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O Aoldte] FUT HAME Qo)A AA -2 -RIANES EUF 9T A0S
EE5HA] 23 AL GF Aol Bestolof & HRolc,
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e H1E ME

H3E IS

2 AoA] AgSHE 7R golot 1 FE [E 1-10°] sk WE §o]
Aot B A7 hET 540 AGH W L ATE of714 ALt

E 1-1] 2 BOMo| At88t HEE0{9| He

=Yl bs[e]
7tAS} VIEE +57|2 & 1R20=Z JI1¥, Edfioto]
(gasification) IAE Weoh= 8
7+ E =K 801t (E2tAE) S 7t9] eSS Sof
(solvolysis) sfstdgle 20| 22 Edole B8
7| A2 E HE2HAES I, AN, NE =8 59 22H2l
(mechanical recycling) M| HEE Sott] M SeHAES Mifoh= Bt
=AEAY S1Z4% MOl0| LM Atlojle| EXF
(green investing) A
=2 9x= St =719 AH|M| TOSH SX(HI0IRQUA, M=,
(material footprint) oHEE, H24E3) F2 ¢
=S ERY Ho=E AA”OA SHEQ EQ/HIS/MNY LS
(material flow analysis) Motz 2
H OHA _ _
A OLX] EE SEIOIE MO ERE 4 Y= MEX
(biomass)
HIO|Q =2 FAE]
PIRSSAS HIO|OAS §IB2 DISOIKI= Z2tAc)
(bioplastic)
RIS T Mzt MHIA ZE £Q 20| M M| AZEEAO=
v BIPIXIE dot= &1t
AOHOY T AAABEE HEGI =7+ SN 3 AH|AT}
cEmEET A 2t E= T 2 20| BHiks WIS
(Input-output analysis) JOyee T
AAATHE 187t =7t LHOIA 245k Tt 3 MH|AL
(input-output table) Mt X220 2ot = HHE LEH B

et MBIA EE £ LH0| T M9 M

oF
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& 37| AL2|22f Dj2H S

=2tdn At
=Y bs[e]
¢X| I =] T IT
o SCAE TEA URHZ
(plastic in primary forms)
=2 S8y HZ0| MEE E= MARREE o Melotes
(circular supply chain) HT-YA-AE-H7| 20| R7 |8z AZE 52
OIZ LRt NS MAM-AZ-H7| M PHOIN LM Ttsst 2+E
(eco—design) OSHE &0/ WTgS =0l & &Z Tt gRel
ZEh AMATE QI BHUAM TIROZ J1HoI0] SSHAsS
(pyrolysis) Z0 22 Fdlfoks #2
=9l S0lo] (22AE) 2L =0l 2
(dissolution) < B
W ON s =
= 7|2 ME2S a5 MAIE MEQ = 2x
(recycled material) VIE MEES Sof My MEY == 22
JIE HE E= BES
RHAZ . . o= Tl o 1s
(remanufacturing) Zoli—MAE—-ZA 2|22 MMZH FARSH
J M52 U HZ Ashany
TopPyEt HE, ZEMA, MHAL & FI(0|A Ldct=
(life cycle assessment) SHEAGSE Tt g
le—=‘x| _ _
_ or== . ANE, B M Hd% 39 YH= &t 7ISE A
(Intermediate forms of plastics)
S - o = s = =
(Intermediate manufactured plasti AR BE XE S 25 AHIME dioh| flot
ermediate manufactured plastic Solbje ZapAEl ATf RE
goods)
ke SoAE SX|0 LWEY, 7iad 5 24 HES Hdl
(additives used in plastics) FEE 23
ESEN| ECtAE NEXE 0|8010] ZE AHX FEE MAE
(Final manufactured plastics goods) o&=
_ ) T3l MHIA EE 20 EAMO| M ARIO| XQIR} 2
Aoio8ET} faf, AMHIA ZE _I_D 'E'—OO'-||;}: A2 FYKXE 20
|XIE 33
=71 BATHAS] X0[0f oiFoh= F20 CHoiA
HgS Fiols M

EtAm T EME

(carbon border adjustment mechanism)

SO Z Folfol ALt Z0Af Ay

Has dioks Y

CISIERN =223
(chemical recycling)

AELO|SH, O HZE0|EZ, EEILIOIUHCZE O|F0{XI

ABS
(acrylonitrile butadiene styrene)

A%
Tt AlLfRR: £ glo| XiZ &
AL OaEl= Al2le

M =g RAloke

BAU AlLt2|2
(Business As Usual scenario)
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=1y Aol
EVA SEEINE
(ethylene vinyl acetate) o=z
G7 M7=
(group of seven) LT TZA =9, O|EfF_|0f 4=, I=, 0=)
HS FE THEYYEEFAA: 79 AN 4E2 SFRE
(Harmonized System code) At ZEZ E?TC’J Ic
PC -
2|72 H|0|E
(polycarbonate) SeliEHOI=
PE/LDPE/LLDPE/HDPE
(Polyethylene/low-density ECVER
PE/linear-low—density PE/high-density PE)
PET =
= 2H|HEEY0|E
(Polyethylene terephtalate) (e =2 H01=
PMys ZOIMEX]: X 27|74 2.5 um OfofR! K|
o Za|map
(polypropylene)
PS/EPS =
2| AE[EI(AEE &K
(polystyrene/expended PS) SIEACEE 27
PVC OJBHH| (B A
LN
(polyvinyl chloride) Bl (e )
USEEIO
. : ~ O etEMPAARE: ZF APl oj4X| F K& 0|2
(United Statesﬁg\éltr?ngGStaHV Extended 9l SAGO[EIS AIICIRE SEI2 H2l5H 0[S

9l

H3E 802t ¥

13






AlLt2| 2

Sk

A A 0=

!

Hog £







MR R 2EHH 45 Fet
H2R 8N et F9 Mol Mo

Hi3HE

F>
o
0%
k=
ox
X
5
F
d
rc
N
o
Q1
o
>
I
N
o







fiy

M2 R 2PN 2F Y ME 52 A

—_

& doMs c2GA 302 Aol =9 A9kl A 4] @2 Adstala) i,

At A 7 BASERA TR0 o) Lohagiek. ol sl A S0z
(1970-20199) F39] A1) 4] gl 20199 A 48] WL 2% AnfS Hesiglc

A= AL v, {718 T 5 AA AslA A 588 0|14 ok
gog FAUAE, BT 22 =7 29 Ad 5844 AR ol FEE
Ut FHARY =3AFA BUEE YA
(European Commission, 2018)= «=2FHgA|9] bkt SHS Brots =9 71
< afsto] 1) Ak E &H], 2) HrlE T, 3) AYAY, 4) A8 4 FA9 47
A F2of| gigf 10714 A®E Aot &8sttt AfAoA = HT £8EAY &
ZAARI 7HXE B7Fst7] {ste] Ay B7tell 718kt REV(retained environmental
value) A EZ AU v} gloH, o] A EE EAI} AES AYAitol= A A oA LAY
oh= S 9FS HoFHBocken et al., 2021). De Wilt et al.(2020)2] E.I1AofA|
+ 20209 HlEHES] &=8Hd(circularity metric)2& 24.5%% THSIU=T, 1714
3ol £ AAE Adtshs dAAEZA “Hid 2710 BEdEHE & B4 5 A
85 ¥ AulotH, [IF 2-11914 F £ FY(total material input)ll 7]
Sl B2 B4, MR, vlo]9mlA AF W extraction)S 205097H] 008 wHE

S FHE Skl Utk

2) HIZZ== 205097 281 100% ZAg SHE H85HHH U De Wilt et al.(2020)01M= 70%77IK| 24 7HsE
NOE MUTIUS.

3) 1M LI2S ZIH QI251H “measuring the share of cycled materials as part of the total material inputs intoan
ational economy every year”
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NATIONAL ECONOMY

[2& 2-1] 37t tel SESEL
(EX: De Wilt et al., (2020), p. 14)

S-HuEhs 2022900 7Rt Al FRATALEI | B Al ol 4] Zpess
=3 L}EM# i ARE HFHEE, £Fo18E, JUAIFES FYstdn
oke A3t AP7|E2 ofgiet AoH). MAUES |2 oA TA1AF A4
741@2(2018~2027L3_)J94 T ZAE s, 2 7EAE QA E &
A& {gt 71HP£ uhASH O, EHEi < 9% F8 Aue= ﬁlﬂg Ak
, ATAEE, £Tol&E, UAFEE 5 H7| DA =3tE o] Q= Agelch
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}zt

e 7]

7
1

N
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N
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(A] 2_1) _7;]}_‘11:1 = <0/> 34%'15—%‘:(%) % 100
PR T SR AR (E) - 28 A9 A F(E)
ol AAANBEE(E) ¢ ERAANYF(E)
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A2E e AXA gk o
NAASEF ALE FolA AAY T HTE TN LA EE

AR & Q#f?;} iF e AHE THE H7EY OJ(E‘r MX] 9—]*1—0]'

ANUAE 7HH7IE A 1A H7E I
2F AT SOAY I E= AT Qlo] BiE AT A& 1
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of7]ofl A “HENEEF S GA Hosttho] wet ¢¥ol8E] HAF EAETH
ot ‘AdHog E4 fxo] AfFEYsks ol ofd HIE SASA A AEEoR
EHe5AE Fog HYote= B9 ?Jrﬂ} AE 7hs7go] itk TR RS EYE AlY
TR oA ook AEALET EFE GG offof wet FES|Hik=, A4 AL

& FAZANA HES AT Fo= 1715 A2 AN APYSteS FHol QU
I A, AR A3Lest 71 EAE(2018~20279),00 w2 20184 <gHo]-&-E0]
70.3%% UEhY, AEAQ E4eEEE BoiFlol FE7t ok 49 Aded &
A5 E AR = &l 8ES Aol FUEHE A-(IHH H71E0] ‘,%b'}t A]
HEMoIA E=2 Aolst, YJFolMe &80l 83/ (&l 8T + FAHd 5
AD), EFoIM= &8o1E8F/(7E 5 TED) R AP 2o 1E T, 2020)
FHARY &84 HUEE A Roll= 24 A E AHEE(RIZ-ER EE0] YRR A
5= HE)E XAt ol 429 AT AW e8ol&ET FARRE Aidolth

ZAE 2(2020)0014 = 71& FF AR} HlolE 7HAdE st H7IE A
ARE T ofl A Uolrh At B 4] GHAIE 23R APy SHolAM <@ EAE ZUH

]

=.>é

rkN

“_jxe

3
BT T AU ARE At 7 X ;O FolE EASHL HIISHITHE 2-1]. °]
T A ol&ES FHATCNA ARgShs HECeE 4% 43 20184 V&
8.8%9= UEPITE o= 54 2871=2] 2018 <¥H&(circular material use rate)
9l 12.2%Ett 2 o[t Eurostat, 2022b). © A&t 4L W Ax A

oA dA= olgd AR Foll Hit dlolE7F Easitt.

i

O

=
=
=]

L

E 2-1] =838 ZUEE B7] XE@Q)S 83 F0| 24 R TEHEXS 2, 2020)
=% XEE TE 0|
o FHEEL AEMES E32st Y5 Flol|
Attty Q& 2012-20173 ZOF 7{o| H3I} QUOLY, 0|F | w0 s 0
St 2018 XHEdMtY S7t
=1
AH| SUEA MEUE= WIXHY 7|0ES B7t6l|
At 0|88 | g EUOIA Ar S Al YYES EoI0 MY | o o
e HEMQ SANE 15 EQ

5) 20183 THYAIH O[ZE’ 8.8%= ZA[sl| 2/(2020)0] H7ETM LIEOA 742 +X[0|H, 0[2f HX3HHEO 2 = it
OllAf SRRIE 7[HF A2 =50] 2&%t Aeagtd 2 AIHE CIOIEDF EXtoks RS 2(2021)2] Z1IE &3,
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coe H2® I =EEM FE Y e = 2t
oA INESS] ZI 0|
DMC Che| M7 e zasict S WIE 1 ey,
20184 CHA| =7+ LUHH/DMC
olLt = 7|2 MSHH 7|2 MEHH 7 |12
]I‘“7|% HEMOH 01 Lmo O,:,:" OIE, OE.:.:"HI',E, Hroa :“7_<|O§ o0 =
SHElVIE, Yzl Y 2=/ &0+
) S7IEA i NRRmIIE
NS ARIE TP |2 MRS 24 2N wryer/gysoy |
LEMEZGRMIMENE e | amzamy=E
Z=O SiCt FIEOo| XHEtR o
LT o — = = J_Lzls 2011 2019
/& oid HMZ2 M (GRC) Z7tEZ= —
- MHZE AEE Fgok= 7E0] A
T2 BRI e i ot me -
2EE A GR =7IEE decs LS 252
U7 o2 XIAXQl 7t FMOI QO | gyyERE
MHZMES 82 WREE MSARE H| gz 12 | 7 /207
El FIERX|Z QX|E|T Q0] S TR
Ny A
R 220 . - M s Tl
Xy =274 XTL?%WI%EEEF Hsi?iﬁ% ::H%' 22y SEd
o S7totd UOH, IHEM FA| Bt FH | AI2EHHI=
= DHE—| _J.(_%io‘l DH%%! 010 __——" 2018
X9 XSOl 22, MAK RO/t Xj20| KSKHO2
K&E7ts28)  OIR0Xj= HEXQ! I ghofl, 2015EFH AHIAIS
AMBEX|A | AIXMBHERATL S215HT Ol A HES OC5 2 [
MMl S| MMAlSESTL of2foll U0 AHAF dES REol|
Sl3t HA 4 me
soigg | HENEEEES BlRIOU, Wi UMY KR b
oy | £3101282 20194 24 “
ol 7|2 ZEM2Z0] 20199 CHA| S7t61 RO,
W | mmem | A= HBN2E O 8
cree EBSMBAE(RIZNS T 782 2018H 7IE | 0 — s
27 4%E XI&EXOZE LA
o2t gH 22 | ©A =7t R&D OiH| =2tgH 22 A7XIE HIE0|
R&D Okt 2014 Ol Zaschl UCH, E6f EH = S7I0ICHIH wo 2019
x5 2018H0= AZ 24
SHZH S2 R4S MR SF-EUY o 420 BYOR ohEAS |
| FIPIXI(E 20134 0|2 REHO=2 F7t
oz [e;]
ST RN R BAR 4E 37 SA0 QT 20161 01F AR 2 | 0
UEA & S| MY O] 28N BF D0SA HIE2 AEMOZ Za | ) = 0
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871 =He] <274 A ZUEHT A& A 2] mEd s2gA a%e HolF

= dAAER 24 FY dHAAN EEedo]l 3548 o® EAfshY o= vld
9] ‘&8 (circularity metric) 7H@Z LX|ohH A& 9](2020)Y] A Olﬁ-g
FHALS] 23 AR ARE, 929 Aol FYHE ARl 2ol 8E I 49
FEeth WA & dAis BT (A 2-42 eEAE ATt dA ARE
A7gste] mlF AU E F45ks dlof -85kt
E?l =2 £ dA0A 9 e R ARSFIE S5 18T 2 AEFEe] A
271 35 7FsRHA9] o Fon, wEbA AHdee gttt ofyZt EUPIAE Eole
H}%“é 5]y ‘i‘_oq%_} T Aofof Bttt ol= AR Y] Hghs o|Tl= 5% 89

I o

AAVE FEezA Y HHE Uthiie Aol AYLRY] ARIPHAIE =S
odZ7] YA LR v AFEH B E Ao sl oS ARYE v}
@919 SARETE EAEHA] %71 wiwol 71E2] AXR® F olet 7MY Tk ARE
A—]Z']‘('s]-}_‘_ }]O] _‘§‘_:1‘L]»X-]C"?1_ _/’\_ th- X‘I-.?:]Aﬂ/\]-/g(/ﬂ 2_5).9. FX]— _,] 140]:_1,]» ZHQ—O = A9
ek HE o 719t A1 AL 71241 €(2011~20159),91 =S8 A A 4

L5 Yeile EXAEE Xgo| Heloy A Adest 7| 2A YoM = FEE U
2= "—HL‘HE"”*}(GDP)/( 1A 5 FYdD= X 1_1_%} F8 A H;of Zsk3
o ols 1A} XHhegt 71 EAD(2011~20154),0 RRA T2 Aot XA YA
A= i/‘“’Uf(c}l)lj)/i“ﬂwa HIFHDMO) T FARE 7H"q°]‘:}. AP S FdH

_4

=4 Aol FAIER] 7 A=, &2 GDP Aol drtdt a&F oz AMEHUEA
< WS ARV S AR Fo] soldeE Aol SRt SH
oA =& A AL e Rtdoke ARz B8 & Uk A2 A

o]

d=9] BAF 7HA] olefo= *@& J—mou 184 JJr ﬂo] c}or—} o] Ao]
] o

Az AN T7P7}i1 T

o WA FAS: £BAA BA FAARAN AL 5 Ak HAY ABL 2 5 Y
2 9100209] A7INE SHAAE A ALZA ADIHHE 2-1]
F8 BUEY AEo] ZESom, B ATIAE g Ateles EE5: d]
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(& 2-4) 244£3H9(%) = RMI/TMI
(A 2-5) A 34H3($/kg) = GDP/DMC

- RMI: &8 ¥% (recycled material input)
- TMI: 545 H(total material input) = DMC + RMI

DMC: F AL AH]FH(domestic material consumption) = =FHARE:
HHF + (FA-F2DAEF

GDP: =y{&434H2010 ppp)

9o} 2 &S Loste] £TAA A v A oS TAY NEE olet 2
o (1) BUEET (2) AYBAEE Holstich. | T E o)A Aol
29 AT} 712 SA 7|8k A G, ol AESS AL DA B B8,
2 HAA Z9) A 0] RIS SO BB oI

BUET AU ool <bAAIR} AT ATt AT ES0] Al
SAs B AT, AUTF Y Gt 5L 1Y Wast 9ot B Ave 9y
ALES TEsto] P v AL AN P FHS Ttk 2 £ A7}
AT 84 ABE Ve 20 ATIEe JTHdge] EAEE g BRA R}

U= s 45 HHge &= Qi) g2 vl= 3% (US environment protectlon
agency)°llA] AF&ol= Waste Reduction Model(WARM)| w2 7| &2 AARE:
T AL o 2AVRS ASo] Jhedt AoE dAEIoH, AXZy A8E
(2021) o] BdlZ ARgsto] EStAE Aito] BUH AR dE ol wet 245
= ZATA A5 AUEILE EESIelH. oA " AHhedd A =4

e 45t ZTHA|(proxy)=E &8 4= Ut} T, AHha+ A

ot 4
Q] o} AZAE7] wiZo] £EAIRE 111 QAT 2 Wt A#E 2= oyt
At dAIM = Ak ABER AR HFo] od HefZRl oo e FF

= =]
WS SItlER AHdeS oy AR o] 8E0] AHdEH A a2 ¢
=)
=
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7} et=9| X} AH|gig TIH

D) AR AGARRE §98 A 71 EE5EEA T YA
A8 74 A AHsocio-economic metabolism)E AFS]-HA] A]AH]o] Hio]QujA,
sHd=, 9588 59 Ads AACERE FET10] AF AH|AE A 4H[6H,
of }HoNAN H7EH LPES HiESte ¥¥ 2 HAHmetabolism) HES 245k
Hioltt, ALY FA AR B S SR (material flow analysis)®] 3 FejZ, E35
TAl, =7t 22Y FAL 22 74 AIARQL A AEIO] AHY AH] 1 RQ} SiEE T}efs)Y|
93 BHow &g3lth dE (19 2-2]= FHEA 20209 A EAIHARE
*W14ﬂﬂ1ﬂ®mmym%mm)dﬂixﬂh_A—i olg T 7Y BA=
A= OZQL Aol 553 AAAC] FAE= AL, A 4], edE E HUE
HiE, Ao 52 aFo = nofd 4 itk #E9E ARAANAL A5
-3, XM"“/\]’H HE2o} ot 22 AEE FJFI6HL, o] A|#E E6 A
AH] BAEFE A, SHEoE Blud 4= gt

FHoAE s88%, <A, AHYES I A JAPEHS Yok HHo=w
ZAA7HE 245554 (economy-wide material flow analysis, EW-MFA)o|2tal
RE2&= 371 £29 ARHAHA 243 E-8o6tal ot EW-MFA+ 873 - 34 5%

Aol g FEoZ Regulation No. 691/20118 53| YF dlolg =7]o] o]FojZt}.
EW-MFA ZHJdfa= 7|8&o2 Y Zf=(domestic extraction, DE) ¥ Y
(Import, IMP)& 53l AAAZ U= 552 ’\"‘(export EXP) ¥ = wi&
(domestic processed output, DPO)& Ball HAAANA FEE= S5 EZ3oH,
o] 71 SEoRNE wEF AHoL WYl g4% :r“‘é%‘:KEurostat, 2018)[1¥ 2-3].
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= —_l

Direct

material Processed
inputs. material
6.69

772

tive flows

Emissions to air
241

I rati
yneraton Waste landfilled
Natural resources 058
extracted
51
Legend Material
accumulation
B Total Backfilling 256
024

