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Abstract 

With the growing concern of carbon emissions, corporations are facing new challenges 

about carbon management in the design of sustainable product. This paper integrates 

carbon tax considerations into the traditional design of product. Two game models in the 

case of information asymmetry and information symmetry are developed for the design of 

sustainable product to analyze the impact of carbon tax on the optimal product output, the 

equilibrium price and the profit. We also analyze the impact of information symmetry and 

information asymmetry on the optimal product output, the equilibrium price and profit in 

this paper. 
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1. Introduction 

In recent years, global warming attracts more and more attention, which is the first of 

the top ten global environmental issues. Global average temperature rising, global 

warming has become an indisputable fact [1]. The scientific community, industry and 

government of different countries have realized that the carbon emission from human 

activity is the main cause of global climate change. Carbon tax is considered as one of the 

most efficiency economic instruments to reduce carbon emissions, has received more and 

more attention and been implemented in many countries. 

Corporations are facing new challenges with the carbon tax imposed, carbon tax 

imposed by Government will inevitably lead to the increasing of production and operating 

cost. For corporation there are two methods to maintain its profit, one is increasing the 

price of product, the other is improving the sustainable level to reduce carbon emissions. 

But increasing the price will lead to the loss of customers, so improving the sustainable 

level of product is a better method [2]. But improving the sustainable level and reducing 

carbon emissions need to change the original production technology and production 

processes, these changes will bring the cost rising, so how to choose their products 

sustainable levels is crucial for corporation. How to adjust the design of sustainable 

product with the consideration of carbon tax is discussed in this paper, two game models 

in the case of information asymmetry and information symmetry are developed for the 

design of sustainable product. How the optimal product output, the equilibrium price and 

the profit change with the increasing or decreasing of the carbon tax is analyzed in this 

paper. We also analyze the impact of information symmetry and information asymmetry 

on the optimal product output, the equilibrium price and profit. 

This paper is organized as follows. After this introductory section, the relevant 

literature is reviewed and summarized. Section 3 is about the model development, in this 

section two game models about the design of sustainable product in the case of 

information asymmetry and information symmetry are developed for the design of 

sustainable product. Section 4 focuses on the comparing and analyzing about the two 

proposed models. The conclusions are given in the final section. 
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2. Literature Review 

Our paper is positioned between two main streams of literature. The first is related to 

the carbon tax, the second relates to the design of sustainable product design. 

Carbon tax is an effective method to reduce the carbon emission and moderate climate 

climate change[3]. Nordhaus, Nakata and Lamont analyze the impact of carbon tax on the 

carbon emission reduction, although they set different tax rates, but the results have 

consistently shown that carbon tax have significant effects on carbon emissions reduction 

[4-5]. Gerbelová H indicates that carbon tax is more flexible and dynamic in response to 

new information, and it is a potentially cost effective option for reducing carbon 

emissions [6]. Because carbon tax has an important role on reducing the carbon emission, 

so currently, carbon tax policies or equivalent measures have been implemented in several 

countries, such as France, Denmark, Norway, and Switzerland have launched carbon tax 

policies in their domestic market, so as to enhance their measures in control carbon 

emission. 

On the steam of the design of sustainable product design, Pujari studies the key point 

of environment factor in the new product development [7]. Rehfeld researches the 

relationship between sustainable product design and environmental group [8]. Some 

researches focus on micro-economic analyses of different sustainable design practices, 

such as Chen analyzes the design of sustainable product under different strategic and 

regulatory settings [9]. Calcott and Walls compare the impact of different policy 

instruments on the design of sustainable product [10]. Atasu and Souza investigate the 

impact of product recovery on design quality choices [11]. Fullerton and Wu, Atasuet also 

contribute to this field [12-13]. The other papers focus on how to implement the 

sustainable product in practice. Handfield proposes a comprehensive conceptual 

framework with detailed implementation processes for the design of sustainable product 

that include environmental objectives, design processes, and outcome evaluation [14]. 

Graedel and Allenby identify a number of practical approaches to sustainable product 

design decisions [15]. Fiksel uses case studies from major corporations to give details 

about the main implementation steps for the design of sustainable product [16].  

