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Non-exhaust emissions arising from tire and brake wear are receiving increasing attention as Particulate Matter

(PM) reduction policy has expanded with the transition to eco-friendly fuels among vehicles. However, as non-exhaust sources
(vehicles) are not included in the National Air Pollutant Emissions Inventory (NEI) of the Republic of Korea, the exact amounts of
non-exhaust emissions are not able to be identified. This study estimates the TSP, PM-10, and PM-2.5 emissions from tire and
brake wear based on EEA's estimation method, and analyzes the trend of non-exhaust emissions. In 2019, when applying Tier 2
methodology, the air pollutant emissions from the wear of tires and brakes in the Republic of Korea comprised 11,418 tons of
TSP, 9,046 tons of PM-10, and 4,622 tons of PM-2.5. The 2019 NEI shows national exhaust PM-2.5 emissions of vehicles from are in
a downward trend while non-exhaust emissions of PM-2.5 is increasing compared to 2015 figures. The study’s results would
allow figuring out the current status of non-exhaust PM-2.5 emissions from, for example, tire and brake wear, and would be used
as the base data for establishing policies aiming to emphasize the importance of emissions management and to reduce the

emissions.
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2] vjEo] T4 EF FokA Al It} (Choi and Kim,
2022; Kang and Kim, 2022, 2021; Son and Hwang,
2021; Woo et al., 2020; Mathissen et al., 2012).

Efojo] &l Helo]= il A7} tf7] Fo= H|At
2 73 oh 9 A Sl o8l shd == mieel
Qlxlo] AefAlo] IS n]d =k 1.0 ™ (Baensch-
Baltruschat et al., 2020; Leads and Weinstein, 2019),
ANA| 217l A -2 A 02 Foligh JFe vehd 4
QIth(Zhao et al., 2015; Cassee et al., 2013). E§F =%
Teol5eydde =4 HiES w7 E T 1
HijE]gte] HiETe] Hleo] Eobd Ao= o4fE o
S T2l HiE T oAl AEAH o w A|7E
11 @It} (Harrision et al., 2021; UK AQEG, 2019; Tim-
mers and Achten, 2016; Grigoratos and Martini, 2014;
Borken-Kleefeld and Ntziachristos, 2012).

AR v]= EPA (Environmental Protection Agency)
91( 3 EEA (European Environment Agency)gl R
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e Abgste] S7skaL iek ey @A =7t 7]
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4 9 FAsk Lo, vl el gt Wi SA
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o]z HY T 137 theF siE oA wiE=+= 97t
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&S vid FESEL QITH(NAIR, 2022b). 487
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tH(Choi et al., 2022, 2021, 2020; Yeo et al., 2019).
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Tier 1 (Eq. 1)

TE: Emissions from tire and brake wear by vehicle (g)

N;: Number of vehicles in category j

M;: Mileage driven per vehicle in category j (km)

EF;;: Mass emission factor for pollutant i and vehicle
category j (TSP - PM-10 - PM-2.5, g/km)

*Source: EMEP/EEA air pollutant emission inventory

guidebook 2019 (EEA, 2022)

TE=]ZNj X M; X EFrgps ;X f,; X S(V)  Tier 2 (Eq. 2)

TE: Emissions from tire and brake wear by vehicle (g)
N;: Number of registered vehicles in type j
M;: Mileage driven per vehicle in category j (km)

EFgp;: TSP mass emission factor for vehicles in cate-

20| 24

-Et0j0o] & H2jj0|= Ot HiEY SHo= - 253

gory j (g/km)

f;.i- Mass fraction of TSP that can be attributed to par-
ticle size class i

S(V): Correction factor for a mean vehicle travelling
speed V

*Source: EMEP/EEA air pollutant emission inventory

guidebook 2019 (EEA, 2022)
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o, PM-107 PM-2.5= TSP HiEo] o3t A5 E-&
e 2 AAElo] ATt ‘i AFE (Heavy-duty vehi-

