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ExECUTiVE SUMMARy
This study is the first part of a series of reports titled Risk Management in Electricity Mar-

kets. in this first report, we explain the ideal operating and risk management policies for a Nat-
ural Gas Combined Cycle Power Plants (NGCCPP) in Turkey considering an integrated approach 
to procurement of natural gas and sales of electricity. We build an economic model assuming 
that the operators of these power plants are risk averse. Based on this model, employing statis-
tical analysis and simulation, we suggest an optimal operating policy for the power plants. 

keywords: Natural Gas Combined Cycle Power Plant (NGCCPP), Day Ahead Market (DAM) 
Prices, Quantity Risk, Price Risk, Speculation, Hedging, Risk Management

BOTAŞ: Petroleum Pipeline Company

BPM: Balancing Power Market

DAM: Day-ahead Market

EPDK: Energy Market Regulatory Au-
thority

EÜAŞ: Electricity Generation Company

GW: Gigawatt

gWh: Gigawatt hour

KW: Kilowatt

kWh: Kilowatt hour

MW: Megawatt

mWh: Megawatt hour

NGCCPP: Natural Gas Combined Cycle 
Power Plant

TEİAŞ: Turkish Electricity Transmission 
Company

TETAŞ: Turkish Electricity Trading and 
Contracting Co.
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generation companies. The electricity generated by EÜAŞ and BO, BOT, and TOOR power plants 
are directly bought by Turkish Electricity Trading and Contracting Co. (TETAŞ) at pre-deter-
mined fixed tariffs. This being the case, TETAŞ is the biggest procurer of electricity in Turkey. 
Pursuant to legislation in effect, an overwhelming quantity of electricity generated by TETAŞ (al-
most 98% of the total sum) is bought by distribution companies and sold to non-free consumers 
by these distributors at fixed tariffs. The remaining 2% is sold directly to free consumers and the 
balancing power market (BPM). Private generation companies, the third resource of the electric-
ity trade in Turkey, sell their products to many buyers at differentiated prices, which means that 
they have multiple trade strategies.

GENERATION

EÜAŞ
Electricty Generation

Company

BO-BOT-TOOR

Free Generation
Companies

NATURAL GAS COMBINED CIRCLE
POWER PLANTS

LIGNITE POWER PLANTS

HYDROELECTRIC POWER PLANTS

RENEWABLE ENERGY
POWER PLANTS

Figure 2: Electricity Map of Natural Gas Combined Cycle Power Plants (NGCCPPs) 
operated by Private Producers.

in this series of reports, the business model and the risk management in all three phases of 
electricity generation, i.e. production, procurement and consumption, as seen in Figure 1, will be 
analyzed separately in a row. in this first part of the series, the natural gas combined cycle power 
plants which are categorized under the banner of free production companies are taken up. 

The forthcoming parts will embrace the lignite power plants, the hydroelectric power 
plants and the renewable energy power plants respectively as shown in Figure 2.

1. PhySiCAL ELECTRiCiTy TRADE iN TURKEy 
in contradistinction to many other commodities, electricity cannot be stored economically, 

thus requiring simultaneous production and consumption. This sui generis feature of electricity 
is one of the fundamental characteristics of the electricity trade. The electricity trade in Turkey 
comprises the phases of production, procurement, and consumption. Privatizations in recent 
years and regulatory practices have liberalized the phases of production and procurement to 
a considerable extent and fostered competition. Today, the electricity is the subject of multiple 
commercial transactions before it gets through to end-users. So, an electricity trade map came 
into being which consists various trade channels with varying risks (see Figure 1). Accurate anal-
ysis and true understanding of this map’s topography is essential for the determination of busi-
ness models for all actors of the electricity trade as well as the management of risks. Each and 
every phase, from production all the way to consumption, has typical risks.  

Procurament ConsumptionGeneration

EÜAŞ
ELECTRICITY

GENERATION COMPANY

TETAŞ
FREE

CONSUMER

NON-FREE
CONSUMER

DAM BPM

PROCURER TISTRIBUTORS
BO-BOT-TOOR

FREE
PRODUCERS

Figure 1: Physical electricity trade in Turkey

in terms of the electricity trade in Turkey, there exist three main resources. These are; i) 
Electricity Generation Company (EÜAŞ), ii) power plants operating on the basis of Build-Oper-
ate (BO), Build-Operate-Transfer (BOT), or Transfer of Operating Rights (TOOR), and iii) private 
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installed capacity in general as well as in electricity generation which vary from 38% to 50% in 2004-
2015. Please see below a projection by TEİAŞ (Chart 1 and Table 1) foreseeing the share of natural 
gas in electricity generation until the year 20234. 

Natural	Gas	in	Electricity	Generation
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37,5

50

1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

Tablo 2

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Series1 5,699727189 6,743116402 18,30025171 17,71197192 20,89599309 16,05832913 14,61630176 17,64765966 19,2226976 18,10419346 21,38127323 22,37214246 31,21435933 36,99668593 40,37400693 40,56955178 45,19529666 41,30247249 45,34873669 45,76914351 49,60638553 49,73591106 49,32679031 46,46793682 45,35697783 43,6336078 43,8 47,9 37,874504063788 42,9998263 42,00003007 41,80009056 41,30005184 40,50007881 39,69993567 38,90012487 38,10002513

1

Chart 1: Natural gas in electricity generation: 1987-2015 (Realized) and 2016-2023 (Projected)
Source: TEİAŞ

4  Figures up to 2015 (included) are real figures. 

2. NATURAL GAS COMBiNED CyCLE POWER PLANTS 
iN TURKEy
Natural gas combined cycle power plants (NGCCPPs) are some sort of thermal power plants 

and their operating principles match up with those of other thermal power plants that consume fossil 
fuels. In a nutshell, the electricity is generated when the stream of water boiled with energy output of 
gas-firing turns the stream turbine. In other words, a NGCCPP converts thermal energy to electrical 
energy (Figure 3). The NGCCPPs practically attract investors as they require low capital costs and are 
installed in an easy and nimble manner, besides being suitable for flexible generation1.
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Source: http://www.mulleescience.com/electricity-generation-page 

As of end-2015, Turkey’s installed capacity of electricity generation is 73,148 MW and a total 
of 260 billion kWh of electricity was generated in 2015 from various resources. The NGCCPPs make 
up 29% of the total installed capacity, and 37.9% of the whole electrical energy was generated in 
NGCCPPs2. Also, half of the natural gas consumed in Turkey is fired to generate electricity3. Thus, 
we cannot but acknowledge the importance of NGCCPPs for Turkey given their shares in the total 

1  international Energy Agency, “Power Generation investment in Electricity Markets”, http://www.hks.harvard.
edu/hepg/Papers/Fraser.gen.invest.elec.mkts.1203.pdf, 13.

2  TMMOB Chamber of Electrical Engineers, “Turkey’s Electrical Energy Statistics”, http://www.emo.org.tr/genel/
bizden_detay.php?kod=88369#.Vtkwd2xaGmQ.

3  international Energy Agency,”Oil and Gas Security Emergency Response of iEA Countries Turkey”, http://www.
iea.org/publications/freepublications/publication/2013_Turkey_Country_Chapterfinal_with_last_page.pdf, 4.  
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2019 380.031 156.953 41,30005184

2020 406.056 164.453 40,50007881

2021 435.240 172.790 39,69993567

2022 465.271 180.991 38,90012487

2023 497.375 189.500 38,10002513

Table 1: Natural gas in electricity generation: 1987-2015 (Realized) and 2016-2023 (Projected)
Source: TEİAŞ

All these data and approaches make us conclude that natural gas combined cycle power 
plants are of vital importance for Turkey, notwithstanding a sharp decline in their share in elec-
tricity generation in the year 2015. These power plants are the principal sources of electrical 
energy for industries and households. Therefore, thorough analysis and proper management 
of risks in NGCCPPs will promote economic efficiency of electricity producers, thus benefiting, 
implicitly, the households in particular and Turkey’s economy in general which has ambitious 
plans for the years to come.

year
Electricity 
Generation

(GWh)

Electricity Generation from 
Natural Gas

(GWh)

Share of 
Natural Gas (%)

1987 44.353 2.528 5,699727189

1988 48.049 3.240 6,743116402

1989 52.043 9.524 18,30025171

1990 57.543 10.192 17,71197192

1991 60.246 12.589 20,89599309

1992 67.342 10.814 16,05832913

1993 73.808 10.788 14,61630176

1994 78.322 13.822 17,64765966

1995 86.247 16.579 19,22269760

1996 94.862 17.174 18,10419346

1997 103.296 22.086 21,38127323

1998 111.022 24.838 22,37214246

1999 116.440 36.346 31,21435933

2000 124.922 46.217 36,99668593

2001 122.725 49.549 40,37400693

2002 129.400 52.497 40,56955178

2003 140.581 63.536 45,19529666

2004 150.698 62.242 41,30247249

2005 161.956 73.445 45,34873669

2006 176.300 80.691 45,76914351

2007 191.558 95.025 49,60638553

2008 198.418 98.685 49,73591106

2009 194.813 96.095 49,32679031

2010 211.208 98.144 46,46793682

2011 229.398 104.048 45,35697783

2012 239.492 104.499 43,63360780

2013 240.200 105.116 43,8

2014 252.000 120.576 47,9

2015 259.610 98.326 37,8745

2016 310.878 133.677 42,99982630

2017 332.545 139.669 42,00003007

2018 355.571 148.629 41,80009056
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power plants aside, NGCCPPs shall normally operate only when the spark spread is positive. in a 
given time, the spark spread is calculated by using the equation below:

