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Abstract— Electronic waste can cause major
environmental harm. Obviously, a possible solution to
this problem is to increase the volume of collected
waste that can berecycled. This paper showsthat it is
possible to use a government funded incentive
function to boost waste collection by manufactures as
well as third party vendors. Using numerical analysis,
the results show that a gover nmental incentive can (a)
have a positive effect on waste recovery rate, and (b)
further increase the reuse of the recycled material in
the manufacturing process.
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1. Introduction

With the progress of technology, the rapid growth
of electronic products simultaneously brought the
dramatically increasing of waste electronic
products, provided that they are not treated
scientific and effectively, they will bring severe
negative impact on the ecological environment and
humanity health.

Currently, fairly a few papers have studied the
recycling and remanufacturing case of waste
electronic products. This paper can be divided into
two aspects:

(1) From the macro level, some papers take the
effect of government policy into account on
recycling behavior of waste electronic
products. Ref.[1] refers that, the driving factofs
recycling the waste electronic products in China's
electronic industry through some cases and point
out that the policy of state subsidy can effectivel
stimulate the electronic product manufacturers to
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implement the recycling of waste electronic
products. The authors in [2] makes a detailed
analysis to the present situation of the recycling
and disposal of waste electronics in developing
countries. He found that the government played a
decisive role in effective recovery and ecological
treatment of waste electronic products. Ref. [3]
refers thatgovernments should impel and supervise
the electronic products manufacturers and designs
appropriate punishment for electronic products
manufacturers so that avoids ratcheting effecf4]n
the authors establish the game model of
closed-loop supply chain of waste electronic
products and advise the government to impose a
minimum operating tax on new electronic products,
which can further stimulate effective recovery of
waste electronic products. Finally a numerical
example is given to verify the validity of the
model. Ref.[5] refers that E-waste (discarded
computers and electronic goods) has become a
major environmental issue. It can be minimized by
increasing recovery from the waste stream through
reverse supply chains. Factor such as government
legislation, incentive and customer demand are
found to be the major drivers.
Through the establishment of game model, the
authors in [6] discuss several decision-making
situations about the presence or absence under
government  subsidies. The research results
illustrate that the recovery yield of Reverse Syppl
Chain will be improved through subsidies policy
implemented by government. The authors in [7]
analyzes the effects of governmental financial
intervention on green supply chain competition
using a three--stage game-theoretic model.
Numerical results reveal that under equilibrium
conditions, social welfare and chain-based profits
improve by 27.8% and 306.6%, respectively,
compared with the case without financial
intervention.
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(2) From the internal supply chain side, the analys
and research of recycling and remanufacturing of
waste products are introduced in other papers. The
author in [8] makes a research on the optimal
channel structure of closed-loop supply chain based
on remanufacturing. The result suggests that in the
linear demand the channel structure of the retailer
responsible for recycling is better than the
manufacturers or the third party responsible for
recycling; The authors in [9] makes research on the
closed-loop supply chain of manufacturers
responsible for recycling. The research analyzes
and compares the efficiency of manufacturers and
retailer under different market positions. Ref.][10
refers that the retail collection model analytigall
outperforms when the third-party firm is a
non-profit organization for recycling and disposal.
The authors in [11] discusses supply chain
coordination as a manufacturer-retailer partnership
based on profit sharing.

Therefore, based on the previous research, and
combined the government's macro regulation and
supply chain internal system , this paper build
closed-loop supply chain model dominated by
manufacturer and the third party respectively.
Suppose the government respectively sets a
minimum rate of recycling to manufacturer and the
third party, and takes incentive to recycle behavio
of manufacturers and the third party. Design the
incentive function between the government, the
manufacturers and the third party, and respectively
discussing the optimal strategy under the three
cases: the case manufacturers didn't recycle, the

Manufacture }——- Retailer

case with incentive and without incentive. The
effectiveness of incentive measures by government
and influence of convert parameter on the recovery
rate and the profits of chain members in supply
chains are also analyzed.

