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Abstract. In order to conform to the trend of ecological economic development, the development of clean,
energy saving, environmental protection of green new products has become the primary task of construction
enterprises. Based on this, by establishing the game model between suppliers and manufacturers in the
construction supply chain, this paper considers the influence of different parameters such as innovation cost,

innovation compensation and innovation revenue increment on the choice of green innovation strategy of both
enterprises. By solving the replication dynamic equation, the evolutionary stability results show that suppliers
and manufacturers choose different decision-making methods according to the revenue, input-output results

and the amount of green innovation subsidies given to each other.

1 Introduction

Since the 21st century, all countries in the world have
actively promoted the development of buildings to be
intelligent, energy-saving and green. Green building has
become the mainstream development direction of the
construction industry, and the green innovation of

construction enterprises has received widespread attention.

Green innovation refers to the transformation or
innovation of processes, technologies, systems and
products to minimize the energy use per unit of output,
minimize the emission of pollutants!’?. So green
innovation is the primary determinant of green supply
chain development®l.

As akey form of enterprise collaborative development,
supply chain has different impacts on enterprises' green
innovation through upstream and downstream cooperation
and competition. Literature [4] uses game theory to study
the impact of upstream and downstream enterprises’
innovative on the profits of supply chain enterprises from
the perspective of technological innovation. Because of
the high risk of green innovation, innovation subsidies are
usually used as supplementary means to promote the
development of green innovation. Literature [5] through
the construction of the game model between government
and enterprises, it is concluded that the government's
green subsidies and carbon tax collection behavior can
help enterprises to carry out breakthrough green
innovation activities. Literature [6] considers the impact
of core enterprises and supporting enterprises on green
innovation performance under three different contract
conditions, and finds that cost sharing contract can
improve the level of green innovation. Therefore, we think
that there is a cooperation contract in the supply chain.
However, whether the subsidy behavior between suppliers
and manufacturers is conducive to green innovation has
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not been concluded.

Through previous studies, we find that most of the
green innovation games are focused on government
subsidies, environmental regulation and other aspects, few
studies consider the fairness of the game within the
enterprise. Therefore, by establishing the game model
between suppliers and manufacturers in the construction
supply chain, this paper considers the influence of
different parameters on the choice of green innovation
strategy of both enterprises from the perspective of
fairness preference.

2 Model establishment

For green innovation, construction enterprises can choose
two stratagies: green innovation(S;) and non green
innovation(S,). Because green innovation will reduce the
waste and improve the reputation of consumers, so as to
improve the economic benefits. If only one party carries
out green innovation, under the fair effect, the two parties
can require the party who does not carry out innovation to
give certain subsidies to the innovator. To sum up, this
paper assumes that:

(1) If the supplier and the manufacturer do not carry
out green innovation, the normal profits of them are e;and
em, €s>0, en>0;

(2) If both of them carry out green innovation, the
profits of them are es+aie—Cs, emtPiem-Cm. Among them,
o, B1 represents the incremental revenue ratio of green
innovation for suppliers and manufacturers, Cs, Cpy
represents the cost of product green innovation for
supplier and manufacturer;

(3) When the supplier carries out green innovation but
the manufacturer does not, the supplier requires the
manufacturer to provide innovation subsidy, so the profit
is estones—Cstf (a2<ar). Due to the "free rider” strategy of
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the manufacturer, the revenue obtained is higher than the
normal revenue, the revenue is Fin—f (Fin>f);

(4) When the manufacturer carries out green
innovation, but the supplier does not, so the profit is
emtPiem-Cmtf (B2 < B1). Because the supplier adopts the
"free rider" strategy, the revenue is higher than the normal
revenue, the revenue is Fs—f (F>f);

Both sides of the game establish the game payment
matrix as shown in Table 1.

