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This paper presents an EOQ model where demand is dependent upon time and
selling price. In the proposed model of inventory, the retailer allows its
unsatisfied customers to return their product whereas the manufacturer offers a
full trade credit policy to the retailer. To make our model realistic, we have
assumed that the product returned can be resold with the same selling price.
Number of returns is a function of demand. In this proposed inventory model
considering deterioration, the retailer does not fully reimburse its customers for
the returned product. The primary purpose of this inventory model is to
determine the optimal selling price, optimal order quantity, and optimal
replenishment cycle length in order to maximize the retailer’s total profit earned
per unit time. A numerical example is also presented and a sensitivity analysis is
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carried to highlight the findings of the suggested inventory model.
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1. Introduction

Return policies are offered as an attractiveness pill to
drag customers by the seller. The return policy allows
consumers who are unsatisfied with their purchase to
return the product and get a refund either in terms of
money or some gift vouchers as stated by the
company in its policies. In today’s competitive
market, many companies offer return policies to their
consumers in order to increase sales. Bechwati and
Siegel [1] concluded from their research that
customers consider return policy as a signal for
purchasing products from a store.

Owing to the return policies, customer returns are
growing drastically in the past few decades since
customers are taking advantage of their strength which
can be understood by the retail industry slogan that
“consumers are king”. Gentry [2] concluded that the
rate of product return can be as high as 35% of the
initial stock. Mostard et al. [3] observed that return
rate can be larger than 18% in the case of mail orders
and it can even reach to 74% for fashion products.
Due to the high return rate, it becomes difficult for the
retailer to handle its inventory and associated cost.
Palmquist [4] concluded that product returns cost US
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retailers and manufacturers approximately 100$
billion annually in reverse logistics.

Many research works have been done in the past
decades to analyze whether offering a return policy is
beneficial to the seller or not. Recent research
recommends to follow a restrictive return policy in
order to reduce consumer abuse of leniency of return
policies, manage reverse logistic costs and increase
profitability [5-8]. Peterson and Kumar [9] studied
whether product return is a necessary evil? It’s
antecedent and consequences. Then, Janakiraman et
al. [10] examined the effect of leniency of return
policies on consumer behavior towards return and
purchase decisions by conducting a review of 21
papers. After that, Khouja et. al. [11] studied retailer’s
performance under the effect of price adjustment
policies and returns. Many research works have also
appeared in the literature on deteriorating items with
the return policy. Wang et al. [12] formulated an EOQ
model with resalable returns for deteriorating items.
Ghoreishi et al. [13] framed an EOQ model under
inflation to determine the pricing and ordering
strategy of deteriorating items under customer returns.
Similarly, many relevant research work has been done
on EOQ model considering different situations [14-
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17]. Deterioration refers to decay, evaporation,
spoilage, decay, and loss of utility of the product. In
full trade credit policy, buyer does not need to pay
immediately upon receipt of merchandise and has the
opportunity to settle the amount at the end of the delay
time. If he fails to pay the money at the end of credit
time, then he is bound to pay interest on the unpaid
amount.

If we have a glance at the literature, plenty of works
have been done on deteriorating items employing
trade credit policy under different circumstances [18-
19]. However, until now, no research work has been
done in the past, which jointly analyzes the effect of
return and trade credit terms on deteriorating items
with resalable returns. There is a research gap lying on
jointly studying the impact of both return policy and
trade credit policy in the business of management of
inventory. In this paper, according to the best of
author knowledge, first attempt has been made to fill
this research gap by jointly analyzing the impact of
both trade credit and return policy in the supply chain
that contributes to the past literature. Both trade credit
policy and return policy importance is growing day by
day in the supply chain, so it becomes necessary to
analyze the impact of jointly considering the
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decisions in the supply chain.

Specifically, this paper studies a manufacturer —
retailer — customer business relationship with the
following features: (a) retailer is offered a full trade
credit period by the manufacturer, (b) retailer also
offers a return policy to its buyer to generate sales, (c)
demand is dependent upon selling price as well as
time, (d) deterioration occurs, and (e) rate of return is
observed to be dependent upon selling price as well as
time. This research work intends to determine the
optimal replenishment cycle length and the optimal
selling price in order to maximize the total profit
earned by the retailer per unit time. A numerical
example is also demonstrated to highlight the findings
and a sensitivity analysis is carried out to discuss the
results.

Further, this paper is organized as follows: Section 2
demonstrates the notations and assumptions used in
order to establish the EOQ model mathematically.
Thereafter, Section 3 develops the mathematical
model considering demand, return and trade credit
policy. Section 4 illustrates a numerical example to
highlight the findings. Finally, Section 5 depicts a
sensitivity analysis and highlights some results.
Lastly, Section 6 ends up with few remarkable

aforementioned policies on the pricing and inventory  cgonclusions and  future research  directions.

