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Abstract: With the proposal of China’s “carbon peak, carbon neutral” strategy, the increasing
awareness of low carbon production among consumers, and the government’s introduction of
carbon trading mechanism and low carbon consumption subsidy policies, enterprises are facing
good opportunities for development. However, how the government can reasonably formulate low
carbon policies and how enterprises can implement optimal low-carbon production decisions are
still key issues in China’s low-carbon transition development. In this context, this paper is based on
the carbon trading mechanism and carbon consumption subsidies. In this context, based on the
carbon trading mechanism, this paper focuses on green production and green consumption,
considers the impact of low-carbon consumer preferences and government subsidies on enterprises’
low-carbon production decisions, and uses the optimal theory to study the optimal pricing strategy
and the optimal carbon reduction strategy. The study shows that the increase in carbon price has a
positive effect on the increase in enterprise profit; the increase of carbon emission has a negative
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addition, with the rapid development of the low-carbon economy, consumers’ low-carbon
awareness is increasing and the government has introduced a carbon trading mechanism
and a series of green consumption incentives and subsidies such as trade-in and
consumption vouchers, which have stimulated the supply and demand of green and low-
carbon products in the market. From a series of carbon trading and consumption subsidy
policies, we can see that the development of a low-carbon economy is the general trend
and that taking more social responsibility is also a problem that enterprises must face in
their future development [2].

As the main body of various economic activities in society, enterprises, in the context
of the development of a low-carbon economy advocated by all walks of life, are also
tasked with controlling carbon emissions while pursuing economic benefits [3]. On the
one hand, the government has introduced various low-carbon subsidy policies to ensure
the realization of the goal of controlling carbon emissions; on the other hand, as
consumers’ awareness of low-carbon production has been increasing, the carbon footprint
of products has gradually begun to affect their willingness to purchase. Under the
combined effect of these factors, enterprises’ production decisions and carbon emission
reduction activities will be influenced to different degrees. Therefore, under the carbon
trading mechanism it becomes an urgent issue to solve how the government can
reasonably formulate low-carbon policies and how enterprises can make carbon emission
reduction and pricing decisions to achieve a balance between economic benefits and
energy saving and emission reduction.

The rest of the paper is organized as follows: After reviewing the relevant literature
in Section 2, in Section 3 we describe the research problems and propose research
hypotheses. We construct and solve the optimal decision model for the enterprise in
Section 4. The example analysis is presented in Section 5, followed by the relevant
conclusions and management recommendations in Section 6.

2. Literature Review

At present, many scholars have studied the carbon trading mechanism and supply
chain subsidy mechanism. By establishing a mixed integer linear programming model,
we can study the distribution vehicle routing optimization problem [4]. Government
subsidies cannot guarantee that enterprises will reduce their total carbon emissions.
Subsidies based on emission reduction have greater emission reductions, but the total
carbon emissions are also greater [5]. Based on the closed-loop supply chain model, this
paper analyzes the trade-off between carbon tax and total amount control and transaction
and finds that the direct subsidy and policy deviation adopted by the government are
equally helpful to enterprises [6]. Replacement subsidies can encourage customers to use
new products and remanufactured products. Remanufacturing subsidies and tax rebates
are conducive to manufacturers’ remanufacturing [7]. Based on the consideration of the
impact of consumers’ low-carbon preference on market demand and the uncertainty of
carbon emission reduction behavior, the stochastic differential game model of upstream
and downstream enterprises is established. It is found that the government’s cost subsidy
policy can promote carbon emission reduction investment and improve supply chain
profits [8]. Comprehensive fitness can enhance physique and improve health level [9]. By
negotiating the transfer price and sharing the incentive mechanism of government
subsidies, enterprises can be encouraged to strengthen cooperation to reduce carbon and
pollutant emissions [10]. Consumers’ demand for new energy vehicles is gradually
increasing, and centralized decision making makes the efficiency of the supply chain
better. The high cost of carbon emission reduction technology will be detrimental to
enterprises’ technology R & D and innovation [11]. The government can encourage
enterprises to reduce carbon dioxide emissions by controlling carbon prices [12]. China’s
ETS has a significant impact on the high carbon price and the market of high carbon
enterprises [13]. Strengthening the market trading construction of carbon emission rights
will help to reduce carbon dioxide emissions [14]. As an important part of the subsidy
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mechanism, allowance allocation and allowance distribution contribute to the
construction of carbon trading [15]. The implementation of carbon tax and carbon trading
policies helps to reduce carbon emissions.

