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Abstract: The emergence of new information technology (IT) indeed improve living convenience of
end-user but the IT product life-span is shortened accordingly and then generate a lot of electronic
waste (e-Waste). Inappropriate e-Waste disposal can lead unrecoverable environment damage. Most
of such e-Waste had been stocked because of end users have no idea to deal with these e-Wastes
appropriately. However, e-Waste management is hard to resolved issue because of e-Waste recycle is
usually trigger by IT product end user thus fulfill uncertainty. In this research, according to actual
recycle mechanism and recycle refund policy in Taiwan, a proposed simulation model, PSM, is
constructed by system dynamic approach for end user intention and behavior prediction of e-Waste
recycles. Further, three dynamics hypotheses about e-Waste recycle are testified, including: the effect
of recycle refund policy, new information technology emergence and diversity recycle channel upon
recycle amount of personal computer. Then the actual PC recycle amounts in Taiwan from 1997 to
2007 are adopted for simulation experiment implement. As the experiment results shown, the
prediction accuracy of PSM is about 95% and all three dynamics hypotheses are supported. The
life-span of used PC is indeed shortened by emerging IT product about 50%. Additionally, the delay
time which represents time-span between products sold out and achieved recycle stage is varied from
diversity recycle channels even twice, such as the delay time school channel is average 5 years that
twice than business channel (only 2.5 years). The proposed simulation model, PSM, reveal a
systematical understanding of electronic supply chain and take forward and reverse logistical into
consideration simultaneously. Additionally, PSM model enable legislations and electronic producers
to verify recycle polices result prior to these policies actual implement and then decrease implement

cost and strategies fault.
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20075 S¥RI 2 T A2 9 (@ cpfﬂr 5 [URYR]) A T IR P RLE R
STyt - SR 2RISR o S foe-Waste R JHRERY B EI 15007 FIFL > PIRLY 90
i E R B LB R B T SR
%‘“’rﬁ?ﬁi[pli{’f’ WLF%U\EEJ'[\EJEI Y fﬁﬁlrﬁ%p@e-Waste[p'L]ﬁ“Fl' '} 1RH -

T R P LB R B PCF[]‘,}*fJ:[[ T 119927 ot £
U455 RIS 20055 [0 By (7925 (Schmidt, 2006) - E*F'JFTF'% P4 20 P H ]
7R L;H’ =3 EJpJF%ﬁ”FI%}J; p Fﬁﬂﬁw';ﬁu 5 %ﬁp Frefyk AugEi S e (device convergence)

P s P OO RE e R AR MR BT = DI RO R
H (H‘,Fé, BRIV EY L) RUE | IR ATASTEE R mp3f vy - e-Waste [fIIER] F I8 < IR -
e-Wastelfils = Ebfvsf P oifidf gL SRESEY = for RUN B b g S P i = PRl gl ™

ugyj %



336 »E.T:T’;r%z_;; ;

100%
B Printer
80% - @ Monitor
E3 PC

60% -

O Notebook

40% -

20% A

0% T T T T T T T T T T T
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

1 A FT 1907 2 2007 PR REHHEISHEEHR
PRI ¢ RN - PR

A e e e e Ee] 511 4281
200 e e e ] 454 28872

2005 ] 139,761
2 e e e R ] 410.5321

200 ] 386 2801
200 e e e ] 3713009
2001 13197234
000 e e = =373 8444

1999 e e ] 781 7174
1998 E37.2254

1997 [3.7875
1996 [j2.87

1995 24143
1994 §2.0957
1993 Jj1.8051
1992 14494

Year

Unit: Ten Thousand

2 ¢ 1002% 2 2007 % FATLSEEY
SRR T S R B



Il #%ﬁéﬁﬁﬁ@%ﬂﬁﬁiﬁuiﬁl E‘J?‘ﬁ?ﬁ?'ﬁ?ﬁ?‘E'Jiﬁ#,[fllll'fﬁirﬁ'ﬁg‘? =Ry 337
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2.1 e-Wastetic;\ 2 % shegud =

