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 Abstract 

Supply chain management has become more and more focused on environmental sustainability. 

We study several cooperation contracts within a green product supply chain and investigate their 

environmental performance. Throughout this paper, we examine a two-tier supply chain 

comprising a manufacturer and retailer, in which a manufacturer designs and produces a green 

product, and a retailer successfully markets it in its marketplace through green marketing. The 

demand is based on the selling price, the green degree, and the preferences of the consumers. 

Shortages are allowed and fully backlogged. We have provided a closed-form solution for 
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determining the optimal values of green degree, selling price, and replenishment cycle. Moreover, 

the global optimality of the objective function is discussed analytically and numerically, along with 

a perfect counter plot, which provides a peek at the center of the plot.  A sensitivity analysis of key 

parameters is provided, along with numerical examples with graphical representations, to validate 

the model.   

Keywords: Supply chain; Consumer’s green preference; Green degree; Shortages; Deteriorations. 

1. Introduction: 

In order to maintain the sustainability of the supply chain, social environmental 

responsibilities must be internal motivations that create eco-conscious consumers who 

appreciate the benefits of green products. Over 80% of respondents to an Accenture 

survey consider the greenness of products when making purchasing decisions. Studies 

conducted by the Carbon Trust indicate that 20% of respondents would prefer to buy 

environmentally friendly products even if they were more expensive. Consumers' 

environmental consciousness plays an important role in facilitating sustainable supply 

chains. Purchasing behavior regarding green products is directly allied with consumers' 

knowledge, partially based on how product providers market their products. Green 

products are designed and produced by manufacturers in response to consumer demands 

for environmentally friendly products, whereas green marketing is used by retailers to 

market green products. As an example, a green-marketing strategy has been developed by 

Walmart for its suppliers. In a two-tier supply chain, the manufacturer makes a green 

product, which is distributed to retailers who in turn sell it to consumers. As a competitor 

to the green product, the market already contains a traditional product that competes for 

market share and has a similar function. Producing the environmentally sociable 

manufactured goods requires the manufacturer to invest in developing green technology. 

Green marketing is an important part of the retailer's marketing strategy. The green 

product is preferred by consumers who are environmentally conscious. Its "greenness" 

refers to how many fewer emissions it generates than its traditional counterpart. 
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The effectiveness of green marketing is confirmed as an effective method for converting 

consumers' green awareness into purchase decisions (Rahbar and Wahid, 2011). Philips, 

for instance, used green marketing to promote Marathon, a product that received the 

Energy Star label from the U.S. Environmental Protection Agency and allowed for a $26 

energy cost savings over a five-year period. This green marketing strategy led to a percent 

increase in sales for this product. Walmart and Carrefour are two of the largest retail 

companies that integrate sustainability strategies into their business and use green 

marketing to boost profits. Although there are many examples of green products being 

promoted, retailers still struggle with how to target their marketing exertions to promote 

green products. A deterioration of objects is an inherent property of life. Normally, we 

refer to deterioration as decay or a loss of goods such as fruits, foods, vegetables, etc. The 

evaporation of highly volatile liquids like alcohol, turpentine, gasoline, etc. causes them to 

deteriorate over time. Goyal and Giri (2003) studied that the production, production, and 

deterioration rates of a product are time-varying. In this paper, it is permissible to backlog 

partial shortages of a cycle. Singh et al. (2009) established when the time value of money 

and inflation are combined and an inventory problem for a deteriorating item has two 

warehouses, one is an own warehouse (OW) of finite dimension, and the other rented 

warehouse (RW) of infinite dimension. Rahbar and Wahid (2011) investigated the effect 

of green products and green marketing on consumer’s behavior towards green interest 

through a survey. Bhunia et al. (2014) established the two-warehouse model under 

permissible payment delay with partial backlog for deteriorating items. Dutta et al. (2015) 

studied an inventory model for deteriorating items with two components demand. 

Assuming that demand is stock-dependent up to the level of available stock, and then 

demand is assumed to be constant after which shortages are allowed with full backlogs. 

Cárdenas-Barrón and Sana (2015) studied a two-layer supply chain model with a 

promotional effort sensitivity that included an economic order quantity inventory model. 

Vijayashree and Uthayakumar (2016) created a two-tier inventory problem consisting of a 

single vendor and a single buyer with controllable lead time Saxena et al. (2017) developed 
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that each member of the supply chain is committed to working together for the maximum 

benefit of the supply chain in the integration of production of new items and 

remanufacturing of redeemable returned items. The seller may delay payments, and the 

seller will supply the buyer with the applicable items on a lot-for-lot basis. Sen and Saha 

(2018) studied the inventory modeling deterioration under permissible payment delays 

with time-dependent holding costs and shortages. Khurana et al. (2018) developed a model 

to predict the economic production volume of deteriorating products. The production 

rate, in order to satisfy the market demands and expectations, is based on the demand rate. 

