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Abstract. In this paper, we study the problem of the closmgpl supply chain

management mode of the dual-channel recycling eewbg both manufacturers and
retailers participated in recycling, which is calesied under the environmental
awareness of consumers. And then we obtain manuéacind retailer's optimal strategy,
consumer optimal environmental awareness and timeifacturer's optimal transfer price
in the case of independent decision and cooperagision. Furthermore, through a
numerical calculation example, we analyze the effet consumer awareness of
environmental protection for the optimal strateBlyus, we can obtain that the model is a
reasonable and dual channel cooperation decisiaohwib the ideal decision for the

recycling of electronic waste under the consumearaness of environmental protection.
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1. Introduction

With the increasing shortage of global resourchs, growing-number of people pay
attention to the recycling of used products. Therldvchas introduced laws and
regulations, requiring enterprises to recycle ost@groducts, such as the EU's "Waste
Electrical and Electronic Equipment (WEEE)" dirgeti Japan's "household appliances
recycling law" and China's "waste electrical andectbnic products recycling
management regulations" and so on. The commonréafiuthese laws is the extensive
application of the Extended Producer ResponsikiiiyR), which requires the extension
of producer responsibility to the entire life cydithe product being produced, including
the recycling and remanufacturing of waste produ€ia the other hand, with the
government's continuous promotion of green consiamgiatterns, consumers are also
concerned about the environmental performance aduymts and the specific treatment.
Data showed that 67% of consumers in the UniteteSthelieve that the purchase of
environmentally friendly products is very importaabd 51% of consumers are willing to
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pay higher prices to buy environmentally friendhpgucts. In 2005, 31% of consumers
in Europe are willing to pay high prices to buy ieammentally friendly products, and in

2008 this data increased to 75%. Therefore, itfigreat theoretical and practical

significance to introduce the environmental awasenef consumers as an important
factor in the research of the double-channel réagciclosed-loop supply chain

coordination

Many scholars have studied the recovery of ele@ramste. Liu researched the
formal channels oriented by recycling processor ctvhihas dismantling of the
gualification and the non-formal channels oriensdrecycling processor which has
non-dismantling of the qualification. Depicted thveo channels of their own recycling
and profitability model, they obtained the equililon recovery price and renovation ratio.
Zhang studied the recovery and sales pricing sjyaté closed-loop supply chain system
under the condition of two kinds of recycling chalsn Zhou researched the impact of
government's recycling regulations on the dual okhmarketing closed-loop supply
chain. An et al. considered the dual-channel réagahodel in which manufacturers and
retailers were also involved in recycling, and titces recovered by the manufacturer
from the retailer were directly used as the manufac's decision variables. Moreover,
they studied the impact of government intervenetherdual channel sales and recycling
closed-loop supply chain, and they also proposeiin@noved two-part pricing contract
to coordinate the dual-channel closed-loop supghairc under the government's
intervention [1]. Wang [7] discussed the doubleruie recycling of closed-end supply
chain management model. Lin et al. [8] have comeitléhe closed-loop supply chain
with dual sales channels and double recycling chlannand they established a
closed-loop supply chain pricing model based onmtfaufacturer and retailer as the
game leader. According to the production inventaligtribution inventory, customer
virtual inventory and recovery inventory, Zhangaetéished a dual-channel closed-loop
supply chain dynamic model, and he obtaitled robust control strategy and linear
matrix inequality algorithm for solving the dynamigodel of closed channel in double
channel [9]. Xiong et al. [10] applied the consuraemareness of environmental factors to
discuss the manufacturer's optimal recovery moddlthe impact consumer awareness
of environmental on the optimal solution in thesed-loop supply chain. Ma studied [11]
the impact of trade-in subsidies on different medef closed-loop supply chain from
three perspectives of the consumer, the scale eotlibsed-loop supply chain and the
enterprises. Fen [12] discussed the problem of riflagelection and double recycles
channel coordination under the condition of consurbehavior (recycling channel
preference and recycling premium) and the two-pel@rse supply chain composed of
WEEE recyclers and processors.