Recycling
019

ec europa.cu/eurostatim

[22 2-2] SEHEEuropean Union)2| 20204 SXI5E(Gt/yr)
(&X: Eurostat, 2022a).

g DMC g
DE DMI RMC
Domestic
Domestic extraction Material .
Consumption RMI Raw Material
Direct Material P Consumption
Input
IMP P EXP
Imports Exports Raw Material
--------- > Input
IMPgye L5
Imports in EXPrue
. Exports in
Raw Material .
Equivalents Raw Material
...................................................................... Equivalents
|:|covered bylegal base (Regulation No 691/2011 on European Environmental Economic Accounts)
|:|estimaied by Eurostat (aggregated EU)

[23 2-3] ZdH 7jgt EMSEEAM Dyeg U X|E
(&X{: Eurostat, 2018).
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=2EH H4Y S| AUt D2

=Y AZ(domestic extraction, DER> =7} A|AEIFA] W AFAHoA A, &,
A=soto] BAEEo] FUH EUAYY 552 Do, I HiE(domestic
processed outputs, DPO) =7} A|~E3 7] 141011*1 AALH 0 HiSshe BHS

22 ofnjgit}. oly 99 TEA TR BAXRYS 27 ol oulA, TR, ]
2492 SR ¥ 7 fER gRow UrHD% 29 B 2o 24 74

of wzt HA =0ttt BAAY FEoE ERIth HYlE 9 HiEE S5 dVHE
E(emissions to air), FAMf&EE(emissions to water), AE AR F HIEE
(dissipative use of products), F+Z(dissipative losses), 121 A& H|7|&(waste
disposal)@® &3t}

o] 7|& TFOERY F7HAQ AHEZ ALRE 5 Utk AH AU FY(direct
material input, DMDZ =UjollA {5, 55, fIstAY sfLfolA s=dste] B4
)l 7HXE 7ML S B4 AARIlc g BiEE BE B4 AYoE, I AZ(DE)
I UIMP)S] &oZ AAkect 51’-141 A+ AH|(domestic material consumption,
DMO)»= =t &8RP} ARERE B4 Ao = A FYE ADMDeA &
Z(EXP) 55 ALt Aotk AAAZ =AY ok fEHA] g2 E42 1
=, =gk, WA, 7P AlE 5 ot AL FEE BAAC Fot vid Ao
o] il F7H(net addition to stock, NAS)S AAIAS] EAHQI g4 Yehdrt,
O|2Z 0 & NASE FAA U &9 Aoz AR 4= Aoy, 7HES 34 A+
22 AR ST A= 58T B, g AAAIS] ) EEE welsh] ¢
o 54 ©9l9] F9A(physical trade balance, PTB) A#E &-85t7|% dl=H,

ol HE AR sEEe W &rdRe R AR,

7] 29 582 1‘41 7} AAE Ak AE] AR nEstL, 25 AR
Jisl7] 9ol BE TFYOIA Loluks A 4ue} o2 et ABL 1A
ch. ol 5 %E Aol B ol 2ol Slzelol S Bk 9 ol
WSHe A 4EEL TEskA R B 259 ARS AL 9
wheh el AvlE BE B AU AU ABFoR TAGLoRA
o SUE F AU AulS Ak PAS Az A AL Tt

A (material flow accounts in raw material equivalents, MFA-RME)”
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o

ojgtal gtttk AF 5o, ATHY A A= 13t £Y(imports in RME) &2 5=
Z(exports in RME)2 4% B2 & AES B o =2 339 ZxtoA
AZotal AEgE AHdFE Yuidith. vRIVHAIR A7HY A AEde AERt F
(raw material inputs, RMI> FAAARZ FYE= AE-S AJibelr] el =9 339
Ao A AH)g BE 54 AYE ofulst, DEQF IMP-RMES] o & A4kt 2]
7 A AZFE 188 AH|(raw material consumption, RMC)E oA 4
H|E FSAES A4sH7] sl 2] 35 ARtolA AH)gh e 24 A2 9]
5tH, RMIOIA EXP-RMES Al9jet A3 dot. 53] 2+ AlF<ke] gk RMCe &4
A= (material footprint)"olgt e E2|H, A8H XSAEF drft g2 £4 &
H|Q} FZo] "SR E YeRdTE. MFA-RME A #+= Regulation 691/20119] W&
HA o F HIuARGol = EgEo] YA AT, FHARY] AHRE o|UMEHL} 1
A A&7 EHEIH(8.49} 12.2)0] Z3FE o Tt

w4 EW-MFA ZHAZNA Hofotal A= FAITE AR GAAL 2427

A)

2T 5 Y, A7 A B2 9 DYE O] E8EHT = HEZ AU
AFd(esource productivity)o] th. A&E7FsEAE YolA= 49 At v o]

olF fIot A F3kE, o] IAHoA A= Sk E-AR1 A &M= 7t
5e H|Aasletal A A7t op|shs RAAQ] A FFE Eourtor STHUNEP
IRP, 2019). AHY &H|9] F717F E7H st ete, A 4H] S7hof s AA/d74o]
U 49 A ALl £27F § FHH, ol A a7 AR ERE AU gk
SHrelative decoupling) H= A< uigith. § Hoprt AAY2 F731= £33
?l FHYFe ddHerE Equd 4 SlthH, ol ddd E5E3Habsolute
decoupling)E ofm[etth. A AH|et A 1 BAE AYck= AR F STt
A Mol AL S T2 o] A £ F GDPE SAET Y422 2003
d AALSALS] 7|12 A1 (fundamental plan for establishing a sound material
cycle societyr FHotH ABAMY, &%hg, HSAHET AXE =Y5=T, ]
o AP S4ol DMI A %S ARESHATHUNEP IRP, 2018). B f&olA =
A4S Aol DMC A #5 ARSIt §HH, RMC A #E ARESHA =W = Al
F= AAsE7] {6l sfiQlollA anlE A EFsto] Aol Ao s FAS HE

=
A9 2018 nEste] ALgAES vebd S glet

I R

\I
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2) =9 AR AA AL &4
SQASHAAZ(UNEP)S] ZA A3 d(International Resource Panel)?] TZ=¥
EZ35E gloJEH|o|A(Global Material Flow Database);= A AlA 2009 7§=+9]
507 }(1970 20199) ARAANAL 4 AaE ASUTHUNEP IRP, 2022). Zt=t
o] 7= dlolEvts &8st B ES AEs| 45k Holle A7 ey, o
A /&‘EQLE%‘(MuIU-reglonal input-output model)ol| 7]¥tele] RME $&<
SEY EAEA S AR A2 AR Helvk. 22 35 AvtolA AA| ik
o A AH|E WEFSI7] wloll =7 1t 8455 dEEA Hwd 5 Uk E3L
WU Vienna(2022)9] 'r%;‘e‘i 24 3x8(The Material Flow Analysis Portal) 0l A
+ HoJEE ohst B4 AlZpslsto] Zb=o] E45E AYE HojEth wEh 2
Aof|A&= MThe Material Flow Analysis Portal oA A|l&-ok= dlo|&el& &-&o}c] 3t
=] ARIAANAE A 5097E of A WsiR=A] 245k, 20199 TS| A+
B4 5 EW-MFA A #7F g F8=3} Blste] ojf QIR E451aA; jitt,

Sh2o] I A AH|(DMC)= 19709 112¥9HEOA 20199 920MtEC & X
w5097t 88 o4 STl B0 HIESgEd AR AMY SV FEY
AHIY 2-4]. W AL AH(DMO)E 19979 A7) 25 34stATHT 64 A
| old 25 94—%}%12111 20059 o]¥ &g F7HAIE Holthrt 2017d-2019
4 3W7Ee A5kt =Y AZHDE)}S 19704 98¥iutE] A 2019W 526HTHEC.
2 37kt 20199 AEH 71228 A9 thRE(90.7%)2> A48 274t A3
o], ARk ‘“ﬂr 527 Hpo] QujAet 72 Hlo] Quj AT} 8.3%, S 3ET FHAA
27 YA 1%E AR 2-5]. W A=2(DE) =i A+ AH[(DMO)E |
o E¥, DE/DMC H|&o] 22 713k 88%°llAl 57%= IHAashH A AH|9] 5j9] 9]
Ex7t 376l ol Z2 717 5%t <5=U(PTB)o] 13WRkEAA 394WutEo =
284 o] F71eE A& Hotdk & & 1o, i}ﬂ Amel %é%*g«l B A9 AF
F%dol| oJ&Estar et M, = &H|of] 93t & 24 87=HRMO), &2 IR
(MF)2 19704 22697HEC]A 2019¢ 1,128‘1—‘14‘5&%& oF 5 S71stl=dl, RMC
o] ¥3} P42 DMCY ®st i o=2A yepdd " 2-6l. RMCO FH
1997-19984, 2007-20099-Z ALjstal thit 717+ &<t M¥tdog F7HAE E%‘lﬂ

lo

[¢]

[©)
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4, H2 10970 20079 HIAE 9X) Rokn S Holw ik EF, 2R
SH(MPe] T AU 2U(DMOMR A ekt @5 S Auph 328 FIL
S9) SUshe A Aulh Ty A AR s A2 & % A

1B

Waste for final treatment and dispos:
Mixed and complex products nec.
Products from metals

Metal ores

Products from fossil fuels

Fossil fuels

Products from non-metallic minerals
Non-metallic minerals

Products from biomass

Biomass

qg?ﬂ 1980 1990 2000 2010

Time

[O3 2-4] 5:=20] 1970-20194 SZH U X} AH|: HIO|QUHA(SA), HIZALS(TEM),
SPIZ(3|M), SLZS(WEM), J|EH HIS(2M), H7IS(Z4Y)
(&% WU Vienna, 2022).
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600M

500M

400M

Metal ores

Fossil fuels
Non-metallic minerals
Biomass.

300M

tonnes

200M

100M

Yo70 1980 1990 2000 2010

Time

[ 2-5] st=22] 1970-2019'F SEY LH XMZ: HIO|QUHA(SM), HIZSS(FEM),
A R(S|), FEESS(TTHA)
(&X: WU Vienna, 2022).

1.28

18

0.88
N M Metal ores
& W Fossil fuels
s M Non-metallic minerals
~ o8B M Biomass

0.48

0.28

Y570 1980 1990 2000 2010

Time

[33 2-6] Bt=2] 1970-2019E EXE SHUX|S: HIO|QUHA(ZM), HIZSAS(FEM),

=3
P Z(EA), S5ZS(TEM)

IOII

(&X: WU Vienna, 2022).
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[# 2-2]= 38 AY 9 =719 A AH| A H} Al A A #HE H|w g Aotk
B Aol BAoA 3=9] 2019¢ 1919 DMCE 17.97&8°& YehdE=d], K-SDG2)
2016¢ = 1909 AFAH[EF 12.8E0]4 20409 EHR] 13.4E0] vlof| &2 =
olt}. =19l 119 RMC 20199 7| 22.01E 202 OECD Bw-& A3lot, XA}
H 16470= 5 120814 otk A AlA Be] Aol 19173 DMCo] Hlsf 191
Z RMC7F B A Yehd, ko] o =7ho]| Hlsf sfeje] AhdaH]of tigt &k
7t =2 AL € 4 Atk RMC 7|2 A84AMES 1.4598(20159)/kg o2 Rdolut
OECD BHth= RAN A AA diFi =7kt vlwsto] =2 AeP4H8e vehd
tH16471= & 138HA)[LE 2-7]. A 5097KH1970~20199) =9] AHel AH|E
Z7Ftd o, GDPe ZESIISE o2 RMC 7|5 AHPAIAgo] SHf o]A} Z7tst
At o =719} Blste] KRt ko] FAYES A AH| STt Hs) A
Y= A3 &5 %K relative decoupling) A3 ®EoItH1d 2-7]. A 1992
~20199 Ato] AAGZE EFS =dUATo] Fddks Al gexst
(absolute decoupling) AFS HOl =7l2= & ojg|ol, B-&, TA|ol, EXH},
oAaEYo}, "2 A FHutE] So] Qi

[(E 2-2] £ J7t { x| Xt AH|Q} XMLY X H|W(20194 7|1F)

DMC/capita RMC/capita GDP/DMC GDP/RMC
(E/2) (E/2) (2015 USD/kg) | (2015 USD/kg)

st= 17.97 22.01 1.78 1.45
M MNA 12.39 12.56 0.87 0.86
78 14.89 19.03 2.16 1.69
OFA[OFERES 12.32 12.39 0.55 0.55
OECD 18.32 21.50 2.06 1.75
o= 23.29 29.65 2.61 2.05
F 42.24 46.82 1.33 1.13
= 22.78 21.96 0.44 0.45
U= 10.80 18.18 3.32 1.97
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2
10T
. Africa ‘
Asia + Pacific
5 Eastern Europe and Central Asia -
1T "
Latin America + Caribbean
a 5 North America e
o West Asia
2
n
-
© 100B
o
‘ 5
©
=
@
(=4 2
8
= 10B
&
s
(U]
2
1B
5
2
100M
2 5 a5 s 7o 2 El 4+ s s 7 s s 2 El 4 s
Material Productivity (MF) (in constant 2015 USD per kg)

[O8 2-7] T2 271 U x| 20194 XHaAiAA(GDP/RMC, 2015 USD/kg)2t GDP(2015 USD)
(&X: WU Vienna, 2022).

L]
800%
.
600%
L]
L]
>
2 400% - .
L] o - . L]
2 A : LA .
LJ
<006 . sguth#orea =
LI “b‘ LA . .
“? ‘. L
*-. ey
.
0%__.'_‘% o . L -
- - =4 e
L]
0% 500% 1,000% 1,500%
AGDP
® Absolute decoupling » Relative decoupling * No decoupling

[22 2-8] =2 Z7K16474=2)2] 1992-2019%1 Al0| GDP |21t XIJAirA(GDP/RMC)
HIlE Al Hoi SSXSH=M), MY SESXsH o), SSXst 43S HO0|X| L3(WZH)

(&X: WU Vienna, 2022).
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riok

=3 It

o=

3) g=9 2448 9%

EUCA ARESHIL Sl WHES E-85t0] U ABAMol-8ES 73t A7} 20184
71E 8.8%% UYERATHEAE 9|, 2020). °le #H# 287H'1H 20189 +=%&
(circular material use rate)?l 12.2%Htt @2 $Zo|ti(Burostat, 2022b). 1&
U, <8EA A% AR EE AFE S2sde] #9 FU 92 Hdshol= A=
Ao Ao s FAH QA & FE7E o5ty sddle Ay 4Hgol o8&

glo|El7} 2A51A] =t} A D AH|ZEE A5 H§7]E = AldEfo] AT A
Az dRlEY, dd4or HE AZEEHE H7lE ve2 W2 Jor HojH, 4

o= FAEE APALY F= FEs] wetsty] fsiMe A Eeto] BRsit o
714 AR =) ARl AIdARE 2559 TRl XP o] 77t d<sto]
AA +=34A g =Esh7|ole AV Ut ZF AA FEolA FAER1 s
T HolHE &8slo] EAUSE 9 &84S Adke "o vl Qlok AFEst A ZYE

F= AdA= Ax DACIM LD FA HE oA HAkd oA gl
3 ARSE, AR, AFEAE, AR dA B ouA] S ARge] w2
2A7kA wiETF A Ho| diEiA Hlole R o] Wagh ARfo|thFAIE 9,
2020).

l:‘.

4) d=9| Ad L Y
7 24 A3E YR, =] =7t A2 A 50187 w2A] SRt
20199 A AAHLRE 33| w2 AdPAHES 2459t ol OECD Bl
LA 71, v=] HlsiAE W2 sEolh =] Ak Avle o] &k
Aol am, 53] MRS a5dE2 79 A sdshs Aol =olA A
Ao Azl Avlse AU diFE 8 SA9t 44 el viaSds,
S2A| vho| QUi AE HoRT Hio] Qufj oty ZHIQEE. S0 55
ELFAVE Bast, £@/de w017] oEe HdRE e %0
AR ARk oA F29 de) daeAs o shada 4]

& 7, Ae] getazglo] "asit

>

mlm
3
N,

N
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o
w
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23PN M3t =Q A Ho

| Wy et | M-

EUOAE Al 7Fx| &5 (key product value chains) 77HS &34 Al 9l
ojA Q3 ARIT o E skl S TESkL Ut ol FE2 ARAIE, HiEY-
A}, ZAA, SAE, AR, AR, SAEClth o]9F fAFSHAl YEdHEof A=
A4 (construction), Z2tAE, AH|A(consumer goods), 71 = (biomass and
food), AZY(manufacturing) & 57H = 548 AEE AAste] olg A4 &4
SE(material flow) ¥ EZ-AY HAZ(material extraction), F7I7IA|
(financial value creation), 247} (greenhouse gas emission) A 45}
of AFYHE =E3HAHDe Wilt et al., 2020). 20219 129 f-uatolA Ut
retasdS 9 ?3(_}5# K-—u:%}%ﬁ] o] YA <] Joﬂj\-]E FEAGNA Gt A4l 7HA|
5T 5T e ‘E‘E‘ o] G52 SFA| oA o ZobsH3iT. 1y
FEIT YU ARt 14]7]% Y @l Ao]do] glow, o] oju| &)
ke AAFYIE 31315}04 ng =244 Ak F83 F5 E= A4S JoT
287t Utk & HojA= =W <A A 58] 7Ivksto] SSHA A F8 4
P TEotAf gtk

‘r

[¢]

OECD(2019)= $-2yeh= ICTSF X
T7F =3 JIdETt ot v a3 EXE X 6—t— loﬂ 01?4‘5 1 ﬂoﬂ u=f
H7E 45 4 AYed J =g g
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o] <27A A FHOoE Ad9] w2 dfelofEret AUt EEEH . H2o0t
HHE(202002 A AR Age o= 52 2A 71584, W, BA,
ARS] B2 = Lol oS BASHET, & ddolMe olsfe A ey FH
= 2 =014 283t

a4

28 gt
(QAljl.A P = Q@g%
Nz Wi DH:I eSS

BHH 21t
(YRl 35, GDP 371,
TR 334 5)

!

|
W

BH oA

u,&/,/ W \\:\

Atg|™ 1}
= AH|X} Q1A THM, 2E)
i A = | 4 (OIIL-IIXI FEHEN %>/
\_ J \§ J
A )y

[38 2-9] X|s2tAN Mat Ty A3
(BX: 22010124, 2020, p. 15)

(¥ 2-3]12 & AFolA &334 A 582 #4517] flste] 844 #1211
(3 2-9] F=2)ell sfigshe 71524 uﬂﬂ% A, AE] T HAFARE HolE
o [T 2-10= [E 2-3]19 gh2 o]83to] G7 =7t tiH] Hi3tl=o] a0l ofmgt

AE AHH oz offs] eF JHo= YESItt. d30] HojFe g2 BE A
E gho] EAske 22 A=<l 201749 SAAC] 7R, H7lEol sidthe A&
+ 20179 A=E L 5 QlojA 7HE F2ol 7k 20168 Am= YAk &
AR s EdegAdol AEs] el Hrle AdEES ved &8 sigs=
AU g FES AlLfet e ARSI



H>
rioe
ox
]
rx
oe
o
fo)al

7] AlLt2|2ot of2{ge -

G7 =719} tigtyl=re] =& vlwsly| flste] G7 Ht | G7 Bt igel=
O] Zpo| gk ofefl A& o]&sto] A5kttt 7|4 FHP A= AR AdFo o
g} BAol AL -1, ZAQ AL 182 AASP0oH, ol £3AA ZHoA EAZQ
ANE HolF= X 17F 2T vpgEof| X|stes AlZ3) sto] FHobgol w2 A&
ol 4o 2 SeltEs o] S BAoz g

HHCTRTE 2 opy )

(4] 2-6) NEE F FHoHY =

G733t
[E 2-3] =8N g 53 D2OpAo] ALES X2
= e K& RE | o
T (ctQ)) e of=t | F{LiCH ZEA | =Y al0t ux | gz

EE =T

27 B3 LE S
PMzs (ug/r?)g 28269 73 114 120 159 138 103
olCt 7|2 HrAi2F
ho(kgj'cisoo = 3538 NA 4990 4867 2701 NA 4,182
W

1Ig HE8s o
OlLXE: B2 T2, %) ad 60 28 43 67 | 50 | 21 44

Rty
(GDP/DMC, million $/1,000 | 28 | 36 16 | 36 31 48 46 | 51
AH| ton)
AHEeRle|l=E
(ROIRISIR ERIRIE0I: %) =4 78 14 | 34 | 37 | 50 60 | 38
(o]l =1
REEQ - 517 4 | 105 234 | 204 | 339 | 271
- (people/km?)
Al ES[est=
s 2X | 52 | 51% | 42% | 54% | 42%  53% | 49%

(FIZR/2, %)

OlO|E{ &X{: OECD statistics (https://stats.oecd.org/, ZA: 2022.1.20.)
* DMC: domestic material consumption (FX| 22 A2 - 2 22 £47)
* ZEAASE A (direct material input) = XY + ILHAHZZ(domestic extracction)

6) G7 =710l Zete =71 FHLC ZeA, S 0[E2(0 Y=, &=, 0=

38 =2sjojiony
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C 2 DU ABEN 4F Y e ot

JI9oA Uk 7198 (PMas), BAIRHE s 9En), AR E) F2ol
A 53] FoFeE & o Qltt 3=9] W& i ARE EW G7 =71 tiH] Fodo]
AdAog Yot OECD(2019)7F EA5H ute} Zo] QU L7} &2 ARS|EAo] 7]
Qlste] migell Bagt EXE FHol= Hlof ojzlgo| Fu&E H7|E F& &3 3
Al Ag 5| 7]ofsk= vZt AA] ot} 2 B4 il SevEe 7193, 171
&, AA, A B8 AAl] 24X £3A [EE o= FYo] 24T AW“O‘PD%,
olojZ|= oAM= olHH Ed] T ARE FHOE =3FA Aol LAk A=k
AAE =&t

PM2.5

e 1915 7|2 2y
RS EE 7| MeSe
RIRLALY
2 oEmeiE: 67 27} | hstels 45

[33 2-10] =FH M2t S 2HMM oistls of
ES

s

H2E 23N M3 x=2 M Ho 39
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71014 24T 23 feyehks PMes, AH si9jQlE, JIFEE ARTF G7 =
7ol Hlstod Fefgol ot sig ARE G7 =7 #E2& 2F= U 90| &%
A Age] FEol 2 5 e olg A&l 7|ofsle vt 2 AE £88A A
Aol T2 a7t Sk o7IAM JIFEEe <28 A 4 Al 9

A= ARRled gaolu, vtz #8igA|2o] Aol QIFdkof FF2
F7] olgtk= 570 JleE= oA Hek £ 4] =Eof g FHobd FEE

Q.

o

SHH, 720 H1E73(2020)9] AgtollAl= ARRZIRMIA 7137 =AY W7t e
84 E3 3AEA] AR AFE TEoke o S8 AEE ATtk A ABE
H7E Qlom, o|23t WetoflA] Q] H A% +8HEA Mg FYOEA FIHH0
2 13T 97t Aot Circle Economy”t 2a3st WE=A=9] Circularity Gap
Reporto A= S48 Y2 913 A AHE 2HsHE 71& &34 A ;@334
ALt AASE reshoF htal AgstlthDe Wilt et al., 2020). b &
2T A AAZCE fAFHo| SV $3% £ o|F= AW oS —1_’—340}04
2AZIA HEEE S A A sEo xSt HEo], 719 3 &84 A
o] IAR st= F8 HESQ AR, THrIE dEHE,, HAETES
AE-EE70 Tt HE,, A7 AAAE D AEA] Ao Bt HE O 5
Q5HA TSkl U= AFY ESF F7HH 02 1Sttt 71 s Aol 23
A7]-AAAE 4 AsAs 4y thAge] ot AR AlE(EiSE - g E

=
A

F

|

>..

