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ABSTRACT

By-products of steel production facilities include Coke Oven Gas, Blast Furnace Gas, and Linz-Donawitz converter Gas.
And the CO, emission factor and calorific value were developed and announced in 2022 through related research in Korea,
but study or research about Non-CO, emission is insufficient. The IPCC guidelines recommend developing a national emission
factor (Tier 2) or emission factor per unit facility (Tier 3) when calculating greenhouse gas emissions. Research related to
Non-CO2 emitted from by-product gas is needed to increase the reliability of the greenhouse gas inventory. This study
confirmed the emission characteristics of N,O for the power plant using by-product gas and developed the N,O emission factor
of power plants using by-product gas. The PAS method, one of the real-time measurement method, was used to measure the
N,O concentration of by-product gas power plant. The facility to be studied was selected for one of the two domestic facilities
that generate power using by-product gas. The final exhaust gas is emitted through the by-product gas after combustion, and
the N,O concentration was measured for a total of 6 days in this study. The average N,O concentration of by-product gas
power plant in this study was 0.34 ppm. The N,O emission factor of this study was 0.69kgN,O/TJ, with a maximum value
of 0.98kgN,O/TJ and a minimum value of 0.57kgN,O/TJ. This study developed the N,O emission factor of domestic
by-product gas power plants for the first time, and it is believed that it can contribute to increasing the reliability of the

national greenhouse gas inventory.
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202199= 2AVEA 5 BEE 20189 2A7EA FHl
=% diH] 40%91 291 HTEE COeq.O0=

2030 =7} 2A7A AEER AR XﬂgoP“‘E‘r
(The Government of the Republic of Korea, 2021).

SEutet oA Eokol 2020W 2AZEA HiETFS
569.9 tﬂ*ﬂ%&i AA LA7IA HlET F 86.8%E 7P
Z Hl$2 AAIBEAL ATHGIR, 2021). NDC 24 9%t
SePtete] LA AES AL oA Hofe] Al
H4 g e slve] WEY west B4l
o7 Ho} 3 QEels FRAAL R A2B MG
S glon, 1 % RArkAE A7Al0) AREANA
BarEE wyElo] g ARE ALSET JTHMOTIE,
2021).

AR A B E e RAA7IARE FAATEAS,
n27}e, AEZATY Q. AALTAE B APk
oA FRtS ZAAE e JHOA Y =
ol Fste] ;AL 27k PHHM, NEAAE T
27F Aashes IoA A E (o et al, 2021). F27}
A AROA AEE For HEste FHolA AGE
LA AL QMR b hAE FATRA
2 olste, FA7kAY €O, HEASS WS 7
ALF #ho] g Eo] IAEI O, Non-CO, HiEAT+=
i 2 T J5r} w)Esk AFoltt IPCC 7hol=Eel

oAE SAZA WiEF AP A 7RTRu|EAL(Tier

2y MEstAY ARE D919 BiEA S (Tier 3)E 7Y
slof Hgals AL AHAL Ak oy Hof e
B A7} A9] Non-CO, HY]

2l9] A== =ol7] AsiA=

EA5e #EE A7 2 asi
2 AFtE FATIAE olgste ‘%IXW“Q Aoz
N,O9| Hj& —E—*é% skolstar N,O uﬂgﬁ] = Aastqd

i % olupel F23F —,‘%%"ﬂ(PAS, Photo-Acoustic
Spectroscopy)& ©]-&35}thH(da Silva et al., 2006). PAS
HHoE SATL HWiZI7EA F N0 T T 2 F
F= °l8sto] N,O HiEASE sl en, 1PCCot
EPAO|A AAISHIL = FAI7EAL] N,O HiEA|5=9F H]
TS
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SO} BAEA WHA LS F 2302 YA
cojsta glom, & ATolAE 1% T AL A
2 N0 FEE ZH3G PPALS 100 MW FRE
SAEAS Ehste] S ek T WHAAY 4
AL} Qld: 7%, A8 ARE Table 12 LRI,

