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Abstract. A lot of attention has been paid to the integratodmuality, environmental
factors, product warranty, and greenness into imidiliprocesses in research on production
and inventory management for goods that are beapmirse. The current marketing
situation has high uncertainty in nature. Combirting above-mentioned factors a fuzzy
production model is developed. In order to assitigion-makers in making more
informed choices regarding pricing and replenishinds paper evaluates the effects on
the overall profit of greenness, product warramtyd carbon-reduction technology. An
algorithm will need to be used to determine thénoglt values for five decision variables.
In one experiment, the mathematical formula is micafly demonstrated, and the effects
of different factors on total profit and managerinbights are examined through a
sensitivity analysis.

Keywords: Fuzzy production modelDeteriorating item; Warranty and green level
dependent demand

AMS Mathematics Subject Classification (2010): 90B05

1. Introduction

A comprehensive literature review is used to gatral evaluate the pertinent papers.
Yadav et al. [1] and Yadav and Desai [2]. Thregosteake up the main technique
described in this work: (1) a comprehensive keywsadrch of the pertinent literature; (2)
a close examination of the published manuscriptisnsummary; and (3) an explanation
of how their research has contributed to this esfwam Scientific research manuscripts
from prestigious journals like Elsevier and Springee reviewed, and the Web of Science
is used as the database. This is done in an &ffodver as much literature as possible. An
inventory model for deteriorating goods was devetbn a substantial study that was
carried out earlier than the research suggestedTitari et al. [3]. This model
simultaneously considered carbon emissions andasubpnufacture. They looked at an
integrated approach for the two-echelon inventondet, in which the transportation,
storage, and disposal of damaged goods resulig iretease of carbon. In a different paper
that looked at sustainable inventory models foedetating goods, Bai et al. [4] developed
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a trade-and-cap approach for emissions from pramu@nd storage processes where
emissions can be decreased by using green teclyndlog main objective of this effort is
to determine pricing and optimal replenishment @thbdecentralised and centralised
scenarios. Different payment options, such as aaeljt, and prepayment, have an effect
on a model of depreciating inventory in 2020, adoay to Shi et al. [5]. They have
researched the possibility of investing in great®logies in conjunction with a carbon
tax plan for emissions coming from manufacturingggisses. Mishra et al. [6] investigated
a feasible inventory problem that prioritises fioigug technologies that simultaneously
reduce carbon emissions, ordering costs, and desgan. This study considers a
continuous emission when demand is determined kly pdce and hybrid stock. A
Stackelberg competitive model for steady-state atdagion is put forth in this work.
Examining the outcomes of green investing technptogeduce emissions in accordance
with cap-and-trade and its regulations is the nyaisl of this essay. Mishra et al. [7] study
from 2021, which looked at ways to manage carboisgans and product deterioration in
a greenhouse farm concurrently, addressed othetagles. In this essay, price-dependent
demand functions that are linear and non-linearcarapared. Price discount inventory
model based on advance and Duary et al. [8] intedwelayed payment for deteriorating
inventory model under shortagekKhan et al. [9] presented a hybrid payment model fo
cash and advances, with time-varying holding caststime-dependent demand, as a non-
instantaneous deteriorating inventory model. Rahetaal. [10, 11] studied a declining
inventory model with a discount facility in an ingal environment. As a novel approach
to dealing with interval uncertainty, they have émgpd the parametric approach of
interval.

