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The application of green technologies can reduce environmental hazards and promote sustainability. The connotation of green
technology innovation has two main aspects: the first aspect is the generation of green technology from nothing to something, and
the other aspect is the improvement and upgrading of existing green technology; these two aspects are related. However, from the
existing research, there are relatively few studies on the process of green technology innovation from these two aspects at the same
time. If green technology is not studied from this perspective, the evolutionary process and influencing factors of green technology
from generation to development cannot be clarified, which is not conducive to the development of green technology and the
realization of the goal of environmental friendliness. Research considers the green innovation process from R&D to upgrading
linkages and analyses the roles of government departments, green technology R&D institutions, and green technology application
enterprises in green technology innovation. In addition, the green technology application enterprises are considered to promote
technology enhancement through technology application feedback with green technology R&D institutions. The evolutionary
game model of three subjects was established, the strategic evolution process of different subjects was analyzed, the influence of
each element on the strategic choice of different subjects was explored, and the stability analysis of strategic choice was conducted
using simulation software. The study shows the following: (1) The greater the government’s punishment and support to green
technology R&D institutions, the more favorable it is for green technology R&D institutions to carry out green technology R&D.
(2) In green technology applications, if the government has no direct interest relationship with green technology application
enterprises, the enterprises will choose negative response behavior. (3) The greater the technology enhancement gains of green
technology R&D institutions and the greater the feedback gains of technology applications actively carried out by enterprises in
response to the government’s call, the more the government departments tend to support green technology R&D.

1. Introduction

Green technology is the basis of “green development”, which
is a general term for technologies that aim at maximizing
energy saving and environmental friendliness. With the
increasing global attention towards environmental protec-
tion, green production, and green consumption, green
technology has become one of the most important tech-
nologies for companies to occupy the market and maintain
their competitiveness [1]. In addition, green technology is a
historically inevitable choice to maintain the sustainability of
production and resources. With the emergence of envi-
ronmental values, the problem of maximizing economic

efficiency and low environmental efficiency of natural re-
source output by previous technologies has gradually
emerged, and the ideas of “conquering nature” and “man is
better than God” have not been followed by the laws of
ecological evolution. In the long run, the value generated by
green technology will be conducive to the long-term stable
development of eco-friendly production and the balanced
interaction between human and nature. Green technology
requires adherence to a “green” philosophy from the be-
ginning of technology development to the entire technology
application cycle.

Narrowly speaking, green technology refers to a specific
technology related to energy and environmental protection,
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such as magnetic levitation technology. Broadly speaking, it
refers to a dynamic system composed of a variety of tech-
nologies and material means. [2, 3] with a long history of
development or the newly researched hot technologies, such as
energy technology, material technology, catalyst technology,
separation technology, biotechnology, and resource recovery
and utilization. Although green technologies are classified into
various categories and involve a wide range of industries, the
role played by multiple subjects in the process of green
technology innovation needs to be described in a popular
context to describe its common laws. This requires a more
macroscopic view of the multiple subjects involved in green
technology R&D and clarifies the roles played by different
subjects in green technology innovation and the interactive
game process of subjects in the process of green technology
R&D. In what benefit situation, how the decision behavior of
each subject is also an important proposition of this paper.

Most of the current research on green technology focuses
on green technology innovations [4-7] such as the impor-
tance of a certain policy or government subsidy to induce
green technology innovation in enterprises [8], the choice of
innovation model, and the different effects on different types
of subject enterprises [9-11]. The distribution pattern of
industrial technology innovation efficiency and the influ-
encing factors of industrial green innovation efficiency, such
as industry scale, structure, and government, are studied, and
the measures of how to promote industrial green innovation
efficiency are clarified [12-14]. In addition, relevant studies
are distributed to study the role of intermediaries [15] in green
technology innovation in terms of methods, and existing
studies mostly use empirical data studies [16-18].

For the study green technologies, Chu et al. [19] have
introduced green products as a consideration to explore how
to incentivise supply chain agents. In addition, to explore the
influence of R&D investment and government regulation on
industrial green technology R&D, the guided R&D invest-
ment has a stage-positive effect on green technology
progress, show the reason why environmental regulation is
not obvious to guide, propose that the main influencing
factors of industrial green technology improvement are state
property rights and enterprise scale, and put forward policy
suggestions to promote industrial green technology prog-
ress. Research on green technology research and develop-
ment mainly considers the role of enterprises as the main
producers of technological products [20].

