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ABSTRACT Manufacturing enterprises often face the problem of an increasing production cost per unit of
output—that is, diseconomies of scale—due to technology or management ability. This paper examines the
collection channel selection and coordination strategies of a dual-channel closed-loop supply chain (CLSC)
in the presence of manufacturer diseconomies of scale. Decision models for a dual-channel CLSC with
single- and dual-channel waste product collection are constructed from the perspectives of centralized and
decentralized decision-making, and the effects of diseconomies of scale and sales/collection competition
on the pricing of new products and the waste product collection rate are analyzed. Moreover, criteria for
selecting a collection channel are given for CLSC members and the system as a whole, and two-part tariff
contracts are designed to coordinate the dual-channel CLSC under different collection channels. We find that
the optimal pricing decision and members’ profits are negatively correlated with diseconomies of scale and
positively correlated with sales competition. Under the dual-channel sales structure, the direct sales volume is
more than twice that of retail sales, the stronger the sales competition, the more pronounced this advantage is.
Further, from the perspective of collection, when collection competition is weak, the dual-channel collection
strategy is optimal, while as competition increases, the single-channel collection strategy may be better. The
manufacturer’s collection rate is more than twice that of the retailer under dual-channel collection, and the
stronger collection competition is, the larger this gap is. Finally, the conclusions are verified by numerical
simulation, and management insights are proposed.

INDEX TERMS Diseconomies of scale, dual-channel closed-loop supply chain, pricing decision, collection
strategy, coordination.

I. INTRODUCTION
With the large consumption of resources and increasing con-
cerns over environmental protection, countries of the world
are advocating the development of a green, low-carbon and
circular economy [1]–[3]. The concept and meaning of sus-
tainable development have deep roots. In 2003, European
governments enacted a directive on waste electrical and
electronic equipment (WEEE), covering the collection and
remanufacture of all types of such equipment [4]. Subse-
quently, many countries, including Canada, Japan, China and
the United States, introduced legislation similar to theWEEE
directive [5]. In this context, in recent years, enterprises
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have begun to pay more attention to the implementation of
CLSC management. For instance, traditional manufacturing
enterprises such as IBM and Haier, in addition to purchasing
raw materials and producing and selling products through
the forward supply chain, have established reverse supply
chains to collect waste products for reuse and remanufacture,
with great success [6]. Volkswagen collects used engines
and components to save 70% on manufacturing costs [7].
Through the Apple Trade In exchange program, Apple col-
lected 7million usedmobile phones in 2018 alone, converting
more than 48,000 tons of electronic waste and reducing its
carbon emission by 2.8 million tons since 2011. Thus, the
implementation of CLSC management can not only save
on enterprise production costs but also effectively improve
operational efficiency and thus plays a key role in promoting
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the sustainable development of the economy and the
environment [8].

However, in the context of the fast economic development
of all countries in the world, in order to seize market share,
many companies continue to scale up and often carry out
business expansions and mergers. These activities not only
can diversify management modes but also may lead to vary-
ing degrees of decentralization in corporate organizational
structures. This can lead to the phenomenon of diseconomies
of scale [9]. Griffin [10] showed that 74 listed companies
on the New York stock exchange featured diseconomies of
scale in 1973. From 1985 to 1994, six types of vehicles
in the Japanese automobile industry were produced under
diseconomies of scale [11]. Alvarez and Arias [12] found
for dairy farms that with management ability held constant,
diseconomies of scale become increasingly prominent as the
number of farms increases. In addition, Changhong, Kangjia,
Hisense and other enterprises in China have seen rising costs
due to diseconomies of scale [13], [14]. Therefore, in the
following study, this paper attempts to explore effective ways
to alleviate diseconomies of scale through the implementation
of CLSCs.

In the past few years, with the rapid development of
e-commerce, many enterprises have adopted the dual-channel
marketing model of direct sales and distribution in sup-
ply chains. In this way, enterprises can enter markets and
enhance their competitiveness [15]. Firms such as Apple,
Lenovo, Haier and other large enterprises now not only
sell through traditional channels such as Suning, Gome and
other retail stores but also have established direct stores or
e-commerce platforms to sell directly to consumers. This
not only helps reduce the dependence on traditional dis-
tributors but also can develop new markets and enhance
sensitivity to changes in consumer demand to alleviate
adverse impacts of manufacturer diseconomies of scale and
improve enterprise performance. At the same time, for
enterprises implementing CLSCs, the exploration of opti-
mal collection channels can effectively improve their collec-
tion efficiency, reduce collection costs, increase income, and
alleviate diseconomies of scale. Consequently, the research
in this paper theorizes this supply chain setting and pro-
vides decision support for enterprise management in similar
situations.

At present, most studies on CLSCs focus on product
pricing decisions, collection channel selection, channel lead-
ership, and government regulation and coordination mech-
anisms, assuming fixed marginal production costs for the
manufacturer and ignoring the impact of manufacturer dis-
economies of scale on the operation of CLSCs. However,
diseconomies of scale often arise in the process of business
operation. Overall, based on the literature on manufacturer
diseconomies of scale, this paper distinguishes the existing
studies and explores the following issues:

(1) How do manufacturer diseconomies of scale influence
new product pricing and waste product collection in dual-
channel CLSCs?

(2) How does sales/collection competition influence new
product pricing, waste product collection and profits for dual-
channel CLSC members?

(3) What is the optimal collection strategy under man-
ufacturer diseconomies of scale? What are the criteria by
which dual-channel CLSC members and the whole system
determine the optimal collection channel?

(4) In the context of manufacturer diseconomies of scale,
can traditional two-part tariff contracts still coordinate dual-
channel CLSCs under different collection channel structures?

The rest of this paper proceeds as follows. The second part
summarizes references related to the research in this paper.
Section 3 describes the relevant problems, the notation, and
the models. Section 4 presents a centralized decision-making
model of a dual-channel CLSCwith manufacturer production
diseconomies under different collection modes and derives
the results. Section 5 further explores a decentralized deci-
sion model on the basis of the previous section and offers
the results. In Section 6, we propose to a two-part tariff
contract to coordinate a dual-channel CLSC under manufac-
turer diseconomies of scale. In Section 7, the accuracy of
the conclusions and the validity of the coordination contract
are analyzed and verified through numerical simulation, and
some management insights from the models are given. The
last part of this paper summarizes the research and points out
shortcomings and further research directions.

II. LITERATURE REVIEW
Current research on CLSCs has yielded many insights. This
paper focuses on the impact of diseconomies of scale on pric-
ing decisions and collection and coordination strategies in a
dual-channel supply chain and explores the optimal collection
channel tomitigate the impact of diseconomies of scale. Next,
we analyze existing literature in regard to these aspects.

