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Abstract

In this work, EOQ model develops for decaying items with hybrid demand and green technology under the impact of inflation.
Carbon reduction plays a vital role in the green inventory system and in demand which is affected by items price. Moreover, the
selling price and green technology investment (G77) dependent hybrid demand has been considered. Preservation technology (PT)
used to control the deterioration of the items. The retailer is allowed distinct period to occupy cash flow by supplier. Transportation
and storing inventory process both are the sources of the (CE) carbon emission, and to manage the carbon emission carbon tax
regulation considered. Our major goal is to optimize retailer’s selling price, to get maximum total profit, and green technology cost
for constant deteriorating items with fixed expiry date. To find the optimal values of the decision parameters, the classical
optimization method has been implemented. The optimal values of the total profit function with decision variables as cycle length
and selling price are calculated with the help of mathematica-7. For authentication of the results, numerical illustration is done, and
concave graphs well present the optimality of the total profit function. Finally, the analysis part carried to show the variations in
the parameters.

Keywords- Inflation, Green technology, Hybrid demand, Trade-credit, Preservation technology.

1. Introduction

In the 21% century global warming is too powerful a global issue. In short words, global warming has a
long-term effect on the globe that results in calamitous environmental change. Carbon emissions from many
industries, companies, kiln’s, warechouses etc. are one of the causes of global warming. Regarding carbon
emissions many countries and local governments around the world have implemented carbon taxes. The
governments collect carbon emission fees which are known as carbon tax. For the carbon emission, many
prominent researchers described the different carbon emission policies involving carbon tax and cap and
trade credit policies. Preservation technology has emerged as a vital field of research, focusing on the
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protection and conservation of cultural heritage and biological materials for future generations. The rapid
deterioration of historical artifacts, manuscripts, and biological specimens due to environmental factors,
human neglect, or intentional destruction has underscored the need for innovative preservation methods.
This paper explores the latest advancements in preservation technology, including nanotechnology, and
advanced materials, and their applications in safeguarding cultural heritage and biological materials. By
examining the current state of preservation technology, this research aims to contribute to the development
of more effective strategies for preserving our collective heritage and promoting a deeper understanding of
the past. Inflation, a sustained increase in the general price level of goods and services in an economy, is a
complex and multifaceted economic phenomenon that has far-reaching implications for individuals,
businesses, and policymakers. As a key macroeconomic variable, inflation affects the purchasing power of
consumers, the profitability of firms, and the overall stability of the economy.

This paper aims to explore the causes and consequences of inflation, including its impact on economic
growth, income distribution, and monetary policy. By examining the theoretical frameworks and empirical
evidence on inflation, this research seeks to contribute to a deeper understanding of this critical economic
issue and inform policy decisions that promote price stability and sustainable economic growth. The rest of
the paper has been organized as follows. Section 2 provides the work done by prominent researchers. Next
Section 3, assumptions and notations have been given. Mathematical formulation and cost calculation of
the model considered are given in subsequent Sections 4 and 5. Section 6 shows the solution process of the
model. In next Section 7, illustration has been given. To illustrate the proposed model numerical example
for both cases discussed in Section 8. The marginal insights of the current study are presented in Section 9.
At last conclusion and future scope are made in Section 10.

2. Literature Review

Recent advancements in inventory management have led to the development of innovative models that
address pressing concern such as sustainability, carbon emissions, and items deterioration. Notably, Singh
& Mishra (2022) pioneered an inventory control model for bad quality items considering transport and
industry carbon emission. Bhawaria & Rathore (2022) introduced production inventory model tailored to
imperfect items specially focusing on hybrid demand function to showcasing the importance of demand
patterns recognition. Furthermore, other notable contributions include Singh & Choudhary (2021)
considered to be an imperfect inventory model for deteriorating items with carbon emission and defective
rate of product. Sebatjane (2024) proposed a production inventory model for deteriorating items and supply
chain system under various carbon emission regulations. Ahmad et al. (2023) formulated inventory model
with selling price dependent demand and greening effect. Preservation techniques were applied to control
the deterioration. Additionally, Yadav et al. (2023) established two-warehouse inventory models for low
quality items with carbon emissions. Muthusamy et al. (2024) developed a production model for fragment
quality items with different carbon emission policies and green technology. Recent studies, such as Pervin
(2024) proposed sustainable inventory model to reduce the carbon emission by applying green items and
deterioration controlled by preservation technology. Yang et al. (2024) developed SCM to determine the
impact of carbon tariffs and policies in the environment.

