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a b s t r a c t

Being motivated by the issue of waste electrical and electronic equipment (WEEE) collection, we consider
a contract design problem for a manufacturer with entrusting the collection of WEEE to a retailer.
However, the manufacturer has asymmetric information on the collection effort level of the retailer. This
paper designs an information screening contract for the manufacturer to obtain the information of
collection effort level, and the optimal decision-making with several properties of contract parameters
are derived. The results indicate that the manufacturer would offer lower wholesale price and higher
buy-back price for the H-type retailer while charge more franchise fee to the H-type retailer. Considering
the government intervention, reward-penalty mechanism (RPM) is developed to stimulate the asym-
metric information closed-loop supply chain (CLSC). We also analyze the impacts of RPM by comparing
the cases whether or not RPM is implemented. The comparison results show that the RPM can lower the
wholesale price and retail price meanwhile raise buy-back price and collection quantity. Finally, several
numerical studies are conducted for more managerial insights.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The rapidly updating and shortening life cycles of products have
led to industries seemingly producing new electric and electronic
products almost daily, which can account for the increase in growth
of waste electrical and electronic equipment(WEEE). It is estimated
that, by 2017, the WEEE of the whole world will reach about 65
million tons which will increase by 33 percent compared with 49
million tons in 2012. There are more than 700 chemical materials in
WEEE, andhalf of themare hazardous to humanhealth,whileWEEE
may derive 80e1500 g of gold and 350e1850 g of silver per ton,
valued at several thousand US dollars(http://www.tijinw.com/).

Instead of incineration and landfill, the used products should be
taken into collecting, refurbishing and remanufacturing (Thierry
et al., 1995). Remanufacturing, as a significant part of closed-loop
supply chain (CLSC), is the process of taking the used product to
an as-good-as-new condition by repairing, replacing and restoring
its components as necessary (Aras et al., 2011). Remanufacturing
has both economic and environmental benefits (Huysman et al.,
2015. Wang et al., 2015). From the economic point of view,

remanufacturing is lucrative since the cost of remanufacturing is
typically 40e60% of the cost of manufacturing a new product with
only 20% of the effort, and the remanufactured product is of the
same quality as a new product sold with the same warranty (Mitra,
2007). Remanufacturing is not only an economic viable solution,
but also positively contributing to the environment by conserving
resources (Sharma et al., 2016). Meanwhile, the manufacturer in
such a CLSC usually faces the risk of asymmetric information, for
example, the collection cost parameter of the collector (Li et al.,
2014) and the collection effort cost of the retailer (Zhang et al.,
2014). From another aspect to achieve sustainable development,
many governments have taken steps to stimulate the collection of
the used products, especially for WEEE. For instance, a number of
legislations with respect to product recovery, such as the Paper
Recycling Directive, the End-of-Life Vehicle Directive and theWEEE
Directive etc, have been implemented in the European Union (Giri
and Sharma, 2015). China also has started to carry out the WEEE
Recycling Management Regulation and adopt subsidization to the
manufacturer to stimulate collection. The governmental financial
intervention on CLSC can improve the social welfare and chain-
based profits (Sheu and Chen, 2012). Combined with the govern-
ment intervention, it's a challenging problem for the manufacturer
to attain the complete information in the asymmetric information* Corresponding author.
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CLSC.
Research on CLSC has gained considerable attention since it

arose, and various strategic and operational aspects of CLSC were
studied, such as CLSC network designing and planning, production
planning and inventory management, etc. Interested reader can
refer to Atasu et al. (2008), Ilgin and Gupta (2010), Souza (2013) and
Govindan et al. (2015) for a comprehensive review. In our paper,
literature mainly related to three research streams: contract design
problem in CLSC, government intervention and its impact on the
CLSC and the collection channel of CLSC.

Contract design is a crucial factor to coordinate and manage the
CLSCmembers. Savaskan et al. (2004) proposed three decentralized
models and find retailer-based collectionmuchmore effective, then
proposed a coordinationmechanism if the retailer is incentivized to
induce collection. Savaskan and VanWassenhove (2006) further
extended the above model to multiple setting that the retailing is
competitive and showed that the manufacturer should entrust the
collection of used products to the retailers under certain conditions.
Hammond and Beullens (2007) formulated an equilibrium model
for WEEE with variable inequality in a Cournot pricing game. Kaya
(2010) studied an incentive production model for remanufacturing
decisions in a stochastic demand setting. Kenn�e et al. (2009)
addressed a production planning model to minimize the sum of
the holding and backlog costs for manufacturing and remanu-

facturing products in a continuous time stochastic context. €Ozkır
and Başlıgil (2013) proposed a multiple objective optimization
model in uncertain environment regarding three recovery options.

