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Abstract The market for remanufactured products is large and growing rapidly,
accelerated by the widespread popularity of internet sales and online auctions.
Whereas extant remanufacturing research focuses primarily on such operations
management issues in collecting of end-of-life products, remanufacturing tech-
nologies, production planning, and inventory control, we consider an operations-
marketing interaction issue by identifying the optimal channel structures for mar-
keting new and remanufactured products. Specifically, based on observations from
current practice, we consider three channel strategies a dominant manufacturer can
adopt: (1) marketing both new and remanufactured products through an independent
retailer; (2) marketing the remanufactured products through the independent retai-
ler, while controlling the new product sales by using its own online channel; (3)
marketing the remanufactured products through the manufacturer-owned online
channel, while selling new products through the independent retailer. Our results
show that the manufacturer prefers to differentiate new and remanufactured prod-
ucts by opening a direct online channel, no matter how the system parameters
change. However, which type of products (new or remanufactured) the manufac-
turer should sell through the online channel depends on the cost saving from
remanufacturing, the customer’s acceptance of remanufactured products and the
online inconvenience cost. Furthermore, this paper shows that, compared with
channel strategy I where the manufacturer sells both new and remanufactured
products through an independent retailer, this dual channel strategy benefits the end
consumers, but might do harm to the retailer and the total supply chain in some
situations.
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1 Introduction

Nowadays, with the popularization of electronic commerce, more and more
consumers prefer to purchase products online. According to Forrester Research
(March 2012), the total e-commerce sales of Europe in 2011 has reached over £82
billion, and the online shoppers are growing at the rate of 12 %, which will result in
£146 billion transaction values of online shopping by the year 2016. The advent of
e-commerce has prompted many manufacturers that previously sold their products
indirectly through third-party retailers to establish online channels to sell products to
the consumers directly. Some well-known examples are Compaq, Hewlett—Packard,
IBM, Eastman Kodak, Nike, Mattel, and Apple, among others [31, 39, 41].

Besides, due to rapid innovation and development in science and technology as
well as customer behavior in pursuing latest style, the life cycle of many products
becomes shorter and shorter, especially for those technology-based products. This
trend yields a large number of waste products. If these waste products are not
handled well, they will generate the environmental pollution issues and waste lots of
resources. Therefore, remanufacturing activities are becoming more and more
prevalent in many industries, especially in those international well-known
companies such as Apple, Canon, HP, Lenovo and Panasonic [50]. Recent
estimates for remanufactured product sales exceed $100 billion per year with
consumer markets representing approximately $10 billion worth of sales per year
[19]. On the one hand, the government devotes a lot of effort to encouraging
enterprises to engage in collecting and remanufacturing. For example, the State
Council of China issued “several opinions on speeding up the development of
recycling economy” in 2005 and clearly supported the development of remanu-
facturing [40]. On the other hand, it might be profitable for a firm to engage in
remanufacturing, because remanufacturing saves not only a lot of raw materials but
also much of energy compared with producing new products [20, 50]. Although
research studies on the remanufacturing supply chains have increased noticeably in
the past two decades, much of the literature focuses primarily on collecting of end-
of-life products, remanufacturing technologies, production planning and inventory
control (see, e.g., [14, 17, 37], among many others). To the best of our knowledge,
there is little literature addressing the problem of choosing appropriate channel
structures for marketing new and remanufactured products.

Traditionally, the manufacturer sells both new and remanufactured products
through independent retailers. However, this practice leaves the manufacturer a risk
of the retailer’s opportunism behavior to sell the remanufactured products as new
ones to the consumers, which might do harm to the manufacturer’s reputation as
well as its profitability. A typical example is the case between HP and its dealer, like
Hong Hengchang. Please refer to [29] for more details. As a result, many
manufacturers try to differentiate new and remanufactured products through
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different sales channel structures. One option is selling remanufactured products
through the manufacturer-owned online channel, while the new products are still
sold through the independent retailers. For example, Apple sells refurbished (note
that, Apple uses the term “refurbished” instead of remanufactured) products
directly through its online store with the same One-Year Limited Warranty a
customer can get with the new products [3]. Other examples include Bosch Tools,
Canon, Gateway, and Sun [4]. Another option is selling the new products through
the manufacturer-owned online channel, while maintaining the remanufactured
products sold through the independent retailers. For example, Panasonic sells its
new products through its own online store and some traditional retailers, while
subcontracts the marketing activity for its remanufactured Toughbook computers to
three authorized retailers—Telrepco, Buy Tough, and Rugged Depot [33]. Similar
cases also appear in the auto mobile industry [50].

Based on the real-life examples in practice, we develop three channel structures
for marketing new and remanufactured products in this paper, namely, (1)
marketing both new and remanufactured products through an independent retailer;
(2) marketing remanufactured products through the manufacturer’s own online
channel, while new products are sold through the retailer; (3) marketing the
remanufactured products through the retailer, while controlling the new product
sales by using its own online channel. These models allow us to answer the
following questions:

(i)  which channel structure is the best choice of the dominant manufacturer?
(i) how do different channel structures affect the retailer, the supply chain
efficiency and the end consumers?
(iii))  how do the system parameters affect the equilibrium outcomes?

Our analysis leads to the following main results.

First, compared with selling both new and remanufactured products through an
independent retailer, the manufacturer is better off by differentiating new and
remanufactured products through a dual channel strategy. However, there is no clear
dominance among those channel strategies. That is, from the dominant manufac-
turer’s perspective, the optimal channel structure is of threshold type, mainly
depending on the cost saving from remanufacturing, the customer’s acceptance of
the remanufactured products and the online inconvenience cost. To be specific,
under the lower cost saving case, when the customer’s acceptance of remanufac-
tured products and the online inconvenience cost are not sufficient large, the best
choice for the manufacturer is channel strategy II where new products are sold
through the manufacturer-owned e-channel. Otherwise, channel structure III
becomes the best choice. Under the high cost saving case, we can show that the
best choice is channel structure III when the acceptance of remanufactured products
is sufficient high but the online inconvenience cost is low. As the online
inconvenience cost increases, the superiority of channel structure II over the other
two strategies becomes more significant, and becomes the best choice for the
manufacturer no matter what the customer’s acceptance of the remanufactured
products is.
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Second, we can show that the retail prices of both new and remanufactured
products will be lower under channel strategy II (III) in comparison with those in
channel strategy I. That is, the consumers are better off under a dual channel
strategy since they can buy products at lower prices. Furthermore, we get that the
retailer can also benefit from the dual channel strategy in some common situations,
which is counter-intuitive. Therefore, a dual channel strategy might yield a win—win
outcome for all the members involved in a supply chain in some situations.
However, our results show that the dual channel strategy might be harmful to the
whole supply chain since it cannot enable the supply chain to achieve the highest
profit in all situations. Instead, channel strategy I might be the best choice from the
perspective of the whole supply chain.

