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+is paper considers optimal production and pricing strategies of energy-saving products in the presence of duopolistic
manufacturers. First, we analyze the free competition case by a Bertrand game. A sufficient condition for guaranteeing the
existence and the uniqueness of the equilibrium solution is proposed.+e change rate of the benefit function of environment with
regard to purchasing preference proportions is examined. Second, we investigate the case in the presence of energy-saving
incentive. A two-layer decision model is constructed by considering the decision order of each participant. Optimal strategies
between the two cases are compared. We provide theoretical foundations for the government to formulate policies of energy-
saving incentive under a financial budget constraint. Finally, a numerical example is presented to verify the obtained conclusions
and make some supplements.

1. Introduction

Environmental consciousness has become increasingly
important in everyday life and business practice [1]. Raising
the consumer’s demand for environmentally friendlier
products with lesser harmful environmental effects is an
important measure to protect the environment and save
energies [2]. However, both manufactures and consumers
prefer old-fashioned production because of its low cost [3].
Hence, governments introduce environmentally friendly
regulations so as to enhance the positivity of both manu-
factures and consumers for energy-saving products [4]. In
recent years, because of the high practicability, energy-
saving policies attract much attention. In industrialized
countries such as China, energy-saving policies can po-
tentially create significant economic, environmental, and
social welfare benefits in the production and manufacturing
sectors [5].

In recent years, a growing body of literature focuses on
production and pricing strategies of energy-saving prod-
ucts in green supply chains. Swami and Shah [1] addressed

some interesting questions such as the extent of effort in
greening of operations by manufacturer or retailer, level of
cooperation between the two parties, and how to coor-
dinate their operations in a supply chain. Zhang et al. [6]
investigated energy efficiency level and pricing policies in a
single manufacturer-retailer setup, in which the produc-
tion cost is affected by both cost learning and operational
inefficiency effects. Arda [7] investigated the impact of
emissions taxes on the optimal production and pricing
decisions of a manufacturer who could remanufacture its
product. Li et al. [8] considered a dual-channel green
supply chain and discussed the pricing and greening
policies for both centralized and decentralized situations
by adopting the Stackelberg game. Similar to Li, Hafe-
zalkotob [9] also analyzed the competition and coopera-
tion issues of energy-saving products; the difference is that
he concerned two green supply chains. Song and Gao [10]
focused on different revenue-sharing contracts of the
whole green supply chain and compared the results of the
common centralized model and the decentralized decision
model.
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Energy-saving policies and subsidies of governments
also attract much attention. In practice, government
subsidies always play a crucial role in pricing and the
choice of performance levels of energy-saving products
[11, 12]. For example, in China, the energy-saving sub-
sidies have significantly promoted the production and
sales of energy-saving electric appliances and new energy
automobiles. Hong et al. [13] analyzed the impact of al-
ternate schemes of government subsidies on the equilib-
rium amount, subsidy effectiveness, and subsidy elasticity.
Hafezalkotob [14] compared six different policies in price-
energy saving and used these policies to study the two
structures of centralized and decentralized green supply
chains. Similarly, Javadi et al. [15] discussed government
intervention policies of energy saving, revenue seeking,
social welfare, and sustainable development in a dual-
channel supply chain. Safarzadeh and Rasti-Barzoki [16]
studied a sustainable supply chain which involves an
energy-saving manufacturer, inefficient manufacturer, and
energy supplier and constructed a multistage game model
under government policies of tax deduction and subsidy
scheme. More recently, Lou et al. [17] considered issues
involving green subsidies of government and optimal
decisions of a manufacture and dual-channel retailers in a
two-echelon dual-channel supply chain and proposed
sufficient and necessary conditions for guaranteeing the
two supply chains run normally.