The demand and deterioration of products depend on time. Sharma et al. (2019) derived a 

model for inventory for items with deteriorating characteristics and a seasonal demand will 

provide valuable managerial insights. This paper time-dependent partial backlog shortage 

is taken into account and constant deterioration is considered. Feng and Tan (2019) 

developed the pricing, coordinating the degree of greenness and loss aversion in a green 

supply chain. Singh and Rana (2020) developed a life cycle inventory model with 

multivariate demand and lost sales considering inflation and variable holding costs. Singh 

and Rana (2020) studied the optimal refill policy for new product and take-back quantity 

of used product with deteriorating items under inflation and lead time. Mishra et al. (2021) 

established the carbon emissions constrain greenhouse firms' supply chains for 

sustainability. In this paper, a buyer considered a linear and non-linear price-dependent 

demand. An inventory management system for a buyer using a carbon cap and linear and 

nonlinear price-dependent demand is developed based on this tax-regulated study. Zhang 

et al. (2021) examined the optimal financing strategy in a capital-constrained supply chain 

with retailer green marketing efforts. Li et al. (2021) studied the pricing strategy, it has an 

apparent effect on profit levels for supply chain members, but not on the green degree of 

the product; retailers with higher market potential typically prefer consistent prices, while 

those with lower market potential generally prefer inconsistent prices. Sarkar and Giri 

(2021) established the two-echelon model with variable backorders and uncertain demand 

leads to the optimal ordering policy. Sarkar et al. (2022) studied the uncertain demand for 
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and return rates of products, without making any assumptions about distribution. The 

innovation from remanufacturing is studied with respect to the inherent risks.  

2. Assumptions and Notations 

Notations: 

p       the price a retailer charges per unit. 

1t        The retailer's inventory level must drop to zero before the time period 

ends. 

1I (t)    retailer inventory level  10 t t   

2I (t)   retailer inventory level  1t t T   

e       unit green degree (decision variable) of the manufacturer 

       the green preference coefficient of the customers 0 1     

Q       number of units ordered by the retailer, 

q      quantities on hand by the retailer 

R      backlogging size during 1[t ,T]of retailer 

A      retailer ordering of cost of the items. 

T      timeframe of the cycle. 

j      the marginal cost of the manufacturer.    

w      the unit wholesale price of the manufacture. 

h     cost of retailer holding items. 

s     retailer shortage cost. 

     deterioration rate for the item.  

M    profits achieved by the manufacturer. 

R     profits achieved by the retailer. 
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      total profit. 

 

 

  Assumptions: 

 

1. A single-item inventory system is used by the manufacturer and 

retailer in the supply chain. 

2. D a p e,= − +   where a ( a 0 ) market potential. 0 1    measures 

consumers’ environmental awareness. Through this demand function, 

we are able to identify customers who are price sensitive and 

environmentally conscientious. There is a decline in the retail price and 

an increase in the green degree. The green degree indicates the extent 

to which green products protect the environment. 

3. Shortages are allowed which fully backlogged. 

4. Constant deterioration is considered with the rate of  , 0 1    

 

3. Mathematical Formulation 

 3.1 Retailer profit functions: 

We propose a two-layer supply chain model that includes one retailer and one 

manufacturer under the above-referenced assumptions. In this model, the retailer orders 

Q quantity of the product from the manufacturer in one cycle. The manufacturer tries to 

complete the retailer’s order as soon as possible so it is assumed that the manufacturer 

delivered the entire ordered product in a negligible lead time. The retailer received the 

ordered lot size at time t = 0. The level of inventory decreases to zero at time t = 1t  due 

to the joint effect of constant deterioration and market demand. The market demand is 

assumed in the manner that customers are concerned about environmental problems and 

they are aware of green products. At time t = 1t , shortages all took place in the retailer’s 
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warehouse which is fully backlogged till time t = T. At this stage, one inventory cycle is 

completed for the retailer. Fig.1.shows the graphical description of the physical situation 

for the retailer, considered in this model.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Graphical representation of retailer’s inventory system
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2 1R I (t) (a p e) (t T) ...(5)= − = − − +  −  

Total order quantity per cycle Q 

 

1t

1

e 1
Q q R (a p e) (T t ) ...(6)

 −
= + = − +  + − 

 

 

A
Ordering cos t

T
=  

Purchasing cost 
wQ

...(7)
T

=  

1t

1

0

h
Holding cos t I (t)dt

T
=   

1t

1

h(a p e) e 1
H.C. t ...(8)

T

 − + 
= − − 

   
 

1

T

1

t

s
Shortagecos t I (t)dt

T

−
=   

2 2

1
1

ts(a p e) T
S.C. Tt ...(9)