Transportation and storage capacity play a significant role in inventory management. Both relate to carbon
emission and energy consumption, which increases carbon emission. Carbon emission from vehicles and
storage places are a cost to society that becomes extra charge in economic order quantity models, according
to Bonney & Jaber (2011). Roy et al. (2024) developed vendor-buyer model under the fuzzy environment
and game theory approach. Especially, they focused on fuel consumption by transportation. San-Jose et al.
(2024) analyzed sustainable inventory model for goods and demand function follows power patterns with
time. Peng et al. (2024), Roy & Ghosh (2024), Zhang et al. (2024), and Song et al. (2025) developed
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inventory models for carbon emission by road transportation, fuel consumption and storage of the items.
Mashud et al. (2024) formulated three echelon supply chain models with green technology, variable demand
and option for vehicle selection. Liu et al. (2024) assessed transportation efficiency across different areas
with super efficiency SBM model. Carbon emissions by transportation and storage various prominent
researchers and authors research carried by Bharti et al. (2024), Kumar et al. (2024a), Lekaki et al. (2024),
Lin & Bai (2024), Li et al. (2024), Lu et al. (2024), Xu et al. (2024), and Zhao et al. (2024).

Deteriorating items experience constant mass loss, but preservation technologies may help decay items to
be consumed. Retailers with direct consumers’ relationships detract stock deterioration through
warehouses. Producer storage systems have maximum deterioration rate. Then, preservation technology
applied to control the deterioration of the items, and many authors and researchers worked on preservation
technology with different demand patterns. Bhawaria & Rathore (2023) presented EPQ model for
deteriorating items under the impact of inflation. And preservation techniques are used to control the
deterioration. Bhawaria et al. (2023) described a reverse logistics model for deteriorating items with
preservation technology and learning effect under the inflationary environment. Rathore et al. (2024)
developed optimal inventory policy with ramp type demand in the two-warehouse environment. Sharma &
Rathore (2024) developed inventory models for deteriorating items with preservation investment and entire
work studied under the impact of inflation. Sharma & Mandal (2024) established economic order quantity
EOQ model for low quality commodities with preservation technology and advance payment policy.
Demand was dependent on the selling price and stock level. Pal et al. (2024) investigated the model for
decaying items under inflationary conditions. Preservation technology used to control deterioration of
spoilage items. Padiyar et al. (2024) proposed inventory model for instantaneous decaying items with
preservation investment under the impact of inflation. Kumar et al. (2023a) have developed inventory
model for non-instantaneous deteriorating items with trade credit policy, and they allowed partially
backlogging shortages under the impact of inflation.

Empirical and theoretical analysis demonstrates that green technology encompasses a broad area of
agriculture, scientific research, material science, and hydrology. Various green techniques aim to reduce
the carbon emission of CO, SO, and other gases to stop environmental change. Together preservation
technology provides extra protection to deteriorating items. Both technologies are effective to reduce
carbon emission from industries, transportation, storage, and warehouses. Further, for green technology and
preservation technology several researchers worked like as Kumar et al. (2024b) addressed two storage
inventory models for deteriorating items with FPO algorithm and selling price dependent demand. Priyan
et al. (2024) explored sustainable inventory policies in the pandemic conditions considering transportation
cost, green technology, storage, production, and carbon emission. Gupta & Khanna (2024) investigated the
effect of carbon emission on producer industries. These policies aim to reduce carbon emissions. Kar et al.
(2024) proposed multi-item green inventory model with uncertain finite time horizon and constraints. And
in this work green technology is applied to fruits, vegetables and other seasonal items. Mendis et al. (2024)
examined wood preservation technology and green technology. In the same area many researchers worked
like Dao et al. (2011), Zehner (2011), Jeong et al. (2012), Esmaeilnezhad et al. (2017), Jiang al. (2024) and
Kumar et al (2024¢). Kumar et al. (2023b) investigated EOQ model for deteriorating items with partially
backordering and they invested in green technology to reduce carbon emission. Yadav et al. (2021)
proposed supply chain inventory model with positive and negative cross price elasticity of demand.

Few studies have explored the joint impact of preservation techniques and green technology on inventory
decisions for deteriorating items. Most EOQ models assume a single demand pattern, whereas real-world
demand often exhibits hybrid characteristics. The combined effects of inflation and carbon emissions on
inventory decisions for deteriorating items have not been thoroughly investigated. In the current study, the
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EOQ model has been developed by incorporating preservation technology, rate of inflation, hybrid demand
function which is dependent on selling price and green technology investment.

