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ABSTRACT

As of 2019, the greenhouse gas emissions from agricultural byproduct incineration amounted to 15.83 thousand tons COseq.
Only CH4 and N,O emissions are reported from agricultural byproduct incineration, with CO, not being considered carbon
neutral. The emission coefficients used to estimate greenhouse gases in this sector rely on the 1996 IPCC GL (Guidelines
for National Greenhouse Gas Inventories) values and incorporate oxidation rates and nitrogen content for specific crops.
However, there is a need for improvement as emission coefficients are applied without considering crop-specific characteristics.
This study focuses on wheat as the target crop, with samples collected during the harvest season in June. To simulate real
open burning sites, experiments were conducted using an experimental chamber constructed based on EPA method 5G
(Determination of particulate matter emissions from wood heaters - dilution tunnel sampling location) and EPA-600/R-96-128
(Evaluation of Emission from the Open Burning Of Land-Clearing Debris). Sample gases were collected in Tedlar bags using
a lung sampler (EPA Method 18) and analyzed via GC-FID to determine the concentrations of CH4 and N,O. The emission
coefficients developed in this study for wheat agricultural byproduct incineration can serve as foundational data for estimating

greenhouse gas emissions in the agricultural sector, enhancing the reliability of national inventories.
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Table 1. Current status of national wheat cultivation area and ratio

Wheat
Region
Area (ha) Ratio

Seoul 0.00%
Busan 0.00%
Daegu 0.00%
Incheon 0.00%
Gwangji 10.80%
Daejeon 0.00%
Ulsan 0.00%
Sejong 0.00%
Gyeonggi-do 0.30%
Gangwon-do 0.08%
Chungcheongbuk-do 0.10%
Chungcheongnam-do 194 2.35%
Jeollabuk-do 2,852 34.54%
Jeollanam-do 3,277 39.68%
Gyeongsangbuk-do 139 1.68%
Gyeongsangnamdo-do 805 9.75%
Jeju-do 59 0.71%
Total 8,258 100%
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Fig. 1. Wheat farming schedule

(a) Wheat byproduct sample collection
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(c) Moisture measurement

(d) Burning agricultural by-products

Fig. 2. Agricultural by—product incineration experimental procedure
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Table 2. Conditions for incineration system considerations

Classification

Conditions

Combustion chamber size

Floor area 2.7 x 3.4 m, Height 1.9~2.2m

Flow rate

43.6 ~ 45.5 m3/min

Effective air exchange rate

2.3 ~ 2.4 times/min

Combustion furnace

910 x 460 x 410 mm

Fireproof bricks are used inside the combustion furnace

The deflector shield is installed 0.9 to 1.2 m above the combustion furnace

Internal conditions

To provide cleanliness and inert conditions inside the combustion chamber, all internal surfaces are covered with
Tedlar sheets (approximately 0.06 mm thick) and sealed with HVAC grade aluminum tape
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Air IN 8250

500mm

100Pmm

1700mm

410mm

2700mm
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= Air Out
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C/S Square Pipe

3000mm FAN 42CMM

Fig. 3. Schematic diagram of incineration system
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EXSE 7FAE GC-FID (Gas Chromatography Flame
Ionization Detector)S AM&-5lo] 24519t GC-FID2] &
g2 AE QA AA 9] Porapack Q 80/1002 AM8-519]
I EEAN2)S Hy, Air®] 72 ZF 25 ml/min, 30
ml/min, 300 ml/minC. 2 s}Ftt. QLB FAL, HE7]9
2= 7} 120C, 70T, 250CE A3 THTable 3).
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membrane filter
Air Pump Velocity memter
Tedlar bag
Fig. 4. Measurement schematic diagram of incineration gas in measurement place
Table 3. Gas chromatography analytical conditions
Column Carrier gas Gas flow velocity Temperature
Porapack Q N, N, H, Air Oven Injector Port Detector
80/100 (99.999%) 25 ml/min 30 ml/min 300 ml/min 70°C 120°C 250°C
CH, N,O
70000 25000
=12294x - 3017.8

. : R:=O’.(9993 20000 ¥y =3966.5%-702.39 v 3

50000 =t ™
o 40000 g 15000 -
2 <
< 30000 W A 10000 -

20000 N

10000 Pt 5000 -

&
. 0
0 1 2 3 4 5 6 0 1 2 3 4 5 6

(a) CH4 calibration curve

(b) N,O calibration curve

Fig. 5. CHs and N20 calibration curve using standard samples

2.5. HiEAH s LA

£ dFoAe U FeiAE 470 ©E CH, N0
HEATE A7) fIste] 4 (1), )2 Zo] A4Sk
t}. 0714, C&= GC-FIDZ £43 A7 7}A9] FEolH,
9= CHs= ppm, NoOE ppbolth. K= CH,o| EAF
16.043 kg, N,09] EA=F 44.013 keIt T2AME] 7]#)9)
1 kmolg £1] 224 m’E 9ulgith. Q& Wi&7ta |3

