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Emergy Analysis of Korean Agriculture

Hanna Lee, Woo Kyun Lee, and Jeong-Gyu Kim' (Division of Environmental Science and Ecological Engineering,
Korea University, 5-Ga Anamdong, Sungbuk Gu, Seoul, 136-701, Korea)

ABSTRACT: With the industrialization in Korea, the economy has invested more resources on industry and
less on agricultural production. However, agriculture is still an important industry, since the whole nation
depends on rice for their living. And the proportion of agricultural land is relatively large, which leads
issuing environmental aspects of agriculture in this country. This study was conducted to evaluate the
environmental and economical aspects of agriculture in Korea, usmg system ecological concept, Emergy. The

total Emergy inflow of Korean agriculture was 336.57x10%

sej* yr in 2003. Emergy yield ratio, the ratio

of non-renewable and imported Emergy use to renewable Emelgy use, was 5.21, which shows the agriculture
in Konea has such a value as that of the world oil resources m 1986. Also, total agricultural product was

13.55x10" J- yr' in 2003 and the Emergy inflow as 121 09x10™
of Korean agriculture was estimated as 8.68x10° sej- I

sej* yr From these data, solar transformity
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Table 1. Tabular Format for Emergy Evaluation
Data Solar Solar Macroecon.
Units Transforrruty Emergy value
Note Ttem g, g or$) (sej - unit”) (10 sej-yr') (109 $-yr'™)

(One line here for each source, process, or storage of Korean agriculture)
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ENERGY PATHWAY - a flow of energy often with a flow of
materials,

R —————

ENERGY SOURCE - energy which accompanles each of the
resources used by the ecosystems such as sun, winds, tidal
exchanges, waves on the beaches, rains, seeds brought in by
wind and birds,

STORAGE TANK - a place where energy Is stored. Examplas are
resourcas such as forest biomass, sofl, organic matter,
groundwater, and sands in beach dunes.

HEAT SINK - energy that Is dispersed and no longer usabla, such
as the energy In sunlight atter it Is used In photosynthesis, or the
metabolic heat passing out of animals. Heat sinks are attached to
storage tanks, interactions, producers, consumers and switching
symbols.

INTERACTION - process which combines differemt iypes of

energy fiows or flows of materials.

PRODUCER - unlt which makes products from energy and raw
materials, such as trees, grass, crops or factorles.

CONSUMER - unit that uses the products from producers, like
ingects, cattie, micro-organisms, humans and cities.

g o TRANSACTION - business exchange of money for energy,
materlals or services,

[ o s o)

SWITCH - process which tums on and off, such as starting and
stopping fire, poliination of flowers, and closing of fishing
season.

BOX - miscellaneous symbol for subsystems such as soll
subsystems In a diagram of a forest, or a fishing business In a
dlagram of an estuary.

Fig. 1. Symbols of the emergy systems language.
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Yield (Y) = R+N+F

Emergy Yield Ratio = EYR =Y/ F
Environmental Loading Ratio = ELR = (F+N) / R
Sustainability Index = SI = EYR/ ELR

Fig. 2. Diagram illustrating emergy based indices and
ratios.
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Fig. 3. Aggregated diagram of Korean agriculture.
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Table 2. Emergy analysis of Korean agriculture

Actual Solar Solar Macroecon.
energy Transformity Emergy value
Note Sources Jeyr sej']'1 10% sej-yr‘1 10°
Renewable energy sources
1 Sunlight* 7.90x10% J 1 7.90 143
2 Winds* 9.51x10" J 663 63.05 11.40
3 Rain* 1.74x10" ] 18199 31.74 5.75
4 Earth cycle* 1.86x10" J 34377 6.38 116
Non-renewable sources
5 Loss of top soil* 443x10° J 62500 2.77 0.50
Applied energy and labor
6 Electricity 2.22x10" J 200000 4.32 8.04
7 Petroleum 1.94x10" ] 66000 128.24 23.20
8 Labor 3.66x10" J 7.38x10° 2.70 0.49
Goods and assets for crop production
9 Potash fertilizers 1.80x10" g 2.96x10’ 5.37 0.97
10 Nitrogen fertilizers 3.63x10" g 4.62x10° 16.79 3.04
11 Phosphate fertilizers 146x10" g 1.78x10" 26.05 472
12 Pesticides 1.91x10" ] 6.60x10* 1.26 0.23

