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ABSTRACT

In the context of low-carbon innovation, reasonable subsidy, innovation, and pricing strategies
are important to achieve resource decarbonization and supply-demand matching, while the
quality differentiation of resources has a significant impact on the strategy formulation. In this
paper, we study low-carbon innovation and government subsidy in different innovation
scenarios with two providers offering differentiated manufacturing resources on a resource
trading platform, integrating two variables of resource quality difference and demand-side low-
carbon preference. Using utility theory and the Stackelberg game, a decision model of low
carbon innovation and government subsidy is constructed, and the equilibrium solution is
obtained with inverse induction. Then, the low-carbon innovation and subsidy strategies under
different innovation scenarios are compared and the effects of relative coefficients of quality
and innovation cost coefficients on the strategies are analyzed. The findings show that when the
difference in resource quality is small, the level of green innovation is higher in the low carbon
innovation scenario with high-quality resources compared to the low carbon innovation
scenario with low-quality resources, and the rate of government subsidy for innovation
investment is also higher. In case of the large difference in resource quality, the relative
magnitudes of green innovation level and government subsidy rate for innovation inputs in
different scenarios are related to innovation cost coefficients.
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1. INTRODUCTION

With the reduction of renewable resources, ecological destruction, and increasing pressure on
environmental protection, especially the convening of the United Nations Climate Change
Conference, more and more countries begin to pay attention to environmental protection[1].Some
governments subsidize enterprises and consumers who produce or use green and energy-saving
products to improve the environment and support the development of the environmental
protection industry. In recent years, subsidies for green manufacturing enterprises have been
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introduced in Beijing, Shenzhen, Guangzhou, and other places in China, including subsidies for
low-carbon products, support for low-carbon projects, and one-time funding incentives.

In this context, some scholars began to study the impact of government intervention on the green
supply chain. Sheu studied the impact of government financial intervention on the competitive
green supply chain. The study shows that the government should adopt green tax and subsidy
policies to ensure that the profit of green product production is non-negative[2]. Madani first
discussed the competition strategy between the green supply chain and the non-green supply
chain under the leadership of the government, considering the government subsidies for green
products, and taxing non-green products. The study shows that the impact of the government to
improve the subsidy rate is far greater than the tax rate, which will also lead to increased profits
for the government and the supply chain and product sustainability[3]. Zhu Qinghua studied the
green supply chain management problem based on government subsidies and considered the
three-stage game model of product green degree and government subsidies. The research shows
that when the production cost coefficient of green products is high and the consumer's
environmental awareness is low, the government should appropriately reduce the lower limit of
subsidies and reduce the green input of products. When the production cost coefficient of green
products is low and consumers ' environmental awareness is high, the opposite is true[4].

In response, a growing number of firms have devoted attention to green technologies investment
in R&D and production processes to curb carbon emissions[5, 6]. For example, Apple invested
heavily in green technologies such as renewable energy in 2017. With these investments, the
company cut emissions by nearly 2m tonnes from last year. However, green investment is not
free; Companies have to bear a lot of investment costs, which may reduce the benefits of green
investment and even become an important obstacle to the adoption of green technology[7, 8].
Therefore, whether to invest in green technology has become an important issue for enterprises.
In addition to the price and greenness of the product, the quality of the product is also a powerful
means of attracting customers and even determines the position of an enterprise in the market.
When enterprises with different product quality choose low-carbon innovation strategies, they
will be different due to different market positions or consumer preferences. How to improve their
product’s greenness to improve their profitability in the context of product quality that cannot be
improved simply has become a key issue for enterprises in the competitive environment,
especially in the transformation to green production. However, so far, most studies haven’t
studied the quality differentiation in low-carbon innovation decisions. Quality is defined as the
environmental quality that reflects the green degree of products[8] or considers the relationship
between quality improvement investment and low-carbon innovation investment[9].

The third-party platforms can reduce the technological input of manufacturing enterprises and
integrate resources and capabilities among manufacturing enterprises, which is of great
significance to promoting the development of the platform economy and manufacturing industry.
With the continuous integration of information technology and the manufacturing industry, the
third-party platform of the manufacturing industry has developed rapidly, which has attracted the
attention of many scholars. For example, studies have shown that the main motivation for
enterprises to join the platform is that the services provided by the platform can help enterprises
improve efficiency and reduce transaction costs[10]. Yoo compares the profits obtained by
enterprises joining the third-party platform with those that have self-built platforms respectively
and comprehensively analyzes the influence factors of enterprises joining the third-party
platform. They found that companies’ IT capabilities, costs, and purchasing needs were the main
drivers and revealed that SMEs were better suited to join third-party platforms[11]. Many
scholars have studied the third-party platform from the basic functions, architecture, operation
model, and implementation technology of the platform[12-14]. In addition, there are few studies
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on service investment and pricing strategies on third-party platforms, especially on resource
guality or greenness improvement on third-party platforms.

Based on the above research, considering the impact of third-party platform transactions and
resource quality differences on resource providers’ low-carbon innovation strategy and
government subsidies strategy, this paper studies the problem of low-carbon innovation of third-
party platform resource providers under government subsidies. This paper considers a third-party
trading platform composed of low-quality resource providers( ), high-quality resource providers(
), and resource demanders( ). The government will issue a certain subsidy strategy for low-carbon
innovation projects, and resource providers are likely to invest in low-carbon innovation of
resources. Through the research of this paper, some different results are obtained from previous
studies. Firstly, resource quality differences and low-carbon innovation cost coefficients will
affect the low-carbon innovation decisions of quality resource providers, and low-quality
resource providers should also consider platform transaction rates. Different from previous
studies, this paper finds that high-quality resource providers have lower innovation willingness
than low-quality resource providers in terms of market share and profit. Then, government
subsidies are not always biased towards high-quality resource providers, and low-quality resource
providers are given higher rates of subsidies when the quality differences between the two sides
are large and innovation cost coefficients are low. Finally, the platform development is not
necessarily committed to improving the overall level of resources, in different cases, different
resource providers can have different incentive strategies.