In terms of the research on government subsidies under the carbon trading
mechanism, Kundu T and others used game theory to analyze the impact of government
subsidies on the behavior of shippers in the context of the Belt and Road [16]. The
government can implement a combination of dynamic punishment and dynamic
subsidies to reduce environmental pollution [17]. Ma et al. discussed the impact of
government subsidies on low-carbon consumption and supply chain pricing under the
condition of asymmetric information on carbon emission reduction [18]. Although
industrial development is conducive to economic development, it will also produce large
carbon emissions and pollute the environment [19]. Li et al. studied the impact of
government subsidies on green technology investment and green marketing coordination
in the supply chain under the carbon quota trading mechanism [20]. Strengthening
supervision and punishment can promote enterprises to carry out green energy
conservation and emission reduction [21]. Yi analyzed the impact of government carbon
tax policy and government energy-saving subsidy policy on enterprise decision making
in the two-level supply chain [22]. Based on the consideration of asymmetric information,
Li C analyzes the impact of government incentive mechanism on enterprises’ optimal
pollution control R & D investment and puts forward that the government can
appropriately carry out incentive compensation to make enterprises reach Nash
equilibrium [23]. Limiting the amount of carbon trading is conducive to reducing carbon
dioxide emissions [24]. The implementation of carbon tax should consider the
characteristics of carbon emissions [25]. Different transportation modes of biodegradable
products have an important influence on green supply chain management [26]. Credit
sales, flexible production, and quality improvement can effectively promote the
sustainable development of the energy supply chain system [27].

Through Table 1 and the above related literature, we can find that the existing
literature mainly studies the optimal decision making and carbon emissions of the supply
chain when the government subsidizes enterprises. In other words, most of the research
focuses on the green production of enterprises but ignores the consumers’ key role of
green consumption. Based on this, aiming at the carbon emissions under the background
of carbon trading, this paper constructs the profit function of enterprises, analyzes the
positive and negative effects of carbon trading behavior, considers the government
guidance, takes the market as the core, implements consumption subsidies to consumers,
comprehensively considers the low-carbon consumption willingness and consumption
subsidies, and puts forward the optimal pricing and optimal carbon emission strategies
for enterprises under the carbon trading mechanism.

Table 1. Comparison of this paper with existing related research.

Supply Chain
Reference Configuration Green Production Green Consumption Problems Policy
(Stages)
Vehicle
Jharkharia S et al. (2019) [4] Two v x routing - Carbon cap-and-
analyses trade policy
problem
Li et al. (2020) [5] Two N N Prod'u.ction GoverrTment
decisions subsidy
Government
Shu et al. (2017) [7] Single v x Impactoflow 1 . dy; Carbon

carbon policy tax
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Ding et al. (2016) [10]
Yin et al. (2021) [11]
Kang et al. (2019) [12]
Wang et al. (2022) [13]
Ren et al. (2022) [14]
Liu et al. (2021) [19]

Liu et al. (2022) [21]

Yi et al. (2018) [22]

Chen et al. (2020) [24]
Sarkar, B et al. (2022) [26]

Mishra, M et al. (2022) [27]

Sun et al. (2020) [28]

