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Primarily due to the issues of global-warming, depletion of natural resources, and the
environmental legislation, the disposition of end-of-life (EOL) electronics products has attracted
much attention. How to reduce, reuse, or recycle end-of-life products is an emerging problem
nowadays. The first objective of this research is to predict and determine the behavior and
performance of independent entities in off-plant logistics chains for end-of-life products. This
research examines the comparison of centralized and decentralized decision-making perspectives,
and investigates the impact of the government subsidy on the total collection amount in the system.
Next, we study a Stackelberg-typed model to determine socially optimal advanced recycling fees
(ARFs) and subsidy fees in decentralized reverse supply chains where each entity independently
acts according to its own interests. The model consists of one leader (the government) and two
followers (a group of manufacturers, importers, and sellers (MIS) and a group of recyclers).
Furthermore, this research also applies the Stackelberg-typed model to the analysis of the impact of
exogenous subsidies on material flows in a decentralized recycling system. The government
determines the subsidy location to maximize the recycling quantities. According to the difference
of information disclosure time, the roles of the leader and the follower may be different for
upstream and downstream tiers.

Keywords : Reverse Supply Chains; Government subsidy; Stackelberg-typed model
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%wﬁ@ﬂ%&;w?w@woﬁf_irﬂwﬁ L RN S EES S8 EL VN

APE LEDANTEY H 2 Bl TideT T
0. =c+(d—-mk+k)P, (3.22)

R R TR OER » L RFRw Il E § e &R B2 w e 4o 957

PJ:%(E—r)(d—mkﬁLk) (3.23)
qZ=c+%(E—r)(d—mk+k)2 (3.24)

TG TR RS R F O R Ay WA R
chm(c+§(E—r)(d—mk+k)2j (3.25)

PR Rt A §ARTI D BT R T R AL R F i R o AR LR
R NBER T 0 AL § AR E 4o 9T

iZ:l:(Px_C t)qx +m(5— r)qc+}/be (326)

m(Pch_%dpvi)-i_(th_m(sqc))_E(er_ch)_eQx
Bl F B ER T o A REY F AT AT

_(E-r)(2d —mk +k)(d - mk+k) dr+c
d? d

(3.27)

Bt FHEHALE Y o B RF R H g m R R ORIL R - S R R
Yo B FFIA A m BrieRE o £ B e & L RF Ry i ¥ ¥ mﬁ&& KB Z w R
TBEXFRTIILEF S F %*l“* R o 19t AR Pl .‘ﬁéﬁfkﬁfr?ﬂtiiﬁ“ﬁﬂﬁﬁhé
%o APET UED A “‘_q.aﬂt’ el F]\F”’”mﬁ,é fadeT™ Hrg o

g.'=c+(d-m'k+k)PR,’ (3.28)
gk FIEBROEX - LR FRY L F DB £ k2 vz 40T 907

_dm'(c—(d —m'k+k)r)

(2d —m'k+k)
4Dm'd(d—m'k+k)+m'zdz(c—(d—m'k+k)r)z (3.29)
o (2d —m'k +k) (2d —m'k +k)* drc
2m'(d —m'k +k) (2d—m'k+k)’
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, + \ , ; 2
2(2d -m'k +k) 2m (2d =m'k +k) (2d —-m'k +k) (3.30)
(d —m'k +K)
————————=(dr+c
2d—mkek) )
et FRT AL H e e R e FRRA Yt 4T
(d—m'k+k)r
Q:'zm'c+— (C mer ))
2(2d —m'k +K)
— . (3.31)
1 4Dmﬂ(d—mk+k)+m'd (c—(d=m'k+k)r) _m(d—mk+k)wr+®
2\ (2d -m'k +k) (2d -m'k +k)° (2d —m'k +k)
ttmwrrsfﬂv’ P PRI R A e L T e £ 5 A#H o A o 50 BT RE T

““F FAMA G PRI RAER S Be L THEAHA G Y 0 AP w R R i
HANMACARTIEPRE - Ak FRBHOBERT » A AR EALT 277 ©

P.-C, —-t)g, +m'(s'-P,'=r)q. '+ %¥bQ7 +
;( —t)g, +m'( )0, '+ %bQ 332
ml(Pw'qcl_%dPWIZ)"_(th_ml(slqcl))_E(TQx_m'qc')_eQx
e T BHOEBRT o H AR F AT AT
—-dm'(c—(d-m'k+k)r)+(2d -m'k +k)-
4Dm'd(d —m'k+k) m2d2(c—(d-m'k+k)r)’
+ 3.33
. J (2d —m'k +k) (2d —m'k +k ) (8:39)
2m'd(d —m'k+k)

