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Abstract: In the context of actively and steadily implementing the “dual carbon” strategy, two
competing electric vehicle manufacturers (manufacturers m; and my) were selected as research objects
to construct two different leasing strategy models for electric vehicle manufacturers, namely, 11,
provided a unit rental electric vehicle strategy and m; provided a fixed rental electric vehicle strategy.
We studied the optimal car rental strategy and pricing of the two manufacturers under the situation
of my providing and not providing rental service efforts, and the influence of relevant factors on the
optimal decision are explored. It shows that the price of electric vehicles rented by consumers per unit
increases with the combined effect of the coefficient of rental service effort and the marginal cost of the
rental service effort, while the price of fixed rental electric vehicles decreases with the combined effect
of both. When the unit rental preference coefficient is large, the unit rental of electric vehicles will
give m; maximum profit. When the rental service effort coefficient is high, m, is the most profitable.
The efforts to provide leasing services of m;, increase their own interests to a certain extent. The
greater the effort coefficient of leasing services, the smaller the marginal cost of leasing services, and
the optimal social welfare reaches the maximum. The conclusion of the article can provide relevant
leasing insights for electric vehicle manufacturers and also provide certain theoretical guidance for
promoting electric vehicle leasing service strategies.

Keywords: transportation economy; leasing strategy; game theory; electric vehicle manufacturers;
battery-swapping mode

1. Introduction

In recent years, the new forces of automobile manufacturing have accelerated the
development of the automobile industry to be green and low-carbon, and the competition in
the domestic high-end automobile market has become increasingly fierce. The promotion
of electric vehicles will become an important way for countries to solve decentralized
carbon emissions and achieve emission reduction commitments, and it will also help
related enterprises to achieve a tough battle to reduce costs and increase efficiency. Under
the pressure of competition, car leasing has gradually become a hot issue of common
concern for automobile manufacturers and automobile circulation enterprises. As people’s
shopping patterns change, modern consumers have different priorities, and their attitudes
towards car ownership are changing. Car leasing provides a cost-effective solution for
customers and is a key part of the market. As a new transportation service industry in
China, car leasing not only plays an important role in the traditional transportation industry
and the automobile industry, but it is also an important mode of transportation to meet
people’s personalized travel needs and ensure major social activities. For electric vehicle
rental providers, leasing will be a quick and easy solution to monetize a large number of
rental cars. According to the Subscription Mode scheme released by NIO, subscribers can
also receive full insurance, maintenance and flexible battery upgrades for battery swapping
services in addition to using vehicles. Under the vehicle-electric separation mode of electric
vehicles, users have the right to use only by paying the battery rental fee when purchasing
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a car. This mode can reduce the threshold for the use of electric vehicles, greatly reduce the
price of vehicles and reducing the purchase cost of users’ cars. As the world’s largest electric
vehicle market, China’s electric vehicle business model and leasing service strategy can
provide some reference for the development of electric vehicle-related industries. Therefore,
it is of great significance to explore the leasing strategy and future development ideas of
the battery swapping mode to promote the steady and sustainable development of China’s
electric vehicle industry.

Based on this, this article not only considers the optimal leasing strategy of electric
vehicle manufacturers but also focuses on the optimal car leasing price and leasing service
level of the two manufacturers under the scenario of m, providing and not providing rental
service efforts, and to a certain extent, it enriches the research on electric vehicle leasing
strategies and pricing decisions under the background of ‘double carbon’. In view of the
above background, this paper mainly solves the following problems: First, the optimal
equilibrium solution of electric vehicle manufacturers under different leasing strategies?
Second, how do electric vehicle manufacturers mq and m; make decisions to maximize
profits? Third, under which leasing strategy do consumers benefit the most? Therefore, the
main academic contributions of this paper are as follows: Firstly, different from previous
research, we study two different leasing strategies of electric vehicle manufacturers from
reality, namely, the unit leasing electric vehicle strategy provided by m; and the fixed
leasing electric vehicle strategy provided by mj;. Secondly, the optimal decisions of two
manufacturers under the scenario of m; with and without leasing service effort are studied.
In addition, the insights provided by this paper can help electric vehicle manufacturers to
determine the best electric vehicle rental strategy and pricing.

2. Literature Review

At present, the relevant literature on electric vehicle decision-making research at home
and abroad mainly focuses on the pricing decision-making and leasing operation strategy
of electric vehicle manufacturers.

2.1. Research on the Pricing Decision of Electric Vehicle Manufacturers

Regarding the pricing decision of electric vehicle manufacturers, Shao et al. [1] dis-
cussed the non-cooperative game model of electric vehicle manufacturers and fuel vehicle
manufacturers in the electric vehicle market under monopoly and duopoly structures, and
they obtained the optimal pricing of manufacturers under subsidies and price discounts.
Xiong et al. [2] studied the optimal pricing model of two electric vehicle manufacturers
with different technical levels but alternative products, and showed that under different
government subsidies, electric vehicle manufacturers will adopt different pricing strategies
according to the market competition environment and subsidy input. Fan et al. [3] explored
the pricing strategies of domestic and imported electric vehicle manufacturers and the
setting of government subsidy policies and tariff policies by constructing an evolutionary
game model. Zhu et al. [4] investigated the supply chain composed of electric vehicle
manufacturers that can produce power batteries and cannot produce batteries, and they
explored the optimal wholesale price of batteries under wholesale competition and a coop-
eration strategy and the optimal strategy choice of electric vehicle manufacturers under
different strategies according to the asymmetric Nash negotiation. Considering consumers’
low-carbon preference and price competition, Lu et al. [5] constructed the pricing strategy
and emission reduction decision model of manufacturers producing fuel vehicles and
electric vehicles and manufacturers only producing electric vehicles under the double-
points policy. The results show that the policy can reduce the price of electric vehicles
and increase the profits of manufacturers. Zheng et al. [6] constructed a three-stage game
model of electric vehicle suppliers and manufacturers on the investment level, supplier
production competition and manufacturer production competition under the double-point
policy considering the subsidy, and they explained that the combination of the subsidy
policy and double-point policy with an inverse spillover rate change can realize the healthy
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development of the electric vehicle industry. Wang et al. [7] designed a charging system
for electric vehicle manufacturers that combines mobile charging and fixed charging. The
results show that the mobile charging system is more favorable than the fixed charging sys-
tem in some cases. Lu et al. [8] designed a coordination contract for three different supply
chains of two electric vehicle manufacturers and one automobile dealer under the influence
of automobile price, low carbon preference and endurance factors, and pointed out that the
increase in the above factors can promote manufacturers to improve the level of emission
reduction efforts and endurance efforts. Xu et al. [9] constructed a decision analysis model
of a tripartite game from the perspective of electric vehicle manufacturers and battery
swapping station investors. Zou et al. [10] constructed a decentralized charging strategy
to achieve consensus benefits, while fully considering the trade-offs between personal
interests, transformer interests and power generation interests. Moghaddam et al. [11] pro-
vided a new dynamic pricing model for electric vehicle charging stations to transfer electric
vehicle loads during the evening peak hours and to achieve the best use of electric energy
resources by encouraging electric vehicle users to charge uniformly in different charging
stations. Subramanian et al. [12] confirmed a two-tier optimization model to minimize the
cost of electric vehicle users and maintain the interests of enterprise system operators in the
face of soaring prices. Raz et al. [13] mainly studied the government ‘s incentive mechanism
design for electric vehicles and analyzed the government’s ability to coordinate pricing
and supply through rebates and subsidies. Shao et al. [1] established a non-cooperative
game strategy model for electric vehicle manufacturers, gasoline vehicle manufacturers
and governments by considering the automobile market under monopoly and duopoly
structures and studied manufacturing under subsidy plans and price discount plans.

