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Abstract 

The existence of several different degrees of restructuring, uneven dynamics, the transition 
from a natural monopoly to a competitive market with new strategic and economic 
opportunities are among the defining features of the natural gas market that transform it into 
an important pillar of the economy. Since in such an oligopolistic market, the actors must 
define a strategic and competitive advantage with positive effects on the competitive 
environment. In this context, game theory can be an essential tool for the decision-making 
process depending on the dynamics of asymmetric information. The main purposes of the 
paper are to analyze the degree of European gas market concentration and to determine, 
using a game theory model, the production, the price and the profits equilibrium levels for 
the main producers. The variables used in the analysis are natural gas countries’ productions 
and exports, price and market shares for 1992-2019 period for the main European producers. 
In order to determine the European gas market concentration, we use the Hirschman-
Herfindahl concentration index. This index indicates the existence of an oligopolistic market 
with Russia, the United Kingdom and Norway in dominant positions. Using a quantity-
oriented Cournot model, we determine the equilibrium gas price and quantities and we show 
the fact that these are significantly different from the average values of the reference period 
only for Russia due to its dominant position on this market. Our analysis highlights Russian’s 
dominant position in the European gas market and suggests its replacement by other 
suppliers. 

Keywords: European natural gas market, Cournot model, market concentration, Nash 
equilibrium 
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Introduction  

One of the most important primary energy 
sources and primary drivers for energy 
security strategy is natural gas. This key 
strategic component represents a one fifth 
of all primary energy used in Europe 
market, one of the three major regional 
markets along with North American and 
Asian markets. The overall trends show that 
the European gas market has developed 
steadily. This is due to the degree of 
competition between countries that can 
improve a country's economic performance 
and opens up business opportunities. 
Competition on natural gas market became 
a challenge because there are players with a 
dominant and stable position in the market 
(i.e Russia). In this sense, the aim was to 
create a competitive framework through a 
wider restructure and a rigorous control 
over the players' behavior, the efficient 
regulation of the production, storage and 
transport infrastructure as well as the 
regulation of the price. Also, this set of tools 
aims to reduce price risks and volume risks. 
The natural gas market can provide 
incentives that can change the export 
behavior for a certain firm. Russia's growing 
dependence on natural gas has turned this 
regional gas producer and exporter into a 
pricesetter, leading to the construction of a 
diversification strategy. Like any 
substitutable good, the price of gas is 
directly dependent on the evolution of 
alternative fuel prices, especially on the 
variation of the price of oil. The transition 
from vertically integrated monopolies to 
competitive structures has influenced the 
formation of prices. Thus, there has been a 
transit from indexed prices or government-
controlled prices to a price mechanism 
defined by the market forces of the gas 
industry. The recent market dynamics have 
led to an increase in uncertainty regarding 
the price and the quantity supplied, the 
main drivers being the commercial and 
geopolitical factors, the weather conditions, 
level of economic growth, war. On the 
natural gas market, every firm seeks to 
adopt a model of efficiency along the 
production chain in order to gain a 
competitive advantage. Gazprom, one of the 
firms with a dominant position on the 

natural gas market, uses green technologies 
in production chain. The current conditions 
on the market require the optimization of 
the gas infrastructure, especially that of 
storage, as well as the optimization of the 
set of instruments for security of supply.  
 
The current war between Ukraine and 
Russia, one of the most important natural 
gas producing countries, is creating a series 
of tensions in the European gas market. The 
president of Russia has signed a decree 
obliging foreign buyers to pay in rubles for 
Russian gas to supply them with natural gas. 
This action has been seen at European level 
as blackmail, as it violates the contractual 
conditions. Countries such as the United 
Kingdom, France and Germany, heavily 
dependent on imports of natural gas from 
Russia, have rejected this request. The 
European Commission argues that 
European countries should not consider 
Russia's request if concluded supply 
contracts stipulate payment in euros or 
dollars.  
 
