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Abstract: The newly-issued 2025 policy on deepening the market-oriented reform of new energy feed-in tariffs has exerted a profound 
impact on reshaping the development pattern of new energy industries, such as photovoltaic power. In this evolving context, collaborative 
grid-connection among photovoltaic power generation enterprises, power grid enterprises, and government agencies is crucial for enhanc‐
ing the competitiveness of the new energy industry and achieving energy transition. This paper constructs a tripartite evolutionary game 
model to deeply explore the strategy selection and key influencing factors of each subject in the grid-connection process. It integrates large 
language models (LLMs) to analyze factors affecting strategy selection among different stakeholders and utilizes LLMs to capture the het‐
erogeneous cognitive characteristics of different subjects, thereby overcoming the limitations of "strong assumptions" commonly found in 
traditional game models. Through multi-round semantic parsing, it identifies key influencing factors such as market-oriented electricity 
price fluctuations, technological innovation costs, and assessment penalty. Furthermore, based on the actual data of photovoltaic industry 
development in Jiangxi and Hubei Provinces, numerical simulations are employed to analyze the impact of key factors (e. g., market-
oriented electricity price fluctuations) on the strategic choices of the three stakeholder parties under the new policy framework and verify 
the model 􀆳s effectiveness. The study clarifies the critical thresholds affecting collaborative grid connection, providing a data-driven theo‐
retical basis for the government to implement targeted policies and enterprises to optimize decision-making.
Key words: electricity marketization in 2025; large language models (LLMs); policy simulation; tripartite evolutionary game
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0　Introduction

The expansion of new energy, particularly photovol‐

taic power and wind energy, has been prioritized in na‐

tional policy as a fundamental element for achieving 
China 􀆳s dual carbon goals of emission peak and carbon 

neutrality[1-2]. To promote the rapid development of new 

energy, the Chinese government has introduced incen‐

tive measures represented by feed-in tariffs (FITs) [3-7]. 

However, with the expanded generation of new energy 

power, limitations of the feed-in tariff policy have be‐

come more apparent, including insufficient motivation 
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for enterprise innovation, increased government finan‐
cial pressure, and distorted market pricing mechanisms. 
Thus, it has become necessary to gradually remove pro‐
tections and subsidies for new energy electricity prices 
and encourage full market competition in new energy 
for deepening electricity market reforms. In February 
2025, the National Development and Reform Commis‐
sion issued the Notice on Deepening the Market-
Oriented Reform of New Energy Feed-in Tariffs and Pro‐
moting the High-Quality Development of New Energy 
("Document No. 136"), whose core is to promote com‐
prehensive marketization of new energy electricity 
prices.

The new "Document No. 136" will profoundly re‐
shape the interests and decision logic of three key enti‐
ties: new energy power generators, power grid enter‐
prises, and governments. New energy generators will 
face market-oriented electricity price fluctuations and 
largely cancelled subsidies; their development will de‐
pend on technological innovation, cost reduction, opera‐
tional efficiency, and market opportunity identification. 
Their strategies (active/passive grid-connection) are con‐
strained by the balance between market returns and inno‐
vation costs. Power grid enterprises must enhance new 
energy absorption capacity and maintain grid stability; 
their strategies (active/passive cooperation) depend on 
balancing grid transformation investment costs and new 
energy absorption obligations. Governments need to 
shift from "direct intervenors" to "rule-makers and super‐
visors"; their strategies (strong supervision/weak super‐
vision) must balance regulatory costs (e. g., subsidies), 
potential benefits (e.g., tax revenue), and policy goals (e.
g., a higher proportion of new energy). Under this 
policy, the three parties 􀆳 strategic choices are highly in‐
teractive and game-oriented, with their final decisions 
significantly affecting policy effectiveness and the sus‐
tainability of the new energy industry.

A new policy 􀆳 s ability to meet expected goals 
hinges on stakeholders reaching a stable, coordinated 
strategic equilibrium[8-9]. Under the new energy electric‐
ity price marketization framework of "Document No. 
136", the enthusiasm of new energy enterprises for grid 
connection, the cooperative integration by power grid en‐
terprises, and government regulatory intervention are in‐
terdependent and mutually constraining. Any party􀆳s stra‐
tegic deviation, such as new energy enterprises passively 
responding to market risks, power grid enterprises delay‐
ing transformation investment, or governments over-

regulating or under-regulating, may reduce policy effec‐
tiveness or cause failure. Thus, in-depth analysis of the 
policy 􀆳 s incentive and constraint mechanisms on the 
three entities􀆳 decision-making, and revelation of the dy‐
namic process and stable conditions of their strategic in‐
teraction evolution, is theoretically and practically sig‐
nificant for evaluating policy effectiveness and guiding 
benign collaboration.

Current research on electricity market policy ef‐
fects has yielded some achievements[10-16], but gaps exist 
in methodology and objects. On one hand, studies on 
electricity market policies (including investment deci‐
sions, trading mechanisms, and quota systems) mostly 
focus on game analysis in traditional energy or mixed 
markets[8,17-19]. Special evaluations of new policies for 
new energy electricity price reform, such as "Document 
No. 136", which centers on comprehensive market-
oriented pricing, remain scarce. Moreover, existing lit‐
erature mainly involves policy interpretation and qualita‐
tive recommendations[20-23], lacking support from data-
driven simulation experiments.

On the other hand, regarding policy research meth‐
odologies, evolutionary game theory has become a main‐
stream tool for analyzing multi-agent policy responses, 
as it can effectively depict dynamic strategy adjustments 
among boundedly rational agents[8,24-27]. However, tradi‐
tional game models often rely on researchers 􀆳 subjective 
assumptions of "representative agents" and "rational ex‐
pectations". The selection of influencing factors in such 
models may deviate from agents 􀆳 complex consider‐
ations in real decision-making, risking disconnection be‐
tween models and reality due to "strong assumptions"[28]. 
In recent years, large language models (LLMs) have 
shown great potential in simulating human decision-
making. Studies indicate they can exhibit certain eco‐
nomic rationality without explicit optimization guidance 
and map behavioral characteristics of different groups in 
specific scenarios[28-31]. This offers a novel solution to the 
shortcoming of traditional game theory methods.

This paper proposes a simulation analysis frame‐
work integrating LLM screening and a tripartite evolu‐
tionary game, aiming to more realistically evaluate the 
policy effects of "Document No. 136". Given that photo‐
voltaic power generation is a major new energy 
source[32-35], this paper selects photovoltaic power genera‐
tion enterprises for simulation research.

This paper 􀆳s research approach is as follows. First, 
four mainstream LLMs (DeepSeek-V3, ChatGPT-4.1, 
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Llama-4-Scout-B10, and Hunyuan) are used to play the 
roles of photovoltaic enterprises, power grid enterprises, 
and the government. Guided by designed prompts, each 
LLM independently reasons and outputs key factors in‐
fluencing its core strategic choices under the new policy 
based on its role. Second, systematic statistics and inte‐
gration of LLM responses screen out core influencing 
factors frequently mentioned and shared by different 
models. These factors form the basis for the game 
model's parameter system, avoiding subjectivity in tradi‐
tional factor selection. Finally, based on these more "re‐
alistic" factors, a tripartite asymmetric evolutionary 
game model of photovoltaic enterprises, power grid en‐
terprises, and the government is constructed, with repli‐
cator dynamics equations and equilibrium stability con‐
ditions derived. Python-based numerical simulation ana‐
lyzes key parameter changes within a reasonable range 
to quantify how each factor affects their strategic evolu‐
tion paths and stable equilibrium.