15 
 

Santral yatırımı planlanırken ön görülmesi gereken en temel faktörlerin baında “spark 

spread” gelir. Spark spread, birim elektrik satı fiyatı ile birim elektrik üretimi için kullanılan 

doal gaz maliyeti arasındaki farktır. Santrallerin dur-kalk maliyetleri ayrı tutulursa, doal 

olarak DGKÇS’lerin sadece spark spread’in pozitif olduu zaman dilimlerinde  çalıması 

beklenir. Herhangi bir zaman aralıında spark spread aaıdaki formül ile hesaplanır: 

  /ℎ =  ı /ℎ − ğ  ı /ℎ 
 öü  

Benzer ekilde “mutlak spark spread” ise santralin fiyat dinamikleri yüzünden çalıamadıı 

durumları da dikkate alarak brüt kâr hakkında daha anlamlı bir veri sunar:   

   /ℎ = | ı  
ℎ − ğ  ı  


 öü | 

 

Spark spread’i belirleyen elektrik ve doal gaz fiyatları zaman içinde deiim gösterebilir ve 

bu sebeple spark spread dalgalanmaları görülür. Spark spread çok dütüünde santrallerin 

tamamen devreden çıkması beklenir. Uzun vadede spark spread’in düzeyi yatırımların 

ekonomik olarak deerlemelerinde temel tekil eder. Uzun vadede spark spread’in dümesi, 

santraller için en önemli risklerden biridir. Spark spread’in çok dümesi santrali ekonomik 

olmaktan çıkarabilir. 

 

Grafik 2, Türkiye’de 2010–2015 arasında aylık ortalama mutlak spark spread deerinin 

deiimini göstermektedir. Elektrik fiyatları için gün öncesi piyasası (GÖP) fiyatları, doal 

gaz için ise BOTA fiyatları baz alınmıtır. 

Similarly, the “absolute spark spread” offers more meaningful data on gross profits as it 
reckons with circumstances in which the power plant does not operate on the grounds of price 
dynamics:
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The prices of electricity and natural gas, i.e. the components of the spark spread, may vary 
in time and the spark spread may fluctuate for this very reason. Power plants are expected to 
halt operation when the spark spread is very low. in the long haul, the level of the spark spread 
serves as a basis for the economic valuation of an investment. Declining of the spark spread in 
the long run is one of the most considerable risks for power plants. Very low figures of the spark 
spread may, in the end, render the power plant uneconomic. 

Chart 2 shows changes in average monthly absolute spark spread in 2010-2015 in Turkey. 
Day-ahead market (DAM) prices and BOTAŞ prices are taken for electricity and natural gas, re-
spectively.
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Tablo 2

Enflasyon 
Düzenlemesi 
Yapılmış Ortalama 
Aylık Mutlak 
"Spark 
Spread" (Verimlilik 
Faktörü =%50) 

Ocak 2010 3,90033595698924

Şubat 2010 3,18456751190475

Mart 2010 2,25216891397849

Nisan 2010 3,56050693888889

Mayıs 2010 3,57960525537634

Haziran 2010 3,00686014166666

Temmuz 2010 6,10711988440859

Ağustos 2010 8,24028787365589

Eylül 2010 5,62312301388889

Ekim 2010 4,46129111290322

Kasım 2010 2,14883706666666

Aralık 2010 3,64329427956989

Ocak 2011 4,26240572535621

Şubat 2011 2,93667819957317

Mart 2011 2,22300435169905

Nisan 2011 1,31778383884111

Mayıs 2011 1,83915606731017

Haziran 2011 1,97953712086916

Temmuz 2011 6,21693694417266

Ağustos 2011 5,38500270155815

Eylül 2011 5,66938514159247

Ekim 2011 3,49069069836491

Kasım 2011 4,75664092600973

Aralık 2011 4,45744506831776

Ocak 2012 4,15635195620763

Şubat 2012 8,06045374749403

Mart 2012 1,89417383741378

Nisan 2012 0,855107368874948

Mayıs 2012 2,03100524138998

Haziran 2012 2,66977914313602

Temmuz 2012 4,33523080299437

Ağustos 2012 3,70062076559506

Eylül 2012 3,3983601970155

Ekim 2012 2,39429767464763

Kasım 2012 2,08452152117457

Aralık 2012 2,42311419395313

Ocak 2013 2,3896697840603

Şubat 2013 0,967662187784485

Mart 2013 0,992427710969953

Nisan 2013 1,36554871801731

Mayıs 2013 1,27295608341201

Haziran 2013 1,83000639041965

Temmuz 2013 2,19761630889898

Ağustos 2013 2,33224199051601

Eylül 2013 2,19479423238731

Ekim 2013 1,56839010948397

Kasım 2013 1,79810795671124

Aralık 2013 4,65393383420619

Ocak 2014 2,3887605052141

Şubat 2014 2,91191641412421

Mart 2014 0,772020780009642

Nisan 2014 2,01456370616147

Mayıs 2014 1,83646373010895

Haziran 2014 1,67422337085916

Temmuz 2014 3,18005880694225

Ağustos 2014 3,29907712750886

Eylül 2014 2,45940488345091

Ekim 2014 1,3242906080775

Kasım 2014 2,82362773220659

Aralık 2014 2,46450423817116

Ocak 2015 2,55611934771685

Şubat 2015 0,673352858789853

Mart 2015 0,330721518352746

Nisan 2015 0,151181448586661

Mayıs 2015 0,267415536429197

Haziran 2015 0,120476016374336

Temmuz 2015 0,78461406700526

Ağustos 2015 1,60513247838536

Eylül 2015 2,00865536896094

Ekim 2015 0,761831937495016

Kasım 2015 0,512289346190652

Aralık 2015 2,14473413232652

1

Chart 2: Average monthly absolute spark spread in 2010-2015 in Turkey

3. RiSKS AND OPPORTUNiTiES iN NATURAL GAS 
COMBiNED CyCLE POWER PLANTS AND RiSK 
MANAGEMENT
The notion of “risk management in electricity markets” took its place in energy literature 

both in Turkey and in the world with the liberalization of electricity markets in particular and 
energy in a broader sense. in public sector-based integrated monopolies prior to the liberaliza-
tion, any rise in the prices of inputs could be directly reflected in the output prices of electricity, 
which enabled managing of revenues. Today’s post-liberalization markets, however, are prone 
to numerous risks including the risk of non-reflection of input prices in the output prices of elec-
tricity. The establishment of the electricity market and opening it up to private sector introduced 
the concept of “competition” into the electricity sector. Competition in the electricity sector en-
tailed in-depth analysis and sound management of risks as well as necessitating application of 
risk management methods in an electricity market. As power plant investments are costly and 
long-term enterprises, an efficient risk management is essential.

Strategic Risks Operational Risks

Risks of long-term prices and foreign exchange rates
Bureaucratic and regulatory risks Quantity Risk in Procurements from BOTAŞ

Supply security risk in natural gas Risks of Procurement from BOTAŞ and Electricity Price Risk

Table 2: Risks for NGCCPPs

As seen in Table 2, the risks in NGCCPPs fall into two main categories, i.e. strategic and oper-
ational risks. Whereas the strategic risks basically refer to long-term risks which affect decisions 
on the embarkation upon an investment, the capacity, and the type of power plant; the operational 
risks involve possible risks which may be faced during the short- and mid-term operation of an es-
tablished power plant. A clear distinction cannot be drawn between these two types of risks since 
a given risk may be strategic and operational at the same time. For example, the price risk is both 
a long-term strategic risk for it affects any decision to invest, and a short-term operational risk.

3.1. Strategic Risks
Among the strategic risks are the risks of long-term prices and foreign exchange rates, 

bureaucratic and regulatory risks, and the supply security risk in natural gas. 

3.1.1 Long-term Gas Procurement Risk, Electricity Price Risk, and the Risk of Foreign Ex-
change Rates

The “spark spread” takes the lead among other factors to be taken into account while plan-
ning a power plant investment. The spark spread is the difference between the unit price of elec-
tricity produced and the cost of natural gas needed to produce that electricity. Start-stop costs of 



18 www.tenva.org 19

R i s k  M a n a g e M e n t  i n  e l e c t R i c i t y  M a R k e t s  •  Pa R t  1  •  n at u R a l  g a s  c o M b i n e d  c y c l e  P o w e R  P l a n t s

Kapasite Faktörü
2012 %55
2013 %50
2014 %51
2015 %42
2016 %42

Capacity	Factor

%40

%45

%50

%55

%60

2012 2013 2014 2015 2016

Capacity	Factor

1

Chart 4: Average capacity factors of NGCCPPs in 2012-2016 in Turkey

A steep decline in the spark spread may render the power plant unviable in the long run. 
Thus, the long-term price risk needs to be managed. As a first method, power plants with high 
rates of operational flexibility and efficiency should be preferred. The power plants that have 
lower stop-start costs are more flexible. They can easily step in during peak hours and step out 
in rather uneconomic hours. On the other hand, high efficiency can be achieved by operating 
in new-model natural gas power plants. Though low-efficient power plants have relatively low 
costs, they are more vulnerable to changes in the spark spread. For instance, since the opera-
tional hours of a power plant with an efficiency rate of 40% would be much less in number, the 
risk of not meeting its costs will be higher in case of a decline in the spark spread. Conversely, al-
though high-efficient and high-end power plants require higher construction costs, they are less 
affected by changes in the spark spread and remain economically viable in the long term. From 
this point of view, privatized low-tech power plants are more prone to the risk of spark spread. 
in short, low-efficiency power plants are risky in the sense that they tend to be unproductive. 