Table 1. Air pollutant emission factors for tire and brake wear from road transport. (unit: g/km)
Tier 1 method Tier 2 method
TSP PM-10 PM-2.5 TSP PM-10** PM-2.5%*
Source category
Tire and br.a ke wear Tire Brake Tire Brake Tire Brake
combined
Two-wheel vehicles 0.0083 0.0064 0.0034 0.0046 0.0037
Internal
Combustion 0.0107 0.0122
Engine (ICE)
Passenger Hybrid
cars 9 Electric 0.0229 0.0184 0.0093 0.0111 0.0097
Vehicle (HEV)
Battery 060 098 042 039
Electric 0.0116 0.0034
Vehicle (BEV)
. N1-I 0.0122
tL'gh:d”ty 003427 00271 00139 00169
rucks NT-IL 1l 00173

axle

Heavy-duty vehicles 0.0777  0.0590 0.0316

N
EF =X LCFX EFrsppcycn EF=1.956 X LCF X EFrspocycn

LCF=1+0.79XLF

LCF=1.41+(1.38 XLF)

*Source: EMEP/EEA air pollutant emission inventory guidebook 2019 (EEA, 2022)
**PM;0, PM, 5: Mass fraction of TSP
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cles)’ F-72] 7% 582} (Passenger cars (ICE))’ <]
TSP Hi& A= 55 E 4 A4 (LCE, Load Correction
Factor)”} 285t} LCFE =% 9] LF (Load Fac-
tor)i= 0~1 H ] HollA] eHA5] A A o] 22
12 g3ttt 2 AoA= ‘e 2=k (Heavy-duty
whicls ] 5] 244 2342 55 55617
o] 55k 5ol HAZE Qlof FXHEkel 0.5= A-§5t
Ak 3:—@' Efojo] uti HjEAG EE A 2o 2t
= T (Nye) & A5 =l B2 05 FANA 2%
E 2t 45 ALsto] & 33} Zo] 28513k

Tier 2 MfEF AP =2 (A 2)°fl WE #&2t 5
3 £ Erolo] Bl Heo]2 nik HiE HAGA
(S(V))= 3 28} L. Bro]o] mpre} Hejo]3 npit
Z}Z} 40 km/h PIRF, ‘40 km/h ©]/¢ 90 km/h ©]5F, ‘90
km/h 3P 0] 371 FREE g HAGAG7} A
5191 ek 2 GO A5 A PR
H YA E 15N F HAYASE 2851 Tier 2
W2 7102 n|A| 2] siEd-S AP sl

Table 2. Speed correction factors for tire and brake wear
particle emissions.

Vehicle speed (km/h) Tire wear Brake wear
V<40km/h 1.39 1.67
40km/h<V<90km/h -0.00974xV+1.78 -0.0270%xV+2.75
V>90km/h 0.902 0.185

*Source: EMEP/EEA air pollutant emission inventory guidebook 2019 (EEA,
2022)

EEA9] Eto]o] Bl Heflo] T vhwt ufEAlgo] whe
2 B5 = 1 13} Zo] ‘o] &} (Two-wheel vehicles),
‘-84 (Passenger cars);, ‘A% E & (Light-duty trucks);
‘U &} (Heavy-duty vehicles) 22 EFE o] It}
el @) CAPSS BRAAI] A9 A A5t
HE 7Hro 2 A4Ed 0 JEA HiE EAS 1125ty
297} &9kat 9 3FEAF £ g7l 2 40 EEH
A 425U F AR FHY AEFE EE
5t 7|2 FEA vjE=kS AMAstT QI B 1
o] 2} B5o} CAPSSS] 2FE 5 7hol| At uf
Aol e AV Ao B, EEAS] A5 ol
et 3 33} Zro] 7HAste] CAPSS A2 wi At &
EEA®} CAPSS ®-RAI A2 vi&7kS APgstalch

2.2 XISk & Y T2 25 Uy

Elolo] 2 BeolL v WS A e
FEr= AsA A F 98712 (Vehicle kilome-
ters traveled, ©|5F VKT)o|t}, $H7gH 7oA =]
HAE M= 5-82%L SFaat & AEAelA HiEs
+ W71edE=E viEd= Aokl flsl vid Al
74 AFE SEUe 2 FPAE FE6aL 9le
™ (NAIR, 2022a; NIER, 2019), 0| <¢]&] &85+ B4
A ot 2ok

252 =T ¢ = AFE AT @ 2] (Korea
Automobile Manufactures Association, ©|5} KAMA) 2]
A2, 2, 219, A9 559 ARE &

Table 3. Vehicle types used in CAPSS corresponding with EEA’s emission factors by vehicle type.

