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Pricing Strategy for Green Products Based on
Disparities in Energy Consumption

Tao Zhang, Yingchi Qu, and Gang He

Abstract—The energy consumption disparity is an important
factor affecting product pricing. The risk and the cost of new en-
ergy products are generally higher than those of traditional energy
products, which results in conflicting pricing strategies between
manufacturers and retailers. Applying the concepts from dynamic
cooperative game theory, such as improved Shapley value, in this
paper, we have studied the optimal pricing strategies of manufac-
turers and retailers in a cooperative and a noncooperative game.
Based on policies and market conditions in China, we have used a
logistic regression model to determine the impact of product sales,
devised pricing strategies affected by the relevant government tax,
and subsidy policy. The results show that, first, under the basic
condition in which the manufacturer obtains profit, the optimal
pricing of the retailer in a noncooperative game is more than that
in a cooperative game. Second, the differential coefficient of the
energy consumption of the two products in the cooperative game
is greater than that in the noncooperative game. Third, the co-
operative game not only plays an incentivizing role for retailers
in setting reasonable prices of new energy products but also en-
courages manufacturers, producing a greater difference of energy
consumption between traditional energy products and new energy
products, which further reduces the consumption of new energy
products. Finally, the strategies of sharing the green marketing
costs by manufacturers and retailers can improve the total profits
of the supply chain in addition to their own.

Index Terms—Cooperative game, energy consumption differ-
ence, improved Shapley value, logistic regression.

I. INTRODUCTION

GREEN products are characterized as environmentally
friendly, energy saving, water saving, recycling, low-

carbon or renewable throughout the lifecycle, including products
such as recyclable PET plastic soft drink bottles [1], electric ve-
hicles, solar products, etc. Green products are able to enhance
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environmental quality and enterprise competitiveness [2], green
products have become a consensus for contemporary manufac-
turers against the backdrop of the vigorous development of the
low-carbon economy in China, and retailing is paying more at-
tention to the sales of green products as well [3]. The State
Council issued the 13th Five-Year Plan for Energy Conservation
and Emission Reduction to emphasize the necessity to establish
a green manufacturing system [4] to advance the development
of the new energy industry and to promote energy. Environ-
mental issues have become a substantial barrier that restrict the
economic development of China, and energy-saving methods
such as green technology progress can mitigate environmental
problems [5]. It may be remarked that industries need to trans-
form to green and low-carbon schemes, however, manufacturers
need to analyze market demand for green products, and retailers
need reasonable pricing schemes in order to obtain profits, with
differentiated pricing strategies for new energy and traditional
energy products. However, the main factors influencing pricing
strategy include energy consumption disparity, which is mainly
manifested in carbon emissions, energy utilization types, and
average energy usage costs among products.