Different from exiting paper, we integrates carbon tax considerations into the 

traditional design of product, analyze how to decide the sustainable level of the 

sustainable product when carbon tax imposed by the government in the case of 

information asymmetry and information symmetry and the impact of carbon tax on the 

decision of Corporation 1 and Corporation 2. We also analyze the impact of information 

symmetry and information asymmetry on the optimal product output, the equilibrium 

price and profit in this paper. 

 

3. Model Development 
 

3.1. Model Description 

We assume that there are two corporations producing the same product, they are 

Corporation 1 and Corporation 2, the unit production cost of Corporation 1 and 

Corporation 2 is C1
andC2

, the unit carbon emission of Corporation 1 and Corporation 2 

is E1
and E2

. We also assume that the unit product cost and carbon emission of 

Corporation 1 and Corporation 2 are linearity correlation to the sustainable level t . The 

unit cost is positively linearly related the sustainable level, that is the unit production cost 

increases with the increasing the sustainable level; the unit carbon emission is negatively 

linearly related the sustainable level, that is the unit carbon emission decreases with the 

increasing of sustainable level. Equation 1 and Equation 2 show the relation between 

production cost, carbon emission and the sustainable level. 
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                                (1) 

              (2) 

The product output of Corporation 1 and Corporation 2 is Q1
 andQ2

, the inverse 

demand function of this product in the market is , we also assume that 

carbon tax is t . The details of related parameter is shown in Table1. 

Table 1. Related Parameters 

 
The sustainable level of product from Corporation 1 

 
The sustainable level of product from Corporation 2 

 

Corporation 2 speculating sustainable level of Corporation 1’s product in the    

case of information asymmetry 

C1
 Unit production cost of Corporation 1 

C2
 Unit production cost of Corporation 2 

 

Corporation 2 speculating unit production cost of Corporation 1 in the case of 

information asymmetry 

E1
 Unit carbon emission of Corporation 1 

E2
 Unit carbon emission of Corporation 2 

 

Corporation 2 speculating unit carbon emission of Corporation 1 in the case 

of information asymmetry 

 
Cost factor of Corporation 1 

 
Cost factor of Corporation 2 

 
Carbon emission factor of Corporation 1 

 
Carbon emission factor of Corporation 2 

Q1
 Product output of Corporation 1 in the case of information asymmetry 

Q2
 Product output of Corporation 2 in the case of information asymmetry 

 

Corporation 2 speculating production output of Corporation 1 in the case of 

information asymmetry 

Q1
 Product output of Corporation 1 in the case of information symmetry 

Q2
 Product output of Corporation 2 in the case of information symmetry 

P  Equilibrium price in the case of information asymmetry 

P  Equilibrium t price in the case of information symmetry 

 The profit of Corporation 1 in the case of information asymmetry 

 The profit of Corporation 2 in the case of information asymmetry 

 

Corporation 2 speculating profit of Corporation 1 in the case of information 

asymmetry 

 
The profit of Corporation 1 in the case of information symmetry 

 
The profit of Corporation 2 in the case of information symmetry 

 

We also assume that the Corporation 2 is the industry leader, the government requires 

the Corporation 2 must public its sustainable level, so the sustainable level of Corporation 

2 is public for Corporation 1 and the government, the Corporation 1 and government can 

see the sustainable level of Corporation 2 clearly. Corporation 1 can choose to public to 
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its sustainable level, and also can choose not to public its sustainable level. If Corporation 

1 public its sustainable level, the information between Corporation 1 and Corporation 2 is 

symmetry; if Corporation 1 do not public its sustainable level, the information between 

Corporation 1 and Corporation 2 is asymmetry. Figure 1 shows the model of information 

asymmetry and information symmetry. In the following section asymmetry information 

game model and symmetry information game model are proposed to design the 

sustainable product. 

 

 

Figure 1. The Model of Information Asymmetry and Information Symmetry 

3.2. Design of Sustainable Product in the Case of Information Asymmetry 

When the carbon tax is imposed by the government, Corporation 1 can choose not to 

public its sustainable level, so Corporation 2 does not understand the production 

information about Corporation 1, so the information about Corporation 2 is asymmetry, 

that is, 𝜏1 is not public for Corporation 2, Corporation 2 does not know the real value of 

, Corporation 2 can only speculate the value based on past experience. We assume that 

Corporation 2 is the industry leader, so the government requires Corporation 2 to disclose 

its sustainable level of product, so the sustainable level of Corporation 2 is public for 

Corporation 1, Corporation 1 can know the sustainable level of Corporation 2. 

