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Abstract

BACKGROUND: Currently, national biomass inventory
are being established for efficient management of the
potential energy sources. Among the various types of
biomass, agricultural wastes are considered to take the
biggest portion of the total annual biomass generated in
Korea, implying its importance. However, the currently
estimated amount is not reliable because the old reference
data are still used to estimate total annual amount of
agricultural wastes.

METHODS AND RESULTS: Therefore, to provide
reliable estimation data, a correct conversion factor
obtained by taking into account the current situation is
required. For this, the current study was conducted to
provide the conversion factors for each representative 8
crop through a field cultivation study. Also conversion
factors for 18 crops were calculated using the average
amount of each crop produced during 2004 and 2008,
subsequently; total amount of agricultural wastes generated
in 2009 was estimated using these conversion factors. The
total biomass of rice straw and rice husk generated in 2009
were 6.5 and 1.1 million tons, respectively, which consist
75% of the total agricultural based wastes, while the total
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biomass of pepper shoots and apple pruning twigs were 1.0
and 0.6 million tons, respectively. Despite the high amount
of rice-based biomass, their applicability for bio-energy
production is low due to conventional utilization of these
materials for animal feeds and beds for animal husbandry.
In addition to exact estimation of the total biomass,
temporal variations in both generated amount and the type
of agricultural biomass materials are also important for
efficient utilization; fruit pruning twigs (January to March);
barley-, been-, and mustard-related waste materials (April
to June); rice-related waste (September to October).
CONCLUSION(s): Such information provided in this
study can be used to establish a master plan for efficient
utilization of the agricultural wastes on purpose of
bio-energy production.
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Table 1. Biomass production of units

Yield per
Crop By-products production(kg/10a) Reference
Straw 653.8
Paddy rice
Husks 118.1
Straw 358.0
Under rice
Husks 79.6
Barley Haulm 275.0
Naked  pp iim 2980
barley
Potato Haulm 131.0
Sweet EETIER
potato Haulm 646.0 N
Corn Straw 566.0 1991
Stalk 168.0 Hong,
a .
Soybean 2004
Shell 70.0
Pepper Stem 294.0
Sesame Stem 131.0
Rape Stem 305.0
Apple Branch 1,899.0
Persimmon  Branch 350.0
Pear Branch 1,433.0
Grape Branch 2,686.0

Table 2. Change of cultivated area and yield in major crop
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Crop 2003 2004 2005 2006 2007 2008
Rice Cultivated area(ha) 1,001,519 983,560 966,838 945,403 942,223 927,995
Yield per area(kg/10a) 609 679 661 664 630 694
Common Cultivated area(ha) 8,966 8,559 7,760 7,601 7,548 8,082
barley Yield per area(kg/10a) 386 446 487 438 502 464
Sweet Cultivated area(ha) 14,161 16,570 17,178 16,668 21,093 19,451
potato Yield per area(kg/10a) 1,898 2,084 1,645 1,715 1,670 1,693
Soybean Cultivated area(ha) 80,447 85,270 105,421 90,248 76,267 75,242
Yield per area(kg/10a) 131 163 174 173 150 176
Red Cultivated area(ha) 57,502 61,894 61,299 53,097 54,876 48,825
pepper Yield per area(kg/10a) 230 25 263 220 292 253
Cultivated area(ha) 35,036 31,843 33,971 31,077 31,321 28,794
Sesame Yield per area(kg/10a) 34 66 69 50 56 68
Apple Cultivated area(ha) 26,398 26,676 26,907 28,312 29,358 30,026
Yield per area(kg/10a) 1,384 1,339 1,366 1,440 1,484 1,569
Asian Cultivated area(ha) 24,061 22,982 21,807 20,656 19,888 18,277
pear Yield per area(kg/10a) 1,316 1,966 2,033 2,089 2,350 2,576
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Table 3. Natural resources and the available potential of biomass type (KREI, 2007)

Natural resources

Available potential

Biomass type wet weight Energy wet weight Energy References
(ten thousand (ten thousand (ten thousand (ten thousand
ton/year) TOE/year) ton/year) TOE/year)

Agricultural waste 1,185 400 300 105

Livestock manure 4,684 90 156 3.0
Food waste 430 17 130 5 Lee et al,(1999)

Forest resources 1,200 510 200 85
Paper and wood waste 540 108 160 32 Lee et al,(1999)
Wastewater sludge 169 3 85 2 Lee et al,(1999)