The rationality of choosing evolutionary games [21-23] lies
in their ability to perform subject behavior analysis, which is
consistent with the exploration of the choice of subject strat-
egies in the development and application of green technologies,
for example, scholars have used an evolutionary game ap-
proach to explore the dynamics of the behavior of parties
involved in green buildings [24], other scholars have developed
an evolutionary game model of real estate developers and
consumers under different carbon tax policies to explore the
impact of carbon tax policies on the choice of stakeholders in
the construction industry [25]. Chen et al. [26] developed two
game models to explore the dynamic process of firms’ choice of
green innovation and the factors influencing that choice. In
addition, the evolutionary game is fully applied to the study of
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dynamic process change. The choice of participant strategies in
the green technology R&D process changes dynamically with
the change of interests and influencing factors of each subject,
which reflects the applicability of evolutionary game to this
problem. For example, evolutionary game is used to analyze the
evolutionary process of firms and network structures in in-
novation networks, [27] and based on the evolutionary game,
the dynamic role process among the government, port en-
terprises, and liner companies and the choice strategies of the
three players are discussed [28]. Multiparty evolutionary games
are more likely to reveal the intrinsic mechanisms of complex
problems and are effective in studying the strategy problems of
subjects with limited rationality. Evolutionary games are also
applicable in the study of technologies, for example, it is used to
study the problem of technology strategy of enterprises, to
simulate the factors affecting the choice of technology strategy
of enterprises, and to determine the primary and secondary
factors of technology strategy through analysis [29]. In addi-
tion, this method is used to study technological innovation
problems, analyze the roles played by different players in
technological innovation, and clarify that technological inno-
vation can only be achieved through the healthy interaction of
different players [30]. Therefore, the evolutionary game ap-
proach can be applied to the development and application of
green technologies.

The analysis of the existing research literature and the
applicability of the evolutionary game approach reveals:
First, most of the existing literature focuses on the efficiency
of green technology innovation. Second, the process of green
technology innovation is studied as a whole without con-
sidering the intrinsic process of green technology innova-
tion. Third, most of the existing research on green
technology R&D only considers the impact of different
policies of the same subject on green technology R&D. At the
same time, there is a lack of research that studies the green
technology innovation process and the interactive behavior
of multiple subjects in the whole process from both green
technology R&D and green technology upgrading. In this
paper, a tripartite evolutionary game model of government
departments, green technology R&D institutions, and green
technology application enterprises is established from two
perspectives of green technology R&D and green technology
upgrading, and the equilibrium and stability of the interests
of different subjects in the green technology innovation
process and the influence of different factors on the subjects’
decisions are explored, and the model is verified using
simulation software and the different subjects’ strategies.

2. Model Construction

The leading and incentive role of the government is in-
troduced. China’s emphasis on green technologies is fully
reflected in the newly released “Guiding Opinions on Ac-
celerating the Establishment of a Sound Economic System for
Green, Low-Carbon and Circular Development”. The de-
velopment of green technology can be started from two
aspects: improving the economic development system-
—“forming a green, low-carbon, and circular development
system” and transforming the economic development
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mode—“turning the economic development mode into a
green, low-carbon, and circular development track”. If en-
terprises adopt green technologies, they may be less willing
to do so due to the high cost of experimentation at the
primary stage and the lack of government guidance and
strong support. Government policies and regulations em-
phasize “green” and provide fertile “soil” for the develop-
ment of green technologies.

The government plays a leading role in the research and
development of green technologies and provides an external
environment for the research and development of green
technologies.

The feedback process of enterprises is described. The
main body of green technology application is enterprises.
The embedding of green technology and its integration with
enterprise technology innovation are the basic characteris-
tics of enterprise green technology application. As the green
technology is still in the development stage, the riskiness of
the enterprise determines the uncertainty of the benefit of
the application of green technology. For enterprises, it is
time-consuming and risky to independently complete the
research and development of a green technology and put it
into the market, so they will seek cooperation with green
technology research and development institutions under the
support of government policies and finance to spread the
risk and share the benefits. Since enterprises and R&D in-
stitutes have different goals, that is, enterprises pursue
economic benefits and industrial reality, while green tech-
nology R&D institutes focus on the enhancement of tech-
nology itself, often ignoring application costs; such goal
differences will cause a huge waste of funds and energy and
financial resources in the process of green technology R&D if
timely correction is not made. Therefore, enterprises and
research institutes should communicate in a timely manner
to conduct efficient and targeted R&D. If green technology is
described as fruit, then a green technology R&D institution
can be described as a farmer carrying out the process of
cultivation.