A3 R AR R 2 3

kit E R OIS TR ok B SO A R 2 5 B4 6 St ) -
d e bRl Ad FBwcBhEfTr e RREY FREARE A BEFEL T
B P AL H 8172 R hE 2 o B D BT ST T AT T A R B R
PRSI M R ER AT LT BRI BIER TA S AR A G B gk
o0 oR R AHEIT L B AL A R ALE B4R 6 41
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B2 P ARl e o 0T R R LT LR aﬁ%¢ﬁwwi Bl
PR wREF G =Q(P) AT 0 TARE AR RATH  LERE 2 AR - A

v

AT A7 5

MaXHnerz ( -p, _Cz)'(az +5, pz)"'sz '(0’2 +5, pz)
subjectto @, +4,p, <oy + A, (3.34)
MaXHnerl pz (0!2 +ﬂ2 pz) (pl +C1) ’ (al +ﬂ1 pl) - Hl(al +ﬂ1 p1 —a, _,Bz pz) + 81 ’ (0(1 +ﬂl pl)

HABEA PP sz S S Y T s pRSdRE SV Sl T - R
G R T H IR Bt SR T AfERS L - RS FN T AR - 2 KKT &
FEE N S 4e(3.36) % (3.37) %7 e

MaXHTlerZ (PM - P, _Cz)'(az +ﬂ2 pz)+ Sz '(az +/Bz pz)

p;=0 (335)
subject to
a+ 5P, Sa+ B (3.36)
. —oy—p(C +H, -S)
Py 25, (3.37)
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#A3.37)F » 54 (3.36)7 i+ ff =

a,—(C,+H,-S)p -2
p, < 1 (1 Zlﬁ 1)ﬂ1 2 (3.38)
2
Bellp,, ¥ p, T IS £ 2 5% 7 9
—a, = B (C, =Ry =S
p, = 2 ﬂz(z'zg M 2) (3.39)
2

FA RS T AR SRR AR T ARG U9 R

HTlerZ
—a, = B,(C, —Py =S,)
2p,

P, =

4, (Py ~C, +5,) |

> D,

) () ——

B9 4|58 (3.38) % T p5R T P RS Bkl 1% R

A T34 (3.38)5% 4 B 1 (L)

Al
—-a, - f5,(C, P, —82)2051—(C1+H1—Sl)ﬂ1—2052 (3.40)
2p, 2/, '
3 (340)@ 50 oy <a,—f,(C,—P, —S,)+(Co+H, —S) B, if 2T » ¥4 3
._~a,~B(C,+H,-S)
) 25 (3.41)
._o—(C+H,-8)pf —2a,
P, 28, (3.42)
A B
* * 1
0, =0Q,= E(Cﬁ - (Cl + Hl - Sl)ﬁl) (3.43)

PLPETT PR R D BT T e
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a,-B,(C,-P, =S,) < o, —(C,+H,-S)B —2a,

s 3.44
26, 25, (349
d 344)tF > ey 2a,-fF,(C,-B, =S,)+(C,+H, =SB ix & T » 2§7f% 5
P _T0y -B(C,+H,-S)
P 28, (3.45)
r_T% —B(C - —S,)
P, 25, (3.46)
pLpE T T
. 1
q, = E (0(1 - (C1 + H1 - 81):31) (3-47)
. 1
Q, = E(az +(=C,+ Py +5,)5,) (3.48)

% 7T LLFE?T/‘%—))J\]’@ LR AN A i

d AR 2 (3A43)F Ao T EAGE 2 ¥ T T RO A e PRI PR A R
ER TR S HT L RSB EREA LT ERE £ R w R H 4 5 J BiR
¥ (347)~ (348) 18§ T SR VA WO o KRR B2 A RES S, S, T i A
ARFEIRELFTF] R T ATEH e o

B W AORIRT A R 2 b AR T F e R MR A%

Fim e T ERE 2T Rt i wnk p R v R o PR BEHEA D PR 0
EEIHERBEICE  FI o HE L FRBEES RPLTRE Y R o BT R R

B R ARIVENLPERE AR AT AL GRS HOTT PR IR i
B T <oy = fo(C Ry =S) + (Gt iSO 0 T T T AR 2 ey e i g
i Ao e e R s e o A0 L SR RCEE R D SO L PRE B b ) e
Je B R4 o R ArEZE DB T R v 0 R F A A e BB E T 52 T /E—%ﬁ;‘;—x
?ﬁ%’ﬂﬁ%$1@ﬁ%%¢?koi;%ﬁT?ﬁ&%iﬁﬁ_%?ﬁﬁ’?§ﬁﬁy
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PHERFATFRE ¢ ) THRF AT RE O

1 1

FRICERE P R pRmgR R

'i

S5 -Pr ERE

% § %=

> EFRR]4R

F10 & B Fimw e b ik R B (2)