We assume that Corporation 2 speculating sustainable level of Corporation 1’s product 

is 𝜏1
′ , so the game between Corporation 1 and Corporation 2 is static Cournot game in 

case of information asymmetry. 𝑄1 and 𝑄2 are the product output of Corporation 1 and 

Corporation 2, 𝛱1
′  is Corporation 2 speculating profit of Corporation 1, 𝛱1 and 𝛱2 are 

the profit of Corporation 1 and Corporation 2. 

The sustainable level of Corporation 2 𝜏2  is known by both Corporation 1 and 

Corporation 2, but Corporation 2 does not know the sustainable level of Corporation 1, it 

can only speculate the sustainable level of Corporation 1 based on past experience. So 

Corporation 2 can decide the product output Q2
through maximizing its profit function 

 according equilibrium problems consisting by (3) and (4).  

        MAX                       (3)  

        MAX                       (4)  

Solving NASH Equilibrium about above problems is as follows: 

Corporation 2  public its 

sustainable level  

Corporation 1  public its 

sustainable level  

Corporation 1  do not 

public its sustainable level  

Game model in the 

case of information 

symmetry  

Game model in the 

case of information 

asymmetry  
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                                        (5) 

                                        (6) 

We can get that: 

                                            (7) 

                                            (8) 

Corporation 1 has full information about the product design of Corporation 1 and 

Corporation 2, so Corporation 1 decide the product output Q1
 through maximizing its 

profit function Π1 satisfying the constraint (10). 

            MAX                     (9) 

The constraint is 

                                       (10) 

Take the derivative of Π1 with respect toQ1
 

                                        (11) 

So we can get:  

                                  (12) 

The total product output is:  

                         (13) 

The price is: 

                      (14) 

The profit of Corporation 1 and Corporation 2 are:   

                         (15) 
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     (16) 
Theorem 1: In the case of information asymmetry， the optimal decisions of 

Corporation 1 and Corporation 2 is 

        

        

                

                    

 
In the following, the impact of carbon tax on the optimal decision of Corporation 1 and 

Corporation 2 in the case of information asymmetry is studied. 

Theorem 2: When  𝜏1
′ >

2𝛾2𝜏2−3𝛾1𝜏1+4𝛿1−2𝛿2

𝛾1
, the optimal product output of 

Corporation 1 increases with the increasing of carbon tax, decreases with the decreasing 

of carbon tax; when τ1
′ <

2γ2τ2−3γ1τ1+4δ1−2δ2

γ1
, the optimal product output of Corporation 

1 decreases with the increasing of carbon tax, increases with the decreasing of carbon tax. 

Proof: From Theorem 1, we can get  

       

If , so  

So when  𝜏1
′ >

2𝛾2𝜏2−3𝛾1𝜏1+4𝛿1−2𝛿2

𝛾1
, the optimal product output of Corporation 1 

increases with the increasing of carbon tax, the optimal product output of Corporation 1 

decreases with the decreasing of carbon tax; 

The same theory proves that when  τ1
′ <

2γ2τ2−3γ1τ1+4δ1−2δ2

γ1
, the optimal product 

output of Corporation 1 decreases with the increasing of carbon tax, the optimal product 

output of Corporation 1 increases with the decreasing of carbon tax. 

Theorem 3: When 𝜏1
′ <

2𝛾2𝜏2+𝛿1−2𝛿2

𝛾1
, the optimal product output of Corporation 2 

increases with the increasing of carbon tax, the optimal product output of Corporation 2 

decreases with the decreasing of carbon tax; when 𝜏1
′ >

2𝛾2𝜏2+𝛿1−2𝛿2

𝛾1
, the optimal product 

output of Corporation 2 decreases with the increasing of carbon tax, the optimal product 

output of Corporation 1 increases with the decreasing of carbon tax. 

Theorem 4: When  τ1
′ >

3γ1τ1−2δ1+2γ2τ2−2δ2

γ1
, the equilibrium price in the market 

increases with the increasing of carbon tax, the equilibrium price in the market decreases 

with the decreasing of carbon tax; when  τ1
′ <

3γ1τ1−2δ1+2γ2τ2−2δ2

γ1
, the equilibrium price 
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in the market decreases with the increasing of carbon tax, the equilibrium price in the 

market increase with the decreasing of carbon tax. 

