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Abstract: In today's competitive business landscape, sustainable practices are becoming crucial for long-term
success. Organizations implementing eco-friendly measures optimize resource use through greening
investments. Businesses embrace green strategies to not only enhance product marketing but also to build
customer loyalty and improve their corporate reputation. Moreover, many environmentally conscious companies
address product deterioration by investing in preservation technology. This paper develops an inventory model
for non-instantaneously deteriorating items, exploring the combined impact of preservation technology and
greening investments on inventory management. The study examines how customer demand, influenced by both
price and greenness levels, affects inventory decisions under partially backlogged shortages. Theoretical results
are formulated to identify optimal pricing, replenishment cycles, and preservation technology investment costs
across different greenness levels. A unique aspect of this research is the use of a power function for the
preservation technology investment in the numerical example. Sensitivity analysis is conducted to evaluate the
model's robustness and provide practical managerial insights.
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1. Introduction

1.1 Motivation

The quality and storage conditions of goods significantly affect their rate of deterioration, leading to value loss.
Therefore, retailers need to implement sustainable inventory models. Certain products maintain their quality for
a period before beginning to deteriorate, a phenomenon known as "non-instantaneous deterioration". Enhancing
storage facilities can mitigate the deterioration rate, thereby decreasing overall annual inventory costs (Dye,
2013). Consumer behaviour, especially in grocery retail, plays a crucial role in inventory management. Intense
competition drives retailers to adjust pricing and promotions to maximize profits(Soni and Suthar, 2019).
Increasing consumer concern for sustainability is reshaping supply chain strategies. This study focuses on a
retailer handling non-instantaneously deteriorating products, with an emphasis on greening investments. In a
market sensitive to price and environmental friendliness, the retailer invests in preservation technology. The
mathematical model developed in this study aims to maximize total profit by optimizing price, order cycles, and
preservation costs while allowing for partial backlogging.

1.2 Research question

Effective inventory management is essential in the competitive grocery retail industry, balancing sales revenue
with inventory costs. This model investigates the combined impact of preservation and green technology
investments for non-instantaneously deteriorating products. The study addresses key questions for retailers: 1)
what are the optimal values for sales price, preservation technology investment, and ordering quantity,
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considering inventory shortages and deterioration? 2) How should a retailer select the appropriate greenness
level, given the various costs associated with each option, to maximize total profit?

The paper is organized as follows: Section 2 reviews the relevant literature, identifying research gaps and
contributions. Section 3 outlines the assumptions and notations for the inventory system. Section 4 develops the
mathematical model of the inventory system. Section 5 includes a numerical example, and Section 6 presents a
sensitivity analysis to evaluate parametric performance. Finally, Section 7 discusses conclusions and future
research directions.

2. Literature review

The issue of product deterioration poses a significant challenge within inventory management systems. Items
such as medicine, food grains, agricultural products, and blood are all susceptible to quality degradation over
time. To ensure business stability and profitability, it's essential to adopt effective inventory management
strategies for perishable goods. Typically, products maintain their quality for a certain period before starting to
degrade, a process identified by Wu et al. (2006) as non-instantaneous deterioration. Since then, numerous
researchers have focused on managing inventories of non-instantaneously deteriorating items, with notable
contributions from Ouyang et al. (2009), Geetha and Uthayakumar (2010), Maihami and Abadi (2012), Tat et al.
(2015), Shaikh et al. (2017), Bardhan et al. (2019), Khan et al. (2020), and Mahdavisharif et al. (2022).

Investing in preservation technology is one strategy to mitigate deterioration rates, promoting sustainable
business practices by extending the lifespan of inventory and reducing losses. This technology combats
deterioration caused by external factors like environmental conditions or storage setups. By incorporating
preservation technology, businesses can control these factors and enhance product shelf life.

Hsu et al. (2010) were pioneers in examining the optimal replenishment policies and preservation technology
investments for retailers facing a constant deterioration rate. They proposed that the cost of preservation
technology remains fixed regardless of the replenishment cycle duration. Dye and Hsieh (2012) expanded on
this by linking preservation costs to the replenishment cycle, considering time-varying deterioration and partial
backlogging. Dye (2013) further extended this model to explore the effects of preservation technology on time-
varying deterioration and partial backlogging.

