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O ZfA et ) Zoks S8 2ASENOK) FYAA WA

‘ ‘ | OIMIEIX] 24 8= FE Ofs, 232 =8 ‘ Aole AW FEANN VDB 02 ) A (25-)

20204 M= O TOMEIK BE 13mmm 28 O XISt EHOIO] - 221013 DI S HIIIH 2210|8 o

3 202159(18ug/n7) CHY| HBF SO|HTK| £S5 27% Ol Mz

O AFa w71 7k2=e A w2 EHE 299 9] geloj-Bela J=

———— stE A g AF A w7 A g ) uhd
s Ha || =8 =xa -4 sos S golo] meola A= sk W WEAS
Mg 5 ISl Az A RE EF FRAA TH(25)
& (L) ANYE HESY H4 9 B net
M HABZS O] | @ (32) L3844 22 123 - BU71E & FARES 94 e vu7lA A4 Qg7 vl 23 (27-)
SR SAZE| @ (UT) MERY 45 9 8L Y &
& (S-S SA BABA U AR YN O Wizl A A E AL, HIA/FD 587 55 A%

a7 @ AeNy F2
@ OIMBRZRE A AEY 1Y
& HESZ T 0729 FHAXY FF MY * Net-zero OINIRXIMZ7IE702AIY L H7IXL HIEEZ| OIMRIR] ZT 7|& 7He(23~27)

@ YRS Bl Zt

@ 30 dgsH
Ol 2| HE 22|

O WA 2T1A HELIIE A

ERE @& DML DE=A7] M2 Bt

o s
us o H2aAAT A2ue =A A

r“ ro

O 2030 NDC, 3953 52 1288 26~309 7% 9] 282 &4
7k &8 E ADE(25)

4
1

o olgp S0z acs)

AR T 2ot | fo OIMEN U 1 AYET 9T U Jl& A

@ X3 XEY DA B2 K O YUY AT AT BARA AUH B AE AA
WALA, IAES) S8 $o eAAL A% BHAT =029

* TR WA oA AEK 2H7A JIE(26~300 T HFY ofF FodE HAl

@ th3. oY st
(@ = 7|72k ORAlOF CHZIZHH #3Y
(@ ODA o7 S2 S¢t th7|4Y sfelz=E X

oy FHEY

oy * (R ZE HY) JIE 9E(21~224) T 2% — (9 45% — (9 75% A%

r;*_o

A= BAREN §5(2024), p.23, p.38.

H2Xt DIMEHX] SEAE, SE H HETA BiE o2 32 o

JE ojafet e F2 AT Zo 24e %ET Qo A og AL
A e T A ke 202 Wb SAAYNA W] e Hekd B

AN LA, TR Gaelolt o4t v, A% 2Ewe AAEA giet webd
@ WAPIAE Bl Wi 2] ado] gk AR Qo] BeE 40w B 4 glom,
ARAQ 73S 757 AL F4 ARAZN oA 0 me] TAS Basi

E3] "AH22t uNHA] w2l FAAL00M 202997 s 2UINHA] s S

>

13ug/m’% YAk 4% B BEES AT 4RUS 1T
% oz Aeiaska gl HlEl] Mol that Rek Al o
AEZL Bastt s,

£
ok

A B HO
[¢] FL

19

o)
T

43} el

[oJn Y

ok
S
T o
15

2L, HM2xt o7|eEe 7=

2025955 20299714 A= AL H7|183EE] 71EAE,2 TR E ] 7]

7Nl et SFH Ao wieh EH- o] Hste WA VIzAReR, fEdE

ZE3E 7| Ao d7|L9EE T T8 V& EHolo] dAF R o=
b 58 51 ok 58 3 A2 PMys, PMyg, NO;, O3, SO,, VOCsZ2 A= o]
Qo $EH] FL PM,s QBT BEAE 15ug/m’E AA5te] 21l A7 JEs

i 2 S0 ICHRIA IBNE =2l

—
o

F

2



S22 ICHAIR &5 S

10

lo

AR SEANZIEE%, 2024). A9E 71888 71EA S
A9 27o] Wo] ti7|d g4 R} B 9A3S 93 SHIAE AAskL 3o

=
Folehs B et $4 FAYFOL olFoAYU A% Wl U

O =2 8 A 59 Auawz] way =

o (28 HaA) =2uA @ 725 3 36 Az B gy
H|® n3 = Z+3| -]
3 WEg 371, dge U CERYAT 29, ERUNNNEL) 8% 5
. P = 3 EFA]
20@NX| =23 f7|&3E 7HH 55 B SEANA DEE A7) ERPA 48as)/19-19/2-48)
PM-25 15 g/m’, PM-10 30 yg/m, NOz 0.015 ppm O3 0.060 ppm
- B - AEEEA] AAE YE 2Esa FW T =2 uAEA] 23
ME20E | ¢ o@opnt 2 o 20 e sy H AR @
gtga . N
@ US| 2t MIsfish 9 ma| 2t
38 o (AFVIASER) FAAF AVAALED D VHMWA AFBe)EL
EAZE 4y | @ WSTR 22| Yo
T AR A Z4 A" g% 9 mUEHyY A A
H oz . =t
E;ﬁ 1B | & zmse0) wse 2 e - FEEelee sUHT 21 2 571 B 125 13
o=
oogs ax | @ OfFES HIEZA 22| et
S CClEEAAFE B0l AY Fa mw ANLUA 37 o)
=H ||BAE S @ TZTE| FT TR 9l SR HEESIRERE A ME 5 77 NS - ~26 A 177] AR)
2 CECEY . s
‘_I‘EI 2u7a & MY 7|22 d HelFAl 8l * Xj2 R, 0] o] BIERIARL 5 24 NS B8, EETE 5 AR BX| 38
W e | @ oz o ase 23
— < VL2 MY V(43 717 >
gumse | ® 98 T oS aus el 9 Ay Ky == TR Fr—
=g @& LRt E iz 2e| Aot ME 72 257.3
2| 23t & S=utojdeix| me| 2 ol 35 116.9
371" 181 6112
E o ey | ® 58 ARICH oha S Ao 2 IEECEEN
2| e AR L A FEe] May e
LEHAEN| o oy o we e 2 FT 2SO e

Az SEE A7 |18E3(2024), p.34, p.61.
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1) Y-Hz =2

ron
dh

FHALS A AN Hx2 AsAte] vlHl7] vl A2 o2 HFAsk= AAE vk
StAT 20241 4 T Ao} 22 8 59 ¥AH EURO 7 742 71&9] EURO 6
AAE HAISFAA, AAsAE 9 AZE ofyzt Bo]=19} EfolojE =291 P45 Hliol
IIAFITHD o] ©es] Ad IYolA WAYSH= Bi7)7EA BeEjo] HEER 71E FHolA
Holu, 15 &5 AA| oA WSk A LA ZelAlths, 8 Fwl=
IeE ti71ed o M= dotd WslE oudtth. ¥-A=A W82 ICCT(The
International Council on Clean Transportation) F& & 114 (Dornoff and Rodriguez,

2024)°] W8-S #Hysto] oyl ZHo] Aalsth

l

P

EURO 7 7#Al= AFg 134 FEds Wﬂ—i Al 98S Aottt 58 2 A28
(MI/ND¥E 202649 & A1E AN 2-& 1%?_ AFHEE, 20274 SREE A9 55
S E o] dis) EURO 7 7+7g°] & . g AREAHM2/M3/N2/N3)= 2028~
202995 AL, A3 A5 AFoR }4%—%4 o2& At 55 Ee BE x50 tid]
M2 #40] Z=9Jd oFgolch

T

1) European Parliament and Council(2024), “Regulation (EU) 2024/1257 of the European
Parliament and of the Council of 24 April 2024 on Type-Approval of Motor Vehicles and
Engines and of Systems, Components and Separate Technical Units Intended for Such
Vehicles, with Respect to Their Emissions and Battery Durability (Euro 7)", HML: 2025.7.5.
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SHH EURO 7 Aol 84 BiE7tA 1Al ol B]Hl7] BiEo] digt #e% M
TJE Bolo] i 9 Hao] nlE WX| #jE&go g ZHzto] tis o] 181 =Y

AZ1E 7elRit). Blolo] mii #49] 79 Blo]=9] el T Blolo] AA7} FAl52l

A e s AEHT Al Aot 712 A UNECE(United Nations Economic
Commission for Europe)ollAl 7ii Folm, k%= EURO 7 v#4oll 71 ooz oA
Atk THg0] I W mlAfEEE A9 EU A3AL7E AAF o= A 7S AT
HhE 2=t Bolo] A= 5-8A8{(C1) Bolof7} 20284, 53 AJ-8AM(C2) Eoloj7t
20309, tE EAHE(C3) EBtolof7t 203297 E A= AgHh = A7 EIF 9A
2 A7t g H8H 1840 EURO 7 82 353 Al F415<1 Etolo] Hdloj|
&=, 28 0A= AlAtol| EURO 7 71% 3 Blolo] A2t 953} 4 =91, 39A<
A APl Bl sl B Efolol7t 78S ESHeS Stal Qi ofERt HAA Rufe

o = = T= 5 S
AdAIY Ve I =4 2 FH S5 2B 2AF & 5 qlth
1/2028 1/2029 1/2030 1/2031 1/2032 1/2033 1/2034 1/2035 1/2036
. 7/2028 7/2030 7/2032
C1 tires
(cars
and light . . _
commercial New type approvals All tires on new vehicles All tires put on the market
vehicles)
4/2030 4/2032 4/2034
C2 tires
{medium load _ . _
heavy-duty New type approvals All tires on new vehicles | All tires put on the market
vehicles)
4/2032 4/2034 4/2036

C3 tires
(high load . .
g v ’
vehicles)

At=: Dornoff and Rodriguez(2024), p.6.

EURO 7 =20 ME EtOI0] OIZ 2T 7|1& M8 2

Ejoloje} ge Befol vz TS SR Hlols TAH HhEe] ik =g A
%} Heol2 wiE Tel FHL IEAoR AN} AR TR, ofee
ol9 7lEA 0 FAAE SO 7140] A8 HYIXY] A9 Bdlo]a vk WA
Sejsthe A4S Telstd] toe gelsch 1 A, el A e wANE
2831900, ofo] wet HIA0h LS BRIl FBA T 3me/km, WA A

o= 7mg/kmo] BIAHA Wi 7|22 AHsy, Y AR 5 B Aol ha
gohel 57k A8 Hch T 2035URE S BE TEI0] ti) 3meg/kmeis B
g H4BSEE TAslel, HYEQ S50t BAGl] BE A5o] AuE FA 48
HEs st gle



EURO 7 =0 MZ 20|23 02 HiE 7|1& 43

Vehicle categories

Powertrain type M, / N, class M./ N, and
&1l Ms/ N3

Battery electric vehicles 3 mg/km 5 mg/km none
Until December 2029

Other powertrain types 7 mg/km 11 mg/km none
January 2030 - Battery electric vehicles tbhd tbd tbd
December 2034 Other powertrain types tbhd tbd tbd
From January 2035 All powertrain types 3 mg/km thd tbd

Xt=: Dornoff and Rodriguez(2024), p.5.

Efojo] uli F72] A% FA UNECE 29| AltdH 7o) 2|5 eH=A] gigtom,
oo W=t F2 U7 AT 9 AR HiE AR FEEHA ek Aol & Algdi=
2Hd, 20259 Wofl Aol F &8E ACE qAEHM, olF 2uWo wEt EU [
Ao S TS AASIL AR 0 E AR S ST AR AV Beol2
a2 9] 42 UN Global Technical Regulation No.24E 7]5t0 & A|3Ho| drE Ll o,

ot AR AR HE 5 24 S A6k lo] AW 2T eEE Aol

Ol

Bola otz vijE BAS Yol =% UN GTR(Global Technical Regulation) No.24
(Laboratory Measurement of Brake Emissions for Light-Duty Vehicles)x UNECE
oA A7t HERE #EIME Al H80lth o= EURO 7 Al w2 Edo]= njR
HiE 7|% &5 o5 5 B7ke] St Wijte 2 AeE|glon, o=l 7|17t /it AS BAE
AX A AAZN R dE S IR ANSE Aoz e & FAoA= Beo]=
U HiE BAS 9IS AT H] AT Al 71, 2 e Rt S AR BESkE
A3t FAIFR] W8-S 71&skal ATHUNECE, 2023). ol=fst 253k AguiS ofg] =
7kt AZAPE EUT 7IEC0 R HolEE A= 4 A ke 71Nk Algsh, A9

Agde BASH: S Tt 9 g Y]gqHd
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/ TPMN10 SPMN10 / : '
| , - { TPN1O SPN10
| K .‘_\ 1 II i 1
[ ; a, | | \
rd
| / 1 \.\ | | ay a,
P 1 P | |
1 PM, 5 ([ ); {1 PM,, | | N a. A |
- '-... / 1 PM;j':__)—'k___J PMm /
'-.\__ -~ 8y gy “-.
A I"-. o "a, a3
", Py a - B
™ . & ., e 4
'x.‘_&--\-- & . _____-""J-’

175 mm=d, £225mm 190mm=d, £225mm
3-Probes Layout 4-Probes Layout

At2: UNECE(2023), p.19.

PM % PN ti23 D25 HiX|Z

glojo] miH AJF2 20259 8 dA AHEA| eFkom, UNECEAA +A|1AQ] =2l&
8] Zolc}, 7]1EA 07 UN Regulation No.117& 74O & the T 7HA] A|gHd =9l
HESH Q= Ao= SR,

o Ax& F3 Al¥(on-road convoy test): AA T2 ZAA & 8000km F
3 Efojo] mixgF =4

o A4 =9 A¥(rolling drum test): 5,000km FHA] sFoh= vpL S
Ty B9 19

o] A|FHL Furo 79] A A3 ZAZ PeAEQ T, Fo £83KC1) Elolo] ul dhroj
gt 802 20259 el UN R117¢] ¥tdd of&olct.2)

olefet HES} 1ot Bl 22 A5 APGoIAIe] BHEAC] thet 1eH A g

AmshaL, = A Aol el dabd tie2 AT 5 Sle $8%t o] 2 Zlos Hlnh

—-_

3) LAY LEgdet AARE

a5 5 ] wiEd, 53] Heo]a9t gojo] uti MiEol st Exe] #d
TAZE o H2 fHS S42& EURO 7 7|0] mYEHA AsAt 41 vt

N

2) UNECE(2024.2.8), “UNECE to Introduce the First Ever Methodology to Measure Particle
Emissions from Tyres”, AMY: 2025.8.21.



A FFe MR e Al= webEn. AEA ARARSS EURO 7914 AlEAl =9
o 152 TS Al B FEARE A =29 Jis
S FHsfor sttt Bajo|a AlAke AR vREAL

d

71 S AR AEE 7Iee 7ishof s, Etelo]
e, 1 A7 diAEE e S o HiE Ve ® AR

o
THA His AAF o= gieshy] fRt ko] "agt ARl

22 ]| wEa} Pels) wlo] B3 Qe A1xI0] A9, SRS 52 B3 el
fe] Beola B Folmt Ao YA Qo X % viet Bl Bow
Q13 Etolo] whi WiZL AhHo F7K 7RsAol k. olat BAIY sau Aze
A RS el 2713 HE Eololrt pEe] FEE Qlom, 7 AxARS Erolo]
oS MESIRA nhE 1] 5T 4 G 240 o S Ashe AR el
=}, ofefat Moks Tt Al he-S Yo, AgolAle) Apast ade AFgska ek

A5A 0= o|RolAt WiE 4% A 94 BURO 79 eolo] @ Befol= uua U
FAE B et @14 o] B Ao weaEth FUELt ol £ 5
ARSI W] e 452 918 w2 Y4 7ok A oY ma E?J,

EURO 7 782 o] o5 woflr Ae2 vierks H=|et A vlu7] wiE&7iA]
d-gshe ZEARI T AAE MEA T A= gy 8y ofdk Holgle
IA7E EARIC. 94, Etolo] mhi wiEgo] iRt FAIA] AR YA Rt
Holtt. o= UNECE =9} 27t A 7% disol €5 loH, 25 vie A1k
HZ=oRE W7} Rte] el ook AT et ot iy Akl gt A1) Al A
gagt Ao gekdnt g AF8Ake] 49 A 3 240049 vig 540 t=RE,
A2 AR AAE o Huetd 2a7) o

O

o8 o}z 4aet BEAJS0] 9ot EURO 7 749 9L ofu] 4 AlA 2154 41gle]
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Lt 12 9 =7to] B MM S5
1) 0= - 20|13 H4& A

njsol A= A BlEj7] HiE, 2 elolo] niy, Blo|g uly, £ AuAHA] 55 T3t
QAo s A Ao AHAQ Al s dRelH, dF PR 9
g0l AlgtAelut e X5 AlYstaL ik

nl= 3P E 53%(US EPA: Environmental Protection Agency)> <% F= 7] & H]uj7]

H AFE 53 A71AC® 5T vAHAA BEi7] viEe] 7o =Tt HA; 571
Ao g d&ditt, ¥ At $YE T 11 il FRE T Yeolw Brsk vE AGe
&=°] BEdlo]a4 Etojo] F B[] €S Ak AW 782 /1o, ol 40l
ofHl Qo] B avtd #E|7F A fthe AAARI #AIE WER AE Helrh

b AR RN THE A 3y A 82 TS Q= AR|7E ERlEn
QE]EEI/] of J7IAFLYYL3](CARB: California Air Resources Board)= HJH|7] vi&=
AP} TGS BAsH % 11 9ol AR S8siAlE A2 mefsial Jlow, dA) HiHl|
QFH s AT+ 7IEE Fistal Q= ACE SRIFITHOECD, 2020).