2. Assumptions and notations

2.1 Notations

Table 1. Notations that are used in formulating the inventory model

Notation Units Description Notation Units Description

) $/order ordering cost per order I, % /unit interest earned by the

c $/unit purchase price per unit time retailer

h $/unit/unit  holding cost per unit item Ip % /unit  interest paid by the

time per unit time time retailer to the manufacturer

0 constant deterioration
rate, 0 <6< 1 Decision variables:

M unit time trade credit period p $/unit selling price per unit
offered by the manufacturer T unittime time at which inventory
to the retailer level reaches to zero

t, unit time time at which deterioration TP (p, T) $lunit total profit per unit time
starts time

2.2 Assumptions

1. Planning horizon of the inventory system is
assumed to be infinite.

N

. Single item with non-instantaneous deterioration is
considered.

3. Instantaneous replenishment rate, where lead-time
is considered negligible.

Shortages are not permitted.
5. Demand rate is given by:
D(p,t) = (a — bp)e* wherea > 0,b > 0
It is a linearly decreasing function of price and

&>

increases (decreases) exponentially with time
as1>0(A<0).

6. A full trade credit policy is offered by the
manufacturer to the retailer.

7. It is assumed that customer return increases with
the goods sold. So,

R(p,t) = aD(p,t) where0 <a <1
Customers are allowed to return the product during
any phase of the length of the replenishment cycle.
Products returned can be resold at the same selling
price. The retailer does not return the full amount to
its customers for the returned goods. He just offers
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50% of the initial amount of the product.

3. Model formulation

This section derives, in detail, an inventory model
with trade credit and return policy. Initially, @ units of
goods exist in the inventory model. During the time
interval from 0 to t,, no deterioration takes place.
During this time, the level of inventory changes due to
returns and demand. From time t = ¢4, deterioration of
items at the rate @ starts taking place. From time ¢, to
T, inventory level changes because of returns,
deterioration and demand. At time t =T, the level of
inventory demises to zero. Thereafter, a replenishment
order of @ units is placed. The change in inventory
level with the passage of time is shown in Figure 1.
The arrival of the ordered goods marks the beginning
of the next cycle. The retailer is offered a trade credit
period of M to settle the account by the manufacturer.

The retailer also allows its customers to return
products, during any time of the replenishment cycle
with a condition. The condition is that the retailer will
refund only 50% of the initial amount of the product.
The inventory situation is best governed by the

following differential equations:

&= —(a—bp)e’ +ala—bple®, 0<t<t

@)

; = —(a—bp)e™ + ala — bp)e™ — 6I(t),

t; <t<T 2

with the boundary conditions I(0) = Q and
I(T) = 0.

Inventory level I(f)
[}

= Timet

Figure 1. Inventory level at any time t

Solving the differential equations (1) and (2) along
with the above-mentioned boundary conditions we
get,

—D(a— At_
I(t) — (a 1)(0, Zp)(e 1), 0 S t S tl (3)
(a bp)(@-De % r areye _ (A+6)T

I(®) = (A+6) [ ¢ ]

b <t<T (4)

Using the continuity condition from the equation (3)
and (4) at the point t = t,, we get

(a-bp)(@a-1)e 11 Gioye,  _a+0)T]| _
Q [ (A+6) [ ' € ]

(a—1)(a—bp)(e**1-1)
: ] )

Various costs associated with this model are defined
as follows:

1. Ordering cost = o (6)
2. Purchasing cost = cQ @)
3. Sales revenue collected over the cycle (SR)

T T
:”U D(p,t)dt—f R(Z't)dt]

=p [f (a — bp)erdt — fT —a(a bp)e™t dt]
e, g *

4. Deterioration cost over the cycle (DC)
T
oy f oI(t)dt
t

_ T . [(a—bp)(a—1)e 0t
= ¢ ftl 0 [ (A+6)

e+0)T | g
= [[c(a — bp)(a— 1)[(6 + )T —

et — Ae(“")Te—@fl]] /A + 9)]] 9)
5. Holding cost over the cycle (HC)

t1 T
=hU0 I(t)dt+ft I(t)dt]

1

- - At_
_ h[fotl [ + etestne ‘ D) de +

] [e(/1+9)t _

A

I (a—bp)(a—1)e~?" [eG+O) _
ty

(A+6)
e(“")T]] dt]

