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<IH 2PoM e miEdE ST Bl HoiFal Stk '] & 22 F4ol

TR0l 50 AU A ZHF 68%, %R A=Al FFFS mA = Ao Uehyth A%
Y A7 2 5 = =2 T SRl PMwd] HiE2 A2 dxolld 7 2
H]Z2(65%, 18 2-4 FR)S AA|ekal gl Ao & Uk B e} 214 Bao]

A= oA AR A4 A9, Ao wilE 7107t 7P Z1em(20%), AAkeE
(14%), LASFERA(7%), T18]al PM(226)2] =42 vebdtH ™ 2-4 Z=). CAPSS
Algo] ay Ay g7y 34 B HE g 9o A2 NO,, SO, CO2J
HiEo] drides gom, INGS 79 NO, CO7F tiiig AAIHTE ofl|A] AFY
A FZoA o] HAY wi&ES AX] GUTH™ 2-5 =),

3719] viEE, A=l sl Aeeg7EAEY] A M vlel] Heks
AlZIE v 20279) 9] A=o] Fa ti7ley wiEwe] ¥t T
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ofo
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(+$]: ton)

2010 co NOX S0x PM10
A A4 AL 50,629 153,441 81,589 2,816
H A A& 83,435 98,480 57,810 2,421
Azg Ak 17,708 164,942 108,733 76,011
AatzA 19,719 49,022 93,365 6,451
ERO|Z994| 520,386 382,206 793 15,255
HE2599 66,793 208,878 62,919 13,401
H 712 A E] 955 6,062 1,528 165
71El B2 ¢ 5,645 158 0 0883
A 766,268 1,061,209 401,742 116,808

AR S AEA(2013) ol A AR AT

(F$1: %)
70 -
60 -
50 -
40 - ECO
R = NOx
20 -
W SOx
10 -
. B PM10
4 Ty Ty 0 R R > R
& <% & b & P AN @
‘:‘d& ‘_\C@ 4_‘% ‘l%t/ 4/(3/ ,%{g/ \% g/
SN & 1

g FYSATEFA(20138) 0l A ARF A,
(38 2-4) CAPSS 201029] M= FQ 7] @ HIEH h7|2E SZ! HiEZ

7IHE(HERIIE)



HM2E - Mext MY £3 JI2AHS grIE 2 iy SX wWEy | 1

(491 kg)
400,000,000
350,000,000
300,000,000
250,000,000
mvac
200,000,000 EPMID
W 50x
150,000,000
ENOx
100,000,000 uco
50,000,000 . .
. [ I—
2010 2027 2010 2027 2010 2027
HE 4% LNG

Az 2YBATBA01) NN AR A TA.

(A% 2-5) ME, NG, MR H7|QEEEYE HHSE Hluw

et

SHA ARt miet o] Y AmAde ARt AR A3 ARt dEaaE et
2020doll= oA FzellM 2010 tim] 20274 7|9 viEe] S e
=HoA 28 oo = Solu, 53] At o]l A3 FF= vA= NO,, SOy, C0¢]
Hl5o] 71 A YePgth1d 2-6 32). 24 A iE 3971822 BH, SO&}
NO= Z42F 1.13ul], 1.088 571k A2 ol d=w, CO, PMy, VOC= 11 Hote| o]
27} 3%, 2%, 1% olst= A er A& Aor AYEUAH ™ 2-7 =), =7}
A Hi71ed viEsds VIee® e u of LGH(5%0) S71e o= A H Ik

o,
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450,000,000

400,000,000

350,000,000

300,000,000

250,000,000
O L | £ Y o 4-(2010)

O] + BT S7H2027)
—Z71-8(2027/2010)

200,000,000

150,000,000

100,000,000

50,000,000

co NOx SOx PM10 voc

A AR A

(a3 2-6) HM6xt AT HMS D2 2010 CHH| 2027H2| of A X|AHS

[
A BEQ 7|2HEXYE HIEY X S7IE(Hi+)

1,400,000,000 1.15

1,200,000,000

1,000,000,000

1.05
800,000,000

Gz H(2010)
CUHZEEA - B 2™ S 7H2027)
600,000,000 100 ==37}8(2027/2010)

400,000,000

0.95
200,000,000

co NOx SOx PM10 voc

Am: AR 2,

(A8 2-7) Mext Mg FHof| olst Azt U7 |12LFERE WSS 712 (i)
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2 AtolAe A6 A7 2Age] vl AE s Habrh o7 o] v]]
= At deAkE A
< A9E 7|1y s HEkE aesfiof sk, Sl o] ti7|sket % 1Y
(GEOS-Chem) 9] A=} @] 37](¢F 50x60km)E iL&{sto] L-2jufete] go] 2|24
TEo® AR ol F S8l M tr|eded vigsds 7Iees Ad o] A4
g 7|94 visd HekE APkt 1A g7 AI ol weh 2027 9
A LHAETS o AL R odstelet. A &4 5 A= T d2
AHE=A A BA| ~E (https:/epsiskpxorkr)o 4] HE A dHEZ ZAFSFYoH, 20113
4 FE 2ALIGITE A =8 W R digh ti7] e dEd viEE 01
CAPSSE 7|Eo2 Mg, A4, LNG| 7% A9 Av8dd visd= A4
ShlcH=g g7 ahsthed, 2013).
<a¥ 2->HE <7 2-10>7RA] Ao A A, LNGO| dgAdn] Skt st
£ HojF3a gt 7+ a4 &S 20113 9] AEk A4, LNG o|x¢e] Aoy
TS HolFm, @ BX82 WYy @A v A9 wH7] Yl A EE Ea
£ UERGITE <Gt 2-2>0| A= ] AR 01193 2273 9] A2 ek tiz
shlon, R WAL itk AHe B0 25530
7] 2@ &2 #l&ZHCO, NOy, SOy, TSP) Foj4 Aeh A4, LNG 9= tjgt
o] WAFG viEFEEA S APsh] Qe A s
CAPSS &% 5 oUAl A=Y HiEssSs ti=-E4sk3inh A sl

