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Sustainable development has been the key concept, both in economic policies and in environmental
management. On the basis of an systems ecology perspective, this study suggests the sustainable development of
Korea's natural environment and economic activity using the EMERGY evaluation. The total EMERGY use(7,730
E20sej/yr) in Korea is 8! percent from imported sources, fuels and goods and services. The ratio of outside
investment to attracting natural resources is already large, like other industrialized countries. Continued
availability of purchased inputs at a favorable balance of EMERGY trade, currently about 2.85 to 1 net
EMERGY, is the basis for present economic activity and must decrease as the net EMERGY of purchased inputs
including fossil fuels goes down. EMERGY vyield ratio and environmental loading ratio were 123 and 20.30,
respectively. The population level is already in excess of carrying capacity. Its carrying capacity for steady state
on its renewable sources is only 2.2 million people, compared to 459 million in 1997. EMERGY sustainability
index is therefore less than one, which is indicative of highly developed consumer oriented economies. Until now
the development of a country has been achieved by the economic growth, but it can be sustained in the long run
by the use of renewable resource systems, the efficiency of energy usage, and the transformation of the
social-economic structure based on an ecological-recycling concept.

Key words : EMERGY evaluation, Carrying capacity, EMERGY vyield ratio, Environmental loading ratio,
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Table 1. Tabular format of EMERGY analysis

Data Solar Solar EmS
Note Item Units Transformity EMERGY ($>n )
(J.g,or®)  (sej/unit) (sej/yr) T

(One line here for each source,
process, or storage of interest.)
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Fig. 1. EMERGY based indices, accounting for renewable
IVERGY flom(R), flow fram indigenous nonrenewable
reserves(N), purchased inputs from outside the
system(F), and yield from system(Y).
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Fig. 2. Energy diagram of Korea showing the
interplay of renewable, nonrenewable, and
purchased energies that drive the economy.
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Table 2. EMERGY flows of the Korea in 1997

Da‘ta Solar Solar elc\/(l)icor;;C
Note Item Units Transformity EMERGY value
(J.gor$) (sej/unit)  (sei/yr) (&/yr)
RENEWABLE RESOURCES:
1 Sunlight 1.07E+21 J 1 LOTE+21 6.31E+08
2 Rain, chemical 1.96E+18 ] 15444  303E+22 1.78E+10
3 Rain, geopotential ~ 1.78E+17 J 10400  1.85E+21 1.09E+09
4 Wind, kinetic energy 1.63E+17 ] 149%  244E+20 1.44E+08
5 Waves 158E+17 | 25889 4.08E+21 2.40E+09
6 Tide 254E+17 | 23564  599E+21 352E+09
7 Earth cycle 9.94E+16 | 34377 342E+21 201E+09
INDIGENOUS RENEWABLE ENERGY:
g Hydroelectricity L6E+16]  L50E+05 3.10E+21 1.82E+09
9 Agri. production 250E+17]  200E+05 5.19E+22 3.05E+10
10 Livestock production 405E+15J  200E+06  8.10E+21 4.77E+09
11 Fisheries production 8O7E*15]  200E+06  161E+22 949E+09
12 wood production LPE*18 T 349E+04  542E:20 319E+08
13 Tuelwood production g oapi16 ] 349E+04  3.05E+21 179E+09
Forest extraction
NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM:
14 Coal 131E+17 ] 400E+04 523E+21 3.08E+09
15 Metallic minerals ~ 666E+11 g 855E+08 570E+20 3.35E+08
16 Industrial minerals  101E+l4 g  100E+09 1OIE+23 594E+10
17 Top soil 192E+16 ] 740E+04  142E+21 836E+08
IMPORTS AND OUTSIDE SOURCES:
18 Coal 144E+18 ] 400E+04 5.78E+22 3.40E+10
19 Qil, crude SA4SE+18 ]  530E:04 291E+23 L7IE+11
20 Petroleum products  1.19E+18 ] 6.60E+04  7.88E+22 4.63E+10
21 Metallic minerals 408E+13g  855E+0B  349E+22 205E+10
22 Industrial minerals 512E+12g  100E+09 5.12E+21 3.01E+09
23 Natural gas 6.17E+17 ]  A80E+04 296E+22 174E+10
24 Goods & Services  1.06E+11 $  124E+12  1.32E+23 7.74E+10
EXPORTS:
25 Goods & Services  1.36E+11$  162E+12  220E+23 L42E+1i
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Fig. 3. EMERGY signature of each energy sources
in Korea.
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Table 3. Summary flows for the Korea in 1997

Letter Numerica
in Item
Fig. 4 value
R Renewable sources used, sej/yr 3.63E+22
N Nonrenewable sources flow from 1.08E+23
within Korea, sej/yr
F Imported minerals and fuels, sej/yr 4.97E+23
P21 Imported goods and services, sej/yr 1.32E+23
I  Dollar paid for imports, $/yr 1.45E+11
E  Dollar paid for exports, $/yr 1.36E+11
P1E Exported goods and services, sej/yr 3.52E+23
X  Gross national product, $/yr 4.77E+11
P2 Ratio EMERGY to dollar of imports (sej/$) 1.24E+12
P1 Ratio EMERGY to dollar within the 1.62E+12

country and for its exports, sei/$

Fuels
Goods
Services

E20 Sejper year
——— E9$ peryear

Fig. 4. Overview of the Korea system.

Fig. 5. Contribution of EMERGY from renewable
sources, fossil fuel and electricity, and
goods and services.
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Table 4. Indices using EMERGY for overview of the

Korea

Name of Index Expression Value
Renewable EMERGY flow R 3.63E+22
Flow from indigenous N 1.08E+23

nonrenewable reserves

Flow of imported EMERGY F+P21 6.28E+23
Total EMERGY inflow R+N+F+P2I 7.73E+23
Total EMERGY used U=N+R+F+P2l  7.73E+23
Total exported EMERGY PIE 2.20E+23
Fraction of EMERGY used (N+R)/U 0.19
derived from home sources
Imports minus exports (F+P2I)-P1E 4.08E+23
Ratio of imports to exports (F+P2I)/P1E 2.85

Fraction used, locally renewable (R/U)*100 5.00
Fraction of EMERGY used (F+P2D)/U 0.81
purchased imports

Use per unit area (9.94 E10 m®) U/(area) 7.77TE+12

Use per capita (4.599 E7 people) U/(population) 1.68E+16

Renewable carrying capacity (R/U)* 2.16E+06
at present living standard (population)

Developed carrying capacity 8(R/U)* 1.73E+07
at present living standard (population)

EMERGY to money ratio P1=U/GNP 162E+12

Environmental loading ratio (N+F+P2I)/R 20.30

EMERGY yield ratio U/(F+P21) 123

SI EYR/ELR 0.06

Table 5. EMERGY indices of national economies

Country % Renew EYR ELR SI
PNG (1987)” 86.8 228 015 152
Ecuador (1986) 50.1 155 1.0 15.48
Thailand (1984) 50.0 3.1 1.0 3.14
Mexico (1989) 2.7 57 34 1.66
USA (1983) 10.4 4.2 86 0.48
Italy (1989) 957 1.6 95 0.17
Taiwan (1990) 9.95 1.4 9.0 0.16

*) PNG : Papua New Guinea
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