
RESEARCH ARTICLE

Supply chain coordination strategy for NEVs

based on supplier alliance under dual-credit

policy

Miaomiao Ma1, Weidong Meng1, Yuyu Li2, Bo HuangID
1*

1 School of Economics and Business Administration, Chongqing University, Chongqing, China, 2 School of

Economics and Management, Chongqing Normal University, Chongqing, China

* hb18523070055@163.com

Abstract

In this paper, we assume that the supply chain for new energy vehicles (NEVs) consists of a

manufacturer and N parts suppliers, considering that the R&D investment of both manufac-

turer and suppliers will affect the market demand of NEVs and NEVs credit, we construct

decentralized and centralized decision-making models under the dual-credit policy to study

the R&D investment strategy of supply chain enterprises. Furthermore, considering that

suppliers can form alliances, we establish bargaining game models under the conditions of

the non-alliance and alliance of suppliers, and discuss the coordination strategy for the

NEVs supply chain. It is found that, under the dual-credit policy, the higher the credit coeffi-

cient of technology improvement, the higher the transaction price of credits, and the higher

the R&D investment of supply chain. Dual-credit policy can effectively encourage NEVs sup-

ply chain to increase R&D investment, improve NEV technology level, and improve the profit

of supply chain. Under the dual-credit policy, the increment profit distribution strategy based

on a bargaining game model can coordinate the NEVs supply chain. When suppliers sepa-

rately negotiate with the manufacturer, bringing the negotiation sequence forward, the sup-

plier can get more profits. However, as the manufacturer has the right to determine the

negotiation sequence, the supplier can only get the profit of the last round of negotiation,

and the manufacturer can get excess profit. Forming a suppliers alliance can solve this prob-

lem effectively, and increase the profit of all suppliers when the alliance‘s negotiating power

is improved to a certain threshold.

Introduction

The development of NEVs is an important means for alleviating environmental pollution and

energy shortages in China [1]. In order to realize the large-scale promotion of NEVs, improv-

ing the technical level is key [2]. In 2017, the Ministry of Industry and Information Technology

and five other ministries and commissions jointly issued the “Parallel Management Measures

for the Average Fuel Consumption of Passenger Vehicle Enterprises and Credits for New

Energy Vehicles” (referred to as the " Dual-credit Policy ") [3], in order to improve the
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technical level of NEVs through market driving forces. Under the dual-credit policy, manufac-

turers can obtain a certain number of new energy credits for producing NEVs. The higher the

technical level of NEVs, the higher the credits will be. New energy credits will become a trad-

able commercial resource and a new source of income for manufacturers [4], and thus manu-

facturers have the incentive to increase R&D investment and improve their technology level.

However, the improvement of the technical level of NEVs largely depends on the improve-

ment and breakthrough of the technical level of parts [5], and on the R&D investment of sup-

pliers, which may not have the motivation to increase their R&D investment. Therefore, under

the dual-credit policy, how to motivate suppliers to increase R&D investment to jointly

improve the technical level of NEVs and achieve the coordination of the NEVs supply chain is

crucial to the development of NEVs.

Since the implementation of the dual-credit policy, scholars have begun to study the impact

of the dual-credit policy on the production and operation of enterprises. Tang et al. studied

the optimal production strategy for a manufacturer producing NEVs and fuel vehicles under

the dual effects of policy drivers and consumer preferences [6]. Zhang et al. studied the optimal

production decisions and optimal social welfare of automobile enterprises under three differ-

ent market structures: passenger vehicles complete market, NEVs manufacturers with market

power and traditional fuel vehicles with market power [7]. Li et al. established a multi-period

dynamic equilibrium model of the integral market, and compared the changes of the optimal

output, credits and profit of the NEVs manufacturers under the conditions of decelerated

growth, accelerated growth, continuous growth and an unchanged benchmark ratio [8]. Ou

et al. established a new energy and oil consumption credits model to quantify and study the

impact of a dual-credit policy on the corporate profits. However, the research of these scholars

has mainly focused on the impact of the dual-credit policy on the production operation of a

single enterprise [9]. Some scholars also studied the impact of the dual-credit policy on the

production strategies of the two enterprises, for example, Cheng and Mu built a model based

on the shareholding ratio and internal option agreement to study the joint production decision

problem of two automobile manufacturers under three situations of credit equilibrium, credit

surplus and credit shortage [10]. Lu and Yan established a three-stage game model for the

duopoly of NEVs enterprises and found that the R&D cooperation between NEVs enterprises

can improve the range capacity of NEVs, the total profit of enterprises and social welfare,

which would be more favorable for the NEVs enterprises [11]. However, these scholars mainly

studied the impact of a dual-credit policy on two horizontal enterprises. Some scholars have

also begun to study the impact of a dual-credit policy on the production strategy of the NEVs

supply chain. Zheng et al. established a three-stage game between NEVs manufacturers and

suppliers, indicating that only the combination of an R&D subsidy policy and dual-credit pol-

icy can promote the technological innovation of enterprises [12]. Ma and Guo analyzed the

optimal strategy combination of NEVs manufacturers and battery manufacturers in the cases

of centralized decisions and independent decision, and the results showed that the R&D coop-

eration of the NEVs supply chain was better than the R&D competition [13]. Although the

above research has achieved certain theoretical results, it is believed that the R&D cooperation

between supply chain enterprises would be more favorable under the dual-credit policy. How-

ever, first, these studies are only limited to the cooperation between two enterprises, which is

far from the reality. Secondly, these studies only consider the relationship between enterprises

to be a complete cooperation; in fact, modern market competition features competition

between the whole supply chain, including the upstream and downstream enterprises in the

supply chain, and thus, the relationship is somewhere between cooperation and competition,

with companies maximizing the profit of the supply chain while maximizing their own profit.

Thirdly, these studies mainly use the master-slave game model, which assumes that the

PLOS ONE Supply chain coordination strategy for NEVs under dual-credit policy

PLOS ONE | https://doi.org/10.1371/journal.pone.0257505 October 1, 2021 2 / 36

https://doi.org/10.1371/journal.pone.0257505


dominant party has the complete right to decide the cooperation strategy, without considering

that a large amount of R&D cooperation is realized based on bargaining negotiations.

The most popular model used to analyze the negotiation in cooperation is the Nash Bargain

Model proposed by Nash in 1953 [14]. For example, Escapa and Gutierrez studied the distribu-

tion of potential benefits of environmental cooperation between countries based on the bar-

gaining game model [15]. Based on the bargaining game model, Xu et al. studied the profit

distribution problem regarding the incremental profit generated by the joint operation of

multi-agent reservoir groups [16]. Gong et al. designed a three-stage reverse supply chain sys-

tem and established the Nash negotiation model to distribute the overall profit; it has found

that the profit income of supply chain members was proportional to their status in the chain

[17]. Li established the bargaining model of three-tier production planning and distribution

planning in the collaborative planning system of a three-tier supply chain and realized the

Pareto optimal solution [18]. Gong et al. used the Nash bargaining negotiation model and

designed the benefit distribution method of a three-level supply chain system, on the base of

cooperation satisfaction [19]. Marx et al. believed that bargaining power would affect the trans-

action conditions of negotiations between agents. When multiple parties with interrelated

interests negotiate, the outcome of each negotiation depends on the bargaining power of each

party [20]. Zhao et al. built a principal-agent model based on conversion cost and studied the

internal mechanism of influencing the bargaining power of supply chain members [21]. Yang

and Ou studied the effects of revenue sharing and negotiating power on producers’ carbon

emission reduction decisions and members’ benefits in the context of government’s carbon tax

and consumers’ preference for low-carbon products [22]. Zhang et al. found that the asymme-

try of negotiation ability of supply chain members would affect suppliers’ input in quality

improvement [23]. Therefore, when the supply chain makes decisions based on the bargaining

model, the negotiating power will have an impact on the decision-making of all parties. There

may be great differences in negotiating power among NEVs supply chain members, so it is

necessary to study the impact of negotiating power on NEVs supply chain enterprises.

