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The effort for carbon emission reduction can be a useful measure of sustainable supply chain management and 
preservation technology plays an important role in reducing the rate of deterioration. In addition, the industry 
initiated a customer awareness program, and advertising measures are considered to control the rate of 
deterioration of products. A mathematical model is proposed to maximize profit by maintaining sustainability. 
The model is solved with a nonlinear optimization technique using closed-form solutions of the decision 
variables. Moreover, the model is examined with numerical experiments. Several special cases are discussed to 
show the maximum profit generated by the proposed model. The numerical experiments show that effort for 
carbon emission reduction is largely beneficial for supply chain management sustainability. It is also shown that 
improved preservation strategies can efficiently reduce the deterioration rates of products. 
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1. Introduction

To maintain a sustainable supply chain, the supply chain must fol-
low all three aspects of sustainability including economic, envi-
ronmental, and social pillars. Industries have beenhappy to con-
tinue with economic growth among those pillars. However, the 
environmental pillar becomes popular nowadays based on global 
warming (Hammar et al., 2022). The main concern about global 
warming is the increasing rate of CO2 emissions. Thus, the main 
effort is to reduce CO2 from industries such that it will not be 
harmful to society. The reduction of CO2 from production can be 
controlled. Retailers can also use the effort to reduce CO2 by 
transportation policy. This research considers the effort of carbon 

emission reduction for both the manufacturer and the retailer.
This research fulfills this research gap that the industry can 

choose any of them. The effort for the reduction of CO2 is consid-
ered a decision variable because it is totally dependent on the 
R&D sector of any industry. In this direction, this study considers 
the effort of CO2 reduction with customer awareness. Because un-
til the customer cannot have the effectiveness of CO2 reduction 
and others, sustainability cannot be achieved. But the customer 
can be attracted by several policies. If the price of the product is 
reduced or the quality is improved with the same price, the prod-
uct sales definitely can be increased when the awareness program 
or awareness strategy can be introduced. Therefore, the major re-
search gap covering the selling price dependent demand with CO2 
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emission reduction strategy under customer awareness is con-
ducted within this research. 

The product is considered with the direct effect of deterioration, 
where a preservation technology is used to reduce the rate of 
deterioration. The manufacturing industry has been known to offer 
quantity discounts to retailers for selling more product (Sarkar, 
2016). Sometimes, retailers pass on similar discounts to customers, 
but in many cases, the retailers do not. Instead, retailers allow partial 
discounts to their customers (Sarkar et al., 2020). Literature in this 
field includes several studies on partial trade credit. Therefore, this 
research is conducted based on deteriorative products with preserva-
tion technology, reduced selling price to attract more customers, con-
trolled CO2 emissions to save the environment, and customer 
awareness.

The rest of this paper is structured as follows: Section 2 presents 
a literature review. The problem definition, notation, and assump-
tions of the optimization model are discussed in Section 3. Section 
4 presents the mathematical model and solution methodology. In 
Section 5, numerical experiments, a sensitivity analysis, and mana-
gerial insights are explained. Finally, in Section 6, the findings from 
this study are examined.

2. Literature Review

2.1 Carbon Emissions and Awareness Program

Nowadays, owing to environmental impacts, sustainable supply 
chain management (SSCM) is essential for businesses to remain 
operational for a long time. Panda et al. (2015) introduced a cen-
tralized SCM to gain more profit under several ways of channel 
coordination. However, they did not create an awareness program. 
Customers should be aware of sustainablity issues. Thus, the in-
dustry has the responsibility to take care of customer awareness 
programs whether in the retail industry or manufacturing industry. 
Both should promote awareness programs via advertising. If the 
advertisement is allowing more, then the demand pattern may 
vary as well as increase. While Sarkar (2012) used this strategy 
only for the retail industry, the proposed model utilized the same 
strategy for the supply chain. Sarkar (2012) used this for advertis-
ing only, whereas the current study utilizes this as an awareness 
program for the customer to help protect the environment from 
the effects of global warming.