This paper proposes a methodological framework 
that combines multi‑LLM role‑playing with factor 
screening in policy evolutionary game analysis. Large 
language models are used to capture the heterogeneous 
cognition of different decision‑making agents, providing 
more realistic parameters for traditional game models 
and relaxing their strong assumptions. Using China 􀆳 s 
"Document No. 136" as a case, a tripartite evolutionary 
game model is built and validated with real data from 
photovoltaic enterprises. The results show how key 
policy variables, such as market‑driven electricity price 
fluctuations and subsidy withdrawal, dynamically affect 
the strategies of photovoltaic enterprises, grid enter‐
prises, and governments, and identify the conditions un‐
der which stable outcomes emerge. Critical thresholds 
are also determined, including a lower bound for market 
electricity prices and an upper bound for innovation 
costs of new energy enterprises. The findings empiri‐
cally confirm that subsidy removal and absorption re‐
sponsibility mechanisms can promote market 
self‑regulation, offering governments a theoretical basis 
for targeted policy design and enterprises practical guid‐
ance for strategy optimization.

1　Construction of the Tripartite 
Evolutionary Game Model

1.1　Selection of Influencing Factors

This study integrates LLMs into influencing factors 

analysis, providing a novel policy research approach. 
The core reason why LLMs are applicable to such game-
theoretic scenarios in electricity market policies lies in 
their alignment with the essential demands of policy 
gaming and their ability to effectively overcome the limi‐
tations of traditional methods. First, electricity market 
policy games involve multiple stakeholders including 
government, power generation enterprises, and grid en‐
terprises, whose decisions are influenced by complex 
factors such as policy orientation, market conditions, 
and self-interests. Through role-playing, LLMs can cap‐
ture the decision-making logic and behavioral prefer‐
ences of different agents without requiring researchers to 
subjectively assume "representative agents", thereby en‐
abling a more realistic simulation of the bounded-
rational decision-making process among multiple stake‐
holders.Second, the dynamic nature of policy games de‐
mands that models adapt to the dynamic adjustment of 
stakeholders 􀆳 strategies. Benefiting from strong contex‐
tual understanding and generation capabilities, LLMs 
can dynamically output decision responses of each agent 
that conform to realistic situations based on policy con‐
tent, thus avoiding the problem of disconnection from re‐
ality caused by the strong assumptions embedded in tra‐
ditional models. Third, for the specialized evaluation of 
new policies such as new energy electricity price reform, 
LLMs can rapidly identify key influencing factors from 
policy texts and market data to achieve objective factor 
screening. This effectively addresses the shortcoming of 
strong subjectivity in factor selection in traditional game 
models[28,31], providing more practically meaningful sup‐
port for the accurate assessment of policy effects. In‐
spired by real-world human group decision-making het‐
erogeneity, the four models simulate three subjects: pho‐
tovoltaic enterprises, power grid enterprises, and govern‐
ment. Each role undergoes 5 independent tests to ad‐
dress potential response variations. The experimental de‐
sign follows a structured protocol for consistency and re‐
peatability.
1.1.1　The prompts provided to each LLM

We design a unified multiLLM roleplaying prompt 
for three decisionmaking agents: photovoltaic enter‐
prises, power grid enterprises, and government agencies. 
All prompts follow the same setting: read Document No. 
136, assume the scenario is after June 1, 2025, and role‐
play as the corresponding Chinese stakeholder. For pho‐
tovoltaic enterprises, the prompt asks for factors influ‐
encing the choice between active and passive grid con‐
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nection; for power grid enterprises, it asks for factors af‐
fecting active or passive cooperation in new energy 
transmission and absorption; for government agencies, it 
asks for factors affecting strong or weak supervision. 
Each prompt requires an explanation and concludes with 
the fixed statement: "Final answer: I believe that … fac‐
tors will affect my choice because …".

Although the prompt design in this paper takes 
policy background and role-playing as its core frame‐
work, the role-playing settings implicitly incorporate the 
micro decision-making constraints of each stakeholder: 
For photovoltaic generation enterprises, the prompt de‐
fines the role of "photovoltaic power generation enter‐
prise", which implicitly reflects financial constraints 
such as investment costs and returns, as well as technical 
R&D bottlenecks. For power grid enterprises, the posi‐
tioning of "responsible for new energy transmission and 
absorption" is specified, implying constraints including 
technical renovation pressure, accommodation capacity 
limitations, and regional industrial characteristics. For 
government, the role of "relevant government agencies" 
implicitly reflects realistic constraints such as market-
oriented regulatory objectives, fiscal capacity, and re‐
gional disparities in new energy development. Mean‐
while, by guiding each stakeholder to explain its 
decision-making logic within the policy context of Docu‐
ment 136, the micro-orientation of the prompt is further 
strengthened. This prevents excessively macro and ho‐
mogeneous outputs from LLMs and ensures that the re‐
sults conform to the actual decision-making logic of 
each participant.
1.1.2　LLM􀆳s subject role-playing process

1) Provide standardized prompts;
2) Record complete model responses;
3) Clear conversation history;
4) Repeat steps 1)-3), with a total of 5 independent 

tests conducted for each subject role;
5) Switch to the next subject role and repeat 1) -4) 

until the role-playing for all three subjects is completed;
6) Switch to the next LLM and repeat 1)-5).
It should be noted that conversation history is 

cleared before each new prompt to ensure test indepen‐
dence, with responses based solely on the current 
prompt. All responses are standardized. Default LLM 
temperature settings are retained for natural reasoning.

To enhance the reliability and economic rationality 
of influencing factors extracted by large language mod‐
els, this paper adopts a multi-round semantic parsing 

framework. Rather than relying solely on high-
frequency word screening, this study further conducts 
manual secondary validation and economic logic reduc‐
tion on the model outputs, integrating theories of elec‐
tricity market economics and practical experiences from 
China 􀆳 s new energy tariff market-oriented reforms. Se‐
mantic outputs irrelevant to the operational mechanism 
of the electricity market are excluded, and only critical 
factors consistent with cost-benefit theory, market equi‐
librium theory, and the institutional characteristics of 
China 􀆳 s electricity regulation are retained. During this 
process, policy text comparison, and industrial expert 
consultation are employed to ensure that the extracted 
factors reflect the actual decision-making logic follow‐
ing the 2025 new energy tariff market-oriented reform. 
These measures mitigate the impacts of the model􀆳s gen‐
eral corpus bias and algorithmic deviations, thereby 
guaranteeing the theoretical validity and practical appli‐
cability of factor selection.

Figure 1 summarizes key common factors fre‐
quently mentioned by models (per four LLMs) and their 
mention frequency across 15 independent tests per large 
model.

Figure 1 shows that, despite differences in the fac‐
tors identified after role-playing three subjects, the four 
large models have significant overlap in key factors. 
This confirms the feasibility and rationality of using 
LLMs to simulate different groups 􀆳 basic decision-
making and screening[28,31]. Sorting these more "realistic" 
LLM-identified factors gives those in Table 1.