Another recommended method in order to manage long-term price risk is staged invest-
ment. An investment at hand may be realized in stages in line with changes in prices. To illus-
trate, a power plant with a capacity of 600 MW can be installed in three equal stages, each with 
a capacity of 200 MW. By doing so, in case of a decline in the spark spread, the risk is mitigated 
just by holding off the next stage. Likewise, when the spark spread goes up, the investor can take 
advantage of the rising prices by simply launching new units. 

As a common investment practice, estimated prices of electricity and natural gas are taken be-
fore planning a power plant investment. The estimated prices and the real prices may not add up due to 
variables such as changes in foreign exchange rates, thus posing a major risk5. If the investor takes out 
a loan in foreign currency to construct the power plant, then they run the risk of foreign exchange rates 
in that phase, as well. Although the management of these kinds of risks relies largely on subtle running 

5  The fact that the biggest procurer of natural gas in Turkey is a public body, i.e. BOTAŞ, may be an advantage for 
NGCCPPs. BOTAŞ is supposed, to some extent, not to reflect some of the costs it comes up against to the markets 
to avoid endangering the system as a whole.  

As clearly seen in Chart 2, the average monthly absolute spark spread in 2014 was around 
4 kuruş/kWh (1 Turkish Lira = 100 kuruş) whereas it fell below 1 kuruş/kWh in 2015. Judging 
by the regression curve, the spark spread has declined by an average of 4.75% every month in 
the past 6 years. Taking into consideration the stop-start costs of the power plants, it is safe to 
say that, in 2015, gross profits of NGCCPPs were less than 1 kuruş/kWh. This analysis goes for a 
power plant operating on a 50% efficiency factor. The spark spread rates for power plants with 
a 60% efficiency factor are naturally higher. The opposite is the case, however, for power plants 
with, say, a 40% efficiency factor (Chart 3).

Average	Monthly	Spark	Spread	Edited	by	In7lation	Rates	(Ef7iciency	Factor=	40,50,	60	%)		

ku
ru

ş/
kw

h

0

2,5

5

7,5

10

Ja
nu

ar
y	
	2
01

0

Ap
ri
l	2

01
0

Ju
ly
	2
01

0

Oc
to

be
r	2

01
0

Ja
nu

ar
y	
	2
01

1

Ap
ri
l	2

01
1

Ju
ly
	2
01

1

Oc
to

be
r	2

01
1

Ja
nu

ar
y	
20

12

Ap
ri
l	2

01
2

Ju
ly
	2
01

2

Oc
to

be
r	2

01
2

Ja
nu

ar
y	
20

13

Ap
ri
l	2

01
3

Ju
ly
	2
01

3

Oc
to

be
r	2

01
3

Ja
nu

ar
y	
20

14

Ap
ri
l	2

01
4

Ju
ly
	2
01

4

Oc
to

be
r	2

01
4

Ja
nu

ar
y	
20

15

Ap
ri
l	2

01
5

Ju
ly
	2
01

5

Oc
to

be
r	2

01
5

Average	Monthly	Spark	Spread	Edited	by	InFlation	Rates	(EfFiciency	Factor=	40,50,	60	%)	
Average	Monthly	Spark	Spread	Edited	by	InFlation	Rates	(EfFiciency	Factor=	40,50,	60	%)	
Average	Monthly	Spark	Spread	Edited	by	InFlation	Rates	(EfFiciency	Factor=	40,50,	60	%)	

Tablo 2

Ocak 2010 Şubat 2010 Mart 2010 Nisan 2010 Mayıs 2010 Haziran 2010 Temmuz 2010 Ağustos 2010 Eylül 2010 Ekim 2010 Kasım 2010 Aralık 2010 Ocak 2011 Şubat 2011 Mart 2011 Nisan 2011 Mayıs 2011 Haziran 2011 Temmuz 2011 Ağustos 2011 Eylül 2011 Ekim 2011 Kasım 2011 Aralık 2011 Ocak 2012 Şubat 2012 Mart 2012 Nisan 2012 Mayıs 2012 Haziran 2012 Temmuz 2012 Ağustos 2012 Eylül 2012 Ekim 2012 Kasım 2012 Aralık 2012 Ocak 2013 Şubat 2013 Mart 2013 Nisan 2013 Mayıs 2013 Haziran 2013 Temmuz 2013 Ağustos 2013 Eylül 2013 Ekim 2013 Kasım 2013 Aralık 2013 Ocak 2014 Şubat 2014 Mart 2014 Nisan 2014 Mayıs 2014 Haziran 2014 Temmuz 2014 Ağustos 2014 Eylül 2014 Ekim 2014 Kasım 2014 Aralık 2014 Ocak 2015 Şubat 2015 Mart 2015 Nisan 2015 Mayıs 2015 Haziran 2015 Temmuz 2015 Ağustos 2015 Eylül 2015 Ekim 2015 Kasım 2015 Aralık 2015

Enflasyon 
Düzenlemesi 
Yapılmış Ortalama 
Aylık Mutlak 
"Spark 
Spread" (Verimlilik 
Faktörü =%40) 

2,31225367943548 1,8509028125 1,00395678427419 2,1326360625 2,13705370295698 1,48267747569444 4,08213590053765 6,11479915658603 3,74304768402778 2,7347764751344 0,902595642361115 2,07585069892473 2,68002152119628 1,52420482226389 0,913994649211191 0,472041584930337 0,813409828803964 0,789711407876867 4,37326665230703 3,62118392743271 3,87562933831294 1,57778446068624 2,7020875458981 2,36195956667983 2,33172596440245 5,97832373112839 0,705427558088086 0,07032607958574320,0795474280461103 0,793325546752617 2,03739932400942 1,5467967416557 1,4635368581246 0,565125678209907 0,411191792986279 0,625058406565667 0,700515347196178 0,0868281751759555 0,1116443324074 0,252205467026731 0,260076150803358 0,461024895309837 0,598675492988867 0,824693472607753 0,665375685190693 0,375017470134484 0,363559159897274 2,26766778438213 0,781110065025299 1,13856231125725 0,08887908700822210,455478132321015 0,512984286069945 0,500667763694799 1,38272956297574 1,41522364444649 0,869653143972254 0,20367058223358 1,00852929882946 0,727069587405198 0,939631009860588 0,03223771922149620,01608783502912140,00305726943852160,031552420627085 0 0,215494966818212 0,532504054393002 0,70412936520071 0,09107801533136930,01437343932975590,729706367967411

Enflasyon 
Düzenlemesi 
Yapılmış Ortalama 
Aylık Mutlak 
"Spark 
Spread" (Verimlilik 
Faktörü =%50) 

3,90033595698924 3,18456751190476 2,25216891397849 3,56050693888888 3,57960525537634 3,00686014166666 6,10711988440859 8,24028787365589 5,62312301388889 4,46129111290323 2,14883706666666 3,64329427956989 4,26240572535621 2,93667819957316 2,22300435169905 1,31778383884111 1,83915606731017 1,97953712086916 6,21693694417266 5,38500270155815 5,66938514159247 3,49069069836491 4,75664092600973 4,45744506831776 4,15635195620763 8,06045374749403 1,89417383741378 0,855107368874948 2,03100524138998 2,66977914313602 4,33523080299437 3,70062076559506 3,3983601970155 2,39429767464763 2,08452152117457 2,42311419395313 2,3896697840603 0,967662187784485 0,992427710969953 1,36554871801731 1,27295608341201 1,83000639041965 2,19761630889898 2,33224199051601 2,19479423238732 1,56839010948397 1,79810795671124 4,65393383420619 2,3887605052141 2,91191641412421 0,772020780009642 2,01456370616147 1,83646373010895 1,67422337085916 3,18005880694225 3,29907712750886 2,45940488345091 1,3242906080775 2,82362773220659 2,46450423817116 2,55611934771685 0,673352858789853 0,330721518352746 0,151181448586661 0,267415536429197 0,120476016374336 0,78461406700526 1,60513247838536 2,00865536896094 0,761831937495016 0,512289346190652 2,14473413232652

Enflasyon 
Düzenlemesi 
Yapılmış Ortalama 
Aylık Mutlak 
"Spark 
Spread" (Verimlilik 
Faktörü =%60) 

5,03135007392474 4,18234881696429 3,23954487231182 4,61165004861113 4,70543487231184 4,15377594444445 7,51565089381723 9,68149108870968 6,94189316666668 5,71007627016132 3,14352229166665 4,82795995967744 5,44289471954909 4,02076893229002 3,25093477562467 2,1590648734973 2,78586999907514 2,97949166289422 7,51615075424586 6,63501894741461 6,93103258135915 4,93442833650539 6,19753845799168 5,95845197270531 5,51928043421058 9,49544171787124 3,24659896889933 1,6872434717731 3,61406962207152 4,10374687899027 5,94735688629769 5,27167924981971 4,85084225899184 3,90850709016091 3,54815235286351 3,97928000121886 3,83457793730936 2,29228813101114 2,20794639385704 2,81197851220949 2,50195150296946 3,22317449042995 3,72914485248049 3,70866928615993 3,65744083004759 2,84466707595215 3,21081263016945 6,35831880202464 3,78307031111963 4,37001776289829 2,0130114466964 3,53741983925097 3,15237159935784 2,95250046940479 4,66917736252284 4,79459209077476 3,8481215835642 2,59089190148922 4,29458023026326 3,81941033802103 3,88109129674143 1,72697776864043 1,0151040852285 0,458156910320794 0,674866383680185 0,651542293232626 1,6600392987231 2,72557448132481 3,15960783238119 1,60220557343054 1,47871302014087 3,36034987415655

1

Chart 3: Average monthly absolute spark spread in 2010-2015 in Turkey according to varying efficiency rates

The changes of recent years in the spark spread stem from the fact that the real rise in 
electricity prices are below the rise in natural gas prices. The average absolute spark spread has 
declined by almost 75% in the last 6 years, which considerably diminished the economic values 
of the power plants. in the event that the spark spread carries on with these levels, one can ex-
pect shelving of new natural gas power plant investments. The rates of spark spread in the long 
haul are unpredictable, although the current trend is downward. 

