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Policy scenarios

- Emission targets (NDCs)
- Carbon pricing (ETS, Carbon tax..)

- Sectoral Mitigation options (E-mobility, RE targets..)
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Energy demand pattern change

Socio-economic impact, Damage cost
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Outputs

- GHG/APs emissions and concentration projections
- Macro-econemic indicators (GDP, total output, welfare, labor)

- Energy demand (sectors, SoUrces, power mix)
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vpERO R 247k wlEFe] A% PCC Jloletele] dmd WjEAsE Besigom,

W R Sl MEARE g AOR hgas

3) AR A AX A EAE, “‘CAPSS-HE4 vi&s AMY: 2024.4.25.
4) MY, “FURTFEA-FR4 HaHurbE”, AL 2024.8.18.
5) F5oxt B, ‘FoiERE Y7, AN 2024.8.18.



(E 2-5¢ &2 A7 =5 ZF=
Ame A2 2, 97 4F] 3 AV wiET, Ve vlE 3

AF A M .

=5 29 £ H0|E

W8] flet #2 dlo]

25 | OOl ol T e =X
X2 37), RS, HA ol | BERRISAIDRIEIM RS
o2 A 201020238 e e ey
St
- 2, A 37|, 62 2EUE ST
GEE A S o . [E| o
f e 020102028 | eSS
- AEY 37|, G2, @A O 2019~20214 CAPSS
OX —
o | Bnx R romly | REDS SR
22 S = e 020102028 | eSSl
3 KOSIS Z7tSAH XIS
Z=H 37| 2F x ~ 4 -
rxt ot NBE V1 85 92 Hhn 20102022 T
FHHE | zi=w1 g7 o2 oga
N MEE L A% A e 2019-2001 CAPSS
(MZ/HIEZ)
e - km/L, | 2013~20224 MOEATIRI
= o ; =
MEME TR Mwh | (R E9) | UREZARETA
] A5y, IR x :
NS, d=s, XEx} fHXAHES
DAZZY, oY, | km/L 2001~023 | Tont UPIASIEE
slo|Hz|c H7 =
o SR SAR MBS
ngl Sl A5, 371, ¥= km/L | 2017~2023% | X=Xt SEEHEH, H0|H
= =%} o
2 NSRS
2010~2019 MejE ARt e
U Bl XSE 27| AR kL MWh T o) 01‘|:I'_-|I|oi£)k_tr
sy, oRY, _ .
) i ’ KIEX} OfL4X|AH
CO, HIZE IAEHY, ti7|ZE,  gCOz/km | 2001~2023H : rOl'.jpzl. e
510|22|ERt T e
SIS AR LR ElM 33|
MW B 37, = 2 2017~20234 | KiSA} S2EAHY, 0]
NSRS
ES
2L Qmy
HE | =27 o = ~2024'4
8 | B2 4= aufkg | 200772024 MRRE, LPG)
H2 o AEE B2 R o onaR £ st
Hxa Eﬂjltaﬂ = 2019~20234 Toonl' %J—raﬁg
oI
R N Az o ~2050 SAE HUFFA
AL2] ot
AN
GDP .
L 2 SIZo8 HHEHAIAL
SRR U ole = ~0508 | T3 SN :
1'@! SHB% KDI ZHHY X2

NSV RN CS]
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D e S04
AL A AT (KAMA)Y] AEASEEAAR A Sh2At0] SES 18,

A1g, FUGOE FEtol A

ER

S AAFITHIE 2-6 FR). 20204 715

SRR & 5= 3,616,574H 019, 3& olste] A7 71t slEAhe A HISE
°F 89.26%F AFA|§H}0)

sISR M S Hg

(29l )

e a4 | 1= 0|5t 3203 5= 05t 8E O3t 10= O[3t

A 3,616,574 | 2,923,195 304,986 173,934 42,047 12,683
=g 33,440 21,549 4724 4179 1,944 83
7tE 3,157,073 | 2,754,248 231,684 109,688 17,716 4,278
HEE 426,061 147,398 68,578 60,067 22,387 8,322
e 125 0|t | 15E 0|5} | 20= 0|5t | 20= =1} 7|E}

A 15,075 13,412 14,277 101,529 15,436

s 469 313 32 91 56
Nt 4,547 3,298 4,446 14,349 12,819
AHE 10,059 9,801 9,799 87,089 2,561

A2 SIEASAIRYZEMARS| “RSASEEHEE(2020.1~2020.12)7, ZAM: 2024.5.30.

(& 2-7)9] sk=At AF
(eF 14051 o)

=

Fd 55 A% m=d 109 o2 A vle2 A9 oF 38.47%

T2 Aoz glEeH, 1 9o AHE 55 AR °F 187251 of

B 52e Aow ekt

St=Rt AHEE S5 oF
(EH2f: o)
== A 1o 24 gt 39 izt 4 0jgE ) 5 o2t e o)t
Z7 3616419 244,876 248,460 | 248,164 | 242,993 | 227,446 @ 229,582
8 74 02t | gl Ojgk | o |2t 10 0|2t 153 02k 154 OfY
=4 219,804 | 197,649 | 178,750 | 187,425 | 634,461 @ 756,809
X2 SEASRIDLUREMAHSE], KSASEEAYR(2020.1~2020.12)", ZAY: 2024.5.30.

6) FAFSA L HE A E D], “ArEsAe-S-E A9 E(2020.1~2020.12)",

AMQ]:

a2

2024.5.30.



W sHeR 794

PR RAE REARE AT, (R oA SExe] 22 Hos ot
smale] 99 Quky, Yud WY, E4grdos Heslk 2 3 AREe
(G 2-8)3} o] AolEr.

EAVECN SIERt R¥E HRIIE

33 M|z
ity HEO| 322480 A
sms | SES 9719 302 7|20 MSS S0 25l € DjnaTals 71X
= sl2eag0l %
i XZTEO| S} U 228801 2
ooy | SHH BEE 9510 S5 PER s, IS MRS 202A 9 Ok BT
TTeTS £51K| OfLJ5t= St22a80! %
Rt BRHEEME KSRl ASRA, [HE 1), 2MY: 2024518

SF=AR) 19 Bat F37A2= oF 51.1kmolH, A8 skaARet BlARE sHaAte] 1
Yot T35 22 153.6km, 40km= ARAE Sk=Ate] 19 Bt 4727t o 71 Aoz
LR, durg skaAte] 49 Ao HAigo] S7etel met 19 Bt FFA= 371
She APel loH, Y RS (& 2-9F £t

EWET siSxt 9F, MUY, 959 1Y BZ TR

(E491: km/ch)
1Y T =742

T | HIAIIR Aeig

Uty 511 40 153.6

12 Olat Y= 426 40.4 102.1
hE D0|2f Ec 49.3 35.8 131.2
& 04 = 135.7 50.9 194.1
I 19 18.1 40.8

1E£ Olot A= 21.7 21.6 32.3
& D0|2f =4 15.6 145 36.8
HhE 04 o 19.7 16.6 474
I 39.4 38.2 90.3

12 O|at A= 40.9 39.6 93.4
5E D|2f = 30.4 30 58.9
E4EYH 55.2 49.8 71.7

A2 ZEVE Sk, ‘85E ASY 2FE 1Y XSRS, HMY: 2024.5.18.
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FEDF SARNE B FAe] s 7AZA

Aug Az k. HEA)

19 Fat FF7g= 1T oF 49.4kmo|H, At FPAR= 65,0198 kmo[w. AF
A A FYPAR A= vlwshH By, 7IER, LPG «lo= AT FEAT 7S
Aoz eRIFF o, ARYE Skl FA 27t vlAdE sk=Atel] wls) 71 ol
Qi Ao yehgrh ik sHEAN HA) J1s FEI 242 19 B FYAU7t A
el o] AlJg sk fa me FaAest 7ok FYol e ol
ok, AHd8 SHEAE BIAIIS sHEte] FAR R g ow 71 Aow Uk
SlEXt Al FAA
_ 2 Hd FHH a2t e
S PN S 1 (km /_51) = (= km)1 |
S| 49.4 65,018,813
S 30.3 174,445
A 3124t o 50.0 61,245,859
LPG 37.0 1,638,074
7|Etd= 499 1,960,435
=Y 38.8 45,073,855
sl 30.3 174,149
HIAFIR 32X} ze 39.4 43,277,614
LPG 28.4 1,135,477
J|EHE 26.1 486,615
51 130.3 19,944,958
3o 46.3 296
AEE St=At Faars 140.2 17,968,245
LPG 117.7 502,597
J|EIE 715 1,473,820
A2 ZEWE EA2], “KSKEHHZIEA", ZAYU: 2024.5.18.
7) RIS SAFE, ASAFYAR A", AL 2024.5.18.
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StEAl 2E T

rok
ofgk

_ U W Faz] o7t Z3742
e A% W kit P
s s 49.4 65,018,813
2 48.1 45,038,225
st A3 39.2 28,600,525
=3 50.6 6,750,838
il= 133.1 9,686,862
A 18.6 374,965
FA e A8 21.4 206,142
=3 14.4 104,923
= 19.7 63,900
2 40.1 5,890,275
3 A8 4.7 5,488,103
=3 26.1 402,172
ELREH A 64.6 13,715,348
s 2 38.8 45,073,855
= 37.6 31,758,097
_— = 375 26,382,266
=3 353 3,952,693
= 485 1,423,138
s 17.8 345,067
BB | g A8 213 203,832
© =3 13.4 93,847
! 16.5 47,388
= 385 5,530,899
! A8 40.0 5,142,389
=3 25.7 388,510
EL2CH | 482 7,439,793
s | 130.3 19,944,958
2 145.8 13,280,128
s = 83.9 2,218,259
=3 132.0 2,798,144
il= 190.2 8,263,724
= 39.6 29,899
MR | o, A8 325 2,310
=3 36.0 11,075
i 43.9 16,513
s 105.1 359,376
! A8 109.6 345,715
=3 51.6 13,662
EL2CH | 108.7 6,275,555
X2 REUE S7wa), KIS SA, HMY: 2024.5.18.
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oh 3= oA
SHEA} odulo] sk Al ARISAIRIRE(2022)9] 20204 YA EZRAIE A E 0]=t
U R AEA(NREL: National Renewable Energy Laboratory)?] ‘97t w57]1&
712 dlo]g][Transoportation Annaul Technology Baseline (ATB) Data]' & &-85}0]
TF=oHTE ATt 157E7]E HolE s SHEAte] iR 9 dAn B A HlolHE
SIS o= ek FEARe] qtRof| wet Al Ee oEAe] AR B <E 2-12)9F £t
ATEE A= B T 4% =R Aols A SR, LPG, slo|BRE, 7], 45
2 2] skl loH, 59 % Uid IEA] HeiAE A, A7, At AF
oz At