1.2　Basic Assumptions of the Model

This paper constructs a three-player evolutionary 
game model following the mainstream research para‐
digm in the field of evolutionary games. The model in‐
corporates not only the innovation cost of photovoltaic 
enterprises and the renovation investment cost of power 
grid enterprises, but also multi-dimensional factors in‐
cluding market electricity price, subsidy, penalty, market 
access mechanism (market transaction on-grid electric‐
ity, mechanism quantity), and green certificate spillover 
value, etc.. All the above factors serve as incentive and 
restraint instruments under the market-oriented reform 
framework of "Document No. 136", and can comprehen‐
sively reflect the core government functions of "guid‐
ance, regulation and guarantee" in the policy, as well as 
the revenue composition of each stakeholder.

In the equilibrium analysis of evolutionary games, 
the linear return assumption is a general prerequisite that 
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enables the analytical derivation of the replicator dynam‐
ics equations and the rigorous determination of strategy 
stability. From the theoretical logic of evolutionary 
games, the linear or nonlinear form of the cost function 
mainly affects the quantitative values of stakeholders 􀆳 
payoffs and the magnitudes of critical thresholds, with‐
out changing the sign of the fitness difference between 
strategies in the replicator dynamics equations. There‐
fore, it will not alter the evolutionary direction of the 
system or the qualitative conclusion of the evolutionarily 
stable strategy (ESS), nor will it impair the core robust‐
ness of the model results.
1.2.1　Participants in the game model

Game participants: photovoltaic enterprises, power 
grid enterprises, and government. All are boundedly ra‐
tional, not fully grasping decision-making information, 
but adjusting strategies via trial and error and learning to 
maximize their interests.
1.2.2　Strategy choices

Following the standard modeling paradigm in the 
field of three-player evolutionary games, strategy op‐
tions are: photovoltaic enterprises [active/passive grid-
connection]; power grid enterprises [active/passive coop‐
eration]; government [strong supervision/weak supervi‐
sion]. The three parties achieve coordinated photovoltaic 
grid-connection via their choices. Assume photovoltaic 
enterprises choose active grid-connection with probabil‐
ity x, passive with (1 - x); power grid enterprises choose 

active cooperation with probability y, passive with 

(1 - y); government chooses strong supervision with 

probability z, weak supervision with (1 - z); where 

xyzÎ [0,1].

1.2.3　Costs and revenues of photovoltaic enterprises

1) If a photovoltaic enterprise chooses active grid-

connection, it incurs innovation cost Ca. Assume that: 

generation efficiency improves, costs reduce, market de‐

mand is easier to forecast, and market bargaining power 

rises. If the grid enterprise actively cooperates, the pho‐

tovoltaic enterprise gains generation revenue of (Q1 -
Q0 )(P1 + g)+Q0 P0. If it passively cooperates, the photo‐

voltaic enterprise may face grid-connection restrictions 

due to poor absorption. Under such restrictions, the 

monthly on-grid electricity volume, equal to the 

mechanism-based electricity quantity, is Q0, and the re‐

stricted generation revenue becomes Q0 P0. Here, Q1 de‐

notes the average monthly on-grid electricity volume. Q0 

does not participate in green certificate transactions, and 

no premium is considered; its price is solely determined 

by P0. The segment in market transactions can consider  

g and depends on P1. Pursuant to "Document No. 136", 

new energy 􀆳s Q0 and price P0 shall be specified by pro‐

vincial price, energy and power operation authorities. 

The document stipulates that mechanism-included elec‐

tricity may be appropriately lower than total generation, 

implying Q0 <Q1 and defining ratio q= Q0 /Q1 (0<q<1) 

as the proportion of mechanism-based electricity in ac‐

tual on-grid quantity.

2) A photovoltaic enterprise choosing passive grid-

connection faces grid-connection restrictions by grid en‐

terprise and only gets restricted generation rev‐

enue Q0 P0.

Fig. 1　Important influencing factors screened by the four LLMs
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3) Government strong supervision provides a sub‐
sidy s for photovoltaic enterprises 􀆳 on-grid electricity 
price; weak supervision means no subsidy.
1.2.4　Costs and revenues of power grid enterprises

1) Grid enterprises adopting active cooperation re‐
quire grid upgrading costs Cb, assumed to absorb all on-
grid electricity. If photovoltaic enterprises choose active 
grid-connection, grid enterprises gain transmission rev‐
enue trQ1 (with tr as average transmission and distribu‐

tion price) and, per "Document No. 136", price differ‐
ence settlement fee (P1 -P0 )Q0 for mechanism-included 

electricity. For passive grid-connection by photovoltaic 
enterprises, grid enterprises earn transmission revenue 
trQ0 and price difference settlement fee (P1 -P0 )Q0.

2) Grid enterprises adopting passive cooperation 
may face power absorption difficulties and on-grid quan‐
tity restrictions, with revenue limited to trQ0 +(P1 -P0)

Q0; if photovoltaic enterprises also choose passive grid-

connection, unstable electricity access may incur addi‐
tional grid operation and maintenance costs Lb.

3) Government strong supervision imposes annual 
penalty d on grid enterprises adopting passive coopera‐
tion (e.g., missing renewable energy consumption share 
targets); weak supervision means no penalty.
1.2.5　Costs and revenues of government

1) Government revenue includes taxes from photo‐
voltaic and grid enterprises at rates t0 and t1 respectively. 
Total tax revenue is t0 Ra + t1 Rb, with Ra and Rb represent‐

Table 1　Influencing factors

Factor

P1 (Daily average market transaction 
electricity price)

P0 (Mechanism-based electricity 
price)

Q1 (Monthly average grid-connected 
photovoltaic electricity quantity)

Q0 (Monthly average mechanism-
based electricity quantity)

Ca (Annual innovation costs 
invested by photovoltaic enterprises)

tr (Average transmission and 
distribution price)

Cb (Annual transformation costs for 
power grid enterprises)

Lb (Additional grid operation and 
maintenance costs)

t0 (Tax rate on photovoltaic 
enterprises)

t1 (Tax rate on power grid 
enterprises)

s (Electricity price subsidy)

d (Assessment penalties)

g (Green certificate spillover value)

Lg (Social reputation loss)

Meaning

"Document No. 136" stipulates that prices beyond mechanism guarantee are market-formed and 
volatile

It applies to new energy under mechanism guarantee. Its pricing and implementation period are set 
by provincial departments. If the average market price is above or below it, grid enterprises settle 

the difference as regulated, with expenses included in local system operation costs

The actual monthly average power generated and grid-connected by photovoltaic enterprises

For new energy under mechanism guarantee, quantity scale, implementation period, etc., are set 
by provincial departments. Such quantity may be slightly lower than the actual grid-connected 

electricity

The annual innovation costs for photovoltaic enterprises adopting active grid-connection

The average transmission and distribution price of power grid enterprises is usually specified by 
provincial development and reform commissions

The annual transformation costs for grid enterprises to boost absorption and dispatching 
capabilities when actively cooperating with photovoltaic enterprises in grid-connection

The additional grid operation and maintenance costs for power grid enterprises when both 
passively cooperate and photovoltaic enterprises connect passively

Government􀆳s income tax rate on photovoltaic power generation enterprises

Government􀆳s income tax rate on power grid enterprises

Government􀆳s electricity price subsidy

Assessment penalties for grid enterprises passively cooperating and failing to meet the required 
photovoltaic absorption share

Green electricity premium over the local price in green transactions; mechanism-guaranteed 
electricity has no repeated green certificate benefits

Social reputation loss for grid enterprises choosing passive cooperation despite government urging

230



MAO Hui et al: Analysis of Tripartite Evolutionary Game in Marketization of New Energy Electricity Prices …

ing the profits of photovoltaic enterprise and power grid 
enterprises, respectively.