Some studies have focused on the collection channel of the
CLSC. Thierry et al. (1995) presented products recovery manage-
ment that the recovery options were classified into repairing,
refurbishing, remanufacturing and collecting. Atasu and
Wassenhove (2010) extended it to product take-back (collection)
issues. Huang et al. (2013) examined optimal strategies of a CLSC
with dual collecting channel, in which the retailer and the third
party collect WEEEs competitively. Giovanni and Zaccour (2014)
studied whether a remanufacturer should manage his own waste
collection or outsource it to a collector. He (2015)modeled a closed-
loop supply chain (CLSC) with a manufacturer and its supply
channels e recycle channel and reliable supply channel.

Since the government act as a significant role in the CLSC,
government intervention has also received much more attention
from researchers. Atasu and Subramanian (2012) investigated the
implications of collective and individual producer responsibility
models of product take-back laws for WEEE. Vlachos et al. (2007)
tackled the development of efficient capacity planning policies for
remanufacturing facilities in reverse supply chains, taking into ac-
count the take-back obligation imposed by legislation. Webster and
Mitra (2007) proposed a two-period manufacturer-remanufacturer
competitivemodel to study the collective versus individual product
collection under the take-back laws. Webster and Mitra (2007)
examined the influence of government's remanufacturing subsidy
on the manufacturer and the remanufacturer based on a two-
period manufacturer-remanufacturer competitive model.
Georgiadis and Besiou (2008) examined the impact of ecological
motivation manifesting through legislation and green image factor.
Plambeck and Wang (2009) found that adopting the “fee-upon-
disposal” policy will motivate manufacturers to design for recy-
clability. Aksen et al. (2009) developed models to guide the gov-
ernment to subsidize manufacturers, while Atasu et al. (2009)
discussed effective conditions for government to legislate WEEE
recycling and remanufacturing policy. Atasu and Wassenhove
(2012) proved that it is necessary to enforce collection and recy-
cling of WEEE from the operations perspective. Rahman and
Subramanian (2012) found that the government legislation can

motivate the computer recycling operations. Govindan et al. (2013)
found the CLSC members are not only directed by the value of the
WEEEs but also by regulations. Atasu et al. (2013) compared two
forms of product take-back legislationwith manufacturer-operated
and state-operated systems, and Ma et al. (2013) investigated how
consumption-subsidy influences dual-channel CLSC.

The aforementioned literature makes an important contribution
to the theory development of our research. But, most literatures
adopt the government intervention policy and study CLSC under
symmetric information environment. In contrast to the above ref-
erences, this paper investigates the asymmetric information CLSC.
In this paper, we consider that in the CLSC the manufacturer de-
putes the collection of WEEE to the retailer. The collection quantity
of WEEE relies strictly on the retailer's collection effort level which
is the retailer's private information unavailable to the manufac-
turer. The retailer can choose to be high collection effort level or
low collection effort level while the manufacturer only knows the
probability of the retailer being H collection effort level. In the
asymmetric information CLSC, we design an information screening
contract to screen the retailer's collection effort level and the
optimal decision-making and properties of contract parameters are
derived. In addition, a reward-penalty mechanism (RPM) for the
government to intervene in the asymmetric information CLSC is
developed. The RPM prescribes a targeted collection quantity and a
reward-penalty intensity. If the collection quantity is more or less
than the targeted collection quantity, the manufacturer will receive
a reward or a penalty. The impacts of the RPM are studied by
comparing the cases with or without the implementation of the
RPM.

The remainder of this paper is organized as follows. Section 2
formalizes the problem. Section 3 investigates the decision-
making and contract parameters of the asymmetric information
CLSC in which the manufacturer designs an information screening
contract. Decision-making of the asymmetric information CLSC
under RPM is addressed in Section 4, while Section 5 compares the
two models and addresses the key findings. A numerical study is
given to validate the models and develop managerial insights in
Section 6. Section 7 remarks the conclusions and future research.

2. Problem formulation

2.1. Model description

The closed-loop supply chain structure considered in this paper
is shown as Fig. 1 which gives the general structure of the CLSC
under RPM, and the solid line represents the direction of forward
logistics while the dotted line indicates the direction of reverse
logistics. The CLSC has one manufacturer, one retailer and the
consumer. As the Stackelberg leader, the manufacturer entrusts the
collection of WEEE to the retailer. According to assumptions, the
retailer chooses high collection effort level or low collection effort
level, denoted as H-type retailer or L-type retailer respectively. The
retailer obtainsWEEE from consumers at the collection price rij and
sells them back to the manufacturer at buy-back price bj. The
manufacturer gives priority to WEEE-recycled materials and com-
ponents in production due to the lower cost. Themanufacturer sells
the production at wholesale price wj to the retailer, who then sells
the products to final consumers at the retail price pij. For the
manufacturer, how to seek the retailer's private information with
the information screening contract is as follows: (1) the manufac-
turer designs a set of contracts according to the probability of being
H-type retailer; (2) the retailer decides to accept which contract;
(3) the manufacturer identifies the collection effort level of the
retailer through the contract choice of the retailer.
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