The proof of Theorem 3 and Theorem 4 are the same as Theorem 2. 

From above, we can know that Corporation 2 speculating sustainable level of 

Corporation 1’s product is divided into four areas by three points, the three points are 
2𝛾2𝜏2−3𝛾1𝜏1+4𝛿1−2𝛿2

𝛾1
，

2𝛾2𝜏2+𝛿1−2𝛿2

𝛾1
，

3𝛾1𝜏1−2𝛿1+2𝛾2𝜏2−2𝛿2

𝛾1
， next we will sort them. 

Because 
2𝛾2𝜏2−3𝛾1𝜏1+4𝛿1−2𝛿2

𝛾1
−

2𝛾2𝜏2+𝛿1−2𝛿2

𝛾1
=

3𝐸1

𝛾1
> 0 , so we can know that 

2𝛾2𝜏2−3𝛾1𝜏1+4𝛿1−2𝛿2

𝛾1
>

2𝛾2𝜏2+𝛿1−2𝛿2

𝛾1
. And because 

2𝛾2𝜏2+𝛿1−2𝛿2

𝛾1
−

3𝛾1𝜏1−2𝛿1+2𝛾2𝜏2−2𝛿2

𝛾1
=

3𝐸1

𝛾1
> 0 , so we can get that 

2𝛾2𝜏2+𝛿1−2𝛿2

𝛾1
>

3𝛾1𝜏1−2𝛿1+2𝛾2𝜏2−2𝛿2

𝛾1
. So 

2𝛾2𝜏2−3𝛾1𝜏1+4𝛿1−2𝛿2

𝛾1
>

2𝛾2𝜏2+𝛿1−2𝛿2

𝛾1
>

3𝛾1𝜏1−2𝛿1+2𝛾2𝜏2−2𝛿2

𝛾1
 

Corporation 2 speculating sustainable level of Corporation 1’s product is divided into 

①②③④ four areas by three points which is shown in Figure 2. 

 

 

Figure 2. The Area of  𝛕𝟏
′   

The impact of  τ1
′  on the optimal output and equilibrium price of Corporation 1 and 

Corporation 2 in ①②③④ four areas can be gotten according to Theorem 2, Theorem 3 

and Theorem 4. 

Area ①: The optimal product output of Corporation 1 decreases with the increasing of 

carbon tax, increases with the decreasing of carbon tax; The optimal product output of 

Corporation 2 increases with the increasing of carbon tax, decreases with the decreasing 

of carbon tax; the equilibrium price decreases with the increasing of carbon tax, increases 

with the decreasing of carbon tax. 

Area ②: The optimal product output of Corporation 1 decreases with the increasing of 

carbon tax, increases with the decreasing of carbon tax; The optimal product output of 

Corporation 2 increases with the increasing of carbon tax, decreases with the decreasing 

of carbon tax; the equilibrium price increases with the increasing of carbon tax, decreases 

with the decreasing of carbon tax. 

Area ③: The optimal product output of Corporation 1 decreases with the increasing of 

carbon tax, increases with the decreasing of carbon tax; The optimal product output of 

Corporation 2 decreases with the increasing of carbon tax, increases with the decreasing 

of carbon tax; the equilibrium price increases with the increasing of carbon tax, decreases 

with the decreasing of carbon tax. 

Area ④: The optimal product output of Corporation 1 increases with the increasing of 

carbon tax, decreases with the decreasing of carbon tax; The optimal product output of 

Corporation 2 decreases with the increasing of carbon tax, increases with the decreasing 

of carbon tax; the equilibrium price increases with the increasing of carbon tax, decreases 

with the decreasing of carbon tax. 

 

3.3. Design of Sustainable Product in the Case of Information Symmetry 

In this section, the design of sustainable product in the case of information symmetry is 

① ② ③ ④
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discussed. We assume that Corporation 1 and Corporation 2 public their sustainable level 

of product 𝜏1 and 𝜏2, so Corporation 1 and Corporation 2 can both know the product 

information of each other. Π̅1 and Π̅2 are the profit of Corporation in the case of 

information symmetry, Q̅1 and  Q̅2 are the optimal product output of Corporation 1 and 

Corporation 2 in the case of information symmetry , �̅� is the equilibrium price in the case 

of information symmetry. The game model about the design of sustainable product in the 

case of information symmetry is proposed as follows. 