The reminder of the paper is organized as follows. Section 2 reviews the related
literature and explains our contributions in more detail. Section 3 describes the key
elements of our basic model and introduces notations and assumptions. Section 4
outlines our three models, and conducts a comparison study to report our main
findings. Section 5 concludes the paper.

2 Literature review

Our paper relates to the research stream on dual channel management. Among many
others, one important stream of previous studies on dual channel management
mainly focuses on pricing strategies to alleviate the potential channel conflict (see,
e.g., [6, 9, 26, 27, 48], among many others). Other related issues on dual channel
management include supply chain coordination (see, e.g., [35, 47]), service
competition (see, e.g., [8, 12, 31]), product variety (see, e.g., [28, 34, 43]),
disruptions (see, e.g., [25, 38]), among many others. However, these aforementioned
studies only consider relevant issues with regard to new products. This paper differs
from the existing literature by introducing remanufactured products to the market in
addition to new products, and studies the manufacturer’s problem of choosing an
appropriate channel strategy to manage new and remanufactured products.

Our work is also closely related to the literature on the remanufacturing. Current
studies to this topic mainly focus on collecting of used products from customers,
remanufacturing technologies, inventory control and production planning with a
given channel structure (see, e.g., [5, 13, 21, 37], among many others). Two steams
of remanufacturing literature are very relevant to our paper. The first stream is the
relevant studies which focus on the pricing and competitive behaviors between new
and remanufactured products. For example, Ferrer and Swaminathan [15] develop a
multi-period model in which the manufacturer makes new products in the first
period and uses returned cores to offer remanufactured products along with new
products in future periods. They characterize the production quantities and prices
associated with self-selection in both monopoly and duopoly environments, and
explore the effect of various parameters in the Nash equilibrium. However, this
paper assumes there is no difference between the new and remanufactured products
in terms of customer’s willing-to-pay and prices. Ferrer and Swaminathan [16]
extend the model of Ferrer and Swaminathan [15] by considering a situation where
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the remanufactured product is differentiated from the new one, and characterize the
optimal remanufacturing and pricing strategies for a firm in two-period, multi-
period and infinite planning horizons respectively. Atasu et al. [4] investigate the
problem of whether or not to offer remanufactured products. This research shows
that the remanufacturing decision is driven by factors such as competition, cost
savings, cannibalization and product life-cycle effects. Wu [42] studies the problem
of price and service competition between new and remanufactured products in a
supply chain consisting of a traditional manufacturer, a remanufacturer and a
retailer. Abbey et al. [2] investigate the optimal pricing of new and remanufactured
products using a model of consumer preferences based on extensive experimen-
tation. In contrast to the common wisdom that the new product prices should
decrease when remanufactured products enter the market, this paper shows that the
optimal price of new product should increase. San Gan [36] develop a model that
optimizes the price for new and remanufactured short life-cycle products where
demands are time-dependent and price sensitive.

The second stream of remanufacturing literature that mostly related to our
paper address the problem of choosing an appropriate channel for marketing new
and remanufactured products. However, there are very few studies in this stream.
Two exceptions are [40] and [50]. Wang et al. [40] consider situations where the
remanufacturer has two options for selling the remanufactured products. One is
that the remanufacturer provides the remanufactured products to a manufacturer
who only produces new products, and then the new product manufacturer sells
both new and remanufactured products to customers. The other option is that the
remanufacturer sells the remanufactured products directly to customers. Obvi-
ously, the setting in [40] is different from ours since we consider one
manufacturer producing both new and remanufactured products and deciding
whether or not to open a direct online channel. Yan et al. [50] consider that a
manufacturer produces both new and remanufactured products and has two
options for marketing their products. One is marketing the remanufactured
products directly to the end consumers through its own online channel but
wholesaling new products to an independent retailer. The other one is wholesaling
new products to an independent retailer but subcontracting the marketing activity
of remanufactured products to another independent retailer. In addition to the
channel strategies considered in [50], we further consider two possible channel
strategies for the manufacturer. One is that the manufacturer can sell both new
and remanufactured products through one independent retailer (i.e., channel
strategy I in our paper), and the other one is that the manufacturer can sell the
remanufactured products through the independent retailer but control the
marketing of new products through its own online channel (i.e., channel strategy
Il in our paper). Besides, the above two studies assume the consumer has no
preference between different marketing channels. We relax this assumption and
impose an online inconvenience cost to model the preference difference between
the retail channel and the online channel. Due to these differences, some new and
interesting results and managerial insights are established.
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3 Model description and assumptions

Consider a stylized two-echelon supply chain consisting of one manufacturer and
one retailer. The manufacturer (a male) is the Stackelberg leader and produces both
new and remanufactured products. This implicitly assumes that the manufacturer
and the remanufacturer are the same entity. We believe this assumption is
appropriate for two reasons. First, many original equipment manufacturers,
including Apple, Bosch, Cannon, Hewlett-Packard, Lenovo, Panasonic and Xerox,
have now engaged in remanufacturing activities. Second, this assumption has been
widely used in previous studies (see, e.g., [ 4, 7, 16, 36, 37, 45, 50], among many
others). The manufacturer’s products can be sold through the traditional retail
channel or the online channel. Therefore, the manufacturer has the following three
options for marketing their products:

(1) Channel strategy I marketing both new and remanufactured products through
the traditional retail channel (See Fig. 1a). Under this case, the manufacturer
sells the new product at a wholesale price of w,/unit and the remanufactured
product at w,/unit to the retailer. The retailer then resells these products to the
consumers at p,/unit and p,/unit respectively. The subscript “n” and “r” in
the above notations refer to the new products and remanufactured products,
respectively.

(2) Channel strategy Il marketing the remanufactured products through the retail
channel but selling the new products through its own e-channel (See Fig. 1b).
Under this case, the manufacturer wholesales the remanufactured products to
the retailer at w,/unit, and the retailer then sells them to the end consumers at
p/unit. The manufacturer also sells the new products to the end consumers at
a retail price of p,/unit through his own online channel.

