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Abstract 

Increase of mass production with the industrial revolution has increased the country's dependence on 

energy. Even today, energy constitutes the main weight of industrialization. Especially for countries 

dependent on energy from abroad, energy prices are very important, and fluctuations in energy prices are 

decisive for the economies of these countries. Fluctuations in energy prices make the future course of energy 

prices important for both energy demanding countries and energy-supplying countries. There are many 

methods in the related literature. Our estimate of energy prices for Turkey will be based on the Nash-

Cournot framework. 
 

In the Nash-Cournot framework, energy is considered as a homogeneous commodity and market equilibrium 

is determined by the capacity-setting decisions of the suppliers. The model indicates that competitors aim to 

produce more by reacting to higher prices. A fundamental offer-based stochastic model is being put forward 

in order to predict the energy prices and the mean price in a given period. Two ambiguous sources are 

addressed, these are energy producers and demand. Studies have shown that the expected number of prices 

increases significantly with the decrease in the number of firms in the market. Within this framework, factors 

determining the energy prices in Turkey will be determined and forecasts for the future will be made. 

Keywords: Nash-Cournot, Energy Prices, Turkey. 
 

INTRODUCTION 
 

The energy has become one of the indispensable sources for the countries in all periods of history. The 

energy being produced in large quantities was an important factor also in the transition from the production for 

residential demands to the mass production. The energy has become the main input and driving force of the industry 

upon the industrialization process. The intensive use of energy in every sector has increased the output together with 

improving the living standards. The energy demand of the industrial cities and the metropolitan cities, which have 

emerged along with the industrialization process, have rapidly increased. The great increase in the energy demand 

which has started in the 20th century has still been important in the 21st century (Chart 1). The energy consumption 

also increases along with the industrialization and increasing population. The energy prices have become important 

for many countries as well as the production of energy in this framework. 
 

Chart 1: World Energy Consumption (1820-2010) 

 
Source: Vlachogianni and Valavanidiss, 2013, 74 
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The forecasting of the electricity prices as well as forecasting the future increases in the electricity demand is 

important. The actors in the market rely on the forecasts of energy prices to develop and decide on strategies for 

purchasing and selling electricity. The spot pricing requires determining real-time energy prices. Accurate 

forecasting of energy prices is necessary for institutions to be involved in the process.  
 

The energy market has grown considerably in terms of the companies that generate, transmit, and distribute 

power over the years. Such developments are called vertically integrated structures. The vertical integration of 

public services makes it difficult to separate the generation, transmission, or distribution costs. Therefore, the 

companies that provide this service charge an average tariff rate to their service users based on their total costs over 

a period of time. In most cases, the price corrections are made by an external regulatory agency and the price 

corrections are based on non-economic reasons. The energy production industry is clearly stayed out of the energy 

transmission industry. The energy trade has become a very important part of the energy industry. 
 

The number of companies in the energy sector in Turkey is 289 as of 2016. 267 of these companies actually 

produce energy. However, the number of companies traded in the Istanbul Stock Exchange is very low. 5 energy and 

3 electricity companies are traded in the Istanbul Stock Exchange. The number of energy companies traded in 

NASDAQ in the US is 319. Considering the general situation in the world, it is seen that the majority of the energy 

companies are among the biggest companies. The following table shows the largest energy companies in terms of 

earnings. 

Table: 1 Energy Companies (Billion $) 

Company Origin Income Company Origin Income 

Endesa SA Spain 34,3 Petro China Corp China 220,1 

Rosneft Oil Russia 39,4 E.On AG Germany 115,7 

Reliance Industries India 43,6 Total SA France 157,6 

RWG AG Germany 65,2 Petrobras Brasileiro Brasil 100,8 

Lukoil Russia 104,9 Gazprom Russia 98,1 

Royal Dutch Shell Holland 278,1 BP England 239,2 

Chevron Corp USA 159,2 

Exxon Mobile 

Corp USA 275,5 

China Petroleum China 192,6    

Source: Business Insider, 2016 

The accurate forecasting of the market prices is important for companies in the energy market to make a 

good decision. The companies make bilateral contracts to purchase or sell energy by accurately forecasting short-

term market prices Thus they get higher returns. The good forecasts of spot prices help establish profitable bilateral 

agreements. The prices can change hourly based on the impact of many external factors. Therefore, the actors in the 

market, both in terms of the company and the country, need a good forecasting toolbox to estimate the prices. In 

general, the price forecast also includes estimates of futures and forward market prices. 
 

Energy Prices And Forecasting Methods 
 

Forecasting of energy prices has become even more important after the regulation of energy markets 

globally. Many methods have been developed for forecasting the energy prices in the academic environment as well 

as in the agencies in the sector after 1980. Especially short-term estimation of the unstorable electricity energy has 

become important. This situation poses a high risk to market participants. Other factors having an impact on energy 

prices, except for not storability of the energy and the supply-demand imbalances, are shown in Figure 1. 
 