It is found that the close cooperation between the battery-swapping vehicle manufac-
turer and the station investor can reduce the profit of the charging vehicle manufacturer.
The level of investment and construction when they do not cooperate will be affected by
the profit-sharing ratio of the manufacturer in the battery-swapping mode.

2.2. Research on the Operation Strategy of Electric Vehicle Leasing

Research on the operation strategy of electric vehicle leasing: Huang et al. [14] ana-
lyzed the evolutionary game model and concluded that electric vehicle time-sharing leasing
not only allows consumers to contact and understand electric vehicles more, but it also
solves the short-term sales problem of automobile manufacturers. In order to improve
the flexibility and personalized innovation of car sharing lease operation, Ren et al. [15]
combined the Internet of Vehicles and blockchain technology, and they set up a car rental
alliance among car renters, rental service platforms and rental vehicle providers which
can reduce market transaction costs and access thresholds. Qi et al. [16] studied the de-
centralized decision-making and centralized decision-making models of electric vehicle
manufacturers, leasing companies and governments under the conditions that the demand
rate of the electric vehicle market is random and the rental price is dependent. The research
shows that in decentralized decision making, it is difficult to achieve supply chain system
coordination, and the joint contract parameters under centralized decision making can
achieve Pareto optimality. Zhang et al. [17] established a stochastic dynamic programming
function model of electric vehicle customer behavior on rental price, and they solved the
model by two approximate algorithms and obtained the relevant conclusions: electric vehi-
cle rental companies use the opportunity cost of leasing as important textual research for
capacity allocation decisions. The total revenue of the leasing company under a reasonable
subsidy strategy will increase with the increase in subsidies. Lu et al. [18] discussed the
impact of consumers’ average battery leasing time and cost-sharing ratio on the profits
of both parties and the level of battery swapping technology under the background of
new energy electric vehicle battery swapping mode and the difference in the supply chain
structure of three different power structures in the battery swapping mode. Wan et al. [19]
used the optimal stopping theory to characterize the optimal choice behavior of consumers
between electric vehicle travel modes. The study shows that the existence condition of the
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electric vehicle merger effect is related to the service rate and service time stability of the
time-sharing rental. By dividing the quality of the car into performance quality and environ-
mental quality, Liu et al. [20] constructed the sales model, pure time-sharing leasing model
and mixed model of the product line strategy model of the electric vehicle manufacturers on
their own platform and a third-party platform; it exhibits that the competition and merger
effect between products of the same brand is the key to affecting the product line strategy
of the time-sharing leasing model. Wan et al. [21] constructed an evolutionary game model
of government subsidies and manufacturer’s business model decision making considering
three factors of policy and technology revealing that electric vehicle subsidies change the
manufacturer’s business model decision making by affecting two basic dimensions, and the
merger effect brought by the transformation will promote the manufacturer to adopt the
time-sharing leasing model. Sun et al. [22] studied the optimal leasing strategy of a battery
energy storage system based on the usage share and constructed a battery leasing pricing
model. Hoogland et al. [23] analyzed several important factors that affect consumers’ choice
of electric vehicle product leasing or purchase, and they provided powerful suggestions for
consumers and enterprises on electric vehicle leasing and purchasing. Huang et al. [24]
and Kuo et al. [25] discussed the relationship between the total profit and cost variables of
the rental and sale mode of electric vehicle products, and they pointed out that at the end
of the rental period of electric vehicles, electric vehicle companies should weigh the cost
factors such as product durability and residual value to evaluate their electric vehicle rental
services. Zhu et al. [4] investigated the decision-making problem of a supply chain system
composed of electric vehicle manufacturers who can produce power batteries and those
who cannot. Based on the asymmetric Nash negotiation, the optimal wholesale price of
power batteries under a wholesale competition and cooperation strategy and the optimal
strategy selection of electric vehicle manufacturers under different strategies were explored.

2.3. The Discussion Section

Different from the above literature, we not only consider the optimal leasing strat-
egy of electric vehicle manufacturers but also focus on the optimal car leasing price and
rental service level of the two manufacturers under the situation of m;, providing and not
providing rental service efforts. To a certain extent, it enriches the research on electric
vehicle leasing strategies and pricing decisions under the background of double carbon.
The main contributions of this paper are as follows: (1) Different from previous research,
we study two different leasing strategies of electric vehicle manufacturers from reality,
namely, the unit leasing electric vehicle strategy provided by m; and the fixed leasing
electric vehicle strategy provided by mj,. (2) The optimal decisions of two manufacturers
under the scenario of m; with and without leasing service effort are studied. (3) In addition,
the insights provided by this paper can help electric vehicle manufacturers determine the
best electric vehicle rental strategy and pricing in the context of dual carbon.

