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Abstract: Coal and coal-fired electricity generation, as interdependent upstream and downstream industries, 
play a positive role in ensuring energy security, economic development and social stability in China. However, 
the strategies of coal enterprises and coal-fired power enterprises are influenced by the market structure, coal-
electrical energy policies and the characteristics in the coal-electricity energy supply chain. In this paper, 
considering the upstream for many coal enterprises, the downstream for many coal-fired electricity generation 
enterprises in coal-electricity energy supply chain model, is concluded that profit calculation model for coal-
electricity cooperative enterprises, independent upstream coal enterprises, and independent downstream coal-
fired electricity generation enterprises were obtained. In order to maximize the profits, we construct coal 
enterprises and coal-fired electricity generation enterprises cooperative operation decision-making model, and 
the different situation of the optimal strategy is studied and analyzed. Using Matlab simulation software for 
numerical simulation. It is to belong to the simulation results confirm the efficiency of the model. 

1 Introduction 

Considering the increasing number of energy 
consumption, a large number of coal enterprises and coal-
fired electricity generation enterprises in coal-electricity 
energy supply chain are facing increasingly serious 
problems of supply coordination. Due to the 
unsynchronization of the coal marketization reform and 
the electric power marketization reform, the price conflict 
between coal enterprises and coal-fired electricity 
generation enterprises in the coal-electricity energy 
supply chain. Then, how to solve the price conflict 
between coal enterprises and coal-fired electricity 
generation enterprises has become a hot issue concerned 
by the government, enterprises and society [1,2,3,4]. 

2 Related Work 

The asymmetry of Chinese coal and electricity price 
reforms leads to serious conflict between coal enterprises 
and coal-fired power generation enterprises. When the 
electric power price is certain, and coal prices rise sharply, 
coal-fired power generation enterprises face significant 
losses, at the same time, they will also lead to uncertainty 
in the quantity and quality of coal supplies. Yang et al. 
taking China coal Pingshuo group co., ltd. as the research 
object, it is found that coal integration can improve the 
economic benefits of enterprises [5]. Peng et al. discusses 

the establishment of cooperative relationship between 
coal suppliers and power companies to solve conflicts [6]. 
Studies the mixture of vertical integration and vertical 
separation, points out the coexistence of vertical 
integration and vertical separation in the market [7,8]. 
Many scholars explore the application of vertical 
integration and vertical separation models. Felix et al. the 
optimal split model of vertical split of supply chain by law 
regulation is studied [9]. 

In this paper, based on the principle of vertical 
integration, coal-electricity power energy policy and the 
characteristics in the coal-electricity energy supply chain, 
analyzes the best strategy and reasons of coal enterprises 
and coal-fired electricity generation enterprises under the 
market structure in the coal-electricity energy supply 
chain. we develop the coal-electricity cooperative 
decision-making model. propose the optimal decision-
making of vertical relationship governance in China's 
coal-electricity energy supply chain. Finally, use of 
Matlab simulation software for numerical simulation, we 
present the optimal decision-making method, and we can 
get the maximum profit of each in coal-electricity energy 
supply chain under different scenarios. At last, the 
simulation results verify the effectiveness of our proposed 
model. 
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3 Model 

There is a coal-electricity energy supply chain, including 
n upstream coal enterprises and m downstream coal-fired 
electricity generation enterprises, and the upstream coal 
enterprises supply coal to the downstream coal-fired 
electricity generation enterprises, where 𝑛 2 , 𝑚
2.The fixed production cost of upstream coal enterprises 
is FC, and the marginal production cost is d. The fixed 
production cost of downstream coal-fired electricity 
generation enterprises is FE, the marginal production cost 
is g, and the coal sales price in the upstream coal market 
is . 

To facilitate research, this article assumes that the 
production cost of n upstream coal companies is the same, 
the production cost of m downstream coal-fired electricity 
generation enterprises is the same, also including k coal-
electricity cooperative enterprises. Here and below, 
superscripts C, E and V represent upstream coal 
enterprises, downstream coal-fired electricity generation 
enterprises and coal-electricity cooperative enterprises. 
The output of a coal-electricity cooperative enterprise 
is𝑞 , and the total output is𝑄 𝑘𝑞 , where 𝑡 1,2, … , 𝑘. 
Same goes for other things. 

Assuming that all participants in the market sell and 
buy at an equilibrium price, and each market is completely 
cleared, there is 𝑄 𝛽𝑄 , 𝑄 𝑄 𝑄 , where𝛽 is the 
standard electricity generation per unit coal. The inverse 
demand function of downstream coal-fired electricity 
generation enterprises is:  

  𝑝 𝑟 𝑠𝑄 𝑟 𝑠 𝑄 𝑄      (1)  

Where 0r  , 0s  , p and Q  are respectively the 

price and demand of downstream coal-fired electricity 
generation enterprises. According to the Cournot game 
model, the profit function of coal-electricity cooperative 
enterprise and coal-fired electricity generation enterprise 
in the downstream is given as follows: 

𝜉 𝑟 𝑠 𝑄 𝑄 𝑔 𝛽𝑑 𝑞 𝐹 𝐹 . (2)  

𝜉 𝑟 𝑠 𝑄 𝑄 𝑔 𝛽𝑤 𝑞 𝐹          (3)  

After the formula derivation finally get the 
corresponding profits is: 

Coal-electricity cooperative enterprise: 

 𝜉 1 𝑟 𝛽𝑑 𝑔   

𝐹 𝐹  (4) 

Independent upstream coal enterprise:  

𝜉 𝑟 𝛽𝑑 𝑔   𝐹    (5)  

Independent downstream coal-fired enterprise: 

