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Collaborative collection effort strategies based othe “Internet + recycling”

business model

ABSTRACT

“Internet + recycling”, a new and emerging collagtimode, is booming in conjunction
with widespread Internet use in China. For the ckoy of waste electrical and electronic
equipment (WEEE), this paper studies collaboratimiéection effort strategies in a collection
system consisting of a third-party and an e-tdksed on the “Internet + recycling” business
model. Considering the collaboration occurring dgricollecting and selling and mutual
influences of partners on the recycling of old protd, the paper applies collection effort cost
sharing mechanisms to promote recycling. Four nspdeamely, the centralized model
(C-Model), unit transfer price model (P-Model), latéral cost sharing model (U-Model) and
bilateral cost sharing model (B-Model), are estdidd, and optimal decisions and members’
profits in various collaborative models are deriaed compared. The results show that there
exists an interval of profit sharing proportionsahich each of the two cost sharing models is
a Pareto improvement of the P-Model, and the totdllection volume and profit of the
collecting system increase in the B-Model relativehose in the U-Model under the same
proportion of profit sharing. However, the B-ModgInot necessarily a Pareto improvement
of the U-Model. The results also show that profitprovements of both parties can be
achieved without the third-party sharing the eetésl collection effort cost in the B-Model
when the collaborative marginal profit is large eglo. The paper further explores the impact
of the collaborative marginal profit and third-péstmarket influence on the total collection
volume and the efficiency of the collecting systehmis study provides insight into the
promotion of WEEE recycling and into the selectmncollaborative strategies for Internet

recycling enterprises. The work will prove beneficto the development of the WEEE
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“Internet + recycling” industry.

Keywords. WEEE; Internet + recycling; Collaboration; Collect effort; Cost sharing;
Bilateral participation

1. Introduction

Waste electrical and electronic equipment (WEEE) ihareased sharply with the rapid
updating of products and with the shortening ofdpici life cycles. It is estimated that the
number of smartphone and panel computer userseddh6 billion and 1.2 billion in 2016,
accounting for 20% and 15% of the world’s populatioespectively (Greenpeace, 2016).
Globally, approximately 30-50 million tons of WEEde disposed of each year, with an
estimated annual growth rate of 3-5% (Afroz, 20¥8EEE may contain valuable substances
and even precious metals such as Au and Ag (CutzxH2€15). At the same time, WEEE can
contain complex mixtures of potential environmerm@htaminants (Robinson, 2009). Under
the dual effects of the resource crisis and enw@mtal pollution, increasing attention has
been dedicated to the recycling and reuse of WEEE.

As one of the world’s largest developing countri@kjna accounts for approximately 20%
of the global volume of WEEE (Awasthi and Li, 208f)d has become the largest producer
and consumer of electrical and electronic equipnigahg et al., 2017). In the past, most
residents in China preferred to sell their WEEformal peddlers or to store them at home.
A recent questionnaire survey conducted in Hongdkand Shenzhen also shows that more
than 75% of the respondents prefer to store tHmplete mobile phones at home rather than
recycle them (Deng et al., 2017). An online surgélithium-ion battery (LIB) recycling also
shows that 59.6% of respondents in China store fpeint LIBs at home, whereas only 29.5%
recycle spent LIBs with whole electronics uniGu(et al., 2017). Even so, only a small
guantity of collected e-waste reaches authorizegicters, and such waste flowing into the

informal processing sector is sorted and dismantigidg primitive methods in open air
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(Awasthi and Li, 2017). Recovery price, convenieaoe personal information security are
the main factors that influence customers’ williega to engage in e-waste recycling (Deng et
al., 2017).

As is widely known, "Internet plus" has become @smational development strategy
and has been highly encouraged through a seriggliocfes and measures, such as “Guidance
on actively promoting the ‘Internet +' action” (S€015) and “Internet +' three-year action
plan for green ecology” (NDRC, 2016). "Internet ecycling” refers to an O20 business
model for online trading and offline recycling bdsen the use of Internet technology. The
"Internet + recycling” industry is booming with atig support from government policies,
widespread Internet use and the rapid evolutiosneértphonesn China. In recent years,
many "Internet + recycling" enterprises have conte being; well-known examples include

Huishouge, based in Wuhan__(www.huishouge.cn); Aimnow, based in Shanghai

(www.aihuishou.com); Kuaishou, based in Beijing fwkuaishou365.com); and Taolv365,

based in Shenzhen (www.taolv365.cofiternet + recycling” online platforms can be buil

by manufacturers, retailers, certified waste resngcbr third-party collectors, and platforms
built by third-party collectors are the most commuaonpractice. Recyclable goods include
various types of items, such as intelligent diggedducts, notebook computers, household
electronics, and clothes. This paper focuses oriltiternet + recycling” of WEEE provided
by third parties such as Aihuishou.

Compared to the traditional recycling mode, thetéitnet + recycling” mode is more
convenient, and recycling prices are more transpahe addition, the collector’s professional
data deletion service reduces consumers’ worriggaroing the leakage of private data
stored in their digital products. More importanttile new mode is more environmentally
friendly and sustainable. It helps the Chinese guowent regulate recycling channels and

guarantees that recycled products are delivergddbfied processing enterprises. Due to the
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use of advanced information technologies and auiordata processes, recovery efficiency
can be greatly enhanced. Consequently, the "Intemnerecycling® mode has been
aggressively promoted by the Chinese government iandenture capital investments.
Although the mode is still being popularized, istential has already begun to show. For
example, after the 2012 creation of Taolv365 (wwaolv365.com), an Internet trading
platform for old products, the quantity of reclammobile phones increased rapidly over the

following three years (see Fig. 1).

Collection quantity (Unit:ten thousand)
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Fig. 1. The quantity of mobile phones reclaimed throughi265 (data source: Xue, Y., 2017)
Generally, customers often need to buy new eleeind electronic equipment (EEE)
when they return their old EEE, and vice versa. oddmgly, a win-win result can be
achieved when third-party collectors cooperate wttailers, as such cooperation can not
only increase the recovery of old products and ghkes of new ones but also provide
customers with one-stop recycling and upgradingises. Therefore, such cooperation is
often adopted in practice. For example, Aihuisheay.aihuishou.com), the largest 020
electronic product collection company in China, atdgically cooperates with Jd
(www.jd.com), a famous e-commerce company. Fidlugtrates the typical logical trajectory
of this form of cooperation. First, customers plawders for returned items through the
e-tailer’s or third party’s platform, and all ordeare aggregated to the third party. Next,

consumers send recyclable goods to the third-matgctor via third-party logistics, through
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outlets of the third-party collector or through doeo-door collection. Then, the third-party
collector confirms the recycling price and compietihe payment based on a quality
inspection of the returned products, and customegErsive money in cash or in coupon form,
where the coupon can be used to buy new produmts thhe e-tailer. In the end, the collected
WEEE is sold to various patrties, including certfidisassemblyplants, the second-hand

market or remanufacturers (see Fig. 2).

