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Abstract 
To further explore the evolutionary direction and realization path of renewable energy 
cooperation between China and Central Asia, this paper uses the evolutionary game 
perspective approach to construct a two-party evolutionary game model, analyze the 
equilibrium evolution of the cooperation process between renewable energy 
enterprises of both sides, and use Matlab to numerically simulate the dynamic evolution 
process, analyze the influencing factors, and derive the dynamic evolution path of 
renewable energy cooperation between China and Central Asian countries. The research 
results show that the evolutionary game converges to different equilibrium points 
depending on the initial probability values of both parties, i.e., "positive cooperation" 
and negative cooperation. The findings of the study can provide a reference for the path 
of renewable energy cooperation between China and Central Asian countries in the new 
era. 
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1. Introduction 

It has been nearly ten years since the construction of "The Belt and Road Initiative ", and the 
effect of its cooperation in the field of energy is obvious to all. However, with the continuous 
development of society, the demand for renewable energy cooperation between China and 
Central Asian countries has become increasingly strong. Yu Xiaozhong suggests that green and 
low-carbon energy cooperation becomes the main direction of energy cooperation in the "Belt 
and Road" in the future[1]. Su Hua's study shows that China and Central Asian countries have 
strong complementarities in the energy sector[2]. Zhang Ning believes that cooperation in 
renewable energy is consistent with China's energy strategy and can solve energy problems for 
Central Asian countries[3]. Pang Guanglian suggested stability and longevity for energy 
transition and renewable energy investment cooperation in Central Asia[4]. 
In this paper, we use the evolutionary game approach to analyze the renewable energy 
cooperation between China and Central Asian countries from the enterprise level, especially to 
explore the dynamic evolutionary path of the renewable energy cooperation between the two 
sides. 

2. The Evolutionary Game Analysis of Renewable Energy Cooperation 
between China and Central Asian Countries 

Friedman argues that evolutionary games have great prospects for application in the economic 
field and explores the prospects of some specific applications in a dynamic and systematic 
way[5]. In this paper, we focus on the evolutionary game path of cooperation between 
renewable energy enterprises in China and Central Asian countries. The specific steps are as 
follows: construct the relevant parameter index system, construct the two-sided evolutionary 
game model, calculate the replicated dynamic equation, find the partial derivatives of the 
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equation, construct the 2×2 order Jacobi matrix, substitute the equilibrium point (x, y) values 
into the Jacobi matrix respectively, find the matrix characteristic roots by Matlab2016a, and 
judge whether the point is an ESS evolutionary stable strategy according to Lyapunov's first 
method. 

2.1. Constructing an Evolutionary Game Model 
The benefit matrix of renewable energy cooperation between China and Central Asian countries 
is as follows: 
 
Table 1. Benefits Matrix of Renewable Energy Cooperation between China and Central Asian 

Countries 
 Active cooperation of Central 

Asian companies 
(y) 

Negative Cooperation of Central Asi
an Enterprises (1-y) 

Chhinese companies actively co
operate (x) 

R1+E1-V1+G1+P1+C R1-V1+G1+D+P1+C 
R2+E2-V2+G2+P2+C R2-D-S2 

Negatice cooperation of Chinese
 companies (1-x) 

R1-D-S1 R1 
R2-V2+G2+D+P2+C R2 

2.2. Model Analysis 
2.2.1. Strategic Stability Analysis of Chinese Renewable Energy Companies 
The expected benefits and average expected benefits (E1, E2, and EC) for firms' positive or 
negative cooperation are: 
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The replication dynamic equation for Chinese firms' strategy choice is: 
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satisfying 0
)(d


dx

xF
,At this point x=0,x=0 is the steady state,the evolutionary stable strategy 

(ESS) of Chinese firms; conversely, when y < y*, x = 1 is the ESS. The phase diagram of the 
evolutionary strategy of Chinese firms is as follows (Figure 1). 
 

 

Figure 1. China Evolutionary Game Phases Chart 
 

 

Figure 2. Phase diagram of the evolutionary game in Central Asia 
 
The probability that a Chinese firm will actively cooperate is x with an area of S1, 
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2.3. Strategic Stability Analysis of Renewable Energy Companies in Central Asia 
The expected returns and the average expected returns (E3, E4, ECA) for active or passive 
cooperation of renewable energy companies in Central Asia, obtained from the calculation 
method of Chinese companies, are: 
 

 ；C+P+D）x-1（+G+V-xE+R=E 222223                                                 (4) 
 

                                                                      (5) 
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The replication dynamic equation for the strategy choice of Central Asian firms is: 
 