Chen and Ouyang [12] introduced a deterioratingimory model with Fuzzy
valued inventory parameters. Dutta and Kumar [13dlied afuzzy inventory model for
fully backlogged items that are deteriorating axglegiencing shortageKumar et al. [14]
proposed aitne-dependent demand and partial backlog for detging items in a fuzzy
inventory modelVijai Stanly and Uthayakumar [15] introducedua4y inventory model
with exponential demand and shortages for detaigratems.Hou et al. [16] state that
the first study in the field examining quality ingwement in a sustainable production
model ought to be written. The contribution of thisrk to previous research is minimal,
though, as no suggestions for reducing emissiorspaovided. As a trade-and-cap
mechanism for defective items in a production fisimere carbon is released due to the
production, transportation activities, and remaatufidng, Battini et al. [17] proposed the
study that was expanded by Shu et al. [18]. Theclooled that the cost and emissions
associated with remanufacturing activities are ceduwhen carbon emission regulations
are enforced. Subsequently, Kazemi et al. [19] éobknto a model that showed how
processes like scrapping and warehousing releabercarhis paper's main innovation is
its examination of the relationship between inspectand long-term inventory
managementindrajitsingha et al. [20] proposedfuzzy inventory model that considers
stock dependence for deteriorating items' demated Peccording to Tiwari et al. [21],
inventory management can reduce carbon emissionsviegting in items of imperfect
quality. The Rout et al. [22] paper, which devekbpn integrated production model
accounting for objects deteriorating when defecthanufacturing is accessible, was one
of the articles that aided in our investigation.afysing the impact of each method of
reducing carbon emissions on the total amount afepgenerated by the inventory system
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has been the main objective of this study. But me leas yet talked about how to reduce
uneven manufacturing, deterioration of goods, ob@a emissions. Finally, Sarkar et al.
[23] suggested a coordinated three-tier supply rchhat deteriorates in relation to
expiration dates. The goal of this research igtluce the incidence of subpar products by
utilising technology and quality improvement stgpés. In a fuzzy environment, Manna
et al. [24, 25] investigated an imperfect produttinodel. Fuzzy differential and fuzzy
integral methods have been employed to depictitbidel. Rani et al. [26] proposdelizzy
inventory model in a green supply chain for detatiog new and refurbished items that
can be cannibalisedkumar et al. [27] suggestechder the influence of learning, a
sustainable fuzzy inventory model for deterioratitggns with partial backordering and
social and environmental responsibility is providédmar et al. [14] esearch on fuzzy
inventory models for deteriorating products withsenal demand patterns that repeat.

2. Problem description and notation

In order to close the gap, a manufacturing modsétian Rout et al. [22] was developed
for a system that takes into consideration a sipgdeuction system and single customer.
The producer maintains a consistent rate of préaludh order to fulfil the retailer's
demand. Actually, it is not insignificant that detiee (lower-quality) goods are produced
as a result of equipment failures or human err@mdé, a certain amount of defective
products €) remain, and the defective items have undergomerkéng. Some of the

refurbished items are still beyond repair and badlthrown away, even if they are deemed
flawless. The beginning defective rates of goofl} hight be decreased by investing of

the improvement of quality enhancement technolaggprding to the research written by
Sarkar et al. [23]. Furthermore, the manufactugosds deteriorate with time. To slow
down deterioration and decrease the quantity ofstthat deteriorate and become useless,
investments are made in preservation technoloyfiésh(a et al., [6]). Carbon emissions
are produced during the production, recycling, dés, deterioration, and storage of the
items. In line with changing the sustainabilitytb& production system, the manufacturer
makes investments in green technology to reducesstoms (Jaber et al., [28]).
Furthermore, the effects of green investment teldgyoand investments that prevent
carbon emissions are discussed together. Eventpaltfect things will have a set selling
price. In this connection, we may refer to someksaelated to crisp, fuzzy and interval
environments [29-36].

Notation
For accurate model analysis, the terms and underfyiesumptions used are listed below.
Notatior Units Usual meanin¢
A $/order Fuzzy ordering cost
& % Fuzzy defective rate
% % Fuzzy rate of discount
I(t) Units Inventory level over the time peridll<st<T
o constant Fuzzy rate of deterioration
h $/unit/time unit Fuzzy unit holding cost per time unit
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I, $/time unit Fuzzy loan interest rate

Q Units Fuzzy ordering size in each cycle

i constant Fuzzy cost of green technology

o $/unit Fuzzy unit cost of purchase

M Time unit Fuzzy advance payment time point
(g, p,T) $/time unit Fuzzy average profit