Cash or Coupon

:' ““““““““““““““““ 1
1
1
| The third-party collector ® Secondhand
1
v  Placing orders(old) | “Internet + recycling” platform: | Supply »| market
____________ » | @ Websites information _
Consumers ® APP ® Remanufacturing
L ® \WeChat 7 enterprise
T ! A | Old products .
i i ?Orders(old) I $ + P ® Certified
; i Placing order§ . [ — —___|._,| disassemblplants
; e it |4 The e-tailer I Third-party logistics
i (new/old) E-business platform | |
1
i New products | A ' A
! | | .
! | i !
o] Old products . _ _. Lo !
——— -+ Reverse logistics ~ ------ ¥ Information and capital flow —— Forward logistics

Fig. 2. The logical flow of the cooperative “Internet «€yeling” between a third-party and an e-tailer

The performance of the reverse channel stronglgsen collectors’ collection efforts,
including their investments in advertising and pobional services, which motivate
consumers to return their old products (Savaskaal.e2004). Consumers can take express
interest in returning their used products afterendng information through advertisements
(Jena and Sarmah, 2015). Recycling price incentivading in the “old-for-new” model and
coupons are all feasible means of promotion (Tohgle 2018). Under the "Internet +
recycling” mode, collection efforts can have sevg@uarposes, such as improving service
quality and enhancing user experiences. For exarbpl@018, Aihuishou had opened more
than 300 outlets to provide face-to-face commuivcaand transactions across 35 cities (Sun

et al., 2018), while an outlet based in a downtoavea itself serves as a good brand
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advertisement in addition to enhancing user expees.

Motivated by the above, this paper studies collatioe collection effort strategies
employed in a collecting system involving an ediadnd a third-party under the “Internet +
recycling” business model. To the best of our kremge, such a comprehensive examination
of this issue has not been undertaken in the fitezaTo this end, the paper develops models
of the collecting system, considering collaboraacurring during collecting and selling and
collection effort cost sharing mechanisms facilitgtthe return of used products. The optimal
collection efforts are examined and compared witihi@ framework of game theory, and
members’ profits and system performance are andlyseder different collaborative
strategies.

The paper is organized as follows. In section &lavant literature review is provided.
Section 3 describes the problem and modelling agsans. In section 4, four collaborative
collection models based on the “Internet+ recyclingpbde are examined, and the optimal
decisions for each party are derived. Section 5paves recycling quantities, collection effort
levels and profits in the four models and presé¢hés analytical and numerical results. A
sensitivity analysis is conducted in section 6.t®ac7 finally concludes this work and
discusses further research.

2. Literature review

The related literature can be classified into tmesearch streams: collection channels,
collection efforts and cooperative strategies q@ipby chains.

Collection channel management is very central ¥ense supply chains. Savaskan et al.
(2004) proposed three models based on differemrsevchannels involving manufacturers,
retailers and third parties in closed-loop supphains (CLSCs) and found that retailer
collection is the most effective means of produzflection activity for the manufacturer.

Savaskan and Wassenhove (2006) further extendesbthee models to multiple settings for
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the case of competing retailers and studied sti@tpgpduct pricing decisions and the
manufacturer’s reverse channel choices. Atasu .ef(28l13) investigated the impact of
collection cost structures on optimal reverse ckadacisions based on the work of Savaskan
et al. (2004). Mohan et al. (2018) analysed theotdf of recycling and product quality levels
on pricing decisions in a CLSC and showed thauthieprice of the returned product paid to
the retailer serves as an important determinantgleéecting best channel structures between
retailer- and manufacturer-led collectidhome works have focused on dual recycling or
hybrid collection channels. Huang et al. (2013)estigated the channel configuration
strategy of a CLSC with a dual recycling channelwhich the retailer and third-party
competitively collect used products and deriveciemeter domain of competing intensity at
which the dual recycling channel strategy outpen®the use of a single recycling channel.
Hong et al. (2013) investigated three reverse hylmollection channel structures in a
manufacturer-oriented CLSC and showed that theilegta and manufacturer’s hybrid
collection channel is the most effective. Liu et @017) extended the work of Hong et al.
(2013) and Huang et al. (2013) by comparing thrgped of hybrid competitive
dual-recycling channel structures in a CLSC andnébthat the OEM and retailer dual
collecting channel are the best tools regardlesshef degree of competition intensity
involved.

While the above literature provides models for ging the channel decisions made in a
reverse supply chain, it mainly discusses thisassithin the framework of CLSCs and with
reference to traditional recycling channels. Ireeent work, Feng et al. (2017) explored the
recycling channel decisions of a recyclables deang traditional recycling and online
recycling channels, and they investigated the eggratplanning regarding the optimal design
and coordination decisions of the dealer. Gu ef28119) assessed the overall environmental

performance of “Internet + recycling” through aeasudy and concluded that the disposal of
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WEEE incurs the highest environmental savings. Teingl. (2018) identified three types of
business models for recyclables using Internetnelclgies in China and evaluated the
performance of these models. Wang et al. (2018stigated “Internet + recycling” practices
in China and made some suggestions regarding staisable development of “Internet +
recycling”. Sun et al. (2018) analysed the struegudigital empowerment activities and types
of WEEE collection business ecosystems throughudysbf two typical Internet-based
collection enterprises. It can be observed thatitkeature focusing on “Internet + recycling”
has grown dramatically over the past year. Howefagrioo little attention has been paid to
guantitative research regarding how to increasegtlemtity of WEEE acquired. Moreover,
the recycling channel structure examined in thigepas different from that examined in the
above literature, which includes a direct thirdtpaonline channel and an indirect e-tailer
channel. The e-tailer’s platform acts as an imparentry for recycling traffic, the e-tailer
works together with the third party to provide comers with one-stop services for recycling
WEEE and for purchasing new ones, and the reldtiprisetween the third party and e-tailer
is collaborative rather than competitive (see Bjg.

Many studies have considered collection effortsleygal in reverse channels. Savaskan
et al. (2004) first modelled the return rate ofdupeoducts as a function of collection efforts
and set the structure of the collection effort caster, similar structures of collection effort
cost have been widely used in the analysis of teaygroblems related to the recycling
channel, pricing, remanufacturing decisions anddioation mechanisms. For example, Gao
et al. (2016) explored the influence of differentannel power structures on optimal CLSC
pricing decisions, collection efforts, sales effoand performance. However, none of these
studies considered cost sharing employed for dodleefforts.

Cooperative strategies used in SCs have been chensieely researched in the literature.