3. Notations and Assumptions

In this section, in developing the trade-credit policy for deteriorating items with hybrid demand, the
following notations and assumptions are considered. All notations have been presented in their appropriate
units for clarity and consistency.

Notations Description

A : Ordering cost (§ per order)

Co : Purchasing cost excluding transportation cost (§ per unit)

Ct : Transportation cost of items from supplier to retailer ($ per unit)
H : Holding cost ($ per unit)

ey : Carbon emission from holding process per cycle (ton/unit)

e : Carbon emission during delivery (ton/ unit)

Q : Replenishment quantity

f : Green technology investment cost per unit per cycle

a0 : Carbon emission function

P : Selling price

T : Replenishment cycle time

D.p) : Demand function

o : Carbon tax (§ per Kg)

dy : Travelled distance (Kilometers)

Uy : Green technology efficiency factor

Uy : Green technology emission factor

I, : Interest earned

Ic : Interest charged, where I > I,

M : Delay in payment received by buyer by seller

Ty : Deterioration rate of items

é : Preservation technology cost

¢ : Carbon emission from holding inventory and transportation before investing in GT (ton per unit)
C‘f : Carbon emission from holding inventory and transportation after investing in GT (ton per unit)
1(t) : Inventory level at time

b Preservation technology constant

Assumptions

(a) Economic order quantity model has been developed for single type item.

(b) The replenishment rate is instant.

(c) Planning horizon is infinite.

(d) The cost for holding items is constant in the warehouse.

(e) The deterioration rate of the items is constant and defined as constant rate
79 = (0 — m(§)), where m(§) = e ™S,

(f) Carbon emissions in climate are caused due to delivery of the items and holding process in storage of
items. (Bonney & Jaber, 2011; Chen et al., 2013; Hasan et al., 2021).

(g) Consider carbon emission reduction as a green investment function, which balances the environmental
benefits and the cost of adopting green technologies. Carbon emissions have environmental impacts
which are not directly related to inflation. The function is given as follows:

9(f) = wf — uaf?

where f < %,,ul > 0,u, > 0 denotes efficiency factor and emission factor of green technology
2
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respectively.
(h) The demand function depends on selling price and green technology investment (GT/) as carbon
reduction function defined as

D(.f)=1(xs —yp) + A =Dxp™" +a + Bg(f) —yp
where; 0 <t <1,x; > 0,x, >0,y>0,%2p,a>0,ﬁ >0,0<y<landy>1.

where, a shows scale parameter, 8 shows the coefficient of green technology function (g(f)) and y denotes

the price elasticity. The demand function is non-linear due to - y and the remaining part is linear. Here, p

shows linearity and non-linearity with price elasticity y.

(1) It is assumed that the green technology considered is to reduce carbon emission level with carbon tax
policies.

(j) Lead time is negligible or zero.

(k) Shortages are not allowed.

(I) Due to a permissible delay in payment the retailers may earn interest in customers’ payment, interest
earn per unit per year. Retailer will have to settle account at M, credit period offered by the supplier.
Retailer will pay interest on un-purchased items with I, rate, interest charged to supplier (Soni et al.,
2010; Saha & Jani, 2024).

4. Mathematical Model Formulation
According to notation and assumptions, inventory level of deteriorating items at time # during interval [0,T']

is decreased by impact of deterioration and demand. The inventory level at the time ‘¢’ is governed by
following differential equations. Figure 1 depicts the functioning of inventory model.

Inventory Level

Time

0 M T M

Figure 1. Inventory functioning.

£ 4 11(t) = =D, ) (1

0<t<T
Solution of the Equation (1) using condition I(T) = 0, Equation (1) reduces into

D(p, TB(T_t)—l
[(t) — (pf)(eTe )

2)
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The order quantity per replenishment cycle time is

p(p.f) (e -1
Q =1(0) = % 3)
[Z]
In this study total carbon emission for shipping is measure by D(g'f ) de;.