H2|ZLjoF I AYEFO| 0|2 3% 4= A

P

Jan 2014 Jan 2021 Jan 2025

Copper No limit 5.0% wt 0.5% wt
Chromium (V1), Lead, Mercury 0.1% wt 0.1% wt 0.1% wt
Cadmium 0.01% wt 0.01% wt 0.01% wt

Nickel, Antimony, Zinc Currently none — Monitored and maybe regulated in the future

A2: OECD(2020), p.113.

A=A P, Ael Lok RT3
AgstL 9heo] BRIk SB 3462 2 Al
#olz

A Bol2 & f 5] g ARt Wtk
Heo|7 it = ¥goll ZAste] 20149

= TS FASRL 3loH, 202197H4]
T2 T A 5%= Agketal Ant. o]F 2025W7HA] e S Ao 0.5% olst=
Tgste] AAAQ RS e B2 508 UE AL EHE okl tiCalifornia
Senate, 2010). FAEF E3F I HYZ S FARE 729 A& AIE AldgskaL ok
== BeElo]a A9 +H] RS 20219714] 5% ofsk=, o]%oll= 0.5% Olots HEHE

N
D)



Bolole s st or, ol2fst A4S &4 EARA eV AHAR fEse A
202 FA o7 wofH. 1 Yol |, IF, 7IEw, 2 52 9% AT Est
9lom 20144¥ Ax kY o|F A&EAHoZ FAHL {X5t At Washington State
Legislature, 2010).

Efojo] 3} sl e, HA7HAZ F2 ARGElE 6PPDOf| tigh =o|= 2hits] o] %
A3 Q= Ao SRIF. Bolol9] YdE wol7] 9t BHoE £2 S8EE 6PPDe
h S Eo HiE AEA & IHolA 6PPD-quinonel = HEHE 4 QloH, o] F¢-
ojet T2 A4 BEOA w¢ F2 Fhold APHRI JFE F= Ao gRldd
(Tian et al., 2021). ZExUole} A= o|gt A4 et 6PPD 3
ElojojE 94 T AFOE AL ARARA Bl oJFE Rojsh= 2X|E A5l
AUtk USEPACNA= 6PPDOY| tieh & At A3 $HA o8 W%t il 91t =8
AgPsta Q= Ao gRldr:3)

B nle] A9 o Sz
o FAISH: WALE BAR Agolct. thik Y% FHRAAL A 87 B B

)
)
i<}
fo
ox,
o,
Hir
o
)
i)
pas
b
e}
oz
»
o
(@]
)
ot
g
rir
O
(@)
@)
)
ol
1o
I
o)
=
>
ox
i
12

HlFolAE AR} ol FHE AFA 520 et 528 AP 712 Sk, 1
7)) Wt 52H|S Rasha oleh. Y% F FReAE ek SEulo] o) A5A 5
7% 23R A7 9lo] o] ATistiAl Gk BRekeo) A9 Ao AT S
g0z SENE BIRI] SEFINE 5% |20R SEUS Rujshd, ofo] ok

3) Washington State Department of Ecology, “6PPD - Tire Anti-Degradant (6PPD) and 6PPD-quinone
(6PPDQ)”, AMY: 2025.9.21; Washington State Legislature, ‘Senate Bill Report: SB 5931”7, AA:
2025.7.5; US EPA, “6PPD-quinone”, AXY: 2025.7.8.
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e A 7HT FFe DA st SEHIE

AE D.C.9] A% vlwA 9l 20234 1095H AsAL 535 714 5=
Algsteict. AFsAt FAO et 59 ok, At AFFe] A A
500==7HA] Katobs, EF YRl 49 24 502204 850 27HA
wiE 27t g A7) A T

7rrsto] 1,000lbsE #Hst 7152 #8835t Qch

Hasi Q.

EWEN AE D.COIM Alets RSt £ 7|8t SEH| 21t 7|1&
Vehicle  |Class Weight Range (Ibs) |Annual Fees Effective Oct. |
Type 1,2023
-Passengm -Elass 1 <= 3409 IS?E.L'ID
Passenger |Class I 3500 - 4999 $175.00
Passenger | Class i 5000 - 5999 ($250.00
Passenger |Class IV == 6000 $500.00
Passenger .Elii g5V Battery Electric ISBE.UU‘
Vehicles
-P-EI-SS&HQEI -A battery electric passenger vehicle other than a motorcycle or motor-

driven cycle with a manufacture’s shipping weight < 5000 lbs may
subtract 1000 Ibs from its manufacture's weight.

Passenger | Class Vi == 3500 §72.002
Commercial | Class | <= 3499 $125.00
Commercial .Elass Il 3500 - 4999 IE] 75.00
Commercial | Class 1| 5000 - 6999 $250.00
Commercial | Class IV 7000 - 9999 .SSDD.D{J
Commercial Class V > 10000 js?uu.uu
Commercial -Elass \ continued |»= 10000 + each .S?L‘ID.DD + 550.00
1000 _

Trailer Class| <= 1499 50,00

Trailes Class I 1500 - 3499 1$150.00

Trailes -EHESHI 3500 - 4999 .SETEDD

Trailer Class IV 5000 - 6999 $500.00

Tiailes Class V 7000 - 9999 ;$?0EI.IIID

-Tlaile: -Elass Vi »= 10000 :3550.00

.TIE”E'.I -Elass V1 continued | == 10000 + each .SBSU.DD + 575.00

1000

Xtz D.C. Department of Motor Vehicles(2023.10.1), “Vehicle Registration Fees”, ZA4Ql: 2025.

9.17.

R Fikg
72204 1
Fakstal ik o,
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3) W2 YUYA - ST

Y= AL FH= 201849 H71E S 918 2 &0l w2 L =20 W3 50mph
(°F 80km/h)= HEAIRE A=E =AUkt 1 2% viE7kA A7t} A =29 dgst
TEe AR AlE R 71 SIS S0l ERARNIA] Sk ARt Ao BriEA
A 7 719 SARME S t71d A AlRldls =2 HIEd, BAE, ZgA
ut2] gl BRI E AL ARZE S48 Aoz dEA Sl

MOMNDAY 27 SEP 2021, 10:00

Climate Change Transport Deputy Minister far Climabe Change Lee Waters

50mph schemes successful in driving
down air pollution

Cynlluniau 50mph yn llwyddo i leihau llygredd aer

From 4 October, motorists exceeding the 50mph speed limits on some of
the most polluted roads in Wales could receive a letter or fine through
their doors, the Welsh Government has warned.

A= G2 YUA HE 5A2021.9.27), “B0mph Schemes Successful in Driving Down Air Pollution”,
2ol 2025.8.11.

= YA FROM ZHSH SLHSES ST IR JHM Akl AN

4) I=F LA AE F2(2021.9.27), “50mph Schemes Successful in Driving Down Air Pollution”,
AMA: 2025.8.11.
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thet EAto] 317

Q] ZuiolA] Fazd SefskA] otk v Aok EAdkch AEA
SEAIRo] 1A 91 ol

Hol
3t A=(Williams and North, 2013; Jones and Brunt,

|

2017, Tang et al., 20194 QP 48 WA O1F) ZHoIA SEAZo] 7P
olAe wWaksit, Tr1a A oML 1 FHpt WA wjelshA gror], AW
S S O S
it

olefat A AIMe w7 WhE A7hE E3 o1 A oA BEAHQ SEAG
T YR S e AN & 9 1F 58 A4l FaThe Akt
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o]), R117 7HH(Etolol)y B3l vlHl7] viZ Al B7HE fIeh AlEW HEE3HE F7lstaL
At Syt o] AeE £710f EUetH, 11 BolA U ARsAHRE AR e] =4
A H88e SET 5 U Bt ofye A=A tf7]d ] AA v 2 271 /R4
47 EE0] 7k ACE v, 18y Al =Y flsiAle B B7ME R &4
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20 HIH7| HHE R Mg o7 22

o7 H= Z=Q g
HiEZ QIHIER| B2 flof R EMEP/EEA
HiEA=E MEet MSA| Ef0|0f & E0|3 02
O|MITHA| BHEZ Al AR
7|1& SF0MCS =L XE Ef0|0f Ot O|M|QIX}
HIEZ AE AE 9 Q8
EMEP/EEA(CORINAIR)S] HiZ2F AREr X
St Hi5Y 2%
] _ . | 9 EMEP/EEA HItH7| HHZZ Tierl, Tier2
KX H|HH7 |20 Q5 DJMHA| S = | '™ g < ’ :
A IR e | =S T sy mg e S5 20190 2 HMY| Y
=T s = 2 29| WSO vl ZE

78 EMEP/EEA(2023) HiEE MELES 0|83t

ZOIMHXI(PM,5) HHIEH QCIMIEZ] 75 &
MM 2L

AFSAE BtO[0f OF2 DIMTA| BiE A S+

njo

MEAl TleERE atdd Zat gyt HIHH7| HEE 24 2 MV S HEAE 250
OE EO|0] H EHef0|2 D2 BiEE JgF 24
XS 280l o5t 2 IHH[AHA] 2 AtSAE HIEHZ| BHE DIMEA| HiESY E2FAHA 2
H|bH7 |2 S AREYE i ALY O
uE =OF HIBHZ[A BHEZ AFg 718t = | EE2 3 ZF B0[0f, Ee2f0]3 Oi2 &8 &4 &
274() =M BEeh iSYet O

Nz ME5EA2016), BER(2016); 2g? 2/(2023); A2eTE(2023); =710|MHUAEEME(2023b); =g
SHEIFSA(2025)(I0IIM OFf &=A).

1) HIEH7| BHE SA moe It AFH o7

Sl Elolo] @ Befo]aL nhwa JIgk HlalY] Wi E4E s Sl 48H AT
So gurs] Agslo] gk,

o|&3] 2)(2020)= FEARE Etolol EFE AYCFREEE, 15 24 5ol WE vAHA]
WY RS Bt THEES SR(N220, N234, N134)2] Hslito 2= nlAHA] viE
E/dell F3E o7t YA 3-1, T1-3 =), 7HEE FFe =ole 4%

PM, 5/PMio/PHL S B Aashe FdS UeRtH(aE 3-1, T3, T5 &%)
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[(Hicic SZHA ICHRIA &5 S~

EmPM,s; ®EEPM;,, -BWear
;35 2 18 Eé
2 30 1 e
= 1 14—
c 25 5
E 1 lz%ﬂ
320 4 10
EES 18
10 1 ®
{4
5 |
0 0

T1 T2 T3 T4 T5
K= 0[5 2)(2020), p.306.

HEXE EO|Y EE XL TE PM L I ELO|0] OIZE

E3 AGTRER TYY EAS ] Petd TRE WK S PMy S 27
FAFIHOM, PM,s/PMyy 1S TA Z71eks Faph e, ol elolo] wh 714
oAl Retriel 1R} s Fhageo] YelslHa ZulHEA(PM, )7t B71ks Ao

Hsgom, 47 27E §9) Holol Az 2ol ML) 7] Huol YFE =

‘ EmPM.s @EEPM; -®Wear — 90
— )
E s 18 E s 80
< 30 1182 = 9
s {u4E £
S 25 5 o, 00
P ; 12§ .
,_g 0 110 £ 40
g£1s 18 30
£ 10 : g 20
] 10
q
5 42
0
0 0 T1 T9 T10 T11

Tl T9 T10 T11

X 0[33] 2)(2020), p.307.

HEXE EI0|0] EZE XY [ME PM 22 I EO|0] DI S(AY,
PM,s/PMio HIE(R)

H&7tA7} glo] Bl AR (zero emission vehicles) 02 ZHFEI= A7|2F GA] Byo]3
nlE, Elojo] upt, T2 ull ERAHANAZ] 52 HlEl7](non-exhaust) YRS EZ(PM)S
HiE3It} E5] A7]A1] 75 7| 8xtH T FAL vl & Aok Slo] 235]H HHj7|



Woo et al. 202204 AR 27137} Ul |t g uu7] vl A7
slels}] gial 5UT Aol A% THe SAUoR THE A WA/ VA, T Y

B, NS R AR Seigith. 2L 2AIA AolAEs WSk HiETA

‘— Re-suspended road dust mmmss RWP mssss TWP wzcoz BWP msssm Exhaust(Primary)

—_
&
-
-
=]

Using NAO type braking pad (b)7
T 60 “7 [ Using NAO type braking pad
2 )
3 50 _-é
£t £
24 =
< 30 2
[ g
[ 9
o 20 s}
—_ wy
Z 10 s

0 Gasoline ICE\Diesel ICEV_ EV 2
asoline iesel T p——— - 3
Regen. 50% Regen. 90% Gasoline ICE\Diesel IC Evkcgcln:\_vso% Reueﬁv‘)o%
(c) 70 Using LM type braking pad (d) 20
o 60 5
£ 3 16
ER 2
§ 40 E
D 3
= g
= 30 s
o 53]
= 20 -
- ol
Z 10 z 4
¢ Gasoline ICE\Diesel ICEV_ EV E ¢ Gasoline ICE\Diesel ICEV_ EV EV
Regen. 50% Regen. 90% Regen. 50% Regen. 90%
At=: Woo et al.(2022), p.10.
2 = C Ol % OS{tH = = E n T = o =
SEEEN 220|12 HE 2 X RYE & PM HE SM30I712 1Xt HE 2 H[EHY| HiE)

NAO(HIAH §714) Bo]a Heg a5t AgolA 12} WiE7kATE oA A5
A3}, A7|1Zel|49] F PMyo HiEASE IR WA7183H42.3 mg/Vkm) E oA W
7132H43.2 mg/V-km)E} oF 10~17% %2 47.7-49.3 mg/V-kmO & Yt} o] A=
Efojo], T2 upi g AHAFAZ] viEo] w2 A S 2 A7IRtolA o grks A9
AT Aaks FEEdgict ST IM(RE<) Bola e 9 SIA1E-S 285 9ol %7
2k} & PMyo HiEAIS= 3, oA HA7|HAe} BlolAY 56]8 B WA Vet
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Using NAO type braking pad

-
S S o©o

w
o

PM( EF (mg/km/vehicle)
&
=]
PM 5 EF (mg/km/vehicle)

Gasoline ICE\Diesel ICEV_ EV EV EV EV
o
Regen. 50% Regen. 90% Regen. 50% Regen. 90%

—_
)
~
®
S
—
o
=
[
5

Using LM type braking pad Using LM type braking pad

[P E-
S S o

PM|¢ EF (mg/km/vehicle)
S
(=]

PM3 5 EF (mg/km/vehicle)

Gasoline ICEWDicsel ICEV EV EV

Gasoline ICEWDiesel ICEV LV EV
Regen. 50% Regen. 90% Regen. 50% Regen. 90%

X2 Woo et al.(2022), p.11.

220|3 WE U XY Y £ PM HiS
(712 1%F2%} BHE 2 HIH7| BHE)

JIrﬂ

7|13k 9= Ah IAollA NO,, SO,, NH; 59 AFEAS ui&Esty, si&d A+
EAEL 7] & 3PS AA 2AF PM(Secondary PM)2 @FAdstct. HHH A7 |xj=
&7t A8 Q7] wiEo] FHEdS viEsHA] e s AR 23 PM 719+ gt

weba 23} PME Eaket 2HEgo 2 nae A9 AR MiEAGE T4k e
stk Sels] WA vehge

R

A] Eolol, &tk g AuAkAA SO AIgt ] QPBUS
Hhs] dEo] 29a ojule] TehE KRS ohlX elsla oyl thy1a At oA
A7 4T Yool Jofg S Adee Holxrh

)
rR
-
.
W
rr
2
s
2
_IR

F SHEAA2025)004 = AR R vlH7 A viE vii wiE T AV S

of @] uluj7|A HiE vt AR} 24 TE AIFH vk, WiEAS AR Z A7het
A ok 9Iet o] dgo g Jh=ry Efolo]- Hjo] A mhitof| gt AE FAI9 vt
Ut 3F A= Heo]=-Efojof mii YR} viET Al T HIHZ A s e HR9]
U =4S AESt, FAFCE #EE AIFAYH vl andog ti3sty] sy
A2 7|4ke] gtojo] gl Hao|g wii E43 @A o2 BASHL, AYl BEdo]a tho]
UnnlelS 83t Beo]q upy QJx} BAS B 9] BElo]a wiE E4o] st dlo|
ElE skt



S T2 Fo| v5E 95} $Y BE| WIBAICE), Sl HelSAHHEY), 2119

Sfol el SAPEVISH SARE 29| Sfe) EololE el BT UER FPL

7o Heo|a-eholo] ki UG ST 23} AF AL RALES vhst gol

Aol 2 BeIsigict. ot elolol wig 24 % AR FAo] uet vlEF ol s
et

EfO]O] OF2EH(500~1000km &)

s 1 81.92
g 5319 5211 g
L &0 4341 3945 o0 40 42.28 mA
E i =B
o 20 c
(= n
ICE HEV PEV
EHUE
Az DEeEeiE(2025), p.45.
SEEE EO[ DtEE 4 20t
U7 2 AA| 2 8-gsto] Uit BEo]a npEA 2% Hiet B7RE Rt A4,

3 Fgo] Z75HA Beola W npms Z7ht SAE 2§ A Beola =
uhmero] @AsH FAsHe 2 E SIS tht e F nhdeAR vhe L
sjofelis Hli= ofelgol Q7] Rl FEE vhelx] S g Felolx] AAE LA e
HpAe B9 ohe Hlast washt,

3L} s ICE PEV E20[3 T E OF2EF A[E E0 e B
Type AlEH 154 53 2A 54 3A=F | S =EAe opm 2k opg 2k il B
(kg) (kg) kg) (kg) (km) @) (mg) (mg/km)
1,505
ICE (16T) 0.9171 0.9168 09163 09157 | a0kl 14 1,400 0.93
PEV(64 kwh) 1,504
‘SMHS 0T 0.9050 0.9050 0.9042 09033 |z 1.7 1,700 113

FL} Os ICE, PEV E2jl0]|3 EjE Ot 3 Al Zif [

Type Nk [1% SHka)[2A SFKo)[3% SFHkg) [ZHA2I0m)] 0123(@) | 0t22Hmg) [B12714 mgrkm)|
ICEC6TILF | 09154 | 09141 | 00135 | 09131 | 1200 | 23 2300 1.533
ICE(6TIRF | 09162 | 09150 | 09143 | 09138 [, 1300 | 24 2400 1.600

HEV LF 09216 | 08212 | 09209 | 09208 |..\w300 | 08 800 0.533

HEV RF 09239 | 09236 | 09232 | 09231 |5 000 | 08 800 0.533
eins oo | 09033 | 09028 | 09025 | 09023 |, 300 1 10 1000 0.667
Foins oy | 08084 | osore | osors | osor2 |50 | 12 1200 0.800

X2 ZYSAEI(2025), p.42, p.4b.

