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/is paper analyzes the development prospects of zinc-nickel battery industry, further investigates the industry competition in
existing markets by mathematical modeling, calculates the equilibrium price and profit of the oligarch competition by using the
method of Stackelberg equilibrium and Nash equilibrium, and makes a comparison between them./en, we study and model the
case of renting and selling simultaneously. In addition, we also study the impact of futures prices on the zinc-nickel battery
companies and carry out numerical simulation. At the end of this paper, we analyze the location of zinc-nickel battery enterprises
and the industry development under the COVID-19 pandemic./e finding show that the reduction of rawmaterial cost is of great
help to the development of the zinc-nickel battery industry.

1. Introduction

It has been around 200 years since the battery was firstly
invented. In 1780, Alessandro Volta dipped zinc and tin
plates into salt water and found an electric current flowing
through the wire connecting the two plates. It was the first
battery in human history and also the first time zinc was used
in a battery. In 1859, Gaston Plante invented rechargeable
lead-acid battery, and rechargeable iron-nickel battery was
invented by /omas Edison in 1890. Since then, nickel has
been widely used in the positive electrode of batteries. Since
the twentieth century, both the battery theory and tech-
nology got into a period of stagnation. But after World War
II, battery technology began to develop rapidly. Alkaline
zinc-manganese dioxide batteries meet the needs of heavy-
load applications. Harris proposed the use of organic
electrolyte as electrolyte for lithium batteries in 1958, and
this technology has been available for military and civilian
use since the early 1970s. Subsequently, due to environ-
mental considerations, the research of the battery industry
began to turn to the storage battery.

/e first battery factory of China was founded in
Shanghai in 1911. In 1921, Shanghai storage battery factory
was established, which was the first professional lead storage
battery factory in China. In 1941, the telecommunications
material factory affiliated to the /ird Bureau of the Central
Military Commission of Yan’an began to produce zinc-
manganese dry batteries and repair lead-acid batteries. After
the founding of the People’s Republic of China, domestic
battery industry developed rapidly. In 1957, the establish-
ment of the Chemical Power Research Office of the Electrical
Materials Bureau of the Ministry of Mechanical and Elec-
trical Engineering was established under the instruction of
central government, which became China’s first professional
research institute, namely, the former Chemical Power
Research Institute of the Ministry of Electronic Industry
(Tianjin Power Research Institute). At present, China’s
battery industry has been developed by leaps and bounds,
forming a complete industrial chain, and the technology is
also at a leading level in the world.

For the current battery industry in China, the main
problems are serious environmental pollution and waste of
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resources. /e low degree of automation and mechanization
directly results in great pollution in the production process as
well as irreversible harm to the workers. /e dry battery in-
dustry has been nicknamed “pollution enterprises” or “black
industry” for a long time. /ese pollutants mainly include
MnO2 powder, HgO, asphalt smoke, smoke, and paraffin
smoke. Mercury is the most concerned chemical element, as a
highly toxic heavy metal; even a trace of Mercury is seriously
toxic to human. /e production and import of mercury
batteries has been banned in developed countries since 1994.
However, most manufacturers in China still produce mercury
batteries./e main pollutants of lead-acid battery industry are
Pb, Pbo dust, acid fog, and waste acid. Lead is also a heavy
metal with high toxicity. Chronic lead poisoning is mainly
manifested in nervous system damage, renal dysfunction, and
anemia. Most of the raw materials of Cd-Ni batteries are
powders, which lead to dust pollution. And the toxicity of Cd
is even greater; it can accumulate in the kidney and bone and
cause renal dysfunction. In addition, calcium in the bones is
replaced by cadmium, making the bones soft and painful.
Alkali mist and waste acid are also important pollutants.
Verdigris and pulp phenomenon is quite common for zinc-
manganese dry batteries, while alkali spray or burst may occur
in the use of MH-Ni batteries. To reduce the emissions of
harmful pollutants, protect the environment, maintain the
ecological balance, and protect the limited resources on the
Earth, it is necessary to expand the types of resources as far as
possible, use the resources with abundant reserves, and utilize
the resources that are conducive to environmental protection.

As a substitute of lead-acid battery, zinc-nickel battery
has the characteristics of large capacity, high specific ca-
pacity and good safety, which will be the key industry to be
developed in China in the future. /e anode and cathode of
the zinc-nickel battery are made of nickel and zinc, re-
spectively, so the high capacity of the zinc-silver electrode
and the long life of the Ni-Cr battery are both provided. Its
specific capacity can reach 50–80Wh/kg, specific power
more than 200W/kg, can work in minus 20 degrees Celsius
to zero 60 degrees Celsius, the use of space. Its raw material
cost is low, pollution is small, and it is a kind of green
environmental protection chemical battery.