2. Problem
establishment

description  and  model

The authors in [12] divided the recycling channels
of waste products in closed-loop supply chain into
three forms : Retailer Owned Collection

Manufacturer Owned Collection Third Party
Owned Collection. In [13],[14] the authors takes
specific classification to closed loop supply chain
under the electronic market environment, and the
recovery form is specific to five forms, they are
MRCRM(retailer selling and retailer recycling),
MRCTM(retailer selling and the third party
recycling), MRCM(retailer selling and
manufacturing recycling), MCTM(manufacturing
seling and the third party recycling),
MCM(manufacturing selling and manufacturing
recycling).

Based on the theory of closed-loop supply chain,
this paper mainly discusses the channel type by the
third party responsible for recycling.

MRCTM: in the forward logistics, manufacturers
wholesale the products to retailer, then the mtail
sells them to consumers; in reverse logistics, the
third party is responsible for recycling electronic
products from consumers, then provide them to
manufacturers. The process is shown in Fig 1.1.

Customer

{ The third party |

Positive supply

Reverse supply

Fig1l.1 Model framework of closed-loop supply chain

21 Model assumptions and symbolic
description

(1) Suppose that new product can be manufactured
by raw materials or part of waste electronic
products, and the manufactured products are
homogeneous.

(2) Suppose that wunit cost isCl when

manufacturer use raw materials to manufacture, the
cost isC, when manufacture use recycled scrap

electronic products to manufacture ,aeg > C, ,

0 =c,—C, express the cost savings by using

recycled products, the remanufacture rate of
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recycled productsisrO< r<1

(3)Suppose that the wholesale price of the product
is w, retail price is p, consumer’s demand function
for the product isd(p) =o—-Pp+e o is the
biggest market demandp is the sensitivity
coefficient of consumer demand to price,is a
random factor in the market-N(0,5%)is normal
distribution.

(4)Suppose that the unit costs of recycling waste
electronic products, which the third party recycles

from consumers, isC;; the price of recycling

waste electronic products, which the manufacture
recycle from the third party, is b, and

c;sbsg-c¢

(5)Suppose that the fixed input cost of recycling
waste electronic products is I(including the
construction of recycling network, advertising and
other costs), the recovery rate is T, and thera is
relationship between | and T, adopting the Thierry

express method, set up= kt?, k indicates the
difficulty coefficient of recycling; the amount of
recovery can be expressed as td(p) [15].

(6) When the manufacturer is responsible for
recycling waste electronic products, manufacturer’s
expected profit igt, and retailer’s expected profit

iSTC, .
(7)When the third party is responsible for the
recovery of waste electronic  products,

manufacturer’s expected profit iz, retailer's
expected profit ist,, the third party's expected
profitism, .

According to the above assumptions, it can be
concluded that when the third party is responsible
for the recovery of waste electronic products, the

expected profit function of the manufacture, retail
and third party’s is

%, =E{(w=)  B+( ¢ ¢) tf p - btd(E{o—) (w—g +0tr—bw)
n, =E[(p—w) d(p)] =( p- W) 6:—PBp)
n, =E[(b-¢)td( B~ 1]=(a-pp)t(b-c)- Kkf

Therein w, b is the manufacturer's decision vaeabl
p is retailer’s decision variable; t is the thirary's

decision variable.

22 Decision-making of no-recycling waste
products

When there is no enterprise recycling waste
products, manufacturers can only use raw materials
to manufacture, so, the manufacturer sets the
wholesale price based on their own best interests,
and the retailer sets the sales price based on the
wholesale price to maximize their interests. So the
specific decision model of maximum profit of
manufacturers and retailer is as follows,

maxn,, = (w -c,) (e —pp) (1-1)

maxm, =(w - p) (@ =pp) (1-2)

Let the first derivative of the P in Eq.(1-2) isd&t

(1-3)

Bring Eq.(1-3) into Eg.(1-2), solved first-order
partial derivative to W, get

o 1
W=—+=>¢

1-4
32 (1-4)

Thus, the profits of manufacturers and retailees ar

o =le-poy

& (1-5)
_ 2
T, = (a=pe,)” : ggl) (1-6)