Recently, a record amount of liquefied gases 
from the United States has been imported 
into Europe. The United States intends to 
encourage Europe to abandon its 
dependence on both Russian gas and the 
Nord Stream 2 project in favor of its own 
liquefied gas reserves. After the invasion of 
Ukraine, several oil companies such as 
ExxonMobil, Shell, Bp, Equinor suspended 
their Russian gas and oil operations Russia 
is an essential player on the international 
market considering strategic behavior and 
trade reallocation. We address the impact of 
Russia’s position on the equilibrium 
quantities to assess if there are any 
significant differences compared to the 
actual quantities. 
 
Visualizing the strategic interactions, both 
social and economic, existing on the natural 
gas market can be easily done by applying 
the tools offered by game theory. As a 
branch of microeconomics, game theory 
provides a framework based on the 
construction of models that allow the 
modeling of the behaviors of rational 
players, especially in the presence of 
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information asymmetry and stochastic 
choices. We talk about asymmetrically 
distributed information when one of the 
parties involved in the economic game has 
an informational advantage over the other. 
In this case, the information is intentionally 
incomplete and manipulated by certain 
economic agents. Improper allocation of 
resources, loss of economic well-being are 
the result of the existence of information 
asymmetry. Its presence implies the 
deformation of the incentives of the 
economic agents, thus leading to the 
appearance of inefficiency. Therefore, the 
ability to provide useful tools that allow us 
to model real cases with multiple 
interacting decision makers is one of the 
main values of game theory. By applying 
this research tool, the aim is to improve the 
decision-making processes.  
  
We observed there is a less explored area on 
studying the oligopolistic nature of the 
European gas market. Through our paper, 
we aim to contribute to the existing 
literature by applying concentration indices 
to highlight the dispersion of production 
and reveal the oligopol structure. Similar to 
Kalashnikov and Kalashnykova (2008), we 
conducted a quantity-oriented 
mathematical analysis by using specific 
models of game theory based on empirical 
data. However, we particularly focus on the 
main producers in Europe to highlight the 
main features of the European gas market in 
terms of competition. According to Hoayek 
et al. (2020), the Cournot’s acceptance rate 
in characterizing players’ behavior is 51%. 
We used the Cournot model to identify the 
main similarities or differences between the 
equilibrium quantities and the equilibrium 
price in comparison with registered 
quantities by the main manufacturers on 
this market. The analysis is based on 
publicly available annual data retrieved 
from data.org.un and ourworldindata.org 
from 1992 to 2019 and the costs are 
calibrated based on reports provided by 
Rystad Energy. Our findings are consistent 
with the evolution of the analyzed market. 
 
The structure of the paper is designed as 
follows.  In the first part, we emphasize the 
most relevant theoretical contributions 
from game theory and analysis of natural 

gas market to present the framework for the 
research objectives of interest. The second 
part reveals the results of the competition 
analysis between the main natural gas 
producing countries, namely description of 
market. The following section presents the 
methodology and the model used to analyze 
the competition on the natural gas market 
and we determine the equilibrium 
quantities for the European gas market in 
terms of game theory. The paper ends with 
a summarization of our findings along with 
identifying further research. 
 
Literature Review 

Since the behavior of companies on the 
oligopoly market presents the 
characteristics of a strategic game, game 
theory is an important tool for 
understanding and modeling both the basic 
principles and complex problems of 
oligopoly. The action of each player directly 
influences the level of demand of the 
opponents, thus making a distinction 
between perfect competition and oligopoly. 
The oligopoly model implies the existence of 
an interdependence between players that 
can also lead to anti-competitive 
agreements. The Cournot competition is 
often used in the classic approach to the 
oligopoly alongside the Bertrand and 
Stackelberg competition. Friedman (1977), 
Harris and Wiens (1980), Shapiro (1980), 
Daughety (1988), De Fraja and Delbono 
(1990) are among those who provided 
pioneering papers and surveys to 
understand the complexity of oligopoly.  
 