Tsao (2014) took a novel approach by integrating location decisions with preservation technology investments
in inventory management for non-instantaneously deteriorating items under trade credits. Yang et al. (2015)
focused on optimizing trade credit, preservation technology investment, and replenishment strategies in
scenarios with time-dependent demand and deterioration to maximize retailer profits over a finite period.

More recent studies, like those by Rapolu et al. (2020), Shah et al. (2021), and Mahapatra et al. (2022), have
further investigated the optimization of various factors including price, advertisement frequency, and
promotional efforts in conjunction with preservation technology investment. These studies have shown the
significant impact of preservation technology on inventory management across different contexts and settings,
as also explored by Liu et al. (2015), Singh and Rathore (2015), Singh et al. (2016), Mishra et al. (2017, 2018,
2019), Soni and Chauhan (2018), Mashud et al. (2021), and lhsan Hishamuddin et al. (2020).

In a fiercely competitive business landscape, organizations must leverage a variety of marketing strategies to
enhance product promotion. These strategies often include engaging advertisements in both print and electronic
media, price discounts, free gifts, and discount coupons to stimulate sales. For products that deteriorate non-
instantaneously, researchers have developed inventory models integrating different demand functions with
promotional efforts.

Tsao and Sheen (2008) introduced an inventory model focusing on dynamic pricing, promotion, and
replenishment policies for deteriorating items, considering permissible payment delays. Zhang et al. (2008)
examined a single-item, finite horizon, periodic review model where demand is influenced by price and
promotions, aiming to maximize retailer profits. Szmerekovsky et al. (2009) explored pricing decisions and dual
advertising efforts between a manufacturer and a retailer, assessing how demand is affected by price and
promotional activities, and evaluated the impact of a linear contract in a decentralized system with the
manufacturer as the leader.
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Li et al. (2013) studied pricing, ordering, and advertising coordination within a single-manufacturer, single-
retailer supply chain, assuming stochastic market demand influenced by retail prices and advertising efforts.
Maihami and Karimi (2014) developed a model to optimize pricing and replenishment policies for non-
instantaneously deteriorating items under stochastic demand and promotional efforts. Barrén and Sana (2015)
proposed a multi-item inventory model in a two-layer supply chain where demand is sensitive to promotional
activities.

Geetha and Udayakumar (2016) created an Economic Order Quantity (EOQ) model where demand depends on
price and advertising. Sundara Rajan and Uthayakumar (2017) analysed an EOQ model incorporating
promotional efforts and permissible payment delays, allowing for shortages. Palanivel et al. (2017) established a
two-warehouse system considering promotional efforts, inflation, and partially backlogged shortages over a
finite time horizon.

Rabbani et al. (2018) explored cooperative advertising in a manufacturer-retailer supply chain using
noncooperative game theory, including Nash, Stackelberg retailer, and Stackelberg manufacturer games, to
capture pricing and advertising strategies. Soni and Suthar (2019) investigated an inventory model with partial
backlogging, time-dependent deterioration, and stochastic demand influenced by price and promotional efforts.
Mahapatra et al. (2019) formulated an EOQ model for deteriorating items with fuzzy demand, influenced by
promotional efforts and allowing full backordering within a specific time horizon.

Finally, Rapolu and Kandpal (2020) developed an inventory model where demand is affected by both selling
price and advertisement frequency. Their study identified optimal replenishment policies, integrating
preservation technology investments for non-instantaneously deteriorating items.

Global warming and the greenhouse effect have become major concerns due to the increasing frequency of
extreme weather events, including glacier melting, coastal flooding, hurricanes, and the desertification of fertile
regions. Human activities such as burning fossil fuels (coal, oil, and gas) for industrial purposes, intensive
agriculture, and transportation have elevated greenhouse gas levels in the atmosphere, particularly carbon
dioxide and methane. Given that economies heavily rely on industrial activities, completely eliminating carbon
emissions is impractical. However, industries face the significant challenge of reducing these emissions and
mitigating global warming, which can be partially addressed through investments in green technology (Mishra
et al., 2020).

