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Abstract. The aim of this paper is to understand how outsourcing remanufacturing operations to different OEMs agents (i.e., the retailer or
third-party remanufacturer) affected a supply chain's sustainable issues. Although outsourcing strategies have been well studied in the
remanufacturing literature, existing research has focused primarily on operational options between original equipment manufacturers
(OEMs) and third-party remanufacturers (3PRs). In practice, however, many brand name retailers have recently created business models in
which product remanufacturing is an integral part. The question showed the retailer or the third-party, which was the right remanufacturer
for OEM's remanufacturing outsourcing? To answer this question, we developed two models for an OEM that had two options for
remanufacturing outsourcing: (1) outsourcing remanufacturing to a 3PR (Model T) or (2) to its retailer (Model R). Using these two models,
we addressed the questions: from the profit-maximizing perspective, how does outsourcing remanufacturing operations to retailers create
strategic issues that are different from those with 3PRs? Which is more profitable for the OEM, 3PR, retailer, and the total supply chain?
From an environmental impact perspective, how does outsourcing remanufacturing operations to retailers create strategic issues different
from those with 3PRs? Which is more beneficial for our environment? Our analysis revealed that if the OEMs cared about economic
performance, outsourcing the remanufacturing operations to the 3PR was a practical strategy. Conversely, if they cared about
environmental sustainability, outsourcing the remanufacturing to the retailer was the preferred strategy. Numerical studies further validated
our conclusions
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1. Introduction

Besides the fact that remanufacturing creates benefits for the economy and the environment, it also poses several
questions for original equipment manufacturers (OEMs) when they intend to undertake remanufacturing
operations themselves. The greatest concern for the OEM is the risk of cannibalization problems between
remanufactured and new products. The consumers' willingness to pay for the remanufactured consumer product
was usually 15.3% lower than that for the new one (Guide and Li, 2010). The loss of profits from new product
sales is not the only concern for OEMs when undertaking remanufacturing operations. In practice, many
customers associate the lower quality of a remanufactured product with the OEM's brand, making it even more
difficult for OEMs to maintain a high-quality branding image when adopting remanufacturing as part of its
extended business (Ferguson, 2010; Fedorko et al. 2018).

As a result, many OEMs prefer to outsource remanufacturing operations (Karakayali et al., 2007). For example, in
developed countries, such as the U.S. and European nations, many brand name OEMs, such as IBM, Texas
Instruments, Hitachi, and Dow, have outsourced their remanufacturing operations to other agents, which earned
millions of dollars in licensing revenues (Arora et al.,, 2013). According to a survey from the U.S.
remanufacturing industry, OEMs only accounted for a small fraction (about 6%) of the total firms with integrated
remanufacturing operations (Hauser and Lund, 2003).Similar cases also appeared in developing countries. For
example, in 2008, the pilot program for automobile parts remanufacturing entered into force in the China market.
In this pilot program and several OEMs, many third-party remanufacturers (3PRs) supported by the China
National Development and Reform Commission selected to engage in remanufacturing for auto parts (National
Development and Reform Commission, 2022).

Besides, it noted that many brand name retailers had created business models in which product remanufacturing
was an integral part (Fedorko et al. 2018; Radavicius et al., 2021; Horvath et al. 2021). For example, Argos
repositioned itself by offering affordable leasing of all its products by requiring recycling or remanufacturing
when those products reached their end-of-life stage (The Brands of the Future Must Be Sustainable, 2021).
Similarly, TigerDirect offers remanufactured products (TigerDirect Refurnished), such as printers, laptops,
cameras, Led monitors, and more. For example, in the Chinese market, Sevlao, the largest distributor for
excavators in China, has established its production-batch process of disassembly, cleaning, refurbishment, and
replacement for excavators. From a research perspective, the discussion above raises the fundamental question
addressed in this paper. Are the effects on profits or sustainability different if the OEM outsources
remanufacturing operations to its retailers but not to 3PRs?

Profits or sustainability issues are perhaps the two important components that affect the selection of an OEM's
remanufacturers (Ferguson, 2010; Mezulanik et al., 2020; Dvorsky et al., 2020). Indeed, outsourcing
remanufacturing operations to 3PRs not only allows OEMs to focus on the production of new products, sales, and
marketing, but it also outsources the "extended producer responsibility” of the end-of-life products to 3PRs.
However, we should note that such an outsourcing strategy creates a secondary remanufactured market that is not
under the OEM's direct control but is a niche for 3PRs. In the I.T. industry, "third-party companies built over
$100 million per year businesses in buying used computer equipment, remanufacturing it, and selling or leasing it
out to someone else™" (Big players emerge in fragmented brokerage market, 2021). Of course, such large numbers
of remanufactured products from 3PRs can have serious consequences for OEMS' new product prices and
profitability. Conversely, outsourcing remanufacturing operations to retailers is a potential option that mitigates
the competition from the remanufactured product's market because both parties, including retailers, were
concerned about the cannibalization problems of remanufactured products. However, such outsourcing may
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induce considerable challenges for the OEM's profitability from new products and their branding image (Yan et
al., 2015).