Carbon emission during storage process for certain intervals are accumulated as
T
ey fO I(t)dt 4)

The solution of the Equation (4) is
— D fen [(er"m“) + T]
To 7o

®)

Now, total carbon emission during delivery from supplier to retailer and carbon emission from storage
process is

D(p, T
=220 d,e, + ey [y 1(0)de (6)
_ D) _ D(f)[efT+1
- Q dlet To [ To +1] (7)

By investing amount f, then the carbon emission reduction function is
u
9() = uf — pof * where f <72

Here, after investing in GT, the total carbon emission is calculated as

A D(p,f)d T

Cf = (p];) 1et-+eH fO I(t)dt _g(f) (8)
A _ D@f)dier _ D(p.fen [e0T+1 P,

Cf = 0 To [ o + T] ‘lllf ‘lef (9)

5. Cost Calculation

In this section, the various costs related to the model have been calculated as given below:

e Sales Revenue: Sales revenue generated from items selling prices refers to the net income generated by
any company or firm from selling its item over a special period. The sales revenue over the total cycle
length and under the inflationary environment is calculated as

T -
Sr=p(J, D(p, e dt (10)
Sr — pD(p'f)(l_e_rt) (11)

T

o Purchasing Cost: Purchasing cost of items in the inventory system refers to the total cost incurred by
purchaser (retailer) to receive the items from manufacturer. The value of Purchasing cost (P.) is given
by

P = (co +¢)Q . . (12)
_ (D.f) D(p.f) [e767 +1 D(p f)dlet __ D(®.fey [eT6" +1 2

PC - ( Q dlet To [ To + 1] Tg [ + T] Hlf Hzf )

D(p.f)(e"0 M -1)

. (13)
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e Holding Cost: Holding cost refers to all expenditures transacted to maintain the inventory level over a
fixed period. Holding costs are associated with items stored in stock. The holding cost for deteriorating
items in storage, under inflationary conditions, is determined by Equation (14).

Holding cost is calculated per cycle is given by

H,=H [ I(t)e "tdt (14)
_ HD(p.f) eTrg_eTrrg 14Tt
HC - Tg [ T9(147) r ] (15)

e Ordering Cost: The ordering cost of products refers to all expenditures allied with placing and getting
orders from commodities. Ordering costs comprise the transportation cost, administrative cost and many
other costs to complete order.

0Cc =4 (16)

o Green Technology Investment Cost: Green technology investment refers to the expenditure incurred in
implementing environmentally friendly techniques within supply chain (SCM) to reduce carbon
emission. Hence, the green technology cost formulated as

GTC =f (17)

o Preservation Technology Cost: Preservation technology cost refers to the expenditures incurred to stop
the deterioration and adopting friendly environment within supply chain (SC) to detract the deterioration
and carbon emission. So, the preservation technology cost under the impact of inflation calculated as

PTC = [] ge ™ dt (18)

The trade credit period is given by supplier to its retailer is M, and then these two cases are considered as
case-1 and case-2 are explained below:

Case—1. M <T
For case-1 buyers need to pay interest for products after M time. Therefore, the interest charged is calculated
below. Figure 2 represents graphical representation of this case as-

Inventory Level

Time

Figure 2. Trade creditcase M < T.
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IC = col, [, (e " dt (19)
D(Z,f)dlet_ Di}:;f) eriz+1 v [_eT(Tg—r)+ergT—rM+e—rT_e—rM]
Ic = (20)
rTo
For case-1 interest earned calculated during interval [0, M] by retailer.
IEy = pl, f;' D(p, e ™ de (21)
_ 1— -rM
IE; = pl.D(p, f)|Me™™ + (er—)] (22)
The total profit function after applying trade credit policy
TP, =[S, —0C—HC—-PC—PTC—-GTC—1ICy + IE{] (23)

For carbon emission the government decides the carbon tax and every emitter must pay for greenhouse
gases per unit they emit. Customers and business organizations will take steps or adopt new techniques to
lessen their emissions to keep away from paying extra tax.

So, in this case after applying the carbon tax policy, total profit of retailer per year.
TP, = %[[Sr —0C — HC — PC — PTC — GTC — IC, + IE,] — ac“f] 24)

Problem-1 in this case, the maximization problem is as follows:
Maximize TPy = = (B,p,T)

Subjecttop > 0,T >0, >0,and M <T (25)

Case—2.M=T

In the case-2 replenishment cycle time is M = T. And all items are sold out during settlement; retailers
calculate interest at time 7 and supplier charges no interest because all items are sold out and profit will be
increase and profit described in the sensitivity analysis in case 2. Hence, the interest accumulated per order
during time M is solved and the graphical presentation in Figure 3 explained this case as-

Inventory Level

Figure 3. Trade creditcase M > T.
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IE; = ple[fy D(p, ftdt + D(p, /)T (M — T)] (26)
IE; = pl[D(p, OT + D(p, /)T(M = T)] (27)