[t BB = PR A R 8=l NI T e S 2T bfL7 ER 5 !
Wi bl > HEClee-Waste Iy [pi st A gy o Pt (Inderfurth 2005) - Fﬁrﬁ?e Waste]gug“‘fﬂigﬁﬂj
J\Ifﬂpjpﬁﬁi:ffr I 5 le-Wastef uﬁﬁ;)*ﬁ_ FflSge- Wastejflﬁ‘[] =3k - Beamon (1999) QFJ%F%
“HH‘H’?ZLﬁ”[JTFTﬁ FUETRHEAT 4RI - [ Guide et al., (2000) FfIF [IFORS 1L 8 - CIJ?F, BUHY
Bl ff’”f;’ﬁl?s}?f N T %ﬁ’ﬂﬁjﬂbﬁfﬁﬁl[ﬁ‘*ﬁfl ’ #FTJ‘TE: @ﬁﬁﬁjﬂiﬁ?ﬁiﬁﬁ'*ﬁﬁ&I'H@ﬁjﬂiﬁ“ﬂ'ﬁjﬂ
F{”T’J’:E\F%fﬁ%‘ U Y 2R S i Lambert et al., (2004) R1EL{ Hsopchisticated
packaging™ £’ > ﬂij’[fliu’g}’zt’ﬁfﬂ;ﬁm%% =13 ’m%ﬁ [1] Kahhat et al. (2008) FLf.L7 i 'RFID#: 5
FET S AR = A S e F El[pfliv}’iﬁfu - ﬁ%ﬁ’h‘ *?Z[ |]J7FE'T.Jif”e -Waste
TP RLT ) G E B USR] fte-Wastefiu e [ (™[I - il %’FIEZ‘ At e-Wasteffiig ! sk )
#1 (linear programming) %*ﬁ?“"'ipj‘}@?%.‘%z CF IR [T 2N Walther and Spengler (2005)
ST RSB AR s 45 FT R ’lfJ%iﬁ#’UiﬁL}{fj"s‘f’i[JWEEEﬁl“ VEYET » [1)Sheu et al. (2005) ~4 1| 76i)%
RSB ([ IJF%ﬁ [ c'L PR AR 72 21% - Macauley et al. (2003)
PIRME RS SRR Bt (F (Y "“ﬁﬁ‘ns‘&uﬁ;l’*ﬁ“ g [ PR R A R
AP %T{ UFVRCE 20 B ¢ R [ Al (1T~ SR S ) ey
ENEg B Jf’?H“W\E‘Jrﬁ?EF,& »flcEe [ PVRCE T ER o 8- 1 S“'VLIJ‘IT%['F‘,FIJ ﬁiﬁﬁéﬂgf%iﬁ@?
ko [ijLuetal. (2006) FI[[RLI] 5 4 #4355 471k (cost-benefit analysis) . ﬁ}ﬁé‘fﬁgclﬁj?iﬁiﬁﬁf@#é
FH@‘HE (life cycle) wﬁ;rﬁ?[plﬂié%b}%ufﬁlfj@@ °

gl B %ﬂ"ﬁﬂjﬁfj@#—%q TR i@ﬁf'?imfﬁliﬁﬁg%ﬁu 7l (A W;F%o
Macauley et al. (2003) Ufr;?“fﬂ lﬁi ik S N %‘* A I IR F'
T AR E TR R j‘UEIEIF' R E: T “Jr[“tr'uﬁﬂ*ﬁb IJ[%\%’ fili f@lﬂﬁ}i
FY BB WA A PV > S 2 FUIEF@“ E R R WA PR JD%E%E&W (Kang and
Schoenuge, 2006) -