(3) Channel strategy III marketing the new products through the retail channel
but selling the remanufactured products through its own e-channel (See
Fig. Ic). Under this case, the manufacturer sells the new products to the
retailer at w,/unit, and the retailer then resells them to the end consumers at

(a) (b) (c)
| |
‘ Manufacturer. } ‘ Manufacturer ‘ | Manufacturer
New,| Remanufactured Remanufactured New|
W | { wr b New ! Remanufactured
. 2 _— By p 7
Retailer Retailer ‘ ‘ Retailer
T T
Pn pr pr Pn
} Potential Consumers Potential Consumers ‘ Potential Consumers

Fig. 1 Three distribution channel strategies for the manufacturer. a Channel strategy I, b Channel
strategy II, ¢ Channel strategy III
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p,/unit. The manufacturer also sells the remanufactured products to the end
consumers at p,/unit through his own online channel.

In order to develop our model, we make the following assumptions:

Assumption 1 The manufacturer produces the new products at c,/unit, and
produces the remanufactured products at c,/unit. We assume c,, > ¢, to ensure that
making a remanufactured product is less costly than producing a new one. This
assumption is widely accepted in previous research (see, e.g., [16, 37, 51], among
many others). In practice, cost reduction is a main reason for many manufacturers to
engage in remanufacturing, which provides 30-70 % cost savings compared with
producing products with full new components [20, 22]. Without loss of generality,
we assume ¢, = 0, which is in accordance with previous research like [44] and [50].

Assumption 2 At a certain stage of the product life cycle, there are overall
Q potential consumers in the retailing market. Consumers are heterogeneous with
respect to their willingness to pay for the new products V, which is assumed to be
uniformly distributed between O and 1. Let f € (0,1) denote the customer’s value
discount for the remanufactured products. That is, when a consumer values the new
product at V, it values the remanufactured product lower, i.e., fV, where < 1. This
assumption is appropriate reflection of reality. First, the lower willingness-to-pay
model reflects that the consumers may feel uncertain about the remanufactured
product’s quality, since many firms (like Apple, Cannon, Hewlett Packard, among
many others) provide a much shorter warranty for remanufactured products than for
the new products (see, e.g., [32, 50]). Second, consumers may believe that the
remanufactured products are somehow contaminated or dirty due to prior ownership
of the products—a concept embodied in the literature regarding the psychological
concept of disgust [1].

Assumption 3 To consider a consumer’s preference between the retail channel
and the online channel, we assume the customer incurs a cost of # when purchasing
products online. The variable ¢ can be explained from two aspects. First, if the
product is purchased from the online channel, typically the consumer will be
charged a shipping and handling fee [23, 49]. This is the explicit cost for the
consumer, and thus he will take this cost into account when he makes the purchasing
decision. Second, the variable ¢ can also be regarded as the reduction of the
consumer’s willingness to pay (or reservation value) for the products purchased
from the online channel. The consumer often values the products purchased from
the online channel less than what purchased from the retail channel. This is because
the online channel provides consumers with only a virtual description of the
product, which eliminates the use of touch, taste, smell, and often sound from the set
of senses used in the pre-purchase evaluation and can cause evaluation mistakes [9].
Even if the product may be returned after a mistaken purchase, the refund is
typically only partial, therefore reducing the expectation of consumption value [11].
Furthermore, the consumer will be asked to wait several days for delivery, which
further decreases the value of the products sold through the online channel [23]. We
capture the decrease in value by the parameter ¢. That is, when the products are sold
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through the traditional retail channel, the willingness to pay for the new products (or
remanufactured products) is V (or fV). However, when the consumer purchases
products from the online channel, the willingness to pay for the new products (or
remanufactured products) will be V—t (or fV—1).

Assumption 4  All the supply chain members have access to the same information
of all the system parameters. This assumption of information symmetry was widely
used in the literature (see, e.g., [24, 37, 46], among many others) to control for
inefficiencies and risk-sharing issues resulting from information asymmetry [50].

4 Equilibrium analysis for various distribution channel strategies

In the following subsections, we will first derive the optimal outcomes for each of
the three channel strategies, and then conduct a comparative study to identify the
manufacturer’s best channel choice under various conditions.

4.1 Channel strategy 1

Under this case, both new and remanufactured products are sold through an
independent retailer. The decision sequence under this situation is as follows. First,
the manufacturer determines the wholesale prices of the new products w,, and the
remanufactured products w, charged to the retailer. Second, given any (w,,w,)-
values, the independent retailer subsequently determines the optimal retail price of
the new products p,, and the remanufactured products p,. At last, the consumers in
the retail market decide which product to buy via evaluating its corresponding
utility. The sequential game is usually solved by using backward induction (see,
e.g., [10, 31]). Therefore, we first consider how would a consumer react to any given
(P py) values declared by the retailer. Given assumption 2, a consumer gets a utility
of U, = V—p, from the new product and a utility of U, = fV—p, from the
remanufactured product. The consumer purchases the new product if U, > 0 and
U, > U,. Similarly, the consumer will purchase the remanufactured product if
U, > 0 and U,, < U,. Therefore, the self-selection demand functions for the new and
remanufactured products are given as follows.

Pn — Dr .
1 - , i pr<fBpa
0 = Q( 1—/>’> P ﬁp, (1a)
o1 — py), otherwise

1-p B

0, otherwise

n — Pr Pr .
q]r: Q( __>7 lfpr<ﬁpn. (1b)

Note that, the variables ¢, and ¢, in the above equations denote the demand func-
tions (or order quantities) for the new and remanufactured products respectively.
They may have the superscript as ‘Y’, where ‘Y’ may be ‘I’ for channel strategy I,
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“II” for channel strategy II, and “III” for channel strategy III. The functions stated
above indicate that the demand for new products increases when their price
decreases or when the price of remanufactured products increases, and vice versa.
Since the manufacturer would only consider prices that would lead to non-negative
demand, we will disregard the situation “p, > fip,”.

After identifying how consumers select either product, the retailer then
determines the optimal retail prices p, and p, to maximize her own profit which
can be stated as:

%:‘}} nfe((pn,p,)|(wn,wr)) = (Pn = Wa)qn + (Pr — Wr)qr, (2)
where 7} denotes the profit for entity “X” under situation “Y”. The subscript “X”
may be “M” for the manufacturer, “R” for the retailer, and “C” for the whole
channel; and the superscript “Y” denotes the corresponding channel strategy. It is
easily shown that the Hessian matrix of Eq. (2) is negative definite due to
62n§:__Q<O 62_7*: aznklaznfe_ aznk . aznk _ 402
Pp, 1-p = %, ﬁ(l ﬁ °p, Op,  OpuOpr  OpOpn — P(1-P)
any f§ € (0, 1), which means Eq. (2) is a jointly concave function with respect to p,,
and p,. Therefore, solving the first order conditions with respect to p,.. and p, gives

> 0 for

) <0, and

I+w B+w,
T pf =" 3
P, 5Py 7 (3)

The superscript “rf” in Eq. (3) denotes the optimal “response function” for the
retailer. Obviously, the optimal retail price for new products (remanufactured
products) is only related to its respective wholesale price.

