in Malta, Latvia, Portugal,
Cyprus, and Lithuania. The leading member countries generating energy from fossil fuels are Poland
with the rate of 78%, Estonia with 67% and Greece and the Czech Republic with 59%, each. 83% of the
energy generated in the Netherlands is by natural gas while crude oil meets a significant proportion of
energy demand with a rate of 47% in Denmark.

When the types of fuel used to generate electricity in the EU are examined; it is seen that fossil fuels
have a 44% share in total [18,19,20]. This is followed by renewable energy with a rate of 30% and
nuclear energy of 26%. The rate of 30% for renewable energy includes the followings: hydroelectric
power plants with 12%, wind power plants with 9%, bioenergy with 6%, solar power plants with 3%.

A. ENERGY IMPORTS OF THE EU

As stated before, the EU countries have to import from third countries in order to meet their energy
needs. According to the 2018 figures, oil constitutes almost two thirds of the energy imports of the EU
[17,21,22]. This is the most significant indicator of the fact that oil is an important energy resource
across the world and also that countries cannot break oil dependence yet for some years to come. Oil is
followed by natural gas with a 24% share and solid fuels with 9%.

The EU countries import the energy from various countries. For ensuring the security of energy supply,
the EU countries import the same commodity from different countries at different rates [17,21,22]. The
EU countries import crude oil from 11 different countries. This is a key indicator of how much EU
countries attach importance to the security of supply. Russia holds the largest share with a rate of 31 %
among the countries from which EU countries import oil [21]. Russia provides 30% of the solid fuel
imports of the EU, being the largest importer of natural gas and solid fuel to the EU countries [22]. In
spite of the strong mindset for the security of energy supply, it is clear that the EU is hugely dependent
on Russia in oil, solid fuel, and natural gas supply [21,22]. The second largest share of energy exported
to the EU is held by Norway. Norway has a significant share of oil and natural gas imports to the EU
countries. The dependence on energy imports has increased by almost 50% in the EU since 2000 [20].
The dependence on energy imports also differs for individual member states within the EU. For instance,
while imports are about 90% in Malta, Luxembourg, and Cyprus, it is less than 20% in Denmark and
Estonia [17].

B. ENERGY CONSUMPTION OF THE EU

Around two-thirds of the energy is consumed by end users in the EU countries [23-26]. This two-thirds
rate includes electricity which is mostly used in dwellings and industry. When the ultimate energy
consumption shares of the EU countries are examined closely, it is seen that the sectoral consumption
shares are as follows: the industry with 31%, transportation with 28%, housing with 25%, services with
13% and agriculture and forestry with 2%. The remaining includes mainly the transmission loss.

Oil constituted nearly one-third of the total energy consumption of the EU countries in 2018 [25]. In
Cyprus, Malta, and Luxembourg, the petroleum products met more than 60% of their total energy
consumption. The countries of which shares of renewable energy exceeded 20% of the total ultimate
consumption were Latvia, Finland, and Sweden.
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C. RENEWABLE ENERGY CAPACITY AND DEVELOPMENT IN THE EU

Despite the fact that the energy consumption of the EU countries is largely dependent on fossil fuels,
however, there is a strong will and intense effort for the development of renewable energy to increase
its share in energy consumption. This is substantiated by the fact that the renewable energy share in total
energy consumption in the EU nearly doubled from 8% to 15% between the years 2000 and 2018 [19].
During this period, 15 member countries doubled their renewable energy share.
The EU aims that the share of renewable energy in total energy consumption is 20% by 2020 [13].
However, this target rate varies amongst the EU member states. For instance, Sweden provides 53.8%
of its energy consumption from renewable resources and has already achieved the 2020 target [20].
Similarly, Finland follows Sweden by a rate of 38.7% and has also reached its 2020 target [20]. The
share of renewable energy in total energy consumption is 5.4% in Luxembourg, having the lowest share
among the EU countries [19]. This difference within the renewable energy generation amongst the EU
member states is largely caused by the share of hydroelectric power plants [20].
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Figure 7. Installed renewable energy capacity of the EU by source [27].
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Figure 8. Share of installed renewable energy capacity of the EU by source [27].

