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(b) Feedstock recovery-oriented
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LT MTRE R, TRV U ARICBITD2WEARER U VA 7 VI ORIEIIEH TX %,
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AEEREO—FHlE LT, MBS LD T T AT v 7 OWALIZES T

DHFENCHOWNT, MRTTAF v, RIGHE, MERE, BIOMOSRERGZEHE L -REHm LD

1),

*£2. 1

WReLT2 (k2.
i S

(continued from previous page)

AR L 575 2F v 7 Stb o —E

Entry Year  Plastics {values: wt%) Reactor React. Catalyst Temperatures References
7 ’ mode 7 (pyro. and catal. reactors)

21 2001 MP (40PE, 35 PP, I8 Semi-batch (piastic was pyroiyzed ~ Semi. NH,ZSM-5 (Si/Ai = 50, at. ratio), red mud” (Fe,O3, Ai,O;, Pyro. and catai.: 20 “C/imin — Lopez et al.”™

PS,4 PET,3PVC) with catal.) TiO,, etc.) 440-500 °C

22 2012 LDPE, HDPE, PP FBR Semi. Commercial Ziegler-Natta (TiCly/MgCl,, TiCly = 5-16 wt%) Pyro. and catal.: 500, 650 °C Donaj et al.””

23 2012 LDPE Autoclave Batch  Ni/h-beta zeolite (Si/Al = 25, at. ratio, Ni = 7 wt%) Pyro.: 250-350 °C (1.5 barr N)  Escola et al.®®
Catal.: 310 °C (5-40 bar H,)

24 2013 1IDPE Semi. t. mtio), Ga/HZSM-5 (Si/A1= 15 at. Pyrc “ Uemichi ef ol
25 2015 LDPE Semi Zhang et al™

Ahmad er al.””

26 20i7 HDPE Semi-batch (piastic was pyroiyzed ~ Semi. Fe,0;, CoO, ZnO, MnO, and NiO impregnated waste brick
with catal.) kiln dust (metal = 2 wt%)
27 2017 LDPE Microwave (pyro.) + FXBR (catal.)  Semi. MgO Pyro.: 350-550 °C Fan et al.”™
Catal.: 350-550 °C
28 2017 MP (42 HDPE, 35 PP. 18 Semi-batch (plastic was pyrolyzed ~ Semi. Al-, Fe-, Ti-, and Zr-pillared bentonite Pyro. and catal.: 40 °C/min — Lier al.”
PS5 PET)
20 2017 HDPE Semi. ZSM-5 (S/Al=20), MCM-41 (Si/Al =4, at, ratic) Ratnasari ef al®
30 20i8 wPE c was pyrolyzed  Semi. Fly ash catalysi (Si0,, AL O3, Fe, O, cic.) Gaurh and
with catai.) Pramanik™
31 2018 wPE, wPP, wPE PP Cont. reactor (plastic/catal. Cont.  USY zeolite (Si/Al = 15, at. ratio) Pyro. and catal.: 500 °C Kassargy ef al.*”
mixtures simultaneously feed)
32 2019 LDPE Microwave (pyro.) + FXBR (catal.)  Semi. NiO, HY zeolite (Si/Al = 5.1, at. ratio) Pyro.: 450-600 °C Ding et al.*>
Catal.: 350-500 °C
33 2019 HDPE Semi ) with column (plastic ~ Semi.  HZSM-5 (Si/Al = 15, at. ratio) Pyro. and catal.: 400-500 °C Santos er al ¥
Di; :20-40 °C
34 2019 LDPE, MP (40 PE, 35 Two-stage FxBR (1st: plastic Semi. Commercial ACs (PTRODARCO, 8X30, NORIT, GAC1240,  Pyro.: 430-571 °C Zhang et al.®®
PP, I8 PS, 4 PET, 3 pyro., 2nd: catal. bed) MRX, NORIT GCN 1240PLUS, NORIT C GRAN, GAC Catal.: 430-571°C
PVC) 830 PLUS)
35 2020 PE Two-stage FxBR (Ist: plastic Semi.  SiOy SA, Si-MFI, Si/Al-MFI Pyro. and catal.: 450 °C Klaimy et al.”™
pyro., 2nd: catal. bed)
a) waste.  b) mixed plastics. c¢) fixed bed reactor. d) fluidized bed reactor. e) conical spouted bed reactor.  f) continuous. g) semi-batch. h) activated carbon. i) silica-alumina. j) molar. k) Kane-

mite derived folded silica. 1) atomic.
HZSM-5 zeolite (SiO¥A1,03=30), 30 wt% bentonite, 45 wt% inert alumina.
byproduct of Bayer process.