Zinc-nickel batteries are mainly used for electric bicy-
cles, electric sightseeing vehicles, and other vehicles. With
the implementation of the “new national standard” for
electric bicycles, the electric bicycle industry is gradually
standardized. Traditional lead-acid electric vehicles need to
be withdrawn from the market gradually, and the market
demand for zinc-nickel batteries will increase further. In
addition, with the gradual opening of the market of shared
electric bikes, there is a large amount of demand space,
which is a great news for the zinc-nickel battery industry.

As a company mainly producing zinc-nickel batteries,
ZincPower is of great development space in the future. To
make somemeaningful suggestion to the development of the
enterprise, this paper mainly analyzes the zinc-nickel battery
industry. /e research is divided into three parts. /e first
part is the market research of zinc-nickel battery, the second
part is the cost research of zinc-nickel battery, and the third
part is the development research of ZincPower.

2. Research Reviews

2.1. Research on Supply Chain Game. Korpeoglu et al. [1]
studied supply chains in which multiple suppliers sell to
multiple retailers in a wholesale market. /ey found that
integration may reduce the total profit of companies in a
retailer-oriented supply chain. Feng et al. [2] investigated a
dynamic game where a seller and a buyer bargain over the
quantity and price of products. Beer et al. [3] discussed a
supply chain with a buyer and upstream suppliers. /ey
showed that investments can be seen as a signal of trust-
worthiness. Shang et al. [4] studied the information sharing
problem in supply chain. /e results showed that the retailer
would like to sell information sequentially instead of con-
currently to the manufacturers. Hafezalkotob et al. [5] in-
vestigated the regulator’s policies on environmental
protection in regular supply chains and illustrated how the
budgetary constraints impact the efficiency by numerical
experiment. Ang et al. [6] investigated a three-level supply
chain and found that the manufacturer usually prefers less
overlap. Gao et al. [7] considered the supply chain coor-
dination problem of random demand in the infinite period
and proposed a delayed payment contract to coordinate the
supply chain to achieve Pareto optimization. Giri and Maiti
[8] established a supply chain model.

2.2. Research on the Supply ChainOperations. In the study of
Mallidis et al. [9], companies believe that carbon tax should
be considered in the decision-making process as a cost, and
the decision variable will have the characteristic of uncer-
tainty. Benjaafar et al. [10] considered the carbon emission
limitation and the trading mechanism as an influencing
factor in the process of corporate decision-making. Paksoy
et al. [11] weighed carbon emissions with corporate revenue
and social utility and made joint decisions.

Supply chain contracting is an important subject in
production research, management science, and operation
management. Many previous studies have studied how
supply chain contracts and information updates affect each
other, and how supply chain contracts can optimize the
efficiency of individual members by reducing information
asymmetry. Incentive contracts can promote information
sharing between supply chain members and overcome the
problem of double marginal effect: double marginal effect
means that in a supply chain, members have different
marginal standards while ignoring the other, which leads to
the difference between decentralized decision-making and
centralized decision-making, such as order volume [12].
/e principal-agent problem in economics has led the
research direction of supply chain contracts, in which at
least two supply chain members (such as the buyer and the
seller) participate in the transaction [13]. Supply chain
contracting is now significantly affecting supply chain
operations management and production research [14]. In
the news provider type model, the supply chain contract
has been identified as an incentive adjustment scheme,
because it helps to make decentralized decision-making the
same (or at least close) to centralized decision-making,
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thereby helping the supply chain to improve efficiency.
Information asymmetry will negatively affect the efficiency
of the supply chain, but appropriate measures can reduce
or eliminate the effects [15]. For example, when dealing
with information asymmetry, the contract can provide
buyers with more choices and flexibility. Supply chain
contracts include wholesale price contracts, revenue
sharing contracts, return contracts, two-part tariff con-
tracts, service commitment contracts, and quantity flexi-
bility [16].

Hafezalkotob [17] consider the chain and a formal supply
chain competition under the government’s financial inter-
vention. Each supply chain has a manufacturer and a retailer,
and the two retailers compete for retail prices in a highly
competitive market. /e results of the article show that the
government’s fiscal intervention has a significant impact on the
profits of supply chain members. Research by Tian et al. [18]
analyzed the influence of behavioral factors and communi-
cation channels on supply chain management and combined
them with evolutionary game theory to establish a system
dynamics model. Based on the Chinese automobile industry,
the study found that the government and consumers have
different influences on the diffusion process of supply chain
management. Factory subsidies are better than consumers’
promotion of the proliferation of green supply chain man-
agement, and environmental awareness is another influential
key factor. /rough its application in China’s automobile
industry, this model can be applied tomanufacturing countries
like China. Zhang et al. [19] considered the cooperative game
and noncooperative game in themixed productionmode of the
supply chain and concluded from the result of the game
equilibrium that under different production modes, the system
performance in the cooperative game is always better than that
in the noncooperative game. Sarker et al. [20] established an
optimal ordering decision model for deteriorating items under
the conditions of inflation, allowable deferred payment, and
allowable shortage and gave the optimal order quantity and
maximum allowable shortage. Chern et al. [21] constructed a
supply chain model for both the supply and demand sides
based on the consideration that delayed decision-making has a
positive impact on demand and a negative effect on costs and
obtained the optimal solution for both sides under the non-
cooperative Nash equilibrium.