EEA source category

CAPSS source category

Two-wheel vehicles Two-wheeled vehicles

Passenger cars Passenger cars, Taxis, Vans (compact - small-sized), RV
N1-1 Freight cars (small-sized)

Light-duty trucks
N1-11, 1l Freight cars (middle-class)

Vans (middle-class,)- full-sized y - special y), Busesy,

Heavy-duty vehicles*

Freight cars (middle-class s, - full-sized 4, - special 3)), Dump truck s, Concrete mixer trucks),

Special motor cars (tow truck,), wrecker ,, others,)

*Numbers in parentheses refer to the number of axles used in deriving tire wear emission factors

o7 I stEx| M 39 M 25
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goiglon, J5E ARl P B 49k T SE  FehA AT oF 1,8007) ABAA A0 A A
olgxt TEUTY BF FEWFTHY ol At Ax  FE dB TP 5 HolHE FESH AlE
A Bgagnt gk, g3t Hole] Pt & 59t 2o, L
53} F97]2] ] 79 EA% MDIS (Micro Data QFAEEH] 2019 A5AFAAEA, Al 25
Integrated Service)®] AEAFHASAS &8st 2k FA2 flolE e} Hhﬂqﬁ‘% g5kt 2He
Ark MDISS] AEAFHASAL FFLEHA 0|82 I B FAAY A9 BAR Y]
Table 4. Vehicle registrations by manufacturer, vehicle type, and model (Example).
Region Manufacturer Type Size Model  Lessthan 1 yearold More than 15 years old Total
National Total 1,700,000 2,800,000 23,677,000
PC 1,400,000 1,850,000 19,170,000
Van 41,000 132,000 827,000
Freight 249,000 801,000 3,593,000
Special 5,000 15,000 85,000

PC

100 3,000 5,000

*Source: KAMA, Korea Automobile Manufactures Association

Table 5. Daily mean VKT (Example).

Classification Vehicle type

Si(

1
2

PC-Standard-Compact
PC-Standard-Small-sized

city) - Gun (county) - Gu (district) Daily mean VKT (km)
Jongno-gu, Seoul-si 8.28301

Jongno-gu, Seoul-si 3.33155

*Source: MiicroData Integrated Service, Statistics Korea (Statistics provided by Korea Transportation Safety Authority)

Fig. 1. National and Seoul-si measurement VKT road network in 2019.
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AR e e ek (NIER, 2009)9] <+ VKT=Y. TXRL (Eq.3)
AE L85l

VKT: Vehicle kilometers traveled (unit - km)
T: Road Traffic (unit)
RL: Road length (km)

=
A2 F VKTE A5E S5l F4712E

Tsto] AR A2 VKT (B2 E2)9 vja=

VKT (B2 £ 2)&8 JLESo] &35, o=
_ (Example) Capital Region First Ring Expressway
L2 wEge E—E— =] 1 ms}oq H=r]z 0;7]

Songnae IC - Jangsu IC (January traffic volume of
vehicle type A: 1,000,000 unit, Road length: 3.11 km)
— VKT =10,000,000 X 3.11 =3,110,000 km

STk A& VKT A 4% w2 70 mEe AZ VKT A4S 9e BETE, AN 5 &
I GIs EHORENE 9 4 b Y P ER B APER FELER, 5 POUE I AREE T
A Fo 2 sk (A 3). Aol Al A 54 kg2 P e FAE &8
Table 6. Data obtained for measuring traffic counts.
Road type (Data provider) Obtained data

- Yearbook of Road Statistics

- Permanent traffic counts of national expressways
National expressways (Korea Expressway Corporation) - National expressways' average permanent traffic counts per days of

the week
- Speed limits of national expressways

National expressways, General national highways,
Local highways (Ministry of Land, Infrastructure, and
Transport)