Corporation 1 and Corporation 2 can decide their product output Q̅1 and Q̅2 through 

maximizing its profit function Π̅1 and Π̅2 according to equation (17) and (18)  

              MAX                      (17) 

             MAX                      (18) 

The reaction function of Corporation 1 and Corporation 2 can be solved by equation 

(19) and (20) 

                                    (19) 

                                   (20) 

The reaction function of Corporation 1 and Corporation 2 are: 

                                        (21) 

                                        (22) 

The total product output is: 

                                  (23) 

The equilibrium price is: 

                                (24) 

So the profit of Corporation 1 and Corporation 2 in the case of information symmetry 

is: 

                                     (25) 

                                     (26) 

Theorem 5: In the case of information symmetry，the optimal decisions of Corporation 

1 and Corporation 2 is 
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 In the following, the impact of carbon tax on the optimal decision of Corporation 1 and 

Corporation 2 in the case of information symmetry is studied. 

Theorem 6: When 𝜏1 >
𝛾2𝜏2−𝛿2+2𝛿1

2𝛾1
, the optimal product output of Corporation 1 

increases with the increasing of carbon tax, decreases with the decreasing of carbon tax; 

when 𝜏1 <
𝛾2𝜏2−𝛿2+2𝛿1

2𝛾1
, the optimal product output of Corporation 1 decreases with the 

increasing of carbon tax, increases with the decreasing of carbon tax. 

Theorem 7: When 𝜏1 <
2𝛾2𝜏2−2𝛿2+𝛿1

𝛾1
, the optimal product output of Corporation 2 

increases with the increasing of carbon tax, decreases with the decreasing of carbon tax; 

When 𝜏1 >
2𝛾2𝜏2−2𝛿2+𝛿1

𝛾1
, the optimal product output of Corporation 2 decreases with the 

increasing of carbon tax, increases with the decreasing of carbon tax. 

Theorem 8: The equilibrium price in the market increases with the increasing of 

carbon tax, decreases with the decreasing of carbon tax. 

The proof of Theorem 6, Theorem 7 and Theorem 8 are the same as Theorem 2. 

From above, we can know that sustainable level of Corporation 1’s product is divided 

into three areas by two points, the two points are 
𝛾2𝜏2−𝛿2+2𝛿1

2𝛾1
，

2𝛾2𝜏2−2𝛿2+𝛿1

𝛾1
, next we will 

sort them. 

Because 
𝛾2𝜏2−𝛿2+2𝛿1

2𝛾1
−

2𝛾2𝜏2−2𝛿2+𝛿1

𝛾1
=

−3𝛾2𝜏2+3𝛿2

2𝛾1
=

3𝐸2

2𝛾1
> 0 , so 

𝛾2𝜏2−𝛿2+2𝛿1

2𝛾1
>

2𝛾2𝜏2−2𝛿2+𝛿1

𝛾1
. The sustainable level of Corporation 1’s product is divided into ①②③

three areas by two points which is shown in Figure 3. 

 

 

Figure 3. The Area of 𝛕𝟏 

The impact of 𝜏1 on the optimal output and equilibrium price of Corporation 1 and 

Corporation 2 in ①②③ three areas can be gotten according to Theorem 6, Theorem 7 

and Theorem 8. 

Area ①: The optimal product output of Corporation 1 decreases with the increasing of 

carbon tax, increases with the decreasing of carbon tax; The optimal product output of 

Corporation 2 increases with the increasing of carbon tax, decreases with the decreasing 

① ② ③ 
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of carbon tax; the equilibrium price increases with the increasing of carbon tax, decreases 

with the decreasing of carbon tax. 

Area ②: The optimal product output of Corporation 1 decreases with the increasing of 

carbon tax, increases with the decreasing of carbon tax; The optimal product output of 

Corporation 2 decreases with the increasing of carbon tax, increases with the decreasing 

of carbon tax; the equilibrium price increases with the increasing of carbon tax, decreases 

with the decreasing of carbon tax. 

Area ③: The optimal product output of Corporation 1 increases with the increasing of 

carbon tax, decreases with the decreasing of carbon tax; The optimal product output of 

Corporation 2 decreases with the increasing of carbon tax, increases with the decreasing 

of carbon tax; the equilibrium price increases with the increasing of carbon tax, decreases 

with the decreasing of carbon tax. 