* Calculation methods of each Items were in Appendix B
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Table 3. Indices using Emery for overview of Korean agriculture

Note Name of Index Expression Value
1 Renewable Emergy flow R 109.07x10% sej
2 Non-renewable Emergy flow N 178.04x10% sej
3 Imported Emergy flow F 49 46x107° sej
4 Total Emergy flow R+N+F 336.57x10 sej
5 Total Emergy used U=R+N+F 336.57x10 sej
6 Emergy investment ratio EIR = F / (R+N) 0.24
7 Environmental loading ratio FIR = (F+N) / R 2.09
8 Emergy vield ratio EYR = Y/F 521
9 Sustainability Index SI = EYR/ELR 2.50
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Table 4. Emergy yield ratios of natural resources and
economies

Emergy
ftem yield ratio
Farm windmill, 17 mph3> 0.03
Solar water heater” 0.18
Seoul at 1997” 1.03
Palm oil” 1.06
Energy intensive corn” 1.10
Sugarcane alcohol” 1.14
Taiwan at 1990 1.40
Italia at 1989"" 1.60
Shallow-sea cultures in Korea® 1.78
Plantation wood” 2.10
Korean fisheries” 298
Thailand at 1984" 3.10
USA at 1983 4.20
Korean agriculture at 2003 5.21
Mexico at 1989'" 5.70
Lignite mine in Texas” 6.80
Natural gas at 1986 7.80
QOil at 19867 7.90
Coal at 1987% 11.8
Adjacent waters fisheries in Korea” 11.9
Naturally grown rainforest wood” 12.0
Ecuador at 1986" 15.5
New Zealand trawl ﬁshery 16.0
Papua New Guinea at 1987 228
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Table 5. Emergy analysis of selected products in Korean agriculture

Solar Solar Macroecon.
Transformity Emergy value
Note TItem Raw units sej -unit” 107 sej-yr’ 108 $-yr”
Products
1 Rice 5.59x10% ] 77779 43.32 78.50
2 Barley 3.01x10" J 1.598x10° 4.81 8.72
3 Minor cereal 1.18x10" J 1.598x10° 1.88 341
4 Bean 1.86x10% ] 1.598x10° 2.96 5.37
5 Potato 291x10% | 1.598x10° 4.64 841
6 Leaf vegetable 9.86x10" J 79951 7.89 14.30
7 Root vegetable 4.69x10” J 84901 3.98 7.22
8 Spice 1.35x10™ J 79951 451 8.18
9 Fruit vegetable 6.16x10%° ] 2.87x10° 17.68 32.10
10 Fruit 1.02x10" J 2.87x10° 29.41 53.30

Total production

Transformities evaluation
Solar emergy production
Solar transformity production

13.55x10' J

121. 09><1020 se]l
8.68x10" sej-J
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Appendix A
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Environmental loading ratio: nonrenewable¥} imported

5 emergy flow
(A opye] Mg W

exchange H|

emergy®l 3t renewable emergy use®] Hl&. AAF
ol &7t AN 7hsdt AdAlel dEsh=A A E7Fs
g ool FseAE & ¢ s A

EIR = (F+N)/R

Emergy per capita: t #°19] Aol AH-E emergy©l
et & 7] & Q1T XS potential, average
standard of livingg 574 of A}

Emergy Sustainability Index: Emergy Yield Ratio®] o
3t Environmental Loading Ratio®] H]&. Agdojut 7
8Jo] economy per environmental loading®ll 7|X|&
FEe AR S
Sustainability Index = EYR/ELR

Emergy vield ratio: emergy yield®l th& emergy 7}
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o BlE. A2EE) S Grh o] Bl 2 A
ol Al drit L vA=AE AXE 5 gl
EYR = Y/F = (F+R+N)/F = 1+(N+R)/F = 1+1/EIR

Percent renewable emergy(%Ren): renewable emergy
of thet F emergy®l ol§. ARHCE &L %Reno|
sustainable 3k o]t}

%Ren = R/(R+N+F)

Renewable carrying capacity: renewable emergy A4l
kol whgE Far 7o) AAPEAle] ofd Aol ¥=A]
of thgk AL g A9 Ao 3 nonrenewable#}
purchased emergy input®] & ¥& %3 renewable

i

emergy flow per unit area of region®% ke L

Solar transformity: AJAHEoIL} ARIAE BAYAT]7] L%
energy©l thsh 4] energy? Hl&. emergy/energy
(sej/NE EH3:

Appendix B
Table 2] ojgF A/
MM 7ksTH 2= offq x|

1. "% oA

Azt FEE AARE x WA =

(42408 MJ-m™?-yr") x (1.86x10'° m%) = 7.90x10* (J-yr™)
A7F 5w DAL = 4240.8 MJ-m-yr, 71, (2002)
71’447t [Online] Available at http://www.kma.go.
kr/kmas/webzine /webzine htm

FIA A WA = 1.86x10° m®, A (2003) BAAK.,
[Online] Available at http://kosis.nso.go.kr/ (Verified
03 Jun. 2004)

2. v oA

o] x &7|4% x diffusion coefficient x wind gradient
x HA

(1000 m) x (1.23 kg'm®) x (47 m’-m™-sec™) x (3.15x107
sec'yr'l) x (2.8x10° m-sec’-m") x (1.86x10"° m’) =
9.51x10" (J-yr™")

wind gradient = (2.8x10° m-sec’-m™)’, 7|4, (2002)
71’4447t [Online] Available at http://www.kma.go.

kr/kmas/webzine /webzine htm

3. 919 Fet @A) A:
1A x A% x U5 x Gibbs free energy =
(1.86x10"° m?) x (1.89 m-yr’) x (1x6 g-m®) x (494 J-g")
= 1.74x107 J-yr"

772k = 1.89m, 7. (2002) 71327k, [Online] Available

at http:/ /www.kma.go.kr/kmas/webzine/webzine.htm
Gibbs free energy = 4943 J-g", Odum, H. T. (1996)
Environmental Accounting: Emergy and environmental
decision making, John Wiley & Sons, Inc., New York,
USA. p. 370.

A% = 1x10° g-m®, 15C A9 & Ulgiati, S.,
Odum, H. T., Bastianoni, S. (1994) Emergy use, environ-

o)
E_J_,

mental loading and sustainability: An emergy analysis
of Italy, Ecological Modelling, 73, 215-268.

4. Earth cycle (steady state uplift balanced by erosion),
Lee, 5. M., Odum, H. T., (1994) Emergy analysis
overview of Korea. 1994. J. Kor. Environ. Sci. Soc., 3,
165-175.

Energy = land area x heat flow per area

>
=

i E7ts8t X139 LR §&

19
5

o]

FAAEE = LERAE x 14

A @A 1.86x10"° m’, A1 (2003) FAKL, [Online]
Available at http://kosis.nso.go.kr/ (Verified 03 Jun.
2004)

+= = 22800 (g-m”-yr’), o185 (1999) ANEA 3L
Bl et AT AEAENEATE

2= 1006.00 (g mZ-yr'), ©1F% (1999) A&A 87 8%
B7bel gt A AAgpEAT

A (5-4), Ulgiati, S, Odum, H. T., and Bastianoni,
S. (1994) Emergy use, environmental loading and

L E

sustainability: An emergy analysis of Italy, Ecological
Modelling, 73, 215-268.

= 94 = 113x10° m’, $7% (2003) TAAR., [Online]
Available at http://kosis.nso.go.kr/ (Verified 03 fun.
2004)

W WA - 719x10° m?, BA1A (2003) $AIAR., [Online]
Available at http:/ /kosis.nso.go.kr/ (Verified 03 Jun.
2004)

=oAe] RE FE4E

= ¥EFEE x W4 = 22800 (grm”yr’) x 1.13x10"
m’ = 257x10" g-yr'1
Tolxe] B FAE
= XEFHE x B4 =
m’ = 7.24x10" g-yr’
% BE $4F = 9.80x107 g-yr’
S =R He e %
(1998) Bkl 37, FEAL

1006.00 (g-m>-yr') x 7.19x10°

o i

2.00x10%%, ZA =
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=% A48 x V)18 % x (54 keal-g") x (4186 J-keal )
= (net loss) x (0.02) x (5.4 kcal-g") x (4186 J-keal’) =
443x10° J-yr!

SUE oUX|} =5

6. Tl AHgE A

Total use = 6.16x10° kWh-yr”, e|UIx 44174, (2003)
oA BAAR.

Emergy = (6.16x10° kWh-yr") x (3.6x10° kWh-yr" =
2.22x10" kWh-yr"

7. &l ARE A

Total use = 3.77x10° kg-yr', JUAZAATL. (2003)
oA FAAK.

