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2006 % = A7 )
CO, wiZE&o] 5322 Mt CO; eq2 HA 2472 W&o 88.8% 7S AA|staL

e
o
filo

AR, 4 <F 1>004 Hiuiel 2o

£

Atk CHy9F N,OY &S z+zb 253, 155 Mt CO, eq 2 A viE&H9] 4.2,
26%5 At vk 247t~E wEF FUHES AT EY, COF 1.3%, CHu7t
0.3%, SFe7} 6.9% =713 Wb, N,O= 13.9%, HFCs:= 9.1%, PFCse 24% A%
Aoz Yeth ol Ul 7IdE9 CDM AlY S22 A% 247l AH7kgol

AHE A7) ) E o).

Table 1. Trends of greenhouse emissions in Korea

(unit : Mt CO» eq)

. Annufal
Type ‘90 ‘00 ‘04 |incresing| ‘05 |incresing| ‘06 |incresing 1nc1§_§21ng

rate rate rate ('90~'06)

Total 298.1 531.0 590.4 1.4 594 .4 0.7 599.5 09 45
257.7 466.3 518.0 525.1 532.2

CO: 864) | (87.8) | (877) 121 883 141 888 13 46
36.6 28.0 27.2 25.2 25.3

CH, 123) | G3)| @6 ¥ w2y TP 03 23
29 14.4 20.1 18.0 15.5

N>O (1.0) 2.7) (3.4) 16.2 (3.0) -10.4 2.6) -13.9 11.1
1.0 8.3 6.4 6.5 5.9

HFCs 03) (1.6) (11) 1.8 (11) 0.6 (1.0) 9.1 11.8
2.3 2.8 29 29

PECs n.a. (0.4) 0.5) 21.1 0.5) 3.7 (0.5) 24 11.5
11.7 15.9 16.7 17.8

SFs n.a. 22) 2.7) -8.6 28) 4.7 (3.0) 6.9 11.0

1. () - ratio.
2. PFCs increasing rate of emission is calculated based on 1996 emission,
SF¢ increaing rate of emission is calculated based on 1994 emission

Source) MKE/KEEI, 2009

2) CDMAFY - 24k8l8} HRCES)(S 1495 tCO, eq), 2T]o} N,O £3(A 9297 tCO, eq)
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ol HEHFS F 637 Mt CO, eqZ AA wiEF2] 10.6%
a ¢ w94H HrIE FEAAY wiEFF> 47 151, 154 Mt
CO; eq®]tt.

A1 A}
golug, A7t~ FHEH 94.9%E AA e dyA - G FAFE U T

A 7% D neg FA PY 5L A9 weo] $4E, A%How o|FoiAol ¥

Table 2. Trends of greenhouse gas emissions by category in Korea

(unit : Mt CO2 eq, %)

Annual

. . . . . . . . __|increasin,

Category ‘90 ‘00 ‘04 |increasing 05 |increasing| ‘06 |increasing rate &

rate rate rate

('90~’06)
247.7 438.5 489.0 498.5 505.4

Energy ®31) |  (826) | (828 161 (839 191 843) 14 46
19.9 58.3 68.5 64.8 63.7

Industry ©7) (11.0) (11.6) 0.4 (10.9) 5.3 (10.6) 1.8 7.5
13.5 17.0 16.4 16.1 15.1

Agriculture 2.6 19 6.4 0.7
& @5 | 62| @8 27) (25)
17.0 17.2 16.5 149 15.4

Waste (5.7) (3.2) (28) 3.3 2.5) 95 2.6) 29 -0.6

Gross
. . 298.1 531.0 590.4 14 594.4 0.7 | 599.5 0.9 45
emission
Land Use -23.7 -37.2 -31.5 -6.7 -32.0 15 -31.2 -2.5 1.7
Net emission 274.4 493.8 559.0 1.9 562.4 0.6 | 568.4 11 47
1. () - ratio

2. ‘90 ~ ‘06 increasing rate is the average value of the annual increasing rates.
Source) MKE/KEEI, 2009



S 2 A2 19609HE ARz S FEALQ e hE 97 o=
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AAHE FHo2 st T FEZ A Fot Aol o= vk HZd= 4
Al ER el TA A e) wiFo] wokAle W, AuA AHgos Q1 24
7k wlE 5 BAARD EACl FEE I v mebM FAEY 27
AT TG AAANIA G| G FE53] WEsle FAE Holal glth

< 3>9A He= upe} o], 2007d =] LA AR AW S AHEWH, LNG &

ox
filo
=
)
o,

HlF2 14,114 ATOE(16.8%)=, =W A TH d8 MHEF T A" o=

Table 3. Trends of fuel consumption for electricity generation in Korea
(unit : 1000 TOE)

Fuel Consumption for Electricity Generation

Fuel type
2001 2002 2003 2004 2005 2006 2007

) 3,888

Heavy oil 5,442 4,501 4,335 4,037 3,900 3,596
(4.6%)
107

Diesel oil 97 250 577 125 105 139
(0.1%)
1,087
Anthracite 1,312 1,261 1,331 1,131 1,092 1,069 (13%)
32,848

Bituminous 22,998 24,699 25,229 26,840 28,302 29,492
(39.2%)
14,114

LNG 6,227 7,792 7,802 10,697 11,122 12,316
(16.8%)
52,044

Total 36,076 38,503 39,274 42,830 44,521 46,612
(62.06%)

Source) MKE/KEEI, 2008 Yearbook of Energy Statistics, 2008



TW LNG +8 %S &

HEY, <E 4> B uke} o] ‘873 LNG &5
AAL o]l F AR 15% 4 FIFstAoH, A= Fo A Hgo] ghad 029 o
T Z7HE L 84%E FAEHJY EAIVIA FaE 87 ~ ‘02ddE AHT TS0
39.6%° °l& Brw F£3] FrlstA o, '02id olFole 52%% A FHAs3

H

ot THE LNG e ‘029 olF dEFa9 F7beh Ff vl LNG A
Astell mel o7k F7eke] AFF 132%9) HIEE S7IEHATH.

N

Table 4. Trends of LNG consumption for electricity generation
(unit : 1000 M/T)

) Annual
LNG 1987 1997 2002 2007 2008 increasing rate (%)
(Predict)
‘8702 02~'07
Town gas 75 5,770 11,194 14,449 15,352 396 5.2
Electricity 1,537 5,377 6,509 12,075 12,095 10.1 13.2
generahon
Total 1,612 11,147 17,703 26,524 27,447 173 8.4

Source) MKE, the 2008-390 announcement, 2008. 12.

222 A Ak Fo]
< 5>o4 BE Hie} o], Iy AYrHF F/4ES 90dd o|F=E HA =
o531 Qe FAolth. ayy ¥l 1 AT MHAHF(05E VIF)S HTEY,
8,064 kWh/ WO 2, AAl 14912 Th =2 FTo|th(<ik 6> FX). T3 2008 A

AAAR] AEauF Ao w2w

%]

AYin e FF ASHon Frlstd,

3) A4 AANR, A9 7] HA7IAF 5719, 2008. 12



2020 0] %& 513,013 GWh(‘06'd 348,719 GWh)ol 23 o2 o)4atm T, ol
S 23 BRI A wl&F A A], IPCC G/L9 default emission factorS A}-&3}
o Tier 1 759 WEFs AHEeHA =9, =71 AA 247t wiEEe A% 7

A Qo dRch meb F7h LAzt BA A4 A, A% R 9E 35S

il

easls MEF AR AANE 4 ARE, V1 A NEAS 4T 429

T A
25w A THo] dAgolol ¢ Ao feEn

Table 5. Trends of electricity consumption in Korea

Electricity consumption ‘91 ~ '95 ‘96 ~ 700 ‘01 ~ '04 ‘05 ~ 07

The average value of 13,777 15,253 18,140 18,836
annual increasing ammount (GWh)

The average value of 116 8.0 6.8 5.7
annual increasing rate (%)

Source) MKE, the 2008-377 announcement 2008. 12.

