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Applying the Stackelberg Model to Tax/Subsidy Policy of Recycling Systems in a
Competitive Market

Student: Jhih-Sian Ke Advisor: Dr. I-Hsuan Hong

Department of Industrial Engineering and Management

National Chiao Tung University

Abstract

Due to environmental concerns and legislative requirements, the disposition of
end-of-life electronics products is attracting trémendous attention nowadays. We present a
Stackelberg-typed model to determine the.socially optimal subsidy and advanced recycling
fees in decentralized reverse supply chains where' each entity independently acts according
to its own interests.

Our model consists of<the government, as-a leader, and two followers, a group of
manufacturers, importers, and sellers-(MIS), and-a group of recyclers. To maximize the
social welfare, the government determines the advanced recycling fee paid by MIS and the
subsidy fee subsidizing recyclers when MIS sell or recyclers process a unit of products.
This paper compares performances of the social welfare model and current practice with
identical tax revenue in a monopoly market. Then, we demonstrate that our result
outperforms the current practice by a numerical case. Furthermore, we relax the
assumption of the monopoly market and investigate the model with multiple entities in each
market. We discuss the optimal number determination of recyclers with homogeneous
entities and illustrate the model procedure by a numerical case.

Keyword : Recycling, Stackelberg-typed model, Subsidy fee, Advanced recycling fee,

Homogeneous entities
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i 6 SRS FARLE > @A ARG RFRE G dep vy iR (TR

Jz 4 > http://recycle.epa.gov.tw/epal/index.asp)’= & &% (2003 ) K £ & rtisehd B

DB P R R R A LR R AR A 0 (e S oS e & T
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WA F L2 RO G SRl F R AR MO R Tl SRR

T EHFE WIS F R E P F R TR N F i

[reb
1—3

P EERLFOWME K FL Wir G MY i FEREH
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UM EEFHARDG ERTL D H BPFER SR REETIIRL F
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i E B s WA g P AT Fehgd o
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A E AR B g § R

AR R R Y o Stackelberg #7ik 1 enficd] (Stackelberg,1934)

iﬁﬁLW*m“nﬁ*°ﬁ%ﬂ“‘“ﬂtm“*’éﬁﬁ‘#*k 5 e

¥R RS EEX R TRy CES A BT A S e B 4K
B Mpthe B S S A GRS (Decentralized) erfiRT  EF &AL E

T3 ORI R R 0 KA RBT B o AE LA AU}
FEREA R 5 o T EARLTAE € 5 A (Leader) FEXHEFihw
fe¥ 4Pl s B F (Follower) o £ 7 ¥ FFHEIEF e K75 » 4 R E AL H
Pl k@ ka B Ko 1) :3;: J%P%if—r o e Ok

' 2

TSNS T
311 HRsain

EddiE A & ¥ geeos (Material flow.) ~ £ %% (Cash flow) £ 3
( Information flow ) e 47 i Zod > i{%‘;’%" A gz e eI pEEL

FASLAED LA LRI T REERT R kI e

PoFEFFEHUBEHAIFY T - 2 G MRKT T HTRY L

FdZ
Fire 3G R SRR - 2w gl ﬁﬁxﬂzwﬂ( f@ﬂ—l?’
Tﬁl'_‘,’i'*ﬁ

(AT Rp s 1% ) GRS f ew e e TF L e v e R o TR O IE T

o

Bl %% e foim b AR v e S AL A R R AT )

FRES G RTINS SRR AF AT E  FEEFE TR A

AR SEVLF o FTRAEE S AT B - RS A § 2T T s AL
PEERAR I R NESTEXRHEFT RV ISR RIcAE gl

PEEREFES T FES R N St ¥ 2 IR
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Bl 2 Thwic isging FHRmT LW

312 fstqpe

3121 FE¥d

PEARE R g kdBo AMer T BREN P Y 0 F REERR

- AP UP =a-bQ kg HP QA HFT RE P IIFBHR A
Feb Pl 3G Fdfkansdk a,b>0 - A% 2 YRGS AR 7 FF RE
TEXPPUGE o FEEFNUL G IR AR G ALY A2 E ol
Fhd ik Fr@lld o3 AnuC 470 d WEITIAT 2 BERRE TR
ARz v AR g HTERHF I o L Byt
&

