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Collaborative development mechanism of multi—subject
entities in rural distributed photovoltaic industry:
From an evolutionary game perspective

YIN Shi"?, XU Juan'
(1. College of Economics and Management, Hebei Agricultural University, Baoding 071000, China;

2. College of Humanities and Social Sciences, Hebei Agricultural University, Baoding 071000, China)

Abstract To invetigate the evolutionary game relationships among the, government, photovoltatic (PV) industry
and rural residents, this study constructs an evolutionary game model and conducts a numerical simulations to
reveal the collaborative development mechanisms of multi-actor systems in the rural distributed PV sector. The
findings are as follows: 1) The more sufficient the investment in PV technology innovation by enterprises, the
stronger their willingness to actively participate in distributed PV installation, accelerating the system’ s
stabilization toward equilibrium and enhancing the efficiency of multi-actor coordination. 2) Government
incentives, such as tax benefits and green credit rewards, significantly promote tripartite cooperation. Tax
incentives can lower the marginal cost of enterprise innovation but excessive subsidies may weaken the
government’s regulatory momentum. Green credit rewards exhibit a notable “response threshold effect” among

rural residents. 3) The penalty system should establish a virtuous evolutionary mechanism of institutional
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constraints-technological breakthroughs-social supervision”. The gradient-based, credit-linked, and phased

differentiated penalties are conducive to strengthening the dual roles of both regulation and incentive.

4) Reputation benefits provide positive incentives for PV enterprises to participate in collaborative development,

which influence government policy preferences and shape the trust expectations of rural households. This study

offers policy insights into clarifying the driving mechanisms and collaborative strategies for the development of

rural distributed PV industries.

Keywords rural energy; distributed photovoltaic; multi-actor; evolutionary game
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Fig. 1 Evolutionary game analysis of government-photovoltaic enterprises-rural residents

in the development of rural distributed photovoltaic industry
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Table 1 Game system parameter settings
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Table 2 Payment matrix of the three-party game regarding the development of the rural distributed photovoltaic industry
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x, y, and z represent the willingness probability of active regulation by the government, active participation by photovoltaic enterprises,

and installation by rural residents, respectively. The initial willingness probability of the three parties all are 0. 5.
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Fig. 2 Impact of the initial willingness of the three parties on system evolution
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Fig. 6 Impact of the intensity of photovoltaic technology
innovation investment by

photovoltaic enterprises on the evolution path of the system
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M represents the penalty imposed by the government on photovoltaic

enterprises when they participate passively.
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Fig. 7 TImpact of the governments’ penalty intensity on

system evolution path
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T, represents the tax incentives received by photovoltaic enterprises

when they actively participate.
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Fig. 8 Impact of the governments’ tax incentives on the

system evolution path
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T, represents the green credit rewards provided by the government to
rural residents when they install distributed photovoltaic systems.
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Fig. 9 Impact of local governments’ green credit incentives

on the system evolution path

4.2.5 RARA Ly BRI G RA RRIEHREIZG T 0

AR AR M P 3 WA AR B ST S A R
A AR BEAR B A SR K A R s F S 5 o
2O IR Z R TR . mE 10, A s S HR
7E 40,80 I 120 W} Xk 22 ¢ 36 1 80 25 532 i 3 B i 2 =%
225t Y RIG RS, A G0 Ak il S5OE B 3 R T T .



53 1

T2 45 M 43 AR OBAR 7l 22 T8 MBI () A S AL A < 66 38 A 1 R 0 A 277

2R M 403 = 120 B, = J7 1 2% 3 1R 5w o At
B BE MY b TR e, BB POl T A
Wo(1,1, 1), X F /20 2E R 3 b 36 55 6 0k Al
S AR AR BT PR A A R T BUR M A
M B 45 RR R BE B o A R ] 3
BH P 255 SR WL 6 = D B TR) R 2 T T R 4R AR
TEAEIE AR 2O AR 7=k K i i, 07 o A P 2 g A R
2, LI B IR e 4 i S

10y s |
]

N g [res \
ﬁ%'ggos 5
Xy L2 L
#EZ06p \ * R=80
X5 = X -—- R=120
2z E "
= 04
BEE
g
g o2f
Dy,

R R GRS 5 HAK J& [ 222 43 A OB IR, B R Al
ARG AR
R represents the reputation gained by photovoltaic enterprises when
they actively participate and rural residents install distributed
photovoltaic systems.
10 REWHEFERHN REELBRENZN
Fig. 10 Impact of photovoltaic companies’ reputation

benefit on the system evolution path
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