- Statistical Yearbook of Road Traffic Counts
- Short-term statistics_Traffic counts by road type

- Survey data on traffic counts of Seoul Metropolitan City (Report)
(Seoul Metropolitan Government) - Report on the traffic speed of Seoul Metropolitan City
- Survey data on monthly traffic counts

- Traffic Survey of Busan Metropolitan City_Traffic counts survey
results (Report)
(Busan Metropolitan Government) - Traffic Survey of Busan Metropolitan City_Traffic speed survey results
(Report)
- Survey data on traffic counts

- Basic Survey Related to the Traffic of Daegu Metropolitan

(Daegu Metropolitan Government) City_Survey on traffic counts and traffic speed (Report)

Metropolitan
cities

(Incheon Metropolitan Government) - Basic survey on urban traffic of Incheon Metropolitan City (Report)

- Report on the basic survey’s results of Gwangju Metropolitan City’s

(Gwangju Metropolitan Government) traffic

(Daejeon Metropolitan Government) - Survey and analysis report of the traffic of Daejeon Metropolitan Clty

- Results of regular survey on the traffic counts and speed of Ulsan

(Ulsan Metropolitan Government) Metropolitan City (Report)

- Basic survey and analysis on the traffic of Sejong Metropolitan City

(Sejong Metropolitan Government) (Report)
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stgick. ol 9ls) BEI FARRE E 63 Zow,
FEE A2 yKTo E2e 19 13 2tk

A FAEEL] S WEF A T30 S
N E 60 2 71228 Vo R 7 e A
=9 A58 JlEo R FEAAT. WEF U5 73
ol 44 elolEl} gl 2w 9@ AYwe] Ag A7}
712428 METF AP o] met 71hE Al
%0] 80% S 2-gote, AFEEE HE 132 60
km/h, 222 o4 80 km/h2 H-§5FAct. HIAS T

2ol tioiM= & FgqA1e B9 o Bdt A5
2GS, E-A19] B9 5 FAA AS I 259
Baaks, B9 Aolls ARge] wet AREE
E At ARMEE 9] 80%E A3ttt ARt
O] A =2 O] &5 22 Fof whet 1344 40 km/h, 2
ZH4 48 km/h, 324 60 km/h=Z 7HE5FATH(NAIR,
2022a).

ot o gALe| Pt FAS L= R ST

S} (NIER, 2002) 2] A 23S Z-85H3 .

3. 93¢ Zy

3.1 KSR S2oi o Fa74a)

20199 71 =W AHEA; 9 o] 73] F TR
= 25,9994 HjolH, YA E= F 3552847 km
l Aoz vehglth A58 SE42] 79 EEA 4F
7 B OE AT ERAAE 7IELR oAt
(Two-wheel vehicles) 2,237 tf, %%i}(Passenger
cars) 20,2395 off, 2% E & (Light-duty trucks) L o
%] Z}2F (Heavy-duty vehicles) ZtZ} 2,383% o, 1,140
il Aoz yehydth A5 F34712]9] 75 o
F 4} (Two-wheel vehicles) 27,1813 %F km/yr, 582}
(Passenger cars) 256,782t km/yr, 2% E 2 (Light-
duty trucks) ¥ & 2}5F (Heavy-duty vehicles) 22}
34,8979k km/yr, 36,425%%F km/yrQl 2 0= et
HEHE 7).

20| 24 -Efo]o] H E2j0[3 Ot HHER SH2= - 257

Table 7. Vehicle registrations and VKT by vehicle type in 2019.