To sum up, the existing literature rarely studié® tdual-channel recycling
closed-loop supply chain by the manufacturer amedrétailer recycling. In the literature
about dual-channel structure of the manufacturet tne retailer, the transfer price
recovered by the manufacturer from the retailer erstirely determined by the
manufacturer and does not examine the impact ofetfaéler on the transfer price and the
consumer's environmental awareness, and many chsesrconsidered the consumer's
awareness of environmental protection in the dbahoel. It is study the consumer
awareness of environmental protection as a quamétaWith the popularization of
environmental protection knowledge, consumers' amess of environmental protection
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will gradually increase, which will have an impact the recycling of recycling channels.
Therefore, consumers' environmental awareness m@aysndispensable role in the
decision-making of double-channel closed-loop sypgain. This paper introduces
consumer awareness of environmental protectionanttosed channel supply chain that
is recovered by a manufacturer and retailer. Angl dticle studies the optimal strategy
for supply chain members.

This paper studies the optimal strategy of doublknoel recycling closed-loop
supply chain which considering consumer’s enviromraleawareness. The innovation of
the research is: (1) we consider the influencenefdhanging consumer's environmental
awareness on the optimal pricing strategy of thenufecturer and retailer in the
double-channel recycling closed-loop supply chd). We define the transfer price
recovered by the manufacturer from the retailea amriable which is decided by both
manufacturer's direct recovery price and the mtaiindirect recovery price. That is, the
manufacturer and the retailer jointly decide tranghe price, and then we study the
changes of transfer price and the impact of chawgeshe entire closed-loop supply
chain.

2. Modédl description and assumptions

2.1. Model description

In the closed-loop supply chain of dual-channelcéng, there are two ways to recycle

e-waste: one is the direct recovery, that is, Mactwirers directly recycle electronic

materials which have a certain value or can alsodeel for processing from the hands of

consumers. We define that the recovery prige isOne is the indirect recovery. That is,

manufacturers commissioned the retailers recydilegtronic waste which also have a
certain value or can also be used for processimg fhe hands of consumers, and we

define the retailer's recovery pripe. The transfer price of the manufacturer recycling
from the retailer is defined gs . Finally, the recyclable waste is processed and

reconstructed by the manufacturer at a recyclirsggsonvhich is distributed to the retailer
at the wholesale prigg. And the retailer sells the price to the consumtethe retail
pricep .The profits of the manufacturer, retailer and &mtire channel in the modgl

(j=1,2) are defined ag’ , 77/ and 77’ respectively.

2.2. Basic assumptions

(1) The amount of electronic waste recycling isted to the consumer's environmental
awareness, the environmental sustainability ofrdwycler, the recovery price and the

recovery price of the competitor, so the followiftgictions can be used to represent the
recovery of the manufacturer and the retailer

Qm:kem+bnpm-ﬁ pr’
Qr:ke-'-bp-lg R

whereQ, andQ, represent the recovery of the manufacturer andetadler, respectively.

b (i=m,r) represent the price sensitivity of charinelBrepresents the cross price
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sensitivity, € (i =m,r) indicate the environmental effort of the manufaet and the

retailer. The random variablk represents the level of consumer awareness of

environmental protection. And the expected valug(is) = u.
(2) The transfer pricep,recovered by the manufacturer from the retailethie
indirect recycling channel is greater than theriecti recovery pricg, of the retailer and

less than the manufacturer's direct recovery giceso we can get the formula

P,=p +t(p,— p).t0O[0,1].

Whent =0, the transfer price is equal to the recovery praxmvered by the retailer from
the consumer. And the retailer is unprofitable. Witve 1, the transfer price is equal to
the recovery price recovered by the manufactummn fthe consumer. Manufacturers will
choose indirect recovery completely. That is, ladl €-waste on the market by the retailer

to recover. So that the situation is consideretiéntext ot [1(0,1).

(3) The parameters in the model meet the condtbi‘qnm <w-c< p- ¢ thatis,
the manufacturer's direct recovery prige is less than the remanufacturing

profitscqu— ¢ which is produced by manufacturer remanufacturireyelectronic waste of
recycling. The manufacturer's recycling is profieabAnd the manufacturer's wholesale
price must be less than the retailer's price, dral retailer's sales are profitable.

LB< min{q“,br} , that is, the recovery rate of other channelsthadeast impact on the
recovery of this channel.

(4) The utilization rate of the recovered e-wastegi(0< ¢ <1). That is, the

recovered e-waste is not used for recycling andarerfacturing completely and it cannot
be used for recycling and remanufacturing 100%.