The installed renewable energy capacity in the EU as of 2018 is presented in Figure 7 by source. The
share of installed renewable energy capacity by source in the EU is given in Figure 8 for the same year.
As of 2018, the installed renewable energy capacity in the EU reached 282.7 GW, excluding
hydroelectric power capacity. As seen in Figure 7, the wind power is leading, having the largest share
of renewable energy capacity in the EU with 157.3 GW. The total installed solar PV capacity reached
101.6 GW by the end of 2018 in the EU, corresponding to more than one-third of the total installed
renewable capacity. From Figure 8, wind power systems have the largest share within the renewable
systems with 55.6%, followed by the solar PV with 35.9%. Bioenergy and waste have 10.8 GW and 9.6
GW of installed capacity, each corresponding to 3.8% and 3.4% share in the installed renewable power
in the EU. Tide, wave and ocean and geothermal have miniscule amounts of power capacities. The EU’s
leading position in terms of the penetration of renewables within the total power capacity is expected to
continue as the share of renewables in the EU power market is predicted to reach 50% by 2040 [3].

IV. TURKEY’S ENERGY STRUCTURE

Turkey’s net energy import was 443 billion USD between the years 2006 and 2017 period. Of which,
149 billion USD, corresponding to 30%, was spent on the electric power production using fossil fuels
[28]. Even though Turkey has got relatively high potential of wind and solar energy, however, it was
unable to exploit this potential fully. As was given above, although Turkey imported billions of USD
worth of fossil fuel for electricity generation, however, it was using 13% of its 49 GW of economical
wind power potential and only 1.3% of its 254 GW solar power potential as of the end of 2017 [28]. It
is obvious that for Turkey in order to lessen the burden of energy import on its budget deficit and avoid
the potential economic risks, it must take the necessary steps to systematically reduce its dependency on
imported fossil fuel. For not having enough indigenous fossil reserves, Turkey must adopt a more
aggressive energy policy to make a better use of its high potential of wind, solar and other renewable
energy resources.

The annual total energy supply of Turkey was 153.5 Mtoe in 2018, oil being the largest contributor with
48.6 Mtoe [5]. Turkey’s energy supply declined 0.7% in 2013 compared to the previous year. Except
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for this decrease, the average growth in the total energy supply of Turkey was 4.2% between the years
2008 and 2018. Between these years, the total growth is 52.3% from 100.8 Mtoe in 2008 to 153.5 Mtoe
in 2018. Between 2008 and 2018, the highest growth rate was in 2014 with 9.4%. As of 2018, almost
one third of the total energy supply of Turkey was by oil (31.6%). Coal contribution corresponded to
26.5% with 42.3 Mtoe. This is followed by natural gas with 40.7 Mtoe with a share of 23.2%. Hydro
sources contributed 8.8% to the energy supply of Turkey. Renewables contributed 8.5 Mtoe with a share
of 5.5%.

A. INSTALLED POWER

The development of installed power in Turkey by years is presented in Figure 9. The total installed
electric power of Turkey reached 88569.0 MW as of 2018. As can be seen in Figure 9, the installed
power experienced a geometric growth, nearly doubling in every ten-year period between 1976 and
2018. It is interesting to note that the installed capacity increased by a factor of 2.2 times between the
years 2006 and 2018 from 40564 MW to 88569 MW. The main reasons for such a high increase in
electricity demand are high rate of population and economic growth.

100.000

90.000

80.000

70.000

60.000

50.000
40.000

30.000

20.000

10.000 I
o/ mm | M ]

1976 1981 1986 1991 1996 2001 2006 2011 2016 2017 2018
Year

Installed power (MW)

Figure 9. Development of installed power in Turkey by years [30].

Table 1. Source share of total installed power in Turkey from 2016 to 2018 [30,31].

Installed

Power Fossil Fuel  Hydroelectric ~ Geothermal Wind Solar PV Total
2016 44411.6 26681.1 820.9 5751.3 832.5 78497.4
% 56.6 34.0 1.0 7.3 1.1 100
2017 46926.5 27273.1 1063.7 6516.2 3420.7 85200.2
% 55.1 32.0 1.2 7.60 4.0 100
2018 46970.0 28248.0 1282.0 7005.0 5064.0 88569.0
% 52.9 31.9 15 8.0 5.7 100

The source share of total installed power in Turkey from 2016 to 2018 is given in Table 1. The installed
capacity increased by a factor of 12.8% between the years 2016 and 2018 from 78497 MW to 88569
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MW. As of 2018, the fossil fuel power plants, including natural gas, coal, biofuel and fuel oil constituted
more than half of the installed power in Turkey. However, their share tends to decline slowly in recent
years, from 56.6% in 2016 to 52.9% in 2018. The largest share belongs to natural gas power plants
within the fossil fuel power plants with 26568 MW, corresponding to 56.7% within this category. Fossil
fuel based power plants are followed by the hydroelectric power plants, which represent almost one
third of the installed power in Turkey. Wind power continues its gradual rise while solar PV plants
experienced an exponential growth increasing nearly 6 times within 3 years, finally reaching 5064 MW
at the end of 2018.