Various studies have been conducted in this 
direction having as reference the classical 
Cournot model (1838). Many models 
developed gave emphasis to three main 
issues: quasi-competitiveness of the model, 
the convergence of the model towards the 
perfect competition when there is an 
infinite number of players, the dynamic 
stability of the equilibrium solution. 
Through his work, Ruffin (1971) 
demonstrated that regardless of the quasi-
competitiveness of the model, it should not 
converge to perfect competition. Moreover, 
convergence only occurs when there is no 
scale economy. Ruffin also pointed out that 
the number of firms can be considered a 
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determining factor of quasi-competitive 
behavior and stability: a large number of 
firms can generate a deterioration of these 
aspects. 
 
Levin (1988) compared the classic 
competition models: the collusive 
monopoly, Stackelberg and Cournot, while 
assessing the levels of welfare and 
performance in these models. For this 
comparison, Levin considered the same 
demand and cost functions, but varied the 
manufacturer's behavior depending on the 
model analyzed, taking into account the 
structure and market conditions. This paper 
highlights the net effect of price and 
production change on welfare, with 
reallocation of production not necessarily 
favorable when moving from the Cournot to 
Stackelberg model in terms of performance 
and welfare.  
 
Based on classical competition models, 
Morasch (2000) analyzed the consequences 
of alliance forms, emphasizing the 
incentives of firms to form these alliances. It 
has been shown that any kind of strategic 
alliance is a means of affecting competition 
that depends directly on the number of 
allied firms. Such a competitive structure 
presupposes a commitment regarding the 
production level, the transfer prices and 
implicitly the profit sharing. In the case of 
Stackelberg cartels, allied companies 
behave like a leader compared to the rest of 
the industry. Also, firms can expand their 
production compared to the Cournot level 
as long as the number of allied firms is small. 
Otherwise, the production will be reduced. 
 
Johari and Tsitsiklis (2005) focused on the 
loss of aggregate surplus in Cournot 
competition as a result of players' exercise 
of market power. Obtaining results 
independent of the characteristics of the 
players, they have shown that the loss of 
efficiency is arbitrarily significant in such a 
competition. It should be noted that the 
aggregate surplus at a Nash-Cournot 
equilibrium is 2/3 of the maximum 
aggregate surplus, resulting in a loss of 
efficiency of less than 33%. These results 
can be obtained when consumers who have 
a concave utility function face an affine 
supply curve or when producers who have 

associated convex cost functions face an 
affine demand curve. 
 
Kalashnikov and Kalashnykova (2008) 
conducted a comparative analysis of 
competition in the natural gas market. As 
structural changes allow for the accurate 
modeling of strategic behaviors, they have 
proposed an exhaustive model structured 
as a two-stage game to characterize the 
perfect competition, cartel and Cournot 
competition in such a market. The first stage 
is defined by natural gas exports to Europe 
and the second stage by wholesale trade 
within Europe. The model presented 
allowed them to highlight that the 
uncooperative Cournot competition is the 
most realistic mail scenario in the two 
stages of the game, but also distinguishes 
the blockages of the transport 
infrastructure. 
 
Assuming that profit maximization is not 
the only goal for Russia, it also aims to 
increase market power, Jansen et al. (2012) 
combined the Cournot model with strategic 
delegation games to highlight the 
implications of Russia's operation as a 
major gas supplier. Their analysis has 
shown that any non-profit target targeted 
by Russia leads to increased gas volumes 
and lower prices, which is a beneficial 
outcome for EU consumers. The 
implications of the specific preference test 
specific to the Cournot equilibrium on the 
crude oil market have been investigated by 
Carvajal et al (2013). These tests take into 
account the strategic interactions during 
the economic game. The results presented 
show that the Cournot model with convex 
costs cannot explain the behavior of the 
OPEC group. Also, the optimal behavior was 
rejected for reference periods of 6 months. 
Through their study, Hoayek et al. (2020) 
aimed at analyzing the competition, the 
efficiency of the available information 
structure, the stability of the prices on the 
natural gas market using models specific to 
the game theory. The results obtained prove 
the presence of the regulatory authority on 
the analyzed market. Reporting the number 
of Nash Cournot equilibrium players to the 
total number of players, Hoayek et al. 
deduced the Cournot acceptance rate to 
characterize player behavior. The rate level 
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indicates that players choose to enter into 
strategic alliances to maximize their profit.  
 