Table 1 Payment matrix of suppliers and manufacturers

manufacturer
supplier
Si Sz
Si €s+ales*Cs, en1+Blen1‘Cn1 35+(1265*Cs+]p, Fm*f
Sz Fs—f, em+B2€m-Cm+f €s, €m,

3 Equilibrium analysis
3.1 Equilibrium point of evolution process

It is assumed that the proportion of suppliers and
manufacturers choosing green innovation strategy is x and
y respectively. From the above discussion, we can see that
the expected benefits of suppliers choosing green
innovation and non green innovation strategies are

Ui=He +ae —C)+(1-We +ae -C+f) .  G=1E-))
H1-y)e,; so the average expected revenue of the supplier
is U =xU,+(1-x)U,.

The dynamic equation is as follows:

dx _
X=—=xU, -1 =x(1-v|ae ~C +f+)ae ~F —ae +e)]

In the same way, we can get the dynamic equation of
manufacturer's replication is:

P= Uy -T) =0 B G4 40, )

Using the above two formulas, we can construct a two-
dimensional dynamic system W: make X=0, Y=0, the
results are as follows:

Proposition 1 According to the two-dimensional
dynamic system W, the balance point is (0, 0), (1, 1), (0, 1)
C—fe+E C-f

and (1, 0). When g>—=—>— | O<g<—— ,
et eS
ﬁ>w, O<ﬂ2<c”’_f, or 0<q<m’
Gn €, e,
C—f-e+E,

a2>C"’_f, 0<f4< , ,6'2>C”’_f,(x*, y*) is
e\' m e’”
also the equilibrium point of the dynamic system W,
o GPe~f . Co-ae-f
ae —F —a,e +e, ’

s
ﬂlem _F;n _ﬂZem +em

3.2 Stability analysis of equilibrium point

Take the partial derivatives of the differential equations of
the system W with respect to x and y to further judge the
evolutionary stability strategy of the system, the

X X
correlation Jacobian matrix is J= “ R

o o

x
15.¢

=, ~(-29ae -G +f+)ae~F-ae+e)] ;

%Y =x(1-xNae,—F-ae+te) ,
oY
o (1-2y)[B.e, —C, + f +x(Be, —F, - Boe, +e,)].

Proposition 2 We can bring the relevant value into the
determinant trace and value to judge the stability of the

ax oY
—+—<0
ax

S -3, ~F e, be)

equilibrium  point, if it satisfies

aﬁxg—%xg >0, then the equilibrium point is the

oy

evolutionary stable point. Because (x*, y*) is brought into
the Jacobian matrix and the trace is 0, (x*, y*) is not a
stable point. Table 2 only lists the optimal surface
expressions for the determinant traces and values for the
four equilibrium points.

Table 2 Trace and value of different equilibrium points

00 T W (oes—Cstf)+ (B2em-Cutf)
> Det W (oes—CsH)(B2em-Cmtf)
o Trw (ct1es-Fs-Cstes)+(-( B2em-Curtf)
’ Det W (oues-Fs-Cstes)(-( Prem-Cmtf)
0o Tr W (-(o2es—CsH))+H( Brem-Fm-Cmtem)
> Det W (-(ci2es—CsH))( Brem-Fm-Cmtem)
W Trw (FstCs- aues- es-f)H(FmtCm- Biem- em-f)
’ Det W (FstCs- aies- es-f)(FmtCm- Brem- em-f)
(1) When 0<g, <C‘fe%“F , O<a,< Cfe_f ,

s s

Cﬂl - f - e/n + F:II

0<p < , 0</32<C'”_f,point (0, 0) is
e

em m
the evolutionary stability of system W.
(2) When 0<q <w , 0<a2<Cx—/ ,
€ e,
s B> S/ , point (0, 1) is the
evolutionary stability of system W.
(3) When O<al<w , 6{2>Cy_‘f ,
€ e

s s

Cﬂl — f - e/n + F:II

0<p <

0<ﬂ]<Cm—f—em+Fm

, O<ﬂ2<C”’_f , point (1, 0) is
m em

the evolutionary stability of system W.