= 9] EAZEHMW = 1,000000Watt)o]] sfdsl= 7] L FE2 vjE&3Hke)S AH5}H

rir
of
oot
8
o
N
N
L0
N
1o
o
u)
N
&
T‘
1%
S
H
i)
1
1A
)
N
D)
|
i
Rd
o
Ol
o

1o
i
120

i
1o

Hleo] AeAH|L (AR AolshA] B Aolnz 288 ) Wik ARy
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mjo

9

o ZH3SATR(D)

7 (median) & A gttt <7 2-11>0|M = 8 sp4 R g Wi
MW)E t7].2-4 viEeS Uehliar ik Agke] 249 wiEAs7E gt oz 71
A B7HE e, NOG&F SOcollA 242t 4961ke/MW, 1,657ke/MW-S Lreb sith
APz Mg Ae] e wiEg HIlE duEd ohga) Aok eEs R
AR FafAlol et FHoz S| Ao ATHRE F=x). o] 20114
thH] oF 9000MWell dgsh= Aetate] Al doln, Azt vjEs2 CO, NOy, SOy
TSP= ZH2F of 8000, 45000, 27,000:%, 1L300=2] 5717} o g8k 2-3 Z=2).
ol YA A MiEw Sk 2 FFS nE Aer o= 20114 o] CO=
21%, NOw= 47%, SOz 50%, TSP 2% Z71o] aid == Zlolth FeE= AHE
SollAl ojw] HzellA 7HE & 2] TSPE wi&Estal glonz 1300E9
7ol Eretal 1 e MSke w4 QR Z10R UEIHTHE 23 2. S
e Hetste FHeE AgHo] UthRE ). ol 2011 thu] oF
3H0OMWell sk WAdE] F7tolu, AHASe A5 ING 53 dae] 5
o] o= o] o] o= <17t oF 2000MW] Zhaxio] qlrk. wheba Azt viEE
NOy, SOy, TSP7} 22} oF 270, 14,000, 10,000, 440E2] Z7}7} ol AHEIth(E
2-3 32). ol = A9 NO& SO0 wiEw S7toll whg ek =
7Fe/dE& WEstar Qlek A} Bl wjEw vle2s 20119 gib] CO= FAF
Fzeoln], NOL= 30%, SOc= 57%, TSPE 17%0] sjgrs= Ao|ck
A7|Ee gl TS aEste] Aeake] Sl AlEH o] A AT o,
27, BE Ao ING 49 535 o] Az AgEo] JrhiE =x). o=
20119 ofju] <F 9,000MWol Z7He whd Aot

&
R 112
o[N
ot ke 8 12

r

U
-
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(% 2-2) 20101} 2027'A2| XiX|x|

TH+FI7I2AE0 T2 ol 7|2 g HSE AE IMISAR(])

nE
OB
o
gl

H -

(9: MW)

Qe 2010 2027
et ESE- LNG A A LNG

AR 725.0 - 848.0 9,915.0 - 848.0
A7) - 1,400.0 3,202.1 - 7] 12,259.1
A 7,240.0 - - 9,240.0 - 920.0
AE - - - - - 800.0
HAE - - 1,800.0 - - 1,800.0
e _ _ 387.5 - - 800.0
A - 2,200.0 1,200.0 - 7] 2,072.0
Q1A 3,340.0 - 6,912 4 6,820.0 - 4,858.4
A 500.0 528.6 1,514.7 850.0 528.6 2,399.7
A& - - 718.4 - - 718.4
A= - 740.0 - - 685.0 -
>4 12,400.0 - 3,299.6 20,240.0 - 4,622.6

AR AA A F(2013)0f ZATF AAF A4,

6,000
5,000
4,000

b3

LS

W 3,000

B

e
2,000
1,000

. o
EE o5 NG

mco 251 1,291 959
mNOx 885 4,961 2,991
mSOx 1,367 1,657 9
mTSP 19 145 31

. A

A AR A

(A% 2-11) I M7, MEH INGO| CHILTTE S M (kg/MW)
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7)== oF LAOMWE] 4§ U85 AldE #7132 Aotk o]5 w7 gt
77]%= 0] Azt WiZeke O, NOy, SOy, TSP7} 2H2H oF 12000, 13000E, 1200,
202] S7P7F AFETHE 2-3 F2). o] S7h= SO& 4 ool = E+stal
ojn] WEFE 5o wiEo] B el A% NO HiEde 7112 Zles 2-od
ok 7= Mg Age] we wiE HMohs 20109 djy] COx= 10%, NOw=
9%, SO= 8%, TSP 4%0] sfgreth

TAEEE Aeha ING 53] Wi $HE A0R o g, gk
oo Aetale] 49| SAHY S LS AR FEHES F=2). ol 20109
thH] oF 9000MWoll sk TAld F7telH, A7t vi&2 CO, NOy, SO, TSP
7F 242} oF 9000, 41,000, 230008, L200E2] S7H7F Al e thaE 2-3 Z=). o=
FEAA 71E e Sl AR 9 vId AeR ol dE 0109 diE] CO=
16%, NOxi= 33%, SO 41%, TSP 19%9] g Aot}

Mg 2A gl w2 2011d 7 202739 Fof AAAE S Halel 1 vle
2290 thet HRE <3 2-3>7} <3 2-4>0) Asigitt. o]e} e o] A
S Mol t71epeh-a% 1Fe 7 AR sigEs 1= uiEs Wt
off 8= th71d HoE T3t v 8 7] =Sk oSshe vl 283

ok Al4ge] o] & Hhgdt 2yE A Zlot
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(# 2-3) 20114 CiH| 20274 X|XtH[E CH7|LESHC| HEIZ

(+9]: ton/yr)