The paper on pricing strategies for green products mainly
focuses on the factors affecting the pricing of manufacturers
and retailers, including green marketing, the degree of green-
ness of various products, environmental legislation, manufac-
turer and retailer cooperation, government subsidies [6], [7],
and consumers’ energy preferences. Green marketing, govern-
ment environmental protection policies, and cooperation be-
tween manufacturers and retailers are the factors that influ-
ence the market competitiveness of manufacturers and retailers
and the green attributes of their products [8]. The incorpora-
tion of green attributes results in higher research and develop-
ment, production, and marketing costs relative to the costs of
producing ordinary products; the greenness of a product is cor-
related with its price [9], [10], and manufacturers and retailers
adopt a higher price strategy for the sake of earning reason-
able profits. Therefore, green product subsidies from the govern-
ment can decrease actual prices, preventing the loss of potential
consumers who prefer green products that might have resulted
from high prices [11]. Through their impact on the sales of en-
ergy consumption differentiated products, consumers’ energy
preferences influence pricing strategies indirectly; meanwhile,
some scholars have found that the main factors that affect con-
sumers’ preferences are prices and income, using discrete or con-
tinuous dualistic logistic models to analyze household energy
consumption [12].
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Considering the factors that influence pricing, game theory is
used to study the pricing strategies of manufacturers and retailers
under various competitive schemes. In the competitive environ-
ment of the simple supply chain, suppliers of green products can
engage in price competition and “green competition,” and the
price competition at the retailer level can proactively promote
green balance [13]. Under the dual-channel supply chain, which
includes retail and internet channels, where the green product is
produced by one manufacturer and the nongreen product is made
by the second manufacturer, there are two competing modes
of centralization and decentralization. In the decentralized sce-
nario, Stackelberg competition between retailers and manufac-
turers is considered, where manufacturers are the leaders and
retailers are the followers; each player in the centralized sce-
nario is integrated [14]. The leader–follower mode enables us
to research interactive behavior among manufacturers, retailers,
and the government, and we find that the government promotes
the implementation of energy-saving policies and cooperation,
allocating additional profits in the supply chain by Shapley value
in the interim [15]. Therefore, it is necessary to consider the
supervision system and the policy of the government when dis-
cussing the pricing strategies for energy consumption differenti-
ated products [16]. In addition, the related literature also studies
the impact of cooperative and noncooperative game structures on
the pricing of manufacturers and retailers. Under the noncoop-
erative scheme, retailers have not achieved their optimal selling
prices and profits in Stackelberg competition. In the cooperative
game of the two-stage supply chain with vertical and horizontal
channels, vertical cooperation between retailers and manufac-
turers contributes to the reduction of energy consumption and
selling prices, but the cooperation between the manufacturers
will damage the retailers’ profits and consumers’ welfare [17].
The members of the green supply chain form a revenue-sharing
contract to coordinate profit distribution, improving its perfor-
mance [18]: Tsao and Sheen [19] analyzed the impact of pro-
motion cost sharing on cooperation, showing that cost sharing
can act as a coordination mechanism.

The existing literature has mainly focused on games between
enterprises and the government in low-carbon supply chains, as
in Wang et al. [20], as well as on collaborative emissions reduc-
tion, as in Wang et al. [21] and Wu et al. [22]. As a major factor
influencing product pricing, green marketing has matured over
the past several years [23]; however, the impact of consumers
on energy consumption differentiated products and the role of
green marketing costs in cooperation between manufacturers
and retailers have not been well studied.

This paper studies the pricing strategies of two types of prod-
ucts (traditional energy products and new energy products) and
the impact of energy consumption disparity for products of the
same brand on pricing strategies in a situation where a retailer
and a manufacturer act either in cooperation or noncoopera-
tion. In the cooperative scenario, the Shapley value algorithm is
amended to determine the profit distribution; different degrees of
green marketing cost sharing between the two sides of the sup-
ply chain are considered, and a modification factor is introduced
to achieve a more equitable allocation. At the same time, this
paper considers the influence of consumer behavior on market

scale and the final sales of these two kinds of products. Finally,
the sharing of green marketing costs as a cooperation strategy
is considered in order to study its impact on the distribution of
benefits in the cooperation game with a practical example. This
example proves the feasibility of the model by using data from
different brands and types, as in the exercise from Wang and
Sun [24].

The rest of this paper is organized as follows. Section II in-
troduces relative parameters and three basic hypotheses in this
paper and describes the game order. Section III presents the es-
tablishment, solution, and the analysis of the model, which de-
termines the pricing strategies and profits allocation. Section IV
uses the data collected from different car brands in order to show
the effectiveness of the conclusions. Section V concludes this
paper.

II. RELATIVE PARAMETERS AND BASIC HYPOTHESES

Our model is based on a two-echelon supply chain structure,
which is composed of a manufacturer and a retailer influenced
by government subsidies or tax policy, as shown in Fig. 1. The
manufacturer produces two products of the same brand: the tra-
ditional energy product T and the new energy product R. We
assume that the traditional energy product refers to a product
that consumes fossil fuels during use, and the new energy prod-
uct refers to a product that consumes clean or mixed energy
during its use. The manufacturer supplies two kinds of products
to retailers at wholesale prices, and then, the retailers sell them
to the consumers. The government, as the maker of macroeco-
nomic policies, only participates in the entire supply chain by
issuing fiscal policies.