Cumbul (2021) conducted a comparative 
analysis between the Stackelberg and 
Cournot models with private information, a 
linear demand function, but with stochastic 
interception, asymmetric prediction of 
signals or differentiated products as 
hypotheses. Compared to studies that were 
based on perfect demand information, 
Cumbul showed an expected price and a 
higher total profit, the total expected 
production, the consumer surplus, but also 
the total being higher in the Cournot-
Bayesian equilibrium than in the 
Stackelberg equilibrium for a finite number 
of firms. At the same time, through this 
comparative analysis, four effects of these 
types of competition were highlighted, the 
first two favoring Stackelberg competition 
in terms of welfare, namely: the strategic 
effect of the first mover and the effect of 
extracting an information rent.  
 
Starting from the classic Cournot model, 
Abe (2021) analyzed the formation of 
cartels in such a competition, the strategic 
profile of each company being determined 
by the level of cost advantage. Through his 
analysis, Abe showed that there is a direct 
relationship between the result of forming a 
cartel and the level of cost advantage 
achieved by each player. Thus, a company 
can obtain an incentive that allows it to lead 
the formation of a cartel when it has a 
moderate level of account advantage. This 
level allows them to produce goods and 
services at a significantly lower unit cost. 
Moreover, Abe pointed out that when there 
is a cost-copying technology that can be 
easily copied, this technology can be seen as 
a barrier to the division of the crankcase. 
 
Roman and Stanculescu (2021) made an 
analysis of the bargaining power of some 
European countries (Russia, Norway, 
Ukraine and Germany) derived from the 
natural gas transportation system using a 
cooperative model game. A game theory 
model based on price strategies (Bertrand 
type competition) in incomplete 
information was analyzed by Vintila and 
Roman (2021). 
 

European Natural Gas Market Analysis 

Before presenting the impact of competition 
among a limited number of gas producers in 
Europe in the context of a game theory 
model, we highlight the main features of this 
market.  Over time, the dynamics of the 
European gas market have been marked by 
three important aspects: the liberalization 
process, the rapid depletion of natural gas 
reserves and Russia's dominant position. 
The European gas market is made up of both 
the competitive and the regulated segment. 
The competitive segment reflects natural 
gas trading between producers, suppliers 
and ultimately eligible consumers, and the 
regulated segment reflects natural 
monopoly activities (e.g., underground 
storage and transportation). Given that 
natural gas is both a strategic component 
and a support for the development of 
several industries, the European gas market 
has over time played the role of a balancing 
market.  
 
In order to analyze the European natural 
gas market and implicitly to identify the 
main players, the evolution of production, 
prices, exports and the degree of 
concentration in the period 1992-2019 
were followed. In order to achieve this goal, 
official annual data published for 
production and export by data.un.org 
(http://data.un.org/Data.aspx?d=EDATA&f
=cmID%3ANG) and price by 
ourworldindata.org 
(https://ourworldindata.org/grapher/natu
ral-gas-prices) are used. 
 
During the analysis period, gas production 
in Europe was over 33 million terajoules, 
representing about 24% of world natural 
gas production. Until 2008, natural gas 
production did not register significant 
deviations, expecting the years 1996 
(production increased by 4.6% year on 
year) and 1997 (production decreased 3.9% 
year on year). In 2008, at European level 
there was a production with 3.5% higher 
than the previous year, following that the 
most significant decline in natural gas 
production to be registered in 2009 (-8.6% 
year-on-year). This completely different 
pattern from historical trends is correlated 
with the gas crisis of early 2009, which is 
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considered the largest gas crisis in Europe. 
For producer countries, this has led to rising 
worries about meeting growing domestic 
demand and export obligations. 
Fortunately, it was a short-term decline. 
Natural gas production reached its highest 
growth rate of 8.9% (year-to-year) in 2010. 
In the last four years of the analysis period, 
natural gas production has increased 
gradually reaching a level of about 39 

million terajoules. The European gas 
market is seen as a strategic target market. 
The access to import and export allows the 
consolidation of the position of the 
producers on the market and of the 
profitability of the resources, since the 
production represents an increase of the 
business line.  

