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Abstract: Electric vehicle sharing provides an effective way to improve the traffic situation and relieve
environmental pressure. The government subsidy policy and the car-sharing operator’s pricing
strategy are the key factors that affect the large-scale application of electric vehicle sharing. To address
this issue, a subsidy and pricing model for electric vehicle sharing based on the two-stage Stackelberg
game is proposed in this paper according to the current situation in China. First, an electric vehicle
sharing operation mode under government participation is constructed. Then, a two-stage Stackelberg
game model involving the government, the car-sharing operator and the consumers is proposed
to determine the subsidy rates and pricing strategies. The improved particle swarm optimization
algorithm is used to obtain the Nash equilibrium of the model. Also, the influence of private car cost
and shared travel comfort on subsidy rates and pricing strategies is analyzed. Finally, the simulation
of electric vehicle sharing in a town of China is carried out to investigate the performance of the
proposed subsidy and price model. The simulation results show that the model rationally formulates
subsidy policies and pricing strategies of the electric vehicle sharing to balance the interests of the
three participants, mobilizing users’ enthusiasm while guaranteeing the benefits of the government
and operator, making the overall benefit optimal.
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1. Introduction

With the development of the world economy, the number of automobiles is increasing rapidly,
which has brought about a series of environmental and traffic problems such as exhaust gas pollution,
accelerated consumption of fossil energy, traffic congestion and parking difficulty. People’s quality of
life and the development of the city are greatly restricted. As a green travel tool, replacing fuel vehicles,
electric vehicles will become the main means of transportation in the future, which has become a trend
of the times [1]. Meanwhile, the emergence of the sharing economy has made resource utilization more
rational. According to statistics, each shared car can replace 6–10 private cars on average [2]. Once it is
applied on a larger scale in transportation, it will greatly improve the current traffic situation, relieve
the pressure of infrastructure and improve the efficiency of resource utilization [3]. For consumers, car
sharing services can save the cost of car purchase, maintenance, insurance, parking and so on while
meeting travel demand [4]. What cannot be ignored is that electric vehicles not only can be regarded as
mobile loads but also flexible energy storage units, which will provide high quality auxiliary services
for the power grid, such as peak shaving, frequency modulation and spinning reserve [5,6]. Moreover,
the application of the sharing mode makes electric vehicles (EVs) belong to one or more interests,
when dispatching the shared electric vehicles to participate in grid auxiliary services, the interests are
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more easily coordinated and the efficiency will be significantly improved. Therefore, promoting the
development of shared electric vehicles is of strategic significance for alleviating environmental and
traffic pressure, promoting the effective allocation of resources and ensuring the safe operation of the
power grid.

At present, there are some existing literatures about electric vehicle sharing, mainly focused on
market forecasting, network planning, operational mode, and pricing mechanism analysis. Zhou [7]
predicted the future car sharing market in Australia, Malaysia, Indonesia and Thailand based on
expert opinions. Zhu [8] and Li [9] predicted the demand for electric vehicle sharing and determined
the most preferred address based on mobile edge computing and the analytic hierarchy process,
respectively. Becker, Kopp, et al. [10–12] studied the influence of ownership rate of fuel vehicles on
the application of electric vehicle sharing and came to the conclusion that electric vehicle sharing
has greater competitiveness under the guidance of reasonable price. These studies point out that
shared electric vehicles have great demand potential in cities. In the research of operational mode and
pricing mechanism analysis, Xu [13] considered the maximization of operator profit, and established a
mixed integer nonlinear programming model to optimize fleet size and prices. Aiming at the shared
autonomous electric vehicles, Chen [14] analyzed the impact of pricing strategies on its market share
and operational effectiveness. However, neither of the two papers considers the role of government
subsidies. Some cities such as Seoul, Dublin and Paris have implemented electric vehicle sharing
programs and explored their operating models and pricing mechanisms. The program in Seoul
achieved good customer satisfaction, but a survey conducted by Kim [15] shows that respondents tend
to be less satisfied with charging because the charging standard is based on taxi pricing. With the
support of the government, Dublin accomplished a test area for electric vehicle sharing. However,
the operational efficiency of the project has not achieved satisfactory results, due to high operating
costs and sustained financial support from the government [16]. The electric vehicle sharing program
in Paris is carried out by signing a public service agreement with the government to bear the part of
repair and maintenance costs for each vehicle, and takes the government’s public service as the main
purpose, which only gets remuneration and profit from the business performance [17].