2.3 Decision-making of
electronic products

recycling waste

In MRCTM closed loop supply chain system, the
supply chain members make decision analysis
based on their own maximize profits. In the
decentralized closed-loop supply chain, suppose
that the manufacturer is leader, the retailer ded t
third party are followers, composing a Stackelberg
game a leader and more follower. In this game, in
order to maximize their own profits, the
manufacturer sets the wholesale price and recycling
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price of the waste electronic products, also ireord
to maximize profits, the retailer and the thirdtgar
set their own sales price and recovery rate
according to the given wholesale price and the
recycling price. According to the expected profit
function of the three parties in 2.1, these three
party's  principal and subordinate game
decision-making model is expressed as follows:

mex,, ., =(—Bp) (w-c,+6tr —bi) (L-7)
max, «, = (p-w) (@~ Bp) (1-8)
max m, =(a—pp) t(b- ) - kf (1-9)

Using the backward induction method, the
maximum benefit of the supply chain members is

Optimal wholesale

W= 8k(a+pc,) - (10 _202220‘6 (1-10)
16K3 - (r6 —c,)"p

Optimal recovery price:

price

_ro+c,
2

b (1-11)

Optimal sale price:

. _ o Bk(a+pe,) - (0-c)'p
3 32B-2(0-c,)p’

(1-12)

Optimal recovery rate:

o (a=Bc,) (0 -c,)

= 1-13
16k— (10 -c,)?p’ (113

Let(1-10),(1-11),(1-12),(1-13)into(1-7),(1-8),(1-9)
get the profits of supply chain members

Manufacturer profits:

= k(e —cp)® (1-14)
8kB —%Bz(re -c,)

Retailer profits:

o K(a-cp)’ (1-15)

r

B[4k—iﬁ<re—c3)ﬂ2

The third party’s profits

2 2
oo k(ro-c,)” (@—cp) (1-16)

[16k- (18 -c,)?p]

3. Modd improvement and strategy analysis
31 M odel improvement

In order to realize the coordination of closed loop
supply chain in China, through learning overseas
successful experience, government should set a
minimum recovery rate to manufacturers to
constrain the recycling behavior of manufacturers.
According to the manufacturer's performance of
recycling wastes, the government will take
incentive. When the recovery rate of the
manufacturer is more than the recovery rate of the
government regulation, the excess part will be
rewarded, When the recovery rate of the
manufacturer is lower than the recovery rate of the
government regulation, the incomplete part will be
punished. Assume that the government provides the

incentive function: L=V(t —m)d(p), t is the

actual recovery rate of the manufacturer, m is the
incentive factor. Whent=m , L expresses
government's unit reward, whent<m L
expresses government's unit of punishment.

3.2 Analysis on the implementation of
incentive policies for manufacturers

Considering the government’s restrictions, in order
to avoid the punishment or get the reward from
government, the manufacturers will affect the
retailer and the third party’s decision through
adjusting the wholesale and recycling price of
waste electronic products, thus achieving the bette
coordination of the supply chain. When the
government take incentive to the manufacturer,
manufacture’s expected profit function can be
expressed as

T =E[(w e, + 0 -bt)d(p) + v(t—m)dip) | = (w—c, + trd~bt)(a—Pp) +v(t-m) (a~Pp)

The Leader-follower game decision model of
manufacturer, retailer and the third party is as
follows

KT, :\W—Cl‘l'he‘bt“ u‘ﬁ?J |l T_m‘ (D‘-_Bp) (1-17)
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{ maxn, = (p-w)(a-Bp) (1-18)

maxm, = (a - pp)t(b-c;)- kt’

Using backward induction method, the solving
method is the same as 2.3, get

- a W
Pt

-19
52 (1-19)

Kk b
t =

= (a=pw)

n (1-20)

Let (1-19),(1-20)into(1-17),and respectively solve
partial derivation

towandb
W = 2Xarcprvmg) +ap(b—c) (b- 0-) (1-21)
4B +p°(b-c,) (- B-v)
w1
b :E(r9+c3 +V) (1-22)
Let (1-21),(1-22)into(1-20)get
“_ (a=cB-vmp)(ro+v—-c,) (1-23)

16k— (10+v—c,)’p

Let(1-19),(1-21),(1-22),(1-23)into (1-17),(1-18)ige

__ k(a—cp-vmp)® (1-24)
i 8kﬁ—%ﬁz(re+v—c3)z
= k?(a—cf —vmp)? 2 (1-25)
B[4k—%ﬁ(re+v—c3)2}
. _Kk(0+v-c,)’ @-cp-vmp)* (1-26)

T, =

[16k- (10+v-c,)?p]

Compared the optimal decision of the above three
cases . get:

Conclusion 3.1 (1)t** >t
(2) Ty STy 2 Ty
m, >TW >N, ; W, >,

It can be seen from the conclusion (1) that when
the government restrains to the manufacturer, the

manufacturer's recycling rate will increase.
Manufacturers, retailer, and the third party in the
closed loop supply chain can get more profits than
those without government restraint.

