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ABSTRACT:

Climate change is a global challenge that is gaining attention. Reducing carbon emissions is challenging for
achieving both economic growth and sustainable development. This study focuses on optimizing profits in
an inventory system, accounting for additional costs due to carbon emissions at various process stages.
Deterioration and inflation also affect prices and demand over time. To address these real-world
complexities, the authors consider demand to be sensitive to both selling price and time, under inflationary
conditions. The model incorporates partial backlogging during shortages to maintain a certain level of
customer service even when stock is unavailable. A fuzzy approach is employed to handle the
unpredictability associated with cost components. Trapezoidal fuzzy numbers are assigned to the cost
variables and are defuzzified using the graded mean integration representation method. The fuzzy model
shows a 3.82% increase in profit while prices were reduced by 0.27% as compared to the crisp model. The
key objective of this model is to maximize profits. Numerical validation and sensitivity analysis are also
conducted to evaluate the impact of various changes on the proposed inventory model.

Keywords: Inflation, carbon cost, shortages, partial backlogging, trapezoidal fuzzy number, graded mean
representation method.

1. INTRODUCTION

Various countries and organizations set de-carbonization or net zero carbon emission targets. Businesses
and the economic sector also commit to net zero, accelerating this trend. Significant reductions in
greenhouse gas emissions across the economy must reach the zero-carbon emission target. It is a challenge
for enterprises to meet the aims of sustainable development in traditional production. Inventory control
has arisen as a critical component of maintaining profitability and reducing risks for firms coping with
deteriorating goods in a dynamic and always-changing business environment. The conventional inventory
models fall shortin handling these complicated scenarios as industries struggle with the various issues such
as shifting demand, product deterioration, supply chain disruptions, and environmental concerns. The effect
of carbon emissions has a severe impact on human health as well as nature. Carbon emissions cost can occur
in different production stages while placing the order, holding the produced and raw stock, and due to
deterioration.

As environmental decay became increasingly serious, researchers and policymakers paid attention to the
reduction of carbon emissions to achieve sustainable goals. Bonny and Jaber (2011) modeled an inventory
system that was environmentally responsible in classical as well as non-classical eras. Bouchery etal. (2012)
studied the criteria for how to include sustainability in inventory models. Datta (2017) observed the effect
on the production-inventory system after implementing the carbon tax policy. An EOQ model was presented
by Kazemi et al. (2018) for defective objects taking carbon emission into account. A sustainable production
inventory model consisting of shortages with managed carbon emission was provided by Mishra et al. in
2020. Singh et al. (2021) use a supply chain management system with a two-level trade-credit policy to
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analyze the effects of energy and carbon emissions. Yadav et al. (2021) aimed to lower waste and carbon
emissions and develop a sustainable supply chain with preservation technologies by selecting goods with
cross-price elasticity of demand. Based on government subsidy and carbon tax policies, Ran and Xu (2023)
proposed a concept for coordinating low-carbon supply chains.

The impact of inflation cannot be ignored in some inventory systems when the demand for specific
commodities, such as trendy items, depends on price and time. Whether or not to accept backlog depends
on when the next refill will be available. Hariga (1995) used an inventory model that took time-reliant
demand rates and shortages into account to examine the inflationary effect and the time value of money.
Hou, (2006) formulated an inventory model that accounts for time discounting, decaying goods, and
inflation. They also took into account how the rate of consumption is affected by both surpluses and
shortages. When demand is dependent on both price and time, Maihami and Kamalabadi (2012) proposed
a model in which they jointly optimized pricing for non-instantaneous deterioration and total profit with
partial backlogging. An EOQ model for defective products under the influence of inflation, including partial
back ordering, consumer price-dependent demand, and learning, was proposed by Yadav and Singh (2015).
Teksan and Geunes (2016) presented an EOQ model where supply is dependent on price and demand. An
inventory model with non-instantaneous deterioration due to inflation, fully backlogged shortages, and
demand dependent on price and stock was developed by Shaikh et al. (2017). Saha and Sen (2019) provided
an inventory model that took into account the effects of inflation, shortages, and time- and price-dependent
demand. For an EOQ model with bivariate demand, Sundararajan et al. (2021) observed the influence of
payment delays, inflation, and shortages. Again, Sundararajan et al. (2022) calculate the cost of the EOQ
model with payment delays and shortages due to inflation for a non-immediate decline. An EOQ model
under inflation for stock- and lifetime-dependent demand on expiring items was optimized by Singh and
Ambedkar (2023). An inventory model with sustainability and cap-and-trade pricing was first presented by
Sharma and Sharma (2023).

Zadeh (1965) introduced the concept of fuzzy set theory in the inventory model to handle imprecision and
uncertainty in inventory management to address the complexities of the real business environment.
Maragatham and Lakshmidevi (2014) created an inventory model for degrading goods that took into
account price-dependent demand. Pal etal. (2015) provided a production model with fuzziness that allowed
for inflation, shortages, and ramp-type demand for degrading goods. Yadav et al. (2015) provided an ideal
course of action for retailers with hazy trade credit under inflation. A fuzzy inventory model under inflation,
where demand is dependent on price and time, was developed by Hossen et al. (2016). For items that are
deteriorating, Saha and Chakrabarti (2017) provided a fuzzy inventory model with demand being price-
dependent and back ordering being prohibited in a supply chain system. A multi-object inventory model
was provided by Garai et al. (2019), in which the demand rate was based on both the stock and the holding
cost rate in a fuzzy environment. Singh et al. (2020) offered a comparative analysis for the best reordering
strategy for perishable goods in crisp and fuzzy styles. Bhavani et al. (2022) introduced a sustainable green
inventory system under fuzziness with eco-friendly demand and partial backlogging. In a fuzzy context,
Das (2022) discussed a multi-objective inventory model with population-dependent production and setup
costs. Research of an integrated fuzzy inventory model with an unpredictable rate of deterioration and
inflation was completed by Padiyar et al. in 2022. In their intuitionistic fuzzy inventory model (2022),
Chaudhary and Kumar take time-dependent holding costs, shortages, and quadratic demand rates into
account. Shaikh and Gite (2022) proposed a fuzzy inventory model that took into account demand based on
selling price and variable production for degrading items under inflation. Poswal et al. (2022) investigated
and examined an EOQ model for stock and price-sensitive demand in a shortage-driven environment. For
items that are deteriorating, Kumar et al. (2023) proposed a fuzzy inventory model where demand follows
a recurrent seasonal pattern with ramp-type growth seasonally. In their EOQ inventory model with time-
dependent demand, Karmakar and De (2022, 2023) assigned triangular fuzzy numbers to the fluctuating
number of tourists, although in their other EOQ inventory model, they considered the Pythagorean fuzzy
number. Kumar et al. (2023) provided sustainability for deteriorating items under the effect of learning
along with social and environmental responsibility and partial backlogging.

