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Abstract 

A hectic life makes fitness difficult, especially if you consume chemicals. Knowing this 

fact, we have analyzed an economic production inventory model for deteriorating items. 

The manufacturing model is developed with green technology in order to produce eco-

friendly products. The volume flexibility is taken into account. Multivariable demand 

rate has been taken into consideration which is dependent on selling price, green degree 

and green preferences of the customer. In response to the growing green preferences of 

customers, manufacturers should increase their investment in green technology. It is 

allowed to have shortages and all backlogs are fully backlogged. A closed-form solution 

has been provided for the optimal values of the green degree and replenishment cycle. 

In addition to analyzing the volatility of the system numerically and sensitivity-wise, the 

model can also provide some managerial insights in favor of the manufacturer to 

maintain customer satisfaction and increase profit. 

Keywords : Inventory, EPQ model, green technology, multivariable demand, shortage, 

deterioration, volume flexibility 

1. Introduction 

Every individual has a duty to fulfill their environmental responsibilities. It is the distribution chain of 

inventory that plays the most significant role in real-world environmental problems since different types 

of inventory have different effects on the environment. Manufacturers and retailers are majorly involved 

in the entire production process, from raw material to final product. Therefore, they promote their 

benefits to the environment by providing green products to customers. Knowing about green products, 
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which come from green marketing, makes them more likely to shop eco-friendly. Furthermore, green 

marketing is growing in popularity as environmental health affects human health as well, which is why 

customers are more aware of eco-friendly items. Green products mean different things depending on the 

market, but generally, they are environmental products or ecological products. Through green marketing, 

products that are environmentally friendly are promoted.€ A wide variety of activities are included in the 

strategy, such as changes to products, production processes, packaging, and advertising. It is difficult to 

define green marketing, however, because there are many meanings and classifications that are attached to 

the term including social, environmental, and retail terms. Several studies have demonstrated the 

effectiveness of green marketing in converting consumers' green awareness into actual buying behavior 

(Rahbar & Wahid, 2011). Retail giants Walmart and Carrefour use green marketing to boost business 

success and use the suitability strategies as part of their business models. While such examples have been 

provided, most retailers still struggle to figure out how to incorporate green products into their marketing 

campaign. 

Design for the environment, ecological efficiency, or sustainable product design is also known as green 

product design. To reduce negative environmental impacts during the life cycle of a product, proactive 

environmental deliberations should be addressed at the start of the product growth process. A green 

product design can involve considerations such as selecting the right materials, reducing resource usage, 

planning for production, and contemplating the final nature of the product. An organization must 

integrate this methodology into its existing product design methods so that environmental constraints can 

be stable with traditional attributes of products like quality, reducibility, and functionality. Due to these 

reasons, more and more businesses are working to incorporate green product design into sustainability 

strategies. 

Following are the sections of this paper: Section 2 provides information on research that is related to this 

work. In section 3, we describe the problem, notations and make assumptions. A mathematical 

formulation and analysis of the problem is presented in section 4 for the price-only and green marketing 

cost-sharing contracts. Section 5 provides details on how to solve the problem and some theoretical 

results. Observations, sensitivity analysis, and numerical examples are discussed in section 6. The final 

section 7 of the study concludes the study and suggests directions for future research. 

2. Literature Review 

For the awareness of the green product in customers, the concept of green marketing was developed. 

Rahbar and Wahid (2011) investigated the effect of green products and green marketing on consumer’s 

behavior towards green interest through a survey. Later, A case study is presented by Brindley and 

Oxborrow (2014) in the context of green marketing needs in the development of a sustainable 

atmosphere Yenipazarli and Vakharia (2015) studied the green products show more benefits in both green 

and brown product consumer’s market as they can be recycling and also good for the environment To 

promote the green demand, the government also takes initiates by providing different types of green 

subsidies to banks, manufacturers, suppliers, and retailers. Meng et al. (2021) focused on the use of 

holistic explanatory structural modeling in green supply chain models with government subsidies. The 
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author considered the two cases with government subsidies and a case without them. Government 

subsidies will help reduce the price of green products and make green products more attractive; 

Government subsidies benefit manufacturers, and the effect on profits of the retailer is determined by the 

amount of government subsidies Sarkar et al. (2022) considered the production of biofuel from renewable 

biomass compared with fossil fuel production, concluding that a smart manufacturing system was a 

significant supplement to fossil fuels, thus decreasing reliance on predictable fuel and reducing carbon 

emissions. 