2) Regardless of government strategy, grid enter‐
prises 􀆳 passive cooperation damages government cred‐
ibility, with assumed Lg.

3) Government strong supervision provides addi‐
tional on-grid electricity price subsidy s to regional pho‐
tovoltaic enterprises; if grid enterprises passively cooper‐
ate (e. g., missing renewable energy consumption share 
targets), d is imposed.

4) Government weak supervision cancels subsidies 
to photovoltaic enterprises and d on grid enterprises for 
passive cooperation.

1.3　Establishment of the Game Payoff Matrix

Based on the above assumptions, a payoff matrix of 
the three-party evolutionary game subjects is con‐
structed (Table 2).

1.4　Replication Dynamic Equations and 
Equilibrium Point Analysis

According to evolutionary game theory, the replica‐
tion dynamic equations for photovoltaic enterprises, 
power grid enterprises, and government are constructed 
respectively.

The replication dynamic equation for photovoltaic 
enterprises is:

F ( )x = dx/dt = x ( )1 - x [ ]y ( )Q1 -Q0 ( )P1 + g + zs -Ca . (1)

The replication dynamic equation for power grid 
enterprises is:
   F ( )y = dy/dt = y ( )1 - y [ ]x ( )tr (Q1 -Q0 )-Lb + zd -Cb + Lb . (2)

The replication dynamic equation for government 
is:
F ( z ) = dz/dt = z (1 - z )[ xyt0 s (Q0 -Q1 ) + ( y - 1) (t1 - 1)d + t0 sQ0 - s ]. (3)

By differentiating the above replication dynamic 
equations, we obtain:
ì

í

î

ï
ïï
ï

ï
ïï
ï

dF(x)/dx = ( )1 - 2x [y ( )Q1 -Q0 ( )P1 + g + zs -Ca ]

dF(y)/dy = ( )1 - 2y [ ]x ( )tr (Q1 -Q0 )- Lb + zd -Cb + Lb 

dF(z)/dz = ( )1 - 2z [ ]xyt0 s ( )Q0 -Q1 + ( )y - 1 ( )t1 - 1 d + t0 sQ0 - s .

(4)

Letting F ( x)= F ( y)= F ( z )= 0, we can obtain 8 lo‐

cal stable equilibrium points, which are E1(0,0,0), E2(0,0,
1), E3(0,1,0), E4(0,1,1), E5(1,0,0), E6(1,0,1), E7(1,1,0), 
and E8(1, 1, 1), respectively. According to evolutionary 
game theory, an ESS must satisfy the condition that all 
eigenvalues in the Jacobian matrix are negative.

Based on the above replication dynamic equations, 
the Jacobian matrix can be derived as Equation (5):

æ

è

ç

ç

ç

ç
ççç
ç

ç

ç

ç

ç
ö

ø

÷

÷

÷

÷
÷÷÷
÷

÷

÷

÷

÷( )1 - 2x [y ( )Q1 -Q0 ( )P1 + g + zs -Ca ] x ( )1 - x [ ]( )Q1 -Q0 ( )P1 + g + zs x ( )1 - x ys ( )Q1 -Q0

y ( )1 - y ( )tr (Q1 -Q0 )- Lb ( )1 - 2y [ ]x ( )tr (Q1 -Q0 )- Lb + zd -Cb + Lb y ( )1 - y d

z ( )1 - z yt0 s ( )Q0 -Q1 z ( )1 - z [ ]xt0 s ( )Q0 -Q1 + ( )t1 - 1 d ( )1 - 2z [ ]xyt0 s ( )Q0 -Q1 + ( )y - 1 ( )t1 - 1 d + t0 sQ0 - s

. (5)

Substituting the 8 local stable equilibrium points 
into Equation (5) respectively, the eigenvalues of the cor‐
responding Jacobian matrix can be obtained (Table 3).

The analysis of eigenvalues in Table 3 indicates 
that three key conditions determine the evolutionary sta‐
bility: 1) (Q1 -Q0 )(P1 + g)-Ca> 0 indicates positive net 

benefit for photovoltaic enterprises choosing active grid-
connection; 2) (trQ1 - trQ0 )-Cb> 0 means grid enter‐

prises􀆳 net benefit from active cooperation (after transfor‐
mation costs) exceeds that from passive cooperation; 3) 
t0 s(2Q0 -Q1 )- s> 0 reflects government revenue after 

tax adjustment exceeds subsidy expenditure. These three 
conditions (each >0 or not) yield 8 hypothetical scenario 
combinations (Table 4). After analyzing evolutionary 
game stable strategies, the results are presented in 
Table 5.

Table 5 shows distinct evolutionary equilibrium 
points across scenarios: Scenarios 1 and 3 have E8(1,1,1) 
with strategy (active grid-connection, active coopera‐
tion, strong supervision); Scenario 2 has E7(1,1,0) with 
(active grid-connection, active cooperation, weak super‐
vision); Scenarios 5 and 7 have E4(0,1,1) with (passive 

grid-connection, active cooperation, strong supervision); 
Scenarios 6 and 8 have E3(0, 1, 0) with (passive grid-
connection, active cooperation, weak supervision).

2　Parameter Assignment of 
Verification Case

This paper adopts actual data on photovoltaic indus‐
try in Jiangxi Province in 2024. Only the daily average 
market transaction electricity price (P1) is referenced 
from the 2024 Hubei Electricity Market White Paper, 
and the indicator values are generally consistent between 
the two provinces, reflecting the common characteristics 
of photovoltaic market electricity prices in central 
China. The initial values assigned to each parameter of 
the model are presented in Table 6. It should be noted 
that P0 and Lg are eliminated during the evolution pro‐
cess, and initial values are no longer assigned to them.

It should be noted that: (a) Under the new market-
oriented mechanism for on-grid electricity prices of new 
energy specified in "Document No. 136", electricity 
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Table 2　Payoff matrix of three-party game subjects

Strategy combination

(Active grid-connection, active cooperation, 
strong supervision)

(Active grid-connection, passive cooperation, 
strong supervision)

(Passive grid-connection, active cooperation, 
strong supervision)

(Passive grid-connection, passive cooperation, 
strong supervision)

(Active grid-connection, active cooperation, 
weak supervision)

(Active grid-connection, passive cooperation, 
weak supervision)

(Passive grid-connection, active cooperation, 
weak supervision)

(Passive grid-connection, passive cooperation, 
weak supervision)

