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Abstract 
Remanufacturing outsourcing creates the cannibalisation for the original 
equipment manufacturers’ (OEMs’) new products sales. In dealing with the 
cannibalization from the third-party remanufacturer (3PR), many OEMs 
such as ATK, Canada Engines, Ford and Land Rover, undertake used cores 
collecting or remanufactured products remarketing. Motivated by examples 
from industry, we develop two models in which an OEM produces new 
products but outsources remanufacturing operations to a 3PR according to 
two potential strategies in dealing with the cannibalization from remanufac-
tured products: 1) collecting used cores from consumers or 2) remarketing all 
remanufactured products to consumers. Among other results, we find that, if 
the collection cost coefficient is not pronounced, the OEM would prefer re-
marketing remanufactured products than undertaking used cores collection, 
though the former creates fiercer cannibalization problems for new products 
sales. Further, as the collection cost coefficient is moderate, remarketing re-
manufactured products can create a win-win result for both parties. As such, 
we suggest that, practicing managers should focus both on the cost of col-
lecting used cores and the cannibalisation problems of remanufacturing. This 
complements existing results which show that when remanufacturing is out-
sourced, the OEM equate minimising cannibalisation with maximizing prof-
its. 
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1. Introduction 

Cannibalisation problems are perhaps one of the most common business issues 
that marketing managers need to confront (Kotler & Keller, 2012). They can oc-
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cur in markets with consumer heterogeneity on product quality, where low-
er-quality products can potentially cannibalise sales of higher-quality products 
(Desai, 2001). The cannibalisation problem is even more noticeable when OEMs 
outsource their remanufacturing operations to third-party remanufacturers 
(3PRs) because this usually opens a second, profitable, remanufactured goods 
market that is not directly controlled by OEMs. According to a comprehensive 
survey of the USA remanufacturing industry, only 6% of more than 2000 rema-
nufacturing enterprises were OEMs (Hauser & Lund, 2008). Given the size and 
growth of 3PRs, OEMs can no longer ignore the potential for cannibalisation of 
new product sales by remanufactured product sales (Oraiopoulos et al., 2012). 

In dealing with the cannibalisation problems stemming from 3PR remanu-
factured products, many brand-name OEMs have taken one of two strategies. 
First, although many OEMs have outsourced remanufacturing to 3PRs, they still 
participate in remanufacturing operations by collecting used products, which act 
as cores for remanufacturing. For example, ATK, Canada Engines and Ford 
purchased several automotive salvage yards and parts recycling companies in 
North America and Europe through which they collect end-of-life vehicles from 
users and sell cores to 3PRs (Karakayali et al., 2007). Second, many other OEMs 
minimise the cannibalisation problems caused by 3PR remanufactured products 
by remarketing the remanufactured products. For instance, Land Rover has 
signed a memorandum of understanding in which Caterpillar Remanufacturing 
Services is a preferred supplier for Land Rover’s remanufacturing products, 
while Land Rover offers an integrated distribution system for the remarketing of 
remanufactured products (Channel, 2017). 

Based on the above motivations, we develop two models in which an OEM 
produces new products but outsources its remanufacturing operations to a 3PR 
with two possible options for dealing with cannibalisation problems caused by 
remanufacturing: 1) Participation in remanufacturing operations by collecting 
cores from consumers (Model T) or 2) participating in remanufacturing opera-
tions by remarketing all remanufactured products to consumers (Model R). Us-
ing these two models, we intend to address the following questions. 

How do the different options for mitigating cannibalisation effects affect all 
parties’ optimal equilibriums?  

From a profit-maximisation perspective, which is better for the manufacturer, 
3PR and the overall industry? 