Investing in green technology helps reduce carbon emissions and conserves natural resources, promoting
sustainable development without harming the environment. Many governments, both in developed and
developing countries, are encouraging green technology by offering fiscal incentives. Technologies such as
solar, wind, and ocean energy, energy conservation methods, and bioremediation are designed to protect the
environment and conserve resources (Gangadhar and Ramakrishna, 2017). Businesses committed to
sustainability can use these technologies to make better inventory decisions under various carbon emission
policies.

Numerous researchers have explored the integration of green technology investments into inventory models.
Hsu et al. (2013) discussed how green technology supports organizational sustainability by enhancing product
marketing. Toptal et al. (2014) examined the joint decisions of inventory replenishment and green technology
investment for retailers under three carbon emission regulation policies: cap, tax, and cap-and-trade. Their
findings indicated that while green technology investments significantly reduce costs under all policies, the cap
policy does not lower annual emissions levels, unlike tax and cap-and-trade policies.

Lou et al. (2015) investigated the effects of cap-and-trade regulations on pricing and investment decisions in a
two-stage supply chain. Lin (2018) developed an optimal inventory policy aimed at reducing transportation
emission costs through green technology investment. According to an Accenture study cited by Hong et al.
(2019), about 80% of customers consider the environmental friendliness of a product a significant factor in their
purchasing decisions.

Mashud et al. (2020) explored the relationship between preservation technology, green technology investments,
and discounts on defective items. Paul et al. (2022) developed an inventory model utilizing green technology to
determine optimal replenishment times and green concern levels, maximizing profit with demand sensitive to
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both price and environmental impact. Hasan et al. (2021) created an inventory model showing how green
technology investments and promotions positively influence demand.

Maihami et al. (2021) studied the impact of various greenness levels on inventory systems for non-
instantaneously deteriorating items during partially backlogged shortages. Yadav and Khanna (2021) developed
a green inventory model for perishable items with time-varying deterioration rates, expiration dates, price-
sensitive demand, and carbon emission taxes. Mishra et al. (2021) were the first to explore sustainable inventory
management with controllable carbon emissions from greenhouse farms, finding that investments in
preservation and green technology reduce deterioration and emission rates during various backorder scenarios.
Marchi et al. (2023) propose a mathematical model for integrated inventory management in a single-vendor,
single-buyer supply chain using a consignment stock (CS) policy. This model aims to enhance the chain's
economic performance while evaluating the advantages and disadvantages of the CS policy, considering both
economic and environmental aspects. San Jose et al. (2024) present a sustainable inventory management system
that accounts for costs from carbon emissions due to transportation, improper product maintenance, and disposal
of deteriorated items. The study's main innovation is its comprehensive and practical approach, incorporating
environmental constraints to evaluate the impact of current inventory practices more accurately.

Some researchers have combined green technology and preservation technology investments in their inventory
models, demonstrating significant reductions in both carbon emissions and product deterioration, thus
maximizing retailer profits. Saha et al. (2017) recommended continuous investment in both technologies for
maximum revenue. Mishra et al. (2019) developed an inventory policy for non-instantaneously deteriorating
items, incorporating joint pricing, dynamic investments in environmental and preservation costs, and optimal
replenishment times.

Further studies by Mishra et al. (2021) examined optimal replenishment strategies under different backlogging
scenarios, integrating preservation and green technology investments. Mashud et al. (2021) proposed a model
incorporating these technologies to reduce emissions from greenhouse operations and product deterioration
within a two-warehouse system. Thomas and Mishra (2022) introduced a circular sustainable integrated model
for the plastic reforming industry, involving investments in 3D printing techniques to reduce waste, emissions,
and ordering costs, ultimately maximizing profit and achieving an optimal level of circularity.