Modak et al .(2016) explained about effects of duopoly retailers 
under a coordination policy within the supply chain players, as sug-
gested by Panda (2014), by utilizing a revenue sharing policy. 
Modak et al. (2016) developed several pricing strategies without a 
price discount policy for duopoly retailers but only for corporate 

socially responsible manufacturers, whereas the proposed model 
considers that both the retailer and the manufacturer are socially re-
sponsible and have awareness programs for the customer. Tayyab 
et al. (2020) developed a process improvement under the environ-
mental effect, but no awareness program was created. Sarkar et al. 
(2020) introduced an awareness program to control global warm-
ing under several conditions, but they did not consider the reduc-
tion of carbon emissions. Chen et al. (2020) discussed on the cor-
porate strategy of ownership and location. They also took care of 
the environmental issues along with the business strategies. Cai 
and Choi (2021) gave importance on the producer’s responsibility 
to make a business sustainable. The proposed study develops a 
mathematical model under the concept of a quantity discount, and a 
preservation strategy to improve the quality of deteriorating 
products. This is the first study that considers all of these factors to-
ward sustainable supply chain management. 

2.2 Product Deterioration and Preservation Strategy

Tiwari et al. (2019) developed an ordering policy to make a 
system sustainable. They introduced noninstantaneous deterio-
ration without any stochastic rate. Tiwari et al. (2019) proved that 
a multi-stage trade-credit strategy under controlled carbon emis-
sions could reduce global warming. Taleizadeh and Moshtagh 
(2019) proved that the consignment inventory for any SCM can 
enable SSCM when considering quality-dependent return 
products. Alizadeh-Basban and Taleizadeh (2020) developed an 
SSCM for specific products by considering the sales effort and is-
sues with delivery. The aforementioned studies considered the 
quality of products with regard to deterioration or other issues. 
Sarkar (2012) was the first to consider time-varying deterioration. 
Sarkar (2013) also introduced several stochastic deterioration 
rates under SCM. The major issues of stochastic deterioration 
were solved, but there was no known way to control the deterio-
ration or to consider sustainability in the solution. Dye (2013) in-
troduced the concept of cost of preservation technology, which 
has been the main preservation policy in studies to this date. With 
the assumption that deterioration might not be constant, owing to 
the simplicity of the model, a constant rate of deterioration was 
considered. Therefore, there was an immediate research gap with 
regard to variable deterioration and preservation technology. 

Sarkar (2016) discussed several discounts polices, three-step in-
spections, and a variable backorder rate to control deterioration in 
supply chain coordination but without a preservative to increase 
the lifetime of products. Sarkar and Saren (2017) verified several 
inventory models with variable deterioration of the products with-
out controlling their deterioration rates. Sana et al. (2018) devel-
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Authors Model type Preservation technology Carbon emissions Awareness program
Dye (2013) SCM Considered Not considered Not considered

Modak et al. (2016) SCM Not considered Not considered Considered
Tiwari et al. (2019) Inventory Considered Considered Not considered
Sarkar et al. (2020) SCM Not considered Not considered Considered

This study SCM Considered Considered Considered

Table 1. Author Contribution Table

Decision variables 
 delivered lot size to the retailer
 number of deliveries per batch 
 customer awareness cost of retailer 
 customer awareness cost of manufacturer 
 effort of carbon emissions reduction for retailer 
 effort of carbon emissions reduction for manufacturer
 investment for preservation technology 
 selling price of retailer

Dependent variables 
 demand of the customer



 reduced rate of deterioration

 discount rate
Parameters

 fixed transportation cost 
 cycle time 
 variable transportation cost
 partial percentage of quantity discount
 setup cost of manufacturer
 ordering cost of retailer
 inventory holding cost of manufacturer
 inventory holding cost of retailer
 inventory holding area of manufacturer
 inventory holding area of retailer
 deterioration rate of products
    scaling parameters


cost of deteriorated products for retailer


cost of deteriorated products for manufacturer
ϕ number of deteriorating items of manufacturer

Table 2. Notations

oped a dynamic model with a supply chain cash flow without con-
trolling the quality of products even though dynamic movement 
was present. Modak et al. (2018) analyzed the structural issues of 
a closed-loop supply chain for the quality of products with several 
pricing policies, but they did not consider any investment to up-
date the quality of the products.