The main contribution of this paper is twofold. First, there are numerous stu-
dies addressing issues related to cannibalisation problems in remanufacturing 
outsourcing, including (Debo et al., 2005, Ferguson & Toktay, 2006, Oraiopoulos 
et al., 2012, Wang et al., 2017); however, none have paid attention to how dif-
ferent strategies undertaken by OEMs affect cannibalisation effects from 3PR 
remanufacturing. So, we complement these studies by highlighting such strategic 
choices. Second, although the question of whether OEMs should participate in 
reverse and/or remarketing operations has been well studied in the remanufac-
turing literature (see, e.g., Ferguson & Toktay, 2006, Oraiopoulos et al., 2012, 
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Zou et al., 2016), little attention has been paid to how should the OEMs should 
choose different strategies, when confronting cannibalisation problems caused 
by 3PR remanufacturing. In this paper, we analyse the importance of managing 
reverse or remarketing channels in controlling 3PR remanufacturing cannibali-
sation problems, then go a step further to compare the economic implications of 
two potential management strategies. 

The rest of the paper is organised as follows. Section 2 describes both models 
and analyses their optimal decisions. Sections 3 and 4 examine both models and 
present the main results. Section 5 concludes our work and provides future re-
search directions. 

2. Model Description and Assumptions 

The primary goal of this paper is to understand how decisions regarding used 
core collection and remanufactured product remarketing are made by OEMs 
and their effects on economic factors. As shown in Figure 1, we consider that an 
OEM has two possible options when dealing with cannibalisation problems 
arising from 3PR remanufacturing: 1) Participating in remanufacturing opera-
tions by collecting cores from consumers and selling them to the 3PR (Model T) 
or 2) participating in remanufacturing operations by purchasing all remanufac-
tured products from the 3PR and remarketing them to consumers (Model R). 
We discuss and lay out our key assumptions below.  

We make several assumptions, as follows. 
Assumption 1. The unit cost of remanufacturing a used core ( rc ) is lower 

than that of producing a new product ( nc ); i.e., r nc c< . 
Prior literature affirms that companies can save 40% - 65% in manufacturing 

costs through remanufacturing (Giutini & Gaudette, 2003). That is because re-
manufacturing can effectively reduce procurement costs by reusing some com-
ponents and parts (Zou et al., 2016). This assumption is widespread in the 
supply chain literature (Ferguson & Souza, 2010, Xiong et al., 2013, Yan et al., 
2015; Chai et al., 2019). 

Assumption 2. Consumer willingness-to-pay for a new product is heteroge-
neous and uniformly distributed in the interval [0, 1]. For each consumer, the 
ratio of the willingness-to-pay for a remanufactured product to that for a new 
product is γ  ( 0 1γ≤ ≤ ). 
 

 
Figure 1. Two basic models. 
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Assumption 2 represents a vertical differentiation model, which allows for he-
terogeneity in individual consumers’ willingness-to-pay for quality; i.e., all con-
sumer willingness-to-pay for remanufactured products is lower than that for 
new products (Debo et al., 2010, Xiong et al., 2013, Zou et al., 2016). Note that 
such heterogeneity in willingness-to-pay for new and remanufactured products 
is supported by empirical evidence (Majumder & Groenevelt, 2001, Marion, 
2004, Guide Jr. & Li, 2010, Agrawal et al., 2012, Subramanian & Subramanyam, 
2013).  

Assumption 3. The market size of the consumer population is assumed to not 
change over time and is normalised to 1. 

Assumption 3 is widely accepted in remanufacturing research (see, e.g., (Sa-
vaskan et al., 2004, Ferguson & Souza, 2010, Xiong et al., 2013, Örsdemir et al., 
2014, Yan et al., 2015, Wang et al., 2017). 

Based on Assumptions 2 - 3, we can derive inverse demand functions for new 
and remanufactured products as follows: 

1n n rp q qγ= − −                        (1) 

(1 )r n rp q qγ= − −                       (2) 

We should note that consumers usually discount the value of remanufactured 
products, which creates the problem of cannibalisation between new and rema-
nufactured products (Yan et al. 2015). For example, consumers will not purchase 
remanufactured products if 0γ = , because they regard them to be of lower 
quality than new ones. However, if 1γ = , consumers are willing to pay the same 
amount for remanufactured and new products. 

Assumption 4. Without loss of generality, we assume a collection cost func-

tion of 21
2 rkq , where k is a scaling parameter. 