Table 6. Comparison of per capita electricity consumption (2005)

Korea US.A UK Norway Germany  France Japan China
pei‘f?ﬁ’ ita 8,064 14448 6,651 29,894 7,522 9,176 8,628 1,914
Rank 14 5 21 1 17 9 11 33

Source) OECD, 2007 International statistics, 2007

4) A2 AR, 2008. 12, Ad3t AHSFFT71EA (2008 ~ 2022)
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U B A LAY S5 <iE 7>olA Be bk 2ok F oA e A

o)

=T

Sol A Afogt gEatd sz WA Fe
al

9
= woly g taas Fradth 1 2004d o] F FAHCE YTy
e 87 2 AAANIAE o] & wrle] A5 Ak

DAL F DAAu e 11,288539 kW= = A
D AREH] 20% AEE AA S e AoZ ZAME AT, ] B3siEa
o] MulgEe FHTYHELA(19,340,000 kW, 32%), AAHHA(17,715,683 kW,
Be FEolth 2t eavts viEge A A4 e

2
b2 wjEo] A9 gl7] Wi 2 Mg & FFo|th

Table 7. Trends of electric power generation capacity by facility

(unit : kW)
Electric Power Generation Capacity by Facility (KEPCO & Subsidiaries)
Type
2001 2002 2003 2004 2005 2006 2007
Hydro 2,836,350 2,836,350 2,836,750 2,836,780 2,838,180 4,438,180 4,440,445
Anthracite
Coal 1,291,000 1,191,000 1,191,000 1,125,000 1,125,000 1,125,000 1,125,000
oa
Bituminous
14,240,000 14,740,000 14,740,000 16,340,000 16,840,000 17,340,000 19,340,000
Steam Coal
Heavy Oil 4,490,000 4,280,000 4,280,000 4,308,600 4,308,600 4,388,600 4,488,600
LNG 1,537,500 1,537,500 1,537,500 1,537,500 1,537,500 1,537,500 1,537,500
Combined cycle 8,385,000 8,985,000 8,985,000 10,785,000 11,288,539 11,288,539 11,288,539
Internal combustion 272,950 275,150 275,150 252,280 296,690 296,690 303,170
Renewable & other - - - 6,000 6,220 11,470 29,720
Nuclear 13,715,683 15,715,683 15,715,683 16,715,683 17,715,683 17,715,683 17,715,683
Total 46,768,483 49,560,683 50,432,383 53,906,843 55,956,412 58,141,662 60,268,657

Source) 2008 Statistics of Electric Power in Korea, KEPCO



2007'd ¥HA #2007, 1. 1. ~ 2007. 12. 31.)& 7]Fo 2 Amud, <F 8o K
© e} Zo] I HsiEddel F o dAEe 60,464,207 MWh=, U A &
Aol oF 16% FolAdth g wHe IAFES AQstH, FA=Rr|GEH
(149,623,092, 40%)°l ©]o] 2 ™A= B2 Foltt

AF7A FHE AT Zo], T HE FE(EH F8)9 T 247t wE
A EdSHAAS & A7 ud BokE dFsAd. a8
At A7t~ wEHS A fdE, SRS ERHAE g eE Country/

Technology-specific Bl &A1+5 A8t A vk

Table 8. Trends of electric power generation results by facility

(unit : MWh)
Electric Power Generation results by Facility (KEPCO & Subsidiaries)
Type
2001 2002 2003 2004 2005 2006 2007
Hydro 2,914,929 3262,259 3,479,466 3,041,497 2,867,016 2,913,934 2,779,290
Anthracite
Coal 7,007,385 6,674,542 6,959,937 5,787,070 5,789,778 5,709,388 6,061,545
oa
Bituminous
Coal 105,250,087 112,990,671 114,971,490 122,760,316 ~ 129,101,944 134,636,585 149,623,092
Steam oa
Heavy Oil 21,622,339 17,493,064 16,663,865 16,084,006 15,529,107 14,306,788 15,702,736
LNG 1,556,930 1,771,207 1,674,183 733,318 786,366 1,258,155 2,027,701
Combined cycle 23,588,815 30,535,106 33,075,254 47,652,451 48,310,945 54,173,773 60,464,207
Internal combustion 324,939 353,023 370,125 406,895 575,339 677,296 578,356
Renewable & other - - - 10,822 18,863 21,857 26,955
Nuclear 112,133,033 119,102,905 129,671,763 130,714,816 ~ 146,779,023 148,748,887 142,937,164
Total 274398456 292,182,776 306,866,082 327,191,187 349,758,383 362,446,663 380,201,047

Source) 2008 Statistics of Electric Power in Korea, KEPCO
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223 WHRFO 2472 wjE %

2006'd 7| oAU AFFO SAHVtE WS HFE T T HiEHY of 84% S AHA|
3kal 9lom, < 9>oA HE upet At qUARE F 24Vt: wEF T A%
oA 35.5%, At FwollA 31.3%, 7% 198%, 7FEAY 11.3%, 33 7|Efol A

09%E A8kl Atk A FiEo] 247FE wjE2 Y it mE 24A7ES

MEe, B eAsls WES F b Be BES AAGT A

Table 9. Trends of energy sector greenhouse gas emissions by category

(unit : Mt CO2 eq, %)

Annual
Source 90 ‘00 ‘04 increasing | ‘05 | increasing ‘06 increasing increasgng
rate rate rate rate (%)
Electricity 38.0 1259 | 165.3 171.1 179.6
generation | (153) | (28.7) | (33.8) 93 | (34.3) 351 (355) 50 102
. 87.6 153.1 | 157.8 156.9 158.3
Industrial (35.4) (349) | (32.3) -2.0 (315) -0.5 (313) 0.9 3.8
424 87.1 97.1 98.1 99.8
Transport (17.1) (19.9) | (19.9) -0.8 (19.7) 1.0 (19.8) 1.8 55
Residential/ 67.2 64.0 58.5 61.6 57.2
Commercial | (27.1) | (14.6) | (12.0) 47 (12.4) 531 (113 72 -1.0
Institutional/ 7.0 4.0 4.7 49 43
Other 22 | (09| (L0 31110 491 (09 128 3.0
Total 247.7 438.5 | 489.0 1.6 | 498.5 19 505.4 14 4.6

Source) MKE/KEEI, 2009

_13_



AT A3

A3ZIH EFSH LAY 247HE W)

A

Al

A7k )

i

3.1

3.11 =7} 24712 uj
<Y 1>& 2006 IPCC G/LoA A|A] 3}

OJAFA Y & (decision tree)°]Th. ©] SJAMAAE= A

MIELONEE

5

o]

7

A
]|

olJ

fugel
A
A
g
s

—

A

A =] ATHA Tier 3 Hi

, Tier 3 W& AW H 2 Tier 2 Hl

= Tier 3 v|=

4]

)

o]-&3}e] Tier 2 Hj

=
=

<A<+ (Country-specific emission factor)

™
To-

oo

7 2
H} Tier 1 vl&F 2H W (Default emission factor)= &3

ks

o o

A

!