- - Aty _ ¢ —
- h 0t, + [(a 1)(a bpzl(ze 1-Atq 1)] _

(a—bp)(a—1) Aty AT
[—M(M) ][ee 1 — (0 + el +

le(9+l)Te—9t1]]

6. Trade credit:
Manufacturer offers the retailer a delay period of
M. According to the values of M,t, and T three
subcases arise:
1) oM<ty
2 t,<M<T
) M=T

(10)

61 0<SM<t,
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In this case, the credit period offered by the
manufacturer to the retailer is less than the time at
which deterioration starts in the inventory. After the
end of credit period M, the retailer is subject to interest
charges and needs to pay interest during the time
interval [M, T]. Therefore, interest paid is calculated
as follows:

IP = clp[ LiI®dt + I(t)dt]

el [ fi [ + letemtre f—1>] 4

T | (a-bp)(a—1)e~ 0t
T am —

Eo [e(,1+9)t _

e (A+9)T]] dt]

= cl, [Q(tl — M) + [ [y —
ty + ((eMr — e/ )] +
(@ = D@~ bp)/G+ 0] 570+

eM1 oH0)T, —e:l]]

’1)_/1_ 6

(11)

The retailer also earns interest from time period 0 to
M. It is calculated as follows:

IE = pl, [fOM fot(a — bp)eMdudt —
f(jw ft a(a—bp)e)‘“ dudt]
= pl, [(a bp)] [ M _ 3 — 1] [1 __]
(12)
The total profit per unit time is calculated as follows:

SR+IE—0—IP—-HC—-DC—-PC
T

TPl (p, T) =
Therefore,

e e K

e [“522] [eM = am 1] [1-5] -0 -

cl, [Q(t1 — M)+ w} (M-t +
eM1_eiM (a—1)(a—bp)
( 2 )]+[ 2+6 [ ©+2)-
e’ltl e().+6)Te—6f1-
I

[(a 1)(a- bp)(e’“l Atl—l)]

(a-bp)(a 1) At (A+6)T , -6t
[—9/1(9+A) ][Ge 14 Je e

0+ A)e”]] -

c(a—bp)(a—1)[(9+/’l)e”—9e”1 - Ae(“g)Te_etl] _
[A(2+6)]

(a-bp)(@a-1)e 11 Gioye,  A+o)T]| _
C“ (A+6) [e toe ]

(13)

[(a—l)(a—bllp)(eml—l)]]

Problem —1:

Maximize TP, (p, T) = 2

where W; = SR +1E —o0—IP —HC —DC —PC
subjectto 0<M <t

62.t; <M<T

In this subcase, the credit period offered to the retailer
by the manufacturer is greater than the time at which
deterioration starts and less than the time by which the
inventory level reaches zero. After the end of credit
period M, the retailer is subject to interest charges and
needs to pay interest during the time interval [M, T]. It
is calculated as follows:

IP = cL, [,y I(t)dt]

_ T [(a-bp)(@-1)e=% [ 140
=clp |y |Gy L€ -
=clp [(“ —D(a—-bp)/(A+

AM eA+O)T ,—6M
1o+ /’l)————]]
(14)

The retailer also earns interest from time period 0 to
M. 1t is calculated as follows:

E= [fOM Jy(a — bp)e™dudt —
fo ta(a— bp)e dudt]

ot [ [0 — v 1] [1-
(15)

The total profit per unit time is calculated as follows:

SR+IE—0—-IP—-HC—-DC—-PC
T

TP2 (p: T) =
Therefore,

TP,(p,T) = [1/7] | [P0 1 €] 4

pl, [(a bp)][e'“‘”—/lM—l] [1_%]_0_

- _ AT AM
o, [[M] [27(9 L

A+6
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A+0)T ,—oM1]
(a—l)(a—bp)-(eml—ltl—l)
22 N
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[A(2+6)]
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(16)

[(a—l)(a—bp)(em—n ]
A

Problem 2:

Maximize TP,(p,T) = %

where W, = SR+ IE —0—IP—HC —-DC - PC
subjecttot; <M <T

63. M=>T

In this subcase, the delay period offered by the retailer
to the manufacturer is greater than the time by which
level of inventory drops down to zero. By this time the
retailer clears all his debt. Hence,

IP=0 an
The retailer earns interest from time period 0 to M. It
is calculated as follows:

IE = pl, [fOT f,(a — bp)e**dudt —
J7 et qugr 4+ (M —T) [ (a—

0 2
bp)eldt — (M — T) [T Mdt]

_ (a—bp)(M-T)(e*T-1) a

— pl [ b g o]

(18)

o |

The total profit per unit time is calculated as follows:
SR+IE—0—IP—-HC—-DC-PC
TP;(p,T) =