2.2 wYTH e B R4hM

FEBATY (zero e-Waste) JHIEIIVEVALILIN KL ISR [ > PR R PR S A
Fo P S FIRERDT - ¢ 123%(19n5 [ BV 32%’“’ VPR > [ 18% 4% JEﬁ; ERECLON e
129 EL 5 Iy R FI V& BT (& - 8L fﬂ?*) SR ITRURY £ e P
E Bl (Krikke, 2008) « (R FHRER ey il L R - FIRLH AR OB - i
kL ¢ S5 e-Waste fli ¥ BT P o BT R L 15T | STIVER T 20 P RPoR] (Billinghurst, 2005) - Y kL
w IELT’TF:[ (green PC) I%ﬁ » B9 : Fujitsu Siemens #IIBM *’*F F;'[f fi AR A R Eﬁifﬁ\l%{g}p@?
&t - ﬁ’*ﬁjﬁlﬁ\'?ﬁ% AR R E'Jﬂ%%’*”’?ﬁl”?ﬁﬁ% V| il [V Carter (2004) ]
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VBB - ERRERER - GO0 ¢ 0 R [ RO AL (S ﬁiﬁiwﬂgﬁr
f Jlﬁﬂj T2 Walton et al. (1998) FRL ! i (sl ™ At fE Tslip o itk 1 r%iﬁ f[ > WaltonZ75%
A P D A TR O R RS PR SRR R RS Y
S WA PR BB BRI R R e - SR AR i ETAR %ﬂ¥%“ﬁ@
l’? |ﬁ,{f§'[4 Georgiadis ans Vlachos (2004) [V’ IHC",LH FE R CGap ;2 pr’l fi Jﬁfah L—[pj
e

T J}’lﬂl‘é{uyj"ﬁ(ﬁ—“‘f ;.Hﬁm[r P L‘[f memﬁ;ﬁ [r'mfj fif% > Ef[1Carter and Ellram (1998)
XN B0 P R SR I P R 5T A 0 1] Rogers and
Tibben-Lembke (2001) F{HRL 20015 56/ P HaEufi = Jp W - - 60 ﬂjvﬁfff*lﬁﬁ[fl'
Yoo RS ~ P e S P P R - [ H‘ﬁ[ﬂﬁ&ﬁ—ﬁa %ﬁéﬁ?]ﬁ
ﬁﬁ%ﬁfa BAPI[AISFE T~ Z T - Seuring (2004) s ik & FERE VBRI E R L
SR HURBETORA 7 > [ Sarkis et al. (2004) /B o TSR  IRBURIORR T > 2030
t172"e-logisticfrufiE] - [ijGuide and Wassenhove (2001) * Klausner and Hendrickson (2000) F/[[kLf!
fi 4 ”—ﬁg P,g{g’r };Ka]‘ﬁig[ﬂlqsr@ﬁ PR R .