Huang and Li (2001) investigated the efficiency ténsactions for the system of
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manufacturer — retailer co-op advertising in thatest of game theory. Ahmadi-Javid and
Hoseinpou2012) analyzed the co-op advertising model undenagative constraints of the
sales function based on the work of Huang and QD{2. Hong et al. (2015) incorporated
advertising effects into CLSC models. In these wonkvolving cooperative advertising,
unilateral cost sharing is frequently used. Zhaingl.e(2013) extended the popular unilateral
participation strategy to bilateral participatiom ¢ooperative advertising and showed that
properly designed bilateral participation offersvesal advantages relative to unilateral
participation. Li et al. (2017) examined cooperatadvertising strategies used in an 020
supply chain and found that bilateral cooperatigreeatising can offer significant benefits to
the seller and to the entire channel relative ttateral cooperative advertising. However, the
above literature examines issues regarding cooperativertising in terms of promoting the
sale of new products. In a recent work, Jena €R@l7) considered advertising as a means to
entice consumers to return their used items in 8Gland they investigated the impacts of
sharing or not sharing advertisement costs on pot#lts gained and on the quantity of used
items acquired. Giovanni (2018) investigated whetretailers engage manufacturers to
invest more heavily in green activity programmesolffgring a joint incentive and showed
that a joint maximization incentive always increafige manufacturers’ investments made in
green efforts. Ghosh et al. (2018) studied conmipatdand collaboration between an OEM and
remanufactureMa et al. (2016) investigated various cooperativatagies in a three-echelon
CLSC; they mainly focused on cooperative interaxdi@ccurring among members rather
than cooperative collection efforts. Hence, collalbwe collection effort strategies with cost
sharing in an “Internet + recycling” environmentvhanot been addressed in the reverse
supply chain literature. This paper considers ttieces of collaboration between the third
party and e-tailer on collecting and selling angestigates how collaborative collection

strategies without cost sharing, with unilaterastceharing or with bilateral cost sharing



213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

affect the decisions of members and the performahaecollecting system.
3. Problem description

This paper considers a third-party, T, who collated items from the market by using
the “Internet + recycling” business model. To irage the volume of the recovery and to
provide a better re-buy service, T cooperates w+thiler R to collect recyclables. The logical
flow of the cooperation mode is shown in Fig. 2.

Both T and R make efforts to motivate consumersetarn their old products and

provide consumers with related services for thelpase of new onesA and a denote the

collection effort investments of T and R, respealivThe direct collection volume through T

is denoted asq,, and the indirect volume through R is denotedY%s Since R does not

provide the complete recycling process alone ktheracooperates with T to complete it, each
member’s collection efforts not only affect theleotion volume of its own channel but also
affect that of the other side. On one hand, thelle¥ T's collection efforts determines its

service quality and brand reputation and thus tffdwe recycling willingness of consumers
directly or indirectly. On the other hand, becatlsre are more opportunities for R to reach
consumers, R’s advertising and promoting of reogckctivities not only enhance her own
recovery of old products and her sales of new dngsare also conducive to increasing the
popularity of T, thus indirectly enhancing the klicate of T's recycling platform. Hence,

direct and indirect collection volumes travellingrdugh the two recycling channels are

respectively formulated as
G =5 +VA+kya, 1)
qr:Sr+\/a+k2\/Z' (2)

The square root formulation of response functiomsiotes diminishing returns to

collection effort expenses (Zhang et al., 201331 aﬁ\ and Ja can be regarded as the two

10
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parties’ levels of collection efforts. The additiftenction is also used in Jena et al. (201%).
and % are positive constants representing the returneshtiies when each member’s

collection efforts are valued at zero; to faciktaglculation, the values of and % are set

to zero, which does not affect the conclusions lo$ tstudy. k; and K, represent the

influencing coefficients of each member’s collentiefforts on the other side. Assume that

each member’s collection efforts boost the othetyfsacollection volumes, sdk00.1)

Egs. (1) - (2) indicate that the collection volume joint effort employed by T and R,
and the values ofA and 2 are related to the collaborative collection effsttategies
adopted. Meanwhile, increasing the collection vaumill increase the sales of new products
and overall profits. To this end, four collaboratoollection models are developed. The first
model is a centralized model (C-Model) in whichtbdt and R agree to make efforts to
maximize the whole profits of the collecting systéman integrated manner. The second

model is a unit transfer price model (P-Model) ihielh T pays a unit transfer pricke to R

for items returned through the R channel. The tmiatlel is a unilateral cost sharing model
(U-Model) in which T not only invests in her ownarinel but also bears part of R’s
collection effort expenses. The fourth model isilatéral cost sharing model (B-Model) in
which each member shares partial costs of the otleenber, or rather, T shares a fractian,
(t,0[0,1]), of R’s collection effort costsa, and R shares a fraction, (t, J[0,1]), of T's costs
A. Consistent with Zhang et al. (2013), and t, are referred to as T's participation rate
and R’s participation rate, respectively. Accordynthe collaborative strategies based on the
three decentralized decision models are referredadothe P-strategy, U-strategy and
B-strategy, respectively.

Let b be the marginal profit generated from recycling peit of used product. The
appropriate allocation of recycling profit, i.b,,between T and R is investigated in this paper.

11



261 R not only shares income from the recovery of alddpcts but also earns “old-for-new”
262 profits. Let u be the collaborative marginal profit derived frahe additional sale of new
263  products caused by the recovery of per unit ofoslds, and assume thatu=0. Generally,
264  the higher the value of a product, the higher thiaborative marginal profitu. In addition,
265 the stronger the level of coordination between T & the greater the probability of
266  converting from recovery to purchasing and thuggiieater the value ofi.

267 The symbols used for the development of collabegatiollection models are presented

268 in Table 1.

269 Table 1.Descriptions of the symbols.
Symbol Description

A Collection effort investments of the third-partgaiion variable

a Collection effort investments of the e-tailer, céen variable

k, Influence coefficient of the e-tailer 's collectiefiorts to the third-party

K, Influence coefficient of the third-party’s colleati efforts to the e-tailer

q, Direct collection volume through the third-partgisannel

q Indirect collection volume through the e-tailertsannel

b Marginal profit by recycling one unit of used pratk!
Collaborative marginal profit for the sale of nevogucts through the recovery of per

" unit of old ones

b, Unit transfer price paid to the e-tailer by thedkparty, decision variable

B Proportion of profit sharing for the e-tailer
Proportion of the e-tailer’s collection effort irstenents shared by the third-party,

b decision variable

G Proportion of the third-party’s collection effoniviestments shared by the e-tailer,
decision variable
Profit of channel member i in model j. Subscrfﬂ?{t’ L3 refers to the third-party,

4 the e-tailer and the whole collecting system setplgzraSuperscriptj H{CRU.B
refers to the C-Model, P-Model, U-Model and B-Modeparately.

n! Efficiency of the collecting systenyy = ﬂ%f .

270

12



271 4. Collaborative collection effort models

272 In this section, four collection effort models, rely the centralized model (C-Model),
273 unit transfer price model (P-Model), unilateral teharing model (U-Model) and bilateral
274  cost sharing model (B-Model), are established, dpgmal decisions are derived, and the
275 influences of the key parameters on the optimaist®ts are discussed. In the decentralized
276  models, T is regarded as the Stackelberg gamerleader as the follower.

