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MANUFACTURING/REMANUFACTURING BASED SUPPLY CHAIN
MANAGEMENT UNDER ADVERTISEMENTS AND CARBON EMISSIONS
PROCESS

SUBHASH KUMAR!, MEENU SIGROHA?®, KAMAL KUMAR?® AND BISWAJIT SARKAR>*

Abstract. One of the most successful ways to get the word out about a product’s popularity across
all types of customers is through advertising. It has a valuable direct influence on increasing product
demand. The supply chain model is developed for manufacturer and retailer, where advertisements are
dependent on demand. The advertisement rate has been considered a function that has enhanced at a
diminishing rate concerning time, although the growth rate slowed. During the manufacturing cycle,
the market’s demand is a function of advertisement, and the customer’s demand is a linear function
of time. The production rate exceeds the demand rate during manufacturing and remanufacturing;
shortages are not faced. It involves a manufacturing/remanufacturing process that quickly delivers
consumer products and less waste. To keep the environment clean, the cost of carbon emissions is
incorporated into the manufacturer’s and supplier’s holding and degrading costs. The model’s primary
purpose is to minimize the overall cost of manufacturing and remanufacturing. The overall cost during
the manufacturing cycle is higher than that during the remanufacturing cycle. This study confirms that
the increasing cost of advertising provides the continuous increasing value of the total cost. A numerical
example is provided, graphical representation and sensitivity analysis determine the function’s behavior
and test the model.
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1. INTRODUCTION

With the increasing competition in the global market, industrial players look into various methods to help
them increase their sales and profits. Supply chain management (SCM) is a significant factor in any business
process. It handles the production flow ranging from supply of raw material to delivery of final product out to
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the customer. The main element of the supply chain are planning, source, production, delivery, and return. If
the supply chain system is effective, it minimizes the production cycle’s total cost, time, and wastage.

There is an increasing need to combat increasing carbon emissions and environmental degradation in today’s
era. The notion of manufacturing, recycling, and reverse logistics help achieve the goal. By remanufacturing,
much of carbon is used again without being emitted as gases in the atmosphere. This process promotes the use
of old or broken products resulting in the reduction of waste. The decline in carbon emissions leads us to a green
environment. El Saadany et al. [13] analyzed an SCM model in which the product’s carbon footprint determines
demand. Habib et al. [16] established an optimization model that reduces the cost of overall biodiesel supply
chain processes while reducing carbon emissions during operations.

Reverse logistics refers to the activities connected after the sale of a product to capture the value added and the
life cycle of a product. It includes returning the product to the producer or recycling it. It is at a time called the
aftermarket supply chain. During this change, the product has to go through various processes such as recycling,
waste management, warehouse management, returns management, servicing, remanufacturing products being
rebuilt with old or repaired parts, and refurbishment deals with the resale of repaired parts products. Ullah et al.
[49] established a closed-loop SCM system for reverse logistics activities with stochastic demand and returns,
which increases the cumulative uncertainty in the system to investigate optimal remanufacturing strategy.

Advertisement is done to publicity products, services, or events with the help of media platforms like news-
papers, magazines, radios, television. It is designed so that it immediately attracts the attention of the people.
It plays a crucial part in influencing the consumers’ minds, tastes, and motives. It is essential in improving
the sales of commodities or services. Business firms pay massive amounts to create an advertisement that helps
in increasing the demand for their product in the market. It is a play of words with witty expressions and
catchy punch lines that influence society. Manna et al. [25] analyzed a model for imperfect production in which
advertising influences demand.

The sale of most items is dependent on its advertising in the public realm. As a result, advertising plays
an essential role in enhancing a commodity’s demand. Most of the existing literature considered SCM systems
focused on carbon emissions and waste reduction manufacturing. This study considers advertising demand and
carbon emissions under reverse logistics, according to the information of the authors, which has not been done
in any research so far. Therefore, it fills the research gap that reverse logistics is not considered advertisement
and carbon emissions costs. This study looks at advertisement demand, in which the rate of advertisement
increases with time passing at a slower pace to record the sale before it is destroyed by deterioration. Demand
depends on advertisement and time as demand largely impacts customers. An inventory model is developed with
a single manufacturer and retailer by assuming that goods that have been remanufactured are as excellent as
new items. Both manufacturing and remanufacturing models are separately formulated with various parameters
and constant deterioration rates. Remanufacturing in world used products and reverse logistics. This study can
be used in the textile industry, smart products, and other fields in the real world.

The following is a breakdown of the work: A literature review is in Section 2, the aim of the study, assumptions,
and notations are defined in Section 3, and a mathematical model is formulated in Section 4; Section 5 explains
the solution approach, numerical examples, and sensitivity are included in Sections 6 and 7. At last, Section 8
gives the conclusions and future research directions for the paper.

2. LITERATURE REVIEW

Over the years, researchers have agreed that inventory turns out to be a comprehensive study where inventory
management is optimized. Today’s problems related to economic production model (EPQ) include demand,
deterioration of products, reverse logistics, and sustainability. Firstly, Harris developed the model with the
assumption of constant demand. Silver and Meal [42] modified the model to include a variable demand rate.
Donaldson [11], Lo et al. [24], and others developed a demand model under a linear trend. Time-dependent
demand model was developed by Goyal and Giri [15], Silver and Peterson [43]. Karimi-Nasab et al. [19] discussed
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a price-dependent demand inventory model. Nowadays, advertisements are significant in controlling the demand
for any product in the market. Cho [7] established a model with an optimal production and promotional policy
for this purpose. Hazari et al. [17] examined a model for defective production with an advertisement policy in
an uncertain environment. Khan et al. [20] created models for perishable items (with and without shortages), in
which demand is driven by the frequency of advertising and the selling price of the commodity. Udayakumar et al.
[50] studied a model for no instantaneously decaying items that consider money inflation and time discounting
under advertisement-dependent demand, with the provider offering an acceptable wait period as an alternative
to price discount. A smart SCM about variable lead time and variance under controllable production rate and
advertise-dependent demand was proposed by Dey et al. [9].

By assuming an instantaneous repairable rate, Schardy [39] developed the rules for inventories with repairable
products. The inventory model with limited storage capacity and finite repair rate was established by Nahmias
and Rivera [26]. Conard [8] proposed a closed-loop supply chain (CLSC) model to examine the effect of customer
issues on cost and market. Sebatjane and Adetunji [40] proposed a three-echelon supply chain (SC) model in
which inventory levels and expiration dates determined the demand for increasing products. The policies for a
CLSM model for green products with remanufacturing were developed by Chai et al. [5]. Inderfurth et al. [18]
created a model for defective products subject to rework and deterioration. Widyadana and Wee [51] proposed a
declining product manufacturing model that included a river and numerous production sets. Alamri [1] created a
CLSC model for decaying products with dependent demand. Richter [30] created an economic ordered quantity
(EOQ) model based on fixed demand and the condition that old products were repaired. El Saadany and Jaber
[12] developed a CLSC model in which the returning rate is influenced by price and quality. Saxena et al. [37]
determined a CLSC model with remanufacturing for the buyer/supplier. Rani et al. [27] established a CLSC
model for decline items that took inflation and remanufacturing into account. Rani et al. [29] created a model
that considered remanufacturing and learning effects. A CLSC model with remanufacturing was established by
Liu et al. 23] and Aminipour et al. [2]. Sarkar et al. [36] produced a three-tiered sustainable SC model. Sarkar
et al. [34] constructed a CLSC model to achieve circular economy by nullifying waste. According to Sarkar et al.
[33], defective products might be reworked during each cycle when shortages were eliminated, and shortages
could be reworked in the respective phase following the last cycle. Bhuniya et al. [4] described an energy-efficient
smart production system in which production was variable and defective items were produced out of control.
Preventive maintenance and restoration were utilized within the smart production system to avoid the out-of-
control state. Kugele et al. [35] proposed a smart production system that was depended on reliability of product.
A geometric programming was used for finding optimal solutions. Bhuniya et al. [3] introduced a SCM model
to avoid the backorder cost with constant and fuzzy demand. This model improves the quality of the products
and reduces the vendor’s setup cost by using the Kuhn—Tucker optimization technique.