In general, there are two possible methods of estimating electricity prices. The first approach is based on the 

simulation of the physical model of power grids and the numerical algorithms that consider the physical properties 

of power grids are applied. The simulation method requires numerous real-time knowledge about energy systems  
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and it includes a complicated calculation. The second method is based on artificial intelligence, which maps between 

several input parameters and hourly market prices. The artificial intelligence models can be calculated simply and 

efficiently. However, it requires detailed and accurate input data for adaptation and forecasting together with 

appropriate artificial intelligence model (Daneshi and Daneshi, 2008: 2).  
 

Figure 1: Factors affecting the energy prices 

 

Source: Hu et.al., 2009:2. 

 

Considering the classification of the price forecasting in the energy markets, short-term, medium-term, and 

long-term price forecasts are made. Although the terms are usually measured in years,  the medium-term is used as 

monthly periods. The short-term may be for daily or hourly periods. The energy price forecasts vary based on the 

period. Time series, artificial intelligence, and hybrid models are generally preferred for short-term forecasts. The 

simulation, equilibrium (or game theory), production cost, and basic methods are preferred for the medium and long-

term price forecasts. The models based on production cost try to simulate the operations of production units aiming 

to meet the demand for the minimum cost. Equilibrium (or game theory) approach uses processes based on 

equilibrium models for the market while forecasting energy prices. The basic methods define the price dynamics by 

modeling the effects of the major variables, which affect the energy prices, on the price. The simulation models 

create various scenarios in the future and they calculate the probability of the future price scenarios based on the risk 

assumptions (Cerjan et al., 2013: 756). The methods used for forecasting energy prices are classified in various ways 

in the literature. The energy prices forecasting is considered in terms of the preferred method for the forecasting in 

Chart 2.       
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Chart 2: Classification of the Price Forecasting Methods 

 

Source: Nimura, 2006:52. 

Time series models can be seen in several different ways. The Static models such as ARIMA (Autoregressive 

Integrated Moving Average), non-static time series such as GARCH (Generalized Auto Regressive Conditional 

Heteroskedasticity), and DR (Dynamic Regression) can be expressed as examples of these models. These models have 

usually been used for short-term energy price forecasting in the literature. 
 

Although most of the time series are linear predictors, most of the energy input prices are non-linear 

functions. Some studies have proposed using Neural Networks and Fuzzy Neural Networks to solve this problem 

(Cerjan et.al., 2013:757). 
 

However, the energy price is a time change signal and the functional relationship changes over time. Thus, 

derived information or inferences of neural networks and fuzzy neural networks can reduce the value of the obtained 

result.  

The hybrid methods combine both linear and nonlinear modeling features. In order to make the forecasts 

more effective and efficient, each model's specific characteristics are used to see the differences in the data. 

Nevertheless, there is no certain answer to the question of which of the above-mentioned models is the best. Table 2 

shows the studies and methods used to forecast energy prices. 

Table 2: The Literature on Energy Price Forecasting 

   

Bunn 2000 ARIMA, Kalman filter 

Nogales-Contreras-Conejo-

Espinola 
2002 Time series models 

Alcalde-Ventosa-Rivier-Ramos-

Relano 
2002 

Cournot based market 

models 

Shahidehpour-Yamin-Li 2002 ANN 

Contreas-Espinola-Nogales-

Conejo 
2003 ARIMA  
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Weron 2006 ARMA  

Amjady-Hemmati 2006 AR-ARIMA-GARCH 

Garcia-Martos-Rodrigues-Sanches 2007 Hybrid ARIMA 

Swider-Weber 2007 Extended ARMA 

Haghi-Tafreshi 2007 HiddenMarkov Model 

Aggarwal-Saini-Kumar 2009 Artificial neural network 

Mandal-Srivastava-Park 2009 ANN 

Niu-Liu-Wu 2010 Neural Network 

Areekul-Senjyu-Toyama-Yona 2010 
Hybrid ARIMA, Neural 

Network 

Bordignon-Bunn-Lisi-Nan 2011 ARMAX 

Garcia-Martos-Rodrigues-Sanches 2011 VARIMA 

Inglesi-Lotz 2011 Kalman Filter 

Shafie-khak-Moghaddam-El-

eslami 
2011 Hybrit Neural Network 

Anbazhagan-Kumarappan 2012 Neural Network 

Zhang-Tang-Yang 2012 ARIMA, LSSVN, PSO 

Carmona-Coulon-Schwarz 2012 Cointegration 

Pousinho-Mendes-Catalao 2012 Hybrid PSO-ANFIS 

Amjady 2012 Neural Network 

Yan-Chowdhury 2013 Hybrid LSSVN, ARMAX 

Hong 2014 ARIMA, ANN 

Nogales   Time series models 

Vilar-Cao-Aneiros   Seasonal ARIMA 

Source: Compiled by the authors 

Literature 
 

The determination of energy prices is an issue that arises from the increasing demand for energy with the 

industrial revolution. In time, the determination of the energy price has been associated with the determination of 

energy supply and demand. In addition, changes in the daily and seasonal demand for energy have gained 

importance in determining the energy price. This importance is mainly due to the inability to store energy. Today 

(2019), the development of the possibilities of storing energy and technologies, and in parallel, the increase of the 

utilization and capacity of alternative sustainable energy resources have brought new dimensions to energy and 

electricity pricing. In this context, many different methods have been used in the determination of energy prices in 

the literature. These methods in the literature and their results can be briefly summarized as follows.   
 

