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A3E CO, MiEA s 2 &5 FAAF A

L 29A%H 2294 DALY CO, WiSA T 44

ZUALT 22AAG T2 CO9 WEHF XtolE nm3dtr] s
CO; HiEAITE AHAstath AA 24712 JddE A A8 Q)
E CO, MiEAFE ‘eA7taodA Bude] 29 o B3 A (4
#1617 oA AAIRE o= ARt TH2] (6), 24 (7) F=).

2 A7oAEe 4 @ 2ol $HT AYFL vEow I A
I Z2ZQQAISE dR A CO, WiEATE AT 2IASHS ==

YA $HE &S THLo A E&S Fx Wof gk

EFy, o, = EF, % 3.664 %107 ©)
E‘F; C “ar,i Eq (7)
4.1868
EFy.c0,= BFpy.c0,% 105 X860+ B )
E D ST dEE(2YAY: 37.65%, =2AA L 40.35%)

EFpy o, @ BT 712 CO, W] E A5 (kgCOLTI- 2)
EF,. : A80 B3 &2 MEASkgC/GCI-AR)

3.664 : CO.9 &A%(44.010)/Ce] AA=(12.01D)

Coi D AR0 T g A BRI, 0014 1Akelo] &)
EC, : dAzM @A E &ddd, Mkg-98)
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2. 22AY 2L =Y B CO; FF AAF 44

2018\ xH A2z 7| FHS S T EA oA s ME shedd
A F ZZ2YA BA&Ultra-Super CriticaDES 308 7kA] A A 9 40%
7HA S g ntn dEEH o]E HiE o R, B AT kY
gt COp; wlESAITE ol&3ste 20309@7HA] 2ZUAY T A&7F 40%71HA
=42 A CO, 5 FAZFS At
AP A 2ol A BHE 20183 WHE A #Ry 20199 3R] s AR

l

2030 7, 2AAISY SRR 22JAY A &7 e 7| FHE)

T 2018 2030
AA dRL 37 F 59 54
ZUASG BHAL 57 F 53 32
Z2YAY AL 3] F 6 22"
A2zt 71 EAB S 7| BA G W2 22 YA A £ BlE §HE40%)

2
{8
oft

AR BA 2AHEPSIHE Eaf 32l 20183 = 57 dAALe] 4
S 712o =2, 20183 20309 2JAYT 22JAY T A 1
&5 133t CO, 75 A HFS 4HY3 T
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el
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A= 1-48AE &
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(& 3-6> Non-CO, Hl&A4+ A&

238k Worksheet

Step 1 (Fuel data)

Item Carbon | Hydrogen | Oxygen | Nitrogen | Surfer GCV Moisture
Sub-Item A B C D E F G
Unit % % % % % MJ/kg %
Step 2 (Exhaust data)
Exhaust oxygen
Item Concentration of CHy | Concentration of N,O _
concentration
Sub-Item H | ]
Unit ppm ppm %
Step 3 (Parameter)
Theoretical Theoretical Excess air
Item NCV
oxygen(Op) air(Ag) ratio(m)
Sub-Item K L M N
Unit m®/kg m®/kg - MJ/kg
1.86 x A+5.6 x
Calculation K/0.21 21(21-D) F-6(9B+G)
(B-C/8)+0.7 xE
Step 4 (Amount of theoretical dried combustion gas)
Item Amount of theoretical dried combustion gas(Geq)
Sub-Item 0
Unit m’/kg
Calculation (1-0.21) x L+1.867 x A+0.7 x E+0.8 x D
Step 5 (Emission Factor)
Item Non-CO, emission factor
Sub-Item P
Unit kgNon-CO,/T]
Calculation {O+(M-1) x L} x H(D x (16/44)/22.4/N
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A} EH 49 Non-CO; HiEEA HlaL

3RAE

A4 QAN

A1d 945 4 Ay

L 28 Y 24

ddy 24 dxe A

FaTh <E 4-Doll= #

A1 3]

