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Modeling Government Subsidy Impacts on Recycling Systems

Student: Ching-Fang Wang Advisor: Dr. I-Hsuan Hong

Department of Industrial Engineering and Management

National Chiao Tung University
ABSTRACT

Due to eco-awareness and legislative requirements, reverse supply chains play an
important role in the disposition of end-of-life consumer products. Two-part instrument
(2P1), where the government taxes manufacturers, imports, and sellers (MIS) and subsidizes
for recyclers, plays a key role intdriving-orzgiving incentivessto the flows of recycling items.
The current recycling system_in. Taiwan considers the subsidy and disposal fees, but the
government neglects discussion .on the issue of subsidy location along a recycling chain.
This research applies the Stackelberg-typed model to-analyze the impact of exogenous
subsidies on material flows in a decentralized recycling system where each tier considers its
own interests.

The model in this research consists of the government and two-tier recyclers. The
government determines the subsidy location in order 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. This research concludes the
optimal subsidy policy for the government in order to achieve the maximum of recycling

quantities

Keywords: Reverse supply chain; Stackelberg-typed model; Government subsidy.
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B iF 1 B 48 (bilevel programming problems, BLPP) # % %_d Bracken and McGill (1973,

1974, 1978) 74 D1 chpE s o F R 3T3F 5 AR B

#L

FRALDIR AL ~ BB SR AT

% 12 £* 48 » 12 % Stacklberg-Nash?® 42 (Sherali et al. 1983 ) % o H FfZe> ;840 7 2408 >

R SR L IR T LS

2R

3 25 PR BB

[EA %\#’;L T\ﬁ

RFT R T e 4 2955

fpr

e

B

Karush-Kuhn-Tucker

(KKT) conditions

Fortuny-Amat and McCarl (1981)

Bard and Falk (1982)

Edmunds and Bard (1991)

T A

P WS PRI S

RN R 1N ]

Extreme-point approaches

for the linear case

Candler and Townsley (1982)

HOE B fRid B P

DR R TAR AU A FE R AL

Complementary

pivoting methods

Bialas.et al. (1980)

TRV AREATETES DS

FRAF o AR AR AL o

Descent methods

Kolstad and LLasdon.(1990)

Bard andMaoore (1990)

CIOEV FRERREE

BERAF o WAl H YA AE -

Penalty function methods

Aiyoshi and Shimizu (1981, 1984)

W

D AR I AL

LA R Y o X om ik R

B W E

S R BT R o FORHE AR T

3 szj—f IS

ZEFM o P

PLfR AT B
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Fl‘ /}EI L4 "]{ /, l‘fuﬂ
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i AR L 1
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P, =8 RS Bl o
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2ZF AR THERFLAP BN E UGN ARI RPN 0 VARG ARG
CHCAl e R TERF TR 0 §F ERBFEIRE S G T TR Rdpp &
fed O EREFZ P E T2 THRFLTIREQE S R ERT PR
2wt R Q0 AR EF RN N, <q TR T ERE L A U B - S
AEfAeT

*ATH PR
'\rﬂgox Mrier = Pz -G = (P C) -Gy = Hy - (6 =) + 5,6, } (leader's problem )

SUbjeCt tO I\q/zlgg( Tier2 (P Cz) ' q2 + SZ : QZ &ﬁFﬁ%‘ Fﬂﬁ%

subject to 4, <q, (follower's problem )

J R RS TR o S e AT SR L T B v gL R
S T =Q(p) 5 p=R(q) > 1=12 > ¥ HHF 50T A5

|\£§0X HTier1 = Pz (qz)'qz _(Pl(ql) +C1)'q1 - Hl'(ql _qz) + Sl'ql

subject to h({Igg(HTierz =Py —P(a)-C,)-q,+S,-q,
subject to 4, <q

ARy B ®)42 % & 2 (backward inductions) @ & KKT & i if 2 5% f.4z -
45 Winston (1991) # F|% = KEHA| 356 Ri6 | @ a0p 158 5 - Sk (convex
function) > & fi& < @ p N L - SediesGeoneave function) o F TN AT A R
¥i- B L& (convex set) " B KKT £ i 2 & 5 & i% ¢ (necessary condition) »
7 % o i i (sufficient condition ) 5 & % Stackelberg #-4] e % = FE £ 0 %{%T
PERE 2 B i R AE e L KKT B ag 250 > & 2 F PR 2 "34]3% 5 Stackelberg
A - E O PHERFRIRTHRFIEEEEN > Rk EFEGE 2 - AN

fRi% 4T 4T
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Second Stage

'\q/lg‘g(HTierZ = (PM - Pz(q2)—C2)-q2 —|—S2 -q,
subjectto g, <q; VR(q)>0,i=12
:/E\ ¢, 3\ TFB Z: @Ig{L:(PM _Pz(qz)_CZ)'qz+Sz'qg—ﬁw(ql—q2)

i KKT B ifig it 3\

(1) g,<q, (Primal Feasibility)