This study presents a fuzzy inventory model for deteriorating items that offers proper inventory
management and pricing along with consideration of environmental impact. Due to the usual inverse
relationship between demand and price, demand is dependent on both time and price. Partial backlogging
of shortages is considered. The backlog rate determines how long it will take to restock. A trapezoidal fuzzy
integer is allocated to the cost parameter to address imprecision and uncertainty. For defuzzification, the
graded mean representation method was used. The main goal of the suggested model is to offer the best
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possible selling price and replenishment cycle time to identify inventory control techniques for items that
are deteriorating. A numerical case has been solved to assess the performance of the suggested fuzzy
inventory model. The study illustrates how the model can assist organizations in making knowledgeable
decisions regarding pricing, inventory control, shortages, and partially backlogged orders while accounting
for the impact of inflation and the naturally deteriorating nature of the items. This is done by looking at
various scenarios and parameters. The model seeks to maximize total profit while meeting customer
demand and minimizing the consequences of item deterioration through the optimization of pricing and
inventory management.
Table 1 Previous research contribution related to this paper

Authors Demand depends on Shortage | Inflation | Fuzziness | Carbon
Time & price Concern
dependent

Hariga (1995) X

Hou (2006)

Maihami&Kamalabadi (2012)

Maragatham &  Lakshmidevi
(2014)

Yadav et al. (2015)

Hossen et al. (2016)

Datta (2017)

Saha and Chakrabarti (2017)

Garai, et al. (2019)

Saha and Sen (2019)

Mishra et al. (2020)

Sundararajan et. al. (2021)

Bhavani et al. (2022)

Chaudhary and Kumar, (2022)

Das (2022)

Padiyar etal. (2022)

Poswal, et al. (2022)

Shaikh and Gite (2022)

Kumar et al. (2023)

Sharma and Sharma (2023)

Singh and Ambedkar (2023)
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This paper

2. Problem description

The study's objective is to offer answers for issues that organizations face when handling perishable goods
including food, vegetables, pharmaceuticals, and other items whose demand relies on time and price.
Moreover, the model considers inflationary effects, partial backlogs, and scarcity of accounts. In addition,
the cost of carbon emissions associated with inventory transit, storage, and decay raises environmental
concerns. The objective is to develop an economical, environmentally friendly inventory plan that
guarantees sustainable practices. To account for uncertainty regarding different cost parameters, authors
apply fuzzy logic to tackle the complexities of the real world. This model's ultimate objective is to handle
deteriorating inventory items in a way that strikes a balance between economic efficiency and
environmental impact.

2.1 Assumptions:

A sustainable inventory model is developed for a single item that is instantaneously deteriorating.
Carbon emission cost added to counter environmental impact in different operational activities.
The inflationary environment is considered throughout the study.

Constant inflation rate is assumed.
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The rate of replenishment is not bounded by zero lead time.

The time horizon is finite.

Trapezoidal fuzzy number is assigned to the cost component.

The defuzzification method employs the graded mean representation integration method.

There may be shortages. In this scenario, the backlog of unmet demand equals the amount of shortage that

is back-ordered by S(y) = Koe")’,(O <K, < I,k > 0), where y is the duration for which customers have

to wait for the next refill and is a constant 0 < S(y) <1, S(0) =1. To ensure that an optimal solution will

exist, we have assumed that S(y) + H(S'(y)) > 0, where is the derivative of S(y) . Also note, if for all ¢,
that means shortage occurred is fully backlogged.
The fundamental rate of demand, D(p,?) = Ae"’, where A =( — Ep),, where (>0, and E >0 are linearly

dependent prices and exponentially increase or decrease over time when £ < 0 (£ > 0). We employ the
exponential time effect to represent the underlying demand rate, which is appropriate to elaborate on the
time-varying demand. This form can describe the majority of situations where the demand rate changes
over time, depending on a variable, which can be either positive or negative. It is useful to consider the time
and price-reliant demand for deteriorating goods including high-tech equipment, fashion accessories,
veggies, and fruits.

2.2 Notations

A Per order cost (Dollar) of ordering.
A Carbon emission cost (Dollar) due to placement of new order.
c Purchase cost (Dollar) for one unit.
c Additional carbon emission charges (Dollar) in the purchase of one unit.
C Unit holding Cost (Dollar) for one unit of time.
h
C Per unit carbon emission cost (Dollar) due to holding the item.
h
C Unit back ordering cost (Dollar) for one unit time.
N
C Per unit carbon emission cost (Dollar) due to backorder.
s
C The cost (Dollar) of lost sales per unit.
0
C The cost (Dollar) of deterioration per unit.
d
C Per unit carbon emission cost (Dollar) due to deterioration per unit.
d
4 Per unit consumer price (Dollar).
d Deterioration rate.
t1 Time from shortage occurs.
T Cycle length.
Q Ordered Quantity.
I1(t) Inventory level when t € [0, t:].
I2(t) Inventory level when t € [t1, T].
q1 The maximum inventory level.
q:z Backlogged amount.
i Inflation rate
Z(p,t1,T) The total profit.
A Fuzzy Per order cost (Dollar) of ordering.
A‘ Fuzzy Carbon emission cost (Dollar) due to placement of new order
et Fuzzy purchase cost (Dollar) per unit.
E' Fuzzy per unit carbon emission cost (Dollar) due to purchase for one
unit.
C, Fuzzy Cost (Dollar) of holding per unit per unit time.
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Fuzzy per unit carbon emission cost due to holding the item.

