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Fig. 2 Research scope of tire production phase
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Fig. 3 Scope of catalytic cracking research
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RPN BIRERE L (5)-
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strf: NUM,, RS B REIST R § BRI WO, kes W.E, WU ROBEIRIRERREE , MIkg s
N,PM,, 2y [ BETH A SR ) i s — KRBT n YT HE, kg MLE, A —IKBETR n MY RETRIHAESRJE
MJ-kg's N,VM, 9 [ BOTaG—IRBEIR ¢ ISR, kg; S.E, I—IRAEIR ¢ ARETRIHAEIRIE, MIke '
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EC =EC, +EC,+EC; +EC, O]
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eq; EC, MM BHHENE, CO,-eq; EC, MR BHRHENE, CO,-eq.
He = BetcHER R UL (10),

EC,=C,Z+C,J (10)
R C,Z2 WP BCEERHE, CO-eq; C,J MAF=HrBRERFERL, CO,-eq.
CIJ=Z(CIUM,-,jxclEﬁclPMmxPlEn+c1VM,xV1E,) (11)

P C UM, A F=Br Bl FERARL ¢ Frac i j B, kes CE, WA= HIJs j BRHEIL R 8L, CO,-



1758 ok L B ¥ W 18 %
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BB B W (12)
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kg'km™; C, izl s B RE i iHEI R %L, CO,-eqkg s
i FR B W= (13).
EC; = Lx AD x /N X Ef (13)
Ao LR AT ERE, km; AD {CEIRHGEYMFE, kgkm™; of QRIS BTk
F; NRE 44 aE R, kg; Ef MPNMRHE RS, CO,eqkg s
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K C, AL Bk HI E, CO,-eq; B, MFAYIN i BRI CL A= HAYI § 7= A iHERL,
CO,-eq; 0, NTHAEYII i BT ER/MASIBIEZREG CN, A RIR B4R BETR i iOBRIHER, CO,-eq.
FEF IR R A SE PRmcHE R ] R R R, TGRSR T e R R RS WA (17).
C,=—(C,—EC,) 17)
Krpe €, R edanfRiiikea, CO,-eq; EC, MBI BLiHEIE, CO,-eq.

WIRE AV T, R T IR S BAS B AR =8, A P R A =B B = Y
HIFERG, DRICFE R TR RIS B At HE 3 i [l B M -5 A 7 B Beli R i LL R, BisiHER DL
= (18).

C, =C,/EC, (18)
AP ¢ MBI BGRIEHER ; EC, A= B E, CO,-eq.
2.5 BUEKIR

RS A A A AR B EFE R AR R RE IR B R T Py S RS IR A = A2 i P i . Al
SRR R A BN R4S . AR SChRvE R SCHiRAS . BERE efootprint B4, Kt E A dh SL S Bde e MY
SRR, 7585 dERH CLCD-China-ECER 0.8 H1 43Rk AR
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sk, BRFiG T BB E RS A 500 km!',
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—IKRER, BIRARAEVR, FE7E BRI BUNAFAEMIRETR, Wim . Al KRGS, A IRBEIRFE A —IK
AETRFNEREEHAFER
3 #Bs LCA S #

3.1 BT GEEIERZ S R 1 S EEASTNEAR R R

LIS IR s O o], e 4 Table 1 Life cycle impact assessment indicators and data
TR LR AR IR Ak R B IR B R Y . TR TR SRR LCAZSSE
eFootprint LE*% HET | RAERHTTE AL GWP) keCOreq  1OIXI0"
el El’j LCA ,’” ’ frﬁ&'%@%?ﬁiﬁc (GWP) A I REIRIHFE (PED) MJ 3.52x10°
— W AE IR M AE (PED). A ¥y % 5 T #E B BRI (WO ) s ot
(ADP). JKVEUIFE (WU). BfL (AP). E#HF(L o : o
WEIH (EP). TR A EHLY (R). 5L40J2 I 4E AL (AP) kgSOyeq 77510
(ODP) *ﬂﬁ'ﬁ{t%%/ﬁ/ﬁ\m (POFP) , —H*%:g‘ﬂj:%ﬂu e TR FETSE (ADP) kg Sb-eq 2.00x10"
£ 1 iR, WE S (EP) kg PO, eq 1.49x10°

SARSHITAS, GWP Fil PED PRI bR X 46 AT A TR (RD) kg PM, -eq 3.20%10°
JiG A I PR S e Ry G o PRI S P 5 SUAUZIHFE (ODP) kg CFC-11-eq 436x10°

