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Abstract

In the circular economy, electronic waste is considered as a potential resource
and pollutant, and should be recycled appropriately. Seven companies in Taiwan
extract precious metals from industrial e-waste, seemingly implying that circular
economy has become reality. However, several questions arise: How the circular
economy is constructed; how to calculate the value of e-waste, and how the material
content of e-waste influences the quality of the circular economy. With the perspective
of marketization studies and waste geographies, this study analyzes practical
processes of precious metals recycling market with company interviews, annual
financial and technology reports analysis, and field trips.

Analytical results indicate that recycling industrial e-waste depends on
component analysis, recycling methods and the precious metal trading market. The
relationship between calculative agencies, calculative tools, and calculable goods is
established when e-waste is framed into the recycling market. The relationship of
quality, value and price is identified only when industrial e-waste is transformed into
manufactured goods. However, e-waste as recalcitrant material makes the framing of
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the relationship incomplete. Although companies attempt to internalize the
overflowing of derivative waste through global recycling networks and innovation of
technology, controversies of economy and environment exist.

Keywords: marketization, calculative tools, quality, circular economy, industrial
electronic waste
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2013 4F 11 H 29 H4R4IuEER L “Short on Space, Taiwan Embraces a Boom in Recycling” & RE #7221
EEEROEENERE  fRHEZE8E O EENETERE - EROUZEEEE 2002 FHr &% 249
BT » A 2012 R ELIH 61 658 (BT - HEE EARH 99.99%4 & [UgEflr - EEAXEE
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TEERELA (circular economy) 72 1970 FEHHE - FIREQILEEEE LRSI EEYERE) - )i
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LR TEL (Kama 2015) - &2 BRI S EIERIE R BIZAFE#HE  (Recycling-From E-waste To
Resources) - —&fTE)F-HE & 40 MEETTE - (U2 ~ 1 ~ & ~ ST - 2007 FEEIRI ERY
THRBIEERG A B RAEAE B 3% - AR B 3%ESLHE B 13% SR KBESBURA
EETEMAVAEEE (Schluep et al. 2009) - X[ > BT EmEE YN - BEFTSEE - PR
FrE o DT EG] > T2 500 £ 1,000 EVERR > HOEEIFLESE - G2 - K
WA A EYE - S EIERELRE R LIGEYE (Cobbing 2008) - [NILHE TEEEVIE REZE
HUR SRR RV T

ARG L ZEAE - SRR EEREOE IR A - Bl A\ B E A SR EIEMRK - SR
WIERIRZ L R TR AR B I R - SRR T REEYIRES BB - WEIRT ? Hof kg
FEYHIEENE ~ [T ER R 5 S0 A DARE dh i 8 Rk DA 4G - MRS  WTSE 2 A
BIATEEE BRI R UREZEE R - W DABIWE A R EERSTVEORTT R - 7T ER A8
FErEIRE - MR RR -~ RTlR S B E GRS - EREEEEE T REYNE BRI AR E
FHEle - SRyt — RS R R - RV EIREERE - DURESUE -

FERBIEERECE — T bt Fe B St

B 2010 4R - W 9% B Y B2 (M FR AGRAF P08 M Y E 5w AT ] - 32252 Gregson and Crang (2010)
e DRSS L2 H IR 5T - 2 LUGEE (governance) BLGEE{T (governmentality) {F RsbfFEaaRis -
PRt AP AR BT A B BOR BT B AR HE A T RV RS EEY) - BRI R (e B Y E B R A
TEFRERY)  NILRERYE B EREWETRIATE SR - Fet FOaHE — B - 38 - AR
B I D I A A AR (T R A L & RS U R (A LR I BRI HE T T B8 521005 8 (Bulkeley and Watson 2007,
Bulkeley, Askins, and Hudson 2009) - {E£27% - t—RHZEHUE A = ARG (2013) FRaTEILHi#i T EEHEY)
A5 R B B B SR B 2 R ER MY - 5 amAD T BE R VI BRI AR ~ AL [El iy aafe - R EE#
T BT H H ARTEE T S HA [ B0 RS A T RS SR R I E U -

FH BB A PR THE B R PR T BRI E M - RS R B B[O R IR R T
FrEEIY - T REYRZEIRH S SRR RIS AR L - BBt Yy A an s B HCR
ErEEsE ) 3EfE (Crang et al. 2012; Gregson et al. 2010; Lepawsky and Billah, 2011; Furniss 2015) - E§Z24)
IR AR AT E B BOR LR e E Y - S ER REEEY mIe i 22 R R B8
BREHSE A ARAE - R e [ G S B S B R Y SR Al R o - I B YRR AESR (Kirsch 2012;
Tolia-Kelly 2012) - DA 85 LA 72 40{aT e BE SR Y M E e feloms A\ o A 28y B G T2 -

