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DEMAND WITH CARBON EMISSION UNDER GREEN AND 
PRESERVATION TECHNOLOGY INVESTMENT 
 
 

Abstract.  Now-a-days, preserving products and environmental balance 
are alarming yet greater concerns in competitive market affairs. So, some 
countries are focused on reducing carbon emission as it is considered to be the key 
factor for global warming. Most economists promote the carbon cap and carbon 
tax as an approach to reduce carbon emission. Moreover, the deterioration of any 
products can be controlled by investing in many preservation technologies as per 
their respective products. Keeping this in mind, an inventory model for 
deteriorating items is investigated under a carbon cap and carbon tax policy for a 
controllable carbon emission by investing in a green technology investment 
collaborating with preservation technology investment. The proposed model is 
studied for three cases: (i) with green technology investment, (ii) with preservation 
technology investment and (iii) with both green and preservation technology 
investment. The proposed article deals with stock dependent, price sensitive 
demand. A solution procedure has been proposed for defining the optimal 
strategies of cycle time, selling price, green technology investment and 
preservation technology investment that maximizes the total profit in each case. 
Additionally, numerical examples are studied to validate the model and managerial 
insights are carried with respect to key parameters.  
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1. Introduction 
 
The environment gets negatively affected by the quick growth of global 

industrialization due to toxic environments, global warming, ozone devastation and 
reduction of natural resources. So, sustainable development has become a major 
concern for a profitable business. In this context, the increase in Carbon emission is 
assumed to be one of the major reasons for global warming and climate change. 
Organizations related to conservation or environmental movements forcing 
companies to reduce their carbon emission to abolish such economic threats. 
Furthermore, many products are perished due to deterioration. As a result, 
regulating both the deterioration and the carbon emission is a major concern for the 
successful business. Moreover, above mentioned challenges can be declined by 
investing in preservation technology as well as green technology. Additionally, 
pricing is also a significant factor for a new or existing product for establishing 
customers or boosting legging sales. To address these types of situations our study 
focuses on developing a production inventory model for deteriorating items by 
investing in preservation technology and reduction of carbon emission under 
carbon cap and carbon tax by taking demand as a function of price and stock. Brief 
literature review of inventory model with deterioration and carbon emission are 
described in section 2. The notations and assumptions employed for developing an 
inventory model are introduced in section 3. Section 4 presents the mathematical 
model. Numerical solution is carried out in section 5. Managerial implications are 
proposed in section 6. Section 7 concludes the proposed model. 
 