；xD-xS-R=E 224
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is a monotonically increasing function about x ,when x<x* ,G(x)<0,when y=0,which is the stable, 
ESS of Central Asian enterprises; conversely, when x<x*,y=1is ESS. The phase diagram of 
strategy evolution of Central Asian enterprises is shown above (right). 
The probability of active cooperation of Central Asian firms is y with area S1'. 
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Corollary: the probability of active cooperation of Chinese (Central Asian) firms is positively 
related to additional benefits (E), government support (G), positive impacts (P), default 
payments (D), and international support (C), and negatively related to costs (V). 
Proof: according to the expression for the probability of active cooperation in the production of 
Chinese (Central Asian) enterprises S1 (S1'), the first-order partial derivatives of the elements 
are obtained: ∂S/∂E>0,∂S/∂G>0,∂S/∂P>0,∂S/∂D>0,∂S/∂C>0,∂S/∂V<0. 

2.4. Stability Analysis of Equilibrium Points 
The system equilibrium point can be obtained from 0F(y)0,F(x)  : The Jacobian matrices 
of the two-sided evolutionary game system for E1(0,0),E2(1,0),E3(0,1),E4(1,1),E5(x*,y*): 
 

J=
J1 J2
J3 J4

=
∂F(x)/x ∂F(x)/y

∂F(y)/x ∂F(y)/y
= 

(1 − 2x)(yE + yS − V + G + P + C + D) x(1 − x)(E + S )

y(1 − y)(E + S ) (1 − 2y)(xE + xS − V + G + P + C + D)
 

 
Using Lyapunov's first method to determine that the equilibrium point is asymptotically stable 
when all eigenvalues of the XXX matrix have negative real parts. If at least one of the eigenvalues 
of the Jacobian matrix has a positive real part, the equilibrium point is an unstable point; if the 
Jacobian matrix has negative real parts except for the eigenvalues with zero real parts, the 
equilibrium point is in a critical state and the stability cannot be determined by the sign of the 
eigenvalues. Analysis of the stability of each equilibrium point leads to the conclusion that E1 
(0, 0) and E4 (1, 1) are evolutionary equilibrium points, the points E2 (1, 0) and E3 (0, 1) do not 
reach the evolutionary equilibrium point and are not stable, and the point E5 (x*,y*) is a point 
that varies with the parameter values. 

3. Simulation Analysis 

In order to illustrate more specifically the impact of both firms' decisions on the evolutionary 
game ESS and to verify the validity of the evolutionary stability analysis, this paper assigns 
values to the parameters in the model with realistic situations and simulates the evolutionary 
game numerically using Matlab2016a. To illustrate the impact of the costs incurred by business 
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cooperation and the additional benefits brought to the results, different assignments will be 
taken to describe different case scenarios and simulations will be performed for different 
situations. 
Firstly, the evolutionary stability of the strategies of the two game subjects at 

[0,1]y，[0,1]x   is simulated and analyzed. Figure 3 depicts the dynamic evolutionary 
process of the game, with the horizontal axis indicating the change in the probability x of 
Chinese enterprises adopting active cooperation strategies and the vertical axis indicating the 
change in the probability y of Central Asian enterprises adopting active cooperation decisions. 
 

 
Figure 3. Phase diagram of the initial evolutionary system 

 
When x<x* and y<y*, the probability that both Chinese and Central Asian renewable energy 
enterprises choose to actively cooperate is less than the critical value, and the dynamic game 
evolution finally converges to the point E1, that is, both x and y are zero. This situation arises 
either because of the lack of evolutionary cooperation motivation, the cooperation conditions 
are not yet perfect, or the cooperation is discarded because the cost of cooperation is greater 
than the benefit of cooperation. 
When x<x*, y>y* (or x>x*,y<y*), the cooperative game convergence reflects the nonlinear 
nature. The stable equilibrium point of the dynamic evolution of this system may converge at 
E1(0,0) (or E4(1,1)). Since the information difference affects the speed of adjusting strategies 
of both firms, at the same time, the evolutionary path of cooperation between the two sides is 
also affected by the initial values of the game between the two sides. The lower the initial state 
x and y values are, the more likely the two sides converge to the state of negative cooperation, 
and the higher the initial state x and y values are, the more likely they converge to the state of 
positive cooperation. 
When x > x* and y > y*, the game converges to E4 (1, 1), and the system evolves in favor of 
cooperation, and both parties actively cooperate as the stable state of the game. 
The following will further demonstrate the trajectory of E1 and E4 and the evolution of each 
game subject towards the equilibrium point at different initial value points by numerically 
simulating the initial values ( x, y) as (0.1, 0.8) (0.15, 0.4) (0.2, 0.5) (0.3, 0.6) (0.4, 0.2) (0.6, 0.2), 
respectively, and the dynamics of the strategy choice of the participating subjects over time (t) 
evolutionary process is as follows. 
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Figure 4. Dynamic evolution process of strategy choice of game participants 