T 2 2

 − − + 
= − − 

 
 

T

0

p
Sales revenue (a p e)dt p(a p e) ...(10)

T
= − +  = − +   

                      

Accordingly, the retailer's total profit per unit time per cycle is calculated as follows: 

 

Total profit S.R. O.C. P.C. H.C. S.C.= − − − −  
1 1t t

2

R 1 1 1

s(a p e) h(a p e) e 1 w(a p e) e 1 A
p(a p e) (T t ) t (T t ) ...(11)

2T T T T

    − +  − +  − − +  −
 = − +  − − − − − + − −   

     
 

3.2 Manufacturer Profit functions 

 

Manufacturers are not involved in individual costs since they make the product and deliver 

it to retailers immediately. In the warehouse of the manufacturer, products are stored for 

a short time. Therefore, we ignore deterioration costs, inventory costs, and optimize the 
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producer's overall profit per unit time. Green products have an increased eco-friendly 

benefit (or reduce environmental pollution), but they are also more costly to produce.  

Based on our assumptions, green technology will cost R & D = 
21

ke
2

 

 

1t
2

M 1

(a p e)(w j) e 1 1
(t T) ke ...(12)

T 2

 − +  − −
 = − − − 

 
 

Retailers and producers are equally responsible for determining the profit function for 

both demand scenarios. A centralized approach to solving this mathematical model is 

employed here. Let, 
1(e,p, t )  be the supply chain's joint average profit function, 

which is comprised of the sum of the average profit of the retailer and the manufacturer.  

1 R M(e, p, t ) = +   

( )1

1

t2

1 12

1

t 2

1

s(a p e) h(a p e) A
p(a p e) (T t ) 1 e t

2T T T
(e,p, t ) ...(13)

(a p e) j 1
1 e (t T) ke

T 2





− +  − +  
− +  − − + − + − 

 =  
− +   + − + − −   

 

 

4. Solution Methodology: 

 

Following are necessary and sufficient conditions to calculate the optimal total cost 

function: 1 1 1

1

( , , ) ( , , ) ( , , )
0 0 0

e p t e p t e p t
and

t p e

  
= = =

  
 

The concavity of the profit function is obtained by the well – known Hessian matrix. Here, 

Hessian matrix of the profit function is: 
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2 2 2

2

1

2 2 2
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2 2 2

2

1 1 1

...(14)

e e p e t

H
p e p p t

t e t p t

      
 
     

      
=  

     
      
 
      

 

 

Our main aim is to obtain the optimal profit function for the inventory model which is to 

be done by establishing the concavity of the considered profit function. As stated above, 

we have to prove that the above-calculated Hessian matrix is negative definite, meaning 

that principal minors begin with negative signs. Obviously from equation. (14), we have,

1 0H  , 2 0H  and 3 0H  . This shows that the obtained solution is optimal. 

5. Numerical Solution and Contour Graph 

5.1 Numerical solution 

In this section, the validity of the proposed study has been investigated. The for-

mentioned model depends on several parameters. The numerical values of these 

parameters have been taken which are purely based on the previous researches in 

appropriates units. The numeric values are given in Table 2 while the obtained optimal 

values of inventory level, decision variables, and total profits are presented in Table 3. 

Table 2. Input data 

a = 450 j = 100 $ A = 1200 $ h = 25 $ 75$s =  

  T = 9 (weeks) 0.01 =  k = 2 1 =   

 

Table3. Output data 

Variable Q (units) p e  
1t  1( , , )e p t ($) 

Optimal 

value 

1609.24 362.775 87.225 6.6254 22691.5 
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5.2 Counter graph 

Contoured plots are a way to display three-dimensional surfaces on a two-dimensional 

plane.  A contour plot contains the following elements: 

• Predictors on the e - and 1t  - axes. 

• Predictors on the p - and 1t  - axes. 

• Predictors on the e – and p - axes. 

• Points with response values are connected by contour lines. 

• Colored contour bands that represent ranges of the response values. 

The contour graph of the obtained profit function is plotted in Fig.2., Fig.3.&Fig.4. using 

MATHEMATICA 9.0. The concave nature of the profit function can be seen in the 

following graph. 

 

Fig.2. the graph showing a symmetrical surface with e and 1t  a central peak. 
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             Fig.3. the graph viewing a symmetrical surface with p and 1t  a central peak. 

 

      Fig.4. the graph showing a symmetrical surface with e and p a central peak. 

6. Sensitivity Analysis: 
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Various parameters are analyzed in order to examine the effect of changes to those 

parameters on the maximum economic lot size per unit time and expected total profit 

per unit time. Taking one parameter at a time, the sensitivity analysis is carried out by 

varying the parameters by -15%, -10%, -5%, +5%, +10% and +15%. 