Decision variables

T Time unit Business period.

p $/unit selling price per unit

g -- green level

Assumption

i) Under a single-item model, which is characterisgthle instantaneous replenishment
of inventory, a single producer supplies goods sngle retailer.

i) Lead times are disregarded along with shortagesoiing to Rout et al. (2020),
everything degenerates at the same réafe (

iii) The combination of a product's price, warranty tiara and green level determines its
demand is fuzzy in nature. In terms of mathematits,is represented as

D(g, p,W) = a+ td - bpt B W whereO<a,y<1.
iv) Fuzzy imperfect production is taken with the rafg and the fuzzy rate of production

(P) is considered as constant.
v) Manufacturers offer some fuzzy discount4) on the purchase price of the product.

3. Mathematical formulation

Let us consider a manufacturing firm that produeesngle item with the rate. During
the production process they will also produce samperfect item with the raté&. All
the items are stored in a stocking point in oradesatisfy the retailer's demand. This
production process is continued up to the timeggetri=t,. In this instance, the customer
purchases the goods by paying an advance of thkpgotchase cost before receiving a
large quantity. Prior to receiving goods from deselvho gives an early payment discount,
a customer first purchases itemsQunits, by paying the full purchase price. Dueh®e t
combined effects of the demarlid(g, p, W) and the deterioration, the inventory level
decreased, and at tinte=T the stock level was zero. A pictorial representaf the
inventory system is shown in Figure 1.
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Figure 1: Pictorial representation of the production system.
As a result, the suggested model followed the gdifarential equation.
dg(t) | z. Ne =
%+5q(t)=(1—f)P— Bg pw,  O<t<t (1)
Y4 599 =-D(g. pw,  y<tsT @

with the boundary condition§(0) = Q. q(T) =0 and §(t) is continuous at =t,.
Let us assume thdt=(1-¢) P- D(g, p, W)

Solving the equation (1)-(2) with the help of boandconditionq(0) = Qandq(T) =0,
we have

ok (2 k) s
)=—=+ -——= |€e 3
a(t) 3 (Q 5] 3)
D(g, p, 7o
gy =282 5" ""){—1+ ) @)
Now, using the condition of continuity the maximgtock can be written as:
~_k_[_k_D(gpw ) | 5
==+ =+ = _1+ebT étl 5
Q=% { st 1 (5)

The associated costs of the inventory system aendielow:
i) Ordering cost(OC)A
i) Production cost (PC)#,Pt
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iii) Holding cost (HC):ﬁ[T a(t) dt+.T|' o9 dt}

4
o RH 1 _ E _ _jtl I’:]D( p! gl V\b R(T‘E) — Ky — —
_h{—~+—~[Q 3_](1 e )}+T{é’ o(T- ) ]}
iv) Warranty cost (WC)=gAD(g, p, W) WT
v) Green level cost (GLC)#GT

vi) Revenue earned from sales (SR)@-d)D(g, p W T
Hence, the profit of the system is as follows:

TP=SR- A~ PG HG WE GL (4)
Therefore, the average profit is given by:
TP
7(g,p, T)=—. 5
(g, p.T) T 5)
i.e.,
- B I T A A P
p(l-d)D(g, p WT- A pRt- E—fu—{ ij(l— étl)}
. 1 o 0 )
n.(g!va)__ - (6)
T _AD(g, p. Wy () _ 5 . o
—T{e 1—5(T—'[1)—]}—KyD(g,p,W)WT—,ugT

Now, we have to optimize the objective function {®)terms of the decision variables
p, gandT . In the next section, we are going to discuss ath@utheoretical derivations of

the objective function (6).

4. Numerical illustration
To validate the proposed model, a single numenisthnce is examined. The following
are the values of the system parameters:

Example:

Below are the values for the different inventorygmaeters connected to the recommended
model. To solve the problem, the GMIV techniqueusgd to difuzzify the inventory
parameter values.