Chang et al. [6] explored a production—inventory model with a multi-stage supply chain that uses preservation
technology to prevent deterioration and boost investment. In the context of preservation technology investment,
Kumar et al. [21] determined the optimal policies for deteriorating artifacts. Saha et al. [32] identified the
optimum dynamic marketing investment. They proved the dynamic investment could control the market’s
demand. Even though the rate of deterioration is high, efficient preservation technology can be adopted to reduce
the deterioration rate. Though the deterioration rate was reduced, wastes could be generated, which could not
be zero by the preservation technology. The preservation technique only could reduce the rate of deterioration.
Therefore, even though dynamic investment and preservation technology were used, the waste could not be fully
controlled. This reduction of waste in a supply chain was initiated by Yadav et al. [48]. They introduced a new
waste-free SC model. They proved that only preservation technology could reduce huge amounts of waste from
product deterioration without having dynamic investment. Garai and Sarkar [38] investigated a waste reduction
policy by remanufacturing utilizing through reverse logistics. Dey et al. [10] examined an autonomation policy
in this model to find defective products from the production where the defective rate was random. Exponential
demand was considered with safety stock and backorder. A multi-period multi-objective optimization problem
of all three components of the business triad cost, quality, and time was managed by Tayyab and Sarkar [45] in
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TABLE 1. The author’s previous research.

Author (s) Remanufacturing Type of Demand Environmental
production effect
Sarkar et al. [34] No Demand Constant Costs effective under
dependent circular economy
Garai and Sarkar et al. [38]  Yes No Constant Waste reduction
through remanufac-
turing
Rani et al. [29] Yes Constant carbon Demand effective
dependents under
carbon emissions
Dey et al. [9] No Flexible Advertisement Costs not effective
production  dependent under
carbon emissions
Saxena et al. [37] Yes Constant Constant Costs not effective
under
carbon emissions
Bhuniya et al. [4] No Constant Constant and  Costs not effective
fuzzy under
demands carbon emissions
Kumar et al. [22] Yes Linear Time- Demand effective
dependent under
carbon emissions
This study Yes Linear Advertisement Costs effective under
and time- carbon emissions
dependent

a SCM model.

Kumar et al. [22] derived a CLSC model for smart objects using a reverse logistics system, with the retailer
was taking carbon emissions into account. Ahmed et al. [28] presented reworking process using local storing
facility and its effect in a global SCM. Sepehri et al. [41] created a model for degrading low-quality objects in
which the pace of degradation was constant and might be controlled by investing in preservation technologies.
Manufacturing processes emit carbon, which may be decreased by investing in tax. Gennady et al. [14] established
a logistics and SC model in the face of uncertainty. For degrading products, Singh et al. [44] established a
method that combined the effects of costs of carbon emissions and programs involving trade credits. Teng
et al. [47] developed a system for remanufacturing under cap-and-trade legislation to minimize faulty items and
limit carbon emissions, which was the manufacturer’s primary goal in assuring sustainability. Sarkar et al. [49]
developed a sustainable development framework for a cleaner textile production system with emissions tax and
allocated cap policies for manufacturing. Table 1 shows some of the previous work.

3. ASSUMPTIONS & NOTATION

The following aim, assumptions, and notation are used for this study.

3.1. Aim of the study

The focus of the study is on manufacturing/remanufacturing-based SCM in the context of advertisements
and carbon emissions. During the manufacturing cycle, the market’s demand is an advertisement-dependent
function. To maintain the environment clean for both manufacturing and remanufacturing processes, carbon
emissions costs have been added on deterioration costs and holding costs of items. This research is significant
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FIGURE 1. The flow of this study.

in advertising and remanufacturing procedures in the manufacturing industry. The study’s flow is depicted in
Figure 1.

3.2.
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3.3.

Assumptions

At this time, it is clear that the sale of an item is dependent on its advertising in the public sphere. As a
result, advertising plays an essential role in enhancing a global commodity demand. In this way, we have
looked at the demand function for ideal quality things affected by advertising. The demand rate function
of advertising is

D,, = Dye M + a—;(l _ e—)\t) n a:_i)\(e—azt . e—/\t)‘
As a result, the following differential equation describes the rate of change in demand for an item as
D;n = CaoM — ADy, with D(0) = Dg. Where a(t) = ag — a1e™%t,0 < t < T}, where ag, a1 & as are known
parameters and 0 < A < 1 [25].
This study considers carbon emissions and energy costs in terms of environmental criteria while calculating
holding costs and deterioration costs for manufacturing and the manufacturing cycle [44].
During manufacturing and remanufacturing, the production rate exceeds the rate of demand. In the begin-
ning, the stock level is zero during manufacturing and remanufacturing [27].
During manufacturing and remanufacturing, the production cycle is single. Lead time is zero [29].
Remanufactured products have the exact cost and demand as they are like the new products [12,37].
Returned products are gathered and put through a waste-recovery procedure. Parameter p, is the reman-
ufactured product recovery rate [29].

The rate of deterioration is different for manufacturing parameters and retailers’ manufacturing parameters
[22].

Notation

The model uses the following notation.

Manufacturing parameters for supplier

Dy,
o, 3

Demand rate parameter: it is a function of advertisement and demand rate of market
Production rate parameters (units/unit time) for production (« + t) where a >
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Cscm Setup cost ($/setup)

Cpcm Deterioration cost ($/unit)

Cpcemi Carbon emissions cost owing to deterioration ($/unit)

Cucm  Holding cost ($/unit/unit time)

Cucmi  Costs for carbon emissions from holding items ($/unit/unit time).
Cppcm Production cost ($/unit)

CpcMm Procurement cost

Cacm Advertisement cost ($/advertisement)
dq Deterioration rate

a(t) Advertisement rate

A Depreciation rate

Qmi1(t) At time ¢, inventory levels are at a certain level in the range 0 <t < t,,,1
Qma2(t) At time ¢, inventory levels are at a certain level in the range t,,1 < ¢ < t,,2
I Highest quantity during manufacturing

Remanufacturing parameters for supplier

D, Demand rate parameter (units/unit time)

Oy Production rate parameter (units/unit time)
Cscr Setup cost ($/setup)

Cpcr  Deterioration cost ($/unit)

Cpcri  Carbon emissions cost owing to deterioration ($/unit).

