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ABSTRACT The worldwide interest in renewable energy has been growing over the last few decades because of the environmental
destruction and abnormal climate caused by the use of fossil fuel. Accordingly, the demand to convert agricultural by-products that
are discarded in Korea to bioenergy is increasing, but the absence of a collection system for agricultural by-products and low
economic efficiency are significant obstacles. This study referred to the literature of previous studies for the selection of agricultural
by-products that can be practically utilized. Sweet potatoes, corn, beans, peppers, sesame seeds, sesame, and peanuts were selected as
the main agricultural products that can produce usable by-products. Persimmon, pears, grapes, peaches, and apples were selected as a
fruit tree by-product. As a result, the amount of potential energy from the selected crops was calculated to be 1,222,243 TOE, which
can be converted 51.9% of the energy consumption in agriculture. The by-product harvesting model, which is suitable for Korea, was
presented. This assists in the expect utilization of agricultural by-products for biomass energy production in the Republic of Korea.

Key words Agricultural by-products(s %] - AHE), Bio-energy(H} ] 2 of| ] #]), Collecting model(4=7 12 &dl), Energy conversion
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Table 1. Domestic energy consumption by sector™
{Unit : MTOE)

Devide 2013 year The component ratio
Industry 118,991 59.4
Transportation 40,281 20,1
Home 22,110 11,0
Commerce
of the public 18,965 9.5
Total 200,347 100.0

Table 2. Energy consumption in the agricultural sector™

{Unit : TOE)
Divide Total | Adricultural) o itecture Equ;?ng]em
ITEETS facilities
Total | 2,352,960.4 |1,295,492.6| 212,869.9 |844,597.8
briquet | 183,026.1 - - 183,026.1
Oil Subtotal | 1,254,624.2 | 944,766.5 | 79,662.5 |230,195.2
Gasoline | 1029151 | 102,727.8 - 187.3
Kerosee | 178,867.5 | 163,328.9 | 59103 | 9,628.4
Dissel | 967,955.9 | 678,709.9 | 73,752.3 |215,493.8
Bunker—A | 4,885.7 - - 4,885.7
Bunker—B - - - -
Bunker—C - - - -
Propane - - - -
Butane - - - -
Gas _ _ _ _
Power | 9153101 | 350,726.1 | 133,207.4 |431,376.5
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Table 3. Renewable energy supply portion(2012)

Devide The component ratio
Waste 67.8
Bio 15.1
Water 9.2
Solar Photovoltaic 2.7
Solar Thermal 0.3
Wind 2.2
Ocean 1.1
Fuel cell 0.9
Geothermal 0.7
Total 100.0

Table 4. Annual Bioenergy Production’®

Devide Unit| 2008 | 2009 | 2010 201 2012

Wood chip |TOE| 13,320 | 20,075 [132,230| 163,022 | 164,542

TOE| 29,186 | 24,102 | 23,053 | 24,501 | 23,857
ton | 69,489 | 57,358 | 54,888 | 58,551 | 56,802

Pellet

TOE| 41,236 | 49,309 | 23,419 | 23,665 | 56,481
ton | 147,271 159,918 | 69,344 | 69,372 | 187,297

Forestry fuel

Wood pellet |TOE| — | 53,577 | 23,766 | 50,995 |120,055

Wood waste | TOE - - - 146,632 | 140,874

black liquor | TOE - - - - 228,337
Sewage
sludge, solid | TOE - - - - 17,159
fuel
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Table 5. Annual production and sales of wood pellets[zl

{Unit : ton)
Total Domestic Imported
year Supply Consumption Supply Consumption Supply Consumption
2009 20,569 18,216 8,527 6,174 12,042 12,042
2010 33,981 33,751 13,088 12,858 20,893 20,893
2011 64,013 62,917 34,335 33,239 29,678 29,678
2012 173,790 174,068 51,343 51,621 122,447 122,447
2013 550,271 551,455 65,603 66,787 484,668 484,668
2014 1,940,103 1,737,274 90,462 82,562 1,849,641 1,849,641
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Table 6. Potential amount of agricultural by—products (Ref. 12)

Potential
q amount of
Crop r?(;;ct Pr(?gr?)ct C?:r;\;?gsrLon agricultural
P by—product
(ton)
Apple Branch | 470,865 1,316 619,700
Grape Branch | 333,596 1,562 521,100
Pear Branch | 470,745 0.656 308,800
Persimmon | Branch | 430,521 0.270 116,200
Peach Branch | 189,064 0.367 69,400
Pepper Stem 385,763 2.600 1,003,000
Stem 1,000 132,700
Bean 132,674
Shell 0,417 55,300
Sesame Stem 19,472 5.800 112,900
Perilla Stem 24,205 6.140 148,600
Stem 1,780 13,300
Peanut 7,459
Shell 0,278 2,100
Corn Stem 92,830 1,189 110,400
Total 3,213,500
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Table 7. Potential amount of agricultural by—products

