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ABSTRACT

As a fast-developing economy, Turkey’s energy needs have also been growing rapidly for several decades. Its indigenous resources have been 
evaluated as insufficient to meet this rapidly increasing demand for energy, especially power. Therefore, it imports around half of its energy needs for 
power. Recently, it has newly started tapping into renewable sources, especially wind and solar. Considering these developments and official aims, 
this paper attempts to answer the question of which role this renewable developments can play in providing electricity supply security, which is a 
critical part of energy security. Whereas it seems clear that Renewables will certainly grow, whether this growth makes a significant difference from a 
reliability perspective is questionable. In other words, due to the problem of the intermittency, the requirement to provide backup power from thermal 
capacity seems obvious under today’s technological conditions. Therefore, the official policy needs urgently to consider and encourage investments 
in technological solutions (especially energy storage).
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1. INTRODUCTION

It is indisputable today that energy is a key issue and a vital resource 
for socio-economic development of all societies. Energy security 
is therefore a key priority for all countries. Its eminence has been 
visible in the economic and political agendas of national policies 
as well as international relations. As a concept, energy security is 
a complex and debatable issue with multiple dimensions.

The International Energy Agency (IEA) defined energy security as 
“the uninterrupted availability of energy sources at an affordable 
price” (IEA, 2016a). In their recent and rigorous literature review 
on the conceptualization of energy security, Biresselioğlu et al. 
(2017) point out that it currently includes the utilization of a variety 
of different sources (diversification), freedom from depending on a 
certain geographic region, self-sufficiency in energy, and ensuring 
the protection from external shocks. The European Commission 
(2000) defined energy security as the “uninterrupted physical 
availability of energy products on the market, at a price which is 
affordable for all consumers.” In another brief definition, Cherp 

and Jewell (2014) proposed energy security as “low vulnerability 
of vital energy systems.” Definitions may vary, but one of the key 
components of energy security is diversification (Yergin, 2006); 
the other is independence, which is basically understood as self-
sufficiency (Yergin, 2011).

One crucial element in this context is supply security of electricity 
on which we will present a literature survey in the first section with 
an emphasis on intermittency problem. As a backbone of modern 
economies, electrical energy is produced and delivered practically in 
real time, and there is no convenient method to readily store it. This 
makes it necessary to maintain a continuous and almost instantaneous 
balance between production and consumption of electricity in power 
systems (Prada, 1999). It is therefore critical that adequate power 
capacity needs to be provided in a reliable way. What becomes 
interesting at this point is the problem of intermittency, which is 
currently a salient feature of Renewable Energy Resources (RES).

It is clear on the one hand, that RES rapidly increases (due 
to cost reductions and decarbonization policies) its share in 
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the global energy mix (about 10%). By the end of 2015, 173 
countries had set renewable energy targets (REN21, 2016), by 
implementing different incentive mechanisms. Feed-in Tariffs 
(FITs), for example, are in place in 75 countries (REN21, 2015). 
The EU has adopted a target of 27% share of RES in total energy 
consumption by 2030. Twelve out of 28 EU member states had 
already surpassed their 2020 targets by 2014 (Eurostat, 2016). It 
is also well established that through providing generation capacity 
with local resources, RES is expected to make a contribution to 
energy security (Ölz et al., 2007; IRENA, 2015a; IRENA, 2015b; 
Gözen, 2014; Paltsev, 2016; Larson, 2007; Sholten and Bosman, 
2016; Ataseven and Baloğlu, 2015).

On the other hand, it is widely recognized that integrating growing 
RES portion to grid is a real challenge challenge (Caldwell, 2013; 
Robinson, 2013; Vital, 2016; Verzijbergh et al., 2017). While 
small penetrations of RES can be smoothly integrated, especially 
at levels of 20-30%, managing RES becomes challenging (Allen 
et al., 2013). It is therefore necessary to examine the issue as it 
affects the reliability (and security) of power supply.

As growing RES investments in Turkey certainly increase 
diversification and power generation capacity, the challenge of 
overcoming the intermittency (variability and unpredictability 
of RES) needs to be analyzed. Thus the following section sets 
out to present an overview of the literature review on electricity 
supply security and intermittency problem. In the third section of 
this paper, after outlining Turkish power generation profile, we 
will analyse official policy (including RES) targets and identify 
the need of backup power and finally point out some policy 
recommendations to deal with intermittency problem for a reliable 
power supply, present a detailed illustrative analysis of current 
and forecasted (target) power generation mix of Turkey with its 
larger and specific implications (arising from the intermittency 
problem) on power reliability.