Revenue of photovoltaic enterprises
（Ra）

(P1 + g + s)(Q1 -Q0 )+ (P0 + s)Q0 -Ca

(P0 + s)Q0 -Ca

(P0 + s)Q0

(P0 + s)Q0

(P1 + g)(Q1 -Q0 )+P0Q0 -Ca

P0Q0 -Ca

P0Q0

P0Q0

Revenue of power grid 
enterprises（Rb）

trQ1 -Cb + (P1 -P0 )Q0

trQ0 - d + (P1 -P0 )Q0

trQ0 -Cb + (P1 -P0 )Q0

trQ0 - d - Lb + (P1 -P0 )Q0

trQ1 -Cb + (P1 -P0 )Q0

trQ0 + (P1 -P0 )Q0

trQ0 -Cb + (P1 -P0 )Q0

trQ0 - Lb + (P1 -P0 )Q0

Government revenue
（Rc）

t0 Ra + t1 Rb - s

t0 Ra + t1 Rb - s + d - Lg

t0 Ra + t1 Rb - s

t0 Ra + t1 Rb - s + d - Lg

t0 Ra + t1 Rb

t0 Ra + t1 Rb - Lg

t0 Ra + t1 Rb

t0 Ra + t1 Rb - Lg

Table 3　Eigenvalues of the Jacobian matrix

Equilibrium point

E1(0,0,0)

E2(0,0,1)

E3(0,1,0)

E4(0,1,1)

E5(1,0,0)

E6(1,0,1)

E7(1,1,0)

E8(1,1,1)

Eigenvalue λ1

-Ca

-Ca

(Q1 -Q0 )(P1 + g)-Ca

(Q1 -Q0 )(P1 + g + s)-Ca

Ca

Ca

-(Q1 -Q0 )(P1 + g)+Ca

-(Q1 -Q0 )(P1 + g + s)+Ca

Eigenvalue λ2

-Cb + Lb

d -Cb + Lb

Cb - Lb

-d +Cb - Lb

trQ1 - trQ0 -Cb

trQ1 + d - trQ0 -Cb

-trQ1 + trQ0 +Cb

-trQ1 - d + trQ0 -Cb

Eigenvalue λ3

t0 sQ0 - t1d - s + d

-t0 sQ0 + t1d + s - d

t0 sQ0 - s

-t0 sQ0 + s

t0 sQ0 - t1d - s + d

-t0 sQ0 + t1d + s - d

t0 s(2Q0 -Q1 )- s

-t0 s(2Q0 -Q1 )+ s

Table 4　Eight different combinations of hypothetical scenarios

Scenario

1

2

3

4

5

6

7

8

Condition 1

( )Q1 -Q0 ( )P1 + g -Ca > 0

( )Q1 -Q0 ( )P1 + g -Ca > 0

(Q1 -Q0 ) (P1 + g ) -Ca > 0

(Q1 -Q0 ) (P1 + g ) -Ca > 0

(Q1 -Q0 ) (P1 + g ) -Ca < 0

(Q1 -Q0 ) (P1 + g ) -Ca < 0

(Q1 -Q0 ) (P1 + g ) -Ca < 0

(Q1 -Q0 ) (P1 + g ) -Ca < 0

Condition 2

(trQ1 - trQ0 )-Cb > 0

(trQ1 - trQ0 )-Cb > 0

(trQ1 - trQ0 )-Cb < 0

(trQ1 - trQ0 )-Cb< 0

(trQ1 - trQ0 )-Cb > 0

(trQ1 - trQ0 )-Cb > 0

(trQ1 - trQ0 )-Cb < 0

(trQ1 - trQ0 )-Cb < 0

Condition 3

t0 s(2Q0 -Q1 )- s > 0

t0 s(2Q0 -Q1 )- s < 0

t0 s(2Q0 -Q1 )- s > 0

t0 s(2Q0 -Q1 )- s < 0

t0 s(2Q0 -Q1 )- s > 0

t0 s(2Q0 -Q1 )- s < 0

t0 s(2Q0 -Q1 )- s > 0

t0 s(2Q0 -Q1 )- s < 0
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price subsidies for new energy have been basically elimi‐
nated, except for 74 special regions. Accordingly, the 
electricity price subsidy s adopted in this study is not a 
traditional high-intensity incentive subsidy, but a re‐
sidual and symbolic average subsidy close to zero. The 
initial value of s is 0.000 001 ten thousand yuan/MWh. 
(b) For core operational parameters, official local statis‐
tics of Jiangxi Province and announcements issued by 
power grid enterprises are adopted preferentially. For in‐
dustrial standard and policy-related parameters, unified 
national norms and legal documents are applied to avoid 
inconsistencies caused by heterogeneous data sources. 
Meanwhile, this study focuses on the photovoltaic mar‐
ket in Central China, and the simulation results are 
mainly intended to provide policy references for central 
provinces, so as to further ensure regional applicability 
and persuasiveness.

3　Simulation Analysis and 
Verification

This paper uses Python for numerical simulation to 

analyze how key parameter variations affect the three 
subjects 􀆳 strategy selection in the evolutionary game. 
The initial parameter settings of this simulation are 
shown in Table 6. It should be noted that: the initial val‐
ues of the above parameters meet the conditions of Sce‐
nario 1 in Table 5; however, this simulation experiment 
will also examine the impact of fluctuations in the val‐
ues of individual factors on the strategic choices of the 
three main bodies. Therefore, under the condition of 
fluctuations in certain parameters, conditions satisfying 
other cases may occur, and the correctness of the model 
will be verified one by one in this simulation.

Parameters tr, t0, t1, Lb are usually verified by gov‐
ernment departments, with relatively stable values; 
moreover, there is a proportional relationship q between 

Q1 and Q0. Thus, this simulation only discusses param‐

eters such as P1, s, q, Ca, d, g, which may have large 

value fluctuations and are closely related to the grid con‐
nection of photovoltaic energy.

3.1　Impact of Daily Average Market 
Transaction Electricity Price (P1)

Under the market-oriented pricing mechanism for 

Table 5　Analysis of local stability of equilibrium points

Equilibrium 
point

E1(0,0,0)

E2(0,0,1)

E3(0,1,0)

E4(0,1,1)

E5(1,0,0)

E6(1,0,1)

E7(1,1,0)

E8(1,1,1)

Equilibrium 
point

E1(0,0,0)

E2(0,0,1)

E3(0,1,0)

E4(0,1,1)

E5(1,0,0)

E6(1,0,1)

E7(1,1,0)

E8(1,1,1)