3. Model Construction and Solution Analysis

This section mainly constructs two theoretical models to explain the leasing strategy
of electric vehicle manufacturers, that is, the best unit leasing strategy of m; and the best
fixed leasing strategy of m; under the efforts of the manufacturer m;, to provide and not to
provide leasing services. At the same time, the optimal pricing and leasing service effort
level of electric vehicle manufacturers are studied.

3.1. Model Description and Basic Assumptions

This paper considers the existence of two competing electric vehicle manufacturers
(my and my) in a duopoly market. They produce and lease electric vehicles with the battery-
swapping mode and provide consumers with the strategy of unit leasing and fixed leasing
of electric vehicles, respectively. Manufacturer m; provides consumers with the price of
unit leasing electric vehicle of p;, and m;, provides consumers with the price of fixed leasing
electric vehicle of p,. Both of them will strive to maximize their own interests in order to
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increase sales and obtain greater benefits. Due to the prevalence of the unit rental mode in
the current automobile market, m, will strive to improve the service level  for fixed rental
consumers in order to enhance their competitiveness, that is, to provide consumers with
post-rental battery upgrades, vehicle health management testing and consumer on-demand
flexible battery swapping and other services. In view of this, this paper explores the optimal
decision-making and pricing problems of m; that provides unit leasing electric vehicles
and m;, that provides fixed leasing electric vehicles under m;’s efforts to provide and not
provide leasing services. Table 1 gives the specific model symbols and meanings involved
in this paper.

Table 1. Notation and definition.

Variation Meanings and Interpretation

Decision variable, m; provides consumers with the price of unit leasing

P1 electric vehicle
Decision variable, m, provides consumers with the price of a fixed leasing
P2 electric vehicle
h Decision variables, leasing service effort level
0 Consumers’ preference coefficient for unit leasing electric vehicles provided
by my
v Consumers’ valuation of electric vehicles
n The times of consumers’ leasing electric vehicles
1y The utility obtained by the electric vehicle provided by the consumer unit leasing
11y The utility obtained by the electric vehicle provided by the consumer
fixed leasing
o Leasing service effort coefficient
B Marginal cost of leasing service effort
o The unit production cost of the manufacturers (i = 1 represents my, i = 2
! represents ;)
D Consumers’ demand for leasing electric vehicles (i = 1 represents my, i = 2
! represents 1)
TT; The total profit of the manufacturers (i = 1 represents m1, i = 2 represents 1)
E The superscript E indicates the extended model

The basic assumptions of this article are as follows: (1) It is assumed that in the
duopoly competition market, electric vehicles produced by electric vehicle manufacturers
my and mjy are only provided to consumers in the form of unit leases and fixed leases.
(2) This article mainly studies the optimal leasing strategy and leasing service level, so it
omits the manufacturer’s research on the wholesale price of electric vehicles. (3) According
to the studies by Lu et al. [18] and Wu et al. [26], we assume that the utility obtained
by heterogeneous consumers for electric vehicles provided by unit leasing m; and fixed
leasing m,’s electric vehicles are 11 and uy, where the random variable v is the consumers’
valuation of the electric vehicle, and v obeys the uniform distribution on [0, 1]. The rental
price will have a negative impact on the utility u, but the consumers’ leasing preference
coefficient 6 (0 < 6 < 1), the leasing service coefficient « and the rental service effort level
h will have a positive impact on the utility. (4) We assume that the marginal cost of the
manufacturer m,’s efforts to provide rental services is (0 < f < 1).

3.2. Basic Model: Do Not Provide Leasing Service Effort

In this section, we consider the competition between m; and m; when m; does not
provide leasing service efforts in the electric vehicle market. Through the behavior of
consumers, it can be seen that there are three choices for consumers: (1) electric vehicles
provided by unit leasing m11; (2) fixed leasing m; electric vehicles provided to consumers;
(3) hold a conservative wait-and-see attitude. According to references [18,26], the utility
functions that satisfy the above consumer choice are as follows:

up = o(1+6) —np; 1)
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Uy =0—p2 (2)
usz = 0 (3)

Equation (1) shows that the utility obtained by consumers when they choose to lease
the electric vehicle provided by m; is affected by the valuation v, the lease preference
coefficient 6, the times of leases n and the lease price p;. In Equation (2), the consumer
utility of the fixed leasing depends on the size of v and pp. Through the above utility
function, it is easy to know that when u; — 1y > 0 and both u; and u; are greater than 0,
consumers are more willing to lease electric vehicles provided by m;; otherwise, when
11 — up <0, consumers prefer fixed leasing electric vehicles. According to the different
behavior choices of heterogeneous consumers and the non-negative demand, we will
assume that 0 < p, < 4= P2 < 1, and it is easy to derive the demand function of
consumers’ unit and fixed leasmg electric vehicles:

Dy = fﬂm —p, 1dv = W# 4)
np1=pa o
Dy= [ 7 1do="PLZP2 0P (5)
0
Jpa

Therefore, the profits of electric vehicle m; and m; are as follows:

m = D1 X (nxp;—cq) (6)

Tl = D2 X (pz - C2) (7)

In Formulas (6) and (7), m; and my determine their optimal rental prices with the goal

of maximizing their own profits. Because 3;1 = —2" < 0, 711 is a concave function of pq,
and there is a unique maximum value. Similarly, 3 a 7;2 = 72%”) < 0, so 3 has a unique

maximum. The Nash equilibrium simultaneous equation is used to obtain the optimal

rental price:
v (146)(20+2c; +¢))

P = n(46+3)
« _ 0(142c0)+c1+2¢ (8)
P2 = —@et3)

. . s s 201 =024/ 0% 4o 2~y (T4cp ) +4
Then the optimal equilibrium solution condition is =2 Ve — alta)H

C1 C2

0 < . Substituting the optimal rental price into Equations (4) and (5), the optimal
consumer demand and the optimal profit of the two manufacturers are as follows:

D — 2624+6(2—2c1+cp)—ci+co
1= 0(46+3)

_ (146)(0—26cp+c1—cp)
Dy = 9(49+23) —

2
. _ [26%-+6(2—2c1+c2) —c1+c2
0(40+3)*

(10)
(l+6)(9 29cz+c1 cz)2
0(46-+3)°

Theorem 1 In the basic model when mydoes not provide leasing service efforts, only when the
1 c)— 2+\/C22+4C12 4C2(1+C1)+4

inequality < 0 < 5% is established can the optimal solution
that meets the interests of the two manufacturers and the requzrements of the basic model be obtained,
and the optimal equilibrium solution is given by Equations (8)—(10).