m) non-precious metals on a silica-alumina support.

n) 25 wt% of HY zeolite (SiO»/Al,03=5.2, mol. ratio), 30 wt% bentonite, 45 wt% inert alumina.
p) 25 wt% of Hf zeolite (SiO/Al,O1 = 75), 30 wt% bentonite, 45 wt% inert alumina. q) silica-alumina. r) hierarchical. s)

0) 25 wt% of

F72, ERRoBREHIVTIE, BAARENICBITARY T L7 4 o OREFRCA M RZEAZTER L
FIANY A ZILVOREEIZOVWTEE, L, ZONEREHHFAELE LT, AV 7T —< 3

HWATED ORGSR >+ U AICEHTHIZE-TEBY (3 -5,
4—2. BT RF v 7 ODILFEMBR ST IEDOHESL

4—5

BETSZAF v O—flL LT, EARE (refuse derived paper
and plastics densified fuel : RPF) DOFEEIE R ABE T T A F v
7 (M2. 1) ZEL, REHIEEMMIC Lok L, ok
FELRL S AT 36 L OV fil oy AT LAtk U 7

AHETCHE AL, JTCRDITEEIC LV KK, KFE, EH, 7 v &K,

B\H#E, BRE, BIOHESHFELZER L, B¥oRoimx, AR
BHa By R L7-%%, BEMG 77 A~EEaFHic X v HlE L
Too IROVIE, BAEE TSR 2 UV CT00°C THEW & 2 TIREE L
TE-TEREREOER L Lz, Zh b0 RELZEUICHAS DY
HZEICRY, TOXOIBRMEZRIBET TAT v 7 ThoThH, &
WEILT VT ANT U AERL (F2. 2), iRKHEKREHAL
MZTDHZ BRI LT,

*Fz2. 2 BETTAT v I3

S, HEERRE R L,

(EAOFIE SA R TS

i

v J

BT T AT
W Sis

Element
Sample - = :
C H NS Cl Br F B Na Mg Al Si P K Ca Ti Fe Ni Zn 0% Ash
e 66.8 6.3 - + 1.0 - - 0.3 0.2 + 0.3 0.9 + 0.1 0.2 + 0.1 0.2 + 23.6 3.5
plastics

—: not detected, +: <0.05 wt%, * balance
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MANIB G fRE TR L, 7T AT v 7 ORGSR NHTHHT1-0, %AMEﬁ%#%ﬁﬁﬂ
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nv NI LAEK2. 21T, BV REAERY OFEM IR BRE R IC OV TITEIZ T 508, PVCHK, PS
ik, PETHISR, NA A~ ZAHRDOLE OB fRAERDPFER S, TOMITRI v L&, 7y BRM
fg, RUAFNLRAEZT 7 U L—hK (PMWA), FLBhIEAl, PVCRI¥EAI, 8K, =27 EICHKT DEKRY
bR S iz,

BPETHE mNA A XdsE m Z0f : R UL a> 7y RRAEE PMMA, BEBTER AIZEL BHF. L%

Intensity [arb. unit]

1\\ U |

Lol N \
| | u TR IR Wl
| e ‘;‘ U JY\ oLl \"‘—:\.‘\“.\J““"m-‘,f“‘r,‘a,J‘:<.‘w‘,»J Ly S "wf’«’{:\‘U‘.Ju,rsf\,,,u‘\ai‘»~‘f -,x,.‘\n«"‘:\,,“,;w,;,br, LI P

Retention time[min]

X2. 2 BAETITAF v ImnbEonizsa~ N7 T A

PLED X5, RY T F—~ THeSL LI LB oATiEZ A WE, B L7ZES T AT v 7N ED
ioﬁﬁ%@%@f%éﬂ BB EIHMETAZ ERTE, ESSAT v 7RG U F U F3%EH0
BRICAEN THDHZ LR LT,

