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Preface

It is my great pleasure to welcome all the delegates come all the way for the
22nd International Conference on Industrial Engineering and Engineering
Management 2015 (IEEM 2015). It is their great efforts that bring out the pro-
ceedings of IEEM 2015 which records the new research findings and development
in the domain of IEEM. What is more excited, they are the experts or scholars with
significant achievements in the field. I believe that the proceedings will serve as the
guidebook for the potential development in IEEM and play a great role in pro-
moting the IEEM development.

With the ongoing dramatic paradigm shifts of industrial engineering theories and
applications, more and more enterprises have realized it is the key to innovate their
products by utilizing the advanced technology to enhance their core competitive-
ness. It is quite imperative to bring professionals form both academia and business
together to share their new findings and experience.

IEEM 2015 caters to the purpose by providing a platform to exchange the
state-of-the-art research, achievement exhibition, case study, and development in
the field of IEEM, as well as promoting its application. The papers selected all
center on the main themes of the conference: Industrial Engineering Theory,
Industrial Engineering Technology Practice, Information Technology Application
and Development, Automation System Theory and Application, Value
Engineering, as well as Engineering Management Method and Practice. All the
papers included in the proceedings have undergone rigid peer review. We have also
invited some prominent experts as our keynote speakers.

The conference is sponsored by Chinese Industrial Engineering Institution,
CMES, and organized by Guangdong University of Technology, China. We would
like to extend our sincerest thanks to Atlantis Press for their generous support in the
compilation of the proceedings. We also would like to extend sincerest thanks to
Guangdong University of Technology for holding such an excellent event, and to
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all the delegates, keynote speakers, and the staff of the organization committee for
their contribution to the success of the conference in various ways.

Thank you very much!

October 2015 Ershi Qi
Jiang Shen

Runliang Dou
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A Comparative Study on Retailer’s
Refunding Strategies Considering
Products Advance Selling

Gang Wang, Zhao-chao Dong and Zhi-bao Li

Abstract Advance selling through pre-orders is a strategy to transfer inventory risk
from a retailer to consumers. Refunding strategy can reduce strategic consumers’
pre-order risk caused by valuation uncertainty so as to encourage pre-orders.
A newsvendor retailer can have three refunding strategies to choose from: no
refunding allowed, partial refunding and full refunding. This research studies how a
retailer could design a refunding strategy in the advance selling problem to maxi-
mize her own profits. We find some interesting results. For example, compared with
no refunding allowed strategy, customers in partial refunding strategy can bear
higher advance selling price, which has a positive effect on the retailer’s profit. In
full refunding strategy, more customers will return and the margin profit earned
from these customers will be lower than that in partial refunding strategy, leading to
lower profit in full refunding strategy.

Keywords Advance selling � Refunding strategy � Strategic consumers

1 Introduction

Consumers become more and more rational with the aggravation of the market
competition and the convenient access to market information. Even if evaluation is
above current selling price, strategic consumers will not place order immediately
but to compare the utility of buying products at different stages and then decide the
best time to buy [1]. This waiting behavior has negative effects on the retailer’s
pricing and inventory decisions [2, 3]. Therefore, it’s necessary to consider
consumers’ strategic behavior when optimizing the retailer’s pricing and ordering
decision.
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Advance selling allows consumers to pre-order before the release of the prod-
ucts. Reference [4] mentioned an advance selling case that a pastry shop encour-
aged consumers to pre-order moon cakes a month before the Mid-Autumn Festival.
Subscribers can enjoy 25 % off and would get moon cakes one week before the
Mid-Autumn Festival. Microsoft allowed consumers to advance purchase in the
Amazon before the formal release of Vista [5]. Advance selling strategy is usually
used in the newsvendor model where sales cycle is short and market demand is
uncertain. Advance selling can transfer inventory risk from the retailer to consumers
to some extent [6]. In addition, the retailer can use the advance selling information
to update the sales information prediction in spot selling period, making it more
close to the actual market demand.

Among literatures on advance selling problem considering the consumer
strategy behavior, [7] proved that advance selling strategy can be applied as long
as consumer value uncertainty exists. Reference [8] expanded [7]’s research and
showed that pre-sale profit comes from the expansion of market demand.
Reference [6] discussed the advantages and disadvantages of pre-sale from the
angle of risk preference and proved that pre-sale strategy is beneficial for the
retailer only if the difference between consumers’ valuation when participating
pre-sale and not participating pre-sale reaches a critical value. Reference [5]
divided advance selling strategies into no advance selling allowed, moderate
advance selling and deep advance selling for pre-orders. Some literatures [6, 7]
mentioned refunding strategy in extension section, but there is no meticulous
research on refunding strategy.

