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Estimation of Fuel Loadings of Domestic Agricultural Crop Residues
to Determine the Air Pollutants Emissions
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Abstract Open burning of agricultural residues is one of the significant sources of air pollution. The quantification of air
pollutants emissions by open burning requires the fuel loadings calculated from the biomass and the crop’s burning ratio that
indicates the mass fraction of crop residues incinerated to the total crop residues. The survey of 1,004 domestic farmers in
2020 found that the burning ratio was 13.6%, and the compost recycling was 73.5%. The burning ratio varied from region and
crop. The burning ratio in Gyeonggi-do was the highest at 31.7%, followed by Chungcheongbuk-do at 21.6%, Jeollabuk-do at
19.1%, and Gyeongsangnam-do at 15.5%. The pepper’s burning ratio was 33.6%, followed by pear at 27.5%, peanut at 25.6%,
and barley at 21.0%. Compared to 2014, the burning ratio decreased significantly. The average burning ratio of ten crops
dropped by 71.6%, and particularly that of fruit trees’ residue such as pear, apple, peach, and grape decreased by 78.5%. The
biomass conversion factors to the annual crop yields provided by Statistics Korea reasonably presented the annual mass of
agricultural crop residues. Finally, the fuel loadings at the agricultural open burning for twenty residues were estimated by
multiplying the burning ratios by the mass of agricultural crop residues. As of 2019, the fuel loading of apples was the highest
at 128,217 ton/yr, and those of pepper and barley were 68,523 ton/yr and 51,661 ton/yr, respectively. Open burning of
agricultural crop residues is one of the long-standing treatment ways. However, to reduce the emission of air pollutants, it is
most effective to promote recycling, such as compost or livestock feed.
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Table 1. Characteristics of respondents to the survey on the
agricultural crop residues.

No. of Fraction
respondent (%)
Total 1,004 -

Male 702 69.9

Gender Female 289 288
Unknown 13 13

<49 238 23.7

50~59 261 26.0

ggeigm‘p 60~69 374 37.3
>70 128 12.7

Unknown 3 0.3

Gyeonggi-do 76 7.6

Gangwon-do 91 9.1
Chungcheongbuk-do 97 9.7
Chungcheongnam-do 40 4.0

Region Jeollabuk-do 82 8.2
Jeollanam-do 267 26.6
Gyeongsangbuk-do 204 203
Gyeongsangnam-do 60 6.0

Jeju-do 87 8.7

Table 2. Treatments of agricultural crop residues by region.
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Treatments (%)

No. of
response Compost Livestock feed Sale/collect Burning Others

Total 2,142 735 6.5 5.9 13.6 0.5
Gyeonggi-do 190 54.7 8.8 4.8 317 0.0
Gangwon-do 211 76.0 8.8 2.5 125 0.2
Chungcheongbuk-do 204 67.4 7.2 27 21.6 1.1
Chungcheongnam-do 125 77.9 10.5 33 7.0 13
Jeollabuk-do 116 723 34 52 19.1 0.0
Jeollanam-do 675 78.5 2.8 74 10.8 0.6
Gyeongsangbuk-do 379 754 4.5 10.9 8.7 0.6
Gyeongsangnam-do m 59.4 20.9 4.0 15.5 0.3
Jeju-do 131 84.0 103 0.7 5.0 0.0
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Table 3. Treatments of agricultural crop residues by crops.