Sana et al. (2019) developed an improved algorithm for a pro-
duction model with constraints for specific products, but there 
was no improvement in the quality of the products. Ullah and 
Sarkar (2020) updated the quality of products through a smart 
process using radio frequency identification. They utilized re-
manufacturing for low-quality products to transfer them into per-
fect-quality products without changing the environment of the 
products. However, it was possible to improve the environmental 
conditions for updating the quality of products. In the same direc-
tion, Saxena et al. (2020) introduced an alternative marketing 
strategy without changing the quality of products from 
deterioration. They recommended remanufacturing of the deterio-
rated products to make new products that might be utilized for an-
imals rather than human beings. In this way, Saxena et al. (2020) 
proved that the waste can be controlled, but the initial product can 
be changed to any other product. Li et al. (2018) explained about 
forecasted demand of deteriorated products but they did not think 
about the reduction of deterioration. They presents the importance 
of using preservation technology to reduce deterioration rate of 
products. This study fulfills the research gap (see <Table 1>) to 
control the deterioration rate by an initial investment in a preser-
vation strategy.

3. Problem Definition

Adopting effort of carbon emission reduction and awareness 
measures to solve the sustainability issue is the goal of this model. 
<Table 2> shows the notations for the mathemaical formulation.

Along with the profit of the supply chain, the players should 
consider the implications to society as a whole. To ensure custom-
er awareness when conserving the environment, an advertisement 
strategy is adopted by the company. The manufacturer offers 

quantity discounts to the retailer in exchange for a large amount 
of purchasing to save on the holding costs of the manufacturer. In 
this study, some investments are assumed to increase the aware-
ness of the customers. Therefore, the best suited demand pattern is 
considered to be       , where 
 and  are the scaling parameters. The industry obtains that the 
demand can be increased by reducing the selling price of the 
product along with carbon emissions reduction, and customer 
awareness cost.
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To increase customer demand, the stakeholders in the supply 
chain follow a business strategy in which the manufacturer offers 
quantity discounts to the retailer, and the retailer offers a percent-
age of this discount to the customer. The discount rate can be rep-
resented as   , where ∈    and   is the dis-
count cost. This can be written as 

 










 ∈ 

 ∈ 

 ∈ 

⋮
 ∈ ∞

(1)

where     ⋯  . 

Two types of transportation costs (fixed and variable) are utilized 
to transport the products from the manufacturer to the retailer. 
Finally, the profit is maximized by extending sustainability.

4. Mathematical Model

4.1 Model for Retailer

When the manufacturer offers large quantity discounts to the 
retailer, the retailer offers a partial quantity discount to customers. 
Thus, the cost for offering quantity discounts to the customer is 
 . To reduce global warming and pollution, the retailer 

invests 




 as the effort to reduce carbon emissions. The 
retailer also takes part in a similar awareness program for 
customers. Thus, there is an investment from the retailer for the 

same purpose. Hence, the customer awareness cost is 




. As 

the fixed and variable logistics costs are considered to transport 
products, the total logistics costs are given by  . When 
dealing with highly deteriorated products, the retailer has to pay 
the deterioration cost and the corresponding preservation cost. 
The manufacturer sends products following the single setup mul-
ti-delivery (SSMD) policy. Thus, the ordered lot size   . 
Owing to deterioration and using preservation technology, the 

value of  can be written as   

 
 , where 

 represents the market demand, and 

 
 is the 

deteriorated item during . As   

 ,  can be written as

  

 

    (2)

Hence, the retailer’s average inventory can be written as 




  


 

  (3)

The total of deteriorating items of the retailer is the difference 
between the total products received from the manufacturer and the 
fulfillment of customer demand. Therefore, the number of deteri-
orating items of the retailer can be written as 

          