Cucr Holding cost ($/unit/unit time)

Cucr1  Costs include carbon emissions from holding items ($/unit/unit time).
Cppcr  Production cost ($/unit)

Cpcr Procurement cost ($/unit)
dy Deterioration rate
tro Time when the inventory reaches the highest

Qr1(t) At time t, inventory levels are at a certain level in the range t,.1 <t < ¢,
Qr2(t) At time ¢, inventory levels are at a certain level in the range ¢4 <t < T}
I Highest quantity during manufacturing

Collection parameters for collected products for retailer

1. Collected products level at t = t,,0

T. Time when the stock reaches zero

Qc1(t) At time ¢, inventory levels are at a certain level during the cycle of collection in the range t,.1 <t < t..
Qea(t) At time ¢, inventory levels are at a certain level in the range t. <t < T.,.

Ny Recovery rate

s Returned rate

Retailer’s parameters for manufacturing cycle

P, q Demand rate parameter (units/unit time)

a, Production rate parameters (units/unit time) for production (« + 5t) where o > (3.
Cpcrm  Purchasing cost ($/unit)

Cpcrm  Deterioration cost ($/unit)

Cpcrmi  Carbon emissions cost owing to deterioration ($/unit).

Cucrm  Holding cost ($/unit/unit time)

Cuverm1  Carbon emissions cost ($/unit/unit time)

Cocrm  Ordering cost ($/order)

do Deterioration rate

tm Time when the inventory is zero
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Qm(t) At time ¢, inventory levels are at a certain level in the range 0 <t <t,,
Lo, Initial level of quantity during retailer’s cycle
Ch Number of cycles

Retailer’s parameters for remanufacturing cycle

Cpcrr  Purchasing cost ($/unit)

Cpcrr  Deterioration cost ($/unit)

Cpcrr1  carbon emissions cost owing to deterioration ($/unit)

Cucrr  Holding cost ($/unit/unit time)

Cucrr1  Costs include carbon emissions from holding items ($/unit/unit time).
Cocrr  Ordering cost ($/order)

t, Time when the inventory is zero
Q- (1) At time ¢, inventory levels are at a certain level in the range 0 <t < ¢,
Co Number of cycles

Decision variables

tm1 Time when supplier’s inventory is highest (time units)

tm2 Time when supplier’s inventory reaches a minimum (time units)

tr1 Time when supplier’s remanufacturing of inventory starts (time units)
T; Time when supplier’s inventory reaches the minimum (time units)

4. FORMULATION OF MATHEMATICAL MODEL

This model assumes that a single manufacturing cycle is followed by a single remanufacturing cycle. Manu-
facturing continues until ¢,,;, at which point it is stopped. Stock is reduced due to demand and degradation.
The overall cycle time is time t,,2. Items that have been used are collected and returned to the supplier for
recycling and remanufacturing. Production runs from ¢,,2 to t,.; during remanufacturing, Afterwards, remanu-
facturing is halted. It is supposed that one production cycle has C retail cycles and a single remanufacturing
cycle has C5 retail cycles, resulting in a total cycle time of T;. The customer is thought to be concerned about
the environment. The rate of deterioration is constant. Figure 2 shows this inventory flow.

4.1. Manufacturing cycle of the supplier

For Manufacturing cycle, level of inventory for suppliers at time ¢, rate of deterioration d;, rate of production
is linear o + (t, and advertisement-dependent demand is D,,.

) 4 Qs (1) = (a4 1) ~ Dy 0 S 1< by (41)
ngLitZ(t) + demQ(t) = _Dmvtml S t S th' (42)

From equation (4.1), one can find

Qi (t)e™* = / (a+ ) — (Doe“ + 2 —eM) + a;ﬁ (e = e”)) et + O, (4.3)

e _ a0 _ B _ [ _arelfrme2)t
it | @ (0‘ i +6t) ((azl—)\)(dl—az)
le(t)e = (dy =)t
_<e 1 ) (DO — 4 _ _a1
A a

) +Cn (4.4)

di—A 2—A
At t=0,Qm(t) =0 (4.5)
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F1GURE 2. Inventory flow during supply chain.

|Q
&

(o m - 2) 0 )
(e_dlt - e_)‘t) (dllfA) (DO - - a:ix)

(efdlt _ e*dzt)

8

le (t) =

+

(aQ—A)a(l(h—az))

From equation (4.2), we get

ng(t)edlt _ —/<D0€_>\t 4 %(1 _ e—At) + a1 (e—aQt o e—At))edltdt_’_ Cm2

ag — A
e(dl—A)t)(D a0 _a ) n aoedlt
d ( di—X 07 XN 7w d
QmQ(t)e it == 1a1e(d1—a2)t ’ ' + C’m2
+(—<a2—x><d1—a2>)

At t = tm2s Qm2(t) =0
() (Po = % = g ) (el — e g (e — 1)

QmQ (t) =

Now, the following are various supplier costs.

4.1.1. Setup cost

This is a fixed cost for establishing the manufacturing substructure. It is calculated as follows:

CMsc = Csom-

(4.10)

(4.11)
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4.1.2. Advertisement cost

The total cost of advertising in the manufacturing organization throughout the cycle is provided by

tm2
CMac = CACM/ a(t)dt = Cacm |:a0tm2 + % (€_a2t"”2 — 1)] . (4.12)
0 2

4.1.3. Production cost

All expenditures incurred by a firm due to creating a product or offering a service are referred to as production
costs. The following is a formula for calculating the rate of production.
Bt .
2

This includes a variety of expenses related to the acquisition of raw materials, equipment, and other goods
during the production process and is calculated as follows:

tml
CMppc = Cppoum / (OZ + ﬁt)dt = CppoMm (Cvt (4.13)
0

4.1.4. Procurement cost

tml
CMpc = Cpcm Qma(t)dt
St + B { (0= — £) (dity +e7ttm — 1) b (1— emitm) (Gl
— Creu (Do _a afix) (e M 1) (m) (Do e afix) (4.14)

—ditm a —ast;, a
+(1 — et 1) (di(agf)\)tdlffm)) + (e otm1 _ 1) (4a2(a27/\)1(d17a2))
4.1.5. Detertoration cost

The cost of deterioration includes the costs of spoilage, wear and tear, expiration, and other variables that
cause the value of the stock in hand to decrease.

In this model, deteriorating cost, which includes together the conventional deteriorating cost (Cpcm) and
the carbon emissions cost (Cpcomi) caused by decaying products, are given by

tm1 tm2
CMpc = (Cpem + Cpemi) [/ d1 Qi (t)dt + / demQ(t)dt]
0

tm1

2(71,;1 11 (a _ L)? _ ﬁ) (dltml 4 67d1t7rtl)}

a 1 —ditm,
((d1 A))(DO_TO_a )(dl(l_ thm)
t

ml)e(dl /\)th)

m2

= (Cpcm + Cpewmi )da

_|_
+
+

(t
(©
+(e
+(

) (Po- % - 5255)

—a2tmi1 _ )

d(az— ,\ (d1 aQ))(dT(l_

az(ag A)(dl {12)
e—d1tm1) + (tmz _ tml)e(dl—az)tmz)

_+)?7;1( m2

_ tml)( ditmz _ 1)

(4.15)

4.1.6. Holding cost

Rent, security, storage space, and insurance are just a few of the expenditures associated with storing inven-
tory.