In addition, in the NEVs supply chain, manufacturers purchase auto parts from suppliers,

and suppliers may form alliances to cooperate with manufacturers. Some research has been

conducted on supplier alliances. For example, Nagarajan and Sošić considered a demand-

determined supply chain composed of an assembler and multiple suppliers, where suppliers

formed a dynamic alliance to compete with the assemblers. They studied the stability of the

supply chain alliance under three different alliance modes [24]. On the basis of [24], Sošić fur-

ther considered the stability of a supply chain alliance under three different alliance modes

when the demand for finished products from the assemble to order supply chain was uncertain

[25]. In contrast to the literature mentioned above, our study attempts to explain that during

the negotiation process, suppliers form alliances in order to increase their own profits, to

achieve the purpose of coordinating the NEVs supply chain.

Problem description and model building

Problem description

This paper assumes an NEVs supply chain composed of a manufacturer and N parts suppliers;

the manufacturer purchases complementary parts from N parts suppliers for production, and

the manufacturer sells the NEVs to the customer after the completion of production. The

R&D investment of both manufacturers and suppliers will affect the market demand of NEVs.

The member enterprises of the NEVs supply chain can make decentralized decisions; that is,

the manufacturer and supplier decide the R&D investment and price through the Stackelberg

game model with the aim of maximizing their own profits. Members can also perform
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centralized decision-making, aiming at maximizing supply chain profits, jointly decide R&D

investment, and then decide parts prices and profit distribution through the bargaining game.

The NEVs supply chain makes decentralized decisions, and the decisions of the manufac-

turer and supplier are divided into two stages: in the first stage, manufacturer decides his own

R&D investment and the price of NEVs according to the price of parts, the R&D investment of

suppliers and the dual-credit policy. In the second stage, suppliers decide the R&D investment

and price of parts.

The NEVs supply chain makes centralized decisions, and the cooperation process is as fol-

lows: first, suppliers decide whether to form an alliance to participate in the supply chain coop-

eration and make profit distribution rules. Then, the manufacturer and the suppliers make

decisions with the aim of maximizing the total profit of the supply chain, including R&D

investment, NEVs sales price, and the negotiation sequence in the case of non-aligned suppli-

ers. Since all the suppliers have to negotiate with the manufacturer, the manufacturer has the

right to determine the negotiation sequence. Next, if the supplier does not form an alliance,

the manufacturer will negotiate with the supplier in the sequence of negotiations, determine

the price of the supplier’s parts and the profit of each supplier, and sign a contract. If suppliers

form an alliance to participate in supply chain cooperation, the manufacturer will first negoti-

ate with the supplier alliance to determine the profit of the supplier alliance, then a profit dis-

tribution will be conducted within the supplier alliance according to the agreed rules to

determine the profit and parts price of each supplier, and a contract will be signed with the

manufacturer. Finally, the NEVs supply chain is committed to R&D investment, procurement

and sales in accordance with contracts to achieve their respective profits.

Obviously, the profit of manufacturers and suppliers is affected by many factors, such as

negotiating power, the negotiation sequence, the right to determine the negotiation sequence

and whether to form an alliance. Therefore, we first construct decentralized and centralized

decision-making models under the dual-credit policy, obtains the optimal strategy under dif-

ferent decision modes, and analyzes them. Then, considering suppliers can form supplier alli-

ance to cooperate with the manufacturer, we construct bargaining game models under the

conditions of the non-alliance and alliance of suppliers, and discuss the coordination strategy

of supply chain. We analyzed the impact of negotiating power, negotiation sequence and the

right to determine the negotiation sequence, whether to form an alliance on parts prices and

profits.

Model building

We consider the market demand function of NEVs as follows q ¼ a � pþ yðTm þ
Pn

i¼1
TiÞ

where a is the potential demand of the market, p is the sales price of NEVs, and θ is the prefer-

ence coefficient of consumers on NEVs technology level. The greater the coefficient θ, the

greater impact of NEVs technology level on market demand. The subscript i denotes a sup-

plier, i = 1, 2 � � �, n, and the subscript m denotes a manufacturer.

Under the dual-credit policy, credits become a new commercial resource that can be traded,

and NEVs manufacturer’s profit is affected by NEVs credits revenue. It is assumed that under

the dual-credit policy, each NEVs can obtain NEVs credit ε at the current technology level

T0. Further, considering that manufacturer and suppliers carry out R&D to improve the

technical level of NEVs to ðTm þ
Pn

i¼1
TiÞ, the NEVs credit that can be increased is

l Tm þ
Pn

i¼1
Ti � T0

� �
, λ is the credit coefficient of NEVs technology improvement, and λ> 0.

Therefore, the NEVs credits obtained by each NEV is l Tm þ
Pn

i¼1
Ti � T0

� �
. For simplicity

and without loss of generality, let T0 = 0, ε = 0. Set pe as the transaction price of NEVs credit,
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affected by the supply and demand of credits in the credit market, the credit revenue obtained

by the manufacturer for producing NEVs q is: lpeðTm þ
Pn

i¼1
TiÞq.

We assume that the parts supplier’s R&D input cost is 1

2
kiT2

i , ki> 0(i = 1, 2, � � �n), where ki
is the R&D investment coefficient of suppliers. The automobile manufacturer’s R&D input

cost is 1

2
kmT2

m, km> 0, where km is the R&D investment coefficient of the manufacturer. Both

the manufacturer and supplier’s cost of production is set to 0.

Therefore, the supplier’s profit consists of parts sales revenue and R&D input cost; The

manufacturer’s profit consists of three parts: sales revenue of NEVs, credits revenue and R&D

input cost.

Based on the above description and hypothesis, the profit function of suppliers can be

obtained as follows

pi ¼ wiq �
1

2
kiT

2

i ð1Þ

The profit function of manufacturers is

pm ¼ oqþ pel Tm þ
Xn

i¼1
Ti

� �
q �

1

2
kmT

2

m ð2Þ

Where: p ¼ oþ
Pn

i¼1
wi, wi is the parts price of the supplier, ω is the manufacturer’s profit

margin.

Model analysis

Optimal solution of decentralized decision

When the NEVs supply chain makes decentralized decision after the implementation of dual-

credit policy (indicated with the superscript D), the manufacturer and N suppliers all aim to

maximize their own profits, decide R&D investment and prices through the Stackelberg game.

The decision-making process of the supply chain is divided into two stages: in the first stage,

the manufacturer decides its own R&D investment and the sales price of NEVs according to

the price of parts, R&D investment, and dual-credit policy. In the second stage, N suppliers

decide their R&D investment and parts price.

In this part, we use the reverse induction method to solve the optimal solution of the NEVs

supply chain.

Firstly, the supplier decides the R&D investment and price of the parts with the aim of max-

imizing its own profit. Let πi be differentiated by wi and Ti respectively; simultaneously solving
@pi
@wi
¼ 0 and

@pi
@Ti
¼ 0, we can get wD�

i ¼
Zða� oþyTmÞ
ðnþ1ÞZ� y2M, TD�

i ¼
Zða� oþyTmÞ
ðnþ1ÞZ� y2M.

Where: M ¼
Pn

d¼1

Qn

i¼1
ki

kd
km, Z ¼

Qn
i¼1

ki.
Then, manufacturers decide the R&D investment and the sales price of NEVs with the

aim of maximizing their own profits. Substituting wD�
i , TD�

i into Eq (2), let πm be differenti-

ated by ω and Tm respectively; simultaneously solving
@pm
@o
¼ 0 and

@pm
@Tm
¼ 0, we can get

oD� ¼
a nþ1ð ÞkmZ� l yþpelð ÞZ� y yþ2pelð ÞMð Þ

Z 2nkmþNð Þ� 2y yþpelð ÞM , TD�
m ¼

aZ Wþpelð Þ

Z 2nkmþNð Þ� 2θ θþpelð ÞM, pD� ¼ oD� þ
Pn

i¼1
wD�

i .