At the last step, the dominant manufacturer determines the optimal wholesale
prices w,, and w, to maximize his own profit by taking the retailer’s optimal response
functions into consideration. Therefore, substituting Eq. (3) into Eq. (1) gives the
manufacturer’s problem of maximizing his profit as:

%%}f TE/IV[(W,,, wy) = (W — Cn)qu + qulrf' (4)
Again, we can easily prove that the Hessian matrix of Eq. (4) is negative
o, _ <o, Ot Ty Oy P,
' Pw, /3( B) P Pw, OPw,  Ow, 0w, Ow,.0w,

21
definite due to & — —% <0

3wy,
/;(1 /ﬁ > 0 for all f§ € (0,1), satisfying the second order condition for a maximum.
Solving the first order conditions with respect to w,, and w, gives the optimal pricing
policies for the manufacturer and the retailer in the following proposition.

Proposition 1

(@) The optimal wholesale prices charged by the manufacturer are

Ix __ cptl Ix __
n 2 Wy =

[S1ae

w

(b) The optimal retail prices charged by the retailer are
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Py =a32pl =3,

The superscript “*” in proposition 1 indicates the optimal solutions. Proposition 1
shows that the optimal equilibrium prices of new products are fully determined by its
own cost, and the equilibrium prices of remanufactured products are only relative to
the value discount parameter f3. Substituting the optimal price decisions into Egs. (1),
(2) and (4) gives the optimal demand quantities and the optimal profits as follows:

Corollary 1

(@) The optimal demand quantities of the new and the remanufactured products
are respectively given by

Ix _ Q M Ix _ _Qcy
qn _Z<1_16Tﬁ)’qr —4(1i/s)~

(b) The optimal profits of the manufacturer, the retailer and the whole channel
are respectively given by

o QlBey+ B - B)(1 —2¢,)]

"k 165(1 - p) ’

i _ Qlpei+ (1= B)(1 — 2c,)]
m 88(1— ) ’

b 3Q[Bc? — 2Bcuc, + B(1 — B)(1 — 2¢,)]
¢ 168(1 — B) '

In order to ensure that the demand quantities are non-negative, we have the
following assumption:

0<f<1—cy. (5)

This assumption indicates that the consumer’s acceptance of remanufactured
products cannot be too high (i.e., f < 1—c,); otherwise, the potential consumers
will be not willing to buy new products (i.e., ¢, < 0).

From the expressions in Proposition 1 and Corollary 1, the impact of the cost
saving (i.e., ¢,) and the value discount parameter (i.e., /) on the equilibrium
outcomes can be derived in the following Corollary.

Corollary 2

(@) Owh /e, >0, 0wl /O > 0, Opl/oc, > 0 and LR > 0,
(b) 0¢./0c, <0, 0¢5 /0B < 0, 3¢ /dc, > 0, and 0g/0p > 0,
(c) Onk/dc, <0, dnk/Op > 0,
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(d) Omh/oc, < 0, dnh/Op > 0;
(e) Onk/oc, <0, 0nL/p > 0.

From Corollary 2, we can get the following managerial insights: (i) the optimal
equilibrium prices of new products will increase as the production cost ¢, increases.
As a result, the demand quantity for new products decreases as the product cost
increases. The optimal equilibrium prices of remanufactured products increases as
the value discount parameter f§ increases. A higher value discount parameter means
that the consumers perceive the two types of products more substitutable, which
leads to a higher demand quantity for remanufactured products, and thus a lower
demand quantity for new products. (ii) Corollary (c) to (e) indicates that all the
players as well as the whole supply chain will be hurt by a higher product cost, but
will benefit from a higher f§. Therefore, if the companies want to enhance their
profitability, they have two effective ways. One is to reduce the production cost as
much as possible by investing in process innovation (see, e.g., [18]). Another
method is that the manufacturer as well as the retailer should devote more effort to
persuading the customers that there is little even no difference between new and
remanufactured products by advertising or providing longer warranty for reman-
ufactured products.

Corollary 3

@ w, >w,, and p, >p;;
() ¢ > g when p € (0,1-2c¢,); ¢ < g~ when B € (1—2¢,,1—c,).

Corollary 3(a) indicates that the manufacturer will set a lower wholesale price to
the retailer due to the lower acceptance of the remanufactured products. This will in
turn induce a lower retail price, which is consistent with previous literature. As
reported in [30], the prices of remanufactured products are typically 30-40 % lower
than those of new products.

Corollary 3(b) shows that the demand quantity for new products is larger than the
demand quantity for remanufactured products when f is not too large (i.e.,
f < 1-2c,); otherwise, the demand quantity for remanufactured products will
exceed that for new products. This can be understood as follows. As f increases, the
consumers’ perception of the difference between new and remanufactured products
diminishes, and thus the remanufactured products become more attractive due to the
price advantage shown in Corollary 3(a).

4.2 Channel strategy I1
Under this case, the new products are sold through the manufacturer’s own online
channel, while the remanufactured products are sold through an independent

retailer. Following the same logic in Sect. 4.1, we can derive the demand quantity
for either product type as:
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pn_pr+t .
| ———— 71f r< w1
q, = Q( 1ﬁ> Pr<flont1) (6a)
O(1—p,—1), otherwise
pn_pr+t pr .
1 _n  h 71f < n 1
q; = Q< 1-p ﬁ> pr<flon ) (6b)
0, otherwise

In contrast to channel strategy I, the manufacturer sells new products directly to
the customers through his own online channel, and thus the retailer’s problem at this
situation can be formulated as

Nﬁ?x ng(prl(pmwr)) = (pr — Wr)gy- (7)

The manufacturer’s problem of optimizing his profit can be stated as:

EAA%X n}llfl((pmwr)lpr) = ( n — Cn)‘]n + wigy. (8)

By solving this classical Stackelberg game, we can obtain the optimal pricing
policies for the manufacturer and the retailer in the following proposition.

Proposition 2

(@) Under channel strategy I, the equilibrium prices charged by the manufac-
turer are:

14+c¢,—t
WII*:E pII*:—n.

r 2 » n 2
(b) Under channel strategy I, the equilibrium price charged by the retailer is

pII* _ ﬁ(cn +t+2)

r 4 *

With Proposition 2, we can derive the equilibrium demand quantities and profits
summarized in the following corollary.