23 W Fe  EFFahw Jagt i v )

B o s %F{]‘e WasteZ | ]lﬂfpﬁ‘;lw LPRE 2 ok G NI SN S i LR
SRR ST o BT b RS st 53 B~ BRI (O 300 9t
sk ) SR A B (O wwwiﬁ@) NEVSEBBI OISR - HREY
g*ff[l PV ot 7 rg BT = L [V E] B A PSR S B R B (Prahinski and Kocabasoglu
2006) - 3T s AT L1 = TR e-Waste| R 1= A Ry i (U pHe T - BRI
B PVERE | Rl lfdj: ﬁﬂ“g@m DK R &E'i“liﬁ“gizﬁﬁ? P8RSV = o (ERLETA
PR EOR Y A E"ﬁ,tﬁﬁﬁﬁ%‘@&%ﬂﬁ“ JIH o AR B > IR ?‘,BEHF?T{]‘ F1fEe-Wastel|>
SRR o PR R S - PO R e A S
Hﬁi%%ﬂ?“(ﬁﬁ»ﬁ*?“%@%“ﬁ SRR 1 0 25 PR - s
PG PR S [RER S B«l [ﬁm R Pk &j WA f' (Realff et al., 2004) » [K=hLf
[l AU s ﬁw[' 3 JD’ Pt A IR P ﬁifﬁh i PUfEIE > [N ]Fe-Waste
PRIkl F “iﬁ VEEUS R P EE ) A &P ET e R ﬁi?’lﬁgj P
*E IE P PR PR AR [ R PR iiFE'E% +PEE i
< R VAL (Perry, 2006) - » ©i= 20075 <1F S (R R - f?v“’H PP s M
@753@@ IR = B 57 F{EJ'.{L_”J'e-WasteF[fJ[HlL['erFq = %T—‘Ehgﬂiﬁﬁﬂ F‘TIEFG (Krikke, 2008) -
SR P R A ST £ A T - RSO (Simth, 2008) -
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I = e U R (Zhu and Sarkis, 2004) - O’Rourke (2004) F[RLE=4& [l -3 9
[ﬂlﬂ'fﬂl’x, :[J?F[ Dell, IBM, HP = % * il u[ﬁ[qsrﬁpx ¥ J‘rkuﬁﬂ'%‘hﬁ”ﬁﬂ'ﬂfﬂ' it -
FIJRAVRGRY - aghip Jﬂﬁ*fp”‘/‘u*%fﬂ%E{&%'?Ed*ﬁkﬂ‘p&ii&é( YIRS AL
*gﬂill PRIV F 4 2L (Dowlatshahi, 2000) -
fﬁjﬁ TN A e T Flfjﬁ[ﬁ?@[‘—’ » i G - ORI S 2 IR
YL = E - R R Ce- Waste[plqsru’FL ”%ﬂﬁaﬂj Pk o mfljﬁﬁ;ﬁ Br Yt Pk
FEURLEHER (00 | Bl 7 KR SR o ¥ hIp s 4 B 2 il e
1 22 = JOH AR BETRE ‘@Jlﬁﬁ» H 2 D=l CHRE PR FIFIR, > R -
Tﬁlﬁ.ﬁ’:ﬁﬁ[},pui ~ 5 IR TSR - (RS - S0 e AR » 4 P
% fipg i - o S ok <= PR o 4 PR R
A O B ) « U0 0 e Westelpif st Rl (R RS FIONINE - P
RY 7 He-Wastel 1115 STV PR iR L EI B -

3. {EAENH A R E ST AR

BRI P S Y S A e = oAb (UG RSS2 (Light, 2002) - SRy i/['
[P RS el gpss P [ SRR i o F 1 G o S 2 p P SR R
#% - Darby and Obara (2005) #[iSaphores andNixon (2006) P4 » S| Y2 =1 [HUJS";:4 4
PP I 3 ORISR Y S [ ARG i ] (2 IR 3
Te‘ A (AR ) H IR ) e A (R RS ) Pt o

FHE- RPN PR G Y s R l%%ﬁfﬂs&%@[ﬂlﬂf} (Georgiadis and
Vlachos, 2004) °

SRS PR I 1 B AP AR » R BT o o i
P R AR ORI - 9t wﬁ%%ﬁﬁ%ﬁﬂﬁﬂ%ﬁﬂ*ﬁ%ﬂ$*%
eI N S T’T?’%Tu ’ “EFTU FoAff = i Jiﬁflﬁ' J*U[Hﬁfﬂ P B P
Hlﬁplfl HI T ERIEE > [T WEEE}{’&%ﬁﬁL{lﬁii”ﬁ@%mi i rj‘;g%ﬁ—ﬁ iFgﬁ/\‘ﬁ:@;&ﬁgﬂ
R o [P PR A 2 SO 5 7 2 P T 5L e-Waste i THIRE
AR FfiEaditgg b A PR (SR I IR ssql) e £11 ) ol i bR ol a5
o | ) TR IHRIAR N o A RREITEST (System Dynamic) il £ R U IR
SRS TR T YRR R R G R s (R
] > 291) - Georgiadis and Vlachos (2004) ul»;*fjjpﬂ*%ﬂ jﬂ[[_{—ijfij%“‘"jq‘g‘\ﬁ 17 %JJMF[WFI A g
HU iy ‘ng?bﬁﬁﬁz’?ﬂlﬂ TR [~ > || B AR A b R 5 R
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31 Py Rk