There are two types of refunding strategies: full refunding and partial refunding.
In real life, full refunding is more common, but many businesses still apply partial
refunding policy by charging some returning fee. In this way, consumers and
businesses will undertake the cost caused by mismatching of supply and demand
together [9]. Whether to full refund or partial refund does not only affect con-
sumers’ buying behavior, but also has influence on the retailer’s advance selling
strategy. For example, when committing full refund policy to consumers, retailers
can’t charge premium advance selling price, otherwise there will be speculation.
But in the partial refunding strategy, there isn’t this restriction. Therefore, it is
necessary to analyze full refunding strategy and partial refunding strategy
respectively.

We focus on seeking the retailer’s optimal refunding strategy under the con-
straints that consumers’ valuation and market demand are both uncertain and find
answers to the following questions: is refunding strategy profitable or not? If yes,
should the retailer apply full refunding strategy or partial refunding strategy? What
should the advance selling price and refunding price be? What is the optimal order
quantity?

4 G. Wang et al.



2 Problem Settings

2.1 Assumptions

1. Consumers are classified into two segments depending on whether or not they
concern about the advance selling information. Consumers who concern about
the advance selling information are denoted as type I consumers and consumers
who don’t concern about the advance selling information are denoted as type U
consumers.

2. The advance selling period exists before the spot selling period starts. The
retailer allows consumers to place pre-orders during the advance selling period.
These orders are fulfilled at the beginning of the selling season by exchanging
pre-sale coupons.

3. All type I consumers arrive at advance selling period and all type U consumers
arrive at spot selling period.

4. Consumers’ valuation function and market demand function are known to the
retailer.

5. There exist no consumers who neither exchange nor return pre-sale coupons.
6. We do not consider consumer speculation.
7. Consumers are homogeneous and have the same valuation function.

2.2 Notation

Table 1 is the notation of all parameters used in this paper.

2.3 Decision Making Process

1. The retailer makes optimal pricing and ordering decisions to maximize her profit
under the premise that consumers are willing to pay the pre-sale price.

2. Consumers who arrive at advance selling period have two options: one is to buy
pre-sale coupons and exchange for real goods (or return coupons) in spot selling
period and the alternative is to wait until the spot selling period.

3. Consumers who arrive at the spot selling period should decide whether to buy or
leave.

A Comparative Study on Retailer’s Refunding Strategies … 5



3 Three Types of Refunding Strategies for a Retailer

In this section, the retailer’s optimal profits are provided under each of the fol-
lowing strategies: no refunding strategy, partial refunding strategy and full
refunding strategy. These three strategies are equivalent to strategy 1, strategy 2 and
strategy 3, respectively.

3.1 Strategy 1: No Refunding Strategy

In advance selling period, consumers’ valuation for the products is not certain for
they haven’t seen the real products to be released. Therefore, consumers estimate

Table 1 Notation

Ni Number of type I consumers, a random variable with a normal distribution
Ni �N ðli;riÞ

Nu Number of type U consumers, a random variable with a normal distribution
Nu �N ðlu;ruÞ

ρ Correlation coefficient between Ni and Nu

V Consumer valuation for a product, a random variable with an uniform distribution
V �U (μv, σv). V’s cumulative distribution function is F(V) with upper limit h and lower
limit l

Na Number of consumers who place pre-orders in the advance selling period, a random
variable with mean μa and standard deviation σa

Ns Number of consumers who purchase in the spot selling season, a random variable with
mean μs and standard deviation σs

pa
i The advance selling price in strategy i, i ∊ {1, 2, 3}. The optimal advance selling price is

denoted as pi�a . Strategy 1–3 represents no refunding strategy, partial refunding strategy
and full refunding strategy, respectively

pb The refunding price in partial refunding strategy, pb\p2�a . The optimal refunding price is
denoted as pb

*

ps Spot selling price per unit of product in spot selling period

Ua
i Expected utility of a consumer when advance purchasing in strategy i, i ∊ {1, 2, 3}