2 ALAH CO MO S0x TSP

2011 2027 T 201 2027 2= 2011 2027 2111 2011 2027 2T
HESEAl | 113,309 113,874 BBG 62,067 62,751 684 5,124 5,128 4 1,806 1,818 1
FOR A 31743 37743 0 b2764 52,764 0 32615 32,615 3244 3,244
CHT & Al 33.058 33098 0o 22529 22529 0 4,226 4,226 1.559 1,659
2HEH A 41,491 41,764 273 45315 B9.1TE 13,861 18516 28,908 10,38 2,502 2,943 441
2 FAEA 14,487 14,487 o 11,077 11077 0 932 932 454 454
CHE 2 A 18,708 18,708 of 14817 14617 0 1.610 1,610 619 619
EHEHA 31,094 31,733 639 54463 53,068 1,385 60621 58518 -2103 4484 4,469 -1
FEol T 121,171 133,199 12,028/ 166,612 169,816 13,203 16,959 16,605 1,264 6,268 6,521 25
HHT 30,618 38752 8134 96,365 141,859 45504 54695 g2.182 27487 79160 80513 1.333
SHEX 32087 32187 0 59680 59680 0 12948 12,946 T.847 7.6847
EHYE 52,307 61,056 8,748 125,981 167,070 41,089 57312 80,773 23,461 6,270 7448 1,179
HASE 28872 29872 0 38919 38018 0 9569 9569 4802 4892
Hatd = 39,536 41,064 1,518 103,861 107,084 3,203 89,198 90,253 1,085 48,274 48352 T
ERia 58,616 60,710 1,004 90,746 92,071 1.326) 36206 o212 728250 29275 2
Had e b0,823 53,861 3,028 90,671 102,119 11,448 30,954 36,944 5,990 4,542 4,860 31
M= 11,324 11,310 -14] 14649 14,478 -7 2477 2424 =5 620 619 -1

Am: AR 2

(# 2-4) 20114 ChH| 20274 X|XtH[E CH7|LESEQ| HE

co NOx SOx TSP
A9 g mw v e 48 4% LNo FR A4 A% NG ¢ 45 A% NG 9
AeE |l - - - = - - 1 1 - - - = - - 1 1
A - - - = - - - o - - - e - - -
e B e R
od | - 7 (-7 0 - 38 (-8 30 - 56 1 57 - 20 (-3 17
g - - - - - - - - - - - B
L e - - - o - - - BBl - - - -
A2 - 4 2 (D - 3 (2 (-3 - - (8 (- - 1 -
A71l - - 10 10 (- - 10 9 (-8 - - (-8 - - 4 4
Q- 21 - 21 - 4T - 47 - 50 - 50 - 2 - 2
22 - - -8 - - -H- - "B - B
4| - 13 3 16 - 38 2 38 - 41 - 41 - 18 1 19
HqAE - - - = - - - o - - - BBl - - - -
Ad | - 1 3 4 - 2 1 3 - 1 - 1 - - - -
AR | - - 2 - - 1 1 - - - = - - - -
AL | - 4 2 6 - 10 2 12 - 19 - 19 - 6 1 7
As| - - - = - - - - (=2 - - (=2 - - - -

AE: AR YR, el BEE FAS
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A - sobAlol X[ miE ti7] e
s Alve]< |

. SOIAJO} HHEEF Xlz QUMIEZ|

F F=0] FEBHL e SO ok Hi7led HiE I vi=E 24 571k
= 5oz A AA SO, NOy, PMas vil&5F2] 36%, 29%, 36%5 22 AFA|skal
U= AAoHCofala. et al, 2012). v o] =W 7S &3] fleiAl= B
= viEe] Mkt ofy et Q1= FAlo A AlACIA t7|ede=de 7
ol HiEshaL Qe T=9] WlEed FolE Ashke Alo] "Rsitt o= F=9 wiEd
Z7doll whet = 7)Ao W7k (sensitivity) S APdol| AR 24 th7]eH S
2lsh7] ofet Ul ti71d e ARe =olske v 83t 2rfolztal & 4= qlok
£ AollAs di71d Koo -8 ForoNF= e viE IHlE o et Ayt
sAlol, mlE wiEE HekE AT Aue]ed it 29 shes slh

& A= GEOS-Chem A ELolE 3] Fotrlor A9 H7| e HleF o=
INTEX-B(Intercontinental Chemical Transport Experiment Phase B) T2 A EE

3] 245 Zhang, Q et al2009)9] M| <l Ee)E FolAo} 2|ojo] 28519
(Street QIHIEZ]). Street AHAET = w5 F59) 35 A2 FeFF A4 diF
0] th7) A 7] BET} AR FHOR tr]eq BA] PAe] SbALS

= or gFAste] Fotiote] ti7ley =85 4T AolthZhang, H. et al,
2012, U374 9, 2013). o] Z2AE ] A} 2 HEZA-2 F 87FR|(SO, NOy, CO, PMos,
PMy, NMVOC, BC, OC)o] a1, +2% Z7FsjA = oF 05°x05° o] 3% & =3+

3 FokAlol XS gl ik r]ed WEwe 21914 vz A(Antropogenic
emission) 2.2 & 47}x] HEE(Power, Industry, Residential, Transportation)©] 33}t

H 3L, A3 viEA(], A B AE Aol iRt Ft 2FHEA] gt &

r
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o

Aol A o] MiZF HlolES GHOS-Chem ti7|3fsla4 mlo] Qlel AR vhs7]
Slstel AR 05°x0666°2 WBYsto] A7EE A4S md] Hgshary

2. A oi4Xx] 7|7H(IEA)2] OJ2H OLX] AH] AlLI2|2(BAU AlLIZ|2)

Street IHIEDE A h71ES ASSH] A Z-&st3ithd, nle] F=¢
HiEsF MI3kE 4517 flsliA gAK R FUHE At ARE 285k Ao] el
H oA A oY A 7] - (International Energy Agency, IEA)o| 4] BFE 3l 2012
MA oY A AW (World Energy Outlook 2012)AF22 2F315}¢ic} [EA A2 3
A7) ofA] =50l & Hste] ovA| Qb 2H B ALY Foll w|A= FF
sl 2HJE U [EA Ak 5 AAE 7Hgdsto] ] 7] ouA] 4:H] Alue| e
et =42 AASEL Stk o] FoflA A& ALE] 2(New Policies Scenario)=
e RSN ofy ), ofn] AJRFel FE2 o x| o A A oLt AlEe
AR Ave L2 A AR okt Al ] H7A 1 AleS 7HIRITHIEA, 2012 474
9], 2013). & Lo e AR 720120004 FAA o] rhar QIATE A RA|
U eS ZARZ 227d vl S5 59 oluA] avldES sl wiEwE 7H,

A g-5191cholet BAU AlLHe] ©).