B

ah

e =71 Key category®l

o]

=
=

< Hj

o}
s

sof g}

2

qo

o

o

oo

]

b EA S

AN

oj

A

_14_



Tier 2 Hi&% M4 WS AT 4 Y. 7l EA57 SR &%
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Figure 1. General form of a decision tree for estimating emissions from stationary combustion sources
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Table 10. Electric power generation capacity and it’s actual production of combined cycle

power plants in Korea
(2007. 1. 1. ~ 12. 31)

c/C

Power Plants Generating capacity Gross generation Average Load Peak Load
Unit (kW) (MWh) (kW) (kW)
Pyongtaek 480,000 921,916 105,242 524,000
Ilsan 900,000 3,568,156 407,324 817,372
Bundang 900,000 3,791,479 432,817 933,000
Ulsan 1,200,000 4,448,265 507,793 1,255,741
Seoincheon 1,800,000 11,012,625 1,257,149 2,070,000
Sinincheon 1,800,000 13,004,005 1,484,475 2,028,000
Boryeong 1,800,000 8,003,261 913,614 1,975,000
Incheon 503,539 3,781,386 431,665 536,800
Busan 1,800,000 11,870,165 1,355,042 2,251,000
Halim 105,000 62,950 7,186 108,800
Anyang 450,000 1,646,561 187,964 506,000
Bucheon 450,000 1,562,279 178,342 500,000
POSCO Power 1,800,000 3,879,771 442,896 1,752,658
GS Bugog 500,750 2,810,883 320,877 545,555
Yulchon 525,500 2,134,958 243,717 579,059
Kwangyang 989,200 3,862,346 440,907 -
Hyundai-Daesan 507,000 68,061 7,769 -
Total 16,510,989 76,429,067 8,724,779 16,382,985

Source) 2008 Statistics of Electric Power in Korea, KEPCO
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313 W& AHES fT d7=A

T;H o =2
Tl Besdwdss edslas NEALE 45 98 dFEAE A
At FAZAL dGAIES A7) 98] UA sl EgstEddae] dugd

BYE zAS=d, o A23s <8 259 2uh oA BHE nrel go), 2y =
17709 Batsle 2 s =, Ad]82F 100 ~ 500 MW ¥ 4 71, 501 ~ 1,000
MW W] 7 71, 1,001 ~ 1,500 MW <]l 1 71, 1,501 ~ 2,000 MW <]l 57

o] A7 BEEo vk

Number
N
T

0 0

<100 100 ~ 500 501 ~ 1,000 1,001 ~ 1,500 1,501 ~ 2,000 > 2,000

Electric power generation capacity (MW)

Figure 2. Classification by electric power generation capacity of facilities
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a9 F AWEFe 7280750 kW2 = T H93edds duldg iyl

45% AEE A st Yor w3, 20079 LA FS F 38,317,904 MWhE U

ga s A Bagel o 50% 29 Aow EAHAC,

ofy

g 18
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Table 11. The combined cycle power plants investigated in this study
(2007. 1. 1. ~ 12. 31)

Power Plants  Generation capacity = Gross generation Average Load Peak Load

Unit (kW) (MWh) (kW) (kW)
[lsan 900,000 3,568,156 407,324 817,372
Bundang 900,000 3,791,479 432,817 933,000
Anyang 450,000 1,646,561 187,964 506,000
Bucheon 450,000 1,562,279 178,342 500,000
Pyongtaek 480,000 921,916 105,242 524,000
Seoincheon 1,800,000 11,012,625 1,257,149 2,070,000
Sinincheon 1,800,000 13,004,005 1,484,475 2,028,000
GS Bugog 500,750 2,810,883 320,877 545,555
Total 7,280,750 38,317,904 4,374,190 7,923,927

Source) 2008 Statistics of Electric Power in Korea, KEPCO
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7y B0 ARSshE LNGE A2 &

7y AEE FFaFo] A dAHI Aoz yElut
9054%%2 AT X HYPor, el (CHy)el E$

L 233 ~ 244% TG
o] e Ao =E eyttt

<3 12>o|X H=
o BH(CH,) ¢

uho} ol

A5 9031 ~

576 ~ 6.15%, 22 3HCsHy)

Table 12. The results of compound analysis of LNG used by plant

Aoz yelgth 2AMNy)E 9 017 ~ 0.22% A= g5

(unit : %)

Plant CH, CoHg CsHs C4Hao GCsHio N>
A 90.31 6.15 2.33 0.99 0.02 0.19
B 90.54 5.76 244 0.18 0.02 0.18
C 90.43 5.96 2.39 0.59 0.02 0.19
D 90.40 5.81 241 1.14 0.03 0.22
E 90.45 5.84 240 1.10 0.03 0.17
F 90.42 5.91 2.39 0.77 0.02 0.20
G 90.43 5.96 2.39 0.59 0.02 0.19
H 90.42 5.85 240 1.00 0.03 0.19
Mean 90.42 5.90 2.39 0.79 0.02 0.19
SD 0.06 0.12 0.03 0.33 0.01 0.01
RSD 0.07 2.05 1.28 41.53 21.81 7.16
Max 90.54 6.15 244 1.14 0.03 0.22
Min 90.31 5.76 2.33 0.18 0.02 0.17
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Figure 3. Results of elemental analysis of LNG used by plant
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Kcal/Nm’%} zpo]7} A9 gl Aoz gty z wdid A AlgstsE LNGE
U s A3HEHE 0806 ~ 0.807 kg/m39.§ zpol 7} mluE =Zolqith w3k 7t
Ar A ALLEIE INGS A7 w2422 24487 98 GOve w9=
Kcal/Nm’ol| A Kcal/kgo & ©9] S WH3alglt)

e

Table 13. Comparison of LNG gross calorific values and density values

Plant Density(Kg/ m’) GCV/(Kcal/Nm?)* GCV(Kcal/kg)*
A 0.806 10,501 13,029
B 0.806 10,502 13,026
C 0.806 10,501 13,027
D 0.806 10,517 13,042
E 0.807 10,519 13,034
F 0.806 10,506 13,032
G 0.806 10,511 13,035
H 0.806 10,508 13,032
Mean 0.806 10,508 13,032

RSD (%) 0.037 0.067 0.039

Max 0.807 10,519 13,042
Min 0.806 10,501 13,026

* GCV - Gross Calorific Values
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A UNFCCCol| 7 d ¥ =747kl E 8] B 1A (National GHG Inventory
Report, ©]3} NIR) A& 7FHS HAHEH, Annex | 7152 7} FoA AlE3te=
Af A5 AL EZF(Net Calorific Values, ©]3} NCV)S A &3stodor st} o}
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Al, T Al Y 2] 7] F*(International Energy Agency, ©]3} IEA)©] Calculation Tool®)<
o] &3tAth HFHoRE 247t wWEAF HEES 9IS NCV @91 & Kceal/kgoll Al
TJ/Ggo.2 Wgatdrt. oA AZd = EsteddioA Argsts 2HE
LNG® NCVE 49.05 TJ/GgelAth<1d 4> FX). o] wf NCVY Huhzt2 49.09
T]/Gg, A4S 49.03 TJ/Ggo® A w7t gle o= vyt 2006 IPCC
G/Loll A AL = LNGS 712 2 &F(Default NCV)= 48 TJ/Ggeolw, HdH
% 504 TJ/Gg, HAF 465 TJ/Gg WS Ze=oh od] #H-E& LNGS] NCVZE
IPCC?] default NCVE T thd & FA|o]x|vt, 79 Ao|7}t gle AS & F AU
=3

