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Abstract

In this study, we estimate air pollutants emission from agricultural waste burning. We investigated activities

related to agricultural waste burning such as crop burning rates, location, and time by region.

The average crop burning rates per square meter farmland of fruits, pulses, barleys, cereals, vegetables, and spe-

cial crops were 273.1 g/m’, 105.7 g/m*, 7.4 g/m’, 121.0 g/m’, 290.7 g/m>, and 392.9 g/m’, respectively. We estimated

air pollutants emissions with pre-developed emission factors. The estimated air pollutant emission of agricultural
biomass burning were CO 148,028 ton/year, NO, 5,220 ton/year, SO, 11 ton/year, VOC 59,767 ton/year, TSP
21,548 ton/year, PM,, 8,909 ton/year, PM, 5 7,405 ton/year, and NHj; 5 ton/year. When these results compared with
the entire emissions of national inventory (CAPSS), CO, VOC, PM,, account for about 17.8%, 6.2%, 6.7% of the

total, respectively.
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Table 1. The type of crops that burned as agricultural
waste.

Classification Type of crops

Fruit trees (4) Apple, Pear, Peach, Grape

Pulses (1) Soyben
Barleys (1) Barley
Cereals (1) Corn
Vegetables (1) Pepper

Special crops (3) Sesame, Perilla, Peanut
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Table 2. Cultivation area by types of crop (2014). (unit: ha)
Fruit tree Pulses  Barleys Cereals Vegetables Special crops
Region
Pear Apple Peach Grape Bean Barley Corn Pepper Sesame  Perilla ~ Peanut
Seoul 24 0 0 2 22 0 2 7 7 6 4
Busan 18 1 0 0 32 8 63 48 70 25 4
Daegu 8 78 230 171 212 362 41 127 212 124 37
Incheon 179 23 23 74 462 49 39 589 94 348 64
Gwangju 49 0 11 23 198 961 29 139 234 148 15
Daejeon 67 5 5 80 134 2 36 83 90 263 27
Ulsan 595 3 4 5 177 5 71 182 99 150 7
Gyeonggi 2,571 268 883 1,788 6,931 277 1,064 2919 1,357 6,145 5717
Gangwon 137 522 538 191 7,546 144 6,179 2,674 509 6,172 123
Chungbuk 526 3877 3,775 2079 10436 84 3,770 3242 2,330 5077 345
Chungnam 2,389 1,358 520 825 6,617 225 586 3,792 2,305 6,721 625
Jeonbuk 617 2,078 808 631 6,027 13,349 587 4,584 2418 3434 833
Jeonnam 3457 308 480 198 11,750 14,123 1,779 6,792 9,295 2,743 328
Gyeongbuk 1,536 18811 7,903 7092 13347 1,038 882 8,587 5,563 3972 1,161
Gyeongnam 935 3,370 359 379 5,093 5819 648 2,335 2,880 2,130 254
Jeju 13 0 0 0 5,668 1,223 63 20 907 3 161
Total 13,127 30,702 15,539 13,538 74,652 37,669 15839 36,120 28,370 37461 4565
Statistics Korea (2014)
Table 3. Demographic characteristics of survey region.
Region Number of cities and counties Number of village Agricultural/total population (%)
Capital Area 79 1,104 54
Gangwon 18 188 294
Chungcheong 35 442 325
Yeongnam 75 1,066 252
Honam 42 629 38.6
Jeju 2 43 27.1
Total 251 3472 100.0
Statistics Korea (2010)
ZF72 ZAE AAENYTH AR QA A9e A9 Hat Table 4. Number of samples by region.
g 2017 99 24 WAEZ AT o) AT Village Survey
egion
£90] B& 9L XA 2 AASITH § 32 & Number Ratio(%) Number Ratio (%)
AAQ 20108 71& ZF E9E ol BEx ENS Capital area 13 11.7 270 26.9
W Avlo|ch. Gangwon 19 17.1 96 9.6
Hrerd Aot . i Chungcheong 27 243 145 14.5
g 9 7HE9E AE "E 2ARE AAR A3 yeongnam 24 216 157 15.7
Ao AA Z 457 A - 2, 1117 & - ¥ - 5, 2447 Honam 21 189 193 193
- - oy Jeju 7 6.3 141 14.1
g WEstel AA 1002709 AEs 35t !
Total 111 100.0 1,002 100.0
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Table 5. Fuel loadings by crop types.

(unit: g/ m’)

Crop type Incineration ratio Amount of agricultural waste Fuel loading Average fuel loading
Pear 75.0% 4538 340.3
. Apple 90.6% 3154 285.7
F 273.1
rut tree Peach 724% 3753 2717 »
Grape 93.3% 208.7 194.8
Pulses Bean 69.2% 152.8 105.7 105.7
Barleys Barley 30.0% 24.6 74 74
Cereals Corn 31.0% 390.2 121.0 121.0
Vegetables Pepper 90.3% 3219 290.7 290.7
Sesame 72.3% 196.4 142.0
Special crops Perilla 91.7% 2874 2634 3929
Peanut 100.0% 7733 7733
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Table 6. Comparison of fuel loadings between this study

and CARB. (unit: g/m®)

Classification CARB (2008) This study
Fruit tree - Apple 568.3 273.1
Pulses - Bean 617.8 105.7
Barleys - Barley 420.1 74
Cereals - Corn 1,037.8 1210
Vegetable - Other 5375 290.7
Special crop - Peanuts 5375 3929
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Fig. 1. Seasonal variation of agricultural waste burning.
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Table 7. Emission factors of agricultural waste burning.