2. Literature review 
This section provides brief literature on the inventory model by 

considering deterioration, pricing strategies and carbon emission regulations. When 
sustainability seems to be a very serious matter, most of the firms have driven on 
reducing emission so it has drawn more academic attention. Pentico et al. (2009) 
investigated a deterministic EPQ model with a different partial backordering. Hua 
et al. (2011) addressed an approach of carbon emission to an inventory model by 
taking ordering cost and holding cost as the main source of emission. Wahab et al. 
(2011) offered an EOQ model for a two level supply chain to determine the optimal 
production-shipment with imperfect quality. Gosh et al. (2011) scrutinized an EOQ 
model for a perishable product with a pricing policy and backordering which 
depends on the waiting time for the next replenishment. Then after, Bouchery et al. 
(2012) expressed the method of sustainability in which carbon emissions are 
reduced to a single object which is not desirable. Dye and Hsieh (2012) established 
an inventory model with time-varying rate of deterioration and partial backlogging 
with effective investment in preservation technology. Benjaafar et al. (2013) 
developed an inventory model by associating carbon emission parameters with 
various parameters that accounts for carbon footprints. Chen et al. (2013) proposed 
an EOQ model under reduced emissions by modifying order quantities and 
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discussed the effects of the magnitude of emission reduction. Hu and Zhou (2014) 
Scrutinized an inventory model under the manufacture’s joint carbon emission 
reduction and pricing policy using the Stackleberg game approach. The authors 
studied the maximum profit due to the carbon emission policy. Toptal et al. (2014) 
studied an inventory model for joint decisions on inventory replenishment and 
carbon emission reduction investment with three different reductions like carbon 
cap, tax and cap-trade policies. The authors investigated an analytical comparison 
between investment prospects and different carbon emission regulation policies 
under costs and emissions. Lou et al. (2015) proposed an inventory model for 
carbon emission policies under emission reduction technology investment in a two-
stage supply chain. From the perspective of a consumer, the authors found low-
carbon products mean a higher price. Dye and Yang (2015) generalized the 
demand and default risk under the Carbon Cap-and-Trade policy in which the 
demand depends on the length of the credit period under consideration of 
sustainability. Finally, this work is extended to the carbon offset policy. Qin et al. 
(2015) developed the sustainable trade credit and inventory policies in which 
demand is credit sensitive and model is constructed under: without regulation, 
carbon cap-and-trade regulation, and carbon tax regulation. The authors analyzed 
from this article that Carbon trade price and carbon tax have a negative impact on 
the credit period. Hovelaque and Bironneau (2015) derived an EOQ model in 
which demand dependence upon emissions and price by taking carbon emission 
into consideration. The authors discussed an optimal policy for finding proficiency 
of environmental objects which is more substantial for cheaper and green-labeled 
products and the carbon tax will reduce total and marginal emissions. Sarkar and 
Saren (2016) described product inspection policy for an imperfect production 
system which randomly shifts to out of control state from i-control state. Dye and 
Yang (2016) proposed an inventory model for a deteriorating product with time 
and price sensitive demand under preservation technology. Datta (2017) developed 
a production-inventory model with green technology investment for reducing 
emissions under carbon tax strategy in which demand is price sensitive. Taleizadeh 
et al. (2018) analyzed the SPEQ model for carbon dioxide by investing in green 
technology investment. Tiwari et al. (2018) proposed an inventory model for 
deteriorating items with imperfect production by taking carbon emission. Wangsa 
et al. (2018) scrutinized the sustainable electrical supply chain system which 
includes a power generation system, transmission and distribution substations, and 
many customers by assuming demand is dependent on the price of electricity. 
Mishra et al. (2019) studied a sustainable electricity supply chain mathematical 
model in which demand is price sensitive where the price is a decision variable 
under setup cost and carbon emission. Daryanto et al. (2019) proposed a three- 
echelon supply chain for deteriorated items by assuming transportation and carbon 
emission reduction policies affecting fuel consumption. Bardhan et al. (2019) 
analyzed an inventory model for non-instantaneous deteriorating items by applying 
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preservation technology in which demand is stock dependent. Li et al. (2019) 
defines a joint pricing, replenishment and preservation technology investment for 
non-instantaneous deteriorating items in which preservation technology affects 
both deterioration period and rate. Mishra et al. (2020) developed economic 
production quantity carbon tax and carbon cap for controlling carbon emission with 
shortages and without shortages in which shortages are partially and fully 
backlogging. Arash (2020) proposed a production system considering carbon 
emissions and deterioration of items by using green and preservation technology 
investment in which products are deteriorated at a constant rate and carbon is 
radiated due to setup and holding cost. Recently Mishra et al. (2021) established an 
economic order quantity under carbon cap and tax regulation for linear and non-
linear price dependent demand. Ruidas et al. (2021) developed an imperfect 
production inventory model under the various carbon emission regulatory policies 
like tax, cap and purchase, cap and reward and strictly under permitted cap policy 
in which carbon emissions are interval numbers. 
 

3. Notations and Assumptions 
 
3.1 Notations 
 

Table 1. Parameters table 

Decision variables 
T  Cycle time 

P  Selling price 
G  Green technology investment 
ξ  Preservation technology investment 

Parameters 
A  Setup cost per cycle 

pC  Production cost per cycle 

c  Unit purchase cost per cycle 

( )1h it+  Unit holding cost per cycle 

θ  Deterioration rate 

ceAe  Carbon emission amount due to setup cost per cycle 

cehe  Carbon emission amount due to holding on unit inventory per cycle 

α  Fraction of carbon emission reduction after green technology 
investment 

cTe  Carbon tax per cycle 

cce  Carbon cap 
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Expressions 
TCE  Total carbon emission cost per cycle 
RSC  The revenue obtained due to selling extra carbon allowances 
Q  Economic order quantity 

TP  Total profit 

( )I t  Inventory level at any instant of time 

( ),R P t  Annual demand rate as function of time and selling price 

 

3.2 Assumptions 
The following assumptions are used to formulate the model. 

1) The production inventory system considers single item. 
2) Lead time is assumed to be negligible and disregarded. 
3) This model considers deterioration. Deterioration rate is constantθ and 

disposal cost is not considered.  
4) Demand is assumed to be stock dependent and price sensitive is given by 

( ) ( )2, 1R P t a bt ct P η−= + −  where 0a >  is scale demand, 0 1b≤ <  is 

linear component of change demand rate with respect to time, 0 1c≤ <  
denotes quadratic rate of change of demand with respect to time, P  is a 
selling price per unit and 0η >  represents price elasticity mark up . 