Where: N = 2km −(θ + peλ)2.

Furthermore, the optimal strategy of the NEVs supply chain under decentralized decisions

can be obtained as follows

TD�
i ¼

ayZkm
ki Z 2nkm þNð Þ � 2θ θþ pelð ÞMð Þ

; pD�
m ¼

a2kmZ
2 Z 2nkm þ Nð Þ � 2θ θþ pelð ÞMð Þ
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pD�
i ¼

a2k2
mZ

2 2ki � b
2

� �

2ki Z 2nkm þNð Þ � 2θ θþ pelð ÞMð Þ
2
; pD� ¼

a2kmZ Z 4nkm þNð Þ � b 3bþ 2pelð ÞMð Þ

2 Z 2nkm þNð Þ � 2θ θþ pelð ÞMð Þ
2

:

When there is no dual-credit policy (indicated with the superscript ND), that is peλ = 0.

The optimal strategy of NEVs supply chain under decentralized decision is

TND�
i ¼

ayZkm
ki Z 2 nþ1ð Þkm � y2ð Þ� 2θ2Mð Þ

, TND�
m ¼ aZy

Z 2 nþ1ð Þkm � y2ð Þ� 2θ2M
, IND�i ¼

ayZkmð Þ2

2ki Zð2ðnþ1Þkm � y2Þ� 2θ2Mð Þ
2,

IND�m ¼
kmðaZθÞ

2

2ðZð2ðnþ1Þkm � y2Þ� 2θ2MÞ2
, pND�

m ¼
a2kmZ

2ðZð2ðnþ1Þkm � y2Þ� 2θ2MÞ, p
ND�
i ¼

a2k2
mZ2ð2ki � θ

2Þ

2kiðZð2ðnþ1Þkm � y2Þ� 2θ2MÞ2
,

pND� ¼
a2kmZðZð4nkmþNÞ� 3θ2MÞ
2ðZð2ðnþ1Þkm � y2Þ� 2θ2MÞ2

, qND� ¼
aZkm

Zð2ðnþ1Þkm � y2Þ� 2θ2M.

Optimal solution of centralized decision

When the NEVs supply chain makes centralized decision after the implementation of dual-

credit policy (indicated with the superscript C), the members of the NEVs supply chain jointly

decide the R&D investment and sales price of NEVs with the aim of maximizing the profit of

the supply chain. The profit function of the NEVs supply chain is

pC ¼ pqþ pel
Xn

i¼1
Ti þ Tm

� �
q �

1

2

Xn

i¼1
kiT

2

i �
1

2
kmT

2

m ð3Þ

Let πC be differentiated by Tm, Ti, and p respectively; simultaneously solving @pC

@Tm
¼ 0,

@pC

@Ti
¼ 0, and @pC

@p ¼ 0, we can get TC�
i ¼

akmZðyþpelÞ
kiðZN� ðyþpelÞ

2MÞ
, TC�

m ¼
aZðyþpelÞ

ZN� ðyþpelÞ
2M

.

Furthermore, the optimal strategy of the NEVs supply chain under centralized decisions

can be obtained as follows

pC� ¼
a2kmZ

2ðZN � ðyþ pelÞ
2MÞ

; qC� ¼
aZkm

ZN � ðyþ pelÞ
2M

:

When there is no dual-credit policy (indicated with the superscript NC), that is peλ = 0. The

optimal strategy of NEVs supply chain under centralized decision is

TNC�
i ¼

akmZy
ki Z 2km � y

2
� �

� y
2M

� � ;TNC�
m ¼

aZy
Z 2km � y

2
� �

� y
2M

; INC�i

¼
ðakmZyÞ

2

2kiðZð2km � y
2
Þ � y

2MÞ2
; INC�m ¼

kmðaZyÞ
2

2ðZð2km � y
2
Þ � y

2MÞ2
; qNC�

¼
aZkm

Zð2km � y
2
Þ � y

2M
; pNC� ¼

a2kmZ
2ðZð2km � y

2
Þ � y

2MÞ
:

Optimal solution analysis

In the previous part, we have obtained the optimal strategy of NEVs supply chain under cen-

tralized decision and decentralized decision respectively. This section will reveal the impact of

dual-credit policy on the optimal strategy of NEVs supply chain and the problem of decision

maladjustment under decentralized decision by comparing and analyzing suppliers’ R&D

investment and supply chain profit under different circumstances.

Proposition 1. Under the dual-credit policy, the profit of NEVs supply chain increases, the

R&D investment increases, the technical level of NEV increases, and the output increases.
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Proof of Proposition 1. Substituting ID�i , IND�i , ID�m , IND�m , IC�i , INC�i , IC�m , INC�m , qD�, qND�,
qC�, qNC�, TD�

i , TND�
i , TD�

m , TND�
m , TC�

i , TNC�
i , TC�

m , TNC�
m , πC�, πNC�, πND�, πD� into ID�i � IND�i ,

ID�m � IND�m , IC�i � INC�i , IC�m � INC�m , qD� − qND�, qC� − qNC�, TD�
i � TND�

i , TC�
i � TNC�

i ,

TD�
m � TND�

m , TC�
m � TNC�

m , πC� − πNC�, πD� − πND�, respectively. We can get

ID�i � IND�i ¼
ayZkmð Þ2

2ki Z 2nkmþNð Þ� 2y yþpelð ÞMð Þ2
�

ayZkmð Þ2

2ki Zð2ðnþ1Þkm � y2Þ� 2y2Mð Þ
2 > 0,

ID�m � IND�m ¼
kmðaZ yþpelð ÞÞ2

2ðZ 2nkmþNð Þ� 2y yþpelð ÞMÞ2
�

kmðaZyÞ
2

2ðZð2ðnþ1Þkm � y2Þ� 2y2MÞ2
> 0,

IC�i � INC�i ¼
ðakmZðyþpelÞÞ

2

2ðZN� ðyþpelÞ
2MÞ2
�

ðakmZyÞ2

2kiðZð2km � y2Þ� y2MÞ2
> 0,

IC�m � INC�m ¼
kmðaZðyþpelÞÞ

2

2ðZN� ðyþpelÞ
2MÞ2
�

kmðaZyÞ
2

2ðZð2km � y2Þ� y2MÞ2
> 0,

qD� � qND� ¼
aZkm

Z 2nkmþNð Þ� 2y yþpelð ÞM �
aZkm

Zð2ðnþ1Þkm � y2Þ� 2y2M > 0,

qC� � qNC� ¼
aZkm

ZN� yþpelð Þ2M
�

aZkm
Z 2km � y2ð Þ� y2M

> 0,

TD�
i � TND�

i ¼
ayZkm

ki Z 2nkmþNð Þ� 2y yþpelð ÞMð Þ
�

ayZkm
ki Z 2 nþ1ð Þkm � y

2ð Þ� 2y2Mð Þ
> 0,

TC�
i � TNC�

i ¼
akmZ yþpelð Þ

ki ZN� yþpelð Þ2Mð Þ
�

akmZy
ki Z 2km � y

2ð Þ� y2Mð Þ
> 0,

TD�
m � TND�

m ¼
aZ yþpelð Þ

Z 2nkmþNð Þ� 2y yþpelð ÞM �
aZy

Z 2 nþ1ð Þkm � y
2ð Þ� 2y2M

> 0,

TC�
m � TNC�

m ¼
aZ yþpelð Þ

ZN� yþpelð Þ2M
� aZy

Z 2km � y
2ð Þ� y2M

> 0, pC� � pNC� ¼
a2kmZ

2ðZN� ðyþpelÞ
2MÞ
�

a2kmZ
2ðZð2km � y

2Þ� y2MÞ > 0,

pD� � pND� ¼
a2kmZðZð4nkmþNÞ� yð3yþ2pelÞMÞ

2ðZð2nkmþNÞ� 2yðyþpelÞMÞ
2 �

a2kmZðZð4nkmþNÞ� 3y2MÞ
2ðZð2ðnþ1Þkm � y2Þ� 2y2MÞ2

.