2.3. Research on the Dynamic System. /e performance of
evolutionary games in nonlinear dynamic systems in supply
chain management is extremely prone to complex dynamics
such as chaos. /e existing literature summarizes and elab-
orates on the complex behaviors in the supply chain in detail.
Waltman et al. [22] studied the evolution model of price
competition among spatially distributed enterprises. Based on
the theory of bounded rationality, Yassen and Elsadany [23]
studied a Cournot duopoly game and found that if one of the
companies uses delayed bounded rationality, it will be easier
to reach the Nash equilibrium. Based on a two-stage delay
game model, Ma and Si [24] analyzed the stability of the
system related to delay and weight. /e article also uses state
variable feedback and parameter change methods to control

the chaotic state of the system. Elsadany et al. [25] established
a dynamic game system with four different companies and
believed that the application of delayed feedback control
methods can control the chaos of the system. Shi et al. [26]
also established a dynamic duopoly game model and showed
images of bifurcation and chaos in the system. Tramontana
and Elsadany [27] used random demand theory to establish
and analyze a three-oligarch model. /e analysis results show
that the dynamic characteristics of the system accompanied by
the stochastic equation may be periodic, quasiperiodic, or
chaotic. Li and Ma [28] studied the price decisions of dual-
channel retailers between online channel and traditional
channel and used the bifurcation theory of dynamic systems
to analyze the impact of delayed decision-making on the
stability and complexity of the entire system. Xie et al. [29]
analyzed the optimal subsidy strategy offered to a vaccine
supply chain. /e results show that for a higher innovation
effort, the production-based subsidy rate is better off if there is
a low innovation cost coefficient. Lou and Ma [30] investi-
gated the complexity of sales effort and carbon emission
reduction effort in a Bertrand household appliance supply
chain. /e finding implies that the adjustments of price will
affect the supply chain stability and profits. Xie et al. [31]
considered a supply chain involving two manufacturers and
made some managerial suggestions to the manufacturers for
keeping the system stable. Puu [32] summarized the chaotic
duopoly. /e self-control feedback continuous control of
chaos is studied. Zhang and Yu [33] established Hotelling’s
model of bounded rationality to analyze the complexity of
dynamic economic systems. Gao and Ma [34] studied the
complex dynamic behavior of the financial system. In addition
to macroscopic perspective, there are also microscopic dy-
namic studies. Ma and Ren [35] thoroughly demonstrated the
Hopf bifurcation condition in the fractional-order system
model by combining the ISLMmodel and the fractional-order
calculus theory. Ma and Xie [36] considered the profits and
stability through the supply chain system under policy in-
tervention. Most of the existing literature studies focus on the
short-, medium-, and long-term game strategies of the supply
chain [37–39]. Some studies also analyze the dynamic char-
acteristics of the dynamic game model of the dual channel
supply chain system in the long-term game [40–42], such as
bifurcation, initial value sensitivity, and irreversible endo-
morphism. Market turbulence and instability will not only
affect the stability of the economic system but also affect the
long-term profits and game strategies of different enterprises
[40, 43, 44]. Xu and Ma [45] studied a nonlinear dynamic
system composed of solar photovoltaic supply chain to study
the impact of long-term operation strategy, equilibrium sta-
bility, and conservative and radical strategies on the system.
Bao and Ma [46] studied the short-term and long-term re-
peated game behavior of two parallel supply chains producing
electric vehicles and fuel vehicles. After considering three
game models (noncooperation, cooperation, and cost sharing
contract), the dynamic behavior of two parallel supply chains
in long-term repeated game is analyzed. Zhang and Sarvary
[47] studied the complex dynamic behavior of the differen-
tiation with user-generated system, and the research results
have good theoretical value.
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3. Market Research of the Zinc-Nickel Battery

At present, there are many enterprises producing zinc-nickel
batteries in China, while two to three enterprises are of large
scale and high output, namely, CHILWEE Power Supply
Co., Ltd., ZincPower (Tianjin) New Energy Co., Ltd., and
Chaoli (Henan) New Energy Co., Ltd. Taken these into
consideration, the domestic zinc-nickel battery market is an
oligopoly market. In the following chapters, we will carry out
supply chain modeling and simulation of this market, so as
to analyze and study the sales situation of zinc-nickel battery.

3.1. Oligopoly GameAnalysis with UncertainMarket Demand

3.1.1. Game Analysis of Duopoly. At present, there are many
enterprises producing zinc-nickel battery, but CHILWEE
and ZincPower take the most market share, which means
that the domestic zinc-nickel battery market is an oligopoly
market, and the competition between the two companies is a
Stackelberg game. As shown in Figure 1, CHILWEE plays
the role as the pricing leader in the game, while ZincPower is
the pricing follower.