Our goal in this paper was to understand how outsourcing remanufacturing operations to different OEMs agents
(i.e., the retailer or third-party remanufacturer) affected a supply chain's sustainable issues. More specifically, we
developed two models for an OEM that have two options for remanufacturing outsourcing: (1) outsourcing it to a
3PR (Model T) or (2) outsourcing it to its retailer (Model R). Using these two models, we addressed the following
guestions.

1. From the profit-maximizing perspective, how does outsourcing remanufacturing operations to retailers
create strategic issues that are different from those with 3PRs? Which is more profitable for the OEM,
3PR, retailer, and the total supply chain?

2. From an environmental impact perspective, how does outsourcing remanufacturing operations to retailers
create strategic issues different from those with 3PRs? Which is more beneficial for our environment?

The overall contribution of this paper is threefold. First, instead of highlighting the interactions between the OEM
and the 3PRs related to outsourcing remanufacturing, we allowed the OEM to have the potential flexibility to
outsource remanufacturing to its retailers. Second, our work investigated the OEM's decisions that involved
choosing the "right" remanufacturer and demonstrated how it affected the supply chain's economic outcomes and
how environmental sustainability was affected by this flexibility. Finally, our paper sheds new light on the
remanufacturing outsourcing model, which revealed that outsourcing remanufacturing operations to the 3PR were
advantageous if the OEMs cared about economic performance. On the other hand, if they cared more about
environmental sustainability, outsourcing remanufacturing operations to the retailer was the preferred strategy.

This paper proceeds as follows. In section 2, we reviewed related literature on remanufacturing outsourcing and
on closed-loop supply chains. In section 3, we introduced our basic assumptions. In section 4, we presented and
solved our two models. In section 5, we examined the effects of OEM outsourcing of its remanufacturing to
different agents and explored the main results related to sustainable issues. Furthermore, in §6, we discussed the
results and provided several possible directions for future research.

2. Literature Review

This paper complements the literature on remanufacturing, where we observed the remanufacturing outsourcing
strategy between the OEM and the 3PRs. For example, Majumder et al. (2001) showed that, under a certain
condition, the 3PR had incentives to reduce the OEM's remanufacturing cost. Debo et al. (2005) found OEM's
optimal level of remanufacturing was lower than the monopoly model and decreased as the number of competing
remanufacturers increased. Subsequently, Ferrer et al. (2006) found that, as the threat of competition increased,
the OEM was more likely to utilize all available cores completely. Recently, Wu et al. (2006) presented an
argument that competing OEMs without remanufacturing capacity sometimes benefited from the entry of 3PRs.
Meanwhile, Zou et al. (2016) showed that it was in society's interest if the OEMs outsourced remanufacturing to
3PRs. Although most of the above research analyzed the remanufacturing outsourcing relationships between the
OEM and the 3PRs, they ignored the OEM's potential flexibility to choose other remanufacturers, such as
retailers. In contrast, we developed two models that allowed the OEM to have the flexibility to outsource
remanufacturing to its retailers or 3PRs. Thus, we complement the above literature on remanufacturing
outsourcing strategy between the OEM and the 3PRs by addressing how the flexibility of the OEM to outsource
remanufacturing to a TPR or its retailers affected the issue of environmental performance in a supply chain.