Q.E.D.

Compared with no dual-credit policy, after the government implements the dual-credit pol-

icy, no matter which decision NEVs supply chain adopts, the profit and R&D investment of

the supply chain will increase. Dual-credit policy can always motivate NEVs supply chain to

increase R&D investment, and NEVs’ technical level will be continuously improved. This will

push the NEVs supply chain to shift from "subsidy-dependent" for short-term gains to "tech-

nology-dependent" for core competitiveness. At the same time, NEVs production increased,

NEVs supply chain profits increased, dual-credit policy to promote NEVs large-scale, sustain-

able development.

Proposition 2. Under the dual-credit policy, the higher the credit coefficient of technology

improvement, the higher the credit transaction price, the more profit of supply chain, the

more investment in R&D, the higher the level of NEVs technology and the more production.

Proof of Proposition 2. Let ID�i , ID�m , TD�
i , TD�

m , qD�, πD�, IC�i , IC�m , TC�
i , TC�

m , πC� be differen-

tiated by λ, respectively. We can get
@ID�i
@l
¼

a2k2
my

2Z2 2ypeMþ2Zpe yþpelð Þð Þ

ki 2nþ2ð Þkm � yþpelð Þ2ð ÞZ� 2y yþpelð ÞMð Þ
3 > 0,

@ID�m
@l
¼

a2kmZ3pe 2nþ2ð Þkmþ yþpelð Þ2ð Þ yþpelð Þ

2nkmþNð ÞZ� 2y yþpelð ÞMð Þ3
,
@TD�

i
@l
¼

2akmZy 2peyMþ2peZ yþpelð Þð Þ

ki 2nkmþNð ÞZ� 2y yþpelð ÞMð Þ2
> 0,

@TD�
m
@l
¼

apeZ2 2nþ2ð Þkmþ yþpelð Þ2ð Þ
2nkmþNð ÞZ� 2y yþpelð ÞMð Þ2

> 0,
@qD�

@l
¼

2akmZ MypeþpeZ yþpelð Þð Þ

2nkmþNð ÞZ� 2y yþpelð ÞMð Þ2
,

@pD

@l
¼

a2kmZpeðyMþZðyþpelÞÞð2ð1þ3nÞkm � yþpelð Þ2ÞZ� 2Myð2yþpelÞÞ

2nþ2ð Þkm � yþpelð Þ2ð ÞZ� 2y yþpelð ÞMð Þ
3 > 0,

@IC�i
@l
¼

peðakmZÞ2ðyþpelÞð2kmZþðMþZÞðyþpelÞ
2Þ

ðNZ� MðyþpelÞ
2Þ3

> 0,
@IC�m
@l
¼

pekm aZð Þ2 yþpelð Þ 2kmZþ MþZð Þ yþpelð Þ2ð Þ

NZ� M yþpelð Þ2ð Þ
3 ;

@TC�
i
@l
¼

aZpekmð2kmZþðMþZÞðyþpelÞ
2Þ

kiðNZ� MðyþpelÞ
2Þ2

> 0,
@TC�

m
@l
¼

aZpe 2kmZþ MþZð Þ yþpelð Þ2ð Þ

NZ� M yþpelð Þ2ð Þ
2 > 0,

@qC�

@l
¼

2aZkmpeðyþpelÞðMþZÞ
ðNZ� MðyþpelÞ

2Þ2
> 0, @pC

@l
¼

2a2pekmZðMþZÞðyþpelÞ
ðNZ� MðyþpelÞ

2Þ3
> 0.
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By the same token, we can get
@ID�i
@pe

> 0,
@ID�m
@pe

> 0,
@TD�i
@pe

> 0,
@TD�m
@pe

> 0,
@qD�

@pe
> 0, @pD

@pe
> 0

@IC�i
@pe

> 0,
@IC�m
@pe

> 0,
@TC�i
@pe

> 0,
@qC�

@pe
> 0, @pC

@pe
> 0.

Q.E.D.

The optimal strategy of NEVs supply chain is affected by the factor of dual-credit policy.

The higher the credit transaction price, the higher the credit coefficient of technology

improvement, the higher the profit of NEVs supply chain, the higher the R&D investment,

and the higher the output and technology level of NEVs. Therefore, it is particularly important

for the government to set or regulate the credit coefficient of technology improvement and the

credit transaction price.

Proposition 3. Under centralized decisions, the profit of NEVs supply chain, the R&D

investment of manufacturer and the R&D investment of suppliers are all higher than under

decentralized decisions.

Proof of Proposition 3. Substituting TD�
m , TC�

m , TD�
i , TC�

i , πD�, πC�, into TC�
m � TD�

m ,

TC�
i � TD�

i , πC� − πD�, respectively. We can get

TC�
m � TD�

m ¼
aZðyþpelÞð2nkmZ� ðpel

2þy2ÞMÞ
ðZN� ðyþpelÞ

2MÞðZð2nkmþNÞ� 2θðθþpelÞMÞ
> 0,

TC�
i � TD�

i ¼
akmZðyðð2nkmZ� y2MÞþpelðcð2nkmþNÞ� 2yðyþlÞMÞÞ

kiðZN� ðyþpelÞ
2MÞðZð2nkmþNÞ� 2θðθþpelÞMÞÞ

> 0,

pC� � pD� ¼
a2Zkmð4nkmZðnZ� y2MÞþl2MðZð4nkmþNÞ� yð3yþ2pelÞþy

4M2Þ

2ðZð2nkmþNÞ� 2θðθþpelÞMÞ
2ðZN� ðyþpelÞ

2MÞ
> 0.

Q.E.D.

Compared with centralized decision-making, when the supply chain makes decentralized

decisions, both automobile manufacturers and parts suppliers reduce their R&D investment.

At the same time, this reduces the profit of the NEVs supply chain, leading to decision malad-

justment and profit loss for the system in the NEVs supply chain. Therefore, manufacturers

are motivated to implement a coordination strategy to encourage suppliers to increase R&D

investment, jointly improve the technical level of NEVs, and at the same time improve the

overall profits of the NEVs supply chain and manufacturers’ profits.

Coordination strategy based on bargaining game model

Considering that the total profit of the supply chain and the R&D investment of NEVs are bet-

ter with decentralized decisions under centralized decision, it is necessary to design a coordi-

nation strategy to enable independent supply chain companies to achieve an optimal

centralized decision strategy. Therefore, we design a profit allocation strategy based on the bar-

gaining game model to realize the coordination of the NEVs supply chain.

Compared with decentralized decision-making, the profit increment obtained by central-

ized decision-making in NEVs supply chain is:

Dp ¼ pC� � pD� ¼
a2Zkmð4nkmZðnZ� y2MÞþðpelÞ

2MðZð4nkmþNÞ� yð3yþ2pelÞþy4M2Þ

2ðZð2nkmþNÞ� 2θðθþpelÞMÞ
2ðZN� ðyþpelÞ

2MÞ
. Therefore, the coordination

of the supply chain can be realized as long as the profit increment Δπ is reasonably distributed

through the bargaining game.

First, the NEVs supply chain makes centralized decisions and jointly decides the R&D

investment and sales price of NEVs. Then, the manufacturer and the suppliers decide the price

of the parts and profit through the bargaining game.