The relative parameters are described as follows.
1) πr1 represents units of new energy product profit for the

manufacturer,πt1 denotes units of traditional energy prod-
uct profit for the manufacturer, πr2 denotes units of new
energy product profit for the retailer, and πt2 represents
units of traditional energy product profit for the retailer.

2) cr denotes the manufacturing cost of the new energy prod-
uct (including all general taxes), ct represents the manu-
facturing cost of traditional energy product (including all
general taxes), and cg denotes the green marketing cost of
new energy product.

3) wr is the wholesale price of the new energy product,
whereas wt is the wholesale price of the traditional en-
ergy product.

4) sr is the nominal selling price of the new energy product,
whereas st is the nominal selling price of the traditional
energy product.

5) mr is the market scale of the new energy product, and mt

is the market scale of the traditional energy product.
6) a represents units of the government subsidy for the new

energy product.
7) t denotes the high carbon tax on units of the traditional

energy product, whereas f is the tax deduction for units
of the traditional energy product due to environmental
protection.
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Fig. 1. Simple two-stage supply chain model.

The game sequence for pricing in the noncooperative environ-
ment assumes that the manufacturer can completely observe the
retailers’ pricing strategy and develop its own pricing strategies
based on that of the retailers. In the cooperative environment, the
retailer and the manufacturer jointly determine the cooperation
measures, set the selling price to maximize the profit of the sup-
ply chain, then distribute the profits according to the improved
Shapley value algorithm and finally the manufacturer decides
on the wholesale price.

Hypothesis 1: The game between manufacturers and retailers
is based on complete information. Under complete information,
the manufacturer is able to obtain the retailer’s response function
accurately.

Hypothesis 2: Both products are in the balanced production-
marketing state. To simplify the model, we assume that the po-
tential inventory cost and product loss are zero.

Hypothesis 3: Green marketing cost is entirely undertaken by
the retailer in the noncooperative game.

III. MODEL ANALYSIS

A. Modeling

Based on the research of Lu and Liu [25], the normalized en-
ergy consumption difference coefficient θ of two kinds of prod-
ucts is introduced, where θ = |dt − dr|/(dt + dr), θ ∈ [0, 1),
and dt, dr express the average energy consumption of the tradi-
tional energy product and the new energy product, respectively.
The sum of the average energy consumption of the two products
is considered to be constant. Therefore, the degree of differenti-
ation in energy consumption is linearly related to the coefficient
θ. The consumer preferences coefficient λ indicates how much
consumers like new energy products, λ ∈ (0, 1].

The market demands for the traditional energy product and
the new energy product, which can be substituted for each other,
are given by

Qt = mt − λb1/θst + c (sr − a) (1)

Qr = mr + cst − (1− λ) b2θ (sr − a) . (2)

Here, the selling prices of the two kinds of products, denoted
by sr,st are variables in (1) and (2), the relations among variable
coefficients are: λb1/θ > c > 0, (1− λ)b2θ > c > 0. Equation
(1) shows that the sale volume of the traditional energy prod-
uct is negatively related to its selling price and positively re-
lated to the new energy product’s selling price, but the relation
λb1/θ > c > 0 stipulates that the price of the traditional energy
product has a greater impact on its sales. Equation (2) shows that
the sale volume of the new energy product is negatively related
to its selling price and positively related to the traditional en-
ergy product’s selling price, but the relation (1− λ)b2θ > c > 0
stipulates that the price of the new energy product has a greater
impact on its sales. When the degree of differentiation in en-
ergy consumption between these two products decreases (so that
the value of θ from infinitely close to 1 tends to 0), it can re-
flect market laws to some extent, where the new energy product
sales decline and the traditional energy product sales increase
simultaneously.