Conclusion3.2 the supply chain, which is the
government constrain to the manufacturer, shows
there is a increasing relationship between the

recovery rate T and(rf + vV —C,). It means that if

the cost of callback manufactured products can
save more cost, the recovery will be higher. When
the recycling price is lower, the government's
incentive strategy can play a role; besides, the
greater the unit incentive of the government, the
higher the optimal recovery rate and it will more
able to motivate the manufacturer to recycle.

Conclusion 3.3 there is an increasing relationship
between the income of the supply chain members

and (r6 +v —c,), which indicates that the higher

the cost saving of recycling and remanufacturing
rate, the greater the government's incentive, had t
higher the profit of the supply chain members.

3.3 Analysis on the implementation of
incentive policiesfor thethird party

Considering the government’s restrictions, in order
to avoid the punishment or get the reward from
government, the third party will affect the retaile
and manufacture's decision through adjusting the
wholesale and recycling price of waste electronic
products, thus achieving the better coordination of
the supply chain. When the government take
incentive to the third party, the third party's
expected profit function can be expressed as

7, = E[(b-c;)td(p) -kt*+ v(t-m)d(p) | = t(e—Bp)(b—rc;) ~kt* + v (t—m) (a-Bp)

The Leader-follower game decision model of
manufacturer, retailer and third party is as fokow

max, , 1, = (o = Bp) (W -, +0tr —bt)  (1-27)

mex . =(p-w) (1) (1-28)

mexm (o) t{b-¢) - K+ t=m 6fp)  (1-29)
The solving method is the same as 2.3, get

¢ = (ro—c,+V) (@—Bc,)

= (1-30)
16k—- (19 —c, + Vv)*B
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. _ o 8k(a+pe)-ap(ro-c,+ V) (1.31)
2B 32K3-2(0—c, + V)P’
*k + -
gt =r0*G v (1-32)
2
w2 BK(etBe) —aBO-c,+v)* (4 33

16K3 — (10 —c, + v)°p?

Let (1-33),(1-32),(1-31),(1-30) respectively into
(1-27),(1-28),(1-29),get the profits of supply ahai
members

el ) (1-34)
™ 16K3 —p?(r0 —c, + v)?

oo 16K @-cp)’ 2 (1.35)
B[16k—B(r0—cy+ V)’ |

K= (10-c,+" (a=cp+4pm) ~64mi] (1-36)

m =
(168 (¢, + 7B

Compared Eg. (1-13), (1-30) can be seen, when
(r6—-c,)>0,t” >t .The following conclusions
can be drawn:

Conclusion 3.4 the optimal recovery of waste
products increase with the increase of cost saving,
and increases with the improvement of the
remanufacturing rate.

Conclusion 3.5 when the cost saving of waste
products is greater than zero, the recycling rdte o
waste products under the incentive policy is greate

than there is no incentive. naméTy >t

Conclusion 3.6 the optimal recovery rate of waste
electronic products increases with the increase of
the government’s unit incentive factor V. The
greater the government’s incentive , it will be mor

able to motivate the third party’s recovery
behavior .
34 Comparison of decison making in

supply chain membersunder three cases

(1)There are two cases: no recycling of waste
products and recycling of waste electronic products
without incentive,

It can be seen from Eq. (1-5),(1-14) ,

whenr@—c, =0,m, =m,,.

’

When(ro—c,)>0,n, <=,

It can be seen from Eq. (1-6),(1-15),
whenr@-c, =0,m, = n: ;

when (0 —c,)>0,n, <m_

It can be seen from Eq.(1-16),
when r0 —c, =0,m, =0

Conclusion3.7 when there is no incentive, only cost
savings of recycling is greater than zero, namely

(r6 —c;) >0, the manufacturer will recycle the

waste electronic products; when the cost saving is
zero, the recovery rate is zero. Therefore, it is
necessary for the government to set incentives to
the behavior of recycling.

(2)There are two cases of recycling waste
electronic products: one is that government has
incentive policy and the other is not.