Table 1. Capacity and fuel used of power plant

. |Combustion
Capacity Fuel type
method

Power plant By-product gas

(A) . (Coke Oven Gas,
100 MW | Gas Boiler
Blast Furnace Gas,

Linz-Donawitz converter Gas)

AT AL DRAAE AV BE U8R AH8s
W, IFATACL ABR7MALE T 2I7EASH T &35t
AL Yk o, 27185} U 2808 AANAS
A ARESHIL Ut

ARZHONA AREE Ta20k, DRok, Bt
Ae HAALY] HAdHE StEo] Z5EY, HYRE
sl HIdH F71E AAE T FAGEHNS AX LA
1% B3 Welo] AT, e T H7tAE s
AFSE(NOx) A7 913 SCR (Selective Catalyst Reduction,
Az o gdd)} Z7qL7E AA A== HF
slEHc $AslA HHe] BYSEEL Fg 13} 2
(JISF, 2023).
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A 94 ol JL Wi AR YeiA Ytk PASE
ole|& &HT & lo] Lung SamplerE 0]%—0}01
A2g ZHT SEE SHohe PRt o g do]
gR35E 4= Qlth(Kang, 2015; Kang et al., 2014). &
6 Bt HiZ|I7kAS] AlmE A st
4 QA1 5247]7]19] BALL Fig. 2
oflA YER QI HIEAE ] 7|7k A= 10 misec ©]49]
£59F 100C o9 1202 HiEEHIDZ AT
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Fig. 1. Process flow diagram of by—-product gas in power plants
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Fig. 2. N2O continuous measurement equipment in power plants site

http://www.ekscc.re.kr



254 TSI

43 2] AY & Gl AHHAY RS A8
oh ARAABS Fo AHE ARE AAYLES B
9Y L2 YAE F 8ol AAE w7127 | Limin
o] 4O T2 o FIAES Shgow], I AARA
R 80 HHBES AAZ 9 Tap AAsHeck

N>O &% 7]7|(LSE-4405)2] 7}A 9-9] 9-2F2 80 mL/min
ol 7lIA A|59 &Lt 5~25CE AA5I9) LSE=
2T CO,, SO, 59 M= IFS 7] w2,
717] Aol 7HEES AASH= Chemisorb S (BETE,
Belgium)} & A|A3H= Molecular Sieve (SIGMA
ALDRICH, USA)E ©o|&0o]%l Trap2 X[ttt PAS
7]7] LSE-44059] EA %7 Table 20] Jebf ).

2.3. N0 955571719 d=1d "ot

=770 AFHE  AMA(Lincarity)sh A
(Repeatability) B7F &5 IS o= Ut A AAHS &
Ast7] e FEE € = EEVIAE PAS 7)V|E
S5t FHAIEL N,O 5= HHAE 125t EE
7}2 0.25 ppm, 0.5 ppm, 1 ppm, 2 ppm, 5 ppm= ©]-&3}
9t} ©] = 0.25 ppm, 0.5 ppm, 2 ppm, 5 ppmE 1 ppm}
10 ppm(RIGAS, KOREA)C B HE 2THEAAZ 54
sto] ARESHRITE 342 918l 1 ppm= AL 5= ®
F712A% SyringeE 0]-85}9] 5L 83F9] Tadlar bag (SKC,
US)e g2 A &A319 oW, Tadlar bagd 1&E FA
(99.999%)% ALg3tel 38] ol A|Fstol AFgBHITh

N0 BEE 7 AR T 3518 200, S| B
2 ANl BEstas] sESte] 444 1AnE 2
gttt ol Fig. 30= YetlaL, FAEFA9 A9t
3t A2 AAAL(R? Coefficient of determination)=
0.99 o]l AL g FRIsTh
PASE 243 N,O S 4] HEAS Belsts] 914
At 5= N,O 1 ppm EE7IAE AREsto] 103] ¥
ASFA T PASQ] HHEA L Table 3202 YEY O
A 23}, PASE ©|-&3 B+ N,O 5%+ 1.00 ppm
UERET BEHEAE 0.02, AHEZHARE 1.95%2
Ehgith. BE7EASE Blasto] oF 0.1% WA YERe