4) When o>S"fzevb G2
e, €
p>CSmatb p JCol point (1, 1) s the
e

e

m m

evolutionary stability of system W.



E3S Web of Conferences 248, 02020 (2021)
CAES 2021

https://doi.org/10.1051/e3sconf/202124802020

(5) When al>w R 0<a2<ﬂ s
e e

s s
Cm — f —€n + F:n
e

B> , 0</32<C'"7_f,p0int(0,0)and(1,
e

1) is the evolutionary stability of system W.
(6) When O<a]<w , a2>C.v_f ,

e e

s s

O<ﬂ1<Cm_f_em+F‘m

, B> G, =J , point (0, 1) and (1,
m e’”

0) is the evolutionary stability of system W.

3.3 Evolution result analysis

By analyzing the evolutionary game process of
manufacturers and suppliers in different situations, the
phase diagrams of six evolutionary results are shown in
figure 1. Based on the above analysis and phase diagram,
six different cases are analyzed.
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Fig.1 Phase diagram of system W evolution

Case 1 When the supplier and manufacturer carry out
green innovation separately, if the input cost of green
innovation is higher than the social benefits and economic

benefits, they will choose not to carry out green innovation.

As shown in figure 1(1), at this time, (0, 0) is the stable
point of evolutionary game.

Case 2 Because the high incremental income and the
low innovation subsidy from "free riding", the supplier
chooses not to carry out green innovation. Because the
incremental benefits and innovation subsidies are higher
than the input costs, the manufacturer chooses to carry out
green innovation. As shown in Figure 1(2), (0, 1) is the
stable point

Case 3 The supplier chooses to carry out green
innovation when the incremental income and innovation
subsidy may be higher than the input cost. If the income
from joint innovation is less than that from free riding
strategy, the manufacturer is more inclined to choose not
to carry out green innovation. As shown in figure 1(3), (1,
0) is the stable point.

Case 4 When the economic benefits of joint innovation
gradually increase until they are greater than the benefits
of free riding, both suppliers and manufacturers will
choose green innovation with the improvement of social
and economic benefits. As shown in Figure 1(4), (1, 1) is
the stable point.

Case 5 Suppliers and manufacturers choose not to
carry out green innovation because it is difficult for them
to compensate their input costs for the benefits from green
innovation alone. However, with the improvement of
economic benefits, the benefits from their joint green
innovation are higher than the incremental benefits from
their own "free riding" behavior. If one party chooses to
carry out green innovation, the other party will follow it,
otherwise they will not carry out green innovation. As
shown in figure 1(5), (0, 0) and (1, 1) are the stable points.

Case 6 On the contrary to case 5, if the benefits of
green innovation by suppliers and manufacturers are
higher than the input cost and the benefits of joint green
innovation are lower than the input cost, (0, 0) and (1, 1)
are the stable points.

4 Conclusion

Based on the evolutionary game analysis between
suppliers and manufacturers in the construction supply
chain, this paper studies the behavior decision-making of
green innovation between them. The results have some
significance for the choice of green innovation strategies
among construction enterprises: (1) when enterprises have
the same green innovation benefits, suppliers and
manufacturers who can effectively control the cost are
more likely to go green innovation; (2) if both of them are
likely to carry out green innovation, when the incremental
revenue of the supplier is much higher than that of the
manufacturer, the manufacturer will choose to give up the
product innovation; (3) when there is only one party
carries out green innovation, the other enterprise choose to
"free riding" strategy to earn additional revenue, if the
incremental revenue from joint innovation is greater than
the total revenue from free riding after deducting the
innovation cost, the enterprises that do not carry out green
innovation will follow the path of innovation (4) the
innovation subsidies given by enterprises to each other
play an important role in it, if the agreed amount of
subsidies is too high, the incremental benefits of "free
riding" can hardly offset its costs, it will force enterprises
to turn to green innovation.
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