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Abstract

As the importance of environmental strategy is gaining weight, a number of tire manufacturers
are quantifying the environmental aspect of a product in order to reduce the environmental
impact of the product and devise an environmental strategy for the product. In this study, the
environmental impact of Passenger Car Radial(PCR) tire and Truck Bus Radial(TBR) tire was
quantified using Life Cycle Assessment(LCA) and Carbon Footprint which are the two of the
main methods for assessing environmental impact. Life cycle in the LCA was divided into 6
categories: raw material extraction and production phase, transportation phase, product
manufacturing phase, distribution phase, use phase, disposal and recycle phase. As a result, it
was found that the use phase had the highest environmental impact, and the tread showed
especially high environmental impact among all parts. This study suggests a direction for
environmental strategy for a product in each phases of the LCA method by analyzing case

studies and utilizing the LCA and Carbon Footprint assessment done by major tire manufacturers.
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g5, Ax &4, &, vl &5, A7IZ Q3 Ad B YA & aga dHAREE HA
statal oo wE B RAeS B =Y 9

LCA+= Fig. 1. ‘/}E}bﬂ A} o], ISO 14040418 2ol A FAs T s 24 2 W) 43
(Goal Definition and Scope), % =<4 (Inventory Analysis), %@ %% 7}HImpact Assessment), 2}
3 A (Interpretation) 2] 47| ¢} X 31 (Reporting) % 7 2 (Critical Review)® 4 ®th[1, 2]

&

Goal and Scope
Definition -

v 1

Inventory Analysis Interpretation

v |

Impact Assessment

—
Reporting Critical Review

r

Fig. 1. LCA framework based on the ISO 14040.
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Fig. 2. The concept of Carbon Footprint.
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Fig. 3.3 %t}

Table 1. Purpose, target product, scope and functional unit of LCA

Designing a long—term application method of sustainability index
- Devising an environmental strategy for a product
Purpose . . . . . .
- Planning of reducing the environmental impact in the manufacture of tires
— Carbon Footprint Labeling
PCR-H430(215/60R/16H) TBR-AH25(11R 22.5 16P)
Target
Product
S Raw material extraction and production — transportation — product manufacturing —
cope L. . .
distribution — use — disposal and recycle
1) Supporting and maintaining the load of a vehicle
. 2) Relieving various impacts against road surface
Function L. . . . .
Definiti 3) Maintaining the movement of a vehicle by conveying motive power, braking power
efinition
and steering power of the vehicle to the road surface
4) Turning and maintaining the direction of a vehicle
Functional | One tire product with a mileage of One tire product with a mileage of
Unit 40,000 km(3 years) 200,000 km(2 years)
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Raw materials extraction and production phase

(Processing Synthetic rubber, Carbon black etc) Manufacturing phase(tire) Disposal & Recycle phase
L Emission Emission |
Subsidiary A A
terial
ma N : ; )
Process for production > Mixing
synthetic rubber
Raw Transportation U =
ateri phase v v ¥ >
- A ) hase,
Emission
2 Carbon Exirusion Calendering ( Bead } e\
Process for production | black j j Th ! I
Carbon black omatrecyclo
)
Emission Cutg Distribution
. phase
-
\ —

A
RaW\ Process for produciton ¢
ateri _ Other raw material
L——)» Building €<—
Curing | —— Inspection

Fig. 3. Scope of the LCA of a tire.
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Table 2. Input item and amount in the raw material extraction and production phase of PCR and
TBR(per 1 product)

. . PCR TBR

Input item Unit = = = =
Quantity Ratio(%) Quantity Ratio(%)
Synthetic rubber kg 2.75 26.96 6.28 10.77
Carbon black kg 2.24 21.95 13.91 23.84
Natural rubber kg 2.08 20.35 20.23 34.67
Steel cord kg 0.69 6.74 8.44 14.46
Silica kg 0.52 5.09 0.04 0.08
Textile kg 0.42 4.11 0.05 0.09
Bead kg 0.37 3.64 3.44 5.89
Process Oil kg 0.35 3.44 0.29 0.49
Zinc oxide kg 0.21 2.04 1.35 2.31
Sulfur kg 0.13 1.25 0.86 1.47
Stearic Acid kg 0.07 0.69 0.42 0.73
Others(chemicals) kg 0.38 3.75 3.04 5.22
Total kg 10.21 100.00 58.3602 100.00
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S ___*‘;?Dﬂlers > D ic distribution(Scenariol) |
DismbuumCmmn; / ] i o disaibution(Secmriod) |
> Foreign dsiibution j
== e P L S P T e s |
Es
Tire production Plant a

OQuter ports

(Australia, the U.S, .and Southeast Asia)

idl Busan port

Fig. 5. Scope of distribution phase.