A. PRICING AND COORDINATION STRATEGY OF A
DUAL-CHANNEL CLSC
Agreat deal of research has been done on dual-channel CLSC
pricing decisions and coordination strategies. Saha et al. [16]
studied the coordination of a dual-channel CLSC and reman-
ufacturing policies with a government incentive mechanism.
Taleizadeh et al. [17] analyzed the impact of marketing
efforts on optimal pricing strategies and dual-channel CLSC
member profits. He et al. [18] discussed the impact of con-
sumer free-riding behavior and a government e-commerce
tax policy on the carbon emission of a dual-channel CLSC.
Zheng et al. [19] considered the two situations of infor-
mation symmetry and asymmetry and analyzed the influ-
ence of power structures and competition among collection
channels on the optimal pricing strategy in a CLSC. Zhang,
He, and Shi discussed retailers’ selection of the optimal
sales channel from among online, offline and dual-channel
sales and derived the selection criteria [20]. Xie et al. [21]
thoroughly discussed the impact of cooperative advertising
on the pricing and coordination strategy of a dual-channel
CLSC. Based on this work, in 2018, he further explored
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the service strategy of a dual-channel CLSC under cost-
benefit sharing contracts [22]. Zhang et al. [23] analyzed
the influence of quality level on vertical dual-channel pricing
options and integrated product quality and revenue to design
a dual-channel CLSC coordination mechanism. He et al. [24]
discussed optimal pricing and coordination of a dual-channel
CLSC under government subsidies. Liu et al. [25] studied the
influence of dual sales channels in a CLSC on manufacturer
and retailer pricing and production decisions. Although the
above studies on dual-channel CLSCs have yielded abundant
results, few works have studied the optimal collection strat-
egy and coordination of a dual-channel CLSC. For enterprises
implementing CLSCs, adopting the marketing model of dual-
channel sales offers a way to improve their earnings. At the
same time, exploring an optimal collection channel can also
boost the operating efficiency of enterprises, reduce collec-
tion costs and increase revenue.

B. COLLECTION CHANNEL SELECTION IN A CLSC
Many studies have discussed the pricing decision and coordi-
nation strategy of CLSCs under different collection channel
structures. Savaskan et al. [26] established three decision
models with manufacturer, retailer and third-party collection,
respectively; the results show that the outcome is the best
with retailer collection. Comparing channel structures with
retailer and third-party collection, Hong and Yeh [27] indi-
cated that the collection rate and channel profit when the
retailer is responsible for collection are not always greater
than those when collection is done by a third-party. Based
on a third-party collection structure, Choi et al. [28] com-
pared the pricing strategies and revenue of a CLSC under
the leadership of three different channels. In a setting with
information asymmetry, Wei et al. [29] discussed the impact
of a change in channel power structure on the selection
of a CLSC’s reverse collection channels. Under three dif-
ferent collection channels, Hong et al. [30] analyzed the
impact of the demonstration effect on a CLSC’s selection of
recycling mode. In a setting with competing mixed reverse
collection channels, Liu et al. [31] indicated that a hybrid
collection channel in which both manufacturers and retail-
ers collect simultaneously is the best choice for the man-
ufacturer. Modak et al. [32] studied the pricing decision of
a CLSC under three collection modes—dominant manufac-
turer collection, dominant retailer collection and dominant
third-party collection—and analyzed the impact of collect-
ing channels and product quality on the pricing decision.
In a setting with uncertain conditions of collected prod-
ucts and dual-channel collection, Giri and Dey [33] the-
oretically analyzed the pricing strategy of a dual-channel
CLSC with backup suppliers. Wan and Hong [34] dis-
cussed the impact of government subsidy and transfer pric-
ing policies on the pricing strategy and member profit in a
CLSC with dual-channel collection. Xiao et al. [35] con-
structed two CLSC decision models for retail channel col-
lection and dual-channel collection in order to determine
the optimal collection channel for trade-ins. Wu et al. [36]

studied the selection of optimal collection channels by
environmentally responsible CLSCs under different decision-
making modes. Yang et al. [37] discussed collection chan-
nel selection in the case of a CLSC under a cap-and-trade
regulation. For a dual-channel CLSC in which traditional
retailers and online recyclers are jointly responsible for
collection, Yuan et al. [38] studied collection and pricing
decision-making and analyzed the necessary conditions for
coordination. Chen and Gao [39] discussed the effects of
collection services and incentives on waste products collec-
tion and enterprise performance under four different collec-
tion modes. Scarkar and Bhala [40] studied decision-making
over different collection channels in the presence of fairness
concerns among supply chain partners and found that under
the manufacturer collection mode, the efficiency of waste
product collection is higher. The above studies on the design
and optimization of CLSC collection channels have yielded
many important results. However, they have not considered
diseconomies of scale. Second, they have only rarely studied
the selection of collection channels in a dual-channel CLSC.

C. DISECONOMIES OF SCALE
Another stream of literature related to this paper is on disec-
onomies of scale. In reality, almost all companies are likely
to display diseconomies of scale, which can arise from obso-
lescing production technology and suboptimal management.
In addition, if the operating scale of an enterprise is lower
than the minimum scale required by the industry or exceeds
a certain limit, diseconomies of scale also arise. In the supply
chain, diseconomies of scale directly affect the decisions and
benefits of supply chain members. Mollick [11] and Rawley
and Simcoe [14] discussed in depth the impact of production
diseconomies in an enterprise on its operational efficiency
and performance. Considering the case of retailer information
sharing, Ha et al. [41] discussed the impact of diseconomies
of scale on the supply chain structure in the presence of
supply chain competition. Wang and Zhuo [42] discussed
strategic information sharing under supplier encroachment in
a two-stage supply chain and found that the supplier is more
likely to encroach on the retailer in the case of lower sales
costs and greater production diseconomies. All the above
studies focused on the forward supply chain structure, and
few studies have discussed the impact of diseconomies of
scale on pricing and members’ profit in a CLSC. Second,
as mentioned above, there is no literature discussing collec-
tion channel selection and coordination strategies in a dual-
channel CLSC under diseconomies of scale.

To sum up, in the context of manufacturer diseconomies
of scale, this paper discusses the optimal pricing decision
and recycling channel selection of a dual-channel CLSC and
derives a coordination strategy that can be implemented in
different decision situations. First, the profit models of a dual-
channel CLSC under three different collection channels are
established for cases in which the decision is centralized and
decentralized, respectively, and the equilibrium results of the
different decision models are obtained by using a Stackelberg
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FIGURE 1. Dual-channel CLSC structure under three collection modes.

game and optimization theory. Then, through comparative
analysis, this paper derives the criteria according to which
CLSCmembers and the whole system can choose the optimal
collection channel under diseconomies of scale. Finally, two-
part tariff contracts are designed to coordinate the CLSCwith
different collection channels based on the optimal decision
in the centralized model, and we identify the corresponding
range of contract parameters. In short, this paper theorizes the
selection of collection channels and coordination strategies
in a dual-channel CLSC in the presence of diseconomies of
scale.

III. PROBLEM DESCRIPTION AND ASSUMPTIONS
This paper considers a dual-channel CLSC consisting of a
manufacturer and a retailer. In the forward supply chain,
the manufacturer produces a single product, which is char-
acterized by diseconomies of scale. The manufacturer sells
the product, on the one hand, at the direct price through the
direct channel and, on the other hand, at the retail price in the
market through the retail channel. In the reverse supply chain,
waste products are processed and remanufactured by the
manufacturer. There are threemainways for themanufacturer
to obtain waste products: the manufacturer can collect them
itself, can delegate collection to the retailer, or collect waste
products alongside the retailer at the same time. The specific
structural framework is shown in figure 1.