T
Therefore,

o = o [ o

ol, [[(a—bp)(M;T)(e”—l)] [1-9+

ez g |-

(a-1)(a—bp)(e*1-At;-1
h[Qt1+ [a £ p/l(ze * )]_

[(a—bp)(a—1) Aty AT
eaeen ][He 1— (64 De™ +
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_c(a—bp)(a—1)[(9+/1)e”—9e“1 - le(“e)Te_Gfl] _
[A(2+6)]
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(19)
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4. Numerical example

A numerical example has been presented to illustrate
the proposed inventory model. The main objective is
to determine the optimal price p* and optimal cycle
length T* which maximizes total profit per unit time
earned by the retailer. The values of different
parameters are as follows:

a=200;b=4;t, = %year; I, = 10%lyear; I,, =
15%/year; M = 0.01 year; « = 0.1; 6 = 0.08; ¢ =
$20/unit; o = $200/order; A = —0.98; h = $1/
unit/year.

Since M < t,, it falls into the category of subcase 6.1.
Hence, the following results are obtained:

p* =35.5357; T* =0.765714; Q* = 28.6351;
TP,* = 300.394.

It can be observed from Figure 2 that the profit
function plot is concave in nature.

5. Sensitivity analysis

Based on the above numerical example, a sensitivity
analysis is executed to understand the influence of
overestimation or underestimation of input parameters
on the optimal values of p, T, Q, and total profit gained
per unit time. The values of input parameters are
changed from -30% to 30% to carry out the process.
The results are determined by keeping the other
parameters constant and transforming one parameter
at a time. The following results are obtained from
Table 2.

Q) With the increment in the value of I,, the
total profit gained per unit time is observed to
increase. As [, increases, decrement in the
total profit earned per unit time is observed.
With the increment in trade credit time M,
profit earned per unit time increases since
now the retailer has the opportunity to settle
its payment after a longer period of time.
With the increase in trade credit time, the
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retailer has the opportunity to sell most of its
stock and needs to pay interest on a smaller
number of left items.

(i) With the increase in the purchasing price c,
optimal cycle length T and optimal price p
increases whereas total profit per unit time

2.0
0
PROFIT

=500

Figure 2. A three-dimensional plot showing the total profit function for the above numerical example
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Table 2. Sensitivity analysis with respect to input parameters

p

decreases. It is obvious that if the retailer
buys goods at a higher price and if sells them
at a lower price, he will incur loss. Since,
demand is dependent upon selling price p,
with the increase in selling price, demand
decreases. Hence, cycle length increases and

total profit per unit time decreases.