277 4.1 C-Model

278 In this case, T and R belong to the same busir@sgiamerate and act as a single entity,
279 and thus only one decision maker determinesand a to maximize the total profits of the

280 collection system. The total profit of the systengdénoted as
281 7S :(b+u)[(1+ kz)x/z+(1+kl)\/5}—A—a (3)

ont . :
=0, an optimal solution
a

282 Thus, from the first-order condition, i.e‘?aigzo,and

283 (A“,a%)is defined as follows:

" :(<b+u)<1+ kz)f
2

284 . (4)
< =((b+u)<1+ kl)J
2
285 The optimal collection volumes are obtained basedallection effort levels, which are
286 given by
287 qc* :(b+u)(1+|;1+k2+k12), ) (5
288 q =L ;1 tote) (6)
289 The total profit of the collecting system is
2 2 2
poo e = WA ) + A+ k)] @)

: 4
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These acquired closed-form solutions in the C-Maxffdr benchmarking for designing
cooperative collection effort models.
4.2 P-Model

In this model, both T and R make efforts to mogvabnsumers to return WEEE, but they
must address their collection effort expenses iddadly. T provides a unit transfer price
to R to induce her to collect used products. Initemid R earns additional profits from
increased sales of new products due to the recafeslgd products. The profit expressions of

T and R can be written as

7 =b(JA+kqa)+(b-b)(va+kA)- A (8)
7 =0 +u)(Va+kVA)ru(VA+kia)-a ()

As the Stackelberg leader, T first proposes cableceffort Aand unit transfer price, ,

and then R determines the collection effart
Via standard backward induction, the optimal golubf the collection efforts from the

first-order condition is given by

o - (WT (10)

2
Proposition 1.Let u® =b(1—ki;|:2). In the P-Model, the optimal collection efforts Df
+

and R, the optimal unit transfer price paid to B given by

(b-u)@+k)-kbA+k,)
b™ = 2-K ' (11)
0 uzu

2b(1+kz)_k2(1+ kl)(D—U) u<uf
P _ 2(2_k22) '
AP =
b(1+k,)
2

: (12)

uxu®
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(b+u-uk?)1+k,)-kpb+k,) U<UP

Ja& = 2(2-k3) (13)
uil+k) p
2

u=u

Proof. See Appendix A.

Proposition 1 implies that there is always an optimombination of @™ ,b™) for

maximizing the profit of T in the P-Model. The catioh U<Upguarantees that the optimal

unit transfer price is greater than zero. Wh\éhup, even when R cannot obtain a transfer
payment for her collection efforts, she still gampgite good returns due to a high added
collaborative profit.

The proportion of profit sharing for R’s collectiegn be calculated as

:br_P* — (b-u)@+k)-kb(+k,)

; eRTE L B70[0,1) . (14)

B

The optimal collection volumes of direct and indirehannels can be computed from Egs.
(1) - (2), and the optimal profits of T and R irtR-Model are obtained from Egs. (8) - (9).

P*
It is easy to observe that in the P-Model, thminoal unit transfer pricebr is

monotonically decreasing im and k,, whereas the optimal collection efforts and optima
profits of both T and R increase with increasing For the collection of products with high
collaborative marginal profits, T can pay R a loansfer payment because R can obtain
compensation from increasing sales of new produotaddition, in early stages when T
enters the recovery market, which involve a lowalug of k,, T should pay R a higher
transfer price to attract R to participate in cdileg. Similarly, both T and R invest more in
the collection of highly profitable items such asastphones. All of these principles are
consistent with observable reality.

4.3 U-Model

Collaborative collecting involves the joint effortd T and R to increase collection

15



332 volumes, the sales of new products and overallitsrofo achieve better performance, a
333 unilateral cost sharing model (U-Model) is propgsedwhich dominant party T not only
334 invests in his own channel collection efforts bigoabears a fractiort, (t,J[0,1]) of R’s

335 collection effort expenses. Meanwhile, T sharesra@pgrtion 1- 5 of the R collection

336 channel’s profits, and the value ¢f (£[0,1]) is determined by both T and R.

337 The profit functions of T and R are formulated as

338 7’ =b(VA+k+a)+(1-Bb(va+kVA)-A-ta (15)
339 =/3’b(\/§+k2\/z\)+u(\/x+k1\/5+\/£+k2\/X)—(1—tl)a (16)
340 T first discloses his collection effort level andrfcipation rate, and then R determines

341 her collection effort level.

342 Taking the derivative of77” with respect toa yields
om _ Bb+u(l+k) o’m _ 1 a2
343 L= -@-t), and =[Bb+ul+k)la
%a e 1-t) Y 4[,G’b (d+k)]
344 This implies that”:J is a concave function, and from the first-ordenditon, the

345 optimal collection efforts of R is as follows:

346 g’ = [M} (a7)
2(1-1,)

347 By substituting a’ into Eq. (15) and solving T's problem, the optimedult is presented

348 by Proposition 2.
349 Proposition 2.Let pY :min{w,l} ; in the U-Model, the optimal participation

350 rateofTis

(2+2-38p- u(1+k1),3 ,BU
351 "= (2+ 2%k -Bb+u(l+k,) (18)

0 Bzp
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and the optimal collection efforts of T and R aneeg by

* (2+2k1—,8£)1b+(1+kl)u”8<l[3,U
v = Bo+u(l+k) 5o 20
— >

Proof. See Appendix B.

Proposition 2 indicates that when the proportioprafiit sharing for R is not too great (i.e.,
B<A"), T has an incentive to share R’s collection ¢ffoqpenses to promote collecting for
both direct and indirect channels. Otherwise, wiie& proportion is dominant enough
(B=p"), T will not participate in R's expenseg £0), and so the U-Model is transformed
into the P-Model; then, the value ¢ can be determined from Eq. (14). To distinguish it
from the P-Model, the U-Model described below refer a situation in whicht, is greater

than 0.

B’ denotes a critical value. The smaller the collathegaprofit u is, the Iarger'BU is

and the more likely T is willing to share R’s callien effort expenses. In contrast, R's

influence coefficientk has a positive effect on the critical valuféJ .
The formulation of an optimal collection volume dascomputed from Egs. (1) - (2), and
the optimal profits of T and R can be determinednfiEgs. (15) - (16).
From Proposition 2, Corollaries 1- 3 can be eaditained.
Corollary 1 In the U-Model, the optimal participation rate is monotonically
decreasing inu and is independent ok, .
Corollary 1 implies that T should share more cditateffort expenses of R for the sake
of maximizing his profit when the collaborative mgawal profit is small. For example, in the

early stages of their cooperation, the conversate derived from the recovery of old
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397

products to the sale of new ones may be low dysotr coordination, which results in a
small value ofu. Under such conditions, T should undertake morkeawmn effort
investments of R. However, an increaseky which can be regarded as the strengthening
influence of T on the recycling market, does n&#&fT’s participation rate.

Corollary 2 In the U-Model, the optimal collection effort of iRcreases inu and is

independent ofk,, whereas the optimal collection effort of T is mtonically increasing in
k, and is independent ofi .

Corollary 2 indicates that the collaborative guaal profit u has a positive impact on
R's collection effort but has no effect on T's eation effort. In contrast, an increase kj
does not cause R to increase her collection eléwl, but it will increase T's collection
effort level.

Corollary 3 In the U-Model, the profits of both T and R are mtmmically increasing

functions of u and k,.

Although only R’s collection effort increases wih increase ofY, the profits of both T
and R still grow as the direct and indirect coll@etvolumes increase with respect tg

which implies that a higher collaborative margipsdfit is beneficial not only to R but also to

T. The same is true for the influence coefficiefit
4.4 B-Model

Studies have shown that bilateral participation oaprove the channel efficiency of
cooperative advertising strategies (Zhang et #2132 Duringthe cooperative collection
between T and R, as shown in Fig. 2, is R williaglare a portion of T's collection costs to
increase collection volumes and to thus promotestiie of new products? This is what the
paper investigates regarding the B-Model. In tlaise; both members not only invest in their

own channel collecting efforts but also bear atiosct /t, (t,t,00(0,1)) of the other side’s
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collection expenses. They share the collectingiprafd £ (£0(0,1)) is the proportion of

profit sharing for R.

