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Abstract- In this study dual channel supply chain is
considered, where manufacturer sells his product via
two bodies namely retailer and e-tailer. This dual
channel results in to intricate demand forecast and
thus demand patter becomes more uncertain.
Population and scarcity of resources forces firms to
redesign their traditional open loop supply chainto a
close loop policy. This paper brings a focus on return
product policy for used (sold) as well as unused
(unsold) products using a mathematical model. This
strategy becomes helpful to develop a close loop
green supply chain practices. Model is further
explained using numerical analysis.)

Indexed Terms: Return policy, Dual-channel, Close loop
supply chain

I INTRODUCTION

The development of E-commerce and internet
technologies changes supplies chain activities. To
cope up the market demand, to sustain in competition,
and to satisfy consumers manufacturers are offering
their products via dual-channel namely a traditional
retail channel and an internet-based e-tail channel.
Along with the dual channel mode manufacturer
adopts various buying-selling scenarios to give more
benefit to consumers and channel members [1]. This
additional income or service provided by the
manufacturer attracts consumers and increases the
active participation of channel members [2]. In this
paper two different service patterns are considered
namely for sold products and for unsold products
provided by manufacturer.

One of the pattern that manufacturer follows, is by
providing some refund to the channel members as well
as to the consumers for their used products [2].
Consumers may return used products to manufacturer
via retailer and E-tailers. Manufacturer may recycle,
refurbish, reuse or redesign that returned products, and
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may again sell it or use. By this means consumer,
retailer, E-tailer and hence manufacturer earns some
fund. This fund earning encourages channel members
to adopt a return policy. The adoption of retail policy
develops a concept of close loop supply chain.

The second service pattern is considered for return of
unsold products which are at retailers or at E-tailer’s
premises. The unit of extra unsold products is due to
inaccurate forecast. This inaccuracy happens when
downstream channel member demands for more
products to the upstream channel members in
anticipation of more demand. The anticipation and
variance in the value of demand increase with moving
upstream in supply chain. This gives birth to an
unfavorable phenomenon called bullwhip effect. The
surplus anticipated demand results in to inventory,
lowers the revenue generate and consumer satisfaction
[3]. Thus, manufacturers provide a return policy for
the unsold products, and helps channel members to
minimize their losses. Both the service pattern adopted
by manufacturer helps the entire supply chain
members and generates a concept of close loop dual
supply chain and concept of reuse, recycling or
refurbishes of items leads to green supply chain.

A mathematical model is developed to understand
close loop green supply chain. On the developed
model self-price, fraction value of wholesale price by
returning unused products and percentage return of
used products from total sales is measured on potential
profit value is measured in this study to analyze effect
on optimum profit equation.

l. MODEL

Fig. 1 shows a forward dual channel supply channel
by which the finished product is supplied to the
customer and a reverse dual channel supply chain by
which used and unused products are supplied from
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downstream to upstream channel members. In dual
supply chain total demand depends on various
parameters like price, lead time, advertisement,
quality, convenience, after services warranty etc. [1],
[4-7]. In this study, it is assumed that the total market
demand is a linear function of self-price, cross price
and delivery lead time. d; defines a potential market
demand. Considering «a; as self-price elastic
coefficients and f3; as cross-price elastic coefficients
(ai > pi for i=1,2,3 means self-price coefficient is
superior than cross price coefficient) [8]. According to
the research the market survey customers can be
divided in to three segments [9].

a) A group of customers doesn’t like online
shopping. So the estimated demand for these group of
customers is given byD; = d; — a4 B,

b) A group of customer likes online shopping. The
estimated demand for group (b) customers is given
byD, = d, — a,P,. These two group of customers
are channel loyal customers, and their demand
depends on only self-price of respective channel.

c) It is a group of customers who choose their
product from these two channels. These types of
customers are not stick to particular channel, not a
channel loyal customer. They will compare price of
product in both channels and will choose a channel
offering product with lesser price. But if the difference
of price is less, then customer will choose retail
channel to get the product earlier. This creates
competition between two channels. For this group of
customers the estimated demand for retail channel and
E-tail channel is given by D3; = d3 — a3z P +
B31Pa +ytand Dz = dy — a3 Pg + B3P —
@t respectively. ¥ defines number of lead time
sensitive consumers and the value of ¥ depends on
value of lead time t. If delivery lead time t is increased
by one unit then ¥ numbers of customers will loss by
e-channel out of which y units of customers will switch
to retail channel to get the product quickly. But ¥ —y
units of demand will be lost by manufacturer, these
customers will switch to different product,
postpone/refuse to buy or purchase it from
competitor’s channel [10]. Hence, total expected
demand at retail channel will be D,, = D; + D43 and
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total expected demand at E-tail channel will beD; =

When channel members are working under open
loop supply chain the profit of retailer and E-tailer is
given by following equations respectively.

T[rz(dr)*Pr_Cr*Dr_VVr*
D,

g = (dg) * Pg — Cq xDg — Wy *
Dq4

But when channel members are involved in close
loop supply chain activity, by adopting return policy.
Policy is aimed to set a relationship between
manufacturer, retailer, E-tailer and consumer.
Channel members can return sold as well as unsold
products to manufacturer. In study it is considered
that, the channel members get K; fraction value of
wholesale price by returning unused products.