-Bunn (2000) used innovative methods to estimate daily loads and prices in energy markets. While multiple 

models, combinations and neural networks have been used in demand estimations, strategic simulation models with 

artificial agents have been used for supply estimations. The supply estimation is a recent practice in the literature 

and has not yet been fully matured.  
 

-According to Garcia et al., (2002), after 1990, the changing electricity industry worldwide has gone through 

restructuring for deregulation and competition. In terms of modeling simultaneous production features in this 

market, the Cournot balance is one of the most common theoretical frameworks for modeling market behavior. 

However, this model shows weakness due to its high sensitivity to demand flexibility. In this study, procedures for 
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solving this problem have been shown. Moreover, the method designed for long-term business models influences the 

implicit values associated with the increasing demand of companies using only public market information. 
 

-Contreras et al., (2003), in their study, estimated the end of day price of electricity by ARIMA method. 

While calculations for Spain and California required 5 hours for hourly price estimation, for California, this time 

was calculated to be 2 hours. The errors for variables were 10% in the Spanish electricity market while it was 5% in 

California. 
 

-Koritarov (2004) modelled the electricity market as a complex adaptive system with an agent-based 

approach.  
 

-Amjady and Hemmati (2006) focused on the problems and suggestions encountered in energy price 

estimation in their studies. As a result, it was stated that the data used in the calculation was very high and showed 

volatility over time and that the calculation methods used had deficiencies. They stated that the combination of new 

methods and time-series techniques to address this problem would cover the weaknesses of the models.  
 

-Amjady (2006), in his study, tried to estimate the day-ahead price in the electricity market with a new neural 

network method. In the short-term price estimation in the electricity markets, it was concluded that the prices in the 

Spanish electricity market were determined by a dominant actor and that it had a duopolistic structure. In addition, it 

was concluded that the Spanish electricity markets had higher volatility compared to other markets and that the 

prices in this market were less predictable. It was seen that volatility and uncertainty increased more during the 

hours with high electricity consumption. 
 

-Niimura (2006) focused on estimation techniques for deregulated electricity market prices. The results of 

electrical price estimation techniques developed after 1990 were compared. In the study, although the prediction 

techniques were focused on spot energy pricing, it was stated that the markets were different and therefore it was not 

a universal estimation tool. Therefore, it is more appropriate to select several methods according to the identified 

target. 
 

-Garcia et al. (2007) estimated the short-term electricity price with the help of mixed models using 1998-

2003 data for the Spanish market. In this framework, two separate models were formed in which weekends were 

included and excluded. The mean error in the estimates between 1998-2003 was calculated as 12.61%. Whereas the 

estimation error of the model which used only working days was 11.9%, the estimation error of the model where all 

days were used was 14.4%. 
 

-Haghi and Tafreshi (2007) compared the antistatic Markov models and the survey-based static hybrid 

models in energy pricing and forecasting. As a result, they grouped electricity price estimation models under three 

main headings. These are game theory, simulation methods, and statistical methods. 
 

-Kumar et al. (2008) decomposed historical price data into a sub-series using a wavelet transformation in a 

deregulated electricity market and then combined the proposed prediction model with other time domain variables to 

create a set of input variables. It was observed that estimation accuracy could be improved by the use of wavelet 

transform in a prediction model. Finally, it was shown that a wavelet transformation based neural network model 

could be used to estimate the electricity price. 
 

-Hu et al. (2009) have worked on the short-term electricity price forecast in the irregular electricity markets. 

By emphasizing the importance of short term electricity price estimation in their studies, they tried to determine the 

future trends of electricity price estimation with hybrid methods by combining different models such as Artificial 

Neural Network, ARIMA. As a result, it was concluded that the restructuring of energy markets created an 

increasing need to estimate future prices for profit maximization among market participants. 
  

They focused on causal models used in electricity price estimation and artificial intelligence based models. 

While examining these models, quantitative analysis of studies, time interval for estimation, input and output 

variables, results, data sets used for analysis and the architecture of the model were classified. As a result, it was 
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seen that the history of electricity markets was short and the price formation was very different. Developments in the 

calculation tools will make it easier to explain the changes in electricity prices.   
 

-Kumar (2009b) compared the models used to estimate electricity prices, and as a result, the price estimates 

reported in day-ahead markets were seen to be better than those using data from real-time markets. No evidence was 

found for the long-term consistency of the models that were compared. However, it was seen that linear models 

showed better performance than nonlinear models.    
 