Saxena et al. (2020) derived the policy for sustainable supply chain most likely to prove effective in 

reducing waiting period and the conditions under which these policies could be implemented effectively. 

In this model, primary and secondary market concepts were overlapping and constructed sequentially 

within a closed-structured supply chain. Zhang et al. (2021) analyzed the green supply chain model in 

terms of manufacturers' and retailers' financing decisions. Considering both centralized and decentralized 

decision-making strategies, in this model retailers' choice of trade credit strategy and evaluates the 

decision-making propensity of these firms. The findings suggest that manufacturers should offer trade 

credit and participate in retailers' financing decisions to avoid double marginal effects. Sarkar et al. (2021) 

established a sustainable supply chain model with improved quality. It is considered that waste reduction 

within the production system is important in this model. Under this study, Dey et al. (2021) developed a 

smart integrated sustainable model with variable lead time, and variance. A study is being conducted to 

examine the issue of movable lead times and variance under manageable production rates and advertise-

dependent demand. Taking safety stock and planned backorder in deliberation, the sustainable supply 

chain model is developed.  

The concept of deterioration is coming under consideration when we store our inventory in warehouses. 

In the warehouses, an owner stored different types of inventory which required various facilities to 

maintain its quality for a long time. Deterioration occurs all the time because no product can be as same 

as it was produced at the beginning. Deterioration is not a new topic for research purposes, many 

researchers have worked on deterioration by incorporating it into inventory models. Recently, Mishra et 

al. (2021) developed the green supply chain model in which reduce the carbon emission. Using this model, 

most greenhouse firms use preservation technology investments to control deterioration over a specific 

period of time. Alamri et al. (2022) evaluated a learning effect and carbon emission model of economic 

order quantities under inflationary conditions and an inspection model for retailers where products 

naturally deteriorate. 

The purpose of this summary is to make it easier for readers to understand the utility of the model 

proposed in this study. Researchers have done a lot of work on demand patterns to come up with an 

optimal business strategy for decision-makers in a multi or single inventory supply chain system, but the 

main focus of this study is to investigate the joint behavior of linear and iso-elastic demand patterns based 

on joint pricing and inventory approaches of an economic production inventory system. Notation and 

assumption has been provided in the next section. Section 3 is provided to demonstrate the mathematical 

modeling. These mathematical expressions have been illustrated analytically and numerically in section 4 

and 5 respectively. 
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3. Assumptions and Notations 

Assumptions 

1. The demand pattern is taken as the function of selling price and environmental awareness (which 

reflects the environmental production of the green product) i.e., 

 
,D a p je= − + with 0a  and 0 1.j 

 

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

3. Shortages are taken into account. 

4. The production model has been considered with volume flexibility with production cost m
m

G
C

P

 
+  

 

Notations 

P Production rate 

D (e, p) Demand rate 

mC  Constant production cost 

mG  Variable production cost 

  Deterioration rate 

pC  Procurement cost 

p Selling price 

K R & D cost 

e Green degree 

cS  Shortage cost 

h Holding cost 

mS  Set up cost
 

4.  Mathematical Modeling 

In this section, the physical situation of the manufacturer’s inventory system is shown. It is assumed that 

the manufacturer makes the item and then supplies it to the retailer. The demand is partially dependent on 

the environmental awareness parameter (green degree) and it is obvious that a high green degree is more 

beneficial to environmental health. The changes in the inventory levels are governed by the following 

differential equations: 
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( )

( )   ( )1 10, 0,
dI t

P a p je t I t
dt

= − − + =   (1) 

  
( )

( ) ( )   ( )1 2 1, 0,
dI t

I t P a p je t t I t
dt

+ = − − + =  (2) 

 
( )

( ) ( )   ( )2 3 3, 0,
dI t

I t a p je t t I t
dt

+ = − − + =  (3) 

 
( )