The market size of the energy consumption differentiated
products is determined by a logistic model. The logistic model
is defined as

g (x) = w0 +

2∑
i=1

wixi (3)

f (x) =
1

1 + e−g(x)
(4)

(pr = f (x) = P (y = 1 |x ) . (5)

In equation (3), xi represents the quantifiable factors affect-
ing the purchase of energy consumption differentiated products,
including the product price, the cost of average energy con-
sumption, whereas ωi represents the weight of each influencing
factor and ω0 is a constant. According to equations (4) and (5),
the probability of purchasing the new energy product R is given
by pr and the probability of buying the traditional energy prod-
uct is given by pt = 1− pr, with the market scale of the new
energy product given by mr = pr m, and the market scale of
the traditional energy product given by mt = pt m.
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B. Pricing Strategy and Benefit Distribution of
Cooperative Game

The manufacturer may spend more in terms of research and
development costs and testing costs when producing the new
energy product than it would spend on the traditional energy
product. It also faces the risk of returning the product to the
factory due to imperfect technology, and may spend more on
green marketing to promote the sale of the new energy product,
so the selling price of the new energy product will exceed the
price traditional energy product. At the same time, in reality,
the market scale of the new energy product is relatively smaller,
the production and marketing investments are unbalanced, and
each enterprise has faces its own demand, all of which probably
create the pricing conflict between retailers and manufacturers
[26].

To reduce conflict, collaboration is a better choice for both
sides. If the manufacturer and the retailer reach a cooperation
agreement, they will sign a copayment contract for the green
marketing cost, where cg = cg1 + cg2. The green marketing cost
of the manufacturer’s expenditure accounted for k, so the gross
profit π of the supply chain can be expressed as

π = (st − wt) Qt + (sr − wr − cg1)Qr

+ (f + wr − cr − cg2)Qr + (wt − ct − t)Qt. (6)

The interests of both sides to reach a cooperation agreement
are satisfied by maximizing the gross profit of the supply chain,
which is denoted by Maxπ. Taking the partial derivative for π,
we can obtain the following equation:⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

∂π
∂st

= −2λb1/θst + c (2sr + f − a− cg − cr)

+b1/θ (ct + t) +mt

∂π
∂sr

= −2 (1− λ) b2 θsr + (a+ cg + cr − f) b2θ

+(2st − ct − t) c+mr.

(7)

Here, ∂2π
∂st2

= −2λb1/θ < 0, ∂2π
∂sr2 = −2(1− λ)b2 θ < 0, and

the second derivatives are less than 0, so π is a convex function.
Setting ∂π

∂st
= 0, ∂π

∂sr
= 0, here is the optimal pricing formula

for the retailer{
s′t =

ct+t
2 − cmr+(1−λ)b2θmt

2(c2−b1b2)

s′r =
cr+a+cg−f

2 − cmt+λb1/θmr

2(c2−b1b2)
.

(8)

The gross profit πmax of the supply chain can be determined
by substituting into (6) the prices from formula (8).

The improved Shapley value algorithm is used to allocate the
profit according to the profit distribution between both sides.
First, the Shapley value algorithm can be written as follows:

φi (v) =
∑
s⊆N

w (|s|) [v (s)− v (s |i )]. (9)

Here, N denotes a set of members (which consists of the re-
tailer and the manufacturer), its subset is s ⊆ N , v(s) represents
a profit function on a member subset class, and |s| indicates
the number of members in the subset. The profit that the re-
tailer and manufacturer obtained by assignment is defined as

φi(v)(i = 1, 2), and formula (9) shows each member’s profit
according to the traditional Shapley value algorithm.

In addition, w|s| represents the weight of profit distribution,
and can be defined as

w (|s|) = (|s| − 1)! (n− |s|)!
n!

. (10)

The distribution of benefits is based on the superadditivity of
cooperative games for coalitions. Therefore, if collaboration is
to be achieved by both sides, the profit gained from a cooperative
game must satisfy the following relationship:φi(v) ≥ v(s).