According to the research of Zheng et al. [19], we assume
that there exists price competition between the manufacturer
and retailer in the forward supply chain; the corresponding
demand functions of the direct and retail channels are as
follows:

qd = a− pd + βpr , (1)

qr = a− pr + βpd . (2)

Referring to Savaskan and Van Wassenhove [43] and
Huang et al. [44], we assume that the collection cost function
of the manufacturer or retailer is I∗i = kτ 2i , i ∈ {m, r}. We can
construct the collection cost functions of the manufacturer
and retailer when the two compete in the collection process,

which are

Im =
k(τ 2m + ατ

2
r )

1− α2
, Ir =

k(τ 2r + ατ
2
m)

1− α2
. (3)

In addition, consistent with the actual development of man-
ufacturing enterprises, we assume that the manufacturer has
diseconomies of scale, which could be a need to invest more
production capacity or incur a greater cost for each additional
unit of output at a certain level of production, reflected in
the nonlinear structure of the manufacturer’s production cost
function. Referring to the study of Ha et al. [41], we assume
that the total production cost of the manufacturer with disec-
onomies of scale is

c(q) = bq2. (4)

The relevant symbols and variables used in this paper are
shown in table 1.

In this paper, we discuss some key problems of a dual-
channel CLSC in the context of diseconomies of scale,
including the pricing decision, collection strategy and coordi-
nation in the supply chain. Therefore, the model quantifying
CLSCmanagement problems is quite complicated. To ensure
tractability, the followingmain assumptions aremadewithout
loss of generality.

(1) The manufacturer and retailer play a Stackelberg game
under complete information, where the manufacturer is the
leader and both are risk neutral [26], [28], [43].

(2) The waste products are strictly evaluated andmonitored
to ensure that the used products are worth collecting, process-
ing and remanufacturing [45].

(3) The new and remanufactured products are the same
in terms of quality, performance and appearance, and the
customers’ evaluation of the two products is similar [46].

(4) The two sales channels face potential consumers in the
same market, and potential consumers can choose whether to
buy the products through the direct or retail channel.

(5) To avoid interference of the initial and final time cycle
effects, sales and collection in the dual-channel CLSC system
occur in a single cycle [26], [28], [43]; forward sales and
reverse collection of products are also completed in the same
cycle.
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TABLE 1. Symbol definitions and assumptions.

IV. CENTRALIZED DUAL-CHANNEL CLSC DECISION
MODEL
A. SINGLE-CHANNEL COLLECTION BY THE
MANUFACTURER OR RETAILER (MODEL S)
Based on the literature on manufacturer diseconomies of
scale, this section first discusses the dual-channel CLSC
decision problem for single-channel collection carried out by
the manufacturer or retailer. Centralized decision-making is
done based on the performance of the whole CLSC system to
maximize the profits of the dual-channel CLSC. In this case,
the direct price pd , distribution price pr and collection rate
τs are determined by both manufacturer and retailer. At this
point, the total profit function of the dual-channel CLSC can
be expressed as

πSs ( pd , pr , τs)= (pd − cm)qd+(pr−cm)qr
+1τs(qd+qr )−b(qd+qr )2−kτ 2s . (5)

Proposition 1: Model S has a unique optimal solution
when k >

1(a−(1−β)cm+(1−β)1)
2(1+2b(1−β)) . The specific results are

shown in table 2.

B. DUAL-CHANNEL COLLECTION BY THE
MANUFACTURER AND RETAILER (MODEL SS)
When the dual-channel CLSC adopts the dual-channel col-
lection mode, the direct price pd , distribution price pr and
collecting rate τm and τr are determined by the manufacturer
and retailer jointly. At this point, the total profit function of
the dual-channel CLSC can be expressed as

πSSs ( pd , pr , τm, τr )

= (pd − cm)qd + (pr − cm)qr

+1(τm+τr )(qd+qr )−b(qd+qr )2−
k(τ 2m+τ

2
r )

1− α
. (6)

Proposition 2: Themodel SS has a unique optimal solution
when k > 1(1−α)(a−(1−β)cm+(1−β)1)

1+2b(1−β) . The specific results are
shown in table 2.
Conclusion 1: Under centralized decision-making,

(a) pS∗d = pS∗r ≥ pSS∗d = pSS∗r , qS∗d = qS∗r ≤ qSS∗d = qSS∗r ,
and τ S∗s ≤ τ SS∗s when 0 < α ≤ 0.5, and pS∗d = pS∗r <

pSS∗d = pSS∗r , qS∗d = qS∗r > qSS∗d = qSS∗r , and τ S∗s > τ SS∗s
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TABLE 2. Equilibrium results and profits in different models under centralized decision-making.

when 0.5 < α < 1; (b) πS∗s ≤ π
SS∗
s when 0 < α ≤ 0.5 and

πS∗s > πSS∗s when 0.5 < α < 1.
The analysis of conclusion 1 shows that in a dual-channel

CLSC where the manufacturer has diseconomies of scale,
when a centralized decision is made, no matter which col-
lection model is chosen by the dominant manufacturer (be
it manufacturer collection, retailer collection, or joint col-
lection), the optimal direct sales price is always the same
as the optimal distribution price. For the two sales channels,
the market demands are also equal. In reality, to improve
the competitiveness of enterprises and boost market demand
for new products, many large enterprises (e.g., Haier, Gree)
have established dual (online and offline) sales channels.
Companies usually adopt a unified pricing strategy to avoid
upsetting consumers with obvious price differences—a fact
that underscores the practical explanatory significance of this
research.

Further, according to conclusion 1, under centralized
decision-making with dual-channel collection by the manu-
facturer and retailer, when the degree of collection compe-
tition between them is relatively low (that is, 0 < α ≤ 0.5),
products with dual-channel collection have a lower sales
price, higher market demand, a higher collection rate of used
products, and higher profits for the CLSC overall than in
the case of single-channel collection by the manufacturer or
retailer. As collection competition increases beyond a certain
threshold (that is, 0.5 < α < 1), single-channel collec-
tion by the manufacturer or retailer represents a better chan-
nel structure for the CLSC overall. Moderate competition
betweenmember enterprises helps increase the overall profits
of the dual-channel CLSC. However, excessively competitive
behavior can have counterproductive effects; this conclusion
aligns with general trends in economic markets.

V. DECENTRALIZED DUAL-CHANNEL CLSC DECISION
MODEL
A. SINGLE-CHANNEL COLLECTION BY THE
MANUFACTURER (MODEL M)
In model M , the manufacturer independently produces new
products and collects old products, and it also opens direct

marketing channels to sell those products. In reality, large
electrical and electronic equipment manufacturers such as
IBM, Panasonic and Dell not only cooperate with retailers
such as JD.com to sell products together but have also set up
corresponding subsidiaries or collection workshops to collect
waste products.

The decision sequence of each member enterprise in
model M is as follows: First, the dominant manufacturer
announces its own decision variables, including thewholesale
price w, direct sales price pd and collection rate τm, and
then the retailer determines the retail price pr based on the
manufacturer’s decision. In summary, the profit functions of
the manufacturer and retailer, respectively, can be expressed
as

πMm (w, pd , τm) = (pd − cm)qd+(w− cm)qr
+1τm(qd+qr )−b(qd+qr )2−kτ 2m, (7)

πMr (pr ) = (pr − w)qr . (8)

Proposition 3: Model M has a unique optimal solution
when k > 1(3+β)(a−(1−β)cm+(1−β)1)

4(2+b(1−β)(3+β)) . The specific results are
shown in table 3.
Proof: See the Appendix.