B. GENERATION OF ENERGY

The annual electricity generation of Turkey between 2006 and 2018 is given in Figure 10. In 2018, gross
electricity demand increased by nearly 3% in Turkey compared to the previous year and reached 304200
GWh. In response to this demand, while total national production was 303625 GWh; 2477 GWh
electricity was imported to meet the energy deficit in 2018. Turkey imported electricity from
neighbouring countries; Bulgaria with 2051 GWh, Georgia with 494 GWh, Turkmenistan with 161
GWh and Greece with 0.5 GWh [32]. The electricity generation increased by 72.2% between the years
analysed in Figure 5. Electricity generation by resource and their share in total electricity generation in
Turkey as of 2018 are presented in Table 2. It is seen that a major share of the electricity generation
belongs to fossil fuel based power stations with 69%, corresponding to 209605 GWh. The largest share
is produced by coal fired power stations with 113249 GWh, corresponding to 37% in total generation.
Hydroelectric power stations generate 19.7% of the total electricity, corresponding to 59755 GWh.
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Figure 10. Annual electricity generation of Turkey between 2006 and 2018 [32].
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Table 2. Electricity generation by resource and their share in total electricity generation in Turkey as of 2018

[32].

Resource Electricity generation Contribution
(GWh) (%)
Fossil Fuel 209605 69.0
Hydro 59755 19.7
Geothermal 6906 2.3
Wind 19882 6.5
Solar PV 1477 2.5
Total 303625 100

The number of renewable-based power stations and their installed capacities are presented in Table 3
for Turkey as of 2018. According to this table, within the renewable category, hydroelectric power
stations have both the highest number and also present the largest installed capacity with 641 stations
and 28248 MW. In terms of the installed capacity, hydroelectric stations are followed by wind power
stations with a total installed capacity of 7005 MW.

Table 3. Number of renewable-based power stations and their installed capacities for Turkey as of
2018 [31,33].

Resources Number of Facilities Installed Capacity (MW)
Hydroelectric 641 28248
Wind 192 7005
Geothermal 48 1303
Biomass, biogas, 100 646
Solar PV 564 5064

As per the targets for 2023 in Turkey, the expansion of renewable energy in the electricity sector has
been planned within the framework of "National Renewable Energy Action Plan™ as given in Table 4.
It is interesting to note that for solar PV the 2023 target of 5000 MW has already been achieved as of
2018. The same is also true for the biomass. It is realised that the largest gap is for the wind energy,
where the deficiency is nearly twice that of the present installed capacity. Therefore, in order for Turkey
to reach the targets set for 2023, the efforts should be increased significantly.

Table 4. The installed capacity targets for 2023 by source according to Turkey's “National Renewable Energy
Action Plan” [34,35].

Resource Installed Capacity Targets (MW)
Hydro 34000
Wind 20000
Geothermal 1000
Biomass 1000
Solar 5000

The predicted annual electricity consumption per capita for Turkey is shown in Table 5 for various years.
Note that the average electricity consumption per capita of 29 IEA member countries was 9900 kWh in
2016 while that of Turkey was about 3500 kWh. Therefore, Turkey is not expected to reach the average
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of IEA members' electricity consumption per capita in the near future. In order to reach the economic
level of developed countries, Turkey should aim not only to rapidly increase its electricity consumption
per capita but also to increase its energy conversion efficiency [35].

Table 5. Predicted annual electricity consumption per capita for Turkey [35].

Year Target Energy Consumption Per Year
2020 4800-5000 kWh

2023 5550-6000 kWh

2030 >7000 kWh

2040 >8000 kWh

C. PV AND WIND DEVELOPMENT

The concept of sustainability has gained a central place in many aspects of macro policies for countries,
including energy policies mainly due to economic and environmental reasons. Therefore, energy policies
are being revised and renewable energy technologies are increasing their presence in the future energy
policies of countries throughout the world and in Turkey also. Parallel to this policy adoption in Turkey,
it has been shown that the renewable electricity share has been gradually increasing over the past decade
in Turkey even though the share within the total electricity generation is still relatively low with 11.3%,
excluding hydroelectricity, as of 2018. However, as has been already stated, Turkey needs a faster
transition to more renewable and sustainable energy infrastructure not only for a better energy security
and greater diversification in the energy mix but also for a more competitive economy [29].