Us
i Expected utility of a consumer when buying in spot selling period in strategy i, i ∊ {1, 2, 3}

πa
i The retailer’s expected profit of advance selling period in strategy i, i ∊ {1, 2, 3}. The

optimal advance selling profit is denoted as pi�a
πs
i The retailer’s expected profit of spot selling period in strategy i, i ∊ {1, 2, 3}. The optimal

selling profit is denoted as pi�s
na
i The actual sales amount in advance selling period in strategy i, i ∊ {1, 2, 3}

Qi The retailer’s order quantity for spot selling period in strategy i, i ∊ {1, 2, 3}. The optimal
order quantity is denoted as Qi*

c The retailer’s ordering cost per unit of product

η Out of stock rate in spot selling period

s Salvage price per unit of product unsold at the end of the spot selling period

6 G. Wang et al.



the utility of advance purchase based on expected valuation. The expected utility of
advance purchase is expressed as

U1
a ¼

Zh

l

ðv� p1aÞ f ðvÞdv ¼ lv�p1a: ð1Þ

In spot selling period, consumers have confirmed their valuation of the products
and will choose to purchase if the valuation is higher than the sale price, otherwise
they will leave the market. The expected utility of waiting until spot selling period
is expressed as

U1
s ¼ Emax½ð1� gÞðv� psÞ; 0� ¼ ð1� gÞ

Zh

ps

ðv� psÞ f ðvÞdv: ð2Þ

A consumer places a pre-order if U1
a �U1

s and U
1
a � 0, from which we can derive

that

p1a � lv � ð1� gÞ
Zh

ps

ðv� psÞ f ðvÞdv: ð3Þ

According to (3), p1a cannot be larger than lv � ð1� gÞ R h
ps
ðv� psÞ f ðvÞdv in

order to attract type I consumers to buy early. Since the retailer’s objective is to
maximize total profits, she sets

p1�a ¼ lv � ð1� gÞ
Zh

ps

ðv� psÞ f ðvÞdv: ð4Þ

We assume that consumers are homogeneous, so the same type of consumers
have consistent decision making. Under optimal advance selling price p1�a , all type I
consumers will choose to advance buy. That’s to say Na ¼ Ni. The retailer’s
expected optimal profit of advance selling period is given as

p1�a ¼ ½lv � ð1� gÞ
Zh

p2

ðv� psÞ f ðvÞdv� c�li: ð5Þ

The market demand for the spot selling period is given as Ns ¼ FðpsÞNu where
Nu �Nðlu; ruÞ, from which we can derive that Ns �Nðls; rsÞ where ls ¼ FðpsÞlu,
rs ¼ FðpsÞru. The retailer will update the market demand forecast for the spot

A Comparative Study on Retailer’s Refunding Strategies … 7



selling period [4]. It is well known [10] that the distribution of N1
s given N1

a [i.e.
(N1

s jN1
a ¼ n1a)] is normal with mean l1s and standard deviation r1s , where

l1s ¼ ls þ qðn1a � l1aÞ
rs
r1a

¼ FðpsÞlu þ qðn1a � liÞ
FðpsÞru

ri
;

ð6Þ

r1s ¼ rs

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� ½corrðN1

a ;N
1
s Þ�2

q
¼ FðpsÞru

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� q2

p
: ð7Þ

The retailer’s optimal profit in sale period is given as

p1�s ¼ max EN1
s jN1

a¼n1a ½psminfN1
s ;Q

1gþ smaxfðQ1 � N1
s Þ; 0g � cQ1�: ð8Þ

This is a traditional newsvendor problem with normally distributed demand. It is
well known [4] that the optimal order quantity and optimal expected profit are
given as

Q1� ¼ l1s þ kr1s ¼ FðpsÞlu þ qðn1a � liÞ
Fðp2Þru

ri
þ kFðpsÞru

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� q2

p
; ð9Þ

p1�s ¼ ðps � cÞFðpsÞlu � ðps � sÞuðkÞFðpsÞru
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� q2

p
; ð10Þ

where k ¼ U�1ðps�c
ps�sÞ and Uð:Þ, uð:Þ are the cumulative and density distribution

functions of the standard normal distribution, respectively. The out of stock rate in
spot selling period is given as g ¼ ps�c

ps�s.