/e unit price of zinc-nickel batteries of CHILWEE is
expressed as p1, the production cost is written as c1, the unit
price of ZincPower is p2, while the production cost is

expressed in terms of c2 /e market demand of zinc-nickel
batteries of CHILWEE is D1, the market demand of Zinc-
Power is D2, A represents the total demand of the market,
and b and d are the market competition coefficients of the
two enterprises. ε1 and ε2 are the disturbance factors of
demand of the two enterprises. And their values are shown
as follows:

D1 � A − p1 + bp2 + ε1, (1)

D2 � A − p2 + bp1 + ε2. (2)

Combining equations (1) and (2), the profits of the two
enterprises are expressed as follows:

π1 � p1 − c1(  A − p1 + bp2 + ε1( , (3)

π2 � p2 − c2(  A − p2 + bp1 + ε2( . (4)

Since CHILWEE is the dominant player in the market,
we first obtain the partial derivative of equation (4) zπ2/zp2,
and after obtaining the optimal price p∗2 , we substitute it into
the partial derivative of equation (3) zπ1/zp1 to obtain the
optimal the optimal price p∗1 . From this, we can conclude
that the optimal price and optimal profit of the two com-
panies are, respectively,

p
∗
1 �

− 2a − ab − 2c1 + b
2
c1 − bc2 − 2ε1 − bε2

2 − 2 + b
2

 
,

p
∗
2 �

1
2

a + c2 + ϵ2 +
b − 2a − ab − 2c1 + b

2
c1 − bc2 − 2ϵ1 − bϵ2 

2 − 2 + b
2

 
⎛⎝ ⎞⎠,

π∗1 �
2a + ab + − 2 + b

2
 c1 + bc2 + 2ϵ1 + bϵ2 

2

8 2 − b
2

 
,

π∗2 �
− 4a − 2ab + ab

2
+ b − 2 + b

2
 c1 + 4 − 3b

2
 c2 − 2bϵ1 − 4ϵ2 + b

2ϵ2 
2

16 − 2 + b
2

 
2 .

(5)

With the development of enterprises, when the two
enterprises have equal competitiveness, simultaneous pric-
ing strategy will be adopted in the pricing process. In this
case, the game between the twomanufacturers is Nash game.

Here, we combine partial derivative equations zπ1/zp1 and
zπ2/zp2 to get the optimal prices and profits of the two
companies. /e game results are as follows:

p
∗
1 � p
∗
2 � −

2a + ab + 2c1 + bc2 + 2ϵ1 + bϵ2
− 4 + b

2 ,

π∗1 � π∗2 �
1

− 4 + b
2

 
2 2a + ab + − 2 + b

2
 c1 + bc2 + 2ϵ1 + bϵ2  2a + ab + 2(− 1 + b)c1 +(− 1 + b)bc2 + 2ϵ1 + 2bϵ1 − b

2ϵ1 − bϵ2 + b
2ϵ2 .

(6)

Since CHILWEE occupies a dominant position in the
market, its production cost has an advantage, that is, c1 < c2.
Here, we assign the parameters as follows: a, c1, c2, ϵ1, ϵ2  �

10, 1, 1.2, 1, 1.2{ } (Figure 2).

As shown in Figure 3, with the increase of b, the product
price and profit of both enterprises will increase. /is shows
that if the substitutability of the two companies’ products
increases, the competition between the two companies will
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increase. At the same time, both parties can jointly pursue
high prices to achieve higher profits.

3.1.2. 3ree-Oligarch Game Analysis. Market environment
is changing constantly, so the duopoly structure is easy to be
broken. In terms of the zinc-nickel battery market, three-
oligopoly competition market structure is the trend of times;

we set up a three-oligarch competition model to research the
competition of the three companies mentioned before.

D1 � A − p1 + bp2 + kp3 + ε1,

D2 � A − p2 + bp1 + dp3 + ε2,

D3 � A − p3 + kp1 + dp2 + ε3.

(7)

CHILWEE ZincPower

Customers

Figure 1: Supply chain analysis of zinc-nickel battery market.
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Figure 2: Product prices under b changing.
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Figure 3: Corporate profits under b changing.
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In this model, D1, D2, and D3, respectively, represent the
market demand of the three enterprises, A represents the
total demand of the market, and b, d, and k represent the
market competition coefficient between each two enter-
prises. ε1, ε2, and ε3 are the disturbance factors of demand of
the three enterprises. Under these assumptions of demand,
the profits of the three are shown as follows:

π1 � p1 − c1(  A − p1 + bp2 + kp3 + ε1( ,

π2 � p2 − c2(  A − p2 + bp1 + dp1 + ε2( ,

π3 � p3 − c3(  A − p3 + kp1 + dp2 + ε3( .