We face a similar backslide in the capacity factors of power plants (Chart 4). The average 
capacity factor was around 55% in 2012 and below 42% in January 2016. This demonstrates 
that the dwindling of the spark spread not only reduced the economic profitability of the power 
plants but also caused a decrease in operational hours. Putting Build-Operate power plants with 
high capacity factors aside, the decline in capacity factors of the private sector proves much 
more dramatic. 
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Chart 5: Proportion of Sales independent of Prices in DAM to total matches in the years 2012-2016

Chart 5 shows the proportion of sales independent of prices in the day-ahead market to 
total matches in the years 2012-2016. The said proportion was below 50% in 2012 but exceed-
ed 75% in 2016. To paraphrase, the depth of the day-ahead market is petering out while the 
volatility of prices is booming. So, non-functioning of BO/BOT power plants has the potential of 
affecting prices to a great extent.  

3.2.3. Renewable Energy and the Need for Balancing: One of the most important features of 
next-generation NGCCPPs is the fact that they have the flexibility of stopping and starting in a swift 
manner. By virtue of this characteristic, it’s almost certain that they can play a significant role in the 
balancing power market. The more the renewable energy investments are, the bigger the need for 
NGCCPPs and for balancing the electricity market will be. Chart 6 below shows the proportion of 
Load and Unload instructions of the NGCCPPs to their total generation in 2012-2016. 
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Chart 6: Proportion of Load-Unload instructions of the NGCCPPs to their total generation in 2012-2016

of the macro-economy, the investors can manage this risk by either obtaining loans in Turkish liras or 
by hedging. In the mid-term, the risk of foreign exchange rates can be managed by concluding forward 
contracts and futures contracts. However, proper precaution needs to be observed while managing the 
exchange rate risk by forward contracts or futures contracts. Incorrect positioning in foreign exchange 
markets may lead up to inadvertent speculations instead of managing the risks involved. 

3.1.2. Bureaucratic and Regulatory Risks: Broadly speaking, the bureaucratic risks involve 
the pace of bureaucracy and long-term uncertainties about subsidies and regulations. Delays 
in investments on the grounds of red-tape increase the risk of non-conformity with realities 
on the field and yield undesirable results. Equivocal subsidies and regulations and frequent 
amendments in relevant legislation cause similar problems. Bureaucratic risks can be mitigated 
through efficient use of communication channels between public and private sectors. 

Among the bureaucratic and regulatory risks affecting NGCCPPs are support mechanisms 
and policies for renewable energy and distributed generation, and possible changes in liabili-
ties regarding imbalance costs. in addition, nuclear energy investments and subsidies for lignite 
power plants put downward pressure on the price of electricity, which, in the final analysis, re-
duces the capacity factors of NGCCPPs and the spark spread. 

3.1.3. Supply Security Risk in Natural Gas: Contrary to other risks, the supply security 
risk comes to the fore as it closely concerns the public sector and the households along with the 
private sector. A scarcity of natural gas negatively affects the electricity generation as well as 
the households that consume gas for heating. it is safe to say that a possible shortage of natural 
gas would have implications also for politics. This very fact necessitates the diversification of 
suppliers and the enhancement of storage capabilities. The companies do not have leverage in 
managing this risk but they can contribute to building awareness about it. 

3.2. Long-term Opportunities
3.2.1. Expectation of Economic Growth: Despite the fact that the spark spread rates fell to 

a quarter of previous levels in the past 6 years, one cannot say, for the time being, that the pace 
of the de-valuation of power plants keep up with the decline in the spark spread. Therefore, the 
investors tend to appraise the NGCCPPs on the basis of current spark spread rates and foresee 
that the spark spread would go up in the future. A trend of decrease is likely in the case that the 
level of economic growth approaches 5%. On the other hand, a global or regional economic crisis 
might thwart the expectations and drag the prices down in the mid-term.

3.2.2. Termination of Build-Operate (BO) Agreements: The agreements of certain Build-Op-
erate power plants with a total capacity of 5700 MW will terminate in 2018 and 2019. When 
they pull out of the market or place bids on free market conditions, we can observe a strong 
upward trend in electricity prices. Considering the volatile nature of day-ahead markets, the 
bids placed by these power plants on the basis of marginal costs will inevitably have a dramatic 
impact on the prices. 
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4. BUSiNESS MODELS OF NATURAL GAS COMBiNED 
CyCLE POWER PLANTS
The gist of the business model in a natural gas combined circle power plant is the firing 

of natural gas procured from natural gas markets in order to generate electricity, and selling the 
electricity generated in the electricity market (Figure 4). in other words, the power plant con-
verts a commodity to another. The technology used in the power plant determines the efficiency 
and flexibility in the whole process. On the other hand, even if the power plant has high rates 
of efficiency and flexibility, the procurement and sales contracts are the determinants of both 
operations and cash flows. in today’s fluctuating energy markets, the prices of natural gas and 
electricity undergo daily fluctuations and sudden changes. For instance, dramatic rises in the 
price of natural gas or abrupt declines in electricity prices may wipe the already low profit mar-
gins out and cause financial losses for the power plants. Bearing this in mind, the contracts need 
to be cut in a way that the cost and price risks of the power plants are minimized in the phases 
of both gas procurement and electricity sales. 

GAS 
PROCUREMENT

MARKET

NATURAL GAS

CASH CASH

GAS PROCUREMENT AGREEMENTS ELECTRICITY SALES AGREEMENTS

ELECTRICITY
MARKETSNATURAL GAS

COMBINED CIRCLE
POWER PLANT

ELECTRICTY

Figure 4: Business Model in a NGCCPP

in both natural gas and electricity markets, it is a common practice for the administrators 
to take educated guesses about future prices. To give an example, power plant operators, as a 
standard practice, sell electricity to spot markets or fix the prices in the forward contracts to the 
spot market prices on the presumption that the prices would soar. in a similar vein, the same 
operators tend to sell electricity at fixed prices assuming that the spot prices would go down.

in general, the business models of companies in commodity markets serve mainly two 
purposes, i.e. speculation or hedging. The crucial point is the necessity of analyzing the gas 
procurement agreements in parallel with the electricity sales agreements. To put it differ-
ently, we should assess the impacts of a given sales agreement on cash flows and the procure-
ment agreements together in order to come to a conclusion about whether that sales agreement 
aims at speculation or hedging. The below chapter analyzes the business models in NGCCPPs in 
terms of speculation and hedging. 

As seen in Chart 6, the NGCCPPs have been playing an increasingly prominent role in the 
balancing power market in recent years. Their role will inevitably be more substantial with the 
rise in the capacity of renewable energy power plants that conduct pulse operation. Moreover, 
as a direct result of increases in the number of solar energy investments and distributed gen-
eration facilities, the peak hours in a given day will be more notable which reaffirms the need 
for “peaker” power plants. hence, the capacity factors of natural gas power plants will be on the 
downgrade and the installed capacity of NGCCPPs will be on the rise due to the need for balanc-
ing. 

Today, the renewable energy facilities backed up by Renewable Energy Resources Support 
Mechanism (yEKDEM) are not under any obligation to balance. however, a new legislation is 
likely to be on the table in the future with a view to delegating this obligation on the shoulders of 
the investors on the grounds of increasing renewable energy capacity and booming costs of bal-
ancing. in that case, the investors will understandably choose to operate their renewable energy 
facilities by integrating them with natural gas power plants in order to reduce balancing costs. 
This may revive the demand for NGCCPPs.

3.3. Operational Risks
The quantity risk for natural gas procurement along with the gas procurement risk and the 

electricity price risk are the fundamental operational risks. These risks are taken up in the following 
sub-chapters in details and the applied methods of companies to mitigate the operational risks are 
dwelled upon herein. The management of the price risk, the keystone of operational risks, will be 
easier with the enhancement of electricity financial markets. Given the nascent nature of today’s elec-
tricity financial markets, however, the price risks are managed in large part by forward contracts. The 
power plants consider the “physical enlargement” of the facilities as another risk management method 
as far as the operational risks are concerned6. By doing so, they aim at taking advantage of the scale 
economy and attaining an advantageous position in the market by increasing their market power. A 
third method is vertical mergers targeting to act in sub-sectors of the electricity market. These kinds 
of mergers involve either operating in the fields of both generation and retail trade; or holding a place 
both in the generation process and in the natural gas market. The two out of the three methods stated 
above, i.e. the physical enlargement and the mergers, are generally under the watchful eye of regula-
tory authorities such as Turkey’s EPDK with a view to avoiding abuse of market power. 