3% ®bE &

Ao A AL d5e] ddge 4732

F2 4,983 kcalkkg, 22UAY &
kcal/kge 2 ERSHTE

(%] : kcal/kg)

(2] [@p] [N o
% — m [@N]
< <
‘ao
B
2
4
~ ~
B R B
B N B | Np
25 25
fig
= 21
L,H O
4 =
o % | or
_i me _i me
_i

2. 9484 A5

4-2>0l= HA4EH Ao AA

Fah <&

213

i

B

C(&2r) 7168 %, H(42) 4.92 %, O(Rk4) 12.79 %, N(E42) 147 %,

=
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S(&) 0.46 % = YERT. 22AAG TN AHSH AR dad
A A3 C(F4a) 69.00 %, HE4) 4.78 %, O(GF4) 15.70 %, N(&E )
1.35 %, S(&) 0.31 %= e

CGE 42> 2QA BRALAN A4E AR YR A3
(2] %)
T B C(&4) | H(EA) | O(tx) | N("2) | S@EH
zoAeL | BT 71.68 4.92 12.79 1.47 0.46
LHLE | gzox 0.20 0.03 0.36 0.32 0.13
zzoA0H| BT 69.00 4.78 15.70 1.35 0.31
WAL | gzux 0.30 0.09 0.38 0.43 0.25

w
=
Ll
N
N
N
N
w
ot
r]I
Ns
Sis
_l>~
31'4
hat
&
AN
t
N
o
\
=2
rlr
ok
s
S
1
b3
k)
1o
=
i_tg

22
B o 2 etk 29AY dHdioA AHEE dAm9 FHEA
A= AFFE(nherent Moisture) 9.30 %, 3¥rE(Volatile Matter)
35.14 %, 3]%(Ash) 7.96 %, 1A EA(Fixed Carbon) 47.60 %°.2 e
O 229AY FA2A AMEE d59] FAEN AoeE THFEIM
11.72 %, 32E(VM) 35.94 %, 3]&(Ash) 10.31 %, LA EA(FC) 42.03 %
2 eyt
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(&4

2= (20)

g

A

aL

47.60

0.30

42.03

0.10

3]H(Ash)

7.96

0.13

10.31

0.17

3 HHEVM)

35.14

0.25

35.94

0.30

(M)

AL

9.30

0.10

11.72

0.39

i

ﬂwﬂo

>0

R
N
N
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A2d CO, HiEAT va B/ 4= AT 44

L 29A4T 22QAL TA4LY CO; vigA T 43 € vl

2l (NS o83t 2AAGH 22UAYS T4 =HTD 71+ CO,
HiEAl S AHAstd T AT AT S <E 44O YERATH
ZUASG A CO, WlEAT+ 106,372 kgCO,/T), 2Z2UAY T4
o] CO, BlEAISE 106,174 kgCOTIZ & 71+ CO, WiEAT= A<
2o 7F il

A~
=5

4-4> ZZ2JALH 2AAY ALY dF 7F CO, wiEA+ vl

L 229049} 2979 2ol (%)
* 1A 2(A) 4 2(B) (A-B)/B
CO, MZA% | 106174 keCOJSTI | 106.372 kgCO/T) 0.2

2 @5 ol &dt 2YAYT 2X2IAG THLe FHF 71F=KWh)
CO, HiEAlE HAstal HlwstATH<E 4-5) FHx). 2IAS T4
CO, mMiEAl+= 1.017 kgCO/kWho 2 AHAE R oM, ZZUAY EH 49

= 0.947 kgCOkWho = ZZSASY FAL wWEAT7E 7 %
WA AR EAT @F 71€ CO, wiEAT v=A g8°] ¥ w2
ZUAYG DAL 2 AEFe Adtsted COb ¥ AA HWiEH<e

Ao Vet

B

A
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CE 45> 2ZPALT ZYAY WAL FAF 7F CO, HEAF ¥
22U 275t ko] (%)
TR
A 2(A) A &B) (A-BJB
CO, &A= 0.947 kgCO./kWh 1.017 kgCOy/kWh -7

2. 22YAY TAL =519 B2 CO;

A FAHBA ==-(EPSISH =
210,823,720 MWh %ith.
W4 0] H

MWhZ el
&2 60 %,
126,494,232 MWh,

e

40 %<

%29

EFSTHCGE 4-6> F=2).