The profit calculated by the traditional Shapley value algo-
rithm is displayed in Table I, but the traditional method has its
limitations; in particular, it does not consider the different de-
grees of green-marketing cost sharing between both sides.

The improved Shapley value algorithm was developed by in-
troducing a modification factor ri = cgi/cg , which changes the
distribution of profit into the one given by formula (11). The
modification factor indirectly changes the distribution’s weight
and influences each member’s benefit. By optimizing the profit
distribution, the initiative of the manufacturer to participate in
the marketing of the new energy product has been improved,
yielding a scheme of benefit allocation that is more satisfactory
to both sides

φi (v) =
∑
s⊆N

w (|s|) [riv (s)− r(s|i )v (s |i )
]
. (11)

After the satisfactory profit allocation scheme is reached, the
manufacturer decides its optimal pricing strategy on the basis of
the relationship between profit and cost, which is given by{

wt =
φ2(v)+(cr+cg2−f)Qr+(ct+t)Qt

Qt+(1+h)Qr

wr = (1 + h)wt.
(12)

In these equations, h denotes the ratio of the wholesale price
difference to the wholesale price of the traditional energy prod-
uct. k represents the green marketing cost proportion of manu-
facturer expenditure

C. Optimal Pricing Strategy in the Noncooperative Game

In noncooperative situations, the information sets of the re-
tailer and the manufacturer are independent of each other, and
each agent expects to maximize their respective benefits. The
green marketing cost is fully undertaken by retailer itself, and
its profit can be written as

π1 = (st − wt) Qt + (sr − wr − cg)Qr. (13)

The manufacturer obtains operating income from the whole-
sale of goods to the retailer, whereas the government issues a tax
relief policy on the new energy product and imposes additional
taxes on the traditional energy product, e.g., carbon taxes. The
retailer can observe the manufacturer’s profit under the assump-
tion of complete information, and its profit can be expressed
as

π2 = (f + wr − cr) Qr + (wt − ct − t)Qt. (14)

In the noncooperative scenario, the manufacturer first ob-
serves the optimal pricing strategy made by the retailer when
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TABLE I
PROFIT DISTRIBUTION UNDER THE COOPERATIVE GAME

the retailer tries to achieve its maximum profit Maxπ1. Taking
the partial derivative for π1, we obtain the following equation:⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

∂π1

∂st
= −2λb1/θst + 2csr − (a+ cg + wr) c

+λb1/θwt +mt

∂π2

∂sr
= −2 (1− λ) b2 θsr + (a+ cg + wr) b2θ.

+2cst − wtc+mr

(15)

Here, ∂2π1

∂st2
= −2λb1/θ < 0, ∂2π1

∂sr2 = −2(1− λ)b2 θ < 0,
and the second derivatives are less than zero, so π1 is a convex
function. Setting ∂π1

∂sr
= 0, ∂π1

∂st
= 0 yields the optimal pricing

formula for the retailer{
s∗t =

1
2 wt − cmr+(1−λ)b2θmt

2(c2−b1b2)

s∗r =
a+cg+wr

2 − cmt+λb1/θmr

2(c2−b1b2)

. (16)

The manufacturer also determines its pricing strategy accord-
ing to its maximized profit Maxπ2. Finding the partial deriva-
tive for π2 yields (17), where ∂2π2

∂wt
2 = − λb1/θ

2 < 0, ∂2π2

∂wr
2 =

− (1−λ)b2θ
2 < 0, and the second derivatives are less than zero,

so π2 is a convex function. Setting ∂π2

∂wr
= 0, ∂π2

∂wt
= 0, the opti-

mal pricing formula for a retailer is given by{
w∗

t =
ct+t
2 − cmr+(1−λ)b2θmt

2(c2−b1b2)

w∗
r =

cr+a+cg−f
2 − cmt+λb1/θmr

2(c2−b1b2)
.