0.001 ppm©.& UERZTh PASS] N,0 & 2
= AP A(da Silva et al., 2006)2] HHEA Al 1%
Hop oA #AT fASH YR o H, 1SO 1564004 A
AlRE AR 3.0%ET FA UER7] dizol ¥HEAdo] £
3t Ao =® gRlsitt.
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Table 2. Analysis conditions of PAS, LSE-4405

N,O LSE-4405 Analyser

Systems PAS
Sample Flow rate 80 mL/min
Sample Temperature 5 ~25C
Pump Speed 42%
Tqcl Cycle scan 21 ~ 25T
Current Through QCL 0.65 A
Temperature measurement cell 35C
Scan Range 1,277.847 ~ 1,279.548 cm™

¥=1.0016x + 0.0465
R*=0.9985 ..~

standard gas concentration{ppm)

o 1 2 3 4 5 6

measuring concentration({ppm)

Fig. 3. N2O concentration graph of PAS using standard
gas

Table 3. Repeatability of PAS

(Unit: ppm)
PAS
Repeatability
N,O concentration
Ist 0.97
2nd 1.00
3th 1.01
4th 1.01
Sth 1.03
6th 1.02
7th 0.98
8th 0.98
9th 0.98
10th 1.01
mean 1.00
SD 0.02
CV(%) 1.95
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FoIAE AL FEBA A ol
A Xﬂﬂloh U BEASAFEY0) AT WEF A
PG olg3to] RAZEA WA N0 WEASE )
otk AAHOE S N0 SES o] §3to] W
ASE A A FEASAETER7I 23t oy

2% APPEEE o183k N0 FEE PASE 0|83t
of d&Ho 24ty AWT ARE 7|EOR A4

Ach e et As A8, 2ed dee 9y
g A wo} A8tk N0 HjEASE A ()2 018
stel Agtaict.

o

EFy o = [Cx0 XK X Quay X 10°]/ (W, X N) (1)

EFy o : N0 Hi&AI5(kgN,0/T])

Cxyo @ 9BH N,O 5% (ppm, AALTFA 71F)

K : 44/22.4(kg/m®)
Quay © H1E F=HKNm?/day)D)
Wiy @ A8 AHEF(m'/day)
N : Bg7tA0] Ay I

FETEH)(kI/m?)

3.1. PAS ¥HS 0|8% 247tA 2H

B AFoxe FAZIA HAAAEY N0 BEASE
7A5t7] Q18] PAS LSE-4405 &7 A& 0141 skof A
ANZrO & wi717kAS N,O BEE SH3IA & 67, 3
ou,g = ol A4 wj7]7kA] N,O 558 2Astgom,

HAYAAE 0] 83t HFAAH0 N,O S5 db=4 Ay}
L Table 49} Zt}.

12} ~ 32} 717FE?t S4E B+ N,O 5=+= 0.32 ppm
olm, HAZE 0.51 ppm, H4ZHS 0.11 ppmO.E e
o} 12} 249 AL, W 039 ppmOZ HHZko] 0.51
ppm, F&Zko] 0.17 ppmlE UEGow, ZEHA=
0.160. 8 Yetstth 23k 2739l 39, Bt 0.32 ppmS
2 Z9gkol 0.46 ppm, F4:gto] 0.18 ppmOE LEREO
o, BEHA= 0.0502 YERT 33 S33%9] 49, 3

1) Nm*: 0T, latm 7|3

A YTAES N0 HiEA S+ 255

Table 4. Continuous measurement N,O concentration
of by—product gas power plant

(Unit: ppm)

Measurement Max. Min. Mean SD
Ist 0.51 0.17 0.39 0.16

2nd 0.46 0.18 0.32 0.05

3th 0.36 0.11 0.25 0.05
Ist ~ 3th mean 0.51 0.11 0.32 0.09
4th 0.53 0.26 0.34 0.03