Corollary 4

(@) The optimal demand quantities of new and remanufactured products are

q”* _ Q[ﬁ(t +Cn — 2) + 2(1 — 11— Cﬂ)] % Q(t + Cn)

: 0-p) AT

(b) The optimal profits of the manufacturer and the retailer are
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ne O{B[-2+202—1)c, + 4t — 1> = 2] + [2¢2 +4(t — Ve, + 2+ 22 — 41 }
e 81— P) ’

ng :716(1’1713) nICI 771551 —0—71%

To facilitate comparison of the interior solutions to three channel strategies, as in
[37] and [50], we impose the following assumption.

B<pByort<ty, where B; = [2(1 —t —c,)]/(2 —t —cn), 1y

= [Blea =2) +2(1 = )]/ (2= B) ©)

From Proposition 2 and Corollary 4, the impact of system parameters on the
equilibrium outcomes is summarized in the following corollary.

Corollary 5§

() awﬁ’*/aﬁ > 0;

(b) op¥ @c,,>0 ap ot < 0; 0p e, > 0, p /O > 0, and POt > 0;

(©) 6q /éc,l <0, og! /6/3 < 0, and aqff /ot < 0,

) 3¢ ¢, > 0, 0" /aﬁ > 0, and aqﬁ’ /ot > 0,

(e) ”*/ac,l > 0, Onht /c)ﬁ > 0, and Only /ot > 0;

®) 67t /(3c,1<0 Oy /op > 0, and dmly /ot < 0;

(g) on/Ap > 0 for allfe(0, 1); o /oc, < 0 and On /ot < 0 if < 4(1—t—c,)/
(4 t—c,); otherwise, dnt"/dc, > 0 and dnX"/dt > 0.

Corollary 5(a) shows that, the wholesale price of remanufactured products
increases as f increases, which is consistent with that in channel strategy I. Since
new product is sold through the manufacturer’s online channel under this case,
Corollary 5(b) shows that its retail price is only relative to the production cost ¢,, and
online cost ¢, but not influenced by the consumer’s acceptance of remanufactured
products. Furthermore, the retail price of new products increases (decreases) as the
production cost (online cost) increases. For remanufactured products, Corollary
5(b) shows that the retail price in traditional channel depends on not only the value
discount parameter, but also the parameters relative to new products sold in online
channel, which is different from that in channel strategy I. Besides, we know that
the retail price of remanufactured products increases as the online cost ¢ increases.
This is because some customers will switch from the online channel to the
traditional channel when online inconvenience cost ¢ increases, which gives the
retailer some leeway to increase its retail price.

Corollary 5(e) shows that the retailer’s profit always increases with the production
cost ¢,,, the value discount parameter f3, and online cost ¢. This is because the demand of
new products will decrease while the demand of remanufactured products will
increase as these parameters increase, which are stated in Corollary 5(c) and 5(d). A
higher demand together with a higher retail price for remanufactured products leads to
a higher profit for the retailer.
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Corollary 5(f) shows that the manufacturer’s profit decreases with product cost ¢,
and online inconvenience cost ¢, but increases with the value discount parameter f.
This can be explained as follows. Actually, the manufacturer’s revenue comes from
two streams: one is the new product sales in online channel and the other one is the
remanufactured product sales in traditional channel. All other things being kept
constant, when only the production cost ¢, (or online inconvenience cost f)
increases, the loss from the decreased demand of new products exceeds the gain
from the increased demand of remanufactured products, and this leads to the
manufacturer’s profit decreasing with ¢, (or 7). In contrast, the gain from the
increased demand of remanufactured products exceeds the loss from the decreased
demand of new products as f increases, which results in the manufacturer’s profit
increasing with f.

The whole channel’s profit is a combination of the manufacturer and the retailer’s
profits. Therefore, Corollary 5(g) shows that the whole channel’s profit increases
with f in the whole interval since both the manufacturer and the retailer’s profits
increase with ;. However, the total channel’s profit is not monotonic with ¢, and
t. Specifically, when f is relative small (i.e., p <4(1—t—c,)/(4—t—c,)), the
wholesale channel’s profit decreases with ¢, (or f). This is because the whole
channel’s profit mainly comes from the new product sales under this situation. As
the production cost ¢, (online inconvenience cost ) increases, the revenue from
remanufactured products will increase but the revenue from new products will
decrease. The gain from the remanufactured products exceeds the loss from the new
products, which leads to the phenomenon that the total channel’s profit decreases
with ¢, (or f). However, when f is relative large (i.e., § > 4(1—t—c,)/(4—t—c,)), the
whole channel’s profit mainly comes from the remanufactured products. As the
production cost ¢, or online inconvenience cost ¢ increases, more customers will
choose to buy remanufactured products from the traditional channel, which leads to
a higher revenue from the remanufactured products. Therefore, the total channel’s
profit will increase as c, (f) increases.

Given the expressions in proposition 2 and the conditions in Eq. (9), we have the
following proposition.

Corollary 6

(a) pg: >pr* when < [2(1 + ¢,—t)]/(2 + t + ¢,); otherwise, p”* < py :,
(b) p,[f* > p"* when t < [2—B)(1 + c)—PI2 + P); otherwzse pa <pfl .
(©) q,If > qf when f < (2—3t—3c,)/(2—t—c,); otherwise, qn < q

d) g7 > g™ when t < [2—3c,—(2—c,)BI/(3—P); otherwise, ¢ < qg*.

Corollary 6(a, b) implies that when the new and remanufactured products are
differentiated by different distribution channels, the retail price of the remanufac-
tured products is not necessarily lower than the price of the new products. On the
contrary, when the customer’s value discount f or the online inconvenience cost
t exceeds a certain threshold, the retailer will charge a higher retail price for the
remanufactured products. There are two potential reasons for this phenomenon.
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First, the double marginalization problem in the traditional retail channel makes the
cost of selling remanufactured products for the retailer is higher than that for the
manufacturer to sell new products. The retailer transfers this cost to the consumers
by charging a higher retail price. Second, the higher the f-value (¢ value) is, the
more (lower) the customer values the remanufactured (new) products. This also
gives the retailer some space to increase the retail price of remanufactured products.
Although this result is somehow counter-intuitive, it is not entirely unrealistic.
However, as reported in [4], there could be some consumers who value the
remanufactured products more because of its environmental friendliness. Interest-
ingly, a higher retail price of the remanufactured products does not lead to a lower
demand. In contrast, Corollary 6(c, d) show that, the demand for remanufactured
products is larger than the demand for new products when f3 (or ¢) exceeds a certain
threshold.