We borrow this assumption from previous literature (Ferguson and Toktay 
2010, Jacobs and Subramanian 2012, Atasu and Souza 2013, Zou et al. 2016). It 
means that additional effort is required to recover larger volumes, due to the fact 
that the cost of collecting used products increases non-linearly with the quantity 
collected (Zou et al. 2016). 

Assumption 5. All decisions are considered in a single-period setting in both 
models. 

We focus on the average supply chain profit per period, as (Savaskan et al. 
2004) assumed that the product existed in the market previously and can be re-
turned to the OEM for reuse. This approach enables us to focus on steady-state 
profits, facilitates analytical tractability in our model, and contributes to the so-
lution of our problems. All relevant variables are defined in Table 1. 

3. Model Formulation and Solution 

In this section, we analyse two remanufacturing models: Model T and Model R. 
Variable i

xΠ  refers to the profits for player i under Model j. Subscript 
{ , , }i m p t∈  3   denotes the players of the OEM, 3PR and total supply chain, respec-

tively; while superscript { , }j T R∈   denotes Model T and Model R, respectively. 
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Table 1. Variables and definitions. 

Variables Definitions 

γ  Consumer value discount for remanufactured products 

n rc c  Unit production cost of a new/remanufactured component 

k Scaling parameter 

/i i
n rp p  Price of new/remanufactured product in Model i, ( , )i T R∈  

/i i
n rq q  Quantity of new/remanufactured products in Model i, ( , )i T R∈  

f Remanufacturing patent license fees in Model T 

w Wholesale price of new component in Model R 

i
xΠ  Player x’s profit in Model i, ( ,3 , )x m p t∈ , ( , )i T R∈  

3.1. Model T 

The sequence of events for Model T is as follows: First, the OEM announces a pa-
tent license fee per remanufactured product; i.e., Tf . Sequentially, both the OEM 
and the 3PR determine the optimal quantities of new and remanufactured prod-
ucts, respectively. Then, the OEM and 3PR problems are as follows, respectively: 

2

,

1max ( )
2n

T
m n n n r rq f

p c q fq kqΠ = − + −                 (3) 

3max ( )
r

T
p r r r rq

p c q fqΠ = − −                    (4) 

We solve the problem with backward induction to determine the subgame 
perfect equilibrium and present the equilibrium decisions and profits in Table 2 
(for clarity, all proofs are provided in the appendix). 

3.2. Model R 

The sequence of events in Model R is as follows: First, the 3PR determines the 
wholesale price of remanufactured products sold to the OEM, R

rw , who re-
sponds with the optimal quantities of both products (i.e., ,n rq q ). Then, both 
parties’ problems are as follows. 

,
max ( ) ( )

n r

R
m n n n r rq q

p c q p w qΠ = − + −                 (5) 

2
3

1max ( )
2r

R
p r r rw

w c q kqΠ = − −                 (6) 

Using backward induction again, we can summarise all the equilibrium deci-
sions in Table 2. 

To enable comparison of the interior point solutions to both models, i.e., 
0 r nq q< < , as per (Xiong et al. 2013) and (Yan et al. 2015), we make the follow-
ing assumption: 

Assumption 6. In both our models, the cost of remanufacturing a core is not 

sufficiently small or large; that is, 
2 24 6 4 2

2 2
n n n

n
k c k c c

c c
γ γ γ γ

γ
γ

− + − + + −
< <

+
. 
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Table 2. Equilibrium decisions and profits. 

Collecting the used products (Model C) 

2 2 3 3
*

2

4 8 2 2 8 4 3
2(2 8 3 )

T r r n r nc k c k c k c cf
k

γ γ γ γ γ γ γ
γ γ

− − + + + + − −
=

+ −

 

3 2
*

2

2 2 8 8 2 3
2(2 8 3 )

T n n r n
n

k c k c c cq
k

γ γ γ γ γ
γ γ

− + − + − +
=

+ −

 

*
2

2( )
2 8 3

T n r
r

c cq
k

γ
γ γ
−

=
+ −

 

2 2
* 2

2 2

( ) (2 4 3 )1 (1 )
4 (2 8 3 )

