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ABSTRACT : Population growth and increasing consumption of resources in the process of the industrial development has caused
environmental pollution, climate change, and resource exhaustion. Therefore ‘sustainable development’ has become the important issue
for the future. The sustainable development aims at effective resource use, less environmental impacts, and higher social security.
Generally the rural area including agricultural fields and forest has various and plentiful natural resources which could make future
development sustainable. To develop potential rural resources, the values for energy, environment and economy should be assessed
considering the life-cycle of resources. The purposes of this study are to suggest the E3 (Energy, Environment, and Economy)
assessment model for rural biomass considering life-cycle of resource and to apply the model to rice, the major agricultural product.
As the results of this study, it turned out through E3 assessment that economic gain of rice cultivation is 578,374 won/10a, carbon
absorption is 1,530 kgCO,/10a, carbon emission is 926.65 kgCO,/10a, and bio-energy potential of by-product is 394,028 kcal/10a.
When E3 assessment was applied to by province, the results varied by regions because of the amount of input during cultivation.
These results would be useful to realize the rural biomass and design regional resources plan in integrated E3 perspective.
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Table 1. Rice production in South Korea (Statistics Korea, 2013)

By-province Area (ha) le(:g;llc;;c;n Zv(xjf)ar:/ 1c (;):)t (v{/r;(;)(;rltz)ea) Feg(llgl)z er Labor (Hrs.) | Motor (Hrs.)
GG 90,753 607 694,410 997,649 409.42 11.89 10.25
GW 34,772 627 732,982 990,272 229.67 16.22 5.24
CB 43,245 666 678,351 981,388 127.26 14.44 3.97
CN 153,056 688 766,725 1,019,522 349.22 13.58 9.73
B 130,260 654 747,018 971,812 191.41 13.16 2.55
JN 171,872 554 687,400 814,116 276.52 13.38 4.16
GB 111,459 685 689,001 1,026,781 127.25 14.10 4.59
GN 79,940 648 657,920 968,667 218.55 13.23 4.40

GG: Gyeonggi-do, GW: Gangwon-do, CB: Chungcheongbuk-do,
Gyeongsangbuk-do, GN: Gyeongsangnam-do

2 SEAY M21A 1%, 20154

CN:Chungcheongnam-do, JB: Jeollabuk-do, JN: Jeollanam-do, GB:
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Table 2. Major inputs of rice cultivation
(Statistics Korea(2013) and Lee et al.(2005) modified)

Item Material and energy Criteria
Solar Solar Radiation
Natural Wind Wind power density
Resources Rain Green water*
Topsoil Topsoil Erosion
Seed &Seedling Seed &Seedling
expense
Fertilizer Fertilizer
Agricultural ..
Input Cimicals Pesticides
material Irrigation Blue water*, Irrigation
111 Other Materials Other Materials
p Farm Implement Farm Implement,
ltl /Farm  Building Farm Building
S &Facilities &Facilities
Labor Labor hour, Labor
Input Custom Work Custom Work hour
ener; .. Energy consumption,
& Fuels &Electricity Fueglz &Electrip;ity
Other expenses Other
Others Production Production management
management cost
Indirect Land Service Land SF:Wice e)fpense
cost Capital Service Capital Service
expense
Products Main Product raw rice
By-Products Rice straw, rice husk

* Kim et al., 2013
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Figure 1. Material Flow analysis

2 LCA(Life Cycle Analysis)<}
Ho 44 Bkl g8He
2 ouf2|2] 4], QHAEAN HIYE
S A 5, H71Y Al 2A &l
e 9T BHshs Aes, AT 52 Ak A3A
of Ax ARHI HH%H% 43 duA Y] Fe AF

o
v
o
2
)
ot
ali]
s
DY
EEE.

[e:

sletal Aol HX= FEFS Briste] FANES 24
317] Y3 HrPgolth Lee(2012)S FHEoF ghaoly

4 d7E T3 La 75 B =wEEe] Hi’k LeA
TS To 2T wjE Tl ATedst AFE 5
= o

o A %@1‘?3% Ajstel Lo Asko] gt oy

E AHo g SHs= ASE, 7} oy
??l' 42 Yehgr] 9l HEE duA=
Shakste] AlgkshH, i HEAE MHAGTE B2 g
o oJaf| AlFE 1 UTHMinistry of Environment, 2003).

2 AFoM e EAEERMS N R F& Hlole
mj2~o] A, &7, AiA H7HE #18 Figure 29F 22
A4& T8 ik A5EN, Ay HUE 5% g@Aa
S g oA 24 9 uio]lQ oUA] A S 4
st =1e] E3 37 ARE ARt

vol. 21, no. 1, 2015 3



Literature review and Data collection

Material Flow AnaIyS|s

@ Indlrec(
capltal

Natural
Resour

ces }L.
gl

Cost and income
analysis

Emergy Analysis

. . Carbon emission
Bioenergy potential

Energy Envirenment Economy

Figure 2. Research method diagram

. =9 E3 1}
1. =H{e| E3 HJ}|

7} eluA
=H AEEd T A% eE By 9A
o] AT A2 A4 A B seldA g
e ol87 HlolA|AE thAldA R AEst
of Zgstaat she mEo] yHL Utk o]7t Hlol
oA dowA =8 F=E dUAE BHriskith
e T A0 A AToE o]8Ha lonw 4
3t AU x|te] FARAE wiASt ] sl olE Aol
kS AloleouA R 28T B9 FANIGAF
AT =8 kEe] JHAAL e old Al A
< Hloleul fAAlE, FREFRA, U o)&E

° =
WheF PSS A B3] AU Table 3).

t’C)

HU

o K

Table 3. Coefficients in calculating bioenergy potential
(Park, 2013)

Biomass Dry Heating Use rate
By-products | conversion | matter value for
factor rate (Kcal/kg) energy
Straw 1.02 0.85 3418 0.146
Husks 0.177 0.85 3618 0.302
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Figure 3. E3 results of each material for rice cultivation
(organized with Statistics Korea(2013) data, Lee(2012)’s results and emergy analysis results)
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Table 4. Regional E3 results by province

Economic Environmental Energy assessment
assessment assessment
By .
P come omission | cuttion | potential
(kgCO,/10a) (E+12s¢j/10a) | (kcal/10a)
GG 589,308 1,085 1,655 364,041
GW 589,910 899 1,143 376,036
CB 599,946 803 959 399,426
CN 588,203 1,030 1,647 412,620
JB 522,214 848 852 392,229
IN 427,023 931 1,076 332,255
GB 633,949 808 1,037 410,821
GN 573,720 883 1,099 388,630
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(a) Economic assessment

(b) Environmental assessment

(c) Energy for cultivation (d) Bioenergy potential

Figure 4. Maps for regional E3 results by province
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Figure 5. Different units in E3 assessment and
results
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Table 5. Correlation among regional results of sectors

Sector CO,emission Bloeneygy Energy .for
potential cultivation
Income -0.099 0.77 0.33
€0 032 0.88
emission
Bioenergy 0.047
potential
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Figure 6. Comprehensive regional E3 results
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