This paper also relates to the literature that highlights the retailer's role in the closed-loop supply chain. Savaskan
et al. (2004) addressed choosing the appropriate reverse channel structure to collect used products from
customers. Recently, Shulman et al. (2010) examined how the return penalty was affected when returns were
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either salvaged by the OEM or by the retailer. They found that the return penalty was more severe when returns
were salvaged by a channel member who derived greater value from a returned unit. Subsequently, Lee et al.
(2011) presented a model that integrated operations decisions with the retailer's collection and showed that the
retailer retained the same form of decision-making by identifying an analogous closed-loop production efficiency.
Although the above research highlighted the role of retailers in the reverse channels for collecting the end-of-life
products, they ignored the fact that, in recent years, many retailers have created business models in which product
remanufacturing was an integral part. Shi and Min (2014) discussed the possibilities of remanufacturing products.
Fees for remanufacturing or disposal of goods are in some cases paid for by the government. This economic
government instrument can also have a major impact on the environment. Golinska (2014) also notes that
remanufacturing is a step towards resource efficiency and can lead to the sustainability of the whole business.
According to Kasych et al. (2019) it is important that society and the economy of the whole country are
sustainable in terms of economic, environmental and social components. According to Li et al. (2013) the
remanufacturing of goods and their subsequent sale is very risky for companies, because they never know in what
condition the merchandise will arrive and what the profit will be from a particular remanufactured item after
deducting all the costs of remanufacturing. The remanufacturing process itself can also be a marketing strategy
that deprives producers' market share of price discrimination (2008). Remanufacturing older products at the end
of their service life may prevent new products from entering the competition. However, within a company,
remanufacturing poses a risk of preventing the entry of new products, such as newer technologies used and
offered for sale at higher margins (Atasu et al., 2006; Bacik et al. 2018). However, in most cases, companies face
management barriers, preventing them from initiating remanufacturing services (Gavurova et al. 2018). However,
this problem could be eliminated if management activities were left to the model of artificial neural networks.
According to Vrbka and Rowland (2020) it is possible to leave the decision of the managerial character of the
company to a computer system. According to Geyer et al. (2007) it is important to carefully coordinate the
structure of production costs of a new product in order to save on the costs of its subsequent remanufacturing.
Zikopoulus and Tagaras (2007) also emphasize that when remanufacturing a product, transporting it to a third-
party remanufacturing is one of the most costly expenditures in the entire remanufacturing process. According to
Agrawal et al. (2015). The offering of remanufactured products that have been remanufactured by the
manufacturer may reduce the perceived value of the new product offered by up to 8%. Conversely, offering
remanufactured products that have been remanufactured by a third party may increase the perceived value of the
new products offered by up to 7%. Fang et al. (2019) states that a manufacturer should leave the remanufacturing
of its products to a third party if this would mean a reduction in the manufacturer's profits. According to Shu et al.
(2016), for the optimization of the supply chain in which both new products and remanufactured products figure,
there is an important difference in the distribution costs of individual product types (new/refurbished). Suppliers
should also focus on products with lower manufacturing/remanufacturing costs. According to Ovchinnikov
(2011), the behavior of consumers when buying remanufactured products is very different from the standard
behavior when buying new products, and therefore standard predictive sales methodologies for new products
cannot be used to predict the sales of remanufactured products.

The whole issue of new products vs. remanufactured products is also greatly affected by consumers' willingness
to pay. According to Chen et al. (2019) consumers' willingness to pay for remanufactured products varies
depending on age, education, occupation, consumer income and other individual preferences (interest in the
environment, antiquarian preferences, trust in a particular brand). Another important parameter is also the
perception of the product itself (risk of buying a remanufactured product, goodwill of the brand). Michaud and
Llerena (2011) consider remanufactured products to be green products. However, consumers are not willing to
pay more for a so-called green product than for a conventional product. If the seller informs the consumer that by
purchasing a remanufactured product, the consumer can make a positive contribution to the environment,
consumers' willingness to pay increases. Dai et al. (2020) addressed the differentiation of consumers' willingness
to pay depending on the offering of remanufactured products. Consumers' willingness to pay varies depending on
Corporate Social Responsibility. In setting the right price for remanufactured products, consumers' willingness to
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pay is within reasonable limits and there is no surplus or shortage, which helps to sustain the development of the
economy. The perceived value of remanufactured products to consumers is very important, as high consumers'
willingness to pay can be detrimental to producers (Fang et al., 2019). The willingness to buy a remanufactured
product is also given by the so-called "green image" of the company (Georgiandis, 2004).

Raz et al. (2017) used an analytical model and a behavioral study to determine the degree of cannibalization of
demand between individual companies that offer remanufactured products and that do not. remanufactured
products create a surplus for consumers that offset the cost of environmental impact. According to Esenduran et
al. (2016) legislation in the framework of forced end-of-life product buybacks may not be as environmentally
beneficial as it may seem at first sight. Remanufacturing large quantities of products can thus be very burdensome
for the environment. Chen et al. (2020) point out that legislation assesses a company's environmental performance
on the basis of the amount of carbon emitted into the atmosphere. However, the amount of carbon emitted during
the disposal process must also be taken into account when remanufacturing products. In relation to the
environment, Cerda (2011) examined consumers' willingness to pay in the analysis of contributions to the rescue
of an ecologically endangered area from its visitors. It can also be used to determine the economic value of this
otherwise ecologically important area. According to Pimonenko et al. (2020), in line with the new trend,
companies should transform their overconsumption into green consumption. With this marketing strategy,
companies can also increase the value of their products and become more attractive to consumers and investors.

Based on observations from current practice, we developed two theoretical models in which the retailer actively
engaged in remanufacturing operations. Therefore, our work contributes to the prior literature by allowing the
retailer the flexibility to undertake the remanufacturing operations, which is consistent with earlier observations
from current practice.

3. Model Notations and Assumptions

In this study, we considered two different supply chain models with two options for the OEM's remanufacturing
outsourcing: (i) Model T (Figure 1(a)), where the OEM outsources the remanufacturing to the 3PR, and (ii) Model
R (Figure 1(b)), where the OEM outsources the remanufacturing to the retailer. We discuss and layout our key
assumptions below.