The profit functions of T and R are formulated alofvs:
7 =b(/A+ka)+(1- B)b(Va +k,VA) - (1-1,)A-ta (21)
7 = Bo(va+kVA) +ulL+ kWA + L+ kWal - (1-t)a-t,A (22)
There are four decision variables in the B-Modeicluding the collection effort

investments of T and RA and &, and the bilateral participation ratds and L.
According to Zhang et al. (2013), there are somkesruegarding the allocation of
decision-making power that game players shoul@¥olio avoid trivial or unreasonable game
results. In applying these rules to the B-Modeppase that the leader of the game makes a
decision about participation rates, while the fav makes decisions about collection efforts.
Again, by using backward induction, the optimaltes presented by Proposition 3.

(2b-u)(1+k,)

Proposition 3. Let £° =min{ ,1}. For any given in the B-Model, the

3k,b
optimal participation rate of T is
) (20-u)@d+k)- 360 B<p
t> =1 (2b+u)(l+k)-Bb (23)
0 LB=p°

The optimal participation rate of R is given by

[2emrai) o
{5 =J (2b+u)(L+k,) -k, B0 (24)

1 Bz B°

The optimal collection efforts can be computedddiews:

(2b+u)d+k)= b 45
Ja® = ,Bb+u(1-:1k1) 29
T2 FEF
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\/_ (2b+u)(11k2)_k2’8b,,8<,33 o6
o = 26
kz,[n’b+;(1+ kz)’ B> "

Proof. See Appendix C.

Since g°=4" and tf >0 always hold, according to Proposition 3, the Bdsigy
would become another U-strategy whgt® 8 . In other words, T may not need to share part

of the collection effort cost of Ry{ =0), whereas R must share part of the cost ¢f H0).
This means that it is always beneficial to T wherbéars a fraction of T's investment in
collection efforts, while whether T has an inceatto share R’s collection effort expense is
related to the value of3, i.e., T has an incentive only whgs 3° .

Hence, under the B-strategy, the optimal collectiolumes can be computed from Egs.
(1) - (2), and the optimal profits of T and R candbtained from Egs. (21) - (22).

From Proposition 3, Corollary 4 is easily obtained

Corollary 4 In the B-Model, R’s optimal participation ratg, T's collection effort A
and the profits of both T and R are monotonicallyreasing with respect t@&, and u.

Corollary 4 shows that higher collaborative prafiid stronger influence of T can increase
R’s participation rate and T’s collection efforiastments. Consequently, the profits of both
T and R can be improved.
5. Comparative analysis

According to the above results, some conclusionsbeadrawn through the comparison

of different collaborative collection effort modeldhe following numerical analysis
illustrates the results; the initial parameterisgtts b=10,k =0.5,k, =0.1,u=3.
5.1 Comparison of the U-Model and P-Model

Proposition 4. When S=p4" in the U-Model, relative to the P-Model, ordinal

relationships of optimal collection efforts are ateld as A" =A” anda”™ <a” .
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Consequently, collection volumes are related asovs: q” <q” and ¢ <q” . The

member's profits are related as followg” >7° , 7" >1° and 7" > .

Proof. See Appendix D.

Proposition 4 implies that under the same psifdare as the optimal one in the P-Model,
R’s collection effort investments will be enhanaadthe U-Model, whereas T’s collection
effort investments remain the same. As T sharesqgbdhe collection effort investment of R,
the total collection effort investment increasésist the collection volumes of the direct and
indirect channels increase, and the profits of bo#nd R in the U-Model are greater than
those in the P-Model. Therefore, the U-strategg iBareto improvement of the P-strategy

when the profit share remains the same as thatstifafegy.

Corollary 5 Let g™ :(1+k1+2k2+ 22)b= & (+k,)
1+ 43 )b

. In the U-Model, the optimal

profits of both T and the collecting system are otonically decreasing in3, and the

following hold:

() if B*=p", the optimal profit of R is an increasing functioh 8 when B<g’;

(i) if B* <pB”, the optimal profit of R is an increasing functioh 8 when <" and a
decreasing function of8 when g* <8< p".

Proof. See Appendix E.
Corollary 5 shows that increasing the proportion pobfit sharing for R is always
disadvantageous to both T and the collecting systeder U-strategy and is not always

advantageous to R.

Corollary 6 There is always an interval3’,3’) in the U-Model in which 3’ and
B satisfy 08’ <pB” and B <gB’ <pB’, respectively. When the value of falls

within the range of(8’,4’), the optimal profits of both T and R will increage the
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U-Model relative to those in the P-Model.
Proof. SeeAppendix F.

Corollary 6 extends the range ¢f in which the U-strategy is a Pareto improvement of
the P-strategy. This also shows that when the wallug is within a certain range under the
U-strategy, a win-win result can be achieved reéato that achieved with the P-strategy. In

Fig. 3a, 8° and B’ are the proportions of profit sharing that givﬁ*‘ﬂ:ﬂp =" and

nl“*‘ﬁ:ﬁp, =7, respectively. Wheng™ =", the optimal profit of R is a monotonically

increasing function of 3 under the U-strategy, threshold® and B satisfy 0< g’ <87,
and 87 <gB’ <pB’, respectively, and thus the optimal profits oftb@tand R increase in the
U-Model relative with those of the P-Model whefO(4",3’) (see Fig. 3a). When
B < B, the optimal profit of R first increases and thagcreases with increasing. In

this case, since8” =0 and 7"

s >, B =7 =0 holds, and thus a win-win result

can also be achieved when using the U-strateggrahian the P-strategy wheA0(0,43°)

(see Fig. 3b; the parameter values are as follow20, k, =0.9,k, =0.9,u = 13).

Profit of members
Profit of members
0

@) (b)

Fig. 3. Comparison between the U-Model and P-Model: (apif > 8 and (b) if8"™" < 8"
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5.2 Comparison of the B-Model and P-Model

Proposition 5. When 8=, relative to the P-Model, the ordinal relationshipf the
optimal collection efforts areA™ <A” anda™ <a® . Consequently, the collection volumes
are as follows:q” <q® and q” <q° . The members’ profits are related as follows:

>, n°=m when M=0, 7° <7 whenM<O0, and 72 >m where

M = (20— 4u)B7b[L+k, —k, L+ k, )]+ (D-ul[1+k,)* - (+k,f I- 3@&k2)B"b§.

Proof. SeeAppendix G.

Proposition 5 shows that with the same proportibprofit sharing as the optimal one in
the P-Model, when both T and R share part of thieamn investments of the other side, the
collection efforts of both sides and the collectiaumes of both channels will increase, and
for T and the collecting system, the B-Model is enprofitable than the P-Model. However,
for R, only when M =0 is the optimal profit of R for the B-Model high#ran that of the
P-Model. Through data simulations, it is also fouhdt M >0 almost always holds when

k =k,, although it cannot be analytically proven dug® complexity of M .
Corollary 7 In the B-Model, the profit of R is an increasingnétion of £, and in
contrast, the profits of both T and the collectaygtem are decreasing functions gf.