(8)

In the case of the three oligarchs, we first consider the
case where three enterprises have the same pricing power. In
this case, there will be a Nash game between them. And the
solution method is similar to before. /e game results are as
follows:

p1 �
(− 2b − dk) − 2 a + c2 + ϵ2(  − d a + c3 + ϵ3( (  + 4 − d

2
  − 2 a + c1 + ϵ1(  − k a + c3 + ϵ3( ( 

16 − 4b
2

− 4d
2

− 4bdk − 4k
2 ,

p2 � −
4a + 2ab + 2ad + abk + adk − ak

2
+ 2bc1 + dkc1 + 4c2 − k

2
c2 + 2dc3 + bkc3 + 2bϵ1 + dkϵ1 + 4ϵ2 − k

2ϵ2 + 2dϵ3 + bkϵ3
2 − 4 + b

2
+ d

2
+ bdk + k

2
 

,

p3 � −
4a − ab

2
+ 2ad + abd + 2ak + abk + bdc1 + 2kc1 + 2dc2 + bkc2 + 4c3 − b

2
c3 + bdϵ1 + 2kϵ1 + 2dϵ2 + bkϵ2 + 4ϵ3 − b

2ϵ3
2 − 4 + b

2
+ d

2
+ bdk + k

2
 

.

(9)

/e profits of the three enterprises are as follows:

π1 �
4a + 2ab + abd − ad

2
+ 2ak + adk + − 4 + 2b

2
+ d

2
+ 2bdk + 2k

2
 c1 +(2b + dk)c2 + bdc3 + 2kc3 + 4ϵ1 − d

2ϵ1 + 2bϵ2 + dkϵ2 + bdϵ3 + 2kϵ3 
2

4 − 4 + b
2

+ d
2

+ bdk + k
2

 
2 ,

π2 �
4a + 2ab + 2ad + abk + adk − ak

2
+(2b + dk)c1 + − 4 + 2b

2
+ 2d

2
+ 2b dk + k

2
 c2 + 2dc3 + bkc3 + 2bϵ1 + dkϵ1 + 4ϵ2 − k

2ϵ2 + 2dϵ3 + bkϵ3 
2

4 − 4 + b
2

+ d
2

+ bdk + k
2

 
2 ,

π3 �
4a − ab

2
+ 2ad + abd + 2ak + abk +(bd + 2k)c1 +(2d + bk)c2 − 4c3 + b

2
c3 + 2d

2
c3 + 2bdk c3 + 2k

2
c3 + bdϵ1 + 2kϵ1 + 2dϵ2 + bkϵ2 + 4ϵ3 − b

2ϵ3 
2

4 − 4 + b
2

+ d
2

+ bdk + k
2

 
2 .

(10)

To study the influence of product substitution rate on
enterprise profits, we assign the parameter values other than
substitution rate as follows: a, c1, c2, c3, ϵ1, ϵ2, ϵ3  � 10, 1,{

1.5, 2, 1, 1.5, 2} (Figures 4–6).
As is shown in the figures, the yellow area represents the

profit of enterprise 1, the blue one represents the profit of
enterprise 2, and the green one represents the profit of
enterprise 3. /e figures above show the changes of enter-
prise profits with two other values after controlling the
values of d, k, and b, respectively. d, k, and b are the cross
price elasticity coefficients of products produced by the three
enterprises, which represent the mutual substitution rate of
products.

It can be seen from the figures that when the substitution
rate of two competing products of a certain company in-
creases, its profits will increase substantially, and it will be
ahead of the other two companies. /is also reflects that

when the product is facing a crisis, the company will be more
conscious of survival and will continue to seek profits in
order to survive. When a company has only one competing
product replacement rate, its market leadership will play an
important role.

3.2. Study on the Business Model of Renting and Selling
Simultaneously. /ere are two sales modes in the market of
zinc-nickel batteries: one is directly sale of products, and the
other is renting products.

In this study, the supply chain structure is assumed as
follows: for ZincPower, there are two sales channels of zinc-
nickel batteries: one is traditional retail sales channel, and
the other is renting and selling simultaneously. ZincPower
and downstream retailers compose a Stackelberg game in
which the upstream company ZincPower is the leader. We
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also assume that the consumers strategically choose channels
according to their own utility. /e supply chain structure is
shown in Figure 7.

To externalize the model, we suppose that ZincPower
signs a wholesale price contract with the retailer at price ω,
and the retailer sells products to the consumer at pR. At the
same time, ZincPower rents and sells products directly by its
own sales channel, in which the deposit is V, the rent of each
period is S, and the market risk-free rate of return is r. /e
two parties play a two-stage game: after the upstream en-
terprise decides the rent S, the retailer decides the market
price pR.