B. SINGLE-CHANNEL COLLECTION BY THE RETAILER
(MODEL R)
In model R, the retailer undertakes the task of collecting
waste products. Kodak is a practical example of this closed-
loop structure: it delegates collection of discarded cameras
to retailers that sell its products. Other examples include
Gome, Suning and other large retail enterprises that provide
a full range of trade-in services for the enormous number of
products that they sell.

The decision sequence of each member enterprise in
model R is as follows: First, the dominant manufacturer
announces its own decision variables, including thewholesale
pricew, direct sales price pd and transfer paymentF , and then
the retailer determines the retail price pr and collection rate τr
based on the manufacturer’s decision. In summary, the profit
functions of the manufacturer and retailer, respectively, can
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TABLE 3. Equilibrium results and profits in different models under decentralized decision-making.

be expressed as

πRm(w, pd , F) = (pd − cm)qd + (w− cm)qr

+1τr (qd+qr )−b(qd+qr )2−Fτr , (9)

πRr (pr , τr ) = (pr − w)qr + Fτr − kτ 2r . (10)

Proposition 4: Model R has a unique optimal solution
when k > 1(3+β)(a−(1−β)cm+(1−β)1)

8(2+b(1−β)(3+β)) . The specific results are
shown in table 3.

C. DUAL-CHANNEL COLLECTION BY THE
MANUFACTURER AND RETAILER (MODEL MR)
In model MR, in a forward or reverse supply chain, the man-
ufacturer and retailer set up a dual-channel model to sell new
products and collect waste products. Such cases are common
in reality. For example, Xerox and Eastman Kodak cooperate
with downstream retailers for both product sales and waste

product collection, thereby improving decision-making effi-
ciency and reducing costs [47].

The decision sequence of each member enterprise in
model M is as follows: First, the dominant manufacturer
announces its own decision variables, including the whole-
sale price w, direct sales price pd , transfer payment F and
collection rate τm, and then the retailer determines the retail
price pr and collection rate τr based on the manufacturer’s
decision. In summary, the profit functions of themanufacturer
and retailer, respectively, can be expressed as

πMRm (w, pd ,F, τm) = (pd−cm)qd+(w− cm)qr − Fτr
+1(τm+τr )(qd+qr )

− b(qd + qr )2 −
k(τ 2m+ατ

2
r )

1− α2
, (11)

πMRr (pr , τr ) = (pr − w)qr + Fτr −
k(τ 2r + ατ

2
m)

1− α2
.

(12)
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Proposition 5: Model MR has a unique optimal solution
when k > 1(3+β)(1−α2)(a−(1−β)cm+(1−β)(3+α)1)

4(4+b(1−β)(3+β)(2+α)) . The results
are shown in table 3.
where 1 − β = A1, 2 + β = A2, 3 + β = A3, 3 − β =
A4, 1 − β2 = A5, and 7 + β = A6, 2 + α = B1,
1 − α2 = B2, 3 + α = B3, −1 + 4α + 4α2 + α3 = B4,
and 5 + 9α + 5α2 + α3 = B5; and 4k − A1A312

= 11,
8k−A1A312

= 12, 2kA4−A1A312
= 13, 16k−A1A312

=

14, 4kA2 − A1A312
= 15, 16k − A1A3B2B312

= 16,
4kB1 − A1A3B2B312

= 17, 2kA4B1 − A1A3B2B312
= 18,

4kA6 − A1A231
2
= 19, 16kA6 − A1A231

2
= 110, and

4kA6B21 − A1A23B2B51
2
= 111 when parameter k satisfies

the assumptions 11,12, . . . ,111 > 0.
Conclusion 2: Under decentralized decision-making,

(a) wM∗ = pM∗d < pM∗r , wR∗ = pR∗d < pR∗r , and wMR∗ =
pMR∗d < pMR∗r .
(b) qM∗d /qM∗r = 2 + β, qR∗d /q

R∗
r = 2 + β, qMR∗d /qMR∗r =

2+ β, and τMR∗m /τMR∗r = 2+ α.
The analysis in conclusion 2 indicates the follow-

ing: (a) shows that under decentralized decision-making,
no matter which collection mode the manufacturer chooses,
the wholesale price set by the manufacturer is the same as
its direct selling price. For the downstream retailer in the
supply chain to make more profits, it must set the retail
price higher than the wholesale price, which is in turn higher
than the direct selling price. Due to this price disadvantage,
consumers are more inclined to purchase from the manufac-
turer’s direct channels. Further, it can be seen from (b) that
no matter the collection channel, the sales volume of the
manufacturer’s direct channel is at least twice that of the
retail channel, and as competition between the two channels
increases, the advantages of themanufacturer’s direct channel
become more pronounced. In addition, when dual-channel
collection is adopted, the manufacturer’s collection rate is
always more than twice the retailer’s, and as collection com-
petition between them increases, the manufacturer’s collec-
tion advantage becomes more significant.
This result is because as the core enterprise of the

CLSC, the manufacturer’s priority decision-making power
has a great impact on the retailer’s decision. For example,
in forward sales, the retailer’s retail price and sales volume
depend on the manufacturer’s wholesale and direct prices.
In the reverse collection process, the retailer’s collection rate
depends on the manufacturer’s transfer payment and collec-
tion cost. Therefore, whether in the sales or collectionmarket,
the retailer’s decision is always influenced by the dominant
manufacturer.
Conclusion 3: Under decentralized decision-making,

(a) wMR∗ ≤ wM∗ < wR∗, pMR∗d ≤ pM∗d < pR∗d , and
pMR∗r ≤ pM∗r < pR∗r when 0 < α ≤ 0.53; wM∗ < wMR∗ ≤
wR∗, pM∗d < pMR∗d ≤ pR∗d , and pM∗r < pMR∗r ≤ pR∗r when
0.53 < α ≤ 0.79; and wM∗ < wR∗ < wMR∗, pM∗d < pR∗d <

pMR∗d , and pM∗r < pR∗r < pMR∗r when 0.79 < α < 1.
(b) qMR∗d ≥ qM∗d > qR∗d , qMR∗r ≥ qM∗r > qR∗r , and τMR∗ ≥

τM∗ > τR∗ when 0 < α ≤ 0.53; qM∗d > qMR∗d ≥ qR∗d ,

qM∗r > qMR∗r ≥ qR∗r , and τM∗ > τMR∗ ≥ τR∗ when 0.53 <
α ≤ 0.79; and qM∗d > qR∗d > qMR∗d , qM∗r > qR∗r > qMR∗r , and
τM∗ > τR∗ > τMR∗ when 0.79 < α < 1.

The analysis of conclusion 3 shows that under manu-
facturer diseconomies of scale, compared with retailer col-
lection, manufacturer collection has a lower product price,
higher sales volume and higher collection rate. Further-
more, in a comparison with dual-channel collection, it is
found that when collection competition is relatively weak
(0 < α ≤ 0.53), the pricing decision under the dual-channel
collection model is the best, followed by manufacturer col-
lection, while that under retailer collection is the worst.
As collection competition increases to 0.53 < α ≤ 0.79,
the manufacturer collection pricing decision is the best, fol-
lowed by dual-channel collection, while the retailer collection
effect is still the worst. In the case of relatively strong collec-
tion competition (0.79 < α < 1), the effect of manufacturer
collection is the best and dual-channel collection the worst.