Scenario 1

λ1

－

－

＋

＋

＋

＋

－

－

Scenario 5

λ1

－

－

－

－

＋

＋

＋

＋

λ2

＋

＋

－

－

＋

＋

－

－

λ2

＋

＋

－

－

＋

＋

－

－

λ3

＋

－

＋

－

＋

－

＋

－

λ3

＋

－

＋

－

＋

－

＋

－

Stability

Unstable

Unstable

Unstable

Unstable

Saddle

Unstable

Unstable

ESS

Stability

Unstable

Unstable

Unstable

ESS

Saddle

Unstable

Unstable

Unstable

Scenario 2

λ1

－

－

＋

＋

＋

＋

－

－

Scenario 6

λ1

－

－

－

－

＋

＋

＋

＋

λ2

＋

＋

－

－

＋

＋

－

－

λ2

＋

＋

－

－

＋

＋

－

－

λ3

－

＋

－

＋

－

＋

－

＋

λ3

－

＋

－

＋

－

＋

－

＋

Stability

Unstable

Unstable

Unstable

Unstable

Unstable

Saddle

ESS

Unstable

Stability

Unstable

Unstable

ESS

Unstable

Unstable

Saddle

Unstable

Unstable

Scenario 3

λ1

－

－

＋

＋

＋

＋

－

－

Scenario 7

λ1

－

－

－

－

＋

＋

＋

＋

λ2

＋

＋

－

－

－

＋

＋

－

λ2

＋

＋

－

－

－

＋

＋

－

λ3

＋

－

＋

－

＋

－

＋

－

λ3

＋

－

＋

－

＋

－

＋

－

Stability

Unstable

Unstable

Unstable

Unstable

Unstable

Unstable

Unstable

ESS

Stability

Unstable

Unstable

Unstable

ESS

Unstable

Unstable

Saddle

Unstable

Scenario 4

λ1

－

－

＋

＋

＋

＋

－

－

Scenario 8

λ1

－

－

－

－

＋

＋

＋

＋

λ2

＋

＋

－

－

－

＋

＋

－

λ2

＋

＋

－

－

－

＋

＋

－

λ3

－

＋

－

＋

－

＋

－

＋

λ3

－

＋

－

＋

－

＋

－

＋

Stability

Unstable

Unstable

Unstable

Unstable

Unstable

Saddle

Unstable

Unstable

Stability

Unstable

Unstable

ESS

Unstable

Unstable

Saddle

Unstable

Unstable
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new energy grid connection, all energy sources affect 

market prices, so photovoltaic energy may face signifi‐

cant price fluctuations when entering the market. P1 

takes 10 values in [0.001 0, 0.070 0] ten thousand yuan/

MWh, with 100 replicator dynamics equation evolution 

results cyclically plotted over time (Fig. 2). The thresh‐

old of P1 is in [0.001 0, 0.008 7]; as P1 rises within this 

range, the equilibrium shifts from ESS2(0,1,1) to ESS1(1,

1,1), where ESS2 means passive grid connection by pho‐

tovoltaic enterprises, detrimental to industry sustainabil‐

ity. When P1 is below the threshold value, the model sat‐

isfies Scenario 5 in Table 5; on the contrary, it satisfies 

Scenario 1. Simulation shows: 1) Above the threshold, 

higher P1 increases enterprises 􀆳 expected profit, raising 

active grid-connection probability; below it, profit lags 

expenditure, favoring passive strategies. 2) Rising P1 re‐

duces power grid enterprises 􀆳 active cooperation prob‐

ability, as higher prices increase purchase costs, curbing 

enthusiasm and prompting preference for existing mod‐

els to lower prices. However, it will still choose to active 

cooperation under the influence of photovoltaic enter‐

prises and the government in the end. 3) As shown in 

Fig. 2, changes in the value of P1 have a significantly 

weaker impact on the willingness of power grid enter‐

prises than on that of photovoltaic enterprises. With 

Table 6　Initial value assignment of parameters

Parameter

P1

Q1

Q0

Ca

tr

Cb

s

d

Lb

g

t0

t1

Initial value

0.046 7 ten thousand 
yuan/MWh

758 461 MWh

Q0=qQ1， initial value 
of q is set to 0.8

1 090 ten thousand 
yuan

0.022 6 ten thousand 
yuan/MWh

342.33 ten thousand 
yuan

0.000 001 ten 
thousand yuan/MWh

10 467 ten thousand 
yuan

2 680 ten thousand 
yuan

0.001 ten thousand 
yuan/MWh

25%

25%

Data sources

Announcement of State Grid Jiangxi Electric Power on the Electricity Purchase Prices for 
Industrial and Commercial Users (September 2024); 2024 Hubei Electric Power Market White 

Paper

Monthly data on solar power generation in Jiangxi Province for 2024 from the National Bureau 
of Statistics

Notice on Deepening the Market-Oriented Reform of New Energy Feed-in Tariffs and 
Promoting the High-Quality Development of New Energy ("Document No. 136")

The Standard Conditions for the Photovoltaic Manufacturing Industry (2024 Edition)

Announcement of State Grid Jiangxi Electric Power on the Electricity Purchase Prices for 
Industrial and Commercial Users (September 2024)

Refs. [36-37]

Notice of Jiangxi Province on the Work Plan for Accelerating the Promotion of Photovoltaic 
Power Generation Applications in the Province (〔2014〕No. 56); Statistical data from the 

Photovoltaic Industry Network

Article 14 of the Renewable Energy Law of the People􀆳s Republic of China

Refs. [38-40]

Notice of "Guidelines for Economic Evaluation of Domestic New Energy Projects of State 
Power Investment Corporation Limited (Trial)" (〔2022〕No. 189)

Fig. 2　Impact of different P1

(Note: the unit of P1 is ten thousand yuan/MWh)
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price fluctuations, the government tends to supervise the 
settlement of new energy transaction price, guiding both 
enterprises to adopt active strategies and avoid the ad‐
verse impacts caused by market fluctuations.

3.2　Impact of Electricity Price Subsidy (s)

Under the policy background of "Document No. 
136", which has substantially phased out subsidies, the 
subsidy s adopted in this paper is not a traditional high-
intensity incentive subsidy, but a residual and symbolic 
average subsidy close to zero. Considering the price 
volatility in the photovoltaic market, we set P1 at three 
levels: 0.006, 0.046 7, and 0.07 ten thousand yuan/
MWh. For each level of P1, five values of s within the in‐
terval [0.000 001, 0.060 000] ten thousand yuan/MWh 
are selected. Simulation results of the replicator dynamic 
equations over 100 evolutionary iterations are plotted cy‐
clically. As can be seen from Fig. 3, the evolutionary out‐
come converges to ESS2(0,1,1) only when P1= 0.006 and 
s= 0.000 001, while all other scenarios converge to ESS1

(1,1,1). In particular, when P1> 0.006 ten thousand yuan/
MWh, s exerts no significant influence on the evolution‐
ary results, and the equilibrium point remains ESS1(1,1,
1). This indicates that: When P1 is excessively low, it 
will negatively affect the grid-connection decisions of 
photovoltaic enterprises, which is consistent with the 
conclusion in Section 3.1. When P1 exceeds the thresh‐
old value, the strategic choices of the three stakeholders 
in central China (represented by Jiangxi) are insensitive 
to adjustments in s. In this case, the model consistently 
conforms to Scenario 1 in Table 5, further validating the 
model 􀆳s effectiveness. Simulation results: 1) The photo‐
voltaic industry in central regions such as Jiangxi 
(medium-to-high penetration areas) has formed a rela‐
tively mature market-oriented profit model. Photovoltaic 
enterprises in these regions have now adapted to policies 

with reduced or even eliminated subsidies. Their rev‐
enue mainly derives from electricity market transactions, 
guaranteed power accommodation, and weak policy in‐
centives, rather than traditional subsidies. Although a 
slight increase in s can raise the expected returns of PV 
enterprises, its share in total revenue has declined signifi‐
cantly. Even when s approaches zero, enterprises can 
still cover costs and achieve reasonable returns relying 
on market-based revenue, thus exhibiting weak sensitiv‐
ity to subsidy changes. 2) Smaller s strengthens power 
grid enterprises 􀆳 active cooperation, as subsidy cancella‐
tion promotes energy competition fairness and their will‐
ingness to accept new energy grid-connection. 3) The 
smaller s is, the weaker the government 􀆳 s supervisory 
tendency. Cancelling subsidies can also cut the govern‐
ment 􀆳s fiscal burden, restrict the obstacles special subsi‐
dies create for the rational development of other energy 
forms, and facilitate the government 􀆳 s shift from a "di‐
rect intervenor" to a "rule-maker and supervisor".

