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Abstract. Based on consumers' different value preferences for EV charging and
swapping battery, a tripartite game model is constructed from the perspective of
EV manufacturers and swapping battery station builders to reveal the optimal
decision under the competition between charging mode and swapping battery
mode. By comparing the profit level and the number of swapping battery sta-
tions before and after the joining of swapping battery station builders, this paper
explores the influence of swapping battery station hypothesis outsourcing on
swapping battery vehicle manufacturers. The study found that although the con-
struction of outlay swapping battery station can not increase the profits of
swapping battery vehicle manufacturers, it can reduce the profits of charging
vehicle manufacturers. When outsourcing, it is necessary to fully consider the
appropriate dividend ratio to ensure the profit level of the swapping battery ve-
hicle manufacturer.

Keywords: New energy vehicles, range anxiety, mode choice, swapping bat-
tery mode, game theory.

1 Introduction

The development of electric vehicles is an important measure to optimize the energy
structure, improve the ecological environment, and help the sustainable development
of cities. In the development of electric vehicles, how to supplement energy has al-
ways been a problem under discussion. At present, the charging mode dominates the
market, and charging piles have been laid in most areas. However, it still has the
problem of long charging time and range anxiety among consumers. In order to solve
the above problems, the swapping battery model has developed under the support of
national policies, and it has quickly seized a part of the market with the advantages of
fast replenishment speed, showing great potential. Therefore, it is of great signifi-
cance to study the operation and decision-making of the swapping battery mode to
promote the development of China's electric vehicle industry and drive the sustainable
development of society.

At present, domestic and foreign decision-making research on electric vehicles
mainly focuses on two aspects: consumer choice and government subsidies. Lim et al.
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(2015)" considered resale anxiety and range anxiety, built a consumer utility model
based on the heterogeneity of consumers, studied the impact of resale anxiety and
range anxiety on the promotion of new energy electric vehicles, and proposed that the
generation of anxiety would damage corporate profits, but could improve consumer
surplus to a certain extent. Acvi (2012)?! studied the impact of the emergence of
power conversion mode in the market, from the perspective of the different impacts of
the simultaneous emergence of fuel vehicles and charging mode or fuel vehicles and
power conversion mode in the market, and compared the differences between the two
business models. Schuitema et al. (2013)5] studied the impact of consumers' percep-
tion of vehicle attributes on their willingness to use new energy vehicles, and believed
that factors such as performance, driving pleasure and perception of symbolic mean-
ing of new energy vehicles affected consumers' acceptance of new energy vehicles.
Schneider et al. (2014) analyzed the early user group data of new energy vehicles in
Germany, and the research results showed that factors such as age, gender, living area
and work type would affect consumers' purchase intention of new energy vehicles.

Gnann et al. (2015)) and Rijnsoevre et al. (2013)! respectively studied the impact
of German policies and Dutch subsidy policies on the promotion, application and
industrial development of new energy vehicles. Sakamot et al. (2016)theoretically
analyzed the impact of fiscal subsidies provided by the government on the adoption of
new energy vehicles, and believed that fiscal subsidy policies were conducive to the
popularization of new energy vehicles. Hao et al. (2014)® studied the issue of subsi-
dies for new energy vehicles in China, proposed the basic principle of government
subsidies in two stages, and estimated the impact of subsidy policies on the promotion
of new energy vehicles.

Most of the above literatures take the charging mode as the research object, and
rarely involve the swapping battery mode. It does not consider the operation strategy
of the swapping battery mode under the competition of the charging mode. Based on
the development status of electric vehicles, this paper constructs the Steinberg game
model to simulate the competition between charging vehicle manufacturers and
swapping battery vehicle manufacturers, and obtains the optimal pricing strategy of
the two manufacturers.

2 Model

Consider a competitive market with charging vehicles manufacturers (firm A) and
swapping battery vehicles manufacturers (firm B). The charging vehicles manufactur-
ers only produce and sell charging vehicles, which will provide consumers with a
basic functional value v. Because the charging infrastructure is now more complete,
we do not consider the construction cost of its charging infrastructure. The swapping
battery vehicle manufacturers only produce and sell swapping battery vehicles, which
can not only provide functional value v to consumers, but also provide convenience to
consumers by building switching power stations. The firm incurs a development cost

%km2 to increase the number of changing stations m The firm B does not necessarily
need to undertake the construction of the swapping battery station itself. It can out-
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source the construction of the swapping battery station to a third-party swapping bat-
ter station construction company (firm C) and give it a percentage of profit.

Assuming that consumers are heterogeneous in functional value v, which follows a
uniform distribution over [0,1].The utility of consumers buying a charging vehicles is
ul = §v — p!.The top corner i indicates which mode you are in.Which p! refers to
the price of the charging vehicle, § is the impact of range anxiety on the functional
value v. The greater the range anxiety, the smaller the consumer's total valuation of
the charging vehicles. The utility of consumers buying a swapping battery vehicle
isul = v — pl + fm , where p! is the price of the electric replacement vehicle,( is the
convenience factor of the power station, the more number of swapping battery station
m, the more consumers feel the convenience of buying swapping battery vehicles.