Yoz 9E A7 dojet f52 ol8ste] AL,
© A9 ARgE &7 Aol

Emission Factor CH, = [K X Cep, X @i X 10°°)/w (1)

CH,EF : CH, W&A% (gke)
Cen, CH; 5= (ppm)
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K : 16.043/22.4 (kg/m®)
Qnin  :  HIE8F (Sm’/min)
w . AZF (kg/min)

Emission Fuctor NyO = [K % (Cy, x107%) x @ 1 x107°/ W (2)

U PEEAE Azo] B
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3. g7 Zut
HAZH U YEEAES EX

39 d¥s XYs SRS ¥
) 21.61 m’/min®| Y3, Bt A7 A7 15801t 59
MOEL: N0 HEAT (ke L0030 Y, RS2 BR8] 30-
Cxo  :© NO % (ppb) 40% ofet FEANME 47 Al LA7kA WFe] 2 3
K : 44.013/22.4 (kg/m®) o7} Q& Ao Z Vet B AdoA W HAE A&
Qin : HI&8=F (Sm*/min) 9] £H 3589 HYLE Table 42} Zo] 5.77% ~ 24.93%
w . AZFF (kg/min) o|AL, B FE THEL 11.7%0E FeFitsE A=
o] i FHE°] 30%HFteE ATIA WAYF] &
FS FA Yo Ao werd
Table 4. Experimental conditions for wheat incineration
Classification No Flo:v r.ate Incinerat?on time Moisture Rate Incineration amount
(m’/min) (min) (%) (kg)
1 25.97 18 18.73 1
2 27.15 19 13.67 1
3 26.97 20 13.83 1
4 26.09 15 10.33 1
5 21.13 18 24.93 1
6 20.86 14 16.23 1
7 20.63 14 15.93 1
8 20.43 17 14.60 1
9 20.72 12 13.87 1
10 20.23 11 10.13 1
Wheat 11 20.14 13 7.67 1
12 20.27 13 8.60 1
13 20.21 21 8.77 1
14 19.91 21 8.83 1
15 19.50 23 6.93 1
16 20.42 9 10.00 0.5
17 21.11 9 8.10 0.5
18 18.60 12 9.13 0.5
19 19.68 8 7.87 0.5
20 22.08 10 5.77 0.5
Mean 21.61 15 11.70 0.88
SD 2.57 4.41 0.05 0.22
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3.2. CHg, N2O Sk

20709] ANEE GCE £4% 23}, CH, 5=9 W=
23.05~67.05 ppmlZ H FEE 46.41 ppmo|H, HF
HA= 17.04 ppml= UEHTE N,O 5E9 ®9l=
205.28 ~488.10 ppb2 2 HHF =T = 383.84 ppbo]3o
o, F2HAE= 102.17 ppbL & UEFITHTable 5).

U FeRAE A7 @2 CHOF N,O HiEAFE
Table 69} Zom, WiEA59] M= CH,9| % 0418~
1.390 g/kg, N,02| 4L 0.015~0.025 g/kgl 2 LERGT].
CH;, HWiEA$9 HFL 0814 gkeold, EEHAE=
0.218 ghgO® eI, N,O #jEAS0] B 0.019
g/kgoltl, EEZHAE 0.002 gkgl & LERGTH

2 2AUIA HiIEAIS Y 729

3.4. HIEAH =+ HlW

2 AtollA] A% 1 JRANE A7) TE CH.e
N,O Hj&A|4E 27t 0.816 g/kg, 0.019 gkgl 2 ERG
ot @A S-Eubetol A ARESHIL Gl 1996 IPCC GLOJ
HjEA5=0] 42 o] §lo] A o2 AASHL §lof &
A9] HiEA R} BT 5= §1%12H, 2006 IPCC GLO
A A §34d Ab-sdTAE N4 7t EF
(CO,, CO, CHy, N;O, NOx)°ll i3 8i&AE A A5k
9lo] Table 73} Zro] ¥]WEFITHIPCC (1996, 2000)). E-
Ae] &ALt 2006 IPCC GL Hi&AISE Hla sk
S o, CHs= 0.816 g/ked} 2.7 ghkgO 2 B L9 wj&
AlZ=7}F 2k 0.308] W9k, N,OX 0.019 gkgTt 0.070 g/kg
o= OF 0274 22 & YERRt

2022 7} A7FA QIHI E 8] B 314 (National Greenhouse
Gas Inventory Report of Korea, 2022)0] w2, U A&
< AT 7714 ZAE] diof T4 FES FH5dL