739 siExl 2 B ZR

2% StEAf Y # Uy sk=xt
CIE, 74821, LPG, 7142 SiolEz|E, OE, O3 5t0Ee|E, S22 5t0[=2|E,
=012 50[E2|E, [Y|, 4o H71, 4

Xt=: NREL, “Transoportation Annaul Technology Baseline (ATB) Data”, ZAMY: 2024.8.28 E0HZ
A S 2 T,

-4

20209 ANYAZRAIE A (AFQBHAFYE, 2022, p.133)014 AlFotLL Q= SHEX
AH|E= 18EG 3.4~6.5km7HA] E3235131 glow, 20164 diH] 201999 SHEAF HH|+=
FARIAY 3715t Aog UEeRgttt

SlEXt Hed QG| g
(=) km/L)
A5 12 20134 20164 20194
1E Olst 7.8 6.0 6.5
3E OJ2t 6.9 6.6 6.3
5E 0|2t 54 5.1 5.2
8E 0|2t 4.8 4.8 49
102 0|2k 4.1 41 4.2
12& Ot 3.6 3.9 4.1
12 O 3.1 3.0 3.4

Az MASMRIEL(2022), p.133.



Azt L1671 Hole = W SHERle] Qi 4] 7K Alukel el F]utste] At
B ATE A 7 AdEe F Mid AUeleE JMe $1BAt] dug g,
WA 52500 Tstol Qule] e HAaT Sheat <lule) AL 20209
oIS AR TA o ANIE SFE} Siulo] “elzt LEZ1E71 Holel’e] Qin) wistee
4 gsto] mEslglon, 2 U A el SHEA dug A Ae G 2-14)9)
.

>

VSN 72 I = Bl SR |
(St2L: km/L, km/KWh, km/kg Ho)

=2 = F& 20204 20259 | 2030 2035¢ | 2040F | 2045¢ | 20504
(sl 6.40
= 5.20
A5 LPG 5.26
sl0|Eg|E 534
7| 2.65 2.77 2.89 3.17 3.28 3.41 3.55
A 43.78 | 4514 | 4598 | 48.71 49.76 | 50.71 51.76
LS 3.58
a5 7| 0.87 0.94 1.02 1.11 1.15 1.19 1.23
A 18.74 20.37 22.47 24.51 25.57 26.46 27.45
S 2.26
CHd H7| 0.48 0.52 0.59 0.64 0.67 0.70 0.73
b 9.53 10.81 12.07 13.44 14.17 14.91 15.64

A= MASMIIIE(2022, p.133); NREL, “Transoportation Annaul Technology Baseline (ATB) Data”,
AMol: 2024.8.25 F610 XAF 2R

[}

) &3} 714
SHEA} 7L AR AR I HAIAE S0l A AlFolks ‘AsAeEE A 55 s
A o R £k SHEAF AFY] 7ML vo[H] 8) o|EZA9) W 70| 2R 1004
NS Bl FFCE BRlo] olgle dE 9 A SHEA} 7ML ulw P A AR
ATFA(NREL)Q] A2E E-8oto] HAct 53] vl sHEAF 7F42 NREL ATB9] Mid
(37D AU QoA &gt BleS F8oto] HAYotATHE 2-15 FX).

8) dlolH, “AFAY, HMY: 2024.8.19.
9) olEZA “E", AAY: 2024.9.2.
10) 7tol24, AP, AAY: 2024.8.19.
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20

e

EWAT 5= RE 71 1Y
(T 2t )
w2 Y= #= 20204 | 2025 | 2030E | 2035¢ | 2040 | 20454 | 2050:
o 3,500.0/ 3,376.6/ 3,407.5| 3,407.5 3,396.2| 3,387.8| 3,379.4
Y 29784 29573 3,0345 3,0835 3,087.7 3,090.5 3,097.6
LPG 3,609.4| 3,486.0 35224 35224 35252 3,530.8| 3,536.5
ofo|E2lE | 3,146.6 3,081.0 3,131.5 3,160.1 3,158.4 3,155.6| 3,153.4
Z7| 4,000.0/ 3,542.0 3,256.1| 3,092.7 3,019.6| 2,947.0| 2,874.0
A 54912 50939 14,6153 43329 4,251.6 41731 4,092.7
O 7,800.0 78103 7,904.7 79124 79313 7,950.2 7,965.6
E5 T 10,700.0| 9,777.5 9,309.6 9,045.8 89354 8,825.0 87127
A 12,747.7110,974.9| 10,214.7| 9,893.7| 9,787.3| 9,691.2| 9,584.8
CiE 16,000.0| 16,097.6| 16,487.8 | 16,699.2 | 16,796.7 | 16,861.8 | 16,975.6
o A7) 34,829.3| 29,886.2 | 27,089.4| 25,593.5| 25,008.1 | 24,390.2 | 23,804.9
41 29,804.9 25,056.9 | 23,024.4 | 22,146.3 21,886.2 21,626.0| 21,365.9

K2 HlO|H, “KISAF, ZAQ: 2024.4.30; O|EZA, “EZf" ZAMAU: 2024.9.2; 7|0|XL, “KISXI", ZAHQ:
2024.8.19; NREL, “Transoportation Annaul Technology Baseline (ATB) Data”, ZAH!: 2024.8.25
FENS (G IVSIN PN S

b
02

up) e} LAVLA HiESF
A5 22023, p.77)°l WEH, 20204 7|5 =Y ShEsd FR] 2AVMA F BiESRe
29,7263 ECOzeqo|th. 20184 2A7FA & Hl&5K30,258H %cozeq)oﬂ H|sf] 7H4Ag
o1, 20254 9 20304 A g ASH 0 R FTtok= o] U Ao STt

Ct. = 24

2 AFoIA FRE 27 AR aE EA5] flsf stalAt she ST
k4] BYP(KICAT-Transport model)E EE2F70] =] St} 5] o]¥ 23 A&
M= FETE ST 22 ARk A7 53%)3% SF=AKRF 30%)E thdo=
718 BYgE QAR 24 ks 201992 7102 20509714 A 2= 9=

20 AY BEHE GDP, A7 A% AR u}%gg x}foix} CEhgas xma} =

s 2% BEoAe $Hmode)d 8 veZ Al AksAk o] 7Rkt A&

P



8-S EE50] A4 U WX 502 AT AR 1ed D F9A BEoAE
AFAZHLPON 711 18520} BAFSS viow 39| Sa(hee FaAeS
At} ofn) Leluls 7|4l goRE Toju| 8} ArnlS, SARS H]E So] ork
wpEro R ofuix] 4] Ul HiEe AP BRI ZAe B1E vigor dn 9 WA
52 B85t} oA Aujs LAk WS APYt
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(A% 718 de ol X|- B = 3

CEER T X R UK

MK} S T AR 4= 71& HI (Foll, AF

AEX S0+
FAe(VKT)

Energy consumption
CO2 emissions

A= MAF AR

25 28 W Y

1) 71z M=Zat

& BP9 HlAY FE= A A P} 2O FEoR FEETHIY 2-2 IX).
HAE 2= B0 tfe 7Ie 9912 A AsAR 2“-%(“9-5) 7], AEE 7IEoR
TFEEY, x1ke] A&)(vintage)S T 94 A71go] A9 At SUV/RVE -5kt
A7 AlDe] AS AR, €59, $3. W= AL, SUV/RV 2%, FHIoR
TFESIGIE 583 A TRt ARE ARSI Q7] "ol R, A1, LPG, St
BelE, A7), $4F Udth dEs @4 diEL Qs ASAE VISR of, T
e 4 583 st ok

Ol
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22

I 1
| 22 || == HIEREIED | 22 || 52 |[ o= |
[ I I | T I I I I
sun || sws || sws || =2s sigs || sus sue | | zs || 2% |
we || 2% || 2% |[ 27 |[ 2= || ERENES
i =
°|’E(|)!:— | LPG || LPG || LPG || LPG || LPG | LPG ll = || =4 |
— T T T
my| || CtOIE || stol= 3ol= | BRI |[ 3o Ffo[=
g 2= B 2= 2l 2= Bl
T T T T
El e o] o]
T I T T I
e [ 1= | +=

INI=ISN RSN

CEH00| AR X

seao] o wet o] @ AW WA tharks de nsl el Frs
49, 59, Ugom TEY siEAe] A9 F93 el WA AeAwt egEy
QT 2% H7| U 5 SR} Ao] BAE AL nFsle] FREE R F2E g

A 83190}, B8] SFRARE S8ART} 748% ARst A7 tEo] shEA E4S Tl
z972] BEE 107] D80 FESAT §84 7% ARsls (& 2-16)3 2

sl24t 71z MiE2st

S 72 TN oz

CjY

Lyt |2t T

_ LPG
A% ]

sfol=z|s Tha

&7IRt |

AN A

Lyt |2t Cp

53 7134 )|

S5 TN

LYot |2t Cj

rh 7|3t )|

L7 TN

Atz KAF 2.