This paper

C ti
Two Xl x OOPETATON - 4 rbon caps
mechanism
Three N N Prod.u.ctlon Carbon cap'—and—
decisions trade policy
Production Carbon cap-and-
Two Xl x . .
decisions trade policy
\ N y Impact of low Carbon cap-and-
carbon policy  trade policy
I f1
Two v V mpacto °" " Carbon tax
carbon policy
Producti
Two v x o 'u.c on Carbon tax
decisions
Production Government reg-
Two \/ x . . .
decisions  ulation policy
. Carbon taxes;
Production )
Two \/ x .. Energy-saving
decisions .
subsidies
Production Carbon cap-and-
Two v x . .
decisions trade policy
Supply chai
Three ol x Hpply chain \
management
Two N N Supply chain \
management
. Carbon emission
Production
Two v V .. transfer strate-
decisions ,
gies
Consumption
Two J N Production subsidy; Carbon

decisions  cap-and-trade
policy

3. Problem Description and Symbol Description

Considering the product pricing and carbon emission of enterprises under the con-
sumer subsidy under the carbon trading mechanism, this paper analyzes the carbon emis-
sion reduction strategy of enterprises according to the different preferences of consumers
for low-carbon products. Under the carbon emission mechanism, this paper mainly dis-
cusses: (1) How to decide the product price and carbon emission based on the government
carbon quota from the green production side of enterprises given the exogenous carbon
trading price and consumers’ different low-carbon preferences. (2) From the green con-
sumption side of consumers, we consider the impact of low-carbon subsidies on enter-
prises’ carbon emission reduction strategies when the government provides low-carbon
subsidies to consumers.

The parameter symbols and descriptions involved in this paper are shown in Table
2.

Table 2. Symbols and descriptions.

Symbols Descriptions Symbols Descriptions
The unit price of low-carbon TS
p P G Government carbon emission limits
products
Production cost per unit prod- -
a Government supervision factor

uct
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D(p.e) Product requirements A Carbon trading price
Carbon emission reduction e Carbon emission without emission
with emission reduction input " reduction input
o . Carbon emission at the time of max-
The unit price of similar non . . L
P e imum carbon emission reduction in-
low carbon products
put
The impact coefficient of carbon
Consumer low carbon prefer- . . .
1) B emission reduction on carbon emis-
ence . L
sion reduction input
Total market capacity of all . -
N pactty v Government subsidy coefficient

products

Hypothesis 1: Under the carbon trading policy environment, in order to achieve carbon
emission reduction the enterprise will conduct low-carbon production of a certain prod-
uct, with a unit production cost of ¢ and a unit price of p for low-carbon products

and a unit priceof p, for similar non-low-carbon products. Assuming that the enterprise
is completely rational, the enterprise will make its own product pricing and optimal car-

bon emission reduction investment according to the government’s carbon emission quota
in order to maximize profits. At this time, the enterprise’s decision-making objectives are:

1 1 ., 1
matz(p—c)D(p,e)—Eﬂ(em —;e) +1(G—;e) O

st. ¢g<ele,

where D(p,e) represents the product demand function and e represents the carbon
emissions when there are emission reduction inputs. Considering the impact of con-
sumer’s low-carbon preference, the product demand function is determined by the price
of low-carbon products and the carbon emissions of enterprises [28]. In addition, enter-
prises will reduce carbon emissions under government supervision, and the carbon emis-
sions of enterprises are negatively correlated with the government supervision factor «

e
(a=1)and — is the actual carbon emissions of enterprises with carbon emission reduc-
a

tion input under the supervision of the government [29]. Therefore, % Be, - 1_6)2 indi-
(24

cates the carbon emission reduction input and g is the impact coefficient of carbon emis-
sion reduction on carbon emission reduction input.

Hypothesis 2: Assuming that the carbon emission limit for the enterprise that is allocated
free of charge by the government is G (hereafter referred to as the carbon limit), when
the total carbon emission is less than the carbon limit, the enterprise will sell the remaining
carbon emission rights through the carbon trading market [30]; otherwise, it will need to
purchase carbon emission rights. The transaction price of the unit carbon emission rights
is A (hereafter referred to as the carbon trading price).