7) 2006 IPCC Guidelines for National Greenhouse GAS Inventories volume 2 Energy(IPCC, 2007)
8) Energy Statistics Manual(OECD/IEA, 2004) 1 NetCV=0.9 GCV
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Step 1 (Fuel Data)

ltem Carbo? of fuel. C.arbor.1 of fu.el T.otal Inh.erent Hydrogen
(as received basis) (air dried basis) moisture moisture

Sub-Item A @ @ ©) @

Unit (%) (%) (%) (%) (%)
Calculation|  @Dx(100+(100+2))

Step 2 (Raw Data)
Item Gross heating value Net heating value Fuel . Electric p.ower Heatin.g
consumption generation generation

Sub-Item B C D E F

Unit (kecal/kg) TJ/ton ton/hr MWh TJ/hr
Calculation ([B-{6x (9x@+(D)}]x4.18)x10° CxD

Step 3 (Emission)

Item C emission factor C emission Oxidation rate Real carbon emission
Sub-Item G H I ]

Unit ton C/T]J Mg/hr Mg/hr
Calculation (A+100)+C FxG HxI

Step 4 (Carbon Emission Factor)

Item C emission factor
Sub-Item K L M

Unit Mg/ T] Mg/ton Mg/MWh
Calculation Jg+F (J + D) J=E

Step 5 (Carbon dioxide Emission Factor)

Item CO; emission factor
Sub-Item N O P

Unit Mg CO/T] Mg COy/ton Mg CO2/MWh
Calculation Kx(44+12) Lx(44+12) Mx(44+12)

Figure 6. Calculation work-sheet to get CO, emission factor by fuel analysis in this study
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=
AFE A5E gAASLES AAIG Aolth 199 IPCC G/LY 7AF, 9459 7
HEZ AJoldt 7B ek eh g (default) S HE&S RS AASL Jdot, 2006 IPCC
G/LAdlM = d59 TR #IARe] EF TE At Aok 28y 1996/2006

IPCC G/LolA E5F 7} Z7foll A 24712 vj&%F AH8 A, A= A8 a@iih

3}-& (country-specific) = A4 7] ©FA4E8HE (technology-specific)S 8 H.3}aL
AT, 7128 (default) Boh 4 A8 AS AAskL vk o] whet
AA 2t FollM= =7F afel g4 =3 ==

o
2F8h& (Country-specific) S TF53tE = =
Stal ok 2 tiEFQ] ' dEO A¢E A¥EY, INGE JduAder A&
e BAzoA 1d $2H2004d) PdEEES ST 2HE 2R dBEAME
LNGe| &22tsts3 “172 AAstal o). webd 2 dAFtelA= 2006 IPCC
G/LAlA AASkL = LNGO g@24tshs “178 I 53z ddle] gast
&2 A8

9) National Greenhouse Gas Inventory Report of Japan, 2007, page 3-3 A=z
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Table 14. Comparison of default carbon oxidation factors in IPCC guidelines

Default Carbon Oxidation Factors

Type of Fuel

IPCC, 1996 IPCC 2006
Coal 0.98" 1
Natural Gas 0.995 1
Oil and Oil Products 0.99 1
Peat for electricity 0.997 1

D This figure is a global average but varies for different types of coal, and can be as low as 0.91.

? The fraction for peat used in households may be much lower.

W
N
I
0
9
=
MI

M,
-
rx
o
iy,
s

AFNHA = Edsg i) CO, WiEAFE AHgsr] Hal, = 533t
& LNGY I ZFNCV), w43 (Carbon content)<

AEstAT. 3 EAXAME e Tl EgsiEddas 9 2dE LNGOl A8 7t

24F8HE (Oxidation factor)E& =3ttt ol2idt W s o] &8st 4

A sl FFstEEHLe] CO, WiEATE <3 15> AT AF 2o 56,357

kg/TJo] A tt.

2006 IPCC G/LolA< HAA AHEste AdUAAE(d5E) CO, 7|E2uEA

53w

rok
N

I~ (default emission factor)E A|AI3ta ot CO, W& AR 54 93] 2A
Hrh 53], 2T B9, A8 @2tges BF 172 ST wWEd
LNGY CO, 7|2uEAFE B darlsd 488 & stk wepA IPCC G/Lo
A AABEAL = LNGE] CO, 712 EAlFet & d7olA 243 CO, WA



Z vty <ag 7>0) AA AL 2 Ay B Aol I CO, wiEA S}
IPCC 7|1&2ulEATE AY A7t gle Aoz BeRth o =l 53z dr
2o A ARSI v WS LNGS 239 g4 gf3Fe] IPCC G/LAlA AA]
33l 9= LNGO] 71237 ztel7k A9 glv] d&d] Aoz dddnt

Table 15. CO, emission factor for combined cycle power plant in this study

Combined Cycle Power Plant

Carbon content CO; emission factor

Fuel type (kg/G)) Carbon oxidation factor (kg/T))
A B C = A*B*44/12*1000
LNG 15.37 1 56356.67
70,000 B
60,000 B
= 50,000 B
=
&)
=
o 40,000 T
0
2
c

Figure 7. Comparison of CO; emission factor by this study and IPCC default emission

factor for LNG
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325 = EHF WH3le] 2 LNGY CO, HiEA S+ 4H3

U LNG 3 9% 86 29 10,800 kcal/Nm’0.2 ZFFHAoH, 89 1¢Y

o 10,500 kecal/Nm’2.2 7HgH o] AA7A FAH] gt 2t HAZ HA7p~
FFde] s Jon, vl EYEE dAV=e GFo]l HAF wolA
T A% Holxm vk 53] 2007'd 3€HE FELEAF H<17122(10,000 keal/Nm’)
b AT 2957 AFge wel Bd $EE 0] 10500 kcal/Nm® ]38t ol
T AFS Holx itk A=t AFAY AR B9 AAvise Hd 9 <1d
8>o Al B upel zro], 2001 10,610 kcal/Nm’oll A 20063 10,519 kcal/Nm’(GCV
I At FAlolth mebA gt AbE 2007E 129 FE AVt

FEFHA HAE HAZFA(ING) FFEHFS 10,500 keal/Nm’oll A 10,400 keal/Nm’

AToM= o2 LNG REEF Wl W& CO, wi=AF

o
u
B
?IL
52
v
re

10,6350 —
10,610
10,600 —
o 10,550 —
S
Z
=
5
S 10,500 —
]
=)
o TN A C N

Figure 8. Trends of gross calorific values of imported LNG in Korea
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7H T8 RE 2 REF v
LNGe| &d# Wsle] wE CO, viEAFE 357 98 4 LNGe +4
J72S vwslPth. <E 16504 HE kel o], wWeke] A9 90.490% ol A
91332% 2 A Z715tgom, o9 Hek AL =9 & QA u|AsA =73}

ATk wh ol", =g, dg Feole vE Fa3 Aoz Yeikt. LNGH

WEE F7]1E 0806 kg/Nm’ollA 0.798 kg/Nm’e.2 tha 74tk o]# 3 LNG
A, AE 7Y Hile A5 544 B2 4% e CO, vl 43S = +
At