This conclusion further indicates that relative to the out-
comes under the manufacturer or retailer single-collection
channel, moderate competition between them is beneficial to
both parties and the system as a whole. Excessive compe-
tition, however, is counterproductive. Therefore, the manu-
facturer, as the channel leader, should control the degree of
competition among members to the extent feasible and then
encourage the CLSC members to make the optimal pricing
decision.
Conclusion 4: Under the decentralized decision, when the

profits of dual-channel CLSCmembers and the whole system
under different collection channel structures are compared,
we have the following:

(a) The manufacturer’s profit satisfies πMR∗m ≥ πM∗m >

πR∗m when 0 < α ≤ 0.53, πM∗m > πMR∗m ≥ πR∗m when 0.53 <
α ≤ 0.79 and πM∗m > πR∗m > πMR∗m when 0.79 < α < 1.

(b) The retailer’s profit satisfiesπMR∗r ≥ πR∗r > πM∗r when
0 < α ≤ α2, πR∗r > πMR∗r ≥ πM∗r when α2 < α ≤ α3
and πR∗r > πM∗r > πMR∗r when α3 < α < 1, where
α2, α3 ∈ (0, 1) are the only positive real roots of equation
πR∗r = π

MR∗
r and πM∗r = πMR∗r that satisfy the conditions.

(c) The total profits of the whole system satisfy πMR∗s ≥

πM∗s > πR∗s when 0 < α2 < α ≤ α4 < 0.53, πM∗s >

πMR∗s ≥ πR∗s when α3 < α4 < α ≤ α5 < 0.79 and πM∗s >

πMR∗s ≥ πR∗s when α5 < α < 1, where α4, α5 ∈ (0, 1)
are the only positive real roots of equation πM∗s = πMR∗s and
πR∗s = π

MR∗
s that satisfy the conditions.

(d) The profits of the manufacturer and retailer under the
same collection channel structure satisfyπM∗m > πM∗r ,πR∗m >

πR∗r and πMR∗m > πMR∗r .
By the analysis of conclusion 4, (a) indicates that for the

dominant manufacturer, compared with retailer collection,
doing its own collection can yield greater profit. Further,
if we compare the manufacturer and retailer profits under the
dual-channel collecting mode, we find that when collection
competition is relatively weak (0 < α ≤ 0.53), the man-
ufacturer’s profit is the best under dual-channel collection,
second-best under manufacturer collection, and worst under
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retailer collection. As collection competition increases to
0.53 < α ≤ 0.79, the manufacturer obtains more prof-
its by collecting itself; dual-channel collection yields the
second-highest profits, and profits are smallest under retailer
collection. When collection competition is relatively strong
(0.79 < α < 1), the manufacturer still obtain more profit
when collecting itself, followed by retailer collection, while
the profit under dual-channel collection is the lowest.

(b) indicates that relative to the profit under manufac-
turer collection, the retailer can always make more profit
by collecting under its own channel structure. Further, com-
pared with the profit under dual-channel collecting, when
0 < α ≤ α2, the retailer’s profit is the largest under dual-
channel collection and the smallest under the manufacturer
collection channel structure. Further, when α2 < α ≤ α3,
the retailer obtains the greatest profit when collecting itself
and the smallest under manufacturer collection. Finally, when
α3 < α < 1, the retailer still obtains the most profit when
collecting by itself and the least profit through dual-channel
collection.

(c) indicates that for the whole CLSC system, the trend
in total profits is consistent with the trend of the dominant
manufacturer. That is, when collection competition is weak
(0 < α2 < α ≤ α4 < 0.53), the total profits of the CLSC
system under the dual-channel collection mode are larger;
when collecting competition is relatively strong (α3 < α4 <

α ≤ α5 < 1), total profits under the manufacturer collec-
tion mode are larger. When this point is combined with (d),
it can be seen that compared with the retailer, the dominant
manufacturer always obtains greater benefits. Yue et al. [48]
came to the same conclusion for the forward supply chain: the
manufacturer has a greater impact on the system trend, while
changes in the retailer’s profit affect only the change range of
the α value.

To sum up, conclusion 4 shows that under manufacturer
diseconomies of scale, relative to the outcomes under single-
channel collection by the manufacturer or retailer, moderate
competition between members can enable the dual-channel
CLSC system to have a lower product price, higher waste
product collection rate and larger product sales volume, while
the dual-channel CLSC members can also obtain greater
benefits. This further suggests that the members of the CLSC
can compete as well as cooperate; this requires the leader of
the supply chain to have certain coordination ability to better
control the level of competition between members, thereby
greatly improving the operational efficiency of the whole
dual-channel CLSC as well as the overall benefits of each
member and the whole system.
Conclusion 5: By comparing the equilibrium results of

each decision model under the centralized and decentralized
models, we find that (a) pR∗d > pM∗d > pS∗d , pR∗r > pM∗r >

pS∗r , qR∗d < qM∗d < qS∗d , qR∗r < qM∗r < qS∗r , τR∗r < τM∗m <

τ S∗s , and πR∗s < πM∗s < πS∗s .
(b) pMR∗d > pSS∗d , pMR∗r > pSS∗r , qMR∗d < qSS∗d , qMR∗r <

qSS∗r , τMR∗m + τMR∗r = τMR∗s < τ SS∗s , and πMR∗s < πSS∗s .

Conclusion 5 shows that no matter the collection channel
structure, the direct and retail prices of products are sig-
nificantly lower in the centralized than in the decentralized
CLSC. At the same time, product sales and the waste product
collection effect are better, and the total profits of the CLSC
system are higher. In fact, the decentralized decision causes
the CLSC system to produce a ‘‘double marginal’’ effect,
ultimately harming the overall profits of the whole system.
However, the centralized decision-making mode treats all
members as a community of interests to maximize the overall
profits of the system as a decision-making goal. Therefore,
compared with those in the decentralized setting, members
of CLSC in the centralized scheme have less ‘‘internal fric-
tion’’ and higher operational efficiency, which helps improve
product sales and the collection effect.

VI. COORDINATION OF A DUAL-CHANNEL CLSC UNDER
DIFFERENT COLLECTION CHANNEL STRUCTURES
As mentioned above, under decentralized decision-making,
the CLSC produces a doublemargin effect and fails to achieve
the optimal decision for each member. In an environment
of diseconomies of scale, the manufacturer, as the channel
leader, has the responsibility of improving the overall perfor-
mance of the CLSC system by increasing product sales and
the collection rate. Based on this objective, this paper devel-
ops a two-part tariff contract to achieve perfect coordination
of a dual-channel CLSC under different collection channels
and discusses the value ranges of the contract parameters
under different decision models.

A. SINGLE-CHANNEL COLLECTION BY THE
MANUFACTURER (MODEL CM)
In model CM , the coordination process for the two-part tariff
contract is as follows: First, the manufacturer offers a lower
wholesale price wCM∗, which enables the retailer to set the
retail price to pS∗r . Then, the retailer pays the manufacturer a
fixed fee f CM∗ to make up for the profits lost to achieve coor-
dination. The contract can be expressed as (wCM∗, f CM∗).
Under the coordination strategy of (wCM∗, f CM∗), the profit
functions of the manufacturer and retailer are, respectively,

πCMm (w, pd , τm)

= (pd − cm)qd + (w− cm)qr

+1τm(qd + qr )− b(qd + qr )2 − kτ 2m + f , (13)

πCMr (pr , f )

= (pr − w)qr − f ,

s.t.