12X 80| ME AFE F Hef|0|2 THE Ot2Y 24 21
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3 75 Sl FES HolE= FF A= vHivIA viE v R S 2E AEE
S fo B8E o S AR VHEY, sy %l S A7 wiEAs N

= Fl5f ook 2 dEroMe Fh< 3 A 2 Ao £40] A& R ool
a7} ot

=

2) FY MY HEAL L B o7

=7 AATE o4 BiAF oA s ol 9] A5A]1 Efojof Bl Bjo]T wix
T A3 AFE 7o s Sy A8 7het wEATE LS. 2uMEAARIT
olfr EuARQl ‘AR ZUIHHEA|(PM,s ) oA AEE Efolo}-Heo]a mhi H2]<]
PMio, PMas BIEAIE (E 3-2), (& 3-3)3} 2] Aot AdsiaL, s Fdo] At
AP ZAE AR ol FF =HiE sieAls vhdl S8 7|2ARR E8EL
ATk,

EREA 57| AT I(01 A48t HIA) MIQH RiZE S E0|O] Op= K| HiE A
(&1 mg/v-km)
A5 Et0|0] Ot2E | PMyo BiEHIS | PMys HHEAIS
2/34(1,000cc 0]2h) 40 2.00 0.32
£3)(1,000~1,500cc) 50 2.50 0.40
58t é 34(1,500~2,000cc) 63 3.15 0.50
£%(2,000~3,000cc) 88 4.40 0.70
CH4(3,000cc OFA) 110 5.50 0.88
1501 O[3 125.2 6.26 1.00
o 2591 O[3t 135 6.75 0.08
359! O[3t 155 7.75 1.24
5021 0|3} 192 9.60 1.54
1£ 0[5t 125.2 6.26 1.00
— BE O/t 189 9.45 151
12 Ojgt 539 26.95 4.31
128 Oy 800 40.00 6.40
EE 25E O 1,403 70.15 11.22

A= F710MEXEEHIE(2023b), p.93.



AR ST AAT(01ME BIAL) MOF X2 S2E Hef|0|3 0f2 HX|Q| HiEAIL
(H1: mg/v-km)

A PMso BiEAIS PMs HiEAIS
43(1,000cc O[2h) 2.06 1.10
2%(1,000~1,500cc) 2.57 1.37
L2t Z33(1,500~2,000cc) 3.24 1.73
&3(2,000~3,000cc) 4.53 2.41
CH&(3,000cc O1A) 5.66 3.01
1521 O[5t 6.45 3.43
Astt 259! Ofst 6.95 3.70
3521 Ofat 7.98 4.25
502! Ofot 9.88 5.26
1&E Ofaf 6.45 3.43
st} 5= 0|2 9.73 5.18
12& DJ2F 27.75 14.76
122 Ol 41.18 21.91
E2iE 25= O 72.23 38.43

Ktz =710 HXEEHE(2023b), p.92.

HlEl7 1A wiE B4 vefetal AAARI HiEAlRE st ] A A9l A o=
= HlEiY] e e A5 AT AN 97 B AEE i

20169 AA EIARAPM, ) 2N AEe] 75 9 A BUHY AoHs
W& QMMlEe] HEhe Sfo) 9% EMEP/EEA HiZAK-E H8ale] 20134 4124 Eolo]
W Bgo]= v Wl AA0E AR u 9lom, A8 A3t 20134 Z1E Al
Elolo] @ Mol ki QIgk PMy, HIZHE 22} oF 3178/, 247E/A0 R A4
o} giet.

20164 RN E AEA} Bojo] utit u|AHA] WiEsF AFY dF & B9l 7€ A
A9 Fu] A& Efolof i ulA| YA} viEE AFgHHS HAESHY, 17 EMEP/EEA(CORI
NAIR)9| Bi& APgHHS A-8oto] viEe 4% v Jlth 201349 7|20 Eolo]
42 Bdjo]3 uti PM, HiEHS L2015 Y WEHER w713 W) div] A=
oF 53.2%, +Ed F 63.3% FEOE APGEGloH, PM,s HIETFY] A9 =2 oF
31.1%, =B 9F 36.8% T2 AFE I},

27 2(2023)= -+ EEA HiE APgHE 8ot Al =71 HiEs SA10l +E=lo]
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A= 54} Eloo] 2 BFjo]7 ufio] OJ$t TSP(Total Suspended Particles, S5--5-21),
PMo, PMys BIEE 745k, 2015958 201997H4]Y BiEs S01& 45t
AsAHe] A dig, 9 7%‘“4 ‘3-3 HjEATE 2851 Tier] WHES &-83sto] 24
Efojo] &l Hgo] uiH HiE Pst A3t 20199 =7 W& oiw] °F TSP 2.1%,
PMio 3.8%, PMys 4.7% —7]’0}“ Zi et of7]of 3 £ —“ixqﬁ]}\e I
A 8oh= Tier2 WHES L-8oto] AT B0l oF 2.4%, 4.4%, 5.3% S7Fok=

UERtoH, PMys 7[E0= —&XPOIW o] wiEFol 7V g2 Ae= UrE‘r‘*E‘r

olr

EERY o EEA HH*%,F APREIH(Tier1, Tier2)S O|R510] AFXSH EO|0] 2 E3|0|2 0122
oI5t XE=H TSP, PMyo, PM, s HIEEF

. . (Tire)
Vehicle Tier 1 method Tier 2 method (Brake)
category
TSP PM-10  PM-25 TSP PM-10 PM-2.5
T heel vehicl 226 174 92 342 17 269 104 138 73
wo-wheel vehicles 168 165 66
3,374 2,024 1.417
Passenger cars 5,880 4,725 2,388 7,130 5,705 2,882
3,756 3,681 1,465
729 438 306
Light-duty trucks 1,19 946 485 1,450 1,144 587
720 706 281
1,364 819 573
Heavy-duty vehicles 2,830 2,149 1,151 2,497 1,929 1,015
1,133 1,110 442
5,641 3,385 2,369
Total (A) 10,132 7,994 4117 11,418 9,046 4,622
5777 5,662 2,253
National air emissions in 2019(B) 484,527 207,866 87,618 484,527 207,866 87,618
Nat_iopalairemissions in 2Q19+ 490,168 211,251 89,088
emissions from brake and tire wear 494,659 215859 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%  24% " 44% T 53% ’
national air emissions 1.2% 2.7% 2.6%
A= ML 2(2023), p.258.
O Sk 1 ’ =
AT 9 =F7MAE Road Transport’ 5 W Tire and Brake wear $&#02
u = [e] =] 37 =] [e) =]
Etojo] 5l Hlo]= mhi wiES APYsto] FAHskaL itk s Aol 2019 PMys

71202 FuEF tiy] Elojo] U BHjo|3 mpi vjETFo] AHX|ok= HlES H|w A
A3 EU= 9F 2.6% AHA|ol= BHH, 2-2jueke] 49 4.5%(Tierl), 5.0%(Tier2)= H]14
2 H[EE Aok AR YERITE



EFOI0{ & EHej|0|= Oi2= QIgt Z7HE PMys HIEE

(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 161.5 135 47 8.4% 2.9%
France 1385 19.5 54 14.1% 3.9%
Germany 97.7 186 76 19.0% 7.8%
Renublic of Korea* Tier 1 91.7 103 4.1 11.2% 4.5%
P Tier2 92.2 10.8 46 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.

A= 2L 2(2023), p.260.

E2 99 9 71:6; B
dhEo] UEh e Aol TRt A3t S @S wield 4 Qi A ) Bake
SENUEEE S

B3R =718 HiSAIRE ME5I0 APHEt EOjo] 9 H20|2 Oiz22 ISt PM HiEE

(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
ACARB, 2021. EMFAC2021 Volume |ll Technical Document DRISI, 2017. Brake Wear Emissions in Particulate Matter
3IUK EA, 2023. UK Informative Inventory Report
“PBL, 2021. Methods for Calculating the Emissions of Transport in the Netherlands

K= 282 2(2023), p.260.

_l

S 2015~20199 A=E A 24 23 A SV o] AlRAR&3A viEA
3%}, =¥ OAR 4 5ol met wiz]de] okt viEd Fs] faske FAIRI N,
Etojo] gl Ho]5 vt MiEF2 S7Foke FAe HA FFolle Mg AsARe A%
A 371 R ASAF viE7rs A Adstell wEl fARE Bl olojd Ao Mo
b ARgAF Fo2o] mAEA] wiE A Hsiile vlE] siE et B A AL
it
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Number of registered

Emission (ton) (1,000 units)
10,000 24,000
| 595
8,000 I 23,000
. \
6,000 ™ 22,000
242
4,000 21,000
2,000 e e 20,000
2015 2016 2017 2018 2019
bed Number of registered vehicles e Number of registered Green vehides
(HEV+EV+HFCEV)
w=g@e=\/chicles wear{Non-Exhaust) Emission =ge=\ehicles{Exhaust) Emission
(Two-wheeled vehicles not included) [Two-wheeled vehicles not included)

A= 2N 2)(2023), p.261.

2015~20198 M3Xt S5 i H ASX=Z Qlet Bi7|-H[8{7] =7t PM,s BiEE

o] gJof= MeAF-doME "MEA] AT B4 AePEei2023) 7 &3l Wi
71AR A w714 | wEr) g eded wiEse vl 24 v Ao &
EMEP/EEA(2023) ¥i& AP ol85te vlui71d 922 vigsre E4stRL

A71AF 8 ofo|BE|EAL 5 A Hgof whE oo} Bl Heo]a nii viEsf °ﬂ°<}

s BAs v gl

(o]

H

DA% S AP EAIE ES AEA Lol et Tl 2 w2 BhE
AP (D) A7-8 2022~202300) 24 Stk s ATole S
SR AR W ok A 5 EE|e e AR S whae APYEE 24
W ARAT UE FAS, AFR ) v oA e ERAA 2L AP
ulisto] AAISHAT.



SLH HIEH7| OH2 HHX] BEZ AHAPY 2t 8220208 71F)

(B9 £/

7= TSP PMo PMa.5 BC
C20|SEH(IE) 4,088 4,088 3,761 2,184
[+ b[8§7| O
(Ef0]0f, E2j|0]=3) 11,072 4,191 907 77
[MOVES & W X&]
Tire 9,334 2,800 420 64.3
Brake 1,738 1,391 487 12.7
A7) EMEP 2023 &2 1,043
[l HIHY| Op 11,738 9,296 4,752 (Tier2)
Tire 5,807 3,484 2,439 888
Brake 5,931 5,812 2,313 155
PN M
2l Hﬁmgrtﬁo? S 9,393 7.163 3,825 (13532)
Tire 5,375 3,225 2,258 822
Brake 4,018 3,939 1,567 105

Z: *EMEP/EEA(2019): RI2HAx} FaF 1 QU8
}g 227 10)M HX IR EHME|(2023b), p.147.

L. 39| 7| HHS B2 A7 S

1) HIEH7| BHEZ QUHED] AP 2

r

o

n|=k9] 749 US EPA =7} vi&Es QMIE oA 20152 JY vi&=Kon-road or highway
vehicles)>ol A= Aao] o3t Hi7|H# viE YA viET T Elolo] € Beo] mpt
YA} HiE TS Eodolal Qv =& mho] fisiis HrR HiETE AMSH] ko,
HAFAZ] @ oA =2 ARAIHAIZ BHE. Bl EPAoAE ZEEo|Ed ol tigt
HiEsF AP 2l 34 MOBILESIA] MOVES(MOtor Vehicle Emission Simulator)0)Z
HAsF e, MOVES 2010014 20142 o]of#l= 77 IHgollA Etolo] 3l Hefjo]= vkl
AR} wiEF AU 9 Hah wiEA IS S0 2 ZJAIE AT MOVES 2014+ 20144
7R 9] ZRAXAL AHHE Whgsto] Hao]=-Elojof mhi Aibale B[Skl MOVES 3
(202002 B3 A% 7A 552 AP E(LHD2b3 5)7 Bt viEAS JHolES 53
SFRAT

5) ml= 27} vjEeF A E oA E&0|%EQ AU (on-road or highway vehicles) HIEQUC & exhaust,
extended idle, auxiliary power units, evaporative, permeation, refueling, brake and tire wear
g mgsln gt

6) US EPA, “MOVES and Mobile Source Emissions Research”, A <Y: 2025.9.8.
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o= EPA MOVESS] Eeo|H uli &A= Beo|d A4, Bola 7, 594 A
uhge] A5t Hejlo|3 vl wiEste] A, =2 A Al X, A Y,
&% 7P A5 X, PMio/PMys & 5= 112fstal Sloh. ogt Beo]29] A
EIE SIS} 4= gl7| wjiRo] A2F Bao|d £5= IM(Low Metallic), SM(Semi Metallic),
NAO(Non-Asbestos Organic) Al 7FA|7} 22 X2 Z2A31ctal 7gs13itt. Bdjoja
heE A9 27, 39 2702 F 47lolH, Bdo]29] Al HHd 2/3, FHA] 1/30]
ZgEct PMio/PMzs &2 8.00(PM,s/PMig = 0.125)0.& 7Fstal Qlon, 59
HiEAl = Belo]3 nhi A=K g/hr)o] A St HHTAR] A= 7Fdsto] 743tk

Eolo] nhio] A9 Az 9 AW ANE o FYAY solo] vhuAZ, ]
FO2 ujZs Holo] nhE Q% B8, PMio/PMys B8 52 Teisle] MiEASE 4
31 9ic. Bholo] mhi H& A% A9 Eolo] (S Aol s, Eat A
Fo] GL Wt et 59 sololo] nhmo] chEAut gkl /HASIAOH, 1
W AL TeiskA] ekl A5y 7)) Eolo] nhuASet nh <iAte] Th] B PMy, HhE
E-8(8%), PMys/PMip £-2(0.15), Elolo] A%} Za £z0) B 52 2 83le] i
7704 WiEARE vieislltt E8 Eolo] 8 Heo]a thri R $¥IE WAV} gl
Ao JHgsha gl

E=3ER:D 0/= EPA MOVES 39| At5 250 M2 Et0|0] Ot W HiESA4~(20173 7|F)

I+ emission rate

Source type name (mg/veh-mile) (mg/veh-km)
PMz 5 PMio PMy.5 PMio
Motorcycle 0.64 4.29 0.40 2.66
Passenger Car 1.28 8.55 0.80 5.32
Passenger Truck 1.28 8.57 0.80 5.32
Light Commercial Truck 1.37 9.16 0.85 5.69
Intercity Bus 3.87 25.77 2.40 16.01
Transit Bus 2.35 15.68 1.46 9.74
School Bus 2.30 15.31 1.43 9.51
Refuse Truck 3.93 26.19 2.44 16.27
Single Unit Short-haul Truck 2.25 15.03 1.40 9.34
Single Unit Long—haul Truck 2.17 14.48 1.35 9.00
Motor Home 2.21 14.75 1.37 9.16
Combination Short-haul Truck 3.81 25.39 2.37 156.78
Combination Long—haul Truck 413 27.51 2.56 17.10

X2 US EPA(2020), p.30S ECHZ XAF EH.