Our study is motivated by the abovementioned liter-
ature. Despite the plentiful related research, little focuses
on two duopolistic manufacturers direct sell substitutable
products. In reality, duopolistic market is widespread in
many walks (e.g., [16, 18, 19]). Our research fills this gap by
dealing with the Bertrand game between the two manu-
facturers who produce and sell energy-saving products.
According to whether the government offers energy-sav-
ing subsidies, we develop two Bertrand game models. In
addition to concerning the revenue of the two manufac-
turers, we also examine the environmental benefit. Our
research yields some significant results: firstly, a sufficient
condition for guaranteeing the existence and the
uniqueness of the equilibrium solution of the two models
is drawn; secondly, the change rate of the benefit function
of environment with regard to purchasing preference
proportions is examined; thirdly, it is shown that both sales
prices and energy-saving levels of the two manufacturers
are higher in the model with energy-saving subsidies; fi-
nally, theoretical foundations for the government to make
policies of energy-saving incentive under the financial
budget constraint are analyzed.

+e remainder of this paper is organized as follows:
necessary notations and assumptions as well as objective
functions are given in Section 2; Section 3 conducts a
Bertrand game to examine how the two manufacturers make
decisions on the prices and on the energy-saving levels
without energy-saving subsidies; the competition case in
which the government provides subsidies for the energy-
saving production is discussed in Section 4; Section 5
presents a numerical illustration to make some supplements;
Section 6 summarizes the whole paper.

2. Notations and Assumptions

In practice, many large manufacturers have their direct sales
stores. +is paper considers the competition and coopera-
tion of duopolistic manufacturers when selling substitutable
and energy-saving products by the direct sales model. Both
of the two manufacturers aim to maximize their revenue in a
given sales period.

+e notations used in the following discussion are given
as follows:

(i) a is the potential product demands of the market
for this type of product.

(ii) λ is the purchasing preference proportion for
manufacturer A; thus, 1 − λ measures the pur-
chasing preference proportion for manufacturer
B. Clearly, 0< λ< 1.

(iii) δ is the marginal demand with respect to the sales
price, δ > 0.

(iv) θ is the demand shift between the two channels
with respect to the price, θ> 0.

(v) α is the marginal demand with respect to the
energy-saving level, α> 0.

(vi) β is the demand shift between the two channels
with respect to the energy-saving level, β> 0.

(vii) φ is the fixed cost of a manufacturer related to the
energy-saving level, φ> 0.

(viii) τ1 is the energy-saving level of manufacturer A,
τ1> 0.

(ix) p1 is the sales price determined by manufacturer A.
(x) τ2 is the energy-saving level of manufacturer B,

τ2> 0.
(xi) p2 is the sales price determined bymanufacturer B.
(xii) D1 is the sales quantity ofmanufacturer A during the

given sales period, D1� λa– δp1 +θp2 +ατ1 − βτ2.
(xiii) D2 is the sales quantity of manufacturer B during

the given sales period, D2 � (1 − λ) a–δp2 + θp1 +
ατ2 – βτ1.

(xiv) R1 is the total revenue of the manufacturer A.
(xv) R2 is the total revenue of the manufacturer B.
(xvi) E is the benefit function of environment.
(xvii) k is the per-unit energy-saving subsidy given by

the government, k> 0.

Some explanations are given for the above formulae. In
almost all the related literature, the threshold value of the
energy-saving level is always a constant. +us, the energy-
saving level in this paper can be regarded as the value of
which the energy-saving level is determined by one
manufacturer minus the threshold value. In addition,
following Hafezalkotob [9], we think that the energy-
saving level of one manufacturer will also affect the sales
quantity of the other manufacturer; thus demand func-
tions have two items both for the price and for the energy-
saving level.
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Without loss of generality, we assume that manufac-
turer A attracts more purchasing preference; i.e., λ> 1/2. It
is acknowledged that one channel’s price effect is greater
than the cross-price effect; namely, δ > θ. Furthermore,
similar to the assumptions of Li et al. [8] and Hafezalkotob
[9] with regard to the relationships of coefficients of the
demand function, we assume that δ > θ> α> β. Generally
speaking, the market demand is more sensitive to price
than to energy-saving levels, which is reasonable and is
usually the case [4].