 
As can be seen from the figure, when the probabilities (x , y) take different initial values 
respectively, the final results of game evolution also converge to different equilibrium points. 
In the initial setting state, the saddle point is calculated as ( 0. 38, 0. 32), which verifies the 
dependence of the evolutionary outcome of both strategies on the initial values of ( x, y). 
The values of the parameters in the replication dynamics equation also have some influence on 
the final evolutionary results of the two sides of the game. First, we analyze the influence of the 
cost of corporate cooperation (V1,V2) on the evolutionary results and discuss the evolutionary 
paths under different cooperation costs (as shown in Figures 5 and 6). The simulation shows 
that as the cost of cooperation decreases, both firms will gradually choose active cooperation 
and that reducing the cost of cooperation can accelerate the evolution of active cooperation in 
the process of evolution to a stable point. Next, we analyze the impact of additional benefits 
(E1,E2) brought by cooperation on the evolutionary results (as shown in Figures 7 and 8). The 
simulation shows that with the increase of extra benefits, the game parties tend to the 
probability of positive cooperation faster and faster, and the extra benefit E plays a positive role 
in the dynamic evolution of the game parties. 
 

 
Figure 5. Systematic evolutionary trajectory 

of the cost of cooperation in China 

 
Figure 6. Systematic evolutionary trajectory 

of the cost of cooperation in Central Asia 
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Figure 7. Systematic evolutionary trajectory 

of additional earnings in China 

 
Figure 8. Systematic evolutionary trajectory 

of additional benefits in Central Asia 

4. Conclusion 

Based on the evolutionary game theory to study the cooperation problem between renewable 
energy enterprises in China and Central Asian countries, the replication dynamic equations of 
both parties are calculated by establishing the payoff matrix of both parties of the game, so as 
to derive the Jacobi matrix, and the eigenvalues at different equilibrium points are calculated 
by Matlab2016a, and the sign of the eigenvalue λ is used to judge whether the equilibrium point 
of the game model is stable or not, and the evolutionary stable state of the stable equilibrium 
point. The study shows that both companies choose "positive cooperation" or "negative 
cooperation" as the ESS stability point, which has long-term dynamic stability. The stability of 
the strategy chosen by both sides of the game is related to the change of the parameter values 
of the replication dynamic equation, and the stability of the strategy of choosing "active 
cooperation" is inversely proportional to the cost and positively proportional to the additional 
benefit, i.e., when the lower the cost invested by both companies and the higher the additional 
benefit obtained, the strategy of choosing "active cooperation The strategy of "active 
cooperation" has more long-term stability. Based on further simulation in Matlab, it is 
concluded that the dynamic evolution process of strategy selection is related to the initial 
values of both parties and determines the final convergence of both sides of the game at two 
different ESS points. Also the probability of positive cooperation strategy of companies in both 
countries is positively correlated with government support, positive impact of cooperation, loss 
of breach of contract in case of violation of cooperation plan, and preferences or facilities 
provided by international organizations. 

References 

[1] Yu Xiaozhong, Bai Long, Luo Xia. "The connotation, dilemma and path of green and low-carbon 
energy cooperation in the Belt and Road [J]. Asia-Pacific Economy. 2021,(03). 

[2] Xu Haiyan. China's energy "dual-track" cooperation with Central Asia [J]. International Studies. 
2013,(06). 

[3] Zhang Ning. Creating an "upgraded version" of energy cooperation between China and Central Asia 
[J]. People's Forum. 2016,(36). 

[4] Shi Xiehong, Zhou Pengchao, Zhang Rui, Yin Bo, Xiang Junyong, Guo Liqun. Trends and Prospects of 
Energy Transition in Countries of Eurasian Region in the Context of Carbon Neutrality Global 
Energy Internet[J]. Global Energy Internet.2021,4(06). 

[5] Pang, Guanglian, Wang, Shuang, Wang, Yu. Energy transition and renewable energy investment 
cooperation in Central Asia[J]. International Petroleum Economics 2022,30(02). 



Volume 3 Issue 11, 2022 

DOI: 10.6981/FEM.202211_3(11).0037 

315 

Frontiers in Economics and Management 

ISSN: 2692-7608 

[6] Wang Xianjia, Quan Ji, Liu Weibing. Research on evolutionary game and cooperation mechanism 
under limited rationality[J]. Systems Engineering Theory andPractice.2011,31(S1). 

 