-Areekul et al. (2010) made a short term price estimate with the Australian Hybrid ARIMA and Artificial 

Neural Network Model for the electricity market. In the study, different relational forms were tried to be captured in 

time series data with linear ARIMA and nonlinear Artificial Neural Network. As a result, the price correction 

method is recommended in new methods.  
 

-Bent et al. (2010) examined the electricity markets within the framework of stochastic models in their 

books. Energy spot price dynamics, forward pricing, swap-based spot pricing were tried to be determined by 

stochastic models. Electricity forward transaction markets were modeled. In addition, forward and swap pricing was 

calculated with the Hearth-Jarrow-Morton approach. In addition to these, hedging of energy options pricing was 

discussed. 
 

- Garcia et al. (2011) attempted to estimate electricity prices and volatility using unobservable components. 

For this purpose, a new model was used which conditionally allows removing heteroskedastic common factors from 

the electricity prices vector.   
 

-Bordignon et al. (2011) attempted to combine price estimation methods for British electricity markets. 

Markow regime change and time-varying parameters methods were tried to be combined with simpler time series 

methods to predict energy prices. The results showed that combining both good operational planning and risk 

management yielded good results. 
 

-Inglesi (2011) examined how the price flexibility of electricity demand in South Africa changed over time 

with the help of Kalman filter. It was seen that electricity prices in South Africa had a significant impact on 

electricity consumption due to the continuous price increases by the energy company. In the study, it was shown that 

energy price flexibility was an argument that changed according to time. 
 

-Amjady (2012) stated that the time series of variables used in determining electricity price exhibited 

irregular movements. He stated that it was necessary to create a qualified data that included the lowest possible price 

factors to predict the future behavior of these movements. To this end, he proposed the use of data mining 

techniques and theoretical knowledge criteria. 
 

-Chan et al. (2012) stated that smart grid systems can be produced, transmitted and consumed more 

efficiently and reliably than conventional electrical systems. In order to reduce the highest electrical load of smart 

grids, it was emphasized how to manage the demand response mechanism and how to make future investments. An 

effective demand response mechanism depends on price, load and renewable energy estimation. 
 

-Bordignon et al. (2013) examined the effects of the combining of old and new models on energy price 

estimation. Consequently, if the combined models in ex-post comparisons performed better than individual 

estimates, very few of the predictions were significant. It was also found that the combined models reduced the risk 

of estimation. 
 

-Yan and Chowdhury (2013) used the hybrid LSSVM (Least squares support vector machine) and ARMAX 

(Autoregressive moving average with external variable) approach in estimating the mid-term electricity market 

cleaning price.   
 

-Carmona and Coulon (2014) conducted a study on spot prices in electricity markets. In this study, they tried 

to calculate forward prices by combining demand, capacity and fuel prices in various ways. In these calculations, it 

was aimed to prepare an infrastructure that could see the effects of renewable energy, increase in storage capacity of 

energy and increase of smart electric vehicles on energy prices. 
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- In his study, Hong (2014) grouped the lessons learned in the long run since starting to use electrical energy 

under three main headings. Although low errors were calculated in energy calculations in the first place, the result 

was that the calculations failed. This was due to the inadequate data sets and the econometric methods used. 

Secondly, long-term load estimation methodology was not available due to the complexity of the models. Finally, 

the electricity price was driven only by the load, and the renewable wind and solar power plants affected the 

production and price significantly. 
 

Nash-Cournout Method 
 

The adequate and efficient energy supply has a critical importance for the steady growth of the economies. 

Many energy sectors around the world switched to the competitive markets from the command and control industry 

in the post-1980s. The biggest obstacle to successful reform is the regional market power. In order to solve this 

problem, many markets follow the multiple-settlement approach in which futures, day-ahead transactions, and real-

time transactions are executed in order at different prices. 
 

There are two approaches to the Nash-Cournot model. The strategic variables for spot energy (especially 

electricity) markets are assumed to be the import/export and local price premiums. The model concerns the spot and 

forward markets as a two-stage Nash-Cournot game that explains the demand uncertainty, flow congestion, and 

system prospects. The model considers the sub-game as the perfect Nash equilibrium and it solves each company 

with a stochastic program (Yao,2006: 1). The import/export is the strategic variable of the independent system 

operator in the first approach of the Nash-Cournot model. In the second approach, the companies wait for the prices 

determined by the independent system operator. Both approaches lead to formulations of the mixed linear 

descriptive problem under linear demand and marginal cost functions.  
 

Considering the energy consumption forecasting models in terms of time and competition is important to 

choose which model to use on which market and conditions before using the Nash-Cournot model. The structure of 

the market and the period for which the forecasting is made is important to determine the model to be used for the 

calculations in the energy prices forecasting. The classification of this issue in the literature is as follows. 