The main bearers of green technology R&D are generally
universities, research institutes, and other such green
technology R&D institutions. The demand of a certain green
technology usually comes from the industrial reality and
enterprise application, and the technology R&D institutions
such as universities and research institutes carry out green
technology R&D as the main force of R&D. Through the
enterprises’ continuous feedback on technology application
and product-market response, the green technologies of
universities, research institutes, and other technology R&D
institutions become more mature. In summary, whether it is
a disruptive green technology or an improved green tech-
nology, the government’s policy leadership and incentive,
technology application enterprises, and R&D institutions to
green technology research and development, make the green
technology application cost lower and more and more for
the actual use of industry; therefore, in the green technology
research and development, government departments, green
technology research, and development institutions, green
technology application enterprises play an important role.
The green technology application companies are described

as the pickers and buyers of the fruit, not only picking and
buying the fruit but also communicating with the farmer
about the quality of the fruit to ensure that it meets the
requirements of the purchaser.

Then, the relationship among government departments,
R&D institutions of green technologies, and enterprises
applying green technologies can be represented in Figure 1,
and logic diagram of system interactions is shown in
Figure 2.

Assumption 1. All three parties, including universities, re-
search institutes, and other technology R&D institutions,
technology application enterprises, and the government, are
finite rational. There are two kinds of strategies for green
technology R&D institutions, such as universities and re-
search institutes, which are R&D strategies and non-R&D
strategies. The strategies of green technology application
enterprises are feedback strategies and nonfeedback strat-
egies. Government department will choose to support the
R&D of green technology or not to support the R&D of
green technology.

Assumption 2. The probability that green technology R&D
institutions, such as universities and research institutes,
choose R&D is x (0<x<1), the probability that green
technology application enterprises give feedback on appli-
cation opinions is ¥ (0<x<1), and the probability that
government departments support green technology R&D is
z (0 < x < 1). Therefore, the probability that green technology
R&D institutions do not carry out green technology R&D is
1-x, the probability that green technology application
enterprises do not provide technology feedback is 1 -y, and
the probability that government departments do not support
green technology R&D is 1-z.

Assumption 3. Overall revenue of government departments
is Rg, the cost of supporting green technology R&D by
government departments is Sg, the loss of not supporting
green technology R&D by government departments is Sg,
and reputation gained by government departments for
supporting technology R&D is E (E > Sg).

Assumption 4. The benefits of green technology R&D in-
stitutions are Rp, the input cost when carrying out green
technology R&D activities is Ip, the input cost when not
carrying out green technology R&D is Ip;, and Ip > Ipp;. Due
to the feedback behavior of the enterprise, the benefits of
technology enhancement of green technology R&D insti-
tution are Rp, and the penalty amount of government de-
partment when green technology R&D institution does not
carry out green technology R&D is F.

Assumption 5. The benefits of technology application en-
terprise is Ry; when the enterprise gives a feedback, its
feedback cost is I; when the research institute conducts
technology research and development, the enterprise’s
benefits is Ry; and when the research institute does not
conduct research and development, the enterprise’s benefits
is Ry;. Responding to the call of government departments
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FIGURE 2: Logic diagram of system interactions.

and actively implementing green technology application 3. Model Analysis
activities, the benefits generated by the company is P.
Based on the above assumptions, the Payoff matrix for ~ 3.1. Strategy Stability Analysis of Green Technology R&D

R&D institutions of green technologies is shown in Tables 1~ Institutions. The expected payoff of a technology R&D in-
and 2. stitution conducting green technology R&D is U, the

expected payoft of not conducting green technology R&D is
U,,, and the average payoff is U,; then,

Uy = yz(Rp —Ip + Rg) + y(1-2)(Rp = Ip + Rp) + (1 = y)z(Rp — Ip) + (1 = »)(1 - 2) (Rp — Ip),
Uiy =yz(Rp —Ip; = F)+ y(1 -=2)(Rp = Ip;) + (1 = y)z(Rp = Ip; = F) + (1 = y) (1 = 2) (Rp — Ip), (1)
U, =xUy +(1 - x)U,.