@ L_p g P by cois a.q-0 (Dual Feasibility)
aa, o,

3) A(9,—q,)=0 (Complementary slackness)

# ¢ 4% s % dc(dual variable)

First Stage
M ik KKT &gt N v 2 AR e s

'\({IZaOXHTierl = Pz(qz)'qz _(Pl(ql)+c1)’q1 - Hl'(ql _q2)+S1'q1

subject to q, <0,
oL oP,
a_qzz Fu =G '%?2)_%(%)_(:2 +35,+4-9,=0
ﬂ’(ql_qZ) =0

3.5 P 5 AR Bl TRw T fd - R ET

RS Y TR B ARG AR B R o R R oS
fom o T XL R AR F BRI W AR oA b RRE R R RS L R R Y
Foh AN RB PR E A R R A e T ERE ERAN 2 AL
FATET T RERINGE L FRFTREZFRE O PEIERFHG RS
R AR A S L B B R T 0 PR AR T SR TR B2 R R
(RN CEIE Y X § A (S A S WU SRR R S
Wk TR SRR AT 0 L ERGE SR R B R R

P4 B 5 #7om -
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TR AR, L B RR R AR A P,

1 1

REE®E O | REEEE G
bt otk
% RS

@55F%<\/};ﬂw”]{~ SRR (2 )

K

d T EET ERE AR A TR 0 PR B R R o Bl § o
B0 - LAY B R g =Q(p) R B S

'\lﬂgg(HTierz = PM 'Qz(pz)_(pz +C2)'Q2(p2)+82 'Qz(pz)

subjectto  Q,(p,)<Q(p) VQ(p)=0,i=12
I\glg‘g(HTlerl P, - Q,(P,)s (p1+C)Q1(p1) H, - (Q(p)—Q,(p,))+S,-Q(p,)

s

pv Stackelberg #-3] R = FE P T FPERE Ky BT R F -
FEbe? > TPRRE YR PERUE 2 e R R A w e B A 0 R

FE S N RfE o H - N 2R e T e

Second Stage

Ollgigry _ oQ (p,) 0Q,(p,)

L= —(Q(p)+ p-——)—-(C,+H,;-S)-——-=0
op, ST op, ap,
First Stage

Max Ty, = P, -Q,(P,) = (P, +C,)-Q,(p,) +S,-Q,(p,)

subjectto  Q,(p,) <Q(P) VQ(p)20,i=12

an(pl) (S _ —C) an(pl)
Py P,

P -Q.(py)

EE-FFEY CHNTHRE A HARBAN R 2R EE RS
P FAFCARG o % - SRR S TR S DB R TR L v E 0 B
PERFAE TG R A T ERPE AR € R PARPF AR A A
TR AERE TSR FERE NS v ERE TR B v TR 0 TSR R
EHE) PEAJIE TR RAL G AFRTIEA R RE 2 Phi
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Yo i APELIEKZ G E R

s

41 BT

%% % k3234 (Gibbons 1992) £ f #4544 (Pindyck and Rubinfeld 2005) ¢
¥ stk (linear function) # 77 8w 4> s aif B ¥ ha 2 o i pEREY
BFR A EE R ATRY L IRERA T EX RGO RST F ¥
5 Plpre e BT e B d AU AR E AU B S B A T S A

#EH o Al i E s 5o (supply function ) & 45 i B R 0

a3

O=a+6p i=1,2 >0 >0 k=127 =147 Rp =247 7 %k
¥ Hde W6 0 o S4B 2 3 R AR oo 2] e SR AT S
L3 S
O = B i pF2 $ mw B L BT R R R R ik
P =BT I v oo g Sefe bR R 0 S HEAISY Rt A Rk
34
o =FE R VR D F 0o el BEETT 0 P S F R AR o
B =Fé R R S et 300 Wi R etk L F R
H R
%, 4 on asathn

BRdsh S

e M1

0, ' A P, 4, =a,+p,p,

B s,
— Mg 2

rHRpMTH, !
PM
LR T > AR A
— YR

B 6 SIEA PFid o sk A H) Bl
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42 vt g 5