Table 16. Comparison of compound analysis and net calorific value between present and

previous LNG

Previous Present

(before 2007. 12.) (after 2007. 12.) Remarks
CH, (%) 90.42 9133 + 091
CoHe (%) 5.90 5.36 - 054
C:Hs (%) 2.39 214 - 025
CaHio (%) 0.79 0.94 + 015
CsHia (%) 0.021 0.017 - 0.004
N (%) 0.19 0.22 +0.03
GCV (MJ/Nm’) 43.96 4354 - 042
GCV (kcal/Nm’) 10,500 10,400
NCV (MJ/Nm) 39.56 39.18 - 038
Density (kg/Nm®) 0.806 0.798

Source) http://www .kogas.or.kr, KEPCO
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) &A2%FE 9 CO, MEAs 2 A7 9 vl
=4 LNGY ZFEe] 2007d 12¢€ GCV 7]
el e}, o]F AMgstE LNGE tidoz &4 3G3d3 CO, sEA S
AT <3 17>7 <Y 9>oA BE upe} o], wd ko] vrolzl LNGY| 79
= 7]& LNGO| Hl& g&ragrao] ta volzl RS & F Aok g@24ts sy A
$ol= 2006 IPCC G/Lo|A AAISH default valueE AF&3t oM, olo] wWE CO,
HEAFE A3 A3, 71E LNGY CO, wlEAFEY oF 0.6% #43 56,029

AN yg

10,400 Kcal/Nm’©o. 2 &}3Fx%

=
s A

)
=

o

kg/TJ2 Yelth o] 2006 IPCC G/Lo|A A|A13FaL 1= LNG default emission
factorB ot thA 2 FFEOIAT ollg wWiEAISF ztole ww|g Aoy, I
Ul LNG EFE%H9 7hao e 24712 slEF Zo], Ul d=¥ LNG ¢
F W3l FolE A3 vlu- B3] AsA ol#g o

t A% QA= olep & Aol

B ol

aHlF 71 247FS v

e

Table 17. Comparison of CO, emission factors between present and previous LNG

LNG
Fuel type Carlzlczg /E;O]I;tent Carbon oxidation factor CO, el(llligii%ﬂ factor
A B C = A*B*44/12*1000
Previous’ 15.37 1 56,356.67
Present 15.28 17" 56,029.39
2006 IPCC G/L™ 153 1 56,100

* Standard gross calorific value is 10,500 Kcal/ Nm® (before 2007. 12.).
** Standard gross calorific value is changed as 10,400 Kcal/ Nm® (after 2007. 12.).
*** LNG default emission factor of utility source in 2006 IPCC G/L

**** Carbon oxidation factor is considered as 1 even though calorific value is changed.
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Figure 9. Comparison of CO; emission factors in this study and IPCC

_34_




3.3 Non-CO, &A1+ 2+

331 Al&a)# wH
B ApoNE A7t A2AHE <19 10594 B AR o], 1L &9
Tedlar bag(SKC, US)= AH&3stR o™, 247129 AgxF Alol= EPA Method
18"& A&t AT AFEAH A 2AE Fo|7] fEiA wl AEAH Al

) ARE AEHoE ARRPOH, HItE LE, FEF 4

T, T 1L 0oy

o

l,:

A =S AHEA -, 2004; Wight, 1994). <3 18>0l &= zt SdL &
ZAF 717 A FHT A5 S5 UERd Aot B Ao A

Axs ez 7te &

e

7] 9] Stackol Al & 585 72 AlEE A F3IAT

Stack
o Wvall Tefion®
Filter Sample Line
(Glass Wool)
1 l‘ “acuum Line
Probe
— —
he N Male Quick = . 2
e Connectors [l
MNeedle
Valve
S YE— —t 7 < L
(3™) Type Air-Tight
Pitot Tube N\ — Fump

Pitot
Manometer

Rigid Leak-Proof
Container

Figure 10. Diagram of greenhouse gas sampling system

' EPA Method 18; MEASUREMENT OF GASEOUS ORGANIC COMPOUND EMISSIONS BY GAS
CHROMATOGRAPHY
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Table 18. Number of samples at combined cycle power plants

Plants Sar(l;{p/li\u}{g;lsi)ate Stacks No. Samples No.

A 07/02/01 ~ 02/02 6 90

B 07/02/07 ~ 02/08 7 105

C 07/04/27 2 30

D 07/07/03 3 45

E 07/07/05 3 45

F 07/07/23 2 30

G 07/8/13 ~ 8/14 8 120

H 07/8/16 ~ 8/17 8 120
Total 39 585

3.32 Hj7|7}2~ 4 Wy
vl 7]17k2 § Non-CO9l s&+ HlEe #S o] &t mi7|7t=5 AHT § A
FHE AdgdddA E48AT Non-CO, §& A 7|AZZviEY I(Model
CP-3800, Varian, USA)E ©]-&3}o] 333t} Detector2+ FID, ECDE A5t
AHE3A oM, FIDE o83t CH, ECDE °]&3te] N;OE £43 3tk o] o 1
m<e} 3 m Zo]9 Porapack QX 80/100 mesh Z ¥ (Stainless steel, 3.175 mm <7,
RestekAl AZHS AFE-3ATE FID9Y Injector, Oven, Detector®] 2%+ Z+7} 120,
70, 250 CT=Z A3}, ECD9 Injector, Oven, Detector®] 2%+ 247} 120, 70,
320 T2 fFASA. Carrier 7t 215 E 24(99.9999%)2 A& A&
FY Alddle Ataet & AASH] 98kl Gas switching valveE 10 port, 6
port, 4 portE AH8-3ATH
= A7 E CHsSF N0 A 242 91381

=

A Aol Ao =42 o

i
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Figure 11. The result of calibration slope using CH, standard gas
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Figure 12. The result of calibration slope using N>O standard gas
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3
s s o] M)A E SR 2R SR AP (MS, Astek Korea)sh 27

A2 (Ohaus adventurer, USA)S AR&-38te] AAJstA) v 7]7ks Fof o] A=A
AdolX =2 5 7] Wil AsAHBR Ede 2AsHA, ARAHBY =
£ 120 T 22 FA8AA FES AHSAT FEFS S48 fstd, 2%
ad FrHd 554 ;

2 YA T 932w (Duksan, Korea)s €A T A& 5, 247}
7}

2 ARG ARAAB AZHAT. oW AAF e FRAALN R

334 £471719 A=#2(QA/QQ)

w717k B AAAEE Feletr] fsiA, CH®l 4, % 1.1 umol/mol?]
FF7H(RIGAS, KOREA)E 103] whHEx oz #Aste] Hrbstdh. N.O9 74,
F%7F 1.0 umol/molQl ¥F7F2(RIGAS, KOREA)S 103] wtE-x o7 R sle] 3
Vet th A B4 g AFE < 19>90A AAEALH, CHie Ui
FQAH(RSE) 0.19340%, N,O2] 7%
s AFAAES Y AT T3 CHoF NO9] HZE3$HA (Method Detection Limit,
o]t MDL)Z 4M&3 Z3, FID$ ECD ®47]7]9] Hu AZIA e 47
0.0558, 0.0280 ppmo. 2 UERFTH<E 20> FX).

rr

) E 3 S AHRSE) 7} 057101% 2 o - -

11) EPA method 4; DETERMINATION OF MOISTURE CONTENT IN STACK GASES
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Table 19. Repeatability test of concentration analysis using CH; and N,O standard gas