Proof. See Appendix H.
Corollary 7 indicates that increasing the propeortad profit sharing for R can increase
R’s profit, but it is at the expense of the probtsT and the collection system. There must be

appropriate values of3 for a trade-off between T and R.
Corollary 8 There is always an interva(3°,3°) in the B-Model in which
0<pB°<p” and 7 <B°<1 when M 20 and in which 8~ <% 4°<1 when M <0.

When the value of3 falls within the range of(5°,4°), the optimal profits of both T and R
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510 will increase relative to those of the P-Model.
511 Proof. As it is similar to the proof of Corollary 6, thegof is omitted here.

512 Corollary 8 gives the range of the profit shafe in which the B-strategy is a Pareto
513 improvement of P-strategy. In Fig. 43°, B° are the proportions of profit sharing that
514 create 7°

. =71 , respectively. M >0 denotes thatz" | _ >,

e = and 7

B=p B=p

515 and so0<p°<pB and B <f°<1 (see Fig. 4a). Keeping the values of other pararset

516 unchanged and increasing the valuekpf to 0.6 such thatM <0, 7°

T

| <m, and thus
p=p

517 B <pB°,B°<1 (see Fig. 4b).

518

519

520

521

522

Profit of members
Profit of members

523

524

525

526 (b)

527 Fig. 4. Comparison of the optimal profits between the B-klagzhd P-Model. ()M =0 and (b) M <0

528

529

530

531

532

Proportion of cost sharing
Collection volume

533

Fig. 5. The optimal proportion of cost sharing under the Fig. 6. Comparison of collection volumes between the
B-Model as S varies B-Model and P-Model
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Note that 8° >3’ may be true (see Fig. 4b). Whef* >3’ and pO(8",4°%), t, =0
and t, >0 hold (see Fig. 5). Under such conditions, as thikection efforts of R increase
with increasing £, both the direct and indirect collection volumegrease instead of
decreasing (see Fig. 6). This result suggestsvihan 2° >, T can afford R a higher

proportion of profit sharing without sharing paftR's collection effort costs, and hence an
improvement in profit for both parties and a sigraht increase in the total collection volume

can be achieved.

1
—+— B {
—o— pY 0.8 -
b P

(a) (b)

Fig. 7. The optimal valueﬂp* and the threshold valuﬁg(ﬂ’n )(aﬁﬁj, ﬂlB ) (@)as u varies and (b) ag&, varies

Through data simulations, it is found that the shiad value of 3° first increases and

then decreases with increasing, whereas the threshold value @ decreases more
rapidly, and thus the higher the value of the more likely R is to share past T's

collection effort cost unilaterally (see Fig. 7a). Similarly, the value gf first increases and

then decreases with increasing ky, whereas the value o is independent ork,; thus,
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B° > holds only whenk, is not large enough (see Fig. 7b). This resultia®p why
some e-tailers direct large amounts of capitalhmirtrecycling partners to facilitate the
recovery of WEEE of high value, such as smartphgwisch means that the value &f

may be higher), especially in early stages, whenjlist entering the recycling market (which

means that the value dfz may be lower).
5.3 Comparison of the B-Model and U-Model

Proposition 6. For any value of B(8</"), the ordinal relationships of optimal
collection efforts between the U-Model and B-Modet related as followsA’ < A* and

a’" =a® . Consequently, the collection volumes are reladsd follows: ¢° <g® and

g’ <q . The ordinal relationships of the profits are allofvs: 7° >7”, n° <7’ and
YSEQA

Proof. SeeAppendix I.

150

‘ ‘ 110

) L j ) U L B L L U L U B\
0 0.2 g p@p® o8 pY OB B B B gt
B
Fig. 8. Comparison of the member’s optimal profits Fig. 9. Comparison of the profits of the collecting
between the B-Model and U-Model system under centralized and decentralized desision

Proposition 6 indicates that under the same pragodf profit sharing, the B-Model is
more profitable for T and the collection system begs profitable for R relative to the

U-Model. In Fig. 8, since the profit of T decreaselsereas the profit of R increases with
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W
respect to'g, for a proportion of profit sharinglg UOI in the U-Model,

SR | =
43 b= a ‘/3=/3‘” implies g <%, and '

*

> o _
p=F 7 =" implies B >p% . However,

5O > @ _ _ _ o
holds thus, there is not necessarily a correspondlngevéfu in the B-Model that

qﬁ ‘ﬂ=ﬂi > n‘u ‘ﬂ=ﬂ(“ > 7P

and 77| s
B=p

T

supports

g0 Simultaneously. Clearly, whether the

B-Model is a Pareto improvement of the U-Model dejgeon the crucial parameters of the
collection system and the profit sharing proportign

B
According to Proposition 6, it is easy to see tl'%tgﬁr and g’ <43°.
Through the above comparisons, it is obvious thatardinal relationship of total profits

for all of the collaborative collection effort mddes 75 >7° >7" > when B falls

within the range of[0, 3] (see Fig. 9).
6. Sensitivity analysis

The impacts of the influence coefficiet, and collaborative marginal profit on the
total collection volume and efficiency of the calimg system are further discussed. Since

the direct and indirect collection volumes are nton&ally decreasing functions off, the

values qg*ﬂ and q;’*ﬂ respectively represent the highest and lowesteciidin

=g =

volumes of the profit improvement intervd|s’,3’) for the U-Model, and a similar

conclusion is drawn for the B-Model. Thus, for flelowing analysis, in the cost sharing
models, the proportions of profit sharing are sethe lower and upper bounds of the profit
improvement interval, respectively.

In Fig. 10, it is observed that total collectionwmoes in the three decentralized models
increase with increasingt and k,, and ¢ >q. and ¢ >q. always hold for any

values of u and k,. Fig. 10(a) shows that wheH is low and when/ is at the lower
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bound, the total collection volumes differ littletveen the B-Model and U-Model, whereas
the total collection volume is significantly greate the B-Model than that in the U-Model

when the value ofU is large and when the proportion of profit sharigly is at the upper

bound. In contrast, the total collection volume$fedi little between the B-Model and

U-Model when the value of is at the lower bound and when the valuekef is low or
when the value ofk, is high while the value off3 is at the upper bound (see Fig. 10b). Fig.

10 also shows that the difference between the UeéVladd B-Model is more heavily affected

by u than k, when the value of$3 is at the upper bound.

30 ‘ : : : 35
B*.n—nB
——q BB,

U*.n_ U 30
25 —— ] p=p;
P*.r—nP*
B R Y-
B*.,—nB
20 —O6— qg B=h;

——aq)p=p 20

@ (b)

Fig. 10.Comparison of the total collection volumes (a)as aries and (b) ast, varies

—+—n® p=p°
—+—n" =g/
-—-- P g=pP
—e—n" p=p;
—&— " g=p/’

(a) (b)

Fig. 11.Comparison of the collecting system efficierfayas v varies and (b) ak, varies
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Fig. 11(a) shows that the collecting system efficieof each cost sharing model is far
higher than that of the P-Model, and the efficien€yhe collecting system mainly follows a
downward trend with increasing in each of the three decentralized models. Fi¢p)ldlso
indicates that the efficiency of the B-Model is migher than that of the U-Model when the
value of u is very small. However, since the effiiy of the U-Model decreases more

rapidly, the B-Model is more efficient than the Wshiel when the value of u is large enough

@)
regardless of the profit sharing proportion invalvdn Fig. 11(b), K, represents the

threshold value that givg® =0. Fig. 11(b) illustrates that the system’s efficigrlecreases

with increasingk, in the P-Model whenk, <k”, but whenk, >k{", it increases as the

k2

collection volume increases more quickly with irasig in "2. In addition, Fig. 11 shows

that the system’s efficiency in both the U-Modetld&+Model is less affected by, .

