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Abstract

Greenhouse gas (GHG) and Air Pollution (AP) emission inventories have been constructed and estimated indepen-
dently up-to-date in Seoul. It causes difficulty in GHG and AP integrated management due to a difference in emission
inventories. In this study, we constructed GHG and AP integrated emission inventories for direct and indirect sources
in Seoul during the year 2010 in Energy activities for estimating GHG and AP emissions were derived from IPCC
guideline, guidelines for local government greenhouse inventories, air pollutants calculation manual, and Indirect
Emission Factors (IEF) reported by Korea Power Exchange. The annual GHG emission was estimated as 50,530,566
tonCO,,, of which 54.8% resulted from direct sources and the remaining 45.2% from indirect sources. Among direct
sources, transportation sector emitted the largest GHG, accounting for 47.3% of the total emission from direct sources.
As with indirect sources, purchased electricity sector only emitted 98.6% of the total emission from indirect sources.
The annual AP emission was estimated as 283,701 tonAP, of which 85.9% was contributed by the combined AP
emissions of transportation and fugitive sectors. Estimation of individual air pollutant showed that the largest source
were transportation sector for CO, NO,, TSP, PM,, and NH;, non-energy sector for SO,, and fugitive sector for
VOCs. This study found some limitations in estimating GHG and AP integrated emissions, such as nonconforming
emission inventories between GHG and AP, and no indirect AP emission factor of purchased electricity, and so on.
Those should be further studied and improved for more effective GHG and AP integrated management.
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A5 u A7 IPCC
wpzw A 13347

9
(2013) RCP 8.5 Alu}g] e
(1880~2012) A A 7 7]—3—% 0.85°C Ars3lele
=, "A 2AZEA A7 ALE S 21*1171 o
7] 2= 1 37°C, AeHE A 63em A5
7 oletar Avatar Qluk f-2ukehs A 1000d7E
(1908 ~2007) 1.5°C, &A= 2.4°C Ar535ldom,
2 53d7F LA AFF 7T 1,643 mm (2007
~2011)2 A 100837} 1,330 mmel] 1) ske] F2 3]
Ar2=3}9 o}k (Seoul City, 2013; Korea Meteorological
Administration, 2011).

MeAe ke fx2 A, A4, £33 52
FAARL FAlel ellvA] Aok 4m] FA o] =49
o). ZA|o| %] 7]+ [EA (2012)9]] 9)shd S-ev}el=
2010 71 AlA 1090 s ClvAE 4
st glom, A28 oluvx] AwlekE A&Hel F
7}2 ®o|x ¢lth(Seoul City, 2011). 2010 -z}
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2 ey} (Korea Energy Economics Institute, 2011).
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2E A§ 37%, =A7FE 33%, A 25%2 A ¢
w12l 95% o] -& AA| 3 Aoz vehytt (Seoul
City, 2011; Korea Energy Economics Institute, 2011).
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A &Sl o3 oI ATH(NIER, 2014). o]
2A 78} Yo ek AR Aot Ao
2 AP 3 AT A7 SR A g

&5 e} =3k IPCC (2006) 7Fo] =2helel] 2]
3 A" e LAVEA 7w &S FE AR
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ole] & AT+ F 7HA EFHelA 71E9] AHA
Azt g2 AS doh A=z, A
A3 AT ZEe] AT} AMEA] WellA
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2 AT A2, AEAlA ALgshe Al
AUA = ek, e, vhel 2ellv#], F4, daAd
2, A7, AL F TRFR, o] FellA] Hle] oA
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Table 1. Urban characteristic information and energy activities of Seoul.

Level Specific sector Unit Value
Gross area Km? 605.25
Total population Person 10,575,447
City size Population density Per/km? 17,473
Households House 4,224,181
Person per households Person/house 2.44
Coal 117
Petroleum 5,800
City gas 5,127
1,01
Energy Thermal energy 000 toe 510
New/renewable energy 97
Electricity 4,067
Water supply 1,000 m* 1,120,291