Vehicle

. . . Vehicle speed VKT
Vehicle category  registrations range (km/h)  (million k)
(thousands)
Two-wheel vehicles 2,237 283 27,181
10~20 827
20~30 38,368
30~40 61,559
40~50 39,338
Passenger cars 20,239 50~60 10,877
60~70 33,981
70~80 4,514
80~90 67,316
Sub toal 256,782
10~20 74
20~30 4,485
30~40 6,928
40~50 7,065
Light-duty trucks 2,383 50~60 1,396
60~70 4,807
70~80 547
80~90 9,594
Sub toal 34,897
10~20 40
20~30 1,838
30~40 3,949
40~50 6,077
Heavy-duty vehicles 1,140 50~60 1,293
60~70 5,923
70~80 697
80~90 16,607
Sub toal 36,425
Total 25,999 - 355,284

3.2 =LK Elojof & Egjjo|= Ot HHEE
20199 7] =i A-5AF BRojo] Bl Helo] 4 npi
of| o3t TSP 2239t 1A H 2] Bl E72 Tier 1 'HE22)
7% TSP 10,132, PM-10 7,994, PM-2.5 4,117%
O 2 GERG O, Tier 2 HHE2] -2 TSP 11,418,
PM-10 9,046, PM-2.5 4,622E 02 FHETH(E
8). Tier'd HlET 2ol viEAl & vi&d AP
ol Ao g BALQITY Tier 1 =
O] A% 2FE FhA ol viEATE 285t v
ZFS AP SHHIH, Tier 2 HE2] 72 Tier 1 W'Y

5

A obg HAAS 9 AFE B ST

J. Korean Soc. Atmos. Environ., Vol. 39, No. 2, April 2023, pp.251-264



258 Z42

Table 8. Emissions from tire and brake wear by vehicle type and methodology based on EEA’s classification in 2019.

(unit: tons/yr)

. (Tire)
Vehicle Tier 1 method Tier 2 method (Brake)
category
TSP PM-10  PM-2.5 TSP PM-10 PM-2.5
. 174 104 73
Two-wheel vehicles 226 174 92 342 168 269 165 138 66
3,374 2,024 1,417
Passenger cars 5,880 4,725 2,388 7,130 3756 5,705 3681 2,882 1465
i 729 438 306
Light-duty trucks 1,196 946 485 1,450 220 1,144 206 587 281
1,364 1 7
Heavy-duty vehicles 2,830 2,149 1,151 2,497 36 1,929 819 1,015 573
yauy 1,133 1,110 442
Total (A) 10,132 7,994 4,117 11,418 3641 9,046 3,385 4,622 2369
' ! ! ! 5,777 ' 5,662 ! 2,253
National air emissions in 2019(B) 484,527 207,866 87,618 484,527 207,866 87,618
National air emissions in 2019 + 490,168 211,251 89,088
emissions from brake and tire wear 494,659 215,859 91,735 495,945 216,912 92,241
in 2019 (A+B) 490,304 213,527 89,871
1.2% 1.6% 2.7%
Changes compared to 2019 2.1% 38%  47% 2.4% ] 4.4% ° 53% °
national air emissions 1.2% 2.7% 2.6%
£ 1Rt £ HAAS Agof| ihE Apoldl Ao Sk A o= YERTh Y Tier 2 WHE 7R
BAE] 9ot = TSP, PM-10 ¥ PM-2.5 Z}7} 495,945, 216,912

EEA A5 BlE3FE Tier 2 YHE9] PM-255
7)1&0 2 o]Z2}F (Two-wheel vehicles) 138E, 5-&
2} (Passenger cars) 2,882, A% EH (Light-duty
trucks) ¥ & AI=F (Heavy-duty vehicles) 2tz 587
E, 1,015802 58X} (Passenger cars) T2 E}0]
o] 9l Bejo|3 ntR vjEeFo] 7P g2 Ao & U
e

2 AR F4E olo] 9 Heo]q npR vjEF
= =7t &g itote] S-S Bkl
2019\ 7|5 =7} TSP, PM-10 & PM-2.5 Ml &&= 2t
7} 484,527F, 207,866 2 87 61850]131 NAIR,
2022b), A ntR vjE=F}t A AT} Tier 1 W
HE 7]F0 2 TSP 494,659, PM-10 ¥ PM-2.5 Z+
7} 215,859, 91,735E 0 2 19 =7} W&} diy)|
SF TSP 2.1%, PM-10 & PM-2.5 Z+Z} 3.8%, 4.7% 57t