2. ELECTRICITY SUPPLY SECURITY

2.1. Concept and Practice
Security of energy supply can be examined in two dimensions: 
External and internal. External dimensions are comprised of 
geopolitics (access to primary sources), safety and adequacy 
of infrastructures and resilience to changes in climate policy. 
Internal dimensions include adequacy of power generation 
capacity, regulation and operational reliability (OECD/Nuclear 
Energy Agency, 2010). Thus, one key component within the 
energy security concept is Electricity Supply Security; which is 
basically adequacy and reliability of power generation. According 
to Eurelectric (2006), security of electricity supply is the ability 
of the electrical power system to provide electricity to end-users 
with a specified level of continuity and quality in a sustainable 
manner, per existing standards and contracts at the points of 
delivery (Eurelectric, 2006). The concept of security of electric 
power supply can be subdivided depending on the time frame as 
follows (KU Leuven Energy Institute, 2013):
• Short-term: Operational security (also referred to as 

“operational reliability”) is the ability of the system to 
withstand sudden disturbances.

• Long-term: Adequacy is the ability of the system to supply the 
aggregate electrical demand of customers at all times, taking 
into account scheduled and reasonably expected unscheduled 
outages. Long-term adequacy should include generation 
adequacy as well as network adequacy.

In other studies, the concepts of electricity supply security 
and power system reliability have been used interchangeably 
(Heard et al., 2017; Cepin, 2011; Seymour and Horsley, 2005). 
The assessment of reliability considers diversity and volume of 
resources available to support power system adequacy (IEA, 2013; 
IEA, 2016b; Kocaslan, 2014). Reliable power supply therefore 
depends on providing sufficient and adequate capacity to the 
consumer. Besides, “for reliability of supply, not only do possible 
supply disruptions have to be bridged, but varying demand also 
has to be met” (OECD/IEA, 2004). For the system to be reliable, 
constant (i.e., available at all times) and/or fully dispatchable 
generation (able to be called-up or withdrawn at any time in 
response to demand changes) is deemed essential.

2.2. RES and the Problem of Intermittency
As the fast forward move towards RES is increasingly a global 
trend, there are assertions (EXAS, 2013; AWEA, 2013) that RES 
are able to meet all or nearly all of the power needs of future 
electricity systems. To analyze this issue, we need to consider some 
basic facts. First of all, it has been well established that a diverse 
mix of electricity is needed in order to ensure grid stability and 
reduce the overall risks of volatility. Secondly, integrating RES 
(especially wind and solar) into the power mix is not easy because 
RES, unlike baseload conventional, varies over time and as per 
weather conditions: Sources of electricity that exhibit uncontrolled 
increases and decreases in output are referred to as intermittent 
(The Parliamentary Office of Science and Technology, 2014). 
Baseload power is the minimum amount of power that is required 
to meet minimum demand based on reasonable expectations of 
customer requirements (Matek and Gawell, 2015).

Under current technological conditions, the intermittent nature of 
RES, makes it necessary to backup any new installation of RES 
with “reliable power.” This is dubbed as amounting to a “shadow” 
system of conventional generation to backup intermittent RES 
(Jenkins and Thernstrom, 2017). Fast growth of RES has increased 
paradoxically the need for more installed capacity of thermal 
power (Flora, 2012; The Economist, 2017; APS Panels on Public 
Affairs, 2011). One side-effect of this is the overcapacity and 
idleness (too much reserve) as outlined by Robinson (2013) for 
Spanish case; Flora (2012) for EU-wide examples; and Martin 
(2016) and Sturm (2016) for German example. RES could provide 
more than half of the power demand in Germany. However, the 
variability of RES forces coal plants to keep running or to be ready 
to backup anytime. This has even caused an increase in emissions. 
The technological impact of fast RES integration had obviously 
not been fully anticipated. Therefore, huge investment might be 
needed for future safe connection of RES (Verzijbergh et al., 
2016; Gerbert et al., 2014). Gillespie et al. (2015) point out that 
variation in wind and solar generation and electricity demand in 
the United Kingdom can lead to persistent power supply deficits 
lasting two to three weeks in a 100% renewable power system. 
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Examining Brazil (which is heavily dependent on hydro), Silva 
et al. (2016) clearly demonstrate the need of thermal backup for 
the system reliability.