Following Ghosh and Shah [20] and Li et al. [8], the extra
cost for manufacturer A (or B) to produce the green
products is denoted by

1
2
φτ21 or

1
2
φτ22 . (1)

For the free competitive case, the total revenue of the
manufacturer A is

R1 � λa − δp1 + θp2 + ατ1 − βτ2( p1 −
1
2
φτ21. (2)

And the total revenue of the manufacturer B is

R2 � (1 − λ)a − δp2 + θp1 + ατ2 − βτ1 p2 −
1
2
φτ22. (3)

For the case which involves energy-saving subsidy, R1′ �
R1 + kτ1 and R2′ � R2 + kτ2.

Besides, we formulate the benefit function of environ-
ment E based on the sales quantity and the energy-saving
level, just like the handling of Atasu and Souza [21]:

E � λa − δp1 + θp2 + ατ1 − βτ2( τ1
+ (1 − λ)a − δp2 + θp1 + ατ2 − βτ1 τ2.

(4)

For the sake of the following study, some premises are
given as follows:

(1) +is paper only considers substitutable and energy-
saving products produced and sold by duopolistic
manufacturers, without any other competitor.

(2) Duopolistic manufacturers and the government are
able to acquire complete information about the
market and the revenue function.

(3) In order to avoid redundant discussions on the re-
lationships of coefficients, we assume that φ≥ α. In
other words, we only consider cases that meet this
inequality. In fact, a lot of papers with regard to green
supply chains like Swami and Shah [1], Li et al. [8],
and Javadi et al. [15] all adopt this practical con-
straint in their assumptions or in their case studies.
In the next section, we will prove that this inequality
is a sufficient condition to guarantee the existence
and the uniqueness of the solution in the competitive
case.

(4) Different demand rate seriously affects the stock-
holding cost, yet this paper only considers demand
quantity instead of demand rate. Hence, we assume
that the stock-holding cost is a constant, so that it
does not affect the decision of each participant.

3. Free Competition Model

+is section conducts a Bertrand game to examine how the
two manufacturers make decisions on the prices and on the
energy-saving levels. +e existence and the uniqueness of
each solution are demonstrated, and the change rate of the
benefit function of environment with regard to purchasing
preference proportions is examined.

Objective function (2) and objective function (3) com-
pose a Bertrand game. In this game, both of the two par-
ticipants have two decision variables: the sales price and the
energy-saving level. In order to analyze the equilibrium
solution of the game, we separately examine the two ob-
jective functions.

+e following equation set is obtained by differentiating
function (2):

zR1

zp1
� − 2δp1 + λa + θp2 + ατ1 − βτ2 � 0,

zR1

zτ1
� αp1 − φτ1 � 0.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(5)

Treating τ2 and p2 as known, we examine the Hessian
matrix H1 of R1:

H1 �
− 2δ α

α − φ
 . (6)

Apparently, H1 is negative definite. Hence, the solution
of equation set (5) is also the solution of max R1.

Similarly, the corresponding equation set with regard to
R2 is obtained:

zR2

zp2
� − 2δp2 +(1 − λ)a + θp1 + ατ2 − βτ1 � 0,

zR2

zτ2
� αp2 − φτ2 � 0.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(7)

Regarding τ1 and p1 as known, the Hessian matrix H2 of
R2,

H2 �
− 2δ α

α − φ
 , (8)

is also negative definite.+us, the solution of equation set (7)
is also the solution of max R2.

Given the above, the equilibrium solution of the con-
sidered gamemust meet equation set (5) and equation set (7)
simultaneously.

By equation set (5) and equation set (7), τ1 and τ2 are
expressed as follows:

τ1 �
α
φ

p1,

τ2 �
α
φ

p2.