=

9, BALL, solois Bk WIA 8 el Bl ol Al=z A
o] 3% BAIZ @Sk e £2ARIR0) W8 "a o] e B A1

[ 2-41% 9o+ o] EAgt 28744 Ak o]11= ojddf 7]odzrt & Ak

2 AlES FEER RSt Hojeth nAHA A 2 A9l 282 diFeE b

E3He 9ES PMys ARl d&ohe dFo2 Hsir, 958 247t whEsd
O

=
glojg: 201749 EAH ARNSE 83519t 7| IER o] AeF
AAABVE, FABHE, WA} 908%8E AL, ol7IAE g QHEA E}HHE
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Falo] 49 ojA7t A OR Erhy wastel &
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H 2-4] 232K M3

ZH(PM,5, 2E7IA HIEZ,

Sfe]oJEro] sigohe PE2 T2
ATE, 9 EEE == tHlo[E)E o|gsto] A5t 2015~
FAREO] FQlolE = 96.5%0] 3L
o] LZutet HA| sfjejEE oA AA|oh=
o2 Wt} v FAE Aol e

$4:9 18.5%% A5
UEGERE RS
YR AR L
AFANNE FAB Feto]

SiIOEE, 7IE Hu

fiy
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GOl Asol=
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I
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=A9gel A A

%) 710zt =2 ©E

28zH Bat 52 OIS M9l 9E = 22 l0iE” E= 2ANE
e 38%
71992 HEY ARIERIES 25%
HZHZ 22%
| RFEZHEY 35%
N MREHENLY 12%
|ESIEEENEY 1%
Z7OE, A U )| 14.3%
" IS 10.4%
A 4 % 6.4%
1RESHE 6.0%
P 2| s S0 o
& R e
27| HAHE Y SR SIS X e
stean 261

* 70Es =W HA HHE

oA XXt Hig E= & +Y5U0AM XiXlok= H

7) SAEKOSIS)OIM HiSst= 20174 MEY F= UEE 24714 HER HI0|E 28(F4Y: 2022.1.20.)

8) B8 HAt2((2021.10.8.), "= 6487H CHYAIRIE, HH

CHH| o7 [2E=2 26% H2, T4l OV IM IV [”E=22

Py s 44501 2 2191 SHOI IR, SASIZ, TANGIS S 75 SUS Hafat
9) S1=2B0IM HZ5H= 2019 MIGHE SAR(10, H2Y 49I5 U 74) TR
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OO ZAF goH Fif AAS HrloAR R, LN i, SRS
7t e 49 2 SYIE o) Y T, £ U39 EABARS AT

OFE 3 1 H @?zﬂo 71 5 ,J\E}. St
H, A= 9)(2020)= "THESAIA ST,

£ ez ZPJMH% =] 4%%1713 1
AT eSS BN A3t 1S ARG vE4S W’Xﬂ AzHe] A
Aol Az o=z ”ﬁlﬂ% i}li AzA7} steEd 9 SSHAIE A2 At
go] A oE w2 7o Bt o714 S5tEd W SR Azl b
715 Aot THAsto] ?ﬂ Aﬂ lﬁ_i Aol He SHAHEA AXE EZRICE 2

ATt 24 AT U By AER AT AUEBH EE AU
o] e AL IS ARG, S8 9 S Axde e84 18 59

o 7jolste vt E 7] W] UL AUPHEES BUHATO RN £
AR Ago] w2 37 AA AR ok A w3 B A0 R 95T S UL

Zo]tt.

[E 2-4]001A &84 A A2 55 A9 dFl 29] ol 4t dFE 2 A+olA
U &A A8 F8 AGo® AHostgler, ofet #ol 20159 7IE
E U2 45E o7 )l d3AR. A471M 7= 51”41 3 Yo A
sefolEert w2 AU AW AAAE H AsAet AEH, AR " Fevle
20154 7|& ARIEFE "ol 5 dSH UHZJ%FP.

- B ABA AR FHoRd 7= M B2 A O 1S AR
- (@A)EF dHAl oA HrlE wiEd 7P AdEHe 45 @
e, A& " Fer] Az, © A7 Az, © 25784 Az

42 =siojHeiny
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SIS 231X MafX|E J[Ht 2050 ALIE|R

BAU £
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3] $A7F HslE 7] AlZleE 2006 EHE 2018W 7R 9] Zhof| 7]Hkete] A3
IS ARSI E}ﬁ’q’\ e AArE] HsliA= OECDSA 5 GDP FA410 ¢
E19‘r A A ] (domestic material consumption) H|°|EE AR5t o]2}
r2 B4 Ayt 20509 BAUOY sfidshs S8 S 14.8%, AFA8AMSZ 3005
/1 000ELE YERT of7|A A4 olF GDP 35 AREStol wet g1ho
HEo]l A8 o] HZ& iEsto] g2 Bl dart vk

mlm G

_:EF-D

10) OECD (2022), Real GDP long-term forecast (indicator). doi: 10.1787/d927bc18-en (ZAY: 2022.10.17.)
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MIIX|E 7|9t 2050 AJLI2|Q
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FolstnE 9l5e] BRAE W EYshs A s fou, &8
7t BEA9 IR AR 2= FAg 287 Ak 2914 20184 V1E =4
Tﬁr/‘é(xh FUR 7122 13% F=olH, Tshe BE HleE BF A %EE

8ot Aol 20%714 A5 7he sttt WIS & L9929 A =%
=842 20% == FHAHPWC and WWF, 2021).
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7] 5| (fully) «=2HAE Hglsl= HE A=t IHsI=T], Circle
Economy”} @343t Hdz=9] rCircularity Gap Report oA 20208 HETH=9]
B4 (circularity metric)> 24.5%1D0|™ ZAH(construction), &A(biomass
and food) A9 &34 A, AR R A, Av|A HLE Alte] o] w2t
70%7HA Z718 Ao® UtREAUtHDe Wilt et al., 2020). 0]7“—9 SRR
(material footprint) @2 HiksHA A BAAHEF thy] 57% 14 FolH, B4+
L SEEVIE EEE AT AA"R[IE 2-12]11202  FHYSIItHCircle
Economy, 2020).

Processingwaste
Dissipative uses
Short-ived products

Secondary materials®

Primary stock-buliding materials

Recycling & down-cyclinginto secon: materials*
ecycling -cycling dary

[72] 2-12] SX2EH AY U

(&X: Wiedenhofer et al., 2019)

11) = 2|ZEM M MA Lzt circularityS 8.6%=2 2448t
12) SIALE SAIS %] S| S52 UAKMOZ XIA5|47 0fZ7 | TR circularity MO fossil fuels, renewable energy,
foodE= EEI5HK| 2.
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EFE2 AU F9 A 748 2 <3 A AT FEoE A-E83 94 5ol #jt 1
o] AEAT *az} OXH o|FA g gl 7o HA EoHH7IAA} ICT, AFsA/HiE ], 2

2], A, AARA, AEHE IHE 7HASH o] F51-2 & dolA =
3t 8 ARIET 101 wiAo] =R gkoy, =AY, EtAY, A7 AAAE, ARt
FEZ et 9lo] g F29] 20509 % =8| &ES sttt (& 2-5]0] o
29 20509 23, EAE, A £30l8-E HEHes 90~95%0|H, HEHET}
goll 77k =AAR] HEAR E 4 Qrh £ AFolA= 100% <
g Gl TK-34A oA, HRANA A HojuA] g2 0= Hil
A 7T8F 2050 AU 04 6t =8 AFATY] A AUE e s BT
d 100%= ©<=ststo] d7gstelt

llu

[ 2-5] "K-222H O[]0 22085 SH(R) (HZ HTAR, 2021.12.31)

T2 Sixl214) ‘3044 ‘50
I AHRH (EPRCH AN 81% 85% 90%
EctAE 56% 60% 95%
He 30% 50% 70%
M7 M E 33% 50% 70%
INEEPN (=) 89% 93% 95%
SH= 13% 52% 70%
(HHO| 2 7 A 3} ° ° °
AN 73% 80% 90%
(HQIXtS Y x1|° (6.2%) (20%) (30%)
X AtEA £EQI MI|Kt HEZ| =S0|8EL =3MA = 0|7 FI HE

B ol0] AT 78t 2050 42734 Aleles o4te] sjelol AR 5747
R E(E AT, LA FTste] 20508 ZENS AFstACH, oo
H5e AR Ateles wEsian

46 =3ojeiny



fiy

=3 x|Ct

(=T BN LY B

H2E =W =3 =& R 1

O 2G4 g AU eE 4T F8 AREEEDY, A e =&
@

A7 ZE2H A®7T BAC ojHet AR WIS =AE £k, Het
ZFA7t Lot FAIEE 7H8ste BAU(business as ususal) AlYE2

® Seluloy #3Aze Aol B3| Wast 4] IAL Ao
® 7] oI AR JolA] B0l HrhH(100%)el B A9E
24 Aoz Agste] S8 ATHIE he 4

2 HuAoA = Ut ot M 49l EAeS/dT AHd84 ol ek
< djof] =7} AA BTG AABAHI
FAATHE(Q20159 7127HE EHHER 718 FA4E®) vl A4 ARES

USEEIO v1.113& o]&sto] AFgsteint. USEEIO= 1€89] AlEE B4kst=
| 285= ALY g I IYok= SEFFS Xﬂ% AEFER APYsto] Algo
o, g FAAERNA J5E S50l sgcts 582 S = SHibsto] ol A
g gz AZ L Yalsle o] HLast Y oohg +74319t. USEEIOS] A& 4
Al AFEie g A AEEL}; 101 th-85HA] B = USEEIOQ] Aol =y A
A#rol SPHEFANIA FQlol 7MY 7PRRAIE Fob Il A FEol 9
USEEIO9] #5232 AREFOIAL, ol F5= Aitol= o] B89 A9 B2
5 I9=2 Foto] 9] o Atdo] A4 IOl A b An7E AiE o R HRAE
Totstgict.

24 A3t ot =3PA A% M2k A19do] 100% Aghol| Ad33st A Alute] oA
EZ4<¢3do] BAU 4259] 2.24), AHA84Hgo] BAU =29 2,182 Z7lsk= o=
e THIE 2-6].

(R}

Fll‘

)

o A

13) Environmentally extended input-output matrices & 122{ 7tX| MBS MAMGH=0| st X129 A2 HHF=m
atrix US 228t
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ESPA Ak e Pi-2u]-w7] oM Mze 9' FUe ik,
A e Heletal, w7le TS 2asiekomy Ao AR EE Ft HYEe
P Eole AL YR FTHIE 3-11. o714 AFGA &8 A deh (1) AL

(recycle), AR (reuse), =

2 (repain)dt 243 B2 g-8oto] A U=

Faolstal, (2) A8l golstal Wi7/do] w2 Al tARIE s, (3) BAgolA
ZA7IA HiES FHadlehe g oIt olERt & & oA =7PE AR

2 oo w} £33 A AghS FHHoR Qo= Aded WS e =&
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Improved, cost-efficient collection and treatment
systems will lead to fewer and fewer materials
ending up in landfill and support the economics
of circular design

Producers are fully responsible for
recovering materials from their products
and packaging throughout their lifecycle

REU

There are many ways consumers can contribute
to a circular economy, like making greener
buying choices, sharing assets (e.g., cars, tools)
and repairing them or offering them to others
for reuse and refurbishing

REPAIR

Fewer raw materials
are used

Products and packaging are designed to last
longer and be more durable, using more
sustainable materials that can be easily
recycled at end-of-life

CIRCULAR
ECONOMY

Government leadership, producer
responsibility, and consumer
education and awareness
will enable market mechanisms
that drive higher resource
productivity, innovation and
economic growth

Businesses collaborate and coordinate
across sectors to reduce greenhouse
gas production and fossil fuel use

SE/

Retailers offer products that can be easily
reused and refurbished, offer end-of-life take
back or maintenance and repair services, and
support producers in providing education and
awareness to consumers

CONSUMER

USE

[33 3-1] MZe

=X https://www.ontario.ca/pa

A,

2H|, H7| H apgo| 23 =2tE3H W 2424

ge/strategy-waste—free-ontario—building—circular-economy
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Sun, S. H. (2021)

o 371 2Hgel bRiEst

Dev, N. K., et al. (2020);
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Alizadeh-Basban, N. and Taleizadeh, A. A. (2020);
Dev, N. K., et al. (2020);
Feng, Y. T., et al. (2016);
Wang, P., et al. (2017);
Zhu, X. D., et al. (2019)
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Fassio, F. and B. Minotti (2019)
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Bakirlioglu, Y. and M. McMahon (2021);
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Fassio, F. and B. Minotti (2019);
Li, G., et al. (2021);
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SCN1-2 20 oM I
ALt2|@ SH(E=) |+ OIL, CHE, NFM At MA7|= 2 Lf CRM2t CEN AR10f|
(EEAE AR = 2| st B2t 3
| R&D & |+ OIL, CHE, NFM A MiA7|& X Lf R&D A0 CHst
AlL2|R) St S0
« B HEE S8 dE MY ¥ T MYUGHE NE
SCN2-1 « ‘50E ECT, ELM, AUT Al XII(SE)28 20 oy 71
ALz SE THARE/ |« ECT, ELM, AUT M MA71s 722 L CRM2t CMA ARA0j|
(EEMAE | TAE = tist 572 U
AlL2|R) « B HEE S0 dE MY ¥ T MYSHE ME
SCN2-2 « ‘504 ECT, ELI\/I,A/;\OLjTAE;%* il%(%’%)%@’gjgﬁ g@i ;rg
AUEle | EE g/ EHc; E%LQU; ET' AL |2 1 LY CRMZE CMA A40f|
(BEUARR | MHE & 2| T T O s A JRS—
2 R&D & | ECT, ELM, AUT A4 AiAM7|& & L R&D A0l Chh
ALt 9) Stte2 SO .
« B HEE S8 dE MY ¥ T MYUGHE NE
« ‘504 OIL, CHE, NFM , ECT, ELM, AUT
SCN3 A MHEEE)EY S5 24 THY
NUZIQ | X[&7bs5t &8t « OIL, CHE, NFM , ECT, ELM, AUT AtQf AMAL7|& 11X LY
(RI&7bsst | AJAR! A5 Q15H CRMIZF CEN Afof ofst =712 =
SBIAAE | E5K M2F O[3 |« OIL, CHE, NFM , ECT, ELM, AUT At} MAL7 |2 X LY
AHzIR) R&D AtH0f et &=7t4+2 S
« B HES SO dE MAY ¥ T AMAGUE NE

T

wih oX oH o B
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[ 4-5]00141 RIT & 9%l & dFolMe <7A Bd AU g A
ol Hkgstr] st % Cipi=g

Aefa ahdomA JEfel I3 3 ARAAE AXAOID), siehad 9 ofehA|
AZJ(CHE), 1A% A=ANEM), A58, A2 " Fe717] A=2AJECT), 71
vl AZAELM), 57381 A2AAUDY AH-LED)ee ol FHAE 205049
dEe dHe= 7] f8l, g AlY § RN (e ilew

2#=E) CRM, CEN, CMA A S 99 vlFor AdEd)edd 24 +

2 dEHsE st A

AL, 283tA Sk olol whet Sefuet HRA M
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=EEH MY SHT| AUEI2et D[2iE S

H3 FeHAFES A8 B (K-S A olFAE,; Holl BASHE F8 F5E A4
<3 24 SE[E 4-6] ©] 2020 ] 20504 STtk T, AFIATE W 6
I AFA(OIL, CHE, NFM, ECT, ELM, AUT)] £ x4 CRM, CEN, CMA At
d S FYA BlFo] FTIteE FUAS FE] #IskE wgdsielrh. 18 Al
oz AP 2 T7HES 71E2E CRM, CEN, CMA At S7H £ 1]

o
T /RS 7IEdE e A FAle AN BlE HilEste] REdsilES B
3

] THE E AUE 0] A85) 20508 71E HE580] gE Yat
FEEY, P fda, HY FEETE ALketaA} sielnk of7|ol A F/lAS
o ¥ES Yoy HEFH Aoz A3t 67f AFe FFYA FAEdo] A=
t27] tfiZo] RAS 7I'HE H-8sto] P& A+=(matrix balancing) 2= F5F3A
o}, TjE0], SCN1-2 AU, SCN2-1 AU 8} o] AgA Ajjo|A R&DE &
ok A5 AtdAdRo] wgdst] Hsl, 67 A=k AFA(OIL, CHE, NEM, ECT,
ELM, AUT)S] & FAHS dAsHA FAlst, sid 4= R&D 4Aredol gk 51t
A o] ST 7HIstaAt Fk. of7lolA, A &3 2 STHES VIl E,
CRM, CEN, CMA, R&D A} S BN HF S7HE2 7= 7E ARl &
YA AT BlE HiEste] BEgstla= BHelth BiEo], sig Alue| ofA A=k
A3E9] R&D 4tgof Higt YA #so] e S0 FAY Ao S7FETE O]
CRM, CEN, CMA AFioA] R&D FUAI HEole JF= 7A s dFFo=H,
AAH0Z 67l HFFAGoA R&D &7} CRM, CEN, CMA A3t #2s R&D &
U PAFCE HidstaAt gt oo, s 240 et FUAFE HEAT]
HF AJF=(matrix balancing) 2F4S Y511, 20504 7|& S50 2 A
R, B Ay, Y FAERE AlstaAt sl B3 AlUE L
CRM, CEN, CMA, R&D 4tdel digt F4AG S7REEE B 4H9] FAAl—= 4
AL EH A 2 A8 HA] B vtgstarat gt ofo] wet & Ao
A ATHEAS Q5] 7Hst A AUl edE 8 WHER FZL ol (1Y 4-215

£9) AT 4 et

[e)
= = AN

S

=

>

f
B e
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H4Z =etFH LY DiEE AL
H 4-6] 20504 7| 2L2t 2 E5Y X &8 ZEX|
T STH('214) ‘304 ‘50 214 | '50H B712
RPN | 81% 85% 90% +9%p
SoiAE 56% 60% 95% +39%p
Mg 30% 50% 70% +37%p
M7 |- AN IS 33% 50% 70% +6%p
KHsSX} 89% 93% 95% +40%p
A= 13% 52% 70% +57%p
AR 73% 80% 90% +17%p
EX MASAXIHL(2021, p.27) K7A.
L 205014 232K LA 99 M2 Arglo] izt Sl
R 232 Y MSHNE HZL(OIL), Set2E Y ASHHE HZA(CHE) X
e 14 34 MZY(NFM) deio| FdslE e sy
AFF MIN olL CHE | NFM TRN SER
AFF
MIN
CRM + 4 +¥ 4+
B sH)
ojod ol CEN ++ 4+ ++
egaEa
CMA
TRN
SER
LUTEY 20y L B2 WuHE Al [ | SUEYOH