X
©
:‘—14
B
P
(o]
X
°
i
3
=
)
g3
g
i

%3
o2 JlZ:o 20189 YAt
&9 90 %, 10 %= st
189,741,348 MWh, 22QAIGt Bdxe]

B Ao A st 20309 2&
H4d A, 2YAY BAL
A w20

2% AAF 44

el

gk 2018 d =] 57 R AL

B

=% Ao

o

Al

A<
R

s

A

Lo

2
M S
_g]

w2 84,239,488 MWh=Z 1}

—

,082,3
YA

i
ST

3
A}

o]
=

=

Al

B

°

O

)
)

flo

A<
2%

A

A Bl (%)

Ol

ZFMWh)

90 189,741,348

10 21,082,372

22} 71548 S
71 =AG*

60 126,494,232

40 84,239,488

A2z 7%

hika by

Z12A Gl w

i
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2 AT Mg CO, WiEATE F3ho

CO, Wizd<s AR 2018399 CO; Hi=®Fe Z=UAY THx

193,021,000 tonCO,, ZZUAIY x4 19,974,000 tonCOL. &2 LHELSTE

2030 8] CO, M=% YA EH4 128,681,000 tonCO, ZZAAY

W4 79,898,000 tonCO 0.2 UEFHTHE 4-7> =)

(&4 tonCOy)
A A A2z} 7] W sig)-g 7] EAg*
T & ZJA L Z2AAY ZAAY Z2AAY
1 1 1 1
CO, M=% 193,021,000 19,974,000 128,681,000 79,898,000

A2z 71 s 1A mE 22UAY A =Y vE FH940%)

ZZAAY EA v g2 CO, HiEHS A3 Ax, A2zt 715 W

St-§ 71 EAS S WHEsh 2=2AAIY WA vl&o] 40 %= S7HE o,

CO, HiZ=TFo] 2 %(4,417,000 tonCOy) Frash= 0 & UEPHTHE 4-8> #=).

(E 4-8 2UAYH 229AY 24 Hl&s 18T CO, & vl

A23} 7] s g ZFol%
) HA(A) ]
71 27 8 B)* (B-A)/A

CO, vl=% | 212,996,000 tonCO;

208,579,000 tonCO, -2

“A2ak 71 5SS Z12A G wt

i

ZZUA T4 =9 BlE 9HEd0%)
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A3- Non-CO, vl &A|+ 44 2 Hlw

1 29AYT 22AAY TH4e CH, iEASF 43 2 vz
7h QA HH A9 CHy, wiEA T A8

QA WALz W72 1Y 107, 3Uo] AA & 304 =
o SAHSAH w772 5 542 GC-FIDE ol&3ty SAst9 L
W, 4% CH 3= B9 E 4-90] Ushpgich 13 dge
CH, H# ¥%= 1.043 ppm, 23 Aol dE 0.944 ppm, 33+ AP A=
= 0.991 ppmo. & }EFETH

Lo

o
s
=
o
fu
i
o
v

o
i)
N,
4
off
bl

(F 4-9 2Y9AY AL b7 7F29) CHy 55

(1: ppm)
T ' CHis %= FEAA ol 320 2H%)
12 A3 1.043 0.346 33
22 A9 0.944 0.065 7
33 A9 0.986 0.033 3
3+ 0.991 0.200 21