7t F ol|x| =2

ARG 2o whz d AlA ] 13} AU A =8 20101 13000Mitoe(million
tonnes of il equivalent)of| 4] 2035 17,000MtoeZ ©F 35% F71eh Awgolct s} <

= A S0 Z710) BP6E ARjste oids] A Al R oAl A% Sas
2020 94.2mb/d(million barrels per day), 2035 99.7mb/do]] =E3 Ao =2 s
@AY 3200l 4 804 27%62 1 vlFo] Fols AR AYETHIEA, 012). Aeh2
Ao oA =8 F719] 45%S 2Astgon wWE LS Holxgit) Algt
8= 009 o]Fof F7EEE=7E A = AL 20800 20108 ohH] 2196 S71steq
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6,000Mtce(million tonnes of carbon equivalent)o]] @38 A2 2 ALUETHIEA, 2012).
HA7IA =2 [EA AUl oo w2 20109 3.3tem(trillion cubic metres) o] A
A0 S0ieme 2 F7Fe o= oSEglom, HAZEAS] H AlA A9 vlgo]
2010 2290l A 20359 24% =2 =718 Zo g AYEJIHIEA, 2012).
APgAA U] @4= 2010~2085E F=19] oA Aol sl F=ro] 1284 57id

& (12th Five-Year Plan)2] GDP w95 oflq ] 48] 7H4 (2010~20154 Ato] 16%
7HA s B3t SRS ARAT = A Whgste] AUEJATHIEA, 2012). 124 o]
ARl 2= ZEAI] U] AE 913 7T B2 AR ARl ko, AdEE 2
AR 81A] =th= FollA BAU(Business as usual) AlUg] o2 E7% 4= Qlch
S [EA AlUE]@of|4 010~20854 717F A AlA| odA] =2 A4 2 S/
F0 Que] ofe o F7HE FEY 02 dSH kAR 40 Herks 27,
AR} 57%, AU A 14%)IEA, 2012, 17 3-1 Z=).

ARG oo A AA ASEie WS 20109 8687TTWhol A 20354
1100TWh= 57}k Whi, Aeate] 1Py Bl&-E 1% 4 3% 4shs A o=
e gle. ] OBCD 7)ol Agisiel wso] 2 Z7leho), 53] & ol
712100 A A A sl W Z1e) 238 MRSt AgHeR 2 710l% sl
NG 7 Al skl o] 4965 A AR PrERIeHaY 32 )
] OBCD =7}ojlAj= Aekslel wdo] 14 ko] 714 27 vehhs 200a A7t
A A1 wEs) F7he Ao dlEE g,
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o
do
o
H
>
O
oln
e
A

Rest of non-OECD
M Indonesia
| Brazil
B Africa
B Middle East
India

China

1950 2000 2010 2020 2030 2035
A& [EA(2012),

(a3 3-1) IEA AMEMA|LIZ|R2| H| OECD X|¥Y¥ =2 o|uX| £

] 5000 W 2010
5000 Change 2010-2035

4000 4 ¢ 2035
3000

2000 4

0 -
United  European Other China India Other
States Union OECD Non-OECD

A}E: TEA(2012).

(22 3-2) IEA AFMAILIRI20| M MA| FRX|Y MErsHa wH

& ArollAs BAU A3} ddste] S di71e9 vl A= oluA -8
S7HMice 712)2 vl @A) kil 7HE8IAT. oof whet 201097 203054 Abe] €]
7= 2027d o] s ejatste] S wiEEE AAsITh ol wk CO, NO;,
SOx, PM3F =8 VOCsof| tiet F=12] 1912 viEsF 2010 ijw] 20273 oF
8% F7kete Aor EAY dEAor THYSHRTHBAU AU L),
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3. SOtAote] Xz HAME 12st =2 Ol HiE AlLI2|2(PC AlLt2|2)

Fa AR 22 GDP 9 CO, A% B8 A4s}o] 20054 ojs] 22097k4] GDP
T CO2 v &S 40~42071A] =372 AA A TtHWang and Hao, 2012). E3F F=+
= Akzo] whEr 2006 GDP ol A] ARG SO, HilE 242 2099} 10202
A= 2 D1dof 7k o |A] A& NO. i, 12|13 SO, HilES 42, 16%,
109, 8% =2 ZF=35F A A A5 tHThe State Council of the People’s Republic
of China, 2006; 2011). o]& =g o] d3to 2 2006 E] 20109 Ato]of F=2] SO2}
PMs9] vi&-2 oF 15%8} 12% #Aadt= ATE AS 4= JUthWang, S. et al, 2014).
2 o] AR oA W 7| 5s} SRR QAR drled WiE AR

e B oo @B WE Aue nelg Best o

H AL 2 skl 98 MASA(International Institute of Applied System
Analysis)7} S4°] Ho] A5 Tl L YxEQ01449 79) Fobror]
ol 7] GulE AR (Wang. et al, 20142 Q4=8to] melleo] 2hga}gich
(PC (Pollution Control) AlUg] 22 AH3). o] 5= AALS] Q] ofxofe] tff 7]
4 mele Asua me @(MCS-Asiao] AeEo] 283 Agolt. PC AlY
oblok 1o EBAQ B710d A FAL BRI, o)
chaFst © @ EA(S02 NOx, VOCs, PADel| 4] 285ttt HolcHWang, S.

al, 2014, PC Atz o)At A7ieaio] ouix) £& £718 B3 oA det
A2, oA oldA AMg, T SRR 9 WAAA A9 =T e
“end-of pipe” i} T2 7| e At thHS HF 23St glry. Wang et
al014)0] A= o] 2 vfgto 2 a7 % 74x) Altele $ae AHsHr) shus
A 201099] AT} o]F AR vheko 2 3 2030 79 WS A
(Business as usual, BAU) AJu2] ¢} th2 i o2 78 A7) =9la)
oS THIT M= AAo A AHE v o g AZFAIU] 2 (Alternative
policy, PO)TH 3 3-1 =), Wang, S. et al.(2014) 0|4 A3t tfofFst 249 uj&
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Aue] e Aol it A3H2020, 20309)E <1 3-3>of e glch

(& 3-1) Wang, 8. et al.(2014)0flM2] ofi4X| & HHE AlLt2|2 CHER(PC AlLt2|2)