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(9)

+us, the following equations are obtained:
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α2

φ
− 2δ p1 + θ −

αβ
φ

 p2 + λa � 0, (10)

θ −
αβ
φ

 p1 +
α2

φ
− 2δ p2 +(1 − λ)a � 0. (11)

Because φ≥ α and δ > α, we have

2δφ − α2 > α2 > 0. (12)

By transforming (10), p1 is expressed as follows:

p1 �
θφ − αβ
2δφ − α2

p2 +
λφa

2δφ − α2
. (13)

By φ≥ α and δ > θ> α> β, we have

2δφ − α2 − (θφ − αβ)> δφ − α2 + αβ> αβ> 0,

2δφ − α2 + θφ − αβ> α2 > 0.
(14)

Hence,

2δφ − α2 
2

− (θφ − αβ)
2 > 0. (15)

We use “∗” to denote solutions of variables. By dealing
with formula (13) and (11), p∗2 is then acquired as follows:

p
∗
2 �

(θφ − αβ)λφa + 2δφ − α2( (1 − λ)φa

2δφ − α2( 
2

− (θφ − αβ)2
. (16)

Substituting expression (16) into formula (13), p∗1 is
obtained:

p
∗
1 �

2δφ − α2( λφa +(θφ − αβ)(1 − λ)φa

2δφ − α2( 
2

− (θφ − αβ)2
. (17)

Accordingly, τ∗1 and τ∗2 are obtained as follows:

τ∗1 �
2δφ − α2( λαa +(θφ − αβ)(1 − λ)αa

2δφ − α2( 
2

− (θφ − αβ)2
,

τ∗2 �
(θφ − αβ)λαa + 2δφ − α2( (1 − λ)αa

2δφ − α2( 
2

− (θφ − αβ)2
.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(18)

+us, the optimal production quantities of the two
manufacturers are obtained as follows:

D∗1 �
2δφ − α2( λδφa +(θφ − αβ)(1 − λ)δφa

2δφ − α2( 
2

− (θφ − αβ)2
,

D∗2 �
(θφ − αβ)λδφa + 2δφ − α2( (1 − λ)δφa

2δφ − α2( 
2

− (θφ − αβ)2
.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(19)

Clearly, all the solutions are unique under φ≥ α. +us,
we draw the following conclusion.

Proposition 1. φ≥ α is a sufficient condition to guarantee the
existence and the uniqueness of the equilibrium solution,
where the comparison is under the background of getting rid
of the unit of measurement.

Substituting the above solutions into formula (2), the
maximum revenue of the manufacturer A is obtained:

R
∗
1 �

2δφ − α2( λ +(θφ − αβ)(1 − λ)

2δφ − α2( 
2

− (θφ − αβ)2
⎡⎣ ⎤⎦

2

δφ2
−
1
2
α2φ a

2
.

(20)

And the maximum revenue of the manufacturer B is

R
∗
2 �

(θφ − αβ)λ + 2δφ − α2( (1 − λ)

2δφ − α2( 
2

− (θφ − αβ)2
⎛⎝ ⎞⎠

2

δφ2
−
1
2
α2φ a

2
.

(21)

Next, we consider the benefit function of environment in
the competitive situation. By substituting all the acquired
solutions into formula (4), we have

E
∗

� λa − δp1 + θp2 + ατ1 − βτ2( τ1 + (1 − λ)a − δp2 + θp1 + ατ2 − βτ1 τ2

�
2δφ − α2( λ +(θφ − αβ)(1 − λ)

2δφ − α2( 
2

− (θφ − αβ)2
⎡⎣ ⎤⎦

2

δαφa
2

+
(θφ − αβ)λ + 2δφ − α2( (1 − λ)

2δφ − α2( 
2

− (θφ − αβ)2
⎡⎣ ⎤⎦

2

δαφa
2

�
2δφ − α2( 

2
+(θφ − αβ)2  λ2 +(1 − λ)2  + 4 2δφ − α2( (θφ − αβ)(1 − λ)λ

2δφ − α2( 
2

− (θφ − αβ)2 
2 δαφa

2
.