OEM OEM
An|w, f An| w, f
retailer |+ - —I retailer Third party
I . 1
| 1
G| Pa dy pr Al Aof pn Gy G Pr
v 1 I Y
Customers Customers
(a) Model T (b) Model R
New Products Used Products Remanufactured Products Cash Flows
_______ . o e e e e e — S
Forward channel Reverse channel Remarketing channel Capital channel

Figure 1. The two basic scenarios of remanufacturing outsourcing.

Source: Authors.

439


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2022.10.1(24)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2022 VVolume 10 Number 1 (Septmber)
http://doi.org/10.9770/jesi.2022.10.1(24)

Assumption 1. The unit cost of remanufacturing a used core (c;) is lower than that of producing a new product
(cn)(i.e., cr < ).

This assumption is quite common in the literature on remanufacturing (Yan et al., 2015; Zou et al., 2016,
Savaskan et al., 2004). This assumption was supported by Giutini and Gaudette (2003), who confirmed that the
costs of remanufacturing accounted for 40-65% of traditional manufacturing.

Assumption 2. Consumers are heterogeneous in their willingness to pay (v) for the new product, uniformly
distributed in [0, Q].

The assumption that the consumer's willingness-to-pay for the new product is heterogeneous and uniformly
distributed in [0, Q] is widely-accepted in modeling the consumers' heterogeneity (see Ferrer et al., 2010).

Assumption 3. The willingness to pay for each consumer is measured by the ratio of a remanufactured product to
the new product is y (0<y<0).

The vertical heterogeneous acceptance of new and remanufactured products in Assumption 3 is consistent because
consumers' willingness to pay for the remanufactured consumer product is 15.3% lower than that for the new
product (Guide and Li, 2010). Based on the consumer utility functions in Assumptions 2 and 3, the demand
functions for new and remanufactured products can be derived. We provide the detailed derivations of them in the
Appendix A-I.

_(A-y@—p.tp,

qi‘! r
(1—v)
g = VPn Pr @
Toy(l-vy)

This linear demand function is quite common in the remanufacturing literature (Savaskan et al., 2004), Ferguson
and Toktay (2006)). It should be noted that the consumer value discount for the manufactured products reflects
the potential for reducing problems between both products.

Assumption 4. In a steady-state period, the sequential-move games in both models are as follows: the OEM first
announces the wholesale price/patent license fee (wn/f), and the retailer third-party determines the optimal units of
new or remanufactured products (g» or qr).

A relicensing fee has been widely employed by the OEM when it outsources the remanufacturing to other third
party establishments (Zou et al., 2016; Oraiopoulos et al., 2012). One can think of f as the unit technical fees
charged based on the OEM licenses for remanufacturing technology to others. Finally, like Yan et al. (2015) and
Xiong et al. (2013), we assumed that all players had access to the same information. All related notations are
presented in Table 1.
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Table 1. Parameters and definitions related to this paper

Notation Definition
w./f The unit wholesale price/ patent license fee charged for a new and remanufactured product
n
c./C The average unit cost of manufacturing new/remanufactured products
n r
p_/p The unit retail price for a new/remanufactured product
n r
/ The total sales of new/remanufactured products
0 /G,
3 Profits of the player i

Source: Authors.
4. Model Formulation and Solution

This section introduces our two models—Model T, in which remanufacturing is outsourced to a 3PR, and Model
R, where the retailer undertakes the OEM's remanufacturing. In the following analysis, subscript ie{m, r, 3p, t}
refers to the OEM, retailer, 3PR, and the total supply chain, respectively; superscript je{T, R} denotes Model T
and Model R, respectively.

In Model T, the remanufacturing is undertaken by the 3PR, but the OEM produces all new products. Thus, the
OEM's problem is

]‘Eﬂ?]"{; [W:-z’f’ P;,P;) = [:W” - c;-z:]q;-z + ff]f, (2)

1

Given the wholesale prices wn and the patent license fees f the retailer's and the 3PR's problem is

”:JMEE(Wn’f’pn’prj = [P,! - Wujqu
n

' 3
”EJC}.’-TH;; (Wu’f!p:lzlp:") = (P, - C,, _qu: ( )
The above interaction can be analySzed using backward induction: the retailer/remanufacturer maximizes its

profit by choosingp.*/pL*, but the OEM can choose w.* and f7* (Table 2). All technical details and proofs
appear in the Appendix.