World Electr. Veh. ]. 2024, 15,19

7 of 17

The Proof of Theorem 1. In Equations (6) and (7), m; and m; determine their optimal leas-

. . . oL . . 2 _on? .
ing prices with the goal of maximizing their own profits. Because I 29” <0,misa

op?
. . . . .. P, _ —2(1+6)
concave function of p;, and there is a unique maximum value. Similarly, =7 < 0,

so 7p has a unique maximum value. By using the Nash equilibrium simultaneous equation,
the optimal rental price and the condition for obtaining the optimal equilibrium solution
are obtained, and Theorem 1 is proved. [

Theorem 1 shows that only when the consumers’ leasing preference coefficient 0 is in
2c1—cr—2+ \/C22+4C12 —4cy (1+C1 )+4
7

a certain threshold interval (i.e., <f< ;}2__65), the electric
vehicle manufacturer can attract more leasing consumers to participate in the leasing
activities, and the equilibrium solution of the optimal unit and fixed leasing price exists.
m1 and mj, can obtain the optimal profit when m; does not provide leasing service efforts.

Under the basic model, the optimal consumer surplus of consumers with unit and
fixed leasing of electric vehicles are as follows:

(146)[—262 + 60(2c1 +3c; —4) — ¢1 + 2]

B 1 —292+9(2C1—C2—2)+C1—C2
CS1" = ﬁp _,, [0(1+0) —np,]do [ 5 ] (11)
SR 202(46 + 3)
"P1-pP2 20 _ 2
CSz*z/ Gy (v—pz)dv=(1+6)( 29cz+c1202+9) (12)
P2 26%(46 +3)
Then, the optimal total social welfare in the basic model is as follows:
126* + 6% (12c% — 24c; — 8¢y + 35)+
62 [27¢52 + 12012 — 38cy + 32 — 4y (401 + 3)]
+6[20c2% 4 15¢1% — 14c1 + 9 — 2¢5(13¢1 + 2)]
+5(C1 — Cz)z
SW*=m +mp+CS; +CS; = (13)
1+ 72 1 2 262(40 1 3)°

3.3. Expanded Model: Rental Service Effort

In the extended model, m, will provide leasing service efforts to consumers of fixed-
leasing electric vehicles. The decision variables in the model include the price of unit and
fixed leasing electric vehicles and the level of leasing service efforts. At this time, the utility
functions obtained by consumers from leasing are as follows:

umE=(146)xv—npt (14)

uf =v— sz + ah (15)
In order to meet the different choice behaviors of heterogeneous consumers and the non-
E_, E
negative conditions of consumer demand, it is assumed that 0 < sz —ah < w <1,
and when £ > max{qu,O}, the electric vehicle demand function provided by the

consumer unit and fixed leasing are as follows:

1 0 —npit + pot —ah
E P1 p2
DIF = [ e 10 = . (16)
6
nplEfszﬂxh

1+6)(ah — pof E
Dy = T = O pa) (17)
poE—ah 0
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Under the extended model, the profit functions obtained by manufacturers providing
unit and fixed leasing are as follows:

mF = DiF x (”PlE - Cl) (18)

= DZE X (sz - cz) — 'BThz 19)

Similar to most studies, this paper assumes that the cost of 1, providing leasing service
effort is a quadratic function of leasing service effort level h, and it is ﬁ , where B is the

marginal cost of leasing service effort. Because 3 mo *2" <0,mki
P1

is a concave function

—2(1+6)  «(1+96)
of p1 £ with a unique maximum. The Hessian matrix of Equation (19) is | (19+9) 9,3 ,
e -

< 0, at the same time, the second-

its first-order order principal sub-formula is —20+6)

—(1+6) (6a+a>—2p0)
02

order order principal sub-formula is > 0, and it has an optimal solution.
Therefore, according to the non-negative consumer demand and Hessian negative definiteness,
the conditions for obtaining the optimal solution under the extended model are as follows:
B> a2 (1+6) and 9% 2202 281 +Bey+2B4+/ 120t —4a2 ey 24262 By ey +H4B%c 2 —4B2c o +Bcy? 74[3262+4ﬁ2

20 2(a*—2)
C1—C:
0 < 21
Theorem 2. When my provides the leasing service effort, when the inequalities > Mand

cu —2a2—2ﬁc1+ﬁc2+2ﬁ+\/cl at—4a2Bc12+202 Boycp+4p2c12—4B%crcp+ B2 02 —4 B2 0 +4 B2 < < 924
2(a2-2p) 2¢cp—1

satisfied at the same time, myand mycan obtain the optimal Nash equilibrium solution. Otherwise,
although the equilibrium results can be obtained, there is no optimal solution that meets the
requirements. The optimal equilibrium solution is as follows:

I = a(146)[0(1 —2c2) +c1 —ca]
20228 —a2) +30(B —a?) —a?’

pr —(140)[a?(6% + 1046 +c1) — PO(2c1 + c2 +26)]
o= 2622 — a2) + 30(B — a2) — a2 /

E* 0% [—2a2%c; + B(1+2c2)] + 0[—3a2c; + Bc1 +200)] — oczcz‘
P2 = 202(28 — a2) + 30(B — a2) — a2 /

ﬁ(l + 9)[9(1 — 2C2) +c1— Cz] )
202(2B — a?) +30( — a?) — a2’

*
D,F =

92 (Zﬁ — 0(2) + 9[062((31 — 2) — ‘B(ch —C) — 1)] + DCZ(Cl — 1) — ﬁ(Cl — Cz) )
202(2B — a2) +30(B — a?) — a2 ’

*
DiF =

E* _ 9[92(062 — 2‘3) + 90(2(2 —c1) + BO(2c1 — cp — 2) +062(1 —c1) + B(c1 — Cz)}z.