It can be concluded from the current research and operating experience that electric vehicle
sharing has enormous potential and market, but due to the small scale of operation and low user
acceptance, the industry has the characteristics of high operating costs and low profits, which will
make it hard to succeed without the governments’ coordinated support. Additionally, the factors
affecting the cost are not analyzed in depth to develop reasonable pricing measures. Moreover, the
charging characteristic of electric vehicles and the ability to provide auxiliary services for the power
grid will also affect pricing strategies, which are not taken into consideration in the current studies.

The emerging trend of electric vehicle sharing is in urgent need of government support. And
it is of great significance to study the government’s guiding measures for the industry. Fortunately,
many countries have paid attention to the development of electric vehicle sharing. In order to create
a favorable development environment, relevant development guidance and subsidy policies have
been issued. Taking Shanghai, China as an example, the electric vehicle rental businesses of Bremen’s
car-sharing model was introduced in busy areas by government–enterprise cooperation and the travel
pressure in these areas has been effectively alleviated [18]. In order to improve the environment,
the Chinese government has attached great importance to the development of electric vehicles and
financially supports all aspects of the development of electric vehicles [19]. In 2017, guidance on
promoting the healthy development of small and micro passenger car rental was announced, providing
comprehensive support for car sharing [20]. However, there is a lack of mature theoretical guidance in
operational mode and cost control considering the continued support of government, which decides
the success or failure of electric vehicle sharing. In addition, in the developing process of electric
vehicle sharing, the government, operator and consumers have certain conflicts of interest, and their
coordination is an important issue. Therefore, the goal of this paper is to establish an operational mode
and pricing mechanism of electric vehicle sharing considering government support policies.
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The main contribution of this paper is to propose an electric vehicle sharing operation mode
with government participation in the early stage, and construct a two-stage Stackelberg game model
considering subsidy and pricing strategies. We took the implementation environment of electric vehicle
sharing in China as an example to carry out the research. First, the operation mode with government
participation is proposed, so as to improve the enthusiasm of the electric vehicle sharing enterprise.
Next, combining the situation that the electric car-sharing industry is still in its infancy, taking the
impact of policy subsidies into account, the users’ cost utility, the operator’s revenue utility and the
government’s economic and social utility are analyzed. Then, a two-stage Stackelberg game model
consisting of three participants—the government, operator and users—is established. Considering the
interests of the participating entities, the pricing strategy of the operator and the government’s subsidy
incentive mechanism are investigated. Additionally, the impact of factors such as private car travel
costs on the results is analyzed.

As a new travel mode, electric vehicle sharing will compete with the taxis, buses and private
cars. Although the travel cost of buses is relatively low, its comfort and convenience are far less than
the other three travel modes. Electric vehicle sharing is not competitive in this kind of user group.
The studies of pricing mechanism and subsidy strategy in this paper are both for the development
and promotion of electric vehicle sharing, whose main target customer group is private car users,
including those who have purchased plans or are ready to sell existing private vehicles. Bus users
consider electric vehicle sharing only in special scenarios, such as inconvenient destination public
transportation, time limit of arrival, and presence of elderly and children. These scenarios occur at a
low frequency, where the price strategy has little impact on user travel. Therefore, this article mainly
focuses on the comparison between electric vehicle sharing and private cars.

The rest of this paper is organized as follows. Section 2 of this paper gives an overview of the
game model and introduces the interrelationship among the participating entities. Section 3 constructs
the mathematical model of the game. In Section 4, the existence of the Nash equilibrium is proved and
the solution method of the model is designed based on the improved particle swarm optimization
algorithm. Section 5 analyzes the results and discusses the effects of some parameters. Finally, the
paper is summarized in Section 6.