Assuming that the market capacity is f, the psycho-
logical distance x of consumers to the two channels is subject
to uniform distribution x ∼ U[0, f]. For specific

consumers, x � 0 means that consumers absolutely lean
towards retailers, while x � f means consumers absolutely
lean towards the upstream enterprise. As the current rental
and sales model is still relatively new, consumers still have
the stickiness to traditional retail sales channel. Assuming
that the coefficient of consumers’ preference for the retail
channel is α (α< 1) and that the term of use includes a cycle
of n rent payment, the utility of consumers to purchase from
the two channels is shown as

UR � U0 − p
R

− αx,

UM � U0 − V −
rS

1 − r
1 − r

n
(  − (f − x).

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(11)
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Figure 4: /e influence of b and k on corporate profits when d� 0.5.
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Figure 5: /e influence of b and d on corporate profits when k� 0.5.
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Consumers at the psychological distance
x � (1/1 + α)(f + V + (rS/1 − r)(1 − rn) − pR) have the
same preferences for both channels. /erefore, the market
demand of the two channels can be expressed as

DR �
1

1 + α
f + V +

rS

1 − r
1 − r

n
(  − p

R
 ,

DM � f −
1

1 + α
f + V +

rS

1 − r
1 − r

n
(  − p

R
 .

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(12)

Profits of the enterprise and the retailer can be written as
follows:

πR �
1

1 + α
f + V +

rS

1 − r
1 − r

n
(  − p

R
  p

R
− ω ,

πM �
1

1 + α
f + V +

rS

1 − r
1 − r

n
(  − p

R
 (ω − c)

+ V +
rS

1 − r
1 − r

n
(   f −

1
1 + α

f + V +
rS

1 − r
1 − r

n
(  − p

R
  .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(13)

3.2.1. Solution of the Model. In reality, upstream enterprises
usually make decisions first; then, retailers decide the market
prices according to their decisions. /erefore, the best

response function of retailers is solved first. /e second
derivative δ2πR/δp2

R � − (2/1 + α)< 0 denotes the existence
of the optimal solution.
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Figure 6: /e influence of k and d on corporate profits when b� 0.5.
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Figure 7: /e supply chain structure.
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δπR

δpR

�
(1 − r)(v + ω) + r 1 − r

n
( s − (1 − r) 2pR − f( 

(1 − r)(1 + α)
,

pR � f + v + w +
rs 1 − r

n
( 

1 − r
.

(14)

Substituting pR � f + v + w + (rs(1 − rn)/1 − r) into
πM, we can get the optimal solution as follows:

s
∗

�
(1 − r)(f − c + 2w − 2v + 2fα)

2r 1 − r
n

( 
,

p
∗
r �

1
4

(4w − c + f(3 + 2α)),

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

πm �
(f + 2αf)

2
+ c

2
− 2cf(3 + 2α)

8(1 + α)
+ fw,

πr �
(c − f(3 + 2α))

2

16(1 + α)
.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(15)

3.2.2. Numerical Simulation. We assign α � 0.8, f � 100,

c � 50, w � 100, n � 3, v � 100, r � 0.05 and draw the
changes of profits as follows.

From Figure 8, we can see that as consumers’ preference
for retail channel α increases, the profits of both channels
have increased. But the deposit v has a smaller impact on the
two profits. /is shows that the purchase of products from
the retail channel will drive the profits of the two channels,
among which the profit growth of the retail channel will be
greater than that of the manufacturer channel.

From Figure 9, we can see that with the increase in
preference distribution, the profits of both channels have
increased significantly. /is shows that the growth of con-
sumer consumption will have the basic profit to expand the
entire market. At the same time, we can also see that when
the preference distribution reaches a certain level and the
wholesale price is less than a certain value, the profit of the
retail channel will exceed that of the manufacturer channel.

Comparing Figure 9 with Figure 10, we can more clearly
see the optimal profit range of the two channels under the
change of f and ω. /is can help decision makers make
corresponding strategies faster and control product launches
in channels based on market conditions.

4. Cost Study of the Zinc-Nickel Battery

/e revenue of a battery manufacturer is greatly affected by
the production cost. As a metal-based battery industry, the
profit of ZincPower is greatly influenced by the price of zinc
and nickel. /erefore, it is of great significance to pay close
attention to the spot and futures prices of zinc and nickel.

4.1. Study of Spot Prices and Future Prices of Zinc and Nickel.
Zinc and nickel are the main raw materials of zinc-nickel
batteries whose prices greatly affect the production cost. /e
fluctuation of the prices of zinc and nickel at the Shanghai
Stock Exchange are shown in Figure 11 and Figure 12.

4.2. Impact of Spot Prices of Zinc and Nickel on the Profits of
ZincPower. In the first chapter, we have studied the profits
of supplier in the duopoly and triple oligopoly cases. In this
supply chain model, the effect of production cost on profit
cannot be ignored. In the following chapter, we will study the
impact of spot prices of zinc and nickel on corporate profits.