BEREATE T, WA E, 1t Sefl 2z LA A R (POFP) KgNMVOC-eq  391x10°
Wit m AN RRHERCA 1.01x10* kg
CO,-eq, M—IKBEIRISFERSARORA, 1 ¢ PTT
LRABIRRERLTHAEN 3.52x10° M,

AR A | sk AR IR A

PUABY BERIFREE R BT SRk AN R 2 B, Bk

*2 RIEEMERIA T GTE

Table 2 Accumulated contribution proportion of
tires in each stage

SIRTATAR, R AL = B GWP 1L - it

PED WiBifEHr otk K1) 2 #43, 1t Fe 414K Gwr PED
TR I BENFE 7 091.23 kg CO,-eq, HpE 33.69% 30.11%
284 713.63 MJ R, fcHERTTHR S R 70.29%, &k 70.29% 80.94%
RETTHAETTIR & Ll 80.94% ., =B AL i 1.04% 0.88%
FIRZ, HFE 3 399.36 kg CO,-eq, 106 034.01 MJ B R 5.00% 11.93%

REt, BRHERCDTER A R 33.69%, RERLISFEDTER
AR 30.11%, Z5SRRMFHGHE AR B Fe IR X REVRTHFERY FZORIR . e IaA B BOS FH6h5
B BTHR A EEX R A, DR R TH R G RSOR P R0 T IREERL RS, P AR B — o0 i — S At
Ji, RIS AR IR AE

) 3eRaA =B BEABE R AT . 3 3 AARIR A i AR T AR S RE UM AERY GWP AT PED F84RI1 57
BT, TRl AR IR R AR e R, AR T R G AR IR IR S, SCEEIRHERUR A
BOCRAFE R . TR, TR, Wi 4™, Hrbo B b LI RO, DTlkdi b 19%. SCHEHE
RN TR A ZEIRAE, Hrh T G L ROK, DTk L 17%. RRIRTHAECHDCR RIS AR E
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FERBEIR AP, SARRERTHFERY AR
RN T AR . TAARIE . B RIS, H
HOI T AR T HE R R, TR A bl 24% . G
REVRTHAEMIRENR G R A2V 155, Hihz9%
Frdi be R, BTk i b 12.00% .

X E U — B, AR AR
T 2T oimk o ange 4 s, BAE 1 kg IR,
PR 2.54 kg AR 89.20 MT B RETR
THFE. MRy Ll e ik, 5ok
GBI . V) BRIV T Al ARSI
TEmERI R R, S R A k. A
A LYIAHER, R ETEY,

2) B ffas i Al Y Be S S i e dT . #e IR
A B B RERE 2 R BHMIREE IS 2, 7FiX
PN BOE A HAbRE S A, fehfishl B
BIRRHERL G A A IHERL Y 1.04%, BEEIHAFE
b A A I RE R T AERY 0.88% , #RGTEFHHBLH
BRHERC L S BE R TMAE i P R B R e
KAE . IR IRAEA T3t A e ARVR ShBH 1 T #E
FHRIHE B B R A ST R )

3) IR NG A B BEAR SR X FL b . PR FS

A SR REVRIHAEXT L #r . (i3 S AT nge iR
ALY A B BB B THAE 1.42x10° MU, 0%
SRRV T S0P ARG T 2 900 MJ, %[H]
AR O AR RIS T 5 640 MJ, {HZ
AL U RE R IR M -5.78% 10 MT, BGES IR
P TN T 4 300 MJ, A BRI TEB AR T =
HEINT 14 900 MJ. R 1 t A G IL S b P
A AFIRE BRI 5 4.36%10° MT, AL IR
i T VR AN T 1 400 M, A1) BRI
Py g R B A RSN T 9 300 MJ. FltffL
SR RE IS AR R AR bR B T34
SRR T, LR IVRE RS R RS A
REmHIRRE bR AR RR S =,

®3 MRS REIRTTER G

Table 3 Proportion of raw materials or energy contributions
during the production stage

AR GWPDTiHk i [t PEDHk 1 1t
e 19% 21%
i 17% 9%
TR 12% 21%
AT 10% 3%
IR 9% 12%
T A 6% 24%
AfbE 6% 2%
R 4% 3%
Jif PN 22 3% 1%
RIRBIE 3% 3%
HFIHTDAE 3% 2%
YA 2% 1%
KRR 1% 0%

® 4 REEFFIIERA T

Table 4 Cumulative contribution analysis of carbon black

production process

K Bl B BRIV (COceq)  HEREISFE/MI
IR 1 kg 2.54 89.20
HETHEE 101 kg 1.01 0.00
PN S 017 m3 0.03 0.58
L 045 kWh 0.29 477
IR 1.01 kg 0.17 7.22
fkmRET 0.01 kg 0.00 0.07
B 1.13 kg 0.97 63.23
B 073 m3 0.06 13.32
T 0.01 kg 0.00 0.03