5) Shortages are not allowed. 
6) To protect the environment in terms of carbon emission, investment in 

green technology is to be considered. The fraction of reduction of average 

carbon emission is ( ) ( )1 mGf G eα −= −  where m the efficiency of green 

technology to reduce carbon emissions is ( ) 0f G =  when 0G =  and 

( )f G α→ when G → ∞   

7) To reduce the deterioration of the items, preservation technology is 
considered  

8) TCE  is applied to the model using allowable carbon cap, when the 
retailer’s carbon emission does not exceed the carbon cap, revenue is 
obtained from selling the extra allowance for carbon emission.  
 
4. Mathematical model 

To construct the production inventory model, the following notations given in 
Table 1 have been used throughout the article  
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In this section, a comprehensive inventory model is constructed for deteriorating 
items under carbon cap and carbon tax collaborative with green technology and 
preservation technology investment. Based on investment technology, the   
equation executed the change of inventory level. 

(t)
(P, t) I(t)

dI
R

dt
θ= − − ,  0 t T≤ ≤                  (1)  

With boundary condition (T) 0I = , by solving equation in (1), we obtain

( )

( )

(T t) (T t) (T t)
2 2

2 3

1

2 3

e e e 1
(1 bT cT ) (b 2cT) 2c 1

(t) aP
1 2

2

− − −

−

 
+ − − − − − + − 

 =
 + − + 
 

bt ct
I

c
b ct

θ θ θ

η θ θ θ θ

θ θ

 (2) 

Thus the order quantity can be expressed as follow: 

( ) 2
1 1 2 3 2 3

e e e 1 2
0 aP (1 bT cT ) (b 2cT) 2c

TT T b c
Q I

θθ θ
η

θ θ θ θ θ θ
−  

= = + − − − − − + +  
 

        (3) 

The relevant cost components are: 
Ordering cost per cycle OC A=                  (4) 

Purchase cost is given by 1cQ
PC

T
=   

2
2 3 2 3

aP e e e 1 2
(1 bT cT ) (b 2cT) 2c

TT Tc b c
PC

T

θη θ θ

θ θ θ θ θ θ

−  
= + − − − − − + +  

 
               (5) 

Holding cost during the interval [ ]0,T is given by ( ) ( )1

0

1
1

T

HC h it I t dt
T

= +        (6) 

Sales Revenue ( ) ( )
0

,
T

SR P c R P t dt= −    

( ) 2

1
2 3

P c aP bT cT
SR

T

η−  
= + − 

 
                 (7) 

The total carbon emission cost per cycle is ( )1

0

T
ceA cehe e

TCE I t dt
T T

= +              (8) 

The revenue obtained due to selling extra carbon allowance is 

( )( )( )e TCE 1 1 mG
cT ccRSC e eα −= − − −                  (9) 
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Case:I With green technology investment and without preservation technology    
investment 
 
             The total profit in this case is calculated as follow: 
  
          1TP SR OC PC HC RSG G= − − − + −   

3 2

2

2 3 2 3

3 2 3 3 2

3 3 2 3 4 4 3 4

5

1

1 1
( )

3 2

( 1)e ( 2 ) ( ) 2 1 2

12 12 12 24 e 12 e

4 6 3 4 12e
1 1

12

T

T T

T T

T

T

P Cp aP cT bT T
A

T T

T c Tb Tc b exp T ce b c
CaP

T

kT ce T e bT c T kb

kT c kT b kT c kT b

a

T

h

P

b

T

θ

η

θ θ

θ

η

θ θ

θ

θ
θ θ θ θ θ θ

θ θ θ θ θ
θ θ θ θ θ

θ

−

−

 
 
 =

 