It is clear from the foregoing that intermittency is currently a 
problem and in the absence of other to-be-developed technological 
solutions, provision of backup capacity is the essential part of any 
policy that gives renewables a large role (The Economist, 2015). 
The economics of the intermittency has also caught the attention 
of researchers. Studies have shown that dealing with intermittency 
problems increases the socio-economic cost of power supply 
(Ambec and Crampes, 2015; Gowrisonkaran, et al., 2016; Dailey, 
2017; The Economist, 2017; Ueckerdt et al., 2013; Nikolakakis 
and Fthenakis, 2011; Hadelsblatt, 2015 and Fischer at al., 2016).

3. TURKEY’S ENERGY PROFILE AND 
POWER GENERATION

As of the end of 2015, the total primary energy supply of Turkey 
was 129.7 Mtoe: Natural gas (30.2%), oil (30.1%), coal (27.3%), 
hydropower (4.4%), and renewables (7.7%) (Figure 1). Turkey’s 
energy mix is dominated by fossil fuels which represent 87.6% 
of total primary energy supply.

The dependence ratio is 75% of the total energy consumption. 
That is 99.2% of natural gas and 93.9% of crude oil consumption 
is met with imports (BP, 2016; EMRA, 2016). Turkey paid about 
$38 billion in 2015 for energy imports, constituting about 18% of 
total imports (Turkish Statistical Institute, 2016).

On the other hand, Turkey has significant potential in terms of 
renewable energy. It is ranked 14th in the world with its geothermal 
energy capacity, 29th with its solar energy capacity and 16th with its 
wind energy capacity. For the wind, for example, the potential is 
estimated to be around 48 GW with a technically feasible capacity 
of 20-24 GW (Peker, 2015).

3.1. RES Developments and Targets in Turkey
In Turkey, the Law on the Utilization of RES first came into force 
in 2005 (Law No. 5346). Initially, “investment in RES remained 
limited between 2005 and 2010 due to the lack of secondary 
legislation and relatively low FITs levels” (MENR, 2014). Later 

in 2010, with an amendment, a revised incentive mechanism with 
higher FITs rates was introduced, to the effect that it increased 
RES investments significantly.

In terms of installed capacity, Turkey has reached more than 73 
GW (34 GW of it RES). In 2015, out of the 259 TWh of generated 
electricity, 67% is produced from fossil fuels, mainly natural gas 
(37%) and coal (28%). RES, with an upward trend since 2005, 
contributed about 32% (around 75% of that being hydro).

The Electricity Energy Market and Security of Supply Strategy 
Paper (2009) and Renewable Energy Action Plan “REAC” set 
targets for 2023 (DPT, 2009; Turkish Ministry of Energy and 
Natural Resources, 2015): Half of electricity generation capacity 
will come from RES (61 GW): 34 GW for hydro, 20 GW for wind, 
5 GW for solar (PV and CSP) and 1 GW each for biomass and 
geothermal. Considering current installed wind capacity of around 
5 GW and solar capacity of around 660 MW, this will require a 
four-fold increase in wind capacity and almost eight-fold increase 
in solar capacity by 2023.

In the context of climate change and the Paris Agreement 
Negotiations (COP 21), Turkey also has introduced its 2030 
targets in the intended nationally determined contribution (Turkish 
Ministry of Environment and Urbanization, 2015): Solar 10 GW, 
Wind 16 GW and all hydro potential. There seems to be some 
contradiction between earlier announced targets in REAC and 
more recent INDC. To avoid any inconsistency, we will take 
REAC targets as the official targets for the basis of our analysis.

It is well established above that as a domestic natural resource, RES 
can make contribution to energy security. BNEF (2014) and Hill 
(2014) even proclaimed that RES could supply Turkey with full energy 
independence, on the other hand, for provision of reliable power supply, 
as outlined in the proceeding section, the question of overcoming 
intermittency needs to be addressed. Now, we turn to our analysis of 
current power generation pattern in Turkey to understand the problem 
of intermittency and its implications in the Turkish context.