                                                                                Table 4. 

Parameter % change p e 𝑡1 Total profit 

      

 -15 317.775 64.725 6.625 12434.8 

 -10 332.775 72.225 6.625 15516.2 

a  -5 347.775 79.725 6.625 18935.1 

 +5 377.775 94.725 6.625 26785.4 

 +10 392.775 102.225 6.625 31216.8 

 +15 407.775 109.725 6.625 35985.7 

      

 -15 362.775 87.225 6.625 22691.5 

 -10 359.358 90.642 6.632 24514.6 

j  -5 361.066 88.933 6.628 23594.3 

 +5 364.483 85.517 6.622 21806.3 

 +10 366.191 83.809 6.618 20938.5 

 +15 367.899 82.101 6.615 20088.4 

      

 -15 359.534 90.465 6.885 24418.9 

 -10 360.453 89.462 6.709 23854.8 

h  -5 361.722 88.277 6.613 23245.5 

 +5 363.8 86.199 6.543 22157.8 

 +10 364.632 85.123 6.451 21687.5 

 +15 365.777 84.223 6.384 21147.3 

      

 -15 361.455 88.544 6.333 23387.1 

 -10 361.930 88.070 6.438 23135.8 

s  -5 362.071 87.123 6.514 23011.4 

 +5 362.753 87.011 6.687 22102.5 

 +10 363.504 86.495 6.786 22311.1 
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Observations: 

1. In Table 4, it is well-established that the selling price and green degree is increasing 

as the parameters a increases while time is not affected.  It is observed that the 

profit function is positively sensitive in respect of the demand parameter a. 

2.  It is seen in Table 4 that increasing the holding parameter h increases the selling 

price. While the green degree, cycle time and profit are decreasing.  

3. Table 4 shows that the selling price and cycle time are positively influenced by 

parameters T and s. Moreover, the profit function and green degree are negatively 

influenced by parameters T and s. 

 +15 363.833 86.166 6.859 22140.7 

      

      

 -15 358.297 91.703 5.638 25071.5 

 -10 359.787 90.213 5.968 24267.1 

 -5 361.28 88.720 6.296 23473.6 

T +5 364.272 85.728 6.953 21920.9 

 +10 365.772 84.228 7.281 21162.3 

 +15 367.274 82.726 7.609 20414.8 

      

 -15 373.678 109.032 6.625 24118 

 -10 369.484 100.64 6.625 23569.4 

k  -5 365.890 93.455 6.625 23099.1 

 +5 360.231 85.123 6.625 22129.6 

 +10 357.644 76.963 6.625 22020.2 

 +15 355.506 72.687 6.625 21740.5 

      

 -15 362.577 87.422 6.644 22794.8 

 -10 362.643 87.356 6.637 22760.3 

  -5 362.709 87.291 6.631 22725.9 

 +5 362.840 87.159 6.619 22657.1 

 +10 362.848 87.123 6.610 22601.9 

 +15 362.972 87.028 6.606 22588.5 
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4. In table 4, it is observed that the selling price slightly increase in respect of 

parameter 𝛼. While the green degree, cycle time and profit function are negatively 

sensitive in respect of parameter α. 

5. In the table 4, it can be seen that when the parameter k increases, the selling price, 

the green degree, and the overall profit all decrease, while the cycle time does not 

change. 

6.  In Table 4 it can be seen that with an increase in parameter h, the selling price 

first decreases and then increases significantly, while the green degree and profit 

function first grow and then decrease. 

 

 

7. Conclusion 

 

In this study, a solution to a green product supply chain coordination problem was 

examined while taking environmental responsibilities of stakeholders into account. 

Environmental responsibility is an intrinsic motivation for sustainable supply chain 

management. Market-driven factors such as consumer's environmental consciousness are 

crucial to achieving environmental sustainability in the supply chain. In this paper, the 

demand is considered on the selling price, the green degree, and the preferences of the 

consumers. Shortages are allowed and fully backlogged. The manufacturer determines its 

product design strategy, which is represented by product greenness; however the retailer 

defines its green marketing effort to encourage demand for the green product. As a result 

of comparing and analyzing the decisions among the three contracts, we gained a better 

understanding of their management. Having a cooperative contract is vital to improving 

the environmental performance of your supply chain. Especially when your consumers are 

conscious of the environment. A higher holding cost determines a shorter stock out period 

and a longer stock out period, while a higher shortage cost affects a shorter stock out 

period and a longer stock out period. Moreover, holding and shortage costs affect the 
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greenness of any product, and it appears that variations in holding costs negatively affect 

it, while variations in shortage costs positively affect it. It may be possible to extend this 

model to include stochastic market demand rates and allowable payment delay in future 

studies. 
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