AlUE e 25 e E Ao
AR(20109) =dE AAT} o|YAHE 7|E0 2 vl
&g AW
o] Z A, T2 MYt oLz o] FEE 5
Alternative policy (PC) 2L e 3 oA A o] =YEH= A
71g% ulef wjE A%

Business—as—usual (BAU)

Z}&: Wang et al, (2014)9| 4 AR} A4,

H o rof| A &3 PC AlUE] 9= Wang et al.(2014)9] A7k Aluhe] 9.(PC, 3%
rx) T M2 A FAo] =9, o, 3 & R E 9g METt
== A& 7Hg%Hend-of pipe A7 Meke 23 At el “PC 17 Aluhe] e
£ A, mkgsigle). o] 2E PC Alue] 298] 23 Alu=| e 5 bz ol e A3
7hsAo] =2 At 2otk 2 A3 Wang et al(2014)9] A7 AU e F
PC1 Alye] 7t F=tolAet 282 A5 7Hdsto] ejutete] ojmgt 93
XA E A5 R RelE Fol ahelstaiat st THPC Alue] Q). <3 3-2>0f 4]
2 Ao A et BAU 2 PC AJubE]2of s 25t
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a5
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- 23 Indusiril process
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E 15
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o]
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0
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]
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w
S
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5
5
=
o
V]
2005 2010 2020 2030 2020 2030 2030 2020 2030 2020 2030 2030
BAUI0] BAU[1] BAU[Z] PCIO] PC[1] PC[2]
1
8 (d) Others
= Transportation
£ Residential
0 Industril process
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5 Indusirial boilers
B Power planis
5
w 5
-
=
o
2005 2010 2020 2030 2020 2030 2030 2020 2030 2020 2030 2030
BAU[0] BAU[  BAU[Z]  PC[0] PCI1] PCP2]
(e} et
30 Salvent use
= Transportaton
=25 Residential
“‘; Industril process
5 20 Power & ind boilars
4
i 15
@
© 10
g
= 5
z

2005 2010 2020 2020 2020 2030 2030 2020 2030

BAU[O] BAU[] BAU[2] PCIO] PC[1] PC[2]

2020 203? 2030

S Other= F2 Aol &7t A4g =Fstal QUrh

A& Wang et al.(2014),

(a3 3-3) Wang et al.(2014) g71o| S=9| 2t T BHEYH [f7|2d S2IH

HHEE

o ojzf th7|F HiE ALtz

27

HM2k(2005—-2030). ¥ TH'EFE| NO«(a), SO2(b), PMio(c), PMzs(d), VOCs(e).
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(# 3-2) 2 7oA Fofet oluX] A HiE AlLIZ[R 2F

Aele e EEEL
A YA 715 IEA) Y] AP HA AlU2] 2 (IEA, 2012)5
Business—as—usual (BAU) 29 (& &S 7|&E2 2 51921, end—of—pipe

A7E o)HS wkdalA] 98). S0 A A
o) AT 2R oA L 1oy 4AL
) ) gt on, 1 F, M2 Y A3 FFo] &4,
Alternative policy (PC) ola Tl o

|3 == Wang et al. (2014)2] PC 1 AU &5 =9,
F=oll st 2§

A AR A,

B oA <F 3-2>E ugo g f)7)|sleh-44m & (GEOS-Chem) Q] 2+
SAUE 25 A85teiek Al At viet o] BAU Alue] 9= [EA9] ofu7] 4=

&g wEdtcta 7gsta dir1 e Bl e v&R Ftof 3t
2319 THER% Z7]). PC A|Ube] 2= Wang et al.(2014)9] A7+ Aluta] e = =
231 AHo|gYo] HHE| U A5 7HHTHPC AlVE| o5 g o ® 7t
gste] Fatel ghete] 88kt PC AJuhe] 2.9] 20109 tfB] 20279 9] A&
<3 3-3>0f eI o]t ATES 2 Ao mulglo] 289 Street 1Ml
Egjo] Hgatglon, Fato] AR AE Aol 7 AlytE| et AR dX]

s 7] Rl A F3l SAsH 2gshsic.

i

2

(# 3-3) & 879 PC AlL{2|20] UE 2010'A CiH| 20274 =9 £

th712g HE 2 HEE

27 2010 2027 Azte H) 1

NO, 26.05 12.84 51%

SO, 24,42 12.92 47%

PM 15.81 8.54 46%
VOCs 22.86 18.0 21% ngﬁ igi;ﬁ:&é;ﬁgf

Az A 2A.
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1. GEOS—Chem 2&9o| 7129} &8

ANA, A d7led wiEEde] AR t7] T ol Wl il 2o
izt 4le] HHES Bgsto] ti7]Ee] JFS gefshr| flsliie ARl &-3k8hA]
Tpe} fofe] |Ale it Wefdt th|gkeh-=% o] Fasit,. HE ®Yo] 7]
Q1 AFAA Al A" oA dojubs =2 2ok dts xH o s Ao Ashs
< B7FssHANE RO 582 FolA A A AS AESkL 54 A
L of e} Hi =] FEFell et ofsll R 191A] 2ol thet 2E Rk welst
AL w9 -85tk & A= vl I F=(NASA) o7 sHHE tfgtoflA
Nt 3P A A g 7|44 REl(Goddard Earth Observing System-
Chemistry, GEOS-Chem)-& 2835141t} GEOS-Chem2- © ¢l & 2] ¢H(Eulerian) HH4]
o] mao|m, NASAQ] Global Modeling Assimilation Office(GMAOQ)o||A] A& =3}
= (assimilated) 7|AA RS AJL50H, 92 HASHE-0 7] 3lEHE Ul ofo] £ 0] oF
07HA 9] Fake} g WAYESS 2Rl er HAIRZE Aol ARg-SF 4= JItHBey et
al, 000). A= oF W79 8 tf7] 4549 334 Has oheft 1t eol
tiste] AlRE SI= Al = low A AIAIAS] REE ARUES Sl Aot 2
2O AYo|EE 23] £33t Q) thhttp://wiki.seas.harvard.edu/geos—chem/

off
K1

[‘ll‘

index.php).