4.3 Channel strategy II1

Under this case, the remanufactured products are sold directly through the
manufacturer’s own online channel, while the new products are sold through an
independent retailer. Similarly, we can derive the demand for either product type as
follows.

pn_pr_t .
()

n = -5 (10a)
o1 —py), otherwise
n pr —t pr + t .
Q( - )a lfpr<ﬂpn_t
g = 1-p B (10b)
0, otherwise

Under this situation, the manufacturer sells remanufactured products directly to
customers, and therefore the profit function of the retailer is shown as

1\/[[73)( ﬂgl( | (Wns Pr)) = (P — Wa) G- (11)

The manufacturer’s profit-maximizing problem can then be stated as:

Max nﬁll((wn?[]r”pn) =Dprqr + (Wn - Cn)‘]n- (12)

PrWn

By means of the method similar to that of the above two models, the two players’
optimal pricing decisions under this channel strategy are derived as shown in the
following proposition.
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Proposition 3

(@) Under channel strategy IlI, the equilibrium prices charged by the manufac-
turer are

ms L+ en g B

—1
n 2 » Er 2 :

(b) Under channel strategy III, the equilibrium retail price charged by the
retailer is

e Cntt—p+3
n :f

With Proposition 3, we can find the optimal demand quantities and profits of both
supply chain members. These results are summarized in Corollary 6.

Corollary 7

(@) The optimal demand quantities of new and remanufactured products are

s _ QU —B—cutt) g _ Q[_ﬁz +(1+1+ca)p— 2
n aa-p " 4(1-p)p

(b) The optimal profits of the manufacturer and the retailer under channel
strategy Il are

Q{fﬁ3 F2en + O 4282 — [+ 2(en + D)t — (cn — 1)2]ﬁ}

n,lll* _

e 8B(1 - pB) ’
* Q(]_ﬁ+t_cn)2 * * *
W qe g e T T

In order to ensure “¢’"">0” and “¢”" > 07, we make the following
assumption:

Py<f<min(l +t— ¢y, f3), ort<ty, (13)

where ﬂ2:(1+t+cn—\/(l+t+cn)2—8!)/2, ps =
<l+t+c,,+\/(1+t+cn)2—8t)/2, and t, = (=% + (1 +¢,)B) /(2 = B).

Based on Proposition 3 and Corollary 7, we investigate the sensitivity analysis of
some useful parameters on the optimal decision variables as well as optimal profits
of the players involved and the whole supply chain. These results are summarized in
the following corollary.
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Corollary 8

(a) 6wfl" /0c,, > 0;

()  p e, > 0, PIB < 0, Op /ot > 0; PR > 0, and O™/t < 0;

(©) ’” fdc, <0, dg"" > 0; 3gRP <0 if t <c, and 3g"RP >0 if
t > Co;

d)  0¢™ /¢, > 0, 0" /ot < 0; when t < c,,, ¢ /OB > 0; when t > c,, 0™/
B>0if B< [2t—/2t(t—cn)]/(t+cu) or B> [2t4+ /2t(t —c,)]/
(t + cu), otherwise, dq""/0B < 0.

(e) Onk"/oc, <0, Oni"/Op < 0, and O /ot > 0;

® 6711” /¢, < 0, and OmiI" /ot < 0;

(2) o fdc, < 0.

Note that, remanufactured products are now sold directly to the customers
through the manufacturer’s own online channel. Therefore, as shown in Corollary
8(b), the retail price of remanufactured products decreases while the retail price of
new products increases as the online inconvenience cost ¢ increases, which in turn
leads to a higher demand of new products but a lower demand of remanufactured
products. Besides, when the production cost ¢, increases, the manufacturer will
charge a higher wholesale price to the retailer, which in turn results in a higher retail
price of new products to the consumers. As a result, the demand of new products
decreases while the demand of remanufactured products increases with c,, as stated
in Corollaries 8(c, d). We can also get from Corollary 8(b) that a higher § always
enables the manufacturer to charge a higher retail price for remanufactured
products. Due to the cannibalization effect, the retailer has to set a lower retail price
for new products. However, a higher f§ does not necessarily lead to a higher demand
but sometime even a lower demand for remanufactured products as shown in
Corollary 8(d). This is because there are two effects, the perceived value of
remanufactured products and the online inconvenience cost, affecting the
customer’s decision of whether or not to buy remanufactured products. When the
online inconvenience cost is sufficient small (i.e., t < c,), the former effect
dominates the latter, and thus the demand of remanufactured products increases
with 5. Due to the existence of cannibalization effect, the demand of new products
decreases with f# under this situation as shown in Corollary 8(c). Otherwise, the
latter effect becomes the dominant one when the customer’s acceptance of
remanufactured products is relatively-medium, and thus we get that the demand of
remanufactured products will decrease as f§ increases under this situation.

Corollaries 8(e—g) show that the profits of the manufacturer, the retailer, as well
as the whole supply chain all decrease in c,,. Therefore, the supply chain should keep
the production cost as low as possible. Besides, we can get that the manufacturer
will be hurt but the retailer will benefit as the online inconvenience cost ¢ increases.
The only ambiguity in this model is whether the manufacturer’s profit rise or fall
when f§ increases. On the one hand he obtains higher revenue from the
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remanufactured products. On the other hand, the revenue from new products will be
lower. It is analytically unclear which of these two effects is more important.

Comparing the corresponding decisions for new and remanufactured products in
Proposition 3 and Corollary 7, we have the following corollary.

Corollary 9

@ p™ > p"™ for all B or t values.
(b) q,lfl* > g " when p < t/c, ort> fc,, otherwise, q,lfl* < g™ ",

Corollary 9(a) indicates that the manufacturer will set a lower retail price for the
remanufactured product in comparison with the retail price of the new products set
by the retailer, no matter how the system parameters vary. However, a lower retail
price does not necessarily yield a higher demand for the remanufactured products.
In fact, as shown in Corollary 9(b), only when the customer’s acceptance of the
remanufactured products (the online inconvenience cost) is sufficient high (low), the
demand for the remanufactured products will exceed the demand for new products.

4.4 Comparative study of three channel strategies

Based on the optimal solutions given in propositions 1, 3, and 5, we will derive
some interesting insights into different channel strategies. First of all, it is of interest
to understand how channel strategies affect the optimal decisions of each player.
The following proposition summarizes the comparison results for the optimal
pricing decisions.

Proposition 4

(a) wf,* = wi " and wﬁ* = wh "
I I11 11,

®) pr“ ~ p?I . 17171*"

© pr>pr >pr .

Proposition 4(a) means that when the manufacturer opens a direct online channel
to sell the remanufactured products (new products), he does not change the
transaction term to the retailer. That is, the wholesale prices for the new products
(remanufactured products) in channel I and channel III (channel II) are equal. This
is because the manufacturer’s direct online channel will compete with the retailer’s
channel. In order to avoid reducing the retailer’s profit unduly, the manufacturer sets
an equal wholesale price.