Figure 2: Theoretical market models in the context of competition and duration 

 
Source: Ventosa et.al., 2005:906 

The Nash-Cournot model is an appropriate model for the determination of the spot market price in oligopoly 

markets. There are four different situations in this framework. These are called as the first spot market model, the 
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second spot market model, the first two settlement models and the second two settlement models in the literature. In 

the first spot market model, each company uses 𝑔 ∈ 𝐺 𝑁𝑔 to determine output quantity ({𝑞𝑖}𝑖∈𝑁𝑔). These quantities 

should not be negative and should not exceed the corresponding upper capacity limits ({𝑞̅}𝑖∈𝑁𝑔). 
 

0 ≤ 𝑞𝑖 ≤ 𝑞̅𝑖 , 𝑖 ∈ 𝑁𝑔, 

The first approach suggests that the energy and transmission markets are cleaned in turn and that the 

production companies' production decisions predict the effects on the transmission prices determined by the 

independent system operators. It leads to a multi-leader single follower Stackelberg game in the spot market. Each 

manufacturer solves the resulting equilibrium by using the following parametric mathematical pattern in accordance 

with the constraints imposed by the independent system operator. 

 

max
𝑞𝑖:𝑖∈𝑁𝑔

∑ 𝑃𝑖(𝑟𝑖 + 𝑞𝑖)𝑞𝑖 − ∑ 𝐶𝑖(𝑞𝑖)

𝑖∈𝑁𝑔𝑖∈𝑁𝑔

 

The above problem is referred to as "Generalized Nash Game". The problem may either have no solution or 

multiple solutions. Moreover, even if a solution is found, it is usually degenerate. In other words, companies can 

lead to congestion on certain transmission lines to avoid congestion rental costs. Moreover, it is quite difficult to 

calculate the equilibrium by using this formulation in a real-size grid (Yao, 2006 18-19). 
 

Unlike the node export/import in the first model, the second spot market model assumes the strategic 

variables of the independent system operator as local price premiums. While each company estimates the production 

and the price premiums of its competitors by using the aggregate demand function, they determine their own 

production by using the reference model to determine the energy price. The model solves the profit maximization 

problem by using the following function. 
 

max
𝑞𝑖:𝑖∈𝑁𝑔,𝑃

∑ 𝑃𝑖(𝑃 + 𝜗𝑖)𝑞𝑖 − ∑ 𝐶𝑖(𝑞𝑖)

𝑖∈𝑁𝑔𝑖∈𝑁𝑔

 

The second spot market model overcomes the shortcomings of the first model. Since the resource ownership 

structure is taken into account and grid constraints are eased, regional price premiums become zero. Thus, the model 

produces the same equilibrium solution as the Cournot balance applied to the total system demand. However, a lack 

of the model arises when the capacity of the energy transmission lines is reset or the radial line is constantly 

congested. For example, in the case of a single-line grid with symmetric nodes, decreasing the line capacity to zero 

creates two local monopolies. 
 

The first two settlement models are used to calculate the oligopolistic equilibrium in a given grid. As a two-

way Nash-Cournot game with full information, the two companies are considered to be a forward market in the 

period of zero and a spot market in the period of one. The energy companies determine forward commitments by 

forecasting future orders of each other and spot market results in order to maximize their order in the forward 

markets. The spot market is a two-stage sub-game. The conformance of the natural conditions is the determinant 

factor at the first stage. In the second stage, the companies make adjustments to maximize their total profits by 

defining their own conditions. The figure below shows the dynamics of the perfect Nash equilibrium. 
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Figure 3: Model Dynamics 

 

Source: Yao, 2006: 42 

 
 

The model is presented as a mathematical equilibrium model. The model consists of a set of mathematical 

programs with an equilibrium-constrained equilibrium problem. The equilibrium constraints characterize the 

decisions of the individually acting companies. Each mathematical equilibrium constraint consists of the equilibrium 

conditions of the lower-level companies in the spot market and higher-level companies in the forward market.  
 

Finally, the second two-settlement model expands the second spot market model to two-settlement model. 

The current model is regarded as a two-player two-period Nash-Cournot game for the spot and forward markets. In 

this model, the Cournot balance is presented as an equilibrium problem with the equilibrium constraints. The spot 

market balance in the model seeks solutions to combined optimized conditions for the programs of both the 

companies and the independent system operator. However, the strategic variables of the independent system 

operator are assumed to be built-in price premiums.  
 

The Energy Prices And Their Forecasting In Turkey 
 

As of 2016 in Turkey, 32.1% of the electricity has been produced from natural gas, 39.9% from the coal, 

24.7% from the hydroelectricity, 5.7% from the wind energy, 1.8% from the geothermal energy, and 1.8% from the 

other sources. The number of power plants in Turkey is 2321 as of the end of 2016. 597 of them are hydroelectric 

power plants, 39 are coal power plants, 171 are wind power plants, 31 are geothermal power plants, 260 are natural 

gas power plants, 1045 are solar power plants, and 178 are other power plants (Republic of Turkey Ministry of 

Energy and Natural Resources, 2016).   
 