2 ¢to] g5 mule NASA GEOS ZaAE] 27 H3E GEOS-59] 714
ZH05%0667)& AREstY.en, 7]A (meteorological field)2 47712 $12%
(vertical layer)o] Z|AFo 25 oF 80km(0.01hPa) M E/HA] HEE molg 5= gl
(http://wiki.seas.harvard.edu/geos—chem/index.php). & 15 I3t tj7] 4 9] %]
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HOl= At o] 2525 AR i+ o] Atk Adget S (2d ¥ v9-03-01) L
A} F ofA|o} A O] HA RS B, ARt A e Alalste] St 7]
Z mAg(AAA7] 0.5%0.667)S skt (1Y 4-1 =),

GEOS-Chem?] 4=A] A4k L EZ} A of(Fortran 90)2 7i9F 9 &-8-5]51 Qlom,
H Ao AL g)EA(Linux) operating systemol| A Intel fortran compilerES AH-3}
o] LA moE estoirt Fo A4PEA(CPU)E Quad Core X5600 266 Ghz Z2A|
A& 16712] ¥E 4Hparallel computing)ste] Altbst@iet. 50l GEOS-Chem
Ofof| tigh F7FAFS APttty

A ArgstGize] & AR M= T T FoMoL Aol it vl AR =
Street &2 A2 E AF83}9tHZhang, Q. et al, 2009). o] ¥Wj&=F A7 CO,
NOy, SO;, NHs, VOC (9%)¢] A= E i =oll SHA 483 3 20061 AF= (Street
et al, 00005 7|22 1 o]$9] AR oJA| AR ®sto] B, scaling factors:
2 g3to] hAFsHGITkD o] Qo= GEOS-Chem 23> AASH, HEd4 5 A4
A S ARE 7EA R A ARESHAL Jlom Z1E ofoj=E & FA ol
Wit eSS =geta ok & dAFolA = PMo] A3E 4kEstr] $18fAl
2174 10me] - 8k= WA (dust) 2} & Ate]=29] g of|o] 2&(sea salt aerosol)
Y 2%= 835t PMpe] AlEit4 =5 AEshith

o[t 24l 79| di7|skepdrdo] 582 11 % FE A 22 ti=
2l A xple] Atoll E-gH ]Ik o] mHlo] 382 53 TA] ti7|egel wHE
AAE BE A=t o Al o] EE-okekE] 2 W] b7] LdEEy
A7 T 8 SRMEC] Feet HapEo| tith WIS olside =N ti7| HdEE
Holel 352 olsfistar 1 gt wAE S A Hsk= ] E8d = Utia

2] 2010).

[
A

IL:

1) GEOS-Chem X4l9] User's Guide
(http://acmg.seas.harvard.edu/geos/doc/archive/man.v9-01-03/index html) & A1&+4] 9](2010) ZF=.
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GEOS-Chem 0.5 x 0.867 resalution (SE Asfa region o ?

7 0 T e
nﬁir : ﬂé\ C\%i%} !
(f} E@gg % a:western SMA
; 1'9":%19 . b:eastern SMA
: ‘ ~ C:Chungnam
(/ 7 . d: Kangwon

Az AR A 24

(38 4-1) GEOS—Chem2| OfA[O} X|¥ B2 CH7|E Zolo| X|HH(a%K)et =2

HAFOIA =L 7 |& e 2ME ol FEE XY(a: M+ d, bl MEH, C:
) z

B, o ZEKY), S, YUKGS £ MALMAILO| Z3E KN,

FA O] A= 5 ARE T3l A5l o e FAl0 USAE Higt s

B2 A YEEA scalingl H2e] Amolvol 7|F0 R Afgkow, ofo] Fgah=(of
x 60 km B2 S AU ARE Sste] wwshgich o F ofgle] 4
ssick T o718 Brke ARAelH BAE A6% HE71R A et v
2 e O R Uhe) AYUSET, BrET SR, s, 1Y

41 F2)e dPOR Sgon ol 42-pae] Asfstech
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7t axlmel Bt

SAmele] HrHE Sl AYTEF) B ARE 4, vlusks 3] Bas

ok ol A SAmo| 1S Sl SRR thy] BEue] Pt e mEs
yaKe)

ek AR, oA AR 7| e HdEE o TRl oiIBERHSO), YAkst

H

FHCO), o] HSHEANO) 5 % 61502, o] FolA 7128, & 5 23 HES
SRS RAR A gste] welEm Qe

Seele) g7 advles ARES s 91t trlede] Hug gedon
hetelr] Sla) SRR, (10200 met vh)Esel 4ol ae) 7]2e A%
ShaL, 19784 ol4ksighel] gt 7% BHE AT og = AAI7X 530 A

7, ZstEolgth(E 2-1 2 (5de ek, 2013b).

D H7|edsAE a%

2 3% 9 AR D129 129 TS TR0 HrlogRae] 38
W 2] upe} 5 117) $50) 249 Axsle] A5H 02 ARS S5t ek

2-3 A=) 712 GSHGL I A2l F 477702 SAHLE AA|sle] Talsta
AT #7475k, 2013b).
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(E 4-1) 2 ti7|etd71&
I WA (/)
G A I ] mAEA | e
(ppm) (ppm) 2z
(PM—10) (PM-2.5)
0.02/4
: A ZF 5] 15|
wna | bara | v || |
0.15/A17¢ v = =
_ ojitetE & 2E = sl A WAl
° (ppm) (ppm) (g/m’) (ppm) (ug/m’)
0.03/4
: 0.06/8A17F
20124 0.06/2 06/82] 0.5/4 - 5/9
0.1/~ 7k
0.1/ A%k
2z 22 ehA kel (2013D).
(H 4-2) f7|12¥ ™Y Mx|sig
= AAEE} (20129 129 T 71E)
o ZA7|ESAE(2507H) o FAtrIEA S (317)
o T=RRY7|SAL(387) o Yt AEA SAYQTHN)
| AATEEEA O . AT A
Y| s Egne) . PM-2.5 ZHYA)
o W7 ESAHL97H) o AFSAHTGA)
o IS FESHTG27)

AR S HE e (2013b),

S7he)7) 0 WA A
EAA e AH HE

Fehele 20019 195E 24 22
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2) d71eg ST
Unt 7] L AEAe sl olitsl, YAsteA 52 e AR, of ut
2t 71 e S ERHe 2 S o] AEHS0,)- A9 A 3 (Pulse UV
v 24 2] 24 3 (Non-Dispersive

Fluorescence Method), UAFE}EFA(CO)=
O0)= 3}t dFagH (Chemiluminescent Method), ~1

Z

Infrared Method), ©|AFa}2] Ax(
23 (02 AHe]A = H(UV Photometric Method) 2.2 S Ech. =31 njy

Z(PM-10)+= We}A Z2=2(3-Ray Absorption Method), 0] A 2| (PM-25)% 22k
E=CH(ELE o]o £ AE=AW) 181 F(Ph)-E YA 534 =H(Atomic
2 =2AHH(EFH3 7 s, 2013b).