(unit: g/kg)

Source CO NO, SO, vOC TSP PM,, PM, 5 NH,
Pear 2823 57 0.0 87.7 295 11.3 85 0.01
Fruit tr Apple 146.0 104 0.0 3533 229 189 16.8 0.01
wttree Peach 2772 150 00 616 324 112 95 001
Grape 304.5 144 0.0 154.6 345 14.8 9.5 0.01
Pulses crop Bean 15.8 04 0.1 274 30.0 12.0 10.1 0.02
Barleys Barley 4034 17.6 0.0 1052 85.8 53.1 352 0.01
Vegetable Pepper 4274 9.0 0.0 40.3 26.0 9.7 79 0.00
Special crobs Sesame 237.1 6.5 0.0 109.5 59.6 16.3 13.8 0.00
P op Perilla 3783 159 00 542 675 25.5 214 001
Park et al.(2015); KEITI(2014)
Table 8. Annual emissions of air pollutants from agricultural waste burning by year. (unit: ton/yr)
Year CcO NO, SO, vOC TSP PM,, PM, NH,
2010 157,291.8 53272 11.7 61,641.8 21,8274 9,066.8 7,501.8 54
2011 151,613.2 5,169.2 11.6 60,630.2 21,125.1 8,804.9 72954 53
2012 152,195.6 5,121.6 11.7 59.839.2 20,770.2 8,6042.2 7,167.9 52
2013 150,570.4 5,087.6 11.8 59,031.6 20,607.9 8,591.1 7,127.7 52
2014 148,027.6 52200 114 59,7674 21,547.7 8,909 4 7.404.8 53
Table 9. Estimated emissions of air pollutants from agricultural waste burning by region (2014). (unit: ton/yr)
Region CO NO, SO, vVOC TSP PM,, PM, NH,
Seoul 432 1.1 0.0 12.1 6.4 24 1.9 0.0
Busan 159.7 4.0 0.0 314 19.8 6.9 57 0.0
Daegu 707.6 282 0.1 2554 106.1 413 33.6 0.0
Incheon 1,390.1 389 0.1 265.2 171.7 65.5 537 0.0
Gwangju 516.7 15.7 0.0 114.9 80.8 30.1 243 0.0
Daejeon 5374 18.5 0.0 122.6 85.1 320 262 0.0
Ulsan 10284 248 0.0 251.1 118.8 445 352 0.0
Gyeonggi 15,264.8 507.1 12 3,533.2 2,289.5 872.2 7133 0.6
Gangwon 13,852.1 449.6 09 2,535.5 19125 736.3 6159 04
Chungbuk 18,239.2 703.0 14 7,354.6 2,6524 1,098.3 918.1 0.7
Chungnam 16,4242 5443 12 45359 2479.7 964.8 799.8 0.6
Jeonbuk 13,2769 439.0 1.3 44928 1,959.4 806.5 666.4 05
Jeonnam 19,806.0 523.0 1.5 4,720.0 2,802.5 1,015.7 828.5 0.5
Gyeongbuk 36,835.1 1,570.9 2.3 26,026.1 5,108.6 24454 20559 1.5
Gyeongnam 94172 3375 0.7 5,158.4 14474 633.0 530.6 04
Jeju 529.0 144 0.7 3582 307.0 1144 95.7 0.1
Total 148,027.6 5,220.0 114 59,7674 21,547.7 8,909 4 74048 53
8,909, PM, 5 7,405, NH, Ston2 & Uelytth CO,NO,, 23t o=z A=},
VOC,PM,, 59 ti7|2HEE viEo] 53] BA Uet AqHOoZ= PM, W& 25 45 (2445 ton),
B, ol $URAE =187 Al EEAAL] FE(1,098 ton), HH (1,016 ton) 9] HiEFo] B2 AL
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Fig. 2. Distribution of PM,, emission from agricultural waste burning (2014).
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Table 10. Comparison of emission estimates between this study and CAPSS (2012).

co NO, voC PM,,
Source
ton/yr (%)
Combustion in energy production 59,190 169,346 7.992 4,582
Non-industrial combustion 79,152 87.935 2,953 2,062
Combustion in manufacturing industry 19,141 172,761 3,373 77,833
Production progresses 20,648 59,002 166,668 7,600
Energy storage & transport 0 0 26,985 0
CAPSS Solvent utilization 0 0 565,495 0
Road transportation 442 672 345,666 67,776 12,969
Non-road transportation 72,950 225,561 20,274 14,332
Waste disposal 3,300 14,782 49,257 330
Other sources 6,533 154 549 272
Sub-total 703,586 (82.2) 1,075,207 (99.5) 911,322(93.8) 119,980 (93.3)
This Study (Agricultural Waste Burning) 152,196 (17.8) 5,122(0.5) 59.,839(6.2) 8,642 (6.7)
Total 855,782 (100) 1,080,328 (100) 971,161 (100) 128,623 (100)
NIER (2012)
Table 11. Comparison of air pollutants emission by types of biomass burning (2012).
CO NO, vVOC PM,,
Source
ton/yr (%)
Agricultural Waste Burning 152,196 (65.9) 5,122(60.1) 59,839 (67.3) 8,642 (60.4)
‘Wood Stove and Boiler, Wood-pellet Stove and Boiler 60,049 (26.0) 2,215(26.0) 17,724 (19.9) 2,044 (14.3)
Traditional Fireplace 6,194 (2.7) 543(6.4) 1,732(1.9) 117(0.8)
Municipal Waste Burning 4,759 (2.1) 624 (7.3) 5,086(5.7) 1,041(7.3)
Forest Fire 212(0.1) 5(0.1) 107(0.1) 5(0.0)
Charcoal Kiln 7,588 (3.3) 11(0.1) 4,182(4.7) 1,903 (13.3)
Meat Cooking - - 244(0.3) 561(3.9)
Total 230,997 (100) 8,519(100) 88,915 (100) 14,312 (100)
KEITI(2014)
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