Concentration (umol/mol)

Times CH, N,O
Standard* 1.1 1

1 1.11226 1.03801
2 1.10572 1.01238
3 1.10449 1.01570
4 1.10930 0.98851
5 1.09610 1.01171
6 1.09919 0.98571
7 1.09141 0.98551
8 1.09956 1.00819
9 1.09746 0.98588
10 1.09437 0.98644
Mean 1.10099 1.00180
S.D. 0.00673 0.01809
RSD(%) 0.61160 1.80570
S.E. 0.00213 0.00572
RSE(%) 0.19340 0.57101

* Origin concentration of standard gas

Table 20. MDL values of GC/FID for CHs and GC/ECD for N>O in this study

CH, (FID) NO (ECD)
Area Concentration Area Concentration
(ppm) (ppm)
1 536 0.0608 1235 0.0329
2 612 0.0695 1618 0.0430
3 952 0.1081 1343 0.0357
4 861 0.0977 1854 0.0493
5 508 0.0577 1538 0.0409
6 742 0.0842 2168 0.0577
7 672 0.0763 1947 0.0518
S.D 0.0187 0.0089
MDL 0.0558 0.0280
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Step 1 (Methane concentration)

Item Volume concentration Mass concentration Flow rate
Sub-Item A B C

Unit ppm kg/m’ m’/hr
Calculation Ax(16+22.4)%(273+296)

Step 2 (Raw Data)

Item Lower heating value Fuel consumption Electric power generation
Sub-Item D E F

Unit TJ/ton ton/hr MWh
Calculation

Step 3 (Methane Emission)

Ttem CH, emission
Sub-Item G

Unit kg CHs / hr
Calculation BxC

Step 4 (Methane Emission Factor)

Item CH; emission factor
Sub-Item H-O H-©@

Unit t CHy/TJ t CHsy/MWh
Calculation G+(DxE)+10° G+F+10°

Figure 13. Calculation work-sheet to get CH, emission factor by exhaust gas analysis in this study
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Step 1 (Nitrous oxide concentration)

Item Volume concentration Mass concentration Flow rate
Sub-Item A B C
Unit % kg/ m’ m3/ hr
Calculation Ax(44+22.4)%(273+296)

Step 2 (Raw Data)

Item Lower heating value Fuel consumption Electric power generation
Sub-Item D E F

Unit TJ/ton ton/hr MWh
Calculation

Step 3 (Nitrous oxide Emission)

Item N2O emission
Sub-Item G

Unit kg N.O / hr
Calculation BxC

Step 4 (Nitrous oxide Emission Factor)

Ttem N,O emission factor
Sub-Item H-O© H-®
Unit t N.O/TJ t N.O/MWh
Calculation G+(DxE)+10° G+F+10°

Figure 14. Calculation work-sheet to get N;O emission factor by exhaust gas analysis in this study
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3.3.6 Non-CO, & &4

<3 21> 7} EHAE Non-CO; HlE 54 w58 YEW Aotk AsAF+=
1 Z

Asl, AEAF AIHE ZF BHLY A 23, ARAREE, WERTE 55 A

st

Table 21. Non-CO; concentration from stacks in the combined cycle power plants

Concentration
Plants (ppm) samples
CH, N:O
A 2.33 0.55 Average of 90 samples
B 1.42 0.27 Average of 105 samples
C 1.53 0.36 Average of 30 samples
D 2.24 0.41 Average of 45 samples
E 1.56 0.43 Average of 45 samples
F 2.06 0.47 Average of 30 samples
212 0.49 Average of 120 samples
H 2.08 0.45 Average of 120 samples
Max 2.33 0.55
Min 1.42 0.27
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3.3.7 Non-CO, Wi&AS 44 A3}
B A E LNGE dyAQo g Algst= B339 a4 2] Non-CO, Hi &
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AN A A ble} o], CHy W& A+ 0.82 kg/TJoIATh ©] 32 IPCColA AA|
3tal & LNGE AyA Yoz AMgshe Basle A’ technology-specific CHy
emission factor Bt} 18% AL W2 FFoldtt. TS IPCCY 12 AX 7]F(Tier
1 &= A WH) LNGO| default emission factor JA| 1 kg/TIZ, £ AF9
CHs WiEA$7F IPCC wiEA4 HW9(03 ~ 3 kg/T]) <toll = oy &S
b=t GTCC(Gas-fired Turbine Combined Cycle, ©]3} GTCC) #H49] CHy 8 E 7
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kg/TJolH, 5 MW ©]4+¢] GTCC 2L E olBt} e 1 kg/TJolt). o3 A
= Non-CO, HjZo] AlE 9 iR maie JFS Bs F e AS HoFa
At

B A79 NO HiEAlF= 065 kg/TJ=Z A AT o] #2 IPCCo 'INGE
AYA Lo 2 ALgate EFseE A9 technology- specific N;O emission factor

of Hla] 433 w2 FFEoIAT. 2y IPCCY 12} A8 7|F(Tier 1 ¥iE=F 4F
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4 W) LNG N,O 7|Z2ujEAgek vlashd, ovf o] & ol o3
o= Non-CO, HjEo] dd&7lel s FEHoz Wiste Ae HoFe AL
2, Country-specific BlE 414 T+ Technology-specific BlE A4S T3l sk
ZA7F e Aotk I AfdE GICC A9 NO WEAFE A7
sl 127) LHAE FeE FA}

Ll
(1t
>,
ol
3R
o
N
(2
)
o
lo
o,
=X
i)
r o
o
Q1
=

kg/T]= Country-specific &A= A&t 3o o= IPCC HiEAF
(combined cycle)®] ¢F 1/6 FFo= <
< FAlolg. ARES] GTCC a9 A9 NO HiEAsT<= =5 1 kg/TJ oIl
1, o] IPCC ®jZ7 < (combined cycle)®] ¢F 1/3, & AFolA AHFgH wjEAF
Hth 54% A= & oAtk

Table 22. Non-CO, emission factors of combined cycle power plant in this study

Emission factor

Combustion technique
Fuel type c . que / (kg/TJ) Remarks
apactity CH, NLO
This study LNG Combined Cycle 0.82 0.65 average of 8 facilities
2006 IPCC G/L" LNG Combined Cycle 1 3
2) ) 1 0.1
2006 IPCC G/L LNG 03 ~3 (003~ 03)
Gas Turbine (including GTCC”)
3) 8
FINLAND NIR LNG /> 5 MW 1 1
Gas Turbine (including GTCC?) 3 1
/ <5 MW
Japan NIRY  gaseous fuel Gas Turbine (including GTCC) 0.75 0.54 average of 12 facilities

972006 IPCC G/L - representative technology-specific default emission factor in utility source

2006 IPCC G/L - default emission factors by only fuel type

® Greenhouse Gas Emisssions in Finland 1990 - 2005, 2007 - emission factors of stationary sources

Y National Greenhouse Gas Inventory Report of Japan, 2007 - emission factors for different fuel
and furances

® GTCC - Gas-fired Turbine Combined Cycle
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Figure 15. Results of simulation for Non-CO, emission factors in this study

Table 23. Uncertainty range of Non-CO, emission factors estimated in this study

(unit : kg/TJ)

Combined Cycle Power Plant Mean Lower Upper
CHa 0.82 0.71 (-12.96%) 0.93 (13.89%)
N>O 0.65 0.58 (-11.43%) 0.73 (12.86%)