As of 2016, the number of companies operating in the energy sector in Turkey is 289. 267 of these 

companies actively produce energy (Table 3). The number of companies producing energy has increased in the post-

2000 period. In addition to the companies that produce only energy, the holdings and large companies have invested 

in energy to meet their needs.   

Table 3: Power Production Companies in Turkey-1 

S
ır

a
la

m
a
 

Firma 
Santral 

Sayısı 

Kurulu 

Gücü 

2) Enka Enerji Elektrik Üretim 3 3.830 
MW 3) Enerjisa Enerji Üretim A.Ş. 21 3.694 

MW 4) Eren Holding Enerji Grubu 4 2.927 
MW 

http://www.cpernet.org/
https://ijbassnet.com/
http://www.enerjiatlasi.com/firma/enka-enerji.html
http://www.enerjiatlasi.com/firma/enerjisa-elektrik.html
http://www.enerjiatlasi.com/firma/eren-enerji.html
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5) Limak Enerji A.Ş. 10 2.218 
MW 6) Aksa Enerji A.Ş. 12 1.956 
MW 11) Konya Şeker Enerji 5 1.525 
MW 12) Çelikler Holding Enerji Grubu 9 1.324 
MW 13) Diler Holding Enerji Grubu 2 1.238 
MW 14) Akenerji 9 1.221 
MW 15) Gama Enerji A.Ş. 9 1.088 
MW 16) Ciner Enerji Grubu 3 988 MW 