3.2 Strategy 2: Partial Refunding Strategy

If the refunding price is lower than the lower limit of consumers’ valuation (pb � l),
no one will return coupons which is the same with the no refunding allowed
situation. When the refunding price is higher than the lower limit of consumers’
valuation (pb [ l), consumers will choose to return coupons and get the compen-
sation price pb if v2½l; pb� and exchange for real goods with coupons if v 2 ½pb; h�.
A consumer’s expected utility when advance purchasing is given as

U2
a ¼

Zpb

l

ðpb � p2aÞ f ðvÞdvþ
Z h

pb

ðv� p2aÞ f ðvÞdv

¼
Z pb

l
pb f ðvÞdvþ

Z h

pb

v f ðvÞdv� p2a:

ð11Þ

8 G. Wang et al.



The expected utility of waiting is given as

U2
s ¼ Emax½ð1� gÞðv� psÞ; 0� ¼ ð1� gÞ

Zh

ps

ðv� psÞ f ðvÞdv: ð12Þ

A consumer places a pre-order if U2
a �U2

s and U
2
a � 0, from which we can derive

that

p2a �
Zpb

l

pb f ðvÞdvþ
Zh

pb

v f ðvÞdv� ð1� gÞ
Zh

ps

ðv� psÞ f ðvÞdv: ð13Þ

According to (13), p2a cannot be larger than
R pb
l pb f ðvÞdvþ

R h
pb
v f ðvÞdv�

ð1� gÞ R h
ps
ðv� psÞ f ðvÞdv in order to attract type I consumers to buy early. Since

the retailer’s objective is to maximize total profits, she sets

p2�a ¼
Zpb

l

pb f ðvÞdvþ
Zh

pb

v f ðvÞdv� ð1� gÞ
Zh

ps

ðv� psÞ f ðvÞdv: ð14Þ

The retailer’s expected profit of advance selling period is expressed as

p2a ¼ ½ðp2�a � cÞFðpbÞþ ðp2�a � pbÞFðpbÞ�li: ð15Þ

Proposition 1 In partial refunding strategy, the optimal refunding price equals the
retailer’s order cost per unit of product, which can be expressed as p�b ¼ c (c[ l).

Proofs of Proposition 1 To obtain the optimal refunding price, we first take the first
derivative of p2a with respect to

pb:
@p2a
@pb

¼ @½p2�a þðc� pbÞFðpbÞ � c�li
@pb

; ð16Þ

where

@p2�a
@pb

¼
@½hþ R pb

h FðvÞdv� ð1� gÞ R h
ps
ðv� psÞf ðvÞdv�

@pb
¼ FðpbÞ: ð17Þ

A Comparative Study on Retailer’s Refunding Strategies … 9



Combining (16) and (17), we have

@p2a
@pb

¼ ðc� pbÞf ðpbÞli: ð18Þ

Then, in order to prove concavity, take the second derivative of p2a with respect
to pb:

@2p2a
@2pb

¼ ½�f ðpbÞþ ðc� pbÞf 0ðpbÞ�li ¼ � li
h� l

\0: ð19Þ

Form (19), we can demonstrate that p2a is the concave function of pb. Solving the
@p2a
@pb

¼ 0 gives p�b ¼ c where p�b represents the optimal refunding price.

Proposition 2 Partial refund strategy is better than no refunding strategy.

Proofs of Proposition 2 By substituting pb in (16) with the optimal solution p�b ¼ c
got from Proposition 1, we have

p2�a ¼
Zc

l

cf ðvÞdvþ
Zh

c

vf ðvÞdv� ð1� gÞ
Zh

ps

ðv� psÞ f ðvÞdv: ð20Þ

Then substituting pb in (17) with p�b ¼ c gives

p2�a ¼ ½ðp2�a � cÞFðcÞþ ðp2�a � cÞFðcÞ�la ¼ ðp2�a � cÞli ð21Þ

Recalling that the optimal profit of the advance selling period in the no refunding
strategy is p1�a ¼ ðp1�a � cÞli, we can easily see that the only difference between the
profits of the no refunding and partial refunding strategies is the optimal advance
selling price. Obviously, p2�a � p1�a ¼ R c

l cf ðvÞdv�
R c
l vf ðvÞdv� 0, from which we

can easily derive that p2�a � p1�a . Therefore, partial refund strategy is better than no
refund strategy.