50

Parameters % Change in Change in optimal values
parameters TP* p T Q"
I, -30 300.391 35.5357 0.765714 28.6351
-20 300.392 35.5357 0.765714 28.6351
-10 300.393 35.5357 0.765714 28.6351
10 300.396 35.5357 0.765714 28.6351
20 300.397 35.5357 0.765714 28.6351
30 300.398 35.5357 0.765714 28.6351
L, -30 311.323 35.5357 0.765714 28.6351
-20 307.68 35.5357 0.765714 28.6351
-10 304.037 35.5357 0.765714 28.6351
10 296.752 35.5357 0.765714 28.6351
20 293.109 35.5357 0.765714 28.6351
30 289.466 35.5357 0.765714 28.6351
M -30 300.057 35.5357 0.765714 28.6351
-20 300.169 35.5357 0.765714 28.6351
-10 300.282 35.5357 0.765714 28.6351
10 300.507 35.5357 0.765714 28.6351
20 300.62 35.5357 0.765714 28.6351
30 300.733 35.5357 0.765714 28.6351
c -30 574.261 32.3214 0.628571 30.366
-20 475.682 33.3929 0.662857 29.6643
-10 384.27 34.4643 0.731429 29.7851
10 223.775 36.6071 0.8 27.3258
20 154.945 37.6786 0.902857 27.2466
30 93.9067 38.75 0.971429 26.0645
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Table 2. Cont.
Parameters % Change in Change in optimal values
parameters TP* D T* Q"
0 -30 389.085 35.5357 0.594286 23.822
-20 357.024 35.5357 0.662857 25.8368
-10 327.436 35.5357 0.731429 27.731
10 274.965 35.5357 0.8 29.5118
20 251.321 35.5357 0.868571 31.1861
30 229.037 35.5357 0.937143 32.7601
h -30 304.149 35.5357 0.765714 28.6351
-20 302.897 35.5357 0.765714 28.6351
-10 301.646 35.5357 0.765714 28.6351
10 299.143 35.5357 0.765714 28.6351
20 297.892 35.5357 0.765714 28.6351
30 296.64 35.5357 0.765714 28.6351
a -30 -45.9395 29.1071 2 19.5502
-20 15.4218 31.25 1.48571 25.6462
-10 131.364 33.3929 1.00571 27.4763
10 519.239 37.6786 0.628571 29.7525
20 786.702 40.3571 0.56 30.9182
30 1102.86 425 0.491429 31.9772
b -30 975.374 45.7143 0.491429 28.8302
-20 677.305 41.4286 0.56 26.5333
-10 460.794 38.2143 0.662857 27.8781
10 180.989 33.3929 0.868571 28.6064
20 92.5807 31.7857 1.04 28.6474
30 28.5492 30.1786 1.28 29.2753
0 -30 310.018 35.5357 0.765714 28.4561
-20 306.821 35.5357 0.765714 28.5155
-10 303.613 35.5357 0.765714 28.5752
10 297.165 35.5357 0.765714 28.6952
20 293.924 35.5357 0.765714 28.7555
30 290.741 35.5357 0.731429 27.8973
A -30 356.155 35.5357 0.8 32.806
-20 336.532 35.5357 0.8 31.6531
-10 318.01 35.5357 0.765714 29.6094
10 283.553 35.5357 0.765714 27.7056
20 267.562 35.5357 0.731429 26.0377
30 252.308 35.5357 0.731429 25.2459
a -30 295.011 35.5357 0.765714 29.5896
-20 296.806 35.5357 0.765714 29.2715
-10 298.6 35.5357 0.765714 28.9533
10 302.189 35.5357 0.765714 28.317
20 303.983 35.5357 0.765714 27.9988
30 305.778 35.5357 0.765714 27.6806
t; -30 297.756 35.5357 0.765714 28.6853
-20 298.649 35.5357 0.765714 28.6683
-10 299.529 35.5357 0.765714 28.6516
10 301.246 35.5357 0.765714 28.6189
20 302.084 35.5357 0.765714 28.6031
30 302.908 35.5357 0.765714 28.5874
(iii) As ordering cost o increases, simultaneously  (iv) With the increase in the value of a, it is

replenishment cycle length T and order
quantity @ start increasing. It is to be
observed that the total profit per unit time
decreases since cycle length is increasing.
With the increment in holding cost h, total
profit per unit time decreases.

observed that optimal values of p,Q, and
total profit per unit time increases whereas
the optimal replenishment cycle T decreases.
It can be seen that with the increment in the
value of b, optimal price p and total profit
per unit time  decreases  whereas
replenishment cycle length T increases.
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(v) As the value of 6 i.e., deterioration rate
increases, a decrease in total profit per unit
time earned by the retailer is detected. With
the increase in the deterioration rate, items
get deteriorated faster, so total profit earned
per unit time decreases

(vi) It can be seen that with the increase in the
value of 4, order quantity Q, cycle length T
and total profit earned per unit time
decreases. With the increment in the value of
a, optimal order quantity Q decreases
whereas an increment in total profit earned
per unit time is observed. As the number of
returns are increasing, some are resold to
satisfy demand, so order quantity Q decreases
and total profit increases. With the increase
in t,, the time at which deterioration starts,
optimal order quantity Q decreases whereas
total profit earned per unit time increases.

6. Conclusion

An inventory model with a single item is developed
for a single period under both return policy and trade
credit policy. If we have a glance at the literature,
plenty of works on inventory model considering
deteriorating items have been done. Lot of work has
also been done on inventory model with trade credit
policy. Some researchers have also formulated
inventory models considering resalable returns for
deteriorating items. Recent research recommends to
follow a restrictive return policy. Nowadays, many
companies offer return policies to their customers to
attract them. Seller often offers buyer trade credit
terms which is beneficial for the business of both of
them. Till now, according to the best of author
knowledge, no research work has been done which
jointly studies the impact of both trade credit policy
and return policy. In this paper, an attempt has been
made to fill this research gap. The analysis of the
impact of these two aforementioned policies in the
supply chain is the main contribution of this research
work. In the proposed model for deteriorating items,
demand is considered to be a function of selling price
and time. Retailer is offered a full trade credit period
by the manufacturer whereas customers are offered
with a return policy by the retailer. The returns are
allowed at any time in a period. The returned product
can be resold at the same selling price. Customers are
not fully reimbursed for the returned product in the
inventory model. Number of returns is a function of
demand.

The following guidelines are recommended for future
research directions: it can be extended to partial trade
credit policy, a full refund of the initial amount or
returning a fraction of the initial amount, an extension
on multi-item and multi-period.
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