Supplier non-aligned negotiations

In the case of supplier non-aligned, the automobile manufacturer and N parts suppliers decide

the distribution of profit increment through negotiation, represented by πm and πi, respec-

tively. Obviously, pm þ
Pn

i¼1
pi ¼ Dp. Because the manufacturer negotiates sequentially with
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N suppliers, the manufacturer negotiates with only one supplier at a time. In fact, automobile

manufacturers and suppliers conduct N rounds of pair-to-pair bargaining negotiations, and

each bargaining game is

Maxðpm � dmÞ
aiðpi � diÞ

bi ð4Þ

s.t. (πm, πi)� (dm, di)

pm þ pi � Pj

where: the subscript j indicates the jth round of the bargaining negotiation. Pj is the profit that

can be distributed between the two parties in the jth round of negotiation, P1 = Δπ,Pj =Pj−1

− π(i,j−1). (dm, di) are the agreement points at which the negotiations breaks down; that is,

when the profit obtained by the manufacturer and the supplier is less than (dm, di) the negotia-

tions between the two parties fails to reach an agreement. (dm, di) are the profit that the manu-

facturer and the supplier i can get when the negotiation breaks down; it is also the retained

benefits of manufacturers and suppliers participating in centralized supply chain decision-

making. To simplify the analysis, dm = di = 0 is considered in this study. αi(0 < αi< 1) repre-

sents the manufacturer’s negotiating power over supplier i. βi(0 < βi< 1) represents the nego-

tiating power of supplier i over the manufacturer, and meets: αi + βi = 1.

Based on the above hypothesis and description, the equilibrium solution of supplier i in the

jth round of negotiations can be obtained as follows: (π(m,j), π(i,j)) = (αiPj, βiPj).

In order to get higher profits from supply chain cooperation, manufacturers and suppliers

often give commit to each other before negotiations, declaring that the profit they achieve in

the cooperation cannot be lower than piði ¼ 1; 2; � � � ; n;mÞ, otherwise they will quit the coop-

eration. However, these commitments are partial, and they can revoke their commitments at a

cost of cl, which may be a loss of credibility or reputation. When the actual profit obtained

through bargaining negotiations is no less than pi , there is no revoking cost. When the actual

profit obtained through bargaining negotiations is lower than pi , it will result in a revoking

cost; that is ci ¼ si pi � pið Þ, where σl is the unit revoking cost, which satisfies σl> 0. Muthoo

[26] assumed a linear revoking cost, given by

ci ¼
0 pi � pi

si pi � pið Þ pi > pi
si > 0ð Þ

(

ð5Þ

In the case of ultimatums issued by the negotiating parties, when the participants issue

commitment, Muthoo [25] has demonstrated that the equilibrium solution for the jth round

negotiations is: p m;jð Þ; p i;jð Þ

� �
¼

1þsm
2þsmþsi

Pj;
1þsi

2þsmþsi
Pj

� �
i ¼ 1; 2; � � � ; nð Þ.

It can be seen from the equilibrium solution that, the larger σl(l = 1, 2, � � �, n, m) is, the

greater the participant‘s revoking cost, and the commitment is more credible. In the negotia-

tions, the stronger the negotiating power, the greater the profit expected to be obtained in the

negotiations. Muthoo [25] has proved that the relationship between the negotiating power of

the participants and the revoking cost can be expressed as follows

ai ¼
1þ sm

2þ sm þ si
i ¼ 1; 2 � � � nð Þ ð6Þ

PLOS ONE Supply chain coordination strategy for NEVs under dual-credit policy

PLOS ONE | https://doi.org/10.1371/journal.pone.0257505 October 1, 2021 9 / 36

https://doi.org/10.1371/journal.pone.0257505


bi ¼
1þ si

2þ sm þ si
i ¼ 1; 2 � � � nð Þ ð7Þ

Since the profit obtained by each party through bargaining negotiations is related to its

negotiating power, the negotiating power of each party is substituted into the jth round of

negotiations; thus, we can get the equilibrium solution (π(m,j), π(i,j)). In the first round of nego-

tiations, the profits of the manufacturer and suppliers, respectively are as follows aiP1 þ p
D�
m ,

biP1 þ p
D�
i ; In the jth round of negotiations, the profits of the manufacturer and suppliers are

respectively, as follows aiPj þ p
D�
m , biPj þ p

D�
i .

Proposition 4. The profit of suppliers increases with the improvement of their negotiat-

ing power. Bringing the negotiation sequence forward can make the supplier obtain more

profit, but the negotiation sequence does not affect the manufacturer’s profit.

Proof of Proposition 4. Let πi be differentiated by βi, we can get
@pi
@bi
¼ Pj > 0, the profit of

suppliers increases with the improvement of their negotiating power. In the (j − ε)th(i = 1, 2,

� � �, n; j = 2, 3, � � �, n; ε 2 {1, 2, � � �, j − 1}) round of negotiations, the profits of supplier i are

pði;j� εÞ ¼ biPj� ε þ p
D�
i . In the jth round of negotiations, the profits of supplier i are

pði;jÞ ¼ biPj þ p
D�
i . By comparing the profit of supplier i in the jth round with that of in the (j −

ε)th round of negotiations, we can see that Δπi = βi(Pj−ε −Pj) = βiα1α2 � � � αj−ε−1(1 − αj−εαj−ε
+1� � �αj−1)> 0, meaning that suppliers in the jth round of negotiations can gain more profit

than in the (j − ε)th round. The supplier can get more profits by bringing the negotiation

sequence forward. Similarly, a delay in the sequence of negotiations will also lead to the loss of

suppliers’ profits. Therefore, a supplier’s profit is not only affected by its own negotiating

power, but also by the negotiation sequence. However, for the manufacturer, because he needs

to participate in all rounds of the negotiations, the profit after the jth round of negotiations is

aiPj þ p
D�
m , and the profit is only related to his negotiating power; and has nothing to do with

the negotiation sequence.

Q.E.D.

When suppliers are not-aligned, manufacturers and N suppliers conduct N rounds of pair-

to-pair negotiations, and by bringing the negotiation sequence forward, suppliers can obtain

more profits. The stronger the negotiating power of suppliers, the more profits they can obtain

by bringing the negotiation sequence forward. Correspondingly, the delay of negotiation

sequence will cause the loss of suppliers’ profits, which is bound to lead suppliers to fight for

the negotiation sequence to obtain more profits.

Proposition 5. Since the manufacturer has the right to determine the negotiation sequence,

the supplier has to transfer the profits P(i,j) to the manufacturer in order to get the jth round of

negotiations, and meets P(i,j) = βi(Pj −Pn).

Proof of Proposition 5. The strategy of the supplier i is denoted as ST(i,j) = (P(i,1), P(i,2), � � �,

P(i,j)),where P(i,j) is the profit transfer that the supplier needs to give to the manufacturer in

order to obtain the jth round of negotiations. We already know from proposition 2 that the

profit of supplier i in the jth round of the negotiations is biPj þ p
D�
i . After transferring profits

to the manufacturer, the actual profit they can get are biPj � Pði;jÞ þ pD�
i . When supplier i is in

the last round of negotiations, the profit obtained by supplier i is biPn þ p
D�
i , which is the low-

est profit obtained by supplier negotiations. This time, P(i,n) = 0. In fact, the upper limit of the

supplier’s transfer profit is achieved by transferring all the excess profit obtained by bringing

the negotiation sequence forward to the manufacturer, so the supplier’s transfer profit P(i,j)
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meets P(i,j) = βi(Pj −Pn). At the same time, the manufacturer will make full use of the suppli-

er’s competition for the negotiation sequence, forcing the supplier to transfer profits to it, to

obtain as much profit as possible.

Q.E.D.

The supplier can make more profit by bringing the negotiation sequence forward, and the

manufacturer has the right to determine the negotiation sequence of the suppliers, so the sup-

plier has to transfer profit to the manufacturer in order to win an advanced negotiation

sequence; the more the supplier’s negotiation order is advanced, the more profit is given, and

the maximum transferred profit is all the excess profit gained by the supplier due to the

advanced negotiation sequence.

Proposition 6. The final profit of suppliers is p�i ¼ biPn þ p
D�
i ; The final profit of the man-

ufacturer is p�m ¼ P1 �
Pn

i¼1
ðbiPnÞ þ p

D�
m .

Proof of Proposition 6. As can be seen from proposition 3, after the supplier transfers prof-

its to the manufacturer, the supplier can only be able to obtain the last round of the negotia-

tions irrespective of which negotiation they participate in, which is the lowest profit that the

supplier can get: p�i ¼ biPj � Pði;jÞ þ pD�
i ¼ biPn þ p

D�
i . The manufacturer’s profit is the sum

of the negotiated profit plus the transfer of all suppliers. As a result, the manufacturer earns an

excess profit by having the right to determine the sequence of negotiations:

p�m ¼ P1 �
Pn

i¼1
ðbiPnÞ þ p

D�
m .