The reason for Proposition 3 is that, compared with no refunding strategy, partial
refunding strategy can reduce consumers’ risk in advance purchase caused by
valuation uncertainty. So in partial refunding strategy, consumers can bear higher
advance selling price, which directly improves the retailer’s profit.

3.3 Strategy 3: Full Refunding Strategy

In full refunding strategy, the refunding price is the same with the advance selling
price p3a. In this case, we must guarantee that p3a is no more than the spot selling

10 G. Wang et al.



price ps (p3a � ps). That’s to say premium pre-sale in this case is not allowed. That’s
because when premium pre-sale occurs in full refund strategy, which means the
refunding price is higher than the spot selling price, all consumers who advance
purchase will return pre-sale coupons and wait to spot buy with a lower price,
which is apparently harmful to the retailer. In the full refunding strategy, all con-
sumers who arrive at the advance selling period will advance purchase. At the end
of the advance selling period, consumers whose valuation is lower than the
refunding price p3a will choose to return. The expected returning rate is given as
Fðp3aÞ.

The retailer’s expected profit of the advance selling period is expressed as

p3a ¼ ðp3a � p3aÞFðp3aÞli þðp3a � cÞFðp3aÞli ¼ ðp3a � cÞFðp3aÞli ð22Þ

Proposition 3 In the full refund strategy, the optimal buy back price is the mini-
mum of hþ c

2 and Ps which can be expressed as p3�a = min hþ c
2 ; ps

� �
(p3�a [maxfc; lg).
Proofs of Proposition 3 To prove concavity, take the first and second derivative of
p3a with respect to p3a:

@p3a
@p3a

¼ ½1� Fðp3aÞ � ðp3a � cÞf ðp3aÞ�li ¼
hþ c� 2p3a

h� l
li; ð23Þ

@2p3a
@2p3a

¼ � 2
h� l

li\0: ð24Þ

From (24), we can see that p3a is a concave function of p3a. Solving the equation
@p3a
@p3a

¼ 0, we have p3a¼ hþ c
2 . Recalling above constraint p3a � ps, we can conclude that

the optimal advance selling price in full refunding strategy should satisfy that
p3�a = min hþ c

2 ; ps
� �

. Besides, we know that p3a should be larger than the lower limit
of consumers’ valuation (p3a � l), otherwise, no one will choose to return. To
guarantee that the retailer has positive profit, we set p3a [ c. Therefore, the con-
straint for optimal advance selling price should be p3�a [maxfc; lg.
Proposition 4 Partial refunding strategy is better than full refunding strategy.

Proofs of Proposition 4 We denoted the difference profits of partial refunding
strategy and full refunding strategy as Dp ¼ p2�a � p3�a , where p2�a ¼ ðp2�a � cÞli
and p3�a ¼ ðp3�a � cÞFðp3�a Þli.

Case 1: If p3�a ¼ minfhþ c
2 ; psg ¼ hþ c

2 , @Dp
@c given c ¼ 0 will be expressed as
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@Dp
@c

jc¼0 ¼ li½�
Z l

0

1
h� l

dv� 1� 1
ðps � sÞ

Zh

ps

ðv� psÞ 1
h� l

dvþ h
2ðh� lÞ�;

where 1
ðps�sÞ

R h
ps
ðv� psÞ 1

h�l dv¼ 1
2 ðh� psÞ2. After some algebra, the expressions for

@Dp
@c at two endpoints of c can be given as

@Dp
@c

jc¼0 ¼ li½�
1
2
� l
2ðh� lÞ �

ðh� psÞ2
2

�\0; ð25Þ

@Dp
@c

jc¼ps ¼ li½
ðh� lÞþ ðps � lÞ

2ðh� lÞ � 1� ðh� psÞ2
2

�\0: ð26Þ

Taking the second derivative of Dp with respect to c, we have

@2Dp
@2c

¼ li½f ðcÞ �
1
2
� ¼ li½

1
h� l

� 1
2
� ¼ li½

1
2
ð 1ffiffiffi

3
p

rv
� 1Þ�: ð27Þ

Given that @2Dp
@2c is a constant, we can tell @Dp

@c is a monotonic function of c. Also,
from (25) and (26), we know the values of @Dp

@c at the two endpoints of c are both
less than zero, so we can say @Dp

@c \0 stands for any c 2 ½0; ps�. Therefore, Dp is a
decreasing function of c. When c = ps

p2�a ¼
Zc

l

cf ðvÞdvþ
Zh

c

vf ðvÞdv�
Zh

ps

ðv� psÞ f ðvÞdv ¼ c;

p3�a = min hþ c
2 ; ps

� � ¼ c; p2�a ¼ p3�a ¼ 0 so Dpjc¼ps ¼ 0. In conclusion,

Dp ¼ p2�a � p3�a � 0, and Dp ¼ 0 only when c = ps.