R o NtR L e TR AT gl ML, R EAFEEE O b

S EE IR AR o @ P ke T
Max Ty = (P, ~C, ~1)Q, (3.1)

o P =a-bQ, I (31) » $Q, = FAHCA Hesk P RS e s T RS 4o

T
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2
s _ <0 (32)
oQ;

d (32)'\;’ 3‘["’%‘ f{#—iﬁﬁljlﬁfé,;\ ;; — dlgt —f ’if v Q,ﬁ;m,}f}?ﬁ‘ —‘J- g _ Jx /{%{A\ g

FHERNZE S VEAEASHUE T 40T 0

. a—-C —t
= 3.3
Q, b (3.3)
B33 » P HF Kl T RO FH AT
PX*:a+C2:V+t (34)

3122 FREfOAREY

B TR S0 TREHOASR & & & e § F v fiT i 0 E K
EFERET T F o P e B TR IR TR ORI ¥
- R R R A K G S RIS PnQ AT AT B S R £ K

Vh’ﬁﬁ"‘?"’i{%ot}]]l\ﬂw‘—éﬂ,ﬂ %éﬁi@-ﬁ‘}“ﬂiﬁﬂ'r S F AN R FE
B & KA R o e B B R R R VA e AL 1 A

IR o G S A SR R £ W B0 o Y w e R &
kB HAQ =C+dP, B 5o Lz W Ew R Sl HeY e, d>0 0 cih A
BEKELFR v S el AR E - F R 4ok
%ﬁ*?ﬁ§°?%?k&£%ﬁﬁﬂﬁ%ﬁ%é%ﬁ&ﬁﬁ%”’%ﬁﬁﬁ%
B T REH Rl E o A o D SJLATE KRR R F P AR oL
s koo LoAe bR A ST S A AR P RIZEITY A = 2 S RO

35 B (2005a) AT A A E R 0 B g R oo kehd A de
FHEE 5L E Ay ERE RN AT AT E >0

FR g g I B A TR ORILEF R R T

/}%’wﬂ'{{@wijf BT > B3P S HdeT
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MaXHproc :(S_Pw_r)Qc (35)

R,>0

#Q, =C+dP, 5 » (35) > F1* HP s A AW T AT b

aZH " proc.
8P2 =-2d <0 (3.6)

d (36)wp hdiit 5wl JIN - Fibes ¥ F 0 R AR ER &K EAT

~_S-r ¢
—_— 3.7
W (3.7)
BRNE NP v e Sl VED FrggEdoT
. Cc+d(s—r
Qc:# (3.8)

2

3123 #A¥ ¢

BE EME Aok RO R IFEL [0 F il o R EY fIES
25 ki P o AR AR B B e A N AT F T R R T
MLAE R T EE AR TR R b & R R R kR
m&ﬁwﬁ%%@£ﬁ$&%ﬁ#$’bwuww@%’ﬂW?ﬁﬁ&%$?
AR AR A Y U Y PRI R R ¢ AR TR A g L ahE R
S5t F L AR F I SRR F AR B AR A SRS
o Rk IR A ATIE W Lo A € 45 ] i (Bansal and Gangopadhyay,
2003) -

ZAFFFREARHY P T T ERHET RV LR IR 2 2
AEFRBZT AN FEEFET R fOLF A & Wi forfed i w
To e 3817 o BB w T ki 4d 5wl § 7 B w e B 59 Feanif §
Fl4 (Consumer surplus) 4 i} § & 83 enif 82§ % § e enL e o wofcd H
* AR b RS RREREKREFNP R AP LR E R H LS ¥ L
PH R EFIR R E A D S e v e B R EARS R
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%ﬁidé}ém{a >y T x;“\P =a— bQ m"‘ﬁ'ﬁ 'F)» Hl—l—% rﬁ?}" ,}é%, T\E%] ) 1l CSl &

Z\/}J ﬁi%‘m/ﬂﬁ;ﬁ]‘f"é# d B 37 FH E4T
CS, = %bQ;? (3.9)
P32 0 CS, ™ A w e Fal R F R Bl 47 FH EheT

CS, =P, Q. - %dP.? (3.10)