5th 0.69 0.20 0.43 0.07

6th 0.65 0.12 0.30 0.11

4th ~ 6th mean 0.69 0.12 0.35 0.07
mean 0.69 0.11 0.34 0.08

o 0.25 ppmO. 2 ZFHiZko] 0.36 ppm, F4=Fko] 0.11 ppm
o7 yehgon, BEual= 0.052 YERgT

421 ~ 62t 717He<t SAE ¥t N,O HE& 035 ppm
o, HUWZL 0.69 ppm, ZEZHL 0.12 ppmO.E L}
t}. 42} 2470 A9 B 0.34 ppmO.E FHthgho] 0.53
ppm, &Fko]l 026 ppmlE UEFHOH, EFHA=
0.032 Uebgtt. 52k £3%k9] 4%, ¥t 043 ppmoE
Z|Higko] 0.69 ppm, X &Fko] 0.20 ppmO 2 YEFFEO
REEHEAE 007202 YEST 62 2349 49, B
0.30 ppmO. = FHAZto] 0.65 ppm, Z|5gko] 0.12 ppm O
2 Yegton, BEHAE 0.1192 YERtt

FAY7EA B 9] HA A7 B9t NoO gk
0.34 ppmO. 2 UERoH, HUiZEE 0.69 ppm, HAFk
0.11 ppm= YEFHTE HA| EEHAE 0.082 Ik
of B A9 BATtAE 7 TACA YR A4
7] 2] A7 FUF ¢ AR FA AEo] st
A 7] gio] =9 HAAZ WA SHH AR B
olt, XZWa} FHr ¥l FHTE A Yehd Ao
2 goEch

flo rlo

3.2 BAJIA WHANO| 912 S B4

g WEALS B BN WA RAAS
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ol-gsto] Tsta 7] wiEol, FAZIA A2hE FES)
Al @Al Egete] drE ARESRL ok AEFAClA
BEe FA7tees &80l dASHA o] mEd
N0 5= iEAl Ao 932 vd = Aok &
TolAe A1z SRt FATRAS EAES Fs)
o] Table 52 LEH ATt 77k &9 vl 2l A3,

FIAANTIAE BAYTEAY Bt 2.39%2] BlE5S AA|SH
I, AZTFAE 79.59%, AZTFAE 727%S AHX|sk= A
o7 UEth

Table 6914 H4d SAAILY ZIATFA Td=FT}
2006 IPCC 7lol=2iele] s 7|7 Byt
A} HPAAI L FHATIA B LT 8,514 keal/kg
o7 yehgon, gk 8,646 keal/kg, HEZH 8,317
kealkg, BEHAI= 1167002 Uehgch B 7o F
FATIAO] W HHES 2006 [PCC 7Ho]=aelo A A|
Alohs FAATIAS] IRFHET 7.89% WA UES
U, 95% A2 77191 4,681 keal/kg ~ 18,391 keal/kgo] X
E= AR FRlsttt.

Table 7-= T/ SHAES] I =27FA 0] W AZFT 2006
IPCC 7}o]=2Q1(Gomez et al., 2006)0A] A|A|5l= 1L
B27MA0] RS H|woklch A EHAIEY 127t
A B TG 625 keal/kgC 2 UERGOH, HAgke
638 kcal/kg, 47t 611 keal/kg, BE2HA= 9428 U}
Ebydch B diro] m@shkA drdeke 2006 IPCC 7to]=
Q19| UAFHT} 5.94% =A Yo, 95% A=+

I

240l - Hojat

—

Table 6. Comparison of coke oven gas calorific value
between this study and IPCC

(Unit: kcal/kg)

Coke oven gas calorific value
Measurement
This study IPCC
Ist 8,641
2nd 8,646
3th 8,563
4th 8,317
Sth 8,446 9,243
6th 8,469 (4,681 ~18,391)"
mean 8,514
max. 8,646
min. 8,317
Sh 116.70

* 95% of the calorific value suggested by the 2006 IPCC guidelines

Lower and upper bounds of the confidence interval

Table 7. Comparison of blast furnace gas calorific

value between this study and IPCC
(Unit: kcal/kg)