In Model R, the OEM's remanufacturing is outsourced to the retailer. As a result, in addition to selling new
products, the retailer should determine the number of remanufactured products according to the OEM's
relicensing fee. As a result, the OEM's and the retailer's profit can be written as

J‘Eﬂ???:i (W”’f’p;’p;j = (W?! - C?z]qu + ftjf;.

an:,xnf(w?!’f’P?!’P?‘) = [:Pn - Wn)qn + [Pr — O fj'f]";u
mner

(4)

Solving the FOCs of the retailer's profits and then substituting them into the OEM's profit in the equation (4)
provides the equilibrium outcomes in Model R (Table 2).
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Table 2. Equilibrium decisions and profits

The Third-party engages in remanufacturing (Model T)

. W TCq
Wy =
._¥@—er
f’-r = 7
ro_ Cn¥ — 2oy — 20y +2Q + ¢
n = 272 — 10y + 8
o (Qtcatcy—Qr -2,
r vyt =5y +4)
r.  0Q +2cy +c,—3Qy
t L L2E-y)
re _ 20V =26, —5Qy = cuy
.l'}i' - ] "2{‘1_ _"]-’:l

s 260 —cly =iy + 205y — 2e06,y — Q%y? — Q7y® + 2Q%y + 46, Qy® — 40, Qy + 2Q v — 2Qc,y

Ty =
" ) (d-ri(l-v)
ro_ (2@ —2cn + o —2Q¥ + cp¥)”
T, = —
' He—yr(l-» |
re Q¥ =26 +ep¥ + 6y —Qv7Y
Mgy = P
* 4y (4 —y)*(1 - y)
The retailer engages in remanufacturing (Model R)
J+cy
Wy =
LY@ -
fRr=—=
ae @ —Qv—cntor
" 4(1 —y)
2 En¥ — Cp
Gr 4 (1 — 1)
ae @+ ecp
Pn = 1
e Ert 3Qy
Pr 2
ae YO @Y 4+ 2v7Qen —2v@entyven — Zyencr v
m ] o g-].’{]_ _ }‘r:] ) )
ae Q¥ QY +2Qcny” — 2Qcuy yen — 2encr¥ + &
' 16y(1-v)

Source: Authors.

To ensure accurate comparison of the interior point solutions for both models(i.e., 0 < g,. < g,,, as seen in Yan

et al. (2015) and Xiong et al. (2013), we derived the following assumption (see Lemma 1 and its proof in the
Appendix).

Assumption 5. In both of our models, the cost of remanufacturing a core was not sufficiently small or large; that
s yi@y+dcy—@—cny)

=< €. < ¥C,.
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5. Resuls - Analysis

This section addressed the question posed at the beginning of this paper: Retailer vs. third-party, who is the right
remanufacturer for OEM's remanufacturing outsourcing? To do so, we analyzed the difference in equilibrium
decisions between both models. Subsequently, we enriched our analysis to capture the difference in sustainability
between both models based on economic and environmental outcomes.

5.1 Comparison of Optimal Outcomes

Based on the equilibrium outcomes of both models, we first derived some key insights into the difference in
optimal decisions between the models, which is summarized in the following proposition:

Proposition 1. Compared to Model R, there was a larger quantity of both products in Model T; that is, g2 = g=*
(@r" = af).

In Model T, we mentioned earlier that the 3PR was an independent player whose total profits were derived from
remanufacturing. As a result, the 3PR independently sought to maximize its profit by remanufacturing and cared
nothing about the potential to reduce sales of new products by selling remanufactured products. However, in
Model R, both new and remanufactured products were available from the retailer. As a result, the retailer should
care greatly about the profits from remanufactured products and be concerned about the cannibalization of new
product sales. As Proposition 1 showed, compared with Model R, the availability of remanufactured products in
Model T increased, which resulted in significant cannibalization problems for new product sales and reduced the
price of new products. Confronting such fierce competition from the remanufactured market, the retailer has to
offer more new products under such a scenario to offset each new product's loss of price. That is, confronting a
decrease in wholesale price, the retailer would provide higher sales volumes of remanufactured products to offset
each new unit's loss.

5.2 Comparison of Profitability

In this section, we examined the OEMs' flexibility regarding how outsourcing affected all parties' profitability.
That is, from the profit-maximizing angle, how did outsourcing remanufacturing operations to retailers create
strategic issues that were different from those with 3PRS? Which was more profitable for the OEM, 3PR, retailer,
and the total supply chain? To do so, we compared the profitability of the OEM, 3PR, retailer, and the total supply
chain of Model T with those of Model R. We first turned our attention to the difference in OEM's profitability
between both models.

Proposition 2. The OEM benefited more in Model T than in Model R; that is, rr,f,,‘ = Hff,,‘.

The availability of remanufactured products in the market impacted the OEM's profits in two opposing ways. On
the one hand, the more that remanufactured products were available in the market, the larger the OEM profits
obtained due to the cost savings. On the other hand, as the number of remanufactured products increased, there
was the potential to reduce new product sales as remanufactured products' sales intensified. Then, it led the OEM
to derive less from new product sales. As a result, the underlying intuition behind Proposition 2 is as follows. If
the OEM outsourced the remanufacturing operations to the 3PR, the first component dominated because the
increasing availability of remanufactured products not only increased the profitability from remanufactured
products, but it also made the competition between both downstream agents (i.e., the retailer and the 3PR)
intensify, which mitigated the double marginalization problems in both distribution channels.