Q,=c+dP,

P =a-bQ,

#Qx

*

Q

B3 3K Fe (g ) B4 3 % 18 (7T 3

AY R EEy e R RIT e R ALY o @ R R i
JEIZ e ~ (Total tax revenue, TTR) » H & 5 tQ, o 4ok #rdk » ¥ & ¢ #fic
EFF TR TR ACRILE o 4TS i A LA g g Rk A (Total
subsidy expenditure, TSE) » H & % sQ,  Feffl4 5 v T ,«;wf/f@“’ T~ alr$
a3 PR R S S
tQ, —sQ, (3.11)
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A ke IR Ak > E>Q 0 A R MAHERY KGR E S F AR
REAE c AHY L i - T RASHEE Bk 0l
O<r<l, RhiL ZLERAEADNF ERLADER L Q o T

FF AR & RPTRE IS A S E(rQ —Q) o et o vhinii A A

CHEE T RIS

E(rQ,—Q,)+eQ, (3.12)

4 (3.1)(35)(3.9)(3.10)(3.11)(3.12) » it g dmfIHE~ t chp T » ¥ FFIFhF ¢

B ’fg‘—\:jﬂ ;\“ Hgov 47T L

ts=0 9% Z(PX _Cv_t)Qx+(S_Pw_r)Qc +%be+(PWQc_%def)

+(tQ, —sQ,)—(E(7Q, -Q.)+€Q,)

(3.13)
#3.3)(3.4)(3.7)(3.8) % » (3.13) + & B[ ¥t e s (E S FF A e A0 >
0°Z 1
QOVECTW 30 3.14
ot3 ah (3.14)
0°Z d
W _Z <0 3.15
0s® 4 (3.15)

P en R ftfes ¥ 5 s § I SRR 8 R E ¢ ik o
WY A S S T

t'=-a+C,+2e+2Er (3.16)

s =2E-r+< (3.17)

BE GBI FEE R TRy oL

gﬁﬁﬁ: T E AR 0 #
(M@@ﬂw»@&ﬁ@ﬂ,?@ﬁ%gigﬁﬁﬂﬁi%ﬁ
Bk R £ R4 AT

) /&"‘“"’]I @#—"ﬂkﬁ"

- (3.18)

19



P =E—r (3.19)

FEEFOUGRTLDHL P AR Y FART WIS HASN AR

é*ﬁ?ﬁﬂﬁﬁﬁﬁ?ﬁiOQW%QMAGBNUJ%ﬁmQﬁ

Q =c+dP, » ¥ WRFFH A S TR T EILR g w R 0 A F 4T
P =C,+e+Er (3.20)
Q. =c+d(E-r) (3.21)
I AR B 2 B AEF b AT B T - EREER AR 5

BIEXT EiKTIRf?ﬁ'J}iﬁrIF AT AR J—ﬁ\ g AE I E

32 BT HS

321 #Hstkut

BN IR G7 R o R A0 (el lk o rE otk R R Ap i B g2 R
Yl o AR g RE R AT TR REP TS A (R
2007) > o A b A AR B A N B L B S IR B B RS AT
BF ARMH EAAL I SBPAT - FFFI PR RARR S i AL
It THre MY HEA T &N Tt s F s flib E AR o 4o Rl
2 o RHREBEAE €I e R R g N R N O
FIF ZF A R RILF FEREA B F 0 s AR T £ BT R L 0 e
# e

AFAERP ALV EARTID N EREB S RGO AR L B G
AR AR RARE Y RABIENERT EEY  TRYIILF &
AR € T Renfdy SARTIb Y WA o R R E P fRT B AR
PTG AR AR HFEFREIESN AR DA ET REY K € €A
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FIEBGFF F o DAL EARTI L HEZ B > Flot > AR B S N A e op

AT R R T BT e

322 e

3221 faEE¥

RIS LA AT AT AR S AT S
AR o PRRF EEE L - B8 R R RS TID ¢ R

oA i fleE o S RERAL NQ AFRFAMI N hAE Bl

._’lel«z:t\‘rib‘!}"l%%é A& I%ﬁgﬁ’%j\iﬁqfﬁgﬁ:‘; Px a_bQ;’vﬂﬁa’frb—‘;}i’#ﬁ

JTJ %3—;\‘ m ﬁdlﬁ'{ﬂ]}]ﬁ &ﬁic’ : EE ’?;]J g3 p ‘f%—\ﬁyﬁ'{# ﬂf#_lz g ;’I% » 2T e

MaxT1,,s =(P, <€, -t )Q, (3.22)

Q=0

AT S RS R RN A G TR R E Rk R

P = (3.23)

2
«~ a—C, —t
- 3.24
Q, b (3.24)