 

 
 

Fig 1. Evolution of European natural gas production during 1992-2019 (terajoules) 
Source: Authors’ representation based on data.un.org data 

 
According to preliminary date, European 
natural gas production decreased in 2020 
by almost 7% and consumption decreased 
slightly by 4.51% year-on-year. It seems 

that natural gas production and long-term 
market prospects were not significantly 
impacted by changes in the European gas 
market amid Covid-19 pandemic. 

 

 
 

Fig 2. Evolution of natural gas price during 1992-2019 
Source: Authors’ representation based on data.un.org data 

 
The natural gas - average German import 
price ($/terajoules – see Fig 2) was volatile 
during the period considered, without the 
possibility of highlighting a trend.  In the 
periods 1992-1997, 2004, 2007, 2012-

2013, the price variation did not exceed 7% 
year on year. The most significant risings 
year on year were in 2000 (56%), 2005-
2006 (35%), respectively 2008 (45%). In 
2009, 2015-2016 and 2019, gas price 
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dropped by more than 24% year on year. It 
should be noted that in 2016, the price gas 
reached a level close to that recorded in 
2004. Given that the price of gas has a 
significant impact on industrial cost, 
household expenditures, but also on 

business competitiveness, analysts, 
decision makers in different business lines 
attach special importance to monitoring the 
market price gas.  
 

 
 

 
 

Fig 3. Evolution of natural gas export during 1992-2019 
Source: Authors’ representation based on data.un.org data 

 
In the period 1992-2019, the exported 
quantity of natural gas did not experience 
very large variations, having a minimum of 
9.1 mil terajoules (1993) and a maximum of 
18.03 mil terajoules (2017). At present, the 
quantity exported at European level 
represents approximately 36% of the 
quantity exported at world level. The share 
of the Russian Federation in total European 
export flows has decreased since 2000, 
being between 46% and 63%. Between 
1992 and 1999, the volume of natural gas 
exported by Russia accounted for between 
67% and 73% of total European exports. 
However, Russia is the largest supplier of 
natural gas 
in Europe, followed by Norway. Russia’s 
dominant position as the main exporter of 
natural gas to the European market involves 
uncertainty regarding market power and 
security of supply. 

The analysis of the degree of concentration 
achieved on natural gas production is of 
significant importance from a competitive 
point of view. This analysis is based on the 
market shares of European countries 
calculated according to the quantity of 
natural gas produced. As we see in fig 4, the 
European gas market is currently 
dominated by the four players: Russia, 
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Netherlands. If in 1992 the domestic 
production of these absolute leaders 
accounted for 89% of total production in 
Europe, in 2019 they provided 95% of 
European production and over 20% of 
world production. Therefore, during the 
analyzed period, there were small 
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market in terms of its main players. 
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Fig4. Gas production by major countries during 1992-2019 
Source: Authors’ calculation and representation based on data.un.org data 

 
According to the analysis carried out in this 
direction, Russia has managed to 
consolidate its competitive position both at 
European and global level as a result of the 
increase in demand and the decrease in 
local production in other countries. 
Therefore, we can say that the segment of 
European natural gas production is 
characterized by a very high degree of 
concentration, indicating a higher approach 
of the market analyzed by the oligopoly 

model. Hirschman Herfindahl market 
concentration index helps us to see the 
dispersion of production between countries 
with natural gas production on the 
European market. Analyzing the evolution 
presented in fig 5, we observe the 
oligopolistic character of the natural gas 
market during the whole reference period. 
When the index decreases, competition 
decreases and market power increases. 