− − + +
−

− + + − +− − − + +
−

+ − − +
− + − + +

+

 
 

2

2 3 4 2 4

2 4 3 4 2 2 2

2 2 3

3 3

12 e 24 e 24 e 4 6

6 12e 12 12 e 12e

24 e 12 12 24 24 12 12

1

6

2 6 e

T T T

T T T

T

T

cc

cT

k ck c cT bT P

kT T c T k bTk

c Tk b k ck c bk

eceA

T

T c c T
e

ecehae

θ θ θ η

θ θ θ

θ

θ

θ θ θ θ
θ θ θ θ θ

θ θ θ θ θ θ

θ

−

  
  
  
  − + + − +  
  + − + + −
  

  − − + − − − +  

−

− +

+

( )( )

2 2 2 3 2

3 2

2

4

3 6e

12 e 6 6e 6e

12 e 6 6 12

1 1 e

T

T T T

T

mG

T b bT

c T T b P G

c b c

T

θ

θ θ θ η

θ

θ θ θ
θ θ θ θ

θ θ
θ
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−

−

  
  
  
   + −
   
 − + + −   −
   + − + −   

    
 − − 

                  (10) 
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Case:II With preservation technology investment and without green 
technology investment 

              The inventory level at any instant of time t  obtained as follow: 
     

( )

( ) ( ) ( ) ( )

( )
( )

( )

( ) ( )

e2 e e

2 32 3

2

2 32 3

2

1 e 2 e e
2

e e e

1 2
2

e e e

i i iT t T t T t

i i i

i i i

cT bT cT b c

ct bt ct b
I t

c
aP

ξ ξ ξθ θ θ

ξ ξ ξ

ξ ξ ξ

η
θ θ θ

θ θ θ

− − −− − −

− − −

− − −

−

 
 
 
 =

− + + − +
− −

− + + 
 
 
 

− +− + +

                                              (11) 
 

             The order quantity in this case is derived by following equation 
 

      ( )

( ) ( )
( ) ( )

( ) ( )

2 e e e

2 32 3

2 2

2 32 3

1 e 2 e e
2

e e e
0

1
2

e e e

i i iT T T

i i i

i i i

cT bT cT b c

Q I aP
b c

ξ ξ ξθ θ θ

ξ ξ ξ
η

ξ ξ ξ

θ θ θ

θ θ θ

− − −

− − −
−

− − −

 − + + − + − −
 
 = =
 

− + + 
 
 

  

                                  (12) 
 
           Hence, the total profit in this case is  
          2TP SR OC PC HC RSG ξ= − − − + −              (13) 
 
Case:III With preservation technology and green technology investment 
When the manufacturer invest both preservation and green technology together the 
profit function is   

( )

( ) ( ) ( ) ( )

( )
( )

( )

( ) ( )

1e2 1e 1e

2 32 3

3
2

2 32 3

1 e 2 e e
2

1e 1 e 1 e

1 2
2

1e 1 e 1 e

− − −− − −

− − −
−

− − −

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

i i iT t T t T t

i i i

i i i

T c Tb Tc b c

I t aP
ct bt ct b c

ξ ξ ξθ θ θ

ξ ξ ξ
η

ξ ξ ξ

θ θ θ

θ θ θ

   (14) 

( ) ( )
( ) ( )

( ) ( )

2 1e 1e 1

3

e

2 32 3

2 32 3
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2
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− − −
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 − + + − + − −
 
 
 

− + +
 

=


 

i i iT T T

i i i

i i i

Q

T c Tb Tc b c
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η

ξ ξ ξ

θ θ θ
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The total profit in this case is given by 
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 3TP SR OC PC HC RSG Gξ= − − − + − −                                      (15)  

5. Numerical analysis 
 

In this section, numerical example is presented to illustrate our inventory 
model and results. The objective is to maximize the total profit which can be 
obtained by the following procedures.    
Step:1 Differentiating equations (10), (13) and (15) partially with respect to the 
decesion variables , , andP T Gξ . 
Step:2 Assign the values to all inventory parameters other than decession 
variables.  
Step:3 Taking all these equations equal to zero in oreder to get solutions. 
The following example is considered to validate the model. 