Now, the total profit function for case- 2 is
TP, =[S, —0C—HC —PC—PTC—GTC+IE,] (28)

After applying the carbon emission tax policy for case-2 the total profit function is
TP, = %[[sr — 0C — HC — PC — PTC — GTC + IE,] — ac}] (29)

Problem-2 in this case, the maximization problem is as follows:
Maximize TP, = %(B, p,T)
Subjecttop >0,T >0, >0,and M =T (30)

6. Solution Process to Determine Optimal Value and Concavity of the Model
Equations (24) and (28) are the maximize profit function. For both equations necessary conditions are-
Step 1: First-order necessary conditions

Compute the first-order partial derivatives of the total profit function TP(f,p,T) with respect to each
variable and set them equal to zero:
ATP(BPT) _ ATPBPT) _ ATPBPT) _

ap - ap - aT -

Step 2: Evaluate the signs of the partial derivatives to understand the direction of change:
OTP(BPT) _ 0, OTP(BPT) _ 0, ATP(BPT) _
0§ op aT

Step 3: Second-order sufficient conditions (Hessian Matrix Analysis)

Compute the second-order partial derivatives:
’TP(Bp.T) _ (62TP) (BZTP)
ap? “\arz/\ ap?

=aor = (ron) (57) ~ Go5) o)

The Hessian matrix is given as below:
0’TP(§ pT) 0°TP(§pT) O°TP(EpT)

aez 980T a&ap
__|e?tp(épT) 9:TP(EpT) 0%TP(EpT)

TP, T) = |~ 55¢ T2 aTap
A2TP(&Ep,T) 02TP(Ep,T) 092TP(EpT)

opdé dpadT ap?

Step 4: Determine feasibility of optimum

If the second-order conditions confirm concavity (i.e., negative semi-definiteness of the Hessian), then
optimum solution exists.
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Step 5: Iterate for New Solution (if Step 4 fails)

Adjust the parameter values or re-evaluate the problem setup and repeat Step 3 with updated values until
the second-order conditions are satisfied.

Step 6: Declare the Optimum Solution

Once the necessary and sufficient conditions are met:
¢ Report on the optimal values of B*, p* and T*

o Verify feasibility with original constraints:
p>0T>0>0andM =>T.

7. Sensitivity Analysis
To evaluate the robustness of the optimal solution, a sensitivity analysis was conducted on the key decision
variables §, p and T.

Mathematical concavity of the profit function
Mathematical justification for case-1, M < T.
Hy; = —5209.8224438198 < 0

9%TP(&pT) 9%TP(&p.T)
ATOE aTdp

Hy, = TP(EpT) 0PTP(EpT) = 6551.61568164 > 0
Ipdé ap?
%TP(Ep,T) 9*TP(&Ep,T)
_ | orae T2 _
H3 = O TP(EpT) 0PTP(EpT)| = 79499.822614056 < 0
opoé opdT

%2TP(Ep,T) 92TP(&Ep,T)
9EaT ddp

Hy, = TP EpT)  ZTP(EpT) = —1386.45861804 < 0
dpadT dp?
o%2TP(& ,p,T) d%TP(&Ep.T)
_ 982 &dp _
Hyy = 2TP(EpT) 0PTP(EpT)| 351.009977316 > 0
apo& ap?
o%TP(& ,p,T) d%TP(&Ep.T)
_ 982 a&aT _
Hys = TP EpT)  OPTP(EPT)| — 19521.73291858 < 0
opoé opoT

d2TP(&Ep,T) d%TP(&Ep.T)
90T a&dp

Hs, = TP EpT)  XTP(EpT) = —383771.80272594 < 0
aT? aTap
9%TP(¢ pT) 9*TP(Ep.T)
_ 9é? a&ap _
H32 = | parncenty ormeom| = 159113616468 > 0
aToE aTap
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d%TP(&,p,T) J%TP(&Ep.T)
982 9T

d’TP(&Ep,T) I%TP(Ep.T)
dToE aT?