o A8E 3 9 FEIE 3 ASH (Top-
Down Approach, TDA)S o] 43le] 2l22 7-33}%]
ot 2 12> A7 AYge] 543 «duAdE &F
=5 vER AelH, 20109 7E A2A] WAL
605.25 km?, Q1= 10,575,4479 o]} (Korea Energy
Economics Institute, 2011; Seoul City, 2011).
o3 AA A2 HAul & (scope 1), =4
(scope 2), 7]ep &4 (scope 3)o.2 F-R& 4 glo
™, scope 1S A8d4 Fol| 23] 2HAe= wE
H& w4, scope 2% A FwiEde] oy AY F
2] Akgel o8 Moz wiEE: wiESd, scope
3% scope 13} scope 25 A|£]3F o] 9] W ZH & Wl
249 v 9 d9gst $edAAE 2R
scope 1 A AL (A Ak E A A A,
ol 54, EFulE T3 AlA YA (Bfe] 2
yA, H7| B2 3l en, scope 23 FHlA,
Fepdaem 23 A AR (ekE, eFd, A
B2AA, Y, ADE FEIUH 2 A7 ¢ldA
e VFor 2AA-Yr) e B8 wiET
<+ A7) W Eell scope 3% AP A A 2]k
Ao WEA e MEA YR v FRo
4E EYE 2AtAYI e 5 wEES 3}
J5tar, Fd e A - 3 AR L
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A 9 AN s Bk A 2
vl 244> (Indirect Emission Factor, IEF)& 7|ulo
2 AFA 3l (Korea Power Exchange, 2012; Korea
Environment Corporation, 2012; NIER, 2010; IPCC,
2006). & 20 SAbAA 2 B ES AV
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daz FEIE e, 20110 mEFAFelA
B3 20108 A T A s 27 3
M A FADR B vpekow AekalAle) (Vehi
cle Kilometer Traveled, VKT)S #A£3}o] tier-3 =&
oz £aslast dy) e B MEFE AEaRIT
(Kim et al., 2012b; Korea Transportation Safety Auth-
ority, 2011). 3E7)= ABAFEL o] 83} tier-17}
ter-2 PR AL tier3 579 7]3W ol A%
(Land/Take-Off Cycles, LTO)$} 2] AF-d) &) (Ground
Support Equipment, GSE) $-¢3 A 7+-& o] -8-3}o] A1
Aedrlesd B MERe Abgsielen, )
s AR E BEwsh FAlske] Aol A
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o2

5
Ul
J
Z

3]
i

X‘E :IE: 011) ol

il ot o a4 a3
>



(#102)T ON ‘0€ 'TOA VSO I

Table 2. Methods and equations of GHG-AP emissions estimation in energy sector.

GHG (Greenhouse Gas) AP (Air Pollution)
Source
Sector Method Equation Equation Method Sector
Energy industry/ . Pubic generation/District
Tier-1/2 E=> (A;XEF; E=% (A, XEF)X(1—R; i
Manufacturing fer-1/ ! ;( ! ) ! ;( ! I*(A-R) Tier-2 heating/Manufacturing
Alircraft Tier-3 ELTOZL%) (Nopro X EF10) ELTO:L%) (Nopro X EF10) Tier-3 Aircraft
Vehicle Tier-3 Ef,j,kzijZk(VK Tiju X EF;ju X Vehicle ) Ef,j,kzijZk(VK Tiju X EFyju % Vehicle ) Tier-3 Vehicle
Railroad Tier-1/2 E=2_(AXEF) E=2_(AXEF) Tier-1/2 Railroad
E;=>"(Owernership; X Power; X
Construction/Agriculture Tier-1/2 E=3_(A; X EF)) ‘ Tier-3 Construction/Agriculture
! Power Ratio; X Operation Time; X EF;)
Non-energy industry Tier-1/2 E= le (A X EF) E= ZI“ (A X EF) Tier-1/2 Non-industry combustion
Scope 1 New/renewable energy Tier-2 Ei:;(Ai X EF) Non-classification
E=3_(Gasoline; X EF) Tier-1/2 Energy supply
E;=>_[(Paint; x EF+Thinner;
! Tier-1/2 Coating
Specific Gravity;) X (1—R))]
Fugitive Tier-1/2 E;=>_(A;XEF)
i E;=3_(No of People; X EF) Tier-1/2 Cleaning
E=2_(No of Facilities; X EF;) Tier-1/2 Washing
E=2 (A XEF)x(1—R) Tier-1/2 Other use
Electricity Tier-2 E;=2_(A;XEF)
Water supply Tier-2 E=2_(A;XEF) Non-classification
Scope 2
New/renewable energy Tier-2 E;=>_(A;XEF)

a) E: Emission, b) A: Activity, ¢) EF: Emission Factor, d) R: Ratio, e) No: Number, f) LTO: Landing/Take-off Cycles, g) VKT: Vehicle Kilometer Traveled
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I AxE MEA W ol T A ABAMSEF
2 o] 83} tier-13} tier-2 =50 2 AFA 3} (Lee

etal., 2012; Lee et al., 2011). AAAM] &} =974 =
20109 Zsd Aol w3 F4U1A 2 F
3l 1S A AT 0 4 FAARE v
o2 AT ALUR FE FEo LA
= tier-13} tier-2, 7] 2.9 EA L tier-3 $~F 02 Ab
A 5}l3 v} (National Academy of Agricultural Science,
2010). &2 A8 AF, AAF 1= 54
2& o] 83}o] tier-134} tier-2 =52 2 3}gt}