3. Notations and Assumptions:
The mathematical model in this study is developed based on the following notations.
Parameters
|a(1 The coefficient of the retailer’s greenness investment, K, > 0
H Consumer greenness level elasticity
h Holding cost ($) per unit per time unit
| Lost sale cost per unit ($)
S Backorder cost ($) per unit per time unit
w Greenness Investment Level: The vendor can choose from a predefined set of
greenness levels W e {le W,, W,,..., Wn} . Level W, is the lowest greenness
level, which is mostly required by regulations(Maihami et al. 2021)
t, Duration of the product's non-deterioration period
b Maximum investment allocated for preservation technology
c Purchasing cost ($) per unit, where 0 <C< p
A Ordering cost per order ($)

Variables and functions
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£ Preservation technology cost ($) per unit (decision variable)

p Selling price ($) per unit (decision variable)

t, Duration of on-hand inventory without shortages, after which inventory reaches
zero (decision variable)

t, Length of the shortage period (decision variable)

D(p,W) Thedemand function dependent on price and greenness level is expressed as,

2
D(p,w)=(a,—ap—a,p?)+uw
where a,,4d,,a, are the parameters so chosen to best fit the demand function

o(t) Deterioration rate proportional to time, 0 < 8(t) <1.
L(t) Backlogging rate that decreases with waiting time t, assuming that

1
t)=——,0>0
PO 1+ot 7

Peak inventory level per cycle

S Per cycle shortage quantity

Q Per cycle ordering quantity, where Q=S + 1,

T Replenishment cycle length, T =t, +t,

I, (t) Inventory level attime t, t € [0, t, ] during which the product does not deteriorate

L, (t) Inventory level at time t, te[t,,t]during which the product undergoes
deterioration

,(t) Negative inventory level attime t, t €[t,t, +t,]

P(¢) Proportion of reduced deterioration rate, 0 < P (&) <1. P(&)isa function that is

continuous, concave, and twice differentiable with respect to greenhouse retailer’s
investment & ; P(O) =0andlim P(f) =1
Eom

I1 (t1! t,, p, 5) For the inventory system expected total profit ($) per unit time

4, Development of the inventory model
This study examines an inventory control system for a single non-instantaneously deteriorating item, featuring
partial backlogging and negligible lead time. While the replenishment rate is considered infinite, the order

quantity remains finite. The item does not deteriorate for an initial fixed period td, after which it begins to

deteriorate at a variable rate. Preservation technology is applied to reduce this deterioration. The demand for the
product depends on both its selling price and greenness level. The objective is to identify the optimal positive
inventory period, shortage period, and pricing to maximize expected total profit across different greenness
levels.

The progression of the inventory system unfolds in the following manner: With an order arriving at time t =0,

the product inventory level rises to 1, and diminishes to zero by the timet =t,, where t, >t . The depletion of
inventory during the interval [O,td ] is a consequence of demand, while over the interval [td ,tl] , it results from

the combined impact of both demand and deterioration. Subsequent to time t;, shortages start accumulating and
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persist until t =t +t,. Figure 1 illustrates the inventory level at different time points through a graphical

representation.

Inventory Level

A

Maximum

On-hand

Inventory (Iy) Order Quantity
@)

b

7 ' >
Backorders (S) i 0 d I \
| $ Lostsales

Figure 1. Visual depiction of an inventory system
Derived from the preceding description, the differential equations that illustrate the instantaneous states of the

inventory level, denoted as | (t) , during the time intervals t € (0, t +t2) , are as follows:

-D(p,w), 0<t<t,
am _ -0(t)(1-P(&))I)-D(p.,w), t,<t<t, 1)
—D(p,w)B(t +t,—t), t <t<t +t,

with boundary conditions, 1(0)=1,and 1(t)=0.

By solving the provided differential equations with the given boundary conditions, the inventory level is
obtained as follows:

L(t), 0<t<t,

[(t)=11,(t), t,<t<t 2
L(t), t<t<t+t,

where

L(t)=1,-D(p,w)t, 0<t<t,
®)

4
1,(t)=D( p,W)e‘(l_P(‘:))g(t)Ie(l‘P(“:))g(“’du, t, <t<t
t
(4)
D( p,W)(In(1+at2)—In(1+ o(t +t, —t)))
|3(t) == o
()

y
where >0 and g(y) = I@(X)dx.

ty
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Utilizing the continuity of I(t)at t =t,, it is established that 1,(t,) =1,(t,). By deducing from equations