Note that, compared with Model R, the competition from the remanufactured products became fiercer in Model T.

As such, Proposition 2 revealed that the OEM benefited from the entry of 3PRs, which was an argument
supported by Mitra and Webster (2008), who demonstrated that competition from 3PRs usually generated higher

443


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2022.10.1(24)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2022 VVolume 10 Number 1 (Septmber)
http://doi.org/10.9770/jesi.2022.10.1(24)

profits for the OEM. It should be noted that they focused on the scenario where an OEM made and sold a new
product and a 3PR who competed with the OEM. In contrast, we assumed that the relationship between the OEM
and the 3PR was a paradoxical phenomenon of co-opetition: on the one hand, they needed to work together in the
remanufacturing market; on the other hand, they defended each other in two different (new and remanufactured
products) markets.

We are now able to address how different outsourcing strategies for remanufacturing operations affected the
retailer's profitability. Based on the outcomes in Table 2, we summarized our findings in the following
proposition.

Proposition 3. Outsourcing the remanufacturing operations to the 3PR was always detrimental to the retailer; that
: T R
is, T, =< T, .

The underlying intuition behind Proposition 3 is as follows. In Model R, the remanufacturing operations were
undertaken by the retailer. As a result, in this setting, its profits came from two sources: selling new products and
providing remanufactured products. However, in Model T, the remanufacturing was undertaken by the 3PR. As a
result, the latter revenue was transferred to the 3PR. Nevertheless, as shown in Proposition 1, the retailer's sales
volume of new products was lower than that in Model T because it was a monopolist provider in Model R; in
Model T, the retailer had to manage competition from the 3PR.

To analyze the effects of the OEM outsourcing the remanufacturing to different agents, it is of interest to compare
the results in Propositions 2 and 3 with the results from Mitra and Webster (2008) where an OEM made a new
product, and a 3PR competed with the OEM by remanufacturing used cores. There were two ways in which to
make this comparison. The first was to compare the relationship between the OEM and the 3PR. From this
perspective, we concluded that, although the competition from 3PRs was detrimental to new products' sales (see
Proposition 1), such competition usually generated higher total profits for the OEM (see Proposition 2). From the
OEM's perspective, outsourcing the remanufacturing in the Mitra and Webster model to the 3PR confirmed that
remanufacturing from 3PRs led to an increase in both parties' profits.

Alternatively, we compared the relationship between the retailer and the 3PR to both firms' relationship in the
Mitra and Webster model. From this perspective, we concluded that the competition from the 3PR was not only
detrimental to the sales of new products (see Proposition 1), but it also generated lower profits for the retailer (see
Proposition 3). From the retailer's perspective, outsourcing the remanufacturing in the Mitra and Webster model
to the 3PR reversed that the remanufacturing from 3PRs led to an increase in both parties' profits. The reason for
the reversal was analyzed in Proposition 3 and is not repeated here.

We provide the following proposition regarding the variations in total supply chain profits and how different
outsourcing strategies for remanufacturing operations affected the total supply chain performance.

Proposition 4. Outsourcing the remanufacturing operations to the 3PR was always beneficial for the total supply
chain; that is, [ = m[*.

We proved in Proposition 4 that the total supply chain benefited more in Model T than in Model R. Compared
with Model R, the increase in total supply chain profitability under the scenario of outsourcing remanufacturing
operations to the 3PR was caused by the increase in competition between both downstream agents and the
reduction in the double marginalization problems in both channels. Although outsourcing the remanufacturing to
the third-party was detrimental to the retailer (see Proposition 3), this outsourcing strategy was beneficial for both
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the OEM and the 3PR. Furthermore, both parties' benefits were large enough that it sufficiently compensated for
the loss in the retailer's profitability.

5.3 Discussion and Comparison of Environmental Impacts

In this subsection, we address the last question posed at the beginning of the paper: From an environmental
impact perspective, how do outsourcing remanufacturing operations to retailers create strategic issues different
from those with 3PRS? Which is more beneficial for our environment?

According to 1SO14040 (2006) and 1SO14044 (2006), Life Cycle Assessment (LCA) is the "compilation and
evaluation of the inputs, outputs and the potential environmental impacts of a product system throughout its life
cycle." LCA is a quantitative method to calculate the environmental impact of a strategy by summing over all the
life cycle phases from raw materials' procurement to end of life (White et al., 1999). LCA methodology can be
used to evaluate the environmental performance of materials, products, and industries. A detailed literature review
on LCA techniques in the remanufacturing industry is available (Suhariyanto et al., 2017; Atasu et al., 2013).