(pd − cm)qd + (w− cm)qr +1τm(qd + qr )

−b(qd + qr )2 − kτ 2m + f ≥ π
M∗
m

(pr − w)qr − f ≥ πM∗r

pCM∗r = pS∗r = pCM∗d = pS∗d , τ
CM∗
m = τ S∗s

(14)
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Proposition 6: When the contract parameters satisfy
wCM∗ =

abk+a(1−β)(4kb−12)+kcm(1−β)(2−β)
(1−β)(2k+(1−β)(4kb−12))

, f CM∗ ∈

[f CM∗, f̄ CM∗], the contract can coordinate the dual-channel
CLSC under manufacturer collection.
Proof: See Appendix.

B. SINGLE-CHANNEL COLLECTION BY THE RETAILER
(MODEL CR)
In model CR, the manufacturer proposes a new contract
(wCR∗, FCR∗, f CR∗), wherewCR∗ is the wholesale price reset
by the manufacturer, FCR∗ is the transfer payment reset by
the manufacturer, and f CR∗ is the fixed compensation paid
by the retailer to the manufacturer. Under the coordination
strategy of (wCR∗, FCR∗, f CR∗), the profit functions of the
manufacturer and retailer are, respectively,

πCRm (w, pd ,F)

= (pd − cm)qd + (w− cm)qr
+1τr (qd + qr )− b(qd + qr )2 − Fτr + f (15)

πCRr (pr , τr , f )

= (pr − w)qr + Fτr − kτ 2r − f ,

s. t.


(pd − cm)qd + (w− cm)qr +1τr (qd + qr )
−b(qd + qr )2 − Fτr + f ≥ πR∗m
(pr − w)qr + Fτr − kτ 2r − f ≥ π

R∗
r

pCR∗r = pS∗r = pCR∗d = pS∗d , τ
CR∗
r = τ S∗s

(16)

Proposition 7: When the contract parameters satisfy
wCR∗ =

abk+a(1−β)(4kb−12)+kcm(1−β)(2−β)
(1−β)(2k+(1−β)(4kb−12))

, FCR∗ =

2k1(a−(1−β)cm)
2k+(1−β)(4kb−12)

, f CR∗ ∈ [f CR∗, f̄ CR∗], the contract can
realize coordinate the dual-channel CLSC under retailer col-
lection.
Proof: See Appendix.

C. DUAL-CHANNEL COLLECTION BY THE
MANUFACTURER AND RETAILER (MODEL CMR)
In model CMR, the manufacturer offers a contract
(wCMR∗, FCMR∗, f CMR∗) to the retailer. The specific
coordination process is similar to that in 6.2 and is
not described here. Under the coordination strategy of
(wCMR∗, FCMR∗, f CMR∗), the profit functions of the man-
ufacturer and retailer are, respectively,

πCMRm (w, pd , F, τm)

= (pd − cm)qd + (w− cm)qr − Fτr
+1(τm + τr )(qd + qr )+ f − b(qd + qr )2

−
k(τ 2m + ατ

2
r )

1− α2
(17)

πCMRr (pr , τr , f )

= (pr − w)qr + Fτr −
k(τ 2r + ατ

2
m)

1− α2
− f ,

s. t.



(pd − cm)qd + (w− cm)
qr +1(τm + τr )(qd + qr )− b(qd + qr )2

−
k(τ 2m + ατ

2
r )

1− α2
− Fτr + f ≥ πMR∗m

(pr − w)qr + Fτr −
k(τ 2r + ατ

2
m)

1− α2
−f ≥ πMR∗r

pCMR∗r = pSS∗r = pCMR∗d = pSS∗d ,

τCMR∗m = τ SS∗m = τCMR∗r = τ SS∗r

(18)

Proposition 8: When the contract parameters sat-
isfy wCMR∗ = 2a(1−β)(2kb−12)+2aα(1−β)12

+kcm(1−β)(2−β)
2(1−β)(k+(1−β)(2kb−(1−α)12))

,

FCMR∗ = k1(a−(1−β)cm)
(1+α)(k+(1−β)(2kb−(1−α)12))

, f CMR∗ ∈ [f CMR∗,

f̄ CMR∗], the contract can coordinate the dual-channel CLSC
under dual-channel collection.
Proof: See Appendix.
Conclusion 6: Under the two-part tariff contract, the opti-

mal wholesale prices under different decision models satisfy
wCM∗ = wCR∗ > wCMR∗ when 0 < α ≤ 0.5 and wCM∗ =
wCR∗ < wCMR∗ when 0.5 < α < 1.
It can be seen from the analysis result of conclusion 6 that

whether the single-channel collection is carried out by the
manufacturer or retailer, the equilibriumwholesale price after
contract coordination is the same. This conclusion further
reveals that the manufacturer needs to pay more to coor-
dinate the dual-channel CLSC under the channel structure
with retailer collection than under that with manufacturer
collection. This result is easy to understand in combination
with conclusion 3 under decentralized decision-making: the
wholesale price under manufacturer collection is lower than
the wholesale price under retailer collection. If the pricing
of the two collection channels reaches the price under the
centralized decision, the manufacturer needs to pay more
under the channel structure with retailer collection (i.e.,wR∗−
wCR∗ > wM∗ − wCM∗).
Further, by comparing the equilibrium wholesale price

in the contract under single- and dual-channel collection,
we find that when collection competition between the manu-
facturer and retailer is weak (0 < α ≤ 0.5), the equilibrium
price is lower in the dual- than in the single-channel collection
contract. As collection competition increases to 0.5 < α < 1,
the equilibrium price is higher in the dual- than in the single-
channel collection contract. This result indicates that selec-
tion of the optimal collection channel in the dual-channel
CLSC under the two-price contract is still affected by the
degree of collection competition. Therefore, a manufacturer
that adopts dual-channel collection should understand that the
level of competition between the collectors, while improv-
ing the operating efficiency of the CLSC, also reflects the
decision-making ability of the CLSC leader.

VII. NUMERICAL SIMULATION AND MANAGEMENT
INSIGHTS
In this section, themain conclusions are analyzed and verified
by numerical simulation. The setting of relevant parameters
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TABLE 4. The influence of parameter b on the optimal decision under different decision models.

TABLE 5. The influence of parameter β on the optimal decision under different decision models.

should meet the assumptions in the basic model, so it is
assumed that a = 300, cm = 15, cr = 10, and k = 750.
When analyzing coefficient b, which captures diseconomies
of production scale, we set β = 0.5 and α = 0.4. When
analyzing β, which captures the competition among sales
channels, we set b = 3 and α = 0.4. When analyzing α,
which captures the degree of collection competition, we set
b = 3 and β = 0.5. The specific simulation results can be
seen in tables 4-6 and figures 2-3.

A. INFLUENCE OF PARAMETERS b AND β ON THE
OPTIMAL DECISION OF THE DUAL-CHANNEL CLSC
UNDER DIFFERENT COLLECTION CHANNELS
First, from the columns in table 4, under the three differ-
ent decision models, as manufacturer diseconomies of scale
increase, the wholesale, retail and direct prices are all increas-
ing, while the product sales and waste collection rate under
the two sales channels are all decreasing. Further observation
shows that the profits of CLSC members and the whole sys-
tem decrease as manufacturer diseconomies of scale increase.