Scope 28] FI AL AZALTAL FA 9w A
3 AeAgee Aesle] B0 704 Korea
Power Exchange)ol| 4] A 23l= 7P| 2442 o] &
3te] tier-2 E o2 JAVEA WS APk
qelm P AeEE AeA FALRAN Aas
FE3te] ol ANEE AP o] 431
ter2 $E0.2 £A7k W2 AR

AARBANIA] F ute] ol 7] gl #7182 YAk
29 W A ol gab 4aE oliAE o
L3} tier-2 £F o2 2A7FA wEeFS scope 12
2 APgsllen, o 9o ek, ek, daAA,
¥, A GRE A AR = scope 22 AHY 3]
o} (Korea Energy Management Corporation, 2012;
Korea Energy Management Corporation, 2011).
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Table 3. Comparison of reconstructed emission inventories between GHG and AP in energy sector of Seoul.

GHG (Greenhouse Gas) AP (Air Pollution)
Contents
1 2 3 1 2 3
Energy industry Energy industry Pubic generation/District heating
Manufacturing/Construction Manufacturing Manufacturing/Others
Off-road Aircraft Off-road Aircraft
Passenger car
Small truck Car, taxi, RV, Truck, Bus
On-road On-road .
. Heavy truck/bus . . Special car, Motor cycle
Transportation Transportation
Motor cycle
Railroad
. . Railroad, Constructi i t,
Off-road Construction equipment Off-road a r oac, -ons ruc' 1ofl equipmen
. . Agricultural machine
Agricultural machine
Scope 1
. Residential, C ial, Public, . . . . S
Non-energy industry esicential, L-ommerctal, FUbTC Non-industry combustion Commercial, Public, Residential
Agi-fishery
Bio- I
New/renewable energy 10-energy Non-classification
Wastes
Energy transportation Gasoline
Liquid transportation Production process Petroleum products
Fugitive Refinery petrol(?um products Coating facilities
Gas transportation and storage . e
Gas distributi Oreanic solvent Cleaning facilities
as distribution & Washing facilities
Other use
Electricity Residential, Public, Service, Industry
Water sunpl Home, Business, Commercial,
PPLy Bath house, Others
Scope 2 Solar thermal Non-classification

New/renewable energy

Solar PVs
Fuel cells
Wind power
Geothermal
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Table 4. GHG-AP integrated emissions from specific direct sources in Seoul, 2010. (Unit: ton)
Source COyq AP co NO, SO, TSP PM,, VOCs NH,
Total scope 1 27,891,375 283,701 99,139 74435 3,102 2,640 2,610 99811 1,964
Total energy 27,784,858 283,701 99,139 74,435 3,102 2,640 2,610 17,990 1,964
Sub-total 2,006,288 5,408 996 4,173 8 31 30 133 37
Energy Industry 1,821,206 5,235 966 4,054 7 22 22 130 34
Manufacturing 185,082 173 30 119 1 9 8 3 3
o Sub-total 13,178,917 162,092 87,053 51,303 488 2277 2,286 17,020 1,664
2 Road 12,528,883 131,130 80,161 32,385 368 1,544 1,554 13,509 1,609
_ g Aircraft 392,404 2,358 1,006 1,050 107 16 15 164 -
g, Eﬁ E‘ Train 25,843 872 205 504 13 33 33 83 1
é ;C: E Construction 81,658 27,719 5,678 17,356 0.2 684 684 3,263 54
Agriculture 150,103 13 3 8 0.00008 0.46 0.46 1 0.028
>, Sub-total 12,599,653 34,380 11,090 18,959 2,606 332 294 837 262
en . .
5 Residentiall 5456308 33801 11,001 18524 2604 318 281 82 251
o Commercial
5 Public 271,332 394 58 308 1 4 4 13 6
z Agri-fishery 150,013 185 31 127 1 10 9 2 5
New/renewable Energy —836,934 - - - - - - - -
Fugitive 943,451 81,821 - - - - - 81,821 -
14%10° 200 % 10°
= GHG
T 12x10°4 EZEE AP
o) , B
2 10x10° [150x10° %
S £
o 8x10° 2
g L100x10° §
E 6% 10° 1 é
é o | g
g v Ls0x10° 2
% 2% 10° E
&) Ay
<
E o o
-2x10° . . . < .
) évg\ﬁ \\\(‘\(\% -\‘b{\o‘\ X;‘@(g‘i e \\@\'\qe
g\e‘g w ﬁa‘\\@c (‘@@90\ o N e(\e‘%‘l A
@
Sources