The conclusions of the sensitivity analysis offerttier guidance regarding how to make
optimal decisions according to actual situationselaon the market influences of T, levels of
coordination, and types and values of collectedipects involved.

7. Conclusion

In this paper, collaborative collection effort $égies involving a third-party collector
and an e-tailer based on the “Internet + recycling8iness model are explored. The paper
develops four cases of collaborative collection elsd derives the optimal decisions,
conducts a comparative analysis of these models aralyses the impact of crucial
parameters on the collection volume and efficieoicthe collecting system.

The main findings of this paper are as follows. There exists an interval of profit
sharing proportion in which each of the two cosdrsig strategies is a Pareto improvement

of the unit transfer price strategy. (ii) An incseain the collaborative marginal profit can
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increase the e-tailer’s participation rate and ¢@tection effort level under cost sharing
strategies and thus improve the e-tailer's anddtparty’s profits. (iii) An increase in the
market influence of the third-party has no effesttbe collection effort level of the e-tailer,
but it can increase the participation rate of tHailer and thus improve the profits of both
parties. (iv) Under the B-strategy, when the callalive marginal profit is large enough, the
third party can give the e-tailer a higher progmrtiof profit sharing but does not need to
share part of the e-tailer’s collection effort coahd thus a Pareto improvement of the
P-strategy can also be achieved. (v) Although thal tcollection volume and profit of the
collecting system increase under the B-strategtive to those of the U-strategy under the
same proportion of profit sharing, the B-strategyot necessarily a Pareto improvement of
the U-strategy.

The above conclusions provide some useful suggestior "Internet + recycling”
enterprises. First, it is more profitable for ardhparty collector and an e-tailer to share a
portion of the other's collection investments untlex cooperative "Internet + recycling"
mode. For instance, Jd.com, a famous e-tailer ima&cooperates with Aihuishou.com, a
professionalO20 electronic product collection company, in WEEE @ing. Jd.com has
made several rounds of investment to Aihuishou.torfacilitate the recovery of WEEE of
high value, such as smartphones, which can be iegpldy the B-strategy. Second, the third
party should consider the types and values of WHilved when making the optimal
choice. For example, for high-value WEEE collectibigher collection volumes and levels
of system efficiency can be achieved under ther&egy with a high profit sharing
proportion than that involved when using the U4stgg, but for low-value WEEE collection,
the third party may adopt the U-strategy with a lowwfit sharing proportion rather than the
B-strategy with a high profit sharing proportion dbtain greater collection volume. Third,

the third-party and e-tailer must strengthen cowtion and resource integration to increase
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the probability of converting from recovery to plasing with help of “Internet+”, which can
improve not only the profit of the e-tailer but@lbe profit of the collector.

In future research, some assumptions may be relaxegvelop more comprehensive
collaborative collection systems, such as a casehich a system includes e-tailers and
third-party collectors in addition to consumers, engh both the recycling price paid to
customers and the discount for buying new prodwdtecting the system should be
considered. It would be interesting to study howtrgas make optimal decisions and how the
consumer surplus changes during one-stop recyalijupgrading services under different

collaborative strategies based on the “Internedcyceling” business model.
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783  Appendix A. The proof of Proposition 1

784 By substituting the value of" in Eq. (8), the problem of the third-party is weit as
785 Max 77" =[b(L + kz)—kzbr]ﬂﬂb(“kl)'bflgbf ruld k) (Al)
b A
786 The first- and second-order derivatives of Eq. (Af given by
071" _b(l+k,)-k)b o’ (1+k)(b-u)
787 = 22t ], St =—p -k JAFT T T
0A /A ab, T 2
788 or _ [Prh® BN O g Ok Ok
oA 4 b ? oAb, 2JA" dboA  2JA
o’ o'
0A>  0AJb -
789 The Hessian matrix oﬂp is Q= . Let ZP :w; whem/A<Z?,
o’n o' k;
oboA db?

790 Qis negative definite, which shows that the objexfivnction is concave with respect(t(?"h ). From

791 the first-order conditions, the optimal solutiorigtee third-party are

Pr _ 2b(1+ kz)_kz (1+ kl)(b—u) P _ (b_u)(1+ k1)_k2b(1+ kz)
792 A" = TeRr o7 = 2 .

793 Substitutingbrp* intoa” , the optimal collection effort of R is given by
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811

& _ (b+u—-uk?)(L+k,)-kba+k,)
Ve = 2(2-k2)

- 2b(1+ kz)_kz(b_u)(1+ kl).

SubstitutingA™ andb™ intoZ”, one hag” T - thus, /A< ZPalways
AT

holds in the neighborhood ofA" ,b”" ). Therefore, there is always an optimal combimaté (A™ ,b"" )
to maximize the profit of the third party in theMdel.

2
m) guarantees it.
1+k,

Since brP* must be greater than or equal to zero, the comditie u” = b(1-
Appendix B. The proof of Proposition 2

Substituting a into Eqg. (15), the first-order derivatives (ﬂl“ are given by

on’ _bi+k,@A-8)] _
oA 2JA

o’ _ NV tV?
o,  4(-t¢ 2(-t,)

1, and whereN =b(2+ 2k, — 38)-u (1+k, ),

V =pb+u(l+k). The two decision variables A antj are not related and thus can be solved

independently.
9? 1+k,(1- } 0
Becausea:;U :—b[ ZAf ’8)]A3’2<O, with the first-order conditioaa%zo, one can easily

show thatm:w. Lets" :min{l,%. Wheng= 3", 667:5 <0 always

2 2
holds, sot’ =0 , and when B<pg’ |, on _ 1 E{ NWV__V Bﬂ} . since

> 1-t |20-t,F 2 (-t
2 2
NV > = LV holds at the zero point of,, 9 772‘U <0 holds in the neighborhood of zero point,
41-t, ¥ 2(1-t, ) ot;

_(2+ 2 -3Bp-u(l+rk),
2+ 2 - Bb+u(lrk,)

Substituting " into a” , one has,/a’" = (2+ 2 ‘ﬂib+ Lk

and thus the participation rate of the third péstygiven by t;”” (0,1).

Appendix C. The proof of Proposition 3

Taking the first and second derivatives nf with respect toa vyields
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Or® _ fb+u(l+k) ' __Bo+ullrk) 3 _

-(1-t), and L 0.
da 2/a a-t) 9a’ 4

Similarly, the derivatives ofnfJ with respect to Aare given by

O _kBo+u(l+k,)
0A /A

2 E
t,, ang 27 = _Kforulrks) ) g
oA 4

From the first-order conditions, the optimal collen efforts of T and R satisfy

\/;78 :M and WIAB :M, respective|y_
2(1-t) 2t,

Substituting a® and AVB into the profit function of T,IT'T is achieved, and taking the derivative of

o o _[(2b-u)d+k)-3BbIX _ tX?