There are two components to the holding cost in this case. One component is related with product holding
as Cycm, while the other is carbon emissions as Cycni- Consequently, the total cost of holding is
¢

tm1 m2
CMucm = (Cucm + Cucwm) {/ Qma (t)dt + sz(t)dt}
0

tm1
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M B2, dlf{(o‘f%o 77) (dytymy + € dltml)}

(di— )( O_Lf_azalx)(i(l_

e—dltml)

2d;
+Haty
(b — b )
= (Cuem + Crewn) | +(e7Mm2 — 1) (7,\((111,)\)) (Do - - azal,\) (4.16)
—astm1 a
( 2 ! 1) ag(az—)\)l(dl—ag)
+(d(a2—/\(ﬁd1—a2)> (d% (1 - eidltml) + (tm2 — tml)e(dliag)t"ﬂ)
_+;7d01(tm2 - tml)(edlt"ﬂ - 1) i
The total average cost for a supplier is calculated as
1
(TCM)M = ;(CMSC + CMac + CMppc + CMpc + CMpc + CMHCM). (4.17)

4.2. Retailer’s inventory from manufacturing cycle

By assuming d; as the rate of deterioration and demand as a linear function, the level of inventory at time ¢
is given as

dQm
Onll) Q) =~ + )0 <t <1y, (4.18)
At t =ty Qm(t) =0 (4.19)
Q0™ =~ [0+ atjeta
edZ(tm_t) q 1 q
Qm(t) = [dz(erqtm—dQ) —dQ(erqt—dz)]- (4.20)
The following are the different retailer costs.
Ordering cost CRocr = CocrM- (4.21)
Purchasing cost CRpcr = CperM@m (t = 0)
ed2t7n q 1 q
- tm— L) — —(p—L)| 4.22
Cpcrm [ ph (P +q d2> & (p & ﬂ (4.22)
t?n
Deterioration cost CRpor = (CbcrMm + C’DCRM1)/ daQm (t)dt
0
1 4\ [ dot q
= (Cpcrm + Cocrmi) | | P+ @bm — o | (€' = 1) =t (D + gt — = ) |- (4.23)
d2 d2 d2
tm
Holding cost CRucr = (CuorMm + Cucrmi) Qm (t)dt
0
1y [1 9\ (L dat q
= (Cucrm + Cucrmi) D+ qtm (et —1) —tm(p+qtm — | |- (4.24)
d2 d2 d2 d2

For retailer’s model, the total average cost is calculated as

1
(TCR)m = T(CRQCR + CRpcr + CRper + CRuCR)- (4.25)

m

This study assumes that total cycles for retailer manufactured products are Cy. Cycle time for the retailer is
tm. So, t,, is written as

tm2
tm = 4.26
= (1.26)
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As a consequence, the overall average cost of the manufacturing cycle is

Total COSt[TCM (tml, tmz)] = (TCM)]\/[ + (TCR)]W

1
TCM(tml, tmg) = ti(CMsc + CMac + CMppc + CMpc + CMpc + CMHCM)

m2

C
+ i(CROCR + CRpcr + CRpcr + CRucr)- (4.27)

4.3. Collection inventory

Consumers return used products to retailers, transporting them back to the supplier. The return rate for all
products is same. After that, the products are treated and remanufactured. During remanufacturing, assuming
7, i and &, as the returned rate, recovery rate, and production rate parameter. The level of collection inventory
is determined by

d t
%1() = Npir(Dy 4 Do) — 6, Tor <t < T (4.28)
Att=Tc1,Qci(t) = Ic (4.29)
Qc1(t) = [mepr (Dy 4+ Do) = 0,](t — Icn) + Ic (4.30)

d t
9920 _ (D, + Do), Toa <1 < T, (4.31)
At t =Teo, Qe (t) =0, ch(t) =0 (4.32)
QC?(t) = [nTMT(DT + DO)](t - TC2) (433)
At t =T, 4+ Tco, ch(t) =1Ic (434)

Ic
8, = [nepin(Dy + Dg)] — ——C— 4.35
[ 0)] Tor— Ton (4.35)
I

Tor —Top =T) — ————— . (4.36)

nrﬂr(Dr + DO)
4.4. Remanufacturing cycle of the supplier

Using the production rate as §,, demand as D, and the deterioration rate as d;, at time t, the following is
the inventory level.

d@Q,1(t

delf( ) + derl(t) = 67‘ - Drath <t <t (437)
dQ,2(t
QTE() £ d1Qya(t) = Dyt <t < T, (4.38)

From equation (4.37), one can get

Q1 (t)eht = / (6, — D)ehtdt + Cy
(5T - Dr)

Qr(t) - e = == 4 Oy (4.39)
1
At t=t0,Q(t) =0 (4.40)
o, — D, _
Qri(t) = 0= Dr) - ){1 — eltma=t)dr } (4.41)

From equation (4.38), we get

Q’I"2(t) : edlt = |:_§Tedlt:| + Cr2 (442)

1
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At t =T, Qua(t) =0 (4.43)
Qualt) = (Slr) (e(Tt—”dl - 1). (4.44)

Several costs of remanufacturing cycle for the supplier are listed below.

Setup cost Crsc = Cscr. (4.45)

tr1
Production cost Crppc = CPDCR/ dpdt
tma2

= CppCrOr (tr1 — tin2)- (4.46)
tr1
Procurement cost Crpc = Cpcr Q1 (t)dt
tm2
(- — Dy) L (tma—tr)d
= —— (1 —tm — ezt 1) 5, 4.4
Cpcr & (tr1 2) + & (6 ) (4.47)

Deterioration cost Crpc = (Cper + Cberi)

tra T
/ derl(t)dt—i—/ derg(t)dt]

tmz t7‘2

= (Cpcr + Cbcri) (4.48)

5T(t7=2 — tmg) — DT(’Tt — tmg) + g—:(e(th*t'rQ)dl _ 1)
_%(e(tm2—tr2)d1 _ e(Tt_tr2)d1) :
1

tr1

Tt
Holding cost Cruc = (Cucr + Cucri) [ Qr1(t)dt + Qr2 (t)dt]

tm2 tr1

6’!’(t'r1 - th) + D'r(tm? - Tt) + %: (e(t"ﬂ_trl)dl —

1 )
+% (e(Tt_trl)dl _ e(th_trl)d1> ] : (449)

= (Cucr + Cucra) <d>
1

The total average cost of the supplier for remanufacturing cycle is calculated as follows:

(TCr)r = (Crsc + Crepc + Crpc + Crpe + Cruc). (4.50)

_
Tt - t7rL2
4.5. Retailer’s model during remanufacturing cycle

By assuming ds as the rate of deterioration and demand is a linear function, the level of inventory at time ¢
is given as

dQ..(t)
dt

+doQr(t) = —(p+4qt),0 <t <t (4.51)
At t =1t Q.(t)=0 (4.52)

Q. (t) = (dl2> [(;2 -p- qt) + etz (p + gty — diﬂ : (4.53)

The following are the different retailer costs for remanufacturing cycle.