9 9224102 *19 =7} viET tiH]
9 5.3% 570k A0 2 LRt
82 9 3k=2t 5 3 39] CAPSS A2 EFA|
A 71Eo® 2FE golo] 3 Heflo] 3 npi viEwF
= 3 99} 2Tk Tier 1 HES PM-25 7|02 &
£7}(1,516E), 3F=2}F(1,329E), RVAH736E) &0 2
HjZ2Fo| re 7o 2 et} Hh Tier 2 HHE
7159 74 582 (1,8108), 3F=AF(1,349E), RV
24(877F) 0= HiETo] B2 2 o= et

2.4% 4.4%

3.3 271 Efojo] W H20|2 Ol thE
Akl 2 efolo] W o] nhme] mlAE)

e A 9 o ST HlE

shict $ A% 9 2te) 4

= Y ‘Tire and Brake wear’

2 Hlu

o g

[e=keim=1]

U = 7%~ ‘Road transport’ &

& efojo] U 1

H
T'_"
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Table 9. Emissions from tire and brake wear by CAPSS vehicle type in 2019.

20| 24 -Efo]o] H E2j0[3 Ot HHER SH2= - 259

(unit: tons/yr)

CAPSS Tier 1 method Tier 2 method g:_:ze)
vehicle category
TSP PM-10 PM-2.5 TSP PM-10 PM-2.5
2,132 1,27
Passengercars 3,734 3,000 1,516 4,478 3 3,578 o 1,810 896
2,346 2,299 915
Taxis 237 190 96 349 150 285 %0 141 63
199 195 78
101
Vans 239 185 97 219 0 176 o1 89 43
118 116 46
Buses 555 422 226 503 200 417 120 202 84
303 297 118
. 1,837 1,102 772
Freight cars 3,272 2,522 1,329 3,318 2,554 1,349
1,481 1,451 578
Special cars 58 44 24 38 18 31 " 16 8
P 20 20 8
1,02 17 432
RVs 1,812 1,456 736 2,171 028 1,737 6 877 3
1,142 1,119 446
174 104 73
Two-wheel hicl 22 174 2 42 2 1
wo-wheeled vehicles 6 9 3 168 69 165 38 6
5,641 3,385 2,369
Total 10,132 7,994 4,117 11,418 9,046 4,622
5,777 5,662 2,253
0|3 nhi HjES AYsto] ZAGtT 9Tt 20199 WIEHS AP & Hlﬂé}ait}. U AT (Woo et
71% 59 AT (EU, 277020 2] PM-2.5 F HIEHFS  al, 2022)9] ¢ &F SUV Aol A BiE 5= Eo]
1,35827 EolH, ERolzedd MiERe 1181 o 9 BHyo]2 npR ‘?JZHPM—IO, PM-2.5)5 545}
EO& EU F HiET thH] oF 8.7% AA|sh= 2 o2 glom, o] & HiEE Aol /1853t =2] 713 v
UeRgon, golof W Heflo]2 nhw WjEEL 353 £ 49 n| Ae|Zujol tf7|$AT (CARB,

M EOR EU T WS thH oF 2.6% AHA]5h= Ao
2 UEth g2 20 Hlush] 95 2 7=
T2 gfolo] gl Bejo]a vt #jEwE 2019 =
7b BiEol Eetete] wluwet A, = gtojo] Bl
Hejol3 mpR viE=Fe] B¢ =7t vlEFe] 4.5%
(Tier 1), 5.0% (Tier 2)2 EUC| H|sl| 20|52
Y obR o EFe] =7t BiE tiH] HlEol
02 YETH(E 10).

2 A7=2 AP Eolo] Bl Beo|a niR viE
94 7}141—10] H@-l:,_ Eﬂﬂf‘—_ _CHEH EEA g —__[‘l-LH oq:,L
4 g} 71379] BjEATE Q1851 Tier 1 IHECR

o
A=

2021; DRISI, 2017), 9= €737 (UK EA, 2023) & 4]
g3t $73% (PBL, 2021)9] Efojo] @ Bgo]3 ut
T HEASE QI8 Ol A2 2 AollA
HiE H|Fo] 7MY & 5-8APE 7= stglomn,
5% 2 £ BA 9lo] A} vjE&A S
&St Tier 1 THEC = HlEFS APkt
&% 44T PM-2.58 71502 Erojo] D}E
o Bejo]3 niR S Rt 582t Huj 7| vjEE
360~3,458 0 & AMYE|QlOom, Efojo] mfit 203~
3,385, Ho]2 nrt 73~375E 08 At
(% 11). EEA HiEASTE Q183 siEwel =4,

Jre- 5
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Table 10. PM-2.5 Emissions from tire and brake wear of Republic of Korea, EU nations and other countries in 2019.