& 202(2p — o2) + 30(B — a2) — a2 /

g BL+0)[0(1—20) +c1 — ] *[0(28 — #?) — a?]
= 2072 — o2) + 30(B — a2) — a2 '
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2

Proof of Theorem 2. Similar to the proof of Theorem 1, when g > % and meet

c1062—2a% —2pc +ﬁcz+25+\/cl21)4474tx2‘3c12+2a2ﬁc1c2+4/5201274ﬁ20162+ﬁ202 74ﬁ262+4‘82
2(aZ—2p)

0 < 21 <2, the optimal equilibrium solution can be obtained by using game theory, and

then, Theorem 2 is proven. []

the conditions

Theorem 2 shows that when 1, provides the leasing service effort, the consumers’ leasing pref-

€102 —202—2Bc;+Bey+2B++/ c1 204 —4a2 By 2+ 262 By oo +APcy 24 cr oo +BPea— 4B or +HAR
2(a2—2B)

<0< glcfcﬁ, and when the marginal cost of the rental service effort paid by m; is

erence coefficient 0 satisfies

B> 1+9) , the electric vehicle manufacturers m; and m; can obtain the optimal Nash
equlhbrlurn solution.

Through calculation, the optimal consumer surplus and total social welfare of con-
sumers under this model are as follows, which satisfies | = p2(12c,% — 24c; — 8¢y +35) +
at(6c1 — 13), K = B2[12¢1% — 2¢1(8cz + 19) + 27¢2%] —202B[6¢12 — 3c1(c2 +5) + 60,2 — 2, + 28],
X = B[5¢12 + 202 —2¢1(3c2 +7)] — a?B(2¢1% + 322 —2c2+3), ¥ = 58%(c1 — ¢2)* —
202B[5¢1% — ¢1(6 4 5¢2) + 3c2% + 3] + a*(5¢1 — 7).

6 (a® — 2B)+
(ol ofPCor 3 )]
+ﬁ(C2 - C1) — tXZ(Cl — 1)

{9 (a2 —2/3)+9[ﬁ( ‘1 (Cci_z)z)}}

.o 3 +hler ) (e — 1
C5" = /“Eéf“’ [0(1+6) —npi*do = 22626 — o) +30(p —2) — o

nplEfszJrah
0

B2(1+ 9)2(—29cz +c—c+ 9)2

CSE" = v — pof 4 ah)do = 1)
? paf—ah ( P2 ) 2[262(2B — a2) +30(B — a2) — a2)*
a?[36° (2B — a?) + J6* + K6 + X0% + Y|
. Bler —c2)® —a2(cy —1)?
SWE™ = 7T1E + 7T2E+CS1E + CSzE = [ } 5 (22)

2[262(2B — a?) +30(B — a?) — a?]

4. Comparative Analysis of Different Leasing Strategies

The previous chapter provides an analysis of the optimal equilibrium solution of the
electric vehicle manufacturer. In this section, we further study the optimal leasing price,
optimal consumer demand, and optimal profit under different leasing strategies under
the basic and extended models. The comparative analysis also analyzes the impact of
important factors (leasing service effort coefficient «, leasing service effort marginal cost
and consumer leasing preference coefficient 0) on the optimal decision variables. Because
the factors considered according to the actual situation are more complicated to establish
the model, based on the research background of the article and the actual data analysis and
calculation of market research and literature [19], we set the following parameters: ¢; = 0.8,
¢y = 0.65, a~[0.2, 0.4], p~[0.5, 0.7], 6~[0.4, 0.4], N~[24, 96]. At the same time, we use the
Matlab 2023 calculation tool and Origin 2023b data drawing analysis tool for the example
analysis. The comparative analysis of the best equilibrium solutions for electric vehicle
manufacturers. is shown in Table 2.
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Table 2. Comparative analysis of the best equilibrium solutions for electric vehicle manufacturers.

0 x B N 28 Py PlE* sz* D, D, D1E* DzE* "
0.2 0.2 0.5 24 0.385 0.674 0.329 0.739 1.842 1.421 1.171 2.36 0.679
0.25 0.2 0.5 24 0.394 0.669 0.341 0.728 2.375 0.938 2.057 1.415 1.41
0.3 0.2 0.5 24 0.403 0.664 0.351 0.72 2.738 0.619 2.575 0.881 2.249
0.35 0.2 0.5 24 0.412 0.66 0.361 0.714 3.003 0.395 2918 0.539 3.157
0.4 0.2 0.5 24 0.421 0.657 0.421 0.709 3.207 0.228 3.165 0.303 4113

0 « B N ' mE mE ST CS csiE cs,E SW o swE
0.2 0.2 0.5 24 0.337 0.274 0.477 0.515 0.101 0.359 0.329 0.668 0.757
0.25 0.2 0.5 24 0.176 1.057 0.27 0.635 0.044 0.555 0.15 0.778 0.833
0.3 0.2 0.5 24 0.088 1.988 0.159 0.657 0.019 0.708 0.089 0.96 0.906
0.35 0.2 0.5 24 0.04 2.981 0.099 0.727 0.008 0.782 0.065 1.105 1.049
0.4 0.2 0.5 24 0.015 4.007 0.068 0.793 0.003 0.847 0.055 1.258 1.204

Source: https:/ /www.nio.cn/ (accessed on 19 November 2023) and http://www.miit.gov.cn/index.html (accessed
on 19 November 2023) and the author calculations on them.
4.1. A Comparative Analysis of the Single Factor of © on the Change of Optimal Decision Variables
This section explores the impact of a single factor for § on the optimal equilibrium
solution, consumer surplus and social welfare in the basic and extended models.
Through the comparative analysis of the optimal decision variables of different strat-
egy models under the influence of 6 in Figure 1, the following inferences and analysis
are obtained.
0.75 — 35
0.70 \p2H! N N 30 “