Q.E.D.

The manufacturer gets a higher profit distribution because it has the right to determine the

negotiation sequence, and the manufacturer can even get the entire excess profit that the sup-

plier gets due to bringing the negotiation sequence forward. In this case, the supplier can only

be able to obtain the last round of the negotiations irrespective of which negotiation they par-

ticipate in, which is the lowest profit that the supplier can get by participating in the

negotiation.

Proposition 7. The profit of the supplier and the price of parts decrease with the increase in

the negotiating power of the manufacturer. The profit of the supplier and the price of parts

increases with the improvement of the manufacturer’s negotiating power over other suppliers.

Proof of Proposition 7. Substituting P1 = Δπ and Pj =Pj−1 − π(i,j−1) into the profit

function of supplier i, we can get p�i ¼ bi

Qn
‘¼1
a‘Dpþ p

D�
i i; ‘ ¼ 1; 2; 3 � � � n; ‘ 6¼ ið Þ,

w�i ¼
bi
Qi� 1

i¼1
an� iDpþp

D�
i þ

1
2
kiT2

i
qC� . Let p�i , w�i be differentiated by αi and αℓ respectively; thus, we can

get
@w�i
@ai
¼ �

Qi� 1

i¼1
an� iDp

qC� < 0, @pC

@Ti
¼ 0,

@w�i
@a‘
¼

bi

Qn� 1

‘¼1
a‘� 1Dp

qC� > 0,
@p�i
@ai
¼ �

Qn
‘¼1
a‘Dp < 0,

@p�i
@a‘
¼ bi

Qn
‘¼1
a‘� 1Dp > 0.

Q.E.D.

When supplier i is in the jth round of the negotiations, the manufacturer will demand higher

profits at the negotiations due to the increase in the manufacturer’s negotiating power over

supplier i. Therefore, the profit of supplier i decreases and the price of parts decreases. How-

ever, as the manufacturer’s negotiating power over other suppliers increases, the profits and

the parts price of this supplier i increase. This is because when other suppliers negotiate in the

(j − 1)th round of negotiations, they negotiate before the negotiations of supplier. With the

strengthening of the negotiating power of the manufacturer over other suppliers, the manufac-

turer will still demand higher profits, and it makes the jth round profits available for increased

distribution, supplier i will naturally demand a share of the increased profits from the manu-

facturer. If other suppliers participate in the (j + 1)th round of negotiations, as the negotiating

power of the manufacturer over other suppliers increases, the amount of profit of supplier i

PLOS ONE Supply chain coordination strategy for NEVs under dual-credit policy

PLOS ONE | https://doi.org/10.1371/journal.pone.0257505 October 1, 2021 11 / 36

https://doi.org/10.1371/journal.pone.0257505


transferred to the manufacturer decreases, and so the profit of supplier i increases and the

price of parts increase.

Therefore, irrespective of the round of negotiations in which supplier i participates, the

price and profit of parts from supplier i will decrease with the increase in the manufacturer’s

negotiating power over it, while they will increase with the increase in the manufacturer’s

negotiating power over other suppliers.

Supplier alliance negotiations

In the proof of propositions 4 and 5 but also affected by the negotiation sequence. By bringing

the negotiation sequence forward, suppliers can get more profit. However, the supplier will

have to transfer profits to the manufacturer in order to compete for the negotiation sequence,

resulting in suppliers only being able to get the profits of the last round of the negotiations,

which is the lowest profit that the supplier can get from the negotiations. In order to increase

their profits, suppliers can form alliances to participate in supply chain cooperation. In reality,

associations and unions are essentially alliances that, to some extent, help their members gain

more benefit.

When suppliers form an alliance to participate in supply chain negotiations, the supplier

alliance first bargains with the manufacturer to determine the profit distribution between the

manufacturer and the supplier alliance, and then the alliance profits are distributed propor-

tionally among the suppliers according to their bargaining power.

This paper considers that the negotiating power of the manufacturer over the supplier alli-

ance is αs(0< αs< 1), and the negotiating power of the supplier alliance over the manufacturer

is βs(0 < βs< 1), and meets βs + αs = 1.

When the suppliers form more than one alliance, the supplier alliance will still transfer the

profits to the manufacturer in order to compete for the negotiation sequence, resulting in the

loss of the suppliers’ profits [27]. Therefore, only a grand alliance of all suppliers can solve the

problem of manufacturers having the right to determine the negotiation sequence making

excessive profits.

Based on the above analysis and assumptions, we consider that suppliers form a grand alli-

ance to participate in NEVs supply chain cooperation. First, the supplier alliance and the man-

ufacturer decide the profit distribution between the manufacturer and the supply chain

alliance through bargaining and negotiations; the profit of the manufacturer is p��m ¼ asDp,

and the profit of the supplier alliance is p��s ¼ bsDp. Then, suppliers distribute the profits of

the alliance in proportion to their negotiating power. The profit that supplier i can get through

alliance negotiations is p��i ¼
biPn

i¼1
bi
p��s þ p

D�
i .

Proposition 8. When the negotiating power of the supplier alliance meets

bs � Maxf
Pn

i¼1 βi

Qn
ℓ¼1 αℓgði; ‘ ¼ 1; 2; � � � n; i 6¼ ‘Þ, suppliers will form an alliance to negoti-

ate with the manufacturer; otherwise, they will participate in the NEVs supply chain

independently.

Proof of Proposition 8. The motivation of suppliers to form an alliance is to increase their

profits from participating in supply chain cooperation. Therefore, when the profit obtained by

all suppliers after the alliance is no lower than that obtained by separate negotiations, suppliers

will choose an alliance. From proposition 6, we can know that when suppliers are non-aligned,

the profit of suppliers is p�i ¼ biΧ
n þ pD�

i . When the supplier forms a grand alliance to negoti-

ate, the supplier’s profit is p��i ¼
biPn

i¼1
bi
p��s þ p

D�
i ¼

biPn

i¼1
bi
bsDpþ p

D�
i , As long as p��i � p

�
i �

0 is satisfied, the suppliers will form a grand alliance to negotiate with the manufacturer, that

is, ð
biPn

i¼1
bi
bs � bi

Qn
‘¼1
a‘ÞDp � 0 needs to be satisfied. Therefore, when
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bs � Maxf
Pn

i¼1 βi

Qn
ℓ¼1 αℓgði; ‘ ¼ 1; 2; � � � n; i 6¼ ‘Þ, p��i � p

�
i � 0 is established, which can

guarantee that the profits of all suppliers in the alliance negotiations are not lower than those

in the separate negotiations. Otherwise, the profit after alliance is lower than that of non-alli-

ance, and suppliers will choose to participate in supply chain cooperation independently.

Q.E.D.

Only when the negotiating power of the supplier alliance meets bs � Maxf
Pn

i¼1
bi

Qn
‘¼1
a‘g

can suppliers increase their profits through an alliance, which is the condition for suppliers to

form an alliance. The reason is that the purpose of forming a supplier alliance is to reduce the

manufacturer‘s excess profit gained by having the right to determine the negotiation sequence,

and at the same time increase their own profit. Suppliers will choose to form a grand alliance

only when their profits by forming an alliance are guaranteed to be no less than they would

have been if they had negotiated separately; otherwise, they would choose not to form an

alliance.

Proposition 9. The stronger the negotiating power of the supplier alliance, the greater the

profit of supplier i, and the higher the price of parts w��i .