{o

Absorption Spectrophotometry)

3 md Ay AEL YT ALY BEX BE 2Z
) 718 E4S 93k GROS-Chem 2]
AR A7 BA LA w2 B4 S| nfet vl 2

Ao dFEe M AdHeed, el S dd

(H 4-3) X2 HBE 2l MEE SFA HHEY
IEEE R e
Amd AR A, QEA, S, QLA A, FEA, WEA 42
Srmd | AL FUA, WAL BUERA, oF, 9, M, ol & 21
AV S, A4E, obAF (A5 WA B 5
7= A, B, A (A WL B 3

A AR A,



3. F2 f7|12Y &9 +=Xx|2o| Ay}
7t. Baseline £=X|22|(2009E, INTEX—B Street HHEZF S =2 AlE)

A FobAof WiE ARE INTEX-B n]AdS =ashHA] 2MdH Street Q14

B2 7]Zo = 009d e mulE Ante Sajite) 4712 2| (ASEB(W. SMA),
SrEAE SMA), T, 2 Ao diste] 2aEAims AE=ste] v, At
ArHLY 4-1 F2). <18 4-2>5E <18 4-5>%= 4709 2 2j2] CO, NOy, Os,
QO F=ol| thet ISkt meghe] vlwg Holal ok SO2e A=7t AL B35
At A FHoigho] 3 71EX150ppbv/AIRDE ZTtehe 497t EE7] wfie] 40
A Al L8kl

AAEERA(CO)E 53kl vl 7l Ao B A%+ H0ppbve A]skal Ar1d
4-2 Zz). AAFSIEA =7} 21912 314 (biomass burning) 3-8 919]7] tj7] 2.9
A ®2 AMET 913, FAA ] Ukt Hwrt 100pphy 0|8kl AL 7HetabH
o= Hi$- =2 Foln, Q19 uiEdRrs A e e o 4= olrk E3 YAk

+ HaA 71 7] & AT dieoll(of o) AA e olF 52 daFe] me- A,

.‘

O
=
2 AL 3l o 4o Fetehiks BASR It vt Eolxle A= Al

L= HiEo| 7Y 2 S et &

AN
Ak eaoll W2 NO, 23} clzido] Qiekal FABHIY 24 B2). 27 (8L
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chemistryol|A] 5= gFe=4(tracer) 5=

Checklist for NOx-Ox—Hydrocarbon-aerosol chemistry simulation with

SMVGEAR or KPP

# Name Description ‘ g/mole
Standard mechanism

1 NOx NO + NO2+ NO3 + HNO2 46
2 Ox 03 + NO2 + 2NO3 48
3 PAN Peroxyacetyl Nitrate 121
4 CO Carbon Monoxide 28
5 ALK4 Lumped >= C4 Alkanes 12
6 ISOP Isoprene 12
7 HNO3 Nitric Acid 63
8 H202 Hydrogen Peroxide A
9 ACET Acetone 12
10 MEK Methyl Ethyl Ketone 12
11 ALD2 Acetaldehyde 12
12 RCHO Lumped Aldehyde >= C3 58
13 MVK Methyl Vinyl Ketone 70
14 MACR Methacrolein 70
15 PMN Peroxymethacroyl Nitrate 147
16 PPN Lumped Peroxypropionyl Nitrate 135
17 R4AN2 Lumped Alkyl Nitrate 119
18 PRPE Lumped >= C3 Alkenes 12
19 C3H8 Propane 12
20 CH20 Formaldehyde 30
21 C2H6 Ethane 12
22 N205 Dinitrogen Pentoxide 105
23 HNO4 Pernitric Acid 9
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# Name Description g/mole
24 MP Methyl Hydro Peroxide 48
25 DMS Dimethyl Sulfide 62
26 SO2 Sulfur Dioxide 64
27 SO4 Sulfate 9%
28 SO4s Sulfate on surface of sea—salt aerosol 9%
29 MSA Methyl Sulfonic Acid %
30 NH3 Ammonia 17
31 NH4 Ammonium 18
32 NIT Inorganic nitrates 62
33 NITs Inorganic nitrates on surface of sea—salt aerosol 62
A4 BCPI Hydrophilic black carbon aerosol 12
3 OCPIL Hydrophilic organic carbon aerosol 12
36 BCPO Hydrophobic black carbon aerosol 12
37 OCPO Hydrophobic organic carbon aerosol 12
33 DST1 Dust aerosol, Reff = 0.7 microns 29
39 DST2 Dust aerosol, Reff = 1.4 microns 29
40 DST3 Dust aerosol, Reff = 2.4 microns 29
41 DST4 Dust aerosol, Reff = 4.5 microns 29
2 SALA zé{cgﬁunilﬂgg(lm_ r(r)l%diuscera(l) nS,Sa)lt aerosol %
S L e %
4 Br2 Molecular bromine 160
45 Br Bromine radical, or atomic bromine &0
46 BrO Bromine monoxide %
47 HOBr Hypobromous acid 97
48 HBr Hypobromic acid 81
49 BrNO2 Nitryl bromide 126
50 BrNO3 Bromine nitrate 142
51 CHBr3 Bromoform, or tribromomethane 253
52 CHZBr2 Dibromomethane 174
53 CH3Br Methyl bromide B

SOA mechanism
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# Name Description ‘ g/mole
1-37 Same tracers as for the standard mechanism

33 ALPH A-pinene, B-pinene, sabinene, carene, terpenoid ketones 136.23
39 LIMO Limonene 136.23
40 ALCO Myrcene, terpenoid alcohols, ocimene 142
4 SOG1 i;gsc erb(g)re:so);zirgililgrtls of first 3 (ALPH + LIMO + TERP) 150
42 SOG2 Gas product of ALCO oxidation 160
43 SOG3 Gas product of SESQ oxidation 220
44 SOG4 Gas product of ISOP oxidation 130
45 SOGh Gas product of aromatics oxidation 150
B SOA e roeaon oddon O e
47 SOA2 Aerosol product of ALCO oxidation 160
48 SOA3 Aerosol product of SESQ oxidation 220
49 SOA4 Aerosol product of ISOP oxidation 130
50 SOA5 Aerosol product of aromatics oxidation 150
51-56 | Insert tracers 38-43 (dusts and sea salts) from standard simulation.