2. Operation Mode of Electric Vehicle Sharing with Government Participation

As an innovative measure to improve the traffic environment, electric vehicle sharing has a certain
public welfare nature. Under the social system of China, the development model based on government
financial support will become the main approach in its initial development [19,20]. However, its
long-term development must ensure the profitability of the project. Therefore, this section proposes an
operation mode of electric vehicle sharing with government participation, as shown in Figure 1, which
clarifies the relationship among the three parties in the market. As the electric vehicle sharing is in its
early state, policy support will have a crucial impact on its development. At this stage, the dominant
force is the government, while the main force is the enterprise, and the driving force is the user.
The large-scale promotion of electric vehicle sharing can bring significant environmental and social
benefits to the government, improving the efficiency of resource utilization, and easing the pressure
on urban transportation and infrastructure. The government will give strong support to electric
vehicle sharing operators by publishing subsidy policies, providing convenience for the construction
of charging facilities and parking spaces, integrating sharing operations into transportation and urban
development plans and forming connections between sharing networks and other transportation
modes. Considering their costs and benefits with subsidy income, operators adjust prices and adopt
various marketing methods to attract more users to participate in electric vehicle sharing, postpone car
purchase plans or sell existing vehicles, or reduce the usage frequency of private vehicles. According
to the prices given, combined with the convenience and comfort of travel, the users determine the
travel mode, and feedback the willingness to the car-sharing operator. Then the operators adjust the
price strategy to maximize their interests according to the costs and benefits, and report the demand
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and scale of the car-sharing service to the government. Through policy incentives and publicity, the
government encourages users to take the electric vehicle sharing into consideration when planning to
purchase a car. Vehicles with long idle times can be considered for sale. Meanwhile, the government
introduces measures to protect consumer rights and interests, and makes it convenient for consumers
to get electric vehicle sharing services nearby. Consequently, it is possible to reduce the use of private
cars, suppress the amount of motor vehicles that has risen sharply and promote green travel. The
users’ choices of travel mode indicate their enthusiasm in electric vehicle sharing, which can prompt
the government to adjust the subsidy strategy to achieve optimal environmental and social benefits,
and ultimately affect the government’s decision-making.
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3. Subsidy and Pricing Strategy of Electric Vehicle Sharing Based on Game Theory

The government’s impact on users is indirectly achieved through subsidies to operators. The
reverse impact is mainly reflected by whether to participate in the car-sharing services provided by
the operator. Therefore, this paper transforms the trilateral game model into a two-stage Stackelberg
game, as shown in Figure 2. In the first stage, with the car-sharing operator as the leader, based on
the government’s subsidy rates for electric vehicles and supporting facilities, the pricing strategy is
announced to users. Then they compare the cost with private car travel, determine travel plans and
feedback to the operator. According to the operation situation, the operator adjusts the pricing strategy
to influence the users’ choices to make its own interests optimal. In the second stage, the followers are
the whole of the car-sharing operators and users. As the leader, the government receives the overall
participation of the consumers, and adjusts the subsidy rates, thus changes the operating status of the
operators, and prompts them to change the pricing strategy. User engagement changes accordingly.
Assume that the three subjects make decisions rationally. Repeat the above process until the benefits of
each subject are maximized. At this point no one is willing to adjust the strategy, which is the final
equilibrium state.
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This paper selects government, car-sharing operator, and customers as the three players of the
game. The government’s strategies are the subsidy rates for electric vehicles and infrastructure, denoted
by Sc1, SC2 respectively. The strategy set for the operator are the pricing strategies per kilometer and
per minute, denoted by ps, pt respectively. The users’ strategies are to choose electric vehicle sharing
or private car travel, denoted by x1

n, x2
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3.1. Payoff to Customers

Assuming that consumers are rational individuals, according to the utility theory in economics,
they are certain to choose the most effective travel mode. This section builds utility functions for shared
and private travel. Assume that the users mainly consider three factors: Travel expenses, travel time
and comfort [21]. Calculating the time cost and comfort cost, the three factors are converted into the
same dimension for comparison to determine the strategy selected by the user [22]. The main target
group for sharing electric vehicles is those who have a car purchase plan or a private car with low idle
rate. By comparing the travel costs of shared and private car travel, consumers can make decisions
intuitively, thus delaying the purchase plan or even selling the existing vehicles. It will significantly
reduce vehicle ownership, speed the urban traffic and alleviate infrastructure shortage. The coefficient
of comfort cost (COM) is calculated as follows [23]:

COM =
ωθα×

∑6
j=1 d j

(
t/60

)
/24

l
, (1)

where ω is the coefficient of time value; θ is the time value of the area; α is the reduction factor of
the vehicle for restoring fatigue time; d j is the score corresponding to the level of the j-th comfort
influencing factor. The selected six indicators are ride stability, the perception of crowding in vehicle,
privacy, air and temperature in vehicle, physical exertion and punctuality of the ride. Where t is the
average travel time of the area, l is the average travel distance of the area.
• Costs for electric vehicle sharing