G R R AR el o B BT RRE T AL F R R 0 T R 2
PRV 2 U T ARG RPN VARG ER SRR c R TERFLITIE
§ TR v e R A R TR kR i E AR v R T 2
THERPLITREQEIFAERTIERFLTREQ A P EFERN 5N, <0q, T
v 2 . . . sa o a2 v s o 1s - P T
B’Tﬁ%’}%‘irﬁiéﬂ‘b KQ«F‘;IJ;\H:E} kB ].,*’_‘/‘»:,‘,\,)‘,g(ﬁ qi:ai+ﬂipi’—* I«LL"](E?—‘%’}%-? %\,—,—F Y plz% )
i
=1, 200 PR 5w e B AR A G F T RGP 5w e R A AT S AT e

a.
MaXHTlerl (qz 2) g, - (ql +C) 0, - H1'(Q1_q2)+s1'q1
B B,

subject to Max Iy, = (B, - 9% (3.49)
2=

ﬂz _Cz)'Q2+Sz'QZ

subject to d, <q

dONTERE L UINBEIRME - T T ERER L NS R THERE 2
PESHE —Wadc P PHENE e B A RT O KKT i if 2587 W8 ¢ & if
o R A ER s R RIEKKT B RN T @ a2 § A8 0T HRE KKT 5 @i
BN BoE BB ERN TR ERE 2N R R pE R - 2 KKT & & F 54 40(3.51)~
(3.53) %77 » F]#(3.49): B % (3.50)~ (3.53)

s
| 0
ES
7

|\/|8.XHTlerl (q2 (12) g, - (ql +C)q1 Hl'(ql_q2)+81'q1
B B

subject to (3.50)
0, =q (3.51)
B,(R, +S,-C,)+a,-20,+5,4A=0 (3.52)
A(9,-0,) =0 (3.53)
He¢ (351)5 T AR 27 AR 58 (primal feasibility ) 5 (3.52) 5 T PSR 2 ¥ B iE
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;¢ (dual feasibility) A 5 %1% %8 ; (3.53) 5 I 47 4+ fg‘fﬁi{ E5N o b ik = B KKT & i3
WEE SV IE S P PR 2 U R fE o i (353) 3 A L AR ik % 54 (complementary
slackness) = = > ® R & A>02 iF 7 & 4|30 > F]pt o LU S AR

A 1=0

PpEd (352)F AT AR R R
. 1
tmp GRS (3.54)

#-(354)F w(350)F e H - S P B REFZPEINE E Sk d - RS
:%1'1 1\1 ‘f /Fi;’,‘l%." 'E‘L °
Bhd (354)7 T T AR 2 TR R

o~ =B (C,—Ry —S,)

py =B (355)
B(354)F » FHERF P ESNTH RSB ST L2 5 F 0 (F
. 1
q, = E(Oﬁ —(C,+H,=S)A) (3.56)
. T -B(C,+H,-S))
P 28 (3.57)

B. 4A>0

YT 2t 2 AR5 BHEA o F AT TR AP R - R
58

821_ITierl — Z(ﬂl _ﬁz)

_ (3.58)
00, B,

d(B58)F R MR SRS B R 9’43;73 L f o FIf - B B AR

DBt B Tbd E - RF AR FIN T AL A AN R E -

BL1 425

PPF(358) 5 EE B AT PR P SN A Sl BB R A N EL o ) K0T
AN

-
l\gllggﬂnef(qzﬂz ).q (qlﬂl +C)-—H, (0, 6,) +S, g,

. (3.59)
subject to g, < E(az + (_Cz +Py + Sz)ﬂz)
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j&—HTierl v '7‘ q2 :rg; :i:“ ql FE? ’ T' T\ﬁ* ,"’ t Eﬁ’hﬁ" '/i ¥ ﬂ/{:g‘\»k'?;‘
* * 1
g =0Q, :E(az +(-C,+PR, +5,)8,)—¢ (3.60)

He g4 -4 Eo

B2 p<p

PPE(3E8) L B AT ERF RSN S wadkod - FESET REELE -
(B51)z %5l T RHEF » P ERF P IHINE R - FFEIET L2 5 F 0 RETFERP
2w E o LA T THERE REE v EF

¢ =g = L@ =GRS,
- 26,- 1)

dBBLE T ERF L IRy BB R THFL 2 v e 20
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(3.62)

(3.63)
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QO | original  (ssar (s () siserz (V) sisters
plcor” -15.08 -5.60 -8.84 -3.12 -8.10
picor -9.12 -0.18 -2.87 1.94 -2.67
Tier1 p{” -12.20 -3.17 -5.92 -0.93 -5.70
picor -10.60 -1.50 -4.33 0.81 -4.01
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P, 73.08 79.72 73.07 84.08 79.58
Tier2 p, 69.80 76.23 69.79 80.66 76.00
P, 72.64 79.23 72.63 83.76 79.06
P, 117.92 121.68 117.90 117.87 129.22
. P, 111.04 114.73 111.04 110.94 122.13
Tiers P, 110.64 114.29 110.65 110.62 121.71
D, 114.74 118.49 114.74 114.89 125.99
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Total 1753.8 2011.1 1929.1 2076.4 1940.9
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Source Flow| Original (1) $5 an (1) s15tierr (1) s15tier2 (IV) $15 tier 3
S, 31.4 37.2 37.7 37.2 34.8
S, 315 37.3 37.9 37.3 34.8
S, 29.9 35.6 36.2 35.5 33.2
S, 31.0 36.7 37.3 36.7 34.2
S, 31.8 37.6 38.1 37.7 35.1
Total 155.6 184.4 187.2 184.4 172.2
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The slope of the demand function in the consuming market (b )
Bl 15a 2 b it ¢ 451 &R

BE A PR S AR T B o 2495 R doRI165 7

31



The 1st scenario The 2nd scenario
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