Ch
C, Fuzzy back ordering cost (Dollar) per unit per unit time.
C’ Fuzzy per unit carbon emission cost (Dollar) due to backordering.
N
C, Fuzzy cost (Dollar) of lost sale per unit.
Cy Fuzzy cost (Dollar) of deterioration/unit.
C‘ Fuzzy per unit carbon emission cost (Dollar) due to deterioration.
d
Fuzzy total profit (Dollar).
Z(p.1,,T) v totatprofit (Dolar)
Toow x Fuzzy optimal total profit (Dollar).
Z (4T yop profit (Dollar)

3. Mathematical Formulation

3.1 Crisp Model )

We assume that the period of shortage is less than or equal to the period of availability. The inventory level
drops within the time interval [0, t1] due to demand and deterioration.

M

1 T

Wost sale \\

Fig. 1 Inventory system in a graphical way
At any time t, the positive inventory level is controlled by

> z(‘t) +dl,(n==D(p.t),  0<r<y. .

W

with initial condition Il (0) =(, and boundary conditions [(tl) =0 ,

from equation (1),

Il (t)edt — e(d+€)t 2)

(d+0)

Using, I(O) ={, ,we obtain Kl =q,+ m ,

The equation (2), becomes
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A A

I (H=qge " +—e"-——— ¢ (3)
1 1 (d+0) (d + 1)
By applying the boundary condition I(tl) =0 , we get
A ,
ql — —(e(d+£)tl _ 1)
d+7)
Equation (3), becomes
A : :
I(t) = ——— (""" —¢" 0<t<t, (4)
(d+1)

T-t
( ),K' > () and customers have to wait till the

The demand during the shortage backlogged at the rate e
next replenishment (T-t) and ¢ € [fl ,T]
dl,(0) _
dt

with initial conditions [2 (fl) =0 ,and boundary conditions: —[2 (T) =q,

—Ae" I, t,<t<T (5)

solution of (6), given by

1,(0)= A o7 (e(m):l —e(“'()’) 6)
(/ + k)

Maximum back-ordered quantity

q,=-1,(T)
e—KT A (e(ﬂ,m)r _ e(/f+1c)tl ) -
q, =
(I +x)
Total quantity ordered per cycle
0=q,+q,

(8)

| e_KT A e(m«)r _ e(é’w)tl
0= A (e —1)+ ( )
(d+7) (I +x)

With the following cost components, we can now calculate inventory expenses and sales income each
cycle:

Ordering cost per order and corresponding carbon emission cost is calculated as A+ A
For maintaining emission norms, there must be some environmental cost. Consequently, the holding cost of

the inventory system has two components. One is related withholding of inventory as Ch and another Ch

is due to carbon emissions while inventory is being held
4
HC =(C, + C,) eI, ()dt
(0]
(Ch + C/;) A gl i _ =i ©)
= + . + .
(d+7) (0-1) (d+1)
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3. Since this model is developed keeping in mind deteriorating products. So, due to the decaying of products,
some costs must be placed in an inventory system. Deterioration of any product leads to environmental

consequences, so two components are being introduced one Cd for deterioration of products and second

Cd for carbon emission cost. Cumulative cost due to deterioration and carbon emission is given by

T 4
DC=(C,+C,) 0~ [ D(p,tye e dt— [ D(p,t)e™"dt
4 0
"e—KT (e(;mz)r _ e(KM)z] ) N e(d+€)t1 1
(k+/1) (d+7)
e—KT (e(K+€—i)T _ e(lc+é’—i)t] ) ) e((?—i)t] 1
| (k+/1—1) (0—1)

4. Non-availability of stock caused shortages and the cost due to shortages and the corresponding

=(C,+C, )A (10)

environmental costs are CS and CS respectively. The cost arises due to stock-out is given by

SC=—(C,+C, )].e_”lz (t)dt

Ae~*T ( Cs n Cg) (e_iT e )e(rﬁ—é’)tl (e(KM—i)T _ e(lc+é—i)t1)
+
(0 +1) ; (k+£ i) (n

5. Due to shortages, the required demand could not be fulfilled. So, there is a loss of opportunity that could be
accomplished in case of availability of stock. The cost due to this opportunity is calculated as

T
OC:QJDka”ﬂ—éW“yﬁ

4

(e(/m,—i)zI _e(K+(f—i)T)e—KT (e(l—i)T _e(l,—i)tl)

_I_
(kc+0 i) (1 =)

6. While Q quantity being purchased at the product price of ¢ and ¢’ is the additional environmental cost.
Therefore, the purchase cost is

(12)

0C=CA

PC=(C+C')(q1 +q,)

A(e(d+[)ll _1) . e—KTA(e((/H()T _e(/,+K)t|)

PC:(C+C') (13)
(d+7) (L +x)
7. Total sales Revenue generated by selling items at selling price p
4
SR=p Ie'”D(p,t)dt +q,
0
(G kT ¢ (L+)T _ _(L+K)y

_ (e 1) + e’ (e € ) (14)

(£ i) (L +x)

Therefore, the overall profit per unit of time is obtained below
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SR—A-HC-DC-SC-0C-PC
Z(p,t,,T) =
T
(= Ae—KT (e(fﬂ()T _ e(/i+1<)tl )

Z(p’tl’T):l e—._l(pA+(Cd +C;))+(p—(C+C')—(Cd +C‘;)) (f+l(‘)