Due to its geographical location with relatively high solar energy, Turkey on average receives 2737
hours of solar radiation annually, corresponding to 7.5 hours of daily radiation, according to GEPA. The
yearly total solar energy received in Turkey is 1527 kWh on average per unit area, being equal to a daily
amount of 4.2 kwWh/m? [36]. Considering the solar energy potential of Turkey, it was projected that an
annual amount of solar energy equal to 380 billion kWh could be possible as a primary energy [38].

The total installed power of licensed solar plants was 12.9 MW as of 2016, increasing to 17.9 MW at
the end of 2017 [31]. The installed power of unlicensed plants was 819.6 MW by the end of 2016,
corresponding to 1% of Turkey's total installed power. This reached 3402.8 MW as of 2017, which was
4% of the total installed power [31,33]. Electricity generation from the solar power plants was 2430
GWh in 2017 [30]. As of 2018, the cumulative PV capacity reached 5065 MW and the total number of
facilities was 564, of which 15 with license and the remaining number unlicensed. Electricity produced
from the solar power systems reached 7477 GWh by the end of 2018 [31].

The principal reasons that the number of licensed solar power plants is just a fraction of the number of
unlicensed plants in Turkey are as follows: bureaucratic difficulties in obtaining a license, length of the
processes for permits and bureaucratic transactions, costs, lack of coordination between the institutions
involved, and difficulties encountered while collecting the fees of surplus electricity sold to the
distribution companies. Licensed electricity generation is an important production instrument in terms
of energy development and policy for Turkey due to the fact that the producer is in an advantageous
position in terms of electricity sales prices, and it is a promising investment thanks to the open price
system or YEKDEM price regulation.

With regard to the wind energy development, the cumulative wind capacity reached 7005 MW as of
2018 in Turkey. This is 8% of the total installed power of Turkey and only 14% of Turkey’s technical
wind power potential of 49 GW [28]. The highest annual installation took place in 2016 with 1388 MW.
The amount of electricity produced from wind was 19882 GWh in 2018, corresponding to a ratio of
6.5% of the total electricity generation of Turkey. The installed wind energy capacity grew almost 20
fold between the years 2008 and 2018, corresponding to an average annual growth of 37% [39].
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V. CONCLUSION

Fossil fuels being the major contributors, the present primary energy use has increased nearly 30 times
since the 1800s. The global primary energy use reached 13865 Mtoe as of 2018, particularly
accelerating in 1950s. Nearly 80% of the energy presently used globally is still provided from fossil fuel
sources. The principal fossil fuel sources are oil, coal and natural gas, with the shares 32%, 27% and
22%, respectively. Global primary energy supply grew by 390 Mtoe in 2018, while renewable energy
supply by 71 Mtoe in the same year, corresponding to 2.9% and 14.5% increase compared to the
previous year, respectively. Primarily led by China and India, vast majority of the increase in power
demand originates from the developing countries as the demand growth in the developed economies,
including the OECD, is significantly smaller. The global energy demand is expected to increase between
20 and 35% by 2040 according to various scenarios developed by the BP.

The global installed power capacity is around 7150 GW as of 2018. The source with the highest installed
power is coal with approximately 2100 GW of global capacity, followed by natural gas with about 1750
GW capacity. Hydro sources, renewables, oil and nuclear energy have a global installed power capacity
of 1270 GW, 1181 GW, 450 GW and 392 GW, respectively. The installed capacity of renewable energy
(excluding hydro) increased 8% compared to the previous year. Amongst the renewable resources, wind
holds the largest share with 563.7 GW, corresponding to 47.7% of the installed renewable capacity.
Wind is closely followed by solar PV with 480.4 GW, constituting 40.7% of the total installed power of
renewable energy worldwide. The total installed capacity of bioenergy is 104.6, GW, corresponding to
8.9%. The global capacity of hydroelectric power was realized as 1127 GW as of 2018. Total of 2447
TWh electricity was generated in the world in 2018 by the renewable resources including wind, solar,
geothermal, bioenergy, waste and tide, wave and ocean. Wind electricity generation increased from 1128
TWh to 1270 TWh, growing by 12.6% in 2018, providing approximately 45% of the renewable
electricity growth in that year. Solar electricity generation grew by 29%, increasing from 453.5 TWh to
584.6 TWh. The developing countries, including China, India and other Asian countries, account for
nearly half of this substantial growth rate in renewable power generation. It is projected that the share
of renewable sources in the global primary energy will reach around 15% by 2040 from 4% today.