Proof of Proposition 9. Through alliance negotiations, the profit and parts price of the sup-

plier are, respectively,p��i ¼
biPn

i¼1
bi
bsDpþ p

D�
i and w��i ¼

biPn

i¼1
bi
bsDpþp

D�
i þ

1
2
kiT2

i

qC� . Under centralized

decisions in the supply chain, ki, Ti and qC� are all constant values; let p�i , w
�
i be differentiated

by βs; thus, we can get
@p��i
@bs
¼

biPn

i¼1
bi
Dp > 0,

@w��i
@D
¼

biPn

i¼1
bi
Dp

qC� > 0.

Q.E.D.

When the supplier negotiates with the manufacturer through an alliance, the stronger the

negotiating power of the alliance, the higher the price of the parts of the supplier, and the

greater the profit.

Numerical analyses

To intuitively illustrate the effectiveness of the coordination strategy and the impact of differ-

ent values of parameters on the price of parts and the profits of all parties, correlation analysis

is carried out through the following numerical examples. Taking the NEVs supply chain with

three suppliers as an example, the parameters are as follows k1 = 10, k2 = 40, k3 = 30, km = 30, θ
= 2, λ = 0.5 and a = 2000.

When parameters are substituted, the optimal strategy of the supply chain with decentral-

ized decisions can be obtained as TD�
1
¼ 64:430, TD�

2
¼ 16:107, TD�

3
¼ 21:477, TD�

m ¼ 26:846,

pD�
1
¼ 83023, pD�

2
¼ 98590, pD�

3
¼ 96860, pD�

m ¼ 322148, pD� ¼ 600622 and qD� = 322.

The optimal strategy of the supply chain with centralized decisions is πC� = 2.49 × 106,

TC�
1
¼ 623:377, TC�

2
¼ 155:844, TC�

3
¼ 207:792, TC�

m ¼ 207:792 and qC� = 2494.

Obviously, compared with decentralized decision-making, when centralized decision-mak-

ing is adopted, the R&D investment of suppliers and manufacturers, the number of new

energy vehicles, and the profit of supply chain are all improved. The NEVs supply chain profit

increase is Δπ = 1.89 × 106.

Next, NEVs supply chain member enterprises distribute incremental profit Δπ through bar-

gaining negotiations, and the unit revoking cost of the manufacturer and supplier i are, respec-

tively, σm = 2, σ1 = 3, σ2 = 4 and σ3 = 3. By substituting into Eqs (6) and (7), the negotiating

power of the manufacturer and supplier can be obtained α1 = 0.429, α2 = 0.375, α3 = 0.429, β1

= 0.571, β2 = 0.625 and β3 = 0.571.
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When the supplier is non-aligned, the profits of supplier and manufacturer are, respectively,

p�
1
¼ 256595, p�

2
¼ 315554, p�

3
¼ 270431 and p�m ¼ 164804. When the supply chain makes

centralized decisions and profits are distributed based on bargaining games, the profits of all

parties in the supply chain are improved compared with the decentralized decision.

When the negotiating power of the supplier alliance is βs = 0.370>max{0.284, 0.325,

0.284} = 0.325, the conditions of the supplier alliance are met, and suppliers choose to form an

alliance to participate in negotiations. Through the alliance negotiations, the profits obtained

by suppliers are: p��
1
¼ 309060, p��

2
¼ 345817, p��

3
¼ 322896 and p��m ¼ 1512848. Compared

with the supplier before the alliance, through the alliance negotiations, the supplier’s profit is

improved.

Therefore, the profit distribution strategy based on the bargaining game model on the one

hand realizes R&D investment and the total profit of the supply chain under centralized deci-

sions; on the other hand, it improves the profits of all members of the supply chain and realizes

a "win-win" situation for the NEVs supply chain. Additionally, suppliers further improve their

own profits by forming an alliance.

Next, we discuss the impact of the dual-credit policy factor, the negotiating power of suppli-

ers and the number of suppliers on the NEVs supply chain.

The impact of dual-credit policy factors

The impact of technology improvement credit coefficient on NEVs supply chain.

From Figs 1–4, compared with no dual-credit policy, the implementation of dual-credit policy

improves the technical level of NEVs, no matter which decision-making mode is adopted in

the NEVs supply chain. From Figs 5 and 6, the output of NEVs under both decentralized and

centralized decisions increases after the implementation of dual-credit policy. From Figs 7 and

8, the profit of NEVs supply chain increases, after the implementation of dual-credit policy.

From Figs 9–12, the R&D investment of manufacturer and suppliers increases, after the imple-

mentation of dual-credit policy.

At the same time, no matter which decision-making mode is adopted in the supply chain,

with the improvement of the technology improvement credit, the profit of NEVs supply chain

will increase, the R&D investment of manufacturer and suppliers will increase, and the output

and technical level of NEVs will increase.

Therefore, the dual-credit policy promotes the improvement of NEV technology level, real-

izes the scale growth of NEVs, stimulates manufacturer and suppliers to increase R&D invest-

ment, and improves the profit of NEVs supply chain.

The impact of credit transaction price on NEVs supply chain. From Figs 13–16, com-

pared with no dual-credit policy, the implementation of dual-credit policy improves the tech-

nical level of NEVs, no matter which decision-making mode is adopted in the NEVs supply

chain. From Figs 17 and 18, the output of NEVs under both decentralized and centralized deci-

sions increases after the implementation of dual-credit policy. From Figs 19 and 20, the profit

of NEVs supply chain increases, after the implementation of dual-credit policy. From Figs 21–

24, the R&D investment of manufacturer and suppliers increases, after the implementation of

dual-credit policy. In addition, no matter which decision-making mode is adopted in the sup-

ply chain, with the increase of the credit transaction price, the profit of NEVs supply chain will

increase, the R&D investment of manufacturer and suppliers will increase, and the output and

technical level of NEVs will increase.

Therefore, the dual-credit policy promotes the improvement of NEV technology level, real-

izes the scale growth of NEVs, stimulates manufacturer and suppliers to increase R&D invest-

ment, and improves the profit of NEVs supply chain.
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Fig 1. The impact of λ on TD
i .

https://doi.org/10.1371/journal.pone.0257505.g001

Fig 2. The impact of λ on TC
i .

https://doi.org/10.1371/journal.pone.0257505.g002
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Fig 3. The impact of λ on TC
m.

https://doi.org/10.1371/journal.pone.0257505.g003

Fig 4. The impact of λ on TD
m.

https://doi.org/10.1371/journal.pone.0257505.g004
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Fig 5. The impact of λ on qD.

https://doi.org/10.1371/journal.pone.0257505.g005

Fig 6. The impact of λ on qC.

https://doi.org/10.1371/journal.pone.0257505.g006
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Fig 7. The impact of λ on πD.

https://doi.org/10.1371/journal.pone.0257505.g007

Fig 8. The impact of λ on πC.

https://doi.org/10.1371/journal.pone.0257505.g008
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Fig 9. The impact of λ on ICi .

https://doi.org/10.1371/journal.pone.0257505.g009

Fig 10. The impact of λ on IDi .

https://doi.org/10.1371/journal.pone.0257505.g010
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Fig 11. The impact of λ on ICm.

https://doi.org/10.1371/journal.pone.0257505.g011

Fig 12. The impact of λ on IDm.

https://doi.org/10.1371/journal.pone.0257505.g012
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Fig 13. The impact of pe on TC
m.

https://doi.org/10.1371/journal.pone.0257505.g013

Fig 14. The impact of pe on TC
i .

https://doi.org/10.1371/journal.pone.0257505.g014
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Fig 15. The impact of pe on TD
i .

https://doi.org/10.1371/journal.pone.0257505.g015

Fig 16. The impact of pe on TD
m.

https://doi.org/10.1371/journal.pone.0257505.g016
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Fig 17. The impact of pe on qD.

https://doi.org/10.1371/journal.pone.0257505.g017

Fig 18. The impact of pe on qC.

https://doi.org/10.1371/journal.pone.0257505.g018
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Fig 19. The impact of pe on πC.

https://doi.org/10.1371/journal.pone.0257505.g019

Fig 20. The impact of pe on πD.

https://doi.org/10.1371/journal.pone.0257505.g020
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Fig 21. The impact of pe on ICm.

https://doi.org/10.1371/journal.pone.0257505.g021

Fig 22. The impact of pe on ICi .

https://doi.org/10.1371/journal.pone.0257505.g022
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Fig 23. The impact of pe on IDm.

https://doi.org/10.1371/journal.pone.0257505.g023

Fig 24. The impact of pe on IDi .

https://doi.org/10.1371/journal.pone.0257505.g024
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The impact of negotiating power. From Fig 25, with the improvement of manufacturer’s

negotiating power α1 to supplier 1, the profit of supplier 1 decreases. However, with the

improvement of manufacturer’s negotiating power α1 to supplier 1, the profits of suppliers 2

and 3 increase. From Fig 26, the profit of supplier 1 increases with the improvement of manu-

facturer’s negotiation power α2 and α3 with supplier 2 and supplier 3. From Figs 27–29, that

whether suppliers form alliances depend on the negotiating power with the alliance, the stron-

ger the negotiating power of the supplier alliance, the more profits the supplier will get. When

the negotiating power of the alliance is low, the profit of the alliance negotiation is lower than

that of the independent negotiation, and the suppliers will choose to negotiate independently.