In the model, the new energy vehicle enterprises all aim to maximize profits. In the
competition without firm C, firm A, as the market leader, sets the price first, and the
firm B then decides on the price of the swapping battery vehicles and the number of
swapping battery stations at the same time. When firm C joins the competition, firm C
decides the number of swapping battery stations to be built, and firm A and firm B
decide the prices of charging vehicles and swapping battery vehicles at the same time.
Therefore, this paper builds a Stackelberg game model to simulate the competition
among new energy vehicle manufacturers.

2.1 No firm C

When firm C did not join the market, firm B independently undertook the construc-

tion of the swapping battery station to provide replacement service. when ul >
1_.1_

ul,ul > 0,consumers buy swapping battery cars,and v € [%, 1].when ul >

ps—Pé-

1
. . m
ul,ul > 0,consumers buy charging vehicles,and v € [%C, - 6ﬁ 1.So we can figure

out that the number of the two models is:

1_,1_
di(pl,plmt) = 1 - e (1)
1_,1_ 1
di(pt, pt,m?) = Pl P 2

Therefore, the profit of charging car manufacturers and switching car manufactur-
ers is:

1
R} = pldi —km? (3)
R} = pld! 4)

In order to solve the Steinkolberg model, according to backward induction, the op-
timal pricing of firm A and firm B is solved at the same time, and then the optimal
investment strategy of company B is solved. It can be seen through analysis, when

2
k> f_—s,The optimal pricing and the optimal number of swapping battery stations are
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1% _ 8((6-1)k+B?)

€ T (26-4)k+2p2 )
1% _ —k(6-1)(k(62-58+4)+B2(6-2)) ©6)
S 4(6-2)(6-1)k2+P2k(65—8)k+284
* 2_ 208
ml" = B((62-56+4)k+B2(6-2)) )

T 4(6-2)(6-1)k2+B2k(656-8)k+25%

Substitute equations 5,6 and 7 into equations 3 and 4,the optimal profit available is:

1* _ (k(B-1)+B?)%5
Re = 4(4(6-2)k+B2)(2k(5—1)+2) ®)

1% _ —k(k(8%-586+4)+p>(5-2))%
S 8(4(6-2)k+B2)(2k(6-1)+B2)

)

2.2 Firm C’s entry

Let's apply the sales function from the previous chapter. In this chapter, firm C will
build the swapping battery station and share the profits of firm B. The profit function
of the three companies is

R} =p¢di(1—a) (10)
RZ = péd? (11)
R? =p52d§a'—§km2 (12)

In order to solve the 3-level Stankelberg model, according to backward induction,
the optimal investment strategy of firm C is solved first, and then the optimal pricing

of firm A and company B is solved. It can be seen through analysis that when k >

25—
M,the optimal pricing and the optimal number of swapping battery stations are

(4-8)(1-6)
2t _ 8(6-1)(8(2af?—5k)—4af?+k(4+652)) (13)
¢ k82462 (2af2-9k)+8(24k—8aB2)+8af2-16k
2% 2k(5-4)(6-1)?

Ps T k62+682(2aB2-9k)+8(24k—8aff2)+8a B2 —16k (14)
m?* —4aB(6-2)(6-1) (15)

- k82+82(2ap2-9k)+5(24k—8aB2)+8aB2—16k
Substitute the optimal solution into the profit function.

R2* = §(1-8)(k(4+62)—-4aB?+6(2aB?-5k))?
€ T (k82+62(2af2-9k)+5(24k—8aB2)+8afZ—16k)2

(16)

RZ* — 4k?(a-1)(6-1)3(6-4) 17)
ST (k862+62(2af2-9k)+5(24k—8af2)+8a B2 —16k)2

Rz* _ 4ka(1-6)?
b T k§2+682(2ap2-9k)+5(24k—8af2)+8af2—16k

(18)
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3 Analysis

Proposition 1. The entry of firm ¢ hurts the profits of firm b and increases the profits
of firm A. Mathematically, we have R!” > R?"and.R!}" < RZ".

The proposition shows that when the swapping battery vehicles manufacturer inde-
pendently undertakes the construction of the swapping battery station, it can simulta-
neously decide the construction quantity of the swapping battery station and the price
of the swapping battery vehicle, which can achieve the global optimal and maximize
the total profit. This is in line with reality. In daily life, most of the manufacturers,
such as NIO, choose to build their own swapping battery stations, and adjust the price
of the vehicles through the construction cost of the swapping battery station, in order
to obtain the maximum profit to offset the cost of operating the swapping battery
station. The proposition also shows that the independent construction of the swapping
battery station by the firm B can reduce the profits of competitors (firm A), so when
the range anxiety is low and the competition is more intense, the strategy of inde-
pendent construction of the firm B is more suitable.