AR R LB TR IO RIS

0-—o
yir

v

p

[

d SIS q=o+ 4P FIKERRT A7 5 p=

af

SR

4"\1

7i=1’20],;§ﬁ§
&fﬁw AR PEEE . FPERFAVREARAGAE > THRE LTI
AR Ay HEA Y L 4o #po7 o

a
I\q/|>aOXHT|er1 (qZ 2) q2 (ql

ﬂz ﬂl +C)q1 Hl'(q1_q2)+sl’q1

subject to Max T, = (P —%_cz).q2 +S,-0, (4.1)
022 2
subject to q, <

§O T ERE 2L A s ST 2 T R S
&%15%&&;,w&&,95ﬂ

e T REE
st s e 0

f
iR T o KKTH i if i 50
i P pE R EKKT & 212 5 7 EfEo g AP NT
» LoaH B RGN IB R F AR 2 U KR o R - 2
KKT 5 i i i 3% 40(4.3)~(4.5)#57 » Fle (1) B = (4.2)~(4.5)

(04
MaX 1_ITlerl ( q2 -

A2 7 )G - (%ﬁl G0 - Hy (0, —0,) +5: -0, 42)
subject to
9, <0 (4.3)
B,(P, +S,-C,)+a,—2q,+ B,A=0 (4.4)
A(9,-¢,)=0 (4.5)
#¥(43)5~

PER R 227 A RiE 258 (primal feasibility ) 5 (4.4) 5 T PR P 2 H i
% ;¢ (dual feasibility)) > d 3.4 ¢ 2 (2) &4 > 1 5 ¥® ¥ ; (45)5

5O A AN IR
5% o B bt = BKKTE & i i 58 1% 5

7

“~

bR 2 RIS S AR o gr i (45)3 A LA
kA iE % 5% (complementary slackness) & = » ® & B A>0 2 iF %8 £ v F]
AR T A R

A 1=0
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ppEd (AT HRETERFEREYE

. 1
Q. :E(az+(_CZ+PM +5,)5,) (4.6)
#4.6)F v (42T A - rpE S
2
aH—Tzierl:_£<O
0 By
2
a 1_ITizerZ :_£<0
0q, B,
F2AA BB HEINE SIS d - FRIERT REJEBEL E
BRd (4.6)7 HiF T PERE 2 TR R
. —a,—p,(C,—PB, =S,)
P 25, (4.7)
B(A6)F » 1P 2 P 0 L A B B L2 R W
a1
0 =§(a1—(C1+H1—Sl)ﬂ1) (4.8)
e— A.(C, 17 5) (4.9)

2,

B. 41>0

WTERE 2 v e Aon ()L E LA 2 R0 T,

- F %\—irg{
821_ITierl _ Z(ﬂl _ﬂz)

ag,° BB,

d (A10)F M PR P2 - P E I B ERZH T L0

FANE S 2Bt i ¥ 2bd T - R b T

Bl B =p
L EF(410) 5 2EE B T

821—ITierl — 2(ﬁl _ﬂz) >0
oa,’ B,

e B P PR

(4.10)

S A

RIS E - X n i

% 7 /‘%ﬁr@\lﬁ]’fﬂ“l'q ,—,\{l,mﬁg;’ﬁﬁxxiﬁ” ;?4’&—%‘33&' ’t? | * l>05"2"(44)
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1
q, <E(a2 +(=C, + P, +5,)4,)

P Y

-a -a
I\élzaoxl_ITierl :(%)'qz_(qlﬁ l +Cl)'ch_Hl'(ql_qz)+81'ql
2 : (4.11)

subject to g, < %(062 +(=C,+ Py +5,)5,)

Bll ® 220, % 50 f > & Ff@@ e Ewicd s

) Tierl

* * 1
q, =0, :E(ozer(—CpLPM +S,)5,)—¢ (4.12)

HY gi- 4] 0B o
B2 B <p,
PF(4.10)5 f B T

821_ITierl £ 2(ﬁl _:Bz) <0
8%2 e

AR P PERE 2 P BRSNS i lie o = P ST RITHR S 0 (43)2 #
Bk EHHF R B SR - PSR 2 R R R 2
TR o LA T T R RE A g

_ o= +(5=-C)A)A

T ) 1

d (413)8 T PR B 2 B E B v 24.6) L o BT F A 2 v T 2

(413)<(@B) » tpt 2T T (9304

o~ 2B )+ fila, +(C=S)B,)
1 zﬂl(ﬂl _ﬂz)
1 _al"'az"'(cl_sl)ﬂl_ﬂ)

pzzz( /81_/82 ﬂz

(4.14)

(4.15)

A3 % el 3 - KR A TR 8 I B 1R s A

d 42AB Y > (4.6) (A8)E v § T AERFINA w T T O, <0 PFF o SRR B

2RSS, SN E- AT RN AL R YR F T A v R H 4 o o
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A2BHH® BT ERE 2 RIIBIEA 0 37 i 2Ew e T A HAE E A F