Ty (1-i)

(C,+C ) A(e" ™ 1)
(d+1) (0—i)

| (c+c)+(C, +C) )+ —((Cd+C;,)+(CS+CS')+CO)x

e—lcTA(e(lc+ﬁ~i)T _e(/(+//~i)tl) (Ch + C}'l )A(e(d“/r)h _e(ff*l')ll )
(x+10—10) (d+0)(d+1i)
AT (C 4 C) e —e ™) ¢ AT — ot )}
_ e (15)

i(0+K) (£—1)

3.2 Fuzzy Model

Costis uncertain in the business world and is vaguely defined. So, to handle this vagueness, cost components
viz. A ¢, Cn, Cq, Cs and C,, are assumed as fuzzy numbers. Trapezoidal fuzzy number introduced for the
parameters as below

A=(a1,a2,a3,a4),A =(a1',a'2,a;,a;‘), ¢ :(Ci,C;,C;,C;), C:(CI,C2,C3,C4),

Ch = (Chl’Ch2’Ch3’Ch4)’ Ch = (C;II’C;12’C;137C}'14)’Cd = (Cdl’CdZ’Cd3’Cd4)7

Cd = (C;”,C;IZ,C;B,C;M),CS = (Cs'l’CSZ’Cs37Cs4)’ Cs = (C;-l’c;z’c;3ac;4)
and éo - (Col’COZ’C037C()4)9

Now, the total profit obtained in equation (15) in a fuzzy sense is expressed as

E=h - . , kT ¢ ()T (L4
Z(p’tl’T):l e—l(pA+(Cd+Cd))+(p_(C+C)—(Cd+Cd))Ae (e ¢ )
L (-9 0+ x)

o+ | Ao 1)
d+0 | i

- (e+e)+(carci)+ —((Cd+C;1)+(CS+C;)+C0)x

' (d+0)t (=)t
e—KTA(e(K+€—i)T _e(K+€—i)t|) (Ch + Ch)A(e - 1)

- (A + A')
(k+0—i) (d+0)(d+i)
Ae~*T oF+0n (C.\' + C; )(e—iT _e‘i’l) C A(e(H)T _e(f—i)tl)
~ _& (16)
i(0+K) (£—1)

Since costs fluctuate in a non-symmetrical way, we have applied a graded mean integration representation
method for defuzzification that gives varying contributions of different levels of costs in a symmetric and
graded manner. The output is a smooth and continuous crisp value that effectively captures the central
tendency of the fuzzy output.
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d(Z(p,tl,T)):%[ e(éﬁlgl (pmd((cd +c;),0))+(p—d((2+2}'),0)—d((cd+c;),o))x

(Tt o | d((Ci+Ci),0) | (e —
= (e;u)x)e( - d((c+c)’0)+d((c"+c")’0)+ (( (d+€)) )A(iz—i) !

s , —&T (k+(=)T _ (k+l=i)y
—(d((CcI+Cd),O)+d((Cs+Cs))+d(Ca,0))><e Ale e )

(k+/1—1)
d @ 10 A(e(d+(/‘)tl_e(l‘—i)tl)
e ([l bl

(d+10)(d+i)
Ae—KTe(KH’)tld((s@ ; ,0)(6—17 _e-iﬁ) d(u@ﬂ)A(e(H)T _e(”—i)tl)
] . - _ a7
iL.({+xK) (£ —1)

In equation (17), the values of expressions d(4,0),d(C;,0),d(p,0), d(Cs,0), d(Cs,0), d(C,,0)and
d(g’, 0) are obtained by using the arithmetic operations on the trapezoidal fuzzy number and defuzzify
using graded mean integration representation function as below
X+Y=(x+y,%+y,,%5+y,x,+,)
d(X—l—Y',O) _Atn +2(x, +y2;—x3 TY)+x 4y, '

Using this method of defuzzification in equation (17), we get

WL { S 1 (pA N ( Cp+Cy +2(Cpp +Coy +Cpy +Cp) +C +C, D
LA

T (i) 6
( (cl+c£+2(cz+c'2+03+c;)+c4+c;]
p_
6
_ Cdl + C;jl +2(Ca,2 +C(;,2 + Cd3 + C;13) + Cd4 + CL'M Ae T (e((f+K)T —e(’”)’l)
6 (¢ +x)
_((cl +c +2(c, +c, +ey, +ay)+e, +C;1J
6

4 Co + Cc‘ll +2(Cpp + C;12 +Cys + C;B) +Cyy + C;14
6
(Chl + C;:l +2(Cy, + C}‘lz +Cps + C;l3) +Cy + C/Im
+

6 ] A(e((—i)tl _1)

(d+71) (0 1)

_{( Ci +Cyy +2(Cpy +Cpy +Cpy + Cpy) +C,y +C, ]
6
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_ Ccl + C;l + 2(CS‘2 + C;Z + C¥3 + C;3)+ Cv4 + C:v4
6
N Cgl + 2C02 + 2C03 + C04 e—KTA(e(KH'—i)T _e(KM—i)tl)
6 (K +0—1)
Gy + C}Ll +2(C,, + C/‘lz +Cp C;,3)+ Gy + C;'m jA(e(dﬂ)tl _ ol )
6
(d+10)d+i)
(@ ta +2a, +a, ra;+a) +a, +a,
6
Ae—KTe(K+(/)Il [Csl + C;‘l + 2(Cs2 + C;‘Z + CS3 + C;S) + Cs4 + C;‘4 J(e—iT _ e—itl )
6
i.(/+ k)
(Cnl + 2C02 _gzc(ﬁ + C04 jA(e(’/—i)T _e((_i)tl )

- (i) 19

4. Solution Methodology

Firstly, we have to find the solution for (t;, T) at a given price with the help of Wolfram Mathematica 9.0.
Obtain optimal selling p price at the value of (t;, T) obtained in the first step.

Assign a fuzzified value to the cost components.