 

4. Comparing and Analyzing 

In this section, the impact of information symmetry and information asymmetry on the 

optimal product output, the equilibrium price and profit is discussed. 

Theorem 9: If 𝛼1 > 𝛾1𝑡, when 𝜏1
′ < 𝜏1, that 𝑄1 > Q̅1, when 𝜏1

′ > 𝜏1, that 𝑄1 < Q̅1；

If 𝛼1 < 𝛾1𝑡，when 𝜏1
′ < 𝜏1, that 𝑄1 < Q̅1，when 𝜏1

′ > 𝜏1, that 𝑄1 > Q̅1 

Proof:  

            
 If α1 > γ1t, when τ1

′ < τ1, so ∆Q1 > 0, that is Q1 > Q̅1 

If α1 > γ1t, when τ1
′ > τ1, so ∆Q1 < 0, that is Q1 < Q̅1 

If α1 < γ1t, when τ1
′ < τ1, so ∆Q1 < 0, that is Q1 < Q̅1 

If α1 < γ1t, when τ1
′ > τ1, so ∆Q1 > 0, that is Q1 > Q̅1 

From Theorem 9 we can know that if the cost factor is greater than the product of 

carbon emission factor and carbon tax of Corporation 1, when Corporation 2 speculating 

sustainable level of Corporation 1’s product is less than the real sustainable level of 

Corporation 1’s product, the optimal product output in the case of information asymmetry 

is greater than information symmetry; when Corporation 2 speculating sustainable level 

of Corporation 1’s product is greater than the real sustainable level of Corporation 1’s 

product, the optimal product output in the case of information asymmetry is less than 

information symmetry. If the cost factor is less than the product of carbon emission factor 

and carbon tax of Corporation 1, when Corporation 2 speculating sustainable level of 

Corporation 1’s product is less than the real sustainable level of Corporation 1’s product, 

the optimal product output in the case of information asymmetry is less than information 

symmetry; when Corporation 2 speculating sustainable level of Corporation 1’s product is 

greater than the real sustainable level of Corporation 1’s product, the optimal product 

output in the case of information asymmetry is greater than information symmetry. 

Theorem 10: If α1 > γ1t, when τ1
′ < τ1, that P < P̅，when τ1

′ > τ1, that P > P̅; If 

α1 < γ1t, when τ1
′ < τ1, that P > P̅，when τ1

′ > τ1, that P < P̅ 

Proof:  

         
If 𝛼1 > 𝛾1𝑡, when 𝜏1

′ < 𝜏1, so ∆P < 0，that is 𝑃 < P̅ 
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If 𝛼1 > 𝛾1𝑡, when 𝜏1
′ > 𝜏1, so ∆P > 0，that is 𝑃 > P̅ 

If 𝛼1 < 𝛾1𝑡, when 𝜏1
′ < 𝜏1, so ∆P > 0，that is 𝑃 > P̅ 

If 𝛼1 < 𝛾1𝑡, when 𝜏1
′ > 𝜏1, so ∆P < 0，that is 𝑃 < P̅ 

From Theorem 10 we can know that if the cost factor is greater than the product of 

carbon emission factor and carbon tax of Corporation 1, when Corporation 2 speculating 

sustainable level of Corporation 1’s product is less than the real sustainable level of 

Corporation 1’s product, equilibrium price in the case of information asymmetry is less 

than information symmetry; when Corporation 2 speculating sustainable level of 

Corporation 1’s product is greater than the real sustainable level of Corporation 1’s 

product, equilibrium price in the case of information asymmetry is greater than 

information symmetry. If the cost factor is less than the product of carbon emission factor 

and carbon tax of Corporation 1, when Corporation 2 speculating sustainable level of 

Corporation 1’s product is less than the real sustainable level of Corporation 1’s product, 

equilibrium price in the case of information asymmetry is greater than information 

symmetry; when Corporation 2 speculating sustainable level of Corporation 1’s product is 

greater than the real sustainable level of Corporation 1’s product, equilibrium price in the 

case of information asymmetry is less than information symmetry.  