Derive F (X) relative to x, and the outcome is as follows:

F'(X)=(2x-1)(Ip-Ip; — yRg - zF). (3)

Replication dynamic equations of the strategic choice of
green technology R&D institutions are as follows:

dx —
FX) =g = (U =Uy) =x(x = D(Ip ~ Ip; = yRe - 2F). From the stability theorem, it is known that the strategy
(2)  choice of technology R&D institution is in a stable state.
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TaBLE 1: Payoff matrix for R&D institutions of green technologies
when it is working on green technology.

Companies that Government departments

R&D

R&D apply green Do not
institutions technology Support support
Rp—-In+Ry Rp—Ip+Ry
Working on Feedback Rp—Ip+P Ry =1Ir
reen DA o
tgechnolo Ro o e
8y Do not feedback Ry Ry
RG - SG +E RG

TaBLE 2: Payoff matrix for R&D institutions of green technologies
when it is not working on green technology.

Companies that Government departments

R&D institutions apply green Do not
technology Support support

Rp=Ip =F Rp-Ip

Feedback Rpy—Ip+P Ry -1Ip

Not working on
green technology

R;—Sg+E+F Rg-Sg
Rp—Ip —F Rp-1Ip

Do not feedback Ry Ry
R;-So+F+E Rg-S,

When F(X)=0 and F(X)<0, y* = (Ip—-1Ip, —2zF/Ry)
and all x are in an evolutionary stable state. When y < y*,
x=01is the evolutionary stability point. When y > y*, x=11is
the evolutionary stability point.

The probability that green technology R&D institutions
do not carry out green technology R&D is C,;, and the
probability that green technology R&D institutions choose
R&D is Cy,.

I,-1,, —zF 2(I,-1,,)-F
CH:JJD D1 Zdzdx: (D Dl) X

Proposition 1. The probability of green technology R&D by
green technology Re»D institutions increases with the intensity
of government incentives and increases with the probability of
technology application feedback from firms.

Proof of Proposition 1. From the above analysis of the
stability of the strategy choice of green technology R&D
institutions, =~ when  z< (I, —1Ip, — yRy/F), y<y*
F'(X)|,_o <0 and x=0 is the evolutionary stability point;
when z > I, = Ip, — yRp/F, y>y*, F' (X)|,_o >0 and x=1
is the evolutionary stability point. Therefore, as y and z
increase, the green technology R&D institution stabilization
strategy gradually tends to be 1 from 0. The proposition is
proved.

Proposition 1 suggests that increasing the probability of
feedback from green technology application companies is
conducive to the generation of R&D behaviors by green
technology R&D institutions and that government depart-
ments can induce green technology R&D institutions to be
more biased in conducting R&D activities by increasing their
support for feedback behaviors from green technology ap-
plication companies and by creating a positive green
technology R&D climate. O

Proposition 2. The behavior of a green technology R&D
institution in conducting Re+D activities is positively related
to the technology enhancement benefit it receives from con-
ducting green technology R&D and the penalty it receives
from government departments for not conducting R&+D, and
negatively related to the cost difference between conducting
R&D or not.

Proof of Proposition 2. As (0C,,/0Ry) >0, (9C,,/0F)>0,
and (0C,,/0(Ip —Ip;)) <0, arise in R and F and a fall in
Ip—Ip; can lead to an increase in the probability of green
technology R&D by green technology R&D institutions.
Proposition 2 suggests that green technology R&D in-
stitutions are more inclined to conduct green technology
R&D when they have a better level of revenue. Government
departments can curb the non-R&D behavior of technology
R&D institutions by increasing the penalties for their
inaction. O

3.2. Strategic Stability Analysis of Green Technology Appli-
cation Companies. The expected payoff for green technology
application companies to carry out technical problem
feedback is U,,, the expected payoff for technology appli-
cation companies not to carry out technical problem
feedback is U,,, and the average payoff is U,; then,

Uy =xz(Rp—Ip+P)+x(1-2) (R —Ip) + (1 = x)z(Rpy + P = I7) + (1 = x) (1 — 2) (Ryy — I7),
U,, =xzRp + x(1 = 2)Rp + (1 = x)zRpy + (1 — x) (1 = 2) (Rpy — 1), (5)

U, = yUy + (1= y)Uy,.