Table 5. Results of wheat incineration experiment concentration measurement

Classification No. CH,4 (ppm) N0 (ppb)
1 27.39 411.66
2 23.05 393.77
3 72.15 471.90
4 22.43 429.28
5 63.54 409.59
6 67.05 488.10
7 63.38 444.19
8 57.08 473.46
9 55.34 466.83
10 42.56 478.14
Wheat 11 4435 480.27
12 59.05 452.08
13 59.51 403.04
14 66.52 383.54
15 58.66 417.72
16 28.45 224.38
17 34.78 229.10
18 32.70 205.28
19 25.25 206.95
20 24.92 207.51
Mean 46.41 383.84
SD 17.04 102.17
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Table 6. CHs and N,O emission factor for incineration of wheat by—products

o
?:Inl_I:LTD

ZIAX]
O =

- EEY - Mo

Classification No. CH, (g/kg) N,O (g/kg)

1 0.509 0.021

2 0.448 0.021

3 1.394 0.025

4 0.419 0.022

5 0.962 0.017

6 1.002 0.020

7 0.937 0.018

8 0.835 0.019

9 0.821 0.019
10 0.617 0.019

Wheat

11 0.640 0.019
12 0.857 0.018
13 0.861 0.016
14 0.949 0.015
15 0.819 0.016
16 0.832 0.018
17 1.052 0.019
18 0.871 0.015
19 0.712 0.016
20 0.788 0.018
Mean 0.816 0.019
SD 0.218 0.002

Table 7. Comparison of this study with 2006 IPCC GL emission factors

Classification this study (g/kg) 2006 GL (g/kg)
CH, 0.816 2.700
Wheat
N,O 0.019 0.070

Table 8. Carbon content and nitrogen content by crop type in agricultural residue burning

Corp Carbon content Nitrogen content
rice 0.3760 0.0056
barley 0.3465 0.0052
wheat 0.4853 0.0028
chili pepper 0.3785 0.0057
garlic 0.3415 0.0051
sesame 0.3715 0.0056
onion 0.3810 0.0057
soybean 0.4120 0.0062
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CH4 Emission Factor Simulation with Normal Distribution (Mean 0.816)
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N20 Emission Factor Simulation with Normal Distribution (Mean 0.019)
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Fig. 6. Calculation results of uncertainty of emissions factor of CHs and N,O

Table 9. Uncertainty range and comparison of emission coefficients

Uncertainty (%)
) IPCC GPG 2000
This study . . .
agricultural residue burning
N.O -26.9 ~ +27.0 -20.0 ~ +20.0
CH,4 -54.1 ~ +54.5 -20.0 ~ +20.0
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T2 ASFI ek W 2] A9 IPCC GPG 2000
(Good Practice Guidance and Uncertainty Management in
National Greenhouse Gas Inventories)] B4 2 A4 3}
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B geiitE a4 RE A HiEd A 5 M =
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ol-g3sta] S AAtshs ol & Aol oA
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=0 22 49 AlEYeldE APsAnt
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Table 92} o] CH, HlE&AY] SY4-2 0.816 g/kgo|
loH, 519 2.5%9 WEA T+ 0.374 gkg, A 97.5%
o] HiEAT= 1.261 ghkgRE LT 95% AlZ]5E7to] A
EIT WMo —54.1% ~ +54.5%%2, ZutE s el
T} N0 Bi&A159] $432 0.019 g/kgoloH, 5HY
2.5%9] BiEAg= 0.013 gke, A9 97.5%9] vi&AT=
0.023 g/kg® LEFGETE 95% Al F7tollA B8t W=
26.9% ~ +27.0%91, FotEEZ JERGTHFig. 6).

IPCC GPG 2000°] w2, CH,, N,O Hj& A5 £33}
T oF £20%C) AT, FEFARE A7t EoF &5 HolH
o] Hrt @i, i AdaEE ZAEE A7 Ao
7b do] BT 4HF9] ofEZo] Utk 3t

2006 IPCC GLOAE JHARE A7F Hof CH,, N,O
&A1l disf] B2 r WS AR & 7] W
o, 2 Aol A APgst viEAIEL} 2.5%, 95% HEAS
S T AAFTE, Bo A=Y e WiEHE AT
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http://www.jccr.re.kr



732 ShE - X - P -

o wHolH AzE|u, o
B Leluet

4> ox o2 X,

it

A2E XRS5 Tedlar bagl 2 71AE XS,
7FAAEE GC-FIDE sE84 ot viE&AFE Aot
k.