O0j= EPA MOVES 39| XI5 250 M= E0|32 Ot2 T HIEA$(20174 7|1F)

I emission rate

Source type name (mg/veh-mile) (mg/veh—-km)
PMy.5 PMio PMy 5 PMio
Motorcycle 1.58 12.61 0.98 7.83
Passenger Car 2.77 22.17 1.72 13.78
Passenger Truck 2.88 23.08 1.79 14.34
Light Commercial Truck 3.08 24.64 1.91 15.31
Intercity Bus 15.50 123.98 9.63 77.04
Transit Bus 9.45 75.62 5.87 46.99
School Bus 9.94 79.55 6.18 49.43
Refuse Truck 13.35 106.77 8.29 66.34
Single Unit Short—-haul Truck 8.24 65.89 5.12 40.94
Single Unit Long—haul Truck 6.88 55.04 4.28 34.20
Motor Home 10.66 85.26 6.62 52.98
Combination Short-haul Truck 9.52 76.13 5.91 47.30
Combination Long-haul Truck 7.96 63.64 4,94 39.55

AZ: US EPAR020), p.212 EME XX} &4

Z|Zol= CARB A¥ Z3} 52 vtedsle] MOVES 5(US EPA, 2024)9)14] Elojo] & Bglo]3
ob WSS APRRES 371 4 Heolgltt. Etolo] uhiof disiA] YGHlolEH ARk
glo, Bao]3 wio] 39 AF 9 ARE Jaoto] WiEA-E AlESleta, Bdo|H
e QA BFEE WA EV A45Fe] BHo]3 H=4= 100% NAO=t 71gstka, el

7138219] 79 82% NAO, 18% LMOZ 7pgstglon, Bejo|3 vt Hg E iy 2=k
PMlo/PMzs &2 241 CARB Aol 7I5ts 75t Baola Als £-&& WAsto]
A835t7 Q).

H|=+ CARB(California Air Resources Board)= EMFAC(EMission FACtors) Z@-2 89
o5 HEwRe ZAM 0 APYE] $on], EMFAC 2021 HAe A83) ot 2025
doll EMFAC 2025 H%1-& HH#5}ch. CARBOA= X Bao]a vhi ¥ 9-1(CARB
No.17RD016, CalTrans No.65A0703 5)5= &9l EMFAC 20219] B&o|2 U]'E "<
A 2 B A QES TTslelyon, 2jEk FE|1E] T3 EMFAC 20217 E=AA0]
et 71E 35%9] A BHoA 54F Ao R Fi=|ItCARB, 2021a).

CARBE= EMFACS] A% ZEHPC, LDT) EBHold ulk sE&AS HUOES 5}
CARB(2021b, ERG&LINK 48)) A4 Bofl ZzxYol] Z5F 4o u}E Bfoja
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A ks wrdstal, AA| £33 tlolEE 7|Hte g gt Ao} = Alo|E(CBDC:
California Brake Dynamometer Cycle)& 7ol o, Zg|xiolo] 84S tfj Holo]
AFE AT 652 o83t BHo|d A A 495 HiEeR =

SFAUTHCARB, 2021a, 2021b). CalTrans(2021) GolA+= HF EY 9 FFo] i3t
712 wjEAS ZML(Zero Mile Level) ¥i&AIE PMioll Hal 0.047~0.129g/mile
(29.2~80.16mg/km)& AAISFIL 9lOH, PMys/PMyo PAEE2 0.352 EA5t0] A4
Skl Qlok. Fals CARB EMFAC 2021004 7% Aol dhsiAe Blol=2 Aid Hs}
53 13 I3F2(DR: Deterioration Rate)S 11#slo] HiEA LS BASIA W, S5
AFo] tisfiAl = OES?F After-market®] B&o]3 £57571 A 7] wjo] gskeS 11

S gk Ao® uHelw ek,

CARB EMFACOA&= Efolo] thit HiEAlo] 3% 27| HERE FA7IA] Bloloi(") 17id
7] 52 HjEE+= PMS 2mg/mi-wheel2 7Pgstal Qlal, A5EZE Elolo] /|4E
) WiEASE AASIL Qi Blolo] mhR RS TSP(PM30)2] 100%7F PMioQl
Ao® H1 Q1o o] F 25%7F PMysQl AL & AEstal St AlE 50 584t Etolo]
a2 9] PM;o(=TSP) BiE&AI2 8mg/mi/vehicle(4.97mg/km/vehicle, 47} Elo]o] A-8)&

.88t gefolct.

AEA 07 CARB EMFAC 2021904 Z-gdl= AYFEES Alshd v 2o, PMy
HiEAGE 71&0 2 YFEEE Z83l0] PM,s HiEAS W BiE&SRS ARYslal Ql= Alo=

motglct,

o E}o]o] miiL: PM;o/TSP £& = 1, PMys/PMjp & = 0.25
o BHo|F ufi: PM;o/TSP & = 0.98, PMys/PMyo & = 0.35

- EMEP/EEAS] 7| L FEZ HiESF JMES = 48 2719] A4 sj&dT} AFA %]

HhEel HEe 29 9 sk 95 AFAelt:

vlEf 7] ot o] B9 ol|A] l4x(1.A)9] SHY &5l &3k e, HlEi7|H niEe
Efo]o] nji, Hjo|3 niR, =2 nfRE 1E5}, E2olE Yo Folal it A
AT o8& AT, JUE A B, HAE T TF A, LEH| 4307 251,
AF] BT AR SR A 2718 st F 6172 AlESHE Sl

AR} wle7|2 0} WhE AP A Tier ) 7| 2402 MER-RSEGEIAY, km) x
HlEA R (mg/km) O] FRE WEFS AP A4 YA SO BEE AES B

=
& = e Brole Tier2 YHES 28519 Hied2 APgsiH, A58 F3712 59



gE5rE &8 5 gl A9olle Tierle A8t ojuf AREE= &A= Tier29

E = "R 7] E(default) HIEAITE TARE gLo= Ap5F o] thet HAggho]
. £ 20239 EMEP/EEA+ Inventory GuidebookollA 7R8% Tier2
ier12] LDV(PC, LDT) X}eko]| that vjuj7| nl vj&ASE 45t

_ELrlr
—V.‘i—@
;-]

(EMEP/EEA, 2023) Tier1 HHESE AFgA|

TE= ) N;x M;x EF,; A(3-1)
-
TE & HIZZE TSP, & PMio, & PMys ()
N RS
Moo RIEE 2| (km)

EF; : HiEAZ (g/km)
/TSP, PMi, PM2s
VN 5

Tier29] 49 Aol W2 HEALE 7125- PC, LCT A% 285014 58 Aol 2]
Ao 9 sjoluFs A, A E2lo] Furd HRE Tefsle] & 16719 A Liol that
WS A S, Tier2 MBS 49 Aol S TSP WALk TSP 3
DM, PMps©] 58, B 5 S0l it 24, 5% Aol et 27 Aje) 52 mefsio]
ilE3e AgsH Hi

R

TSP Hi&AlGE 1974~2002'd Ate]9] utAls: 9 TSP(E= PMyo) WiEAS - 33t
2 7] 7HES B TEEI WEAS A DA A5 nfeAlE WA Aok,
Efojo] uti R} F 10%(1~10%2] 37t t7] 5 PMi 22 HiE=n, Bdjo]= nfil
PR+ 5 50%(Z2] 30%2t 70%2] BHE)7t th7] 5 TSPE HiE(PMiod] -5 49%) ==
Aog 7Hgst3irt.

J73E-L9] 79 Elojo] mkRL PM,o/TSP £-8-2 0.6, EFo]2 ul PM;o/TSP £8-2 0.982
A-8stal o, golo] mtito] PM,s/PMyp &< 0.7, BEFo]= 1l e] PM,s/PMio
£82 0.395 A8okal vt §9 EMEP/EEA Y3EE&2 vl=t 9 T Atz vl
PMas £-&(53] Elolo] wii)o] JjHo g =7 HE= 1 Sle AR HEH

Tier2 7| viEAe] B Bt FF F=7f grolof vjito] 49 80km/hr, Bl
ol 9] AL 65km/hrE 71&[Z S(V)=1]02 3k QJth X& HAo] Ao By 25 &
5710l w2t gojo] & Blo]3 whrgo] AAshs A OR & HAAS B Aokl
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BE H) 2
S5t e2tg M43t ik S am olafat Al B8] B

(EMEP/EEA) Tier2 HiEEF AFGA

TE =} N;x Myx EFygp ;% f,; % S(V) 4(3-2)
J

TE © & TSP, PM1o, PM2s (9)

N; DR

M; A =AM (km)
: /' RHOf| CHSE TSP HiEAI= (g/km)

EFrsp.; EO|0] Dt Ed FH £ 80km/hr 7=

* 23 0|3 02 I F8i £ gbkm/hr 7|&

F o D UX 37| /9 TSPO| Chst R2f 28

S(V)  :mE R X AT Vo et BEAL

J PN S
s . E}O|0{ OF=(T), E2|0|3 OtZ(B)
) © TSP, PM1o, PMys



Tier2 E{0|0f O, H2jj0|3 OfR AFEA 23 QIX}

SR = Ef0[0f Op= =202 Ot
Tvvo—vvk(l)eil_vehlcles 0.0046 0.0037
=2
HEEESIE S CEI LSS 0.0085 0.0082
— Mini
Passenger cars — ICE 0.0096 0.0102
- Small
Passenger cars — ICE 0.0107 0.0122
- Medium
Passenger cars — ICE 0.0118 0.0143
- Large
Passenger cars —
Hybrid — Mini 0.0089 0.0065
Passenger cars —
Hybrid — Small 0.0100 0.0081
Passenger Cars —
Hybrid — Medium 0.0111 0.0097
Pifsf‘f‘ir Lcars - 0.0123 0.0114
TSP it Pasyser;] er Caar?se—
EFrsp.; PHEVQ_ oot 0.0101 0.0055
(g/km) Passenger Cars — 0.0112 0.0066
PHEV — Medium ' '
Passenger Cars —
PHEV - Large 0.0124 0.0077
Passenger Cars —
BEV - Srmal 0.0105 0.0030
Passenger Cars —
BEV - Medium 0.0116 0.0035
Passenger Cars —
BEV - Large 0.0127 0.0040
Light-Commerecial
Vehicles (N1 — I 0.0107 0.0122
Light-Commercial
Vehicles (N1 = 11, IIl) 0.0169 0.0117
EF.
H DV TSP; T.HDV EFTSP, BEDT
=—4 * LGPy « EFyspppc| =196 « LCFy * EFrspp pc
LCF 1.41+(1.38 x LF) 1+0.79% LF
TSP 1.000 1.000
PMso 0.600 0.980
Ua=E PMy s 0.420 0.390
e PMz.5/PMig 0.700 0.397
PMi.o 0.060 0.100
PMo 1 0.048 0.080
AT HEAA V<40km/h 1.39 1.67
S.(V) 40km/h<V<90km/h -0.00974 xV+1.78 -0.0270xV+2.75
) V>90km/h 0.902 0.185

X2 EMEP/EEAQ2023), pp.18-222 EZ KA+ &,
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2) HEY SFS 2ot BE ARY HE % M2 7l &t 2

1z

ot

&% A8 2ol Giechaskiel et al.(2024)2 FAFAE o= ¢ Hao|4 Hi&A+

HESIAA, UN GTR 24 AlEHHS 7|90 = 3t 4l A7 e AT
vh Qlrh. o] w2 Y Bdjo]3 uii= Bjuj7] Hi&elA 20104 7[ECE PM,s9 <F
30%, PMi1o9] oF 40%E AHAotH, wi7]3 A7k 2 Ass}t 119 55 Bl 7| wi&
HZo] 2040900 90%E 23t A 08 AYEh o= Euro 7 A4 49 F83t
ey LA7E =ik

ok

250 250

COVID 19

200 200

exhaust

=150 = 150
= 69% = =
e 4% 6% __ __ o= e
= Bl i e BTS00 94% 96% <
=100 Thrakes ' Lo eeeesaEe a 100
----- Ny 30% 54% —_—
50 | tires B e TNE A o DN
o ey -
0 0
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
Year Year

Xt=: Giechaskiel et al.(2024), p.2.

EU-27 X =24-80A1Q) HiE71A, HHH7| HiE X & PM HiSO| Hstet MY

}

7P Hezow S5 o] & ECE H=-74 fad 23 208 Adde 3%t 24,
A 10 Bt oF 89mg/km 2] H]Hl7] HiEo] TASH= . W,
o|= HEE NAOMIAH 712z 2-83sh= 4-Folle i 60% oM wiEFel A==
g Aokt ol vRIRE 4 H2aart obd Y Had 3 7R gt
UAIE 28 39 24 60014 i 80% F:=o] F7HRl HiE A APt s 2=
Uebth Belola A EHE AMSSke A1 9A ALE #l ThE Aole AANARE
T AL 9 55 ALE BE 22 9oF 50%, oF 75% =2 AdadE vetich
£ A Aol = w2 A Aol o] BEl Hiet o] AR SOl w2 71
Bo]3 Bl Elojoj=z QIS HlHjY] &l old & e A= YEhtoy, 34
28 4 FA 60%01A 2o 80%7HA] Beo|a A} BiEo] AttE o S=

-

oy, f

=,
tg



12 y =0.003x

L X X RZ - — ’.083
XX X
\o YL
| P
| ..--D--..........
.............
w ................
8 _,.--......
w eeeet
Lesett N
é 4 )
X0
O
O

1100 1400 1700 2000 2300 2600 2900 3200
Vehicle mass (kg)

Xt=: Giechaskiel et al.(2024), p.12.

Hejl0]2 HE R M =X &, AP 20 OE PMy BHEH

TR A4 243 Aupt SR vl Ws) Be e UEhA, 71E E
QMEESl OICA A= HEHE 1] thHZ GAG O wester. & Aol
olat ¢t ATE vo R Befold WER Qg HHY) whE WS Slat A% 714
B WIS AE HE0E TP o) Bashg BRach sl Euro 7
FAZE EAge] wet FF o FBE dolet H4Y & % Ao sk

=

Wei et al.(2024)°A+= WiEAIT] $34Q HES) tlEo] HgA| Hijo]T uht J}9]
& A oist Fe] AT S FAFHESIATE $A 2% et ol B
Aol ESH Xz 2 BlHj7] YA} viEo] Buro 7 A1 tiiog EghE uet &
AEH ] B2 Ao Zash A4S Aokt

r°l'

A4 UN GTR 24 A0 24 tolie x| ATguiio] APgslo] glow, o] whe
WLTP B0l Aol 7o A5 A4S ARsto 2K AN E LEo] vheg.
ABHE SR 5 A, BARA F A= G ol ofo] et Euro 7 W 2
of el vt olct.

(¢]

JASO C 470:2020 #&
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”””””””””””””””” H, 8 6 H
9
TPN10 7
L J
T
s (Q) | ==
/ -
SPN10 (/” /, e L NP L \
i/ / 4 -
PM, | PM,, || |

----e
e
3
So- Sp. St
Que [ [

Py T I,

10

A= Wei et al.(2024), p.3.

WIZRERIN GTR 2+ CHO|l HIX| AIROIM| HiE =3 CHo[oj 13

g 2o &A1 A g BFH(CARB, 2016)2 Efoo] nbiL-ZHu]|AFAZ|7EA] Z3lsE A A
Hu[7] Hi& S0l 7Fsslthe A45do] IANRE, FeMdat Addo] Jw6] HSEA Lt
AL ek AT 7R EE " A, E A AH AF) A eE AR =
A vh= T AR dSole TAVE ks EAIK0] 912, Pin-on-disc tribometers
Z-Eol= WO Bfole Aw 54 wefolle F-8sHAIT A Als 2743 Zpol7t 27]
ol A 7 AEHo R AgehA] it

9ot o] AMwE 7} o] AT e uto R AL B tolk W] 7]kl
GTR 24 A7} 714 A=) e Beola vhw At Aguhgon e Fa Yo,
cloret A A L BE AfUEoR B8ET It 2 AT AnE £9 ulE] Wi
e 432 e BEsiE ARy A 2AHS HE APsAe SR g

welo] AFHE & 4 Yck

AZHTWP)E FFslol7] H3 Wete g 4=2(Hg) 2hdly 7|\ @%?l AYZ 33t Bt
Aot A2 Renault Clio X150 A8 o]E-& Elo|oj& Aol EA|, 19|, ¢3ER,
&, IEEE 5 Ot 25 AA Fot= FEHZ $3sto, 3 Al ‘:’a}"g%‘}%

’

ch

24 golo] nm YAHTWPD)S ZH3Hieh. Ak Yol LA YHRWP)E
ST, SUE YAES D/TEE e § 22 PP RO SHS HT smk



QI A%, 44 vk Eolo] Bl YRHTWPDY: ol wHEsls 24 YAROWP)
oF 1.9v7.5%8 AAGOM, B MEAFE 40 + 2.9mg/tire/kmFF BT oF
1mg/km) O APIEIE}. 5] ZuAIRIAH<039um) HA] 4 ¥l Elolo] vl Yt
of OF 30~70%E. THS & HIFL ANk R0 Uehith £2 K38 U5E A3k,
EA 9 5E B2 WG] 1Y Betor, $BEE U ThERAL Jrjzos
e vjgo] e,

EU-27 X9 & 1 QI w9l X0 B RoWP(EE Ot X)) &
TWPs(EHO|0f- =2 OF2 AXht 0j0f] IE HOZE &= S7HAC, ug/m3)

Fraction RoWP emissions TWPy emissions
(ym)

InputEU-27 EEng,/‘ Input(subjurb E(sub}mnSTﬁg~/’Vﬂf- InputEU-27 Gy stag,/ Input(subjurb R‘Suhimlbgtﬁgﬁ/vap
(10° ) var.(ug/nr) (10°) (ug/nr’) (10°vy) var (pg/n’) (10'ey) (ug/m’)

Total 625 13.2/147 19 120.4/13.60 28.3 1.21/0.09 8.7 9.54/0.71
PMyg 502 13.2/147 177 120.4/13.59 2.2 1.21/0.09 76 9.54/0.71
PMys 342 13.0/1.33 116 119.1/12.47 209 1.21/0.09 6.1 9.51/0.69
M 7 127/1.15 91 116.4/10.82 181 1.20/0.08 5.2 9.41/0.63

Xt=: Muresan et al.(2025), p.11.