<& 3-60o4 A|A8 Work-sheetE we} A3 ZAALG A 49
CH, WMiZAFE g7 2R 4-100 =), 12k A oA wZ&A 4

A3k 0.378 kgCHY/TI, 22k A olA+= 0.323 kgCHY/TI, 32+ 2ol A

Ir

= 0.351 kgCHJ/TIS 2 Yepgow HA wiEAG a2 0.351
kgCH/TJS. 2 yEbT).
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CE 4-10> 2YAIYG LA L Wiz 729 CHy WS A5
(2+$]: kgCH,/TI)

T % CH, vi&A= EFHAL & = FH1 =H%)
12 44 0.378 0.122 32
22 A3 0.323 0.021 7
32 23 0.351 0.013 4

B 0.351 0.075 21

W) 22YAG HALe CH WiEAS 44
ZZQAS; A& w7I7E2E 1Y 1070, 3¥ol AX F 307 =3
L& GC-FIDE o] g43te] ZA3149
ow, 243 CHy ¥ BAZAH}E <E 4-1D0 Jehideh 13 2
0.271 ppm, 22+ A& A= 0.287 ppm, 32+ AP A=

0.260 ppm ©.2 veElgor A Ho v5E 0.273 ppme 2 UERTH

l

ﬁ"lﬂ
2
I
o
ﬁ"lﬂ
50
£
=
~
N
[
kS
off
bt
_I{N'

L

Fl

<E A4-11D> 2Z2YAY TH A vj7172=¢ CHy 5%

(1 ppm)

T & CHys = FFHEA 3o 3= ZH%)
12 A3 0.271 0.035 13
22 A3 0.287 0.032 11
3=k A3 0.260 0.011 4
Bt 0.273 0.030 11
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(E 3-600ll A A Work-sheetE whe} 483 22AAYG 49 CHy
HEAE d23 20KE 4-12 =), 13} AgolA e mEAS Bdah
0.088 kgCH4/TI], 2z AdolAx= 0.092 kgCH4/TI, 3z AdolA= 0.094
kgCHyJ/TIO. 2, AA wiEA 4 Ha4k-2 0.091 kgCHJ/TIO = UrebTh

CE 4-12> Z2ZAASF TAL wl7] 729 CHy wWiEA S
(2+9): kgCH/TY)

T % CH, vi&A= EFHAL 7S = FH1 =H%)
12 44 0.088 0.011 13
22 A3 0.092 0.010 11
3x 23 0.094 0.030 32

B 0.091 0.020 22

of Yebl itk =UAY 240 CHy WiEAla~= B+ 0.351 kgCHYTI, 229
A TH4e CHy wiEAlT+ B 0.091 kgCHY/TICE ZZUAY 49
Bt CHy W2 A7E 74 % SEA A H AT 2006 [PCC Guidelineo A Al A gk

C
CH, MleAlritt gAY 22919 Eda 25 v A4 =0T
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< 4-130 =JAS T =2JAY TR CHy vl ESA5 vl
(2+9]: kgCHJ/T))

2006 IPCC
T8 ZOAQ TAL | 22AAL WAL
Guideline
CHy 0.351 0.091 0.7
vl =A<+

2. ZAAYTH 22AAS R4 N0 viEAs 43 ¢ Hla

7h gAY T A N,O viEA - 4H4

ZAAIG BHAe] w7 7E2E 19 1070, 39 2A ZF 307 ZF 35+
=A3Gh w7tz w2 ZHES GC-ECDE o] &3te] =431 o,
0 5 BAAIAE <F 4-10 Yepigith 13 24389 N,O B+ &
0.627 ppm, 22 AFo A= 1.084 ppm, 32+ A& AE= 0.936 ppm
Uelgon A J =& 0.882 ppme2 YERLT

Z.