 

 
 

Fig 5. Hirschman Herfindahl market concentration index 
Source: Authors’ calculation and representation based on data.un.org data 
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from the effects of scale economies, but at 
higher average costs. 
 

 
 

Fig 6. Export to production ratio 
Source: Authors’ representation based on data.un.org data 

 
In the chart above, we can see if the quantity 
of gas exported can be covered only by 
domestic natural gas production at the level 
of the leading countries in production. It is 
noted that the Netherlands exported more 
natural gas than the quantity produced in 
2016-2019, which means that imports 
exerted significant competitive pressure on 
domestic production. If this trend 
continues, the Netherlands could see a 
dilution of market power. As the export to 
production share increases, countries are 
forced to increase imports to meet demand. 
During the reference period, the quantity of 
gas exported by Norway has a significant 
share in the total domestic production. This 
does not apply to Russia and the United 
Kingdom. Fig 6 shows us that the UK 
exported a small quantity of natural gas 
during the analyzed period. As the market 
grows and becomes more open and 
resilient, Russia wants to sustain or increase 
its exports to Europe. But at the European 
level, the aim is to shape a competitive and 
efficient market, without any player 
becoming vulnerable to Russian pressure. 
 
Methodology and Model 

Because firms have to make strategic 
choices, the competitiveness gaps and 
market concentration can be defined within 
the limits of a mathematical model. One of 
the primary research tools used to 
formalize strategic choices in the 
mathematical concept of the game is game 
theory. Being a rational player, any 
company seeks to maximize its benefits 
derived from both prices and quantities, 
wanting to gain a large share of the market. 
Cournot competition is used to shape the 
behavior of firms when they seek to 
maximize their profits based on opponents' 
decisions about the quantities supplied. 
Firms adopt profit-oriented market 
strategies and do not cooperate. Therefore, 
the decision of each firm affects the price 
paid by the consumer. 
 
Let’s consider four firms ��, ��, ��, ��  that 
produce an undifferentiated good and 
choose to play a quantity setting game with 
simultaneous moves. In this case, the total 
quantity of good supplied by the four firms 
is: 

� = �� + �� + �� + ��                                                                                                                                      (1) 
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The market inverse demand function is defined as: 


��� = 
���, ��, ��, ��� = � − � ∑ ������ , ∑ �� ≤ �����0, ∑ �� > �����                                                                             (2) 

where a is a parameter, the maximum price 
that the consumer is willing to pay, and p is 
the price of the good. 
 

Each firm is assumed to have asymmetric 
marginal costs and no fixed costs. Thus, the 
total production cost of quantity ��  is given 
by: 

������ = ���� , � =  1,4����                                                                                                                                       (3) 

In our case, the players are the four firms 
whose strategies are given by choosing the 
optimal quantity of production as in the 

case of any Cournot competition: �� ∈ �� = 0, ��, � =  1,4����. 

 
Under these assumptions, the firm i`s payoff is: 

⎩⎪⎨
⎪⎧ ��: &���� , ��, ��, ��� = �� − �� − � ∑ ������ �����: &���� , ��, ��, ��� = �� − �� − � ∑ ������ �����:  &����, ��, ��, ��� = �� − �� − � ∑ ������ �����: &���� , ��, ��, ��� = �� − �� − � ∑ ������ ���

                                                                                                                  (4) 

 

In order to characterize the market 
equilibrium, four optimization programs 
must be solved as follows: 

 

 

 

'max+, &����, ��, ��, ��� = �� − �� − � ∑ ������ ����� ≥ 0, � =  1,4����                                                                                       (5) 

The solution of the optimization program 
for �� is determined by canceling the partial 

derivative of the profit in relation to the 
quantity of good produced: 

./,.+, = � − �� − 2��� − ��� − ��� − ��� = 0                                                                                                                        (6) 

whence it results: 

�� = 123,�4 − +5� − +6� − +7�                                                                                                                                       (7) 

Relation (7) defines the reaction function of 
the first company. This represents the 
quantity produced by �� in relation to the 
quantities he thinks his opponents are 
offering on the market. 