Defuzzified by using the graded mean integration method.

Apply steps 1 and 2.

4.1 Example 1. (Crisp model)

The proposed inventory model is illustrated and validated by taking the following data (from Maihami and
Kamalabadi (2012) and rate of inflation from Saha and Sen (2019)) and we have used Wolfram Mathematica
9.0 to illustrations and validate

A=3$250/ order, A =$2.5/ order, c =$20/ unit,c =$0.2/ unit,C, =$1/ unit time,
C, =$0.1/unit time, C, =$5/ unit time, C, = $0.05/ unit time,C, =$25 / unit time,
C, =$5/unittime, C, = $0.05/ unit carbon emission,

d=0.08, { =200,¢&=4,/= —-0.98, k= 0.7,i= 0.03, p= $35
First we assume the value of p = 35 and optimized value of tand T, we get Z = $249.397,
t*=0.856249 unit and T* = 0.964649unit

Figure 1 Concavity of profit function
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Now we used t* = 0.856249 and T* = 0.964649 to optimize the value of p and we get
p*=35.8332 and Z"=251.162

4.2 Example 2. (Fuzzy model)

Here we assigned a trapezoidal fuzzy number to the cost parameter as below

d =008 ¢ =200,&=4/=-098 k=07 i=03p= 35
A4=(a,,a,,a,,a,)=(230,240,255, 260),A' = (a]',a'z,a;,a;) =(2.3,2.4,2.55,2.6)
c=(c,0,06,) =(17,19,21,22),¢ = (c,,cncnnc,)=(0.17,0.19,0.21,0.22)
E4(C,.C.C0C) =(07,09,1.11.3), EL(C,.C..C..C.,)=(0.07,0.09,0.11,0.13)
Ed(C,,C,.CCl) = (3,4,6,7), 6L (C,,C.,.C..,Cl) = (0.03,0.04,0.06,0.07)
Ed(C,C,,C..C)=(3,4,67), E£(C,C,.C..C.)=(0.03004,0.06,0.07)
e.4d(,.C,.C.C,)=(21,232729),

0l?
Z =259.372,t*=0.841475 and T* = 0.957242.
Now we used t*=0.841475 and T* = 0.957242 for optimize the value of p and we get
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Figure 3 Concavity of fuzzy profit function
%

p*=35.7371and Z =260.764.

5. Sensitivity Analysis
Sensitivity analysis has been carried out for the given examples to study the effect of changes of different
parameters like deterioration, price and demand related parameters, and backlogging parameters by
changing (increasing and decreasing) -20%, -10%, 10%, and 20% in the parameters at a time in both crisp
and fuzzy model. The results of this analysis are shown in the following tables

Table 2: Analysis of ordering cost A

Changein A Value of t; P

A i Z
-20% 200 0.728263  0.827605 35.7346 306.480
-10% 225 0.792057  0.900834 35.7842 277.686
0 250 0.856249  0.974649 35.8332 251.162
10% 275 0.921281  1.049570 35.8818 226.597
20% 300 0.987580  1.12609 35.9301 203.752
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Table 3: Analysis for holding cost Cy
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Change in Value of t; p
Ch Ch T Z
-20% 0.8 0.864708  0.978358 35.8017 253.711
-10% 0.9 0.860463  0.976499 35.8175 252.432
0 1 0.856249  0.974649 35.8332 251.162
10% 1.1 0.852065  0.972808 35.8988 249.899
20% 1.2 0.847912  0.970976 35.8042 248.645
Table 4: Sensitivity analysis for shortage cost Cs
Change in Value of t; p
Cs Cs T Z
-20% 4 0.854541 0.974202 35.8316 251.247
-10% 4.5 0.856096 0.974654 35.8331 251.169
0 5 0.856249 0.974649 35.8332 251.162
10% 5.5 0.859089 0.974560 35.8359 251.021
20% 6 0.860530 0.974515 35.8372 250.949
Table 5: Sensitivity analysis for opportunity cost Co
Change in Value of t P
Co Co T Z
-209% 20 0.845563 0.97505 35.8230 251688
-109% 22.5 0.851891 0.974814 35.8291 251.376
0 25 0.856249 0.974649 35.8332 251.162
10% 27.5 0.862808 0.974423 35.8393 250.838
20% 30 0.867551 0.974260 35.8435 250.605
Table 6: Sensitivity analysis for Cy
Change in Value of t, P
Ca Ca T Z
-20% 4 0.861556 0.976671 35.8160 252.565
-10% 4.5 0.859581 0.975637 35.8253 251.829
0 5 0.856249 0.974649 35.8332 251.162
10% b5 0.855648 0.973577 35.8437 250.361
20% 6 0.853690 0.972551 35.8528 249.630
Table 7: Sensitivity Analysis for C
Changein  Value of t; p
G € T Z
-20% 16 0.751252 0.836765 33.6775 417.321
-10% 18 0.798361 0.897729 34.7493 329.994
0 20 0.856249 0.974649 35.8332 251.162
10% 22 0.935856 1.076340 36.9397 180.771
20% 24 1.04760 1.2483 38.0780 119.219
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Table 8: Sensitivity analysis forg

Change in Value of t P

£ [4 T Z

-20% 160 2.2081x1022 8.57063x103° 32.2542 -1.7x10%°
-10% 180 1.202320 1.374980 33.5792 97.9563
4] 200 0.856249 0.974649 35.8332 251.162
10% 220 0.694767 0.789207 38.2051 456.690
20% 240 0.597203 0.677558 40.6294 713.372

Table 9: Sensitivity analysis for¢

Change in Value of t, p

3 3 T Z

-20% 32 0.650661 0.738697 41.9228 612.223
-10% 3.6 0.733949 0.834127 38.5168 402.941
0 4 0.856249 0.974649 35.8332 251.162
10% 4.4 1.060690 1.210640 33.7095 141.222
20% 4.8 1.51588 1.741480 32.1090 61.0171