This shows that the manufacturer and retailer cannot make up
for the loss caused by the diseconomies of scale through the
strategy of increasing product prices.

Second, as seen from the columns in table 5, as competition
between manufacturer and retail sales increases, the whole-
sale, retail and direct prices of products are also increasing.
At the same time, the product sales volume, waste collection
rate and profits of CLSC members and the whole system are
all increasing. The numerical analysis shows that the more
intense is the sales competition between the dual-channel
CLSC members, the higher is the product sales volume,
which also increases the profits of both parties and the whole
system.

Finally, from the rows in tables 4 and 5, regardless of the
diseconomies of scale and the degree of sales competition, the
manufacturer’s direct price is always lower than the retailer’s
retail price. In addition, the direct product sales volume
is always higher than the retail sales volume, with direct
sales always more than double the retail sales. In addition,
the stronger the sales competition, the larger this gap is.
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FIGURE 2. The influence of parameter α on w , pm, pr and τ in different decision models.

FIGURE 3. The influence of parameter α on the profits of dual-channel CLSC members and the whole system under different
decision models.

Furthermore, the profits of the dominant manufacturer are
much higher than those of the retailer, and with an increase
in sales competition, the growth rate is greater. From this
we can see that although sales competition is helpful for the
CLSC members and the whole system, these benefits are
more pronounced for the dominant manufacturer.

B. INFLUENCE OF PARAMETER α ON THE OPTIMAL
DECISION OF THE DUAL-CHANNEL CLSC UNDER
DIFFERENT COLLECTION CHANNELS
As shown in figure 2, we first observe in the equilibrium
results in model MR that with an increase in collection com-
petition between the manufacturer and retailer, the wholesale,
direct and retail prices of products are increasing, while the
waste collection rate is gradually decreasing. The conclusion
reveals that an increase in collection competition is unfavor-
able for the pricing strategy of each member enterprise.

Second, it can be seen from figure 2 that compared with the
product price under the retailer collection mode, the price of
the product is lower and the collection rate of waste products
is higher under manufacturer collection. Further, we find
that when the degree of collection competition between the
manufacturer and retailer is weak (0 < α ≤ 0.53), the pricing
decision of dual-channel collection is the best. However, with
growing collection competition, the advantage of the pricing
decision under the dual-channel collection model gradually
decreases. When competition reaches 0.53 < α ≤ 0.79,
the pricing decision under the manufacturer collection mode
is optimal. Then, with further growth of collection compe-
tition to 0.79 < α < 1, the pricing decision under retailer
collection is better than that under dual-channel collection.
The simulation results reveal that the moderate competition
between the CLSC members under dual-channel collection

yields the benefits of a lower product price and higher collec-
tion rate than those under single-channel collection.

As shown in figure 3, looking first at each member enter-
prise’s profit under the dual-channel collection mode, we find
that with an increase in collection competition, the profit
obtained by the dominant manufacturer always declines. For
the retailer, when collection competition reaches a certain
level, profit increases. However, because the increase in
the retailer’s profit is not enough to offset the decline in
the dominant manufacturer’s profit, the overall profits of the
dual-channel CLSC are always on a downward trend. Thus,
higher collection competition is unfavorable to the dual-
channel CLSC overall.

Second, by comparing the profit of eachmember enterprise
under the three different decision models, we find that when
collection competition between the manufacturer and retailer
is relatively weak (0 < α ≤ 0.53 or 0 < α = α2 ≤

0.035), whether for the manufacturer, the retailer or the whole
system, profit is largest under the dual-channel collection
mode. However, as collection competition reaches 0.53 <

α < 1 or 0.035 < α < 1, the manufacturer and the retailer,
respectively, obtain greater profit under their own collection
channel structures, while the overall system has the largest
total profit with manufacturer collection. This further show
that comparedwith retailer, themanufacturer, as the dominant
partner, has more impact on the dual-channel CLSC system
and controls the development trend of the whole system.

C. ANALYSIS OF EFFECTIVENESS OF CONTRACT
COORDINATION
First, by comparing the equilibrium results of models S,
M , and CM , models S, R, and CR, and models SS, MR,
and CMR in table 6, we find that under the two-part tariff
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TABLE 6. Analysis of Effectiveness of contract coordination under different collection channels.

contract, the dominant manufacturer provides the retailer
with a lower wholesale price and higher collection transfer
payment. At this time, the retailer can raise the market price
to the level under the centralized decision, and the collection
rate and total profits of the CLSC are equal to those under
centralized decision-making.

Further, according to table 6, under the two-part tariff
contract, with an increase in parameter f , the manufacturer’s
profit is increasing while the retailer’s profit is decreasing,
but both of them are higher than the level under the decen-
tralized decision. This is because the dominant manufac-
turer significantly reduces wholesale prices and increases the
transfer payment to bring the retail price of the retailer to
the level under centralized decision-making, thus improving
product sales and the waste product collection rate, so that
the retailer’s sales revenue and collection profit are greatly
increased. At the same time, the compensation f paid by
the retailer to the manufacturer not only makes up for the
loss caused by the low sale price but also delivers part of
the surplus. Thus, within the identified range of contract
parameters, the two-part tariff contract can not only achieve
perfect coordination of the whole CLSC but also improve the
profit of each member enterprise.

VIII. CONCLUSION
In this paper, the pricing, collection and coordination strate-
gies of a dual-channel CLSC with manufacturer disec-
onomies of scale are studied, and the level of competition in
sales/collection and effect of the coefficient for diseconomies
of scale on the profits of CLSC members and the whole
system are analyzed. The following main conclusions are
drawn.

(1) No matter the collection channel structure, man-
ufacturer diseconomies of scale are detrimental to the
dual-channel CLSC pricing strategy and the profit acquisition

of member firms. (2) No matter the collection channel struc-
ture, an increase in competition between the positive sales
channels benefits the pricing strategy of the dual-channel
CLSC and the profit of each member enterprise and the sys-
tem overall. (3) In dual-channel forward sales, the wholesale
product price is always equal to the direct sales price and
lower than the retail price. At the same time, product sales
in the direct channel are always more than twice those in
the retail channel, and as the level of competition increases,
the sales gap between the two channels widens. (4) It is disad-
vantageous to the pricing strategy and profits of dual-channel
CLSC members when the manufacturer and retailer compete
in collection. (5) In dual-channel reverse collection, the man-
ufacturer’s collection rate is more than twice the retailer’s,
and the greater the competition between collection channels,
the larger is the gap in collection rates between them. (6)
When collection competition is relatively weak, the optimal
collection structure for the manufacturer, the retailer and the
system is the dual-channel structure. When collection com-
petition is relatively strong, the manufacturer and the retailer
do better by setting up their own collection channels, while
the dual-channel CLSC achieves the largest total profits with
manufacturer collection. (7) A two-part tariff contract could
perfectly coordinate the dual-channel CLSC under the three
different collection channels within a certain range of contract
parameters.