Hypothesis 3: Due to the level of consumers’ preference for low carbon being positively
correlated with the level of enterprises’ carbon emission reduction [31], consumers” ac-
ceptance of low-carbon products is different. Assuming that consumers’ preference for

low-carbon products follows a uniform distribution on [5;),5; ], where (% means that
consumers have no low-carbon awareness. At this time, consumers choose products with-

out considering the carbon emission level; 0, means that consumers have a strong low-



Energies 2023, 16, 3147

6 of 16

carbon awareness. At this time, consumers have more recognition on the carbon emission
level of products and are more inclined to buy low-carbon products.

Hypothesis 4: Under the background of carbon peak and carbon neutralization, the gov-
ernment explores the possibility of carbon emission reduction from the consumption side
and implements low-carbon subsidies to consumers to improve consumers’ low-carbon
awareness. It is assumed that the government has complete information on the carbon
emission of products and provides low-carbon subsidies to consumers based on the car-

e
bon emission reduction of products 7 (e, _;) Where ) represents the government

subsidy coefficient and €, represents the carbon emissions without emission reduction

input.

Hypothesis 5: Assuming that consumers are absolutely rational, the condition for pur-
chasing low-carbon products is that the total utility of purchasing low-carbon products is
not less than that of purchasing ordinary products. When consumers’ low-carbon prefer-

enceis O , the critical conditions for consumers to buy low-carbon products are:

1
P=py =k(G=0,)+7y(e, =—e)s

where k represents the utility coefficient of consumers’ low-carbon awareness, and the
solution is:

1

p=py— (e, ——e)+kd, ”

S= o ()
k

At this time, consumers’ demand for low-carbon products in the market is:

1
o ye,——e)+p,—p
D(p’e):NI;5_5 =M k(§—5) : Y
1 0 1 0

4. Analysis of Supply Chain Pricing Strategy Considering Consumer Subsidies

The government will set carbon emission limits for enterprises in each cycle. Under
the condition of known carbon emission limits, enterprises adjust production strategies to
obtain the maximum economic benefits in the production cycle. At this time, the decision-
making objectives of enterprises are:

1
y(em _7e)+p0 _p
a
k(é]_é}))

maxT1 = (p—c)N[1+ ]—% Ble, Leypiae-Le (4)
[24 (04

2
0 1} 2N 0, therefore, there is a unique optimal pricing so that a—H:O
op k(6,=6,) op

can be obtained:
* 1 1
P =5[p0 +c+k(6,-6,)+7(e, —;e)] (5)

Substitute p~ into the enterprise profit function to obtain:
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1
e, ——e+p,—l
_d _ Y L A e WL AL D I (6)
med1=Elp +e+k(0-0,)+ 7, ae)] NG K& -3 =5 A, ae) +AUG ae)

Theorem 1: Government subsidies to consumers make enterprises obtain more ben-
efits to a certain extent.

op 1 - - - -

Proof. L=—(¢,-)>0, oIl _ N(ae, —e)la(p, C):rak(@ SG)*riae,—el get
oy 2 a oy 2ka (0, - 9,)

the proof.

This is because when the government increases the subsidies to consumers, the sub-
sidies will be subsidized to consumers in a form included in the selling price. At this time,
enterprises will obtain more benefits in the form of raising the selling price in a disguised
form.

The second derivative of the total profit of the enterprise with respect to carbon emis-
oMl Ny* —2Bk(5, - 5,) :
o> 2ka’(5,-5,)
not be determined. In order to study the optimal carbon emission of enterprises, it is nec-
essary to take Ny’ —28k(5,—5,) as the threshold for discussion:

N7 =2pk(& -8, =0,

sion reduction is obtained: because the symbol of can-

2
e

(1) When
_ . Ny*

Nature 1: When Ny’ —2pk(5,—6,) =0, that is, when g =

2k(6, - 6,)

prise profit function  has a linear relationship with carbon emission € . At this time,

the minimum carbon emission is the optimal carbon emission strategy of the enterprise.