( )   ( )3 4 3, 0,
dI t

a p je t t I t
dt

= − − + =  (4) 

Solutions of these equations are as following : 

 
( ) ( )( )( )1I t P a p je t t= − − + −

 
(5) 

 ( )
( ) ( )11

t tP a p je
I t e





− − − +
 = −   

 
  (6) 

 ( )
( ) ( )31

t ta p je
I t e





− − − +
 = −   

 
  (7) 

 ( ) ( )( )3I t a p je t t= − − + −   (8)

 
Cost components 

The cost components of the system are calculated as below

 
Set up cost 

The set cost per unit cycle is mS  

Selling price 

( )p a p je− + is the total demand occurred throughout the cycle and the selling price of the items can be 

calculated as ( ) 4p a p je t= − +  

Holding cost 

The cost of carrying the inventory during the replenishment cycle can be calculated as 

( ) ( )
32

1 2

tt

r r

t t

h I t dt I t dt
 
 = +
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( )( )
( )

( )
( )

22

1 2 3 2
2 2

P a p je a p je
h t t t t
 − − + − +

= − + − 
  

 

Procurement cost (which includes the deterioration cost) 

Items are purchased for the production and the cost of procurement can be calculated as 2pPC t  

Production cost  

The items are produced considering the volume flexibility. Therefore the cost of production can be 

calculated as 2
m

m

G
P C t

P

 
+  

 

Shortage cost 

The demand occurs during the shortage period which is completely backlogged. The shortage cost can be 

calculated as 

   

( ) ( )

( )( ) ( )
( )

4 4

30

22
1 4 3

2 2

t t

c

t

c

S I t dt I t dt

P a p je a p je
S t t t

 
 = − +
  

 − − + − +
= + − 

  

 
  

Green technology cost 

The demand rate is partially dependent on the environmental awareness parameter (green degree) and it is 

obvious that a high green degree is more beneficial to environmental health. The high values of green 

degree lead to high green technology cost for the manufacturer which is stated by the following equation 

R & D cost for green technology = 21

2
Ke  

 

Total Profit 

Based on the above cost components, total profit per unit time can be calculated as 
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1
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1
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m
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t
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 − − + − +   + + − + + + +        

 (9) 

5. Solution Methodology 
 

In this section, we presented a solution methodology in the direction of obtaining an optimal solution for 

the entire inventory model. The green degree parameter e plays a vital role in the inventory modeling 

which is a concern to environmental health. The optimal value of the green degree must be known to the 

manufacturer so that the manufacturer can manage the costs applied for green technology. Also, the 

optimal inventory time must be calculated so that the retailer’s inventory system can avoid the shortage 

stage as a high shortage may lead to the loss of retailer in both economy and goodwill parameters. Here, 

necessary and sufficient conditions are given to determine the optimum values of decision variables. 

Necessary condition:To obtain the critical points, the first-order partial derivatives concerning the 

decision variables are separately equal to zero i.e. 

Total profit 

      
( ) ( )

1

    

  

1

  

Holding Cost Production Cost Procurement Remanufacturing Cost Accusation Cost

Shortage Cost Lost Sale Cost Rework Co
T

t
C

T s

+ + +

+

 +
= 

+


+ 
 

        

( )
( )( )

( )
( )

( )

( )( ) ( )
( )

22

4 1 2 3 2

4

22 2
1 4 3 2 2

1

2 2

1

2 2 2

m

m
c p m

P a p je a p je
TP p a p je t S h t t t t

t

P a p je a p je G
S t t t Ke PC t P C t

P

   − − + − +
= − + − + − + −  
  

 − − + − +   + + − + + + +        

 (10) 

Here we have a cost function of the system in terms of  1 2 3 4, , ,t t t t and e . To find the optimum 

solution we have to find the optimum value of 1 2 3 4, , ,t t t t and e  that minimize the total cost but we 

have some relation between the variables as follows. 