⇒


  





  (4)

Hence, from Equations (3) and (4), it can be written as 




 

 . Then, the retailer’s ordering cost is 
  for purchasing 

from the manufacturer, and the holding cost for retaining perfect 
products is 

 . The deterioration cost after using preserva-

tion technology is  


 

.  Finally,  the revenue
of the retailer is , where the purchasing cost is . Therefore, 
the total profit per cycle for the retailer is given by 

      (5)

      


  

 

           









4.2 Model for Manufacturer

The manufacturer produces products and sells them to the 
retailer. The rate of deterioration is high, and both the manu-
facturer and retailer have to deal with this problem. The manu-
facturer utilizes a preservation policy to control the deterioration 
rates of products. The manufacturer assumes responsibility of so-
cial activity to control the carbon emissions, and conducts an 
awareness program for the customers. To determine the manu-
facturer’s profit, the following costs and revenue calculations-
should be considered.

The manufacturer’s total inventory can be calculated as fol-
lows: The production lot size of the manufacturer is   ϕ, 
where ϕ is the number of deteriorated items. This can be ex-
pressed as ϕ . The total number of deteriorated items of 

the supply chain is ϕ

 . Therefore, it can be written as

ϕ


 




  (6)

After simplification, the inventory of the manufacturer can be 
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written as (Sarkar, 2013) 

  




 


  (7)

To produce products, the manufacturer has to establish a 
production system. The corresponding cost is the known setup cost, 

which is given by 

 . There is a significant amount of deterioration 
in products. Thus, calculation of the average inventory for the perfect 
product is needed to calculate the holding and deterioration costs.

The holding cost can be found as 

 , and the deterioration 

cost is 




. To control the deterioration rate, a preservation 

policy is adopted by the manufacturer. The manufacturer uses  
investment for the preservation technology to reduce the 
deterioration. Therefore, the cost of deterioration after using 

preservation technology is 


 

, where 

  is the reduction rate of deterioration. The manufacturer 

utilizes the customer awareness investment 




, and the effort 

for reduction of carbon emissions investment is 




. To sell 

more products, the manufacturer offers quantity discounts to the 

retailer. Thus, the quantity discount cost is 

 . Finally, the 

revenue of the manufacturer is given by , and the purchasing 
cost of the raw material is . Therefore, the profit per cycle for 
the manufacturer is given by 

     (8)

           


  

 

               









Finally, the total profit of the entire supply chain is given by 

     


    (9)


  

 

  

 



















4.3 Solution Methodology

 In the proposed model, the deterioration rate is considered to 
be random and follows a uniform distribution. Thus, the deterio-

ration rate can be written as    

  . After 

simplifying, Equation (9) becomes 

        (10)

       










 







         ×    

          

  

 



         

 



        × 




 


  




       














The model is optimized by a classical optimization method. 
The optimum values of the decision variables can be obtained as 
follows:

- The number of shipments is considered an integer variable.
- Taking the partial differentiation of Equation (10) with respect 

to  and satisfying the necessary condition of optimization, 
one can obtain the optimum value of  as 

  





   (11)

From Equation (11), it can be concluded that the optimum de-
livery lot size is directly proportional to the demand of the cus-
tomer, ordering cost of retailer, setup cost for manufacturer, fixed 
transportation cost of the retailer. The lot size is inversely propor-
tional to the deterioration rate and cost of products.

To find the optimum value of , Equation (10) is partially dif-
ferentiated with respect to . Using the necessary condition of 
optimization, one can obtain 






 

 (12)

The optimum investment for preservation technology depends 
on the ordering cost for retailer, setup cost of manufacturer, fixed 
and variable transportation cost, production cost, and preservation 
cost for both players. For the optimum value of  and , taking 




  and 


 , one can obtain


  

 (13)


  

 (14)
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The optimum carbon emission cost for manufacturer and retailer 
are represented by Equation (13) and (14). Both the optimum values 
are directly proportional to the selling price of manufacturer and re-
tailer, ordering cost of retailer, holding cost of manufacturer, setup 
cost of manufacturer, and the transportation cost of retailer. The opti-
mum costs are also dependent on investment for preservation 
technology. The optimum values of   and  can be obtained by 

equating 


  and 


 . Therefore, 


  