Ordering cost CRocr = CocRR- (4.54)
Purchasing cost CRpcr = Cpcrr@r(t = 0)

= Cpcrm((ilg) [(;Z - p) +elrdz <p +aqt, — ci)] (4.55)

tr
Deterioration cost CRpcr = (Cperr + CDCRRl)/ doQ,(t)dt
0
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ty t2 1
= (Cpcrr + Cpcrri) [(32 —pty — g) + 5 (p + gt, — Ci) (etrd> — 1)} : (4.56)

tr
Holding cost CRucr = (Cucrr + CucRrR1) / Qr(t)dt
0

1 qt, qt2 1 q t.d
_ R L B =D et )|
(Cucrr + Cucrri) <d2> K & Dty 2 ) + & <p+ qty d2) (e ) (4.57)

The total average cost for a retailer during the remanufacturing cycle is calculated as follows:

1
(TCRr)g = t—(CROCR + CRpcr + CRpcer + CRucr)- (4.58)

T

This study assumes that the total cycles of retailer for the remanufacturing cycle is C3. Cycle time for the
retailer is t,.. So, ¢, is written as:

A ;;m? (4.59)
As a consequence, the overall average cost of the remanufacturing cycle is calculated as follows:
Total cost [TCg(tr1,T3)] = (TCr)r + (TCRr)g
TCgr(tr,Ty) = ﬁ(Crsc + Crppc + Crpe + Crpe + Cruc)
+ ﬁ(CROCR + CRpcr + CRper + CRucr)- (4.60)

5. SOLUTION METHODOLOGY

The prime goal of this work is to reduce the overall cost of manufacturing and remanufacturing cycles in the
provided equations (A.1) and (A.2). (See Appendix A)

The manufacturing part is processed in Mathematica-9 software under 0 < t,,1 < tymo. Put t,, = tc—f and
other parameters. Therefore, find the values t},;, " 5, and minimize total cost.

The remanufacturing part is processed in Mathematica-9 software under 0 < t,; < T} and satisfied Hessian
matrix.

This research gets the following result from equation (A.2).

oTcC JTC
B _0 and £ _y.
Otr1 0T,
It is difficult to identify the optimal values of ¢; and T}; hence, the Mathematica software is utilized to do it.
82T20 R 9°TCp
. . _ ot? 0t,10T, 8>TC a?TC : i
The Hessian matrix, Hrc = det 82TéR 9°TC > 0 and Wlﬂ > 0, aT’;’R > 0 satisfies the mini-
0t 0T, T2

mization function’s sufficient condition.
The total minimum-cost function for remanufacturing is then calculated using equation (A.2).

Algorithm

(1) First, the total cost is determined as TCg(ty,, tr) using the value of the total cost function at ¢, = %

2

(2) The values of ¢, and T} are then determined by considering the required criteria aaTtiR =0and % =0.
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TABLE 2. Total cost during manufacturing and remanufacturing.

During manufacturing During remanufacturing
tmi  tm2  Total cost ($/time unit) t,1 T, Total cost ($/time unit)
0.41 0.46 20562.4 0.98 1.14 3261.21

(3) The Hessian matrix is satisfied by the sufficient condition as follows:

8*°TCg 8°TCgr 5 5
_ a2, Ot 0T, 0°TCpg 0°TCg
Hgrc = det 92T 9°TCr >0 and 315%1 >0, ath > 0.

0T, T2

(4) This research then determines the values of t,,1, tpm2,tr1, and Tj.
(5) Lastly, this research determines manufacturing and remanufacturing’s minimum value.

6. NUMERICAL EXAMPLE

This section determines the optimal time and minimum total cost by utilizing Mathematica-9.0 as well as
necessary input parameter values [25,29].

Example 1. The manufacturing cycle take value as Csom = 92 $/setup, Cacom = 81 $/advertisement, ag = 24,
ay = 11, ag = 0.25, Cppem = 74 $/unit, Cpcy = 108$/unit, o = 77 (units/unit time), d; = 0.9, Dy = 34 units,
B = 0.5 (units/unit time), A = 0.27, Cpcm = 15$/unit, Cpevi = 3$/unit, Crom = 77 $/unit /unit time,
Cucmi = 3 8$/unit/unit time, C; = 2,Cocrm = 89 $/order, Cpcrm = 66.5$/unit, p = 55 (units/unit time),
g = 0.1 (units/unit time), do = 0.3, Cpcrm = 44 $/unit, Cpcrm1 = 6, Cucrm = 458 /unit/unit time,
Crucrvi = 3 8/unit/unit time. The best possible value of total cost is 20562.4, t,,1 is 0.41 and t,,2 is 0.46.
tm can be found out from equation (4.33) and t,, = %"—12

Example 2. The remanufacturing cycle take value as Cscr = 1988$/setup,Cppcr = 175$/unit,
Cpcr = 108$/unit,« = 97 (units/unit time),d; = 0.9,6, = 89 (units/unit time), 5 = 0.5 (units/unit time),
A = 0.27,Cpcr = 368$/unit, Cpcr1 = 49$/unit, Cycr = 60 $/unit/unit time, Cycrr = 59$/unit/unit time,
Cy=10cycle,Cocrr = 84 $/order,Cpcrr = 195$/unit,p = 55 (units/unit time),q = 0.1 (units/unit time),
dy = 0.3, Cpcrr = 40 $/unit, Chcrr1 = 5 $/unit, Cycrr = 60 $/unit/unit time, Cycrri = 4 $/unit/unit time,
7 = 0.92, u, = 0.69, D, = 83, Dy = 34, 1. = 40, t,,2 = 0.46 unit time. Total cost has the best possible value of
3261.21, t,q is 0.98, and T} is 1.14. Equation (74) and ¢, = Ttai;” can be used to calculate t,.

This study validates numerically through the Hessian matrix.
BZTZC r O°TCgr
2 2
It satisfies condition det 828;“%3 ?;11:?32 > 1.3 x 108 > and 86;2C2 > 7247.41 > 0, %TTSZ > 22358.8 >0
4 rl t
Ot,.10T: BT%

& gfgcﬁt = —5410.03 for the optimal value ¢, T}".

7. SENSITIVITY ANALYSIS

This component of the research looks at the consequences of changing organization parameters in order to
conduct a sensitivity of the planned model by regard to a few parameters.
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22500
22000
21500
21000
20500 — :
20000
19500
19000
18500
18000

TOTALCOST

-10% -5% 0% +5%
PERCENTAGE CHANGE IN PARAMETERS

—4— Advertisement cost

Retailer’s manufacturing
deterioration cost

—#— Retailer’'s manufacturing
purchasing cost

+10%

F1GURE 3. Flow of supplier advertisement cost, retailer’s deterioration and purchasing cost

during manufacturing cycle.

TABLE 3. Total cost change with respect to advertisement cost.

Percentage tm1  tm2  Total cost ($/time unit)

change

—10% 0.41 0.46 20451.8

5% 0.41 0.46 20507.1
Cacm(81(8/advertisement)) 0% 041 0.46 205624

+5% 0.34 0.37 21012.6

+10% 0.34 037 21129.3

TABLE 4. Total cost change with respect to retailer’s manufacturing deterioration cost.

Percentage tm1  tm2  Total cost ($/time unit)

change

—10% 0.41 0.46 20543.4

—5% 0.41 0.46 20552.9
Cpcrm(44($/unit)) 0% 0.41 0.46 20562.4

+5% 0.44 0.46 20571.9

+10% 0.34 0.38 20980.4

Observations and managerial insights

Results of manufacturing cycle are shown in Figure 3 and Tables 3-5, whereas the remanufacturing cycle’s
results are shown in Table 6, Figures 4—-6. The following are the results of this study.

(i) Figure 4 shows that adjusting the cost parameters Cscr and Cpcogr by a percentage reduces the overall cost
of remanufacturing cycle. As a result, as the deterioration parameter Cpcr is modified by a percentage,

the overall cost is increased.

(ii) Table 3 demonstrates that a very tiny drop follows a change in advertising cost in manufacturing time ¢,

and t,,2, while the total cost is increased.
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TABLE 5. Total cost change with respect to retailer’s manufacturing purchasing cost.