As well, the second-order condition for a 
maximum is satisfied: 

 

 

.5/,.+,5 = −2� < 0, where  � > 0                                                                                                                                               (8) 

 

The optimization programs for the other 
firms are written and solved analogically,  

 

thus obtaining a system formed by the 
reaction functions of the four companies: 
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⎩⎪
⎨
⎪⎧�� = 123,�4 − +5� − +6� − +7��� = 1235�4 − +,� − +6� − +7��� = 1236�4 − +,� − +5� − +7��� = 1237�4 − +,� − +5� − +6�

                                                                                                                                                          (9) 

 

Solving the system defined in equation (9), 
we obtain the optimal quantities that will be 

produced by the four companies in the 
analyzed industry: 

 

⎩⎪
⎨
⎪⎧��∗ = 12�3,:35:36:37;4��∗ = 1:3,2�35:36:37;4��∗ = 1:3,:352�36:37;4��∗ = 1:3,:35:362�37;4

                                                                                                                                                               (10) 

 
In the case of the Cournot model, the Nash 
equilibrium emphasizes the strategy that 
ensures the maximization of the payoff of 
each player both in relation to the supplied 

quantities and in relation to the strategies of 
the opponents. Thus, the Nash-Cournot 
equilibrium is found at the coordinate point ���∗, ��∗, ��∗, ��∗�. 

 

Substituting the optimal quantities in relation (2), we obtain the price paid by the consumer: 


∗��� = �1:<3,2�352�362�37;4                                                                                                                                                        (11) 

Equation (12) shows the profits of the four companies: 

⎩⎪⎪
⎨
⎪⎪⎧&�∗ = �1:3,:35:36:37��12�3,:35:36:37��;45&�∗ = �1:3,:35:36:37��1:3,2�35:36:37��;45&�∗ = �1:3,:35:36:37��1:3,:352�36:37��;45&�∗ = �1:3,:35:36:37��1:3,:35:362�37��;45

                                                                                                                                      (12) 

 
Game Theory Results and Discussions 

For the application of the model presented 
in the methodology, we take into account 
the productions of the most important 
producers in Europe: Russia, Norway, the 
Netherlands and the United Kingdom. The 
natural gas market in Europe is an oligopoly 
market on which a single good is traded that 
is supposed to be homogeneous, 
disregarding its quality. Thus, the offers of 
the four most important players in this 
market are substitutable, and the selling 
price is unique. It arises as a result of 
meeting the aggregate demand with the 
supply of natural gas. Thus, we take into 

account the average selling price of natural 
gas. The estimation of demand function 
parameters from the theoretical model is 
made using the program R, in which the 
exogenous variables are represented, for 
the four dominant players, by the levels of 
annual production (1993-2019), expressed 
in terajoules per year while the average 
selling price of natural gas ($/terajoules) 
represents the exogenous variable. 
Production costs are calibrated based on the 
reports made by Rystad Energy. The 
average cost for Russia is 398.88 
$/terajoules, for the United Kingdom is 
531.84 $/terajoules, for Norway is 275.89 
$/terajoules and for the Netherlands is 
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365.64 $/terajoules. The estimators of the 
coefficients of the model variables (p(y) = a 

– b y) are: a = 21075.7 and b =397.1. The 
increase of the natural gas production by 1 
terajoules for each of the four players will 
determine the decrease of the natural gas 

price by 397.1$/terajoules. Substituting the 
values of the parameters in equations (10) 
and (11) - presented in the methodology 
section - we obtain the equilibrium 
quantities and the price described in Table 
1. 