Theorem 11: If 𝛼1 > 𝛾1𝑡, when 𝜏1
′ > 𝜏1, that 𝛱1 >  Π̅1, when 𝜏1

′ < 𝜏1, that 𝛱1 <
 Π̅1; if 𝛼1 < 𝛾1𝑡, when 𝜏1

′ > 𝜏1, that 𝛱1 <  Π̅1, when 𝜏1
′ < 𝜏1, that 𝛱1 >  Π̅1. 

Proof: The profit in the case of information asymmetry 𝛱1 equals to

   

 

   

 
The profit in the case of information symmetry Π̅1 equals to  

      

 
      If 𝛼1 > 𝛾1𝑡, when 𝜏1

′ > 𝜏1, that 𝛱1 >  Π̅1 
      If 𝛼1 > 𝛾1𝑡, when 𝜏1

′ < 𝜏1, that 𝛱1 <  Π̅1 
      If 𝛼1 < 𝛾1𝑡, when 𝜏1

′ > 𝜏1, that 𝛱1 <  Π̅1 
      If 𝛼1 < 𝛾1𝑡, when 𝜏1

′ < 𝜏1, that 𝛱1 >  Π̅1 

From Theorem 11 we can know that if the cost factor is greater than the product of 

carbon emission factor and carbon tax of Corporation 1, when Corporation 2 speculating 

sustainable level of Corporation 1’s product is greater than the real sustainable level of 

Corporation 1’s product, the profit of Corporation 1 in the case of information asymmetry 

is greater than information symmetry, so Corporation 1 should not public its sustainable 

level; when Corporation 2 speculating sustainable level of Corporation 1’s product is less 

than the real sustainable level of Corporation 1’s product, the profit of Corporation 1 in 

the case of information asymmetry is less than information symmetry, so Corporation 1 

should public its sustainable level. If the cost factor is greater than the product of carbon 

emission factor and carbon tax of Corporation 1, when Corporation 2 speculating 

sustainable level of Corporation 1’s product is greater than the real sustainable level of 

Corporation 1’s product, the profit of Corporation 1 in the case of information asymmetry 

is less than information symmetry, so Corporation 1 should public its sustainable level. 

When Corporation 2 speculating sustainable level of Corporation 1’s product is less than 

the real sustainable level of Corporation 1’s product, the profit of Corporation 1 in the 

case of information asymmetry is greater than information symmetry, so Corporation 1 
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should not public its sustainable level. 

 

5. Conclusions 

In this paper, two game models in the case of information asymmetry and information 

symmetry are developed for the design of sustainable product. We also analyze the impact 

of information symmetry and information asymmetry on the optimal product output, the 

equilibrium price and profit in this paper. A series of conclusions is obtained as follows. 

Firstly, in the case of information asymmetry, with the increasing or decreasing of 

carbon tax, the optimal product output, the equilibrium of Corporation 1 and Corporation 

should increase or decrease according to carbon emission factor of Corporation 1 and 

Corporation 2, carbon emission intercept of Corporation 1 and Corporation 2, Corporation 

2 speculating sustainable level of Corporation 1’s product and the sustainable level of 

Corporation 2. 

Secondly, in the case of information asymmetry, with the increasing or decreasing of 

carbon tax, the optimal product output, the equilibrium of Corporation 1 and Corporation 

should increase or decrease according to carbon emission factor of Corporation 1 and 

Corporation 2, carbon emission intercept of Corporation 1 and Corporation 2, the 

sustainable level of Corporation1 and Corporation 2. 
Thirdly, if the cost factor is greater than the product of carbon emission factor and 

carbon tax of Corporation 1, when Corporation 2 speculating sustainable level of 

Corporation 1’s product is greater than the real sustainable level of Corporation 1’s 

product, so Corporation 1 should not public its sustainable level; when Corporation 2 

speculating sustainable level of Corporation 1’s product is less than the real sustainable 

level of Corporation 1’s product, so Corporation 1 should public its sustainable level. If 

the cost factor is greater than the product of carbon emission factor and carbon tax of 

Corporation 1, when Corporation 2 speculating sustainable level of Corporation 1’s 

product is greater than the real sustainable level of Corporation 1’s product, so 

Corporation 1 should public its sustainable level. When Corporation 2 speculating 

sustainable level of Corporation 1’s product is less than the real sustainable level of 

Corporation 1’s product, Corporation 1 should not public its sustainable level. 
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