Usn = (pssn + pttn) + (twn + tn)ptvn + COMesn, (2)



Appl. Sci. 2019, 9, 1631 6 of 17

where sn and tn are the travel miles and time of the travel n respectively; COMe is the coefficient of
comfort cost for electric vehicle sharing; twn is the waiting time including the time to borrowing point
and from the returning point to the destination; ptvn is the time value of the user. Assume that the
latter two satisfy uniform distribution [24].

f(ptvn) =
1

θ2 − θ1
, (3)

f(twn) =
1

θ4 − θ3
, (4)

where θ2 and θ1 are the upper and lower limits of the user’s time value respectively; θ4 and θ3 are the
upper and lower limits of the waiting time respectively.
• Costs for private car

Upn = ppsn + tnptvn + COMpsn, (5)

where pp is the coefficient of private car travel expenses, including fuel consumption, maintenance, tire
wear, insurance, depreciation, etc; COMp is the coefficient of comfort cost for private cars.
• Payoff of the consumers considering the travel choice

UC = −x1
nUsn − x2

nUpn, (6)

s.t. x1
n + x2

n = 1, (7)

x1
n, x2

n ∈ {0, 1}, (8)

where xn is the decision strategy; x1
n = 1 means electric vehicle sharing is chosen during travel n; and

x2
n = 1 means private car is chosen.

3.2. Payoff to Government

Considering economic, environmental and social benefits, the government’s utility function
mainly includes two parts: Benefits and expenditure. The former includes the benefits of energy
saving, emission reduction [25] and less parking facilities [26]. The latter are the subsidies for shared
electric vehicles and infrastructure construction (converted to equal annual value). The formulation of
the government’s payoff is [27,28]

UG =
∑nt

n=1(x
1
nsn)DW100Peηes/100 +

∑nt
n=1(x

1
nsn)

DC100Pcηcs
100 +

∑nt
n=1(x

1
n)

n0
PpSp

i(1+i)kp

(1+i)kp
−1

−C1mSc1
i(1+i)kc

(1+i)kc
−1
−C2mSc2

i(1+i)ki

(1+i)ki−1
,

(9)

where nt is the average number of daily travel in the region; D is the number of days included in a
year, which is used to convert the daily income into annual income; W100 is the energy consumption of
traditional fuel vehicles per 100 km (represented by electric energy); Pe is the electricity price; ηes and
ηcs are the percentages of energy-saving and emission reduction of electric vehicles compared to fuel
vehicles; C100 is the carbon emission of fuel vehicles per 100 km; Pc is the price of carbon market; n0 is
the average number of trips per day; Pp is the cost of parking space per square meter. Where Sp is
the average parking space; i is the interest rate; m is the number of vehicles owned by the car-sharing
operator; C1 is the average cost of purchasing an electric vehicle; C2 is the cost of infrastructure per
sharing electric car; and kc, ki and kp are the lifetime of sharing electric vehicles, infrastructure and
parking space, respectively.
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3.3. Payoff to Operator

The operator can achieve benefits through the fees paid by consumers, the participation of
grid-assisted services [29], and financial subsidies offered by the government. Costs for vehicle
purchase and network construction (converted to equal annual value), operating expenses (including
personnel and vehicle scheduling, facility maintenance, wages, etc.) [13] and charging costs constitute
the expenditure of the operator. Its utility function is

UO = D
∑nt

n=1(pssnx1
n + pttnx1

n) + k1m + C1mSc1
i(1+i)kc

(1+i)kc
−1

+ C2mSc2
i(1+i)ki

(1+i)ki−1
−∑nt

n=1(x
1
nsn)

DW100ePe
100 −C1m i(1+i)kc

(1+i)kc
−1
−C2m i(1+i)ki

(1+i)ki−1
− k2mPpSp

i(1+i)kp

(1+i)kp
−1
−C3Dm,

(10)

where k1 is the benefit coefficient of the car-sharing operator providing auxiliary services to the power
grid. Here, it is simply considered that the auxiliary service revenue is linear with the number of
vehicles. Where W100e is the power consumption of electric vehicles per 100 km; k2 is the ratio of
the number of configured parking spaces to the number of vehicles; C3 is the daily operating cost
per vehicle.