4— 3. BHEFERRICBIT 2B O EBE L7V TN OB RAR

FF, 4 — 1 OTEFAER EOREENDS, BT vt 2108 WD TR AR O RN & L 72 DI
FE¥H & LT, jv74y%ﬁ%(fU¢v74y:mﬁ;Uw)&mﬁﬁﬁf%é&%iko%:f,
1. &Rl LT T AT v 7 BURSRAIEOBIRMHR & Lkt R & LT, 2. V7 4 VRBIEO&EAEN
BT I RIT 72 B L ER B OERIY), 3. PSOEHEINE < f;éj‘é?’@%ﬁi&ﬁ%'ﬂ%’% (2 X PSR DR
DOBIEFMR AR E L (F2. 3), 2771, 3. PSRN OWTIE, BRHIRTO 7T ZF v 7 452 4E
D=L (BB LK EET) 1T LT, &AY BEOR) OBEEHNPI3%EIK D, £2T,
L7 4 VREIERB L OPSOEGHER L EBMOEREILE W TE Dk N7 — & LT, 4. JE@plic
Lo TPETZ 3] L2 R O BB A 2 f5E L, Bofilroxtgicms (F2. 3),
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W, £2. 3OBIEME 725 X 5 ICREKDPE, PP, PS, PET,
BLUOPVCEIEAL, 4/<&~y®§iﬁ*ﬂr%§ﬁ§%bf:o o Rk %
50 g 970, Ny FREVMEEEICFEE L, iR 5450°CE T5C/

Oy CHAR L7222 5B MLtOMWE%%im%L7/7TEWL
KETEIKE N T v TOREBEICHEBE LT ARy 712X - T
B L7z, ERARY I, B RERRICE > T ERERE S L,

ANB = DY TN BT RAE - HRAK - BIRERY OE
BEEAIEX 2. 3ITRLEBEBYTHD, WTHLOY T AnD K
WA % £ & T 5N RAERD IS LNz, 1. Bl LY
TNTENTIE, K18 wthdD BRI RS ST hy, Z il :tI

WCARGEHZ G E TV DPETE L UPVCIZH KT 2 R TH B
Exzbhd, —hT, i&/uEPET:IoJ:UPVC%E.iiﬁb‘ﬂﬂ@/ﬁﬂﬁi/\
=D T BT, BEERAERDOIERITIEF I/ NS < 722
277,

PER X OPPEEL T 52, LLEBERV TV, BLOPSEELT53. PSERV I ANLELNT-TE
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TRFET O —% M L, Fi THE SNIEEKRELICOWTRESHED EA10EM 248 E L7 (1K 2.
5), EBGIZIBNT, 77 AF v 7 ik, (LFEBHERK, MESRORBENZEEND Z EBH 5
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Banlt ELZWIZ O 2N EENTWDR, TNONREE, KREICEFHEE Mo TWND I LR
bnEipol, Fi, [FHE] L TREFESHKESE R ar)] SV o TMIE OGOV EAR I
L CEFHEBRICH2 D DL &b, NERBEIK] S MEdidh - X ) TETH) Lo/
WEERREZZOND T T AF v 7 OFHEREN ERGho T,

RFEE LT, FEtEE IS D> 2B TI567t, COMETET0HtE 20, RTS8
AIXEFCOHEH E DO, 44%ZH S T 5, Mam, THE COMAMITAEEL L OWEENLFEIEIND F
TIZHA LT TR DD, ZOFIZEFIZHAPSTZRBPETCHREZHEHB IND Z &30 R, HE
BT CEEINIABOEDANAOTAME LTOT I ZF v 7 FIH bR R REZEBHIETH D Z L1
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Passenger motor cors NN
Knitted apparel _ ©Basic petrochemicals ©Aromatic petrochemicals | |@ © ¢ @ Petro-based

o Timber # Plastic resins ©# ¢  Wood-based
# Synthetic rubbers # Chemical fibers # Chemical fibers contains

: : both petro-based fibers
| #Wooden intermediates + Paper products ahd naliral fiters

Vegetables

| Emission > Retention€ /& Emission < Retention

20
Plastic products

Paper [N

Thermoplastic
resins e® ©

Softcrinks
[ —

Embodied CO, emission (t-CO, / MJPY of products)

Cosmetics and dentifrices * <, .
i i 10
Household electric appliances _ = Flgsticresing
(excluding air-conditioners) m Synthetic rubbers *
L 2 Coated paper and
Confectionery [ | = Chemical fibers 5 i”“di“g paper
m Wooden intermediates * .
Cellular phones [N # Paper products ‘
0
0 10 20 30 40 50 60 70
0 100 lftog 300 400 Carbon contents on CO, basis (t-CO, / MJPY of products)
S N - 2 28] A v L AL~ =y
M2. 5  FiHHEICKIT HRESHES X2. 6 AMBRFE G A & (COME) &
EA710EBF (20114F) ¥ A=A 7 N7 VU hORERY