Assume that the production cost of zinc-nickel battery of
enterprise i is ci � cti

+ cZn + cNi, in which cti
denotes costs

other than rawmaterials, cZn is the spot price of zinc, and cNi
is the spot price of nickel. /en, in the three-oligopoly
market, the price of products is

p1 �
(− 2b − dk) − 2 a + c2 + ϵ2(  − d a + c3 + ϵ3( (  + 4 − d

2
  − 2 a + c1 + ϵ1(  − k a + c3 + ϵ3( ( 

16 − 4b
2

− 4d
2

− 4bdk − 4k
2 . (16)

/e profit is
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Figure 8: /e changes in profits with v and α.
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π1 �
4a + 2ab + abd − ad

2
+ 2ak + adk + − 4 + 2b

2
+ d

2
+ 2bdk + 2k

2
 c1 +(2b + dk)c2 + bdc3 + 2kc3 + 4ϵ1 − d

2ϵ1 + 2bϵ2 + dkϵ2 + bdϵ3 + 2kϵ3 
2

4 − 4 + b
2

+ d
2

+ bdk + k
2

 
2 .

(17)

When a� 10, b� 0.3, d� 0.4, k� 0.5, ε1 � ε2 � ε3 � 3,
ct1 � 1, ct2 �1.5, and ct3 �1.8, we can get

p1 � 11.91 + 0.84cn + 0.84cz,

π1 � 19.01 − 3.55cn + 0.02c
2
n − 3.55cz + 0.05cncz + 0.03c

2
z.

(18)

/e profit changes with the spot prices of zinc and nickel
can be shown in Figure 13.

From Figure 13, we can see that when the spot price of
zinc and nickel decreases, the profit of the entire company
will increase significantly. /is is also in line with reality.
Because when the spot price of zinc and nickel decreases, the
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Figure 9: /e changes of profits with f andω.
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Figure 10: /e interval of f andω where the manufacturer can make better profits.
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company’s procurement costs will be reduced, and there will
be more profit margins.

5. Development Research of ZincPower

For long-term development, the enterprise must meet the
following conditions: (1) Favorable geographical location:

the geographical location determines the logistics efficiency
and main market area of one enterprise, and a good geo-
graphical location can greatly reduce logistics costs while
provides a broad market. (2) Reasonable ownership structure:
the ownership structure is the foundation of corporate gov-
ernance structure, and corporate governance structure is the
specific operation form of the ownership structure. Different
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Figure 11: /e fluctuation of main future prices of zinc and nickel at the Shanghai stock exchange. (a) Zinc. (b) Nickel.
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ownership structures determine different organizational
structures of enterprises, thus determining different corporate
governance structures and ultimately determining the be-
havior and performance of one enterprise. (3) Government
policies: the production of enterprises is closely related to
government policies. For battery companies, closely under-
stand the government’s policies on environmental protection,
as well as the policies for small- and medium-sized enterprises
will be conductive to better development. (4) Financing mode:
for further and sound progress, choosing an appropriate fi-
nancing mode is of great significance for any company.

5.1. 3e Geographical Layout. /e geographical layout is
important for an enterprise that is trying to be the strongest
brand in this industry. As shown in Figure 14, Tianjin is a
city with a developed chemical industry which has great
convenience in providing the upstream raw materials for
battery production. Relying on the advantages of raw ma-
terials, ZincPower can reduce production costs and thus
increase profits. As one of the eight pillar industries in
Tianjin, the new energy and new materials industry has a
large market and a great room for future growth. Located in
north China, Tianjin Port also provides a broad market as
well as great convenience of exporting for ZincPower.

As a central city in south Shandong Province, Zaozhuang
also has some advantages. By 2018, there are five districts and
one county-level city under Zaozhuang’s jurisdiction, cov-
ering an area of 4,563 square kilometers, with permanent
resident 3.927,300 and urbanization rate of 58.88%. /e

seven high-tech industrial parks in Zaozhuang can provide
supporting facilities for product production.

5.2. Study of Equity Structure and Government Policy.
Ownership structure is the foundation of corporate gover-
nance structure, and corporate governance structure is the
specific operation form of ownership structure. Different
ownership structures determine different organizational
structures of enterprises, different corporate governance
structures, and ultimately affect the performance of enter-
prises. So, it is also of great significance for enterprises to
clarify the shareholding structure.

ZincPower has set up a production park in Zaozhuang,
Shandong Province. For the first three years, the enterprise
can use the factory for free. And then the factory rental is
paid after the enterprise makes a profit. At the same time, the
government will introduce upstream and downstream
supporting suppliers to the company to facilitate the pro-
duction of enterprises. /e policy of paying no rent in the
early stage of production can also relieve the financial
pressure of the enterprise, making it possible for the en-
terprise to focus on the establishment of product lines and
the research and development of products.