4. Model establishment and solution

Based on the above model description and assumsptibe manufacturer's profit is the
income minus costs. Revenue is gained by soldetmaunufactured e-waste to the retailer
at the wholesale prige, where the e-waste includes all the waste whichbzaused for
recycling and remanufacturing from the direct remgvchannel and the indirect
recycling channel. Costs include remanufacturingts;ahe cost of directly recycling by
the manufacturer, and the transfer costs that naatwrers indirectly recycle from the
retailer. The resulting profit function of the méacturer is

7T, :¢(Qm+Qr)<a} - Qm Pn— Q B
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At the same time, the profit of the retailer is theome minus costs. Revenue is
gained by sold the remanufactured e-waste to theuroer at the selling priggand sole

the e-waste to the manufacturer at the transf@epgi. Costs include wholesale costs
and the cost of indirectly recovery. The resultimgfit function of the retailer is

T =¢(Qm+Qr)(p'w>_ Q( B p)

Supposey, = p, +t(p, — p),We can get that the profit functions of manufaature
and retailers are written as

T, =9Q,+Q)w-9-Q,p,~ QU R+ ¢ R— N) 1)
T =¢9Q,+Q)pP-w)+QUR— R 2

Consumers sell electronic waste to manufacturergtailers that can not only get
some economic benefits but also get a certain degfeenvironmental protection.
Environmental protection is expressed by the prodfienvironmental awareness and
environmental protection. Consumers determine tbgiimal environmental awareness
on the basis of product valuation and environmeeffgictiveness, which is use@ to
represent the consumer's objective valuation oktbetronic waste that was held by the
consumer. Thus, we can get the consumer utilifplémns

U (k) = EQ,(ke,+ p~6)+ Q ket p-6)]
=(ug,+ b, p,—B P(ug+ p-6)+ ®)
(ug +b p-B Rp)(uet+ p-0).

3.1. Independent decision model
In the independent decision model, the first steg¢he consumer to determine the
optimal awareness of environmental. And the secbage is manufacturers and retailers
to determine the optimal recovery price. The deaqisirder of the manufacturer and the
retailer is that the manufacturer first determittessrecovery price of the direct recovery
channel. And then the retailer determines the regowrice of the indirect recovery
channel. Finally, the transfer price is determinkeg the recovery price of the
manufacturer and the retailer.

According to the inverse of the Stackelberg ganecansider the first order partial
derivative of the price for the profit of manufasuand retailer. And we obtained the
following formula

‘;;Tm = p(w-c)(h, - B) - ug, +2(15- ) P+ (26 B- th) p- tug (@)
‘;I’OTr =g(p-w)(b -pB)+t(B+h) p,—2th p- tue ()

The relationship between the indirect recovery o€ the retailer and the direct
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recovery price of the manufacturer can be obtaased

p =2(P-w(B -A)+U(B+h)p - e
' 2th,
From the formula (4) and the formula (5), we obthia response function of the recovery
price of the manufacturer and the retailer.%gm = or,
op, O0p,

recovery prices for manufacturers and retailersaaitten as

=0, we obtained the optimal

ot = 20[tue + ug ~p@w- Y p-B)] _(2A-tB-th)[¢(p-a)(h - )~ tug] ()

" 2Bb (t+)-dgh —tF+ (2-1)3°  2Bb (t+ 1-tb (4 + b B2 (2 1)
pl*:(h thlue+ ug-Kw- X p-A1, 206~ DA pi( A~ te
C 2B t+)-AQh -’ + (2=t 2Bb (- 1-th (4h+ thy B (2t

The optimal transfer price is written as

o = (b +B)lug, —#(w- 3 h-B +2 ug - M1+2B+ B- -2 B tye g p)( bA)
2/, (t+1)- 4, - tf + (2- 1)5°
(B -B)tug, - f(w- §( B -B +24( p-)( B- B
280 (t+1)—th (4, + th )+ 157 (2- t)

®)

According to the formula (1), (6), (2) and (7), tmanufacturer and the retailer's optimal
profit can be obtained as

7, =4(ue,+ b, g~ B B+ ue+r bp-B Plw- X
~(ug, + b, B~ B B) B-(uetr bp-B P p+ (p- "P)

7 =¢(ug, + b, B,-B A + uet pP-B P pw)
Hug+bp-BR) (R~ b)

The optimal profit for the supply chain systemligueged as
=g+
According to formulas (3)(6)(7) and (9), we canaiivt

ouU_(k . .
Bl -aig+ e+ be-a9 be(e bes pip( e )8 O
And then, Iet% =0, the optimal awareness of environmeuIaIis expressed as
u