(—) RS

TTErE AR E 1980 FEGE 2 RE)E H 208 T2 R > EE 1998 4F Callon SR % Mk
AT SE I BRI B A e R S R TS B (R R R Ba T - FARICOR (LB 5 b 5e e
i o THISEUT R R AR T (market) — & & (45 BL R SR & Z T HY39 g > MAERY T 4R
(marketplace) — ZRaT &R EE) PR e ARV EAR(E Ry (Callon 1998a) - fEIS{E# A T - A5 ERAL R
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TSR AE > BB GRATHERC (socio-technical agencement) 1k - WA (FREER ) BIJEA
[E|fEIERY (performative) » R TS 222 TEIE M 2k (Callon 2007) - Caliskan and Callon (2010)
BRI EIE I FETER > MASCR SRRV BRI AT 5 (calculativeness) » Sifi )
THERSECE R R

FELCEAEITFERIR AT - IEREOE B E R G A /S (overflowing) - GUEIRIFTHL »
BT OPESNE - STRINGHGEHIRABERN] - a0 : B REEYIH A BA EY) R I
B o BIAMEBIEAERE - Callon (1998a) 2040 SBIREAELR (framing) EdSNg: (overflowing) W HY
GENERE - VRGBSR I RAR - BRBTEIE B —E T DR A TEORR , B {58
B SNBSS - I IEERAR BB IBIEAR ST - DM R (H VDY)
bR B EER o BAHMERBYNGIIRES » R E DUERVEUBITZE et imdS R 2 (TR - &8 bt
FEEGET T ERREORD > DI EOR B RIS R A TRV EE (Cahskan and Callon 2009) -

ZRIM » BER R Se BV OB B S » PR T LSRR R AN EL S » EBRE BN BHHER
(metrological framework) - FE{TE)# A LA HE T E (calculative tools) AREHEAUBBLTISNAIEE -
Bt E T B R EZEH9% 0 2 R B Callon (1998b) F5ESHEIMEIGIEAK H A i 2 A=A
A RITEERRS - TAER TS 1T R A ERBEMETEY - AFHESTE LR - A EEAMTAE
REJIZAETE (be able to calculate) - FEY) Bk B RESHONI & - MR AV BEHESR -

FTRMSHARET » IRBEASRRTEE - A3 - Vi - 505 - IR — 25 ABLEE AFE -
N AfE Bt e R fiTaERD (socio-technical agencement) - HEC (agencement) I | 15 gl 24 Bl U 7S AR
B HEEJEACEASC > Hili Ry (agency) B1ZefE (arrangement) fifRk > EFEATA ABLIE AR CAHEAE
Btz o NMPIATRMER S ATTEIREST (the capacity to act) E{H#EETHE LE - BAlgEGIZ AL -
Pl T By E B VISt T B e B R il e B AR T T RVREEN M - W EITEE AR TG i B
ZZHE (Deleuze and Guattari 1987; Deleuze 1988; Callon 2007; MacKenzie 2009) -

KB LRI A (8 LB IRONERE - EFEIEA FFRERIERHRAN - &2 HEHAM
IR EE FACRMES - Latour ££ (Science in Action) —Zof - (& il R RS SC AT E MR 1878 4K
S TR SRS - B E AR AR S B R T BEEEEEDMH TR AT U LTS -
LR PR R B P R SR ST o BRI T —RIIARK - 2R Est - BEEEEEWERE - sHRET
RV E ~ BN - EIHEE R FERIRAN o LY o KOKEL - VIEER BRI = F DA STt - &UA
ZREH - HENESEIHAED IR DT RIGRAAAYZEY) (Latour 1988) - Bl A0 A EAVEIE A
SYERNEEHANEY  MAXPISERIGERREYZ BEIR G - 1R BEESEARTH
T8 Rsat &y (centres of calculation) - AR 2 S48 SN AR R - N IESEE AN B EE T AH O 45
o IR ERE T AR TE & B IR EE#SE (metrological chain) » A REFERI &R (A 12E (Latour
1988) > [fij & A TEREE Callon S5 55 T ELAYS 5 -