Proposition 4(b) shows that the retail price of the new products is lowest in
channel II, and highest in channel 1. This is because new products are sold by the
manufacturer through its own online channel in channel II. The unit cost of selling
new products for the manufacturer is lower than the unit selling cost for the retailer,
thus the manufacturer sets a lowest retail price for the new products. In channel III,
the retailer selling new products faces fiercer competition from remanufactured
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products sold online. In order to compete with the manufacturer’s online channel,
the retailer sets a lower retail price in channel III compared with the retail price in
channel I where there is no such competition. Following the same reason, we can
observe in Proposition 4(c) that the retail price for the remanufactured products is
lowest in channel IIT where remanufactured products are sold by the manufacturer
through its own online channel, and is highest in channel I where there is no channel
competition. Both proposition 4(b, ¢) indicate that the manufacturer’s direct channel
is beneficial to the end consumers since the consumers can buy products at lower
price.

Having compared the optimal price decisions of the three channel strategies, we
now turn our attention to the equilibrium demand quantities. The following
proposition provides the comparison results for the optimal quantities of new and
remanufactured products in three channel strategies.

Proposition 5

@ if B<PBs qi > g >qn if Bi<B<Ps @i >aqn >dqn; if B> PBs
g7 > g > ¢ where By = (1-c,-30/(1—t—c,), and Ps = (1—c,—2t)/
(]_l cn)

(b) if “t> 3 2\/2” or “t <3— 2\/2 and < fs” 0r “t < 3 2\/2 and f > 77,
qi” <q' < qr B Cift<1/8 and B < B < Po, ¢t < g < ¢""; otherwise,
ar < g™ < ¢; where Ps=[1+ t— \/(t —6t+ 1)j2, B,=[1+1t+

(=6t + 1)]72, fs = [1—J(1=80)1/2, fo = [1 + J(1-81)]/2.

Proposition 5 shows that the sales quantities for new (remanufactured) products
in channel I can never be the highest. Instead, we can show that, in most cases (i.e.,
p < Ps for new products, and fis < i < 57 for remanufactured products), the sales
quantities for new (remanufactured) products in channel I become the lowest. This
indicates that opening a direct channel not only can effectively avoid the retailer’s
opportunism behavior of selling the remanufactured products as new, but also can
be served as an effective method to expand the company’s market share. Together
with the fact that the retail prices for both new and remanufactured products are the
highest in channel I shown in proposition 4, we know that the consumers fare worst
under the channel strategy I in most cases. This also can partially explain why some
companies (like Apple and Hewlett—Packard) try to differentiate new and
remanufactured products by using different channel strategies.

Now we turn to compare the retailer’s profit under three channel structures. With
some algebra, we have the following proposition.

Proposition 6

(@) 7k >7h if B<Pio otherwise, Tk <mh, where o= (1 — cn)z/

[2—2(1 —t)c, + 1+
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(b) 7mp <R if cu < 12 and t> 1/[4(1 —2c,)]; otherwise, mp > ' if
Bii<B <P and ng <mg if B<Pi or B> where ;=
(142t — /T= 41 =2¢,)) /2 Bra= (1 +2t+/T— 41 - 2¢,)) /2;

(c) 7" >l if Be(B131); otherwise, we have ma < ma', where

Bz = ci—Z(l—t)cn+t2+2t+2—(t+c,,)\/(2—c,,)2+t2+2t(2+c,,)}/2

It is intuitively expected that the retailer might prefer channel strategy I, because
there is horizontal competition when the manufacturer adopts a dual channel strategy.
The horizontal competition yields cannibalization effect, which might result in lower
profit for the retailer in comparison with that in channel strategy 1. However,
Proposition 6 shows that it is not always the case. To be specific, we can show that
“np < and 1k < ma” holds when “c, <1/2,¢> 1/[4(1 — 2¢,)] and B > B1o”
or “c, > 1/2, and § > max(fo, f12)” or “c,, > 1/2,and 5,5 < < f1;”. That is, in
some cases, controlling the sales of both new and remanufactured products might yield
the lowest profit for the retailer. This result is important and somewhat counter-
intuitive. As shown in previous studies such as [48], one issue that the manufacturer
concerns when he decides whether or not to open a direct channel is that the online
channel might reduce the retailer’s profit which gives rise to “channel conflict.”
However, our results show that the retailer actually can benefit from the dual channel
strategy in some common situations. This might be due to the fact that the whole
market share is expanded when new and remanufactured products are differentiated by
selling through different channels as shown in Proposition 5.

Although we can analytically compare the price decisions, the demand quantities
and the retailer’s profits in different channel strategies, we fail to do that for the
equilibrium profits for the manufacturer and the whole channel. In order to facilitate
comparison, we first consider a special case with r = 0; i.e., a customer shows no
preference between the two marketing channels. Based on this assumption, we have
the following proposition.

Proposition 7

@) my<my, Ty<my, Ty >my if B<(I—c,)’ and my <my if
B> (1—c,);

b) nb <t 7tc<7rIC”, a2 >l i p<(l-c,) and X <al if
B> (1—c,);

Proposition 7 shows that the profits of the manufacturer and the whole supply
chain are always the lowest in channel strategy I, which indicates that the
manufacturer as well as the whole supply chain always benefits from a dual channel
strategy. This is because the double marginalization problem is partially alleviated
when the manufacturer opens a direct online channel, which results in lower retail
prices and thus higher sales quantities for both new and remanufactured products in
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comparison with those in channel strategy I. A higher overall demand further
increases the manufacturer as well as the whole channel’s profit. Since the
manufacturer is better off under the dual channel strategy, a nature question arose
here is that which product, new or remanufactured products, the manufacturer
should sell in its own online channel. Proposition 7(a) shows that when the
customer’s acceptance of remanufactured products is sufficient high (i.e.,
p> (1—cn)2), the manufacturer prefers to sell remanufactured products rather than
new products. Otherwise, the manufacturer is better off by selling new products.
This is because as the f-value increases, the difference between the new and
remanufactured products perceived by the consumers decreases and thus the
competition between new and remanufactured products becomes fiercer, which in
turn leads to the cannibalization effect intensified, causing the manufacturer to
derive less revenue from new products. As a result, channel strategy III becomes the
manufacturer’s best choice.