2. PROBLEM DESCRIPTION AND SYMBOLIC DESCRIPTION
2.1. Problem Description

On the third-party manufacturing resource trading platform, a type of manufacturing resource is
provided by two competing manufacturing resource providers RSP(i=12), and the two

providers provide two differentiated resources R \R,, which R, has a more reliable quality level
and R, is inferior R, in this respect. RSD can choose any of the resources for direct transactions,
while RSP paying a certain commission fee to the resource-sharing platform. As two competing

suppliers, they will invest in low-carbon innovation projects to improve their product green
degree, thereby affecting the choice of resource demanders to maximize their profits. At the same
time, the regulatory authorities of the government also have the responsibility to enhance social-
environmental benefits and to give resource providers certain project subsidies. Therefore, under
the influence of different government subsidy strategies on the low-carbon innovation level of
resource providers, how do subsidies affect their low-carbon innovation decisions and pricing for
suppliers with different quality resources?
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Figure 1. Operation Mode of Tripartite Trading Platform
2.2. Symbolic Description
The relevant symbols in this paper are as follows shows:

Table 1. Symbolic Description

Symbolic Description
the initial utility of resource
v demanders for high-quality
manufacturing resources (0<<v<<l)
p relative coefficients of resources
quality (0<<0<1)
Parameter B transaction rates on trading platforms
low-carbon innovation cost
k -
coefficients
u@i=12) utility of resource demanders
Q=12 market share of resource providers
P(i=12) transaction prices of resource
Decision variable m(@i=12) low-carbon innovation effort
' ' coefficient of resource providers
n government subsidy rate
RSD resource demanders
RSP resource providers
Other symbols R TeSOUrces
7 (i=12,9) profit (utility) of different themes)

3. MODEL CONSTRUCTION AND SOLUTION

Hypothesis 1: In some literature, the linear combination of price and non-price variables is
generally used to represent the demand function[15-17], and some empirical studies also found
that the level of green degree of enterprise products can affect consumers’ purchasing behavior.
This paper refers to Gao Juhong’s research[18], the relationship between the nature of



Computer Science & Information Technology (CS & IT) 263
manufacturing resources and perceived utility is expressed by the following utility function:
u=V -eP+e,m (wherein, the initial utility is expressed as v~U(0,1),a is the price elasticity
coefficient, b is the environmental sensitivity coefficient of demand, and the impact of the green
degree of resources on demand is bm). To facilitate the analysis results, and without losing
generality, set e =e, =1.

Hypothesis 2: With the continuous improvement of the green degree of manufacturing resources,
it is more and more difficult to improve the green degree, so the cost function of low-carbon
innovation should have the characteristics of increasing marginal cost. At the same time,
combined with reality, there is a certain fixed investment in green innovation that can’t be
recovered in time. This paper sets this fixed cost as a. Therefore, the cost function of green
innovation of manufacturing resources can be expressed as f(m)=1/2km*+a, which kis the

low-carbon innovation cost coefficient.

Hypothesis 3: To simplify the calculation without losing generality, the cost of providing unit
manufacturing resources is assumed to be zero.

Hypothesis 4: Referring to previous research results[19], social welfare is composed of total
industry profits and environmental benefits. So the industry social welfare function considered by
the government can be set to:

Ty =W+, + T, +mQ, +mQ, )

Hypothesis 5: The resource sharing platform introduces manufacturing resources with an audit
mechanism, the quality difference between the two RSP would not be too large, assuming the

quality difference 0.6<<6<<0.99.
Hypothesis 6: The above information is public knowledge.
3.1. Basic model

This paper constructs a government- resource trading platform -manufacturing resource providers
and demands decision-making model composed of two manufacturing resource platform
suppliers and demanders, which meets the manufacturing resource demand at the transaction
price P, and pays a certain tariff as P to the platform. At this time, the government has not

issued the low-carbon innovation subsidy policy and RSP has decided not to carry out low-

carbon innovation, only through price decision-making to maximize its profits. According to the
above assumptions, the initial utility RSD is:

u=W-R (2)
u,=v-"~, (3)

When the conditions &v-P>0 &-P<v-P, are satisfied, RSD select R, to trade. So after
simplification, we get when P<<6P, is satisfied, the high-quality resources and low-quality

resources on the platform exist in the market and compete with each other, and the demand
function R, is:
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When B>6P, we get high-quality resources completely replace low-quality resources RSP, and
exit the competition on the platform, high-quality resources form a monopoly RSD and have only
one choice on this platform. This paper does not consider this situation. Similarly, when RSD
chosen R,, at this point satisfies conditions v—P,>0 6&v—-B>v-P,, the demand function R, is:

%_H

1

1-6

()
At this time, the profit functions of RSP the resource trading platform are:

7, =01-BRQ, = =01-pPQ), =, =R +PQ))

The RSP trader will determine the transaction price of manufacturing resources according to the
known market conditions, to maximize profits. The decision model is:

{rpapx}(n,o,nﬁ), st.:R>0, P,>0, R<6P,

Theorem 1: When RSP does not carry out low-carbon innovation, there is a balanced price
strategy P° P, and the optimal profits of RSP and platform profit are respectively:

Hmz(e—ne
po* - 60-4
. 2(0-1)
C 0-4

(6)
P

The optimal profit RSP, and platform profit obtained from Equation (6) are:

2% 0(-1+0)(-1+p)
g O-4y @)
o _ A1+ 0)(1+ B)

’ (©-4)

"= (9+4)(—1;L9),B ®)
(©-4)

Theorem 1 shows that in the absence of government intervention, R* is always less than P, and
the equilibrium price strategy is only affected by the relative coefficients of quality.