No. of Treatment (%)
Crops response
P Compost Livestock feed Sale/collect Burning Others
Barley 29 531 20.0 59 21.0 0.0
Barley
Wheat 9 75.0 25.0 0.0 0.0 0.0
Apple 131 59.1 4.9 16.7 18.2 1.1
Pear 78 59.8 24 9.4 275 1.0
Peach 92 724 54 5.8 15.2 1.2
Fruit trees Grape 40 82.3 4.8 5.1 7.8 0.0
Citrus 67 89.1 1.6 13 79 0.0
Persimmon 49 89.2 2.1 52 35 0.0
Plum 60 81.1 3.8 6.0 9.1 0.0
Others 61 70.9 12.6 1.9 13.7 0.4
Soybean 176 69.9 14.1 3.1 12.8 0.0
Pulses Red bean 28 78.6 5.7 3.6 12.1 0.0
Mung bean 8 80.0 0.0 0.0 20.0 0.0
Others 5 50.0 0.0 50.0 0.0 0.0
Corn 107 71.6 16.4 4.1 74 0.5
Minor grains Buckwheat 2 100.0 0.0 0.0 0.0 0.0
Others 8 571 28.6 0.0 14.3 0.0
Sweet potato 119 71.5 17.2 4.2 7.1 0.0
Potatoes
Potato 98 79.6 7.0 33 9.7 0.5
Water melon 47 73.6 0.0 9.5 16.8 0.0
Oriental melon 23 83.5 43 35 8.7 0.0
X Strawberry 65 88.4 43 5.1 2.2 0.0
Fruit vegetables
Cucumber 17 78.8 8.8 53 7.1 0.0
Pumpkin 55 829 3.8 9.2 4.1 0.0
Tomato 39 90.5 0.3 33 59 0.0
Korean cabbage 71 80.3 13.0 52 1.5 0.0
Spinach 12 68.3 0.0 15.8 8.3 7.5
L |
eafy vegetables | tuce 2 91.9 8.1 00 00 00
Cabbage 1 81.8 0.0 9.1 9.1 0.0
Root vegetable Radish 38 71.2 103 9.7 6.1 2.7
Pepper 231 585 26 46 336 0.6
Welsh onion 22 80.0 45 0.0 6.8 4.1
Seasonings Green onion 19 80.6 8.3 5.6 0.0 0.0
g Onion 32 855 0.0 113 32 0.0
Ginger 14 87.1 0.0 129 0.0 0.0
Garlic 1 83.7 0.5 9.8 6.0 0.0
Sesame 98 69.2 25 73 21.0 0.0
Specials Perilla 109 74.2 24 33 20.0 0.1
Peanut 27 67.2 4.0 3.2 25.6 0.0
Flower Flower 21 86.1 2.8 0.0 1.1 0.0
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Fig. 1. Agricultural crop residues disposal by crops.
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Table 4. The monthly burning proportion of agricultural crop residues by crops.
Burning proportion (%)
Crops
Jan Feb Mar Apr  May  Jun Jul Aug Sep Oct Nov Dec
Barley - - - - - 85.7 - - - 14.3 - -
Barle
i Wheat - - - - - - - - - - - -
Apple 133 133 10.0 8.3 33 8.3 33 33 1.7 10.0 10.0 15.0
Pear 19.0 9.5 - 4.8 - - - - 48 310 9.5 214
Peach 56 22.1 56 - - - 1.1 16.7 1.1 1.1 - 16.7
Fruit trees Grape 16.7 333 - - - - - - - 16.7 333 -
Citrus 7.7 154 154 307 154 - - 7.7 - - 7.7 -
Persimmon - 25.0 - 25.0 - - 25.0 - - 250 - -
Plum - 20.0 - 40.0 - - - 20.0 - - - 20.0
Others 9.1 9.1 9.1 - - - - 9.1 9.1 9.1 18.2 273
Soybean 5.9 29 29 - - - - - - 206 412 26.5
Red bean 14.3 - - - - - - - - 286 428 14.3
Pulses
Mung bean - - 100 - - - - - - - - -
Others - - - - - - - - - - - -
Corn 9.1 18.2 9.1 - - - - 9.1 18.2 18.2 18.2 -
Minor grains Buckwheat - - - - - - - - - - - -
Others - - - - - - - - - 50.0 50.0 -
Sweet potato - 6.3 124 - - - - 6.3 6.3 187 437 6.3
Potatoes
Potato - - 125 - - 25.0 - - - 25.0 375 -
Water melon - - - - 25.0 25.0 - 125 125 125 - 125
Oriental melon - - - - - - - - 100 - - -
Fruit vegetables Strawberry - - - - 499 167 - 16.7 - - 16.7 -
9 Cucumber - - - - - - - - 50.0 50.0 - -
Pumpkin - - - - - 50.0 - - - 50.0 - -
Tomato - - - - - - - - - 500 50.0 -
Kor. cabbage - - - - - - - - - - - -
Leafy vegetables spinach ) ) ) ) ) ) ) ) ) ) ) )
9 Lettuce - - - - - - - - - - - -
Cabbage - - - - - - 100 - - - - -
Root vegetable Radish - - - - - - - - - - 100 -
Pepper 10.3 103 5.7 1.2 - - 1.2 1.2 23 19.5 253 23.0
Welsh onion - - - - - - - - - - 100 -
Seasonings Green onion - - - - - - - - - - - -
i
g Onion - - - - - w0 - - - - - -
Ginger - - - - - - - - - - - -
Garlic 125 - - - - 250 - - - 125 500 -
Sesame 4.5 9.1 9.1 - - - - 9.1 4.5 13.6 31.8 18.3
Specials Perilla - 83 83 - - - - - - 208 334 292
Peanut - - - - - - - - - 200 80.0 -
Flower Flower 25.0 - - 25 - - - - - - - 50.0
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Fig. 2. Changes in the preference for the burning of agricultural crop residues by year according to the Statistics Korea’s

Agriculture, Forestry and Fisheries Survey.