3.2.5 A& ©A

Abg @A= 71939 Michelin Elo]o] LCA 3 A3} (5] ETRMA(European Tyre & Rubber
Manufacturers’ Association) 3 ZA3}6]E Z113}o] Fig. 6.9 e A3 7o) Elolo] 3] A
3(RR, Rolling Resistance)o] W& Az 2w =3 F3) = tread®] vlR(tread debris)ell |3+ 27}

A 8AaE aEskth

Fuel consumption according to RR + Tread dehris during driving

/ Ir\.s.d

saAGo|d Avage] BAH Bojo] Avow Hol Holojsh e S BAY BT 7
Wold 24 SE AN £EGE 5% BAGE AT ouAr) o] AFE Tz A W
3, wwel WA, e T 7hA mRel wald ofd wAsH, Holojd duAiuEs 5FL 4
gabe o 2 99g sw Uk B ATolA PCRY AR FE Tabledd 8 F ZuHe
AR F F goloje] AT o Aol 20%[7, 81% A4an, AAAT Faol
e Qm ) gade dd Fe Michelin ololola] ABH A5 B8 FRHAD, A8
AR AT AFe] F ARYL ALK AASAT TBRS A Fo] wolw ALgHE
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oo, A#% dRYow st o FAAuel HAAT FE ARsu S o ge
An @S AAsgith, 7 A PCRAES] Amin e 40000 km 9 A 95343 Le] -5
2u3ha, TBR A% A2 e 200,000 km #3 Al 673401 Le] A4 &ujsh= o
e,

Table 3. Calculation of fuel-efficiency of tire according to rolling resistance

Official Increase rate
Total fuel Fuel Total fuel
fuel . of fuel . .
Category Items . Fuel consumption . consumption | consumption
efficiency £ vehicle(L) efficiency tire(L/km)| by tire(L)
of vehicle per tire m y tire
(km/L) (%)
Existing 2 b o
17.500 ) 2,286 - 0.003 114.286
PCR product Gasoline
H430 18.100 2,210” 3.315 0.002% 95.343
TBR AH25 9.900" | Diesel 20,202 - 0.003% 673.401

¥ Official fuel efficiency of Avante MD, official fuel efficiency issued by KEMCOI[9]

» Mileage of 40,000 km

9 20% fuel efficiency according to rolling resistance applied[7, 8]

15 get certified 1st grade of a grading scheme for energy-—efficiency of tires in South Korea, HANKOOK TIRE
official blog[10]

® Estimated by using official fuel efficiency and increased rate of fuel efficiency[5]

D Official fuel efficiency of bus(more than 12,000 cc)[11]

# Mileage of 200,000 km

Tread?] vl=+ PCRO 4%, Hif tread "FEE&F FP A #L ]%3 A 3l
A Z=7ES o] gettt 1 A3 Table 4.9F #Zo], Z+2F 1.20 kg, 11.84 kgo

Table 4. Calculation of tread debris during driving

Items | Tread wear(g/km) | Mileage(km) | Tread debris(kg) | Tread weight(kg/EA) | Tire wear rate(%)
PCR 0.03% 40,000 1.20 3.61 33.24
TBR - 200,000 11.84 16.27 72.79

? Source: PRé Consultant’s 'Life Cycle Assessment of an Average European Car Tyre'(2001)[6]
» Vehicle test result

326 #H7 2 ALE GA

Elo]o]= EPR(Extended Producer Responsibility) A A|=o 2 #HElo]o]7} WA E M Fig.7.3
Ze HHZ FAXY AZgEdr. dItEo]o]Fd P 3 (KOTMA, Korea Tire Manufacturers
Association)oll Al d=ol] HElolo] 34 A JAE AAste] FHEtololEs F3 Rk FERo]o
3l MY PAE Fste]l e HAEolodE ALEAAAN FFES st Ad[12], AH A WY
t H/\Tq—~
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Fig. 7. Waste tire collection process in South Korea.
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Table 5. Disposal and recycle status of end—-of-life tires in South Korea(2010)[12]