(@) SCN1-1 AlL2|

H2E =MDy M g2 /9



Y71 AUt o2

Sk

o

| ma=a || 2050 23| SIS 9I8t M Melo| ol B
N FIA U MSHFE HZ(OIL), SHEHET U SHEHRIE RZRI(CHE) ¥
e 14 2% MZ(NFM) Me] MUHIE 28 Srye 2tel 71&3 Sy
AFF | MIN OIL | CHE | NFM CRM | CEN TRN | SER
AFF -
MIN -
CRM +4 4 +¥
CEN ++ ++ ++
T JH
ae 4 cMA
pgalMa RND ¥ 4 % ¥ ++
TRN -- -- --
SER -- -- --
Y IOy L 22 TSI AR S
[] sz=aou 22 R&D Y
(b) SCN1-2 A|Lt2]|2
ESpiR=r 20504 222 2S4S ot H2H Moijo| g Frf
e ARE, WA Y A2717] HIZY(ECT), M71EH] HZH(ELM), 247TH| HIZH(AUT) 29|
T ALE TR oY
AFF | MIN ECT | ELM | AUT TRN | SER
AFF - -- --
MIN -- -- .-
CRM ++ +# +4
BT s
Ll CEN
oia] M
2RSS CMA ++ ++ ++
TRN -- -- .-
SER -- .- .-
SEITY 0 ¥ B SEMHZ Y [ | SUSY O
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HAZ c2tgd M D[{ESE ALzl
zasz || 20504 &322 LA $lot Hatx Arlo] ot Sy
I TE|, MRt 2 28t7|7] MZY(ECT), H7|ZH| MZL(ELM), SSEH RZL(AUT) He]
T 4E WHZ S L B 7| o)
AFF | MIN ECT | ELM | AUT CRM | CMA TRN | SER
AFF O
MIN = = =
CRM + 4 +4 +4
CEN
U CMA PR B S
gy
b= RND FH N A Y
TRN = = =
SER e
=SIT3Y S W B H4E WA= oy
[ susg o =225 rR&D 2|
(d) SCN2-2 A|Ltg]|2
3 or=
[O8 4-2] 2 A7 W E3 AL 2 Q5 WHEXM X2
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=2EH H4Y S| AUt D2

M3F EEEhigsrnigis

2 AF dollAds b4 ARt =8 WHEES A3 AlUE e AAE e E =
ot 8 B4 A7E AAStAL jik off| AAIE [# 4-712 BAU AU L =] 4=
Alygied i ey, U] e, Y fEarE vaste] gk Ao|
o} o [ 4-7] B34 UERFRC] SCN3 AU Q0fA BAU tiH] 7 &2
9 A i EY, P e 9 Y fERat 147&1142_% S
B4 £ QJdtt SCN3 Alue] 9] ¢ BAU AlUE]Q tiv] oF 482% 9, 9F 292
Z o A Ry 9 BrpE] et BAgskeleon HY °‘*£ﬂr— BAU
oiH] oF 4119 77t § AEEe AR L}E’ﬂ*ﬂ} olF HIEFCE, 67 A=E 4t
(OIL, CHE, NFM, ECT, ELM, AUT)°IA 24(d8) AHAHE g, H& AARE/AA
Z g, 191 & R&D & &3 AT oy SH7IH 2= Alggste] 20509
o AHYULJH ERHE IAsHH AAAA W AFdQ] A7 A9l HAF St gIE &3
BAAA W Y Eet i 4 Sl HEo], sid ATAIE BRI E,
20509 A&7hse S8EA AlARICRE Ak BMAoR ERsh| fsiA= B
ARl WHOE A MRS o] RVt S & & Ut °olF &9, FAFARY
010“01 T3] s?lr A E-l Ardarzd A0 Higt 8= Hol, A AEAE S

AR Asgo=A HAEE AYHIL U=

FO

Ol‘GH%} = ‘zlu}.

TjE0] SCN1-1HE SCN2-2 Aluz]2.9] BAU tiH] 8 ZIX|E AmEH, OIL,
CHE, NFM Atdof| tist <8744 A o|g) avtkct ECT, ELM, AUT AtollA 43t
BA AgE FE AR/ AAR SHE v e R o|dsh=s 499 A4kl E HA A
BIPL Ao E =4 88 IRIY 4 ITHSCNI-1 AlUYE|e A4t fdaay:
BASE HjH]| °F 27.5% 57k SCN2-1 Alug]e A4k fZ@ayt: BASE tiH] oF 28.3%
37D. ol= 719k AHFH, AR € F817] ARAECT), 7134 AZAELM),
=573 ARAAUT)S AHLEHE) <840l Z3A D A{AHAE AXA(OIL), et
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A 9 SpoHAlE AERA(CHE), 134 Az

23 ANEM) A ofe] Fejzo= @2 5
FORA, AT FE 20 T il

Surgy s ZFAgo] gL Z7ksH)
gEog & 2 qlth E3t ECT, ELM, AUT AJo] OIL, CHE, NFM Atlo] diu]s}

of AjFoz f2uet AAAA W F Aol R A|sk= vlFo| £ Y, o]&
9] ALED)=T] G- 2 A Fdo] B ZA FAEY] HEoZ 4
o 4 ok
H 4-7] 20504 7|E BAU [HH| ¥ ALj2E Hg ™Y
ACI;AIJ-OI:II-;‘] I:Ij 7 T|OHtS 71 x(l)d-lotll';‘l
A2 & AlEe A4S (H#?%)L} N r(ggr%a)mr " @ERL}
SCN1-1 | SX(YRF) MAIR 427,596,490 263,560,830 3,673,641
AlLf2|@ i) (27.5%)* (50.4%) (44.8%)
SE(Y 2
SCN1-2 | = (iﬁ) j”“ 435,164,897 266,202,892 3,718,970
NI ) R8D sty (28.0%) (50.9%) (45.4%)
SCN2-1 RN 440,058,542 276,694,830 3,878,773
AlLf2|@ A= Sy (28.3%) (52.9%) (47.3%)
SE THARR,
SCN2-2 IHXE‘ LE*HOQ 467,924,282 288,618,431 4,062,559
NI ) 23D ;FEH (30.1%) (55.2%) (49.6%)
£71=5} 25t
SCN3 Al'AEﬂ'jlod ;f; 481,768,263 292,092,746 4,108,147
Azl %é& 2t gl%ﬁ (31.0%) (55.9%) (50.1%)
* ) BAU AlL2IQ CHH| B7F 4%
SCN1-13} SCN1-2 Alurﬂiﬂ ZQ ANAE v|wsly, SCN2-13 SCN2-2 ALt
g]eo] 9 AVE v|WolRS I, £SFA o] At A= AAHE 7|&F A4S s

R&D7} = it
ojZe A} Z A
ATHSCN2-1 AU 2 X
9 AJA gutgak: BASE diH] oF 30.1% Z7D. ©]
3}, L 7FEdE 9 LA =
S A - g 71E] 1=t 5

lge
A%
A

ﬂr@r IR
14 W HY Eads oS
98tk BASE thH] oF 28.3% 27} SCN2-2 AUz

1at 6 FHEe S 5 Uk
FiA7IE o8 Bl

off wet ZAAA W #H7]= AHA]
Az, wH71=-wHAd HelE AR sk AlE g

ER AT ANERE RS
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=2EH H4Y S| AUt D2

O.

O:d
o B oy ﬂllo H

R&D FA GiE 471408 o[y "art Qo g 84 23E B, 54
7ol Tt BAh A9 28-S W, B} e AR (resilient) <334 AV\E“
FE3foF At ojek FAlOl SEUEe] 2 A B Ve A= AlLE] A

3= Qo F47HoR A} AHuto] &84 Y 714341S 751 T
kS 8T "art Qlty. 224 AFoA f-Euet 34 A4/ A
Astal 2A7|H0Z &7EsEE HHRA) BERE sk 7|8kS alis)of

¢

_?’E
ox

= 1w

oz O
1
filo

oM,

ot

o}
(3 4-71°0A AAIRE =8 23t 29k it oJsiE o, AuE| e ik &
YEI7E AER ofgA WERE=A] AElstd ofd [E 4-8]9h At dd AHEE
Soll &RlF 4= %ol SCN1-17E SCN3 Alue| 2] o]27]71x]¢] ek ofgo] w}
2k 7H w2 A AW Eske A2 W7E 9 wA #EI(CRM), H7l=
AB(CEN), AF AAZ(CMA) Atdole. ol &&7gA] M ool w} sig 4+
=9 12 o 2t BE Fise Al 1A Fgol ddd Ao 4
& & . °l& CRM, CEN, CMA Atfo] Auz|ed FA fdjofld AA|she
Hlgol =t ok (14 4—3]2 AuE| e S Aol APE ARRiS) At
FEI7E Aok AdiA H1ES vebd zlolth. SCN1-19F SCN1-2, SCN2-1,
SCN2-2, SCN3 AJue|L.f] ﬂw TN =FA] Aol ARk Bl 4
7t 38.1%%F 37.7%, 46.0%, 44.6%, 53.2%%1 A 0& HYAE o] SCN3 AU =
455, CRM, CEN, CMA AFie] 84t wrast g7t g4l Ad+r229] A%

2 B ZAFLS AR

H 4-8] 20504 7|E BAU CiH| &7 AlLj2|E LE MilQusa) M}

o= | eEm AlLfI2
SCN1-1 SCN1-2 SCN2-1 SCN2-2 SCN3
AFF SEedt 10,136,166 10,305,321 10,891,763 11,465,206 11,208,896
MIN 49 15,276,063 15,637,719 37,982,880 39,710,503 | 19,153,290
FOO SA=E 8,411,511 8,556,444 9,080,297 9,597,972| 9,397,795
CLO HR/7= 7,065,209 7,181,417 7,019,243 7,402,797, 7,382,154
PPP | =XH/Z0/Q14 5,585,215 5,680,280 5,997,276 6,365,986 5,733,746
OIL Al 16,748,097 16,011,767 18,405,122 19,395,625| 18,343,848
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Dj2HFeE ALt

ALl E
3= | 3
SCN1-1 | SCN1-2 | SCN2-1 | SCN2-2 SCN3
Sl si==rN =l
CHE | HEEE R 0974605 2914861 4682441 4969231  3.236,063
SretilE
NMP | HIZ4EE 187,174 189870,  551,082| 589,322 104214
NFM |22t 9 1X34 11,747,761 11,957,202 9,446,571 10,402,894 7,748,983
TAHE/7|7
MAC 1,'@/' PIF 90804208 23205307 16911047 18,181,049 18.427.403
HRE, HX
ECT | “Togpp | 28518874 20080407 - 4,672,969 - 4382471 - 4,060,745
ELM | ®71"H | 11,999.831 12,197,123| 2,676,235 3,172,622| 3,771,925
x| 4l
AUT Ictﬂm’l‘ 14,098,000 14,289,071 6,671,309 7,418,604 7,538,551
OMA | 7IEt RIZQ | 14,844,014 15,110,285 11,137,568 11,967,708 11,383,447
FLE | 7k~ 9 4% | 6135510 6,186,802 5245891 5632712 6,576,106
H7|=2 al
CRM Hﬂﬁlfﬂfal 28,730,035 28,852,941 36,939,187 37,924,889 46,957,785
CEN | H7I2 My | 69,730,068 69,702,849 36443473 38,727,026 74,821,365
CMA | HZ MHZE | 64,595,666 66,606,234 128,929,802 132,072,767 134,617,810
CON e 1,487,803 1,502,018 1,566,478 1,627,280 1,657,592
RND | St 812,722| 3,162,228 318,157 6938873 8,403,754
TRN o4 25,638,361 26,007,584 28,858,899 30,329,590 26,643,596
SER M| 61,079,507 61,927,143 64,986,850 68,414,198 62,820,694
TOT | ¥ Mol | 427,506,490 435,164,897 440,058,542 467,924,282 481,768,263
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CRM, CEN, CMA AM4Z ZF3E 9 3R] 4] dAd A4t 8 ad= &
Atjo g shitElo] Aty RE ZWte] Ak fEEIE AQlsks AR mobdrt. o]
72 4TS SCN3 » SCN2 ) SCN1 %07 & Ao 7 3RIH} g&o], SCN3 Al
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Hag =etEH MY DS AL

ol e 5871 dAA 7HA A2l 3784 7I9E g Aoz A% + Sk

Cl=0f, CRM, CEN, CMA 1HiS Zoet g A| A4 o) At day) oot oA
SEAE/ZIAERMAC), 2548IAUT) 2 9 1AES (NFM) 71 Az

(OMA), H5HAI(OIL), FAMIN) AHFE =33t A2 FEI (TRN), AH]A
(SER) A4S =3It AH|A BEO] ik gyt F=x]A QH‘HFJL RS 2l
3k & Qltt. o]+ CRM, CEN, CMA 419 H7|& 9 iz &, H7|&E ofyx|s}

4 Qg AR 5 B4 TH ARJMAC, AUT, NFM, OMA, MIN)o] 34K
S 4 A9 XHHHX]Q} Aol FXE7] WEog sjaglitt. E3], of7] 1
AREAY B, =581 AR, S5A%/71A4/3H], 718 Az, 83 2
oo ESE A ?joﬂﬂi A R AP A R 2 F0E FUE  USS
7T & Stk olF Bl S AMdollA HAMY YRR A, Adst E e
5 ARl TEAA FAS TS EHjof gt} &, o B4 Ail= APyt 8
HEE Faohke ARlolA H7 e 9 HAY #7 T AR ool 2%
Aoln, =3HFA I AT A F5 Ale =84 AEE Hste] Fxlsfof
TS AARRHE. RSt Y AR & 8 TEEY FYskE ERE, 9= 9 A

F

_I_4

o d =
o I rlr

9, BEZ zkojo] H|=UA T FAS 2517, oY Y TEAY] 4ol 1RE A4
Asts W1t AYsfoF st HEo], A AdolA AFAA 2 B ol gt £

Ag7t AR OZ Aot s 1FE-A FRE A 9 (YR BAAAS
ntdols 5 71EgAE A8 oF gt

AL gHbl WSS Al EE SCN2-1, SCN2-2, SCN3 AlUE] 04 ECT(AF
A2 9 3g57)7)) Aol At fdio] BAU tiH| tha Zradhs AC0E U=
[ 4-8], ol o AFGelA] H-& Az € <3 339 #9 59 FH=E =334
ECT 4tQdo] A H o= zgol= S FYgo] HE ol
S0l gt =871 A £7] e R & = Atk of&
TgefAl 718 HE d=rt diA=E IPgolA EA8tks A
A &4 5e 8K borst AYAAIE T 987t S AR

AuEled 7P U EIE AEE oj9A Uehd=A Aot oFf (&
4-91¢} 2ol Aelsto] AT 4= Ut o AHRE B FAT 4= 91%o], SCN1-1

FP
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=23H MY 7] MU0} D[{EE -

FEl SCN3 AluE| 0] o]=7|71A]2] H2F o]dfof| wet, & 77| Fto]A w7]
£ 2 fxd #E(CRM), #H71E AR(CEN), AlFE AAR(CMA) AHdo] 7]ojsh= §
ol Z7I6l9tt. 71€841& BHIoHs SCN2-2 AU 2.9} SCN3 Alue] Q9] Hr7t
A FEans AuEE, R&D AHJolA BAU AlU]Q oiu] R277kx] fdastst 3¢
T 4-9)). ol <S4 AZY AHgo] Bt Z¥g | w}, R&D
o] AR keet A el A ] wet FUPRA] R At thas o]
A Aoz M & At old, 7R seFAR] AeAol QlolA

1
o 7le94l €55 sS4 sA9, WY R&D A4S Ak Sd H F7HA]
= =

™ l->.
Ql«‘
fr
N
)
L
-

SCN1-1 SCN1-2 SCN2-1 SCN2-2 SCN3

AFF ol =t 7,827,770 7,974,439 8,055,910 8,520,815 8,456,704
MIN 4 34,644,947 | 34,890,375 42,529,209 43,787,466 37,592,727

FOO | A=z 3,514,686 3,569,988 3,684,221 3,863,226 3,842,460

CLO | &R/t 2,732,103 2,778,001 2,744,431 2,885,585 2,931,327

SH/E01/
PPP ol 2,195,252 2,258,802 2,288,475 2,501,668 2,426,351
OIL MeEH 4,780,465 4,841,840 5,216,364 5,385,775 5,426,132

CHE | "2 = 3128505 3185672 33109456 3507812 3,223,958
2fStHIE
NMP | HiZ4me 368473 372,729 424715 446832 374,340
7t 4l
NFEM T 5,082,240 5194003 4865254 5241094 5407762
FEHE/7
MAC | = /l?ﬂ/l | 12981278 13201534 11950806 12.828584 13756474
HEE, T
ECT |5 yappp | 19847616 20449168 21763837 23483139, or ;1.
LM | ®7|MH| | 5553920 5678042 4541242 4956431 5322329
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HAZ SEAM ARl DjHE ALL2IQ
ALz &
Fc | ¥z
SCN1-1 SCN1-2 SCN2-1 SCN2-2 SCN3

X=X |
AUT ijfml 3728136 3,817,010  4,109525 4,500,013 4,724,147
OMA | 7IEt MZl = 8,978,787 9,161,327  8357,350 8,958,889 9,038,504
ELE 7}~ Y 4= 1,542776) 1564580 1,376,350 1465502 1,898,142

iz A==
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201549 EU9| <834 7] &H, 20209 EU <
RO et A, 20249 StAE FAYY vl 5 FAHoR FHA
= AU EopollA ARl JHoRE AAHIL Sl
135 kgo] ESAES AHlshs 208 W HE Ql=t], ole A AARCEE A4
9] SOl (83 9|, 2022). 3 H ZEU 199] JFor A STAE 1
7180] F243] S7HIl w2t 2050 $AFY 24S %t a4 e A % AYs

Sehad Pl AU SA AR T4 BN A AAHoR ot ke 1
£og WAl 7jukn 7AHS ols) Mg njelgt Ar1so] tha ZAjtH, g U
e

ZR B Yo

o=
=7} L&
- 20159 ==HEH T7IX] U IEQ HESA 3 MEE-M0IES ol HIH
SZHE Mot MARE AH| 2| 3 IZE Vg 2Rt 25t HRE OfREE
7tXIAE(Value Chain)0fl =2HEN| R2|E HEdk= HMEEH.
- |ZCORIRI MshA 8l(2016~2019).
[EAT | - 20174, “The 2017 Commission Work Programme(z=2tZ4x| AMZ2H9| 03
_CI)_|;|- AloH HEJ_EH) HI'I[
- 20184 ==t HH9|X| SCAY 3 B2tAE XNIEQ A, Mih AR 2 TEE
““42 He7 = BEN BHCE 74,
- U3l Z2AH ME ABHIE flot AR MEe 2021HRE Ya.
- )kOHToHM EEOWK‘I Bio Contents H|& 50% 1Al OX.
- M| RE, sl4, IEXE MM st MEAIH(VerpackG) 7H™(2019.1).
=Y - 59 U 7Y IAE“OH 710 20| 7tsot=s Mg MT OITif.
= 2020E7tK| =Y oKX SSE0A HIO|QHX| ERE 281 37t =H, YLK
LM HIZS 20099 6.6%01A 2020 14%= = A=
23) SRS MU 2022 SHUSE SATE} I HRHT40! H2E HTIA7H S35 S8R 7|58 o
Aok RO HEE M0 U2 LS Flstol KAkt
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HiZold 2eig &Y SF A 1AI(2016.7).
HIO|Q0HA &l 30% 252 A(2017.1).
20174, DIMEEtAE ew ofdE ME 24X

oA |- 22N 2EY JH2(Q2018): ALk i, AH JHH, HYIE #2| 74, 2=
OlatAIRe] EO S 471K YH2=2 Z]AIN 5071 ZXMYC=Z FY(FREC
507X ZX]).

— J020SIRE ZAAE] AT} HA| ALK
- H7|12 2UA M=(2017).