3.4. Constraints

nr(t) ≤ [0.95m], (11)

UO > 0, (12)

0 ≤ Sc1 ≤ Sc1max, (13)

0 ≤ Sc2 ≤ Sc2max, (14)

0 ≤ ps ≤ psmax, (15)

0 ≤ pt ≤ ptmax, (16)

where nr(t) is the real-time number of shared electric vehicles in use. Considering maintenance,
charging, scheduling and other factors, we assume that the number of vehicles in use at any time
should be less than 95% of the total number of the vehicles owned by the operator. Equation (12)
ensures that the operator is in good operating condition. The subsidy rates and prices cannot be
arbitrarily adjusted without restrictions. Equations (13)–(16) stipulate the upper and lower limits
according to the actual situation. Where Sc1max, Sc2max are the upper limits of subsidy rates; psmax, ptmax

are the upper limits of pricing strategies.
For operators, larger fleet and wider coverage will cause greater appeal to the users. However,

worrying about the cost and risk, the operator generally adopts a more conservative investment
strategy in the early stage and limits the fleet size within a certain range. The higher the financial
subsidies are, the stronger the willingness of the operator to operate is on a large scale. The more times
shared vehicles are used, the more active the operators are in predicting the industry’s prospects. Then
the operator will be encouraged to increase the fleet size. Thus, considering the impact of policy and
user response, the expression for the fleet size of the operator is built as follows:

m =

m0 + ε(Sc1 + Sc2) + k3

nt∑
n=1

(x1
n)

, (17)

where m0 is the number of electric vehicles that the operator has when reaching the basic operation
scale; ε and k3 respectively reflect the degree of influence of subsidies and user travel choices on the
fleet size of the operator.
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4. Existence of Nash Equilibrium and Solving Algorithm

4.1. Existence of Nash Equilibrium

Theorem 1 [30]: For a multilateral Stackelberg game, if X, Yi(i = 1, 2, · · · , n) are non-empty tight
convex subsets in two locally convex Hausdorff linear topological spaces respectively, the equilibrium
solution exists when each player satisfies the following conditions:

• ∀y−i ∈ Y−i, ui → f (x, ui, y−i) is quasi-convex
• f : X ×

∏n
i=1 Yi → R and fi : X ×

∏n
i=1 Yi → R are continuous set-valued mappings

Obviously, strategy sets of each player are non-empty tight convex subsets. The waiting time and
time value are random, which indicate that the utility functions of the players are continuous.

For the second condition in theorem 1, there have
∂UC
∂x1

n
< 0

∂2UC

∂(x1
n)

2 = 0
,


∂UC
∂x2

n
< 0

∂2UC

∂(x2
n)

2 = 0


∂UG
∂Sc1

< 0
∂2UG
∂Sc1

2 < 0
,


∂UG
∂Sc2

< 0
∂2UG
∂Sc22 < 0


∂UO
∂ps
≥ 0

∂2UO
∂ps2 = 0

,


∂UO
∂pt
≥ 0

∂2UO
∂pt2 = 0

(18)

It can be seen that the mathematical model satisfies the quasi-convex condition, so the existence of the
Nash equilibrium is proved.

4.2. Nash Equilibrium Solving Algorithm

According to the game mechanism and the mathematical model constructed above, the user’s
strategy can be directly optimized when the operator’s price strategies are given. Therefore, the model
is simplified to a two-layer programming problem, with the government’s payoff as the objective
function of the upper layer and the operator’s payoff as the objective function of the lower layer. The
users’ utility function is used for travel selection, and their travel conditions are the constraints of the
upper and lower layers. In this paper, the improved particle swarm optimization algorithm is used to
solve the problem. When the bi-level programming model reaches stable state, the adjustment of any
subject’s strategy cannot make its own benefit better. Therefore, the fitness function of the improved
particle swarm optimization (PSO) algorithm is constructed as follows:

f itness = max{|∆UO|, 0}+ max{|∆UG|, 0} (19)

The solution process is shown in Figure 3.
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1. Initialize the government’s subsidy rates Sc1, Sc2, and the operator’s pricing strategies ps, pt

according to the constraints (initialize the population).
2. Calculate the users’ utility function and determine their travel mode. Then calculating the

government’s and operator’s utility functions based on the users’ travel choice, the initial value
of the fitness function can be obtained.

3. Update the particles’ position and velocity based on the linearly decreasing inertia weight and
the asynchronous change learning factor, and then update the optimal values of the individuals
and group.