(22)
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Under the circumstance that δ, θ, α, β, and φ are fixed, we
briefly analyze the change of E with regard to λ. +e first-
order derivative of E∗ is obtained as follows:

zE∗

zλ
�

2δφ − α2( 
2

+(θφ − αβ)2 (4λ − 2) + 4 2δφ − α2( (θφ − αβ)(1 − 2λ)

2δφ − α2( 
2

− (θφ − αβ)2 
2 δαφa

2

�
2δφ − α2( 

2
+(θφ − αβ)2 (4λ − 2) + 2 2δφ − α2( (θφ − αβ)(2 − 4λ)

2δφ − α2( 
2

− (θφ − αβ)2 
2 δαφa

2

�
2δφ − α2( 

2
+(θφ − αβ)2 − 2 2δφ − α2( (θφ − αβ) 

2
(4λ − 2)

2δφ − α2( 
2

− (θφ − αβ)2 
2 δαφa

2

�
2δφ − α2(  − (θφ − αβ) 

2
(4λ − 2)

2δφ − α2( 
2

− (θφ − αβ)2 
2 δαφa

2
.

(23)

By λ> 1/2, we know that the first-order derivative of E is
positive, which implies that E is larger when λ is more far
away from 1/2.

4. Model with Energy-Saving Subsidies

+is section considers the competition case in which the
government provides energy-saving subsidies for the energy-
saving production. In fact, the problemdiscussed in this section
is formulated as a two-layermodel: the government determines
an energy-saving subsidy first, and then the two manufacturers
declare their sales prices and energy-saving levels. We aim to
analyze all the changes in sales prices, sales quantities, energy-
saving levels, and the energy benefit of environment.

+e following equation set is obtained by differentiatingR1′:
zR1′

zp1
� − 2δp1 + λa + θp2 + ατ1 − βτ2 � 0,

zR1′

zτ1
� αp1 − φτ1 + k � 0.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(24)

+eHessian matrix H1′ of R1′ is the same asH1. Hence, the
solution of equation set (24) is also the solution of max R1′.

+e corresponding equation set with regard to R2′ is
zR2′

zp2
� − 2δp2 +(1 − λ)a + θp1 + ατ2 − βτ1 � 0,

zR2′

zτ2
� αp2 − φτ2 � 0.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(25)

Similarly, the solution of equation set (25) is also the
solution of max R2′.

Hence, the equilibrium solution must meet equation set
(24) and equation set (25) simultaneously. By the elimi-
nation method, τ1 and τ2 are expressed as follows:

τ1 �
αp1 + k

φ
,

τ2 �
αp2 + k

φ
.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(26)

+us, the following equations are obtained:

α2

φ
− 2δ p1 + θ −

αβ
φ

 p2 + λa +
αk

φ
−
βk

φ
� 0, (27)

θ −
αβ
φ

 p1 +
α2

φ
− 2δ p2 +(1 − λ)a +

αk

φ
−
βk

φ
� 0.

(28)

By transforming (27), p1 is expressed as follows:

p1 �
θφ − αβ
2δφ − α2

p2 +
λφa + αk − βk

2δφ − α2
. (29)

Denoting p1′ and p2′ as the solution of (27) and (28), we
obtain p2′ by substituting formula (29) into (28):
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p2′ �
(θφ − αβ)(λφa + αk − βk) + 2δφ − α2( [(1 − λ)φa + αk − βk]

2δφ − α2( 
2

− (θφ − αβ)2
. (30)

And p1′ is acquired by formulae (29) and (30):

p1′ �
2δφ − α2( (λφa + αk − βk) +(θφ − αβ)[(1 − λ)φa + αk − βk]

2δφ − α2( 
2

− (θφ − αβ)2
. (31)

Accordingly, τ1′ and τ2′ are obtained as follows:

τ1′ �
k

φ
+
α 2δφ − α2( (λφa + αk − βk) + α(θφ − αβ)[(1 − λ)φa + αk − βk]

φ 2δφ − α2( 
2

− (θφ − αβ)2 
,

τ2′ �
k

φ
+
α(θφ − αβ)(λφa + αk − βk) + α 2δφ − α2( [(1 − λ)φa + αk − βk]