Replication dynamic equations for the strategic choice of
green technology application firms are as follows:

dy

F(Y) :E:J’(Un —U_z) = y(y = D[Iy - zP + x(Ry - Ryy)].

(6)

Derive F (Y) relative to y, and the outcome is as follows:
F'(Y)=(Q2y-D[I; —zP +x(Ry — Ryy)]. (7)

The strategy choice of green technology application
companies is in a stable state when F(Y) = 0 and F' (Y) <0.



When z* = (x(Ry — Ryy) — Ip/P), all y are in evolutionary
stable state. When z<z*, y=0 is the evolutionary stable
point and when z > z*, y =1 is the evolutionary stable point.

The probability of nonfeedback from green technology
application companies is C,;, and the probability of feedback
is sz.

G- | Jx(RTRn)—ITd 4 (Rrr, ) =21y
21 = ) xay = 2P > ()

Cp=1-Cy.

Proposition 3. The probability of green technology appli-
cation enterprises conducting green technology application
feedback increases with the probability of green technology
R&D institutions conducting green technology R&D and the
probability of government departments supporting green
technology Re&D policy environment.

Proof of Proposition 3. From the aforementioned analysis of
the stability of strategy choice of green technology appli-
cation firms, it is clear that z<z*, x < (zP — I;/Ry — Ryy)
and the y =0 is an evolutionary stabilization strategy. z > z*,
x> (zP—I;/Ry — Rp;) and the y=1 is an evolutionary
stabilization strategy. As x and z increase, the feedback
probability of green technology application firms increases
from 0 to 1.

Proposition 3 shows that whether green technology
application enterprises choose to give feedback on tech-
nology application is influenced by the incentive policies of
green technology R&D institutions and government de-
partments. Green technology R&D institutions conduct
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technology R&D, and government departments strengthen
incentives to form a positive R&D environment and
strengthen the role of guidance, which can make green
technology application enterprises provide feedback on
technology application, thus promoting a virtuous cycle of
green technology development. O

Proposition 4. The probability that a green technology ap-
plication enterprises will provide feedback on its technology
application is positively related to its benefit, positively related
to the difference in its cost of whether or not to provide
feedback, and negatively related to its cost at the time of
feedback.

Proof of Proposition 4. As (aC,,/0P) >0,
(0C,,/0 (R — Ryy)) >0, and (0C,,/0I;) <0, so is the in-
crease of P, (R7—Ryy) and decrease of I, and more green
technology application companies tend to feedback on the
technology application.

Proposition 4 suggests that when green technology
application enterprises provide feedback on technology
application, government departments should increase in-
centives to fully support their feedback behavior. The for-
mation of a positive technology improvement environment
is conducive to the good development of green
technologies. O

3.3. Evolutionary Stabilization Strategies Supported by Gov-
ernment Departments. The expected payoff for government
sector support is Uj;, the expected payoft for government
sector nonsupport is U;,, and an average payoff is U;; then,

U =xy(Rg_Sg+E) +x(1-¥)(Rg_Sg+ E) +(1 - x)y(R5_Sg + E+ F) + (1 = x)(1 - y)(R5_Sg + E + F),
Us, =xy(Re_Sg+E) +x(1 = ) (Rg_Sg +E) + (1 —=x)y (Re_Sg + E+ F) + (1 —=x) (1 — ) (Rg_Sg + E+ F), (9)

U, =zU5 + (1 = 2)U3,.

The replication dynamic equation for the selection
strategy of the government sector is as follows:

F(2) =i—j= z(z-1)[x(F+Ss) - (E+F +Sg—Sg)]-
(10)

Derive F (Z) relative to z, and the outcome is as follows:
F'(Z)=2z-1)[x(F+Ss)-(E+F+Ss-S5). (11)

From the stability theorem, when F(Z) =0, F' (Z) <0.
The government sector’s strategic choices are in a steady
state. When x* = (F + E + S — Si;/F + Ss), all Z values are
in an evolutionary steady state, when x <x*, z =1 is the
evolutionary stability point, and when x, z = 0 is the evo-
lutionary stability point.

C;; represents the probability that government depart-
ments do not support green technology R&D, and Cj,

represents the probability that government departments
support green R&D.

F+E+S.-S E-S
Gy [ [ = S0gge 1 4 E2So

F + S F+Sg (12)

C; =1-0Cy;.