AeFA] g9 oqx] SE(in/out flow) 7| HAAARI(RES: Reference Energy
System)2.&2 F&@Ect,
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o < 9,5 ~ = oo
& L/ U) T = o
~ = oF = = o - I~ <+
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E . T < 7 K S @ o - oR
- g% oo do o A b A+ o I+
% 9*% &+ w0 - ® o o = ~
S K RO RO KH KH a =<
N| =~ e [Eoossasooy
. ¥y a8 wus T e
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! 2% 584 PG ] ; i
| I ' L
| | ; ' 5
| A SEXt Hybrid | L T > '
1 H ]
[ 28 8% T |- : '
1
1
- 2 58k 42 = | :
| ! Vehicle | ! Vehicle |
[ S 1 ! Scrapping- | ! Choice d
> =" 521 37 [ stoek 1 | Module !
| Module 1 ] !
I { ' H
| : : l
{
i : :
1 Ll 1 >
| |
| |
| ;
>  zuswevzs | :
J = 1 R
| ShE suv/rv E71 =

X2 KA &

A7t H29| RES

2) AMFsQ BE

g 85 FH5P7] Yl 4 A 5EUE Aot A A 55U
AALG AEE B4t SEH4-E A9T o FHE2(Gompertz) T4 E EAAE
(Logistics) S T8 AR og w4 2HEE Ao] EAste] 2 AAFTLTE
ARESto] ASHACHA =Y 9, 2012, p.74). HAL Asa 55U} 1919 GDP 2+
AT QAL 7Pgste] AR FEHIE ASE AR A9 AS- g
QIFZA: 2022~2072W(BAY REAtR, 2023.12.14, pp.87-88) AwE E-23loH,
GDP =23 73111%741 AR FRIAS(BE, A7) 1) Aag 8ot Asat
e AT AeA SEIAFHEI 9] Al SEHSE EEoler,
A&t TEHTT %’4 FEXE 1.52 7HY0lGit. A BAAEE 7|5te s 249
5 FG0tAE o 58X tist A o, s+ 22 6.904, -2.1022 FH53

pop _ pop |_ GDP) A()-
carstock  carstock )_ at ﬁln( pop —‘(2 1)

GDP= TWZAAL pop: AR, carstock: XA+ S-S,

A5 5ENGT ATS 48

carstock

11) Fea ARBANAR, FUAS(EE, A7), AAY: 2024.6.18.
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T 2IMYSE UFOR Q75 W GDP A ARIDE TEale] 24 A3t
20509714 453 B 47t 3,0009 o) ofst Seskgon, 1% A7HE-L 2,300
o ofskz At 587 F FAU B9 583 Sk WISk BF SHUL

W W FYANE Fokel A

rﬂ

60,000,000 3,000,000
50,000,000 /— ————_ 2,500,000
40,000,000 2,000,000
30,000,000 1,500,000
20,000,000 / 1,000,000
10,000,000 500,000
0 0
o] 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 Alofg
( o,EH) (2 ==)
—olTa —RERHEY) —SBAHY) —GOP

Rz 2050 HAZSERIEI(2021), p.29; 84 EEX=(2023.12.14)2 HESHH MA 24,

SEA SEM+ Y

l

S1EAle] £S5 WS 9 S84 AR 2UHBUSE A8l e
7 247120 A2 Aoz 10dgte) st Folg

st PAE Aot L, olg &Esta] Gt AF o, s A4 -32.584,

olrt
i
3
ofl
ro
iy
10
-
o
ﬁ:‘
rr
re

N'

ﬂll

Sl ﬁl#—t— A+ 2 GDP AF A=E E85t0] 2050971419 sk=At S5
At Qe BARS FHITSA! 2022~2072W & AR oH, GDP+ AR ]
912022, p.6)2] A7 AAVIEE AYAE S8} Qg 1 GDPE Atslo] &
A} 3kEA= 3508t tiolA A Aad ZoR A

ok F—& a;

12) GDP Ax]9] <L 2050 §22H 9 ¥3](2021, p.29)Y) 2050 ©®AZH AU oA A-83F GDP
AAZS A5l 243519S.



4,000,000

3,500,000 -—\/— \

3,000,000

2,500,000
2,000,000
1,500,000
1,000,000

500,000

2010 2015 2020 2025 2030 2035 2040 2045 2050

—UAA —oZA
NE: KES2], FUSYM, ZM: 2024.9.62 285101 XAt &Y.

SIEX} 4 30| Y MY
SHEAte] A Axd SHEAe] Wit FPAYE 5] Al skEAe] & FHAE
Asiith. A1) & FPATYE 1999 GDP 7+ AAEA7 okl 7Hgste] 2 14F
e 8519t 20099HE 202097k4|9] AR SR F FYA D AmE HEOR
2% Al y, 6= ZH2ZF 26.401, 0.1480°]c},
In(VKT)=y+ 6 x In(GDP/P) 2(2-2)

VET: dwd 3124 & 397, epp FUEBAL P TS

oA SHEA} th4: Fo]of B3 Q19 W GDP AW AEE E835ho] 2050W7A]9] &
FIPADE &S A= (O 2-60T T
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BE+10
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0y Fx ZHoA 7]& UNICON-CGE 2389 25 F8o19on, A8 wdY 719
QATAE ZAFsl7] el AEEFE AR Ao R|e} o] Q] offz|Yo g FHalo] 12E
AT A9 AR = T UIAE(multi-nest) CES &8 A-85t3 2, Al

YAE 2= (O™ 3-59 2t

A AR A] B HJ Ao R] 74 B SLR-Z Fof 21710 71ed AolE Ao
o, olg upgo R AHEIA, UAELAE ottt BE T2/ AE-ouA] 719
HATA, eB-AEo R ESAY] 7He] A TAE Wdsigich A Aot Tt H|ddA
HEEANE 5)2 A HAE Fol ite] HARAS AT Egt FF 1Y
AESHE A12sto] CCS9F -2 ©aA|A(carbon removal) 71&S 2 W WGt

Domestic Output w/ tax
(P)
Domestic Output w/ Removal
(PR)

Domestic Ou(lg;() W/ non-CO2 Carbon Removal (DAC)

Domestic Output (VAND) Non-CO2 (NCE)

composite (VA) (non-energy) (ND)

Capitarand
[Energy composite|
(KTRE)

Labor demand
(LB)

Capital demand
(KP)

Energy
composite

Renewable
(REL)
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3-6)2 ©HASE 7[EAE U gtAaFH AU o)A AASE A FujEsFt CCS(CCU
2 DAC ) AAZF ¢ 1 852 99kt Zloltt. 2026 CCS AARE 0.495 & 2

o7 A vi&EE9] 0.1%0] Ed A7 qAIEY, o]F 2030 11.29%F E(ZHiEo]
2.2%), 2050970 o2uiut E(Zuj&F0] 78%) s=o 8 F5T Aoz AvE}.22)

olo] whe} 2035¢ A7IA ZAEERE B4 9 ¢ Yoyt 20508714 9] BAL Qs
CCS ool gt 112j7} dasict.

700 90.0%
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400 50.0%
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0 0.0%

20264 20304 20504
mEHEZY mces AR eccsH|E
RF2: 2050 EMASZIQIYS((2021), p.32; BARN £5(2023), p.22.

CCS M7 2 H|Z(20264, 20304, 20504)
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ARYAFS0IA CCS B2 CCU 7at AAlE 4520l Hish Hefotete ot
}e9d, Ha73(20198 CCU 7l&ol AFste 7164 A&zl

Tgo] EAstct. oA, 4

gt golE o= V1A Ad8] TAF R AR A At A AR 78
A}, oA GAIATA(2018)= =9l &dHslel whE CCS A F4AE Y A+ E
AgshaA, oleiea 2 4 820k A B3l Tk, 27, AHES],
A, AHES, A7k B gHg7Es At AR

F

|

23 AT Sk, o] HYATES CCs B 49 /1%
2 % 9 712 S AASIE T, CCS 7169 B9 ofts] At B 43P vEd
Ayggoly] uhe] AA| Aste] BAYL =elhlol

M AL A= 4 78—"—:%01‘:' ‘:":":(CPC Y ode)E ,\}30} E‘r tlo]El 4 ]1 ZHoj|A
CCS ¥ E35)7]<o] diet =4 9% J= 719

@ E38 2 R&D o = = ol F
cxmm oy © QJRUEEE o OKSICEE o @UANMEYE
95 T = CCS 715 S5/ CCS 71 B8 MU BN Q3
S xS RSDERL > S0l $SG o R EMYE
= J|IBIAE St Qe AiR Aol =
ESHE-RDHE NICE 7ty st=2g LIAAEEN
SOREEEKIPRIS = iopme oy KIS-Value ENES:

A= KAE 2.

CCS &3 A ol m2 A

MRAESEZFT(CPC Y-code)?] FELE )3} SHES]Ho| falslo] 7|&9] [PC FE=Z
EHol7] o]g 7|THst B T]golu Hur|&d A Hofo] AAV|&S ERdle=

o]
| E&H. o] F Y02 F=x= F2 7|1 5Hs} tiS: 7|ERokE Al 3lem, 9714 Y02C
Capture, storage, sequestration or disposal of greenhouse gases [GHGl= 24714
452 9% 24, A% Ae BE 7162 71& W) mes otk

fin}



CPC Y02C E3 I

CPC COOPERATIVE PATENT CLASSIFICATION
VO2C papture, storage, sequestration or | 2A7IA(GHG)2 _E’él XY, 42
disposal of greenhouse gases [GHG] E= XNe
Y02C10/00 CO; capture or storage CO; ZH E= M
Y02C10/02 Capture by biological separation MEsH HElE Sof I
Y02C10/04 Capture by chemical separation sietd 22lg st 2H
Y02C10/06 Capture by absorption s+ 8¢ 28
Y02C10/08 Capture by adsorption g5g ot 1Y
Y02C10/10 | Capture by membranes or diffusion of E= Mg S8 2
Y02C10/12 | Capture by rectification and condensation 3= 9 352 S8t &Y
Y02C10/14 | Subterranean or submarine CO; storage Klot E= oM CO, ME
i 0|20 AI7IA z|
Y02C20/00 Capture o[rG i:ép])osfyl]eo: tg?];er?ngoosse gases CO; 0]¢| IE_E Ei:a(GHG) o
Y02C20/10 Capture of nitrous oxide (N,O) ORAMEIEA(N,0)Q] EF
Y02C20/20 Capture of methane ool 2
Capture of perfluorocarbons [PFC], =JHEHA(PFC),
Y02C20/30 hydrofluorocarbons [HFC] or sulfur FAESEMNHFC) =
hexafluoride [SFe] SESEHSF) 2

X2 |P 22=s SHOX|, “CPC Y02C", ZAIY: 2024.8.10.
E 9= o|E HIE o 2 KPRISE &3 CCS E3]4HEe} NICE B719] 7| JA S HA|AES
AAISI] CCS 71&d ATH AFS ATt o|& HiEto R AFRIATESR] fAS
B3] 7|& AATE YloA CCS Bols drg Bsi= S AR

A AT WS Bl E4% CCS 2ok F9+tx vl (O¥ 3-8)3 &t} CCS
Hopo] Etx B4 A JAE, AR, a57AE, IAEESAE, Tad 2 AAE
SN A T FQHIFO] oS SRISKIT. 5 A A 84 Aat CCS ARG A
A7} 1.6490131, A7} 1.067E YT ol CCS 4Fio] i) 9 AE571
A, SRR, 28, IARSARE, A8 8714 AHlA 53t 3 Aaabt w2 419

£48 e 30404 AxYY Aol AL oujg
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o
- sEsuE BB -guzE Jél. %{g;l;\g 250 =% 2 50|, 2l qgt 9 HRHE - SR E
SHZSRENE 1% BSAE - 347l2AE . EE, MX L BRI - 37|z LT RS
J|Et =Y HE HEQ7IE U M T 2| WY, A A FT| S SN U MBESAHL - A s A0 Y AESIHAHIA = 2SAMHIA
ST Y SHAHA SHESN Y Ys Aula 389 = AuA R TIPS MR, Bet % 7le Asla JEREVTES 3397, 39 L Naleg
DEMHA 2249 AS| =X A2 - 0g, AZEX O 07 B3 MH|A .« 7|EF MH|A -7 .CQUS

A= KAE 2.