EU-27 A¥g tdoz o 7|0k #A0= A%t oF 28+11Ge2] TWPD7} 'EAsh=
AF9] oF 3.8~14%°1 ok AR e IS
& 5 Ak 53] TAl AH2 EU HA 949] 3% Exgole AA| TWPD Hi&Fo]
oF 20~40%% =2 HISE AA5k= o2 A=l on o]z IRt LAl A Hoj|A 9] Q1A
=& 9T W71d o3} 7Rl 7HE A w A AR E I

0] A= E]'O]cﬂ =] A58 ?:}X]‘%‘ AA| T2 F5Y Q]}\-] A X-]%fg]-@- }4}_9,] AE &= —5—]_1/]_
24, 97 4TS o wA Ao S49| T WA EESHE AF-BA W s
AFAE %519

= ‘03-

mpAeo 2 Miller et al.(2025) 1985AFE 202497H4] T#E 23S 7|Hto = 3%
F2 vlHl7] vl Q@9 S AA|ske EBrolof ARE DA0IA ] HiEEl gt A+
SHE TPH R HESH| 95 A+E $Poloirt. Eolo] Akgel E HiEE
gtojo] wtiL JRHTWP), Btolol- =2 upi JRHTRWP)SF 22 YA viE, 5 5%
22 55 204 Bolo] Tz TRWPOIA &5l o] WEE= slehaddl 455, 59
2 12 AN Sohs A BAR Rt

FAH o W] WE 7R L iR A 5 Bl A7 o) S g 22
PMyo $419] UAH HiE FA102ut o 0iH PM,s olste] 2N, 852 U Fib
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S22 ICHAIR &5 S

cxxl 1:_4 E]’E ux].‘_:.oﬂ qL_ :rLJL—__ A q] SEeR=4 D]D]o]_ *J-Q]—O]I:]- j_ ]_ 0]'1/]?4' %7(1]79
0= obx] HEE AF-EA o] AISHA Yot ShATE g AV FuE vla
45| ojfrh: WAV} Ak oz AHHD o,

7|5t Q1% 9 W BES 37} 50 97 Wil uleh G Eolol £ nhu el
29 8 S EG ol Ao AP, Bk ohle AIXe) BF S EY Ay
27 7k} 2 M A 52 uste] golo] u}a WS | 7K T

o =
r—_%
o)
o
)
rlo
rE
ol
fo
rO
=2
=)
o,
-,
)
=
v
: &

W,
=
v
=4
!
N

ol
_\;

e
_t\i

ox
o,

58, 30 Aol olo] 5 R3] et A W] T2 e
719 B FS W 5 U AAE vhE st

Receiving Receiving
" P i i Primary Receptor
Release Type Initially relsase to Mobilized via Media Media Receptors Pathways
(Primary) (Secondary)
—_— sufacewater 3 aquatic ...
Leachables — (freshwater, organisms ... :
ke estuary, marine) [c] ——5 sediments [d] ==} ]}
Tire surface ——p road run off
wash-off —_— ] -__n
wastewater
road 7 treatment
surface plantfe] ZTT==) biosolids[f] T
la] W plant [k]
iy f0OBASIAE SOIl
[g] ) soil T TTTTTTTTmTommees L
[al
_________________ » ferrestrial
——————————————— > organisms
pM2s  ~~~> indoorair/dust ==-=>
outdoor PMIOGl s in.vehicle aif/dust == =» <
air [h] ambient air human [I]
(] outdoor air N
(total VOCs)

X1=2: Miller et al.(2025), p.1348.

SEEDSEN R A SAOIM wlsh= EHJO] BIES0 et HEX =E ZR(CEM)



2. 2 42 B2 H|HYI| thE 7I0] £

&

7. =W =& B2 ST L

rOIl

=Y CAPSSOlA = @A7HA] ‘Efolo] mIE(SCC FE& 1202) 9] 4% vAAA] S87F 55
o2 BFEslale Qo uiEsk APgolal QJA] k2 Afolw, 2 55 EMEP/EEA W&
831 A4E0] o] 2 Hf JItHASEWA], 2016; TFH, 2016; AT, 2023; A&
A7, 2025).

27 TR AT GT891(2022~2023 W)L E5 T3 FPA MOVES HPHE S8
7]dko & §F T A=} ulHly] upm(Elolo], BElo]T) W&k AbgElRS ulelst
CAPSS &= IMESS <ol AR APetil Sl A0 = mopdnt

Lt =l =5 T2 HIEH7| WSS Y Dot

P

2 QoAE 22 ) A RATE A vieis AEAL ul] nh wjEe A1
apEe 7o 20219 71%9) S Hlel] wlAEA) &S AVgeh, B ujuy]
g 240] 712ARS TESILA Stk AFSA Bl nhe uiEe 4P ThAS elolof
vhme} Belold vhy XS tAoR Sgom, SHold ARSI Qs £ B ot

B oA sl e ZAE2AMAIEA wiEFo] xoE Ao® 57

20219 % A=rS O 2 CAPSS AE 54 o]EXE A|Ql3h 5-84F, RV, BA|, 534,
HA, SHERL, Al dgole ASS tidCeR wiES o

=4 28 vies Ao Es SRl 1) vl viess APgaEe datst] =7h
AR EATE oA mpedeh =] I AP e Z-8otlrt. AsA H]E7](Btelof, B2
19) HE S Sl ASE FY 2Rt EAlre] For ALted, vl &
[= THL 94 712 wiEAEE )0l Bt ARFEE BAARS(V))e} At d%F
5 57h PSS Lt BAYAS(VCE,)E 285 HAst] 281t Erolof minie}

Beo]a vii MiEF APgA2 Yo, UBEE, Bt AE B, IEAT HA 5
Aol 7} Sl

=

d

AN

[©)

’\_E

7) IR FYE Eolof, Heold, kg #Y "R HiEHE AP, ZEAEAIEA] S
APYSIAL AL vt
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S22 ICHAIR &5 S

E = VKT, x EF,,, /1000 2)(3-3)

[

E Z3 IPROIM UAGHs XIS OFR BIX| HHSZ (kg/yr)
EFiws ¢ Ot BIK| #iEA4 (mg/km) * A% 2 MSAxt By EF
VKT D ozt XBE FAL (km/yr)
1000 : ©9| B QIX} (1,000mg=1kg)

J e

w © Ok T2 (E0[oy(T), 220|2(B)

s LD LT BN

EF,,.= EF., xS(V),x VCF,, 2(3-4)

EFiws ¢ Ot BIK| #iEAS (mg/km) * A& & MSARt B EF
EF, ¢ OfR BiX| 7|2 HiEAS (mg/km)
SV, ¢ I XRE BEHS
VCF.* ¢ TSR BEANMES SMHE)

* VCF: Vehicle-type Correction Factor(ICEV, HEV, BEV, FCEV &)

= A& A2 HlEl7] (oo, Beo]a) Wik W] viEAle (& 3-12)° 2t T
HiEARE 718402 ul=k EPA MOVES 3(US EPA, 2020)9] ¥iEA(g/hr)E F37
7IHE BiEA(me/km)= #igksto] 285t 2102, 19 EMEP/EEAY] 5-84F AlEF Hil&
A v 52 Wrget gholtt.

46



=LY HIHH7|(Ef0l0f, E20|3) O HHX| BHEASAS X #2E)

L Et0I0{ Or=2(mg/km) =ej|o|3 0tZ2(mg/km)
T TSP PMag PMa.5 TSP PMio PM2s
a9 15.78 473 0.71 3.35 2.68 0.94
st = 17.73 5.32 0.80 416 3.33 1.17
= 19.71 5.91 0.89 4.98 3.99 1.40
o 21.69 6.51 0.98 5.83 4.66 1.63
2% 17.73 5.32 0.80 416 388 1.17
EHA| =3 19.71 5.91 0.89 4.98 3.99 1.40
o 21.69 6.51 0.98 5.83 4.66 1.63
a3 19.71 5.91 0.89 5.64 4.51 1.58
A= 27.20 8.16 1.22 5.71 457 1.60
S5} =9 290.44 8.83 1.33 15.73 12.59 4.41
e 39.42 11.83 1.77 27.89 22.31 7.81
=S 29.44 8.83 1.33 15.73 12.59 4.41
A|LHEHA 39.42 11.83 1.77 27.89 22.31 7.81
Al2[HA 39.42 11.83 1.77 27.89 22.31 7.81
HA T A 39.42 | 11.83 1.77 | 27.89 | 22.31 7.81
IEHA 39.42 11.83 1.77 27.89 22.31 7.81
7|E} 34.24 10.27 1.54 22.40 17.92 6.27
a4y 19.71 5.91 0.89 5.64 4.51 1.58
Y= 29.44 8.83 1.33 15.73 12.59 4.41
=4 34.24 10.27 1.54 22.40 17.92 6.27
SHEXL o 73.36 22.01 3.30 37.39 29.91 10.47
Ex 73.36 22.01 3.30 37.39 29.91 10.47
HOEX 73.36 22.01 3.30 37.39 29.91 10.47
=32E g 73.36 22.01 3.30 37.39 29.91 10.47
THHARE 29.44 8.83 1.33 15.73 12.59 4.41
E4Xt AQURE 73.36 22.01 3.30 37.39 29.91 10.47
7|Ef 34.24 10.27 1.54 22.40 17.92 6.27
o Y= 19.71 5.91 0.89 4.98 3.99 1.40
=4 21.69 6.51 0.98 5.83 4.66 1.63
O|ZXt 9.84 2.95 0.44 3.17 2.54 0.89

K&: =70 HREEAME(2023b), p.135.

=4 A3t vlEf7I(Erelo], BEo]a) wii HA] wiEs APgol] A8He YRS (&
3-13)3 &
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=L XFSAt Ef00] & H0|3 OI2 ©X| YAEE

2 o2 QIXt = UHEE(TSP=1)
= PMo TSP PM1o PM; 5 PMs 5/PMio
Et0|0{ Ot 8% 1 0.30" 0.045 0.15
0,
PEER: = (60(18/%89 1 0.80 0.28 0.35?

2 1) EPA MOVESOiIAf PM10/TSP 20| HMAIEIO] UR| 2201, PMys/PMio (BE2(0.15)3 2188 HEX2
Kupiainen et al.(2006)2] S¥at 43 20N HAIE LE2E(PMio/TSP=0.3)2 H&.
2) EPA MOVESOIN HIASH AA22(0.125)2 = 7Pt 202, A A ZutE HidsH CARB(EMFAC)
PM2s/PMio 2&22(0.35)2 =LH0| HE.
K= =70 HRPEEME(2023b), p.135.

ES3ENEY EHO|O] Ot2 MX| UAZEE H|W

s Ol2 24Xt = QUAEE(TSP=1)
PM10 TSP PM10 PMz_s PM2_5/PM1()
US EPANMOVES) | 8%(1~15%) 1 030% | (0.045) 0.15%
CARB(EMFAC) : i 0.25 0.25
EMEP/EEA s 1 0.60 0.42 0.70

(0.1~10%)

Dutch Inventory 5% 1 0.053 0.011 0.20
KIMM 5% 0.16
“?Lﬂff_t%@ 8% 1 0.30¢ 0.045 0.15*

Z: *US EPAMOVESS, 2020): PM Q&2 212 =X Kupiainen et al.(2000) A Z1} AUAEESS M2
- Kupiainen et al.(2005): PM10/TSP = 0.3, PM,s/PMig = 0.15

AZ: 27 [0|MHXEEME(2023b), p.137.

=202 O BX|] YF=EE HlL

N o2 UKt = UHBEE(TSP=1)
= PMio TSP PMio PM, s PMs 5/PMio
0,
US EPA(MOVES) SIS 1 0.80 0.10 0.125

(PMso 48%)

CARB(EMFAC) - 1 0.98 0.343 0.35*
50%(TSP)
EMEP/EEA (PN 49%) 1 0.98 0.39 0.39
Dutch Inventory 49% = = = 0.15
KIMM 32% - - - 0.53
LH ApxiEHEH(OF 0
=l HBERE) | B0%(TSP) | 0.80 0.28* 0.35*

(B 3-13) (PMso 48%)

2= *0f= EPA MOVESOIIA HA[et 2A22(0.125)2 = 715et 2le=2, z)i A
PM,s/PMio 242£(0.35)2 U0l XMEot= Aoz ZE Z A
(R11) CARB EMFAC 2021044 LDV 7|2 HHiEAHIZ> PMys/PMyp Hi= 0.200]Lt, XA XES0H| CHl Aeiki=2|
SIHEM 2Rl PM,s/PMyo HIQI 0.358 HE3H RUS.
A2 27H0MHXEEME(2023b), p.142.

oot

ZE Y55t CARB(EMFAC)



Hlu7] v WA wfESAlel] Het ARG mE BAARE (B 3-16)T 2o, ol vl=r
EPA MOEVESQ] 2k 71 vjE Al A 2E U S5l A% & 7|02 A&ot=
whAjolc},

HIB7| 012 B REAE 7R SRS

Befo|= oi2
Ef0|0{ Of=2
A £ 17t BEAx
His ZE(EX]) 1T EUW HE 2E 818)
1.8127 X exp(—0.0092 x V") | < 40km/hr(Xi& 2E) 0.978
* B2 Bd AR E(km/hr) | 40~80km/hr(EL BE) 0.643
> 80km/hr(1& 2E) 0.115

A2 =710MURZEME(2023D), p.139, p.144E EUZ KAH &g,

HlHl7] obi HA] WS A0 SRR BAAlE (3 3-17)3 Zrh AR B
Ag== vl= MOVES 9 Wi Zk=7} §lo, -9 EMEP/EEA(2023)°14 AAIgE 21ek3219]
SF 715 PAE FFS 1Bt HiEAS BlES SAR vIIsISIt) slolERE ARk
PHEV, HEV 25 HEVE Fg5t0] &5t (=] thi-E HEV AH), 44k o A=rt
glo] H71ZHBEV)} &LotA -85ttt

HIbH?| OF2 ZISHARE 2EARIER 5 2 S4MS 12)

A= 7= Et0[0f O =205 02
ICE(LHSH7|2) 1.000 1.000
Hybrid (ot0|E2|E) 1.042 0.795
BEV(H7IZN) (*=AXt 23 1.085 0.287

ANz =710 MEXEEHE20230), p.140, p.1455 EMZ XA &Y.