Proposition 5. The probability of government departments
supporting green technology Re&D increases as the probability
of Re&D by technology Re&D institutions decreases.

Proof of Proposition 5. From the analysis of the stability of
strategy selection in the government sector, it is clear that
when x < x*, z = 1 is evolutionary stability point and when
x>x*, z =0 is evolutionary stability point. As x increases,
the z value becomes smaller and smaller.
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Proposition 5 suggests that whether government de-
partments support green technology R&D is influenced by
the behavior of green technology R&D institutions. When
technology R&D institutions tend not to conduct green
technology R&D, government departments will stimulate
their willingness to conduct green technology R&D by in-
creasing the intensity of incentives.

Proposition 6. The probability of government department
support is positively correlated with the fines imposed by
government departments on research institutes for not con-
ducting R&D, the reputation received for supporting green
technology Re&+D, and the losses caused by nonsupport, and
negatively correlated with the cost expenditures incurred for
supporting green technology ReD.

Proof of Proposition 6. As (0Cs,/0F) >0, (0Cs,/0E)>0,
(0C5,/0Sg) >0, and (9C5,/0S;) <0, so is the increase of F, E,
and Sg and this can lead to an increase in the support of the
government.

Proposition 6 suggests that the higher the reputation

technology R&D, the more it will promote government
departments to support green technology R&D. The higher
the loss incurred by not supporting green technology R&D,
the more it stimulates the active policy of government de-
partments to support green technology R&D. The willing-
ness of government departments to support green
technology R&D activities is seriously lacking when the
expenses incurred by government departments to support
green technology R&D are very high. The higher the amount
of fines charged by government departments, the more it
motivates government departments to support green tech-
nology R&D. O

4. Analysis of Evolutionary Stability Points

The evolutionary stabilization strategy of the evolutionary
game can be derived from the local stability analysis of the
Jacobi matrix of the corresponding replicated dynamical
system, the analysis of local equilibrium points is as shown in
Table 3, the Jacobi matrix is

gained by government departments for supporting
(2x-1)(Ip —Ip, — YRy — zF), x(x—1)(-Rg) x(x-1)(-F)
J = y(y =1 (Rr_Rpy), (2y - DIy - 2P+ x(Ry_Rpy)] y(y-1D(-P) - (13)
z(z—1)(F +Sg), 0 (2z-1)[xF+Sg=—(E+F+S3—-S;)]

Scenario 1. When I, + F<Ip, P<Iy, and Sg>Sg, the
overall loss of the technology R&D institution for not
conducting green technology R&D is less than the overall
loss of conducting green technology R&D, and the gain that
the enterprise gets from conducting green technology ap-
plication is less than its input of conducting technology
satisfaction feedback, and the loss of the government de-
partment for not supporting conducting green technology
R&D is higher than its input of supporting R&D, so the
evolutionary stability point is the point (0, 0, 1), the point
means that green technology R&D institutions choose a
strategy of no R&D, companies choose a strategy of no
feedback, and governments choose a strategy of supporting
green technology R&D.

Scenario 2. When Iy, + F <Ip — Ry, Iy < P,and Sg > S, the
expenditure of green technology R&D institutions not
conducting technology R&D is smaller than the income
obtained from conducting R&D, and the cost of feedback
from enterprises is smaller than the benefit obtained from
feedback from enterprises, and the loss of government de-
partments not supporting conducting green technology
R&D is higher than their input of supporting R&D. The
evolutionary stability strategy is (0, 1, 1), the point means
that green technology R&D institutions choose the strategy
of not conducting technology R&D, companies choose the

strategy of providing feedback on technology application,
and the government chooses the strategy of supporting
green technology R&D.

Scenario 3. When I, <F+ Iy, Ryy<Rp—-P+1I; and
Sg <E, the R&D cost of green technology R&D institu-
tions is smaller than the loss of not conducting R&D, the
benefit of enterprises to conduct technology application
feedback is smaller than the benefit of enterprises not to
give feedback, and the government sector’s inputs are
smaller than its benefits. Evolutionary stability strategy is
(1, 0, 1), the point means that green technology R&D
institutions choose the strategy of conducting technology
R&D, companies choose the strategy of not providing
feedback on technology application, and the government
chooses the strategy of supporting green technology
R&D.