CCS EQTX HIEZ

) s 29 Y CCS At vy
SlF4] oA Aol AMAATE D ARS|ASYE F CCS Eopt gl7] mi&of, &
Ao A= YoflA =ETE CCS ARG Q] BEQJUTZE v o2 28 45 Adslo] £

Aol Z7kstint

THE CCS AFg9] 4=8-50] tisfii= ESHa/do] HiS- Atk oF2] =u] CCS Aol &/dst
=X g9l7] 2o o& 7Hdste] -85k H HAZF AR ol Wt & AtolA=
ZEH AHEE EYE 20199 CCS A 74513t} Markets and Merkets(2020)-2
20209 7% CCS #oFe] 229 AlAo] EOR 54%, A-F3Flei 22%, YHE 18%,
AR 5%, AHE 1%% FHg%0] etal AAsH o] 5 =l EOR A2 Al385HA]
ol Q7] whEell, Y A] AP BlSE sl =] CCS AR49] 84 HISS &&st
Rt E3E o] IO WS ARAEEAAL] A0l HisiAl= RAS HHES &

29519ck
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13845t =(20204), 7H&4ad= 1.0495F £(2022) 02 VEiith gardrte] ¢
Aol wet 7FA 9] Rpo|7t EAtg o, FAeAE ked oF 2,000 =0lloH, 7HE
Fae Aol wt =y 1,841 4(FHAE 9, 2020001458 5,1009 FEL= W7
oha BA Yehsth oo wet @4 At BARA HAeATE fARE £E0R

.

7t 71l met A28 W 29082 HlS Aol7 A UebgTh d=aae] 9 ARV
NAAE 7IHtez 5p7] figo] Amr&(718s)0] JA v18<] 80% +Eo= w4 LE

o, Mdapa

N

qm
oN,
o

HA.

A AmHlBo] A Hl8] 60%E st AHEHlE 9 *FHE

ZHlolAE Tesaet AdSa BE ARG HiFo] thh ¥4 Ut 5S4

S 30 ey R EIN
7 Jeieh ENE9N T
Sl Ol 5, AE |
- 0= Hova ke 23
i BB AUISie0l a4 sol gz wyee | LTS NS S
- At BEIAS WA 258 | LT 0 amn w
SO gttt 44 | T EOIORE S
ez A= st J&st
SiX
g 138(208) 10402249
HHOt E . = Tt : — : —
epE | S (Xi=: EG-TIPS) (Xt=: EG-TIPS)
AHH|=: 2
MAIER} Ry N 'O(Xfé)_om/ K9 | 1.841-5,1008/kg
(#/ko s a0y | (R LA €l 2020
et )
(ore) | 2,045.66(308 =H) 2701 1910
2 = s
Capex 12.19% N (0|29 AL 21.06%,
X2 2R 9, 2020)
100% 20 K= s
Fixed Opex 4.48% (IR (oj=e] 72 10.52%,
100% DHHIS B1%) | K2 A |, 2020)
AT
- W X2 oo
o 83 33% ye/alst U2 S aE e
ariable Opex = o= - (0129 42 68.42%,
105%/kWh 75) e

Atz: 2 21(2020); &H7tAZK|(2020.7.2),
2024.9.29; BARXN §5(2021); Az (20225 AZ5I0 XA XA,

BAAAG 2D SAZH| DS O BASAT, Z0L



|-I

iAo et M 2o glo] Sa AR U v8AES e
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FA

7
FaEore] 44 Al
FUFEE PRt o7 FA Bl Al HlFo] 1Y) mie] AR F
TEE MR vETERE T A28 U8 20% TE2R 7PYoIeH,
wPHE 2N FHE2 FHE 10%E 7MYt UHA| 70%= ouA] Hlgo=
?*3'3}9&2@, o] & /MAs4ao drof sigcke AA7FAT} A UAIHEY] 50%(FH]-8-2

35%), A== oUAHE2] 50%(FH-&2] 35%)= 75Tt

Q) =27% 7+
SHA ATEQERC] 4l AT IA AR, T, I Eofolr. AdZorlAe
A7, Afrefeh AME SH0NA 4 B8-S Hotal Ut 20224 7|E0R 4 4H[9
62.9%7} - ASONA o] FOIR|AL e, SFekAFolA 36.7%, 71EF FFOIA 0.4% F=
AH|EAL QI

#a ge | ik =a E- | | #Hoa He e |
B . B394 13271 812,665 300,635 0 300639 131 b} 159 1,703 463
g 320615 6485 328,100 131,708 57,708 180, 50 14 14 517.620
143,647 143,637 1q,1:3 FaE] 174,404 1493 il 1534 315635
J|E} 3,576 14,976 16,230 ] 16,20 3,560 2553 6413 5FE09

bl | 1,311,682 7,756 1,319,438 712,696 SRA0TE TT0, 769 5,155 2,935 8,120 2056, 326
ANz EG-TIPS OUX2a7tASergE S35 SHOIA|, “sA0HA| b, ZA4: 2024.9.29.

FEIEECN ALK AH| 3481202214 7|%)

2ok ARAR] A9 20224 71 WALOZ 87EMWIL AT, T jEEe] 44
QARAA= 4] U] INGE 7J5}0] 548 ileli o) daz AMgsle Hefol] o]
sae] a7z APYE] olgt

S WRAZES] A9 b $8AC} MAR TR 240 BTt Aok S4 $84
SEO4E 20194 5,083t9141 20204 10,906, 20224 29,623, 2023 34,258t

oot Hgo] UEdth2d) $4 58419 A FYPAE 15,000km= 7H9T
“11 AT i ARG AZE oF 150kg AT FAEET, AZF M A] 20224 7|E oF
4,500 HE] 4 iﬂl% 7P S UTh2d) S WAO] B9 s LulRpo] Ao

S 1 A, = et SSEHAEE)”, AL 2024.9.29.

23) a7 A SHHEEE
7% 100km 3 °F 1kgd| s4F &HF

24) A} W mae)
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o @] 2] olo] g met waster.

oo U= FEolel & AFolAE w49 #8+EE old et 2 AFolAe 29
gk ABFERE ARAA 62.9%, 3FeHIF 36.8%, 7HA 0.3%= AAste] ol &-&

2 Aol Al= 7]& UNICON-CGE HHE IO =2 tf7] By 9 715 A4 ZPg7e]
AAES vslo] AAlsRe e AX 2F 7t AAIS EA%H AT vigo g duR

| HAE 71E Ao R s, ofF et B ARk AR WA dF A
sl THFES Ffiste] 71E 571 SRR 10712 AR FHEsigit 3 tf 7124tk %
o] AAS 918l CAPSS AFaeto] AL 1ot FHE AZS AN L9tk F
HAR, FUxtE 9 BPLRE ATt 20199 ARJATRE 7o 2 B A
styon, HHEE AAs] o E?H}ﬂﬂ EW 3 RAS 208 2Asiqltt. o
Nk oA AL, 2H7IA HiEH A 5= J4lBleigl. 23 & SHoA = 7€
UNICON-CGE 29| 125 £85tH], 14@! Hopof| tigt ths UAE F2E A7 st
Y 7H] AHAE Bt AAls] ZARSHITH

Q.

o ok

oflt

i)

g 1Est SHoA= 7|E Yol thEA] okl QW CCS Ay 9 424 AFge] ot
HEE F7HoE 55190t CCS 7149 4% AXESEFIAE(CPC Y-Code)E HIE
oz Y 7|ge] B4 ARE EYE AATS ErE FEskE S AR £49
89 i A A Jdes, FASA 9 A ASAR AR FESIG o, oo tigh

GABAS 59 ol Boishs HAS Bo 42 BES AN,

7L 7L

UNICON-K-Power 285, 51233417149, 2021)S S-835to] CGELFe] Uupsk
19 AAE Al=stitt. UNICON-K-Power E%‘% AFAEE 7|4 AhAE + 2P
O 2A 7|7 IA ASERES 2451 AT vl8HAY] 7eFA A=E AlEd o]l
ABARHO AR titie Bgo] disto] BiE 4lol 7}—0}31 T8 Aol A&
oz Wi, BASHS AYT 4 ks Zolck. whe wle] 715 o Wl A7 T
2499 A3} 2 gk uEly AFA N T Ho g P% AlZE el tite 239
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T8 YA EEA AYeQ fEste] A7 Agapa, A g8 miglo] Wasit

A3+ HAsiA TA7E dag, 7l FARE dgHlE, 122 Aoy sy

A= AIRE S92 Ao A o8& diElo] Basitt vl AR E flsiie dEsa

3}, ﬁiﬂzﬂ A, 71&8E A Amso] BRSITHIIE 3-10 2). BF49] =29

A AH] HE O B A HRIEAE, I HE, AuHEoRE FAHT 8

AloFeraA AE 83w 9, JNLAT AoF, oUA] AR Aok, A A

FA &% Ak 5ol Atk B9 F8 daeAe Alqt AHEA 83, 7IeE 9T

T ANHAAAE HE 5ol Utk Et HiET AlFo = v AU s

A Eo]Adst 3L vi& AlQFAloA T18A} 7H4(shadow price)S EE3lo] etavldo=z
34 755t

Mo

=

EWE 2
XMA 2 AMDSH
— KA 2| TR
SIS XIIAH| <7 arHz
< Hg=0 I, min Z(—) “esytemcost, < 7| QHIBY
THEHOl| LA K| A GEN S - df + 7|58 HH|0|BE
OISSIHE 1. ~g@z 2% . AZtEre| 28
s dHIEE(5E, SU o e R « & LY KIA|AE HI
8, EA%) 3. 2M7kA T%f - SADIAHE
* 7IZHIS(CAPEX, 4. etc. « SMED}
OPEX) cEAIIA S
s Hi=
« 0|2 HI&/7t24 MY
<ALzl

Afz=: KAE 2.