(17)

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

∂π1

∂wt
= −λb1/θst +

c
2 (wr − cr)− λb1/θ

2 (wt − ct − t)

+c (sr − a) +mt

∂π2

∂wr
= − (1− λ) b2 θ (sr − a) + c

2 (wr − ct − t)

− (1−λ)b2θ
2 (wr + f − cr) + cst +mr

.

(18)

In this case, the profits of the retailer and the manufacturer
are defined as π1

∗ and π2
∗, respectively.

D. Pricing Analysis of Energy Consumption Differentiated
Products

There are four hypothetical lines in Fig. 2 that indicate the re-
lationships between the price of the traditional energy products
(hst), the price of the new energy products (hsr), traditional en-
ergy products (fst), new energy products (fsr), and the disparity
in energy consumption.

The price and the different degree of energy consumption of
the new energy product under the cooperative and noncooper-
ative scenarios exhibit an approximately inversely proportional
relationship, whereas the price and energy consumption of the

Fig. 2. Relationship between energy consumption differentiation and selling
price.

traditional energy product are linearly related. Based on the com-
parative analysis of the dependent variables, the following con-
clusions are drawn.

1) When the manufacturer’s wholesale price is greater than
the total cost of production (including general taxes), the
noncooperative price is higher than the cooperative price.
Noting that s∗t − w∗

t = (wt − ct − t)/2, s∗r − w∗
r =

(wr − cr + f)/2, and that when the wholesale price is
greater than the total cost of production, wt > ct + t,
wr > cr − f , means that s∗t − w∗

t > 0, s∗r − w∗
r > 0.

Moreover, st
′ = w∗

t , sr
′ = w∗

r, so that under the basic
condition in which the manufacturer obtains a profit,
the noncooperative price is higher than its cooperative
counterpart.

2) The impact of changing θ on the price of the new energy
product and the traditional energy product varies greatly.
The slope (β1) of the traditional energy product’s price
under noncooperation is greater than its analog (β2) under
cooperation, and both are constants that are greater than
zero. The slope (β3) of the new energy product’s price be-
fore the inflection point is large, negative, and its absolute
value is greater than the slope for the traditional energy
product. On the pricing curve after the inflection point, the
slope (β4) of the pricing curve for the new energy product
is relatively small, and its absolute value is smaller than the
slope of the curve for the traditional energy product. Over-
all, β3 > β1 > β2 > β4, which indicates that a change in
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θ has a significant impact on the selling prices of the new
energy product and the traditional energy product. That is,
the degree of energy consumption disparity has a different
effect on the selling prices of these two kinds of products.

3) The cooperative game has a positive incentive effect on
the pricing of new energy products.
It is assumed that the equilibrium points in the cooper-
ative and noncooperative games are (θh,sh), (θf ,sf ), re-
spectively, where θh, θf refer to the degree of energy con-
sumption differentiation when the price of the new energy
product is equal to the price of the traditional energy prod-
uct. When the energy consumption disparity coefficient is
between 0 and θh (θf ), the new energy product price is
higher than the price of the traditional energy product.
This shows that the demand for the new energy product
is relatively large, and the high price can be fixed. When
the energy consumption disparity coefficient is between
θh (θf ) and 1, the price of the traditional energy product
is greater than that of the new energy product, and con-
sumers’ demand for the new energy product is relatively
low, so that low prices must be set to stimulate demand.
It can be inferred that a further increase in cost and the
energy consumption disparity for the manufacturer will
not play a positive role in stimulating consumers’ demand
for the new energy product and result in a relatively high
price for the new energy product when the energy con-
sumption disparity of the product exceeds the equilibrium
point. This is because the production cost, selling cost, and
risk of new energy product are higher than they are for the
traditional energy product.
According to Fig. 2, the value of the independent variable
θh corresponding to the equilibrium price point under co-
operation is greater than the value of the independent vari-
able θf under noncooperation. Then, when the retailer and
the manufacturer choose to collaborate with each other, the
new energy product, which has a greater disparity, can be
assigned a higher price. High price has a positive impact
on new energy product pricing while it plays a positive role
in reducing energy consumption and carbon emissions.