A B FC R IR ol B s i

A31 G i b A v B 2RV R

FORpsR T RR LR FFFE AR b Tt LA T 2 FFEIRAE
fed 2 B AR A E RIS EFORE RIS S r t B 2 2 B R A TFT A R
Frinitihen A% 42 ) & 2wt 0 ~ 0, 2 — S A B3R dAT R R E (B
S, =S ~S,=0) B ric® g2 Ty R QY 0 AT ERE (L
S,=0-S,=S)FiHwrd g™ s THvREQY ML AR Ry EE A
A wfe R g0 T A Bl D e R AGT AG™ AG AG, (G

FAMEr R R AR A S AR AR A AL BT

HEFTRF e g 25 AT Rafed g VR N o AR 7 W0 7RO R E -

RP2rcik s NELE e S e g R LTS A S o
Proposition 1: % } R F P ItE A N T FRBEERET REMF(1=0) F ERFET

ERME € L P EE B G w TR o A B R Aqfl°=%8ﬂl>0_? AQyo =0 » Tt
/’;g_ﬁbvl;c i\aécym'ffs%’_}%@g—g—j _,\:fy‘ﬁ:i 93‘3‘941ﬁ4f>(r\3%’Aq520 0_\?

o =—Sﬂ2 >0 F S TAHASTER A L e e E 2 Hh 2§ -

Proof :

d 42 & ¢ 2 (4.6) (48)F Warl PRRE 2T FRE L F Bt E o FRIRL
A RN S RFELE YR o BRI e
FT }ﬂ—% F AT B4

180* Z%(al - (Cl + Hl)ﬂl)
(4.16)

. 1
250 = E(az +(-C,+PRy)5,)

o PR
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. 1
1Sl :E(al —(C,+H,-S)B)

) (4.17)
251* = E(az + (_Cz + PM )132)
Z(ﬂ’ Bs T /’?’ f}l r‘;q
50 1
T = E(al —(C,+H)A)
. (4.18)
§f=§mfm4;+%+su@
d (4.17)~ (418)~ B4 (416)F B Mw c B2 L B &
Afw:—S@;%)Afw— (4.19)
AG® =0, AQy® =—s B, >0 (4.20)
d (419)1F wrc e B T g P E v R 0 W R B L PR P - u

Proposition 2 : § F #FRE P LT MR P g v F(A>0) 0 TIHERE € 2
Bow fok f T PERGE 2 vl
@) & BzB, P FRCREEEAT B LSRR 0 R AQY =AG =0 0 @i B o

BT R 5 F TR BT R 0 PR AGY = fm:$@>0’?kﬁﬁh1%?
e B BT FRIEE -

() % A< P+ ETREER AL FRE © MG = AgE =Pl 0
Z(ﬂl_ﬂz)

P4 P Y i 2 8T ORI E S PR T ERE L FE S

Aquo :qszo _0 ) R"’](E bt;@mi ‘b t"T%i':’ o

g

Proof -
(@) ¢ A12)7 T FcH P A B FTR T 2wt E
FCRHA # AT Bs
G =0 = (@ + (-C 4Ry -2 (4.21)
MBS E SRR
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* * 1
q151 = (4251 = E(az + (_Cz + PM )ﬂz) —&
BT SRR
g, =t —C,+Py, +9)5,) -
0.° =0, —2(0{2+( 2 +Py+S)B,) ¢
d(4.22) ~ (4.23)~ B2 (42D) v FH L B E

Aqslﬂ — qSIO —
Aqszo qszo :_Sﬂz >0

(b) & 42 & ¢ 2 (413)7 Frc/r? PA R LR T 2 Wi
¥z F,‘j—%\ e AT B4

_a,p, - (. -C)B)S,
2(ﬂ1 =5,)

So* _ ~So*
1 - q2

B ERR
S+ _ a,p = +(S=C)5)p,

Sf q 1
' | Z(ﬂl —ﬂz)
AT PR
Sp* & qu* — a2181 - (al _Clﬂl)ﬂZ
= P =
1 2(8.~1)
4 (4.27)~ (4.28) 2 w4 (426)F HH LB &
-SBB
Aqslo :Aqslo — 1772 >O
©2B-5)

Aqszo — qszo =0

J (4.29)F FAtB5 b R T e PR S w e B 2 AR o

EYRT R P S T A S04 w e 2w A BT AL
B wyepFE o d (419)F o FAB L ERE O MEVED
PEAE R F 7 §RE2 B o ROFI AT ERE 52 @RI TR R 4w f o 3
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