14.6% 2 ZAEQUTE 2016WHE ZAE 2EL2 4
gl g8k ool 2018W7kA] &3] Z4sIAT
2017\ 5E ZAFE 2HE F ERFES}F 14m), A=
2017 ©H] 2018'dof WolH ek 7Ha, 7HHlE,
D7]+= 20179 thH] 2018 ]| ssobRCE

2742 Ao AL Aet 2 Aol A 73 4
2 sdEAE S de vetlle 274

2T, 28 472 ABwSE 22HE] vl E
Bl 47 Aol AR E HAAOR 4B 4 9)

ok
79 30 vhehd A, 157 28] v At o
Az T 240 B ES AZES FAE RS L S
=

k. 150] 7 FAY TAtIM 2772 A2

oA 2B Ak fARE AT HYS I
ok

20144 FAIY7| % 40] A7 AT ATLL
o) a5 428 SAIAE 2248 A7) 24




100.0%

93.3% 9
90.6% ) —e—Burning ratio (KEITI, 2014) 90.3% S1%
—e—Burning preference(Statistics Korea, 2018) o
Burning ratio (This study) 72.3%
51.5% 50.8%
"
/
.6 /
3\.0% / \
21.0% .y / 21.1 /21 0% g o
0% / \ 21.1% -0% 20.
) 18.2% - 15.2% s 16.8% ,/ / 1‘ - 20.0%
: 8% b
o 78% o 74% 71% 27% O\ 30% 7.4% g5y 78% ?E;G 75% j\ﬁ/e.o%
14.6% — N e o= L 35— X
6.7% ooy 103% Dex 7 1% 5% “ %

Rooi. Pon Oy G Sas. Ry,
sp Fog. T e e Moy

G Aoy, Ry Res. Om. So, G Suy R, W, % Qo P 7o, o
Ty, P T Ocp TP A éee/) ey o @ or ,)7@/’9%& %;7% ”704,}7 Doty S, %
0 b 6,

e

Fig. 3. Comparison of the preferences for burning with the burning ratios of agricultural residues.

Table 5. Comparison of the treatment of agricultural crop residues according to the scale of cultivated land of soybean, pep-
per, and sesame.

No. of Compost Livestock feed Sale/collect Burning Others
respondent % F-test % F-test % F-test % F-test % F-test
Soybean Large 77 B4 g3ss 198 5ues 30 0.056 69 j0248r %0 -
Small 93 67.1 12.0 3.2 17.7 0.0
Pepper ;:glel :(2):, Z;:g 1,669 ;3 0.707 i; 0327 2(7)2 1.859 g:i 1,666
Sesame Large 29 66.2 1.183 34 0.748 131 9.811 172 1.205 00 -
Small 64 70.6 2.0 4.7 22.7 0.0
*p<0.5
9 AR B 2 Ao g2 AeR, 107 F 3.6 BZf 2E SYULIZ X2| el vl
A= 228 AT (Kim et al., 2016). SATAES] A2 FEF BAe Rl FF=
2 A7 AEEARs 20200 R AorM T XS AWEY] 6] F, T E e R F
A7 ANE lwste] 2zl WS BAHS) B YAAE Aol FeES AR R TRt 6]
4= Qlrh 2014 A Ae] Hlsh 107] 222 9 WS $AE ARE Ve 7 Al A=
S 27082 Bl 714%7F ALotAe da & AEiEA ] S80S AAtstalen, Sslgthn 2
N A= 90.6%1 4 18.2%% Rotlow, vi=  B9E iR BE o R RSN St 2He
75.0%0M141 27.5%, H5ohs 724%00141 15.2%, 2= W 2ti PR SRl o] AEiHE g

NI

0z

w1
(=}

o,
&
B

93.3%N 4 7.8% % TASIACE WEHE FollA T 9} Z71= 2008 0] Tt

>

90.3%°11 4] 33.6%=, Ba-= 100.0%l4] 25.6%=, & 29| A9 AuiH A o wat AZ50] BAF
e 91.7%NA 20.0%, D7 72.3%01A4 21.0%, & o2 Fol5H] thE2 & & ATt tie A2
T 31.0%01A 7.4%= HASHIN 7 Hels A9 B 6.9%9] 27FES UERRA|RE At 734
30.0%°1141 21.0% = ZHAsH3]ct. O] B9 17.7% 2 FHAH L E #A et B o
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Table 6. Conversion factors of agricultural crop residues by
crop.