T n r
m n

c c kc
k

γ γ γ
γ γ

− + −
Π = − +

− +

 

2
*

3 2 2

4 ( )
(2 8 3 )

T n r
p

c c
k
γ γ

γ γ
−

Π =
+ −

 

2
* 2

2

( )1 (1 )
4 2 8 3

T n r
t n

c cc
k

γ
γ γ
−

Π = − +
+ −

 

Remarketing the remanufactured products (Model R) 

2
*

2

( 2 2 2 2 )
4 4

R r n n r rc c k c c cw
k

γ γ γ γ
γ γ

− − − + +
=

− − +
 

2 2
*

2

4 4 2 4 2
2( 4 4 )

R n n r n
n

k c k c c cq
k

γ γ γ γ γ
γ γ

− + − + − +
=

+ −
 

*
24 4

R n r
r

c cq
k

γ
γ γ
−

=
+ −

 

2 2
* 2

2 2

( ) ( 2 2 )1 (1 )
4 2( 4 4 )

R n r
m n

c c kc
k

γ γ γ
γ γ

− − − +
Π = − +

+ −
 

2
*

3 2

( )
2( 4 4 )

R n r
p

c c
k

γ
γ γ
−

Π =
+ −

 

2
* 2

2 2

( 1)( )1 (1 )
4 ( 4 4 )

R n r
t n

c cc
k

γ γ γ
γ γ

− −
Π = − +

+ −
 

4. Analysis 

In this section, we start by comparing the equilibrium decisions of the two mod-
els. Subsequently, we enrich our analysis by exploring the relative profitability 
outcomes of both models. 

Proposition 1: 1) The optimal quantities of remanufactured products in Model 
R are higher than those in Model T; essentially: * *T R

r rq q< ; 
2) The OEM is less likely to provide greater quantities of new products in 

Model R than in Model T; essentially: * *T R
n nq q> . 

Prior to explaining Proposition 1, we briefly examine the OEM’s position in 
both models. In Model T, the OEM collects used cores and sells them to the 3PR. 
As such, the OEM acts as a Stackelberg leader. In Model R, the OEM is a down-
stream agent who sets optimal quantities of remanufactured products according 
to the wholesale price set by the 3PR. Thus, Proposition 1 (1) reveals that, com-
pared to Model R, collecting used cores according to Model T places the OEM in 
an advantageous position for dealing with the cannibalisation problem in rema-
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nufacturing outsourcing. That is, when confronting cannibalisation caused by 
3PR remanufacturing, the OEM can charge a higher patent license fee per re-
manufactured unit, which results in lower quantities being available in the mar-
ket. However, since the 3PR cares nothing about the potential cannibalisation of 
new product sales due to remanufactured products in Model R, it usually sets a 
lower wholesale price to induce the OEM to sell higher quantities of remanufac-
tured products.  

Proposition 2. When the used core collection cost is relative high, i.e., 1k k> , 
the equilibrium profit of the OEM is greater in Model T than in Model R (i.e., 

* *T R
M MΠ > Π ), otherwise, the opposite is true. 
As mentioned earlier, unlike the 3PR, the OEM cares greatly about the canni-

balisation problem caused by remanufacturing. When 1k k> , the collection cost 
is relatively high and the OEM would naturally increase the wholesale price of 
used cores. An increase in the wholesale price of remanufactured products is as-
sociated with a decrease in the optimal quantities of remanufactured products. 
Furthermore, the less remanufactured product available, the higher potential 
market and marginal revenue from new products sales. As such, when 1k k> , 
the OEM’s profitability from new product sales is so high that it “compensates” 
for the profit “lost” in used core wholesaling because there are fewer remanu-
factured products “competing” with new products and weaker cannibalisation 
due to remanufacturing. However, when the used core collection cost is not 
pronounced, i.e., 1k k< , compared to remarketing remanufactured products, 
collecting used cores hurts the OEM’s profits due to the more remanufactured 
products available from the market, the fiercer cannibalization effects of new 
products sales by remanufactured products.  