φ 2δφ − α2( 
2

− (θφ − αβ)2 
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(32)

In this case, involving energy-saving subsidies, the op-
timal production quantities of the two manufacturers are

D1′ �
δ 2δφ − α2( (λφa + αk − βk) + δ(θφ − αβ)[(1 − λ)φa + αk − βk]

2δφ − α2( 
2

− (θφ − αβ)2
,

D2′ �
δ(θφ − αβ)(λφa + αk − βk) + δ 2δφ − α2( [(1 − λ)φa + αk − βk]

2δφ − α2( 
2

− (θφ − αβ)2
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(33)

Apparently, in this situation, φ≥ α is still a sufficient
condition to guarantee the existence and the uniqueness of
the equilibrium solution.

Next, all the solutions of the two cases are compared.
Because α> β and k> 0, we have

p1′ − p∗1 � p2′ − p
∗
2 �

2δφ − α2 + θφ − αβ( (αk − βk)

2δφ − α2( 
2

− (θφ − αβ)2
> 0,

(34)

which means that sales prices of both of the two manu-
facturers are higher when energy-saving subsidies exist. In
reality, people always think that sales prices are lower when
the government offers subsidies. +e above conclusion is
counterintuitive from this perspective.

Similarly,

τ1′ − τ∗1 � τ2′ − τ∗2 �
k

φ
+

2δαφ − α3 + θαφ − α2β( (αk − βk)

φ 2δφ − α2( 
2

− (θφ − αβ)2 
> 0.

(35)

Given the above, we draw the conclusion that both of the
two manufacturers will enhance their energy-saving levels to
counteract the impact incurred by the rise on sales prices.+e
result that the optimal sales price is higher in the presence of
energy-saving incentive is contrary to the intuition.

Apparently, the maximum revenue of the two manu-
facturers will be significantly increased by energy-saving
incentive. In practice, manufacturers who produce electrical
appliances are more positive in the presence of energy-
saving subsidies offered by the government.

Next, we analyze the change rate of E with regard to k to
provide theoretical foundations for the government to make
policies of energy-saving incentive.
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By substituting all the acquired solutions into formula
(4), we have

E′ �
δk 2δφ − α2 + θφ − αβ( (φa + 2αk − 2βk)

φ 2δφ − α2( 
2

− (θφ − αβ)2 
+

2δφ − α2( 
2

+(θφ − αβ)2 (φa + 2αk − 2βk)δα

2δφ − α2( 
2

− (θφ − αβ)2 φ

+
4 2δφ − α2( (θφ − αβ)(λφa + αk − βk)[(1 − λ)φa + αk − βk]δα

2δφ − α2( 
2

− (θφ − αβ)2 φ
.

(36)

In this case, we regard λ as fixed. +e first-order de-
rivative of E′ with regard to k is obtained as follows:

zE′
zk

�
2δφ − α2 + θφ − αβ( (δφa + 4δαk − 4δβk)

φ 2δφ − α2( 
2

− (θφ − αβ)2 
+

2δφ − α2( 
2

+(θφ − αβ)2 (2α − 2β)δα

2δφ − α2( 
2

− (θφ − αβ)2 φ

+
4 2δφ − α2( (θφ − αβ)(α − β)[φa + 2αk − 2βk]δα

2δφ − α2( 
2

− (θφ − αβ)2 φ
.

(37)

Clearly, the first-order derivative of E′ is positive under
k> 0, φ≥ α, and δ > θ> α> β. Hence, in order to enhance the
environment benefit, the government should maximize the
per-unit energy-saving subsidy as possible within the scope
of its budget.

Considering a financial budget g, we present the fol-
lowing model to determine the maximal value of k so as to
maximize E′:

max k

s.t. τ1′
k + τ2′ k≤g. (38)

By (32), we know that the constraint of model (38) is a
quadratic inequality with a negative quadratic term, which
means that the quadratic formula is adopted to acquire the
maximum value of k.