The following chapters elaborate the business models of NGCCPPs, gas procurement and 
electricity sales, thus adverting to the management of operational risks yet again. Capacity shar-
ing is recommended to the power plants on the basis of the outcome of simulations made, and 
general conclusions are drawn in the final chapter. 

6  The physical enlargement of power plants is considered as a risk management method for understandable rea-
sons but excessive expansion would bring about downsides. 
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market which causes a risk. For this reason, this business model is also an example of specula-
tion. The company speculates that either the input prices or the output prices would increase.

business Model #3: The company buys the input under a forward contract  
and sells its output under another forward contract.

The inputs are
bought under a

forward contract at
fixed prices

COMMODITY
MANUFACTURER

The outputs are
sold under a forward 
contact at fixed prices

Figure 7: Business Model #3

This model sets an example of hedging. The company fixes its costs and revenues, leaving 
no room for speculation. The profits of the company go unaffected by the costs of its input and 
the prices of its output. The company is run on the basis of a fixed net profit margin, the differ-
ence between the sales price and the input cost. 

business Model #4: The company buys the input in a spot market 
and sells its output in a spot market.

The inputs are bought 
from a spot market 

at variable prices

COMMODITY
MANUFACTURER

The outputs are
sold in a spot market 

at variable prices

Figure 8: Business Model #4

This forth model is also an example of hedging. The fluctuations caused by changes in in-
put markets are reflected in output prices through market mechanisms. More specifically, there 
exists a correlation between natural gas and electricity prices. The higher the correlation be-
tween the input costs and the output prices is, the starker the “hedging” characteristic of this 
model will be. in such a model, when the gas prices go up, the electricity prices rise accordingly 
and the costs are balanced to some degree. The “pass-through agreements” signed by BO, BOT, 
and TOOR are a specific type of this model in which the correlation is 1. 

5. BUSiNESS MODELS iN COMMODiTy MARKETS: 
SPECULATiON, hEDGiNG, AND ARBiTRAGE
For a thorough analysis of business models adopted by companies running power plants, 

it is essential to fathom how the spot contracts and forward contracts are applied in the procure-
ment chains and in which circumstances speculation or hedging is aimed. The assessment of the 
procurement agreements in conjunction with the sales agreements leads us to the fact that there 
are four business models in commodity markets and five alternatives, including arbitrage. See 
below possible business models in a NGCCPP.

Business Model #1: The company buys the input in a spot market  
and sells the output under a forward contract.

The inputs are
bought from a
spot market at
variable prices

COMMODITY
MANUFACTURER

The outputs are
sold under a forward
contrat at fixed prices

Figure 5: Business Model #1

in this model, the company sells its output in a forward market and eliminates the risk of 
fluctuations in its income. The input costs are variable and risky since the input is procured from 
the spot markets. An increase in the costs of input ends up in a financial loss. This is an instance 
of speculation. The company speculates that either the input prices or the output prices would 
decrease. 

business Model #2: The company buys the input in a forward market  
and sells its output at the spot market price.

The inputs are
bought from a
spot market at

fixed prices

COMMODITY
MANUFACTURER

The outputs are
sold in  a spot market 

at variable prices

Figure 6: Business Model #2

This business model is the opposite of the previous model (Business Model #1). in such a 
scenario, the input costs are fixed but the revenues fluctuate depending on the prices in the spot 
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Figure 10: Business Models in a NGCCPPC and Arbitrage

arbitrage: The company buys the input at extremely low prices
and sells its output at excessively high prices

The inputs are bought 
at extremely low prices

COMMODITY
MANUFACTURER

The outputs are
sold at excessively 

high prices

Figure 9: Arbitrage

The company makes use of the price anomalies in input and output markets to conduct 
arbitrage. in other words, the company makes risk-free profits by taking advantage of price ir-
regularities in input and output markets. As far as the arbitrage in the NGCCPPs in Turkey is 
concerned, it is not possible to procure the inputs at lowest prices but the outputs can be sold at 
excessively high prices. The fact that the prices in DAM might reach very high levels from time 
to time makes high profit margins possible. Nevertheless, the conditions on the field fall short 
of enabling arbitrage. in efficient markets, the opportunities for conducting arbitrage are not 
supposed to last for a long while. The feasibility of arbitrage is a feature of nascent markets. 
Therefore, it will decrease and come to a halt with the maturation of the electricity market in 
Turkey. For this very reason, arbitrage is taken up hereby as a possible scenario rather than a 
business model.

in conclusion, the third and the forth business models aiming at hedging are likely to be 
preferred by a risk-averse NGCCPP operator, instead of the first and second speculative business 
models (Figure 10). in order to jump to a clear-cut conclusion as to which one of these business 
model stands as ideal for NGCCPPs, however, an in-depth comprehension of the natural gas pro-
curement process and the electricity sales markets is fundamental. Bearing this in mind, the gas 
procurement market in Turkey and contracts therein as well as the electricity sales market and 
contracts cut therein are analyzed below.
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2014 Yılı Doğal Gaz İthalatında Şirketlerin Payları

Ege Gaz 0,18
BOTAŞ 79,77
Shell 0,5
Bosphorus 5,58
Avrasya 0,96
Akfel 4,38
Batı Hattı 1,92
Kibar 1,9
Enerco 4,8

4,8
1,9

1,92
4,38

0,96

5,58

0,5

79,77

0,18

Ege	  Gaz BOTAŞ Shell
Bosphorus Avrasya Akfel
Batı	  Hattı Kibar Enerco

Chart 8: Shares of companies in natural gas importation-2014 (%)
Source: EPDK

2014 Yılı İthalatçı Şirketler ve Üretim Şirketlerinin Doğal Gaz Arzındaki Payları

BOTAŞ 79
Diğer İthalat Şirketleri 20,03
Üretim Gerçekleştiren Toptan Satış Şirketleri 0,96

Üretim	  Gerçekleştiren	  Toptan	  Satış	  Şirketleri	  
0,96

Diğer	  İthalat	  Şirketleri	  
20,03

BOTAŞ	  
79

BOTAŞ
Diğer	  İthalat	  Şirketleri
Üretim	  Gerçekleştiren	  Toptan	  Satış	  Şirketleri

Chart 9: Shares of producer and importer companies in gas supplies - 2014 (%)
Source: EPDK

6. PROCURiNG GAS TO NATURAL GAS COMBiNED 
CyCLE POWER PLANTS
Prior to 2001, the Petroleum Pipeline Company (BOTAŞ), a public body at that time, had the 

monopoly in the gas procurement market. With the introduction of Natural Gas Market Law (Law no: 
4646) on 2 May 2001, this situation has changed to a certain degree. The said Law notwithstanding, 
BOTAŞ continues to provide almost 80% of the gas supplied. The remaining 20% are supplied by 
private companies. In the years to come, BOTAŞ’s share is projected to decline and the share of pri-
vate companies is foreseen to rise in the context of the liberalization of the energy market in Turkey. 
However, Turkey falls short of the targets stipulated in the road map of 2001 in terms of privatization 
of the natural gas sector. To give an example, the road map foresaw that the BOTAŞ’s share would 
go down to 20% by 20097. Taking this into account, it will be a reasonable strategy for the NGCCPP 
operators to do their mid-term planning on the assumption that BOTAŞ is very likely to perpetuate its 
monopoly in the market.

To have a general sense on the structure of natural gas sector, please see below the charts that 
show production, importation, and supplies of natural gas in Turkey in the year 20148. 

2014 Yılı Doğal Gaz Üretimi Yapan Toptan Satış Lisansı Sahibi Şirketlerin Üretim Payları

Amily Oil 4,14
Thrace Basin 35,73
Marsa Turkey 0,12
Foinavan Energy 1,64
TPAO 48,91
Petrogas 0,53
Tiway Turkey Petrol Arama Üretim A.Ş 3,61
Tiway Turkey LTD. Ankara Türkiye Şubesi 3,27
Transatlantic Exploration 2,06

2,063,27
3,61

0,53

48,91

1,64
0,12

35,73

4,14

Amily	  Oil
Thrace	  Basin
Marsa	  Turkey
Foinavan	  Energy
TPAO
Petrogas
Tiway	  Turkey	  Petrol	  Arama	  Üretim	  A.Ş
Tiway	  Turkey	  LTD.	  Ankara	  Türkiye	  Şubesi
Transatlantic	  Exploration

Chart 7: Shares in production of producer companies which have whole-sale licenses - 2014 (%)
Source: EPDK

7  Turkish Competition Authority,”Sectorial Research on Natural Gas”, http://www.rekabet.gov.tr/File/?path=-
ROOT/Documents/Sekt%c3%b6r+Raporu/sektorrapor8.pdf, 22.