Percentage tm1  tm2  Total cost ($/time unit)

change

—10% 0.41 0.46 19802.7

5% 0.41 0.46 20182
CporMm(66.5(8/unit)) 0% 0.41 0.46 20562.4

+5% 0.34 0.37 21332.7

+10% 0.35 0.40 22721.3

TABLE 6. Total cost change with respect to change in various parameters.

Total cost ($/time unit)

Parameters —10% —5% 0% +5% +10%

Cscr 3298.36  3279.48 3261.21 3243.55 3226.52
Cpcr 3378.11 3319.5 3261.21 3203.25 3145.62
Cpcr 3246.98 3253007 3261.21 3271.31 3283.29
CHCR 3242.25 3248.78 3261.21  3279.09 3302.00
CpcRrR 2924.37  3092.71 3261.21  3430.27 3600.26
p 2900.43 3090.63 3261.21 3432.59 3605.16
q 3261.18 3261.19 3261.21 3261.22 3261.24
CbcRrR 3262.26 3261.74  3261.21 3260.68 3260.16
CHCRR 3255.96 3258.58 3261.21 3263.84 3265.60

3400
3350
3300
3250
3200
3150
3100
3050
3000

Total cost

-10%

-5%

0%

Parameters

+5% +10%

B Remaufacturing's set up cost B Remaufacturing's procurement cost = Remaufacturing's deterioration cost

FIGURE 4. Flow of remanufacturing’s setup, procurement and deterioration cost.

(iii) As shown in Figure 5, the overall cost of remanufacturing cycle increases due to percentage increases (—10,
—5, 0, +5, and +10%) in the output parameters Cucr, Cpcrr and p.

(iv) When the manufacturing deterioration cost of a retailer Cpcry is changed, the manufacturing time t,,1
and t,,2 remain unchanged or decrease, resulting in a total cost rise as shown in Table 4.
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-10% -5% 0% +5% +10%
Parameters

4000
3500
3000
2500
2000
1500
1000

50

Total cost

o

o

B Remanufacturing's holding cost = Purchasing cost M Retailer's demand rate (p)

FIGURE 5. Flow of remanufacturing’s holding cost, retailer’s remanufacturing purchasing cost
and demand rate (p).

3268
3266
3264
g 3262
S 3260
g 3258
3256
3254
3252 l
3250
-10% -5% 0% +5% +10%
Parameters
M Retailer's demand rate (q) M Retailer's deterioration cost 1 Retailer's holding cost

FIGURE 6. Flow of retailer’s remanufacturing demand rate (q), deterioration and holding cost.

(v) The overall cost of remanufacturing is increased when the parameters ¢ and Cucrr are modified by a
percentage in Figure 6. The overall cost of remanufacturing cycle is reduced as the deterioration cost
parameter Cpcrg is moved from negative to positive by a percentage change.

(vi) Figure 3 indicates that the manufacturing cycle overall cost increases when the parameter Cpcry is adjusted
by a percentage.

8. CONCLUSIONS

The advertisement has a positive effect on customer demand. This method considers several facets of the
green supply chain, such as waste collection, reverse logistics, and remanufacturing. Items that have been
remanufactured are thought to be as excellent as new products. The manufacturing and remanufacturing models
are solved individually because remanufacturing has its own set of costs, such as new infrastructure and labor,
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and modeling involves considering the collection cycle. A supply chain inventory framework is designed in this
work to pick the optimum total cost. It allows analysis remanufacturing separately and assess its impact.

The finding confirms that as advertising costs rise, the total cost rises. There is a significant increase in the
market’s worth. As a result, the overall cost throughout the manufacturing cycle is higher than the overall
cost during the remanufacturing cycle, as there is an item of expenditure on the advertisement cost during the
manufacturing cycle. Furthermore, the holding and deterioration costs are spent on carbon emissions, which is
excellent for the environment. Some parameters show fluctuations. Thus the necessary parameters are set to a
certain value to evaluate the model’s feasibility. This research can be useful in the smart products and garment
industries in the real world.

The sensitivity analysis and case study yield substantial managerial insights. Advertisements have a significant
beneficial effect on industries by providing immediate information to the customer. As a result, the demand for
industrial items is growing rapidly. This proposed study, which primarily consists of research on different reverse
logistics services and techniques in the industries, has been used for both manufacturing and remanufacturing,
but it does have some limitations. This study has not taken the same decision variables for manufacturing and
remanufacturing cycles. The presented model can be modified in numerous ways for further research, including
(1) allowing for trade-credit in the vendor-buyer integration (Vandana et al. [52]) and (2) extending this model
for stock-dependent demand, shortage and backlog, inflation, and selling price. (3) This model can be modified
to include a fuzzy environment (Mahapatra et al. [46]). (4) This study can be extended to achieve environmental
sustainability, such as Sarkar et al. [36], Bhuniya et al.[4] and Kumar et al. [22].

APPENDIX A.

1 —1 + e~ ®2tm2)q t?n
TCar(tm1,tmz,) = t{CSCM + CACM(( . Ja + aotm2> + OPDCM( > L+ atyn
m2 2
Lc a —1 + e~ 2tm1 N 1 — e~ %tm1 N 1+ e~ Mm1 N 1 — e~ %1tm1
POM ()\ — (12)(@2 - dl) as dl A dl

ag a 1 ﬁt2 1 ag Jé] —1 4 e~ %tm 1
_ o D m SRR | (e A
X( N T a—as ' 0)(—)\+d1)+ 2, T\ T4 d rm )

e_ktrnl — e_ktnﬂ (e_Gthl — e_(l2t7n2)a1

+ (Cpem + Cpemi )dr (-

A - ()\7(12)0,2(@2 7d1)
—1de *2tm1 1—e—91tm1 —1de Mm1 1—e 91tm1 ag ay D
+ al( az + d1 ) + A + d1 ) _7 + )\7(12 + 0)
(A —az)(az — dy) A+ dy
a Jé; —1+e %1tm1
n aotm1 n Dot " Bt n (a -3 71)( o + tml) a1 (tmi — tma2)
)\(—/\+d1) )\—dl 2d1 dl (/\—ag)()\—dl)
(—a2+d1)tme _
€ al(tml tm2) aOth DOt'mQ (—ag+d1)t
+ + + e 2 1)tm2 _tm + tm
(=A+ az)(as — dy) XA, | A +d; (—tm1 + tm2)
e*1+d1tm2a0(7tm1+ th) e~ AMm1 _ o= Alma (67a2tm1 _ e*aztmz)al
C C) — —
+ Y > + (Cucm+ HCM1)( X O —a2)as(as —d1)
—agty, _e—d tom _ e—)\tm _e—d tm a a
+a1(_1+ea22 S 1)+( Lbe ™  loe 1)(*TO+A—ILL2+D0>
(A —az)(az —di) “A+d;y
_ag _ B[ zlte~Nrtmi
n aotmi Dot i ﬁt?nl n (Ol >? d1) ( diy + tml) ay (tml — tmg)

)\(7)\+d1) A*dl 2d1 d1 ()\—ag)(/\—dl)
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(—a2+d1)tm2 _
e al(tml th) aptm2 Dotino (—as+dy)tme
m2(—t t
(—)\+a2)(a2—d1) )\2_>\d1 + _)\+d1 te ( ml T m2)

e—1+d1tmga —t7 + t C 1— ethm q -1 + ed2tm P
o(Ztm1 + tmz) + ¢ Cocrm + Cpcru ( 3 ) + ( )
Ady t d ds