Lemma 1: In the basic model, the equilibrium price strategy of RSP, decreases with the increase

0 . For the three profit functions, they all decrease with the increase ¢ . Lemma 1 is in line with
traditional cognition. When the resource trading platform doesn’t conduct such behavior as low-
carbon innovation to enhance the utility of demanders at the other end, its income will not
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increase with the homogenization of manufacturing resources, that is, such trading intermediaries
as the platform need to provide sufficient choices of demanders to maximize their interests. For
RSP, , when the quality difference between the two RSP is large, the price can rise by improving
their resource quality. However, when the relative coefficients of quality are small, the two RSP,
are at the same consumption level. To maximize their profit, the price war can only be used to
occupy the market, RSP,. But when both sides take such a price war, their profit margins will all
decline.

3.2. Model for Low-Carbon Innovation of Resource Provider

When implementing the government subsidy mechanism, the decision-making problem of the
government-enterprise low-carbon innovation-decision problem can be understood as the
Stackelberg game of the government as a leader and the enterprise as a follower. At the same
time, considering that low-carbon innovation investment is a strategic decision, so the decision-
making order is shown in figure2, and the inverse order solution method is used to obtain the
equilibrium results. Considering the different innovation ability of RSP, in improving the green

degree of resources, two scenarios are set: (1) RSP, conducts low-carbon innovation; (2) RSP,
conducts low-carbon innovation.

Government decision on
subsidy rates for green
innovation projects

- : S
| r r ]

RSP decides the degree of RSP decides the price of
green innovation efforts m manufacturing resources P

RSP decides whether to RSP manufacturing RSD make purchasing decisions and two
invest in green innovation resources listing sharing RSP receive their respect profits
projects platform

Figure 2. Game timeline

3.2.1. RSP, conducts low-carbon innovation

After the government released the subsidy policy for low-carbon innovation projects, in this
scenario RSP, becomes an innovative enterprise for project investment, its profit function is

nf:(l—ﬂ)lf’le—(k—gf+a)~(lﬂ1), and the profit functions of RSP, and platform unchanged. Similarly, the
demand functions Ryare: ¢-2Xm-B AR and g-1-BEMSRthe industry social welfare
function considered by the government is » -+ += +mq'. At this time the two enterprises play

Bertrand games, the decision model is:

First stage: nga}x(n; ), st 0<p<1
Ul
The second stage:  max }(nll,nﬁ), st.:R>0, P,>0,m>0, P<OP,+m,
1.5,m

Theorems 2: When RSP, conducting green innovation, the optimal subsidy rate of the
government, the low-carbon innovation effort coefficient RSP, the pricing policies of RSP Pll*

and le* , their optimal profits and platform profits are respectively:
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o K@B+1E + (68 DK + (4BK + 28 —2)8 —4f + 4 ©)
= KO(R0" — 70+ 4)
e —30° +70° — 49 (10)
241 KO* —9KO® + (24K + 4)07 + (~16k —18)0
. O(~1+ 0)(0 — 4)(kO” — kO +1)
o 24+ K0* —9KO + (28K + 40 + (—16k —18)9 (11)

pr__ (C1+0)(2k0® ~10k)° + 8k +50-12)
2 T 28+ k0" — 9K + (24K + 4)67 + (—16k —18)0

The optimal profit and platform profit obtained from Equations (9)-(11) are :

2(k0? — kO +1)(k(a + g)as +(~11a - 5)k0* + ((42a + 1—21)k +4a)0° + ((—64a — 2)k — 26a)0” + (32ak + 60a)0 — 48a)(~1+ p)
7T| =

. 3k0(0 - g)(—1+ 0)(24+ k" — 9KO® + (24k + 4)0° + (~16k — 18)0) (12)

4(=1+ B)(~6 +kO® —5k6” + (4k + g)(i)2 (-1+6)
M T 28+ k0" —OkE® + (24K + 4)6 + (—16k —18)6)°

2o B0 —6K?0° + (=7k? + 2k)6° + (92k? + 2k)0* + (~144k* —100k +1)6° + (64k? + 288k +17)6? + (~192k —104)0 +144)(-1+ 6) (13)
L (24+ KO —OK® + (24k + 4)0% + (-16k —18)0)°

Lemma 2: In this scenario, all k values satisfying the constraint are (=12 20-2(-3
20° —100% + 80" O(-1+ 0)(20 — 4B + 0)

1* 1 1
aﬁ%<0, and for a(;ngl (1) When ,_ 6 _(052+125865): _ 32 11)
6 3(1052 + 12/5365)°

4 3 2
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20° -100° +80 30+ )(0 20 - 4)6°