=0, the enter-

2 — — —
N—7:0, AL _ Nyle—p, —k(5, 50)]—£<0,itcanbeseenthat
2k(6, = 6,) Oe 2ka(o, - 0,) o
the profit function of the enterprise is a strict reduction function about the optimal carbon
emission. Therefore, at this time the enterprise should reduce the production of carbon

emissions as much as possible. o

Proof. When g =

Theorem 2: When the carbon emission reduction coefficient is a certain value, the
government’s relaxation of carbon emission constraints on enterprises can reduce the cost
pressure of enterprises, but it will also lead to a higher opportunity for the cost of the
carbon trading price.

Proof. Because at = Nyle=py—k(0, =61 4 <0, it can be seen that with the rise of the
Oe 2ka(o6, - 9,) a

carbon trading price, |60_H| gradually increases, that is, the decline rate of enterprise
e

profit gradually increases, which is proved. o

The rise of carbon trading price will aggravate the trend that the profits of enterprises
will decrease with the increase in carbon emissions. At this time, the government’s reduc-
tion in carbon emission regulation of enterprises will reduce the pressure of enterprise
production to a certain extent. If enterprises choose the strategy of reducing production
costs and increasing carbon emissions, they will pay more carbon trading costs due to the
increase in that carbon trading price, that is, the opportunity cost of carbon trading.

(2) When Ny” =2pk(8,=6)) <0,
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2
Nature 2: When Ny’ —2fk(5,—6,)<0, that is, when Yii >% , the optimal
1~ %

carbon emission reduction of enterprise theory is:

o o ANy(p=c)+ N 7’e, + (Nky =2 ek +2kA)(S, - 5,)] ;
) N7 —26k(8,—5,) @

2 2
Proof. When Ny’ —2pk(5,-9,) <0, 0Tl _ Ny” =2pk(% =9, <0, at this time there is a
oe’ 2ka’ (5, - 5,)

unique optimal solution for the optimal carbon emission of enterprises. If %ﬂ =0, we can
e

T _ a[Nj/(p—co)-rN]/zel +(Nky —2pek +2kA)(6, —9,)]
Ny* =2pk(5,-6,)

get e and get the certificate. o

Theorem 3: When the carbon emission reduction coefficient is greater than a certain
threshold, the higher the carbon trading price, the more enterprises should obtain more
benefits from the carbon trading market by reducing carbon emissions to reduce the cost
pressure.

5

ce _ 20K5-4) . .
Proof. It can be seen from IR —m <0 that the optimal carbon emis-
Zk(lg—&) d "

sion of the enterprise is inversely proportional to the carbon trading price. o

This is because the higher the carbon trading price, the higher the cost for enterprises
to purchase carbon quotas. At this time, the opportunity cost of carbon trading is greater
than the cost for enterprises to invest in carbon emission reduction. Therefore, enterprises
taking the initiative to increase carbon emission reduction investment to reduce carbon
emissions is a better production strategy.

Nature 3: When Ny’ <p< Nay(p, —c)+ Ny’ (ae, —¢,) +(Naky +2akA)(5, - J,) /

2k(5,-6,) 2k[(ae, —e,)(6, —S,)]

enterprise theoretical optimal carbon emission reduction is € <g, so the enterprise op-

the

timal carbon emission reduction is e =¢ . When
Nay(p, —c)+ Ny’ (ae, —e)+(Naky +2akA)(J, —J,)
2k(ae, —€)(0 = 6,)]

2
of the enterprise is ¢’ = a[Ny(p—c,)+ Ny e21 +(Nky —2pek+2kA)(6, - 0,)] .
Ny” =2pk(6,-3,)

, the optimal carbon emission reduction

B>

Proof. When Ny’ —2pk(5,—6,)<0 is known, the enterprise profit is a strictly concave
function. At this time, it is necessary to compare the theoretical optimal carbon emission
of the enterprise with the maximum real carbon emission reduction of the enterprise: (1)