3
e®2tmgt,, (Cucrm + Cracrwmi)
do + d3
5

+

+

m

+ (2(—1 + ed2t’") +ds (p — ed2tmp 4 tm( — ed2tmy
(Cpemi + Cperm)

& (2(=1+e®")g+da(p — €™ p
2

+ et (—q+ da(p+ qt))))) +

+tm(—ed2tmq+edztm(_q—|—d2(p—|—qtm)))))}. (Al)

-1+ edl(tm2_tr1)

1
{CSCR + CppcrOr(tr1 — tma) + CPCR( &

(Tt - tm2)

(_tm2 + trl)(_Dr + 6r)
+
dy

(=1 + ehrtm2=tr)) (=D, +5,)
di

y < (_1 4 edl(*trﬁ*Tt))D

TCgr(tr1,T:) =

-1+ edl(*tr1+Tt) D,
) + (Cpcr + Cbcri) ( ( a ) + Dy (tr1 — Ty)

(Crcr + Cucri)
di

+ (=tm2 + tr1)(=Dr + 50) +

(_1 + edl(tm27tr1))(_DT + 57_)

. + Dr(trl - Tt) +
di

dq

C 1—etr)g (=14 ed2tr)p
+ (=tmz + tr1) (=D, +6,) | ¥ + ————{ Cocrr + Cpcrr ( _ ) n ( )
(T; — tm2) d2 ds

e2trqt, (Cpcrr + Cbcrri)
T )T &2
2 5

(2(=1+ e )g+dy(p— eBPp+1t,(—eBlrg

(Cucrr ZSCHCRRl) (2(—1 4 etr)q

+ et (=g + do(p + qt,))))) +

-+ dg (p — €d2t7»p + tr(*edztrq + edztr(fq + d2 (p —+ qtr))))) } (AQ)

Acknowledgements. The first author Subhash Kumar is working at Meerut College,Meerut as a research scholar and
thankful to UGC, India, for the financial support. The work is supported by the National Research Foundation of Korea
(NRF) grant, funded by the Korea Government (MSIT) (NRF-2020R1F1A1064460).

REFERENCES

[1] A.A. Alamri, Theory and methodology on the global optimal solution to a general reverse logistics inventory model for
decorating items and time-varying rates. Comput Ind. Eng. 60 (2010) 236-247.

[2] A. Aminipour, Z. Bahroun and M. Hariga, Cyclic manufacturing and remanufacturing in a closed-loop supply chain. Sust.
Prod. Consum. 25 (2021) 43-59.

[3] S. Bhuniya, S. Pareek and B. Sarkar, A supply chain model with service level constraints and strategies under uncertainty.
Alez. Eng. J. 60 (2021) 6035-6052.

[4] S. Bhuniya, S. Pareek, B. Sarkar and B.K. Sett, A smart production process for the optimum energy consumption with
maintenance policy under a supply chain management. Processes 9 (2021) 19.

[5] J. Chai, Z. Qian, F. Wang and J. Zhu, Process innovation for green product in a closed loop supply chain with remanufacturing.
To appear in: Ann. Oper. Res. (2021) 1-25. DOI: 10.1007/s10479-020-03888-y.


https://doi.org/10.1007/s10479-020-03888-y

850

[6]

(7]
(8]

9
[10]
[11]
[12]
[13)
[14]
[15]

(16]

(17]
(18]
(19]

20]

[21]
[22]
23]
[24]
[25]
[26]
[27]
28]
[29]
[30]
[31]
[32]
[33)
[34]
[35]

(36]

S. KUMAR ET AL.

C.C. Chang, C.J. Lu and C. Te, Multi-stage supply chain production-inventory model with collaborative preservation technol-
ogy investment. To appear in: Sci. Iran. (2020). DOI: 10.24200/sci.2020.53357.3200.

1.D. Cho, Analysis of optimal production and advertising policies. Int. J. Syst. Sci. 27 (1996) 1297-1305.

K. Conrad, Price competition and product differentiation when consumers care for the environment. Environ. Resour. Eco.
31 (2005) 1-19.

B.K. Dey, S. Bhuniya and B. Sarkar, Involvement of controllable lead time and variable demand for a smart manufacturing
system under a supply chain management. Ezpert Syst. Appl. 184 (2021) 115464.

B. Dey, S. Pareek, M. Tayyab and B. Sarkar, Autonomation policy to control work-in-process inventory in a smart production
system. Int. J. Prod. Res. 59 (2021) 1258-1280.

W.A. Donaldson, Inventory replenishment policy for a linear trend in demand: an analytical solution. Opers. Res. Q. 28 (1977)
663-670.

A.M.A. El Saadany and M.Y. Jaber, Reproduction/remanufacturing inventory model with price and quality dependent return
rate. Comput. Ind. Eng. 58 (2010) 352-362.

A.M.A. El Saadany, M.Y. Jaber and M. Bonney, Environmental performance measures for supply chain. Manage. Res. Rev.
34 (2011) 1202-1221.

L. Gennady, G.L. Brodetskiy, D.A. Gusev and I.G. Shidlovskii, Multi-criteria optimisation under the conditions of uncertainty
in logistics and supply chain management. Int. J. Logist. Syst. Manage. 39 (2021) 207-227.

S.K. Goyal and B.C. Giri, The production inventory problem of a product with time varying demand, production and deteri-
orates. Eur. J. Oper. Res. 145 (2003) 635—644.
M.S. Habib, O. Asghar, A. Hussian, M. Imran, M.P. Mughal and B. Sarkar, A robust possibilistic programming approach

toward animal fat-based biodiesel supply chain network design under uncertain environment. J. Clean. Prod. 278 (2021)
122403.

S. Hazari, K. Maity, J.K. Dey and S. Kar, Advertisement policy and reliability dependent imperfect production inventory
control problem in bi-fuzzy environment. Int. J. Oper. Res. 22 (2015) 342-365.

K. Inderfurth, A. Janiak, M.Y. Kovalyov and F. Werner, Batching work and rework processes with limited deterioration of
reworkable. Comput. Oper. Res. 33 (2006) 1595-1605.

M. Karimi-Nasab, S. Dowlatshahi and H. Heidari, A multiobjective distribution-pricing model for multiperiod price sensitive
demands. IEEE Trans. Eng. Manage. 60 (2013) 640-651.

M.A.A. Khan, A.A. Shaikh, I. Konstantaras, A.K. Bhunia and L.E. Cardenas-Barrén, Inventory models for perishable items
with advanced payment, linearly time-dependent holding cost and demand dependent on advertisement and selling price. Int.
J. Prod. Econ. 230 (2020) 107804.

S. Kumar, A. Kumar and M. Jain, Learning effect on an optimal policy for mathematical inventory model for decaying items
under preservation technology with the environment of COVID-19 pandemic. Malaya J. Mat. 8 (2020) 1694-1702.

S. Kumar, B. Sarkar and A. Kumar, Fuzzy reverse logistics inventory model of smart items with two warehouses of a retailer
considering carbon emissions. RAIRO-Oper. Res. 55 (2021) 2285-2307.

Z. Liu, J. Chen, C. Diallo and U. Venkatadri, Pricing and production decisions in a dual-channel closed-loop supply chain with
(re) manufacturing. Int. J. Prod. Econ. 232 (2021) 107935.

W.Y. Lo, C.H. Tsai and R.K. Li, Exact solution of inventory replenishment policy for a linear trend in demand- two-equation
model. Int. J. Prod. Econ. 76 (2002) 111-120.