2000per order, 0.3, 0.5per cycle, A = 50per order, h = 0.5per unit, 

k = 0.10, C =10,  e = 4per cycle, e = 3 per cycle, e = 5 per cycle, 

Cp = 2 per cycle, e =200 per cycle, =0.2, m =0.2,

$

  = 
ceA ceh cT

cc

a b c

α θ

= = =

0.18,  = 1.6, i =0 .5η  
  

Table 2. Numerical experiment 
Decision 
variables  

Selling 
price 

P  

Cycle 
time 
T  

Green 
technology 

G  

Preservation 
technology 

ξ  

Total 
profit 
TP  

Green 
technology 
investment 

58.76 1.21 2.59 - 1042.63 

Preservation 
technology 
investment 

60.13 1.39 - 2.04 1028.18 

Both green 
and 

preservation 
technology 
investment 

56.36 1.26 2.89 2.04 1050.76 

The results from numerical examples exposed in Table 2, shows that the total 
optimum profit is maximum in case of both green and preservation technology 
investment as compared to individual case of green technology investment and 
preservation technology investment. 
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( RSC ) with certain inventory parameters like carbon cap, carbon tax, carbon 
emission due to setup cost, carbon emission due to holding cost and deterioration 
rate. Furthermore, we represent a numerical example to demonstrate the solution 
procedures. The higher the coefficient of carbon reduction such as green 
technology investment and preservation technology investment, mitigate the 
carbon emission that leads to accumulating more revenue from cap-and-tax so 
more profit is acquired. The more the investment in carbon reduction that is more 
beneficial to the business. The following aspect can be extended for future work. 
First carbon emission reduction policies such as carbon offset and carbon quota can 
be studied. Furthermore, other carbon emission sources can be assumed like carbon 
emission due to manufacturing, transportation, destruction of obsolete items and 
shortages. Additionally, demand can be taken as carbon emission dependent or also 
be credit sensitive. 

 
ACKNOWLEDGEMENTS 

 
Second author (Ekta Patel) would like to extend sincere thanks to the 

Education Department, Gujarat State for providing scholarship under ScHeme 
of Developing High quality research (Student Ref No : 201901380184). Third 
author (Kavita Rabari) is funded by a Junior Research Fellowship from the 
Council of Scientific & Industrial Research (file no.-09/070(0067)/2019-EMR-I). 
The authors thank DST-FIST file # MSI-097 for the technical support to the 
department.  
 

REFERENCES 
 

[1] Bardhan, S., Pal, H. & Giri, B. C. (2019), Optimal Replenishment Policy 
and Preservation Technology Investment for a Non-instantaneous 
Deteriorating Item with Stock-dependent Demand. Operational Research, 
19(2), 347-368; 

[2] Benjaafar, S., Li, Y. & Daskin, M. (2012), Carbon Footprint and the 
Management of Supply Chains: Insights from Simple Models. IEEE 
transactions on automation science and engineering, 10(1), 99-116; 

[3] Bouchery, Y., Ghaffari, A., Jemai, Z. & Dallery, Y. (2012), Including 
Sustainability Criteria into Inventory Models. European Journal of 
Operational Research, 222(2), 229-240; 

[4] Chen, X., Benjaafar, S. & Elomri, A. (2013), The Carbon-constrained 
EOQ. Operations Research Letters, 41(2), 172-179; 

[5] Datta, T. K. (2017), Effect of Green Technology Investment on a 
Production-inventory System with Carbon Tax. Advances in Operations 
Research, 2017; 



 
 
 
 
 
 
EPQ Model to Price-sensitive Stock Dependent Demand with Carbon Emission 
under Green and Preservation Technology Investment 
_________________________________________________________ 

221 
 

[6] Dye, C. Y. & Hsieh, T. P. (2012), An Optimal Replenishment Policy for 
Deteriorating Items with Effective Investment in Preservation 
Technology. European Journal of Operational Research, 218(1), 106-112; 

[7] Dye, C. Y. & Yang, C. T. (2015), Sustainable Trade Credit and 
Replenishment Decisions with Credit-linked Demand under Carbon 
Emission Constraints. European Journal of Operational Research, 244(1), 
187-200; 

[8] Dye, C. Y. & Yang, C. T. (2016), Optimal Dynamic Pricing and 
Preservation Technology Investment for Deteriorating Products with 
Reference Price Effects. Omega, 62, 52-67; 