4. Repeat step 2 and 3 until the bi-level programming reaches equilibrium.
5. Output the optimal strategies of the government, operator and users.

5. Simulation Analysis and Discussion

A small town in China is selected for simulation analysis, assuming that the average daily travel
times of the motor vehicle of the town is 5000. Based on the data from American National Household
Travel Survey (NHTS) in 2017, Monte Carlo simulation is used to extract 5000 sets of travel data
from the users who choose to travel by motor vehicle, including travel time, travel distance, the
start and end time, etc. Referring to the description of the shared fleet size in [31,32], it is assumed
that the basic operation scale is 40 vehicles, the response coefficient of subsidies is 16.67, and the
coefficient of consumers’ enthusiasm is 0.05. Referring to the current subsidy policies and the pricing
standards for taxis and shared vehicles in the town, assume that Sc1max = 50%, Sc2max = 30%, psmax =

5CNY·km−1, ptmax = 0.4CNY·min−1. According to the survey data of the region, the values of the
remaining parameters are shown in Table 1 [23,27,28].
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Table 1. Parameter value for game solving.

Parameter Value Parameter Value

W100(kWh) 76. 662 k2 1.3
Pe(CNY/kWh) 0.81 W100e(kWh) 35. 001

ηes 50.5% i 10%
ηcs 28.7% kc 4

C100(kg) 14.955 ki 20
Pc(CNY/kg) 0.15 kp 10

n0 2 θ1(CNY/min) 1/6
Pp

(
CNY/m2

)
2500 θ2(CNY/min) 5/6

Sp
(
m2

)
30 θ3(min) 5

C1(CNY) 134800 θ4(min) 15
C2(CNY) 30000 pp(CNY/km) 2.63
C3(CNY) 150 COMe 0.3

D 365 COMp 0.09
k1 1277.5

5.1. Pricing and Impact of Subsidies

In order to study the importance of current policy support for the development of electric vehicle
sharing, this paper sets up two scenarios for case study. Scenario 1 considers the trilateral game among
the government, operator and users with the government’s financial subsidies. Scenario 2 cancels the
subsidy support. Only considering the environmental and social benefits of the government, a trilateral
game among the same three players is built. The results are shown in Table 2. The environmental
benefits include the benefits of energy-saving and emission reduction. The social benefits take the
reduction of urban land pressure and delaying of the construction of ancillary service facility in the
power grid into account. Their mathematical expressions are as follows:

Ue =

nt∑
n=1

(x1
nsn)DW100Peηes/100 +

nt∑
n=1

(x1
nsn)

DC100Pcηcs

100
, (20)

Us =

∑nt
n=1(x

1
n)

n0
PpSp

i(1 + i)kp

(1 + i)kp
− 1

+ k1m, (21)

Table 2. Equilibrium solution and the benefits of each participant in two scenarios.

Parameter Scenario 1 (with Subsidies) Scenario 2 (no Subsidies)

Price per kilometer (CNY) 1.683 1.7823
Price per minute (CNY) 0.175 0.1883

Subsidy rate for electric vehicles 0.1444 /
Subsidy rate for infrastructure 0.3835 /

The number of sharing travel daily 2008 1650
Sharing travel ratio 40.16% 33.00%

Operator benefit (million CNY) 16.30 18.14
Government benefit (million CNY) 17.73 16.22

Environmental benefit (million CNY) 6.57 6.13
Social benefit (million CNY) 12.46 10.24

In the unsubsidized scenario, the operator increases the prices to ensure the income level. The
average daily number of sharing decreases and then the scale of operation also decreased. The reduced
spending leads to higher revenue. Meanwhile, the decline in the enthusiasm of the users causes a
decrease in the government benefits, resulting in a reduction in environmental and social benefits,
which is not worth the loss for the government. This shows that subsidies play an important role in
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the early development of electric vehicle sharing. Comparing to the current mathematical models
discussed about electric vehicle sharing, we take the influence of the government into account [13,14].
The analysis of this paper shows that the subsidies can give operators and consumers a positive signal,
reduce the burden of initial investment by operators, support their development and operation and
bring more social and environmental benefits, which can satisfy the interests of all the players in
the game.

5.2. Sensitivity Analysis of Benefits to Subsidy Rates and Pricing Strategies

According to the definition of Nash equilibrium, after the game reaches equilibrium, changing the
strategy of either party will result in damage to other subjects’ interests. Next, the equilibrium solution
is analyzed. If the operator’s pricing strategy is adjusted, the interests of all participants are shown in
Table 3, and the changes are shown in Figure 4.