3222 FRw k¥ K

ﬁﬁ%%%%%?#ﬁmﬁmg—mﬁﬁ@;éﬂ,?%wﬁigiﬁéﬁ
wofTds (FPE o TR T A X A 2l BB F - MAT A E B DR
Freoififf o § 4 § B8 BHAL T 1R 1w e 1F 0 e & B fe i it i1 A

Fraps s 2 Sfoieflibd v o FHRBEEARS - o BHIEES - A ¥
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Y TR IILEH b G o o F AR 5 SHA o FHE S
KFRIEA=DL > UP o qbwﬂ%mﬁﬁéﬁﬁﬁﬁ%£¢ﬁﬁwﬁ§’:ﬁi
4 Q =c+dP, el 5% > cfod ZARTIB B Y gl o A 5 TR
¥ RIE F F P RS e T

Max T =(s'-R,-r)Q, (3.25)
FI* = P A o 2w Sl - PR BB TR ORI E ¥ Pk i B &K

BEHFwRRET

- (3.26)
(3.27)
3223 A¥¢

ftj‘?gfﬁah B Lm”‘\11IAJ@T’§%T{%—§7‘LA4J§_§;%§’f&’gg

HEEZE S e OATE Y o FRRPBCET R R ORI £ v e B R T RE

W AR E7 R T EFF G ASAR T AT Ry U ¥ F b d vz >
Hafed TEFEOERT o {w oy ,ﬁi/@_‘i‘ii%iﬁ‘? TS f@“’?é%ﬁ”“’ -
FUATIE

tQ, =sQ; (3.28)
BRI oA ERL A2 B A feARTIb E B AR R TR 2T T )

GRS RN N L L
tQ, =t'Q, (3.29)
#3.3)(3.24) 1 ~ (3.29) » ¥ BN F hoT

t*—(a-C,)t +(at-Ct' —t?)=0 (3.30)
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ﬁ;(330) > F /fg ¥ ‘1§C/F K,, i F‘j j‘, Yo T
t'——l(a—c +,/(a-C —2t*)2j (3.31)
5 v = v .

4 @AY o g bR E AT 0 R R O A F G R
#cfz o H 4o T Ao o

t =t (3.32)

o

t=a-C, -t (3.33)

#(3.16) % » (3.32)2(3.33) » 5 KB IEALL » MATF A § KA WAL L A
Ao SE{E R o

t, =-a+C,+2e+2Ez (3.34)

ty=2(a=C;~e~Er) (3.35)

#-(3.34)22(3.35) 1 » (3.23)(3.24) » ¥ EIMAMB S WS ALY FH T T ¥

Fhot A s e e o PO R AR A S e R

Q. M &t Hehd kA S5 REEEE RN 5o

P, =C,+e+Er (3.36)
* 1
P, = E(Ba—CV —2e—2Er) (3.37)
* 1
Q. :B(a_CV —e—Er) (3.38)
. 1
Q. =2—b(—a+Cv +2e+2E7) (3.39)

BRI w A f AL R I e L T i & R RRAT § 5 0 4-(3.27) 1% »~ (3.28)

%S'Z{C_dr)s'—to: -0 (3.40)



2
¢ _dr] +2dtQ" >0 (3.41)

A PR E RS F AN R P AR ELANE TS0 0
Q>0 Fdied ATy AL R F dF Y WAL B o PATE S RA L

Rz 3R G AR EfE RS- D RN R E R ST

(e BT

FACFRAE R FHUE R A NTE 0 2 d>0 0 Ak FEERA Y F L0 3

RN AEN R E e B WF IR RJE R S 2 B o e L r i ek

-

FE o F o TR LA SRR 0 53§ A s BT S - (3.34)(3.38)

o~ (3.42) 12 18 ?Lhﬁ'#’ e (% Bl =i B

S,:%[[drz—c}r\/(drz—c)z 2;( a+4C, +2e+2Er)(a-C,—e—Er) (3.43)

#ert  REAE % (343) K » (326)(3.27) 0 T @AM A T 0 FiRw foAIL £ Kk

D3 PR LS R

pr_r_ 3 1 J{dr—Cj X aic sz 2E0)(aC,eEr)  (340)

4 4d 2d 2
2
Q::C;err%\/(drz_Cj +2t?( a+C,+2e+2Er)(a-C,—e—Er) (3.45)
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