(4) and (5), the maximum inventory level | per cycle, is determined to be

l,=D( p,w)[td +tfe<”(‘f”g‘“’du] (6)
ty
Equation (6) substituted into equation 3) yields the inventory level
1,(t)=D( p,w){(td —t)+tje(1"°(‘f”9(“)du}, o<t<t,
ty
()

The maximum amount of demand backlogging (S ) is given as

D(p,w)In(1+ot,)

S=—l,(t,+t,)= -
(8)
Thus, order quantity (Q) per cycle is
Q=S+I,
[
_D(p.w)in{1+0t,) +D( p,w)[td + je(lp(f))g(“)du}
o ;
9)

The components contributing to the expected total profit per cycle include:
A is the ordering cost (OC).

Then the inventory holding cost ( HC) per cycle is given by

HC = h{tj |1(t)dt+tj Iz(t)dt]

ty

Y t t
=D( p,w){htzdz +hty [Py 1 p[e RO e(lp(é))g(”)dudt} (10)
ty

ty t

The cost of shortages (SC) per cycle resulting from backlogs is calculated as

SC= Sf a2 2P i (1+at,))

t o

11)

The cost of purchases ( PC ) is computed as

O

t

b " ot,—In(1+ ot

PC=cQ=cD(p,w) (tl+t2)+{(td —t,)+ el )du}— . ~Infi+ot,) (12)
ty

The cost of lost sales ( LC) opportunities per cycle is calculated as

t+t,

.y D(p,W)( 1 )]dt:ID(p,W)(Gtz—In(lJratz)) .

I+o(t+t -t o

4
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The revenue from sales (SR ) is expressed as

t
p ot,—In(1+ ot
SR:p(J.D(p,W)dHSJ:pD(p,w)[(tlthz)— = In( :) (14)
o
0
Cost for preservation technology ( PR) is given by
PR=(t,+t,)¢ (15)
Cost for greenness investment is given by
GC =KW (16)
Integrating the aforementioned cost and revenue elements, the anticipated total profit can be expressed as
P (tl,tz, p,§)= SR-A-HC-SC-LC-PC-PR-GC
Therefore, the expected total profit per unit time is
P (t.t,, p.&)
M(t,t, pé&)=—"r2"22
(t,+t,)
Upon rearranging the terms, the expression for the expected total profit per unit time becomes:
D(p,w) | ht,? % p(e)o
M(t,t, p,&)=(p—c)D(p,w)- (p )x 4 +c(ty —t,)+(ht, +C)Ie(l PENs Mgy
(tl +t, ) 2 %
t t
+h .[ a 1-P(E)s® I P9I 4 gt
ty t
s+o(p—c+l A+(t +1,)E + K w
+( (p2 )){o-tz—ln(1+at2)}+ (+8) Sk,
o D(p,w)
(17)
5. Numerical example

To showcase the practical relevance of the model proposed and the solution procedure outlined in this article, a
numerical example is presented below.

Example 1: Illustrating the solution procedure involves considering an inventory situation described in Soni and
Suthar (2019).

It is assumed that the time-varying deterioration rate follows a three-parameter Weibull distribution given by

ap(t-t,) "withg =0.3and g=2,t, =15/ 365.

In previous articles on preservation technology, researchers considered an exponential form for the preservation
technology investment function. In this study, the power function is chosen for the preservation technology

investment P(§) =1—§—K is preservation investment cost and K is the preservation technology investment

efficiency parameter.

The remaining parametric values for the model are as follows.

A=250,c=40,h=6,1 =15,s=10,0 =3,7 =400, x = 4,k =0.4,K, = 200,a, =100,a, =0.1,a, =0.001
Utilizing the provided data, the optimal solution is determined through the utilization of MAPLE 18 software.

The optimum results are:
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tI =1.6934, t; =0.0431, p* =177.09, §* =55.08.
Hence, the corresponding total profit per unit time for greenness level w= 2 is
H(tf,t;, P, 5*) =6975.12and Q" =128.76 units per cycle.