 (15)

                            
  

 (16)

Equation (15) and (16) represent the optimized values of customer 
awareness costs of manufacturer and retailer. These optimum values 
depends on the selling price of manufacturer and retailer, ordering 
cost of retailer, holding cost of manufacturer, setup cost of manu-
facturer, and the transportation cost of retailer. The optimum value 

of  can be calculated by equating 


 , and the optimum 

value is 

      

 (17)

The optimum selling price is represented by Equation (17). The op-
timum value is dependent on demand and ordering and transportation 
cost of retailer, setup, holding, and deterioration cost of manufacturer, 
and preservation technology. (See Appendix I for detailed calcu-
lations of the optimization and values of    , and ).

Now, by the Hessian matrix, it can be proven that the values of the 
decision variables are a global optimum. Since   is the integer varia-
ble, the Hessian matrix of the other decision variables can be written 
as 

  (18)











 




 






























 





 





 





 





















 







 





 





 





















 





 







 





 





















 





 





 







 





















 





 





 





 







 













 




 






















The first principal minor of the Hessian matrix is given by 

 




 
   (19)

The second principal minor can be written as 

   




 







 




















(20)

               
  

The third principal minor is given by 

     











∂



∂ 

∂∂θ


∂ 
∂∂θ



∂ 

∂θ
∂

∂ 
∂θ




∂ 

∂θ
∂θ



∂ 

∂θ
∂

∂ 
∂θ

∂θ


∂ 
∂θ




∂ 

(21)

               
   

The fourth principal minor is given by 

   (22)






 











 












 















 














 















 














 















 









         
  

    

The fifth principal minor can be written as 

   (23)




 





 





 





 





 






 





 







 







 







 






 







 





 







 







 






 







 







 





 







 






 







 







 







 





 

          
    

    
  
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(a) Profit vs. delivery lot size (b) Profit vs. retailer’s selling price

(c) Profit vs. investment for preservation technology (d) Profit vs. awareness cost for retailer

(e) Profit vs. awareness cost for manufacturer (f) Profit vs. carbon emission cost of retailer

(g) Profit vs. carbon emission cost of manufacturer
Figure 1. Changes in Profit with Respect to Decision Variables

Similarly, the sixth principal minor    and the seventh 
principal minor    are obtained.

Thus, from the sufficient condition of optimization, it can be 
found that all principal minors alternate in sign. Therefore, it can 
be said that all decision variables along with the profit of the 
SSCM are a global maximum.

5. Numerical Experiments

The numerical experiments were performed in Mathematica 11.3. 
In this section, numerical examples with three special cases, a 
sensitivity analysis, and managerial insights are presented. 

5.1 Numerical Examples

The numerical data are taken from Sarkar (2013) and Modak et al. 
(2016). To validate the model, several experiments are conducted. 
The input data are given as follows:   /unit,   ,   , 
  ,   ,   /order,   /unit/year,   

/unit/year,   /setup, 
 /unit, 

 

/unit,    units,   ,   ,   ,   

/shipment,   /unit/shipment,   ,   ,   , 
  ,   , and   .

At the optimum number of shipments   , the optimum de-
livered lot size is 1,389.98 units/shipment. The retailer invests op-
timal costs for customer awareness and efforts for reduction of 



8 Mitali Sarkar․Byung Do Chung․Jae Seok Choi

Figure 2. Comparison of Profits for Different Cases

carbon emissions are /cycle and /cycle, whereas 
for the manufacturer, the investments for the same purposes are 
/cycle and /cycle, respectively. The optimal in-
vestment for the preservation technology is /cycle. The 
retailer sells products to the customer at optimum price 

/unit. Thus, the maximum supply chain profit is obtained as 
/year.