It can be known from the Eq.(1-16), (1-36):

k(= Be,}{(a- e, [v* 4 2v(r8 - )] - dvm[16k - B(t6 - ¢, + )]}
[16- B(rB-c; +v)**

# ¥
LA

if n, —m, >0, then:

(a-Be)[ V' +2v(0-c,)| > am 16k-B(ro—c, +vp ] (1-37)
It can be knownt™ < 1

16k=B(r0 -, + V)2 > (10—, + V) (@Pc,) (1-38)
From Eq. (1-30) ,get,
v+2(r0-c,)>4m(ré-c, + v) (1-39)

Compared Eq. (1-14), (1-34) and Eg. (1-15), (1-35)
can be known

n,>n, T, >T,

Conclusion 3.8 when the government constrains to
the third party, it can effectively motivate the
recovery behavior of the third party, only the unit
incentive factor V and the minimum recovery rate
M satisfied the conditions
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V+2(r6—c,)>4m(ré-c,+ v)

Conclusion 3.9 the profit of the supply chain
members under the government’s incentive is
greater than there is no incentive, and increases
with the increase of the government'’s unit incestiv
so the government's incentive policy can play an
effective role.

4. Numerical Example

The following numerical study was conduct

simulation design and analysis by adopting the
example of closed loop supply chain of recycling
of waste electronic products in China’s electronic
product manufacturing industry to demonstrate the
effect of the change of different parameters on the
recovery rate and the profits of the members in the
closed loop supply chain.

In order to make the government's incentive
effective, the value of the relevant parameters are
in accordance with the 2.1 section parameter range,

so it is scientific and reasonable, > C, ,
#=c, —cC,, C;<bs< ¢ - c Conditions of the
validity of incentive:
V+2(0—c,)>4m(ré - c,+ V) Suppose the
relevant parameters of manufact'urer, retailer and
the third party ¢, =100c, =50 a=1000
=5k =3000

4.1 The simulation experiment of the
government taking incentive to the manufacture

According to the above parameters and model, the
optimal solution is obtained as shown in table 1.2,
table 1.1 and figure 1.2.

Table 1.1 C; = 5,r=0.6,m=0.3,v=10 the profits of
supply chain members in three situations

| Manufacture’s Retailer’s  The third Total

profit party’s
profit profit profit

No-recycling 6250 3125 0 9375

Recyching without 668523 357539 23277 1049339

government

incentive

Recyching under 674077 3863.37 49298 11097.12

government

incentive

In table 1.1 it can be seen, the profits of reayli
waste electronic products and remanufacturing is
higher than not. After the government take
incentive to the behavior of manufacturer’s
recycling and remanufacturing, the closed-loop
supply chain members' profits is higher than no
recovery of waste products and no incentive when
recycling of waste electronic products .

In table 1.2(1) When the government take incentive
to the behavior of manufacturer’s recycling and

remanufacturer, manufacturer's recovery rate is
significantly higher than the recovery rate without

incentive, It is show that the government’s behavio

can effectively motivate the manufacturers to

recycle the waste electronic products. So as to
achieve the resources recycling.

(2)The recovery rate of the manufacturer is
increasing with the increase of the remanufacture
rate of product.

(3)In the situation of government take incentive to
manufacturers, the recovery rate of manufacturers
is not always increase with the increase of the
minimum recovery rate that set by the government.
So the government should consider the actual
situation when set the minimum recovery rate,
utmost stimulate the recycling and remanufacturing
behavior of manufacturers.

(4)In the situation of the government take incentiv
to manufacturers, recovery rate of waste electronic
products increases with the increase of the
government unit incentive factor.
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Table 1.2 The imfluence of differemt parameters

change on the optimal recovery rate

wariable parameters Optmal recoverv rate

r m w Neo incentive incentive
0.5 0.3 10 16%% 27.02%
0.6 0.3 10 21.73% 33.45%%
o7 0.3 10 27.86% 40.5%
0.7 0.3 1:3 27.86% 47.5%
0.7 0.3 20 27.86% 52.7%
0.6 0.2 10 21.73% 33.79%
0.6 o4 10 21.73% 31.1%

It can be seen from Figl.2, the profit of
manufacturer increases with the increasing of
government’s unit incentive factor. Based on the

above analysis, we can see that the government's

incentive policy can motivate the recycling
behavior of manufacturers and improve the profit
of whole closed-loop supply chain system.