In order to examine the impact of the online inconvenience cost ¢ on the profits of
the manufacturer and the whole supply chain, we turn to the numerical investigation
through Maple programs using the parameter setting as follows: without loss of
generality, we fix “Q” at 1, and consider two levels of production cost, namely,
¢, = 0.1 and 0.5, to denote the lower and higher cost saving cases. This is in
accordance with previous literature, such as [4, 16, 44], among many others. We
then vary the 5 and ¢ values to present the impact of these two factors on the profits
of the manufacturer and the whole supply chain by considering the constraints given
in Egs. (5), (9) and (13). Figure 2 depicts the variation of the relevant optimal
profits with respect to 5. Note that, “—” represents the corresponding profits for
channel strategy I; “...” is for channel strategy II; and “— — —” is for channel
strategy III. According to Fig. 2, we have the following observations.

(1) The manufacturer’s profit in channel strategy I can never be the highest one
no matter how the system parameters change. That is, the manufacturer
always has the incentive to differentiate new and remanufactured products by
opening a direct online channel.

(2) Consider first the lower cost saving case (i.e., ¢, = 0.1). Figures 2a, ¢ show
that, as the online inconvenience cost ¢ increases, the superiority of channel
strategy III (i.e., selling remanufactured products through the manufacturer’s
own online channel) over other two channel strategies first decreases and then
increases, and becomes the highest one at last when ¢ is sufficient large (i.e.,
t = 0.2). Therefore, we can conclude that the best channel choice of the
manufacturer is channel strategy II when both f and ¢ are not sufficient large;
otherwise, channel strategy III becomes the best choice for the manufacturer.

(3) Now consider the higher cost saving case. In contrast to the lower cost saving
case, Figs. 2d, e, f show that the superiority (inferiority) of channel strategy II
(channel strategy III) over other two channel strategies becomes more
significant as the online inconvenience cost ¢ increases. When ¢ approaches its
upper limit, we can get that the manufacturer achieves its highest (lowest)
profit under channel strategy II (channel strategy III) no matter what the
customer’s acceptance of remanufactured products is. Therefore, the
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Fig. 2 The manufacturer’s profit varies with f# under different c,- and ¢ values

manufacturer’s best channel choice under this situation is channel strategy 111
when f is sufficient high and ¢ is sufficient low; otherwise, channel strategy I1

becomes the best choice for the manufacturer.

It is also of interest to understand how system parameters affect the total
channel’s profit. Figure 3 depicts the variation of the whole supply chain’s profit
with f under different (c,, f)-combinations. Based on these figures, we have the

following observations.

(D

Under the lower cost saving case, the total channel profit under channel

strategy I can never be the highest. In other words, a dual channel strategy
(channel strategy II or channel strategy III) enhances the total channel’s
profit, which leaves a potential to achieve a win—win outcome.

2)

Under the higher cost saving case, we can show that the dual channel strategy

cannot enable the supply chain to achieve the highest profit any more. Instead,
the total channel’s profit under channel strategy I might become the highest
one as the online inconvenience cost ¢ increases. This result is also somewhat
counter-intuitive. As we know, the vertical competition between the
manufacturer and the retailer induces a double marginalization problem.
When the manufacturer opens a direct sales channel, the double marginal-
ization problem might be alleviated to some extent. Therefore, it is expected
to yield a higher profit for the whole supply chain in comparison with channel
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Fig. 3 The whole channel’s profit varies with f under different c,- and ¢ values

strategy I. However, our results show that this might be not the case when the
online inconvenience cost is taken into consideration. This underlines the
necessity of considering the customer’s preference difference between
different marketing channels when the manufacturer decides which channel
strategy to adopt.

5 Conclusions and discussions

Remanufacturing has been attracting more and more attention both from industry
and academia in recent years due to government legislations and increasing
awareness of its potential profitability. Researchers have devoted a lot of effort so
far to developing various models to investigate the relevant issues regarding to
remanufacturing activities, such as collecting of the end-of-life products, production
planning, and inventory control. Different from the existing literature, this paper
considers how to develop appropriate channel strategy for a manufacturer to market
its products. To be specific, the manufacturer faces the channel decision making
problem on whether to establish an online channel, if yes, which type of products
should be sold through its own online channel. Motivated by the observed industrial
practice, we develop three channel structures and investigate the performance of
each channel structure from all the supply chain members’ perspective, including
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the manufacturer, the retailer, the consumer and the whole supply chain. Our results
show that the manufacturer as well as the end consumers prefers a dual channel
strategy no matter how the system parameters change, but often at the expense of
the retailer’s loss. However, which type of products the manufacturer should sell
through the online channel depends on the cost saving from remanufacturing, the
customer’s acceptance of remanufactured products and the online inconvenience
cost. Therefore, our results underline the necessity for the manufacturer to evaluate
the performance of each channel under various combinations of system parameters
before the channel decision is made.

To summarize, the main contribution of this paper is to shed some lights on
investigating how different channel structures for marketing new and remanufac-
tured products impact each player’s profitability in a supply chain. Our research can
thus help the manager to identify the most beneficial channel strategy under various
environments. However, this paper suffers from some limitations.

First, we only consider three possible channel strategies for the manufacturer to
handle its products. In reality, it is possible for the manufacturer to sell the new
products through some retailers while selling the remanufactured products through
other authorized independent retailers. We label this channel strategy as channel
strategy IV. We have done the formulation and computational work for this channel
strategy. Our preliminary results show that, when the online inconvenience cost is
sufficiently low, the manufacturer always prefers a dual channel strategy. However,
as the online inconvenience cost increases, the superiority of the dual channel
strategy over channel strategy IV diminishes. When the online inconvenience cost is
sufficiently high (e.g., r = 0.2), channel strategy IV becomes the best choice for the
manufacturer. These results are not presented in the main paper, but can be supplied
to interested readers by the authors separately. Besides, the manufacturer can sell
both new and remanufactured products through the manufacturer’s own online
channel. Unfortunately, the model in this paper cannot handle this situation because
the consumer will never choose the online channel to buy the new products, and
thus this channel strategy will degenerate to channel strategy III. It would be
interesting to compare this channel strategy with the other three channel strategies
considered in the current paper by using a different model such as the ‘nested-logit’
model to capture the individual customer’s purchasing decision (see more details in
[34]).

Second, we use an online inconvenience cost to model the difference between
online and offline channels. However, the difference between online and offline
channels might be in other forms. For example, the retailer can provide various pre-
sales services, such as making customers experience the product for free or guiding
customer purchases with sales personnel, to compete with the manufacturer’s online
channel.

Last, we only consider a one-period model where the origins of remanufactured
product supply are ignored. In reality, the remanufactured products are reusable
returns from earlier sales and thus the supply of remanufactured products might be
constrained by the collection yield defined as the fraction of new products made in
period i that is available for remanufacturing in period i + 1 in Ferrer and
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Swaminathan [16]. Therefore, a possible direction for future research is to consider
multi-period or infinity-period models.
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