The change in the profit using SSCM with changes in the val-
ues of the decision variables can be explained as follows: From 
<Figure 1a>, it is seen that the profit of the SSCM becomes zero 
when the delivery lot size is about 1190 units/shipment and 1,625 
units. The optimum profit can thus be obtained when the lot size 
is about 1,390. Thus, it can be concluded that the optimal value of 
the delivery lot size is 1,389.98 units/shipment.

The selling price of the product varies between  and 
. <Figure 1b> shows that when the selling price becomes 
about , the supply chain starts to gain profit, and it turns 
maximum when the selling price is . If the selling price 
becomes , then the supply chain runs at a loss. As the rate of 
deterioration of green products is high, investments in preserva-
tion technology are essential. These investments vary from  
to  (see <Figure 1c>) when the supply chain gains profit, and 
the optimal value of the investment is .

<Figure 1d> and <Figure 1e> represent the changes in profit 
with respect to the awareness cost of the retailer and the manu-
facturer, respectively. The optimal awareness cost for which the 
profit is maximum is about , whereas for the manufacturer 
it is about . Thus, the manufacturer needs to invest more 
than the retailer to gain maximum supply chain profits for aware-
ness of the customer. The optimal investment for the effort of car-
bon emissions reduction of the retailer is (see <Figure 1f>) near 
, where the total supply chain profit is maximum. To gain the 
maximum profit for the supply chain, the manufacturer needs to 
invest  (see <Figure 1g>), which is almost less than the re-
tailer’s investment.

5.2 Special Cases

For the purpose of comparison, three special cases are consid-
ered as follows: Case 1) when demand is considered as a constant, 
Case 2) when preservation policy is not considered and Case 3) 
when effort for carbon emission reduction is not considered

If the demand is considered as a constant, then the total profit 
of /year is less than the total profit of the proposed 
model. This indicates that the selling price significantly effects the 
total profit of the supply chain. In general, the demand for a green 
product is not constant. Therefore, this proposed variable con-

verges over a constant demand pattern.
If no preservation policy is considered, then the profit of SSCM 

becomes   /cycle, which is negative. This 
means if the preservation technology is not considered, then the 
SSCM will face a loss. However, it is quite natural that if green 
products are significantly deteriorated and no preservation effort 
is taken, then there is a large amount of deteriorated products. As 
a result, the profit definitely decreases. Therefore, the proposed 
model converges over the nonpreservation models.

If the industry is not taking any initiatives to control pollution 
or global warming, then from the government’s perspective, it is 
very difficult to maintain the carbon emissions from industry. 
Therefore, if there is no effort of carbon emission reduction, then 
the profit of the SSCM is   /cycle, which is 
less than that of the proposed model. Thus, if the players of SCM 
consider carbon emission reduction, then they can obtain a greater 
profit and can take care of the environment.

Now, if these three special cases are compared with the pro-
posed model, from <Figure 2>, it can be shown that the profit of 
the supply chainis maximum for the proposed method. If demand 
is considered constant, then the profit is lower. The supply chain 
may face loss if preservation technology is not considered. For 
carbon emission reduction strategy, the profit is less than that of 
the current study when it is not considered.

5.3  Sensitivity Analysis

The changes in the profit respect to some key parameters are 
listed in <Table 3> and shown in <Figure 3>. From a graphical 
representation of the sensitivity of the key parameters of this 
study, the following insights can be drawn. 

First, the ordering cost of SSCM is maintained in the equili-
brium position if one can increase toward the positive or negative 
direction. For the SSMD policy, this cost is very important for 
placing orders repeatedly as weakly or based on anytime sched-
uled or random order. This indicates that the ordering cost is to-
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Parameters
Changes
(in %)

Changes of 

(in %)
Parameters

Changes
(in %)

Changes of 

(in %)



(Ordering cost)

-50
-25
+25
+50

+0.003
+0.002
-0.002
-0.003



(Setup cost)

-50
-25
+25
+50

+0.05
+0.02
-0.02
-0.05



(Holding cost of
retailer)

-50
-25
+25
+50

+6.63
+3.32
-3.32
-6.63



(Holding cost of
manufacturer)