H33 = = —1194058.3989745

Mathematical justification for case-2, M > T

Hi{, = 3677130283.3449 > 0

d’TP(&Ep,T) d%TP(Ep,T)
_ | oreg arop | _
Hy, = TP(EpT) 92TP(EpT)| = 1473998.9795732 < 0
Ipdé ap?
%TP(&p,T) 9%TP(&EpT)
_| orae T2 _
Hi; = 21P(pT) 0°TP(EpT)| 19651451518.04856 > 0
opoé opdT
d%TP(&p,T) 9%TP(&Ep,T)
_| oacor o%op | _ _
Hy, = 2TP(EpT) 2TP(EpT)| = 1473998.97957320477 < 0
dpadT dp?
o%TP(& ,p,T) 9%TP(&p.T)
_ 0&2 d&dp _
Hy, = 2TP(EpT) 0PTP(EpT)| 594.78594764816 > 0
Ipaé ap?
o%TP(& ,p,T) d%TP(&Ep.T)
_ 0&2 0&oT _
Hys = 2TP(EpT) 0PTP(EpT)| 1043038.11450185 < 0
0poé 0pdT
d’TP(&Ep,T) d%TP(&Ep.T)
_ agaT 9%op =
Hz, = 2TP(EpT) 0PTP(EpT)| 19651451518.04855 > 0
oT? aTdp
d%TP(E p,T) 9%TP(&Ep,T)
_ 0&2 o&dp _
H;, = TP EpT)  OPTP(EpT)| — 1043038.11450185 < 0
aToE aTdp
9%TP(¢ pT) 9*TP(Ep.T)
_ 8¢2 agor | _
Hi3 = 2TP(epT) TP EpT)| = 13894664009.22294969 > 0
ATaE aT?

Hence for case 1, mathematically proved that the Hessain is negative definite and gets it’s the maximum at
the points (0.0350189, 442.921,263.673). Similarly, for the case-2 mathematically proved and gets it’s
the maximum at the points (0.0372134,313.887,219.175). Concavity of the total profit with respect to

the decision variables for the case-1 and case-2 are shown in the Figures 4 to 9.
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8. Results and Discussion

For case 1:

In this section, the numerical illustration has been done for both case-1 M < T'and case-2 M > T. To develop
the mathematical model, the appropriate values of the following parameters have been chosen to show the
concavity of the model based on the pervious literature which are given as follows:

r =0.01,y = 0.5,x, = 2 (per unit ton),t = 1(per unit ton), M = 0.3($ per unit time), I, =
10($ per time), f = 5(per unit per cycle), u; = 6(per unit time), u, = 0.6(per unit time), H =
0.8($ per unit),b = 0.4,6 = 0.02 (per unit kg),y = 1.2(per unit ton),a = 35,8 = 15,ey =
0.3(ton per unit), o = 20($ per kg), x; = 2(per unit ton),d, = 100(Kilometers), e; =
0.35(ton per unit),A = 110($/order).

T =0.0350189, & =442.921, p = 263.673, TP =641070

For case 2: To develop the mathematical model we have taken appropriate value of the following
parameters to show the concavity of the model.

r =0.01,y = 0.5,x, = 2 (per unit ton), T = 1(per unit ton), M = 0.3($ per unit time), I, =
10($ per time), f = 5(per unit per cycle), u; = 6(per unit time), u, = 0.6(per unit time), H =
0.8($ per unit),b = 0.4,6 = 0.02(per unit kg),y = 1.2(per unit ton),a = 35,8 = 15,ey =
0.3(ton per unit),o = 20($ per kg), x; = 2(per unit ton),d,; = 100(Kilometers), e; =
0.35(ton per unit), A = 110($/order).

T = 0.0372134, & =313.887, p = 219.175, TP = 307390

The figures and tables have been provided for showing the impact of sensitive parameters such as ¢, p and
¢ on cycle time and cost function. The Figures 4 to 9 show the concavity of the total profit (7P) function
on the decision variables ¢, p and & The surface plot shows the variation of 7P with these parameters. In
both cases, the surface shows a peak, indicating the existence of a single optimal solution. The concavity
confirms that the optimization model has a well-defined maximum, thus ensuring the stability of the
solution. This visualization can be used to validate the behavior of the model under different scenarios, thus
supporting the existence of an optimal EOQ configuration in an uncertain environment. Figure 4 shows the
concavity between total cycle length 7 and selling price of the items p with the total profit function 7P. It
is clear by above figure the total cycle length T increase with selling price then total profit highly increases.
Figure 5 shows the concavity between total cycle length 7 and preservation technology cost & with the total
profit function 7P. The total cycle length increases with preservation factor then total profit increases. In
Figure 6, the graph depicts the selling price of items p and preservation technology cost ¢ with the total
profit function 7P. It is clear by Figure 6 the selling price of items p increases with preservation factor then
total profit slightly changed.