4_ 3 2_ ! — _ 1*
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3 3 2 1*
0e( (1052”2‘45865) - 3 _+osssi77izosy  and g 5946(236_311?2;561;:2) % ar% >0.But  when
3(1052 +12+/5865)° T R s e
1
3 3 2
Oe( (1052”2 5865)° _ 32 _+ 11, 0.8351771205) and P> 0(339211[1)2;93501:1;2) = for
3(1052 +12/5865)° It T
i 4 3 2 _ 4_ 3 2 (0 — _
w412, 120 1089 +3260" 3360496 o gt aml oo and for 2 IOBZ +3060°-3360+96_, __ -20-2)(f-1)
20° -106° + 86 30+ )(9 1) 6- 4)02 30+ )(9 1) - 4)92 0(0-1)(2p0-4p +0)

we get a[“911'<o;(3) When e (083517712051 We get %@. For the sensitivity of government subsidy
rate: %:<o,%>o, and for %ko: (1) When o« (oef-ﬂ) we get f’ai;'>o;(2) When

P
N

1 3 _ocp? _
96%—7- 0.830884198515145) We g€t 20 ;(3) When o< (ossossarsesisiasy) and k<O0 - 250 +286-8

20701y , Wwe get
66° — 2567 + 280 - 8

%>0 . But when 6 €(0.830884198515145,1) and k> > 5
20 20°(6-1)

, we get %ko. For equilibrium price:
Ol

-50 +12 —-0” +90-12

T pt* -1 “20-2(8-9)

when k€(293—1002+80'0(93—792+149—8)) we get R >F,, but when ke‘e(ff-702+140-8)‘0(0-1)(2;30-4ﬁ+9)’ we get
- pt* " Ry Ry

P"<P. And “-<o, >0, <0,

Lemma 2 shows that with the increase of innovation cost coefficients, the government’s subsidy
rate would decrease, and RSP, would reduce the investment in low-carbon innovation. For the

resource pricing that directly affects the RSR,'s profit, the increase in innovation cost will make
the pricing lower. At this time, it will not choose to increase the resource pricing to recover the
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investment because of the increase of the previous investment and P,” show the correlation of

differentiated green innovation cost. Because there is no threat caused by low-carbon
improvement RSP,and RSP, will seek greater profits by increasing the pricing, which causes the

result that P¥<<P;". When the innovation cost is low, low-carbon behavior implementers, RSP,
tend to take greater risks to improve pricing to obtain higher benefits and RSP, will reduce
pricing because of the threat posed, so P">P,".

Compared with the impact of low-carbon innovation cost on various strategies, the influencing
mechanism of resource quality difference between the two sides is more complex: (1) When the
6 is large, the »" is positively correlated with ¢ . In this situation, when the k is small, under the
influence of low innovation cost and high government subsidy rate, RSP, is willing to carry out
low-carbon innovation on its own high-quality resources to enhance its market position, so m;” is
positively correlated with 6. If the k is large, although low-carbon innovation is beneficial to the
rise of market position, the reduction of ¢ and the high cost of innovation are also easy to make
RSP, be content with the status quo, and then make m;" negatively correlated with 6 ;(2) When
the o is small, the #" is positively correlated with ¢ . If the is small, with the narrowing of the
quality difference and the improvement of #", although the ¢ is not big, but RSP, also intends to
stabilize their market position and carry out innovation investment, m;" is positively correlated
with ¢. If the g is large and the k is small, the increase in the g will increase 7~ , and m;" is
also positively correlated with . However, when the pand k are large, although the #»"
increases appropriately with the increase of ¢ and g, the high innovation cost hinders the low-
carbon innovation behavior of RSP, so m is negatively correlated with 6 ; (3) When the
resource quality of both sides is very close and the k is small, the #" increases with the increase
of 0, while m" decreases with the increase of ¢ . When the k is large, the " decreases with the
increase of 0, which is different from the situation that the quality difference is obvious before or
the k is small. The larger 6 let the government is more convinced that at this time RSP, has
enough capital to carry out low-carbon innovation, and the increase of subsidy cost reduces the
support, and m" always decreases with the increase of ¢, so in this situation, regardless of the
level of k, RSP thinks that its resources have been able to meet the requirements of market

competition and reduce the investment in low-carbon innovation. In this case, market resources
are in the most difficult stage of low-carbon innovation.

3.2.2. RSP, conducts low-carbon innovation

In this scenario, RSP, as an innovative enterprise to conduct low-carbon innovation, its profit

km2

,-+a)(-n), at this time the profit function of RSP and the platform is

function is: 22 =a-pPQ2 —(

unchanged. Similarly, the demand functions of R, are respectively: Qf:PZ_lTZH_PI—% and
szl—%%zg_a. The industry social welfare function considered by the government is:

7r§ =7’ +7° +7r§ +m’Q? . At this time, the two enterprises conduct the Bertrand game, the decision
model is:

First stage: nga}x(ng), st 0<p<1
1l
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The second stage: e }(n,z,nﬁ), st.: P>0,P,>0,m,>0,P,<6P, —6m,

Theorems 3: When RSP, conducting green innovation, the optimal subsidy rate of the
government, the low-carbon innovation effort coefficient of RSP,, the pricing policies of RSP, :

P" and P;”, their optimal profits and platform profits are respectively:

”2*:(—l+6’)(9—24)(/}+1)k—2/7’+2 (14)
(26* —100 +8)k
o 8(—l+ 6’)(0 - 2) (15)

m, = 3 2
KG® + (9K + 4)67 + (24k —18)0 — 16k + 24
» (<14 0)(kO® + (-5k + 4)0 + 4k —10)0
U TP 1 (9K + 4)07 + (24k —18)0 — 16k + 24 (16)
. 2(=1+ 0)(KO? —5k0 + 4k — 2)
2 TP+ (9K + 4)0% + (24K —18)0 16k + 24