3.3　Impact of Annual Innovation Costs 
Invested by Photovoltaic Enterprises (Ca)

Annual innovation costs Ca take 10 values in [500,8 
000] ten thousand yuan, with 100 replicator dynamics 
equation evolutions simulated and plotted cyclically 
over time. Figure 4 shows Ca 􀆳s threshold is 7 167-8 000 
ten thousand yuan; as Ca rises within this range, equilib‐
rium shifts from ESS1(1, 1, 1) to ESS2(0, 1, 1), where 
ESS2  means photovoltaic enterprises choose passive 
grid-connection. When Ca> 7 167, the model satisfies 
Scenario 5 in Table 5; on the contrary, it satisfies Sce‐
nario 1. Simulation shows: 1) Below the threshold, pho‐
tovoltaic enterprises choose active grid-connection un‐
der other parties􀆳 influence, but their willingness to main‐
tain the status quo grows with Ca; when Ca exceeds the 
threshold, revenue fails to cover expenses, leading to 
passive grid-connection. 2) Higher Ca increases power 
grid enterprises􀆳 active cooperation probability, as photo‐
voltaic enterprises 􀆳 innovations may improve price pre‐
diction and energy storage configuration, boosting pho‐
tovoltaic energy 􀆳s value to the grid and thus grid enter‐
prises 􀆳 cooperation willingness. 3) As shown in Fig. 4, 
changes in the value of Ca have a significantly weaker 
impact on the willingness of power grid enterprises than 
on that of photovoltaic enterprises. To correctly guide 
the strategic choices and continuous innovation of photo‐
voltaic enterprises, the government chooses to supervise 
photovoltaic enterprises􀆳 innovation cost investment.

Photovoltaic energy may face price fluctuations in 
market electricity transactions; examining only single in‐

Fig. 3　Impact of different s and P1

(Note: the unit of s and P1 are ten thousand yuan/MWh)
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novation cost changes cannot reveal such fluctuations 􀆳 
impact on their innovation. Thus, under three market 
prices P1= 0.02, 0.046 7, 0.07, Ca take 3 values in [500, 
7 000] ten thousand yuan respectively, with 100 replica‐
tor dynamics equation evolutions simulated and plotted 
cyclically over time for further analysis. Figure 5 shows: 
With the same Ca, higher P1 raises photovoltaic enter‐
prises 􀆳 active grid-connection likelihood; conversely, if 
P1 remains depressed for a long time, the higher the 
probability that photovoltaic enterprises will choose the 
passive grid-connection strategy. This indicates that the 
higher the average market transaction price, the more 
motivated photovoltaic enterprises are to secure higher 
prices by optimizing energy storage, forecasting de‐
mand, and timing grid connections, thus gaining excess 
profits. The new market price settlement mechanism ob‐
viously incentivizes these enterprises to boost innova‐
tion.

3.4　Impact of Mechanism-Based Electricity 
Quantity Proportion (q)

"Document No. 136" stipulates "mechanism-

included electricity can be lower than total generation", 
so Q0<Q1. Thus, by setting the proportion of mechanism 

electricity q= Q0/Q1 (0<q<1), the impact of mechanism 

electricity and actual grid-connected electricity on the 
evolutionary results can be analyzed indirectly through 
this proportion. q takes 10 values in [0.10, 0.95], with 

100 replicator dynamics equation evolutions simulated 
and plotted cyclically over time. Figure 6 shows q 􀆳 s 

threshold is 0.478-0.572; as q drops from 0.572 to 0.478, 

equilibrium shifts from ESS1(1,1,1) to ESS2(1,1,0) (gov‐
ernment "weak supervision"). When q < 0.572, the 

model satisfies Scenario 2 in Table 5; on the contrary, it 
satisfies Scenario 1. Simulation results: higher q reduces 

photovoltaic enterprises 􀆳 active grid-connection willing‐
ness but raises power grid enterprises 􀆳 "active coopera‐
tion" probability. Higher proportion means more Q0 and 

less market-transacted electricity (Q1-Q0): photovoltaic 

enterprises gain less from flexible transactions (lower en‐
thusiasm), while grid enterprises face smaller price fluc‐
tuation risks (stronger cooperation willingness). How‐
ever, "Document No. 136" emphasizes guiding new en‐
ergy like photovoltaics in market transactions. Higher q 

means lower photovoltaic market participation, prompt‐
ing stronger government supervision. Figure 6 shows 
that when q is higher than the threshold, the government 

will choose "strong supervision"; when q further de‐

creases, the government tends to choose "weak supervi‐
sion". The government is highly sensitive to q.

To sum up, the value of q does not affect the strate‐

gic choices of photovoltaic enterprises and power grid 
enterprises, but it does influence their willingness to 
choose. As shown in Fig. 6, changes in the value of q 
have a significantly weaker impact on the willingness of 
power grid enterprises than on that of photovoltaic enter‐
prises. Meanwhile, a gradual decrease in q indicates fur‐

ther stabilization of the power market transactions, re‐
flecting the government􀆳s shift from a "direct intervener" 
to a "rule-maker and supervisor".

3.5　Impact of Green Certificate Spillover 
Value (g)

Green certificate spillover value g takes 10 values 

in [0.000 1, 0.100 0] ten thousand yuan/MWh, with 100 
replicator dynamics equation iterations simulated and 
plotted cyclically over time. Figure 7 shows that g  does 

not affect the equilibrium point from always being ESS
(1,1,1). In this case, the model consistently conforms to 
Scenario 1 in Table 5, further validating the model 􀆳s ef‐
fectiveness. Simulation results: 1) Higher g boosts photo‐

Fig. 4　Impact of different Ca 
(Note: the unit of Ca is ten thousand yuan)

Fig. 5　The impact of different Ca and P1

(Note: the unit of Ca is ten thousand yuan; the unit of P1 is ten thousand 

yuan/MWh)
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voltaic enterprises 􀆳 expected market revenue, enhancing 
their participation willingness and active grid-
connection probability. 2) Higher g increases photovol‐

taic electricity in transactions, raising grid enterprises 􀆳 
absorption burden; they prefer the status quo, but still co‐
operate under others 􀆳 influence. 3) As shown in Fig. 7, 
changes in the value of g exert roughly equivalent ef‐
fects on the willingness of both photovoltaic enterprises 
and power grid enterprises. Government will monitor 
grid-connected electricity 􀆳 s green certificate value in 
transactions to ensure supply-demand stability.

This indicates that adjustment of g may not impact 

the final strategic choices of the three parties, but they 
significantly influence the intensity of choice willing‐
ness (between "passive selection" and "active prefer‐
ence") for photovoltaic enterprises and power grid enter‐
prises.

3.6　Impact of Assessment penalties (d)

Annual penalties d take 10 values in [0, 20 000] ten 
thousand yuan, with 100 evolutions of the replicator dy‐
namics equation simulated and plotted over time. Figure 
8 shows d does not affect the equilibrium point from al‐

ways being ESS(1, 1, 1). In this case, the model consis‐
tently conforms to Scenario 1 in Table 5, further validat‐
ing the model 􀆳 s effectiveness. Simulation results: 1) 
Higher d raises grid enterprises􀆳 active cooperation prob‐
ability. 2) Higher d reduces photovoltaic enterprises 􀆳 ac‐
tive grid-connection probability; they may shift innova‐
tion responsibility to grid enterprises, lowering their 
own requirements but eventually choosing grid-
connection under others 􀆳 influence. 3) As shown in Fig. 
8, changes in the value of d have a significantly greater 
impact on the willingness of power grid enterprises than 
on that of photovoltaic enterprises. Meanwhile, a smaller 
penalty d corresponds to a weaker regulatory tendency 
of the government, reflecting the trend in government 
regulatory strategy and its transition from a "direct inter‐
vener" to a "rule-maker and supervisor".