Latour & ARH ) BT Fe it 52 » AR BARHR BLAL 2~ [EIEIRHTSE - 1 MacKenzie (2007) #9974
Rl TS FE AIE DA SO Hil R L 8 - o AU B R RIS » DURAER A AT BEAC R B 8 - LA 1970
AR REOREL Fischer Black B2 Myron Scholes 351 Black-Scholes S {E5 Az R Bl » 58
ERTTSINERENE - s AR FE B HRIVEEE - WRERS 5 EEAT 2 ek - BEE T
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BN T > 2S NIEFERETEREARBIEIIEEE - 1 FETERIVEIE G — R A R - it
PSS BT B ENIE B ES% - Black-Scholes A F TS SR EHA B 2 R B 2B
HiERE - RAE TR M AR 2 B AR EROEIRIEE ST - R EE T ERI S EE S
BN - ATENE B A R IEFOEE » SO M R SO R ER S - h— @A ATy
JE235 M 2 (performativity)

(2) EERE  FED
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[ERE » & NS smpE s S B TTERE 2 H S BT R R AR AE 2 2 Bh » 13 (G L R TE(E A
B8 7 RS - [EEOR NG RE 25 - REHEENY)mmE & 8 E&E (Cahiskan
2010) - sHERYELH (the economy of qualities) 38 KA T 5 YY) i B S i e B » Wiy (8
{EAFFLARAL - Callon, Méadel, and Rabeharisoa (2002) 5 {478 2 — I IR R ESS » P
R —E (singularity) » TfijiE B— MR L BT 52 - (B B Y S A Al LEBOE AR S SR B - Ry
VISLVRHEOE A BT - e EAE RN (EY 8 JFE) - DU IR E 0 S H20
(e 2 FEHIRHELLER) - &SRRV R B R LR - RIS TSN E A SR —
B RIRMIEZ B3 A NR AR » WPAAMEE Bt 88 - N E R E LR g A e
A KERITE] o 1B AR E R s i L R R A - 1TE B A e T R A (E
g -

Callon, Méadel, and Rabeharisoa (2002) #5HHEN{EY) ST — I 212 5 — &4 S AREFUERE > =
A e B [ SR i S8 28 B Y SRR - S S Y A B VA S S YR E - A
Forenn BB — FHRA RS (qualification-requalification) « “R 4B A IR R V) E AR AR » (HF51T
BE B T e EEEMHR - SEELIRREEY) A ERIEEY - DG R R - RItA S5
HPTE RN A & 58 20 & TSR] - B R R R TYE (recalcitrant material) - JE{EB G A
B W E R RSB E (E B AL -

(=) HHLEEY

S L e s OB S R TRV E) - B B gk - BRI >
FAIRA LR - 2P S B S (E R e E RV B - TR REHEERE A i
EEYF(EME (valuation) $psAn RS2 (Cahskan 2010; Ouma 2015) - Fyfifi e L altht o - i
Y EAE IR (LR FE AU - — B SRy R4 - S5— AR REEYHSIE -

EIL o EBKELEEE (global recycling network) Bt babkpsanR / ERAEENL - f5HEL
PRV S EE IR A A B P R IRRE - IR il & 0F R ITHV4R L - RESRE i B 2 R0yt &
BECORBENR Y - DU Sl E RS e e IR B i R e U i - 2BATEE - ZIocisE R
HYIBTE - REEEEYIHISE AR » (B P IR LB ESE - i E R I CImiE R ER 4
(Gregson et al. 2010; Lepawsky and Billah 2011; Lepawsky and Mather 2011; Crang et al. 2012) - Lepawsky
and Mather (2011) bl = BRIBS AL B TS LI TE4S & - 1B E TREEYIE IS R BN &I b