B2 B] vk S s 919 sl S wEAeE G 3-18)T 2
A% e B9 A=
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S22 ICHAIR &5 S

20 B 012 S A

mjo

?
°

o

A

O

0l

S
CAPSS 2% EMEP/EEA(20234) MOVES3(20204)
S3X-4d Passenger cars — ICE — Mini LDV1
SEA-AY Passenger cars — ICE — Small LDV2
SEA-5Y Passenger cars — ICE — Medium LDV3(LDV)
SEEA-UA Passenger cars — ICE - Large LDV4

BHAI-AH Passenger cars — ICE — Small LDV2
EIA-5E Passenger cars — ICE — Medium LDV3(LDV)
EHA|-CH Passenger cars — ICE — Large LDV4
RV-4A3 Passenger cars — ICE — Medium LDV3(LDV)
RV-5& Passenger cars — ICE - Large LDV4
SEA-4 Light-Commercial Vehicles (N1 - 1) LDT
SRR avg. of N1-1, 2, 3 LHD2b3
SEX-58 Light-Commercial Vehicles (N1 = I, III) LHD45
SR Heavy-Duty vehicles (2%) Urban Bus
SeR-E Light-Commercial Vehicles (N1 = I, II) LHD4b5
HA-AILHEH A Heavy-Duty vehicles (2%) Urban Bus
EHA-A|QIHA Heavy-Duty vehicles (2%) Urban Bus
EHA-TLHA Heavy-Duty vehicles (2%) Urban Bus
HA-FMNHA Heavy-Duty vehicles (2%) Urban Bus
HA-7|E} Light-Commercial Vehicles (N1 = I, 1II) MHD67
=4 Light—-Commercial Vehicles (N1 — 1) LDT
SIER-AE Light—-Commercial Vehicles (N1 — I, 11) LHD45
SEA-5Y Heavy-Duty vehicles (3%) MHD67
SIEA-CHY Heavy-Duty vehicles (4%) HHDS
S2X-EHOEZ Heavy-Duty vehicles (4%) HHDS

SIEA-ZI 2| EUAMES Heavy-Duty vehicles (4%) HHDS8
SIEA-E Heavy-Duty vehicles (4%) HHDS
EAR-THR} Heavy-Duty vehicles (2%) LHD45
ER-ARIRE Heavy-Duty vehicles (4%) HHDS
ERb-7| Heavy-Duty vehicles (3%) MHD67

0|2X} Two-wheelers MC

% O MOVES®| 58120 22 B IEA4E HAJGHD QIOL, TL) CAPSS BSE S AMEAPet AIZHA|
o3} S T2io | Pl RS ToI0] KB HRAO| U0f S84 F(medum)S 7O EMEP(2023)

TR HiEX4 HISS X2510| MESISHLDVI-AY, LDV2-4%, | DV3-5%, LDV4-THY).
Rtz: 2710 HXPEEME(2023b), p.111.
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AL vlEl7] uie viEs AMYS 2Rt ek Ee A B FRAZ(VKT, km) A&7}
SEEH, Bt A& HAS 95l B 74—"57 JE7F Zasit}. B AtolA= W CAPSS
L20l5dY wiET Ao A8E 1 QI 20214 7|9 FAFE U AR BEREARS,
A= 54 FAY 2 B+ A& ARE %7}‘3]*1]”*7(]}43” EMW Algol 285t

(F 3-19)%= & Ao|A 283 2021 CAPSS 7|59 A= 9 28 VKT a3 AT
Sto] AR AR, Al FPA= 7] 24.4%, A2 10.0%, 85 7.9% 59 ==
A= F 354,426 WRtkmo|t}. A5 FEAT= 58 52.2%, RV 24.0%, =2} 17.4%
59 &07 YEht

20214 7|1F XSt 2| SHEHCAPSS 7IF)

N L= VKT(106km) PNES VKT(106km)
M= 35,552 10.0% SEXt 185,162 52.2%
Sk 17,958 5.1% RV 85,119 24.0%
o 15,348 4.3% A 8,713 2.5%
21 21,896 6.2% SR 6,641 1.9%
g5 8,910 2.5% HA 6,401 1.8%
& 8,917 2.5% SIEAt 61,572 17.4%
= 7,457 2.1% SRt 818 0.2%
e 2,614 0.7% A 354,426 100.0%
a7l 86,391 24.4%
4H 14,698 4.1%
= 16,080 4.5%
B 20,258 5.7%
H= 16,446 4.4%
My 17,683 5.0%
a5 27,983 7.9%
a9 27,301 7.7%
N[ES 9,936 2.8%

el 354,426 100.0%

Nz: =7 0MBXEEHE2025.7).

20219 CAPSS 71& A2t $3AYE 58, o8, d=2/55 £7 ut A== A
B (F 3-2003 2oy, S8(58A+RV+EA)Y Z3A g 3]Ek9 T} 49.6%E 713
37, ASFAY] AS- sPo| BT 5.0%, A7) 1.1%, $4 0.08%S JAFh 5 ﬂiH
A9 A= A7t 76.8%=2 T HIES AAI6kL, CNGZF 18.4%E AHA|ok=

UeRgtt 28aRe] 49 slo|EE= 0.05%, 7] 0.4%, 4 0.02%S UeRion, ﬂ%/
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52

20214 7|1% X 25

Eoro] AT H67) 96.3%2 RS A8k,

O M2 HFY VKT HIE(%)

A1) A9 A7] 1.2%S Lyet

(CAPSS 7|=)

N 2F l=3 VKT(%)
48 33.2%
3o 49.6%
LPG 11.0%

AR

(BB RVEA) RS 5.0%
7| 1.1%
A 0.08%
S8 A4 100.0%
AL 76.8%
UR 0.09%
LPG 4.2%
s CNG 18.4%
(SEAHHA) S EE= 0.05%
7| 0.4%
A 0.02%
25F A7 100.0%
4 96.3%
SUR 0.02%
LPG 2.4%
2 /EA CNG 0.03%
(=N SN )| sto|gz|E 0.001%
7| 1.2%
A 0.00004%
SIE/ES AA 100.0%

Az: =7H0|MHXFEEAE(2025.7).

Ct. I =& 52 HlHj7] 8= 71 £¥ Za

2 dAFoxs H H7AHAY RAE oA uFATE S H]El7] vk WA eSS A
W 9 Sl CAPSS &5k AH=E A8sto] 20219 71 =W AFsAF vlHl7](Eholof,
Beo|3) vt WA Hi&ERE APFsiitt. Aate (& 3-21)F Zo] Eolo]
Hj&efo] oF 2 876E, BHo]4 uli PM,, Hl&eo] oF 1,387E0F H]ul7]
S oF 4,262 0% AP I}, Efoof ulE PM, s Hi
UHE PMy s HiETRS OF 485502 H[Hj7] TA PM, 5 Bl

AR PMio
A PMio
oF 431E, B0z
OF 917E0 = AMgERlom,



A 0 & Hlulj7] ik PMyo HiEHE 582+ 40.8%, 3HEA} 30.5%, RV 19.3% 0=
=& A0F YEt

20214 7|& KSXt H|EH7|(EfO|0{, E|0|F) OIR HX| HHES2F A ZIHQ2H

Et0|0] Of= =yo|3 Ot2 H|E{ 7| OF2(T+B)
e (ton/yr) (ton/yr) (ton/yr)
TSP | PM PM TSP | PM PM
o o ® | ® | & TP P P
Aot 42135 11,2640 | 1896 | 5935 | 4748 | 166.2 [4,807.0 |1,738.8 | 355.8
44.0% | 44.0% | 44.0% | 34.2% | 34.2% | 34.2% | 42.5% | 40.8% | 38.8%
s 1,9759 | 592.8 88.9 | 289.1 | 231.3 80.9 12,2649 | 824.0 | 169.8
20.6% | 20.6% | 20.6% | 16.7% | 16.7% | 16.7% | 20.0% | 19.3% | 18.5%
iy 226.3 67.9 10.2 37.8 30.3 10.6 | 264.2 98.2 20.8
2.4% 2.4% 2.4% 2.2% 2.2% 2.2% 2.3% 2.3% 2.3%
Azt 203.2 60.9 9.1 30.6 24.5 8.6 | 233.7 8b.4 17.7
2.1% 2.1% 2.1% 1.8% 1.8% 1.8% 2.1% 2.0% 1.9%
HA 303.9 91.2 13.7 | 1343 | 1074 37.6 | 438.2 | 198.6 51.3
3.2% 3.2% 3.2% 7.7% 7.7% 7.7% 3.9% 4.7% 5.6%
st 26299 | 789.0 | 1183 | 640.3 | 512.2 | 179.3 |3,270.1 [1,301.2 | 297.6
27.4% | 27.4% | 27.4% | 36.9% | 36.9% | 36.9% | 28.9% | 30.5% | 32.5%
st 33.8 10.1 1.5 7.7 6.1 2.1 41.5 16.3 3.7
0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 0.4%
- 9,586.4 12,8759 | 431.4 |1,733.2 11,386.5 | 485.3 [113196 (4,262.4 | 916.7
100.0% | 100.0% |100.0% |100.0% |100.0% |100.0% |100.0% |100.0% |100.0%

A= KAE 2.

At vlal7] viEsFe] vlnE ol 2021 7| CAPSS =205 dUEiE7tn) T =2
Atz o] 215 &S AT EH (E 3-22)9 2t E20l5 28 PMy HiEF
oF 3,416%, PM,s5 HI&F2 OF 3,142E0|H, At viEsko] oF 73.7%= tiFE-2 24|
ot Qlet. Wi T2 AHAMAR] PMyo W& oF 32,8038, PM, s HiEH2 oF 7,936
o, 584t HiEo] oF 51.6%% 7P & HIFS AATITE Aho] 95t ERol5HY
(Hﬂéﬂé) & SHEAE 7MY B2 wiEES Yehie S, TaAuibEa], E}Oloi
4 Beo]H npR o] HlHY] WiERS FRAT} P B S8 TP w2 HiE v
UehHS 2 &= 9t}
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20214 7|1 CAPSS T20|SQHY 2 TZAYH|AMHK| HiSZE

Hi= S 20|15 HiE(ton/yr) EYE2THAHX] BiEZ(ton/yr)
=R TSP PMso PMy5 TSP PMyo PM,5
285t 152.2 152.2 140.0 | 88,223.1 | 16,9345 | 4,097.0
RV 403.4 403.4 3711 | 40569.0 | 77872 | 1,884.0
EfA| 1.9 1.9 17 | 36404 698.8 169.1
SR} 212.7 212.7 195.7 | 32344 620.9 150.2
HA 106.6 106.6 980 | 3,165.4 607.6 147.0
1= At 25187 | 25187 | 23172 | 31,6276 | 60709 | 14688
SR} 20.1 20.1 18,5 434.4 83.4 20.2
s 34155 | 34155 | 31423 | 170,894.2 | 32,803.2 | 7,936.3

S22 ICHAIR &5 S

Az 27 [0|MHXHEME(20232)2 EHZ KA ZH.

(G 3-23)& 20219 71 2 A7+<) HEi7](Btelo], Bejolq) upid viEat =7t SR
CAPSSS] m2olg el B L2ARAAA] vigwde wlustel Yepbd Astoltt. PMyo
7102 vjuf7] i g L2205 AAMNETIY) tH] 124.8% w2 A0 4
Holer, ERAEAIAEA] tE] 13.0% & Yebdnh. PMps9] 9ol HjEh7] vhz
&R E2olE AAWRETIA) tiH] 29.2% F, ERAUAIA] o] 11.6% 4202
AP =] k.

20214 7|Z H|HH7| HiS2k0t CAPSS XI2(E20/SQQ T2 HH|AMHX]|) H|w

B Hi=ZH(ton/yr)
HiEY 72
TSP PMio PM2s

C20[52Y™(CAPSS) [A] 3,416 3,416 3,142
T2 RH|AHX|(CAPSS) [B] 170,894 32,803 7,936
2 ¢ [C]: HIHHZ|(EfO[OA,

s#0|3) Oiz 11,320 4,262 917

-C/A (%) 331.4% 124.8% 29.2%

-C/B (%) 6.6% 13.0% 11.6%

NSV RN OS]
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Ao R AREAL AR B 9 Al HElY] ohE WA eSS S APgSilth (&
3-24)% (I¥ 3-12)+= AsA SEFERS) 2 A8FER) H2E vHj7] opz |A
HE=F AP ATE vehdch. st AR HEl] ok PMy, HiEEE S83-5F
21.4%, S8A-UF 14.4%, F=A-42F 13.8% 59 ¢07 =/ Uelgon PM, ;s &
e 52259 20.3%, FEA-AF 15.2%, 524U 13.9% 59 &0 YTt

EREDIE NMESA ARR(RIE)E HIHYY| Ot HX| BHEZF A Z1K2021H 71E)

EI0|0{ O Hgo|2 Ot H|bH7| OF2(T+B)
Hi=2 (ton/yr) (ton/yr) (ton/yr)
SEF-AEF| TSP PMig | PMas | TSP PMio | PMys
M M M ®) ®) ®) TSP | PMig | PMas
S2X-49 | 3726 111.8 16.8 48.8 39.0 13.7 | 421.4 | 150.8 30.4
A | 146.0 43.8 6.6 19.3 15.5 54| 165.3 59.3 12.0
SEX-5Y 22265 | 668.0 | 100.2 | 307.4 | 2459 86.1 125339 | 913.9| 186.3
S 14684 | 4405 66.1 | 218.0 | 1744 61.0 1683 | 614.9 | 127.1
RV-4% 1,212.6 | 363.8 546 | 172.3 | 137.8 48.2 11,3849 | 501.6 | 102.8
RV-5& 763.3 | 229.0 343 116.8 93.4 32.7 | 880.1 | 322.4 67.0
EAl-EY 220.9 66.3 9.9 36.9 29.5 10.3 | 257.8 95.8 20.3
BA-OH 54 1.6 0.2 0.9 0.7 0.3 6.4 2.4 0.5
EE 14 3.4 0.5 2.0 1.6 0.6 13.4 5.0 1.1
| 1439 | 432 6.5 17.2 13.8 48| 161.1 56.9 11.3
= 30.4 9.1 1.4 7.6 6.1 2.1 38.0 15.2 3.5

| 10.1 3.0 0.5 2.1 1.7 06| 122 4.7 1.0
x-S 7.4 2.2 0.3 1.7 1.4 0.5 9.1 3.6 0.8
HA-TEHA L 0.09| 0.03| 0.00| 0.03| 0.02| 0.01 0.12| 0.05| 0.01
HA-MMEHA | 466 137 2.1 15.8 | 12.7 441 615| 2064 6.5
HA-A[LHEHA | 163.6 | 46.1 69| 758, 60.7| 21.2| 2294 | 106.7 | 28.1
HA-A2IHA | 1046 314 47| 426| 341 11.9] 147.2| 6bb| 16.6
SIEX-4Y 25.8 7.7 1.2 4.4 3.6 1.2 302 1.3 24
SlEA-AY [1,109.7 | 3329 | 49.9 | 319.9| 2559 | 89.6 14295 | 588.8| 139.5
slEA-3d | 3739 | 1122 168 | 121.8| 975| 34.1| 4957 | 209.6 | 50.9
SIEA-NE | 7314 2194 | 329 | 1274 | 101.9| 357 | 8588 | 3214 | 68.6
SIEAHEEES | 94.0| 282 42| 208| 166 58 1148 | 448| 10.0
SIERETRE

UMEH
EA-S4 | 2681 804 | 121 408| 326 | 114 3089| 113.0| 235
SRR 0.9 0.3 0.0 0.3 0.3 0.1 1.2 0.5 0.1
SA-A0IKH 13.0 3.9 0.6 2.7 2.1 08| 157 6.1 1.3
ESX-7|E 19.9 6.0 0.9 4.7 3.7 13| 246 9.7 2.2

A 9,586.4 |2,875.9 | 431.4 11,7332 |1,386.5 | 485.3 | 113196 |4,262.4 | 916.7

INI=IPSVN RSO

27.0 8.1 1.2 52 4.1 141 322 | 122 2.7
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1,000 = 220]3 pMm-10

800 mEL0|0f PM-10
800

700

800

500

400

300

200 I

100

0 I [ ] l [ ] — = I -

Y & Py > K » S

R - = B _ -
o5 N
AT AR A A U AU S (OGN GG . P I aNC g A A o
Pl R S I o o o N o S
% % % % G M M AN S I R I A
& S
’ﬁfﬁ
Q\%
200 = 520|2 PM-2.5
180 = E}0|0f PM-2.5
160
140
120
100
80
60
0 I
20 I I
0 [ I BN = . — | - I I
& & & >
T IO P NV SR R P I SRl
@ G G @ S T 5T 2T N S g g g @ o7 g
B B % B DN N AR N A A A i
B g
7
&
o

NS Sk

SEEDPA NMSR ARR(RIE)E HIHY7| Of2 HX| HHEZHR: PMio, Of2: PM,s)
AR ZuH20214 71F)

ASA dm e HHY] vhE WA e A A3 (E 3-25)9 2ok A A=
ZE H[E7] ok PMyo HIET2 B 55.7%, SR 30.5%, LPG 7.8% ] &2 Hi&
HlEo] 7 YERE oM, PM, s &S B 57.2%, $& 29.1%, LPG 7.5% 59 Hi&
HlEE HEREH.