_ — 2020EITK| KRASH ZRIS oot ATE TZE(2Y SQUNSIR S| T3l
ST o019 19 1A EIe 49 FO 2X|, YHR SaAAE HE2X]

- 20214 2% ELAHIER 3 M2 WHOR 9% B 1=,

— 20004TH ZuH SZ7|=E U AR Afg| A =X |2 1E

U= - REBABEAERTEAE(2003), BE0IC KZE AASH 22,

- I OEZAL 7JHIOR

EX: 2X|HAH-0[84(2022, p. 201)

Sglyabe TK-2344] o|aA18], 04 2023U2E ZatAE ARYAS gAtoz
AU A o8 L ALE Y
SEES 30%2 AHslAct E9 HSekay ARHe v 20309 10%29717]

e AZoln, GEhG BY P Fotol @4 AR A8 AL AR 4
G-3RI UEE BEES 23 Aol st ATES B 234 FYE

ohjz} vlole EafaElozo| BN HES Folol 474 EeaH A8 vl8g F
o] 205097H] AEEeRAEL 100%, At =
gag o gk A BHER skl 9lrk

A

_>|4_, 0
(e
i)

24) 2020 SiE5f A2| HIS2 0.1%0] S2ke!
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| Conventional Tech. (2017) ‘ ‘ New Thec. (2030)

Material (Inter.) 1.49mill.t Material
Blast furnace reducf

-Coke oven Chemical 0.40mill.t
+Gasification

-Liquefaction
*Monomer

-Blast furnace reduction
+Coke oven
+Gasification

Chemical  ‘Liquefaction
(2.5-3.4millyy 0T

Return to the Oil Industry

Energy Recovery 5.24mill.t

Energy Recovery

(High efficiency)

Incineration/Landfill |1 2gmill.t

[O3 6-1] 222 Z2tAE XHaist #2H(EX: Yoshioka, 2019)

A7) =SS EefAE 3EA ZA o9 AT Hekel tEo] A e H8A
ETtAE HEE 483 Y 4 Hiole EgtaY JdE bty Q] STtAE
EALEE FE 7AA QLS SHLE o|FoA goy A 5o fEH ¢
SHO = 55 &g V& Aol tigh BAket AFgA ofrt EiEs] o]FojR 1L
ot 9= E4H AH|AAKPlastic Energy) 52 HEEAH2 E-85t0] FE
B3t 3het 9=t 2 5 Qe 712 AES AXohe AR S5k T, A
(SABIC), °JHI2A(INEOS), EE(TOTAL) 5ol °ol& 3g5t SetAES A&Eot=
Ardoll E9S wEslTh dEL 20179 407HES] ZetAES S1shE AjEhgo] A
sl¥ou, 203090+ ol 250~340TEC R 6~88] =8 s15Hd 89 H|F
< Fdfiste] Hg4tdol AT AlEE FH[sHtHYoshioka, 2019).

SHH, EStAEE BETHOE Hofols 7|ag &8olo] Y=udleh= 7leo] /i
o, ZetA 7|9 712H]Q(Carbios)= B4 FEH7Y HAIA(Novozymes)
T 9 o= 7|49 AAAAEI L, U&d) 52 St 188 STkAE
S| EAE Jidoto] 2024WU7HA] Zepiof EetAE Bef 34 Al AEE A"

25 A ATE AFRE AT AHolH.
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=7} 7199 2 U8
sfetd g
o ol HESAY AA H HAE et £FRM4E ok 228 22t
=g BASE AE MY7| HAH HEKAlliance to Egd; Plastic W:Elste)’ 44 ™M
o A 3004 7if 7|Y¥at 5E7E 169 Z2i(Stet oF 12 67 B) EA SH
(2019.01).
- ECAH SefN MEES St A AR M4H2019.01)
sfetd e
« SC|0AH MMV |s 3 TIASIEE S0t MEE 7180 BHA Mdls
A&
o= Eastman « DA EHI} Eastman® CEO7} TZAO| IHZEX} XHAIAIA0
Z0f 109 g XA A2 S8 ©H(2022.01)
+ 20259 JtE 0121 MEEAT THEAIEE S2|0AH MY 71ES Sl
HE2AES At 2|0 162 HEZHENA] Mde oY
oM Mg
o 29| Z2tAE] TR A} Plastic Energy?t MOU |2 &
Ao Hl'j‘a*%onﬂ ST E IH%*%JS—Z}* %%_'71@ 2£H(2018.12)
O2tHI0} Sabic s MEE %;EIEH Ot MAS 218t 2= MYUSHE &5 (2021.01) &
20224 ot#t7| 7ts o
« ZOAJOF E2tAE IHEESAL HHIQE R0t MIA zl= Mg
2|0 MAK2021.11)
Slefd Mg
« H7|E HEZ|AL IE E2IRUHEC 3tet MEE 7|2712(2021.03)
= Covestro - HE2|AZ9)| 27JX| =(polyol, toluene diamine)S 25 M&Eol|
- Qo HEZ MWEE Al HAt 71HA(2021.04)
s HY|E OE E2RAHEY e M8l At Y sleE 271K
H=9| MfYrs =He &
I=CIESIDN =
o OZA AEIEY Carbios? &4 7|5 0|8df M ECAECR
oA Loreal Ot= £ZEO| HE 87| +84(2021.06)
+ 20251 84 M8 7|Es 018ok= 87| MiE =HE= ol U,
% 2 EUE S HIQHN xX=2 oiF 87| M8 HE SAl A2
sfsty Mg (ZEdt)
e . E_MIHIOHM Il FYUoMH| At EEoll AIABIS Ol8et PS
iE%I,OI Agilyx Xete | E?r .
» ExxonMobil, Toyo Styrene, Braskem, Trinseo, INEOS & =22
SIfUME 7|8 oL MitdH| AME S
U= JGC CISIESIPN I 0 ATy
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« Q=09| Ebara Environmental Plant, Ube Industries, Showa
Denko?t 2502 Z2tAE!l 7tAst 71291 EUP(Ebara Ube
Process)E 0|83t E2tAE H7|E MEE Y AL A[Z(2020.10)

S0 N2HE + A TEE

* Recycling 2% : 2030E71X| 1002HE9] Z2AEIS THAIR - KRS
A0[0, 2035E7K| M MEES MAE E= MEE 7tS8t

= bow o= Mo of
o M XHEE T2HA ™= : Mura Technology®t EHA &2
Hydrothermal S2tAE! IHEE 428 &2
Sax WEE + 5 MEe
« 2030 2EHM| H7|2 ZE=2 {5t 4R (Reduce, Reuse,
II 2H Ol
S| Dt | e ok 1 . S 4 25 o 2 48 85

E%m

* Entira EP copolymer’|&2 E&3l0 2§ S2AH HU|Ig M8

RS
X A PwC AYAHTR(2022)0M 7IAS SE6H0 24 LY

0l

S X

ro
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S

o

T

SN AT BeAEe] J1AE ATge] TEsleh IR 71 AL, A5 1
A, BRH ABE 714 S e AAA F8I1E At S A7 A FA)

ol2o}|1 9

[(Z 6-3] =W F2 7IUS2 HISAAE HEE MY g H A=

=t 7| Fo U8

AN MWEE + e Mg

o LU SAE THEE, AR Mgt dEA 2152 ¥et MOUE
Ag, FEO0| H7[ok= 3,000E 719 ZEE HIZS MaEol FE0
IHéﬁ%* 7{|21(2021.09)

« 2024 17K 2L FE XA USHHS A HA oIzt 20tE

TEE ARG FA S oE(Y= FAHIEER KE FX)
Ckst PCR(Post-Consumer Recycled) S2tAE! g £ ABSEt

EFol= HES Solf PCR-ABS MEC AN MH2g: HWMLE ZX 7|8)

sl5ts TyEe

« 2024ATK| 1Y B2
HRE M PET %09

AV ESIPN ==

. TJEE ZapAE U3 SapAEl AN AHMEC] AN X3 W
OZHE 2O AMAS Eaff PPRL ABS S MX(AHIRY 7|&/ LCA 215

ror
Hl
—
(®)
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k5 2030L7IK| 24t PET 2
A& 2HE(2021.04)
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=7t 7|19H =9 UE
sletd e
o MR CHESAY FEoie 7|8 LI daVs A FEY|Y
MH(2021.04)
stz Staiam . H1|%E'—f£§!_% O20f|A -ErﬁHit RN S=== Aot 2t
= = = TXE HIAA HAEE MMok= J71&(PTC, Plastic to Chemicals)
g 52
« Aol 7[5t el NS JiEs 202497 Jhdol LiXeret
8IX1(2021.04)
sty g
- SiEE 7IE&S Bt Ut Fo QAHAEZ|M| XIE(10%)
EXK2021.01)
) skxjoMEl | ?E;EEIAEEI_AM;%WHI 2025E7K| AHZE 8. ARE #2290 PET
o= oS MH| 7= 72/(2021.07)

(T SKZerete))

« 0|2 H20|EDTAIR} 25K 2024E771K| ¢17F 108E FEo| =)
MAEH] = 0179(2021.07)

s HESAE T FEE 2025WE7HK| 902HEN|A 20274
2602HEMR| 2thEr A2l

31 H2S

ot= SKC - TR 7|aS ERe U2 WYY ZHE0UZ7|(Kankyo Energy)2t
AIst F£71(2021.06)
Slefd Mg
e SKAHo|Z SIS V& MMAHIE ERS B2 #0I(Shuye)dil XE2(10%,
2309) SX1ot0] ety MEgst RS F0E & Us Het &
Sl Mg
* PET ciiE5e, 2382 Soff MY S20AHSK| HY Mt
stz 54 @%(200555) o i
+ 2022 =R 24t X9 W oiset AHIE #F0 2A-HE XY
HO{YS 7ol ¢iZt 1,800 HT9 MEE LIUE HF it
7{21(2021.08)
A TR + e MWeE
+ 2021 AERH SN N8 YAS AESH FAL OZoH At
ot SHIA 2HE 2O MM 7tE AZH(2021.03)
< S NS 2AF HHE OZ0H 0 SN IigE AL HEHE
‘|20 CR7IK| £7K2021.06)
7IAH g
* PET 20|25 Milot= TS AKY Al SO & 43092
ot= U7 |7 EXote HES2tAE MEE AAd| A= LH(2022.01)

* Al PET 2200|139 IR/PIA| MEo| H=7t &= 2A0IZ PET &
AAEH| 28 £ 0|0 2023 HRH 24 gH| Jts AA O
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* USKISAN H AZUEHA(OT) 7IEs 288 WiE M & X2
B2 Y
2l ACIQIIE] « IEF PET 20|25 ditoh= HEY M8l HDPE 87| &

LDPE HES MMSl= Z2i2
Bpratl B9
o NRHE 28At VLQIHAEHEZEE 70YY £X {X((2021.10)

HIT M2 rPET AME Y&

ron

o220

351 KBS

AL HE U Lo | MM Tl 2] 4719
« OIF FRAO| AT T US| ZAE HEDY 7% B
« SKXIRQUEZCZEH 682 EXt RX((2021.08)

ror
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* Al 7lzE €86l M8 HVIZS elvots 28 HEE'S 20160
JWEot0] JE=l0 d58t AHEY

- SE MEE HWUIES 1RV Y A2 7kSs HiE

AU Tifoks T2EH AM0IE 75 A

2009 29| A2|ZB BAE FAlH +X FAE 2709 &,

7|7EX] 1,00021 =4(2020.08)
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& 37| ALt 22} DSt - -

28R MY

R2E EEECREEREY EEY

ME71e 82 2 U 7I271E 32

AHhES R&D= AHY Ak 93 12 &
H71E &8 7<) "HEsto] FF FAE ‘3—4 At71ETe] A @l
o] X3 %E} < AEY199] FFeE A ETAE HrEe] 45| STl
et 2050 BAEH 94 s AaA Sl S Y 9 R&D A= o] Tast
vh 202149 109 w71l eAb2d] Qo= (1) MRA E2tAE Aeed R&D A
A9 AET (2) AL 7IRHAA 5 2 AE0E 3 WP R Ajten, AR
ARl WRA R&D A AHZ et 187 $3871&Z tha3 Zo] AAAH=7 et
71&ARES]9], 2021).

[B 6-4] HEX R&D M2 HES QIS 187 E2AE Xz 31
s 325 A28
11, 492 SAE JHM7lE 110 T AXjE 712
(Tl=taHA) 1.1.2. WA 28t o Z2gst 71s
] HIO|QUIA Z2IAEN(Bio-
12, HIO|QZAAE] = ChHAT 1.2.1. tul_iEH - tAEI(Bio-based)
1. Mt e 7 1.2.2. M=al S2AEl(Bio-degradable)
= 1.2.3. SCHAE A AN WL 71
- 1.3.1. THESHAE MESt & di|s
MIOIAE]l HIZSH |12 =
13 MISHASS AV 5, wumaae B s
2.1. HEQ 24y HEME 712 (211 HE =8y 2 249 ICT 7|8 B 7|=
2. AH|-31A | 2.2. ADE 7] 7% 221, ICT S OXNE 71Er =4 & =8 7|5
B} 2.3.1. 242, 014 HE & Al
2..XIIH:1AI_-|H:1 _|E§_ VIS A
3. MEE e =t JiE sis7lvisel-H Aiss 712
25) MIS7H O, 2L 7N S8, MRk shel Sl Siste 202243 SHTEH BXTst D4 B4t
A% AT B AN TS EE U T oanx AEEIAO| U LHSS H2(5101 Kt

116 =2snjioiny



coc Hed EfAE EEH

=

rot
o

iR 328 A2
247 =l 87 & A EEM MY Vs
2.4. C}312 XX 7|2 24.2. Al loT 7|58 8% HA Xz AH]
2 AR 2HE Ve
3.1, TAHEN) HEe 7ls 3.1.1. 23 W8 ukst JIE(HE-HE)
3.2.1. @&l 7=
3. K3 (3.2, 3l5HM MEe 71s 3.2.2. 7tASE 71s
Jl& 3.23. oiEgE 7I&
- _ 3.3.1. MBS (GA/OIME) 2l 7=
MIESHH THEtR T|1& d=3r
33. 42 MES VIS 3.3.2. EHME BMOIZY TIs
A0, TR7| HEXMA N Vs
A H= M= A 2| 7 .
GEEE AL EIER EETE 100, 2x dee 5 s s

X 1 F/MIRV[EAEE]9)(2021)

- A —)
Clean 5
Bl S EUR ST
- El2
SOMmp dyse g
Product L slg @i
Mixture E DI%
% 4
~ > 7
A 8228 urg 7| Clean " ~
A -p | D | |= 22— 6
L4 b -—) 2
” Some heat s -omplex MHE2 HY
applied; some =L Hu g g
generated internally Mixture 2og
~
AT =ppAEl sz ~
e | =24=5 i Hq7EA
=de @rdz7) »> ELES)
o bl

(33 6-2] 223l 7I&, 7tAsTIE, 229 XOI(EX : Kzt HL, 2020)
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=2EH H4Y S| AUt D2

EAE SRFAE olF 27HA EdE: ERtAY A8t Ho| LEHAE G
24, 2021; Buropean Commission, 2018)°] E Zo& worn E Adloix=
ETtAE AEE W 5 V1A, 8FH20, FETE 7|&d) @ Hlo| ETtAE V&
o

Al B AIE ARt SV 22 vHvleEA HESHIH.

L 714 THEE s

AAH AL T1e F2719 FH0R Y 40 AL} 10T o83k 5o
A/ F837E B o|Fo1A T glom, B5HE AEL Br1Ye FHOE A5,
7hash 59 7142 AL/ EYske B0 ow, AR FA7IGI HEsHE 7142
Ageta gl Ao= et

A2l AL 71 23 714, 2AIM ANE ol§3 B ASeka] 48]
& % w2lo] Tus) AP gov, Huld L ARy 5 BB A A
B8 7142 AT FoIth. E& Tf AelF = AR S1E(-PET, 4T S
N2 delmol£)e oA sl4o] RS, U A AR AZ 7|%0]
Qo AZHS] HRAE T2 WE Fehel A7 AIBEE AL 7RsT Sl B4 A
83 PETE F2 D45 AGolA ALgIITh A PET FAFHS 9As) olAA 7]
U =Y 71 gl Basi,

P

11‘.

Nm

W oo

Lt 3fstd I 7=
1) €83 7«

F83} BHOR JPEEE AlAoA YAt RS TFA RS 20199 71E0 R
o 4,100% $%oltt. A 7H5 59 AR AL 3]34] FHolr, 4]
TS ALl AEL 17 Al Exfsitt.

2000T) 27178 GR3 71 A83E AT 71& AL FPH AU 4
A D 249 BAR 384 AJA dheto] 7|& 7 9 85t Ada3t Aol
AL 19 AT 10~205F9) A1eA 429 7148 Isigiont 488sK:

26) = AF0IME SH AHEet 7SS 2o Y| ZAY
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42 Brow e 37 B919) kAt J1& etdRg Ak 9
719] 7hest 7|48 ARIZIE U Ho] OFAT ol 83 TR/ A
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TANSE S0 A, Ot wAh EES vh 55 B3 783 SitE Alx
M Folot. R=2e S22} vhg-5 B3 PP S5 374, e
(Aol 2 folB/ERmh) 378 8-S 3% PET 5%, @€ PET HETHA
B
=

s ® A7 28 BA Ve = A

FY A2 EgtAE Eojaaet ZHAEE Tt SR 7Fsg EFolA
H 24 ZetAg AZHo] Ag3st 8} th(Nature, 2021). FZoll= Al PET a4
W 9 §4F5hS B3t 715 R4 PE, PS 5 GESIA SetAE Edlas 9 ngE
2 g A EEAE AAL SetAE BEolas YA uNRF Y, SEkaE
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AT PET 5 i5d0] 7Rst 54 Betag Al dia 4B YAl 2 71
Ato] AFEAA PETS] TRl S| ZRALS o] 83 MEL AR Serae 4,
B A, S8 44 5 T A B 598 ARG SRR, e

ct. HIO|RSEIAE Yit JIE

QEue} vlo| o EEtAE V& AT £ ARl oy A E*OW—L— Zog B7t
H1 glon, YH7|& At tist "o AJo] ITtHHZA, 2021). Hlo]lQ ZetAELS
1900 tH-E AEAE AATEAG ELS 7Ifto 2 3 AlES ARESiTHA YT <,
2016). ZZofloF Bio-PET, Bio-PE ¥ PLA S & iA=L 9low, o] & <F 70%7}

ZAANZ ARGEAL JTHATA €], 2016).

A HI5712E slie and g
oL AN e TlE

vE2tag o] QY B PHEEAHAD AAM 5ol N 9 83} Folm, Al 7|9t
2RI g2 Ag AgreS 83 AesE A% Folot. i #H7lE £ PP, PS,
PVC 59 AR7a2 4-8st Folu, B2A w7l £ v|244-PET, =9F ¥4
-PET, ABS, Acrylic A8 52 of4] 2¢dsitt. HHERY olF AA-A&7e 1=
5SS 8% PET &9l Ax7le 2 FARIER Ax7led 483t Sl =71t
7229, 2021).
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(Plastic Energy) < HZgtAE

_%
72AES AZehE AYE 2

, 1990t R E 7& 7S e =Y
I dES %’“QE SlE/AEA] i 300 Higk 71 i A s B QL
o}, HZ £ vAI(BASE)E 3feH Aj@-g T2 A E(chem-cycling)E Mol g

A7k 59 ﬂaxﬂgi AAkstal lek Y9 WrEYAIF(]GOE 20209 10€
ojutete g EHEFA 3| A Ebara Environmental Plant)2} H]0]54]3]AKUbe
Industries) 2 25 ¥ ZgtAEH 71ASE 7|49l FUP(Fbara Ube Process) 7]&g Wil
£2PA52A 8] A Showa Denko)t @& sk= W82 Akl thsto] L3St vl lrf27).

PET, YYEL2 2AAA o ZAfe= AEof 95 &ad 4= 3l30] 54 vt gle
PE, PP, PS & W&a| ZetAE Q] AESHH Hal| A7t A5 %Olt}(%ﬂ#ﬂﬂ—gx}

2319, 2021). ZFA 7I28][AKG)= EH] Hu]ofA] 22 ndEe] BARE 10A1%F
ol FERS 90%E &AL & U2 LEUHNature, 2020). ZIFE 7|
(Carbios) ¥ 224 a4 7|Y9Novozymes)d &5 A+, =4 7|49 AAAIA(EZE
g, &l 5= 5ot 18& E9AE Eaas /i Solw, 202497 =5
2o E2tAE BEoeAE Al AgE ST dEE A1 49HEAR AJAE oot

JE A ETtAE ] XHX]—-%]_Q,]— A= gleld A8 7|& Aoz A Zolth A
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=
ofH, A|AHS] =AEE AR F AIl(in-use stock)% FAT = ok &L
=

O] B, &H| TdANA Bt AN & AlF H7IEH Ax GAA Es H7E
o el ALE AA WAL, AF 1L A8, WBehrE £2URL 24T T
AR 20 W v12S el 2T 4 gout, 24X o) AL Fust] 9
A= XH*"*N <4 UH F7HQ AT AL Qs HESAEH FHF AR
(W, &7t 718t A7) 252 H71E SA00 7I5tsto] A%, AEE A9 Hle=
Fgsto] 4 %ﬁa % ol
19 H Product lifetime distributions
0.8 ———Packaging
——Consumer & institutional products
0.6 ~—0ther and textiles
——Electrical & electronic
e 04 ——Transportation
024 Industrial machinery
Building and construction
0 At
30 40 50 60 70
02 Years
[223 6-5] Geyer et al.(2017)0M AtSt 87 22 E2AE HE +HFI| 2R

(EX: Gever et al., 2017)
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o,

sieby g 790 =07l A EFAEHZ 7IAY AAEE F9t] dA = ©f
o] FA71EZ wEStoiof s, olE fste] A, FsKEcoinvent DB 4] &7
AL sorting? granule 4ol siFed) AAE dEH o= HEolttal 75t
78 HETAEo] ek AL L7t H7I7HA 9] &2 85.5%7t A °1F A
S5 3o S FEe A V1= WAL 90%E L7 HEshe AF =W =+
850] 100% H71Eth= 7Hgsto] o AZ-ET= Ak & 8417 6= =i
EUAE 87 F 4949 53E0] St oR ABEE | A 59%7F dn FAH
Au AR 7Rt Aoz YEET. o714 PVC, ABS, PCe 74 A& R AlE =
Bl B2 1S ol LR Bt W wVIEE s gted, 2019
g 71 22 AZEER 49%ET w2 FEoE, 39 S giiE 5% Eeks

g &8y e 7IHE & e Ao ARt

32) RpMet HEE M7 M2E S2tAE Tha8 Fupy Fr1of FelE.
33) 'H7 2 &21E AR JHER 0N ERolF 247 [E2= EEet 48 50%S FUE.
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=2t FN MY S| AlL2|eet ojiEE .-
[E 6-12] L S2AE £X| MiH, 9, WO
ST 712
ax | EHRS L ayaon e ag | 2050 =8
zz dig (o) HE) Recycling rate (%) THAYRF2s WIS
(Hl: ME) - (HE. :A;) (HE, %)
90% (dissolution, solvolysis) 1500
PET 2,677 1,949 80%(mechanical); (7'7%
74% (gasification) °
90% (dissolution); 1167
PP 4,433 1,517 80% (mechanical) (7’70/)
74% (gasification) °
90% (dissolution);
LDPE 2,861 1,420 o _AS
86% (pyrolysis—diesel) 1,885 'él;_f)#fﬁll
80% (mechanical); (77%) SAH=
HDPE 2,174 1,029 74% (gasification); Az;?g?;?a
. T2V|IE=
PVC | 1,413 1,025 85.5% (SC"”'.”Q and - =g 715
granu at.|on) 05% &
ABS 1938 539 85.5% (sorting and B A2 A8
’ granulation) 85.5% X
90% (dissolution);
86% (pyrolysis—diesel) 393
PS 979 511 80% (mechanical); (77%)
74% (gasification) °
73% (pyrolysis-monomer)
85.5% (sorting and ~
PC 668 376 granulation)
4,945 6,336
A 17,143 8,416 - (59%) (81%)

* 12022 MRetefz, 0 20198 4Kz F=.