   𝝃𝒋
𝑬 𝟏

𝒔

𝒏 𝒌

𝒎 𝟏 𝒏 𝒌 𝟏

𝟐
𝒓 𝜷𝒅 𝒈  𝟐 𝑭𝑬    (6) 

4 Analysis 

When the profit of coal-electricity cooperative operation 
is larger than the profit of independent operation, coal-

fired electricity generation enterprises will choose coal-
electricity cooperative operation. In the coal-electricity 
energy supply chain, it is assumed that the enterprise in a 
competitive advantage decides whether to cooperative 
operation or independent operation. When 2m n  , 
the E depends on the C, the C decides whether to 
cooperative the E, and E decides whether to accept 
cooperative operation or independent operation, and vice 
versa. The coal-electricity cooperative decision-making 
model of coal-electricity cooperative enterprise is: 

𝛥𝜉 𝜉 𝜉 𝜉 𝑟 𝛽𝑑

𝑔     (7)  

According to the assumed conditions
 

0, 
𝑚 1 0, 𝑘 1 0, 𝑛 𝑘 1 0 , the 

symbol of equation (17) can be simplified to:  

𝑋 𝑘 2𝑛 𝑚 1 𝑘 2𝑛 1     (8)  

Since the value of X can be positive or negative, the 
profit of coal-electricity cooperative enterprise may 
increase or decrease.  

4.1 Positive income situation 

When2 𝑚 𝑛  and 𝑘 1,2, … 𝑚, 𝑋 0 . 
（1）If 𝑘 1, X is the maximum, that is： 

max =4  3 0nX m                  （9）
 

（2）If 𝑘 𝑚 , X is the minimum, that is： 

 
2

min

2m (2 1)( 1)
=

n

m
X

m   
         （10）

 

As the profit of coal-electricity cooperative operation 
is larger than that of coal-electricity independent 
operation, m upstream coal enterprises engage coal-
electricity cooperative operation for downstream coal-
fired electricity generation enterprises, n-m upstream coal 
enterprises withdraw without coal product supply market, 
and upstream and downstream enterprises fully 
cooperative operation, forming an oligopoly industry 
chain. 

4.2 Uncertain income situation  

When 𝑛 𝑚 4𝑛 3 , 1 𝑘 𝑘 , 𝑘
1,2, … 𝑛,𝑋 0  or 𝑘 ,𝑋 0 . 

If 𝑘 1,𝑋 is the maximum, that is：  

max =4  3 0nX m                 （11）
 

If 𝑘 𝑛 ,𝑋 is the minimum, that is 
2

min

1
=

 n mm
X

n

n

  

                   （12）
 

When m increases greatly, m-n coal-electric 
independent enterprises produce a larger output, which 
makes a greater contribution to the output of upstream 
coal enterprises. Attract coal-electricity cooperative 
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enterprises to split off the downstream coal-fired 
electricity generation enterprises with large supply, 
although their profit margins have been reduced, their 
output has increased significantly, and their total profit 
has also increased. At this time, the formation of coal-
electricity cooperative operation enterprises and coal-
electricity independent operation enterprises coexistence. 

4.3 Negative income situation  

When 4𝑛 3 𝑚 , 𝑘 0 , 𝑋 0 , The profit of coal-
electricity cooperative operation is less than that of coal-
electricity independent operation, so the upstream and 
downstream industry separation, no coal-electricity 
cooperative operation. 

5 Simulation 

5.1 Positive income situation  

In the case of positive income situation, each parameter is 
assumed as follows: n=25, m=20, at this time,2 𝑚 𝑛  
According to parameter settings, 𝑋 change with k in 
figure 1.  
 

 
Fig 1. 𝑋 change with k in positive income situation 

 
At this time, upstream and downstream enterprises 

forming an oligopoly industry chain. 

5.2 Uncertain income situation 

In the case of uncertain income situation, the parameters 
are assumed as follows: n=25, m=40, at this time 𝑛 𝑚
4𝑛 3. 

According to parameter Settings, 𝑋 changes with k 
value on values is shown in figure 2.  

 

 
Fig 2. change with k in uncertain income 

situation 
 

At this time, coal-electricity cooperative enterprise 
and coal-electricity independent enterprise coexistence. 

5.3 Negative income situation  

In the case of negative income situation, each parameter 
is assumed as follows: n=10, m=50, at this time 4𝑛 3 
𝑚. According to parameter Settings, 𝑋  changes with k 
value on values is shown in figure 3.  
 

 
Fig 3. change with k in negative income situation 

 
The profit of coal-electricity cooperative operation 

less than that of coal-electricity independent operation. 
When coal-electricity cooperative enterprise loss, in this 
situation, the formation of complete coal-electricity 
independent operation. 

6 Conclusions 

The analysis results of this paper are as follows. 
A. From the market structure in the coal-electricity 

energy supply chain, can draw the following conclusions: 
At the early stage of marketization reform, there are a 

large number of upstream coal enterprises and a large 
number of downstream coal-fired electricity generation 
enterprises stimulated by electricity demand, which is the 
coal-electricity energy market of complete coal-electricity 
cooperative enterprises. At the period of reducing 
capacity policy, the upstream coal enterprises will make 
the best decision of coal-electricity cooperative operation 
or independent operation according to the number of 
upstream coal enterprises, downstream coal-fired 
electricity generation enterprises and coal-electricity 
cooperative operation enterprises in the market. 

B. From the perspective of coal-electricity energy 
policy in the coal-electricity energy supply chain, can 
draw the conclusion that, the complete coal-electricity 
independent operation gradually evolved into partial coal-
electricity cooperative operation.  

C. From the perspective of the characteristics in the 
coal-electricity energy supply chain, when the upstream 
coal enterprises cooperation with the downstream coal-
fired electricity generation enterprises, the cost of the 
cooperative can be reduced and the market 
competitiveness of the cooperative can be enhanced. 
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