T* * T* *_ef* T* *
when € <g¢, e =¢;(2)when ¢ <e <e , € =€ ;(3)when € 2e,,6 e =¢, .0

m7’

< e
From R , we can get
Ny” =2pk(6,-0,)<0

N;/2 <p< Nay(p, —c)+N72(aem —e)+(Naky +2akA)(6, - 5,)
2k(6,—9,) - 2k[(ae,, —¢€,)(0, — )]
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o Nay(p, —c)+ Ny’ (ae, —¢)+(Naky +2ak/)S, — &)

r B
From é =e , We can get 2k[(aen1 _el)(é; —56)]
NP =26 ~5,) <0

Ny

P> %a-a)

or

Naf(p,—O)+Ny (a6, —6)+(Naky +2ak X5 —4) _ Ny’
2 (e, —6 X5 ~)] -2 -)

<0, which is obviously inconsistent with the facts. There-

If you want to make , you need to

Nyl(e—py)—k(6,— )]
2k(6,=0,)
fore, take 3 N(u=0)+ N7 (a8, ~6) +(Naky + 20k )&, -0
2K (ae, —€ )6 =%)]
ANy(p=c,)+ Ny'e, + (Nky =2Bek +2kA)(5, =5,)]
Ny* =2Bk(5, - ,)
than €, and the certificate is completed.

Ny =2k(8,-8,) >0,

meet A<

.For € <e it can be obtained

m/’

T ,
from —e, <0 that € is strictly less

(3) When
2
Nature 4: When Ny’ —2fk(5,—6,) >0, that is, when B < %, the high car-
1~ %

bon emission of the enterprise makes the enterprise profit the lowest, and the worst car-
bon emission is:

- _aIN/(p=e) ¥ Npg + (Nky ~2fek +2kANS, 5] .
L s N7 25k, - &) ®)

N}/2

Proof. When Ny°-2Bk(5,—3,)>0 , that is, when f< %6 5

4

o1 Ny —2k(5,-6,)
oe” 2ka’ (S, - 5,)

>0, get the certificate.

Nature 5: When B < N72 <4“@(51_60)_1\772(60+el)+2N7(po_C+51_§o+7/el)

2k(5,-35,) 2k[(2ae, — e, —e,)(5, —0,)]
, the optimal carbon emission of enterprises is the minimum carbon emission.
o1l
Proof. When Ny* —28k(, -0,)>0, 7 >0, the objective function is convex to ¢". At
e

this time, the optimal carbon emission reduction of the enterprise can be obtained by com-

paring the function values of endpoint €=¢ and €=¢, . Replace Formula (6) with

e=¢ and e=e,, respectively, tosolve I1- 1T .

e=e¢, e=e,

When 11-11 >0, e*zel,now

e=e e=ey

< 4aky(§1—(5‘0)—N7/2(eo+e1)+2N)/(po—c+51 -0, +7e) or

B 2k[(2ae, —e, —e,)(5, — J,)]

N}/2

<3k )
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4aky(5,—5,)~Ny*(e, +e)+2Ny(p, —c+6, -6, +ye) <p< Ny
2k[(2ae, — e, — e, )(&, — 6,)] 2k(0, - 6,)

(10)

Nyl(c—py) —k(6, —6,)]
Zk(51 _50)
meet the reality, this situation is omitted. Similarly, in Equation (9),
4aky (8, —50)—N}/2(€0 +e)+2Ny(p, —c+6, -0, +7e) > Ny’
2k[(2ae, — e, — ¢)(5, ~5,)] 2k(6,~ 5,

<0. If it does not

If Equation (10) holds, it needs to meet A<

is always established

and proved.

Theorem 4: It can be proved by property 5 that when the carbon emission reduction

coefficient is less than a certain threshold, the enterprise should reduce the carbon emis-
sion reduction as much as possible because, at this time, the enterprise can reduce the
production pressure of the enterprise through carbon trading.
Proof. When the enterprise’s carbon emission reduction coefficient is small, the cost for
enterprises to increase carbon emission reduction investment is small. At this time, enter-
prises are willing to take the initiative to obtain more carbon emission limit savings
through carbon emission reduction and resell this part of the carbon limit savings to other
enterprises in the form of carbon trading to obtain certain benefits.