A.K. Manna, J.K. Dey and S.K. Mondal, Imperfect production inventory model with production rate dependent defective rate
and advertisement dependent demand. Comput. Ind. Eng. 104 (2017) 9-22.

S. Nahmias and H. Rivera, A deterministic model for a repairable item inventory system with finite repair rate. Int. J. Prod.
Res. 17 (1979) 215-221.

S. Rani, R. Ali and A. Agarwal, Green supply chain inventory model for that your rating items with valuable demand and the
inflation. IJBAN 3 (2017) 50.

W. Ahmed, M. Moazzam, B. Sarkar and S.U. Rehman, Synergic effect of reworking for imperfect quality items with the
integration of multi-period delay-in-payment and partial backordering in global supply chains. Engineering 7 (2021) 260-271.

S. Rani, R. Ali and A. Agarwal, Fuzzy inventory model for deteriorating items in a green supply chain with carbon concerned
demand. Opsearch 56 (2019) 91-122.

K. Richter, The extended EOQ for repair and waste disposal model. Int. J. Prod. Econ. 45 (1996) 443-447.

K. Richter, The EOQ repair and waste disposal model with variable set up numbers. Eur. J. Oper. Res. 9 (1996) 313-324.
S. Saha, D. Chatterjee and B. Sarkar, The ramification of dynamic investment on the promotion and preservation technology
for inventory management through a modified flower pollination algorithm. J. Retail. Consum. Serv. 58 (2021) 102326.

B. Sarkar, M. Ullah and M. Sarkar, Environmental and economic sustainability through innovative green products by reman-
ufacturing. J. Clean. Prod. 332 (2022) 129813.

B. Sarkar, A. Debnath, A.S.F. Chiu and W. Ahmed, Circular economy-driven two-stage supply chain management for nullifying
waste. J. Clean. Prod. 339 (2022) 130513.

A.S.H. Kugele, W. Ahmed and B. Sarkar, Geometric programming solution of second degree difficulty for carbon ejection
controlled reliable smart production system. To appear in: RAIRO Oper. Res. (2022). DOI: 10.1051/ro0/2022028.

B. Sarkar, M. Sarkar, B. Ganguly and L.E. Cardenas-Barrén, Combined effects of carbon emission and production quality
improvement for fixed lifetime products in a sustainable supply chain management. Int. J. Prod. Econ. 231 (2021) 107867.


https://dx.doi.org/10.24200/sci.2020.53357.3200
https://doi.org/10.1051/ro/2022028

MANUFACTURING/REMANUFACTURING BASED SUPPLY CHAIN MANAGEMENT 851

[37] N. Saxena, S.R. Singh and S.S. Sana, A green supply chain model of vendor and buyer for remanufacturing. RAIRO-Oper.
Res. 51 (2017) 1133-1150.

[38] A. Garai and B. Sarkar, Economically independent reverse logistics of customer-centric closed-loop supply chain for herbal
medicines and biofuel. J. Clean. Prod. 334 (2022) 129977.

[39] D.A. Schrady, A deterministic inventory model for repairable items. Nav. Res. Logist. Q. 14 (1967) 391-398.

[40] M. Sebatjane and O. Adetunji, Optimal lot-sizing and shipment decisions in a three-echelon supply chain for growing items
with inventory level-and expiration date-dependent demand. Appl. Math. Model. 90 (2021) 1204-1225.

[41] A. Sepehri, U. Mishra, M.L. Tseng and B. Sarkar, Joint pricing and inventory model for deteriorating items with maximum
lifetime and controllable carbon emissions under permissible delay in payments. Mathematics 9 (2021) 470.

[42] E.A. Silver and H.C. Meal, A simple modification of the EOQ for the case of varying demand rate. Prod. Invent. Manage. 10
(1969) 52-65.

[43] E.A. Silver and R. Peterson, Decision systems for inventory management and production planning, 2nd edition. Wiley, New
York (1985).

[44] S.R. Singh, D. Yadav, B. Sarkar and M. Sarkar, Impact of energy and carbon emission of a supply chain management with
two-level trade-credit policy. Energies 14 (2021) 1569.

[45] M. Tayyab and B. Sarkar, An interactive fuzzy programming approach for a sustainable supplier selection under textile supply
chain management. Comput. Ind. Eng. 155 (2021) 107164.

[46] A.S. Mahapatra, H.N. Soni, M.S. Mahapatra and B. Sarkar, A continuous review production-inventory system with a variable
preparation time in a fuzzy random environment. Mathematics 9 (2021) 747.

[47] Y. Teng and B. Feng, Optimal channel structure for remanufacturing under cap-and-trade regulation. Processes 9 (2021) 370.

[48] D. Yadav, R. Kumari, N. Kumar and B. Sarkar, 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. J. Clean. Prod. 297 (2021)
126298.

[49] M. Ullah, I. Asghar, M. Zahid, M. Omair, A.A. Arjani and B. Sarkar, Ramification of remanufacturing in a sustainable
three-echelon closed-loop supply chain management for returnable products. J. Clean. Prod. 290 (2021) 125609.

[50] R. UthayaKumar, K.V. Geetha and S.S. Sana, Economic ordering policy for non-instantaneous deteriorating items with price
and advertisement dependent demand and permissible delay in payment under inflation. Math. Methods Appl. Sci. 44 (2021)
7697-7721.

[51] G.A. Widyadana and H.M. Wee, An economic production quantity model for deteriorating items with multiple production
setups and rework. Int. J. Prod. Econ. 138 (2012) 62-67.

[52] Vandana, S.R. Singh, D. Yadav, B. Sarkar and M. Sarkar, Impact of energy and carbon emission of a supply chain management
with two-level trade-credit policy. Energies 14 (2021) 1569.

Subscribe to Open (S20)

A fair and sustainable open access model

This journal is currently published in open access under a Subscribe-to-Open model (S20). S20 is a transformative
model that aims to move subscription journals to open access. Open access is the free, immediate, online availability of
research articles combined with the rights to use these articles fully in the digital environment. We are thankful to our
subscribers and sponsors for making it possible to publish this journal in open access, free of charge for authors.

Please help to maintain this journal in open access!

Check that your library subscribes to the journal, or make a personal donation to the S20 programme, by contacting
subscribers@edpsciences.org

More information, including a list of sponsors and a financial transparency report, available at: https://www.
edpsciences.org/en/maths-s2o0-programme



mailto:subscribers@edpsciences.org
https://www.edpsciences.org/en/maths-s2o-programme
https://www.edpsciences.org/en/maths-s2o-programme

	Introduction
	Literature review
	Assumptions & notation
	Aim of the study
	Assumptions
	Notation
	Manufacturing parameters for supplier
	Remanufacturing parameters for supplier
	Collection parameters for collected products for retailer
	Retailer's parameters for manufacturing cycle
	Retailer's parameters for remanufacturing cycle
	Decision variables


	Formulation of mathematical model
	Manufacturing cycle of the supplier
	Setup cost
	Advertisement cost
	Production cost
	Procurement cost
	Deterioration cost
	Holding cost

	Retailer's inventory from manufacturing cycle
	Collection inventory
	Remanufacturing cycle of the supplier
	Retailer's model during remanufacturing cycle

	Solution methodology
	Algorithm

	Numerical example
	Sensitivity analysis
	Observations and managerial insights

	Conclusions
	
	References