Scenario 4. When I, — Ry <Ip, + F, Ry + Iy — P <Ry, and
Sg <E, the expenditure of green technology R&D institu-
tions not conducting technology R&D is larger than the
income from conducting R&D, the benefit of enterprises’
feedback on technology application is larger than the benefit
of not feedback, and the government department’s invest-
ment is smaller than the government department’s benefit.
The stable strategy is (1, 1, 1), the point means that green
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TaBLE 3: Analysis of local equilibrium points.
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F1GURE 3: The influence of cost expenditures. The influence on (a) x, y, and z; (b) x and z; (c) x (with the change of time); and (d) z (with the

change of time).

technology R&D institutions choose the strategy of con-
ducting technology R&D, companies choose the strategy of
providing feedback on technology application, and the
government chooses the strategy of supporting green
technology R&D.

5. Simulation Analysis

According to the aforementioned replicated dynamic
equations of the system, the stability of the system is verified
using simulation software to analyze the influence of
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F1GURE 4: The influence of R&D institutional earnings. The influence on (a) x, y, and z; (b) x and z; (c) x (with the change of time); and (d) z

(with the change of time).

different parameter changes on the evolutionary stability of
the system and to synthesize the experience of existing
literature on the value of the parameters, the parameters are
assigned as follows: Rgr=100, F=60, I;y=25, P=35,
RT—RT1 =25, F+ Ss =60, E=50, and SG =40.

5.1. Impact of Sg Changes on the System. The effect of Sg
changes on the system is analyzed so that S; takes the values
of 10, 20, and 40, and the system evolution results are shown
in Figure 3.

When S¢ < E, government departments tend to choose to
support green technology R&D as the value of Sg increases,
but the evolution to 1 becomes slower as S; increases, in-
dicating that the willingness of government departments to
support green technology R&D decreases as spending in-
creases. The probability of technology R&D by green

technology R&D institutions increases with the increase of
government departmental input.

5.2. Impact of Rr Changes on the System. The effect of Ry
changes on the system is analyzed so that Ry takes the values
of 100, 150, and 200, and the system evolution results are
shown in Figure 4.

With the increase of Rg, the benefits of technology R&D
institutions for technology enhancement increases, and
technology R&D institutions are more inclined to choose to
conduct technology R&D activities, and government policies
are biased to support green technology R&D at this time.

5.3. Impact of F Changes on the System. The effect of F
changes on the system is analyzed so that F takes the values
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Figure 5: The influence of government fines. The influence on (a) x, y, and z; (b) x and z; (c) x (with the change of time); and (d) z (with the

change of time).

of 60, 70, and 80, and the system evolution results are shown
in Figure 5.

When a technology R&D institution does not conduct
green technology R&D, the higher the amount of penalty
imposed by the government department, the probability that
the green technology R&D institution will choose to conduct
green technology R&D increases, and the government de-
partment will tend to support the R&D activities of the
technology R&D institution.

As can be seen from Figures 3 to 5, enterprises will not
take feedback on the application of green technology when it
does not directly involve their own benefits, and once they
do, they will incur corresponding costs, such as facing in-
action of research institutes in the feedback process, reduced
short-term benefits, and facing technological innovation
risks after feedback.

5.4. Impact of P Changes on the System. The effect of P
changes on the system is analyzed so that P takes the values
of 35, 70, and 150, and the system evolution results are
shown in Figure 6.

The probability of feedback from enterprises on the
application of green technology gradually increases to 1 as
the benefits received by enterprises increase. The feedback
from enterprises is a reflection of their positive attitude
towards green technology and the policy preference of
government departments, which coincides with the analysis
of enterprises’ wait-and-see attitude towards green tech-
nology. When enterprises have a positive attitude towards
green technology research and development, which is re-
flected in a high level of initiative towards green technology
research and development and application, both govern-
ment departments and green technology research and
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development institutions will move in the direction of
supporting technology research and development.

5.5. Impact of Iy Changes on the System. The effect of I
changes on the system is analyzed so that I'rtakes the values
of 25, 30, and 35, and the system evolution results are shown
in Figure 7.

As the cost of feedback increases, enterprises tend to
choose not to give feedback on technology application, and
the higher the cost of feedback, the faster convergence to no
feedback. The increase in feedback cost of enterprises, such
as the increase in the number of researchers or investment
energy as well as the longer duration period, laterally reflects
that the more enterprises attach importance to green
technology and their positive attitude towards green tech-
nology, at this time, green technology research and

development institutions will carry out technology research
and development, and government departments will choose
to support green technology research and development.