* PET: "MR2leHE M HMSoIA| = 87 2C= HEH 1(2022)2] =20M 20198 =L 4A| M = =L X
SE0M LHA| SSAEZO| XI0|2 212} At

* LDPE: "MRateiHE, SAH0IM LDPE, LLDPE, EVAS &5t 2101l aiigat.

* PS: TMQsleiHet, SH0IM PS2EEPSE &t 2401 siZd

* Recycling rate & S5 Mg X2 i
& A0 236X
* Z|IH THAIR|HZ2 =L
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d 2 A A SRt 73951 wel, MAE] 4 Al 85.5%= &
83lo] AFHog YLE= ko Ak 81% S0t} & H NNerElr o
3 7Fsgt o AFALLe] sdoh= 59%E ol 2050 B T=(81%)E Bt
flsliA= 2kt AE-E #%P‘%UJ oz} PVCe} o] gtol-go Wafi7h &= 245
&2o|gol| golt 2d & tiAlske 7leo] /idE a7t Atk of7]dl= Awsl &2
A F Hpo|Q ETAE 5o tiAIA g ERtAE AR UE AdrlE i
AESPF g

W HatX|E 7|8 2050 ALtz

olgel Zeray AF7] 4o BUSE B4 Fuo] s|ustel SetaY 2344 A

3 422 AJESH A3 mUEY AE F49) Auget £2ser

B ATOI A 67 2BA A% A1 F Sehae Q9 wiEeae A2go)
B A T 9 ASAE BeHEY 0 HAE AZYold), oS Al
A8HE Auelot BAU, ‘B AALE Ao s BEAE Sl Auele olt
20 LG EE B LS P4 Aueles SeaY 428 $HS Eotel 48K
=S AAste] thil RS FURE At Qol, BAU: B4 B2 uet 24

% IE FEE 4 k. B4, ASeaE e gol et Auele. 3

S BAUE 71E9) A B oY, 47, ARSUIAN AREE B AFL B

Shag gapol Sgehe, B4, SekaE ATE 2B wet Aueles RS

A9 BAUE Behrd AZE2 B9 BiE AUARCRIZDE 11E 48 39

Bolel BT Auel0d] ST 2GS F WA T8 NS 85 W

7 52 NI B ANE A0S FHOE BHGFS BAsEon, 3 v
5 OgA] wE Ao b uI EG AR stk

34) "K-&23H O|H 2,0 =012 F2 H 71 OIFAL
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3N Y 7| AlLt222t D[S
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[E 6-13] S2AE =8N H2f AL

AT HIE 2
ALtz By &8 H=) &l =0 Hat O Alo) /]
o | e | MMEE A . TR U S HE sag
TN SR
23w MB AHE
BAU - -
23 g s
weAee) @ @ 34 Y MQERIE | S8BT
B HEOIL), | (CRMY
=2 s SiE2T 3 SENE 2SR
E o o o o
e HZH(CHE CEN
(2 AlRI2) i

BAU 52 K-8 A] olAE A9 @A &&ol-8EQl 56%= A&, A4
XH ATEL A 7I& 7l JHAESE A28 719 1 [ 8-&o] sidst
Bofjot 7He iRl v =&, 90%)E A8t Aktetart. B HARE AluE
(x@ AU Q)= 2 AtollA A AE T7g0] AEE = e E Ho=Ud
PET, PP, PE, PS =Wl 8% 100%7F ALz Bitol| BAHTL 7Hgsi9ilo &
A 71& 7129 ARAE HEstith. £4 XHA}Q G4l Al (R AU )9 7
$- K-=24A olgAE A9 20504 £%o|&E FHSI 95%F A&7, Y=t
A HAZEL 7|&FAL Esto] A4 HY 489 90%ETt SAE 100%S 2235}
ArSETE &, BE AU o4 PR Fito] FUAH HESAY AAY 2
AR 320 85.5%% LT 28351t

=

[2 6-14] I S24AE £X| YLk, £, MWL)

= _ B 7% 7IE | 2050 28
MY SaThe)  MMURE MU AU 48 () AU HURRY | HuKey
ek #9) | T (HE % | (HE %)
77% (1A Hx2| & &, 4,945 6,836
17143 8416 PET, PP, PE, PS) (59%) (81%)

* r2022 MRslaiHe, 0 20194 SHKIE X
E3]u] ;(HAH)(H QFS U Y 20K 7 |HH5H0] APSIHOD, FARIZ HE| SIEHEIEIR 0t a5t
* 2050 SH MMRFALR K-22H3H| 0[3AH2] 4] 2050 +2l0|8& S5 7IFE 95%, MX2| & 85.5%, M2 0|

= M5 2 100% HE

140 =3zojene



Hed ZSatAE =2FN|

rot
oo

K-£84A] o|3AE A9 Zetad 2R dA(20219 7|F) &gkl &E37} 20504
4310|885 EHE 717 BAU ¥ HFAUEQ £2o07 HAAsty, B oA TR
AL 7hsst A At 71w A s S SARl ASAUE| 'R dA sk
3% 24 7hed £l 8 ET A ATESZ [E 6-15]° Aot ALt At
BAU, A%k AU R, & Ay QoA Z2t F 48%, 59%, 81%2] Hl&=tAEo]
g PEAEHAY AR 7S A& YUeiETh Aol 4 AU E 6
o A A A Aol 24ESI(F 6-15]014 ABAH HeHEe] siddho]
100%°l =gdt= A2 ©edlsto] AE5id A g ESAE oA AluE
L Aol A Pl A& 75t 7R E T AREEE 5k FAIER A

= &80t A AUE e aES AT 5 ANl

[E 6-15] AL2|E I WY HEUAE 20|25 X YK HES

2810128 RARI T
ALEIS 72 WEAAS WYY 5 MYHE | (SAAS WY B
il S2is ) WyEEe maE o)
(-2 OfarlEl 2021 4 ) :
(BAU) 56% 48%
S 712 T 2 4
et AlL1o10) 76% 59%
K282 0farlEl 2050 3
(215 AlLE2I9) % 81

3 DE AILIZIQU TSR MMo| S| HERAASI0| SHK) 7 7 F%2| 22 85.5%E HRSHO0, FH2| 013 T
HO| HEISQ| 22 BAUR HEILIZIE S11Y 71 2ITh $7(00%)0) HEHES HZokD HFAILIIRE 100% Hat

%9 I‘IQ_ol'.

X et AL2|R9| =2I0IZE2 [H 6-12]01M Bt 7|& 7 [ ZITH KieAHES 0] EXoHE XI] =L Q0| T =
L+=QF0IM XfX[ol= HIZ= AF8E.
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S LAl A S2fAE| Hapd 84S

2 QoA Zetay #el B0 FAA 23 PAS 7 FolEE EfE Ay
(life cycle)o] SHoA EA5taL ©AFY FFo] olgt &4 & Pl nF IF

&3ttt A 92 HSFE(Harmonized System code)E 7|02 7|&E5HH,
%Xila_é &5 HSZEE oARl(6RE dEr35 HSZE=9 EFAIAE 2
S (chapter, &), 4@9(heading, &), 6@ (sub-heading, £%)2 FAEE], 4

o= 28 9E AIERSE Ao, 6HYE 4TS AlESFSE Ao|th36) THS2017 74
AL 2 7IEo 2 AuHY 289 = 977), 499= 1,2227), 6&9l= 5,387709] E5

o] qitt.37)

HSZE(20179 7HFME 7122 ETtAE AE2 AROF(ELAEH 1 A=

75T, o= thAl 26709] 42912t 126719 679l FEE ERET SHARL of=gt
5= EUAE e EUAE AR ARE= BE E42 X6 15H7] gzl
EtaE B 5249 FAF £ AHEE ol H3eA] &olt) o]+ HSEE
9] ER7I0] £48% 7I€2E SFA] ¥7| wiEolrh. ¥, FoRtas BlE&H J4
9] SHoA Edeg T folEHlo| AT 919 Slt}. Barrowclough, Birkbeck
& Christen(2020)2 o|2]at Ao Ztotsto] AAL 123 SehAE Bo go|gH]
o|AE ARtsAtt. & HoA= & ATFolAl At ETtAE £ Hlo|EH|o|AE 7

24
oz FEtAE P o] IAHOR ofgA egekeA] dEint

35) Zt =710M = BAR A4 2y 9 SMOE Melf 482 O MEMC=Z R0l | §iCf. OIS S0, o=2 X2
2 6N HSZE0H AXZIE 715 & 10Kf2| Z=(HSK)E ARSSICE. CHet, 6X12|E Zatot= E_Et :?JHII—*.O_I RS
OO0 [t=27} 7H0|R0X|= 2L HEGHEML 6XI2| HSTES AKRok= Z40] SAXO|C OIS S04, 0= SA| CHLY
HO=Z 10K12| ZEE ALESHRISE 81=12] 10A12] =2t 0=2| 10X12| ZE== YKIGHK| =Lt

36) 10H2I(10x12))= BSHS 2 X[E6IH, 6HRIS Ml25st X0ICh

37) 10HQ] E=290| 4= 10t 2 232740|C}.
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Barrowclough, Birkbeck & Christen(2020)2] dHloJg{H|o]AE HSIE 69
(HS2017 7H8RDE 71L& F 10719 FHog F4d=o] QUrt38) o] 71eH &
(feedstocks and precursors used in plastics)?t #7F=(additives used in
plastics) &2 ZtAE AE old DAL & & Qloh thH, E2kAE AR A
TS v o g ZTkAE $X|(plastics in primary forms), $7F=2(intermediate
forms of plastics), $7Fl(intermediate manufactured plastic goods), ZSA
(final manufactured plastics goods), H|7]E(plastic waste) F=0 2 FLEELC} o]
Qo] ¥Wxz FAH9(synthetic textiles), IE(fishing nets), ZEZA(plastic
packaging) @%o] It} & HojA= EtAE E49] A JHA ] ¢33 A
HEIZ SIEE P, I, ZFAE AL 7719 35S 7|l E EYAE =
do] FA| Ao R ofEHA o]Est=AlE AHEL. tyl, & To[EHo|AE FARFYZ
7120 & Silong, A=ofx AYiksto] Al=olla AH|SE Al EFSHA| Pt
Aol g Za7t itk

E Ao Bepae B9 I7} 719] SEo|A F9& Bato] olate Foflut
=)

292 9 BAsEoY B 43 SuoliE
T "ast ok AL A Aol FxT Bast dck

Barrowclough, Birkbeck & Christen(2020)2 2018¢¥ F9ARE 7|&o& =&t
2 249 4] &2 A5 2 dojA= ARt e EgaY 249 o
= TOlstalzt 2002WHE 202097H419] 57t 7F FAARE 7|0 E #AISHI
TAZlgE  TPA0] A47|Ql  CEPI(Centre d'Etudes Prospectives et
d'Informations Internationales)”} Al&ok= BACI(Base pour ['Analyse du
Commerce International)39E ARE-5}IT)4041)42)

38) 2t &= HSZ =+ Barrowclough, Birkbeck & Christen(2020)2] 220 2|0 Q\Ct,

39) Database for International Trade AnalysisS 2|0[3HTt.

40) Gaulier, G. and Zignago, S. (2010) BACI: International Trade Database at the Product-Level. The 1994-2007
Version. CEPII Working Paper, N°2010-23.
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=EEH MY SHT| AUEI2et D[2iE S

SHH, EekaE 24 ToEHolAE THS2017 78Rt 7108 A= o
A o]

24, 20179 o A719] EStAY =4 #E FARES 40 fsiA= ol A
Aote 7|20 8 BAFo}f gt 2 Hoji ol& 93] UN Comtrade Z¥0]%]o]A

AgsHe HSIE WMEHES ol §3te] THS2002 /142, S 7%= Hojguols B2
2 AT T o)F o|8ste] Ralxtng BRsk AT th, HSTEO] W
o QI8 QAT WS, ATr] 3Eo| e Sepad B4 3 o] WSk

P YedE B Folch4)
T, BB Ptk R ET 71E 5o} glott, U5 FPL Ao
A wesle] gict MRl EE s|7io] FeE R wee 39 slzoz 4%

1.10%(¥%), 1.01%7H=), 0. OS%(—FJV\‘:J FA)), 0.46%(F7HEZ), 0.51%(F7r
A, 0.43%EEA), 0.02%E 71 B)olet49 o] wheh W7} Qi Sl webE
WA} Glont ANFEQl B4 JFL F 4 Gl D71k oEE ofeld: Mz
27 glol B4S ATk, AAT A ol [E 6-161°1 AL

41) BACli= UN Comtrade HIO|EIH|0]AE 7|HtO 2 ZEMSHAFZ0[CE UN Comtrade HIO|EH|0|A = SIR=E0] MISSH A
=E fAolH MSot=t, =718z FARI= TA 7|E0| T=7| L0 0|0 2 SUX| 2| SO| LWsICt 0f2{gt
THIE 20| ol = QIO 02 70N APt e 228 wdol| I8 == ot 2, BACIE 123t
CIO|E{H|0|A & SHAO|C,

42) Barrowclough, Birkbeck & Christen(2020)2 UN Comtrade XI2S AFE5IRICE MEEA], 24 7172 THARS 11245
G2t Zulof 2F7te] XH0[7+ QUL

43) OfHOl|A] EtAST] MxHo| HSkg HMSH M= Barrowclough, Birkbeck & Christen(2020)2] H0jlA H2ldt HS2017

0t 7|1 TEE U2 ARSIt

44) SN2 7t AL 0| 2H JMS 2015H 7|F METIX|Z SHMGI TASIICE FHUR 0] H2{3I2 HA|E(0 JCBZ, 0]
=9| GDP CIZ2|0[HE 01510 AZVIX|Z SHtoIRACT.
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[E 6-16] ZAAS 221 2% 20 SHY
SoHTIR]) | Ro(HEE) DY L2 HIS(%)

7 T 7 BEEA
ai=3 80.14 83.06 0.10 0.10
W= 441.72 223.81 1.01 1.20
i B N 311.35 173.49 0.08 0.08
sEE 140.19 32.57 0.46 0.64
=7t 72.16 15.72 0.51 0.57
ESEONI 336.01 63.85 0.43 0.57
H7|1E 543 10.97 0.02 0.06

A= BACH, XA A&

(E9): wptE)

4001
350
300

2 250+

o 200

8 1501
100 1

50 1

O_
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
il

At=: BACH, XA A4

[12 6-6] A 21 S

Roluke LERT49) B0l A8k Seka ol

=
HlolA & 7R E2tAE A, FHEE, S, A, H71ES EASHA0

45) THEQ| 27 |= 22
46) =9 2712 S22 YIA| Z2AE] HZ0| HX0| ARRE/XIS 24002 HIBIRICt
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10.2%, vﬁxﬂﬂ 6.1%, 4—5‘1H7} 21.0%, #H7]&°

B

Xt=: BACI, NAF ALt
[O3 6-7] S2IAE S WY F44H|(20204)

HANS y|Zo s ZotaE AR 2o AuEy =
79 6812 2002038 2020WAA Es B Radte EAC: o
(2% 6-6l0 AR Bzgat £ 71X S|4 Zol7} it 2 =
wha} 7126] Zrkske ¥ Bodolo 901 U7 E ek ?r‘-/\ﬂ"_é—' EOM’ O]:?‘E%
2 % 6

FAEC] Ak 99 EA, FARS Ve HH &

47) A9} OFEIZIXZ 2015 O E*Eﬁr 7IZEQ=E HAISIRCL,

48) THXRI £X= 2= 32 [& 2]% HE.
49) R 29Y BF 2009'—"01I Aok=l| Ol 222 =871V (Itz 2QICt.
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=2EH H4Y S| AUt D2

BN =aiAe 23 30 28 6

2 doMe A Ay FEE I7F 71 RS E45t] AlZEsiain
(29 6-91%H [O2¥ 6-15]19 AZolle &= 7 $&-5Y TAE HREZ HA5H0]
ETtAE 249 A AAA 55% BoFa, Yl o= EAE %@91 +8 &
S UA=E Yo R I5EN T5US FASHIH. #2717
~2004d9] Bt vpAaF 31991 2018~202099] B2 HAISHA %tﬂ, A 3] &
Gl Ame FFHMOE HAISHL vix|9 30 il Ame SRHOE HA|SH
At Aol F= 7F FAF A9 50%0) sfidots ARE FASHoH, SHITT
33 AYTSE Fogo] gt oI Ie &5 S90R] B2 AR A9 10
M2 FAISHIEL

ARk o2 2002~2004E3 2018~20204 Ak=oflAE thaa) 22 EXJo] dAHL)
AR, HHHeE 2002~200490= A F(HF)E FHY H[FO| :
2018~202090°l= F=o] HA| EetAE B4 &8oA AA|ot= HFo] =4 et
th & 712F BRoA Bu|(v]=, iy, HAIE) =7 3 o] EstA e AL,
2018~202090l= ml=to] Ao g W2 E4S S0 EHE sl a2 ¢
g Ak ol AP FANA 5] FEAA UER=Tl, 2002~200449
= WA EOA vl o g FYEE HSAY Fol FAF 1 FHAA F=HR] B A
Aok R, 2018~2020990k= S=0A1 Hl=r o2 fisls A ol T4 1t
FoolA A=Al Es ApARtT). ol=fRt 2 w7HE Af‘ﬂhﬂr FAFE BolA
T BRI &= itk 3HH, ¥ A9S AnEY, 5Y, TgA o=, YgHs, W]
59 =7t 1+ ESAY o] &S| o]FofX 1 U= & 4= St} iyt Eujef nf
TR 2 thpQ] HolojlA FEFe] HlFo] 2018~2020E0] AtiFoz slEstRo
, 98 5 YR EololAe ol=et Aol AstA yehdtt.

A, & 717t Afolof| S=19] 9T ¥sht FEEAA Yehdtt ¥R, E9AY £
T FEA F= JASTTt 3711 Eotxltt. vhd, SHEA, FUA EokollA S
9ol iE Fol51 &2 HE solv A AAFcR —E%E] =49 F8 3349
o] Hlth. P Uehh= olef 22 ®ist A2 T Akdo] 1ot A
A2 22E 7HAREOIA19] o] HEKTH = TRAEY ARJO & o]5)sk3ith

148 =snjioiny



Hed ZSItAE 3N g

L gurEel BHTE 48T o FFS A4 59 $ENHE vFol ]
Frllgons Sehay B R Ay 24 9ol 4SSty & 4 nh
AR, Bekae W78 of5e AHun, PA dylge] FHom YFHom
2o FFoRC] RYFol A EULS ¢ Uk ol Fo|
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=2 FFotH, Z= WollA AAHELL AvjE o] ot JHEe "R dte
Aol #og dart ok 3 A AlAA gaFH(EYEs) 2499 <84
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USA CHN
NLD BEL
JPN NLD
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DEU TWN
BEL DEU
GBR KOR
SAU FRA
CAN IDN
SGP MEX

o 1 2 3 4 5 6 71 8 0 1 2 3 4 5 6 7
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M7 AR 2HAN BEEY
%3+ FA|(circular economy)= AQAFE-4H]-57]9] AF EE-S ALS] A4HE9] o]
o A=ctal AAA, &4, AEH AES 5ok A RUE Agdste] HAA

oA wetet Ak ABlE EEleke Ae % oot mEbA gl ARt 4
I 7147F Ele mike 873 - AA-AR] 9 AHtolA 2l 4 3lor et ke
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A (1) 255524 (Material Flow Analysis) (Eurostat, 2018), (2) A3 H7}
(LCA) (Van Stijin et al., 2021)9] & 7KA|2& EF& 4 U}

S EFEAMFA) W2 Fold AlA” YoM 24559] #gket AHE gRlsh|
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‘A E A #s}ste] Auke] S HolF:= AHo] 9tk Ellen MacArthur
Foundation 201549 <842 0914 1 All9 #e& Y= Material
Circularity Indicator(MCD)64E 7W&ol¥ o™, Gabi® Circularity Toolkit65),

64) https://ellenmacarthurfoundation.org/material—circularity-indicator LIZ &% (B4: 2022.10.11.)