4) Tax policies enable the government to promote the pur-
chase and use of new energy products.
Fig. 3 illustrates the relationship between the tax t and
the proportion of manufacturing costs ct, including two
hypothetical lines. The selling price will increase with tax
growth when the government imposes a carbon tax on the
traditional energy product, and the market demand Qt is
also falling. Fig. 4 reflects the relationship between the
tax reduction f and the proportion of manufacturing costs
cr, including two hypothetical lines. The selling price will
decline with a higher tax exemption when the government
reduces the tax on the new energy product, and market de-
mand Qt is also increasing. This proves that the tax policy
implemented by the government to influence the demand
for these two products is effective, which is conducive to
the promotion and use of new energy products and helps
to protect and control the ecological environment.

Fig. 3. Relationship between tax policy and selling price of the traditional
energy product.

Fig. 4. Relationship between tax policy and selling price of the new energy
product.

IV. CASE STUDY

In the current Chinese market, the application of new energy
technologies has been emerging in the automobile industry. Tak-
ing this industry as an example, data samples were collected
from BMW, Audi, Lexus, Ferrari, Volkswagen, BYD, Chevro-
let, Cadillac, Volvo, Honda, Toyota, Hyundai, Mitsubishi, and
other car brands as a case study (Table II). At present, the pro-
duction and sales of new energy vehicles in the Chinese market
are unbalanced, and the market sales volume is far less than it
is for the traditional energy vehicles market, but the growth rate
is much higher than that of the traditional energy vehicles, and
there are future development prospects, so the disparity between
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TABLE II
SUMMARY OF MARKET PRICES

TABLE III
LOGISTIC REGRESSION RESULT

TABLE IV
MODEL PARAMETER SELECTION

manufacturers and retailers is inevitable. Analyzing the pricing
strategies of both sides helps to ease conflicts and reach mutual
benefit.

A. Determining the Weight of the Influence Factors of
Market Demand

To determine the weight of factors affecting the market de-
mand for energy consumption differentiated products, the prod-
uct price is first quantified and standardized, and average energy
consumption cost and product quality are included in the logistic
regression model. The average price per 100 km of the product
is used as a quantitative indicator for the average price. (It is
assumed that a total of 1 million kilometers of motor vehicles
will be used.) The product quality is measured in terms of the
acceleration time of 100 km/h, and the average cost of energy
used is based on the domestic average price of 93 # gasoline
(6.97 yuan/liter). While the electric new energy vehicles do not
have comprehensive fuel consumption indices, the battery ca-
pacity, cruising range, and unit energy price (0.5383 yuan/kWh)
are used as parameters for calculation. The weight ωi is shown
in Table III.

The average energy cost of new energy vehicles is
19.27 yuan/100 km, and the cost of plug-in hybrid vehicles is
greater than the cost of electric vehicles, whereas the average
cost of energy use for traditional cars is 49.17 yuan/100 km,
which is more than twice the cost of new energy vehicles.

The mature development of China’s automobile market has
laid the foundation for the diversity of consumer choice. Con-
sumers will select the most satisfactory one among the different
models in the same price range after considering their own eco-
nomic conditions.

B. Case Calculation

A sample of medium- to high-end automobile brands was se-
lected for analysis where the overall probability of a sample was
calculated based on the weights ω1, ω2, where pr = 0.1735,
pt = 0.8265. The energy consumption disparity coefficient of
this brand is calculated by the average use of energy consump-
tion cost, yielding θ = 0.4586. The government was exempt
from the vehicle purchase tax before 2020, so a was approx-
imately equal to 8%sr. If m = 542 000, suppose ct = 78%,
cr = 75%sr, cg = 5%sr, h = 5%. The values of the parame-
ters are described in Table IV.
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TABLE V
RESULTS OF NONCOOPERATIVE GAME
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TABLE VI
RESULTS OF COOPERATIVE GAME
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TABLE VII
PROFIT AND WHOLESALE PRICES UNDER COOPERATION

Fig. 5. λ-k-retailer’s profit.