Emergy content per kg = 5.15x10” J-kg"

Energy = (total use) x (energy content per kg) = (3.77x10%)
x (5.15x10" J-kg") = 1.94x10" J-yr’

8. :=5Y

Energy input:

Total man-days applied = 3.53x10° working days, &
AAE., [Online] Available at http://kosis.nso.go.kr/
(Verified 03 Jun. 2004).

Daily metabol. energy = 2.5x10° kcal-day” per person,
Ulgiati, S., Odum, H. T., and Bastianoni, S. (1994)
Emergy use, environmental loading and sustainability:
An emergy analysis of Italy, Ecological Modelling, 73,
215-268.

Total energy applied per person per year = 7.13x10°
keal-person” - yr'

=298x10° J-yr"-person” (total 285 working days-year™)
Total energy input = (total metabolic energy/person/
day) x (total man-days applied) x (4186 J/kcal) =
3.66x10” J-yr’

Ulgiati, S.,, Odum, H. T., and Bastianoni, S. (1994)
Emergy use, environmental loading and sustainability:
An emergy analysis of Italy, Ecological Modelling, 73,
215-268.

MLl ASE =F 3 Rt
9. K20 content = 1.80x10" g-yr’, T4 (2003) 5% %
AIAH. [Online] Available at http://www.maf.go.kr/

asp/05_data/data01_Ol.asp (Verified 04 Jul. 2004).

10. N content = 3.63x10" g-yr’, FH (2003) 54 &

¥, [Online] Available at http://www.maf.go.kr/
asp/05_data/data01_0l.asp (Verified 04 Jul. 2004).

11. P,0s content = 1.46x10" g-yr’, ¥9% (2003) 5
71915, [Online] Available at http:/ /www.maf.go.kr/
asp/05_data/data01_0l.asp (Verified 04 Jul. 2004).

12. woF gl AlE

Total use = 2.66x10" kg-yr’

Pesticides used and energy for their production:
Anticryptogamics = 9.14x10° kg-yr'l; 5.60x10" J-kg ' =
5.12x10™ J-yr’, FEE (2003) FY FANE. [Online]
Available at http://www.maf.go.kr/asp/OS_data/
data01_Ol.asp (Verified 04 Jul. 2004).

Herbicides = 9.02x10° kg-yr™; 9.10x10 kg'yf1 =
8.21x10™ kg-yr’, FEH (2003) &% FAHAE. [Online]
Available at http://www.maf.go.kr/asp/05_data/
data01_0l.asp (Verified 04 Jul. 2004).

Insecticides = 5.73x10° kg-yr'; 5.30x10’ 1<g'yr‘1 =
3.04x10" kg-yr', FEF (2003) F4 SAHAE. [Online]

~ Available at http://www.maf.go.kr/asp/05_data/

data01_0l.asp (Verified 04 Jul. 2004).

Phytohormones = 2.70x10° kg-yr'; 1.00x10° kg-yr" =
2.70x10" kgeyr’, ERY (2003) U FAAL [Online]
Available at http://www.maf.go.kr/asp/05_data/
data01_0l.asp (Verified 04 Jul. 2004).

Total energy = 1.91x10% J-yr"

Table 5°f gt AR}

1. Rice

Total production = 445x10° kg-yr', %% ¥4be 4 &
¢, (2003) =57 [Online] Available at http://www.
naqs.go.kr/ (Verified 04 Jul. 2004)

Energy content per kg = 3.00x10” keal kg™, Ulgiati,
S, Odum, H. T., Bastianoni, S. (1994) Emergy use,
environmental loading and sustainability: An emergy
analysis of Italy, Ecological Modelling, 73, 215-268.
Total energy content = 1.3353x10" keal-yr' = 55910

Joyr!

2. Barley

Total production = 2.18x10° kg yr", =4 A ¥ o
24, (2003) 257 [Online] Available at http://www.
nags.go.kr/ (Verified 04 Jul. 2004) -

Energy content per kg = 3.30%10° kcal-kg'l, Ulgiati,
S., Odum, H. T., Bastianoni, S. (1994) Emergy use,
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environmental loading and sustainability: An emergy
analysis of Italy, Ecological Modelling, 73, 215-268.
Total emergy content = 7.19x10" keal-yr" = 3.01x10"

Joyr?