65) https://gabi.sphera.com/international/software/gabi-software/gabi-circularity-toolkit/LH2 &% (R4 20
22.10.11.)
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A0 7 HiEEH= S F0 5= Aitsh=dl, LCAY Ffole 88t ofy
gxg 374 19 =9 Az dojue ot SIS HoEt= AHol A
TEA REoA = AFolu AHlA] A (life cycle)S sk M A
El(Llfe cycle thinking, LCT)7} 283514, LCAE= oldd AIig ARLE A=slol=
HHog AR 4 Atk ES, LCA WHES A3 & 479 S4dFel °E ¢
2 &e9] olsshe 4 9de] A7Hburden-shifting) & 3jxstal Hap o] A
A SIS AaAlPle A2 2= b 7199 o Qo ol #igolA 2 A
oMEs &8 A Aol wE SFITS Bk YHORE LCAS Hoiitt
T2y LCA WHES A4 dier she S40 ditt Eo 75 A SA(C1&
! o] et Anrt A4 Xold 4= Qlo] AR TA
JIHED] HH7} —‘—ZHOP— 7]%9] LB FT Bl Aol vlvlee] Bkl &
7HR1 dfjAo] Hasith= fHAFO] Utk & AFolAE ol AES sl #
ot FFEA At d 7 e At sfAstant.

-

;1:5

e
&
=2,
N

HarEmrt 7Y Y 20 Ho|
7l &2 80f Hoj
E Ao AREsl= 9 8o U 1 HoE ol (& 7-113 &t

[(E 7-1] HAFSHIIOIM ARBSk: F2 801 | 1 J

2
20 50|
(Z01)
g MOIMHC =R A 25 E= WERH 2T NETK| NS
(life cycle) AAEIO| HAXO| 7 MSHAS TS| &I

66) https://simapro.com/ L2 Z=X (& 2022.10.11.)
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ece I-“7I°|‘
2
o 5ol
(Q0))
Mg Bt MY SO HME AAHS] FYE, MEE F M 2
(life cycle assessment) =4 2 7t
By 5524 HIEO 2R RE0| fE £ W ME20) 2 U HYsS
Tolohs MY BItel HA

(life cycle inventory analysis)
M HEIt

Mz dord S2 HE AIAE0| #= SN addee 29
249 Ofcf & BIIE SHO= of= ®u-y F/Ie HA

(life cycle impact assessment)

ARl 20| Plot0] Folet =X 2 Helet HEE

A o SR =2
(life cycle interpretation) — SEEA 2 FEIIML ZutE diMdoh= Ml 7ol HA
WIS .
JISE 2E, MHIARS S), AZEQN, SIEAN S
(product)
AME SQst HQEXN 52 NE AAHOZEEH AMEE S Jf 0[A9
(co—product) NE
EXs FUEE MESE Hehole H2ddtE S22 A3AEoe=
(process) g5=9 o
|288 QIZHOf oot ofet Het: AX|X| E1 SHEO=RE AH{kE
(elementary flow) AARIO| SR 2Ho= MERE S8 32 0UHX| S8
Slf=xeis OE HE AMAECERE FYX/AL OE HE AARCE
(product flow) LHEEHE=E NS
=z _ _
. HE QA2 So A== 1A 22 2X 23
(raw material)
EE=EY _ _
. = HZ Qg ol AEE XD NS REE HoHK| i FM=
(ancillary input)
i A7 B0 HE AIARL E OE ME AA" 70 38 =2 MS
(allocation) ANARISl BRI MEEE Eeote 2
N[IIEvEN AT0IA H2lE HSE =2 ME AAHS 22 =2 04X
(cut-off criteria) S8 ¥ E= &HEH 52 79 AH
7|1SH? _ . 3 .
|.O i . X U= AEoP| et ME AA”S HYstE ds
(functional unit)
HZ AAE ofLt =2 o] FoE 7IsS o, ME2 Muds MEs
(product system) 258 ¥ MEsEs Zeols HRISHEY A
A|AEIZAH
=8 O HIIZHE0| RIE AARS UROIXIZ EXoH= 7|1E
(system boundary)
H1E 287n #2398 ot w169
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>

2
o 5ol
(Q0))
Helsd FUS MEE FEE HTslohs MY S=EE24 HAOIM
(unit process) 1otz 71 &2 HeA
IS XH7 TYHFO| HY3} Vs HE

(impact category indicator)  (e.g. 7I&#3} - global warming potential 100a (GWP100))
E43} Ik} i ==E2M Z0E g S8 He=E Hecle o

HEote Sdet ZHUAM ItdE 2kt

(characterization factor) (e.g. 71583 = GWP100 — kg COsequivalent /kg gas)
FHF MIFE=SEM 27t A= 2l SEEMe 357

(Impact category) (e.g. 7I2HsL XL S

Lt HargE7E 01 2 He

A8 H7Hlife cycle assessment, LCA)= [13 7-117F Zo] A& AAH 32 A
HIAE 7|2 02 AIPF(RFolsr)oll A3 oy, AHee] ARt} o2 Qlsf Ff& o=
sk B EolE Ao, 2ol nAle AFde 8 R /NSt A AP
7IHoltt, tEFQl E-8Eok= AE U= (product environmental footprint,
PEF), 21834 A(eco-design), SM5-5ZFS(green public procurement, GPP) %

o] .

ST N () N
Inputs Life cycle assessment Impacts to environment
N ' N .
Materials Goal definition Fossil resource
Energy / Utilities e\‘ Deileton
— / Water use
( N —>
Outputs -
p Life Cycle Interpretation Global Warming
Products /
Waste ” @ Acidification
e 3
Em'_55'°“5 to Impact assessment [§ S ) @ Others
environment . VARG Y

(33 7-1] MargEot HEx

170 =zojene



N
]
ok
N
08
o

H7E

Foll met 49 A3 2 o] 7Ag Hglom,

19979 International Organization for Standardization(ISO)ollA LCA & #F
(ISO 1404067), 1404468 5)& A A

QA= o] BEZ A-&oto] HdRt Eokoll A4 LCA 7ol A-8=1 Ut

o] #F2 A H7FE o] AT €2 € AAE Ao, F 4D4A© FF
2 H AOl(goal and scope definition), @ A EZFEH(life cycle inventory
analysis), ® ATA FFH7Hlife cycle impact assessment), @ HAIA f4(life
cycle interpretation)) 22 FAECIJTHEC, 2010). ZF DA = ofe} 22 ALY
ggstojoF SHHEC, 2010).

wssA @7 A

Goal and scope definition

‘ Preparing for data collection |
—* Revised data collection sheet i Data collection sheet
‘ Data collection |
l Collected data
‘ Validation of data |

i Validated data Allocation
includes
Relating data to unit process reuse and
recycling

i Validated data per unit process

Relating data to functional unit
l Validated data per functional unit

‘ Data aggregation
Addlmonal data i Calculated inventory
or unit processes
required
—‘ Refining the system boundary |
Completed inventory
=20 -
(72 7-2] Hay S=EA =it

(ZX: European Comission, 2010)
67) 1ISO 14040:2006, Environmental management — Life cycle assessment — Principles and framework

68) 1SO 140404:2006, Environmental management — Life cycle assessment — Requirements and guidelines
171
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24 g J9 F9e A+ AgS Fd5ks 9AZ LCAY W34 (iterative)

2402 Qs AT % 24 24 dolo] WS 4 9 BT % 9t
- 22 $8A, AT 59 ol AR, tEol B Bxo= Ao
g

[e] )
A, JFEE PHE L JPEE, A8 4, aTEE AR, by
%A, 7 B E AU, Y AR SREE ), BT 5%
ol OFA]
= o1

2) AR EEEA Y
7hH A= £ AAEEA U 2938E BYES AEE ARE 7
h Zh“x Akt HolH fa4 AAHEEE 4 & B)E 9 =gt 54 9 Heol
SEEEA FRIsty, 7[5EAE 136 d3HS 2ot AlF AAES
th @3 AE AAFA et Aol PitE AS offig 22 $AEAE FE
sto] AE A2dS FHEC, 2010)
O 378 AEst 22 AAE B 715 ET AIAR] SHIY 7-3]
@ &4 BAO| gt 1™ 7-4]
® 71 8] fof ofgt A, olvAl, FAA 7k SI1™ 7-4]
Zh) AAHE 4 AL AA"OA & ERA 1 AfE-E(open-loop recycling),
23l 78] A&-L(closed-loop recycling)e] 2]

- &Z3lae] AH&8(closed-loop recycling): B3 AIAFAA W &8
Agsl, 22| Z(recycled material)?] AFgo] 12| =(virgin material)
o] AR HiAIRH] ol ggo] s, EdAEE TR A
28 ARY 1fF B4 ¥t Qle Aol d80] 7t

- @319 A&-8(open-loop recycling): {8 == 4o & AF

A" ARG EH QLR 400 #sk) Sl 74*?‘ g
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ok

of A+B

Co-production
of A+B

Co-production

Alternative Alternative
production production
of B of A

Alternative Alternative
production production
of B of A

0

(33 7-3] 202 HHE Y HEx

(&A: European Comission, 2010)

Input products

(QOOdS and """"""""""""""""""""""""""""""""""""" PrOduct A
services)
=t Broducy B
RESOUICEes — - — s

Emissions

.

R

Wastes

(33 7-4] 221X A

MEEE=

U 7 o) A o3t Y HUE RZ A% BUl ZYOZ EY ¥

589 U4S ZHiSIY CS7IS(A+B)S TTIS(A)E

(ZX: European Comission, 2010)
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3) A Y7L A A
b gt

A7geE JIFHE ,ﬂﬂ-%-i%”ﬂﬂ‘$ﬂth“%%€rHekb$ﬁmmmm&l
S5 EAS} RS H-8oto] AhHcharacterization). A7 H&o] mef WQRA] %

T8Knormalization), Z15FSHgrouping), 7Fa8Kweighting) 6= 3T + U

W &4

719 EA(contribution analysis/key issue identification), HZTE 4
(sensitivity analysis), 22t= 4 (uncertainty analysis), 23+2] AISHAIE; 9 HiL

AN 5

. 712 tjd] @40 u|X& g3k o5t B olz;
3t H7HLCA) WHES goto] 14 28zt
S

SOA] S WK B4

stk @A) - oA 23R A go] Bast hEA PFAA Bekre AL
82 A8tpgoR sert Serae ARG B ATV} oOR she w34 W
AAOIA TRl AR FRo] Basht (1) AAE AL TRt AR B E
B9 24 B9l UMskt A &3P of@7] o] E = Bajo] wasgt
S, () Sead RS B AYUR AG HFS FAR AEL H8stel A
A= ARgo] B BHIFHL PO g H8o] Jhsirks HolA BRI

WES HAESE gioRA A8e AaFola Tesielt,
Zehael 24 4280 BAYRS T 7K BHCE ML AIFHHLCAE 9
T 4 et Shis 598 ¥ Sekrg w120 AAEY vs 47 vs B2
L) 7] BAFFL vashe 9oy 2 St FAY ) 21 LS 2
BEe AOE BACIE AUBH vs B ABLEA) o) BAFFL vlwshs
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2 AL (1) TR 714 88T HSeAEo] (st A2dlo] BHGY
2 gl () By 7148 BAEE AED 712 7140 3H4ST NEE 59 1)
Zeine] AUsge] 847 B BRs (3) Bekad RS J1edehE 3
GFL MLFORN A WA m8Aol 2 7euHS Austud st
(1% 7-5k Wy W7t 9918 TEsHe AAWAA(Van Stijin et al, 2021)9)

7H1§ E” og __]ioq o].

lo
H
9,
)
1o
=

F4%o] gk,
- Gate to gate: 7152 $3st= F 249 HY
- Cradle to gate: 98, oA & -PAEE AZ PA7HA Q] H

- Cradle to grave: 9%, oA F&-A4FH AF W4 =5, A&

% 7] GAZA A el 9

Material and End-of-life
Extraction part Assembly Retail Use
f managament
production

[Company AHCompany B]—>[Company C]

Cradle to gate (B)

$

[33 7-5] AAEIZA 80i2f T HY
(EX: Van Stijin et al., 2021)

N

2 A7 i Al ALEAG A= f19F 2ol FoH 4 i ETtAE X of
gt HETtAY AHe) 7eE H85to] f-8%t A it GAZIAIE 2S5,
[1% 7-5]91A cradle to gate©] 3@t}
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71 AU D[S

=

rx
oe
of
0

Lt g HE AlLAE 4E
(1" 7-61= A AEFA ol 2otsle trfet Al2Rl(Van Stijin et al., 2021) 1+

A Aoz FHSIRCH offo WEow F4ET

.
- System (AF AlAR): B4 tiido] == ALY AA, F 33
(foreground system)@ ¥ FH(background system)2] (1

7-6019] HA A +9).
- Foreground system (F 34): 4 4 7|52 $dst= 54,
- Background system(F®¥ &%) & 5% (foreground system)oll £
5= Ai/AYsE AHEE

|25,

= 95, dyXA, 4AEEHe H7E
(upstream) ¥ sF9]SE(downstream)d] A

Ao et WEeaE ATETE F
AP G WEoE AF Aado] EF
ek AGUR A

2
Aottt =214 AZ8rles vt 9
| AA=Ed, @ 158 &
A= AFSE(@9] vl Al

W5 7S] 48 B
= 1eR A4 SadTrt B 13
o] 2

2 B3jo] YA BYS whEo W & 9
FolAg A Wolol] A8 4 Y= THYRE Fusk dlo] of#igo] 9
orgke}

A7 el mEHA

2 Ecoinvent ver 3.80|A] Xl&ot= S2tAE|(PE) 2t&st &7 H|0IE

=204 MFESZY| 238

69) @ @0 sHFsh=
25 5t

S 2E0I0 Adtet.
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SoiAE =33N

—

Ecosphere

(Technosphere

| Upstream

(e.g. product)

Foreground system

| Background system System

Legend:

Process

i :
S - ::.'% i —  Product or waste flow

i i
{ v + 123 ?‘:& ] ———  Elementary flow

- [peseess 4 . 2
:-| 4H T H |‘_ i | > Excluded product or
B ;.--.E.:.':. ..... l @S-+ ------- - S-simmmm o waste flow

00§ i ~»  Excluded elementary flow
. hah ! Y,
vy v @3  Allocation / Substitution
(£X: Van Stijin et al., 2021)
(38 7-6] AlAE ol s
M1 aan sags wrwy 177
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AAEEA 273

7. HIE AAE(system)

g AT T BekaE A W12 TG JRE /NOR by Mgt B
eaE £ SHFOE BAIIE ol Fejzolt Tl H/E SANRCIA
BuE 4 4 gl AFRAC] met Bepag £A YA FR7F 5o JHE TG
sfo] ZPgAOR X0 Behae HY|E 24 G5 T Seag Pasp -

[FL TR, 0] 20194 x}£70>~ gstalch oladt 0199 A7 Ak

z,s AsFF AL Geyer et al. (2017)9]
IV R ,q] oA E] vhAEk 40
I 7- 3]011*1 i”HOﬂH E}% AL B= AB[EE E2RAE A= PET,
PE, PP, PVC, ABSO]EP. I8 PVCE A0 F }%ﬁh ABSE= A& 271714
Ao ARgSE] = F717F TR, AHA, ﬁv SOl BIsh = wjoflA] 4] wl Zof
AH|E]= ko] H]§|] H7]|E]= Qo] Hti= EXo] 9}t T3 PVCE AT Ao A
oA FAbEo] At njE] A A7 = ook oP— ol Bz AZ-E tiidez A
AokA] okl Skt wEkA FuiollA w7 Ee E2kAE AlS2 PET, PE, PP
F/o] == ZL2E {501, oleS A B4 tie=E AHskh ol +d
AR oAl PS7E sfekd AZ-E i EStAE 94 ZAEC s AFIE o
ZAgte] wet PET, PE, PP, PS AEE-34S A B7F didez AYsiiit. o]
B 71€2® 76.6%, 8% 7€z 85.1%°l sigshs Yol

rlr ue N

70) 72022 MR afefHz, &x.

178 =2sinjioiny



CHI7R BRAE AEHN

— O

[ 7-2] AAE Hel ol

7e g

s HBAE| XYSS S CIUR KB MM AAHE 4o

TISEYl BRAE 1k MEBROR LMGH FHE U GWHE 00KRIE A AO)
IESE  BRAY 1ig MBS

AAEA

ZSNZE YA

cradle to gate(XHEE SEQ| MX2|LEH

- G| HEEEEE S U 0159 T2 MEE MZ AAHN &)

o AMEE HZQ 7 Io( HE 3 HAME)S DE TSGIEE AARS SEGI0]
ggs L(EI-0)

ILCD 2011 Midpoint + ver 1.119, 167§ ¥k Hx

3 g
« & ZH(foreground system): 28 Xtz £=%
o 8% ZH(background system): Yt MUY QIMIEZ| GO £=F
Holy +=H (Ecoinvent v3.810)
 HW AIAHE 7|1E 7152 Soff it MEC| HWE ottd Yot Muby ClIHIE
g HoIHE Mll(Eoomvent v3.8)
« BHE 4, &5 A<
* Background system@| 2MIEZ|= COZu &2 7|EC=2 MY
ARSI « X[2|Y tHEY: st=(KR) ) %E% Hegt LXK =27HRoW) ) T HzHGLO)
72X Ui IU UEAR| Viss M M8, dM 7IeFE0t gl Ts B M8
o AZHE TR ARE Jkset 7Pé* Z4le| HIO|HE HE
[E 7-3] L S2AE $£X| ditziat Q2
(ol HME)
N SOAE M Bl =]
PET 2,677 1,949
PP 4,433 1,517
LDPE 2,861 1,420
HDPE 2,174 1,029
PVC 1,413 1,025
ABS 1,938 589
PS 979 511
PC 668 376
* 12022 MRaeH, 0] 20199 SAHKE X

* PET: "HQEISEIE! A HZ5I| 2l 571 2102 B2 9/(2022) =201 20108 SLf 4K 44 i f 4%
20N LIHR] Z2AEII0| 0|2 217t

* | DPE: "M

Sf5{Hzt, SAOIA LDPE, LLDPE, EVAS &3t 2401 St
* PS: Wlosfﬁﬂ.j%u SA0IM PS2FEPSE

2fet a0 siiefet
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Lt. & 3% (foreground system)

A3} 712 H7lEA 8 (end-of-life) WA AFAPAE IHNA HERE 4= glom,
of" oA AAEZ Aost=Alol et H4 9 He Fort g2 4 Qlth £
Atolr = AHE-EUE ALSHAFELD THE FHOE AFYAS F7152= A%
ShRth Qe dae d9iE] AZE PHES TR 4E5te] HETay A
< 7120 E o|d &5 o|d AF AlA”] BF A (burden-free)stal HETAE
1Y ol Y59 4, By € AALAZH, 24 5) DAFEHY FEIFE AE
Al&Eof ST

2 AFoA = [E 7419 22 7l E 9=E 485t HESGAYHY Aded
A ARE A5kl ARESh= 7]e2 oFehy AgE HHo = 7tASKgasification),
G E5l|(pyrolysis), &dll(dissolution), 7F&i&Eal(solvolysis) B4S ESHSI} 5164
&2 &olrd 5 AR 2R Jofote] AZEste A oE Rl HETA
gog A AZESP|ET dAxm, ESHAE EFA| 5 U AFLE Atk

upjolct.