52

MBI - ERE R IR B A HAMEAVEESRE - 2B - HZHT AR AL T A Bk
S BATEEREE B AR B A E 2R - TTAWTFTRE RE R 2 15 B0 o0 AU & -

Gregson, Watkins, and Calestani (2013) 17> &5 i 55 LAINTZC IR (a2 7 » DATESL B a2
B AR - ETECIERALIHIRE T - FEAHESE TR EHR A < [BRCEE B BRI E i 8l
151 A I 7 R4S AE 1T BE R G Bl B B SUE EAIDR ? B P& 20K - SEE B BARAIERES (assay
devices) FET AR ER LA EHEAEYE - WEREYERE » STREE - mit—anEdE
FEEUCE e BRI E1 7 Y S5 (K18 - H R BEEY/E KRG iR 41[E Cahskan and Callon
(2010) FrE 2 M@ » MR fEiit s B RS =Y BT AR G a Al © 2RI » ZOCRES ARG (-7
[T EERPET - LR ERERTSEE -
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H[R4] (Gregson et al. 2015; Kama 2015; Furniss 2015) - 22 Furniss (2015) B fEfE IS B fE N BETEyI T
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R0 DUR [BICRT AR RERR e S YRR & S B R AV > (15 DB P R AR R A B ER SRS e DAY
Y8 (Gregson et al. 2015; Kama 2015) - 7= Suif5E S B BE Sy [El | E (F EL BE Sy S SS & 5
2 .
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EEEREY) DRECEENE R E R R TSNS 2 VAS R RESBETHINASER
A RES I E EHEES - DURETRIERI BRI - & E — (HE — ERIREIGRILE - [EEREEREE
MERCTSEEATRE TR - b 2EHEEFREEYIECE (it 2B s E R
BB RS R [C UL 442 HT T - 2RI JEEREE I E e 25 TEEIGBIE T ae AT e R Y -
=t SO REZR A AR AR Ty ey B8 S N ER 42 (Callon 1998a) -

B8R S EE U ERH R

HARHE B 2 BIVEE - NSRHERNER %R - AR SR TZEMN - BERESED
WELEREEESNV TR SLEETHEHASAETZESE G2 R ESEAESE b
HHAMAEYE - B SUEENTATEEY) > BT REEYRWCEE G T USRI TR > —
TR E T RS E R EYREERTS > ST HE R E P ERE - HNEEETREEYD
HeEa e BEES  HRESPEREUS SR - Fr i@t R EeEma s - ZES
SEETEEEYEE > TR AR 2B FE R E T REY RS BRI SHIR#
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AR SRR LAoy R MRS - — STk - R s PR (M| A By iR S RISk - (302 FL s
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FEWENETEEY)  EREAGHESEESRIAET - RS R SEEs ML E 0 A - &y
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&1 F2 B 2006-2012 FERYIHERS
Table 1. Electronic waste suppliers of company F2 in 2006-2012.

EE YL RERS 2006 2007 2008 2009 2010 2011 2012
BRAFERONERESEHEZEEG BHEY) O © © © © © ©
ESHEER AR AE O O
KRR AR A H O
R EER AIRAE] O O O O O O
R B TR AR A H O O
SAREERE R AR A E] O O
JEEERHS B AR A F O [ ) [ ) ] ]
SIS E R R AR A ] O e Co O Ce Ce e
FRERH R AR A E] [ ) e Co Co Ce e O
[k L EE B A PR A F [ ) O [ ) [ ) [ [
BOEESBARAH [ ) [ [ ) [ ) ] ]
TR LRy A IR A ] [ ) [ [ ) [ ) [ [ [
EEEEARAE [ )
SRERFRHE R AR A H] [ )
2 e R SR T [ [ ) [
BT ] ] [
KEESBARAE [
RoRp OB Fas ORETI 2AE @F £BHARE -
FH AR AL EEA F2 i 2006-2012 £ & 4F
£2 F2 A 2005-2012 £ EREE
Table 2. Production of company F2 in 2005-2012.
- i Tt A 4 R SRE AR R HEBmHEWA HaeEHEWA
IR (T5) PHEEUA (L) (H5H) () (18H) (20 7)
2005 586 7,813 3,477
2006 1,180 5,512 8,010
2007 454 3,247 28,500
2008 65 2,173 44,291 2,353
2009 72 1,414 94,365 2,137
2010 79 983 90,317 2,305
2011 12 1,149 70,446 3,641
2012 23 785 61,994 2,040

FAL &R : F2 fifF 2005-2012 & 3% o
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——BEREE
3,500,000
= BEEIA
ﬁ?" 000,000 /Nx - EETLEE
— 2,500,000 EsHEUL A
— 2 000,000 / ELB
j'E 1] 1 = s
Z / NEFHE)
1,500,000 S . g
/ —_—— e E T
1,000,000 ¢ ANESMEE)
500,000
2005 2006 2007 2008 2009 2010 2011 2012

FAL KR © F2 fuF 2005-2012 3% o

Bl F2 M 2005-2012 F&EHEEE
Fig. 1. Output value of company F2 in 2005-2012.