20) Bilgin Enerji Yatırım Holding A.Ş.  11 690 MW 

21) Sanko Enerji Sanayi ve Ticaret A.Ş.  9 685 MW 

22) Zorlu Enerji Grubu 16 644 MW 

24) Çolakoğlu Metalurji Enerji Grubu 3 567 MW 

28) Kolin İnşaat Enerji Grubu 9 513 MW 

32) Borusan EnBW Enerji 10 399 MW 

33) Demirer Holding Enerji Grubu 17 395 MW 

35) İzmir Demir Çelik İzdemir Enerji  1 350 MW 

40) Eksim Yatırım Holding Enerji Grubu 7 308 MW 

42) Habaş Sınai ve Tıbbi Gazlar 3 294 MW 

43) Şişecam Topluluğu  2 285 MW 

46) Altek Alarko Enerji Elektrik Santralleri A.Ş.  3 252 MW 

47) Boydak Enerji Üretim ve Ticaret A.Ş.  12 246 MW 

52) Gülsan Holding Enerji Grubu 5 230 MW 

54) Akfen Holding Enerji Grubu 14 219 MW 

55) Koç Holding 5 219 MW 

56) Karadeniz Holding Enerji Grubu 4 205 MW 

57) Naksan Plastik ve Enerji Sa. ve Tic. A.Ş.  4 193 MW 

58) Türkiye Şeker Fabrikaları A.Ş.  23 187 MW 

59) Kalyon İnşaat Enerji Grubu 5 173 MW 

60) Türkerler Holding Enerji Grubu 6 171 MW 

66) Alto Holding Enerji Grubu 2 144 MW 

69) Aksa Akrilik Kimya Sanayii A.Ş. 1 143 MW 

70) Manisa Organize Sanayi Bölgesi Enerji Elektrik Üretim 1 140 MW 

78) Ünal Şirketler Grubu 3 112 MW 

79) Arsan Group  7 110 MW 

81) Zafer Şirketler Grubu 3 104 MW 

83) Kardemir Demir Çelik Fabrikaları  2 99 MW 

84) MÖN İnşaat Enerji Grubu 3 99 MW 

86) Ece Tur Şirketler Grubu 2 94 MW 

89) Rönesans Holding Enerji Grubu 5 92 MW 

90) Çalık Enerji 3 92 MW 

91) Melike Group Melike Tekstil 5 90 MW 

96) Yılsan Yatırım Holding Enerji Grubu 5 80 MW 

97) Küçükler Holding A.Ş. 9 78 MW 

Source: Energy Atlas, 2016 

Table 4: Power Production Companies in Turkey-2 

S
ır

a
la

m
a
 

Firma 
Santral 

Sayısı 

Kurulu 

Gücü 

100) Yüksel Holding Enerji Grubu 1 74 MW 

102) Aksu Grup 3 73 MW 

103) Sancak Holding Enerji Grubu 3 70 MW 

104) MB Holding Enerji Grubu 4 68 MW 

105) Erdem Holding 2 66 MW 

108) GSD Holding Enerji Grubu 1 61 MW 

116) Erciyas Holding Enerji Grubu 1 50 MW 

120) Tekno Şirketler Grubu 4 48 MW 

http://www.cpernet.org/
https://ijbassnet.com/
http://www.enerjiatlasi.com/firma/limak-enerji.html
http://www.enerjiatlasi.com/firma/aksa-enerji.html
http://www.enerjiatlasi.com/firma/konya-seker-enerji.html
http://www.enerjiatlasi.com/firma/celikler-enerji.html
http://www.enerjiatlasi.com/firma/diler-holding-enerji-grubu.html
http://www.enerjiatlasi.com/firma/akenerji.html
http://www.enerjiatlasi.com/firma/gama-enerji.html
http://www.enerjiatlasi.com/firma/ciner-enerji-grubu.html
http://www.enerjiatlasi.com/firma/bilgin-enerji.html
http://www.enerjiatlasi.com/firma/sanko-enerji.html
http://www.enerjiatlasi.com/firma/zorlu-enerji.html
http://www.enerjiatlasi.com/firma/colakoglu-metalurji-enerji-grubu.html
http://www.enerjiatlasi.com/firma/kolin-insaat-enerji-grubu.html
http://www.enerjiatlasi.com/firma/borusan-enbw-enerji.html
http://www.enerjiatlasi.com/firma/demirer-enerji.html
http://www.enerjiatlasi.com/firma/izmir-demir-celik.html
http://www.enerjiatlasi.com/firma/eksim-enerji.html
http://www.enerjiatlasi.com/firma/habas.html
http://www.enerjiatlasi.com/firma/sisecam.html
http://www.enerjiatlasi.com/firma/alarko-enerji.html
http://www.enerjiatlasi.com/firma/boydak-enerji.html
http://www.enerjiatlasi.com/firma/gulsan-holding-enerji-grubu.html
http://www.enerjiatlasi.com/firma/akfen-enerji.html
http://www.enerjiatlasi.com/firma/koc-holding-enerji-grubu.html
http://www.enerjiatlasi.com/firma/karadeniz-enerji.html
http://www.enerjiatlasi.com/firma/naksan-enerji.html
http://www.enerjiatlasi.com/firma/turkiye-seker-fabrikalari.html
http://www.enerjiatlasi.com/firma/kalyon-holding.html
http://www.enerjiatlasi.com/firma/turkerler-enerji.html
http://www.enerjiatlasi.com/firma/alto-holding-enerji-grubu.html
http://www.enerjiatlasi.com/firma/aksa-akrilik-kimya.html
http://www.enerjiatlasi.com/firma/mosb-enerji.html
http://www.enerjiatlasi.com/firma/unal-sirketler-grubu.html
http://www.enerjiatlasi.com/firma/arsan-enerji.html
http://www.enerjiatlasi.com/firma/zt-enerji.html
http://www.enerjiatlasi.com/firma/kardemir.html
http://www.enerjiatlasi.com/firma/mon-insaat-enerji-grubu.html
http://www.enerjiatlasi.com/firma/ece-tur-insaat.html
http://www.enerjiatlasi.com/firma/ronesans-holding-enerji-grubu.html
http://www.enerjiatlasi.com/firma/calik-enerji.html
http://www.enerjiatlasi.com/firma/melike-tekstil.html
http://www.enerjiatlasi.com/firma/yilsan-yatirim-holding.html
http://www.enerjiatlasi.com/firma/kucukler-holding.html
http://www.enerjiatlasi.com/firma/yuksel-enerji.html
http://www.enerjiatlasi.com/firma/aksu-grup.html
http://www.enerjiatlasi.com/firma/sancak-enerji.html
http://www.enerjiatlasi.com/firma/mb-holding.html
http://www.enerjiatlasi.com/firma/erdem-holding.html
http://www.enerjiatlasi.com/firma/gsd-holding.html
http://www.enerjiatlasi.com/firma/erciyas-holding.html
http://www.enerjiatlasi.com/firma/tekno-enerji.html
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121) Kibar Holding Enerji Grubu 1 48 MW 