Suppliers will choose to form alliances and participate in negotiations only when the alliance

negotiating power is high and the profit obtained by all suppliers through alliance negotiation

is guaranteed to be higher than that of independent negotiation.

The impact of supplier number on NEVs supply chain. In the numerical analysis, we

take the NEV supply chain composed of 3 suppliers and 1 manufacturer as an example. Fur-

ther, we discuss the impact of the change in the number of suppliers n on the NEVs supply

chain.

To intuitively show the impact of the number of suppliers on the NEV supply chain, we set

km = k1 = k2 = � � � = kn = 50, the negotiating power of suppliers α1 = α2 = � � � = αn = 0.6, and the

other parameters remain unchanged.

From Figs 30––35, with the increase of the number of suppliers, compared with decentral-

ized decision-making, NEVs’ technical level, R&D investment, output, and supply chain profit

are all increased under centralized decision-making, and the supply chain is more inclined to

choose centralized decision-making. From Figs 36 and 37, when the profit distribution strat-

egy of bargaining game is adopted in the supply chain, the profit of both suppliers and manu-

facturer is improved compared with decentralized decision, no matter whether the supplier

negotiates independently or in alliance negotiation. From Fig 38, the stronger the negotiating

Fig 25. The impact of α1 on π.

https://doi.org/10.1371/journal.pone.0257505.g025
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power of the supplier alliance, the higher the profit of the supplier. However, suppliers do not

always choose alliance. For example, when the number of suppliers is 5 and the negotiating

power of the alliance is 0.1, suppliers will not choose alliance. Only when the negotiating

power of the alliance is greater than 0.3, suppliers will choose alliance. However, with the

Fig 26. The impact of α1 and α2 on π1.

https://doi.org/10.1371/journal.pone.0257505.g026

Fig 27. The impact of βs on π1.

https://doi.org/10.1371/journal.pone.0257505.g027
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increase of the number of suppliers, the alliance negotiating power of suppliers is getting lower

and lower. When the number of suppliers is 4, the negotiating power of the alliance is greater

than 0.4, and the suppliers will form an alliance. When the number of suppliers is 5 and the

negotiating power of alliance is greater than 0.3, suppliers will consider alliance; When the

Fig 28. The impact of βs on π2.

https://doi.org/10.1371/journal.pone.0257505.g028

Fig 29. The impact of βs on π3.

https://doi.org/10.1371/journal.pone.0257505.g029
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Fig 30. The impact of n on Ti.

https://doi.org/10.1371/journal.pone.0257505.g030

Fig 31. The impact of n on Tm.

https://doi.org/10.1371/journal.pone.0257505.g031
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Fig 32. The impact of n on Ii.

https://doi.org/10.1371/journal.pone.0257505.g032

Fig 33. The impact of n on Im.

https://doi.org/10.1371/journal.pone.0257505.g033
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Fig 34. The impact of n on q.

https://doi.org/10.1371/journal.pone.0257505.g034

Fig 35. The impact of n on π.

https://doi.org/10.1371/journal.pone.0257505.g035
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Fig 36. The impact of n on πi.

https://doi.org/10.1371/journal.pone.0257505.g036

Fig 37. The impact of n on πm.

https://doi.org/10.1371/journal.pone.0257505.g037
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number of suppliers is 10, the negotiating power of the alliance is greater than 0.1, the suppliers

will consider the alliance.

Conclusions

This paper assumes that the NEVs supply chain consists of a manufacturer and N parts suppli-

ers, and the manufacturer purchases complementary parts from N parts suppliers. Under the

dual-credit policy, the R&D investment of manufacturer and suppliers will affect the market

demand and NEVs credit, we construct decentralized and centralized decision-making models

under the dual-credit policy to obtain the optimal R&D investment strategy of the NEVs sup-

ply chain, and we make a comparative analysis of the optimal strategy under the two decision

modes. Furthermore, considering that suppliers can form a supplier alliance to cooperate with

manufacturer, we construct a bargaining game model under the condition of the non-alliance

and alliance of suppliers, and discuss the coordination strategy of the supply chain, which pro-

vides a theoretical reference for supply chain coordination. Finally, a numerical example is

given to verify the effectiveness of the coordination strategy.

It is found that under the dual-credit policy, the higher the credit coefficient of technology

improvement, the higher the credit transaction price, and the higher the R&D investment of

NEV supply chain. The dual-credit policy can effectively encourage NEVs supply chain to

increase R&D investment, improve the technical level and output of NEVs, and profit of the

supply chain, and promote the development of NEVs industry. Under the dual-credit policy,

the bargaining model is adopted to distribute the incremental profit reasonably under the cen-

tralized decision, and the coordination of NEVs supply chain is realized. Compared to decen-

tralized decision-making, supply chain R&D investment and profit are increased and the win-

win situation for NEVs supply chain enterprises is realized. Suppliers of non-aligned negotiate

with manufacturers, and the negotiation sequence and negotiating power will affect the profits

Fig 38. The impact of n on πi.

https://doi.org/10.1371/journal.pone.0257505.g038
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of suppliers. Suppliers can get more profit by bringing the negotiation sequence forward. For

lacking the right to determine the negotiation sequence, the suppliers will have to transfer the

profits to the manufacturer to compete for the negotiations sequence, resulting in the suppliers

can only be able to get the profits of the last round of the negotiations, which is the lowest

profit that the supplier can get from the negotiations. Additionally, the manufacturer gets

excess profit because it has the right to determine the negotiations sequence. However, suppli-

ers can solve this problem by forming an alliance, reducing the profit loss of competing for the

negotiation sequence, and increasing the profit of all suppliers when the alliance negotiating

power reaches a certain threshold.

In addition, the negotiating power of suppliers will affect the price of parts and profit. In

the case of supplier non-alliance, the stronger the negotiating power of the manufacturer to

the supplier, the lower the parts price of the supplier and the lower the profit, while the higher

the parts price of other suppliers, the higher the profit. In the case of a supplier alliance, the

stronger the alliance negotiating power, the higher the parts price of suppliers, and the higher

the profit.

Policy recommendations: (1) The dual-credit policy can promote the R&D investment of

NEVs, improve the technical level and output of NEVs, and achieve technological break-

through and industrial cultivation. (2) The policy factors will affect the R&D decision of NEV

supply chain. The higher the credit coefficient of technology and the credit transaction price,

the higher the R&D investment of supply chain, and the higher the output and technology

level of NEVs. Therefore, the government can realize the regulation of NEVs industry and

guide the healthy and sustainable development of NEVs industry by adjusting the credit coeffi-

cient of technology improvement or guiding the transaction price of credit. (3) NEVs supply

chain centralized decision-making has more advantages, the government should encourage

centralized decision-making among supply chain enterprises, which will be conducive to

improving the technical level of NEVs and opening a new situation of NEV industry

development.
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