Manufacturer

Consumers

— 5 Forward channel product flow
-------------------- > Unsold product flow
_____ > Sold product flow

Fig.1: Close loop supply chain

This extra amount of quantity is result of bullwhip
effect. The value of Ks depends on time and quality of
return product. As the time of return product increases
value of K decreases and it is inversely proportion to
quality of product returned. While K, denotes
percentage return of used products from total sales [9],
[11]. The value of return product is depends on their
reliability value. The profit function of retailer and E-
tailer can be expressed as follows:
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ny = (dy) * B — G- * D — W Dy +
(VVT *Ks)(Dr - dr) +R(dr *
Kr)

g = (dg) * Pg —Cq*Dg — Wy * Dy +
(Wd * Ks)(Dd - dd) + R(dd * r)

Considering, selling price of the product as a key
parameter to maximize profit. For concavity of profit
equation, the second-order derivative with respect to
decision variables is for concavity of profit equation,
the second-order derivative with respect to decision
variable is negatively defined. The hessian matrix of
manufacturers profit function

[ 9%, aznd/ 1
| ap? 6PrPd|

Hh = 621Tr/ aznd/
| /orp, ap2 ]

:['20‘1'20‘31 P13 ]
Bs2 -20-203

: , d%m,
Is negatively defined because 2 <
dP.

aZT[d
0 and op,

the profit function is jointly concave w.r.t to P, and Py.
Taking first order derivative of objective function and
i i oy _ oma _
equating  with  zero. P, — 0 and g 0.
Salutation of these two linear equations will give
optimum selling price for retail and E-tail channel.

2 < 0. As well as H; >0. Hence,

B.x= (2 aydy + 2a,d; + 2a3,d; +
2a3,d3 - 2a,d, — 2 azdr + f31d, +
B31d3 - Bz1dg - 2 Craga; — 2 Crazazy —
2 CGragaz; — 2Crazqas; —
Cazf31 - Cqazzfzr+ 2Waqa, +
2Wayaz1 + 2Wajaz, + 2W aziaz, +
WayB31 + Was, 31— B31Pt + 2a,YVt +
2a3, Yt) / (Aaqa, + 4aza31 + 4aq03, +

4as1as3; - P31P32)
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Pd* = (2a1d2 + Zaldz + 2“31d2
+ 2 a31d3 - Zaldd
— 2a31dg + PB32d;
+ B3z ds — PB32dr
— 2Cqaq0, — 2Cha503,
— 2Cqmaz; — 2Cqaz a3,
— Craif3; — Crasifs;
+ 2Waqa, + 2Wayas,
+ 2Wajaz, + 2Waoazias,
+ Wasz,B3; + Wazg B3,
- 204¥t — 203, ¥t
+ f32Y't) / (4 a1,
+ 4aya31 + 4aqas,
+ 4az a3, — P31 B3z)

Substituting optimum value of retail and E-tail
selling price in respective channel’s profit, maximum
value of profit can be obtaining.

I1. RESULTS

A numerical analysis is carried to analyze the
influence of price sensitive coefficient, rate of return
for unsold product and rate of return of used products
on the developed. The parameters are considered as
follows d;=100, d»=130, d3=300, d:= 50, d¢=30,
Ci=2.5, C¢=3, W=100, R=0.15*W, a:=0.4, 0,=0.6,
031=0.7, 032=0.6, B31=0.5, B32=0.4, k=0.4, k=0.85.

Effect of self-price, fraction value of wholesale price
by returning unused products and percentage return of
used products from total sales is measured on potential
profit value by keeping all parameters on predefined
value and varying decision parameter from 0 to 1.
Graphical representation f results are shown by taking
profit on Y-axis and decision parameter on X-axis.

Change in value of self-price coefficient as, a2, az1 and
azz Will change profit margin of their respective
channel majorly and only a minor effect on competitor
channel is observed. o1 and a3 majorly affects retailer
profit as shown in fig 2 and 3. While azand oz majorly
affect E-tailers profit as shown in fig 4 and 5. As the
self-price sensitive coefficient is, having greater
influences then self-price coefficient on own price and
hence profit. With the high value of self-price
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coefficient profit earned by both the channel members
reduces.

Change in value of Ksfrom 0 to 1 profit earned by
channel members increases as shown in fig 6. Value
of Ks and thus profit is largely depending on time value
of money. If channel members return unused product
at early stage, than it is obvious that reduction in
quality will be less and thus value of returned product
will be more. As manufacturer increases value of Ks
increases demand uncertainty and bullwhip effect,
which reduces overall profit of manufacturer. Hence,
a threshold value of Ks is advantageous for channel
members.

Fig.3 zr maV/s a2

Profit
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returning their used products. Fig.7 explains, that with
the increase in value of K, profit earned by channel £
members will be increase. To maximize the gain a
retailers and E-tailers put their efforts to encourage
consumers to return their used products via offering
various policies. Cost of return product is decided as2
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(AVA CONCLUSION

This paper is having some limitations. In this study,
deterministic demand is considered. Additional
research by  considering  asymmetric  and
[13]stochastic demand pattern will add more value to
the above developed model. Additional need for
inventory management of return products, their
transportation, carrying and handing cost etc are
required to support return policy is not considered in
this study. It would be an interesting to study these
factors and their associated cost. In this paper quality
of return product and time value of money is not
considered. It would be an interesting approach to
decide return value by measuring quality and
reliability value. Manufacturer can allow only that
product which falls under certain quality level, if
product’s quality falls outside the desired region
remanufacturing process can’t make the returned
product as good as the new one. Considering a
scenario where, a manufacturer adopting a secondary
separate  open loop supply chain  where
remanufactured products are sold with lesser price
[14].

Appendix

Nomenclature

Dy (Da) Expected demand retail (E-tail) channel

dr (da) Actual demand in retail (E-tail) channel

Wi (Wg) Wholesale price in retail (E-tail) channel

Cr (Cv) Carrying, Handing, Transportation cost in
retail (E-tail) channel

Pr (Pd) Selling price of retail (E-tail) channel

11, (ITg) Profit of retail (E-tail) channel

R Return value

T Lead time
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