Theorem 5: Increasing government subsidies to consumers may encourage enter-
prises to choose the minimum carbon emission strategy.

Proof. There is a close relationship between enterprises’ choice of carbon emission strat-
2

egy and the size of g and % . When the government subsidy coefficient y tocon-
1~ %

2

Ny ¢

—  thus
2k(5, - 5,)

sumers increases, it will change the size relationship between g and

affecting enterprises’ carbon emission strategies.
Nay(p, —c)+ Ny’ (ae, —e,)+(Naky +2akA)(5, - 6,) . Ny’ the
2k{(ae, —¢ )5 &) 2k(5,-5,)"
optimal carbon emission strategy of the enterprise is
o+ _aINy(p=c))+ Ny'e, +(Nky —2fek + 2kA)(&, = 5,)]
Ny? —2pk(6,-6,)

For example, when g>

, and with an increase in y ,

2
e
(51 - 50)
as much as possible, which is proved.

This is because the increase in government subsidies to consumers will increase the
income of enterprises to a certain extent. At this time, enterprises are more willing to bear
more social responsibilities and take the initiative to increase carbon emission reduction
investment to reduce carbon emissions.

, the optimal strategy of the enterprise changes to reduce carbon emissions

5. Example Analysis

This paper analyzes the optimal carbon emission reduction strategy of enterprises
under different situations by establishing models. In this part, the properties and conclu-
sions derived from the mathematical model are analyzed by the real production back-
ground of a small manufacturing enterprise in China. The relevant parameter settings are
shown in Table 3.

Table 3. Relevant parameter settings.

Po c N G a e, 1 q § Kk e A B
30 CNY/pcs10 CNY 600 pieces 240mts 1 300 mts 120mts 10pcs/mt 0 0.2 0.2 50 CNY/mt10 CNY/mt
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5.1. The Impact of Carbon Emissions and Carbon Trading Prices on Supply Chain Profits

When Ny* —28k(6 —6,)=0, the enterprise profit function is linear.

Under the joint influence of carbon emissions and carbon trading price, the change
trend of enterprise profits is shown in Figure 1. From the change trend of the graph, com-
pared with the carbon trading price, the impact of carbon emissions on enterprise profits
is more obvious, so carbon emissions have a greater impact on enterprise profits. The im-
pact trend of single factors on corporate profits is shown in Figures 2 and 3. It can be seen
from Figure 2 that the increase in carbon trading price will improve the overall profit level
of enterprises, and under the same carbon trading price, reducing carbon emissions can
effectively improve corporate profits. It can be seen from Figure 3 that the higher the car-
bon trading price is, the faster the decline rate of enterprise profits will be with an increase
in carbon emissions. This is because when the carbon trading price is at a high level, if the
enterprise deregulation increases carbon emissions, it will bear the opportunity cost of
higher carbon trading. In addition, through the above results we can find that reducing
carbon emissions and raising carbon trading prices can effectively increase corporate prof-
its, thus achieving the balance of economic and environmental benefits and promoting the
sustainable development of social economy.

F15.0005

N

F1 10,000

fit

T 105,008

=

rise pro

" 100,000
T 95.000

7]
90,000 5

" 85,000

" 80,000

Figure 1. The impact of carbon emissions and carbon trading prices on corporate profits.
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Figure 2. The impact of carbon trading price on enterprise profits.
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Figure 3. The impact of carbon emissions on corporate profits.