b
rr

o
et

(GE4-140> 2dAY T4 71729 N,O 5

(+<]: ppm)
T 2 N.O 5% EFHA 7 EFH2H%)
12 A9 0.627 0.187 30
22 A9 1.084 0.221 20
32 A¥ 0.936 0.131 14
R 0.882 0.265 30

(E 3-609 4 AAISE Work-sheetE uwle} 2AFASE ZAAY TH A9
N,O Wi &A= 27 2R 4-150 #F=x). 13 A A9 uj&A 4%
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BT ZES 0.627 kgN,O/TI, 23+ A @o| A= 1.023 kgN,O/TJ, 3xF 2 & ol A
© 0917 kgN,O/TJe®2 Uegtorn A wjEAs a2 0.872

)

kgN,O/TJ©. 2 UERT}.

<G 4-150 2JAIY E-A vl 7]7h2=2] N.O vl &A1 4
(F$1: kgN.O/T])
T & N,O &A= FE=H} ) EFEH2H%)
12 23 0.627 0.194 31
22 A9 1.023 0.220 21
3z A9 0.917 0.122 13
3+t 0.872 0.244 28

W) 22AA Y Tdie N,O wj&2A4 5 44
Z2Z2UAYG FA LS w7 7F2AE 1Y 107), 3¥9) 2A &= 307 =X

=

ol
i

oL

o ZA3IAth w7I7k=e N,O 55 A GC-ECDE o] &3l =%
dHoer, N0 v% E443E <E 4-1600 JeRddth 13 2g 9
N:O B+ =+ 0.572 ppm, 22+ A@elA+= 0.835 ppm, 32+ A @A =

nt

0.464 ppmo.2 Yelgor HA H 5 0.623 ppmo2 el
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(R 4-16> 22 JAY TR A w7729 N0 5%
(+<1: ppm)
T & N:O 5% EFH gt EEHZH%)
12 A3 0.572 0.063 11
22 A3 0.835 0.089 11
32 A3 0.464 0.075 16
b 0.623 0.173 28

< 3-60o A AT Work-sheetE wel AHF3E =2 UAF T4 N,O
EAres et 2o 4-170 ). 12 A@ddA Y N0 wiEAl+ o
TS 0511 kgN:O/TJ, 22 AFeAE= 0.738 kgN,O/TJ, 33+ AFoAx=
0.412 kgN,O/TJo.2, A vl&A 4 HFF-S 0.553 kgN,0/TIO. 2 Ve

(E -1 229AY R4 9)7)1712=9] N,O sl EA14
(F$1: kgN,O/T])
T N;O "W =A < EFHA} Al FEHA2H%)
12 23 0.511 0.057 11
22 A9 0.738 0.079 11
3z A9 0.412 0.067 16
SR 0.553 0.153 28
o QARG 22AAS; T4 N,O #lEA S vl

ZYAGT 22AAG T2 N0 HEAFE e dds F 4-18)
of YepATE 2JAYL wH Ao CHy wiEAIs= He 0.872 kgN,O/T),
2

B
o] NO HiEASTE H 0553 kgNO/TICE 22 AAI w4
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o] Bt NO wiEAI=7E 36 % A A=At 2006 IPCC Guidelineoll A A

AlgENO HiEAIFET 29AIY T 2294 A BT =4 AR EHAT

Py

(G 4-180 Z2UAIGH 22UAAY T4 N.O wiEA+ vl
(F$1: kgN.O/T])

2006 IPCC
T T ZAAY TH A | Z2IAYG THL

Guideline
A 0.872 0553 05
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o] NOx &=¢+9

il

=9 vi7)17F2 9 NOx ¥= A7 12078
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(E 4-22> N,O Hl&359 NOx W& 59 H+ 3t

X
T B & A5 g

N.O Hl&5 % 0.604 ppm 120

NOx Hil&&5 % 23.30 ppm 120

FHBAE 2487 A A AR JdsAd A 2R 2,

24 " (Spearman’s rank correlation coefficient)S ©]-&3&hed #4131}

{(E 4-23> NO #j&5=9 NOx viEss=9] B4 A4 23

“ Shapiro-Wilk
i 5% ARE | ReldE
N0 Hl&s% 0.137 120 0.000
NOx Hl &5 % 0.221 120 0.000