SEREEIN T DY B Fe KR o A

UNICON-K-Power 282 254 243K recursive dynamic)?} Forward-looking2>)
WAl o g %= JAF 71551} Forward- looking BHAo A= FojAl ol AR(AT714,
71eFARE Wl A 5)7F RSt 7 ol El&o] INtete] niF E7
Aol Sk W82 @A 7R = EHAtsto] FA Aol 71 BlEaaA]l FAb 24t
Z2A& Y= Aolt}. o]+= MESSAGE(Huppmann et al., 2019), TIMES(Loulou et al.,
2005)2F Z=2 7] oA A|AH] 24 HFox == GG SHARE o]23t QA
o gEO] B tigt vt Qs AR A=A1 A7) AAEA FEE
HFgskaL olow, TAAQl BETh= &ol7t Q. webA &AksH| HA0E v 9AREA
A719] AEgEag 9 v, 2AVEA TEERTo R QAPAHo] Jhsoto] Bk d@AHQ
A Y H52 AYAL Utk

25) v AFH JAEY ngo g WA Fhsoht & AFo)A= Forward-looking ®4lo2 2|3t
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o HAHT /fAE A2 A7t SIS 672A17H24417Ex 28Q) 282 2451 K-
Bt SHAEH(K-mean clustering) 715 &-85to] 14 8,760A17 oA 71 EAZQL

28U} 24A170] Al 708 AE=Q ) By, 84T 9 siEE ol8ES Folt B
0| 252 AP A A Wik A}F20E gR85t0] =43519ch By, £9
Zo| tsto] A=t Aul8SF glo]gE &-83slo] 20204 7|&CE ol &ES Aklst
| s o8& disiAs AlF XF99] S d " A& ARoF3T

" ZF AR Bt ol&E2 ol2H,

of
e W
2!

RN}
p

¥R
T i
j

St AH (2022, p.56)5 Falsto] EiFF
15.4%, |33 23.0%, a2 29.4%= 2ot

UNICON-K-Power 282> Aol =]of] F7tol wje} AAike]go] J7tol= SHAH|E
Z57FH2)(Law of Diminishing Returns)< 8Btgstch. A A 9 71&8 JA S

7EoR AR B S710] uet BRAel YAI7H BA A8Hel wet AL Ao
HolA|eA] T80l ZIHHES Sloick

_

4500 Z|== FrH2¥(3HH): 24096wW

AL EEXH 2R (28H):
740GW

2000 A= EZHRF: 3706W

CAPEX (B2 /kw)
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SEEEER BYE S5 HE S4 22
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17 = AHEE, HBA 9, 20230145 ALY 7ol AAFARFY ofy
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{5ttt S 99l B 7199 SEESHNE B71E Sle) AGus] o)eq H
o 2

Hd

ol

(:E:

=~
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£ Aol HE AFAYY 719 A71HGAIE T HEngS ARSoH, A7) AE4gol
w2 s JRE CGE 23l Aoty ol 83t Agu3a} oi7|mg7te] 254l
AAE §lom, CGESll Alss AuA Wl Ju7} 7| myo] vt A9 1y ddw
! 8l &S AYs] 25| fioto] A ARAZETAL, 2024) 7|5k St
A 7120 HYut IS WEch @A AEeFTE AlZoA Y] A aH|Ql
TR 20239 7|0= 545TWhelH, o] 5 Hiixumfgto] 541TWhe =, 71eh del
TS Z3kst A Fufls 543TWh, 283 PPA A7 & HAAR

w551o] 545TWh7} S EiollA] ghufist H2jsfo|ct2?) Boflals 545TWhE e
7Pt Suid ST 3.5%, B W AAHES WYste] AgaES AP

P

X

I—HL

tﬁ

617
o A5HE7|:391

195

A7HEE: (SFHEONE), 29(X17t2H])

1(3.57%)

o N

B KO 2541
THOfRI212:545 (HZAIZE T0H 543)

X2 SHRM2TAN2024), p.17, p.1162 ZT510] KA K7A.

SEIESEPE SI2MSA Jl¥ 20230 SUNE U DNy S5
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ol

g

b AgggolMe s ARl AEawd 617TWh A5 A9 2o HEg=|A]
rrt Agggero] ZakE A7PEAY Arkar] 29TWhE 28 o] whadsix] gqron,
P oAbt 3719, 123 RIZH AR s AP ShdvhEy 1TWhE 28t
587TWhE 7|€o2 A8 Byol4 WAz Z74gert

BAIRA SRR, 2023)0 e ", T HaF

7]
Atle Gz WS SIS, 591 84 9 B0 13 Aol A0 WL,
L 5aks] AAEle] ot wigel] ofelgo] A, FHFMAS A2S So

3
rO[l
i
_ISE

AE5AK2024), p.17, p.116, p.121.
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20304 SAFEE SGW, SAEE 14.3GWE A BHZ 9rgsit}28) Ay A4 B
EZHE SAFEEL 202349 0.3GW, 20269 1GW, 20304 1.9GW, 20334 1.2GW,
20364 1.2GWolH, s 20264 1.2GW, 20309 13GW, 20334 7.5GW, 20364
4.9GWE AA=lo] Qirk. THA 7|2 AoA= A Eo] A&H 0= AKX o] qlo]
718 Ao w27] o) FEEHL dAxd B ERE AREE wfEsHth
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I A S SR WK SR SN SRR\ AR S SR R 3
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Kz MASHAAR(2023), p.86E EIISHH MAF T

SEEEER TH10X MEeg7|2AE, 9 BYE, 38 5N Ee=H

= 4
2
o
do 2
2
dl
0
% X 5 o A D O A S A D X 5 6
VUG § T N S e RPN O
S SN I P R R S
Atz MAEMRIAE(2023), p.855 A6t MAH KA.

SEREEER THN0X MEgT2A1E, 2 BHYY, 3 AE M EE3H

28) YA EHT(2023.1.12), 20364 38 T AR A vH|F 28.9% FIL, HAHA: 2024.9.29.
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E3F CGE RO AQATE] Ao Apase mgst gom, 24
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%Jo] ofgl g0 Q18] AP Aolstn BUYsHs 2e Agslel F 1Y 7o) ko]
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35 QA Auaml ofje} e mYolA AN W2 AR ViiHone-way)

o= wgstel CGE Lol HIgfsi] Fole Aead vl A% 48 24% Nl

% Sleh. T U AALIA Ml @ i $0E WY wydld Ak ol

A5t ArslAS A8 By th sl MRS Eo Az A%
3

BHS WA FUF QRS AET 5 U

&
gl

F

gt AlLf2[2 &4 Zu}

Al Qo] w g HsH 1Y 3-16 F)E EH, AR =i wet Aeta}
LNG &3z zjol7} At} 4R, 7]ep 9, 7]ek ARAYe] dhzre ojxoz gy
Aol wet ¥sHA] eh=tt. Current PolicyolAE AlUe] 2 7Fgo] wet 2A7kA 58]
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7IFYE Vehicle Stock AR 87 i HE HARE Y 2Y
o)
“
e =i

SdA=agas H| 8 /0114 X| AL S 2/
HIE W S| AR Tia HiEY U8

Nz etds, etEMeIEa(2021), p.479.

S =RV UNICON-+32Y 2014 3 =23k NREE 23 11X

32) ¥R, SEA71e9(2021)S atsto] A4t



T Ale] tiAd| A} BES AR 5 AAR 4500 tiet Al eyt BA4sks Y 270 E
TFASHRLL, olH] A7HEO] 55 RE ZAE 5 R% AAE 58 E FESIT
Z}2¥9] f5ho] WA FA= oA AR Ble= 205097HA] FH517] el AR
ARSI QI-kmE BEH ZF 5aTE 75| & (reference cost)d Bt 5T

1) g5k JY-E YEtl+= 5E(oad factor)o] TR EZ -85t

fo

UNICON-+&08 =20 212

= e
=2 o R7HE(E7H2]), EA|, AlLHHA
A oM A7HE(EH), AlLQHA
Az 22 SHAMAT|SR(2021)S AESHH KA &4
(ceAG
p,exp(—c——F——~
2 min(EAC;)
prob, = — FAC, = 2(1-7)

‘;pjexp (* CWACJ))

BE 2(1-7)9] = Alo] 7|+ /ﬂE“E'&‘(modal shift)2 =+ SATE tgtolA 7idst
UKTCM 7|&eAdn gyl 28 Calibration 231 ot} FACA AR 55Tt
i9 Ql-km H[-8-Z %o, olF T P‘ e 55 A(1-8)x Zt.