5.2. Influence of the Carbon Emission Coefficient on Supply Chain

When Ny =2fk(8,—6,) %0, the enterprise profit function is nonlinear.
—¢)+ Ny’ (ae, —e,)+(Naky +2akA)(5, - 5,)
2ki(ae, —€)(6, = 3)]
carbon emission reduction coefficient on the optimal carbon emission reduction is shown
in Figure 4. As can be seen from Figure 4, with the increase in carbon emission reduction
coefficient, the enterprise will adjust the production strategy to increase the target carbon
emissions. At the same time, the increase rate of target carbon emissions will gradually
decrease and take the maximum carbon emission as the limit value. This is because the
positive effect of the carbon emission reduction coefficient on the optimal carbon emission
is limited by the enterprise capacity.

=10.2, the influence of the

When > Nay(py
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Figure 4. Influence of the carbon emission reduction coefficient on optimal carbon emission reduc-
tion.

The impact of carbon emissions on corporate profits under different carbon emission
reduction coefficients and different carbon trading prices is shown in Figure 5. It can be
seen from Figure 5 that the change in carbon emission reduction coefficient changes the
concavity and convexity of the objective function, but the enterprise profit corresponding
to the stable point remains unchanged in the two cases. As can be seen from Figure 6, the
higher the carbon trading price, the less carbon emissions the enterprise will achieve for
the global optimization of profits. At the same time, from the change trend of the curve,
the higher the carbon trading price, the faster the profit decline caused by the increase in
carbon emissions. Therefore, raising the carbon trading price means it is beneficial for en-
terprises to invest in carbon emission reduction, thus promoting the green development
of economy and the environment.

400,000
300,000+
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Figure 5. The impact of carbon emissions on corporate profits under different carbon emission re-
duction coefficients.
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Figure 6. The impact of carbon emissions on corporate profits under different carbon trading prices.

6. Conclusions

Considering the consumer subsidies under the background of carbon trading and

aiming at green production and green consumption, this paper analyzes the impact of
carbon trading price on enterprise profits when the target profits are different, the impact
of government subsidies to consumers on enterprise carbon emission reduction strategies,
and discusses the optimal pricing strategy and optimal carbon emission reduction strat-
egy of enterprise products under the factors of consumers’ low-carbon preference and
government subsidies to consumers. The research shows:

)

)

®)

)

Increasing the carbon trading price is beneficial for increasing corporate profits; how-
ever, with the increase in carbon emissions, corporate profits keep decreasing and
the higher the carbon trading price, the more obvious the negative effect of carbon
emissions on corporate profits.

An increase in government subsidies to consumers leads to a change in firms’ carbon
emission reduction strategies, and when consumer subsidies increase, firms will re-
duce carbon emissions as much as possible to gain more profits due to higher levels
of consumer low-carbon preferences.

When the price of carbon trading is higher, due to the higher opportunity cost of
carbon trading, enterprises will reduce carbon emissions as much as possible to gain
more profit.

Based on the above conclusions, we can get the following management insights:

For enterprises: When the enterprise carbon emission reduction factor is small, the
enterprise carbon emission reduction cost is lower than the cost of purchasing carbon
allowances; at this time, enterprises should reduce the carbon footprint in the pro-
duction cycle as much as possible. When the carbon price is high, selling carbon al-
lowances in the carbon trading market has a larger profit space; at this time, enter-
prises should also reduce carbon emissions as much as possible. When consumers’
awareness of low-carbon production gradually increases, enterprises should im-
prove the level of carbon emission reduction and actively take the responsibility of
social emission reduction in order to improve the brand image of enterprises and
increase their profits.

For the government: The government can adjust the cost structure of enterprises by
adjusting the subsidies to consumers to promote the implementation of carbon
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emission reduction by enterprises. In addition, it can also force enterprises to reduce
carbon emissions by regulating carbon prices in the carbon trading market.

However, there are also two deficiencies in this study. First, the government carbon
quota is set as an exogenous variable in the research process; in practice, there are great
differences in carbon emission quotas between different industries and enterprises. Sec-
ond, the price that each consumer is willing to pay for low-carbon products is unified,
which is often different to the actual situation. In future research, we will consider empir-
ical studies to analyze the effects of different governmental low-carbon policies and con-
sumers’ environmental awareness of firms’ low-carbon decisions.
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