 
Table 1. Equilibrium quantities 

 

 
Russia Netherlands Norway 

United 
Kingdom 

Price 
($/terajoule

s) 

Theoretical 
model 
(terajoules) 
(@A∗, B∗� CDE 2019 

2,050,381.44 2,066,880.92 
  

2,111,429.51 
  

1,984,383.53 
4,963.68 

Mean 
(terajoules) 
(1992-2019) 

 
24,065,174.18  

 
2,502,614.01  

 
3,281,476.43  

 
2,834,825.57  

 5,334.26 

                                                                                Source: Authors’ calculation based on data.un.org data 

 
Analyzing the obtained results, we notice 
that the estimated price is very close to the 
average price, and the quantities obtained 
in the theoretical model are significantly 
different from the average productions 
considered. As we see in Table 1, Russia's 
quantity in the theoretical model is eleven 
times higher than the average production. 
The dominant position of this producer is 
the determining factor of this result. For the 
Netherlands, Norway and the United 
Kingdom, the quantities obtained in the 
theoretical model and the average 
productions do not differ significantly. If 
different reference periods are taken into 
account, then the estimated parameters for 
quantity function change significantly.  
 
Conclusions 

In economic games, the behavior of 
microeconomic entities varies depending 
on the information available to the parties, 
the beliefs of observers. Bargaining, 
competition between firms, conflict 
between managers and labor provide 
examples of economic games. Behavior that 
adapts to changes in economic or 
influencing games is induced by the level of 
uncertainty. Modeling economic 
transactions through game theory reveals a 
strategic decision-making process. Game 
theory provides a powerful tool for 
understanding the relationships, both 

consolidated and broken, between players 
in the case of competition and cooperation. 
Thus, knowing and identifying the type of 
game are essential steps that allow the 
identification of the means of analyzing the 
existence of equilibrium. 
 
The research tools offered by game theory 
can be easily applied in the European 
natural gas market. Highlighting the 
structure of the market, the degree of 
concentration, the volatility of price and 
production, the identification of dominant 
players and the pressure they exert are 
among the important characteristics that 
must be taken into account when analyzing 
this market. During the period considered, 
the production of natural gas at the 
European level represents approximately 
24% of the world production, not being 
identified a significant volatility in its 
evolution. The price evolution was 
extremely volatile, with a maximum of 
10995.17 $/terajoules (2008) and a 
minimum of 1765.61 $/terajoules (1999). 
Through the analysis performed, we 
identified a very high degree of 
concentration, indicating a higher approach 
of the market analyzed by the oligopoly 
model. In the context of the current war and 
the sanctions applied to Russia, it appears 
necessary to call on other suppliers of 
natural gas. European countries are seeking 
to stop importing natural gas from Russia 
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due to the current war and turn to the 
United States, Arab countries and Asian 
countries. 
 
Russia, the United Kingdom, Norway and 
the Netherlands are the dominant players in 
the European gas market, their production 
being taken into account for determining 
the equilibrium quantities from the point of 
view of game theory. Comparing the 
equilibrium quantities and price, 
determined on the basis of data from 1992-
2019, with the average values, we notice 
that only in the case of Russia there are 
significant variations between the 
quantities (24 mil terajoules vs. 2.2 mil 
terajoules). This is due to its dominant 
position. For the other three countries 
analyzed, we have small variations between 
the average quantities and the equilibrium 
quantities. Referring to the price, we notice 
that between the average price and the 
price resulting from the theoretical model 
there is a variation of 0.29% (5334.26 
$/terajoules vs 5349.97 $/terajoules).   
 
One of the limitations of this analysis is the 
lack of knowledge of exact costs. Data 
sources do not accurately indicate it, so they 
were calibrated from existing sources. In 
the Cournot model, the equilibrium 
quantities are almost equal for all players. In 
fact, the data show that Russia is a leader. As 
future research directions, we propose to 
modify the model using the Stackelberg-
Cournot oligopoly model, Russia being the 
leader and the other three dominant 
countries being followers. 
 
An earlier version of this paper was 
presented at the 39th IBIMA Conference. 
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