Pz

The optimal profit and platform profit obtained from Equations (14)-(16) are:

L (Lt P)(KO? + (5K + 4)0 + 4k —10)*(-1+ 0)0
' T (KO + (9K + 4)07 + (24K —18)0 — 16k + 24)
f A (17)

L (L4 A)(a0" +(-8a+8)0 +16a-8)(-L+ )k + 4a(0’ - ga +6))(=2 + k(62 —50 + 4))
- 2((0 — 4)2(~1+ O)k + 40> —180 + 24)(—1+ O)k (0 — 4)

T

(=1+0)B(K?0° + (—6K* +8K)O* + (—7k* — 60K +16)6° + (92k* + 116k —80)H* + (~144k* +100)6) + 64(—% +k)?)

o =

P (KO® + (—9K + 4)0 + (24k —18)0 — 16k + 24)*

(18)

Lemma 3: When considering RSP, conducting low-carbon innovation, R<<6P, —ém, would be

e om; __ om; i Yo o ice: p¥<p?

satisfied if ke( 10 oy Mg Mg M o X g 9 ~o For the equilibrium price: P¥<PZ,
0" -50 +4 ok 06 ok 00 op

Ap2* 2* 2* 2*

R oo, B o, P, P,

ok 00 ok 00

Lemma 3 shows that when the k increases, the government also decreases. The investment in
low-carbon innovation projects should be reduced to avoid risks. At the same time, the P will
also be reduced to improve market share to recover the investment, but the P> will be increased
to seek profits, but P*<<P?" holds.

When the 6 increases, RSP, will reduce investment in a low-carbon innovation project, while
reducing resource pricing to ensure market priority, but at this time the market competition is
more intense, and transaction prices will be reduced. For the government, when the subsidy
object is RSP,, the #* will increase with the reduction of quality difference, that is, when the
market lacks differentiated products, government incline to the enterprise caused more benefit
social welfare.

4. COMPARATIVE ANALYSIS

The above analysis of resource sharing platforms with different quality levels of resource
providers-government emission reduction model, the following from the social green innovation
efficiency, government subsidies efficiency, and market share to be compared to get some
management inspiration. By comparing the range of low-carbon innovation costs in the two
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—49+10  —2(0-2)(B-1)

cases, it can be obtained that when ke(- ,
0°-50+4"6(0-1)(2p0 -4 +6)

) the two scenarios can be compared

at the same time.
4.1. Comparison of Environmental Benefits

Lemma 3: For low-carbon innovation efforts coefficient differencem —m2", when

1 4 2 * *
608, (51+1j¢1_3)3 - 9% and ke (02495;104]129 ~1020° +3520 —571629+384) we can get m>mZ", when
4(51+12413)° v 5(0 — 4)° (—1+6)(0 — o
1
4 3 2 * % 3
then ke(gigszi’m ~1020° +3520 —57f26)+384) we get m“<m?"; When s (51+1j\/1_3)s B 9 £+3,1) we
5(0 - 4)*(-1+0)(0 - 5 4(51+1213)¢

get m’<<m".

Lemma 4 shows that even if RSP carrying out low-carbon innovation on the same resource
trading platform, the degree of low-carbon innovation efforts is also very different: in most cases,
RSP, can pay more cost to improve the green degree of its resources. Only when the quality
difference between the two sides is large enough and the cost of green innovation is small, the
investment cost of RSP, is higher than RSP,. In this case, RSR is at a disadvantage and the
marginal cost of low-carbon innovation is low. At this time, RSP, has a greater determination to
change than RSP, .

4.2. Comparison of Government Subsidy Rate

—40+10 —100° +320 - 32
0° -50+4" 00 -1)(0 - 4)
7

) we get " <<»*"; When a>§_@ we get 4" <<n”

Lemma 5: Comparing the #" in different scenes, when 9<%—§ and ke( ) we
—1062 +320-32  —2(0-2)(8-1)

1* 2%
get i >}7 !When ke( 9(9_1)(g_4)2 ’9(9—1)(2ﬂ9—4ﬂ+9)

.Sensitivity analysis of government subsidy rate difference: L;'?yko, and when 9<%-§ and
Ol

2 o )
2749+1o 109 +32073;2) we get o —1) g put when ke F30-32  20-2(5-1)
0" —50+4" 0(0—-1)0-4) P

kel 00—-D0—-4)7 00126045 +0)

) we get
=1~y \When =-33 e get 20 =1

P 2 2 s
Lemma 5 shows that for the government when the ¢ is large and the k is low, #">#»>, RSP,
with greater innovation risk will receive greater support to increase its willingness to innovate;
when k is high, #"<#”, the government would measure the efficiency of subsidies for

improving social and environmental benefits, that is, choosing RSP, with more market influence
to subsidize, as well as when the ¢ is large. When k is small, the difference »" decreases with

k ’s increase, while when k is large, the difference will increase with k increase. That is to say
when encouraging the innovation willingness caused by the quality gap between R;, the

government does not ignore the cost, but fully considers the decisions made by the subsidies. For
the rate of transaction cost, When RSP are on the platform with a higher transaction rate, if the

quality difference is large but the k is small, the difference of the #" for different RSP will be
smaller, but in this case, when the k is large, the difference of #" will become larger, and the
government will become another factor to promote the differentiation of RSP ’s income. When
the quality difference is not large, higher transaction rate will result in smaller subsidy rate
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differences, that is, when trading platforms tend to commercialize (higher transaction cost), »"
will gradually increase market intervention.