1o - Tslo]l Ao 51 Blast furnace gas calorific value
7kQ1 287 keal/kg 1,194 kcal/kgo]] Z3E= Ao & Measurement
Q15}9i . This study IPCC
1st 611
2nd 616
Table 5. By—product gas co-firing rate
3th 621
Linz-Donawitz
Measurement | Coke oven gas Blast furnace gas 4th 633
converter gas
Sth 631 590
Ist 3.06% 91.48% 5.46% .
6th 638 (287 ~ 1,194)
2nd 3.80% 91.52% 4.67%
mean 625
3th 1.61% 89.99% 8.39%
max. 638
4th 1.17% 68.79% 9.14%
min. 611
5th 1.97% 69.22% 6.53%
SD 9.42
0, 0, 0,
6th 2.73% 66.51% 9-41% * 95% of the calorific value suggested by the 2006 IPCC guidelines
mean 2.39% 79.59% 7.27% Lower and upper bounds of the confidence interval

Journal of Climate Change Research 2024, Vol. 15, No. 2



Table 8. Comparison of Linz—Donawitz converter gas

calorific value between this study and IPCC
(Unit: kcal/kg)

Linz-Donawitz converter gas calorific value
Measurement
This study IPCC
1st 1,216
2nd 1,232
3th 1,252
4th 1,087
Sth 1,132 1,686
6th 1,101 (909 ~ 3,582)"
mean 1,170
max. 1,252
min. 1,087
SD 65.52

* 95% of the calorific value suggested by the 2006 IPCC guidelines

Lower and upper bounds of the confidence interval

Table 9. Calorific value of by—product gas considering
co—firing rate
(Unit: kcal/kg)

Linz-Donawit| Calorific value
Coke oven Blast furnace .
Measurement] z converter | considering
gas gas .
gas co-firing rate
Ist 8,041 611 1,216 889.79
2nd 8,646 616 1,232 950.24
3th 8,563 621 1,252 802.17
4th 8,317 633 1,087 631.95
Sth 8,446 631 1,132 677.22
6th 8,469 638 1,101 759.47
Weighted
8,514 625 1,170 786.11
mean
SD 116.48 9.68 65.55 111.26

tA ZEAEY N,O HiEA I S 257

A HHAE o] M27kA0] BT} 2006 IPCC 7Ho]
TRl A AARE 7]EgES v]asto] Table 89 LEl
At A B A ] ARTEA Bt D2 1,170 keal/kg
o= Uepton HTHZkS. 1,252 kealkg, H4:3ES 1,087 keal/kg,
REEHAE 65.522 YERTh 2 A3 A27kA Udw
< 2006 IPCC 7Fo|=giRlo| A AAot= M27FA0] U
2l 1,686 keal/kgH th WA YeREA|qE, 2o 253k, ¥
T4 BEF 95% AIFFL7EQ] 909 keal/kg ~ 3,582 keal/kgol|
Z3EE Ao2 I3t

Table 90X = A HAAAMY &4 IApER FTA
7bA, ARTMA, ARTIAS IS AR AN 7|0
2 7SEdote] B YEHH BEEAE UER
Ve A, AA A7t Sk FAY7EAS] Wt
g2 786.11 kealkg, EEHA= 111.260.82 JERTh

3.3. N:O HiEH4 A% Z3t 2 HZ

2 AFoA = A5E S5 N0 HiEASFE AFYstad
ow, AIE Table 100] YEtHQlt. viEA S AHE 4
3, N,O HiEAS HFE2 0.69 kgN,O/TJ, ZHHgH>
0.98 kgN,O/TJ, &ZHS 0.57 kgN,O/TIC. & EAE]glo
o, F2HEIE 0.172 goIstqith

FA7IA E APATLEY N,O HiEAS= F
A7t R AAEo] ot 2 AT dAES 2L
7be, ARIVA, ARVIAE ERSHO] AAAA FAEH]
mioll, 214 Hla o] ofgZo] vk FA7EA E4of w
£ WiEASe BHAste] Fud wet B ATt g7
| £o]] IPCCL} EPA (US EPA, 2013)04 AA5k =