This indicates that consumption responsibility as‐
sessment penalties may not influence the final choice of 
photovoltaic and power grid enterprises to adopt active 
grid connection strategies, but significantly impact their 
willingness intensity in strategy selection. Meanwhile, 
the reduction of assessment penalties reflects the govern‐
ment 􀆳 s role transition from a "direct intervenor" to a 
"rule maker and supervisor".

4　Conclusions and Suggestions

4.1　Conclusions

1) Photovoltaic enterprises are highly sensitive to 
electricity prices. Sustained electricity prices below the 
critical threshold will curb new energy investment in the 
central and western regions abundant in wind and solar 
resources yet with underdeveloped economies, calling 
for precautions against vicious competition featured by 
"bad money driving out good".

Fig. 6　Impact of different q

Fig. 7　Impact of different g
(Note: the unit of g is ten thousand yuan/MWh)

Fig. 8　Impact of different d
(Note: the unit of d is ten thousand yuan)
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2) Full subsidy phase-out still brings transitional 
risks. While New energy industry in central China can 
sustain sound operation without substantial subsidies, 
such a situation cannot be replicated in the central and 
western regions plagued by high wind and solar curtail‐
ment.

3) Due to the nature of state-owned enterprises, 
grid enterprises prioritize administrative objectives over 
profit maximization in decision-making and generally 
choose cooperative strategies, with their willingness to 
cooperate subject to electricity prices fluctuations, subsi‐
dies and consumption assessment.

4) Limitations: Based on bounded rationality, this 
paper only analyzes Photovoltaic grid connection. Re‐
stricted by the public welfare attribute of electricity, the 
model assumes grid companies gain revenue merely 
from power transmission excluding end-user retail pro‐
ceeds, which conforms to China􀆳s recent policy to set up 
independent power retailers serving end consumers. Fu‐
ture research can bring in demand-side participants and 
explore risk control strategies covering adjustable loads 
and energy storage to reduce industrial dependence on 
administrative measures.

4.2　Suggestions

Based on the conclusions of the evolutionary game 
discussed earlier, the following suggestions are put for‐
ward for the three levels of government, photovoltaic en‐
terprises, and power grid enterprises:

1) Government level: (a) Under the market-oriented 
mechanism specified in "Document No. 136", photovol‐
taic generation enterprises in medium-to-high penetra‐
tion regions of central China can maintain their willing‐
ness to actively connect to the grid without relying on 
substantial subsidies. Nevertheless, the regional dispari‐
ties among China 􀆳s provinces cannot be overlooked. In‐
stead, policy implementation should take into account 
the characteristics of different regions, adopt appropri‐
ately flexible regulation, and apply policy tools in a dif‐
ferentiated manner. (b) Second, establish strategic thresh‐
olds to stabilize the market. Taking Jiangxi Province as 
an example, when the market transaction price of photo‐
voltaic energy continues to be lower than 0.006 ten thou‐
sand yuan/MWh, the government should activate a tem‐
porary price intervention mechanism. It is advisable to 
set a ceiling for the innovation costs of photovoltaic gen‐
eration enterprises (for example, with reference to RMB 
7 167 ten thousand yuan), and the excess part may be eli‐
gible for additional pre-tax deductions for R&D ex‐

penses. In addition, the ratio q of supervisory mecha‐

nism electricity to grid-connected photovoltaic electric‐
ity may be monitored. When q exceeds 0.572, the gov‐

ernment should further strengthen the supervision and 
guidance of photovoltaic enterprises􀆳 participation in the 
market transactions.

2) Photovoltaic enterprises level: (a) To address 
market fluctuations, enterprises should enhance their 
ability to identify and capture trading opportunities 
through technological innovation. By investing an appro‐
priate level of costs in innovation, they can achieve high 
returns from transactions executed during periods of el‐
evated electricity prices. (b) Additionally, they should 
explore medium- and long-term contract opportunities 
with large industrial and commercial users to lock in 
long-term returns, so as to avoid the revenue risk arising 
from market electricity prices falling below P1≤ 0.006 
ten thousand yuan/MWh. (c) Furthermore, enterprises 
can develop collaborative distributed energy models by 
building "photovoltaic+energy storage+microgrid" sys‐
tems in industrial parks to enable partial on-site self-
consumption, thereby alleviating operational pressure 
when electricity price P1 fluctuates below the threshold. 
(d) Finally, active participation in the green certificate 
market can yield premium revenues and support long-
term sustainability.

3) Grid level: Based on their state-owned attributes, 
a dual incentive and restraint mechanism that combines 
administrative goal orientation and reasonable return 
guarantee should be established. The assessment require‐
ments for new energy accommodation shall be closely 
integrated with investment cost compensation. It is pro‐
posed that when power grid enterprises achieve the new 
energy accommodation targets, the government may pro‐
vide special fiscal subsidies or additional deductions for 
investment costs. This not only strongly supports the in‐
stitutional logic of "priority to state-owned attributes", 
but also prevents irrational expansion caused solely by 
assessment pressure. (b) State-owned grid enterprises 
should strengthen their social responsibilities. Their 
state-owned attributes determine that they must cooper‐
ate and undertake the administrative responsibilities of 
coordinating regional energy balance and removing bar‐
riers to new energy accommodation. They are also 
obliged to promote the implementation of policies for 
cross-provincial and cross-regional electricity transac‐
tions. Such responsibilities take precedence over the pur‐
suit of profit maximization within individual regions.
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基于大语言模型的新能源电价市场化三方演化博弈分析

毛卉 1，2，谭本艳 1†，KHANAL Ribesh1，ULLAH Obaid1，黄美忠 2

1. 三峡大学 经济与管理学院, 湖北 宜昌 443002

2. 武汉商学院 人工智能与大数据学院, 湖北 武汉 430056

摘要摘要：：新能源上网电价市场化改革对光伏等新能源产业发展格局带来了深刻影响，在此背景下，光伏发电企

业、电网企业和政府三方协同上网对提升新能源产业竞争力、实现能源转型具有重要意义。本文构建三方演化

博弈模型，深入探讨各主体在上网过程中的策略选择及影响因素。将大语言模型（LLMs）整合到影响各主体

策略选择的因素分析中，利用LLMs捕捉不同主体异质性认知特征，突破传统博弈模型“强假设”局限，通过

多轮语义解析筛选出市场化价格波动、技术创新成本、机制电量占比等核心影响因素。进一步，本文基于江西

省与湖北省光伏产业发展的实际数据，采用数值模拟方法，分析新型政策框架下市场化电价波动等关键因素对

三方利益主体策略选择的影响，并验证模型有效性；识别了影响协同上网的关键阈值，为政府精准施策、企业

优化决策提供了数据驱动的理论依据。

关键词关键词：：2025年电价市场化新政策；LLMs；政策仿真；三方演化博弈
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