P/ a (@) r(14r)" P, (i)
lE»D G EFF,,, ;eq\0)Loadfactor (i) ~ (144)l—1 D, (0) Load factor (i)

Nmber (i) H= 2]
FEAC = =
- oo 22 4(1-9)

o)

EFFewreal i 24 AZ0l SA1E A7HE 19] AQH], Prclde= A7HE 2] Bt =714,
Loadfactor()= APHe 1Y 88, L= APVHE i AT, Pa)E A 19 B+
AEAF 7V, 1S D&, Numbe(= A71 19 S8UG, Dil)e A1 19 A7 53
AZE Eeith

F= A(1-7)904 c= 7HeE4S SJulsts] UKTCMOAE 2] ghe 102& Addos
27t 2L UNICON-+5EF2 28A1= ka2 ol8sto] #4813t 7€ &%
T Jo 23 A o 5] Hish ol F5 4(1-9)2F 2ol =E31AL ofE o851
FPA e 7 2579 BlEe] IAHCIHE F3 & =T

i

O
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EAC, EAC,

In (prob; /prob,;) =—c( min(EAC,) min(EAC))

) = 24(1-9)

ARRR o o] e 4189 B9 5§ Dk, SUV, 58 L] 37 YrES
FEHT, 2 YAE oAl Th] AE-RRAE TR 24 J1SERE Sk 9]
AR, AP Sfte] e RSl oe TAE BHae T Yol Aoy

4=
9J018)9% Zo] FH 23 LS AGIAET, Hef|ES 7| EAR] AP
EE5K= Calibration 53 23 2 Z&5AtHES 41-10 #X).
12t8 Al AlLHE 2 Al &
-
Gasoline Gasoline Gasoline Gunlm Gamlmo Gasnltnl Gasoline T
LPG  Diesel Diesel  Diesel Diesel Diesel Diesel Diesel PG Diesel
Hybid PG LPG LPG PG PG LPG Hybrid  Hybrid Hybrid CNG
Elec Hyorid  Hybrid  Hybrid Hybid  Hybrid Hybrid Elec Elec Eléc Elec Diesel
Fuslcell fec  Hec  Eec Hec e Bec  Fuelcel  Fuskel Fuelcell Fuelcell Elec
Fuelcell  Fuelcell  Fuelcell Fuslcell  Fuelcell Fuelcell

X BB, BIZARP7[59(2021), p.481.

UNICON-4403 202 £Z 7|2 TAT

Pexp(\.1)
proby, = —g 2= 4(1-10)
zijkeXp A L)
FAC.
L=In) exp(— 1)
JEK /\j
EAC,
.

Pexp(— )
P, EAC;
Y. Pexp(— )

B, Aj

P= 58 BE A9sk= Calibration TRM[E0]Y, P= 8 B oA 25 i & Alsk=
Calibration T8, FACE =& 9] 712H]&(Y/0l-km), 1= sEiog St 7}
714l BRAlTL Zo] B2 A(1-11)AY AFo Hysle] JHRAS S5 51, olS
98 #A 2010~20154 EAC & ol-&5tith

”



(%) __ L (g4 - pAC) BE 2(1-11)
prob,, A

> azu}. 5, 9, 9] G AT AE ]‘%lﬂi WASES Axtstel
S A2 5503 A7 271008 B ol uigoR B2 A(1-12)F o] g3l
ALY e A ES EE

A, 6,

f{/auk eXp( (%) ) %ﬂ% /}_1(1-12)

o= fnm.k

fr)*l,zmk
UNICON-+5Eg2 98 wein|g ghe HohA A gA, 7larish d=rt4 ¥eh ¥4
S Y

2‘ b
sl wet Amlo] Zleke ez wY vol wiaEr) Zlesie 18 AER
B 3 W B Q] S 5 ol B 5 ik 44 wslet gL dAzsbael
g7 WskE THIR BA S hssie,

3) METER33)

MFETER 282 A¥A & (Linear Programming) 2E 02 EX ofJYA] F2of st v]&
FH3E B9l 7N 71e5/d< wHgRt AvAl e 2AVRA HH%%‘% AR Ho|ct
& FAHE, 29018, AuHlES EoRE FH|-ES HAadlelHA BAlo AsAt SE
T80} FHPAYE Yol 7l& g RoME 5k £4] BEoth

|0

[©)

METER 2% 9] RES(Reference Energy System)= OlUA] 71&Q 5-84F STAL, ﬂ%ﬁ}Oﬂ
A=7t 3= HF AHA #2020 FHPARE Yiste 5502 FAHEHY. 75

e Hoke 7le2 82 - A5E - Adrd VsHE FE50] § 8470 7e= /\ﬂ-v—&]r
SISt Blew BRI} ARYE T 7= RS ?‘]‘*—- S8k SR, 2= Al 7=
TP, 719 SHE 4%, THILE, Ak 49, 59, o= AlEslso]
N3, SEA ¢ Ao e 22 5] it AR FEH, A LPG, CNG,

33) SHAAEE(2023.12); 1=, HFTH2024)S Farste] 2HAJsh
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A7), 4 % oA TR FE3IPoH, 7142 Uy, slojHals, g 9] slolHa,
CNGX}, A7)3}, $4xta2 LR}

HY4E 283 717H2020~20504) $9t9] Fu1§ Hasloln, Fu18L A £
BIB(AIC, ), RYEIBAFOC,), ARMGAFC, ) HF HI8OIH RS 4 1-13 Z2)

Total Cost= Y (AIC, +AFOC, +AFC,) = A)(1-13)

Ly ty ty

I8} 18-S SR IOl FAIGL Aol WAL gslel DIVE 23t

7 9] 2, AR 93 WAL PgElel DFOS A8 BT FAULGL RS

ACRAE HE3t] FAI§S AZIBslel BT A vixjge] 79SS vgH

A3 AT ATFFAS AT T ENS AYSITE. BB A(1-147 A5 54

Mg FHOE I, A1 O i yAE B9Ig FAlgol, 1 & ofEix7le
g8t i AR ol

H‘l

AlC= Z ("Ofy x H/;y X CRFX DFVt,y) l?j'"l_ é}(l‘14)
AlRpo] EAHIE 5%E 202 715k WA E ) 714 ujd Bs= Ao 1A}

S =l

At 25 A(1-15)= 2988

5 2(1-160)3 Zo] 3%
=

ARESHAL, X fO]

Julg FYHOR SR, = AESE Rxot AFA PELEL
gahel, Aol £9e AER GEhe0] RS )]
HEE 2= Z0= 7SItk

O

AFOC=Y] (3 (IC,, < DFO,, X 8R,;_, 1) X005x IC,,) F5 2|(1-15)
=Y

ty k

SRy = ex0 (— (P 52 A(1-16)

AFC:E (E(SOT XMDDO, 114y <SRy i1 Xfptet_’k))xﬂ/gvy) = 5—1(1—17)

ty k=y



A 505 GASIIA B85} BAE £7] Ssle] ouix] Al S5 Aok Aok

o2 A83IGTh At BAo] S AulA 2B(IEA 5B, 2RANY A

7Ied FARE, 8| 59 712 AARAE 7P ARsA SE e 82 A E-
Az ERdste] 2IAFdE 8 AYeIt. dEdERE SEuERY dvd
=R A=t BAR A AT B 7 A HlolEE &8skt AT 8=
ASE-drER ERd U9 FI7E A% F2 9H(GDP, 5] 4
A 2 FALA E3f Y5tk Avle] 3% vl NRELS] Mid, Advanced A|42]2
g-goto] Hhgsiant

METER B3& Z-a3e] 78}, 14453 4% So) AAzA8 wefsio] 43 Aukale
Aarstoich. a2 45t AU 00] A9 583 BWF 15% UES Ao olo] me
Z97)e] A Byl W T Bl B3 vlole. Tl e Z71e] A olo
M2 wjEAGE 2sl] BT WA A8 Aele Yol wae] 92 A8e
2ol Hepdoz AHstel BAsISLY,

HGAG OGS o] &et U] AFE+= 2RI5K2011)7F Qirh. 2215K2011)+= =+
o] 5835k BYUS 9I5t9] Berry, Levinsohn and Pakes(1995)014 AAIgt S A=
St BLPE =89 3+ S BF 1185iH W9 5
g HolEE ARESHe] a8t HHs] wheo] Fd4oln, XA 5= A
ot =7] giizo AtmgErt Golsiths o] Utk AB|RF FFo o|dAdS 11,
7HAS YW R BEEA] obe FEEA 18, FAXY 7 e =5, QISRsAISH
glole AME, #HHA A ate] ®3F BLPY| AFgoltt.34)

o >
2
2
)
32!
ofll
0
ol
-
o
=
=
o
S
oo

BLPE AF /& Uz AFe| FEEH =R E 4uA 7 e 882 A9Ed

gets Thgelol B8 A(1-193 Zo] wET 4 Ak

k
+ VIR AE E4oI, pt JbA, gt BAC, Fuas WE 5 200 R
1

AR} A= TS5
7P, A= A AE B, o

o] wEjEReaL 7Hgst

= )g
£Q,
rr
[
nd
5
o,

:
rlo
(@)
9,
L

()
rlo
K
3‘9]
b
9,
ﬁ
j%
T
|

l

34) 29I5K2011), p.9. AUE-
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7N FHFe 01"2“5}8—; oy, TEe Sl Lo Frt. BHEa-82 F5 4(2-18)014

A Fe) ol B OXS AR 5, = 2,5 ap, +¢, 2 LERE 5 91, 2l Y
o|d/dH A BHEEYY %ﬂ(uu = Zakxjkyik_keij)i yepd 4= Qo
k

BLPE 23 g AMSt] Al 7t A¥lEle FEe T A&l ARReA 718 2
age F= GEt drial wdsie] 58 4 ﬂiﬂltﬁé&ﬁ ARE 2] AR (=
A 1-19 F2)E ARSI eARjgo] olgAleREE HEHE HRadt 8839 W=
2ARYo| o) 75 A(1-2007 2ol AelEt. o= A vEe AhE, & uE AekE
AEShE &S SRt BLPE 2183 e A7 AT, 152(2015)014= A
AR P ARA A W] AR} pofli] A A AReA} Azt Sig el
AW AR} oA AABR= HlEE o),

5. +ulz;, pis v, 0
30 8, 93 2, 8) = — s ¥l 2 1 6) BE 2)(1-19)

1+ Eexp(éj + pulz;, pjs vs, 0))
ji=1

In(=L)==;8— a;p; +& + 22 £)(1-20)

AR TAVES 7Pgste] B2 (1217 2o] Uehd 4 itk m BAEl8o) L,

we TEE AEEY, o= TEEHA] &2 AEEA, r= 6ok geta]g ol
ln(mcj)zw]-'y-i-wj HZ A1(1-21)

5 4(1-2007 75 A(1-21)Z o83t #5 A(1-22)3 &2 7|dolete =528 =
RAom 7| M2 A AP AZIEA 7 )l

;= 33 (o= me;)Ms;(p, 2,6, 6) B2 4(1-22)

€3,

pi= RSt o] @=TEt RA(YARA)E Fold FE A(1-23)7) 2t

s, (p,z,&0)
s;(p.x, &0)+ Y (p, —mC,-)a—Z
r€3, D

BE 4(1-23)



Consumer Pool
(Income, Taste Distribution)

l Draw Consumer

| Simulate Market Share

Repeat recursively
Compare with until the moment
v observed market share condition

falls near zero

| Estimate Demand Side Parameters |

Using supply side data
+ (Oligopolistic structure, Profit Max.)

| Estimate Supply Side Parameters |

Calculate unobserved
v quality attributes: w, §

Mean Independent Instrumental
Condition Variable

| GMM ESTIMATOR |

A= @QI5K2011), p.14.