[9] Ghosh, S. K., Khanra, S. & Chaudhuri, K. S. (2011), Optimal Price and 
Lot Size Determination for a Perishable Product under Conditions of 
Finite Production, Partial Backordering and Lost Sale. Applied 
Mathematics and Computation, 217(13), 6047-6053; 

[10] Hovelaque, V. & Bironneau, L. (2015), The Carbon-constrained EOQ 
Model with Carbon Emission Dependent Demand. International Journal 
of Production Economics, 164, 285-291; 

[11] Hua, G., Cheng, T. C. E. & Wang, S. (2011), Managing Carbon 
Footprints in Inventory Management. International Journal of 
Production Economics, 132(2), 178-185; 

[12] Li, G., He, X., Zhou, J. & Wu, H. (2019), Pricing, Replenishment and 
Preservation Technology Investment Decisions for Non-instantaneous 
Deteriorating Items. Omega, 84, 114-126; 

[13] Lou, G. X., Xia, H. Y., Zhang, J. Q. & Fan, T. J. (2015), Investment 
Strategy of Emission-reduction Technology in a Supply Chain. 
Sustainability, 7(8), 10684-10708; 

[14] Mishra, U., Wu, J. Z. & Chiu, A. S. F. (2019), Effects of Carbon-
Emission and Setup Cost Reduction in a Sustainable Electrical Energy 
Supply Chain Inventory System. Energies, 12(7), 1226; 

[15] Mishra, U., Wu, J. Z. & Sarkar, B. (2020), A Sustainable Production-
inventory Model for a Controllable Carbon Emissions Rate under 
Shortages. Journal of Cleaner Production, 256, 120268; 

[16] Mishra, U., Wu, J. Z. & Sarkar, B. (2021), Optimum Sustainable 
Inventory Management with Backorder and Deterioration under 
Controllable Carbon Emissions. Journal of Cleaner Production, 279, 
123699; 

[17] Pentico, D. W. & Drake, M. J. (2009), The Deterministic EOQ with 
Partial Backordering: A New Approach. European Journal of 
Operational Research, 194(1), 102-113; 

[18] Qin, J., Bai, X., & Xia, L. (2015), Sustainable Trade Credit and 
Replenishment Policies under the Cap-and-trade and Carbon Tax 
Regulations. Sustainability, 7(12), 16340-16361; 



 
 
 
 
 
 
Nita  Shah, Ekta Patel, Kavita Rabari  
____________________________________________________________ 

222 
 

[19] Ruidas, S., Seikh, M. R. & Nayak, P. K. (2021), A Production Inventory 
Model with Interval-Valued Carbon Emission Parameters under Price-
Sensitive Demand. Computers & Industrial Engineering, 154, 107154;  

[20] Sarkar, B. & Saren, S. (2016), Product Inspection Policy for an 
Imperfect Production System with Inspection Errors and Warranty Cost. 
European Journal of Operational Research, 248(1), 263-271; 

[21] Taleizadeh, A. A., Hazarkhani, B. & Moon, I. (2020), Joint Pricing and 
Inventory Decisions with Carbon Emission Considerations, Partial 
Backordering and Planned Discounts. Annals of Operations Research, 
290(1), 95-113; 

[22] Tiwari, S., Daryanto, Y. & Wee, H. M. (2018), Sustainable Inventory 
Management with Deteriorating and Imperfect Quality Items 
Considering Carbon Emission. Journal of Cleaner Production, 192, 281-
292; 

[23] Toptal, A., Özlü, H. & Konur, D. (2014), Joint Decisions on Inventory 
Replenishment and Emission Reduction Investment under Different 
Emission Regulations. International Journal of Production Research, 
52(1), 243-269; 

[24] Wahab, M. I. M., Mamun, S. M. H. & Ongkunaruk, P. (2011), EOQ 
Models for a  Coordinated Two-Level International Supply Chain 
Considering Imperfect Items and Environmental Impact. International 
Journal of Production Economics, 134(1), 151-158; 

[25] Wangsa, I. D., Yang, T. M. & Wee, H. M. (2018), The Effect of Price-
Dependent Demand on the Sustainable Electrical Energy Supply Chain. 
Energies, 11(7), 1645. 

 
 