[1.6934, 0.0431, 6975.12]

Figure 2. Profit function with respect tot, and t, for fixed p

The graph in Figure 2 depicts concave property of expected profit functionwith respect to t, and t, for a fixed

p =177.09.
Utilizing the data from the above example, the sensitivity of optimal decision variables and the corresponding
total expected profit is examined across various greenness levels.
Table 1 shows the optimal results for different values of W
Table 1Computational findings for various values of W

w p t t, Ine & Q

1 172.66 1.1806 0.0275 6866.31 30.77 77.13

2 177.09 1.6934 0.0431 6975.12 55.03 128.76

3 181.59 2.2394 0.0621 7002.63 86.42 204.42

4 186.08 2.7724 0.0831 6987.98 122.24 306.56

5 190.51 3.2849 0.1055 6945.12 161.23 439.00
6 194.89 3.7778 0.1293 6880.72 202.61 605.71

7 199.22 4.2534 0.1544 6798.71 245.85 810.72

8 203.50 4.7147 0.1808 6701.80 290.49 1058.28
9 207.73 5.1642 0.2085 6592.04 336.15 1353.00
10 211.93 5.6049 0.2376 6471.10 382.45 1700.09

Table 1 shows that as the greenness level W increases, there is a corresponding rise in the optimal replenishment
cycle time, optimal price, and optimal preservation cost. Interestingly, up to a certain point (W:4), an
increase in the greenness level leads to a decrease in total profit. Additionally, it is noteworthy that the duration
of on-hand inventory (tl) significantly extends with higher greenness levels, which in turn, evidently elevates

the preservation cost. These findings imply that decision-makers must carefully determine the appropriate
greening level to achieve the best possible outcome.
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6. Sensitivity analysis

6.1 Impact of some parameters

The sensitivity of the optimal decision variables and the resulting total profit was analysed by altering the values
of various model parameters, using the same data as in Example 1. This sensitivity analysis involved adjusting
each parameter individually within a range of -20% to +20%, while keeping all other parameters constant.

6.1.1 Analysis of greenness and preservation investment

This section evaluates the impact of greenness (Kl)and preservation investments(rc) on decision variables

and the profit function. The findings are summarized in Table 2, while Figure 3 illustrates the trends in selling
price, order quantity, preservation costs, and their relationship to the changing parameters.

Table 2 Computational findings for various values of K, and «

Parameters | Values p(in$) t (year) t(year) | (in$) &(in$) Q
160 176.86 | 15739 | 0.3900 | 7070.64 49.25 | 116.36
180 17698 | 1.6351 | 0.4107 7022.00 5218 | 122.61
K, 200 177.09 | 16934 | 04310 | 6975.12 55.03 | 128.76
220 17720 | 1.7492 | 0.4507 6929.80 5781 | 134.82
240 177.31 | 1.8028 | 0.4700 | 6885.90 6051 | 140.81
0.32 177.14 | 15815 | 0.4545 | 6926.97 5270 | 117.20
0.36 17711 | 16383 | 04420 | 6952.06 54.23 | 122.98
K 0.40 177.09 | 16934 | 04310 | 6975.12 55.03 | 128.76
0.44 177.07 | 1.7463 | 04211 | 6996.20 5521 | 134.49
0.48 177.06 | 1.7968 | 0.4124 | 7015.42 54.88 | 140.11
Variationin p
// ==Kl
K
-20% -10% 0% 10% 20%
Variationin Q
e 1
-20% -10% 0% 10% 20%
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Variation in §

7_4:.

== K1
== K
-20% -10% 0% 10% 20%
Variationin M (t1, t2,p,¢)
=K1
== K
-20% -10% 0% 10% 20%

Figure 3. Variation in p, Q , & and II (-) with respect to Kl and K.

6.1.2 Analysis of demand parameters
This section analyses the impact of demand parameters on the optimal solutions. The computational results are
displayed in Table 3. Additionally, to illustrate the trends of the optimal selling price, order quantity, and profit
concerning these parameters, the results are graphically presented in Figure 4.