= (115,120,125),b = (2.5,2.7,2.9), ¢ = (1.9,2.1,2.3),
=(0.3,0.5,0.7), S = (0.3,0.5,0.7),
(0.05,0.07,0.09),d = (0.09,0.1,0.3),& = (0.03,0.05,0.07),
= (195,200, 205),5 = (0.05,0.07,0.09),
(13,15,17), 7= (0,1,0.2,0.3), i = (1,2,3),
= $(495,500,505) / order, p. = $(15, 20, 25) / unit,
t; = (0.1,0.2,0.3) months, w = (1.5,2,2.5) months,
h =$(1.5,2,2.5)/unit / month.

AR T Qe R
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Table 1Finding the best answers to solve the objectinetion

Decision variables/depende
variables/objective function value

Optimal values

p $ 35.28467

T 3.567124 Months
g 87.69437%

/4 $ 569.5859

Q 382.4573

5. Sensitivity analysis

Sensitivity tests are carried out in relation tomawical Example-1 by altering the
parameter values from -20 percent to +20 percemtdar to show the impact of the various
production system parameters on total cycle durdfi9, starting stock level”, maximum
green level", and profit per unit ™. The idealults of these studies are shown graphically

in Figure 2-8.

=]
n

—_— . =] T 0 —e—g

Figure 3: Post optimality analysis ob
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Figure 4: Post optimality analysis oD
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Figure 5: Post optimality analysis ofi
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Figure 6: Post optimality analysis oh
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— P i 0 —e—g

Figure 7: Post optimality analysis of,

—— = P T Q —e—Eg

Figure 8: Post optimality analysis ofA

According to Figure 2-8, the profit per unitr] is quite sensible to changes in the price of
selling (p), demand location parameter,' and parameter scalind*, whereas (7) has
the opposite impact on (b). In contrast to the agerprofit (77), which is insensitive to

changes in either direction for ordering cot§*, * 1’ and ‘G, ’ the profit per unit ¢7)
is few sensitive to changes in either directiondosts ‘0’ and ‘Cc’.

Figure 2-8 shows that the business lengfh Gignificantly affects whether the
demand parameteb”changes positively or negatively. The businessope(T ) is often
equally sensible to changes in the ordering cAstand the location parameter of demand
‘a’, which might be positive or negative. The busgpsriod {T ) is also sensitive in less
to variations of the price of selling (p), consteate of deteriorationd ), and holding cost
(G,), but the opposite is true fod() and G, ).

The beginning stock leve(}) is often equally sensible to changes in ordeciogt'A',
whether they are positive or negative. The staiitingntory level Q) is less vulnerable

to negative or positive changesdn,'c,' and'a' respectively, wherea®' and are
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adversely affected. With negative or positive miodifons of ‘@’, ‘b’ and ‘u’
respectively, the original stock leveD)() is insensitive.

6. Conclusion

This work constructs an imperfect production ineepimodel for degrading commodities
by taking into account the nonlinear green levgbrafducts, the nonlinear warranty of an
item, and the demand rate as a function of pribe.Model performs better when demand
dependent on greenness and prepayment with a eretdleéd percentage discount
advantage are included. The cost of obtaining enwirentally friendly technologies adds
even more weight to the proposed idea. With LING&Xv&re, the goal function's
concavity is solved. The results of the sensitivatyalysis indicate that the location
parameter, selling price, and demand scaling pasanaee significantly impacted by the
average profit, in both positive and negative dicgrs. Consequently, a manager or
decision maker should consider these factors marefdly when making decisions.
Numerous industries, such as the food, vegetahb pharmaceutical ones, can benefit
from the idea behind this strategy.

One can extend this model by incorporating stogieddent demand, nonlinear
holding cost, advance payment, and trade crediitfa@lso, this model may be extended
in the future to more imprecise environments, sashinterval and Type-2 interval, by
taking into account the uncertainty in the inveptoarameters (Rahman et al., 2020).
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