G S I AF v IV MERIC~T VT AL T ILVEINTHBE, TOTIFAF v 72— 0 (b
FEW) N THEET 2 TRZERECE, DhOREREWLE T o 2B A HEHZRIBET 2 2 LN TE
Do o T, HHFE T 7 AF 7DV A 7 ARHT- 6T REBRICBIT HHEORKET, ~—T v
Mk 7 2281 56HGHEH & (I —AR 7y b7V M) EREANCE > THRBEND T T AF v 7
FoRFER (COLHE) OMTHLEEZDZENTES, 2. 618, XN—=YrMEHVZHEDO I —
R 7y NV > N, GHRFJBEEMENE L CEMBIICTey FLE, 207 vy ML, BN
OV OFEMPICRFLFEET DO SNTZKFREART N TE D, KFITHIWZERIT,
EARFBEICHLTH—R 7y b7V EBIFUCRDERRTH D, - T, TOEMREY L TIC
Tay hENDFEMITRBOBEDENRNEFT XD,

BHIBIZOWTHR 2 &, BAATEMEEIRIX DR L IRFELZBEE L TWDHR, ZRLNORIEITEER
MEVD Lo TET®, TOBIBOAEIIREZAROBANGEREAMNBEVWES X5, M
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B Not assigned to specificlaws [l Container and Packaging Recycling Law . EoL Vehicle Recycling Law

. Home Appliance Recycling Law Small Home Appliance Recycling Law

(a) Material recovery-oriented 1 (b) Feedstock recovery-oriented

— —
Buines 1oau1pu) Buines 1oa1Q

Plastic products (2)
Soft drinks (3) Cellular phones (6)
Passenger motor cars (1)

T . Cosmetics and dentifrices (7)
Passenger motor cars (1) Plastic products (2)

Cosmetics and dentifrices (7) Soft drinks (3)
\ Household air-conditioners (10)  Household electric appliances

Household air-conditioners (9) Radio and television sets (8)

15F Household electric appliances Knitted apparel (10) |
(excluding air-conditioners) (4)

Cellular phones (5) (excluding air-conditioners) (4)

Baggage, handbag and
Radio and television sets (8) aggage, handbag

Baggage, handbag and
daeg o 2 | leather products (5)

leather products (6) -

Embodied emission per contents (kt-CO,/kt-CO,)

Knitted apparel (9)

I
— —
Buies 1oaupu Buines }oa11q

0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
MRC on CO, basis (cumulative, kt-CO,) MRC on CO, basis (cumulative, kt-CO,)

2. 7 FITARAF w7 VA 7 OEER () - B8N (FE) 0% : (@) ~7 UV 7Y%
A7, (b) #IHNHA 700
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[Abstract]

Key Words: Circulation flow, Material flow analysis, Sorting technology, Chemical recycling
technology, Pyrolysis, Carbon circulation, Synthetic resin additive, Bromine flame retardant,

economic efficiency

This study aims at developing the assessment foundation for designing the highly sophisticated
plastic circulation scenarios oriented to the introduction of advanced recycling technologies
and cooperation with the arterial industry. The assessment foundation includes the material flow
analysis of plastics, feasibility analysis of recycling technologies, flow analysis of synthetic
resin additives, theoretical and empirical analysis of recycling collection regimes. The goal
of this study is to present options of circulation scenarios considering feasible sorting and
recycling technologies, the utilization potential of recycled plastics in the arterial industry,
variation of the generation amounts of waste plastics, and contamination of chemical substances
such as additives as constraints.

Regarding the plastic flows, we estimated the amounts of usage of general plastics including
plastic packaging and products in Japan based on the top—down approach of material flow
analysis which traced supply chains using the input-output table. In addition, we focused
on the carbon circulation as an assessment indicator of circulation scenarios and, as a
foundation of the assessment, we visualized the carbon flows of products, and the reduction
effect of environmental burdens through recycling of the plastic-oriented carbon.
Furthermore, we conducted the bottom—up estimation of flows of automobile—oriented waste
plastics and their recycling collection, and then analyzed the potential of material
recycling and discussed the feasibility of close—loop recycling of automobile plastics.

Regarding the feasibility of recycling technologies, we conducted verification tests for
the precision of sorting of plastic packaging using an optical sorting machine. On the other
hand, we surveyed global academic studies focusing on feedstock recycling using the pyrolysis
technology. Then, we experimented on the pyrosis of plastics with samples which replicated
the resin composition of sorted plastics

Regarding the constraints on plastic recycling, we estimated the waste treatment and
recycling flows of electric and electronic equipment—oriented waste plastics and associated
brominated flame retardants. Furthermore, we both theoretically and empirically analyzed
the economic impacts on the stakeholders including municipalities and recyclers in the case

where a recycling regime such as waste collection categories were changed
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