FsHANE A7 2 CHy 5= B 46.41 ppm,
N,09] Bt 5= 383.84 ppbE e O, SAHH =5

£ 53| wiEASE APg3t A CH, siEAsE B
0.816 g/kg, N,O &A1= Hat 0.019 g/kgO 2 LERG
ok 2 AFoA AHEE wiEAsE 2006 IPCC GLO HY
EA1S0l| vlsto] CHySl 7% 0.308], N,02] 7% 0.274H
2 AL Fe Btk AHES A B8 2
7HE2 AlEFolAE B3l 451t CH2l B 95%
A Z| 77l A 5] 2.5%9] wiEAlS= 0.374 gkg, 4
97.5%2] HlEAG= 1.261 ghkg® UWEFHTE N,09] 3¢
95% AE| 7oA 519 2.5%9] BlE&ASE 0.013 gk,
A+9] 97.5%2] HiEASE 0.023 ghgR UERGTH

SHYEe JeFAE Ao 2 2A47A W&
S ZAE2AARFT Ay AN, AEYE, AL ZH|E,
Ak, B4 AL -8, WEAS, A Fo2
A5t Qioh HiE A4 1996 IPCC GLO| e &85}
I glom, @97t Qi Aegholth B Ato A spEst
4 JeFARE Ao TE CHy, N2O HiEAIF] @9lE
ghkgol B2 HiEFS A5 YolAlE &% dolEZ
g4 A7 Wgsith dA 27 7] dEA by
EF AP HEe SA™AE &7 HFEOAE 3
A1917]1&4(2014)TF Kim et al. (2016) A7-9] 9] 2]
g AE 2Z7FS AHESEL QoY HFEAE A= B
of tiaiAnt A& Azt A7t EXstEg ol High
e AR &L sttt 99g FE AZTFS

Journal of Climate Change Research 2024, Vol. 15, No. 5-1

=
4 A= WEAs N dde

2 A7e AT TdEdATd TeiAE &
Ztoll ofet A wiEE5A
AT PI014909), 7 SAE 77|55 E Ao}y shA
A9 AEoR FPEAFYL.

A
2
=y
oH,
we,
=
M
)
&
=
i
o

References

IPCC (Intergovernmental Panel on Climate Change). 1996.
Revised 1996 IPCC guidelines for national greenhouse
gas inventories: Chapter 4.

IPCC (Intergovernmental Panel on Climate Change). 2000.
Good practice guidance and uncertainty management in
national greenhouse gas inventories. Hayama, Japan:
Institute for Global Environmental Strategies.

IPCC (Intergovernmental Panel on Climate Change). 2006.
2006 IPCC guidelines for national greenhouse gas
inventories: Chapter 4. Hayama, Japan: Institute for Global
Environmental Strategies.

Jeon YJ, Woo JY, Lee HS, Jeon EC. 2019. A comparative
study of CH, emission factor of combined cycle power
plant by sampling method (in Korean with English
abstract). J Clim Change Res 10(3): 213-219. doi: 10.
15531/KSCCR.2019.10.3.213

Kim DY, Choi MA, Han YH, Park SK. 2016. A study

on estimation of air pollutants emission from agricultural



Y FsRiE 220 M2 24714 HiEAS HE 733

waste burning (in Korean with English abstract). J Korean
Soc Atmos Environ 32(2): 167-175. doi: 10.5572/KOSAE.
2016.32.2.167

Korea Environmental Industry and Technology Institute.
2014. Improvement of Air Pollution Emission Data by
Biomass Burning

Ministry concerned. 2023. National Greenhouse gas Inventory
Report of Korea

National Institute of Agricultural Sciences. 2013. Development
of emission factors and assessment of emission for
methane at cropland in Korea. Jeonju, Korea: Rural
Development Administration.

Nongsaro. 2024. Wheat workschedule. [accessed 2024 May
10]. https://www.nongsaro.go.kr/portal/ps/psb/psbl/work
ScheduleDtl.ps?menuld=PS00087&cntntsNo=30707&sKid
ofcomdtySeCode=FC

Rural Development Administration. 2008. Research on carbon
sinks in the agricultural sector related to the Climate
Change Convention.

Rural Development Administration. 2020. wheat - Agricultural
Technology Guidelines 044.

Statistics Korea (KOSTAT). 2024. Crop production survey.
2022, 2023 Wheat production (grain). https://kosis.kr/st
atHtml/statHtml.do?orgld=101&tblld=DT 1ET0232&con
n_path=I2

Yu KB, Lee BT, Han KM, Kim HS, Yim HM, Song
MK, Bae MS. 2022. Estimation of fuel loadings of
domestic agricultural crop residues to determine the air
pollutants emissions (in Korean with English abstract).
J Korean Soc Atmos Environ 38(3): 451-469. doi: 10.
5572/KOSAE.2022.38.3.451

http://www.jccr.re.kr



	밀 영농부산물 소각에 따른 온실가스 배출계수 개발
	ABSTRACT
	1. 서론
	2. 실험 방법
	3. 연구 결과
	4. 결론
	References