Case 2: If p3�a ¼ minfhþ c
2 ; psg ¼ ps,

@p3�a
@c ¼ ð�1Þli h�ps

h�l . Taking the first and
second derivatives of Dp with respect to c respectively gives

@Dp
@c

jc¼ps ¼ li½�
ðh� psÞ2

2
�\0; ð28Þ

@2Dp
@c2

¼ lif ðcÞ[ 0: ð29Þ

From (29), we know that @Dp
@c is an increasing function of c, then @Dp

@c \0 stands
for any c 2 ½0; ps� given (28). Therefore Dp is a decreasing function of c. ∵
Dpjc¼ps ¼ 0, ∴ Dp ¼ p2�a � p3�a � 0 stands for any c 2 ½0; ps� and Dp ¼ 0 only when
c ¼ ps.
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Combining Case 1 and Case 2, we have Dp ¼ p2�a � p3�a � 0 which shows that
partial refunding strategy is better than full refunding strategy.

The refunding price in full refunding strategy is higher than that in partial
refunding strategy. Increased refunding price has negative effects on the retailer’s
profit from two aspects. One is that the number of consumers who return coupons
will increase and the other is that the retailer’s marginal profit gained from those
who return coupons will decrease.

4 Conclusions

We assume that market demand is stochastic and consumers’ valuation follows
normal distribution. We divide all consumers into two categories according to
whether they concern about advance selling information or not. We analyze three
refunding strategies of a retailer-no refunding, partial refunding strategy and full
refunding strategy-applied in the two-period advance selling problem separately
and draw some interesting conclusions. We prove that partial refunding strategy
excels no refunding strategy for partial refund policy can reduce the risk of advance
purchase so that consumers can bear higher pre-sale price. But the refunding price
should be lower than the advance selling price. That’s to say the retailer’s profit in
partial refunding strategy is higher than that in full refunding strategy. The reason is
that full refunding policy will lead to higher returning rate and lower margin profit
gained from consumers who return, which will definitely damage the retailer’s
profit. Besides, from the numerical analysis section, we can see that premium
pre-sale may occur when consumers’ valuation is large enough in both no refunding
strategy and partial refunding strategy. But in full refunding strategy, advance
selling price must be lower than spot selling price, which has a negative effect on
the retailer’s profit.
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Research on the Monopolist’ Repurchase
and Remanufacture Decisions Based
on Heterogeneous Consumer Considering
Buy-Back Cost

Zhao-fang Mao, Xin-Xin Li and Wei Liu

Abstract This paper explores the repurchase and remanufacture decision of the
monopolist who produce a durable product that can be used for two periods. It turns
out that the remanufacture decision is profitable only when the production cost,
consumers’ opinion on the remanufactured product subject to some conditions. And
the revenue under remanufacture decision is increasing as the cost of new product
increases. We also find that, it brings market volume increase effect instead of can-
nibalization, which makes the remanufacture behavior beneficial to the monopolist.

Keywords Cannibalization � Durable product � Remanufacture � Repurchase cost

1 Introduction

For a long time, remanufacturing has been popular globally. Because in someway it is
beneficial to reducing the natural resource usage and alleviate the environment bur-
den. It is estimated that the total annual sales in the US is $53 billion in 1997, covering
more than 72,000 remanufacturing firms. Also some famous companies, such as
BMW, IBM, DEC et al. have already proved that remanufacturing is profitable.

However, it is difficult to make the remanufacture decision for the insufficiency
of guidance that the managers can follow. All the mangers seem afraid that the
remanufactured product may bring the cannibalization effect since those product
has the similar or the same function as the new product. “Under which conditions
will the remanufacture decision brings more benefit than the cannibalization
effect?” More management acknowledges are needed for those managers to make
differentiated and effective remanufacturing decisions.