Consistent with previous work (Atasu et al., 2013; Liu et al., 2017), we measured the total environmental impacts
per product by considering the four life cycle phases of production, use, remanufacturing, and disposal.
Accordingly, we usedi,, i, i,, and i; to represent the per-unit impact of production, use, remanufacturing, and
disposal, respectively. It should be noted that the remanufacturing operations can extend the life cycle of the new
products, which resulted in the total environmental impact of use by consumers ase, = i,(q, + q,). Also,
because all products are disposed of in landfills after the usage without remanufacturing or after usage with
remanufacturing, then the total environmental impacts of disposal should be e; = i;4q,,. As a result, we obtained
the total environmental impactase =i.q, +{,(q, + §,.) + .4, +1:q,.

Let ET/E® represent the environmental impact under the strategy of outsourcing remanufacturing to the
3PR/retailer (Model T/R), respectively. Then, we summarized our main results on environmental outcomes in the
following proposition.

Proposition 5. Outsourcing the remanufacturing to the retailer was a greener strategy than outsourcing it to the
3PR; that is, ET = E®,

Note that there are two components behind Proposition 5: On the one hand, there is a larger quantity of new
products in Model T; that is, g = g=* (see Proposition 1), which means that the environmental impact of the
life cycle phases of production (of new products), use (of new products), and disposal (of end of life products) in
Model T were larger than that in Model R. On the other hand, Proposition 1 further revealed that compared with
Model R, there was a larger quantity of remanufactured products in Model T, which meant that the
remanufacturing level in Model T was higher than that in Model R. Moreover, the environmental impact of the
life cycle phases of use (of remanufactured products) and remanufacturing in Model T was higher than that in
Model R.

Conclusions

In recent decades, environmentally-friendly solutions and green operations have emerged as a growing topic.
One of the lasting effects of the movement is that remanufacturing is generally perceived as a profitable and
environmentally-friendly, end-of-use management option for many products. Although outsourcing has been
well studied in the remanufacturing literature (Zou et al., 2016, Abdulrahman et al., 2017, Zhu, 2016, Strakova et
al., 2020), existing research focuses primarily on the outsourcing strategy between the OEM and the 3PRs.
However, it ignores that the retailer has the flexibility to engage in remanufacturing. However, in recent years,
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many brand name retailers have created business models in which product remanufacturing is an integral part.
Moreover, the effects on sustainability or profits are different if the OEM outsources remanufacturing operations
to its retailers but not to 3PRs. Resource sustainability and business development is key to the future and the
businesses themselves (Strakova et al., 2021a). However, to achieve this goal is important synthesis models
based on the business environment. This fact is trongly essential (Strakova et al., 2021b; Strakova et al., 2018).

To answer the initial question, we developed two models for the OEM's remanufacturing outsourcing operations:
(1) outsourcing remanufacturing to a 3PR (Model T) or (2) outsourcing the remanufacturing to its retailer (Model
R). Several key findings related to these models are summarized as the following. (1) Compared with Model R,
there was a higher quantity of both products in Model T. (2) Compared with Model R, outsourcing the
remanufacturing operations to the 3PR was usually beneficial for the OEM and the entire supply chain but
always detrimental to the retailer. (3)Compared with Model R, outsourcing the remanufacturing to the TPR was
always detrimental to our environment than the strategy of outsourcing it to the retailer.

Based on the above results, we concluded that if the OEMs cared about economic performance, outsourcing the
remanufacturing operations to the 3PR was a practical strategy. On the other hand, if they cared about
environmental performance, outsourcing the retailer's remanufacturing operations was a preferred strategy.

This research could be extended in the following directions. First, we assumed that the OEM was limited to a
linear wholesale price. Although this is standard in the literature, it is also important to understand encroachment
implications when an OEM uses a more complex pricing mechanism. Second, we assumed that the costs,
emissions, and consumer preferences related to remanufacturing were the same for retailers and third parties so
that future research can generalize the model to different costs and emissions for third parties and retailers.
Consumers may exhibit different preferences over the remanufactured products provided by different
remanufacturers. We hope this research will open other potentially interesting avenues of research. Finally, given
our focus on sustainability issues, we removed other factors, which included the strategic choice of leasing and
selling, which can potentially play an important role in remanufacturing with durables.

Appendix A
g(280+3e,—2—8c,) ] B, —Be, +28% =2, —48 +2
We get s < ¢ < fc, bysolving q;" > g >0 and ——"———" < ¢ < fc, by
. ] N . B(2043c,—2—Fey) B e —Be,+28% —2c, —48 42
solving gqi* =g = 0Setting ¢, = T and G = —— . we

obtainc,, < ¢, if 0 << & < 593/2705,and ¢,; < c,, if593/2705< 6 < 1,

Appendix B

Based on the Stackelberg game, the manufacturer, as a leader, first determined the optimal price w* and p;
anticipated how the remanufacturer would respond after it has observed the OEM decisions. As a follower, the
remanufacturer observed this and chose the optimal wholesale price as a response. The model was solved by
backward induction.