B BT

BT BEEYEWTSE EEEHNS - RERIRELL (kR F 52z ) sat—2IIRTEER
il > BPFESE AL E AR EEEEYRIGIE - HAFEERRHER - DRI AR R E A
ERBH BRI ROT AR - SRS A EE T REEY e B E R AR IR ORE T A 1
LSRR R EE - B RREYEIERE - SRFEURIE - DT ETESRY - EEKEF
% o AR AR - BT E BRI H R S - DU R S TR s
16 73 [FE I EE T RSV i ekt ~ B HIRIRE - DU =R EhFuE -

RIZBEEYIAEDE - BT RS H] DURIBACOR 7 K — A B S B SR B S A - &2
RPEREAMIEESE (G140 - ERECHRs - (RSRER(L) PrEdRIn : REREBEEEMAL > B R TH -
FPRIFEE R EEN - RETREY EERSOCENETEd - SR ENETRE
V) SESEEIHY SRR TREEY) - BB R TR > AT ZAA M -

FRBTLHE T EEEYA R RO R B 5 - — B TRV E ST S T MBI
i > PVEAH AR R - LRI SCE B AT B AR in - T Eist 2 B—ied (5 »
o~ ) o (EAREYE > AR o Bl —RETEEEYAT S EERE > ARG 2R » RRE
TEGE A R AR B CREAHIE - R — R TRV ARIMIRE - BB T REEYAIRY)
BB AR > SARSESE (& ) - 8 - MRS I - B 5 e A R AT
J& - SRS o SRR ARG o B BRI o ST R HE AR R (A B LAY E]
T — RS — R TR EEY) ° BURRAGHVE B TR MAMREEakE  BEETH
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JEFEHTE S BETS o BEPRIR IRE PR B R B R IR A S R - B DAB SRR A — i
BB TRV IEIEESE - IE/E MacKenzie (2007) $ M ASEHERAVEN(FIREHE - FROREFE CHE(S 8 T dn
EEREHERARE - SCERUBIRREERR > DIANECOREE - AR ETTISAENE - ERE
T 55 S AE S B WS BERPERY ~ [BIety ~ BRALAE S A FAEE - SO 5 LB B (A
HHIE - BIE BT REEYCCEE IR - R ERE T REY RS E R B REEYREY
55 > (ARYIEHBGERE > B EE LA BICOR  -

MBI — R EE T EEEEYIIV RS - ERE T BRI E BB R HN AR T A A 2 BUR L
sTEEEE AN - BPE EBFE S o HEAERR EAVE IR R Bt - (88 (R # # 5
w2 ) BRETREEVBNASTEREEY bl ESBRECEEERRAT  DRRRRE R H
AR BTG - G AR T A IEIE 1R - A BESHUS FH AR -

JEEEEELE N R ZE DR B A T - B TSR A A TR LEM
[l Y EER - BT B - DABRIREZERERY)RIA - HATEEE T REEYE TS
ZIEENSER - BYVESBURE - MR R EHE ARG BB - BT AL - AOAEORE
WEAHI BV RINIEE - FRIFEE S M RS BUT 737 o =Y A BEEYIA &
DISElfUE - NS RS RE REIAN TS B E - DEBCEE S RBUFHEFRT AR - G4 EH
(P14:) BEED) > WL TREEYIHIS BRI UAEs - RN > SERE T REEYHI R E SR AL
EEZESL: * (industrial symbiosis) (YR - [EIUCEEE /B0 Sl T3EE - (4 © PREERGRRHLEE - 8
B LR NMNEEESE > HORBE TR ERIE - BARREORJERENEEEE - BN
PEERE TR S B E TR SRR I A T 26y ERVAE SRR AR B 52 HoAth e SRRV RS [ SR 58
HEEARCATG A R B SRR - BRSiG EE B BENR £ (BR8] 2012) -

RAE(LEREEY) - BETREREMELIE

BT YRS Ry R BT VR IEY) R EEE - MR e EECEE A
FEEYIEITI 0 - T RS EE T REEY B S E RSy - Bl AEeEHEEE R - DA
FEVEMNIRSY - HILESy R BEETRBEYE S E LR - iSRRI EITEE
(calculative agency) HREIFIEERE TREYSANME S EE FIF 52 E TREEY e F o]
=ERTYG: (calculable goods) (Muniesa, Millo, and Callon 2007) - & BSIEMI(E E IR % - EH s
T EE - KREEYEIRL - R E AT MEREEEY) (Gregson, Watkins, and Calestani
2013) -

(—) Bt

15 2014 4 4 FAEE M AREITR SHTITEERSE « WA BCL T g — Rkt M
NESEOES - EREENORERY - BTR—TREE LR X IR - RIS RS
R - (HRGH BSBEH  BREEERBNNR - SEERIVER D -HHRE - BER - ORTR
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Fig. 3. Exportion of industrial electronic waste of company F1 in 2004-2013.
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