8  As clearly seen in Charts 7, 8, and 9, Turkey is 99% dependent on outsources in natural gas.  The Chart on impor-
tation and the Chart on supplies are almost identical, which is a reflection of this dependence. 
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Gas price (kuruş/sm3)

 JANUARy FEBRUARy MARCh APRiL MAy JUNE

2010 47,1348 47,1348 47,1348 47,1348 47,1348 47,1348

2011 47,1348 47,1348 47,1348 47,1348 47,1348 47,1348

2012 54,205 54,205 54,205 65,046 65,046 65,046

2013 71,7783 71,7783 71,7783 71,7783 71,7783 71,7783

2014 71,7783 71,7783 71,7783 71,7783 71,7783 71,7783

2015 78,2383 78,2383 78,2383 78,2383 78,2383 78,2383

 JULy AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

2010 47,1348 47,1348 47,1348 47,1348 47,1348 47,1348

2011 47,1348 47,1348 47,1348 54,205 54,205 54,205

2012 65,046 65,046 65,046 71,7783 71,7783 71,7783

2013 71,7783 71,7783 71,7783 71,7783 71,7783 71,7783

2014 71,7783 71,7783 71,7783 78,2383 78,2383  78,2383

2015 78,2383 78,2383 78,2383 78,2383 78,2383 78,2383

Table 4: BOTAŞ gas prices
Source: http://www.botas.gov.tr/icerik/tur/dogalgaz/boruhatti/dg_tarife.asp.

6.2. Procurement from Private companies: The power plant operators can conclude 
agreements with private companies as they do with BOTAŞ. Foreign currency-indexed prices or 
BOTAŞ prices might be agreed upon in these agreements. it is a known fact that private compa-
nies can buy natural gas at lower prices than BOTAŞ does and get into the markets by this virtue. 
BOTAŞ comes in for criticism for selling the very same gas carried through the same pipeline at 
higher prices than those of the private companies. 

6.1. Procurement from BOTAŞ: The procurement from BOTAŞ is conducted through 
yearly contracts. in these contracts, the companies involved state the total amount they intend 
to buy throughout the year along with the breakdown of this total amount in trimesters, months 
and days. They also make a commitment to buying at BOTAŞ’s prices. Since the BOTAŞ prices 
may fluctuate in a year, the power plants face a significant risk of costs. Below are the BOTAŞ’s 
international gas procurement agreements and its prices. 

agreements
amount (Plato)

(billion m3/year)
(9000kcal/m3)

sign in state end of time

Algeria (LNG) 4.4 1988 in Effect October 2024
Nigeria (LNG) 1.3 1995 in Effect October 2021
iran 9.6 1996 in Effect July 2026
Russia 16 1997 in Effect End-2025
Russia 4 1998 in Effect End-2021
Turkmenistan 15.6 1999 - -
Azerbaijan 6.6 2001 in Effect April 2021
Azerbaijan 6 2011 2017/2018 2032/2033
Azerbaijan 0.15 2011 in Effect 2046

Table 3: BOTAŞ’s Gas Procurement Agreements
Source: http://www.botas.gov.tr/index.asp. 
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Gaz Fiyatı (Krş/
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Chart 10: BOTAŞ’s Gas Prices
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7.2.2. DAM-fixed Price: The parties may as well fix the price at DAM prices. in that case, 
the changes in DAM affect the companies’ revenues directly. The average monthly DAM prices of 
recent years are shown below. 
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Chart 11: DAM prices

DAM Prices (kuruş/kWh)

 JANUARy FEBRUARy MARCh APRiL MAy JUNE

2010 11,978 10,943 9,689 10,94 11,435 10,805

2011 13,003 11,375 10,241 8,556 9,275 9,532

2012 14,823 19,581 12,198 11,255 14,113 14,417

2013 15,541 13,515 12,772 14,447 13,788 14,741

2014 16,323 17,157 13,944 16,061 15,518 15,235

2015 17,288 14,01 12,44 10,17 10,85 12,47

 JULy AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

2010 14,755 16,955 14,016 12,839 9,629 11,696

2011 15,547 14,548 14,916 13,787 15,084 14,977

2012 14,417 16,057 15,393 15,177 14,514 15,271

2013 15,729 15,173 15,64 14,369 15,055 19,209

2014 17,598 17,767 16,382 15,57 18,089 19,631 

2015 13,28 15,47 16,07 13,76 13,37 16,36

Table 5: DAM prices
Source: EPİAŞ

7. ELECTRiCiTy SALES MARKET OF NATURAL GAS 
COMBiNED CyCLE POWER PLANTS
Figure 11 below shows the channels through which the power plants can sell electricity. 

Briefly, a power plant can sell electricity in DAM or directly to consumers, or to procurers under 
forward agreements. What makes sense, however, is the substance of a sales agreement.

NATURAL GAS COMBINED CYCLE POWER PLANT

SEELING TO PROCURER SEELING TO 
FREE CONSUMERS SEELING IN DAM OR BPM

Figure 11: Target options of a NGCCPP

7.1. selling in daM: in this option, the electricity is sold in a spot market. When the DAM 
prices fluctuate, so do the revenues of the company. 

7.2. selling to free consumers: This alternative involves signing of forward agreements with 
free consumers. The term of agreement, the price and the quantity are determined in line with the 
needs of consumers. Permissible upward and downward changes in quantities may also be incorpo-
rated in the agreements. As for the price, one of the following three options might be chosen. 

Options of a NGCCPP to Sell to Free Consumers or Procurers

SEELING AT FIXED PRICES SEELING AT PRICES 
INDEXED TO TETAŞ PRICE

SEELING AT PRICES 
INDEXED TO DAM PRICE

Figure 12: Price alternatives of a NGCCPP

7.2.1. Selling at Fixed Prices: The parties agree on a fixed price to be valid during the term 
of agreement. The price in spot markets, any available prices agreed on in other electricity-relat-
ed agreements, and the expectation of the parties are reckoned with in order to determine such 
a fixed price. The demand profile of a consumer is also a determining factor for the price. This 
sales strategy enables the companies to fix their revenues. 
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7.3. selling to Procurers: The principles stated in sub-chapter 7.2 (selling to free con-
sumers) apply in this option as well. This channel offers the opportunity for producers to sell 
wholesale to procurers and avert material and time costs stemming from establishing direct 
relations with the consumers. The profit margin is narrower since a broker is also in the game. 

Chart 13 compares BOTAŞ’s gas prices, electricity prices in DAM, and the electricity prices 
in TETAŞ markets between January 2010 and December 2015. 
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Chart 13: A comparison between electricity and gas prices

Contrary to popular belief, Chart 13 proves that natural gas prices and DAM prices may not 
go side by side at least in the short- and mid-term. For example, although the natural gas prices 
between January 2010 and September 2011 were stable, the DAM prices changed up to 50% in 
months. The same is true, albeit to a lesser extent, for natural gas prices and TETAŞ prices. 

7.2.3. Prices Indexed to TETAŞ: The parties may fix the price at TETAŞ prices. In such a case, 
the fluctuations in TETAŞ prices have implications for the revenues of the companies. See below the 
TETAŞ prices in the past 4 years.9
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TETAŞ Fiyatı (Krş/
KW)

2010 OCAK 15,28

2010 ŞUBAT 15,28

2010 MART 15,28

2010 NİSAN 15,28

2010 MAYIS 15,28

2010 HAZİRAN 15,28

2010 TEMMUZ 15,63

2010 AĞUSTOS 15,63

2010 EYLÜL 15,63

2010 EKİM 12,45

2010 KASIM 12,45

2010 ARALIK 12,45

2011 OCAK 12,45

2011 ŞUBAT 12,45

2011 MART 12,45

2011 NİSAN 12,4

2011 MAYIS 12,4

2011 HAZİRAN 12,4

2011 TEMMUZ 13,86

2011 AĞUSTOS 13,86

1

Chart 12: TETAŞ prices

TETAŞ Prices (kuruş/kWh)

 JANUARy FEBRUARy MARCh APRiL MAy JUNE

2010 15,28 15,28 15,28 15,28 15,28 15,28

2011 12,45 12,45 12,45 12,4 12,4 12,4

2012 16,71 16,71 16,71 18,91 18,91 18,91

2013 17,73 17,73 17,73 18,16 18,16 18,16

2014 18,1641 18,1641 18,1641 18,1741 18,1741 18,1741

2015 17,85 17,85 17,85 17,30 17,30 17,30

 JULy AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

2010 15,63 15,63 15,63 12,45 12,45 12,45

2011 13,86 13,86 13,86 16,55 16,55 16,55

2012 18,91 18,91 18,91 20,8 20,8 20,8

2013 18,16 18,16 18,16 18,1641 18,1641 18,1641

2014 18,1741 18,1741 18,1741 18,03 18,03 18,03

2015 17,30 17,30 17,30 17,30 17,30 17,30

Table 6: TETAŞ prices
Source: TETAŞ’s Activity Reports

9  The report takes the wholesale tariff of electrical energy applied to distributor companies and retailer compa-
nies. 
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Another issue regarding the quantity risk is the fact that BOTAŞ might not be able to make 
the agreed amount available to the other party or may alter the amount supplied. There exists 
such a risk particularly during biting winter days when the consumption boosts. in such a case, 
the NGCCPPs can honor their commitments to consumers by procuring electricity in DAM. Any-
way, it should be borne in mind that, in this situation, DAM prices are likely to increase as well. 
So, this issue needs to be addressed in the agreements signed with the customers. 