-50
-25
+25
+50

-1.75
-0.87
+0.87
+1.75



(Deterioration
cost of retailer)

-50
-25
+25
+50

-12.65
-6.32
+6.32

+12.65



(Deterioration cost of
manufacturer)

-50
-25
+25
+50

+10.38
+5.19
-5.19

-10.38



(Fixed transportation 
cost)

-50
-25
+25
+50

+0.019
+0.009
-0.009
-0.019



(Variable transportation 
cost)

-50
-25
+25
+50

+16.35
+8.17
-8.17

-16.35

Table 3. Sensitivity Analysis for Changing of Profit

tally steady over the cycle time. Therefore, management can try a 
random order to check the validity of the cost during random or-
dering and can check the status of carbon emission reduction.

Second, SSMD policy is always important for the holding costs 
of the retailer and manufacturer. When the holding cost increases, 
the total cost of the manufacturer increases. However, owing to 
the SSMD policy, the reverse occurs. The profit of the manu-
facturer increases with an increase in the holding cost of the 
manufacturer. However, for a retailer experiencing an increase in 
the holding cost, the profit of the SSCM decreases. If the study 
follows a single-setup-single-delivery policy, then for both cases, 
the profit decreases with an increasing rate of holding cost. 
However, for both players, the holding cost follows an equili-
brium position.

Figure 3. Graphical Representation of Sensitivity of Some Key 
Parameters

Third, the setup cost is much less sensitive here because a tradi-
tional production system is used. However, this still maintains an 
equilibrium in changes and other parameters.

Forth, the variable transportation cost is very sensitive in this 
study. The profit decreases significantly with an increase in this 
cost, although it maintains equilibrium in both directions. This is 
the most sensitive parameter among all of the parameters. 
Meanwhile, the fixed transportation cost is much less sensitive 
than the variable transportation cost. As the quantity is involved 
with the variable transportation cost, which is a decision variable 
for transporting products through SSMD policy.

Lastly, since the duration of the preservation of products is a major 
contribution in this model, the deterioration cost for both the retailer 
and manufacturer fluctuates in the reverse direction. For the manu-
facturer, the profit decreases when the deterioration cost increases; 
but for the retailer, the profit increases when the deterioration cost 
increases. This occurs owing to the use of preservation technology. 
The number of deteriorated products decreases when preservation 
technology is used, and the profit increases. 

6. Conclusions

A mathematical model was developed for supply chain management 
to maintain sustainability. It was recommended that the use of green 
products can reduce the carbon emissions from different production 
systems. However, it was found that the deterioration rate of green 
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products was much faster than for other products. Therefore, more 
preservation technological investment should beutilized. Also, to in-
crease customer awareness, a significant amount of investment 
should be utilized for advertisements. Finally, the total cost can be 
minimized under the effort of carbon emissions reduction. This 
proved that if customer awareness can be increased, then environ-
mental pollution can be controlled such that sustainability could be 
established easily. Several numerical experiments and special cases 
were discussed with some major managerial insights. It was found 
from a sensitivity analysis that the awareness cost parameter and effort 
of carbon emission reduction had a greater impact than other 
parameters. This model proved that industry can take a major role in 
controlling the global warming issue by introducing a customer 
awareness strategy. However, in this paper, constant demand pattern 
was considered and it can be extended as stochastic for further ex-
tension of the model. For quantity discounts, a trade-credit policy can 
be accommodated to increase revenue, and this is another fruitful di-
rection for research. If the unequal power of the supply chain is consid-
ered, then a leader-follower strategy can be developed to verify the 
CSR again with new findings. 
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<Appendix>

The first-order partial derivatives are as follows: 









    










 






 

      

  

 


  

 


 × 




 


  ,









     





 







 


 




  


    

  

 


 

 




  


    

  

 


 

 ,




  


    

  

 


 

 ,




  


    

  

 


 

 ,




     


   

                    
  

 


 

  .

The values of    , and   can be calculated as follows: 
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