B FRERE SBR[ s T R PR AR FIP) 7
WG AR - z:qul[F,[q;ff,lﬁJt V] o A U PR R - P YVIEZI S0 EZ’FE'PCEJ
(ISR AT (proposed simulation model; PSM) ivfiihl ffifs: Fl?ﬁﬁﬁﬁ'ﬁﬁ# (it * P
TRV TRUs VY LT e 9f o TRV 7 RS B IR - s LJF{T[M;
(government) ~ w5 (society) - ﬁ%%%@lﬁ%} (organization) I'} > 55f% (school) | ';ELFM;EHE
P S RSEEOPCIS R ISET. » i 1 L2 720085 i » PCAY Tl RpLALY |77

s %]_ﬂ 5120035 E fjrgﬁgq;%%@lglfjg,lq&gg@F’.JFFIF;J FE T [ RO~ RL A
fFJIf—‘J“ BT ) R PSMASLEf A

T P B B B2 B[ B L BB P 3L
VTR B A 119985 % 20045 S EHERNASHS f PR o
U - R PSMPH BRGSO BT - 191 4 R PSMP R et
RIFe (I $PER ) [ ERL SH SR[pUSFOPCT | W L5 VRSpIPCU RS - frEnyJ:tzL
ﬁFF”H HLH Pty P S O S > s U SRR AR > SRS [l R

AL = MR, 0 AP psqu VIR A1 2 -
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1[I e-Waste [IUSEAHA TSR

[y 1998 1999 2000 2001 2002 2003 2004
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O gov_recycled_amountit) = gav_recycled_amountit - dt) + (recycled_by_gov + second_hand_recycled_by_gov- p3)* dt
INIT gov_recycled_amount=10
INFLOWS:
%% recycled_by_gov = delay(if refund_strateige=1 and time = 2001 then total_Computer*0.1 else if refund_strateigc=1 and time = 2001 then
total_Computert0.05 else if refund_strateigc=0 and time = 2001 then total_Computer0.06 else total_Computer0.03,if ime=1996 then 3
else 5.0)
=% second_hand_recycled_by_gov= DELAY1(second_hand_market*0.2,1.5,0)
OUTFLOWS:
2% p3 = gov_recycled_amount
I org_recycled_amount(t) = org_recycled_amount(t - dt) + (second_hand_recycled_by_org + recycled_by_org - p4) * dt
INIT org_recycled_amount=0
INFLOWS:
=% second_hand_recycled_by_org = DELAY1(second_hand_market*0.05,1.5.0)
%% recycled_by_org = delay( iftime = 2001 then total_Computer*0.05 else total_Computer*0.1,3,0)
OUTFLOWS:
=% pd = org_recycled_amount
[ school_recycled_amount(t) = school_recycled_amountit- dt) + (recycled_by_school + second_hand_recycled_by_school - p1) * dt
INIT school_recycled_amount=0

INFLOWS:
=% recycled_by_school = delay(iftime = 2001 then total_Computer*0.01 else iftime = 2003 then total_Computer*0.03 else total_Computer®
0.05,5,0)
=% second_hand_recycled_by_school = delay1(second_hand_market*0.1,1.5,0)
OUTFLOWS:

% pi = school_recycled_amount
[ second_hand_market(t) = second_hand_market(t - dt) + (second_hand_market_sale - second_hand_recycled_by_school -
second_hnad_recycled_by society - second_hand_recycled_by_gov- second_hand_recycled_by_org) * dt
INIT second_hand_market=0
INFLOWS:
=% second_hand_market_sale = DELAY(if new_|T_technology=1 then total_Computer*0.08 else total_Computer*0.05,iftime<1996 then 1
else 2.0)
OUTFLOWS:
=% second_hand_recycled_by_school = delay1(second_hand_market*0.1,1.5,0)
=% second_hnad_recycled_by_society = DELAY1(second_hand_market*0.1,1.5,0)
=% second_hand_recycled_by_gov= DELAY1(second_hand_market*0.2,1.5,0)
=% second_hand_recycled_by_org = DELAY1(second_hand_market*0.05,1.5,0)
O Society_recycled_amount(t) = Society_recycled_amountt - dt) + (recycled_by_society + second_hnad_recycled_by_society-p2)* dt
INIT Society_recycled_amount=10
INFLOWS:
=% recycled_by_society = delay(if refund_strateigc=1 and time = 2001 then total_Computer*0.05 else if refund_strateigc=1 and time = 2001
then total_Computert0.1 else if refund_strateigc=0 and time = 2001 then total_Computer*0.03 else total_Computer*0.06,if ime=1996
then 3 else 5,0)
=% second_hnad_recycled_by_society = DELAY1(second_hand_market*0.1,1.5,0)
OUTFLOWS:
=% p2 = Society_recycled_amount
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[ total_Computer(t) = total_Computer(t- di) + (New_computer + be_nofified - second_hand_market_sale - recycled_by_society -
recycled_by_school - recycled_by_gov - recycled_by_org) * dt
INIT total_Computer=10
INFLOWS:
<% MNew_computer = Sale_rate
<% be_notified = DELAY(if refund_strateige=1 then waiting_disposal_PC*0.65 else waiting_disposal_PC*0.4,4,0)
OUTFLOWS:
<% second_hand_market_sale = DELAY(if new_|T_technology=1 then total_Computer*0.08 else total_Computer*0.05,if ime=1996 then 1
else 2,0)
<% recycled_by_society = delay(if refund_strateige=1 and time =< 2001 then total_Computer0.05 else if refund_strateigc=1 and time = 2001
then total_Computer®0.1 else if refund_strateige=0 and time = 2001 then total_Computer*0.03 else total_Computer*0.06,if time<1396
then 3 else 5,0)
<% recycled_by_school = delay(iftime < 2001 then total_Computer*0.01 else iftime < 2003 then total_Computer*0.03 else total_Computer*
0.05,5,0)
<% recycled_by_gov = delay(if refund_strateigc=1 and time = 2001 then total_Computer®0.1 else if refund_strateigc=1 and time = 2001 then
total_Computert0.05 else if refund_strateigc=0 and time = 2001 then total_Computer*0.06 else total_Computert0.03,iftime<1996 then 3
else 5.0)
<% recycled_by_org = delay( iftime = 2001 then total_Computer0.05 else total_Computer®0.1,3,0)
[ waiting_disposal_PC(t) = waiting_disposal_PC(t- dt) + (unusable_rate - be_notified) * dt
INIT waiting_disposal_PC =10
INFLOWS:
<% unusable_rate = GRAPH(if new_IT_technology=1then Sale_rate*1.5 else Sale_rate*0.8)
L[U.UD. 0.00), {(10.0, 0.0), (20.0, 0.00), (30.0,0.00), (40.0, 0.00), (50.0, 0.00), (50.0, 0.00), (70.0, 0.00), (80.0, 0.00), (90.0, 0.00), (100, 0.00)

OUTFLOWS:
<% be_notified = DELAY(if refund_strateige=1 then waiting_disposal_PC*0.65 else waiting_disposal_PC*0.4,4,0)

O Total_recycled_amount = Society_recycled_amount+school_recycled_amount+org_recycled_amount+gov_recycled_amount

i new_|T_technology = GRAPH(TIME)
(1992, 0.00), (1993, 0.00), (1994, 0.00), (1995, 0.00), (1996, 0.00), (1997, 0.00), (1998, 1.00), (1999, 0.00), (2000, 1.00), (2001, 0.00), (2002,
0.00), (2003, 1.00), (2004, 0.00), (2005, 0.00), (20086, 1.00), (2007, 0.00)

i refund_strateigc = GRAPH(TIME)
(1992, 0.00), (1993, 0.00), (1994, 0.00), (1995, 0.00), (1996, 0.00), (1997, 0.00), (1998, 1.00), (1999, 1.00), (2000, 1.00), (2001, 1.00), (2002,
1.00), (2003, 1.00), (2004, 1.00), (2005, 1.00), (2006, 1.00), (2007, 1.00)

& Sale_rate = GRAPH(TIME)
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