Fig. 1. GHG-AP integrated emissions from sectors in scope 1.
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pakgom, o] 3 WA AfAE $E ek
WA 471 3131&- (Non-Methane Volatile Organic Com-
pounds, NMVOCs)ol| wjajA] wl&sF AHA-S 3lgich
T3 7] e 4 BAS VOCs thel BAle] ghalA v
Zere Agsslen), dliAss 2 AL 57184

Y ATk e B R (01004 157
oz 7Rt ool e 2R UAF 2
A7k @ NMVOCsE 247} 119,341 tonCO,,,, 3,891
tonNMVOCs =AM = ¢glom, t)7] 2.9 E4-& 78,001
tonVOCs2o 2 AP =g g B o) B3 Ak &
98 AHE eAl7ls BEe] NMVOCse} 7] 2.9
22 BEo] VOCs 32 81,821 tono2 AHY =
et

AN AAAFE-2 2 Tl A scope 122 A4
gk ulo] o x] e} #| 7| B2 FEete] 2ATERe]
A ARG e vle] LelluiA] g} 7| R A
A daE Bt A " d& Ak el A
AR odyAE o] &3ttt AEA]l A AANAA] AL
Lol o8] AR A7k~ F2 836,934 tonCO,, =
vl on, o] & scope 1 HH] of 3%el g3t &
A7k ZAEaI) Qe Aoz dehs
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3.3 FEY Y S 24IIA-f7|2Y
SE HEZ

20109 AgA oAUA AEFE o83 ¥
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& o] Azk LA 98.6%= TP e
W& sl en, FujAleEr) 1.6%, 283 A1) A
SUIA = scope 2 A 7EA wlZEF Tiu] 0.2%2] 7
2082 AR,

o o
o

Table 5. GHG emissions from specific indirect sources in

Seoul, 2010. (Unit: ton)
Sources COyq

Total scope 2 22,648,191

Sub-total 22,319,472

Residential 6,173,658

Electricity Public 1,675,999
Service 13,360,963

Industry 1,108,852

Scope 2 Sub-total 371,937
Home 241,796

Water suppl Business 29,602
SUPPY Commercial 81,617

Bath House 10,271

Others 8,651

New/renewable energy —43,218
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i 2 e SATES e AAE
AV EE o5 2ok A E e A Az 247
2 &2 22,319.472t0nCO, 2 AP E Gl 0, &
EH2E AE]2 HFo] 13,360,963 tonCO, 2 ZHY
WS 2ATRS FulEge] oF 60%el sk vl
=% &2 el 5oz 7P HHEe] 6,173,658
tonCO, 02 AP =Gl oM, o]= oF 27.7%2] ¥l&&
AL Glo) Aulzs} 7P pel A ZHY &l
H 2ATES Sl Eee] of 87.7%2] wiE Wl &S B
ot

Tl el o3 Azt 2AVRS i EEE 371,937
tonCOy 02 YEpfow, $xd2s 7Hd o
241,796 tonCO, 2 o 65%2] Bl & B
o2 Aol 81,617tonCO, 2 ¢ 22%F 24|38}
T AR e

ohe

25x10°

20 % 10°

800 x 10°4

400 x 10°4

0 1 _

New &
renewable energy

GHG emissions by scope 2 (tonCO,,)

Electricity Water supply
Sources

Fig. 2. GHG emissions from sectors in scope 2.
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Table 6. Total GHG-AP integrated emissions from direct and indirect sources in Seoul, 2010. (Unit: ton)
Sources COyq AP CcO NO, SO, TSP PM;,;, VOCs NH;
Total (Scope 1 and 2) 50,539,566 283,701 99,139 74435 3,102 2,640 2,610 99,811 1,964
Total scope 1 27,891,375 283,701 99,139 74435 3,102 2,640 2,610 99,811 1,964
Energy industry 1,821,206 5,235 966 4,054 7 22 22 130 34
Manufacturing 185,082 173 30 119 1 9 8 3 3
Scope 1 Transportation 13,178,917 162,092 87,053 51,303 488 2,277 2,286 17,020 1,665
P Non-energy 12,599,653 34,380 11,090 18,959 2,606 332 294 837 262
New/renewable energy —836,934 - - - - - - - -
Fugitive 943,451 81,821 - - - - - 81,821 -
Total scope 2 22,648,191 - - - - - - - -
Scope 2 Electricity 22,319,472 — — — — — — — —
P Water supply 371,937 - - - - - - - -
New/renewable energy —43,218 - - - - - - - -
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