RS I EE L R

Table 10. Results of calculated N.O emission factor
(Unit: kgN,O/TJ)

Measurement N,O emission factor

Ist 0.70

2nd 0.57

3th 0.46

4th 0.79

5th 0.98

6th 0.64
mean 0.69

SD 0.17

http://www.ekscc.re.kr
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Table 11. Comparison of by—product gas N,O emission
factor among this study, IPCC and EPA
(Unit: kgN,O/TJ)

N,O emission factor Lower” | Upper”
Coke oven gas 0.1 0.03 0.3
2006 IPCC Blast furnace gas 0.1 0.03 0.3
Guideline Linz-Donawitz
0.1 0.03 0.3
converter gas
2014 EPA Coke oven gas 0.09 - -
National
Emissions
Blast furnace gas 0.09 - -
Inventory
This study By-product gas 0.69 - -

2006 IPCC 7}o]|EgtRIofl A AAISEAL Qs FAATEA,
I27kA, A27FA0] N,O 8iEA5+= 0.1 kgN,O/TIo|t}.
2014 EPA”} A|&3t National Emissions Inventory—= 3
FAATIAS} 1ZTIA L] N,O BiEAIF+= 0.09 kgN,O/TIE
AA5HA Tt o= Table 1182 YeRHTH £ A49] FA8
7k N,O HjEAE IPCCOA AAoks BA7EA9] AF
3HzEQl 0.3 kgN,O/TIR T} 0.39 kgN,O/T] =74 AFZ= Q)
omn, EPASIA AAIStL U= N,O HiEASET 0.6
kgNoO/T) =] A= Qleh. BA7FAS T2 dd89] &
A 4T AR 2 EdE BE7E ojgr] Wil
IPCCO] gk3} zfo]7} QA APgH Ao= =t T3l
A7 570X AEA 2pol7t glekal webste] 2 A+
A= F 6o A N,O 558 SHoto] A B+ &
Tt 7Hgote] WiEAlsE A stTt

AES oz & 6xto] A4 AA7H =
Z45t0o] BAZIA T4 AR THE N,0 Hi&ASE A
At

A} AL L FIATIA, TEIIA, ARIIA o
& A A, FIATMAE FATEAS] B 2.39%9] H]
%S AA5ta, TRIMAL 79.59%, ARIFAL 727%S
A= A 02 eyt FAA7A WA Bt N.O &

2) IPCCE 95% AFF7olA SHekghat Aetghe AL U
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. ZtMO) . XMOlRE

[N ey 1

T+ 0.34 ppmE YEFFE O™, N,O W& A4+ 0.69 kgN,O/TJ
o= A=t

2006 IPCC 7}o]|=gkolof| A AAJE}L Qi FIAATIA,
AZ2IIA, AEIEAL] N,0 HiE A4 0.1 kgN,0/TJo] 1L
95% AIZ| L7 0.03 ~ 0.3 kgN,0/TJo]1], 2014 EPA
7} A|&3t National Emissions Inventory= FIA7}AQ}
T27FA9 N,O HiEA S 0.09 kgN,O/TJo|th. 2 oL
o] BAY7EA N,O & A S IPCCOA A|Aleh= FA7L
29] A5HzE91 0.3 kgN,O/TIE T} 0.39 kgN,O/TJ &=A| At
A= Ao, EPA|A AAISIIL U= N20 HiESAFH
0.6 kgN,O/TJ] =4 A= it

IPCCO|A] A|F5hH= Tier 1 7] N,O HiE&AIF= =
9] i A 9 7l& 52 WHFSHA] Xty ] £
7kA A0 H7HG N,O #iEAG7 g = ofof gt
T oggEn 2 A fEuete] 247EA QMIEY

&30 HAIEC R N,0 555 S5 2H, N.0 5=
FHHLR T 227t 27] el A e 247
& HEF e fEiMe 4% SAHE 8¢ 2dVke
& A ol 482 B840l Ao

o] FAZIAE o] & WAL Sl + B
AA AR FotaL e, & A= U F A F

3 29| PAEA THALE BFOE BN NO 5
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