(Y2 S P ——
0.60
055
0.50
045
0.40
035
030

Price

P’

25

B20p <

0.20 0.25 0.30

(a) The optimal price

N

£ g2
815 a
10 1 o
2
p‘n‘ 0.5 0_’ \ / —— -
L L L L T[Z“ L L
0.35 0.40 0‘8.20 0.25 0.30 0.35 0.40 0.20 0.25 0.30 0.35 0.40
o 0 o
(b) The optimal demand (c) The optimal profit
E
:
8
&

o

Consumer Surplus

(d) The optimal consumer surplus

'0.20 0.25 0.30 0.35 0.40

(e) The optimal social welfare

Figure 1. The impact of § on optimal decision variables

ey a0
Corollary 1. When 2= 2y/e +44€1 doalta)t g < 553, the comparative analysis of

the optimal decision variables is as follows:

*

(@) The optimal price: sz* >p > p1 > it

(b) The optimal demand: when 6~(0,021], D,E > D;* > D, > D;E ; when 6~(0.21, 0.225],
Dof > D" > DiE > Dy'; when 0~(0.225,0.25], D" > Dof > DyE > D,"; when
6~(0.25,0.4], D;" > D;F > D,F > D,
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(¢) The optimal profit: when 6~(0, 0.225], > 7'[2E* > nlE* > 71,"; when 6~(0.225, 0.4],
> mE > b > ) )

(d) The optimal consumer surplus: when 6~(0, 0.275], CSy" > CS1F > €S > €Sy
when 6~(0.275,0.4], CS1E > CS;" > CS,E > €S,

(e) The optimal social welfare: when 6~(0, 0.275], SWE* > SW’; when 0~(0.275, 0.4],

SW" > SWE .

Proof of Corollary 1. According to Theorem 1, the optimal leasing price of basic model is
+_ (146)(20+2c1+c2)

pl - I’l(49+3) 2cq 7C272+\/C22+4C1274C2(1+C])

e _ 0(1420) o2, - AN When . < 0 < $-%, the optimal de-
2 = 40+3)
1* _ 20%40(2—2c1+cp)—c1 o
o d = 0(46+3) : .
mand of consumers is derived as D _ ()62t —cy) and the optimal profits of the two
2 = 0(40+3)
* [292+9(27201 +C2)7C] +C2]2
1 =
manufacturers are 6(46+3)" . Through Theorem 2, when m;, provides the
_ (1+6)(6— 29cz+cl 0)?
0(40+3)°
rental service effort, when 1% =27 Z2BertPor2b /oo 2o AP AP HPG AP AP
’ 2(a?—2p)

0 < % and B > # are satisfied at the same time, the manufacturers m; and m,
can obtain the Nash equilibrium solution. Therefore, the optimal equilibrium solution in
the above different models is analyzed and the relationship between the optimal prices
is pZE > pa" > pi” > p1F, and then, Corollary 1(a) is proved The comparison of
optimal demand: when 0~(0, 0.21], D,F E” > Dy > D, > D1 ; when 6~(0.21, 0.225],
D > Dy > DE > Dy’; when 0~(0.225, 0.25], Dy’ > D, > DyF E° S D,"; when
0~(0.25,0.4], D;" > D1 > D,F > D,’; therefore, Corollary 1(b) can be proven. The opt1—

mal profit comparison analysis is as follows: when 0~(0, 0.225], 7r;” > 7125 £’

> T > 7'[2 ;
when 6~(0.225,04], 11" > mt > mE > Corollary 1(c) is proven Comparlng the
optimal consumer surplus seen 1n the model: when 6~(0,0.275], CS;” > C$F > Cs.F >

CS,"; when 6~(0.275, 0.4], CS$E > €Sy > CSF > CSy; Corollary 1(d) is easy to prove.
Similarly, the optimal social welfare in Corollary 1(e) can be proven. [

ey T a0
In Corollary 1(a), when 2= 2y/e +4461 dolta)tt g 76,7, the optimal price

shows that whether m; provides the leasing service effort or not, the price of the consumer
unit leasing the electric vehicle is less than the price of the fixed leasing. When m;, provides
leasing service efforts, due to the cost, in order to balance the income, m; will increase the
fixed leasing price, and at this time, the fixed leasing cost is the largest. In the two models,
consumers can obtain greater benefits by choosing unit leasing. The optimal demand of
consumers in the optimal demand of Corollary 1(b) is closely related to consumer’s unit
leasing preference coefficient 6 and the leasing price. When 0~(0, 0.225], the consumer unit
leasing coefficient has less impact on consumer choice. When m; does not provide rental
service efforts, consumers mainly choose unit leasing electric vehicles based on the leasing
price. When m; provides leasing service efforts, more consumers will choose fixed leasing
under higher leasing service levels, so more consumers will prefer fixed leasing electric
vehicles under m;,’s leasing service efforts. When the leasing coefficient 6~(0.25, 0.4], the
consumer unit leasing coefficient has a greater impact on its choice. Regardless of whether
my provides leasing services or not, the larger unit leasing preference coefficient will
encourage more consumers to choose unit leasing electric vehicles. Therefore, when the
unit leasing coefficient is small, the demand of consumers is mainly determined by the
leasing price and the level of leasing service effort; when the unit leasing coefficient is large,
consumers will be more inclined to unit leasing electric vehicles. The optimal profit of
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Corollary 1(c) shows that when the unit leasing coefficient is small, the profit of consumers
is determined by the leasing price, the level of leasing service effort and the demand; when
the unit leasing coefficient is large, the unit leasing will bring the maximum profit to ;. The
optimal consumer surplus in Corollary 1(d) explains that when the unit leasing coefficient
is small, when consumers do not provide leasing service efforts in m,, the unit leasing
electric vehicle obtains greater benefits. However, when the unit leasing coefficient is large,
consumers will gain a lot in choosing unit leasing electric vehicles under any circumstances.
The optimal social welfare in Corollary 1(e) explores that when 6 is small and 6~(0, 0.275],
my’s efforts to provide leasing services will increase the welfare of the whole society; when
6~(0.275, 0.4], the larger unit leasing coefficient will encourage more consumers to choose
independently. At this time, regardless of whether the manufacturer has improved the
level of leasing service efforts, social welfare will increase with the increase in the unit
leasing coefficient.