4.3. Comparison of Market Share

Lemma 6: (1) Comparison of pricing strategies: The comparison of pricing strategies for RSP, in
different scenarios, we get P*<<R”<R" and P "<P”<P? (2) Comparison of market share: For

the comparison of market share of RSP in different scenarios: Q>Q’>Q} and %%?o, when
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Lemma 6 shows that when RSP carrying out green innovation, they always tend to higher
pricing to recover the cost of investment, while the other RSP will take lower pricing to seek

greater market share. At the same time, the sensitivity of the price strategy k is always lower
than that of the other scenario, and in the same scenario, the RSP ’s price sensitivity k is always

lower than that of the other the other RSP ’s, which indicates that the first one to invest would
reduce the impact of low-carbon innovation cost on resource pricing.

When RSP, carrying out low-carbon innovation, its pricing sensitivity ¢ is higher than that of its
counterpart, while RSP, also having the same effect on low-carbon innovation cost when
conducting low-carbon innovation, but its sensitivity is less than RSP, when the low-carbon
innovation cost is high. These show that when RSP considering low-carbon innovation, it is

more likely to carry out low-carbon innovation activities based on quality differences, and its
pricing will be more sensitive with ¢ ; when RSP, carries out green innovation, the larger k will

make RSP, pay attention to the determination of RSP, and pay more attention to the impact of ¢
on the reasonable market price.



Computer Science & Information Technology (CS & IT) 271

For the market share of RSR, the high pricing in the low-carbon innovation scene can also make
it occupy the largest market share in three scenarios, while its market share in the basic model is
slightly smaller and is the smallest in scene 3. But when its market share is the largest, if the k
increases, its market share will gradually decline due to the increase in pricing; When the quality
difference between R, is large enough and the k is in a suitable area. The market share of RSP,
will decrease with the narrowing of quality difference. In other cases, with the narrowing of
quality difference, the market share of RSP after low-carbon innovation tends to increase. When
the low-carbon innovation cost is low, the market share of RSP, is the largest in scene 3, and it is
the smallest under the basic model. When the k is high, the market share under the basic model
is greater than that of scene 2. As above analysis of RSP,, the changing trend of Q} on k is only
related to whether to conduct low-carbon innovation. However, the relationship between Q} and
Q2 with respect to 6 is opposite. When RSP, carrying out low-carbon innovation, its original

quality advantage is greater, and its market share advantage is smaller after low-carbon
innovation.

For the total trading volume of the platform, when the quality difference is large and low-carbon
innovation cost is small, the total market volume in scene 3 is the largest, followed by that of
scene 2, and the smallest is in the basic model; when the quality difference is large but low-
carbon innovation cost innovation is high, the total market volume of scene 2 is the largest, and
the basic model is still the smallest. When the quality difference is not large, the total market
volume of scene 3 is the largest. It can be seen that although the previous conclusion tells us that
mZ > m;" is always true, but m>" will be relatively smaller when the quality difference is large

and the low-carbon innovation cost is high. At the same time, due to a slightly higher P/, all
these factors will make the market share of RSP,, which is relatively larger, become smaller than

that before, and the total market will become smaller. The platform trading volume is a reduction
function of k and an increasing function of 6. However, for the trading platform, the total
amount of transactions is directly related to the interests of the platform. Therefore, from the
perspective of platform development, it can consider raising the upper limit threshold or
providing appropriate low-carbon innovation subsidies to RSP for expanding the trading market.

5. NUMERICAL ANALYSIS

In order to analyze the equilibrium price strategy and profit of RSP under different scenarios
more intuitively, the government’s project subsidy rate and low-carbon innovation effort
coefficient, and the influence of different factors on them, this section verifies the above model
and conclusion through case analysis. The common parameters in the above model are set to:
B=0.0L,a=0.1 .Thus we can get the relationship between the price strategy of RSP and the

difference of k and ¢ inscene 2 and 3, as figure 3-4 shows:
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Figure 3. The price strategy of RSP, in different scenes

It can be concluded from Figures 3-4 that the P decreases with the increase of k , but tends to be
stable. When RSP, does not carry out low-carbon innovation, its pricing increases to a stable

value with the increase of k. And under different quality differences, the decline/rise is not the
same, it can be seen that the decline/rise trend will be significantly slowed down when the quality
difference is small, that is, the market pricing of both sides will not change greatly with low
carbon innovation investment. The smaller the quality difference is, the lower the price strategy
for green innovation will be, and the P will also be reduced. Comparing the price strategies of

the two sides in different scenarios, it is found that P’ is always less than P, which also
verifies the previous conclusion.
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Figure 4. RSP ’s market share in scene 2 Figure 5. RSP, ’s market share in scene 3

As Figure 5-6 shows, under different 0 values, k has different value range to make Q| greater
than zero, that is, our research is based on the competition between RSP, so we compare in the k

value range under different scenes. It can be found that: compared with the market share gap
between RSP under scene 2 and scene 3, the gap between the two sides under scene 2 is

significantly smaller than that of scene 3, and when k is small in scene 2, the market share of
RSP, is even higher than RSP,, and this critical value increases with the increase of ¢ between

R, . When one party carries out green innovation, its market share will decrease with the increase
of k, while the market share of the other party will increase with the increase of k, but
eventually will tend to be flat. It is worth noting that the Q, convergence value in Scene 2 is
significantly greater than that in scene 3, while the Q, convergence value when 6 is small has no

significant difference in the two scenes. When the 6 is large, the convergence value in scene 3 is
greater than that in scene 2. Therefore, no matter who carries out low-carbon innovation, it is
beneficial for the expansion of its market. For RSP, in scene 2, its market share increases with the

increase of 6, while for RSP,, the correlation between market share and ¢ depends on the size of
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k. But in scene 3, Q, decreases with the increase of ¢, and Q, is monotonically positively
correlated with 6.
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Figure 6. Comparison of RSP, ’s market share differences (scene2-1 and scene2-3)

For the market share difference of RSP, between scene 2\3 with scene 1, as shown in Figure 7-8,
the market share of RSP, after green innovation is significantly higher than that of scenes 1 and 3.