Conversion factor

Crops Residues Production-based*  Area-based**
(ton/ton) (ton/ha)
Apple Branch 1316
Barley Haulm 1.230
Citrus Branch 0.088
Corn Straw 1.189
Grape Branch 1.562
Mung bean Stalk 1.092
Peach Branch 0.367
Peanut Stem 1.780
Pear Branch 0.656
Pepper Stem 2.600
Perilla Stem 6.140
Persimmon Branch 0.270
Plum Branch 0.383
Potato Haulm 0.180
Red bean Stalk 1.079
Rice paddy Straw 0.027
Ridge (paddy)  Weed 0.027
Sesame Stem 5.800
Soybean Stalk 1.000
Sweet potato Haulm 0.850

*: collected from Park et al., 2011, **: estimated in this study
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Table 7. Fuel loadings of agricultural crop residues by region in 2019.

Fuel loadings (ton/yr)

Crops
P BS CB CN DG DJ GB GG GJ GN GW IC JB JJ JN SE SJ UL Sum
Apple 13 12,545 5,794 91 22 80,975 407 8 14,882 2,512 21 9,585 - 1,310 - 47 46 128,217
Barley 12 68 264 308 - 1,348 57 636 4,779 156 28 18,531 2,327 23,148 - - - 51,661
Citrus - - - - - 0.1 0.9 - - - - - 4372 49 - - - 4,378
Corn 42 1,861 71 9.4 1 359 685 6.4 486 2,494 52 142 50 540 1.2 6.9 46 6,864
Grape 1.6 1,658 1,013 85 208 10,772 3,448 30 612 299 234 1,374 7.4 399 04 102 1.5 20,244
Mung bean 0.2 12 47 - - 19 26 0.2 83 16 0.9 19 1 294 - 0.7 0.9 455
Peach 43 3,094 179 141 25 5,895 403 55 272 236 5.6 766 0.2 345 - 308 54 11,734
Peanut 6.8 546 695 29 87 1,268 422 6.4 31 203 83 964 14 434 0.5 14 23 5014
Pear 116 1,479 9,489 40 460 3,857 5,967 99 946 556 272 2,762 2.0 9125 52 289 703 36,212
Pepper 169 6,895 6,860 201 128 16,411 5,549 149 4,669 5,059 684 11,055 106 9970 17 321 280 68,523
Perilla 26 6,786 9,332 142 334 6,380 6,632 157 2,929 5,633 343 6,838 7.4 3392 74 352 253 49,542
Persimmon 27 203 286 89 6.5 5213 32 164 4,665 112 2.8 682 21 2976 04 0.2 198 14,678
Plume 0.7 102 33 34 6.8 1,521 7.2 0.3 64 77 0.5 8.6 - 20 - 1.1 4.5 1,780
Potato 16 571 1,121 29 27 1,391 896 16 890 3,901 65 608 340 1,068 2 19 42 11,002
Red bean 0.8 40 44 0.5 - 68 32 17 33 145 1.0 90 0.3 278 - 0.4 2.1 736
Rice paddy 8.4 120 478 10 39 353 277 18 239 104 37 406 - 557 04 14 14 2,640
Ridge (Paddy) 0.2 - 0.6 2.5 - 1.0 0.6 - 0.2 0.6 - 0.3 - 2.2 - - 0.1 8.3
Sesame 24 1,447 1,290 84 39 3,190 999 108 1,942 396 62 1,831 269 3698 1.2 61 61 15,502
Soybean 22 1,214 2,896 31 23 593 1,138 1 503 2,040 29 1,503 - 2413 77 1,013 45 13,483
Sweet potato 66 1,144 2,111 33 38 1,090 2,939 81 781 437 432 3,371 84 5725 47 48 40 18,425
Sum 557 39,784 41972 1,358 1,341 140,703 29917 1,549 39,011 24305 2,351 60,536 7,597 65699 95 2,597 1,725 461,098

BS: Busan, CB: Chungcheongbuk-do, CN: Chungcheongnam-do, DG: Daegu, DJ: Deajeon, GB: Gyeongsangbuk-do, GG: Gyeonggi-do, GJ: Gwangju, GN: Gyeongsangnam-do, GW: Gangwon-do, IC: Incheon, JB:

Jeollabuk-do, JJ: Jeju, JN: Jeollanam-do, SE: Seoul, SJ: Sejong, UL: Ulsan
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