(B 7-4] 24 Ud71E, M= I NS

Case # e A& H= FHE el
1 PET _
IS PE Synthetic gas
Gasification (Carbon monoxide,
3 PP hydrogen)
4 PS
+ EE Diesel fuel
7 PE
8 Purolvsi PP Paraffin lubricating oil
9 yrolysis pS
10 PE Ethene
1 PP Propene
12 PS Styrene
13 Dissolution PET, PE, PP, PS Polymer
. bis(3—-hydroxyethy!
14 Solvolysis PET ﬁ[ereghthaléte v

180 =snjziziza



CHI7E BRAE AHAN HAYY

go % 34 £Yue %_i oMUA, AEEE W72 5 A Aok
49155 9L 55 sl QMEe AR T8l ofFf [E 7-519 2L 9

[E 7-5] Q&7 HF A XE

Impact category Model Indicator
1 climate change IPCC 2007 GWP 100a, CO2 equivalents
Ozone depletion potential

2 ozone depletion WMO 1999 (ODP), CFC-11 equivalents
3 human toxicity,
cancer effects Comparative Toxic Unit for
4 human toxicity, USEtoxTM Human Health (CTUh)
non-cancer effects
. (RiskPoll model and Greco .
5 particulate matter et al. 2007) PM,5 equivalents
ionizing radiation . lonizing Radiation Potentials,
6 - Human health (Frischknecht et al., 2000) Bg Uranium 235 equivalents
7 ionizing radiation (Garnier- Laplace et al.,  Comparative Toxic Unit for
- Ecosystem 2009) ecosystems (CTUe)
Photochemical ozone creation
8 photochemical ozone  (Van Zelm et al., 2008 as potentials (POCP),
formation applied in ReCiPe 2008) Non-methane volatile organic
compounds (NMVOC)
9 acidification (Seppala et al., 2006; Accumulated Exceedance
Posch et al., 2008) (AE), H+ equivalents
. . (Seppala et al., 2006; Accumulated Exceedance
10 terrestrial eutrophication Posch et al.. 2008) (AE). N equivalents
I ReCiPe 2008 .
11 freshwater eutrophication
Vvater eutrop (EUTREND model - Strujs eqz'vji'fa”ltesmznd N
12 marine eutrophication et al. 2009b) G
13 freshwater ecotoxicity USEtoxTM Comparative Toxic Unit for

ecosystems (CTUe)

Soil Organic Matter (SOM),
Carbon deficit

14 land use Mila | (Canals et al. 2007a)
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Impact category Model Indicator

Ecoscarcity (Frischknecht Water consumption
et al. 2008) equivalent

15  water resource depletion

mineral, fossil &
16 renewable resource
depletion
=X: EC, 2010

CML 2002 (Guinée et al.) Scarcity, Antimony (Sb)
2002) equivalents

Ch. Hlw XHiE AlARS 23

H| 7 A& A|AH(baseline system)S YollA A3t HEStAed} AQst 71&(®
7-419] 7|& = W& )0l vl 7|E P47 1E(conventional) S R A7
sto] [I19] 7-713 o] 38 A8ottt. HEgAY AYst AAHS g4 AE Al
oA AAES A 9, B AF AAH] QAR APt digt 752 2Eet
7] ol AlAE] SPHEG-0) WA H8ote] T AIARS Blud &

20189 A H7lE ATV WEH I HESAEYLA 7
a4 rﬂlﬂ%)—fl— W 12.7%, 27 42.4%, AL 44.9%= XHHE} o] T &7 I
LA 34E oFA] ghs e a7t A2E ouiditt. 82 5he, S84, 44 A
E8o2 UHEd o] F & qELo] oA 347 dAE X g
£2 A, AlF 5 AA-HE AX & GEE 59l SEaE 2z
28 dag et Zog daz B9 fEga
Act. B HLE2 HEGAES dARslote] YIFES E8oks LS WAlott

I

71) HE(2019), UZLSEMS 11-1480000-001552-10 "2018AT = IV |2 LM 2 2[5

r
X
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== mogA i [ Baseline scenario Ecoinvent 3.8 "é.*:'_]

o5 —. = H H
(mechanical recycling) _ ; 1 treatment i
Ecoinvent 3.8 == =i LCI &1 i :

gasification

nE
oS

product Traditional

(eE = method1
SIstHIE)

dissolution : .
W ooducts D Traditional
: - method2
solvolysis i

N
[,

rolysis
Production of pyroly

granulate

[T 7-7] S2HAE MEE S Y HE AMAH vs. HlW HIE AAH FA|

[ 7-712 2 d70lA 24 a2 she ' Als Al2dE vl AlE A2
AAE Hojzoh SHAE HEE FEIZANEY, o 5 AA)e ABHA &
gtaE TG T 2 dFOlA Ol AlE Alade] A oR Egele Z2AIA
of sttt && Z=AL o]0 o5hy AEE IFZ AA AF THIE THE A
LB +7E+E3 FF0lE AEshe wrle+dedo] TAske e AR
ot v AlE ALE2 O AE ALREEEEAL & oFoHE AlgE Z2AIL)
A3t il AR} Fiba(byproducts)E oW EAhE 2422 Aok A
28] gt

HolE =& Za}

1) o Azdel doly £3: F 3%

A ALY F BAE (19 7-8l3 (19 7-9104 HelRe Eeld AEE 54
3} sobe] e TR T Beld ARG THL AT BeaY HAEE |
AHom Beld 3 ok, Bel 5 A 94 B 7128 UEshe Anee s
SR 3ol sigateh olol iRt BAE W AMEe: siel 48 doleolx

A" zatag yae Moy =t 183



SHEH MY 7| AU2|29} D2HFE - -

>

(Ecoinvent ver 3.8)°lA] “sorting” ¥} “pelletizing” Z2ZAA ARE +X5tALt. &
SH QL& 342 o Hs] AFA FEolA WEEHI den FUhE T A L
AZ HlolH= EAcHA] gen=s I JH = ohe £ = 0|84 Hh34lE &85
Aot [E 7-6]00 gk viet Zo] ZHzke] tiit 71&(7rAst dEsl, &, 7HEulE
ol 2L 7hstt dm SEpAE Woto] £ T IS4, vheRE, & 52

ofejel 2ol 53tsict

SLolo i

Emissions
Wast_e Chemicals
plastic
orting Sorted plastic waste A Recyclable
granulate plastic waste
energy Water/energy
Waste Waste
[12 7-8] B2tAE MEE I T2AA PAC
Emissions
gasification
energy >
pyrolysis
chemicals >
dissolution
water g byproducts
solvolysis
Waste

(2% 7-9] 3131 TEE Y DIHA BAE
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0] AMEEE dE, 2AE9 & W2k 5
Schwartz et al.(2021)°14 AAeE ARE &85} 01, B4 $=X|(carbon balance)
£ U5 HoE 5% o8 JEE TESI0H AT, AR, B IHAEY F
FoF HAFE A8E= 34871e0 w2t o= [# 7-6l°] Bt e v
dYoZ ARESE <(char)? ¥ Al5H FE7 °
7] 7H8& AREsto] ALkl

7 whg agow AW 29 F AN

N

ﬁd
e
Mo
el
N
562
N
£
st
=2
(0]
)
i
9
my
S
WE,

- 714 dkgof 893t €& & vk FAMER HHAYokeE €(char)d A
AFoA @H(Schwartz et al., 2021) 95 o] HQ5HA] L.

- Ecoinvent ver 3.8914] €(charcoal) 1kgQ ETFo] 28.4MJo|EZ (&,
=
Algh 373E 233t FoyA] ALk
W) AiE, FAHE, IHAE & ALt

- 7MY BlE EgtaEe AdE, AR, B ER 100% AEEH,
A0
- B ET4E, s, FAREY] IetRA(fA )2 ERoERE
A3}

ZRE g4 IFE 1 5 ARE EZF(ubricating oil)

C10~C20 #&tglA(hydrocarbon) &0 & Yutslsle] g 159
B4 S AREEL

- A& #E(kg C/kg plastic)> = £ St~

E]
h
AT + PAE BAYY + GUOE o] 8F £9) POE ALK
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Sk oo

TEEN 44Y SEI| AU D[
B 7-6] & 34 HO|E =¥ A
- 2= 2= fiE =
71a e 5t DX 9 =4 = T H2Q
h s e B2 32 gm @B @y oo
sorting—shredding—  PET, . . .
. VA plastic plastic pallet _ residual _
Mechanical washing meltmg filt PE, PP, oellet 80% 20%
ration PS
shredding—heating—
steam/02 PET H2
... addition—separation ' 12.5~18.5% char _ .
Gasification (distillation)—~waste op E’PS SYyngas 6[0) 17.6% 1,000C
gas treatment(release 86.6~128.8%
of 1% waste gas)
. diesel o 5
PE, PP diesel 83.383.6% char 13.7% 700°C
. lubricating waste gas &

PEP’EP’ wax pz;azv s oil 9.5% char 450°C
shredding—heating— e char 5.3%  37.9%
separation (purification

o ethene 9
& distillation)—~waste ~ PE monomer 27 4% Hydrocarbo 700
char 8.8% ns and etc
propene 63.8% 700C

Pyrolysis
gas treatment(release
of 1% waste gas)
PP monomer 27 4%
stvrene Hydrocarbo
Y char 8.8% ns and etc  700C
18.2%

PS  monomer 73 0%
shredding—dissolution
i S?Ei:ﬂi?ﬁgnsgvem PET, plastic pure polymer residual 80-150T,
Dissolution 4 illation)—~addition ' =" pallet 90% 100  120C on
of PS average
cosolvent—pelletizing
shredding—washing—
BHET residual .
10% 190C

solvated in 190C
PET  monomer 90%

ethylene glycol—
S =0| EQ|5()|

= AOQJUI,Eo— Td

Solvolysis
cleaning(washing off
excess glycol)
« S22 FQURE T OH| Z0E, FAE, S| AYHIE Q0|g ZZUS+REMSHIME +ER S
ZXfoH= A EQLIZ CHH| 100% Xt 7Fsa1H, EQYZ 0| ULTHT [JIAZ LI7H= 22 U2 THH| 100% 0|2t 71sE
* BHET: bis(3-hydroxyethyl)terephthalate
+ Ancillary materialOll Z&FE chars B8 Zut A== S20|0 71ASt SR -0 Hest oK)/ FE2IE ASE
* Dissolution0flAl ARREl= 0l(solvent + co-solvent)= 99% IHAFZE,
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CHI7R BRAE AEHN

2) W A2"e Holg 4 8 34

24 o Alagd 9, iz, W72 Jel 5 49158 1 Sk9les AuED o
ol E A &= dloJgH|o]A (Life cycle inventory database, LCI DB)& AR&-
slo] [E 7-710 22 PERES SYshAtT
[E 7-7] &9 & SISE9| Mapd QME2| =T LY
(Ecoinvent ver 3.8, Method: allocation, cut-off by classification)
Reference product -
722 Activity name P ) Geo
Name Unit  graphy
Electricity, high voltage electricity kWh KR
WIEDN Heat, from steam, in chemical industry steam MJ  RoWg
[FEelE Decarbonised water cooling water, makeup kg RoW
Tap water, conventional treatment Process water kg RoW
Treatment of waste polyethylene
terephthalate, for recycling, unsorted, Waste polyethylene kg RoW
. terephthalate
=z sorting
Treatment pf waste polyethylgne, for waste polyethylene ke RoW
recycling, unsorted, sorting
Wastewater treatment, capacity of Wastewater treatment 1t RoW
1EOQL/y
Waste treatment, hazardous waste, Hazardous waste K RoW
incineration incineration g
Inert waste treatment, sanitary landfill Inert waste landfill kg RoW
Inert waste for final disposal treatment Inert W?Ste’ for final kg RoW
disposal
7| Municipal solid_ waste, treatment of, Municipal so_lid waste ke RoW
2] sanitary landfill landfill
Municipal solid waste, treatment of, Municipal solid waste K RoW
incineration incineration g
Treatment of waste plastic, mixture, Waste plastic " RoW
municipal incineration incineration 9
Treatment of waste polyethylene, Waste plastic k ROW
municipal incineration incineration g
Treatment of waste polyethylene waste polyethylene kg RoW

72) Ecoinvent database ver 3.8, https://ecoinvent.org/
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]

SEEN MY SEI| AU2|I29t D)2iFE -
o Reference product Geo-
7= Activity name .
i Name Unit  graphy
terephthalate, municipal incineration t.ere.phtha.late
Incineration
treatment of waste polystyrene waste polystyrene
T i o . kg RoW
municipal incineration Incineration
Soap production Soap kg RoW
wxex Ethylene glycol production Ethylene glycol kg RoW
Iron(lll) chloride, without water, in 14% Iron(lll) chloride,
) . : RoW
iron solution state production without water
§ RoW(Rest-of-World): Q&S Mgt LIHX| =7}
3) H| A|AH"l(baseline system)Q] Hlo|g 43
= 2= e AN B A|AFOIA 71ES] A8 34
ol A3E FAREo| A o]%9 A3y

g Al A”IOA AY4tE]
to] it AlET oA =
(life cycle)2 o]d9] BAAT Fstn= B A= cradle to gate A|ARAA
Zgsto] T AAEI(HAL A|AH] vs B ZAIAH)S] 314 FFS v wolA} STt H
o A|AES (78 7-10]3 Zo] 8 AiFE(traditional method 1& S5k AJAha}
FARE(traditional method 2& &dto] AJ4hHe] gog Aolstnt. of7]A 7]&9] 4
LI A(traditional methods)o] B4E £A5t= 49 7143 HEAS 7|F0 2 A
stg o, AT ZAo| izt AT ol Ee glo|gE ofgjet Zo| A5t

Emissions

Chemicals

Emissions
ol (-0 ) [ R
[22 7-10] HZ HE 2 DZ2HA DAL
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[F 7-8] Hlu! A|AEl(baseline project)?| HIO|E| %! LHS

(Ecoinvent ver 3.8, Method: allocation, cut-off by classification)

Activity name Product name Unit  Geo-graphy
Carbon monoxide production Carbon monoxide kg RoW
Hydrogen prodgctlon, gasepus, Hydrogen gas » ROW
petroleum refinery operation
Diesel production, pgtroleum refinery Diesel @ RoW
operation
Paraffin production Paraffin kg RoW
Lubricating oil production lubricating oil kg RoW
Ethylene production, average Ethylene kg RoW
Propylene production propylene kg RoW
Styrene production styrene kg RoW
Polyethylene production, high density, Polyethylene, high density,
kg RoW
granulate, recycled granulate, recycled
Purified terephthalic acid production purified terephthalic acid kg RoW

sk Qg 342 ofy] A& tojgHojAo] QIMIEE] HHI7 EAoHA] ¢k7|
2ol &= £39 HolH E+= ol&d #AE o|&sIAutt. = Schwartz et al.
(2021) =89 BxAg0 7|A" JEE &89t £ vk 9 #iE&7tA Ao &
Jsh= sHhEZ, oyA] HH So] AtHoz EAsty| wEo] 7]£9] 48 LCI
(Ecoinvent)oll 715kt H| AJAE] A3by B7Reb Thev|wstr|= o2& Aoy, &
g%l tioto] TolE L&t FIARE E8E & US A2E Bt 7oA
FA=E =4, A, YA/ a28El2E Schwartz et al. (2021)2] A3 ¥
7kt BYSHA A7, &, &, 81, B 81f(co-solvent), Bl (soap), g ZTtolE,
S, 4t ghibds, B4k dl(waste gypsum), FEYoF A4S (quicklime)S 11
sttt sfig FE7F 3ol gl Aol 3500 ARBER] = A= 7MYkt
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AN UY Y| ALkt Dj2iEet -

>
0

F ALREAE AAE vs HIL A|ARDS] 4 JFE vlustH 59T g9 At
E(product)?} FAFE(byproduct)2 ABAksl= Hlo] " Q
o, o] & AARE 3510 =T o Utk ALV HelE fIsto] 1kgo] ERtAEE
FASIAS o YAk 2= FANE SE 7-91% Al4bsto] vl A
HFohe F= Bilots Ao= FHibsto] H|WSII AlE AARE (19 7-71004
Uerd Hie Zo] 7AA g 382 AR F Sk AgE 382 AXH, AE
AARIY] Bfekd g FAol Qg B PJEF [ 7-101°0 FEE FE(Schwartz
et al., 2021)E &-&sto] A4lsiaict. @4 483 SR = 2

o}
1o
ohg AoR AYSHe 71& FREA 518 ATE 349 BRuo] 2L 2]
Jl

r&"
il
)
[>
o
o o
o
o
N
>
fo
_?L

E

Hoto] AF Alago] ZokE 7AE g TGS v AA"S] 7AH Qg 33
I FUotttal gkl g SRS ey Qg Ao =RE sk
ol Blot] [ 7-11]13 [ 7-12] Aottt
[E 7-9] E2fAE 1 kg FYUAl LYsk= 2oz T= FME
R ° 2= = HAS - 4= EE= BAE -2
ST EE = S (i) oz S (i)
. PET, PE, .
Mechanical PP, PS plastic pallet 0.8
PET A 0.125 QUAMBIEIA 0.866
Gasification PE A 0.171 QUAMBIEIA 1.19
PP A 0.172 QUABIEFA 1.19
PS A 0.185 QUABIEFA 1.29
PE W] 0.833
PP mips] 0.836
PE It 0.474 =29 0.095
Pyrolvsis PP il ool 0.474 =227 0.095
yrol PS Itz 0.474 28 0.095
PE VIEE 0.274
PP o220 0.274
PS AELOI 0.73
. . PET, PE, PET, PE,
Dissolution PP, PS PP. PS 0.9
Solvolysis PET BHET 0.9
* JtASK= SAENFQUE Z7 |2 ARO| BISEI0 2SS Moo =) B S0 M2t Tkg O[A0] MAtE 2~ U

« BHET: bis(3-hydroxyethyl)terephthalate
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< H7E

[HE 7-10] S2HAE 1kg K20 28 KLX]-X U

o o=

e e w2 x|/ SEZ|E| HXEX 7|12 x|
. PET, PE, H7] 0.464 Kwh OiE 0.2kg
H L
Mechanical *pp" pg 29911 I 0.02k T4 0.00291m°
PET OiE 0.074kg
Gasificatio  PE F7| 0.024 Kwh B 0§ 0.167kg
n PP =(AE) 0.05 L O0HZ 0.168kg
PS 04 0.195kg
PE, PP -
e o 0.379kg
Pyrolysis — =~ 7] 0.024 Kwh -
PE, PP OiE 0.638kg
PS i 0.182kg
. . PET, PE
, L, _ _ E
Dissolution PP, PS & 0.1kg
H|—|— O 01 kg oHa
Solvolysis ~ PET 2391L ozel 221012 0.3kg e 0.1ig

=0 0.025kg

o2 0.0042m°

« BRSO TR charis HIS 20T MASEI= ST0|D] TASH U6 SHO| TS O|LXI/RLIE] AISE.
 JHASHUIS 2Tk MEHs T 12 SRVt £0[2H1 71D SRS AR

+ £0/51 S5 TS oHx| 22| 100%7} B2 HEEICH 7H

+ ST S0HE NS E

L 7Kg, HY |2 2 AR Al FAI

« ZOIAE| TSR 2K 20t LMGI= I7 |22 H|W AJAEIDL ORI EX|Z municipal solid waste2 U211 DFZIEA]

o= H2|=ICtT JpEEt

* Dissolution0flA] AF2El= 20(solvent + co-solventy= 99% IHAIRED 2 EQlzj=

(EA: Schwartz et al., 2021; Wu and Williams, 2009)

9o o] 2%t = B =

ofF HlolEol “gElstrt. H

5789 A5

Rl R

SRSZOM MU,

Fasto] YT Ay B} AN

A|AE9] GRS Ecoinvent ver 3.890A4]

allocation, cut-off by classification B /\}%—5}01 ALK AIE 7R A
FFE7 = ARE AT E0]Ql Simapro v9.3.0.25 AR5 2™ ILCD Midpoint ver

1.11 HES ARgsto] 7|5HslE X9t & 167 IS

ol Histe] Z4sHAH.
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=2EH H4Y S| AUt D2

oA71A 71AF Ao W vl AJAHE ER(sorting) 34 °lF IH
(granulation) 34& Z&9M Ecoinvent ver 3.8 Hlo|E{H|o]A AJoflA 1kgQ] T}H7
sk PEE A48l flsiA= 1.06kgS] &57€ PEZF BR5HH, 1.06kg] #57€ PEE
YArst7] flsiAd= 1.17kge] PE H71E0] Hasith= RS A H7lol 285kt

o9l vl Mg B7F FH| oA = AR ATES SHOE H|I AAES
ARSI oy 7|E9] EEtaY H7|o ot SR vk F83 AXREE &
T Joug g ZEA|A o] HWSF MIpY H7F Ayt of ol ISt
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Abstract

Long-term Scenario and Future Impact of Circular
Economy Industry

This study analyzed the impact of the circular economy on Korean
industry, and the analysis was largely divided into two parts. The first
segment entailed identifying six key industries that are projected to
experience significant social, economic, and environmental ramifications as
a result of transitioning to a circular economy. A scenario framework was
then developed, comprising a set of high-priority strategies, in order to
construct a 2050 circular economy strategy scenario. Based on this scenario
framework, the impacts of transitioning the aforementioned six key
industries to a circular economy on the overall Korean industrial sector
were analyzed. In the second part, an examination of domestic and foreign
policy as well as technology pertaining to the plastic circular economy,
which has been widely acknowledged as a pressing area of intervention,
was conducted. The status of Korea's plastic circular economy was
diagnosed based on the comparative policy and technology analysis, as well
as a material flow analysis throughout the entire life cycle of plastics.
Additionally, a comparative life cycle assessment was performed to analyze
the environmental impacts of plastic recycling utilizing the currently
available technologies with respect to two business-as-usual scenarios.
Overall, the transition to a circular economy in key industries is expected
to bring about economic and environmental benefits in the
mid-to-long-term, however, technological innovation is still required to

fully capitalize on these benefits.
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