Table 3Computational findings for various values of demand parameters

Parameters | Values | p(in$) | t (year) t, (year) I1(in$) &(ins) Q
80 159.51 1.8442 0.5787 4566.64 52.82 165.43
90 168.50 1.7633 0.4946 5724.42 54.01 145.61

a, 100 177.09 1.6934 0.4310 6975.12 55.03 128.76
110 185.33 1.6320 0.3812 8314.18 55.93 114.14
120 193.26 1.5776 0.3413 9737.68 56.72 101.26
0.08 182.43 1.6813 0.4096 7450.57 55.26 122.06

q 0.09 179.73 1.6874 0.4202 7208.65 55.15 125.44
0.10 177.09 1.6934 0.4310 6975.12 55.03 128.76
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-20%

-10% 0%

10%

20%

0.11 174.50 1.6993 0.4420 6749.67 54.92 132.02
0.12 171.97 1.7051 0.4533 6532.02 54.81 135.21
0.0008 192.39 1.6927 0.3873 7907.37 55.25 112.81
0.0009 184.18 1.6929 0.4095 7408.99 55.14 121.46
a2 0.0010 177.09 1.6934 0.4310 6975.12 55.03 128.76
0.0011 170.88 1.6940 0.4518 6592.69 54,93 135.03
0.0012 165.37 1.6948 0.4721 6252.12 54.82 140.49
3.2 175.74 1.7039 0.4401 6768.96 54.88 131.29
3.6 176.42 1.6987 0.4355 6871.75 54.96 130.02
H 4 177.09 1.6934 0.4310 6975.12 55.03 128.76
4.4 177.76 1.6882 0.4265 7079.04 55.11 127.52
4.8 178.43 1.6830 0.4221 7183.54 55.19 126.29
Variation in p

3 == 00

=1

a2

+|J.

-20% -10% 0% 10% 20%
Variation in Q

" B@= 0

=1

a2

*u
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6.2
1.

Variation in §

=@ 00

==l
a2

-20% -10% 0% 10% 20%

Variation in N (t1, t2,p,£)

=@=00
==l
a2

-20% -10% 0% 10% 20%

Figure 4. Variation in p, Q , € and IT (*) with respect to a,,a,,3, and u .
Discussion
As shown in Table 2, increasing the value of parameter ( Kl), results in higher selling prices( p) , order

quantities(Q), and preservation costs(f). However, these increases collectively lead to a decrease in

total profit. Additionally, the decision variables and corresponding total profit exhibit moderate sensitivity
to changes in both greenness and preservation investments.

Also, increasing the value of parameter ( k), results in lower selling prices( p) , higher order quantities

(Q) , and changes in preservation costs(g) . However, these increases collectively lead to an increase in

total profit. The decision variables and corresponding total profit still show moderate sensitivity to changes
in both greenness and preservation investments.

Higher values of a, lead to higher prices, shorter replenishment times, increased preservation costs, and

higher profits. This indicates that the retailer benefits from increased market demand by setting higher
prices and reducing order quantities, which helps reduce holding and deterioration costs (see Table 3).

Conversely, higher values of a , a,result in lower prices, longer replenishment times, larger order

quantities, reduced preservation costs, and lower profits.
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5. Similarly, higher values of (,u)push prices higher, shorten replenishment times, increase preservation

costs, and boost profits. This means that the retailer benefits from the increase in market demand by setting
higher prices and lowering order quantities, which helps reduce holding and deterioration costs (see Table
3).

7. Conclusions

This research advances the conventional non-instantaneous deteriorating inventory model by integrating
elements such as price, demand influenced by greenness levels, preservation strategies, and investments in green
technology. The primary goal is to maximize retailer profits through optimal decisions regarding pricing,
replenishment cycles, and preservation technologies. The results indicate that profitability and market
competitiveness can be significantly improved through a combination of preservation strategies and green
technology investments. The study underscores the long-term advantages of increased investment in green
technologies for both financial gains and environmental benefits. The effectiveness of preservation methods
varies based on factors like product type, cost, and deterioration rate, with preservation becoming more crucial
at higher levels of greenness. These insights offer a valuable and practical framework for businesses aiming to
optimize their marketing and inventory strategies.

Future research directions could include examining quality degradation, relaxing assumptions about fixed
greenness levels, and exploring integrated cooperative approaches involving multiple stakeholders.
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