Total 8,208 1,128 1,031 231.6

Table 4. Manure production unit’s factor for livestock species(MOE, 2009)

Livestock animals (unit)

Manure production unit’s factor

1999 2008
Pig (L/heads - day) 8.6 5.1
Korean native Cattle (L/heads - day) 14.6 13.7
Dairy cattle (L/heads - day) 45.6 37.7
Lay Chicken (L/1,000 heads - day) - 124.7
Broiler Chicken (L/1,000 heads - day) - 85.5
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Table 5. Cultivated area and crop production for estimation of biomass conversion factor

Production Cultivated area Crop production
By-products K :
(kg/10a) 1,000 ha ton/ha kg/10a Conversion factor
straw 653.8 6.538 0.982
Paddy rice 928.0 _— 666
husks 118.1 1.181 0.177
) straw 358.0 3.580 1.062
Upland rice 7.8 —_— 337
husks 79.6 0.796 0.236
Barley haulm 275.0 8.1 2.750 467 0.589
Naked barley haulm 298.0 26.3 2.980 450 0.662

Table 6. Estimate of the biomass conversion factor by experimental study on the crop cultivation (Kim et al, 2009)

Crop Fruit(ton/ha, A)  Stem, Leaf (ton/ha, B) Total(ton/ha) Biomass conversion factor(B/A)
Rice 4.1 42 8.3 1.02
Unhulled barley 22 2.7 4.9 1.23
Soybean 14 14 2.8 1.00
Sesame 0.5 29 34 5.80
Perilla 0.7 43 5.0 6.14
Peanut 1.8 32 5.0 1.78
Rape 1.0 4.7 5.7 4.70
Sweet potato 47 4.0 8.7 0.85
Potato 7.9 14 9.3 0.18
Pepper 1.5 3.9 54 2.60
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Fig. 1. Comparison of biomass conversion factors.
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Fig. 2. Types and generation agricultural by-products.

Table 7. Estimate of agricultural residue production and biomass conversion factor

Cro Production Bv-products Biomass conversion Biomass total production
P (ton) yP factor (1,000 ton/year)
Straw 1.020 6,570.7
Paddy rice 6,441,875
Husks 0.177 1,140.2
Straw 1.062 28.0
Under rice 26,406
Husks 0.236 6.2
Barley 37,529 Haulm 1.230 46.2
Naked barley 120,609 Haulm 0.662 79.8
Two-rowed barley 82,907 Haulm 0.690 57.2
Wheat 10,359 Straw 0.708 7.3
Potato 604,592 Haulm 0.180 108.8
Sweet potato 329,351 Haulm 0.850 279.9
Corn 92,830 Straw 1.189 1104
Foxtail millet 1,249 Haulm 1.718 2.1
Buck wheat 2,545 Haulm 1.278 3.3
Stalk 1.000 132.7
Soybean 132,674
Shell 0417 55.3
Stalk 1.079 6.5
Red bean 5,995
Shell 0.368 22
Stalk 1.092 1.7
Mung bean 1,589
Shell 0.404 0.6
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Pepper 385,763 Stem 2.600 1,003.0
Sesame 19,472 Stem 5.800 1129
Perilla seed 24,205 Stem 6.140 148.6
Peanut 7,459 Stem 1.780 13.3
Shell 0.278 2.1
Rape 1,225 Stem 4.700 5.8
Sum 9,924.8
Apple 470,865 Branch 1.316 619.7
Persimmon 430,521 Branch 0.270 116.2
Citrus fruit 636,413 Branch 0.088 56.0
Pear 470,745 Branch 0.656 308.8
Grape 333,596 Branch 1.562 521.1
Peach 189,064 Branch 0.367 69.4
Plum 66,748 Branch 0.383 25.6
Sum 1,716.8
Total 11,641.6

Table 8. Seasonal characteristics of biomass production in the agricultural sector

Crop Jan. Feb. | Mar. | Apr. | May | Jun. Jul. | Aug. | Sep. Oct. | Nov. | Dec.
Paddy rice

Under rice

Barley

Two-rowed barey
Wheat
Potato

Sweet potato

Foxtail millet

Corn

Buck wheat

Soybean
Red bean
Mung bean

Sesame

Perilla seed

Peanut

Rape

Pepper

Apple

Pear

Peach
Grape
Citrus fruit

Persimmon

Plum
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