6. Conclusion

At present, most of the academics start from the perspective
of green technology innovation, emphasizing on the issues
of green technology innovation influencing factors and
innovation efficiency, while ignoring the innovation process
of green technology from R&D to upgrading. Based on this,
explores the process of green technology innovation from
the perspective of R&D to upgrading, and uses the evolu-
tionary game method to establish a three-party game model
between government departments, green technology R&D
institutions, and green technology application enterprises,
and explores the interaction process and strategy selection
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process of the three parties in the process of green tech-
nology R&D and application.

First, the impact of each subject in green technology
innovation is studied. By establishing an evolutionary game
model among three subjects, namely, government depart-
ments, green technology R&D institutions, and green
technology application enterprises, the strategic choices of
the subjects and the influence of different elements on the
strategic choices are analyzed.

The second is to consider the feedback process of green
technology application enterprises to green technology R&D
institutions, rather than the one-way circulation problem in
most studies.

Third, the role played by different agents in green
technology R&D is analyzed. The government is the first to
realize the importance of green technology R&D in the R&D
to application process and has a certain tendency to im-
plement it, playing a leading and motivating role. Green
technology R&D institutions are directly responsible for the
development of green technologies, so the relationship
between the government and its direct interests is consid-
ered. Green technology application enterprises and green
technology R&D institutions communicate on green tech-
nology R&D and application to eliminate the impact of
target differences. With the supplement of numerical ana-
lyses, the results show that:

The analysis shows that the greater the government’s
punishment and support to green technology R&D insti-
tutions, the more beneficial it is for green technology R&D
institutions to conduct green technology R&D. There are
three main policies adopted by the government. One is that
the government uses a number of economic approaches to
monitor and regulate green technology innovation. For
example, it charges companies that emit emissions and raises
the standard of emission charges, thus strengthening the
constraints on companies. The second is to develop and
improve regulations. For example, clarify the judicial pro-
cedures and strengthen the enforcement of environmental
issues, so as to give full play to the mandatory nature of the
regulations. The third is to adjust the green technology
policy and eliminate backward production capacity.

In the application of green technology, the internal ef-
ficiency goal of enterprises is the internal motivation
mechanism of enterprise development, and the innovation
revenue of green technology carrier-green products is an
important driving force for enterprises to carry out green
technology innovation. In addition, if the government has
no direct benefit relationship with the green technology
application enterprises, the enterprises will choose the
negative response behavior. In order to encourage enter-
prises to actively carry out green technology application and
innovation, the government will adopt a series of incentive
measures. For example, enterprises that carry out green
technology innovation are given environmental protection
subsidy funds, and enterprises that transform and upgrade
old equipment are given financial subsidies and other
measures, which also reflect the leading and motivating role
played by government departments in green technology
research and development.

13

With the proposal of “carbon neutral and carbon peak”
in China, more and more attention is paid to the R&D of
green technology, but the competition in the industry is
getting fierce and requires the technology R&D cycle to be
shortened as much as possible, while the R&D cycle of green
technology is long, risky, and high investment, some en-
terprises have limited resources and capacity, so they will
cooperate with R&D institutions to share the technology,
some enterprises have limited resources and capacity, so
they will cooperate with R&D institutions. Multisubjects to
cooperate and form alliances to share the cost and risk of
R&D to ensure their competitive advantages in the market.
Green technology research and development institutions
and enterprises communicate to achieve the level of sci-
entific research to improve, to get more in line with their
own requirements of green technology, and to achieve a win-
win situation.

In addition, it is clear from the numerical simulation that
the greater the gains from the technology enhancement of
green technology R&D institutions and the greater the gains
from the feedback of enterprises responding to the gov-
ernment’s call to actively carry out technology application,
the more the government departments tend to support green
technology R&D. Therefore, the positive attitudes of green
technology R&D institutions and green technology appli-
cation enterprises will inversely affect the decision of gov-
ernment support behavior.

In this study, only the role of feedback behavior in the
process of green technology R&D is considered, and the
influence of green technology application efficiency on
feedback behavior is not considered. Only the specificity of
green technology was focused on, and the evolution of the
behavior strategy of the subject in the R&D process of
different types of technology was not considered; such di-
rection will be a possible work for future research.
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