The market share difference between scenes 2-1, 3-1 and 2-3 decreases with the increase of k.
Except for the situation that the ¢ is small and k is low, the market expansion of RSP, after low-

carbon innovation is stable at a low level (the change relationship with k and ¢ is not obvious),
but the maximum expectation of RSP, ’s market expansion is slightly higher when 6 is small, but

the minimum expectation is low.

For the market share of RSP,, except for the case that the ¢ is small and k is low in scene 2, as
long as RSP carries out green innovation, its market share will increase, but the increase in

market share of itself is significantly greater than that of the other party when it carries out low-
carbon innovation, and the difference decreases with the increase of k, but the decrease slows
down with the increase of 6. This difference also increases with the increase of ¢, indicating that
RSP, ’s low-carbon innovation brings more benefits to its market expansion when the ¢ is large.

.....

Figure 8. Comparison of RSP ’s profit differences (scene3-1)



274 Computer Science & Information Technology (CS & IT)

As shown in Figure 9-11, when RSP conducting low-carbon innovation, the profit will increase
relative to scenes 1 and 3 only when the ¢ and k are small, and the profit under scene 3 is
always less than scene 1, that is, z; <z7"<<z" is established in general and z7"<z)' < is only
established in special cases. The profit difference between scenes 2—1 and scenes 2—3 generally
increases with the increase of k, and tends to be flat with the increase of 6. The expected value
of RSP profit loss (scene 2-1) increases with the increase of ¢, while the profit difference of
RSP, between scenes 3-1 decreases with the increase of k, and the profit difference is smaller
with the decrease of the 6.

For the RSP, ’s profit in scene 2, compared with scene 1, its profit decreases, we can get 7y >
,and this difference decreases monotonically with k ; The comparison with profits under scene 3
depends on the size of #and k, when ¢ is relatively small (§<<0.9), there are two boundary
points 1 and 2 of k, =, <z, <a; when k<k, 7z, <z <z, when k<k<k,,z) <z, <z, when
k>k,; When ¢ is large (6>0.9) we get =5 <z, <=y . The profit function of RSP, is always a
decreasing function of k , and when k is large, the yield profit of RSP, in scene 3 is an increasing
function of 4.

Combined with the above analysis, the innovation willingness of RSP for low-carbon innovation
(equal to the estimated profit minus the basic profit) will show great differences with the
difference in the ¢ and the k. In most cases, the innovation willingness of RSP is generally low,
which is far lower than that of RSP, for low-carbon innovation, and decreases with the increase
of ¢ and the k. If RSP, starting from the perspective of their own short-term interests, because
the reduction of profits may not lead to green innovation, but the market share in scene 1 or scene
3 will be lower than that in scene 2, and the pricing of RSP, in scene 2 is at the maximum value
in three cases. The profit and loss of short-term profits are only due to the input of early
innovation costs, so in the long run, RSP, should take the initiative to seek opportunities for the
improvement of product greenness, so that the market share it occupies will increase
significantly, and there is a chance to exceed the market share of RSP,. For RSP,, the smaller the
quality difference is, the lower the innovation willingness is. That is to say, when the quality
difference between the two sides is large, although the market expansion degree is small at this
time, the pricing is slightly higher, so the profit gain of RSP, is larger at this time.
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Figure 9. Comparison of RSP, ’s low-carbon innovation effort coefficient
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As shown in Figure 12, only when ¢ and k are small, m"™>m?", and m" is negatively correlated
with k. When RSP, carrying out low-carbon innovation, the impact of k on its effort decreases
with the increase of ¢ ,and m;" tends to zero in most cases. When RSP, carries out low-carbon
innovation, its effort decreases with the increase of ¢, and the influence of kon its effort
decreases with the increase of ¢. It is worth noting that when m™ reaches the maximum value,

the corresponding ¢ and k values are consistent with the highest innovation intention, that is,
innovation intention is positively correlated with innovation effort.
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Figure 10. Comparison of government subsidy rate

As shown in Figure 13, only if the ¢ and k are small, #">#* can be obtained. But in other

situations, we only can get »"<<s*. And when k is larger, " is smaller; With the increase of ¢,
the value range of #" will gradually become smaller, and the decrease rate of k will gradually
slow down, while #** is maintained in a similar interval and slightly increased, and the influence
of kon 5” is gradually reduced.