A with respect to t, , one has > ,  Where
atl 4(1_ tl) 2(1_ t1 )’3

o’m _ 2 om __ X° t,X?

X=Aorultl), Y=lofbrulrk), and G- = xS St 20t )

<0, so t7 =0, and when 8< 8, the function 77" has zero points, and in

When =",

o7
ot

1

2 —_ —_
the neighborhood of the zero poin‘zsni <0 holds, sot” = (2b-u)d+1q)= 38b

ot? (2o+u)(1+k)-Bb
Similarly, one has ﬁ=iz - - D +ullrky), Et)Y : and
ot, 2t; 2 t,
2 2
9 Z;B = —gx on’ —Y—A. From the formulation of the first order, it folis that the functionl;B always
ot t, odt, 2t

2
has zero points ot,for anyf<1, and in the neighborhood of the zero poi%%;i<0 holds, so
2

o - 20+ 21(1+K,)
? T (2b+u)(Lr k)~ kB

.When <%, t7°0(0,1) holds; otherwise,t; =1.

Substituting t¥ and t¥ into the functions fora® and A®, the optimal solutions of a* and
A¥ are achieved.

Appendix D. The proof of Proposition 4
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— P*
Since b =4”b , from the first-order conditions, one héa,w:b(]'JFKZ)2 KB b and

P*
Ja© _ B brud+k) b+;(1+ ki). Let B=" in the U-Model. Sincef” <", it follows that A” = AV

— — P*
and Ja’" -Ja” = (20 u)(1+4k1) ¥ b >(0. Consequently, the collection volumes of the disetd
indirect channels are as follows)” <q” andq” <q .

According to the decision-making process, T will =0 if 77 <77, and then the U-Model is

transformed into the P-Model; it; >0, 72 >7 must hold. Sincg8” <4’ , t, >0 holds,

2

e >77" holds.

The optimal profit of R in the P-Model is given by

=B ;(“kl)]JaT“ +[B” kb +uL+ k)W AT (D1)

Sinceﬁp* <,6’J , the optimal profit of R in the U-Model is givey b

*

= BEDP M) 0 (7 i kAT 02

T

B=p"

>

,B:,BF” T

Since AP = AY and 2™ <aY", one hasﬂtJ

Appendix E. The proof of Corollary 5

o b, _ _ _bu(L+k,)
o5 g [k + DS =dk, (4 k; )= 21k, - ———=,
o :(1+k1+2<2+2k2—,3— 4<2’B)b ~ Xpu bk, ) and &7 =_(1+4k2)b <0 . Since
B 4 03
on” o (14K 2K+ AS)b- K (1+k,)

If

<A and —+ <0 . <0 holds. Let g =
ABand g, .= Top o L+ adp

B <pr, %>O holds when @<’ , and if g > 3", then aaln[’; >0 when0< < g,

o o7,
r 0 L —Tr =0 = L
¥ <0 when g* <pB< B’ and o5 when B=p4".

Appendix F. The proof of Corollary 6
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According to Proposition 4 and Corollary 5, one nﬁ#ﬂ:ﬂp > and% <0, and thus there is a

threshold B° (B~ <4’ <B°) that makesnt“*‘ﬁ:/{u =77 when B <f’, or ﬂtu*‘pzﬁu >m  when
B’ =B .Hence, " (B)zr whenB< S’ (B OB B

In a similar manner, it can be proved that whgz 4° (8’ 0[0,57 1), 7’ (B)=7 holds.
Hence, whenB0(8”,4’) , the U-Model is a Pareto improvement of the P-Mode

Appendix G. The proof of Proposition 5.

— P*
Let B=p" in the B-Model. Since 7 <f’ <f®, \/aB*=(2b+u)(1;k1) PP and

JAE = (2b+u)(1+k,)-k,57b

2 , one has A" < A" and a” <a® . Consequently, the collection

volumes of the direct and indirect channels arateel as follows:q” <q° and q” <q° .

It is obvious that 745‘ > Ep ; otherwise, T would setI =0 and t; =0, which is just the case of

B=p"

the P-Model.

Since 1~ =’Bb+u2(1+k1)\/a8* +’Bk2b+;(1+ k2)\/AB’* , combined with Eq. (D1) ofr’ , it is

easy to prove thavz® — 7 = % where
M = (20~ 4u)B”b[1+k Kk, (1+k, )]+ (D -ul[(1+k,)" - (1+k,f ]- 3(1-k3)B"b §
<77:y when M <0.

Thusﬂf* Zﬂf when M =0, and 77:3

B=p" B=p"

When ,8:,8'3* , the profits of the collection system in the B-Mbdnd the P-Model are given by

7 = (2b+3,l)(1+k1)+ﬂp*b\/?+ (D+ ) (K, )I-ﬁp*kzb\/ﬁ

and
4 4
nf* _ (2b+u)(1w;k1)—,/3p*b\/?+ b+ 211)(1+;<2 )+,8P*k2b\/ﬁ.

Since , it is easy to see that

& _brl)~kBD o Fbrulltk)
2 2

o = <2b—u)<1+4k1)—36“b T 8k NN
_U+k,) +k,B7b
. VAT

Because
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B <p and VA¥ —JA” =w, it is easy to prove thar® -7, >0.
Appendix H. The proof of Corollary 7
Taking derivatives with respect t@  yields
-

f’;; = 22{(2b+uL+k + K, +kE) - AL+ K2} <O, and

ont b e orulek) 0V kb o fkbruri) VAT
B 2 2 B 2 2 B

oVa® _b oAT kb amf _b?

Since an
s 4 o5 4 o 4

{L+k-B+k+ky1-p}>0 , and

o> on”
-+ ——<0.

o 0B

Appendix |. The proof of Proposition 6

From Propositions 4-5, one easily h&s <A and a" =a®

under the same profit sharing
(B<B’). Consequently, the collection volumes are relagébliows: ¢° <g° andq’ <q’ .

When B<p’, it is easy to obtain’” =A” +a” , where VA” Sbatk) kb g

2
Ja' = (1+k1)(231+u)_'8b , and 7 =A"+a° , where g¥ =" and
JAE = (2b+u)(11k2)_k2'8b . Sincea” < A7, 1 -7 >0.

For a given proportion of profit sharing, it is gds obtain

o = DL (55577 ang AT - 2T = ) o

When 8<%, [paF —2/aY <0, and given B° < 8%, when < B, m° <7’ holds.

Similarly, 7= -7 = AT — A+ WLTIo) ¥ AlD kz; P ([AF - 2JA7).

SinceA® - A

_ (4b+u)(l+k, )= K,Bb u(l+k,)+k,pBb
4 4 ’
= u(l+ kzi+ k,[b N @+ kzjr+ X,0b >0,
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Highlights

Collaborative collection effort strategies with/dut cost sharing are studied.
Optimal decisions and member’s profits in variotiategies are compared.

Cost sharing strategies can achieve win-win reguléscertain profit sharing range.
Collaborative marginal profit has a greater imgattost sharing strategies.