2009 2010
Category ; 3 3 .
Weight(ton) Ratio Weight(ton) Ratio
) Rubber powder 61,811 21.0% 59,105 18.8%
Material
) Rope 6,113 2.1% 5,104 1.6%
recycling
Subtotal 67,924 23.1% 64,209 20.4%
Cement kiln 113,611 38.7% 101,643 32.3%
Thermal | TDF(Tire Derived Fuel) 34,885 11.9% 68,946 21.9%
KOTMA | recycling Pyrolysis burning 3,656 1.2% 2,105 0.7%
Subtotal 152,152 51.8% 172,694 54.9%
Original Landfill 3,485 1.2% - 0.0%
form Export - 0.0% - 0.0%
reuse Subtotal 3,485 1.2% - 0.0%
Total 223,561 76.1% 236,903 75.3%
Third Retread 17,192 5.8% 22,419 7.1%
li Export(mounted on a used car) 32,732 11.1% 31,602 10.0%
ar
party Total 49,924 17.0% 54,021 17.2%
Recycle total 273,485 93.0% 290,924 92.4%
Others 20,445 7.0% 23,780 7.6%
End-of-lifes—tire generation 293,930 100.0% 314,704 100.0%
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ATt AFE dErolo] MAFS U AFTH tread MIEFS 1H I vtRE FHFS A
9]stal Table 6.3 o] #HEfo]o] WA RS A st o
Table 6. End-of-lifes-tire generation in target tire product
Items | Tire weight(kg/EA)® | Tread debris(kg/EA)® | End-of-lifes—tire generation(kg/EA)
PCR 10.21 1.20 9.01
TBR 58.36 11.84 46.52
¥ Refer to Table 1.
» Refer to Table 4.
w3k AALst e o] § TS Table 5.0 UERH tigtelolo] 3 d {3 FAAE T T=F
B u5AR FS A AR E Fo) v 4851, AHGAAAN o8 vhebsiA o
2 FEfolo] HAHS B ALE, YA ALE, XH*@EPOM A Fwo &R sty
A% A7) 2 A @A v &L Table 7.3 2ol A
Table 7. Disposal and recycle weight of end—of-life tires in target tire product
[tems Recycle Ratio(%) PCR(kg/EA) TBR(kg/EA)
Material recycling 24.76 2.23 11.52
Thermal recycling 66.59 6.00 30.98
Supply to retread 8.65 0.78 4.02
Total 100.00 9.01 46.52
(1) &4 A &g Material recycling)
detolo] B4 ALEE H5H elolo]S AusAY slsts HAS AH DRET T %E
ez shgatel ol et AL WAV, 1 F o 2% PEE AAGE 1 BRe A AT
Mo} nERE AWARR S ERFAEL AR 0P olgxm, dvd ddel BE o4
Wy BEFA GEE ol guth wekd B ATl BAE detelo]E 1R B 5o ¥
2 7bgete] ERgAld ol gk AL welER
DD Uk FJE R Tt ES Eolo %““é%:‘* T LFRES o] &35HA HH, HEEA ] o
49 AF Aae 71E 538 Abg(Michelin[b]3 ETRMAL6D) S 5L3A 1 kg #HEFo]o] 7FF A
FART 1 kg AL G, B Az A FQLE oIS 368 k] AHgsHE Aoz 7HY
Sk =@, nrE ddsl dashed AHgRE e duAdor A9 gRE os
st7] wiiel Y duAe dH dgom HAFstrh
(2) oy x] AH&-E&(Thermal recycling)
DA E HEpo]o] o] RS doyA AAtel] FHEM, o] & FH= AWE AEE T, 1LY
ASAF AZ(TDF), AFL2ZS &3 dolox] 4= 2 4 Al EPA(Environmental
Protection Agency)oll Al &ztgk ®BaAo] mEwWH[13] 1 kg HEFo]OIE o] &3] Folyx] At
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Al At 36 MJ9] oy A| 7t AAtEE e BaFal Qv B Ao A= EPACIA] FAFSA
D x 3 HElo]o] o] & doyA| A Al BHAGFEHE DB o] & Z=2EAS S5

(3) AAEFolo] At %:L(Supply to retread)
Hepoloj 2 A Elo]o] F mEH treadS WA= Ao AFoHE AAEY v FHFLE
TAE HERolo] F vfRE treadE AT O AE tread= WA= Aoz ALEEFS