Table 8. Potential energy from agricultural by—products

Cop | vear | ABA | MCAET MOPT| b ey
(Geal)
2013 | 649,711 2,572,693
Apple 2014 | 624,721 | 32.80 4541.0 | 2,473,740
2015 | 767,024 3,037,225
2013 | 406,557 1,815,732
Grape 2014 | 419,484 22.90 45995 1,873,466
2015 | 404,480 1,806,454
2013 185,131 747,012
Pear 2014 | 198,592 35.10 4752.7 801,325
2015 171,200 690,798
2013 95,037 441,895
Persimmon | 2014 | 115,658 28.72 46497 537,775
2015 | 103,822 482,740
2013 70,920 333,722
Peach 2014 77,193 24.10 4705,6 363,239
2015 87,240 410,516
2013 | 777,101 3,675,144
Pepper | 2014 | 704,556 - 20 4729.3 | 3,332,056
2015 | 710,505 3,360,189
2013 218,313 530,554
Bean 2014 197,341 66,10 45088 479,587
2015 | 146,665 356,432
2013 71,874 323,496
Sesame 2014 70,516 - 4500.9 317,387
2015 67,732 304,857
2013 | 204,751 944,064
Perilla 2014 | 265,616 - 4610.8 1,224,704
2015 | 312,722 1,441,901
2013 22,381 96,314
Peanut 2014 25,523 23.03 44379 109,838
2015 | 23,978 103,187
2013 95,673 234,613
Corn 2014 97,508 66.10 4549 .62 239,112
2015 93,031 228,135
2013 11,715,237 Geal
Total 2014 11,752,230 Geal
2015 12,222,433 Geal

Potential
Product Product | Conversion ampunt ol
Crop Year |Acreage| per (ton) Factor agricultural
10 are by—product
(ton)
2013 | 30,449 1,621 | 493,701 1.316 649,711
Apple | 2014 | 30,702 | 1,546 | 474,712 1.316 624,721
2015 | 31,620 | 1,843 | 582,845 1.316 767,024
2013 | 16,931 1,537 | 260,280 1.562 406,557
Grape 2014 | 16,348 | 1,643 | 268,556 1.562 419,484
2015 | 15,397 | 1,682 | 258,950 1.562 404,480
2013 | 13,740 | 2,054 | 282,212 | 0.656 185,131
Pear 2014 | 13,127 | 2,306 | 302,731 0.656 198,592
2015 | 12,664 | 2,061 | 260,975 0.656 171,200
2013 | 29,153 | 1,207 | 351,990 0.270 95,037
Persimmon | 2014 | 27,988 | 1,531 | 428,363 0.270 115,658
2015 | 27,034 | 1,422 | 384,525 | 0,270 103,822
2013 | 14,633 1,321 | 193,243 0.367 70,920
Peach 2014 | 15,539 | 1,354 | 210,335 0.367 77,193
2015 | 16,704 | 1,423 | 237,711 0.367 87,240
2013 | 50,211 595 298,885 2.600 777,101
Pepper | 2014 | 40,739 | 665 | 270,983 | 2.600 704,556
2015 | 39,392 694 273,271 2.600 710,505
2013 | 80,031 193 154,067 1.417 218,313
Bean 2014 | 74,652 187 139,267 1,417 197,341
2015 | 56,666 183 103,504 1.417 146,665
2013 | 23,184 53 12,392 5.800 71,874
Sesame | 2014 | 28,370 43 12,158 5.800 70,516
2015 | 25,139 46 11,678 5.800 67,732
2013 | 30,130 11 33,347 6.140 204,751
Perilla 2014 | 37,461 115 43,260 6.140 265,616
2015 | 42,570 120 50,932 6,140 312,722
2013 | 4,374 249 10,875 2.058 22,381
Peanut | 2014 | 4,565 272 12,402 2.058 25,523
2015 | 4,589 254 11,651 2.058 23,978
2013 | 15,905 506 80,465 1,189 95,673
Corn 2014 | 15,839 518 82,008 1,189 97,508
2015 | 15,356 510 78,243 1,189 93,031
2013 2,797,448
Total 2014 2,796,709
2015 2,888,399
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