3.2. Analysis of the Current Power Generation Status
To understand the current power structure and generation behavior, 
one needs to look at the relation of installed generation capacity 
of RES to its realized generation profile. In 2016, 33% of the total 
electricity was generated from RES, while the share of RES in total 
installed capacity was 43% (Table 1). This is related to the fact that 
most RES is not “baseload or available power.” As illustrated in 
Table 2, based on realized operating hours, the capacity factor of 
RES is (on average) around half that of thermal power in Turkey. 
Wind power for example is calculated as 30%.

In other words, not all MWs are equal. That is, on average (under 
today’s conditions) to replace or substitute 1 MW of conventional 
thermal capacity, around 1.8 MW RES is necessary in terms of 
generation potential. Additionally, there is the issue of fluctuation 
of RES. Figure 2 illustrates this situation on a monthly basis.

RES contributed highest as a share in the mix (by 51%, when 
the load was relatively low) in a single hour of only a single day, 

Figure 1: Turkey’s total primary energy supply (2015)

Source: Data aggregated from the IEA, Energy Policies of IEA 
Countries: Turkey (2016) (IEA, 2016c)
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06.07.2016 (Figure 3). It is observed (Figure 4) that, over time, 
RES (on an hourly basis) has swung from 3,706 MW to 20,845 
MW (averaging around 10,200 MW), depending on the total 
power demand, which is swinging between 22 T MW and 44 T 
MW (averaging around 30 T MW).

It is understood from the above analysis that although 
in total on an annual basis, RES has a contribution share 
of 33% in generated power, momentarily however, this 

power has not been reliable. In other words, the share of 
contribution has ranged (even in very short time periods) 
from 9% to 51%.

As established in the preceding section, with a sizeable RES 
installed system and for reliable power supply, the system needs 
additional backup capacity to make up for the times when power 
is lacking due to fluctuating generation from RES. In our analysis 
for 2016, as shown in Figure 5, that need was realized as 17 T MW 

Table 1: Capacity and generation projection for RES (2016-2023)
Sources Capacity projection 

GW
Generation projection 

GWh
2016 2023 REAC scenario Increase % 2016 2023 REAC scenario Increase %

Hydro - Dam 19.40 24.82 28 48,896 67,014 37
Hydro - run of river 7.10 9.18 29 18,183 24,786 36
Wind 5.40 20.00 270 15,377 50,000 225
Solar (incl. unlicensed capacity) 0.86 5.00 479 1,145 8,000 599
Geothermal 0.80 1.20 50 4,214 5,914 40
Biomass 0.46 0.80 74 2,030 3,730 84
Total of RES 34.02 61.00 79 89,845 159,444 77
Total of conventionals 44.64 64.00 43 179,928 264556 47
Total of All Capacity 78.66 125.00 59 269,773 424,000 57
Share of RES 43% 49% 6 33% 38% 4
Source: The table is prepared based on data sources in the National Renewable Energy Action Plan – “REAC” (Ministry of Energy and Natural Sources, 2014) and EPİAŞ (2017). 
RES: Renewable Energy Resources

Table 2: Installed capacity, generation and capacity usage factor
Sources 2016 Capacity usage factor (%) Annual average operating hours

Installed Capacity (MW) Generated Amount (GWh)
Hydro 26,508 67,274 26.3 2,303
Wind 5,374 15,360 30.0 2,631
Solar 888 1,413 15.8 1,381
Geothermal 814 4,474 63.6 5,568
Biomass 464 2,179 54.6 4,785
Total RES 34,048 90,700 27.8 2,433
Total thermal 44,616 182,688 50.0 4,381
General total 78,664 273,388 40.6 3,556
Source: Table is prepared based on data derived from EPİAŞ (2017) and National Load Dispatch Center Information System (YTBS, 2017). RES: Renewable Energy Resources

Figure 2: Share of Renewable Energy Resources generation on monthly basis over the years 

Source: EPİAŞ (2017)
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of thermal capacity (total thermal capacity is around 44 T MW). 
For clarification purposes this thermal capacity was needed just 

for backup to RES, so that RES could generate over the year 33% 
of the total demand.

Figure 3: Maximum contribution of RES generation to power demand (as share %) on an hourly basis for 2016

Source: EPİAŞ (2017)
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Figure 4: Generation profile of (only) Renewable Energy Resources in 2016

Source: The figure is prepared based on data collected from EPİAŞ (2017)
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3.3. Vision 2023: Analysis of the Future Power 
Generation
For the sake of analysis, to be able to calculate the contribution 
of RES to the power generation mix in 2023, we make two basic 
and reasonable assumptions: First, the officially set investment 
targets in REAC will have been met (both in installed capacity 
and generation terms). Second, availability and capacity usage 
patterns of all resources will be the same as the current year (2016).