In the first stage, for the given prices of the OEM, the remanufacturer solved the following problem:

mp = (p —w —c,)gq, = T TP hr The  first derivative e Wand solving it
ylelded 2 (wr, ) = 222 S hetituting g into demand functlons yielded g&*(w, p, ) = S22 H Pt Wi g

N (w, ,},.] TR Substituting s and ¥into OEM's profit function
y|elded mit =T (g — e (1 - —=2=) Then, We obtained ~ ZEM — ZEu"IWoiT¥in g
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T TWAELL— B — 4 P+ E— B+ Oy

Jointly solving these two equations yieldedpf* =(1+¢,)/2 and

vooAt

we = (6-c)/2

Appendix C

Based on the Stackelberg game, the OEM, as a leader, first determined the optimal price Pn in anticipating how the
remanufacturer would respond after observing the OEM decisions. The remanufacturer, as a follower, observed this
and chose the optimal wholesale price as a response. The model was solved by backward induction.
In the first stage, for the given prices of the OEM, the remanufacturer solved the following problem:

a77'-R Hpn -2 P, +C,

e = (b —€,)q, = (B, — ¢, )(BB, — 1))/ (B(1 — 8Y). The partial derivative to Pr is Pr 01-0)  solving
this equation yielded 3" (w, p,) = =2, Substituting p¥*into demand functions of Model N respectively yielded

M =21 -8 -2 -8p, +¢.)/2(1 —8)y and ¢ (p,) = (Bp, —¢,)/(8(1 —8)). Substituting g¥*and
qi,. |nto manu_facturers profit function ylelded:r.,lr = {,_;r, - c?,] {L —ﬁ]. The partial derivative to p,is

At

nnnnn

IHLL—-BI+HE, +Ir-“_—b"|.' at+la— Ir-"l.',

:‘—’F— = P

Appendix D

Because g " = “EE 0 = (2(1-8) + (2-8)c, T O )/(0(2_9)), then pf —p¥ =——T_ Because Of c, < fcy,
¢, < 1,50 ¢, < 8. Thus, we obtained p<™ = p".

Appendix E

We obtained this proposition from =" —=ff" = —— 2 and it was obviously positive because 0 <8 <1, i.e
ml =wall .

Appendix F

We obtained that the remanufacturer's optimal profit in Model C was % the optimal profit of the

(28 ~2824+38 cp+ 200y =B 2—d0, )
168 (1-81(2-8)2

remanufacturer in the competitive model was Comparing the former with the latter,
. . 2 2 2 2 26 e +405,—3cf)

we found that w8~ — =¥ = ¢, 8% + 8% — 8% — 26%¢, — 3¢,87 — c,c, 8% + 20,0, 0 +%

Setting ¢,z = (8(8¢c, — 2, + 8 — 1))/(28 — 3), we observed that if max{c,.c)< ¢, <6, m5 <, then

Cra < € < Bcy, W > md .

Appendix G

We only analyzed the disposal impact of the per-unit product, and we defined it as €,, = i, (q,, — g,-)because the
clearance impact was removed by remanufacturing. Similarly, the clearance impact of a remanufactured product was
e, =1.4q,. Then, the disposal impact in Model C and Model N were
Eizi.u(qu ::]+qu, _Il:lzq:lz_-l_(iu_idjq and

E‘ = I?! [:q;! q? i’) + I.Jq:' V= I?!q?! + (I?! - I.J)q:' 1 respeCtIVEIy
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___r
2(B—cH(B-2)8 '
is easy to know E€ — E¥ is always negative.

We can get E€ — EY = The ¢, is smaller than & because ¢,. < 8c,, and € is within [0,1]. So, it

Appendix H

The optimal total profit in Model C was =f ==f +=f; the optimal total profit in Model N was
¥ = " + 7Y, Substituting the optimal profit solutions of the manufacturer and the remanufacturer into these

. . c* _r_,-';_i_!'r,,—rr': !rﬁ i
equations, we obtainedry = 77—~ ete-0) Tee T
¢ fp—Ten—2B4Bon4? g2 ) . .
N = ﬁ —(4c, — 20 — 28¢, — 30¢, + O2¢, + 507 -Comparing the former with the latter, we
have nf” — nd" = 'ﬂ_r'"r’:ﬂa_lfﬁfﬁ:’lzarrw_f“ . We found z£" — " = 0 in max{c,p.c0) < £, < Bcy.
Appendix |

Thatis, 7Y < xS + p, (n5" — =7, Solving this equation after substituting the profits' equilibrium outcomes into

this equation, we found that only when the paying ratio was not smaller than g, = ==—"==22 2222022 the

profits of the manufacturer and the remanufacturer in Model C were higher than those in Model N.
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