2c1—cr—2+ \/C22+4C1274C2(1+C1)

Corollary 2. When

7 <0< 21 <2, the monotonicity analysis of
the optimal decision variable is as follows.

(@) The optimal price: aap—é > 0; agg < ap o < 0

(b) The optimal demand: 22 > 0; 222 <0 0 W < 0;

B

(c) The optimal profit: a”] > 0; 2% - <0; I S 0; _ <o

The Proof of Corollary 2. Corollary 2 can be proved by a method similar to Corollary 1.
Therefore, the specific proof process is omitted here. [

In Corollary 2, when < 0 < 5=}, the monotonic-

ity analysis of the optimal decision variable with respect to 0 is as follows Due to
op1” _ 862—2c;—cy+126+6 apz _ 3-2(2c1+0)
0 1(46+3)2 > 0and T (46+3)?
providing and not providing leasmg service efforts, the price of the consumer unit leasing
the electric vehicle will increase with the unit leasing coefficient, but the price of the con-

sumer fixed leasing the electric vehicle will decrease with the increase in the unit leasing

coefficient in Corollary 2(a). Combined with aD = = 292(461_232_(1)91%9;3)(61_62) > 0and

2c1—cp—2+ \/022+401274c2(1+cl)+4
4

< 0, it can be seen that under m,

oD, _ 6%(6cy—4dcy— 1)+(89+3)(c2 1)

00 62 (46+3)*
for unit leasing electric vehicles increases monotonically with the unit leasing coefficient,
and the monotonicity of the price in Corollary 2(a) with respect to 6 can be well understood.
At this time, when the demand increases steadily, the manufacturer can obtain greater
profits by real-time markup. Similarly, Corollary 2(c) shows that under a certain threshold,
the optimal profit of m; increases with the unit leasing coefficient, while the optimal profit
of my decreases with the unit leasing coefficient.

< 0in Corollary 2(b), that is, the demand of consumers

4.2. Comparative Analysis of Optimal Decision Variables under the Influence of « and

Similarly, in this section, we mainly investigate the influence of the leasing service
effort coefficient « and the marginal cost of the rental service effort f on the optimal
equilibrium solution, consumer surplus and social welfare in the decision-making model.

Figure 2a depicts the impact of leasing service effort coefficient a and leasing service
effort marginal cost B on the optimal rental service effort level. The optimal leasing service
effort level increases with the increase in leasing service effort coefficient and decreases with
the leasing service effort marginal cost. In general, the optimal rental service effort level is
increasing under the two factors of « and 8. When the leasing service effort coefficient a
= 0.4 and the marginal cost of rental service effort § = 0.5, the leasing service effort level
provided by mjy reaches the maximum. At this time, consumers can better obtain services
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such as post-rent battery upgrades, vehicle health management inspections and consumers’
on-demand use of flexible battery swaps provided by m,.

Price

Demand

\
i

‘ s
. 25

(c) The optimal demand

(d) The optimal profit (e) The optimal consumer surplus (f) The optimal social welfare
Figure 2. The impact of « and  on optimal decision variables.

From the above analysis, the optimal leasing service effort level shows an increasing
trend under the two factors of « and f. When « and B are at a general level, the leasing
service effort level provided by m; reaches the maximum value. At this time, the profit
of the combined manufacturer m; is higher, and the profitability is stronger than that of
the manufacturer m;. Although the leasing price provided by the manufacturer m, is
slightly higher at this time, based on the fact that consumers can better obtain services
such as post-rent battery upgrades, vehicle health management inspections and consumers’
on-demand use of flexible battery swaps provided by m,, more and more consumers will
lease the vehicles of m;. Thus, the demand on m; is larger, and m; will be more competitive
in the electric vehicle market.

Figure 2b shows that when m; provides leasing service efforts, the price of electric
vehicles leased by consumers per unit increases with the influence of & and j, while the
price of fixed leasing electric vehicles decreases with the increase in @ and B. In general, the
price of fixed leasing electric vehicles in the extended model is always higher than the unit
leasing price. This is consistent with the reality that since m; provides leasing services at a
certain cost, it will correspondingly increase the fixed leasing price in order to increase its
revenue.

Figure 2c reflects that the demand of consumers for unit leasing electric vehicles de-
creases with the influence of « and B, while the demand for fixed leasing electric vehicles
increases with the increase in « and B. Because m; provides leasing service efforts, con-
sumers obtain greater benefits than unit leasing in the fixed leasing process. At this time,
consumers’ demand for fixed leasing electric vehicles is higher than that of unit leasing.

Figure 2d shows that the optimal profits of m; and m;, decrease with the increase in «
and B. The profit of m; fluctuates greatly under the influence of « and B, and the profit of
my is less affected by « and 8. When the leasing service effort coefficient of m;, is small, that
is a~(0.2, 0.3), the optimal profit of m, is less than m regardless of the marginal cost of the
input. When the leasing service effort coefficient takes the equilibrium value « = 0.3, the
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optimal profit of the two manufacturers is equal. When the leasing service effort coefficient
is large, that is a~(0.3, 0.4), my is the most profitable. It fully shows that mjy’s efforts to
provide leasing services have increased its own interests to a certain extent, and at the same
time, they have a certain impact on the profits of their rival m;.

Figure 2e points out that after m, provides the leasing service effort, the consumer
surplus of the unit leasing electric vehicle decreases with the influence of & and . On
the contrary, the consumer surplus of the fixed leasing electric vehicle increases under the
combined influence of & and B, and the greater the leasing service effort coefficient, the
greater the optimal consumer surplus. Therefore, the greater the coefficient of leasing effort
provided by m,, the more consumers will choose fixed leasing electric vehicles.

In Figure 2f, the optimal social welfare increases with the increase in the leasing service
effort coefficient and decreases with the increase in the marginal cost of the leasing service
effort. In general, the optimal social welfare shows an increasing trend under the influence
of & and B. When m; provides the leasing service effort, the greater the leasing service
effort coefficient, the smaller the marginal cost of leasing service effort, and the optimal
social welfare reaches the maximum value.