Under these assumptions, as shown in Table 2, RES installed 
capacity (on average) increases by 79% (from 2016 to 2023) while 
the actual generation increases by 77% (as compared to thermal 
increases of respectively by 43% and 47%). The total peak demand 
will increase to 56.5 MW. It can be derived that 41,650 MW of 
that amount can be met by RES in its peak generation (Table 3). 
However, the fully reliable and stable power supply from RES 
will only be 7400 MW which is only about 1/6 of peak RES and 
1/8 of total power peak and a mere 1/9 of installed future RES 
capacity of 61 GW (Figure 6).

In order for a reliable and secure power supply, the system will 
need to cover the fluctuation range (between 7,400 MW and 
41,650 MW). Thus, 34,250 MW thermal backup capacity is 
needed to be ready and stand-by. This is obviously twice the 
current need of 17,100 MW. In a way, out of the increase of total 
thermal capacity by 20 GW (Table 2, i.e. from the 2016 level of 
44,640 MW to 64,000 MW), 17 GW is necessary to back up RES 
for system reliability.

To recap from the tables and figures referred above, by 2023 RES 
installed capacity increases more than the increase in thermal/
conventional sources and as generated amount the increase is 
nearly twice as compared to 2016 (from 89,845 GWh to 159,444 
GWh), but increasing its share in total from 33% to 38%. On the 
other hand, due to reasons of intermittency, the contribution RES 
make to system reliability or security of power supply do not 

tangibly increase. An increase of only about 3% at the reliably-
always available power and an increase of 22% at its peak load 
is achieved. In other words, by 2023, although considerably 
increasing their share in installed capacity (reaching nearly half 
of total) and annual generation of 38%, RES contribution to 
system reliability remains limited, requiring twice as much as 
today’s need of thermal backup capacity. Thus, for a sound RES 
development, by the year 2023 Turkey will need thermal power 
plant investments as well.

4. CONCLUSION

Turkey’s energy policies are based on security of supply, 
diversification and utilization of indigenous resources. Therefore, 
in line with global trends and government support, investments in 
RES have started to accelerate. Nevertheless, despite increases, 
especially in wind and solar, there is still a long way to go to meet 
ambitious 2023 capacity targets.

In this study, the future role of RES in Electricity Supply Security is 
analyzed. The results show that although RES enhances adequacy 
of capacity and increases the energy supply diversity, it will have 

Figure 6: Expected demand and peak RES generation in 2023

Source: The figure is prepared based on National Renewable Energy Action Plan – “REAC,” MENR (2014)

Table 3: RES peak generation in 2023
Renewable 
sources

Expected ınstalled 
capacity in 2023 as per 

REAC (GW)

Expected peak 
generation in 2023 
REAC target (GW)

Hydro 34,0 19,9
Wind 20,0 17,3
Geothermal 1,2 0,9
Biomass 0,8 0,5
Solar 5,0 3,0
Total 61,0 41,6
Source: The table is prepared based on data derived from EPİAŞ (2017) and National 
Load Dispatch Center Information System (YTBS, 2017). RES: Renewable Energy 
Resources
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a limited contribution to reliable power supply due to its inherent 
deficiency related to intermittency. Thus, target RES developments 
will necessitate additional backup thermal power capacity. In 
addition, intermittency is a major hurdle to faster development 
of RES, not only in Turkey, but also globally.

It is understood that to increase the contribution of RES to a reliable 
power supply, the thermal backup capacity must be sufficiently 
present until the intermittency problem can be addressed 
(i.e., solutions as energy storage or smart grids). In the absence 
of such smart technological solutions, Turkey will need to build 
baseload thermal power plants (in the short and mid-term at least) 
to support the increasing fleet of RES in the system. This could 
then lead to overcapacity in the market as in many EU countries. 
Anticipating such results, the policy-makers should design policies 
and enable investments in energy storage that provides electricity 
supply security without causing undesired overcapacity in the 
market. In other words, thus, the focus should be on developing 
technological solutions (which does not necessitate additional 
thermal backup) to the intermittency problem to be able to fully 
utilize RES potential and, consequently, to reach expected results 
for climate policies.
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