Proposition 2 (i)When firm ¢ does not enter, with the increase of the convenience
coefficient of the swapping battery station, the profits of the firm B first decline and

J@=8)k(62-55+4)
@=OkE?=55+8) o
2-6

. . oRZ"
then increase. Mathematically, we have ;—; < 0when B <

arZ’ J(2=8)k(62-556+4)
28 >0when,[>’>—2_8 .

(il)when firm c enter, with the increase of the convenience coefficient of the swap-
ping battery station, the profits of the firm B increase. Mathematically, we have
aRrZ"

o8 > 0.

B

Fig. 1. The influence of convenience coefficient of swapping battery station on profit of Com-
pany B.

As shown in Fig.1, the proposition shows that when the firm C enters, the impact
on the firm B is non-monotonic, showing a trend of first decreasing and then increas-
ing. The larger B is, the greater the utility brought by the construction of each swap-
ping battery station, the more people want to buy swapping battery vehicles, the price
is relatively higher, and the profit should continue to grow. But 8 is at a younger age,
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the effect is just the opposite. This is mainly due to the existence of the construction
cost of the swapping battery station. When f3 is less, the increase in profits brought by
the increase in the number of swapping battery stations cannot make up for the cost
brought by its construction, so only when it is larger can we see the positive effect on
profits. Therefore, for the firm B that independently undertake the construction of the
replacement power station, if the convenience coefficient of the swapping battery
station is not high, the appropriate slowing down the construction demand of the
swapping battery station is more in line with the interests of the firm B. When the
convenience coefficient of the swapping battery station is high, the construction of the
swapping battery station can be increased. At this time, the increase in the number of
swapping battery stations can increase the profits of the firm B, and the investment is
profitable.

When firm C enters, the impact of Bis consistent with everyone's usual cognition,
that is, consumers are more comfortable with the increase in the number of swapping
battery stations, and the profits of the firm B should show an upward trend.Before and
after the entry of firm C, the impact of § on the profit of the firm B is different, main-
ly because when firm C does not enter, firm B has to consider the cost of constructing
the swapping battery station, which leads to the decline of profit when fis younger.
When firm C enters, firm B only needs to consider the sale of cars, so the increase of
B will directly lead to the increase of profits.

Proposition 3 When the profit distribution ratio is large, the number of swapping
battery stations constructed by firm C is higher than that independently constructed by
firm B. When the profit distribution ratio is small, the opposite is true. Mathematical-
ly ,we have m'” > m? when a < @, and m*" < m2” when a > a, .

Proof: We compare the number of swapping battery station under the two models.

1

. * * A .
DefiningA;= m! — m? ,we have 6—; < 0.Setting A;= 0,we have

a. = k(5—1)(6—4)2(8B?+k5%—2B2—5k5+4k)
X T 2(8-2)(B462+B262k+5k62 B2 +8k252—14kSf2—22k252+8k B2 +405k2—16k2)

Proposition 3 shows that the number of swapping battery stations constructed by
firm C is affected by the profit sharing ratio. When the profit sharing ratio given by
firm B to firm C is too small (that is, the attraction to firm C is weak at the moment),
the number of swapping battery stations constructed by firm C is too small. At this
time, if firm B is selected to undertake the construction by itself, the number of swap-
ping battery stations can be increased. When the profit sharing ratio of firm B to firm
C is too large, resulting in the construction of too many swapping battery stations by
firm C, there will be excessive investment, which will seriously affect the profits of
firm B. When firm B considers whether to entrust firm C to undertake the construc-
tion of the swapping battery station, it should take into account the profit sharing ratio
during the cooperation between the two parties and the current operating conditions.
If it only pursues profit maximization, it can choose to undertake the construction by
itself. When firm B is in the stage of high mileage anxiety, its profit is in the highest
space, and it can promote the construction of the swapping battery station by increas-
ing the profit sharing ratio. When the mileage anxiety is small and the profit of firm B
is lower than that of firm B with high mileage anxiety, the competition among enter-
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prises will become more intense, and the optimal decision can be reached by inde-
pendently undertaking the construction of the changing power station by its own en-
terprise.

4 Conclusion

The main conclusions of this paper are as follows: 1 The participation of the third-
party swapping battery station construction company will hurt the profits of the swap-
ping battery vehicles manufacturers, but it can help to fight the charging vehicles
manufacturers. 2 The influence of convenience coefficient of swapping battery station
on the profits of swapping battery vehicles manufacturers is non-monotony. When the
convenience coefficient of swapping battery station is small, they choose to outsource
the construction of swapping battery station to other companies, and when the con-
venience coefficient of swapping battery station is high, they choose to undertake the
construction by themselves. 3 swapping battery vehicles manufacturers can not blind-
ly increase the dividend ratio, to consider their own business situation, too low divi-
dend ratio will create a lack of swapping battery station, too high dividend ratio will
damage their own profits.
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permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Research on competition and investment strategy of electric vehicle charging and replacement mode