 ( )( )( ) ( )( )1 4 3P a p je t a p je t t− − + − = − − + −  

 
( ) ( ) ( ) ( )3 2 1 21 1

t t t ta p je P a p je
e e
 

 

− −   − − + − − +
   − = −      
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By using the above relations following results can be drived 

t1 =
(𝑎 + 𝑒𝑗 − 𝑝)(t4 − t3)

{𝑃 − (𝑎 + 𝑒𝑗 − 𝑝)}
, 

t2 =
(𝑎 + 𝑒𝑗 − 𝑝)t4

𝑃 + (𝑎 + 𝑒𝑗 − 𝑝)t4𝜃 

So the total profit of the function of the consumption period t4, t3, selling period p and green degree 𝑒  

6. Numerical analysis 

The above expressions are illustrated with the help of the numerical example and the managerial insights 

are demonstrated after analyzing the results. Following parametric values has been considered to get the 

optimum results for the system 

𝑃 = 1000, 𝑎 = 400, 𝑗 = 0.5, 𝑝 = 60, 𝜃 = 0.01, 𝑘 = 200, Cp = 15, Cm = 25, Gm = 420, 

ℎ = 2.5, Sc = 4.5, Sm = 5000 

Based on the above parametric values following results are obtained 

𝑇𝑃 = 75456.248, 𝑡1 = 2.89,   𝑡2 =  7.488,   𝑡3 = 18.1696,   𝑡4 = 23.767,   𝑒 = 1.1348 

Sensitivity analysis 

The effect of variation of parameters have been investigated by using the sensitivity analysis demonstrated 

in the following figures. 

 
Figure 1: Sensitivity analysis of the total profit with respect to the production rate P 
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Figure 2: Sensitivity analysis of the total profit with respect to the demand rate parameter a 

 

Figure 3: Sensitivity analysis of the total profit with respect to the cunsumer’s green preference  

parameter j 
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Figure 4: Sensitivity analysis of the total profit with respect to the green technology cost k. 

 

Figure 5: Sensitivity analysis of the total profit with respect to the production cost parameter 𝐺𝑚 
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Figure 6: Sensitivity analysis of the total profit with respect to the storage cost  ℎ 

 

Figure 7: Sensitivity analysis of the total profit with respect to the production cost parameter 𝐶𝑚 
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Observations 

Based on the above results some important managerial insights can be derived  

1. From Figure 1 one can observe that the total profit is highly negative sensitive with respect to the 

production rate . Therefore, the practitioners are advised not to increase the production rate in order 

to get a greater profit. 

2. Figure 2 reveal that the demand rate is moderately positive sensitive with respect to the total profit 

that is the increment in demand rate increase the business and so the profit of the system. 

3. It is observed from the Figure 3 that the consumer’s green preferences is positive sensitive with 

respect to the total profit. Therefore in case increment in the consumer’s green preferences 

manufacturer should increase the green production to satisfy the customers.   

4. From figure 4 it is observed that the green technology R&D cost is slightly negative sensitive toward 

the total profit function. 

5. Figure 5 reveals that production cost parameter is slightly negative sensitive with respect to the total 

profit. 

6. It is observed from figure 6 that the holding cost is highly negative sensitive with respect to the total 

profit. 

7. Figure 7 reveals that production cost parameter 𝐶𝑚 is moderately negative sensitive with respect to 

the total profit. 

7. Conclusion 

The manufacturing model is developed with green technology in order to produce eco-friendly products. 

The volume flexibility is taken into account. Multivariable demand rate has been taken into consideration 

which is dependent on selling price, green degree and green preferences of the customer. It has been 

observe that the total profit is highly negative sensitive with respect to the production rate. Therefore, the 

practitioners are advised not to increase the production rate in order to get a greater profit. Results reveal 

that the demand rate is moderately positive sensitive with respect to the total profit that is the increment 

in demand rate increase the business and so the profit of the system. Moreover, it is observed from the 

Figure 3 that the consumer’s green preferences are positive sensitive with respect to the total profit. 

Therefore in case increment in the consumer’s green preferences manufacturer should increase the green 

production to satisfy the customers. Learning and forgetting can be incorporated into the above models in 

future research. Another model can be developed with heterogeneous replenishment cycles to extend this 

study. 

 

 

 



139  Subhash Chad Garg and B. S. Kalra 

 

References 

Schrady, D. A., “A deterministic inventory model for repairable items”, Naval Research Logistics 

Quaterly, Vol. 14, No. 3, pp. 391- 398 (1967). 