A4 %%%ﬁ% 7t GAE FAEAE, FEEE AHEF Y Amdd LCI DBE d4s] Ty
AJa, AgH = AAAARS A RA FE=3 271 LCI DB Ecoinvent v2.2 LCI
DBE &&34 E‘r

h
U
o

3.3 ¥FH7}
3.3.1 93 7HLCIA, Life Cycle Impact Assessment) B3
FHFE7L B ores EA437hAE CML2004 B ES ol&3dlor(14], Aarstet 7tsst HH=
A4 AR A A LR i WG S/WSl PASS 4110 58 AN ol gaTh 1
9¥ dFATE Table 801 et 27 ol 679 FFRFol P JFAAE S0k
Table 8. Impact Category and Equivalency unit
Impact Category Equivalency unit
ADP(Abiotic Depletion Potential) kg antimony eq./kg
AP(Acidification Potential) kg SOzeq./kg
EP(Eutrophication Potential) kg PO -eq./kg
GWP(Global Warming Potential) kg COs-eq./kg
ODP(Ozone layer Depletion Potential) kg CFC-11-eq./kg.
POCP(Photochemical oxidation Potential) kg CoHi—eq./kg
332 73 ¢4 E43 43
ERshe A3 5534 dAdA A48 A BEERAREE o83 FaE 2 AEE9 &
o tiste] Zzte] JEFH T st BEE BRI 9ARE B AFoAe 33144 As
g mpel o] 6dl FFRFHEE R3S T3k, CML 2004014 A A § S48 factors ©] &
éf Table 9.o e Slct
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Table 9. Result of classification & characterization in LCIA(PCR & TBR)
Raw Use Disposal
Item Impact unit material [Transportation| Product- Distribution Fuel . a1:1d
g extraction manufacturing consumption Tread debri recyccle
ADP | kg antimony eq.| 1.6.E-01 1.8.E-05 1.7.E-02| 1.2.E-02] 1.6.E+00 2.7.E-02| -4.6E-02
AP kg SOseq. 5.3.E-01 2.3.E-06 9.5.E-02| 2.1.E-03] 1.3.E-02| 9.3.E-02] 3.8E-02
PCR EP kg PO, eq. 1.4.E-01 2.7.E-07 3.6.E-03| 1.8.E-04| 7.6.E-04| 7.3.E-03] 3.2E-03
GWP kg COqeq. 2.4.E+01 3.1.E-04| 6.9.E+00 1.8.E-01] 2.1.E+02| 4.2.E+00] -3.6.E+00
ODP | kg CFC-11 eq. | 1.5.E-05 1.0.E-09 4.9.E-07| 4.6.E-07] 1.8.E-08| 2.2.E-06| -5.6E-07
POCP kg CzHieq. 1.2.E-01 5.9.E-06 6.6.E-02| 2.7.E-03] 6.0.E-04] 2.2.E-02] 1.7E-03
ADP |kg antimony eq.| 5.5.E-01 3.4.E-05 6.4.E-02| 1.8.E-02] 14.E+01 8.6.E-02| -3.0.E-01
AP kg SOgeq. 3.1.E+ 00 4.3.E-06 3.4.E-01| 2.2.E-03] 1.7.E+00] 1.4.E+00 3.5.E-01
TBR EP kg PO, eq. 3.7.E-01 5.0.E-07 1.4.E-02| 2.6.E-04 2.0.E-01 1.3.E-01] 3.4.E-02
GWP kg COzeq. 1.1.E+ 02 5.8.E-04| 2.8.E+01| 2.9.E-01] 2.0.E+03] 3.1.E+01 -2.3.E+01
ODP | kg CFC-11 eq. | 7.4.E-05 1.9.E-09 1.7.E-06| 9.6.E-07| 7.3.E-04| 1.9.E-05 -3.9.E-06
POCP kg CoHieq. 6.3.E-01 1.1.E-05 2.3.E-01| 5.7.E-03] 4.3.E+00 2.1.E-01] 4.9.E-03
3.3.3 A3 2%
Arst A= 5435 GAS Fol AhEd T R AEEe 543 Adge] Ad vus fa A
73} factors ©]-§3h4 %H% FAdew e Adow 5430 Aaghol Table 10.0] Webd 4
T3} factorg ©]€3 PCR % TBR A& tigh AtstE 3o, 1 A= Fig 8.3 2o