5. Conclusions

The paper takes two competing electric vehicle manufacturers (17 and m;) as the re-
search object and analyzes two different leasing strategies of electric vehicle manufacturers
under the background of double carbon: the unit leasing electric vehicle strategy provided
by my and the fixed leasing electric vehicle strategy provided by m;,. The main contributions
of this paper are as follows: (1) Different from previous research, we study two different
leasing strategies of electric vehicle manufacturers from reality, namely, the unit leasing
electric vehicle strategy provided by m; and the fixed leasing electric vehicle strategy
provided by m;. (2) The optimal decisions of two manufacturers under the scenario of 1,
with and without leasing service effort are studied. (3) In addition, the insights provided
by this paper can help electric vehicle manufacturers determine the best electric vehicle
rental strategy and pricing in the context of dual carbon. At the same time, the optimal
car rental strategy and pricing problem of the two manufacturers under the situation of
my providing and not providing rental service efforts are explored. The research results
provide the following insights.

(1) Price: The price of electric vehicles leased by consumers will increase with the
increase in the unit rental preference coefficient, but the price of electric vehicles rented
by consumers will decrease with the increase in the unit leasing preference coefficient.
When m; provides rental service efforts, the price of electric vehicles leased by consumers
increases with the influence of « and B, while the price of fixed rental electric vehicles
decreases with the increase in & and . In general, the price of fixed rental electric vehicles
in the extended model is always higher than the unit rental price. Regardless of whether
my provides leasing services or not, the price of electric vehicles leased by consumers is less
than the price of fixed leasing.

(2) Demand: The optimal demand of consumers is closely related to the consumer’s
unit leasing preference coefficient 6, leasing service effort coefficient «, leasing service effort
marginal cost 8 and rental price. When 6 is small, the demand of consumers is mainly
determined by the rental price and the level of leasing service effort. When 0 is large,
consumers will be more inclined to rent electric vehicles. The demand for electric vehicles
leased by consumers decreases with the influence of « and j, while the demand for fixed
leasing electric vehicles increases with the increase in & and B. Because m; provides leasing
service efforts, consumers obtain greater benefits than unit leasing in the fixed leasing
process. At this time, consumers’ demand for fixed leasing electric vehicles is higher than
that of unit leasing.

(3) Profit: When the unit rental preference coefficient is small, the consumer’s profit
is determined by the rental price, the rental service effort level and the demand; when
the unit rental preference coefficient is large, the unit rental electric vehicle will bring the
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maximum profit to 7. The optimal profits of m1 and m; decrease with the increase in «
and . The profit of m; fluctuates greatly under the influence of « and §, and the profit
of my is less affected by « and 5. When the rental service effort coefficient of m, is small,
the optimal profit of m; is less than m; regardless of the marginal cost of input. When the
leasing service effort coefficient takes the equilibrium value, the optimal profits of the two
manufacturers are evenly matched. When the rental service effort coefficient is large, m; is
the most profitable. The efforts of m; to provide leasing services have increased its own
interests to a certain extent, and at the same time, they have had a certain impact on the
profits of competitor m;.

(4) Consumer surplus: When the unit leasing preference coefficient is small, and
consumers are not provided rental service efforts in 5, the unit rental electric vehicle gains
more benefits; when m;, provides leasing service efforts, consumers’ fixed leasing electric
vehicles are more profitable. However, when the unit leasing coefficient is large, consumers
will gain a lot in choosing unit leasing electric vehicles under any circumstances. After
my provides leasing service efforts, the consumer surplus of selecting unit leasing electric
vehicles decreases with the influence of « and f; on the contrary, the consumer surplus of
selecting fixed leasing electric vehicles increases under the combined influence of & and
B, and the greater the leasing service effort coefficient, the greater the optimal consumer
surplus. Therefore, the greater the coefficient of leasing effort provided by m,, the more
consumers will be attracted to choose leasing rental electric vehicles.

(5) Social welfare: When the unit leasing preference coefficient is small, m1,’s efforts
to provide leasing services will increase the welfare of the whole society; when the unit
leasing preference coefficient is large, more consumers will choose independently. At this
time, regardless of whether the manufacturer has improved the level of leasing service
efforts, social welfare will increase with the increase in the unit leasing coefficient. When
my provides the level of rental service effort, the greater the coefficient of rental service
effort, the smaller the marginal cost of rental service effort, and the optimal social welfare
reaches the maximum value.

In summary, this research provides the following main insights and inspirations for
electric vehicle manufacturers, consumers and governments: (1) #1: when the consumer
unit leasing preference coefficient is large, m; will obtain greater profits. (2) my: when the
leasing service effort coefficient is large, m; is the most profitable. (3) Consumers: When 1,
does not provide rental service efforts, consumers mainly choose to lease electric vehicles
according to the rental price. When m; provides leasing service efforts, more consumers
will favor fixed leasing electric vehicles at a higher level of rental service. (4) Government:
when the consumer unit rental preference coefficient is small, the government should
encourage 1, to actively provide rental services to increase the welfare of the whole society;
when m; provides the level of leasing service effort, the government should call on m;, to
increase the coefficient of leasing service effort and reduce the marginal cost of the leasing
service effort to achieve better social welfare.

To some extent, this study can provide leasing insights for electric vehicle manufac-
turers and also provide new ideas for promoting the development of the electric vehicle
industry. However, this paper only studies the leasing service strategy of electric vehicle
manufacturers and does not involve the optimal leasing decision of the supply chain system
composed of manufacturers and suppliers. Additionally, the problems studied in this paper
assume that the electric vehicle market has complete or perfect information and assume
that consumers are completely rational. At the same time, it is a future research direction to
study the online and offline dual-channel electric vehicle leasing problem between electric
vehicle manufacturers and retailers in the electric vehicle market with incomplete informa-
tion and uncertain consumer demand, as well as the overall cooperative leasing decision
of the electric vehicle supply chain composed of electric vehicle manufacturers, battery
suppliers and electric vehicle retailers.
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