" _Adg + )+ P(w- 9(h-H)I2 Bb+ €b+pI+4( p( Al BE- A= -2 CB- B
2A¢,+2BEhe+ Ctg( bt f)+ Cie( B f)+2 Bithe (B8-St b2 (B, B

where
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A=2t°8h —4th h + 218b - £ b’ + 2132~ €8,
B=g,*h&-B¢

C=g+he-LBg
3.2. Cooper ative decision model

In order to realize themaximization of profits, Manufacturers and retaileijgintly
determine the direct recovery prifk and the indirect ong, . Total profit of system
7T s expressed as

TT=T1T, + 7T,

=E[#(Qu+ Q)(@- 9~ QR+ A Qi+ QU pPe)- Qf

Based on the above equatioxg,ﬂ and g—” are obtained as follows
Prn P

gTﬂng(w—c)(hn—,B)—(ue,ﬁan BB R+ P BB+ B ¢

m

and

g?”:¢(a)—c)(q—[a’)—(ue+2b p-B R)+#( B b-B)+B p

s

Let ﬂ:oandﬂ:o, the expressions of optimal decision variables for

op,, op,
manufacturers and retailers are deriasd
oz =4Bs *hg) #p-9
"2 -bb) 2
oz =4B& *1,8)  #(p-9
" 2(6°-b.b) 2

The optimal internal transfer pritpg* is expressed as

oz = UTu(Be, + B,q)+ Wi e+ be)  H(p-9
° 2(8%-b,b,) 2

The optimal profits for manufacturers and retaikams derived as

. =¢(ue,+ b g, -8B +uet bP-B8 P(w- X
~(ug,+ b, =B F) B -(ue+r bH-8 R)( p+ (- %P)
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=g+ g, -B A +uet pP-B PN P
+tue+h F-B@) (R - p).
The optimal profits of system can be expressed as
' =pug, + b F,-B B +ue+r bP-B P B X
~(ug,+ b, 0, - F) B,-(uet pP-8 7 °p

Therefore, based on the cooperative decision motha, optimal awareness of
environment can get

oo (B-bp)[2e,+ €)0-¢(p 4 B ]
266,65+ & (b+35°-3Q b} E(p+ b A7)

Property 1. With the increase of awareness of environmentpthandp? decrease.
Proof: According to < min{q“,br} , we can get thg®> <h b , thatis, f>-b b <0.
Then,
2*
o - PE+hE ;.

ou 2(8°-hh)
o’ _ Pe.the
ou 2(8°-hh)

Remark 1. It is noted that consumers will be more proactive providing waste
electronics, which will allow manufacturers andailetrs to recycle more of their old
electronics with the increase of awareness of enuient.

Property 2. Then; increased with the increase of awareness of envieo
Proof: By p> c,ﬁz —bmbr <0, andProperty 1, we can get

07, _¢(p-0(g,* &) _(2+ (B h+ B H+2B g€
ou 2 2(67-h,h)
Remark 2. It is noted that the market will recycle more elentc waste. Manufacturers

produce more electronics and save manufacturints,ctieerefore, they increase profits
across the supply chain with the increase of avem®nf environment.

4. A numerical example

In order to clear more intuitive see consumer @mvitental awareness on the influence
of the optimal strategy, manufacturers transfergowith the change of the manufacturers
and retailers price as well as the transfer pricanges affect the whole closed-loop
supply chain system. In addition, this paper prepmsnore intuitive comparison of the

two models from the size and change of profit, amdimerical analysis of profit changes
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in manufacturers, retailers and systems is proposed

4.1. Parametric analysis of independent decision-making model
Let

e,=e=1b,=2,b =0.8,4=0.7,¢=60=0.8,c=2,w=4 andp=6, when t is
variable, the corresponding values are shown iheTab

Table 1: Variations of each parameter

A moor 7
0.3 0.19 0.122 0.14 3.38 10.08 11.28 21.37
0.32 0.42 0.213 0.28 3.58 9.72 12.59 22.31
0.35 0.81 0.40 0.54 3.89 8.27 14.75 23.02
0.38 1.29 0.65 0.89 4.21 5.38 17.16 22.54
0.4 1.64 0.86 117 4.42 2.43 18.92 21.35
0.42 2.03 111 1.50 4.63 -1.52 20.80 19.28

According to Table 1, with the increase of t, theimmal environmental protection
consciousness and manufacturers direct consumeclirer prices, retailers indirect
recover. And manufacturers transfer price increagéth the increase of the
manufacturer's transfer price, the manufacturers imcreases and the profit decreases.
In addition, Retailers get a big transfer pricarirthe manufacturer. And the profits of the
retailers are increasing. Especially, with the éase of t, manufacturers will not accept
such a result when profits are shrinking or evess ldhan zero. Similarly, retailers get
smaller transfer price. The unit gains profits widintinue to decrease, when t decreases
to a certain extent. Retailers profit numericalutesswill be less than zero. The retailer
will not accept the result. Therefore, it needdéoan effective coordination mechanism
between manufacturers and retailers. Manufactamdsretailers decide the value of t so
that they are willing to accepting the situatiomefefore the supply chain can reach a
stable equilibrium state.