(unit: thousand tons/yr)

PM-2.5 emissions

Country Road (B)/ Wear (C)/
Wear (C) Country (A) Country (A)
Total of country (A) Total of road (B) (Tire + Brake)
EU-27 1,358.2 118.1 353 8.7% 2.6%
Spain 161.8 15.0 35 9.3% 2.1%
Italy 161.5 13.5 4.7 8.4% 2.9%
France 138.5 19.5 54 14.1% 3.9%
Germany 97.7 18.6 7.6 19.0% 7.8%
Tier 1 91.7 10.3 41 11.2% 4.5%
Republic of Korea* !er 0 ?
Tier 2 92.2 10.8 4.6 11.7% 5.0%

*For European countries, national emissions and emissions from road transport involve emissions from tire and brake wear. Therefore, to compare the
figures under the same conditions, domestic figures (emissions and ratio) include emissions from brake and tire wear emissions.

Table 11. PM emissions from tire and brake wear(passenger car) estimated respectively by applying emission factors used in

each country.

(unit: tons/yr)

Tire + Brake wear Tire wear Brake wear
Country
PM-10 PM-2.5 PM-10 PM-2.5 PM-10 PM-2.5
EEA (This study) 3,000 1,516 - - - -
KOREA" 1,842 587 1,288 212 554 375
CARB? 1,586 360 811 203 775 157
United Kingdom” 1,337 819 946 662 391 157
Netherlands® 17,415 3,458 16,925 3,385 489 73

*Source: "Woo et al., 2022. Comparison of total PM emissions emitted from electric and internal combustion engine vehicles:

An experimental analysis

2CARB, 2021. EMFAC2021 Volume Ill Technical Document DRISI, 2017. Brake Wear Emissions in Particulate Matter

3UK EA, 2023. UK Informative Inventory Report

“PBL, 2021. Methods for Calculating the Emissions of Transport in the Netherlands
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7t .%3}7“ &= szlu}( iu et al., 2022; Lee et al., 2020). ==
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Table 12. Exhaust - non-exhaust(wear) national PM-2.5 emissions from automobiles and the number of registered automo-

biles between 2015 and 2019.

(unit: tons/yr, thousand unit)

Category 2015 2016 2017 2018 2019
Vehicles emission . . 8,817 9,677 8,642 8,075 6,107
(Exhaust, two-wheeled vehicles not included) ! ! ! ’ !
Yﬁ::—f;fgizgiws—s\;\?hneeled vehicles not included) 4,009 4218 4561 4626 4484
Number of registered vehicles 21,069 21,888 22,615 23,289 23,762
Green vehicles (HEV + EV + HFCEV) 178 242 336 457 595

*Source: KAMA, Korea Automobile Manufactures Association

National Air Emission Inventory and Research Center, Ministry of Environment

Number of registered

Emission (ton) (1,000 units)
10,000 24,000
595
8,000 | 23,000
| 33 \
6,000 | 22,000
|2 ‘
—
— —
4,000 ‘ | 21,000
|
2,000 I 20,000

2015 2016

ed Number of registered vehicles

==/ ehicles wear(Non-Exhaust) Emission
(Two-wheeled vehicles not included)

2017

2018 2019

i Number of registered Green vehides
(HEV4+EV+HFCEV)

w=igms\Vehicles{ Bxhaust) Emission
(Two-wheeled vehicles not included)

Fig. 2. Exhaust-non-exhaust (wear) national PM-2.5 emissions from automobiles and the number of registered automobiles

between 2015 and 2019.
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