Table 3. Benefits of all participants after adjustment of prices.

Parameter −2% −1% 0% 1% 2%

The number of sharing travel daily 2114 2053 2008 1956 1906
Sharing travel ratio 42.28% 41.06% 40.16% 39.12% 38.12%

Operator benefit (million CNY) 15.6235 15.9856 16.2992 16.6573 16.9736
Government benefit (million CNY) 18.4681 18.0497 17.7347 17.3737 17.0311

Environmental benefit (million CNY) 6.6978 6.6299 6.5750 6.5094 6.4574
Social benefit (million CNY) 13.1186 12.7419 12.4642 12.1426 11.8344
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According to the tabular data, when the prices are lowered by 2%, the number of shared trips
increases by 5.28%. It can be seen that the users’ travel choice is very sensitive to price changes.
Operator’s revenue falls by 4.15%. Government’s benefit increases by 4.14%. Among them, the
environmental benefit increases by 1.87%, and the social benefit increases by 5.25%. As the cost of
shared travel is reduced, more users will abandon the fuel vehicles and use the electric vehicle sharing,
therefore the government’s benefit will increase. But in the early stage of the development of electric
vehicle sharing, when the utilization rate of facilities is low, more users mean larger scale and greater
cost. In addition, the fee income will decrease due to lower pricing. Therefore, the operator’s revenue
will decline to a certain extent. Obviously, this is what the operator is not willing to see. Similarly, the
upward adjustment of pricing will affect the enthusiasm of participating in sharing, resulting in the
impaired benefits of the government. Only the equilibrium solution can achieve a balance acceptable
to all players and contribute to the continued growth of environmental and social benefits.

Table 4 shows the benefit values when keeping the pricing strategy unchanged and adjusting the
subsidy rates.
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Table 4. Interests of all participants after adjustment of subsidy rates.

Parameter −2% −1% 0% 1% 2%

The number of sharing travel daily 2008 2008 2008 2008 2008
Operator benefit (million CNY) 16.2769 16.2881 16.2992 16.3104 16.3215

Government benefit (million CNY) 17.7570 17.7459 17.7347 17.7236 17.7124

Since the charging strategy is the most direct factor affecting the user’s travel choice, the daily
shared travel situation will not change if the pricing is unchanged. From the formulas of environmental
and social benefit, it can be known that the benefit values are mainly related to the travel situation.
Only adjusting the subsidies will not cause significant changes in their values, so the two items are not
included in Table 4 for analysis. If the prices remain the same, when the subsidy rates drop by 2%, the
government’s utility will increase by 0.13%, and the operator’s income will decrease by 0.14%. Then
the initiatives of the operator to improve services and scale up will be disrupted, which in turn will
affect the sustainable development of the industry. Even if the government’s utility improves due to
the reduction of expenditures, it will be very unfavorable for the growth of environmental and social
benefits in the long run. Similarly, an increase in the subsidy rate will increase government spending,
affect the government’s income level and investment in other areas, which may also adversely affect
the economy and people’s livelihood.

At the moment of advancing electric energy to replace other energy sources, there is still resistance
to the promotion of electric vehicles, and the promotion of electric vehicle sharing still needs to be
explored. From the above analysis, we can find that game theory has great advantages in coordinating
the interests of multiple subjects. When the game reaches equilibrium, the adjustment of either
participant’s strategy will harm the interests of the remaining participants. The equilibrium is
essentially a state that is accepted by all participants and can maximize their interests. Comparing
to the traditional optimization models that use the utility of the operator or users as the objective
function [13,33], this paper considers the benefits of all participants in the market and coordinates them
from a global perspective, which can balance the interests of all participants in the emerging industry of
electric vehicle sharing, maintain their enthusiasm, and ensure the long-term sustainable development.