ASAH H= S2E 7| O HX| HHEF LY

A1K20219 7|1%)

Ef0j0{ Of= EEVERTE HEH7| Ot2(T+B)
INESNS (ton/yr) (ton/yr) (ton/yr)
g 12 TSP PMio PMy s TSP PMio PMy s
o | ole | ® | @ || Mo M
PR 31206 | 936.2 | 140.4 | 452.7 | 362.2 | 126.7 |35734 [1,2983 | 267.2
4R 5,105.5 [1,531.7 | 229.8 [1,052.7 | 842.1 | 294.7 16,158.3 |2,373.8 | 5245
LPG 7795 | 233.8 35.1 | 120.8 96.6 33.8 | 900.3| 330.5 68.9
CNG 128.3 38.5 5.8 63.1 50.5 17.7 1 1914 89.0 23.4
ol0|EZ|E | 343.2 | 103.0 15.4 38.6 30.9 10.8 | 381.9| 133.9 26.3
7| 103.9 31.2 4.7 5.1 4.1 1.4 109.0 35.2 6.1
SAAZ MK 5.3 1.6 0.2 0.2 0.2 0.1 55 1.7 0.3
A 95864 [28759 | 431.4 [1,733.2 [1,386.5 | 485.3 11,3196 [4,262.4 | 916.7
Xt2: MR A,
(# 3-2602 20219 71& Al APg dike dErd

RoZ wEj7] ulE PM;, BiEFE 74

APHE 1AL, PMys W& ESH

At

371 2

A2 XtSA HHH7| OF2

T AFA; vEl7] viE HA] ejESF
) 7] 23.4%, A& 11.4%, BE 7.5% <02 =4
4%, A& 11.7%, FE 7.3% 07 =A A5

HiEZ AFY Z1K20214 7|F)

Ef0[0f Of= 8g0|=2 Ot H|6H7| Of=2(T+B)

AE (ton/yr) (ton/yr) (ton/yr)

TSP PMao PMa5 TSP PMag PM2s TSP PMio PMys

(T (M M (B) (B) (B) '

NS 1,055 316 47 213 171 60 1,268 487 107
24t 502 150 23 106 85 30 608 235 52
o+t 422 127 19 83 66 23 505 193 42
QI 642 192 29 118 94 33 759 287 62
o 230 69 10 40 32 11 270 101 21
o 248 74 11 48 38 13 295 112 24
=4 202 61 9 38 31 11 240 91 20
NS 69 21 3 13 11 4 82 31 7
47| 2,243 673 101 406 325 114 | 2,649 998 215
4H 366 110 16 56 45 16 422 155 32
=5 423 127 19 62 50 17 485 176 36
=4 588 160 24 89 72 25 622 231 49
HE 416 125 19 76 61 21 492 186 40
T 482 144 22 91 73 26 573 217 47
a5 755 226 34 118 95 33 873 321 67
1= 725 217 23 118 94 33 843 312 66
iz 276 83 12 57 46 16 334 129 28
2%l 9,586 | 2,876 431 1,733 | 1,387 485 | 11,320 | 4,262 917

A= KAE 2.
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1,200 = 280|3 PM-10
= ELO[ O PM-10
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800
600
400
200
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~
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Ol ——

I | ili.
o %I - K- &% =) Ko =~ of Iir 1o KK
T HOOT X MO RO KK K =
250 = 28 0]|3 PM-2.5
m ELO|Of PM-2.5
200
150
100
50 I I | I
O < - & OKF R = Mo ™ oE IF 0 o TOoIF o K-
T I T oolET M T R0 OO #h b ROR RO
K2 KRp &R,
WERESEN A= H[H7| Of2 HX| HHEF(R: PMyo, Of2H: PM,s)

AR ZuH20214 7I1F)
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3. HIHY7| BEZ Qlet H7|1H &

oo
o
km

7h IR 2 A 75

£ Ao W7 whEe] e 71 A G BA5] 919 CAPSS 20214 A2
71&9& H[l] RS APgalSict. olo] e 1 e A5 Sie) APEE Bl
HETe A B0 HaY Anot B U HEF 422 BEE G112
RolE Aok 14 ZeHe SR el Bt WRFME)-
SMOKE(21914] #j&% =e)/MEGAN(AA W2 2d)-CMAQ(/13tst 2d) mdle)
Axglon 72 AN $BEAT. & ATolds AR T28
PgAel way Ardle] FAS TEAoR HAgslo] AES SRt

1) 248 Xz

71EAEel 20219 W71 s HOE sl =] 1A HiETd 9 AMUEH JEE
B3I, =9 AAA wiEFoRE AT T FFS WY STACY2 v Ahms B8
SIRICE U A viEe] F9= AAE 71Edxe] wet 20219 CAPSS & A=
7luto 2 5190H 8) A guiETe] 49 MEGAN v2.1 Bl 7[Hho 2 APy wiEahe g
By

2021¢ 71 7V Alme S7AHAIS AR O] Rl AAES 3 B4 WRE
v3.9.1 ¥ =5 &8olitt. 2/|Fo2= A3FS 35702 /9" NCEP(National
Centers for Environmental Prediction) FNL(Final) A}25 &-83l9 0, 43 A
7%~ Lambert Conformal Conic £@H= AR8ot] FoFAloF 27km, =W 9km ZA}
= =rQlo = HSoirk WRF s 883 At 71 AHRa= MCIPv4. 3% 283t
A2 1L 53 CMAQ 2 A|¥e Fls Zast A= FeHiE M= I

71& Aol A 7t SMOKE(Sparse Matrix Operator Kernel Emissions) 2@ 7]419]
BOotAloHWoo et al., 2012) ¥ =4 vj&A 2] 22(Kim, Moon, and Byun, 2008)
Zgsto] i7]d Hdll x]eZ et At S 2 SRk EHf s Ssklth ER
T A< 9, 2017)F asto] IR Suf HiEdo] disf /A ARFEATE
Agstlom, o HAgH 3FkE WAUB(SAPRC07) 29| 7| nds] 43 g $al
d g A= AUclE H AP ZEAA B 35kl

_l

r

8) =7 AR EATE (2023a).
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H712Y et

0 22 =2 HES v SLAQ v2 22| Bl SR8, U 20219 CAPSS HiS2F X1g, A14H1S MEGAN
V2.1 2 e M EY UE

8 WRF v3.9.1 2H #E(202141 7|F0E 7|LAE 494
8 7|4 £71%: NCEP(National Centers for Environmental Prediction) FNL{Final) Xt2 $&(3=%1% 357))
0 =4 ST SOR0F 27km, =L 9km Z{Z} ST =M 74

{Lambert Conformal Conic £%% Al2)

0 2 e A HET s CMAQ vE.3.2 BE

0 =% &4: EBIl chemistry solver with SAPRCO7 mechanism, ACM2 diffusion, PPM advection
scheme, AERO6 aerosol module (70| M X HEME 43 X|1#)

0 PR 0 MY U ZIELE: EO0RA|0H2Tkm AX}) U e (Okm A} HY DAL =M

Atz KA 2R

wIERESER HiHi7| BEZ Qlst |2 Fg 2MS ffet 23 7Y

2) H71E 2ag

2 oA i B2 AolA B85 Q= CMAQ v5.3.28 83t 714 HdgS
Y51t AR 9 2402 EBI chemistry solver with SAPRCO7 mechanism,
ACM2 diffusion, PPM advection scheme, AEROG6 aerosol module= AR&519It}. &
22719 dAZo= HAsHlom, Fotol JY(Q27km AR sFE)Q HdY $P¥S
5 H7PAHAAEANE Aoz R E 27| AAZA(boundary condition)9)S Z&
stttk o]% 9] TS wtgs] ko] 27km AR} PR 33t FolAlo} FH ]
Hdg 295 SW =¥AOkm AAF sFE) J99] BAXHCE S

745 29 AAHE B831o] 7RIS 202198 thgoR Hl] Wik Ao
47199 MEFWNEDS ] S EUT B712 9B HEFHwoNED]
e o713 BUEE SFsh

Lt HEj7] BHEZ Qlot Ci7|E Het

1) 7|=¢z Do| Zu}

9) =7 AAA G EATE (2025.2).



Astg Foz s

(I 3-15)% A3 SAG/IZP0IA BEE PM,ys DBF SE0 B Bo| 29
AAGE WTFE Rl FAHOE USSE SE3} s S0} mdo] ™ Bl
208 Uehgr,

109

o .
=2 ;T 1 - | I}
£ J,F ke

J‘ﬂJ LL IF\J& *‘ﬁ-d"ﬂ' Rj‘wﬁ.\'% &h} Aﬂﬁg‘t lht*v’ll Ml jljl
JUE] lan 2021 Apr 2021 jul 2021 Oct

X PESCE SA §(0BS), BY BOSTE MM M(MOD)OR HII3L
ﬁ. MR ZHA

SEEREN 7|ZA=(20212)0] et M= LY PMys BESES
Okm ZX} SHAE T DolisT AAE H|w

(19 3-1602 A7 AR IEFYOIH BEE PMys DB 5= 29 ROl FnS
AEE 9 ARE $A AR I Folck, AL BE Holt gort, AR S
7

7|&0 82 9435k o] AS(NMB+10%, R>0.7)S HolFe AL FQIgk &

100

OBS MOD NMB RMSE IOA R
80 . Winter | 224 247 103 7.3 091 0.88
~ Spring | 209 183 -127 114 0.73 056
£ Summer | 141 97 -313 54 078 083
=
2 oL Autumn | 150 155 36 54 095 0.92
ik o N
= el Annual | 181 170 -59 7.8 088 0.79
o )
200 (A Acceptable range: NMB+30%, I0A>0.5, R>0.4
v . ' (Willmott, 1985; Hurley, 2001; Emery et al., 2016)
00 20 40 &0 80 100 Goals: NMBi10%, R>0.7 (Emery et al., 2016)
0OBS (ug/m*)

INI=IPSVN RSO

WEERER 7|1ZA52(2021H)00 Thet M= YA PM,s 2ESTS
Okm ZiA} AT DY DolsC AEE U SHKE Hw
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2) HiHH7| BHEOf M2 71" Fe 24

71&A% 2021d0] thsh 2o = 5ol 759 29 AlAd”o] =y tfr]d
SEE 5o Bools A ERIgH &, vui7| HiERRE AlQg di7| e HEd e
(WNEE)TZ} v[H7] vi&ee 23Rt tj7] 2@ E4 &K woNEE)o| T2 tf7]d mojAdy]
ZpolE Bl HlHf7] Hi&o] th7|dol mlA= S BAokLA} Sl

>
Ql
ot
i
~{
ru

o2 X
Ol

(O™ 3-17)2 7] viES Al siET(WoNEE)F} vi7] viES 2odet viESHwNEE)ol
0E A= A8 PMys &= 22 B 11 AolE 24 Zlolw. ARbzRl 33t B2 el
BT HERAARE, wlEY] viERe Zet Feol e, 34, dAAlE A2l
=7 H goll AS #T & A o] 2E B3l wEel LR UL, AEFO
W2 AGLeE ] wiEe] 7197 At e

TH(WNEE-woNEE)OllA| & tf &35t &Rle & Ql=dl, F2M o= vehd F20]
lEf7] v <18 2RMRHA(PM,s) =7t S71RE A[Folrt. 53] A B2 2§50l
B A2 A71d 34 G5 AGolA oF 1~2pe/m’ & F7kete Hido] F

Ue A2 280 5 1o, d7et siet Aol e Adid s 7t Fol 2

A2 o2 vuj7] vj&o] PMys w-=of J-AQl 7|01E st 9lor, E3] wEgo] A=H
Sed 9 28 EAPA Z1qwr} 3 et & 4 Sl metd gREos v 14
Aohto 2= AL slom, HHi7| viE Bk A AHSfoF o= AlARITL

KEMIR_D2 woNEE EEIMIR_09_wNEE wWHEE-woMNEE

126°E 127°E 128°E 129°E 126°E 127°E 128°E 139°E B26°E 127°E 120°E 12%°E

NSV IENOS]

SEIESRA 7| HEE 915t 202119 HEF PMys(ua/m’) S5 BE U 5
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3
AEE 7hsAol el AW A= B8l A vk Qe mEbA Sy dAe RESe

7} 189 WEALE ALeT ol T8l 7} A9 vjE QEE 75
Slet welo] Wasit 27k w viEAL: AL A Bule] tekst §4o] Skt
Ag A7k A&Hos S Wast g ol Bo) ARHoR ALE ) 1y wiE
AE Bgalol viEer QMlEle Trsleln g wlH] viE Bl giet 4 Sgol

NzAmEz BT et Uk

o Ak obdet, 7] AP o] FFE vide &
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=
(Y
-0,
=
i
A,
o
B
jg;_lr‘
_OL
H
S
it
u)
N,
X,
8
JﬁN
(0]

Sfet welelo] T8 4 SIrke AL PAOIE 7]of 4 S A0 Vet | Loprt

2EHor, g e AF Aol ajld viel o] Hjufy] &2 2%t 7]
LHYeH, FF 7| FHefet W T2 59 Helo] w11 HF H 8% S o
o= AgHEt. wahA vEi7] i e} Dol Ad#olal aabaQl HHly] HiE

TS AdAe = Fde TGS wEAS N, =7 A dHlED] 7=, Aok



1. & 5= HH{7] tHE 23 AT 24 4E

oA 4 S ] R Qg T719.9 Beper ARte] Al S B Al
& WA BES. 22 8 Sk 2ol Aeblic B A UE Hee

sfgom], Beo] npmel Heste] i g o] &

Eolo] mhzo] A9 TieElolol A RSIE Fol oJAe 2AHAL.

L. Be|o|= Of2 X A

A o]l 3gotal Sl BEo|a sj=o] ¢ thE-E NAO(Non-Asbestos Organic)
Adolw, Eu] a5 AlFT FARBEL, 7 $= AlES low steel AEE AL Qlh
tad A2 JFERE FUoh, 21 TS FHF low steel Ado] U4 H Er]
282 NAO AEd =g} =t

EURO 7 +#Al°l ti8st7] Hs =l A= #EE 24AA1S vHEAE 7Hdst
om, 3l tago oA g A % vie Ade wieoke 7lek =L
UL}, ERF BEo]d 412 Beo]d Fag 9] AsARe] AAFQ] Al Fd= A o,
olof wzt FHoIME Belola B A7 1% ARl sl A-85taL /ler, ojZEuEl
Aol disiAde = FF 3= 7L UA ¢ ot TR A FEAE W7l
SPo|HE|E e V|2 Wske AR SPAIE 28 5ol wet siEAs7T Aasto]
A B8 %t sl ﬂﬂ:ﬂi B ot

g
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o P ol H

2 %] ob2] SEIA
S
Aow woEr. et

Sh ofmEupl B3O tigt 1A Al =3 wste], Hao]a] 4% FE 9 A
SoIA vl S/l A A7 iEol ARRAHAAD 9 ofZEuEl FEo dieh A=
=

S B astchn Azt
21 9Jo] BURO 7 7182 Fuoll E98 49 55t Ahef rhsz(sn] 92 5) 774o]
9o} RoJEAg Wwije] SelEithe o] Ugith E3 Bo| Wiz B AF FAL

A AZAPE Sojof & Zloz ofAS A

Lt. EIO|O{ O X &=

Efo]o] ulr AR tf7] F BIMHA(PMip, PM,5) 7|0 wi$- W2 20 2 FHejo] QAo
st oJFo] ZAstct. A= Ao 2™ (Panko et al., 2013, 2019), Efojo] ujz g
QIH HiEFE Aok, PMyp 719 %= Aol met 0.14~2.8%, PM,52] 745 0.1~0.68%

S0 T ke Folth10

elojo] %9 % mRote] nhEE WS Yol B L PMRe Y 2 At 712
UeRfe, £2 937} Eolo] glxjoh ARE e AT UEE et 37] vz
9] Fo2 WaHtet e ofo] 44 gt A7 FuEo] w;slo] gk

=9 53 HAY FHAAAYSI(UNECE: United Nations Economic Commission
for Europe) ArsAt =A| 715 A 717+ 3])2(WP.29: World Forum for Harmonization
of Vehicle Regulations) AFo}9] ‘AL 9 E}o]o] EIHGRBP, Noise and Tyres) °llA
19219 ‘golo] ufr gjAT EA(TF TA: Task Force on Tyre Abrasion) & 245}t
Efolo] ufiE Z45tal Algtslr| 915t B3k WHES /i SolH, FF A AlA B
719eE WIeE AA Al gk ool

Eolo] mhi QIRHe HlOEA 02 WA Ao R ERA HEeta
AP e, 5 A e A FEIE gel717t Holet ) 54714

1
iu)
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(ol
IIQ_(E
fu

10) J8ol= S5l ==olAe vEi7] vig #ele] S840 IF 7 2oz At



3k oloje} AEA QA A7k ent ol mhi WAS] of Wk ek Entm
P2 Tl B2 B A L A e, 0F S NS B 1A 2L W3o]

W9E wask cke o Al At

2. =L H[HYZ| HHS 2tef2or
7h T712Y BE0|AS] H|HHY| HHE 22| 224

Efojo] niit 5l Hao]3 niit viE3} TS| of2] ool AA =97t o|FofA| AL Ut
53| vAEEkAE TolA Erolo] wiit Hx]o] digh BHo] EorA|aL floH, ni H|e]
T AARCE QIR A A B A ST wRoIA B et ] Bl
et =o7F AGHIL .

e
i
>
rlr
)
N,
lo
o

_]

o] 4= 5wl vl elo] Wae AEsh] sl
S Mgo] 7l APGHES vlgko 2 20210 Tjgh S R ululy] MBS Al
1 FUE wgoE o)A BAS B9 vy BB g vAEA S

1 23 AEY 7Ieos, Bolo] Bl BEo]d i BiEFE2 PMy 7 1% A E2HEF
(H1717k2) T OF 125%, PMys 71 OF 29% o<0lH, =2 ARAIARIZIA] 2ol 45
o= 7] HEgS 24 Aolshs AdRelt B3 HjEY] vigs A% =l 2R
Sk 7|ole AW oF 2.4%= @A F8 viEd o TekE. wEbA vEiy] siE2 vl
E2E, FEd BHoAE Fasi, H7|dl d3Fe vAle F2 Ed o2 IA
2|7t Basitt. 53] w7 viE 3k A3 E40] EAISH ge viedes ERl
e wE, AA B ks HiFes A8 9avt ok

Lt HIEH7| BHEZ Qlot CH7|2F a|Uet

1) HIEHZ| BIEZ Q19 7| HHEF L8 H O71Z S& 87t 22

AT

|

THE THOE 244 FAVE UL QoL o] FAIH o SPYEA] g2
AFgo] ot Al =919 80l w2 ARolt. HiET Aae e A E 249
=30 He AE=, vHyy] siE wele] BaA ol AT 5= AEs] HsiHe g
o= vidd "art k. AAle ER2ARNRIEARE =71 4] siETFe R AET ok
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B714 2L BT T 58 ARE0R AEsh] o ETel et AR 4B A=
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Executive Summary

Air Quality Impact and Management of
Non-Exhaust Emissions
in the Transportation Sector

Choi, Ki-Chul et al.