5.3. Effect of Combination of Bank Loan and Insurance on
Corporate Financing. Small- and medium-sized technical
enterprises play an important role in domestic economy, but
have difficulty financing for a long time due to the limited
financing channels. In order to reduce the financing cost of
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Figure 12: /e fluctuation of main spot price of zinc and nickel at the Shanghai stock exchange. (a) Zinc. (b) Nickel.
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Figure 13: /e profit changes with the spot prices of zinc and nickel.
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small- and medium-sized technology-based enterprises and
spread the financial risks, small-loan guarantee insurance
has been carried out all over the country. Considering the
features of small- and medium-sized technical enterprises
such as asset-light, lack of guarantee, and no mortgage, this
insurance introduces insurance tools to spread loan risks,
while the government invest in risk compensation reserve
funds. /e framework of bank loans and insurance for
corporate financing is shown in Figure 15.

/e advantages of small-loan insurance are mainly re-
flected in following aspects: (1) Insurance companies have
strong risk diversification ability./e small-loan insurance is
one kind of insurance, aiming at spreading risk through
actuarial principle and reinsurance arrangement. Unlike
guarantee companies, the business scope of insurance
companies may be distributed across the country or even
over the world. /erefore, they can spread the risks in a
wider range and enjoy high credit ratings. At the same time,
the loan risks tend to be regional; that is, the repayment
ability of enterprises is affected by the level of local economic
development and local policies. Due to the small scale and
relatively concentrated business, guarantee companies tend
to bear relatively high correlation risks and large operational
fluctuations. (2) Insurance companies have the advantages
of professional risk management. Insurance companies,
especially property insurance companies, have a broad in-
surance product system, covering the scope of enterprise
property, third-party liability, employee accidents, etc., have
a deep understanding of the risk status and other basic
conditions of insurance companies, and have a good cus-
tomer base. Modern insurance companies pay more at-
tention to enterprise risk management and can design a
package of risk management programs for enterprises even
before any actual loss, so as to help enterprises realize
corporate goals on the basis of dispersing and transferring
operational risks. (3) Insurance companies have lower co-
ordination costs. Generally, the third-party bank also en-
gages in a small-loan insurance program. From the
perspective of small-loan insurance, the bank is the insured,

whose interests are protected by small-loan insurance, but
the bank cannotmake loans at will and earn interest to let the
insurance company bear the risk of default because it is
insured by the insurance company. Under the general trend
of mixed operation, insurance companies and banks are
increasingly closely linked in business cooperation and
equity penetration. In most cases, banks work with insti-
tutions that provide guarantees and share the risks. /rough
small-loan insurance, the government can leverage the two
financial levers of insurance and banks to realize the effective
allocation of resources.

5.4. Industry Analysis of Zinc-Nickel Battery under the
COVID-19 Pandemic. /e COVID-19 pandemic outbroken
in 2020 has affected many industries; it is of practical sig-
nificance to study the impact of the pandemic on the sales of
zinc-nickel batteries. In the early stage of the pandemic,
strict controls were put in place, and industries were largely
shut down for the first few months in 2020. /e domestic
economy was affected to a certain extent, and the national
GDP also showed negative growth, falling by 6.8%. With the
gradual control of the pandemic in China, the state’s control
policies on population movement have been gradually re-
laxed, and the support for enterprises to resume production
has been helpful. /e domestic economy has been alleviated.
According to the indicators in March, the manufacturing
index, import and export, household consumption, and
other data have been significantly improved compared with
the previous twomonths. It is generally believed that China’s
economy is expected to continue to pick up and improve in
the next stage, with the overall economic growth presenting
a “V” shape. It is worth noting that the pandemic abroad has
not been effectively controlled. /e COVID-19 pandemic
has become a major problem faced by human society. Under
the conditions of the pandemic, the world economy will
continue to decline in a comprehensive manner. In 2021, the
world economy is still struggling to move forward under the
heavy drag of COVID-19. A full recovery of the global

Tianjin

Zaozhuang

Figure 14: /e geographical layout of ZincPower.
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economy within this year seems to be impossible according
to the forecasts of various authoritative international re-
search institutions.

Considering the COVID-19 pandemic globally, it is a
favorable opportunity for China, where the pandemic is
well under control, and the slow or even stagnant devel-
opment of the global industry also provides a chance for
export of domestic products. In 2019, the zinc-nickel
batteries produced by CHILWEE were displayed in Europe,
which attracted wide attention from European and
American customers. /e zinc-nickel batteries exported by
China have strong competitiveness in foreign countries,
and their export advantages are even more significant in
current stagnation period of foreign industry. Due to the
impact of the pandemic, the prices of zinc and nickel and
the main raw materials for zinc-nickel batteries fluctuated
greatly. In the early stage of the pandemic, the spot prices of
zinc and nickel continued to fall. With the further control
of the pandemic, the prices of zinc and nickel stabilized and
were lower than the average price in 2019. /e reduction of
raw material cost is of great help to the development of
zinc-nickel battery industry.
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