Electricity generation increased by 3.7% in 2018 compared to the previous year, China alone accounting
for more than half of the growth, India and the US also contributing significantly. Renewable sources
met one third of the increase in this year. In 2018, 45% of the global renewable electricity generation
growth came from China, which accounted for a higher contribution than that of the OECD. Renewable
electricity was closely followed by the electricity generated by coal (31%) and natural gas (25%). With
this increase, the cumulative portion of renewable electricity rose from 8.4% to 9.3%. Overall, however,
coal continued to dominate its position cumulatively with 38%.

As of 2018, the energy portfolio of the EU largely included the following energy sources; as the primary
source, petroleum products were at the forefront with 36.0%, including the crude oil. It is followed by
natural gas with 21.3%, solid fossil fuels with 13.8%, renewables and biofuels with 14.6% and nuclear
with 12.9%. As for the same year, the share of fossil fuels in gross available energy in the EU was
72.5%. When the types of fuel used to generate electricity in the EU are examined; it is seen that fossil
fuels have a 44% share in total. This is followed by renewable energy with a rate of 30% and nuclear
energy of 26%. The rate of 30% for renewable energy includes the followings: hydroelectric power
plants with 12%, wind power plants with 9%, bioenergy with 6%, solar power plants with 3%. As of
2018, the installed renewable energy capacity in the EU has reached 282.7 GW, excluding hydroelectric
power capacity. The wind power is leading, reaching the largest share of renewable energy capacity of
the EU member states with 157.3 GW with a share of 55.6%. The total installed solar PV capacity
reached 101.6 GW by the end of 2018 in the EU, corresponding to 35.9%. Bioenergy and waste have
10.8 GW and 9.6 GW of installed capacity, each corresponding to 3.8% and 3.4% share in the installed
renewable power in the EU. Tide, wave and ocean and geothermal have miniscule amounts of power
capacities. The EU’s leading position in terms of the penetration of renewables within the total power
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capacity is expected to continue as the share of renewables in the EU power market is predicted to reach
50% by 2040.

The total installed power capacity of Turkey reached 88569 MW by the end of 2018. It has been
presented that the installed capacity showed a geometric increase, doubling in every ten-year period
between 1976 and 2018. The installed capacity of Turkey rose by a factor of 2.2 times from 40564 MW
to 88569 MW between the years 2006 and 2018. The fossil fuel power plants, namely natural gas, coal,
biofuel and fuel oil, represent more than 50% of the installed capacity in Turkey as of 2018. The share
of fossil fuel power plants decreased gradually in recent years, from 56.6% in 2016 to 52.9% in 2018.
The largest share belongs to natural gas power plants within the fossil fuel power plants with 26568
MW, corresponding to 56.7% within this category. Fossil fuel based power plants are followed by the
hydroelectric power plants, which represent almost one third of the installed power in Turkey. In 2018,
electricity demand grew approximately 3% in Turkey in comparison to the previous year and reached
304200 GWh. It was noted that the electricity consumption per capita of 29 IEA member countries on
average was 9900 kWh in 2016 while that of Turkey was about 3500 kWh. It is evident that Turkey’s
electricity consumption per capita is too low when compared to the IEA average. It may be deduced that
the electricity consumption per capita will increase relatively rapidly in Turkey in the years to come.
Regarding the renewable energy excluding hydro, wind energy leads, the cumulative wind capacity
reaching 7005 MW as of 2018 in Turkey. This is 8% of the total installed power of Turkey and only
14% of Turkey’s technical wind power potential of 49 GW. The installed wind energy capacity grew
almost 20 fold between the years 2008 and 2018, corresponding to an average annual growth of 37%.
The wind electricity generation was 19882 GWh in 2018, corresponding to 6.5% of the total electricity
generation of the country. As of 2018, the installed PV capacity reached 5065 MW. The electricity
generated through solar plants reached 7477 GWh in 2018.

Turkey’s high rate of economic growth leads to equally high rate of increase in the primary energy
production and consumption [6]. This also equally translates into increase in Turkey’s power generation
capacity, mainly electricity. However, Turkey has only limited indigenous fossil fuel reserves, meaning
that the amount of fossil fuel import has to increase to be able to satisfy the deficit of energy. As a result
of this imbalance between the fossil fuel production and consumption, Turkey should turn to alternative
energy sources, mainly to renewable energy sources, solar and wind energies being the main candidates.
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