Table 10: Sensitivity analysis for O

Change in Value of ty p

¢ ¢ T z

-20% -1.176 0.836828  0.952302 35.7980 214.095
-10% -1.078 0.845378  0.962139 35.8145 232.082
0 -0.98 0.856249  0.974649 35.8332 251.162
10% -0.882 0.869756 0.990198 35.8545 271.451
20% -0.784 0.886322 1.00928 35.8788 293.093

Table 11: Sensitivity analysis for d

Change in Value of t; P

d d i Z

-20% 0.064 0.874860 0.983020 35.7668 256.542
-10% 0.072 0.865514 0.978831 35.8003 253.839
4] 0.08 0.856249 0.974649 35.8332 251.162
10% 0.088 0.847071 0.970478 35.8655 248.510
20% 0.096 0.837982 0.966323 35.8973 245.884

Table 12: Sensitivity analysis for K

Change in Value of t, p

K K T YA

-20% 0.56 0.836377 0.975279 35.8193 252.187
-10% 0.63 0.847102 0.974935 35.8268 251.631
0 0.7 0.856249 0.974649 35.8332 251.162
10% 0.77 0.864143 0.974407 35.8388 250.760
20% 0.84 0.871024 0.974201 35.8436 250.411
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Table 13: Sensitivity analysis for ;

Change in Value of t, p

# i T Z

-20% 0.024 0.865306 0.978613 35.8094 254.231
-10% 0.027 0.860758 0.976621 35.8213 252.651
0 0.03 0.856249 0.974649 35.8332 251.162
10% 0.033 0.851779 0.972695 35.8450 249.644
20% 0.036 0.847347  0.970761 35.8567 248.137

5.1 Observation of Sensitivity Analysis

The sensitivity analysis across different cost components demonstrates a generally predictable trend:
increases in various costs (such as ordering, holding, and deterioration costs) often lead to a reduction in
total cost (Z), with modest impacts on other inventory factors like ¢t; and T. Parameters like { and & however,
show more dramatic effects on inventory performance and cost efficiency, indicating that specific variables
play a more crucial role in driving cost and performance outcomes in an inventory system. The analysis
examines five different percentages of change in ordering cost (-20%, -10%, 0%, 10%, and 20%). Table-
wise observation is given below

1.

10.

11.

12.

Table 2: As the ordering cost (A) increases, there is a steady rise in both t: and p, while total cost Z,
experiences a slight upward trend. Conversely, T, likely reflecting some form of inventory or operational
cost, shows a consistent decline, indicating that higher ordering costs may reduce overall expenses
concerned with this.

Table 3: An increase in holding cost (Ch) results in a slight reduction in t; and Z, while p remains
relatively stable. T also decreases marginally, suggesting that rising holding costs might slightly
diminish inventory efficiency and total costs.

Table 4: As the shortage cost (Cs) increases, t; and T show minimal fluctuations, while p stays nearly
constant. Z, reflecting total cost, shows a slight decline, indicating that higher shortage costs have a
minimal but measurable effect on reducing total cost.

Table 5: With rising opportunity cost (Co), t: increases slightly, while T and p exhibit minimal changes.
Z experiences a minor decline, implying that increased opportunity costs marginally lower total costs
without significantly affecting other variables.

Table 6: As the deterioration cost (Ca) increases, both t; and T show a very slight decrease, while p
experiences a small increase. Z decreases slightly, indicating that higher deterioration costs reduce total
costs marginally while slightly affecting inventory performance.

Table 7: As the cost c increases both ¢z and T significantly increase, while Z experiences a steep decline.
This suggests that higher general costs significantly reduce total costs, even though the inventory
duration and profit or pricing (p) increases.

Table 8: An increase in parameter { leads to a drastic reduction in t; and T, with p showing a steady
increment. Z shifts dramatically, from negative values at -20% and soaring to high positive values at
+20%. This suggests that { heavily influences both total costs and inventory efficiency.

Table 9: As parameter ¢ increases, both t; and T increase substantially, while p decreases. Z shows a
sharp reduction, implying that £ significantly impacts inventory performance and total costs.

Table 10: When / increases, T and p rise slightly, and Z shows a significant increase, indicating that

higher values of / result in higher total costs, likely due to extended inventory holding periods.

Table 11: As parameter d increases, t; and T decrease, while p shows a small increase. Z declines,
suggesting that the higher values of d reduce total costs and slightly improve pricing or profit.

Table 12: Increase in the value of the parameter k leads to a minor increase in t;, with T remaining
almost constant. p shows slight growth, while Z decreases marginally, indicating minimal impact on
overall costs.

Table 13: As parameter i increases, both t; and T decrease, while p rises slightly. Z decreases, suggesting
that higher values of i reduce total costs while showing a modest effect on inventory variables.

The analysis across multiple tables illustrates how changes in various cost factors, such as ordering, holding,
and shortage costs, influence key inventory variables like t1, T, p, and Z. As costs increase, t; and p generally
show upward trends, while Z, representing total costs, tends to decline, indicating cost efficiency
improvements. For instance, rising ordering costs lead to higher t; and p values but lower total expenses
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(2). Similarly, increased holding and deterioration costs cause slight reductions in ¢; and Z, while p remains
stable. More substantial changes, like in parameters ¢ and ¢, produce dramatic shifts in total costs and
performance, revealing their significant impact on the overall inventory system. Overall, the data indicates
that adjusting different cost factors can help optimize inventory performance and reduce total costs.

6. Managerial Implication

The significance of taking into account sustainability as an important aspect of decision-making in business
operations is the basic idea of this model. This model is a complex yet comprehensive way of managing the
real-world problems of the force operations with a critical consideration of carbon emission and ecological
harm, by making Stakeholders aware of the crucial impacts on the ecology due to their operations. This
helps them to make sure that they adapt according to time and price fluctuations, with the introduction of
measures for alleviation of shortages and partial backlogging. Collaboration between force chain and hand
training to support sustainability pretensions is inversely important. Striking a balance between
profitability and sustainability ensures long-term growth reducing ecological harm. This model is useful for
organizations in optimizing force practices reducing environmental footprints and gaining a competitive
edge.