- 46




A 4F FHERSH L AL AU ESA T S

41 €55 FEl e T EHIHTHL 3 24

2006 IPCC G/LolA AAIetaL A= Energy Industries(1A) Main Activity
Electricity and Heat Production(1Ala)e] &% % HjEH-S o9} 2o], 3 77
2 EREn

[1Ala] Main Activity Electricity and Heat Production
@D [1A1lai] Electricity Generation

@ [1Alaii] Combined Heat and Power Generation(CHP)
@ [1Alaiii] Heat Plant

Hl
% =
e
2o
o
)
e
2
B
rr
2
)
=)
154
filo
b
4
o
r
g‘L
£
>
>
o
rot
i
i
AN
2
=2
>
e
ok
20

A Faolgtn & 4 oh. ¥ (Combined Heat and Power Generation, ©]

Y AEE AFEEY G HIIE Bl AAkete olUAAI&Hl S
2] CHP, Cogeneration 522 FET} <18 16> CHP &H9 duyx] 8%
E UEd Aot drkro =z H7|er 4

S 35 ~ 40% FE ARAA ARATLE Folm W] BHO FAAL Hrshtw

filo
offt
>,
=2,
oZ
(2
ol
o
fru
X
—_
_>|,]_A‘
=2,
<
A
X
R

3 FZo] . IEAY] ER/7IEd w=Ew 3 7 e I oo TAIIIF EWd



Heat out
Fuel In

Power out

Heat out

Power Out

Source) 2006 IPCC G/L volume 2. Energy
Figure 16. Schematic of producing electricity, heat, and electricity and heat
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Figure 17. The electricity generation flow diagram of GTCC power plant
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Figure 18. The electricity and heat generation flow diagram of GTCC CHP power plant
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B AFolE F GICC WA A7lo] Be ea7kne WEAFE A3
71 falA o ARe ASEt $4 S BEsHeRsE Bed 2e )
Fow ARFIIAL.

- Gas-fired Turbine Combined Cycle Power plant(GT'CC)
- Gas-fired Turbine Combined Cycle Combined Heat and Power plant(GI'CC CHP)

2 <¥ 24> A He npet o], 7 GICC CHP ©3d4AeE F A= =
vhd e 882 2700,000 kWold, 2007 d 713 WA Ee E 10,568,475 MWho| )

kv

. GTCC &HAe A%, U & 1374 dHA7) o, ol i e F i

2

Anlg5S 13,810,989 kWolth 20073 7| LAHS AHET, F 65860592
MWho] it}
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Table 24. Reclassification of Korean combined cycle power plants by GTCC CHP and
GTCC plant
(2006. 1. 1. ~ 12. 31)

Power Plants Gg(fﬁ?fgg ger?;roaisilon Average Load Peak Load
Unit (kW) (MWh) (kW) (kW)
GTCC CHP
Ilsan* 900,000 3,568,156 407,324 817,372
Bundang* 900,000 3,791,479 432,817 933,000
Anyang* 450,000 1,646,561 187,964 506,000
Bucheon* 450,000 1,562,279 178,342 500,000
Total 2,700,000 10,568,475 1,206,447 2,756,372
GTCC
Pyongtaek* 480,000 921,916 105,242 524,000
Ulsan 1,200,000 4,448,265 507,793 1,255,741
Seoincheon® 1,800,000 11,012,625 1,257,149 2,070,000
Sinincheon* 1,800,000 13,004,005 1,484,475 2,028,000
Boryeong 1,800,000 8,003,261 913,614 1,975,000
Incheon 503,539 3,781,386 431,665 536,800
Busan 1,800,000 11,870,165 1,355,042 2,251,000
Halim 105,000 62,950 7,186 108,800
POSCO Power 1,800,000 3,879,771 442,896 1,752,658
GS Bugog* 500,750 2,810,883 320,877 545,555
Yulchon 525,500 2,134,958 243,717 579,059
Kwangyang 989,200 3,862,346 440,907 -
Hyundai-Daesan 507,000 68,061 7,769 -
Total 13,810,989 65,860,592 7,518,332 13,626,613

* Power plants investigated for developing GHG emission factors in this study

Source) 2008 Statistics of Electric Power in Korea, KEPCO
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@ Electricity E.F. for GTCC Power plants = CO, E.F.(kg/TJ) X

2] el A

15) US. EPA, Climate Leaders Greenhouse Gas Inventory Protocol Core Module Guidance
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Step 1. GTCC #d 29 A
14) UK DEFRA, Reporting Guideline
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Step 1. GTCC CHP %349 Q43 A Ay =F ALt

O Hr(Total Produced Heat, T]) = Hi + H»

®@ Pr(Total Produced generation, TJ) = Py + P,
) Hrp steam output(energy), Pr; delivered electricity output(energy)

Step 2. GTCC CHP &3 49 24712 w&HF 43

@ CO, emissions(Er) = AEAHIFF(kg) X AALLDH(T]/kg) X CO2 EF.(kg/TJ) for
GTCC power plant

) Er total emissions of GTCC CHP system
Step 3. GTCC CHP 2349 £ oA 713

@ Calculate plant-specific ey and ep

(default value for GTCC CHP; ey = 85%, ep = 40%)17)

16) ZF W729] plant-specific data® AMHE-3l] Al4kgtch 0|8 et dataZt §1& ¢, £ AFolA AAS default
valueg AME-
17) =257, 2008
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) ew; assumed efficiency of steam production ep; assumed efficiency of power production

H. P
©® Assumed Energy Input = Zr °r
€ €p

Step 4. 1, @ A A 449 247tE wEF AR
Hr
CH

(Hry Ty

® En(CO; emission of Heat) = x By

€y €p

) Eu; emissions allocated to steam production

@ Ep(CO; emission of electricity) = Er - En

<) Ep; emissions allocated to electricity production

Step 5. g, & A A A7 24H7M= wjEA ST A

® E.F. For steam = Es(®) / Hr(D)
© EF. For electricity = Ep(@) / Pr(©@)

F) CO, MiEAF g F, CHySF NOoll tafiA zhzt A 4kgiot.

b

43 T B ddse] AGujEASs 24 dn
E dAfoMe U &
Walo] wel GTCC x4 GTCC CHP x4
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<HE 25>E # ATolA g3 sl BtstEddao dYujEAs Ay A
olth. U GTCC TR oA ] HAHMEAFTE CO9 %9, 0384 kg/kWh o],
CH,9] 7%+ 0.0000056 kg/kWh, N,O+= 0.0000044 kg/kWhoelt}, = GTCC
CHP 2HiolAMe] AHuEA s Z2be 247k tisl, 0308 COxkg/kWh,
0.0000045 CHy-kg/kWh, 0.0000035 NO-kg/kWhe]t}. GTCC CHP o E A

g Ao Qe i d Ao R A% wEHFs ey Wil ®BEo

W GTCC CHP &= A, Alztel wel A8 4 At 4o 224, 7+
He TR A EHY] Wz, o9k B2 FA4S EF Rgst= AL AU A
ok wehd B AFeME GTCC CHP #dae AzF Asavl gz Az &454
2Fe¥(net electricity generation results)S AHE-3t AT AW EAFE AP A

o,

Table 25. GHG emission factors for electricity generation of combined cycle power plant in

this study
Type Fuel type  Greenhouse gas  Emission factor (kg/kWh) Remarks

CO, 0.384
CH,4 0.00000560

GTCC LNG average of 4 facilities
N2O 0.00000440
Total COzeq* 0.385
CO, 0.308
CHs 0.00000450