BLPO| 234 ird &M=

s, (p.x, &0)
op;

r3t j7F 22 SN Y2 A - 7} 0o ofyA] o} 7HAolA QAMIE-&

J

WO b(p, v, 6:0)S HBT BARS VIGOR NI Y| IS Falo] =Y

At S APFETES € 7 v 2E|a ANIEUA] & 4 QA Hok

1

_\1=_l,
;£
i)
4
o)

A oI BEEA) SHe B4 £9t o 7HE, ARPER-RT S
WA 2A glel, ol 6H7é6}71 SJa 9} o ATHA GOt 71 L AR
e AT G ETESE ST BAE ABY FAEA, J190A te
EEel 59 BIS49 T E} 7ol e ABE) 5Y BAEHY F, = 7199

i AGSIST. 12T BEEA) o

N
N
jas)
fr

2

)

o,
o
19
Cl)-ﬁ
ﬂllﬂl
H1
-
rEa .(

AT AFY ST BRA0E EYAQl BA ki 1Pk BLPE ol 8% B4
34 B e (35 1Y 1-H% 2ok

5) 7IEt 2¥

l

SME, 957201202 THEHQ AR LKA 45252 MESSAGES LEAPS 26
So] SHE0] SATIA PESH] 15 RS BASAT MESSAGE 299 29
A 2R o R Hh vgoR O ofuX] $28 S ouA 7142 AY
S} W, LEAP E—ag% o] 714 AuElL 7o ou] 28 At ol4d

2016014 ER3E otix] 4¥1Fe AU WA WEAE Beslo] w2
133
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29 $47] 24714 HiEHS dSsiainh. A U] avjg sty s 2A
ARE HEO R AJARkret ARIEA1 Ha(1919 GDP, AFsAt ?UH7}7—3| AmHl) HlE
83t Quasi-Logarithmic &5 83 JHEH R A5E A5 Aol Oqf‘é;n__’-
FRAR SHES Joto] APgsiaitt. AR 9)(2022)004 = A7 13t —/1\—;‘}4 SEHE
A7) sl =3 gk 719 AAIE BYS B85l A5 SEUTE X*”}EV]
o HeE A oy 9 st Ve AARA, AR AY 52 E85kith

1o

2. 2 My

1) OECD/ITF(International Transport Forum) UPMS35)

OECD/ITF9] E=A] oJZ}5e4 RP(UPM: Urban Passenger Model)2 H27} 7]& A7}
TAl B8R, COp HiE, HEA Aol WA= IS B7lcke A4 Tto|th 549
TIE 205097HA9] AGAE AFstar glom, TRt 249 HolHE Ststa] 1571
W0 BFPsletal qlrt.

OECD-ITF= ARFAIA &4 BE, EXolE IE, Weaw BE Adts 28, 1658
g, 4 289 & o/ BERE FAE] 3o, ol BES AT IHE] JItHES
I 1-5 32). AR B4 BEL 9 SAZRE I, 1919 GDP, o[uvA] H]-8
thgt HlolelE EAJolg BEI Eaw X0 ASlth EXolg HES Uk Y LA
gt JRE 3 BEC] gttt 185 g BE2 EE 9 e xe ¢ dEus
87 Aot o] FHE wEQ BEC| At A BE2 AeAl, QLEH0],
A 9 3 THEE] S A WEr BES LEE P FYAE 9} oy
SIE F7g0te] 2207 Ql-km, th-kmE 931tk &4 HE2 EXol& 2E, A

o IE, W58 BEQ JHE 7|Ho R [FAS}F ICCTY] BiEAIE ol8dfo] dmAH|9}
HIEHNOx, SO4 PM, COJ)S ZFRt 334 JFE H7Isith

OECD-ITFS] 8 ®&9l At HEdt a8 Has AA5] A ohZy} £t
AGFhS REL AA| AF A58, F $5E(oad factor), AF SF3 7|& 1HLS
A, 2 79 2 71& 40l tiet 7H82 IEAS] MoMo AluE] 0] 71§tste] 27
oot AT d HE AsA R UEie AsAt afe2 75 A(1-24)¢2F 2ol 1909
GDP 9 ZAISHE-S 1183t A|1Ho|E 2R AH $H(sigmoid logistic function)Z 7|8t

35) OECD/ITF(2020)& #=x3h

36) 7191 LESE A7, QEHlo], A, 8, A 57) 5, thERE S 38 WA BRT,
A 0 %, B9 W 58 A, B g8, S AE Aol 8Bl
67l 55



o7 FAFIPT. M A FE(wr) 3} AgA; DEFIO)L, @y EAIS HEHEE X
3t} GDPeap 1919 GDPE E5h, o202 1915 GDP YAkl W 7187] siejug],
pPreapo. 1019 GDP YAghol wE B 2R A mtulelo]t),

Module 2:
Land-Use

Module 6:
Environment

Module 3:
Transport Supply

Module 5:

cio-economic
Travel Demand

characteristics

Module 4:
Vehicle Fleet

Xt=2: OECD/ITF(2020), p.11.

IR OECD ITF 2y #1&&=

s exp (a,,,urbanisation)
1+exp(—aS2% (GDPeap — p“PH))

grad

HE 2(1-24)

Car Owner ship, = 0.75Car Owner ship, | +0.25

WEFS BES e Pk FP7Ee -km, d-kmE FEIH WE48 BE] 5
TEQ oY HEL g U4Y o B4x(daily number of trip, 7)) 1909 GDP
2 7JEF ARl 8l 7IHte R BE 4|(1-25)9F o] SIS, et aconme B
ool 174 TEHEOI, @une®t dners AEFY E AZIAL B Sl wEh Hskshe
232 9 A7 8Rlo|th. GDPeape AHAES] 1919 GDP HgAo|H, r,i= YALF
7HdE 7o R AATRIL oY SleE Eole ANE WHYshke mEHE 239 g
AH8-3TAT

GDPrea
15 = T (a TR (1+ 0.05a4,/,,,; + 0'1afuel,i)1 2. 25a;pp, TRTOOP) “?j—u Z‘—Kl —25)

WEeR oM BEQ F37E RE2 4 LuE ¥t F3A(distin)E A5 ole
A9} et Wt ofgo) Bt Zol(length)E 7IHHo2 g5k, of2] o3 dE=AL0A

37) OECD/ITF(2020), p.13.
38) OECD/ITF(2020), p.14.
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T34 dlol8E ol&ste] B, e EHmodal split)E T8 HAFEMSn)=
Aa3tt. 2k 338 24 Z¥(cross-nested logit model)& ARgsto] St AES 25}
5lH, olg &-f +EY HFus o 1Y AeAES vt 4 o] addrol=

ARIAA W, BEXOIE W, DSl Al wetvlE, A &f-8, olUA 744, dis

TESR 319) 25 oA BES 7} S5k k(P )S o ol 7} Shy
Wt FBARdist), OB ST, S ARG, ATPOP) D A AA B
W DRASE WA THASGI0S Wslo] B2 4(1-26)3} o] AT o

B

-kmE AR 5 B9 42 ZF =27 B= A 9E 25F $5E(load factor)E ©]8

PKm,, =310xdist,, x T, X MS,, x POP, 2= 2(1-26)

OECD-ITF 2@ a8 APHot k2 3u3 Fisls SRt8wA, Hisis 7l ue

HeiE 389 57h 1S o OE =27 fFas U /S 378 A Al

g Aol I 7HA1E QA E, oAk QAEE, [7|AReh 22 2 Ay
]

o] FRss}} 40)
2) UK TEAM(Transport Energy Air pollution Model)4"

UK TEAM 4%, olUiA), w2, B49% 5 $YH0E 0t 449 B30% %
S8, A AREE Ad), e Qo) A 77 % 844 9F 239 ) K BER
o] UTKES 17 1-6 BD). BESA BES Algﬂﬂﬂéﬂ B Al AR
BYEE, AP o1§3te] 2100979 79 B, A, Suto] 42 BEHR%%
i A2 A, TESR RS chs) G2 S ool 3 WA A
oA AUES. BT, 45, AR B 7INIOR F oA U 31E4E 508 A
SIL, ol vk A TGN 7 ke 46 9 2oulge] Aha Msls oR
S B AR B89 AT Heks mEere] Aty wake e =k
A A G A E S0l AuE SEstel g duS Selsky HEHoR

39) OECD/ITF(2020), p.14.
40) o2, A5¥(2023), pp.21-22.
41) Christian et al.(2019)& 2zx3}



AP BB AF K9, D, 7148, A AP A0ot FAAUE A
29, /1, Ve, AREE AR L AT AL 23S FHaA
g WolE BT 4 Sl NP BHL WESe BgolA Ak ol-kme

kS olgsto] 5 A Ak At Ui 71271

of% HEZ 7Nto R WASESE UG U P5E

o3t FtE= & AFrE ARG olE %611 9%t /:HF A ‘414\*% 48 5

fm o
1 r_?li‘
Wi
it ;;g
g g
fu &
rE
rl' J
ol
o
I, O
N

TEAM modelling framework

[ I
v

lifecycle energy & emissions
(direct and indirect)
2
environmental impacts and costs

(e.g. GWP, health impacts of air pollution,
W external costs of climate change and air pollution)

g T ; § " r
2 scenario variables policy variables
o (e.g. GDP/cap, demographics, (e.g. road taxes, pricing, speed
3 income, pre-tax fuel prices) limits, driver behaviour)
£ |0

transportdemand —iiai equilibrim vehicle stock

(pkm, tkm) (total, new, scrapped)

2
o icai energy & emissions
-
=) e'?;ggxiﬁi":gﬁ.‘&?s (indirect: fuel WTT and vehicle
£ . ’ manufac., maint. and disposal)
]
=}
£

v

1 view & exportresults
(Access, Excel)

analysis phase

At=: Christian et al.(2019), p.13.