7. Conclusion

In conclusion, to serve the needs of an ever-evolving eco-friendly and environmentally conscious world, the
development of a sustainable fuzzy inventory model for managing deteriorating goods with time and price-
reliant demand, shortages, and partial backlogging, while taking into account the impact of inflation and
carbon emission costs plays a crucial role. An important aspect of the model is fuzzy logic which helps in a
flexible and adaptive decision-making process that in turn results not just in accurate but also efficient
predictions considering the dynamic nature of demands and market volatility. Another aspect is the
introduction of the Sustainability Concept by integrating carbon emission costs minimizing the
Environmental footprints and giving a holistic approach to modern business operations. Moreover, keeping
an account of the Inflation rate makes the model robust and adaptive in dealing with real-world scenarios
of variation in economic growth. The cost parameter was given a trapezoidal fuzzy number to make the
inventory model more plausible. By employing the graded mean integration method, we optimized the total
profit function. Results observation demonstrates that the fuzzy model performs better when there is
different cost uncertainty. For businesses operating in dynamic and uncertain environments, this approach
provides a thorough foundation for integrated pricing and inventory control. Its implementation has the
potential to improve operational efficiency, elevate customer satisfaction, and maximize profitability in
many industries. Future advancements in the proposed fuzzy inventory model can be focused on greater
adaptability, integration of emerging technologies, and alignment with global sustainability trends. These
enhancements will make the model even more robust and versatile in addressing the challenges faced by
businesses in an ever-changing economic, environmental, and technological landscape.

References

Bhavani, G. D., Meidute-Kavaliauskiene, 1., Mahapatra, G. S., & Cin¢ikaite, R. (2022). A sustainable green
inventory system with novel eco-friendly demand incorporating partial backlogging under
fuzziness. Sustainability, 14(15), 9155. https://doi.org/10.3390/su14159155.

Bonney, M., & Jaber, M. Y. (2011). Environmentally responsible inventory models: Non-classical models for
a non-classical era. International ~ Journal of  Production Economics, 133(1), 43-53.
https://doi.org/10.1016/j.ijpe.2009.10.033.

Bouchery, Y., Ghaffari, A., Jemai, Z., & Dallery, Y. (2012). Including sustainability criteria into inventory
models. European Journal of Operational Research, 222(2), 229-240.
https://doi.org/10.1016/j.ejor.2012.05.004.

Chaudhary, P. and Kumar, T., (2022), March. Intuitionistic fuzzy inventory model with quadratic demand
rate, time-dependent holding cost and shortages. In Journal of Physics: Conference Series (Vol. 2223, No. 1, p.
012003). IOP Publishing. DOI 10.1088/1742-6596,/2223/1/012003.

Das, S.K, (2022). A Fuzzy Multi Objective Inventory Model with Production Cost and Set-up-Cost on
Population. Annals of Data Science, 9(3), pp.627-643. https://doi.org/10.1007 /s40745-022-00405-9.
Datta, T. K. (2017). Effect of green technology investment on a production-inventory system with carbon
tax. Advances in operations research, 2017. https://doi.org/10.1155/2017 /4834839.

299 Sanju Kumar et al 285-301



Journal of Computational Analysis and Applications VOL. 33, NO. 8, 2024

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Garai, T., Chakraborty, D. and Roy, T.K., (2019). Multi-objective inventory model with both stock-dependent
demand rate and holding cost rate under fuzzy random environment. Annals of data science, 6, pp.61-81.
https://doi.org/10.1007 /s40745-018-00186-0.

Hariga, M.A.,, (1995). Effects of inflation and time-value of money on an inventory model with time-
dependent demand rate and shortages. European Journal of Operational Research,81(3), pp.512-520.
https://doi.org/10.1016/0377-2217(91)90167-T.

Hossen, M.A,, Hakim, M.A., Ahmed, S.S. and Uddin, M.S., (2016). An inventory model with price and time
dependent demand with fuzzy valued inventory costs under inflation. Ann. Pure Appl. Math, 11(2), pp.21-
32.

Hou, K.L., (2006). An inventory model for deteriorating items with stock-dependent consumption rate and
shortages under inflation and time discounting. European Journal of Operational Research, 168(2), pp-463-
474. https://doi.org/10.1016/j.ejor.2004.05.011.

Karmakar, S. and De, S.K,, (2022). A study of an EOQ model where the demand depends on time and varying
number of tourists using fuzzy triangular norms. Journal of Ambient Intelligence and Humanized Computing,
pp-1-16. https://doi.org/10.1007/s12652-022-03821-0.

Karmakar, S. and De, S.K,, (2023). A supply and demand economic order quantity inventory model under
pythagorean fuzzy environment. Sadhand, 48(1), p.21. https://doi.org/10.1007/s12046-022-02046-3.
Kazemi, N., Abdul-Rashid, S. H., Ghazilla, R. A. R,, Shekarian, E., & Zanoni, S. (2018). Economic order quantity
models for items with imperfect quality and emission considerations. International Journal of Systems
Science: Operations & Logistics, 5(2), 99-115. https://doi.org/10.1080/23302674.2016.1240254.

Kumar, S., Sami, S., Agarwal, S., & Yadav, D. (2023). Sustainable fuzzy inventory model for deteriorating item
with partial backordering along with social and environmental responsibility under the effect of
learning. Alexandria Engineering Journal, 69, 221-241. https://doi.org/10.1016/j.a€j.2022.11.023.

Kumar, S., Yadav, R.K. and Singh, A., (2023). Study on fuzzy inventory model for deteriorating items with
recurring seasonal demand pattern. International Journal of Mathematics in Operational Research, 24(3),
pp.408-424. https://doi.org/10.1504/]JMOR.2023.129487.