The optimal pricing, sales, and profits of the retailer and the
manufacturer, respectively, can be calculated in the cooperative
and noncooperative scenarios (Table VII).

Under cooperation, the total profit of the supply chain is
greater than that in the noncooperative environment, which
proves that manufacturers and retailers should actively coop-
erate in order to obtain more profit.

When the manufacturer cooperates with the retailer, the pric-
ing is lower than it is under noncooperation, and the sales
of automobiles increased nearly twofold. The demand price

Fig. 6. k-λ-manufacturer’s profit.

elasticities of the traditional energy vehicles and new energy
vehicles are Et = −15.43, Er = −18.11, The new energy ve-
hicle has greater demand price elasticity, which suggests that the
government’s relevant tax and subsidy policies can reduce the
prices of new energy vehicles, stimulate market demand, and
achieve the purpose of encouraging environmental protection.

Observing Tables V and VI, we can find when λ ∈
[0.36, 0.59], πmax > π∗. In this situation, the retailer and manu-
facturer will not cooperation. Conversely, whenλ ∈ [0.60, 0.75],
the retailer and manufacturer will cooperate with each other.
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TABLE VIII
RANGE OF K.

Besides, λ refers to how much consumers like new energy prod-
ucts, we can infer that only when consumers are more inclined
to new energy products will they cooperate.

To meet the condition of φ1(v) ≥ π1
∗, φ2(v) ≥ π2

∗,
Table VIII shows the range of k.

When k and λ changes within the range, the profits of the
retailer and the manufacturer change, as shown in Figs. 5 and 6.

Manufacturers in the upstream of the supply chain can ac-
tively participate in consumer-oriented green marketing as a fea-
sible way to expand their own profits. For retailers, cooperating
with manufacturers to bear the green-marketing cost can reduce
some risks and increase profits. Therefore, sharing the green-
marketing cost is a positive way to achieve mutual benefits for
both sides of the supply chain.

V. CONCLUSION

This paper studied the pricing strategies between the retailer
and the manufacturer for products with energy consumption dis-
parities based on policies and market conditions in China. This
analysis classified the products into two categories: traditional
energy product and new energy product, and used game theory
and a logistic regression model to study the cooperation strate-
gies of the manufacturer and the retailer in the two-stage supply
chain. Finally, through actual data analysis, several suggestions
were offered, which are as follows.

1) For manufacturers, one of the important factors affecting
consumers’ purchases is the average cost of energy use.
Therefore, the energy consumption disparity is one of the
most important characteristics of product, and the average
energy consumption cost of new energy products is much
lower than that of traditional energy products.

2) For retailers, new energy products have greater price elas-
ticity of demand compared with traditional energy prod-
ucts, and government subsidy policies have a positive
effect. Retailers should make differential prices for the
two products based on the relevant policies and consumer
demand.

3) Cooperation plays a positive role in the pricing of new
energy products. It can improve the energy consumption

disparity at the equilibrium point and help assign a rea-
sonable high price to the new energy products, whereas
collaboration also has a positive impact on energy con-
sumption and carbon emissions reduction.

4) Cooperation is the best way to address the conflict be-
tween the two sides of the supply chain about the new
energy products. The profit from cooperation is greater
than that from noncooperation, and it is feasible to adopt
the cooperative strategy of sharing the green-marketing
cost.

However, the following are several limitations that remain in
this paper.

1) In this analysis, complete information was assumed when
considering supply chain cooperation. Under actual cir-
cumstances, if the retailers or manufacturers conceal their
actual costs, the optimal pricing strategies of both sides
would be different, even leading to a reduction in the like-
lihood of cooperation.

2) To simplify the model, the problem of an imbalance be-
tween production and marketing has been ignored. When
the output is larger than the sales volume, the cost in-
creases because the inventory backlog will have an impact
on profits.
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