= 7200
=
Government unit incentive factor
Figl.2 The relationship between
the government wunit incemntive
factor and manufacture profit
4.2 The simulation experiment of the

government taking incentiveto thethird party

According to the above parameters and the model,
the optimal solution is obtained as shown in table
1.3, table 1.4 and figure 1.3.

Table1.3 C; = 5,r=0.6,m=0.3v=10 the profits of supply chain menstierthree cases

Mlanufacturer’s Retailer’s profit The third partyv’s Total profit
profit profit
MNo-recycling 6250 3125 (8] Q375
Recycling without T1B5.63 4130.66 537.85 1185414
government
incentive
Recycling under 83%91.61 563353 934 23 14959 37

government

incentive

In table 1.3 it can be seen, when recycling and
remanufacturing, the profit of members in supply
chain is higher than no recycling. When the
government take incentive to the behavior of

myoud

Thethird party
-8~ Fetailer

MamiBcturar

rovernment unit meentive

Figl.3 The relationship between the govemment unit
chain

incenttve factor =md the profits of supply

W ATy

recycling and remanufacturing, the profits of
members in closed-loop supply chain are higher

than there is no recovery and no incentive

- Noincemfive

Hawve incemtive

a 01 ol a3 o4 05
Remanufacturer rats

Figure I 4 The relationship between the recyclmg rats

and the remanufacturing rate under the mesntive
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It can be seen from Figl.3, the profit of all

members in closed loop supply chain is increasing
with the increasing of the government unit

incentive factor. It is obvious that appropriatdétun

incentive factor can effectively motivate the

members in the supply chain.

It can be seen from Figl.4, (1) When the
government takes incentive to the third party, the
recovery rate is significantly higher than which
without incentive

(2)The recovery rate of waste electronic product is
increasing with the increasing of remanufacturer, |

12
a8
a6

o B 10 15 20 25

Adoa0ay

e
aua

Government unit incentive factor V

Figl.5 The

government

relationship between the

unit incentive factor and

ISCOVeEry rate

From the above analysis we can see that the
government's incentive policy can motivate the
recycling behavior of all members in the supply
chain. The greater the units incentive factorshef t
government, the higher the recycling rate, and it
can be more able to motivate the manufacturer's
recycling behavior and improve the profit of whole
closed-loop supply chain system. But the recovery
rate of waste electronic products is not always
increasing with the increasing of minimum
recovery rate that set by the government. So the
minimum recovery rate should be set scientific, it
can not be blindly increasing, and should select
appropriate recovery rate to utmost stimulate the
recycling and remanufacturing behavior of
manufacturers.

5. Conclusion

This paper establish the model of remanufacturing
close-loop supply chain based on the third party
who is responsible for recycling, aim at the
problem of low recovery rate of waste electronic

Adoa0ay

is shows that the industry can improve the recovery
rate of waste products by improving the technology
of remanufacturing.

It can be seen from Figl.5Figl.6, (1)The third
party’s recovery rate of waste electronic products
increases with the increasing of the government
unit incentive  factor, this shows that the
government's incentive strategy can effectively
guide the third party’s recovery.

(2)The recovery rate of waste electronic products
decreases with the increase of unit cost of regover

10 13 0 25 3 35 a0 |

Unit recovery cost b

Figl 6 The relationship between the

unit recovery cost and recovery rate

products, design the incentive function between the
government, the manufacturers and the third party,
and respectively discussing the optimal strategy
under the three cases: the case manufacturers didn’
recycling, the case manufactures recycling with
government incentive and the case manufactures
recycling without government incentive. Obtaining
the government incentive strategy can effectively
motivate the recycling and remanufacturing of the
supply chain system via the effect of parameter
variation on recovery rate and profit of supply
chain system. Simultaneous the data suggests that,
the greater the units incentive factors of the
government, the higher the recycling rate, and it
can be more able to motivate the manufacturer and
the third party's recycling behavior and can
improve the profits of the whole closed-loop supply
chain system, but the government should base on
the actual situation when setting the minimum
recovery rate, utmost stimulate the recycling and
remanufacturing behavior of the manufacturer and
the third party.
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