3. Minor cereal

Total production = 8.52x10" kg-yr', =¥ A% 4 #
2]9], (2003) 2-&%7. [Online] Available at hitp:/ /www.
nags.go.kr/ (Verified 04 Jul. 2004)

Energy content per kg = 3.30x10° kcal-kg”, Ulgiati,
S, Odum, H. T, Bastianoni, S. (1994) Emergy use,
environmental loading and sustainability: An emergy
analysis of Italy, Ecological Modelling, 73, 215-268.
Total energy content = 2.81x10" kcal-yr" = 1.18x10"

Joyr!

4. Bean

Total production = 1.35x10° kg-yr’, =g A& ¥4 #
]9, (2003) ZE57. [Online] Available at http://www.
nags.go.kr/ (Verified 04 Jul. 2004)

Energy content per kg = 3.30x10° kcal-kg", Ulgiati,
S., Odum, H. T., Bastianoni, S. (1994) Emergy use,
environmental loading and sustainability: An emergy
analysis of Italy, Ecological Modelling, 73, 215-268.
Total energy content = 4.45x10" kcal-yr’ = 1.86x10"

Joyr

5. Potato

Total production = 2.31x109 kg-yr’, =15 HAHE 4 2
2|9, (2003) ZE57. [Online] Available at http:/ /www.
nags.go.kr/ (Verified 04 Jul. 2004)

Energy content per kg = 3.00x10° keal-kg”, Ulgiati,
S., Odum, H. T., Bastianoni, S. (1994) Emergy use,
environmental loading and sustainability: An emergy
analysis of Italy, Ecological Modelling, 73, 215-268.
Total energy content = 6.94x10" kcal-yr' = 2.91x10"

Joyr'

6. Leaf vegetable

Total production = 445x10° kg-yr’, =g 18 4 7
2149, (2003) ZEE7. [Online] Available at http:/ /www.
nags.go.kr/ (Verified 04 Jul. 2004)

Energy content per kg = 7.25x10° kcal-kg", Ulgiati,
S.,, Odum, H. T., Bastianoni, S. (1994) Emergy use,
environmental loading and sustainability: An emergy
analysis of Italy, Ecological Modelling, 73, 215-268.
Total energy content = 1.34x10" kcal-yr' = 9.86x10"

7. Root vegetable

Total production = 4.45x10° kg-yr', =% $4E 2 &
24, (2003) ZEF 7. [Online] Available at http://www.
nags.go.kr/ (Verified 04 Jul. 2004)

Energy content per kg = 6.67x10° kcal-kg", Ulgiati,
S, Odum, H. T., Bastianoni, 5. (1994) Emergy use,
environmental loading and sustainability: An emergy
analysis of Italy, Ecological Modelling, 73, 215-268.
Total energy content = 1.34x10" keal-yr" = 4.69x10"

Joyr!

8. Spice

Total production = 4.45x10° kg-yr’, 3% 4% £4 #
2¢, (2003) A=A [Online] Available at http://www.
nags.go.kr/ (Verified 04 Jul. 2004)

Energy content per kg = 7.25x10” keal-kg”, Ulgiati,
S, Odum, H. T., Bastianoni, S. (1994) Emergy use,
environmental loading and sustainability: An emergy
analysis of Italy, Ecological Modelling, 73, 215-268.
Total energy content = 3.23x10" kcal-yr" = 1.35x10"

Joyr

9. Fruit vegetable

Total production = 4.45x10° kg-yr", =% 548 24 &
214, (2003) 2E5Al. [Online] Available at http:/ /www.
nags.go.kr/ (Verified 04 Jul. 2004)

Energy content per kg = 4.40x10° kcal-kg”, Ulgiati,
S, Odum, H. T., Bastianoni, S. (1994) Emergy use,
environmental loading and sustainability: An emergy
analysis of Italy, Ecological Modelling, 73, 215-268.
Total energy content = 1.96x10" keal-yr" = 6.16x10"

Joyr?

10. Fruit

Total production = 4.45x10° kg yr’, =% A8 ¥4 3
214, (2003) 27, [Online] Available at http://www.
naqgs.go.kr/ (Verified 04 Jul. 2004) .
Energy content per kg = 5.50x10° kcal-kg”, Ulgiati,
S., Odum, H. T., Bastianoni, S. (1994) Emergy use,
environmental loading and sustainability: An emergy
analysis of Italy, Ecological Modelling, 73, 215-268.
Total energy content = 2.45x10" keal-yr' = 1.02x10'

Joyr'
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