Therefore, the goal of this paper is to provide some useful guidance for the
manufacturer to make remanufacturing decisions. We will explore profitable con-
ditions for the repurchase and remanufacture decision by taking the following factors
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into consideration: (1) The cost of remanufactured product is lower than the new
product. (2) Remanufactured product usually have lower valuation from the con-
sumers. (3) The repurchased price of the used product is a decision variable, which
will have an impact on the supply of the remanufactured product in the second period.

There have been extensive researches on the remanufactured product. One of the
most important direction is that the probability of the remanufacturing. Ayres and
Ferrer [1] evaluates the economics of remanufacturing and points out some prob-
lematic issues specific to remanufacturing that have a substantial impact on prof-
itability. Ferrer andAyres [2] analyzes themacroeconomic impact of remanufacturing
and confirm the intuition that it promotes demand for labor and reduces the con-
sumption of raw materials. DeboL and Van Wassenhove [3] makes research on the
pricing strategy and combined technology choice of the remanufactured product and
new product. Ferguson and Toktay [4] analyzes the remanufacture decision of the
monopolist when there is a third party that is remanufacturing.Heese et al. [5] explores
the effect of the remanufacture decision on the revenue. Guide and Li [6] points out
that the heterogeneity of the consumers makes a great difference to the monopolist’s
remanufacture decision. Another important stream is about studies on the pricing
decisions of the monopolist. Ding et al. [7] studies the pricing decision of the
monopolist under different market share from the perspective of the consumer. Liu
and Tan [8] studies the remanufacturing strategy for monopolist based on the con-
sumers’ type. Other related paper includes [9–13].

However, by summarizing the papers mentioned, it can be concluded that the
buy-back cost of used product from the consumer is not taken into the model as a
decision variable. In their model, they regard the volume of returned product as a
given variable, which has nothing to do with the buy-back price. However, in reality,
the volume of the returned products is greatly impacted by the price of the monopolist
announced. So in this paper, the writer try to answer whether the remanufacture
decision is still profitable when the buy-back cost is regarded as a decision variable.
And how the best solution changes when the given variables changes.

2 Assumptions and Consumer Utility Analyse

2.1 Summary of Nominations

The nominations in the paper is summarized as Table 1.

2.2 Model Assumptions

Assuming that the monopolist manufactures a durable product, which can be used
for two periods. Consumers who purchases the product in the first period can
choose to sell the used product to the monopolist or remain it to the second period.
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The salvage of the product at the end of the first period is dh and is 0 at the end of
the second period.

As for the monopolist, the whole process can be divided into three parts. In the
first period, the monopolist announces the price of the product. Before the second
period begins, the monopolist decides whether to repurchase the used products from
the consumer and remanufacture. If the monopolist does make the remanufacture
decision, he will announce the repurchase price s and the price of the remanufactured
product pr. If not, the monopolist announces the price for the new product. As for the
consumer, they are heterogeneous with respect to their willingness to pay for the new
product. For simplicity, we assume it is θ, uniformly distributed between 0 and 1.
The consumers arrive at the markets in two periods, N1 and N2 respectively in the
first and second period. The consumers buy one product at most and they decide
whether to buy according to the utility model. In the first period, if the consumer’s
willingness to pay is larger than the price, the consumer will buy the product. At the
beginning of the second period, the consumer will sell their used products to the
monopolist on the condition that s is larger. As the second period begins, the con-
sumer will make a decision between the new and remanufactures products after
comparing the utility they can obtain. The timeline is as Fig. 1 represents.

Table 1 Nominations in model

Parameters Definition

cn Manufacturing cost of new product

cr Manufacturing cost of remanufactured product

d Consumer value discount of used product at the end of first period

dr Consumer value discount of remanufactured product

p1 Sales price of the new product

pr Sales price of the remanufactured product

s The monopolist’s repurchased price of the used product

1.The monopolist announce

2. Consumer decide whether to buy

or not 

1. The monopolist announce

2. Consumer decide to buy new or

remanufactured product according to his 

utility.

1. The monopolist announce 

2. Consumers decide whether to

resell their used product

The first period 
time before the 

second period The second period

1.The monopolist announce

2. Consumer decide whether to buy 

or not 

1p

s

1. The monopolist announce

2. Consumer decide to buy new or 

remanufactured product according to his 

utility.

rp

1. The monopolist announce 

2. Consumers decide whether to

resell their used product

Fig. 1 Timeline of the model
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