126) Akbaş Holding Enerji Grubu 2 45 MW 

131) Marmara Pamuklu Mensucat 1 44 MW 

136) Nurol Enerji Üretim ve Pazarlama A.Ş.  2 42 MW 

138) Boyut Grup Enerji Ltd. Şti. 4 39 MW 

143) BM Holding 3 38 MW 

144) Bilkent Holding Enerji Grubu 1 37 MW 

146) Hayat Kimya Sanayi A.Ş.  1 35 MW 

147) Kardemir Haddecilik ve Elektrik Üretim LTD. ŞTİ.  2 35 MW 

148) Koçoğlu İnşaat Enerji Grubu 3 34 MW 

149) Adalı Holding Enerji Grubu 2 33 MW 

150) Kayseri Şeker Fabrikası  3 33 MW 

155) Akkanat Holding Enerji Grubu 1 28 MW 

160) Şahinler Holding Enerji Grubu 1 26 MW 

163) Kastamonu Entegre Ağaç San. ve Tic. A.Ş.  1 26 MW 

169) TAV Havalimanları Holding A.Ş.  3 23 MW 

170) Bükköy Madencilik Turizm İnşaat Elektrik Üretim A.Ş.  1 23 MW 

171) MMK Metalurji A.Ş. 2 23 MW 

172) Yıldız Sunta MDF 1 23 MW 

177) Bayraktar İnşaat Enerji Grubu 2 21 MW 

181) Ortadoğu Rulman Sanayi  1 20 MW 

184) As-Ka Grup Enerka Enerji 1 19 MW 

185) Ati İnşaat Enerji 1 19 MW 

193) ÖDF Yılmazlar İnşaat Enerji Grubu 1 18 MW 

200) Tekfen Holding A.Ş. 2 17 MW 

204) Okan Holding Enerji Grubu 2 16 MW 

214) Tırsan Enerji Elektrik Üretim A.Ş. 1 12 MW 

223) Sakarya Büyükşehir Belediyesi  1 9,60MW 
MW 229) Aytemiz Petrol A.Ş. 1 8,78MW 
MW 

 
235) Amasya Şeker Fabrikası A.Ş. 1 7,76MW 

MW 247) Asunim Group 1 6,00MW 
MW 248) Usluel Grup 1 5,80MW 
MW 249) Humartaş Yapı ve Enerji A.Ş.  1 5,77MW 

MW 255) Portsan Şirketler Grubu 2 4,86MW 
MW 257) Afyon Enerji ve Gübre Üretim 1 4,02MW 
MW 258) Mustafa Modoğlu Holding Enerji Grubu 2 3,83MW 
MW 265) Masfen İnşaat Enerji San. Tic. A.Ş.  1 0,96MW 
MW 267) Abalıoğlu Holding Enerji Grubu 1 0,46MW 
MW Source: Energy Atlas, 2016 

The growing market has also impact on the increase in the interest in the energy sector. It is predicted that 

the energy sector, which is about 55 billion USD as of 2015, will grow even larger in the future. The increasing 

competition in the sector is another issue that makes forecasting energy prices important in the future.   
 

For the calculations made within the framework of the approach examined in the study, one-week samples 

have been used to forecast the day ahead market reference price. Two main approaches have been used to 

forecasting day ahead reference price, namely models based on simulation and mathematical models. It has been 

seen that the market exchange price and the average prices increase in the unit price of KW/h in the calculations 

made based on the data of EPİAŞ for the period of 2003-2016. While the marginal price was 18.5 kurus/kWh and 

the average price was 12.8 kurus/kWh in 2013, these figures are calculated as 29.1 kurus/kWh and 20.1 kurus/kWh 

in 2017, respectively.  
 

Considering the relationship between the market clearing price and the system marginal price, the energy 

deficit and energy surplus can be determined. If the system marginal price is greater than the market clearing price, 

it is interpreted as an energy deficit. Otherwise, it is interpreted as an energy surplus. The system marginal price has 

been calculated greater than the market clearing price in the calculations for the overall average for 2017 in Turkey. 

So, there is an energy deficit. More clearly, the average energy demand in the day is above the energy supply. This 

difference appears to have been increased between 2013 and 2017. While the difference was 5.7 kurus/kWh in 2013 
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it has become 9 kurus/kWh in 2017. It can be easily seen that this difference will increase even more in the near 

future from the following table which shows the increase in energy demand. 

Table 5: Energy Demand Forecast 2015-2024 

Yıl 
Puant Demand Energy Demand 

MV Increase% GWh Increase% 

2015 41402 1,0 268820 4,5 

2016 43826 5,9 284540 5,9 

2017 46383 5,8 301160 5,8 

2018 49043 5,7 318430 5,7 

2019 51861 5,7 336730 5,7 

2020 54811 5,7 358880 5,7 

2021 57689 5,3 374570 5,3 

2022 60668 5,2 393910 5,2 

2023 63759 5,1 413980 5,1 

2024 66998 5,1 435010 5,1 

Source: Turkish Power Transmission, 2015 

 

IN LIEU OF CONCLUSION 
 

Although Nash-Cournot models are popular, they are not realistic methods for modeling strategic 

interactions in energy markets. However, the models proposed in this study can calculate the incomplete competitive 

equilibrium for the grids with hundreds or even thousands of control areas or data paths 
 

Although the Nash-Cournot method has some incomplete aspects, the results obtained are similar to those 

obtained by using different methods. We can classify the obtained results for the users as follows. The industrial 

companies in Turkey want to know the future cost of the energy they use. On the other hand, the companies in the 

energy sector want to predict changes in the input costs.  The companies in the energy sector also want to forecast 

the future energy demand and the fluctuations in the unit prices of the energy. In this framework, these forecasts 

become more important especially for Turkey which is dependent on energy import. The dependence on foreign 

sources (such as oil, natural gas, coal) used to generate energy is one of the biggest uncertainties in terms of energy 

producing companies. Moreover, energy prices are also important for the international competitiveness of the 

companies exporting energy. Besides predicting the future prices of energy in Turkey, efforts made to reduce the 

unit cost of energy are also important.    
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