4.2.Parameter analysis of cooper ative decision model
Let

e,=¢=1b,=2.b =0.8,5=0.7.¢=08.c=2,w=4,p=6,
whengis variable, the corresponding values are shovifabie 2

Table 2: Variations of each parameter

t Ph Py Py U, . 4 n
0.2¢ 1.4t 13 136: 0.1¢ 051 381t 419
0.2 127 0.9¢ 1077 0.4 1.19:  410¢ 5.0

0.32 1.0¢ 0.6¢ 0.79% 0.62 1.90¢ 4.40/¢ 5.931]
0.3t 0.9C 0.3¢ 0.52¢ 0.8¢ 2.65¢ 4.72( 6.93¢
0.38 0.71 0.09 0.269 1.07 3.441 5.051 8.024
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Based on Table 2, the increase of awareness ofommvental can lead to reduce
prices of recycling for manufacturers and retaileBue to increasing consumer
awareness, manufacturers and retailers recycletraiec waste at a lower price.
Consumers are willing to accepting a price. And thleole supply chain profit is
increased

4.3. Comparative analysis

Table 1 and Table 2 are respectively based on tiadysis of t value changes and
consumer awareness. With the change of each paanesich parameter is variable.
From the equilibrium results of independent dedisimaking model and cooperation
decision-making model, we can see that the objeestaluation of @ affects the optimal
environmental protection consciousness. It doesaffett manufacturers, retailers, and
profit of the whole supply chain system. Therefaneprder to intuitively compare the
difference of the profit between two models, sugpibst

e =e=1b =2,b =0.8,4=0.7.4=0.8.c=2, w=4, p=6,

and the awareness of environment and t are sareecawget that the profit between the
two model is obtained in Table 3.

Table 3: The results of comparative analysis

i u oo 7 o7 7 - | [0100%
0.2 3.3¢ 10.08 11.28 14.35 12.3 21.37 26.62 24.6%
0.3z 3.5¢ 9.72 12.59 1543 13.1 22.31 2851 27.8%
0.3t 3.8¢ 8.27 14.75 17.16, 14.4 23.02 31.58 37.2%
0.3¢ 4.21 5.38 17.16 18.98 17.94 22.54 36.92 63.8%
0.4 4.4Z 2.43 18.92 20.20 19.0 21.35 39.21 83.6%

< < <

According to Table 3, in the cooperative decisiomking, the profits of the
manufacturer, the retailer and the total systengegater than that of the independent one.
In addition, with the increase of awareness of mmvhent and t, the total profit rate of
growth is also increasing. Lét0.4, u=4.42, the profit of total system is increased by
83.6%. And it shows that the cooperative decisi@ikimyg is the ideal decision to recycle
electronic waste under the awareness of environment

5. Conclusion

Based on the awareness of environment, this pajpelies the double channel of
electronic waste recycling of closed-loop supplgiohmanagement decision problems.
And this article constructs the independent desisimking game model and the
cooperative one. In addition, we discuss and tlieceff the optimal awareness of
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environment and the transfer price of the manufecton the management of the
closed-loop supply chain management in dual chanfeirthermore, we concluded that
manufacturers recycling pricggdirectly affect the profits of manufacturers, ries

and the entire supply chain, but they need for Hactive coordination between

manufacturers and retailer’s mechanism. Manufafland retailers determine t value to
determine the optimal transfer price so that theywilling to accepting the situation.

Hence, the supply chain achieves a steady stateedVer, the increase of consumer
environmental awareness will cause the recyclingepreduction of manufacturers and
retailers. And the whole supply chain profit inged. Obviously, improving the

environmental awareness of consumers not only bentef double channels recycle
mode of manufacturers and retailers, but has diposffect to the whole supply chain.
Finally, through the comparison between the two emd the cooperative

decision-making model is an ideal dual-channel verp closed-loop supply chain

management mode under the awareness of environment.
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