1.20E-01

1.00E-01

8.00E-02

6.00E-02

400E-02

2.00E-02 -

0.00E+00 -

-2.00E-02

Table 10. Noramlization factor

Impact Category | Noramlization factor unit
ADP 24.9 kg antimony eq./person-yr
AP 39.8 kg SO.eq./person-yr
EP 13.1 kg PO,* eq./person-yr
GWP 5,530 kg COseq./person—yr
ODP 0.0407 kg CFC-11 eq./person-yr
POCP 10.3 kg CoHseq./person-yr
Source: PASS 4.1.1
MADP WAP HEP HGWP HODP mFOCP MADP WAP WEP NGWP HODP HPOCP
Lsoe<00
1408500
1208400
Lo0E<00
800501
600501
00E01
= -~ m
Raw material Transportationmanufacturing Distribution use Disposal 0.00E+00 | : L — '
extraction ,:c::m oo Rz\'.'”:ﬁ:ir'\\a\ TransportationManufacturing Distribution Use Dls;:;illjnd
Fig. 8. Result of Noramlization in LCIA PCR(left) and TBRl(right) in each phase.
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¥ Raw material extraction 7 Use w
| I

I-m 5 5 é
I t it
[ o | =2 m i cach fi cycl phases
\() @ Impact assessment for tire production process

@ Impact assessment for each part
(Tread, Sidewall, Bead, etc.)

O Impact assessment for each raw material
(Carbon black, Synthetic rubber, Natural rubber, etc.)

Fig. 9. The framework of result of Life Cycle Assessment interpretation.

3.4.1 Life cycle @AY 937 243

PCR A% 2 TBR A9 A#AA dIFH7F 27+ Fig. 107 23, PCR, TBR 257 AR&HA 9

A 747y 849%, 93% 2 7 =o s ES e ALE DH:]]Oﬂ/\ﬂ.,] SEFEFS B AAF ¢

3 AR 4ulo] w2 Jgo] 77 PCR 97%, TBR 98%, tread vhiol] €% ¢Jdko] 7tz PCR 3%,

TBR 2%9°] Bl &S 2A3)] 34T Fhao] e AFddef 9ol o

01&‘:”11—%:% 7l = £ 43, PCR¥ TBR EF €8 HE @7 2 AR @AlolA Ak
! A Fdst dEo] b mdow, £F W fF wAldA e AdanAdde] b e A

LHER

IS
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Fig. 10. Result of Life Cycle Assessment of PCR(left) and TBR(right) in each phase.
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Fig. 11. Result of impact assessment of PCR(left) and TBR(right) in each tire production process.
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Table 11. Environmental impact/weight of semi-manufactured parts of PCR and TBR

. Weight Environmental . . .
Item |Semi-manufactured parts . . . Environmental impact/Weight(pt/g)
ratio(%) impact ratio(%)
Tread(T/D) 36 40 0.61
Bead(B/D) 8 6 0.42
Sidewall(S/W) 15 13 0.48
PCR Inner liner(I/L) 10 8 0.45
Belt(BT) 16 13 0.43
Carcass(C/C) & JFC 15 20 0.74
Total 100 100 0.54
Tread(T/D) 30 32 0.46
Bead(B/D) 13 13 0.40
Sidewall(S/W) 11 11 0.45
TBR Inner liner(I/L) 12 10 0.35
Belt(BT) 15 15 0.42
Carcass(C/C) & C/F 20 19 0.41
Total 100 100 0.42
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Fig. 13. Result of impact assessment of PCR(left) and TBR(right) in each raw material and utility.
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Table 12. Environmental impact/weight of PCR and TBR in each raw material

PCR TBR
. . . Environmental . . Environmental
Raw material Weight | Environmental | . Weight |Environmental | .
. . . impact/Weight i . . impact/Weight
ratio(%) |impact ratio(%) ratio(%) |impact ratio(%)
(pt/g) (pt/g)
Synthetic
27.0 25.6 0.42 23.5 9.6 0.29
rubber
Natural rubber 20.3 1.4 0.03 21.0 3.2 0.03
Carbon black 21.9 13.5 0.27 19.0 19.7 0.27
Silica 5.1 4.8 0.42 9.4 0.1 0.42
Steel cord 6.7 5.4 0.35 7.0 15.7 0.35
Textile cord 4.1 5.8 0.62 4.2 0.4 1.56
Bead 3.6 2.1 0.26 3.9 4.6 0.26
Process oil 3.4 2.3 0.30 3.9 0.4 0.30
Zinc oxide 2.0 2.4 0.50 1.9 3.6 0.50
Stearic acid 0.7 17.1 11.00 0.9 24 .4 11.00
Sulfur 1.2 10.5 3.62 1.2 16.6 3.62
Others
. 3.7 9.1 1.07 4.2 1.6 0.10
(chemicals)
Total 100.0 100.0 0.44 100.0 100.0 0.33
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Table 13. Calculation result of carbon emissions in each life cycle phase
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