5.3. Analysis of the Factors Affecting Subsidies and Pricing

Adjust the private car cost coefficient, sharing comfort cost, operating cost, and impact coefficient
of user choice and subsidy and make them change ±10%. The results are shown in the figures below.
Among them, the curves for the pricing strategies per kilometer ps and per minute pt are shown in
Figures 5 and 6 respectively. The curves for the subsidy rates for electric vehicles Sc1 and infrastructure
Sc2 are shown in Figures 7 and 8 respectively.
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As the cost of private car increases, even if the car-sharing operator raises the price, the cost of
sharing travel can be lower than the private car. So the car-sharing operator’s profit margin is larger,
and the price will definitely increase, as can be seen from the Figures 5 and 6. However, exorbitant
pricing will affect the enthusiasm of participating in sharing, especially the time-based charging price,
which will aggravate the users’ anxiety when parking, especially in traffic jams. Therefore, after the
initial growth, with the change in the cost of private cars, the curve of prices per minute has a slight
decline in the later period, which can avoid an excessive increase in the total amount of charges when
the price per kilometer is increasing. With the cost of sharing comfort increases, the comfort of using
decreases. So, the operator needs to reduce charges to improve user satisfaction, and both price curves
for sharing comfort cost are declining.

The price curves of the operating cost and the influence coefficient of the user’s choice are
up-concave, and the subsidy rate curves are up-convex. The increase in the influence coefficient makes
the operator’s fleet size increase, which leads to an increase in daily operating costs. Therefore, the
curves corresponding to the two influencing factors have the same trend. The initial development of
the operator focuses on expanding the scope of services. By lowering the prices, users in larger areas
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can be further attracted, and the utilization efficiency of facilities can be improved, thereby achieving
greater benefits. At this time, the increase in policy support will help ease the economic pressure of
the operator, so the subsidy rates have increased. After having a certain scale, the customer base is
basically determined in the early stage of publicity and operation, and has little potential for expansion.
At this time, it is necessary to improve the quality of service in order to prevent the consumer from
leaving, guaranteeing vehicle availability, and making it convenient to park nearby. Increasing the
prices can guarantee the revenue of the operator. For the users, the increase in satisfaction can make up
for the loss caused by the increase in travel expenses. After the development of the industry enters a
stable state, the encouragement brought by subsidies is weakened. The operator needs to seek new
business models that do not depend on subsidies, as the subsidy rates are gradually decreasing. For the
curve of the impact coefficient of subsidy, the higher the subsidy rates are, the higher the enthusiasm
for participation is, and the larger the subsidy impact coefficient is.

From the above analysis, it can be seen that the private car expenses, sharing comfort and the
operating cost can have a great impact on the equilibrium price of the game. The operator needs
to carefully determine the value of each parameter when formulating the prices. And it should be
adjusted according to the actual situation such as the change of oil price to ensure the best efficiency.
The subsidy rates are closely related to the development process of electric vehicle sharing. The
government can gradually adjust the subsidy rates according to the industry’s development trends to
ensure the optimal comprehensive benefits.

6. Conclusions

In view of the situation that the development of electric vehicle sharing is in its early stage
during which the participation of the government plays an important role, such as in China, and
considering the government subsidies, a two-stage Stackelberg game model involving the government,
electric vehicle sharing operator and consumers is proposed. Based on the utility theory, the model
constructs the utility function of each participating entity, quantitatively considers various factors
such as environmental benefits and social benefits, takes the interests of multiple participants into
account, and provides ideas for car-sharing operators to formulate price strategies. The simulation
results verify the correctness and effectiveness of our proposed model and indicate that game theory
has great advantages in coordinating the interests of multiple subjects. Based on it, the subsidies
and pricing strategies obtained can meet the interests of all participants, obtain their recognition and
make the overall benefit optimal. The results also show that subsidies play an irreplaceable role
in the development of electric vehicle sharing in China. Private car expenses, sharing comfort and
operating costs can have a great impact on the equilibrium prices of the game. The subsidy rates are
mainly related to the size of the shared operation and need to be adjusted in accordance with the
actual situation.

The size of the operator’s fleet in this paper only briefly considers the impact of subsidies and
user enthusiasm. A more accurate mathematical model is needed in the further development. The
development of electric vehicle sharing is closely related to the social and cultural environment in
which they are located. This article only uses China as an example for analysis. Subsequent research
can deeply explore the impact of social and cultural factors. In the electric vehicle sharing market,
the government not only exerts influence through financial subsidies, but also plays an important
role in facility construction, traffic layout and so on. How to quantify and measure the effects of the
government’s policy requires further research. In addition, the network settings and user requirements
for electric vehicle sharing will have a significant impact on traffic conditions. Subsequent research can
optimize traffic conditions in conjunction with relevant data from the transportation network.
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