Maihami, R. and Kamalabadi, I.N. (2012). Joint pricing and inventory control for non-instantaneous
deteriorating items with partial backlogging and time and price dependent demand. International Journal
of Production Economics, 136(1), pp.116-122. https://doi.org/10.1016/j.ijpe.2011.09.020

Maragatham, M. and Lakshmidevi, P.K., (2014). A fuzzy inventory model for deteriorating items with price
dependent demand. Intern. J. Fuzzy Mathematical Archive, 5(1), pp.39-47.

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.
https://doi.org/10.1016/j.jclepro.2020.120268.

Padiyar, S.S., Joshi, A. and Singh, D., (2022). A study of integrated fuzzy inventory model when deterioration
and inflation rate are uncertain.[[NRD-International Journal of Novel Research and Development
(IINRD), 7(5), pp-165-182.

Pal, S., Mahapatra, G.S. and Samanta, G.P., (2015). A production inventory model for deteriorating item with
ramp type demand allowing inflation and shortages under fuzziness. Economic modelling, 46,pp.334-345.
https://doi.org/10.1016/j.econmod.2014.12.031

Poswal, P., Chauhan, A., Boadh, R, Rajoria, Y.K., Kumar, A. and Khatak, N., (2022). Investigation and analysis
of fuzzy EOQ model for price sensitive and stock dependent demand under shortages. Materials Today:
Proceedings, 56, pp.542-548. https://doi.org/10.1016/j.matpr.2022.02.273

Ran, W., & Xu, T. (2023). Low-Carbon Supply Chain Coordination Based on Carbon Tax and Government
Subsidy Policy. Sustainability, 15(2), 1135. https://doi.org/10.3390/su15021135.

Saha, S. and Chakrabarti, T., (2017). Fuzzy inventory model for deteriorating items in a supply chain system
with price dependent demand and without backorder. American Journal of Engineering Research, 6(6),
pp.183-187.

Saha, S. and Sen, N., (2019). An inventory model for deteriorating items with time and price dependent
demand and shortages under the effect of inflation. International Journal of Mathematics in Operational
Research, 14(3), pp.377-388. https://doi.org/10.1504/1]J]MOR.2019.099385.

Shaikh, A.A., Mashud, A.H.M., Uddin, M.S. and Khan, M.A.A,, (2017). Non-instantaneous deterioration
inventory model with price and stock dependent demand for fully backlogged shortages under
inflation. International Journal of Business Forecasting and Marketing Intelligence, 3(2), pp.152-164.
https://doi.org/10.1504/1JBFM1.2017.084055.

300 Sanju Kumar et al 285-301



Journal of Computational Analysis and Applications VOL. 33, NO. 8, 2024

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Shaikh, T.S. and Gite, S.P., (2022). Fuzzy Inventory Model with Variable Production and Selling Price
Dependent Demand under Inflation for Deteriorating Items. American Journal of Operations Research, 12(6),
pp-233-249. https://doi.org/10.4236/ajor.2022.126013

Sharma, A. and Sharma, G., (2023). Sustainable Inventory Model with Price Dependent Demand Under Cap-
and-Trade Policy. Applied Mathematical Sciences, 17(8), pp.363-377.
https://doi.org/10.12988/ams.2023.917389.

Singh, P., Chauhan, A. and Goyal, AK, (2020). A RELATIVE STUDY OF CRISP AND FUZZY OPTIMAL
REORDERING POLICY FOR PERISHABLE ITEMS. International Journal of Agricultural & Statistical
Sciences, 16(1).

Singh, S. R, Yadav, D., Sarkar, B., & Sarkar, M. (2021). Impact of energy and carbon emission of a supply chain
management with two-level trade-credit policy. Energies, 14(6), 1569.
https://doi.org/10.3390/en14061569.

Singh, C. and Ambedkar, G.R., (2023). Optimizing EOQ model for expiring items with stock, selling cost and
lifetime dependent demand under inflation. OPSEARCH, pp.1-14. https://doi.org/10.1007/s12597-022-
00616-x.

Sundararajan, R., Vaithyasubramanian, S. and Nagarajan, A., (2021). Impact of delay in payment, shortage
and inflation on an EOQ model with bivariate demand. Journal of Management Analytics, 8(2), pp.267-294.
https://doi.org/10.1080/23270012.2020.1811165.

Sundararajan, R., Vaithyasubramanian, S. and Rajinikannan, M., (2022). Price determination of a non-
instantaneous deteriorating EOQ model with shortage and inflation under delay in payment. International
Journal of Systems Science: Operations & Logistics, 9(3), pp-384-404.
https://doi.org/10.1080/23302674.2021.1905908.

Teksan, Z.M. and Geunes, |, (2016). An EOQ model with price-dependent supply and demand. International
Journal of Production Economics, 178, pp.22-33. https://doi.org/10.1016/j.ijpe.2016.04.023.

Yadav, D. and Singh, S.R., (2015). EOQ model with partial backordering for imperfect items under the effect
of inflation and learning with selling price dependent demand. International Journal of Computer
Applications, 111(17).

Yadav, D., Singh, S.R. and Kumari, R, (2015). Retailer's optimal policy under inflation in fuzzy environment
with trade credit. International Journal of Systems Science, 46(4), pp.-754-762.
https://doi.org/10.1080/00207721.2013.801094.

Yadav, D., Kumari, R., Kumar, N., & Sarkar, B. (2021). Reduction of waste and carbon emission through the
selection of items with cross-price elasticity of demand to form a sustainable supply chain with preservation
technology. Journal of Cleaner Production, 297, 126298. https://doi.org/10.1016/j.jclepro.2021.126298.
Zadeh, L. (1965). Fuzzy sets.Inform Control, 8, pp.338-353. https://doi.org/10.1016/S0019-
9958(65)90241-X.

301 Sanju Kumar et al 285-301