UK TEAM 2% TXE=

42) =H, AA, B3 L ABA 57, emulol, w2, $5uA, HE R Ak, e, SR,
e B3 5.

43) =4, HEA, 1&ER 5.

44) B2, WIRUA, AA o7k, IATY ot 2, 44, V% B

45) 1919 oat, 1~201%, 2~50}el, 5~10712, 10~25012), 25~50012, 50~100712, 1000k o} &
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71&H|§ U HARSE SO 7} 7|4 X o Hl8-S ZAsto] Al ek 2]
Egz AEskRE F o) th 71&8E AEskid d-kmE J14Es
ARSI A Haf 594 dl-km RS /NOR HaF 9 HIEE ATE

5}04 zr iH]Z]' AITTHEE o EF|Q1] A =
A A2 D ARE BEE-D), 7 AR E 5l S5 A2 B ?l’;ﬂE]E'T—Hﬂ'ﬂ—i—,
AREAIA 84 9 AFEAA 84 T1E| AR Ve AR E RIS WTPE w5t
TEF RIS AFR-ES FHeA F= A(1-27)2 71Q1 FHi K private buyer)2] 2
AEa-E0lH, Attribute; ;= AFFEA RO, ASCE= 7| s o},
Hivl EEE HE 4(1-27) E88<oA ASC; T AlQleta /i oAt ApAe] 58
JE}. 7|8 A FRB(QEHe], HA, EFQl, 5 5= UNICON-+% HF2

S WEAFEE A 1-7)3 22 FH9 7edd GEE ol8slieith

rlo

= Z B; > Attribute, ;+ ASC; 2= 41(1—27)
J
exp (U
Market share; = &
Eexp (U,)

HE HYS el W oA AT SE-vE BT 4 BRUG Agalel £ FY
A 99 RS BRI Ao) 1 771 % B2 Y BP9 oA A8 g
5 A 5718 TR QL) W, AT HIg, AP 59| ¥eE el A8

3) NREL TEMPO(Transport Energy and Mobility Pathway Option) model46)

o)< PRI A AFA(NREL: National Renewable Energy Laboratory)2] TEMPO

2RL BES0} ouix] ALg, Wl AUeles A71H0R S 9t SUA B
WEOUA] weolth, AR 743} H=UA BY, H0] JoES RS AL BHoR
AAEI9 TEMPO 28S B¢ ZAUAL ol ofe) 434 714 299 75 oA
Slo] 717 SAHAL/THE, 2ESE, EA/ D) ol 0, Ak 28, 7% 4 L 4u%
ABEe] U2 45 9 7|SHHS S, WiH ER 9 022 B9 Aze 24

ST Z1&SAT ARAA G T,

46) Muratori et al.(2021)S Fx3h



TEMPOY: of 73} 528 X3kt 4] £35S B8] 712 714 94 A)4o] Bt
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Executive Summary

Development of
an Integrated Modeling Framework
for Assessing Climate and Air Quality (Il)

Chang, Hoon et al.

1. Model Development
1.1 Transportation Model

PanelA bottom-up model for the transportation sector was developed with a focus on passenger
cars and freight vehicles. The framework was designed based on an in-depth analysis of the
structure and key features of major bottom-up models from Korea and abroad. The transportation

model comprises four main modules:

(D Estimating vehicle demand (total vehicles and mileage) using vehicle registration data,
population, and GDP projections.

(@ Determining new vehicle sales and retirements through vehicle survival probability.

(® Optimizing new vehicle selection based on a cost-minimization function that considers
purchase costs, operating costs, and fuel expenses.

(@ Projecting energy consumption and greenhouse gas (GHG) emissions based on the resulting

vehicle stock.

The initial model was constructed using data on vehicle registration, mileage, technology, and
costs. The model was applied to estimate changes in the vehicle fleet and GHG emissions for
passenger and freight vehicles. For passenger cars, GHG emissions in 2030 are expected to
decrease by approximately 24% compared to 2019, assuming a relatively low adoption rate of
eco-friendly vehicles. Under the 2050 Carbon Neutrality Scenario (Scenario B), improvements in
the fuel efficiency and cost reduction of electric and hydrogen vehicles result in a 91% reduction

in emissions by 2050 compared to 2019.

For freight vehicles, small trucks are expected to transition largely to electric vehicles, while
medium- and heavy-duty trucks shift to hydrogen-powered options, reducing emissions by
approximately 72% by 2050 compared to 2019. The policy scenario analysis underscores that
transitioning to eco-friendly vehicles is essential for achieving carbon neutrality in the transportation

sector.
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1.2 Climate Change Impact Module

A module was developed to assess the impacts of climate change, such as changes in
temperature and precipitation, on health and energy consumption. Preliminary research was
conducted to review prior studies and derive methodologies and data requirements for module
development. Using econometric techniques, temperature response functions were developed
to demonstrate the effects of temperature changes on health and electricity consumption.

The results revealed that both health and energy sectors are highly sensitive to temperature
variations, following a U-shaped temperature response curve. In the health sector, mortality rates
increase more significantly due to cold waves than heat waves. In the energy sector, residential
electricity usage spikes in summer, while commercial electricity usage increases at similar rates
in both summer and winter. Temporal changes (early vs. late periods) in response patterns were
more pronounced than spatial differences (urban vs. rural areas).

These temperature response functions are expected to serve as foundational data for analyzing
climate change impacts in future module developments. Based on the results from 2024, future
research in 2025 will integrate climate change scenarios to analyze changes in mortality and

electricity consumption and develop a systematic framework.

2. Model Enhancement and Integration
2.1 Top-Down Model

The top-down model (KICAT-UNICON-CGE) was improved to enable integration with
atmospheric and bottom-up models. Following a one-way soft-link approach, widely adopted in
previous studies, the integration preserves the unique features of individual models while enabling
scenario analysis. The top-down model was enhanced by expanding the power generation sector
to include ten technologies, previously limited to five, and by aligning sectoral classifications
with the CAPSS database for compatibility with air dispersion models. Additionally, the model’s
data structure was updated using the 2019 input-output table, energy balance, and GHG emissions
data.

Enhancements also included developing additional modules for CCS and hydrogen industries.
CCS technology data were restructured using the Cooperative Patent Classification (CPC Y-Code)
framework, while hydrogen production was categorized into green, by-product, and reforming
hydrogen technologies.



2.2 Power Model

The UNICON-K-Power model simulates cost-optimal technology investment pathways to achieve
long-term GHG reduction targets, providing rapid approximations using linear programming. Inputs
include annual power demand, hourly demand patterns, generator efficiencies, technology and
fuel costs, and renewable energy utilization rates. Temporal resolution was simplified from 8,760
hours to 672 hours using K-means clustering, while accounting for marginal cost increases with
renewable energy supply expansion and resource constraints.

The model was calibrated with power generation and sales data from the Korea Power Statistics
Yearbook and incorporated renewable energy targets by year. To facilitate integration with the
CGE model, detailed classifications for coal and LNG power technologies were consolidated, and
only self-generated electricity sold by KEPCO was modeled as part of power supply.

2.3 Atmospheric Model

The atmospheric model has been developed to assess the expected emissions of air pollutants
and their impacts on air quality, such as fine particulate matter (PM2.5) concentrations, based
on scenario results derived from sector-specific models. This model is primarily composed of
an emissions inventory generation module and an air quality impact assessment module. The
air quality impact assessment module is further bifurcated into a detailed modeling-based analysis
system and a simplified atmospheric dispersion module, with the ultimate goal of establishing
a dual-structured system.

Using this dual-structured system, the simplified module is intended for screening and bidirectional
linkage across various scenarios, while the detailed modeling-based system will facilitate precise

spatiotemporal analyses and final outcome assessments.

This year's research focused on the initial development of the emissions inventory generation
module and the simplified atmospheric dispersion module, both integrated with the CGE model.
Based on this framework, changes in air pollutant emissions and the resulting improvements
in PM, s concentrations under different CGE-derived scenarios can be evaluated. A pilot analysis
for selected scenarios was also conducted, demonstrating the potential applications of the

framework.
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3. Policy Scenario Design and Analysis
3.1 Scenario Composition

Two types of scenarios were analyzed. The first set focused on comparing the effects of model
integration by analyzing a standalone 2035 reduction target scenario (NZ_SA) against an integrated
scenario (NZ_Link), which combines the bottom-up power model (KICAT-UNICON-Power) with the
top-down model (KICAT-UNICON-CGE).

The second set compared the outcomes of maintaining current policies with those of achieving
the 2035 reduction targets. The scenarios included a current policy scenario (Cur_Link) and a
scenario aligned with the 2035 reduction targets (NZ_Link), focusing on analyzing the economic
and environmental benefits of additional GHG reductions.

3.2 Results

The comparison of the standalone (NZ_SA) and integrated scenarios (NZ_Link) revealed significant
differences in power generation projections. In the integrated scenario, renewable energy generation
surged, particularly offshore and onshore wind power, while coal and gas-fired generation declined,
leading to reduced carbon costs. However, higher emissions were observed in high-emission
industries due to the increased costs for carbon-intensive energy, although overall GHG reductions
persisted.

Under the 2035 reduction target scenario, renewable energy generation increased, coal-fired
generation decreased significantly, and the utilization of high-efficiency LNG improved. Additionally,
the consumption of coal and petroleum products decreased, particularly in high-emission
industries, despite higher carbon costs imposed by strengthened reduction targets. The analysis
indicates that integrating CCS and other mitigation measures could alleviate these economic
burdens.

Air quality benefits included reductions in SOx emissions and fine particulate matter concentrations,
particularly in the power and industrial sectors. However, further research is required to address

the heterogeneity across emission sources and to incorporate sector-specific growth projections.

Integrated Assessment Model, Top-down Model, Bottom-up Model, KICAT
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