2212 | Vol. 10, No. 6, 2025



Meedal et al.: A Trade-Credit Policy for Deteriorating Items with Hybrid Type Demand and ... gt?lmsﬁgg

640000

TP 635000

p

Figure 4. Concavity between T & P with TP.

4

Figure 6. Graph between p & ¢ with TP.
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Figure 7 shows the concavity between total cycle length 7 and preservation technology cost & with the total
profit function TP. The total cycle length T increase with preservation factor ¢ then total profit sensitively
increases. Figure 8 shows the concavity between total cycle length 7 and selling price of the items p with
the total profit function 7P. It is clear by Figure 8 the total cycle length increases with selling price then
total profit sensitively increases.

300000 §—

280 000

TP 260000
240000

220000 §

300000
TP 250000

200000 £,

Figure 8. Concavity between T & p with TP.

Figure 9 illustrates the concave relationship between preservation technology cost (&), selling price (p), and
the total profit function (7P). It is evident from the figure that as the preservation technology cost (¢&)
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increases along with the selling price, the total profit increases significantly and shows high sensitivity to
these changes.

350000

TP 400000
450000

Figure 9. Graph between p & ¢ with TP.

Table 1. Impact of parameter variations on cycle time Tand total profit 7P for case-1, M < T.

S. No. Parameters Changes T ¢ p P

0.011 0.0350168 442.949 263.773 641151

1. 6 0.020 0.0350189 442.921 263.673 641070
0.031 0.0350298 442.826 263.571 640798

0.009 0.0284505 492.378 281.209 972303

2. R 0.010 0.0350189 442.921 263.673 641070
0.011 0.0422320 402.434 249.562 440233

0.41 0.0350066 442.978 275.279 641198

3. y 0.50 0.0350189 442.921 263.673 641070
0.61 0.0350787 442.882 253.251 640957

0.39 0.0427326 361.450 248.824 429949

4. B 0.40 0.0350189 442.921 263.673 641070
0.50 0.0435860 354.208 247.441 413216

0.299 0.0347882 445.838 264.692 649506

5. M 0.300 0.0350189 442.921 263.673 641070
0.310 0.0373686 415.265 254.068 563829

0.79 0.0354632 437.407 262.712 627736

6. H 0.80 0.0350189 442.921 263.673 641070
0.81 0.0345855 448.434 264.629 657079

1.101 0.0350186 442918 275.254 641186

7. v 1.200 0.0350189 442.921 263.673 641070
1.300 0.0350188 442.924 253.274 640956

19 0.0335003 442.938 263.725 669600

8. o 20 0.0350189 442.921 263.673 641070
21 0.0365345 442.903 263.625 614962
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It is observed from Table 1 increment in the parameter 8 then 7 and TP both slightly increase and other
parameters ¢ and p show the decreasing trend. On the other hand, increasing the values of 7, y and M, total
cycle length T highly affected and increases but p, £ & TP are also highly affected and decreased. As per
increasing the values of b, T increase but other parameters are highly affected and decreased. Moreover,
increment in b shows the decrement in the values of 7 and reverse effect for other parameters. As per
increment in H, T decreases and remaining parameters show an increasing trend. Minor changes have been
observed with respect to y in all parameters. As ¢ approaches to the higher values, the values of £ attains
lower values and reverse pattern is followed by 7, P and TP.

Table 2. Impact of parameter variations on cycle time 7'and total profit 7P for case-2, M > T.

S. No. Parameters Changes T ¢ p TP

0.01 0.0372108 313.919 219.177 307457

1. 0 0.02 0.0372134 313.887 219.175 307390
0.03 0.0372160 313.856 219.173 307322

0.009 0.0294682 371.448 238.170 538924

2. r 0.010 0.0372134 313.887 219.175 307390
0.011 0.0463332 266.202 204.195 179715

0.3 0.0271163 454.778 245.634 657100

3. B 0.4 0.0372134 313.887 219.175 307390
0.5 0.0481410 231.093 201.899 163311

0.29 0.0348686 335372 226.165 349704

4. M 0.30 0.0372134 313.887 219.175 307390
0.31 0.0396282 294.417 212.962 271399

0.7 0.0433007 262.324 208.528 212344

S. H 0.8 0.0372134 313.887 219.175 307390
0.9 0.0326574 366.011 229.410 421419

19 0.0353303 318.626 220.706 332767

6. o 20 0.0372134 313.887 219.175 307390
21 0.0391225 309.222 217.675 284531

9 0.0374624 314.513 220.121 312863

7. I, 10 0.0372134 313.887 219.175 307390
11 0.0385342 315.745 221.543 334562

Table 3. Sensitivity analysis of parameter variations using directional arrows for case-1 M < T.