Nahmias, S. and Rivera, H., “A deterministic model for repairable item inventory system with finite 

repaire rate”, International Journal of Production Research, Vol. 17, No. 3, pp. 215-221 (1979). 

Fleischmann, M., Bloemhof- Ruwaard,  J. M., Dekker, R., Van Der Laan, E., Van Nunen, J. A. E. E. and 

Van Wassenhove, L. N., “Quantitative models for reverse logistics: a review”, European Journal 

of Operational Research, Vol.103, No. 1, pp. 1- 17 (1997). 

El Saadany, A. M.A.and Jaber, M. Y., “A production/ remanufacturing inventory model with price and 

quality dependent return rate”, Computers and Industrial Engineering, Vol. 58, No.3, pp. 352- 

362 (2010). 

Alamri, A. A., “Theory and methodology on the global optimal solution to a general reverse logistics 

inventory model for deteriorating items and time varying rates”, Computer and Industrial 

Engineering, Vol. 60, No. 2, pp. 236- 247 (2010). 

Singh, S. R. and Saxena, N., “An optimal returned policy for a reverse logistics inventory model with 

backorders”, Advances in Decision Science, Article ID 386598, 21 pages (2012).  

Singh, S. R., Prasher L. and Saxena N. “A centralized reverse chaneel structure with flexible 

manufacturing under the stock out situation”, International Journal of Industrial Engineering 

Computations, Vol. 4, pp. 559- 570 (2013). 

Singh, S. R. and Saxena, N., “A closed loop supply chain system with flexible manufacturing and reverse 

logistics operation under shortages for deteriorating items”, Procedia Technology, Vol. 10, pp. 

330- 339 (2013). 

Singh, S. R. and Saxena, N., “An integrated inventory model with remanufacturing of secondary material 

under shortages” Proceedings of 3rd International Conference on Recent Trends in Engineering 

& Technology, pp. 354- 359, Elsevier, India (2014). 

Hartley, R.V., Operations Research–A Managerial Emphasis, California: Good Year Publishing Company 

(1976). 

Sarma, K.V.S., “A Deterministic Order Level Inventory Model for Deteriorating Items with Two Storage 

Facilities”, European Journal of Operational Research, Vol. 29, pp. 70–73 (1987). 

Kumari R., Singh S. R. and Kumar N., “Two-warehouse inventory model for deteriorating items with 

partial backlogging under the conditions of permissible delay in payments”, Int. Trans. Math. Sci. 

Comput, Vol. 1, No. 1, pp. 123-134, (2008). 

Singh S. R., Rathore H. and Saxena N., “A two warehouse inventory model for deteriorating items with 

shortages under inflationary environment”, Proceedings of  3rd International Conference on 

Recent Trends in Engineering & Technology, Elsevier, pp.  385- 391, India (2014). 

http://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=cYeizvkAAAAJ&citation_for_view=cYeizvkAAAAJ:j8SEvjWlNXcC
http://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=cYeizvkAAAAJ&citation_for_view=cYeizvkAAAAJ:j8SEvjWlNXcC


A EPQ Inventory Model with Green Technology and Multi Variable Demand………. 140 

   

Chiu H. N. and Chen H. M., “An optimal algorithm for solving the dynamic lot-sizing model with 

learning and forgetting in setups and production”, International Journal of Production 

Economics, vol. 95, no. 2, pp. 179–193 (2005). 

Kuo W.-H. and Yang D.-L., “Minimizing the total completion time in a single-machine scheduling 

problem with a time-dependent learning effect,” European Journal of Operational Research, vol. 

174, no. 2, pp. 1184–1190 (2006). 

Jaber, M.Y., Goyal, S.K., & Imran, M., “Economic production quantity model for items with imperfect 

quality subject to learning effects”, International Journal of Production Economics, Vol-115, 

pp.143-150 (2008). 

Singh S.R., Jain S.  and Pareek S., “An imperfect quality items with learning and inflation under two 

limited storage capacity”, International Journal of Industrial Engineering Computations, Vol. 4, 

pp. 1- 12 (2013). 

 