CGE 4200004 B niep o] AaAlF -0264 &, N,O WiE5=
NOx Ml s Es @& 59 ZuaAAE vetdlth NOxol Aol 71

5% N0 A4 et

oL
)
A
B
9‘114
rlr
PO
o

ut
i
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it
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A5 A&

Ald @8

B dFdAe FHE 2&S 1H3 2AASH 22AAY
L 20)COo, HiEATE AskaL AHAd CO, HiEAlFE ol8ste] 22UAY
W27} 40%7HA] =4E e we) Co, A AAFS g8kt =3k Non-CO,

HEAlFE A8 - Blaskal Non-CO, &= TMS Azoke] ZadAE

>

o

2 22AAY LY ST G2 1Hd CO, WiEATE
AR Aot 2PAIY e CO, WiEAIT= 1017 kgCO/KWh, Z=2JAIY
daE 0947 kgCO/kWho =, ZZ2AAY HH4e CO, wMiEAT7E 7 %
(0.047 kgCO/KWh) SEA| AHA = T
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Abstract

Comparison of CO, Emission Factors and Non-CO;
Emission Characteristics of Supercritical and

Ultra-Supercritical Power Plants

Joonyoung Roh
Cooperation Course for Climate Change
The Graduate School

Sejong University

In this study, the CO, emission factors of supercritical and ultra-supercritical
power plants considering transmission stage efficiency were calculated, and the CO,
reduction potential was calculated when the supersupercritical power plant was
introduced up to 40% using the calculated CO, emission factor. In addition,
non-CO, emission factors were calculated and compared, and the correlation
between non-CO, concentration and TMS data was analyzed.

As a result of calculating the CO, emission coefficients of the supercritical and
supercritical power plants, the supercritical power plant was estimated to be 1.017
kgCO,/kWh, the supersupercritical power plant was 0.947 kgCO»kWh, and the CO,
emission factor of the supersupercritical power plant was estimated. 7% lower.
Using the calculated emission factors, 40% of ultra-supercritical power plants were
introduced, and CO, emissions were calculated based on the transmission of five

domestic power generation companies. 212,996,000 tonCO, for supercriticalpower
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plants: 90%, ultra-supercritical power plants: 10%), 208,579,000 tonCO, for 2030
(supercritical power plants: 60%, ultra-supercritical power plants 40%) CO,
reduction was found to decrease by 2% (4,417,000 tonCO,).

As a result of calculating the non-CO, emission factor of supercritical and
supercritical power plants, the CHs emission factor of the supercritical power plant
is 0351 kgCHyTJ, and the CH; emission factor of the ultra-supercritical power
plant is 0.091 kgCH4TJ. The CH; emission factor of the pressure plant was
estimated to be 74% lower. The N,O emission factor of the supercritical power
plant was 0.872 kgN,O/TJ, and the N,O emission factor of the ultra-supercritical
power plant was 0.553 kgN>O/TJ, which was estimated to be 36% lower.

The correlation between non-CO, concentration and TMS data was analyzed by
Spearman's Spearman's rank correlation coefficient (rho) method. As a result of the
correlation analysis between the concentration of CHs and the concentration of O,
in the exhaust gas, the correlation coefficient of 0.812 showed a strong positive
correlation. Incomplete combustion of the fuel increased the concentration of CH,
and O, in the exhaust gas. As a result of correlation analysis between N,O
concentration and O, concentration in exhaust gas, the correlation coefficient was
low negative with correlation coefficient -0.264. As NOx production increased, it

was confirmed that N,O production decreased.

Keywords : Greenhouse gases, GHGs reduction, Non-CQO,, Inventory,

Emission Factor, Ultra-supercritical power plant
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