GTCC CHP LNG average of 4 facilities
N>O 0.00000035
Total COzeq* 0.309

* GWP - CH, (23), N,O (296)
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A ARg0) oel A FEON A7 CO2 MEFL AFRed AEFAT. ol

O% g ol Lol HEHUCM, T A=W ALMEAFE A SHA

20061 7lE AEuEATE A3 EH, 0429 CO; eq kg/kWho|t}.
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¢

HE R 2 e A Tt A &2 (GHG— k
Emission Factor(GHG— kg/kWh) = T"C;;]_ _/Fx?eﬂ} ‘g*zok(é/;h/(;r) 9/yr)

Table 26. Trends in GHG emission factors for electricity generation in Korea

Emission
factors Energy Source 2002 2003 2004 2005 2006
(kg/kWh)
CO» 0.4269 0.4171 0.4264 0.4149 0.4281

Total power generation
0.0000057  0.0000055  0.0000054  0.0000052  0.0000055

CH, (Hydro, Nuclear,
Group energy,
Alternative energy,
Y sy 0.0000027  0.0000026  0.0000026  0.0000024  0.0000024

N0 total thermal power
generation)

Total

CO, eq 0.4279 0.4181 0.4274 0.4158 0.4290

Source) KPX, Development Emission Factors in electricity generation, 2007. 4.

A7t vlE&% A Good Practice 7}Fo]=24el, 2009
224712 vlEAS 0, KPX, 2007. 4.
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3E 27> AME Ul AR A8 dAdl o3k MRS ae g
AL EATFE AASFAT ol ofdiel 22 AEAd o3 =&d £ dom,
20061d 71 AHu|EA 4= 0820 CO, eq kg/kWhE F A AYsbefe] ofs) A4t
9 AHuEAF(0429 CO; eq kg/kWh, 2006) Btk oF 1.9 vl A%
olg13l ApolE AY A A= A, LAVIAE HEEA G Y, 9 T

HEHRFS nesHA 7] ol

AR F 22472 S (GHG — kg/yr)

Emission Factor(GHG — kg/kWh) = RN 94;‘} AT A AL (R Wh )

Table 27. Trends in GHG emission factors for electricity generation from fuel
combustion in Korea

Emi&g‘/’iv{,ﬁ"“ Energy Source 2003 2004 2005 2006 2007
Total thermal power generation
Total

(Coal, Oil, LNG, Combined 08283 08139 08158 08202 08000

CO; e
2 cycle, Internal)

Source) KPX, 2009.

<71¥ 19>= KPXelA /it 2712 AgujEAeel 2 Aol Adst =)
Esle e AdEuEAsE Blud Zlojth. 2o Be A o] E A
Toll A NS GTCC 4o AguEAse U £ AFGuEAS5 04281 CO,
eq kg/kWh(2006 71%)¢] °F 90% FFoler, A5 AL 3 A=A+
0.800 CO, eq kg/kWh(2007 7]&)2e] °F 48% < Ao 2 YEelgth. GTCC CHP

T2 AFE AHEY, Sl & AW ESA T oFf 2% 7, 95 daw o

21) 5, 9, AR o3 A efstA] F2 sl of AH YL
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Figure 19. Comparison of GHG emission factors for electricity between this study and KPX
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ABSTRACT

Development of GHG Country-specific Emission Factors

for Combined Cycle Power Plants in Korea

Lee Seehyung
Department of Earth & Environmental Sciences

Sejong University

Climate change is recognized as a global issue, and nations around the
world are establishing and implementing national strategies to reduce greenhouse
gas (GHG) emissions. In order to come up with effective measures, it is a
prerequisite that we have precise numbers regarding greenhouse gas emissions.
In this context, IPCC(Intergovernmental Panel on Climate Change) published the
“Guidelines for National Greenhouse Gas Inventories” to present the basic
emission factors, vitally important to the estimation of GHG emissions.
However, in order to accurately estimate the mnational GHG emissions,
country-specific emission factors, which better reflect the specific conditions of
Koreamust be applied. In particular, the electric power industry represents a
significant category as it accounts for 30% of total GHG emissions in Korea.

This research shows the GHG emissions produced by complex thermal
power plants, the representative domestic power plants in the nation. The
emission factor of CO, was calculated based on the analysis result of LNG

used in power plants as a fuel and oxidationrate of LNG combustion facilities.
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A total of 585 samples from 8 complex thermal power plants were measured
and analyzed to compute the emission factors for major Non-CO, GHG
including methane(CH4) and nitrousoxide(N2O). The power emission factor(GHG
emissions per unit production of power) was categorized by the Gas-fired
Turbine Combined Cycle(GTCCCHP) and the Gas-fired Turbine Combined
Cycle(GTCC), which provide district heating. The power emission factor was
estimated based on each emission factor for the different kinds of GHG
developed in the research, an annual fuel consumption and electricity
production.

The research found that an average CO, emission factor for domestic GTCC was
estimated at ‘56,357kg/TJ’, until Dec, 2007. The number was revised to
’56,029kg/T]" as the standard amount of heatfrom domestic LNG was lowered
from KOGAS(Korea gas corporation) after Dec, 2007.

The figure showed little difference with LNG default CO, emission factor
'56,100kg/T]’, the figure presented by IPCC; however, the research must continue
inorder to precisely compare, analyze, and predict future evolving trends of
GHG emissions on the changing standard heat amount of domestic LNG. The
emission factor for CHiy stood at ‘0.82kg/T]’, which was an 18% lower than the
emission factor for LNG GTCC ‘1kg/TJ’, the number presented by IPCC. The
result was 8% up when compared with the emission factor of Japan which
stands at ‘0.75kg/TJ’. The emission factor for N.O was ‘0.65kg/T]’, which is
significantly lower than ‘3kg/T]” of the emission factor for LNG GTCC presented
by IPCC, but over 6 times higher than the default N>O emission factor of LNG.
The result showed the numbers were 20% higher than the emission factor for

GTCC in Japan. The differences proved that Non-CO; emissions can change
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depending on combustion technologies; therefore it is vital to establish
Country/Technology-specific emission factor. The evaluation of uncertainty was
conducted based on the estimated Non-CO, emission factors, and the ranges of
uncertainty for CHy; and N;O were between -12.96 and +13.89, and -11.43 and
+12.86 respectively. The emission factors for CO,;, CHi and N)O from GTCC
stood at 0.384kg/kWh, 0.0000056kg/kWh, and 0.0000044kg/kWh, respectively. On
the other hand, the power emission factor was carriedout by categorizing the
emissions from power generation and heat production in GTCC CHP, which
uses heat of condensation from condensers forheating. The emission factors for
CO,, CHs and N;O stood at 0.308kg/kWh, 0.0000045kg/kWh, 0.0000035kg/kWh
respectively, and the numbers were anaverage 20% lower than the emission
factors from GTCC.

As a result, it is essential to conduct ongoing research on various fuels and
energy consumption facilities to develop country-specific emission factors in a
bid to estimate accurate GHG emissions and set up reliable GHG reduction
targets based on the estimation. Furthermore, it is imperative to continue to
carry out the relevant research to establish a power emission factor that can be
used as index for comparison and assessment on GHG emission in each country
based on a country specific- emission factor. It is vital for Korea to secure a
competitive edge in international negotiations in climate change conventions

dealing with GHG emissions.
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