57 BENZ Benzene 12
58 TOLU Toluene 12
59 XYLE Xylene 12
Dicarbonyls mechanism

1-56 Same tracers as SOA simulation

57 GLYX Glyoxal 58
58 MGLY Methylglyoxal 72
59 BENZ Benzene 12
60 TOLU Toluene 12
61 XYLE Xylene 12
62 MONX Monoterpenes 12
63 SOAG SOA product of GLYX 58
64 SOAM SOA product of MGLY 72
65 C2H4 Ethene 12
66 C2H2 Acetylene 12
67 MBO 2-methyl-3-bute-2-nol 12
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# Name Description g/mole
68 GLYC Glycoaldehyde 60
69 HAC Hydroxyacetone 74
70 ACRPAN APAN (CH2CHC(O)OONO2) 133
71 ENPAN ENPAN (NO20CH2C(O)OONO2) 182
72 GLPAN Peroxyacylnitrate from GLCO3 137
73 GPAN Peroxyacylnitrate from GCO3 135
74 MPAN 2-methyl-1-oxo-2-propenyl nitroperoxyde 132
7 NIPAN NIPAN (NO20CH2CCH3CHC(O)OONO2, C5PANIS) 224
GEOS—Chem 9| ZFItt2 H4 (Diagnostic variables) B2
ND48 | Dimension | TIMESERIES AT NL = NUMBER OF LOCATIONS Units Category
GEOS—Chem t rted t
1-N |@JL) e Hranspo racers [v/v] IJ-AVG-$
(Tracer # for GAMAP = 1 .. N_TRACERS)
OH concentration -
7% |(LJL) (Tracer # for GAMAP = 2) [molec/cm3] | TIME-SER
NO2Z concentration
WL e cer # for GAMAP = 19) Lo/v] TIME-SER
PBL heights
B WL Tracer # for GAMAP = 1) (m PBLDEPTH
PBL heights
e (ILJL) (Tracer # for GAMAP = 2) [levels] PBLDEPTH
Air density o
8 |TJL) (Tracer # for GAMAP = 22) [molec/cm3] | TIME-SER
3-D Cloud fractions .
81 I8)) [unitless] TIME-SER
(Tracer # for GAMAP = 19)
Column optical depths . G
&AW Tracer # for GAMAP = 20) [unitless] ' TIME-SER
Cloud top heights g o
& | (Tracer # for GAMAP = 21) [hPa] TIME-SER
Sulfate aerosol optical depth . g g
8 @JL) (Tracer # for GAMAP = 6) [unitless] OD-MAP-3
%5 (LJL) Black carbon aerosol optical depth [unitless] OD-MAP-$

(Tracer # for GAMAP = 9)
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ND48 | Dinension | TIMESERIES AT NL = NUMBER OF LOCATIONS | Units Category
& |agn e ;a;ff‘}m optical depth [unitless]  |OD-MAP-$
8 |aJL) ?}fizfl;‘t;f(’; g}msj‘kl ;pﬁcal depth [unitless]  |OD-MAP-$
8 |1 (C;fariirn;o‘fj; seasal Ag’ticilgfe"th [unitless]  |OD-MAP_$
8 L) (T})fce‘i“;t f;’f%j]\jj}ih: Y [unitless] ~ |OD-MAP-$
0 |@JL) (T}):i esref?(l)tr tgamniegj‘ﬁo“ [unitless] ~ |TIME-SER
o (WL | e nian e N e [ UAVGS
@ |1 I(\IT%;‘;L?E;‘“&MAP ) [l TIME-SER
RN Z‘r’“;efr(l)t:ag%w AP - 3) [v/v) TIME-SER
CYRRRI(RAD) ?}lricz‘;x#}}?(f}é AMAP = 1) [m] BXHGHT-$
o s v [
5 i e wa pomns
o7 |ag | f;‘}(fra'gwfd} ) [vs] DAO-3D-$
o8 |agn)  [Vendonal Mg e oy [mvs] DAO-3D-$
9 @D fﬁg@ﬁf f;rpgm - D [hPa] PEDGE-$
100 |@sL) (Tj?f;gga%; CAMAP - 3) K] DAO-3D-$

115-121 [(L],.L) Size resolved dust optical depth [unitless] OD-MAP-$
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Abstract

The Impact of National Plan for Future Electric Energy Production
on Ambient Air Quality of Korea

This study tried to evaluate the impact of government's future electric energy
production plan on the ambient air quality of Korea. The 6th government plan
will increase the number of power plants mostly in Kyunggi, Incheon,
Chungnam, Kangwon, and Kyungnam regions of Korea and most of energy
source of the plants except in Kyunggi area is coal. The results of this plan
will increase CO, NO,, SO,, and PM emissions over these regions by 10 ~ 50%.
Our air quality modeling projected that the number of days which exceed the
air quality standard for O; and PMjo will increase, mostly less than 5 days.
However, the NO, concentration over western Seoul Metropolitan Area (SMA)
and Kangwon will increase significantly, which may trigger further
environmental impacts such as acid rain and secondary aerosol production.
Long-range transport of air pollutant is another important factor of Korea air
quality, and the model calculation the future higher Chinese emissions scenario
can be more sensitive to the Korea air quality than the scenarios of substantial
pollutant reduction, which implies that the implementation of current pollution
control policy of China would be critical to maintain the air quality of Korea.
Thus the international cooperation for pollution reduction can secure the
international benefit by pollution control.

Keyword : National electric energy production, air quality, ozone, emissions,

Korea
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