S. No. Parameters Changes T 4 p P

I. 0 V% YV A N A
D D Y \/ \/

2. r v 2 N N AN
D N \Y \/ \/

5 y Vi T T Iy T
N N \/ Vv \/

4. b W N \/ \/ N/
N AN \/ VY VY

5. M v \l/ N N N
/I\ /I\ \l/ \l/ \|/

6. H \V/ N \/ \/ \/
N A N N A

7. y v vV \/ N N
N V/ N \/ \/

8. o V/ % N 7\ N
A N \ \/ \/
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Table 4. Sensitivity analysis of parameter variations using directional arrows for case-2 M > T.

S. No. Parameters Changes T ¢ p P

L. \/ \/ A N AN
6 A A \% \% \%

2. V% % A A A
N N V/ Y /

3 b Vv Vv A A A
N N V 7 V

4 \ N A A A
7\ 7\ v v V

5 H \ A Vv Vv Vv
N V% D N N

6. o V% V% N N N
N N v v v

7 I, Vi N N N N
A A N N A

It is observed from Table 2, the increment in deterioration parameter 6 then only 7 slightly increases but
remaining parameters decreased. Also, on the other hand increment in the inflation rate », M, 0 & b then
only 7 sensitively increases and remaining parameters p, £ & TP sensitively decreases. As I, takes higher
values then all the inventory parameters first decrease and then increase sharply. Additionally, the
observations from the sensitivity analysis in Tables 1 and 2 are visually represented in Tables 3 and 4
respectively using an upward arrow indicate an increase, while a downward arrow denotes a decrease. This
provides a systematic and intuitive view, allowing readers to easily interpret the changes in sensitive
parameters and their impact on the model outcomes.

9. Managerial Insights

This section highlights subtle but critical observations that emerge from the detailed analysis of the model

behavior under various parameter settings disused in previous section. Optimal green technology

investment and preservation technology investment maximizes profit while lowering carbon emissions.

Retailers should invest in G77 and PTC to make maximum profit.

+» To increase the profits of this system, retailers should decrease the inventory costs. And from preceding
research that higher values of holding cost, ordering cost, and purchasing cost, can be decrease the
entire profit. Resultant we can say that retailers must keep the low cost of inventory parameters.

« The retailer may undoubtedly fix the optimum selling price of the items keeping in mind to profit. And
maximum demand provides the maximum profit.

«» The age of deteriorating items plays a vital role from a business point of view. The items shelf life is
higher, then consequently it can be useful to get much profit because the retailer is getting more period
for selling the items.

+ Distance between suppler to retailer’s is the key factor for retailers to get the maximum profit. Long
distance reduces the profit because of carbon emission, consumption of fuel, delivery time and more
other expenses. Here, minimum distance and permissible delay are beneficial to increase the retailer’s
profit.

+ From a managerial perspective, the results suggest that maintaining M < T yields better system
performance in uncertain environments. Additionally, marginal changes in shelf-life control and
replenishment timing can lead to noticeable improvements in profitability, provided the system operates
near the identified optimal zones.
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10. Conclusion

In the present study, an economic order quantity model for deteriorating items under the inflationary
environment, preservation technology and G717 have been developed. It is assumed that the perishable items
are deteriorating, and demand function is dependent on selling price and GT1. In the present study, optimal
selling price, ordering quantity, preservation technology cost and G77 cost under the impact of inflation has
been determined. The numerical examples are solved to validate our model. The sensitivity analysis is
carried out to optimal strategies. One can conclude that the total profit, selling price, cycle length and
preservation technology are highly affected by inflation and preservation technology constant in the trade
credit case first. Also, in the second case all these parameters are highly affected by inflation, preservation
technology constant, and trade credit period. Further noticed that the carbon emission and deterioration
affected by GTI and preservation technology. Preservation technology reduces the deterioration of items.
In the present study, the trade credit period is highly helpful to make maximum profit and short delivery
distance are too beneficial for retailer profit. Graphical presentation shows the concavity of this model for
both cases.

In the future this model may be extended with different demands and other parameters like time dependent
demand, stock level dependent demand, and fuzzy based demand. Further this study may be beneficial with
advance payment policy and other carbon emission policies. The present study can be further extended by
analyzing the impact of investing in green technology on inventory management and carbon emissions in
different industries.
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