Proposition 3. The equilibrium profit of the 3PR estimated by Model T is al-
ways lower than that of Model R, i.e., * *

3 3
T R

P PΠ < Π . 
In both models, the OEM has two main tasks: 1) to maximize its profitability 

and 2) to limit the adverse effects of cannibalization problem from the remanu-
facturer. It should be noted that, in Model T, OEMs undertake core collection, 
giving them the role of Stackelberg leaders who care greatly about cannibalisa-
tion between both products. As a result, when the OEMs would set a relative 
higher commission fees to the 3PR. However, in Model R, the OEMs undertake 
remanufactured product remarketing. In this scenario, the OEMs’ optimal units 
for remanufactured products are impacted by the 3PR, who cares nothing about 
the potential cannibalisation of new product sales and sets a lower wholesale 
price for remanufactured products. That is, in Model T, the 3PR acts as a Stack-
elberg leader and the wholesale price premium not only offsets the advantage of 
new product marketing but can also gains much greater profitability from re-
manufacturing.  

Proposition 4. The equilibrium profit of the industry is always lower in Model 
T than in Model R; that is: * *T R

T TΠ < Π . 
Proposition 4 indicates that the total profits in the closed-loop supply channel 

are always lower when the OEM collects used cores than when it remarkets re-
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manufactured products. It is noted that the OEM benefits more in Model T (see 
Proposition 2), while the 3PR benefits more in Model R (see Proposition 3). As 
such, Proposition 4 suggests that the increase in the OEM’s profitability is so li-
mited that it cannot “compensate” for the 3PR’s profit “loss”. although the OEM 
would benefit more from the strategy of used cores collection, such strategic 
choice would always be detrimental to the 3PR and the overall industry. 

5. Discussion and Conclusion 

In this paper, motivated by examples from industry, we developed two models in 
which an OEM produces new products and outsources remanufacturing opera-
tions to a 3PR with two possible strategies for dealing with cannibalisation prob-
lems arising from remanufacturing: 1) Participating in remanufacturing opera-
tions by collecting cores from consumers (Model T) or 2) participating in re-
manufacturing operations by remarketing remanufactured products to consum-
ers (Model R). Our analysis reveals the implications for practicing managers as 
below. 

Based on Propositions 1, we can conclude that compared to remarketing re-
manufactured products, collecting used cores is more efficient way for the OEM 
to deal with the cannibalization problems. This argument is partly consistent 
with the results of (Guide Jr and Li 2010) who argue that, although annual re-
turns of used products in excess of $800 million, a leading networking equip-
ment manufacturer scraps almost all of their product returns instead of rema-
nufacturing due to a fear of new product sales cannibalization. From a prof-
it-maximisation perspective, which is better for the manufacturer, 3PR and the 
overall industry? Surprisingly, Proposition 2 indicates that the scaling parameter 
of collection cost plays an important role in dealing with the cannibalization 
problems and determining the OEM profit estimates of the two models. As such, 
we suggest that, practicing managers should not only focus on the collecting cost 
of used cores, but also should pay attention to the potential cannibalization 
problems from the remanufacturing. In addition, based on Proposition 2, 3 and 
4, we can further conclude that, when the used core collection cost is not pro-
nounced, i.e., 1k k< , compared to remarketing remanufactured products, col-
lecting used cores may create a “lose-lose-lose” outcomes for the OEM, 3PR, and 
the overall industry. Therefore, our research suggests that, although collecting 
used cores is a more efficient way for the OEM to deal with the cannibalization 
problems, the OEM should not indulge in such strategy. 

This research could be extended in the following directions. Firstly, we as-
sumed that the OEM was limited to a linear wholesale price. Although this is 
common in reality and standard in the literature, it would also be of interest to 
understand the implications of an OEM uses a more complex pricing mechan-
ism. Second, we assumed that all remanufactured products were identical; in re-
ality, consumers may exhibit differing preferences for remanufactured products 
sold by different sellers. We hope this research will open other potentially inter-
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esting avenues of research. Finally, given our focus on sustainability issues, we 
did not consider certain other factors, including the strategies of leasing and 
selling, which may have a potentially important role in the remanufacturing of 
durables.  
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