8.2. Risks of Procurement from BOTAŞ and Electricity Price Risk: The gas procure-
ment agreements provide BOTAŞ with the mandate to change the agreed price. To put it differ-
ently, as those agreements entail a price risk, fixing the costs of natural gas input is beyond the 
bounds of possibility. Given that the BOTAŞ prices are variable, the business models #2 and #3 
shown in Figure 10 are not applicable to NGCCPPs in Turkey since these models involve pro-
curement of input at fixed prices. in other words, variable gas prices make up the input costs of 
NGCCPPs in Turkey. For this reason, only the business models #1 and #4 can be applied in NGC-
CPPs in Turkey. The business model #1 envisages varying natural gas costs and fixed electricity 
sales prices. Thus, as elaborated above, this model is speculative in nature. The business model 
#4, on the other hand, involves varying natural gas costs and varying electricity sales prices. 
Therefore, contrary to the business model #1, this model may have a “hedging” characteristic 
aimed at averting risks. This is the very model we recommend to NGCCPPs in Turkey (Figure 14)
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(Not applicable due to 
risk averseness)

ARBITRAGE
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(Not applicable due to 
risk averseness)

BUSINESS MODEL 4
HEDGING

(Not applicable due to 
risk-averseness and market 

conditions in Turkey)
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HEDGING
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from BOTAŞ at fixed 
prices is impossible)
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Figure 14: ideal nature of the business model #4

8. MANAGEMENT OF OPERATiONAL RiSKS iN 
NATURAL GAS COMBiNED CyCLE POWER PLANTS
We presume that the natural gas is procured from BOTAŞ as it provides 80% of the to-

tal supplies. The NGCCPPs work out procurement agreements with BOTAŞ and electricity sales 
agreements with electricity users. Owing to BOTAŞ’s monopoly, the gas procurement agreements 
form the basis of the business models in NGCCPPs. hence, the gas procurement agreements take 
precedence over electricity sales agreements in terms of significance for business models in 
NGCCPPs. 

NGCCPPs run quantity risks and price risks in the process of procurement from BOTAŞ, 
and price risks in electricity sales (Figure 13). 

PRICE RISKQUANTITY RISK

RISK OF ELECTRICITY 
SALES

GAS PROCUREMENT RISK

Figure 13: Map or risks

8.1. Quantity Risk in Procurements from BOTAŞ: The agreements concluded with 
BOTAŞ envisage the amount of gas to be delivered in total and in specific periods. The procuring 
company needs to calculate the quantity of electricity that can be generated from the gas it buys 
from BOTAŞ and make its plans accordingly as to the total amount of its electricity sales and its 
breakdown to periods. The BOTAŞ agreements permits transfers between periods in case of gas 
supply surplus. The companies can benefit from this permission when selling in DAM or BPM 
seems unprofitable. Occasionally, exceptionally favorable prices in DAM might propel the com-
panies into buying more natural gas than envisaged in the agreement in order to take advantage 
of high prices. Even if the agreement stipulates a fine for over-use, the company might choose to 
grin and bear it and maximize its profits by procuring more gas than agreed to sell more elec-
tricity. 
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9. SiMULATiON
In this chapter of the report, a number of simulations are carried out for different scenarios in 

which the electricity sales prices are indexed to DAM or TETAŞ prices separately in order to figure 
out the profits and risks of a NGCCPP. 

When we take the transformed values of natural gas into electrical energy and assume that the 
efficiency rate of a NGCCPP is 60%, we find out that 6.2802 kWh of electricity are generated from 1 
m3 of natural gas10. This figure is peculiar to Turkey and may vary in other countries depending on the 
quality of natural gas and the efficiency rates of relevant power plants. We calculate the cost of natural 
gas per unit electricity generation by simply dividing the BOTAŞ gas prices by that number. On the 
assumption that 10% of the total variable costs in a NGCCPP are the costs other than natural gas and 
that the NGCCPPs undergo 10% loss of efficiency upon start-stops, the cost of natural gas per unit 
electricity generation is multiplied by 1.20 to find the total marginal cost of unit electricity generation. 
By this calculation, for instance, the average marginal cost of natural gas per unit electricity generation 
between 1 December 2011 and 31 December 2014 is 11.0363 kuruş and the average total marginal cost 
is 13.2436 kuruş11. In the following simulations, the total marginal costs which are specific to given 
periods are taken. Also, the installed capacity of a fictive NGCCPP is assumed as 400 MW (400,000 
KW). The monthly fixed costs are estimated as 1,500,000 TL12 (1$ = 2.35 TL)13. Additionally, we 
assume that the power plant spends 5,000,000 TL in a month for loan repayments and other expenses. 
The inputs of simulation models are summarized in Equation 1 and Table 7. 

Monthly profits of a NGCCPP that has the options of selling its electricity in DAM (or to free 
users at prices indexed to DAM prices) and at prices indexed to TETAŞ14 prices are simulated by 
using the following input for 3000 months15. The simulation aims at making a decision, by taking the 
risk and the profit into consideration, with regards to the sharing of the production capacity between 
sales indexed to DAM or TETAŞ prices. The hourly DAM and TETAŞ prices for the term 1 December 
2011-31 December 2014 are taken as data and a stable demand profile is projected. Varying demand 
profiles do not have a particular importance for the results. It should be noted that a significant varia-
ble in a sales portfolio is the discount offered to customers if the prices are indexed to TETAŞ prices. 
Because, the average of TETAŞ prices is higher than that of DAM prices16. In this context, separate 
sub-simulations are made for three different amounts of discount (k):

10  Statistics Conversion Factors for Units of Energy,

http://www.volker-quaschning.de/datserv/faktoren/index_e.php.  
11  The figures may vary according to efficiency rates and the technology used. 
12  EiA, “Updated Capital Cost Estimates for Utility Scale Electricity Generating Plants”, http://www.eia.gov/fore-

casts/capitalcost/pdf/updated_capcost.pdf, 5.
13  The rates of the time were as such.
14  As far as selling at prices indexed to TETAŞ prices is concerned, we assume that procumerment is conducted in 

DAM in the event that the DAM price is below the marginal costs of the power plant. 
15  The word “profit” in the sentence refers to the “free cash” which excludes loan repayments, and not to “profit” in 

the field of  accounting.
16  in Table 6, hourly TETAŞ prices are taken. As TETAŞ prices are determined on a 3-month basis, hourly prices in 

a given period are identical.

in business model #4, what is ideal is to index electricity sales prices to natural gas pro-
curement prices. This situation is dubbed “pass through” in the energy nomenclature and the 
model, as the wording speaks for itself, involves passing the gas price risk on to the customers. 
The model does not carry any price risks and the revenues of the power plant go unaffected by 
price fluctuations. The customers of NGCCPPs, however, may prefer indexing the electricity pric-
es to natural gas prices. in such a situation, the NGCCPPs are left with two significant options: 
(1) sales indexed to DAM, and (2) sales indexed to TETAŞ tariffs/prices. The correlation between 
the gas prices and DAM or TETAŞ prices is calculated herein to take a closer look at these two 
alternatives. For the months between January 2010 and December 2015, we calculate the corre-
lation between the natural gas prices and the TETAŞ prices as 0.79 and the correlation between 
the natural gas prices and the DAM prices as 0.46. Judging by these figures, indexing to TETAŞ 
prices rather than DAM prices would mitigate the price risks of the power plants to a consider-
able extent. however, it should be noted that the profit margins in these two markets may vary. 
in other words, the per-unit profits of sales at prices indexed to DAM might be either above or 
below the per-unit profits of sales at prices indexed to TETAŞ. This results in a natural trade-off 
between the risk and the revenues. in such circumstances, a given company endeavor to create 
a sales portfolio by optimizing its profits and risks at the same time. Each and every company 
can do its optimal sales planning depending on its willingness to take risks. in this context, the 
apportionment of the company’s production capacity between the sales indexed to DAM and the 
sales indexed to TETAŞ might be required to minimize the risks and maximize the profits. Below 
is a comprehensive simulation model developed to further analyze this premise.
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 Discount (k)=2,97 kuruş  

Share of sales indexed to DAM prices in 
total sales Expected profit (TL) Standard deviation of profit

(Risk) (TL)

0 1.444.319 230.820

0,1 1.450.299 218.236

0,2 1.452.237 199.783

0,3 1.457.280 192.801

0,4 1.459.488 197.826

0,5 1.459.293 210.537

0,6 1.452.947 229.822

0,7 1.467.253 253.962

0,8 1.462.974 269.919

0,9 1.472.677 310.015

1 1.462.351 342.879

Table 8: Outputs of Simulation #1
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Chart 14: A Profit-Risk Chart for Simulation #1

As seen in Table 8 and Chart 14, when the share of electricity sales indexed to DAM prices 
in the total amount of electricity sales goes up, the expected profit remains almost unchanged and 
the standard deviation of profit (often identified with the risk) fluctuates to a certain degree17. As the 
profits are nearly fixed, we can firmly conclude that the optimal sales portfolio for the company is the 
option which minimizes the standard deviation of profit, i.e. the risk. The said option puts the shares 
of sales indexed to DAM price and TETAŞ price in total sales as 30% and 70% respectively and is 
highlighted in Table 8.