Unlike previous articles, this paper explores the selection
of collection channels, pricing and coordination strategies
when the dominant manufacturer displays diseconomies of
scale. This work is of both theoretical and practical signifi-
cance and can serve as a reference for the selection of a col-
lection strategy in a dual-channel CLSCwith diseconomies of
scale. However, there are still many issues that need to be fur-
ther explored in research in this area: (1) The model proposed
in this paper is based on a simple one-to-one supply chain
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structure. In reality, supply chains often feature complex
one-to-many or many-to-one structures. Therefore, further
research can consider the decision-making and coordination
of a CLSC with multiple competing manufacturers or retail-
ers. (2) This paper assumes that the information among mem-
bers of the supply chain is symmetrical. However, in actual
business activities, there are often information asymmetries
among members. Therefore, it would be of practical sig-
nificance to study the decision-making and coordination of
an CLSC with manufacturer diseconomies of scale under
information asymmetries. (3) The research in this paper is
carried out with market demand taken as given. However,
with the growth in consumer purchasing power and devel-
opment of new consumption preferences, it is increasingly
difficult for companies to predict consumer market demand.
Therefore, to address the practical problems faced by enter-
prises, it would be helpful to study the decision-making and
coordination of a CLSC with manufacturer diseconomies of
scale under demand uncertainty. These problems represent
the content and direction of our future research.

APPENDIX
PROOF OF PROPOSITION 3
Under the decentralized decision, because the solution pro-
cess to obtain equilibrium results for the three different
collection channel structures is similar, only the process
of manufacturer collection is detailed here. First, since
∂2πMr (pr )/∂p2r = −2 < 0, that is, πMr (pr ) is a strictly
concave function around pMr , equation (8) has an optimal
solution. By the first-order condition, the optimal response
function of retailer is pMr = (a+ w+ βpd )/2. By substitut-
ing pMr into equation (7), it is straightforward to verify that the
πMm (w, pd , τm) around the wholesale price wM , direct price
pMd and collection rate τMm is a joint concave function. By the
first-order condition, the manufacturer’s optimal wholesale
pricewM∗, optimal direct price pM∗d and collection rate τM∗m of
waste products can be obtained. Furthermore, by substituting
wM∗ and pM∗d into pMr , we obtain the optimal retail price pM∗r .
Then, by substituting pM∗d and pMr into equations (1) and (2),
the maximum direct sales volume qM∗d and the maximum
retail volume qM∗r of the new products can be obtained.
Finally, the above equilibrium results are substituted into
equation (7) and equation (8) to obtain the maximum profit
of the manufacturer and retailer.

PROOF OF PROPOSITION 6
Solving the above model shows that the wholesale price after
contract coordination is

wCM∗ =
abk + a(1− β)(4kb−12)+ kcm(1− β)(2− β)

(1− β)(2k + (1− β)(4kb−12))
.

The manufacturer’s maximum profit is

πCM
∗

m =
k
(
(1+ β)k+(1−β)

(
4 kb−12

))
(a−(1−β)cm)2

(1−β)
(
2 k+(1 | −β)

(
4 kb−12

))2
+ f CM

∗

.

The retailer’s maximum profit is

πCM
∗

r =
k2 (a− (1− β)cm)2(

2 k + (1− β)
(
4 kb−12

))2 − f CM∗ .
After contract coordination, the total profits of the dual-

channel CLSC satisfy πCM∗s = πS∗s .
When the profits satisfy the conditions πCM∗m ≥ πM∗m

and πCM∗r ≥ πM∗r , the dual-channel CLSC members accept
the contract, and the upper and lower bounds of the contract
parameters f CM∗ are

f CM∗ ≥ f CM∗ =
k2(a− (1− β)cm)2

(8k + (1− β)(3+ β)(4kb−12))

×
(4k + (1− β2)(4kb−12))
(2k + (1− β)(4kb−12))2

,

f CM∗ ≤ f̄ CM∗=
k2((4k + (1− β2)(4kb−12))

(8k + (1− β)(3+ β)(4kb−12))2

×
(12k+(1−β)(5+β)(4kb−12)))(a−(1−β)cm)2

(2k+(1−β)(4kb−12))2

PROOF OF PROPOSITION 7
Solving the above model shows that the wholesale price and
transfer payment after contract coordination are

wCR
∗

=
abk + a(1− β)

(
4 kb−12

)
+ kcm(1− β)(2− β)

(1− β)
(
2 k + (1− β)

(
4 kb−12

)) ,

FCR∗ =
2k1(a− (1− β)cm)

2k + (1− β)(4kb−12)
.

The manufacturer’s maximum profit is

πCR
∗

m =
k
(
(1+β)k+2(1−β)

(
2 kb−12

))
(a−(1−β)cm)2

(1− β)
(
2 k+(1− β)

(
4 kb−12

))2
+ f CR

∗

,

The retailer’s maximum profit is

πCR
∗

r =
k(k +12)(a− (1− β)cm)2

(2k + (1− β)(4kb−12))2
− f CR

∗

.

After contract coordination, the total profits of the dual-
channel CLSC satisfy πCR∗s = πS∗s .
When the profits satisfy the conditions πCR∗m ≥ πR∗m and

πCR∗r ≥ πR∗r , the dual-channel CLSC members accept the
contract, and the upper and lower bounds of the contract
parameters f CR∗ are shown at the top of the next page, where
11− 4β+β2 = C1, 2−β−β2 = C2, 47− 6β+ 7β2 = C3,
5−4β−6β2+4β3+β4 = C4, 9−12β−2β2+4β3+β4 = C5,
67−72β+6β2−β4 = C6, 38−33β−β2−3β3−β4 = C7.

PROOF OF PROPOSITION 8
Solving the above model shows that the wholesale price and
transfer payment after contract coordination wCMR∗, FCMR∗,
are shown at the top of the next page.

The manufacturer’s maximum profit is πCMR∗m , as shown at
the top of the next page.
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f CR∗ ≥ f CR∗ =
k2(a− (1− β)cm)2

(16k + (1− β)(3+ β)(8kb−12))

××
(8k + 8kb(1− β2)+ 4b(1− β)(3+ β)12

+ C11
2)

(2k + (1− β)(4kb−12))2
,

f CR∗ ≤ f̄ CR∗ =
[
64k2(3− 4C2b+ C4b2)− (C6 + 8C5b)14

+ 4k(C3 + 4bC7 + 12C5b2)12

]
×

k2(a− (1− β)cm)2

(2k + (1− β)(4kb−12))2(16k + (1− β)(3+ β)(8kb−12))2
,

wCMR∗ =
2a(1− β)(2kb−12)+ 2aα(1− β)12

+ kcm(1− β)(2− β)
2(1− β)(k + (1− β)(2kb− (1− α)12))

,

FCMR∗ =
k1(a− (1− β)cm)

(1+ α)(k + (1− β)(2kb− (1− α)12))
.

πCMR∗m =

[
k(1+ β)(1+ α)+ 4kb(1− β)(1+ α)− (1− β)(1− α)(3+ α)12

]
×

k(a− (1− β)cm)2

4(1− β)(1+ α)(k + (1− β)(2kb− (1− α)12))2
+ f CMR∗.

The retailer’s maximum profit is

πCMR
∗

r =
k
(
k(1+α)+(1− α)212

)
(a−(1−β)cm)2

4(1+α)
(
k+(1−β)

(
2 kb−(1−α)12

))2 −f CMR∗.
After contract coordination, the total profits of the dual-

channel CLSC satisfy πCMR∗s = πSS∗s .
When this profit satisfies the conditions πCMR∗m ≥ πMR∗m

and πCMR∗r ≥ πMR∗r , the dual-channel CLSCmembers accept
the contract; the upper and lower bounds of the contract
parameters f CMR∗ are abridged here, because the formula is
slightly too long.
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