®5 FAEFNTFEALIAMREEREFR

Table 5 Thermal cracking energy consumption of passenger car semi steel radial tires

[514= RERTHFE/MI RE BTt /M R AL /M AE IR /%
BB 1.06x10° — — _
BRI B 3.09x10° — _ _
T HIB B 2.85x10° — — _
Uz iR TEAT 2 1.13x10* —-5.35x10* —-4.22x10* 39.80
AR B 1] AP 2R 8.56x10* —4.29x10* -3.43x10* 32.35
HEAL 2L 1.42x10* —5.78x10" -4.36x10* 41.17
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AT TR B, AH L TR AR 5
FIAEF I RE, R AT TR I S RE IR A
SRR, kG eEs 97% Ll b R
P G FRRR IR Ok B 2 AN AR [ICAEE
SRR A = i R A P B A P R . R
[ISCANEE SRR = AN IR T T R B, AR
XFF FIOREE R BRI B, R
HISEETE o 2, S IR SNBSS0
W & BRI HEE ) L BICN 0.5%, SR
TR PSSR S ITEU RE ek e 7 S e s
WG 8.99% ., MFE 6 1 HRE, R
MBI S ey, SRR 3
SR 1.6%, ELLARIRIVIR IR
SRR IR ARG N 1.6%, HARERIA L
N e P2 A R RE NG e e K N 7 kg G S|
TN AT, YR R ANEE T RS
SEREREIL 21.1%, BOESHRIRRR S E
BTN 5.48% . 455F W AL SR IO EE S TR
R T IR R R R Y L S 10.45%
AT SO BE AR T SRR 8,
AP RE R IR DTk ELEE R, ik 89% LU I,

SEAT T MNEE S, XFRAEF IR RE R EIERL
SR TANEAT, B A RS S
R e PR I > A VR > T A T > A e >
FRAEAN 22, PEERR T BT A Re A L
=9 R

JEFE NG A FH 7 R HERO Fe oy TR FE IR
o A A AT P e AR R SRR TR . FRR 6
I 7 a0, R AGTE ML RIVE R T 452
[T 3PS T e sy N e e b R B
iK% 610 kg CO,-eq, HELARIRZR A BRISHE
HEINT 11 kg CO-eq, HAKMGIESASFEINT 110 kg
CO,-eq. HJEN T2 mE =20 A B, ik
ST BN FE T 2B AR RETR DL ST, e
WRHERCE N 136 kg CO,-eq, HESHRIRIVR Ak
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Table 6 Composition list of half steel radial
tire for passenger cars
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Table 7 Carbon emissions from thermal cracking of passenger car semi steel radial tires
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Fig. 8 Carbon emissions from various stages of thermal
cracking recovery
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Abstract  The tire industry, a cornerstone of traditional manufacturing, has reaped substantial economic
benefits. However, it has simultaneously posed significant environmental challenges. This study sought to
scrutinize the potential environmental factors within the tire industry, with a focus on identifying opportunities
for energy reduction and tire waste mitigation. Employing the holistic life cycle theory, the research centered on
semi-steel radial tires, encompassing the entire life cycle encompassing production, transportation, usage, and
waste tire disposal. In this context, the study established comprehensive models for carbon emissions and energy
consumption. The paper constructed carbon emission reduction lists and energy emission reduction lists
specifically targeting the recycling stage. A comparative analysis was conducted on the carbon emission
reduction, carbon emission reduction rates, net carbon surplus indices, energy reduction amounts, energy
reduction rates, and net energy surplus indices for continuous low-temperature pyrolysis, intermittent low-
temperature pyrolysis, and catalytic cracking of waste tires. The findings revealed that, over the entire life cycle,
a ton of tire consumed 3.52x10° MJ of primary energy and emitted 1.01x10* kg of carbon dioxide.
Transportation and usage stages emerged as the most substantial contributors to carbon emission and energy
consumption during the tire life cycle. Environmental impact analyzed at each stage highlight carbon black,
electricity, synthetic rubber, and steel cord as key carbon emission elements during tire production, while
synthetic rubber, carbon black, and steam represent the primary energy consumption elements. Among the three
methods of resource utilization considered, continuous low-temperature pyrolysis exhibits the most effective
carbon recovery, while catalytic pyrolysis demonstrates superior energy recovery capabilities. Importantly,
recycling emerges as the pivotal driver for carbon and energy reduction in the context of waste tire management.

Keywords semi-steel radial tires; life cycle; pyrolysis; carbon reduction; energy reduction
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