5. ANumerical IllustrationonBrickProduction

Before illustrating the performance of the developed models,
let us have a look at the government policies in energy-
saving production. Although the entity enterprises sub-
stantially contribute to the gross domestic product (GDP) in
many developing countries, they often utilize outdated,
energy-intensive technologies to carry out industrial pro-
duction activities [9], which lead to serious pollution on
environment.

+e promotion of energy-saving production is one
important aspect to lower electricity consumption and oil
consumption. Hence, the government pays much attention
to strengthen the awareness of energy saving. In China, for
example, the government provides energy-saving subsidies
for many electrical and petrolic appliances. Both manu-
facturers and consumers benefit from this energy-saving
policy.

In order to visualize the models and make some sup-
plements, we first consider the following scenario without
energy-saving incentive: market potential a� 2000, con-
sumers’ purchasing preference proportions for manufac-
turer A and manufacturer B are 0.6 and 0.4, the marginal
demand with respect to the sales price δ � 4, the demand
shift with respect to the price θ� 3, the marginal demand
with respect to the energy-saving level α� 2, the demand
shift with respect to the energy-saving level β� 1, and the
fixed cost related to the energy-saving level φ� 2. Appar-
ently, all the given parameters meet the constraints raised in
Section 2.

By formula (16) and formula (17), we have p∗1 � 275 and
p∗2 � 225. Accordingly, τ∗1 and τ∗2 are obtained by formula
(18): τ∗1 � 275 and τ∗2 � 225. By functions of sales quantity,
we have D∗1 � 1100 and D∗2 � 900. In addition, the maxi-
mum revenue of manufacturer A and manufacturer B is
R∗1 � 226875 and R∗2 � 151875, respectively. +e benefit of
environment E∗� 505000.

Under other parameters which remain fixed, we analyze
the derivative of Ewith regard to λ. +e first-order derivative
of E∗ is

zE∗

zλ
� 500000(2λ − 1). (39)

+erefore, the impact of the difference of purchasing
preference proportions is shown.

Next, we investigate the issue that how the government
determines the per-unit energy-saving subsidy under a finite
financial budget constraint. We assume that the financial
budget of the government is 150000; namely,

kτ1′ + kτ2′ ≤ 150000. (40)
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Because solutions in Section 4 are all unique, we know
that τ1′ and τ2′ are determined by formula (32) under any per-
unit energy-saving subsidy k. By substituting all the pa-
rameters, we consider the following programming:

max k

s.t.
10
8

k
2

+ 500k≤ 150000

k≥ 0.

(41)

Solving the quadratic inequality in the constraint, we
have 0≤ k≤ 200. Hence, max k� 200. Accordingly, optimal
sales prices and optimal energy-saving levels of the two
manufacturers are determined by acquired formulae (30)
and (31): p1′ � 300 and p2′ � 250. By (32), the energy-saving
level of each manufacturer is obtained as follows:
τ1′ � 400> τ∗1 and τ2′ � 350> τ∗2 . Clearly, all the results co-
incide with the drawn conclusions in the previous section.

6. Conclusions

In this paper, we investigate production and pricing issues of
energy-saving products in the presence of duopolistic man-
ufacturers. Both a free competition case and a two-layer case
under production subsidies are analyzed. A sufficient con-
dition is proposed to guarantee the existence and the
uniqueness of the equilibrium solution for each case. Sensi-
tivities of the benefit function of environment with regard to
purchasing preference proportions and energy-saving sub-
sidies are examined. +e problem of how to effectively utilize
a finite financial budget for stimulating energy-saving pro-
duction is discussed at the point of view of the government.

Nevertheless, our models and methods have some
shortcomings. We only consider the different purchase
preference for each product, but the degree of the substi-
tutability between the two products has not been considered.
Demand functions should be modified when taking the
substitutability into account. In addition, the government
always takes both the environment benefit and the financial
budget into consideration in practice. In this situation, we
should improve the model by trading off the two conflicting
goals.
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