1. Introduction

Air pollutants emitted from automobiles have long been managed primarily through exhaust
emissions. Strengthened emission regulations, improvements in fuel quality, the widespread
adoption of emission control technologies, and the expansion of zero-emission vehicles such
as electric and hydrogen-powered cars have contributed to a steady decline in tailpipe emissions.

These measures have led to significant improvements in urban air quality in particular.

In contrast, non-exhaust emissions—arising from tire wear, brake wear, and road dust
resuspension during vehicle operation—have not shown a similar decline. On the contrary, their
relative contribution to the overall transport sector is steadily increasing. However, the current
domestic management framework remains largely focused on exhaust emissions, leaving

scientific understanding and policy responses to non-exhaust emissions insufficient.

This study aims to examine the air quality impacts of non-exhaust emissions, which are expected
to become increasingly significant sources in the transport sector but remain outside the current
scope of regulatory management. To this end, the research first reviews the status of domestic
and international studies and policy trends related to non-exhaust emissions. It then estimates
non-exhaust emissions from the domestic transport sector and evaluates their contribution to
ambient particulate matter concentrations. Finally, drawing on both the review of global research
and policy developments, as well as expert consultations and stakeholder feedback, this study
assesses the feasibility of introducing emission management measures in Korea and proposes

strategies for the effective management of non-exhaust emissions.

2. Current Status of Korean and International Non-Exhaust Policies

2.1 Korean policy

A review of Korean transport-sector policies related to non-exhaust emissions reveals two main

categories: carbon neutrality policies and air quality management policies.
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Korea's carbon neutrality policies, as core national strategies for greenhouse gas reduction,
warrant closer examination in the transport sector to identify pathways for integrating non-exhaust
emission management. Most transport-related measures focus on promoting eco-friendly
vehicles, emphasizing energy efficiency improvements and fuel transitions (e.g., electrification
and hydrogen). These approaches fundamentally aim to reduce greenhouse gas emissions from
internal combustion engine (ICE) vehicles. However, it is important to note that even eco-friendly
vehicles continue to generate non-exhaust emissions, which should therefore emerge as a critical
policy agenda in the coming years.

Among Korea's carbon neutrality measures, policies promoting public transportation and demand
management for private ICE vehicles function as co-reduction strategies, reducing both
greenhouse gases and non-exhaust emissions by curbing overall vehicle activity. Similarly,
behavioral interventions promoting eco-driving practices not only enhance energy efficiency but
also mitigate high-emission driving behaviors (e.g., rapid acceleration and sudden braking), thereby
offering meaningful reductions in non-exhaust particle generation.

Korea's air quality policies are primarily embedded within the 3rd Comprehensive Plan for Air
Quality Improvement, the 2nd Comprehensive Fine Dust Management Plan, and the 2nd Basic
Plan for Air Environment Management. Recent policy trends highlight two key features: the
integration of carbon neutrality strategies into air quality management for co-benefits, and the
stabilization of road-cleaning programs as a post-management measure to reduce road dust
resuspension. The 2nd Comprehensive Fine Dust Management Plan, while largely focused on
expanding zero-emission vehicles to curb exhaust-related pollutants, explicitly acknowledges the
necessity of addressing non-exhaust emissions—underscoring the recognition that tire and brake
wear remain unresolved sources even under electrification scenarios. However, these
considerations are primarily linked to research and development, without concrete implementation

pathways.

Meanwhile, the 2nd Basic Plan for Air Environment Management echoes many measures found
in other policies, but also emphasizes region-specific strategies, such as the designation of priority
management roads and the expansion of monitoring systems for resuspended road dust. These
efforts represent important foundational steps toward a more systematic management of

non-exhaust emissions.

In sum, Korean policies addressing non-exhaust emissions are primarily embedded within certain
carbon neutrality and air quality frameworks, focusing on demand-side management, behavioral
improvements, and post-treatment measures such as road-cleaning operations. These
approaches generally demonstrate high policy acceptability, as they do not require extensive
technological development or new institutional frameworks, and can deliver immediate emission

reduction benefits.



2.2 International policy

The European Union (EU) has taken the lead by incorporating brake particle emissions and tire
abrasion into type-approval requirements under the forthcoming Euro 7 regulation. In parallel,
the United Nations Economic Commission for Europe (UNECE) has advanced standardization
of testing methodologies through Global Technical Regulation (GTR) No. 24 (brakes) and revisions
to Regulation No. 117 (tires). Early adoption of these measures in Korea would not only enhance
the regulatory readiness of the domestic automotive and parts industry for international markets
but also strengthen national air quality management systems. However, such adoption entails
significant upfront investment in measurement equipment and testing infrastructure, as well as
technical compliance burdens on industry. Given the large share of EU markets in Korea's
automotive exports, gradual implementation aligned with the EU’s regulatory timeline—around

2030—is considered realistic and ultimately unavoidable.

In the United States, states such as California and Washington have imposed progressive
restrictions on copper content in brake pads, targeting near-zero levels by 2025, alongside limits
on heavy metals such as lead, chromium, and mercury. Considering the ecological impacts of
metallic constituents in brake dust on water and ecosystems, Korea could adopt a similar
cross-sectoral approach at the intersection of chemical regulation and air quality policy. While
the advantages lie in regulatory clarity and significant environmental benefits, the challenges
include material substitution burdens and potential increases in component costs. Nonetheless,
Korea's strong technological capacity in automotive parts manufacturing, coupled with

export-oriented readiness, suggests that near-term adoption is relatively feasible.

Other noteworthy measures include weight-based vehicle registration fees, implemented in some
U.S. states. Although primarily motivated by infrastructure maintenance and safety rather than
environmental goals, such policies provide a valuable reference for non-exhaust management,
given the close correlation between vehicle weight and non-exhaust emissions. While immediate
adoption in Korea may face practical limitations, weight-based pricing could be considered as

a longer-term alternative to influence consumer behavior in the automotive market.

Finally, speed regulations on roadways are widely implemented across countries for various
purposes, including safety and air quality improvement. However, research remains divided on
the net air quality benefits of speed restrictions, indicating the need for careful, evidence-based

evaluation before pursuing such measures in Korea.
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3. Review of Non-Exhaust Emissions and Air Quality Impacts
in the Transport Sector

As non-exhaust emissions from the transport sector are expected to increase, research related
to brake and tire wear has been actively conducted both in Korea and abroad. This section
reviews recent studies and, based on them, examines the impacts of non-exhaust emissions

on air quality.

3.1 Korean and international research trends on non-exhaust emissions

In Korea, studies related to non-exhaust emissions from the transport sector have included
experimental research to understand their characteristics, the development of emission factors
applicable to domestic conditions, and efforts to estimate domestic non-exhaust emissions using
methodologies adopted in the U.S. and Europe. Through experiments, researchers have analyzed
fine particle generation trends depending on tire composition, brake pad materials, and vehicle
types in order to better understand domestic non-exhaust emission characteristics, and in some

cases have proposed emission factors applicable to Korea.

Although non-exhaust emissions are not yet officially included in Korea's national inventories,
pilot estimations and comparative studies have been conducted by applying various U.S. and
European methodologies. More recently, a classification system and estimation methods for

non-exhaust particulate emissions from vehicles have been proposed as a result of these efforts.

In the US. and Europe, non-exhaust emissions are already reflected in national emission
inventories, and further research has been undertaken to improve these inventories by developing
detailed emission factors that consider vehicle types, brake materials, and driving conditions.
Beyond emission estimation, a wide range of studies have focused on developing standardized
testing methods for measuring non-exhaust emissions and analyzing the effectiveness of

mitigation technologies, particularly in anticipation of forthcoming international regulations.

Through these domestic and international studies, it has become clear that tire and brake wear
emissions are emerging as key factors in transport-related particulate matter management. For
effective control of non-exhaust emissions, it is essential to establish nationally representative
emission factors and to build a national inventory that reflects Korean circumstances.

3.2 Estimated contribution of non-exhaust emissions in Korea's transport sector

In this study, the estimation method for vehicle non-exhaust wear emissions recently developed
by the National Fine Dust Information Center was applied to calculate Korea's non-exhaust
particulate matter (PM) emissions for 2021, and their impacts were analyzed through air quality
modeling.



The results indicate that non-exhaust emissions account for approximately 125% of total on-road
PMio emissions and about 29% of PM,s emissions, showing that they represent a substantial
proportion of all mobile source emissions. This confirms that even at present, non-exhaust
sources contribute significantly to emissions, particularly in traffic-dense areas where their
impacts are more pronounced, highlighting the need for management measures tailored to local
characteristics.

Moreover, when the estimated non-exhaust emissions were included in air quality modeling, the
simulated fine particulate concentrations showed closer alignment with observed data. This
demonstrates that the precision of non-exhaust emission inventories directly contributes to
improving air quality predictions. Looking forward, incorporating Korea-specific non-exhaust
emission data into air quality modeling is expected to enable not only source-specific contribution
assessments but also the development of more precise, region- and vehicle-type-specific

management strategies.

4. Management Strategies for Air Pollution from Non-Exhaust
Emissions

4.1 Review of industry stakeholder opinions

Prior to presenting management strategies for non-exhaust emissions in the transport sector,
opinions from relevant domestic industry stakeholders were collected through written
consultations. For brake wear, feedback was obtained from a leading domestic brake

manufacturer, and for tire wear, input was provided by the Korea Tire Manufacturers Association.

In the brake sector, domestic manufacturers are developing low-dust friction materials modeled
after European technologies in preparation for the Euro 7 regulation. Additional measures, such
as laser cladding of gray cast-iron brake discs, are being explored to reduce emissions. Industry
stakeholders emphasized that brake dust emissions are significantly influenced not only by brake
components themselves but also by overall vehicle design. Accordingly, even in Europe,
regulations apply to newly manufactured vehicles rather than aftermarket products. Furthermore,
the transition of drivetrains from internal combustion engines to hybrids or electric vehicles
inherently reduces brake emissions through regenerative braking, providing an additional
compliance strategy.

Regarding the introduction of domestic regulations, stakeholders noted that while the general
framework for limits and testing methods in Europe is becoming clearer, final decisions have
not yet been made. Certification procedures and approved testing equipment remain under
development, and significant discrepancies between measurement devices persist. As no officially
certified evaluation equipment currently exists, stakeholders advised that Korea should wait until
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European regulations are fully implemented and stabilized (expected two to three years after

Euro 7 enforcement) before considering domestic adoption.

In the tire sector, the industry association expressed skepticism regarding the necessity of
regulation, highlighting research findings that tire wear particles contribute minimally to ambient
PM,, and PM,.;, with most particles existing in combination with road dust and demonstrating
limited long-range transport potential. The association requested that, if regulations are
introduced, sufficient lead times and long-term strategies should be provided, given that tire wear
particles are generated unintentionally and typically exist as composite particles mixed with

non-plastic road materials.

Additionally, industry representatives stressed that beyond tire and automotive industry efforts,
policy measures should also account for road surface wear particles, which contribute
approximately half of total wear-related dust. They suggested that road maintenance efforts by
governments and municipalities, along with driver education and behavioral improvement

programs, must complement technical measures to effectively reduce non-exhaust emissions.

4.2 Korea's management strategies for non-exhaust emissions

Discussion on managing tire and brake wear emissions is ongoing across multiple domains.
To assess the necessity of domestic regulation from an air quality perspective, this study
conducted a pilot estimation of 2021 non-exhaust emissions from the transport-sector using
available methodologies. The results were incorporated into air quality modeling to evaluate their
contribution to ambient particulate matter concentrations. Findings indicated that non-exhaust
emissions contributed approximately 2.4% to the annual average PM,.; concentration, confirming

their significance as a major pollution source.

A critical first step in managing non-exhaust emissions is the integration of non-exhaust sources
into the National Air Pollutant Emission Inventory and the subsequent inclusion of such data
in air quality assessments. Emission inventories provide the foundational data for both scientific
and policy analyses. Currently, only resuspended road dust is included in the official inventory;
tire and brake wear emissions must also be systematically incorporated. In addition, detailed
compositional data are necessary to assess air quality and health impacts, while the development
of nationally representative emission factors tailored to domestic road and driving conditions

is proposed as a priority task.

In the short term, this report recommends leveraging existing carbon neutrality and air quality
policies, particularly those focusing on transport demand management and post-treatment
measures. Since European regulatory frameworks and associated testing technologies are still

under development, Korea should engage in ongoing international discussions and pursue phased



regulatory introduction. In the meantime, demand-side and behavioral measures can yield early

reductions with high policy acceptability.

Composition-based regulation should also be considered, as the toxicity of wear particles depends
heavily on their chemical composition. Drawing on international precedents in the United States
and Europe, which regulate heavy metal content in brake pads, Korea should establish domestic
regulations on brake components (e.g., heavy metals) sold in the market, extending considerations

to include both passenger vehicles and motorcycles.

The promotion of lightweight vehicles is another proposed measure. Heavier vehicles require
more energy to operate and produce higher non-exhaust emissions. While weight-based
registration fees, as seen in some international examples, could be evaluated, more practical
measures may include imposing tolls or parking surcharges on heavy vehicles, restricting their
access to public parking facilities, and prioritizing lightweight vehicles in public procurement.
Special considerations will be needed for electric vehicles, given their higher average weight

profiles.

In the medium term, the introduction and expansion of low-wear tires and brakes should be
prioritized. Korea should actively participate in ongoing European regulatory discussions to align
with emerging standards, technological developments, and deployment practices. A phased
approach is recommended, beginning with the introduction of grading and labeling schemes to
enhance consumer awareness and support market readiness. Public sector fleets and
high-mileage vehicles, such as buses and taxis, should be prioritized for adopting low-wear tires,

with mandatory installation or strong recommendations forming part of the strategy.

5. Conclusions and Limitations of the Study

5.1 Conclusions

This study confirmed that non-exhaust emissions from the transport sector contribute not only
to microplastic pollution and adverse health impacts but also significantly affect ambient air
quality. These findings provide a scientific basis and policy rationale for pursuing non-exhaust
emission reduction measures within the broader framework of air quality management.

A fundamental direction for emission management is the establishment of an academic and
policy foundation through the estimation of non-exhaust emissions, including their compositional
characteristics. In parallel, there is a need to strengthen the technical management infrastructure,
encompassing measurement, analysis, emission factor development, and research into emission
reduction technologies. Such efforts can be concretized and advanced under the framework of
the 2nd Comprehensive Fine Dust Management Plan.
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As a short-term (priority) measure for managing non-exhaust emissions, this study proposes
to strengthen transport demand management and end-of-pipe control measures within the
framework of existing carbon neutrality and air quality policies. Since the introduction of related
regulations, technologies, and standardized measurement methods currently under discussion
in Europe will still require time to be fully established, Korea should participate in these discussions
and pursue a stepwise institutional development. Before such systems are implemented,
short-term actions based on existing policies are necessary to reduce related emissions while
enhancing policy acceptability.

It is also necessary to examine regulations on brake and tire wear particles based on their
chemical composition. The toxicity of wear particles varies depending on their components. Some
U.S. states and European countries have already established restrictions on heavy metal content
in brake pads. Based on these international examples, Korea needs to develop regulations on
brake material composition (e.g., heavy metals) for products sold domestically, including not
only passenger cars but also motorcycles.

Encouraging the use of lightweight vehicles is suggested as an additional consideration. Heavier
vehicles require more energy for movement and are a significant cause of increased non-exhaust
emissions; therefore, incentives for lighter vehicles are necessary. While weight-based registration
fees similar to those in other countries could be considered, indirect measures such as toll
charges for heavy vehicles, additional parking fees, restrictions on public parking, or preferential
procurement of lightweight vehicles in the public sector may be more realistic. However, separate

provisions for electric vehicles will be required.

As a medium-term measure, this study proposes promoting the distribution of low-wear tires
and brakes. Korea should participate in the ongoing European regulatory and technical
discussions to introduce relevant systems and technologies in a phased manner, taking into
account industry R&D progress and the status of international policy adoption. Initially, introducing
a grading system could raise consumer awareness and enhance market readiness. Additionally,
it is recommended to mandate or encourage the installation of low-wear tires for public

institutions and high-mileage vehicles such as buses and taxis.

5.2 Limitations of the study

While this study sought to adopt the most reliable evidence and methodologies available to reach
reasonable conclusions, several limitations must be acknowledged:

Although the Euro 7 framework has been partially finalized, many details—such as regulatory
thresholds, testing procedures, and technical standardization—remain unsettled. This creates

uncertainties that may affect the interpretation of this study’s findings and necessitates



continuous monitoring of regulatory developments.

The estimation of Korea's transport-sector non-exhaust emissions and their air quality impacts,
despite being conducted using the most rational approaches available, carries inherent
uncertainties due to the nature of the emission sources. Consequently, the development of
Korea-specific emission factors and improved estimation methodologies is essential. While the
study confirmed that non-exhaust emissions have a meaningful impact on ambient air quality,

uncertainties remain regarding the precise magnitude of their contribution.

Transportation, Non-Exhaust Emissions, Tyre, Brake, Air Quality
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