6. CONCLUSION AND FORESIGHT

This paper studies the resource providers’ low-carbon innovation strategy and government
subsidy strategy under the background of collaborative sharing of manufacturing resources.
Considering the impact of resource quality differences and low-carbon preferences of demanders
on resource providers’ low-carbon innovation investment, operation strategy, and government
subsidy rate, under the three scenes of neither low-carbon innovation, low-quality resource
providers’ low-carbon innovation, and high-quality resource providers, the utility theory and
Stackelberg game method are used to construct resource providers’ decision model with profit
maximization as the goal and the decision model with social welfare maximization as the goal.
The optimal government subsidy rate, the optimal low-carbon innovation effort coefficient, and
the optimal price strategy in different scenes are obtained by using the reverse induction method.
Then it compares the equilibrium schemes of resource providers and government in different
scenarios, and the influence of quality relative coefficient and innovation cost coefficient on the
equilibrium scheme in different innovation scenes. Finally, in order to analyze the equilibrium
results more intuitively, this paper makes further numerical analysis. In this process, the
following research conclusions are obtained:



276
@)

)

®3)

Computer Science & Information Technology (CS & IT)

The degree of low-carbon innovation efforts is only related to low-carbon innovation cost
and quality differences between RSP, and when the cost of low-carbon innovation is high,
both RSP should invest in low cost of innovation. For low-carbon innovation in scene
2:When RSP, deciding on low-carbon innovation, it should consider: a. When ¢ is small, it
should avoid the impact of the high cost of low-carbon innovation and reduce investment
appropriately, and instead choose lower resource pricing to compensate for market
weaknesses; b. When ¢ is large, the investment in low-carbon innovation should be
comprehensively considered by combining the platform transaction rate and innovation cost.
In most cases, the investment should increase with the narrowing of the quality difference,
but when the innovation cost and transaction rate are large, the investment in low-carbon
innovation should be reduced to avoid risks with the narrowing of the quality difference; c.
When the quality of resources between the two sides is very close, innovation input should be
reduced and resource pricing should be reduced to gradually encroach on the market as
quality differences narrow. @ For low-carbon innovation in scene 3: As the quality
difference between the two sides shrinks, innovation input should be reduced.

(DFrom the perspective of resource pricing: When RSP conducting low-carbon innovation,
they should pay more attention to ¢ developing higher pricing to recover the cost of
investment, but at this time they should also pay more attention to low-carbon innovation
costs to adopt lower pricing to gain greater market share. @From the perspective of market
share: a. RSP, should consider k when to determine the amount of investment in innovation
costs, after which only when is k too large, its market share will be lower than RSP,, and
innovation initiatives, in this case, can also significantly narrow the gap with RSP, ’s market
share. And in most cases (except that there is almost no difference in quality and the
innovation cost is in the middle value, the greater the quality disadvantage is, the greater the
benefit of low-carbon innovation is), the larger the o is, and the larger the market share that
this measure can occupy is. b. RSP, should be based on k to decide whether to carry out
low-carbon innovation. When k is low, it is bound to carry out low-carbon innovation, and
the greater its original quality advantage, the smaller its market share advantage after low-
carbon innovation; When k is high, it is unnecessary to carry out low-carbon innovation. @
From the perspective of RSP profits: a. When RSP, conducting low-carbon innovation, it is
generally necessary to bear the early profit loss to obtain market expansion and reputation
improvement. b. When low-carbon innovation is carried out by RSP,, the ¢ and k should be
considered to measure the profit and loss. When ¢ is relatively small(#<0.9), there are two
boundary points for k. When k is low, the profit increases after innovation and the profit
loss is the largest in the opposite situation. When the innovation cost is in the middle value,
the profit is lost after innovation, but the loss is larger in the opposite situation. When the
innovation cost is large, the profit is lost after innovation, and the profit loss is small in the
opposite situation. Deciding to conduct low-carbon innovation is always the most defective
decision of RSP, when there is no difference in resource quality between RSP . And the lost

profit in scene 3 increases with the decrease of 6.

For the government, the formulation of its subsidy rate is related to low-carbon innovation
costs, resource quality differences, and platform transaction rates. @Subsidy for low-carbon
resource innovation on the same trading platform: When k is low and the quality of platform
resources varies greatly, the government should support RSP, with higher risk to conduct
low-carbon innovation with a higher subsidy rate; When k is high or ¢ is large, the
government should fully measure the efficiency of subsidies for improving social and
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environmental benefits, and make greater subsidies for RSP, with more market influence.

However, the subsidy rate difference between them decreases with the increase of k. @
Low-carbon innovation subsidies for resources on platforms with different transaction rates:
For the platform government with a high transaction rate, it should give a higher subsidy rate.
If the quality of platform resources varies greatly and k is low, the government should set a
smaller subsidy rate difference to encourage innovation, while the government should set a
larger subsidy rate difference when k is high. And the government should set a smaller
subsidy rate difference based on higher commission rates if the quality of platform resources
varies a little.

(4) For the total market volume of trading on the platform, it has an extremely important impact
on the development of the platform: When ¢ and k are small, the platform should introduce
corresponding policies to encourage high-quality resource providers to carry out low-carbon
innovation to promote the development of the platform, and when 6 is small but k is high,
the platform should introduce corresponding policies to encourage low-quality resource
providers to carry out low-carbon innovation to promote the development of the platform;
When 6 is large, the platform should introduce corresponding policies to encourage high-
quality resource providers to carry out low-carbon innovation to promote the development of
the platform. In these low-carbon innovation scenes, the platform should also consider raising
the quality threshold of resources online or publishing appropriate preferential subsidies for
low-carbon innovation in order to achieve a better market expansion effect.

This study considers the impact of manufacturing resource quality on low-carbon innovation
decision-making and effect, and further considers the after-sales service attributes of
manufacturing resources. Low-carbon innovation under platform incentives is also a feasible way
to improve the green degree of resources under the background of resource sharing. With the
increasing awareness of environmental protection among consumers/manufacturers/markets,
subsidy targets have become feasible research points affecting the green degree of resources,
which have a crucial impact on the development and promotion of low-carbon products.
Subsequent research can be carried out in combination with the relevant attributes of resources
and different mechanisms of subsidies.
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