The histogram below compares the distribution of profits between the optimum portfolio 

17  Fluctuations in profits stem from the samplings used in simulations.

(1) k=2,97 kuruş/kWh 

(2) k=2,7 kuruş/kWh 

(3) k=3,3 kuruş/kWh. 

With 2.97 kuruş off (option #1), the unit profit margins of sales indexed to DAM and TETAŞ 
are roughly equal. in option #2 (2,7 kuruş off), the unit profit margins of sales indexed to TETAŞ 
are higher whereas in option #3 (3.3 kuruş off) the unit profit margins of sales indexed to DAM 
rank higher. 

The agreements indexed to TETAŞ prices routinely make references to DAM prices and the 
discounts are determined according to these prices. Because, the agreed price in sales indexed to 
TETAŞ are not supposed to be much higher or lower than the DAM prices. 

Marginal Cost 
of Electricity 

Generation in a 
NGCCPP

= Gas Cost +
Other 

Variable 
Costs

+

Cost of 
Efficiency 
Loss Upon 
Start-Stop

Marginal Cost 
of Electricity 

Generation in a 
NGCCPP

= Gas Costs Per 
M3/6,2802 + Gas Costs

0,10 + Gas Costs 
0,10

Marginal Cost 
of Electricity 

Generation in a 
NGCCPP

= Gas Costs 1,20

Equation 1: Marginal cost per unit electricity generation in a NGCCPP

Monthly Fixed 
Costs

Monthly Loon 
Repayments

Monthly 
Total Cash 

Outflow

Installed 
Capacity

Discount From 
TETAŞ Prices

1.500.000 TL 5.000.000 TL 6.500.000 TL 400 MW
1) 2,97 Kuruş
2) 2,7 Kuruş
3) 3,3 Kuruş

Table 7: inputs for simulations

9.1. Case 1: A Simulation in which the Profit Margins of Sales indexed to TETAŞ and DAM 
Prices are Equal (k=2,97)
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Chart 15: A Profit-Risk Chart for Simulation #2

Contrary to expectations, the change in discount does not alter the point in which the risk 
is minimized. As in the first case, the risk (standard deviation of profit) is minimum when the 
percentages of sales indexed to DAM and TETAŞ prices are 30% and 70% respectively. The prof-
it, however, is maximized when all sales are made at prices indexed to TETAŞ prices. As seen in 
Table 9, the company can boost its profits by taking more risk than the point in which the risk 
is minimum. in this case study, the best course of action for the company is indexing 0% to 30% 
of its total sales capacity to DAM price. The exact figure can be determined depending on the 
company’s inclination to behave in a risk-averse or a risk-lover manner. The standard deviation 
of profit, i.e. the risk, keeps declining when the share of sales indexed to DAM price approaches 
30%. 

9.3. Case 3: A Simulation in which Selling at Prices indexed to DAM is More Profitable 
(k=3,3)

outlined above and the portfolio which stipulates the selling of the whole electricity at DAM-in-
dexed prices. The latter involves a wider distribution whereas the former (i.e. the optimal, as we 
name it) involves a narrower distribution. 
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histogram 1: A comparison as to the distribution of profits between the optimal portfolio of Simulation #1 and the portfolio that 
stipulates selling at DAM-indexed prices

9.2. Case 2: A Simulation in which Selling at Prices indexed to TETAŞ is More Profitable 
(k=2,7)

 Discount (k)=2,7 kuruş  

Share of sales indexed to DAM prices 
in total sales Expected profit (TL) Standard deviation of profit

(Risk) (TL)

0 2.221.611 239.782

0,1 2.148.833 214.701

0,2 2.071.650 194.726

0,3 2.000.990 191.331

0,4 1.925.758 196.259

0,5 1.851.200 201.917

0,6 1.764.018 223.341

0,7 1.692.629 253.677

0,8 1.619.583 277.315

0,9 1.546.998 308.837

1 1.459.981 339.828

Table 9: Outputs of Simulation #2
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10. CONCLUSiON AND RECOMMENDATiONS
By taking account of gas procurement agreements in the gas procurement markets and 

electricity sales agreements in the electricity sales markets, we conclude that the business mod-
el #4 shown in Figure 14 does befit the NGCCPPs in Turkey as an ideal model. The quantity risk 
and the price risk are the basic risks for these NGCCPPs. The price risk is more problematic when 
compared to the quantity risk. The price risk can be managed by reflecting the costs of natural 
gas inputs in the prices of electricity outputs to the maximum extent possible. At this point, 
indexing the sales to either DAM or TETAŞ prices rise to prominence as two alternatives. The 
correlation of the gas prices with DAM prices is 0.47 and the correlation with TETAŞ prices is 
0.79. Contrary to general prediction, the situation in which the risk is minimized is not the one 
in which the sales are indexed to TETAŞ prices as a whole simply on the grounds of its higher 
correlation rates. By virtue of risk pooling, sharing out the sales between DAM and TETAŞ-in-
dexed sales is an optimal approach. in addition to that, the fact that the profit margins of DAM 
and TETAŞ are different can considerably affect the optimal sales portfolio and incorporates 
the company’s attitude towards risks in the decision-making process as a factor which tips the 
balance in the analysis. 

Case Note Recommendation

Case 1 Profit margins are equal in 
indexing to DAM or TETAŞ

A combination of 30% to DAM and 70% to 
TETAŞ 

Case 2 Sales indexed to TETAŞ price is 
more profitable

Depending on the attitude of the company 
towards risks, indexing 0% to 30% of the 

whole capacity to DAM price is recommended

Case 3 Sales indexed to DAM price is 
more profitable

Depending on the attitude of the company 
towards risks, indexing 70% to 100% of the 

whole capacity to DAM price is recommended

 Table 11: Recommendations to companies

The Case #1 is more realistic than the other two cases as the profit margins of sales in-
dexed to DAM and TETAŞ cannot be markedly different from each other. Thus, independent of 
the companies’ attitudes towards risks, it appears that the optimal portfolio is the indexation of 
prices to DAM and TETAŞ prices on a 30/70 basis. 

 Discount (k)=3,3 kuruş  

Share of sales indexed to DAM prices in 
total sales Expected profit (TL) Standard deviation of profit

(Risk) (TL)

0 497.636 231.418

0,1 600.641 216.087

0,2 693.95 196.927

0,3 792.667 192.304

0,4 886.247 199.881

0,5 984.731 212.116

0,6 1.073.852 226.702

0,7 1.179.210 252.393

0,8 1.270.307 281.143

0,9 1.371.234 311.461

1 1.473.402 334.302

Table 10: Outputs of Simulation #3
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Chart 16: A Profit-Risk Chart for Simulation #3

This case is the opposite of the previous case. indexing to TETAŞ price proved more prof-
itable in the preceding case while indexing to DAM price brings in more profits in this case. in a 
similar vein with the other two cases, the risk (standard deviation of profit) is minimized when 
the percentages of sales indexed to DAM and TETAŞ prices are 30% and 70% respectively. On 
the other hand, the profit is maximized when 100% of sales are held at prices indexed to DAM 
prices (0% indexed to TETAŞ price). Thus, the optimal solution for the company is indexing 30% 
to 100% of its total sales capacity to DAM price. As in the previous case, the exact figure depends 
on the company’s inclination towards risk-averseness.
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1) The ideal business model is the “pass through” model in which the electricity sales prices are fully indexed to the natu-
ral gas prices. Pushing this through and making the other Party in an agreement accept this model is not easy.

2) The correlation of TETAŞ prices with the natural gas prices is stronger. however, indexation of the whole generation 
capacity to TETAŞ does not minimize the risks. 

3) in terms of risk management and under normal circumstances, indexing the company’s production capacity to DAM 
and TETAŞ on a 30/70 basis is the optimal solution if and when the DAM and TETAŞ margins are similar.

4) The administrators of NGCCPPs should focus on operational efficiency by eliminating the risks rather than predict the 
future prices.

Table 12: Conclusion and Recommendations

Basically, the NGCCPPs should emulate the “pass through” contracts while concluding their 
own agreements so that they could reflect the changes in spot prices of natural gas. After draw-
ing up the contracts in this way, the power plants need to focus on ensuring operational efficien-
cy and endeavor to maximize their profits by minimizing their operational costs. They should, at 
the same time or alternatively, focus on demand and create costumer portfolios that have lower 
risk rates and higher profit margins. The business models based on predicting future natural gas 
and electricity prices do not aim at managing risks but are speculative in nature. Moreover, the 
implementation of business models based on price predictions does not even necessitate the 
construction of a power plant. Self-confident investors can conduct sales in the procurement 
market with procurement licenses. 
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ABOUT ThE TURKiSh ENERGy FOUNDATiON:
The Turkish Energy Foundation started its operations to shape the future of the energy 

sector by contributing and participating actively in national and international developments in 
2012.

The Turkish Energy Foundation was founded as a “Think Tank” by the leading people in 
the energy sector and has three different research centers: Research Center of Energy Technol-
ogies and Sustainability, Research Center of Energy Politics and Diplomacy, Research Center of 
Energy Markets and Regulatory Acts.

Enerji Panorama is the official monthly magazine of Turkish Energy Foundation that has 
published since June 2013. Exclusive news, analysis and objective improvements in the energy 
sector was one of the biggest issue of Enerji Panorama. it covers political, social and economic 
scenes of energy that reach all operations in energy sector; executives of companies, ministries, 
energy bureaucrats and academics.


