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A Study on the Sustainable Development of Pusan Metropolitan
City by the EMERGY Evaluation
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Sustainable development has been the key concept, both in economic policies and in environmental
management since 1970s. In the view of systems ecology, sustainable resource use strategies are
considered to be essential in achieving sustainable development. During the last three decades, the
discipline of systems ecology has applied ecological energetic analysis to the evaluation of the
contribution of natural environments to economic systems.

EMERGY analysis of main energy flows driving the economy of humans and life support systems of a
city was made including environmental energies, fuel, and inputs, all expressed as solar emjoules. Total
EMERGY use of Pusan was 3.89 E22 sej/yr, about 90 percent of it was purchased sources from outside
during eleven years from 1985 to 1995. EMERGY flows from the environment were less than 10 percent.
EMERGY yield ratio and environmental loading ratio were 110 and 1045, respectively. EMERGY
sustainability index is therefore less than one, which is indicative of highly developed consumer oriented
economies. Development of a city has been achieved in the short run by the economic growth, but it can
be sustained in the long run by the use of renewable resource systems.
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Fig. 2. EMERGY based indices, accounting for Rene-
wable EMERGY flow(R), Flow from indigenous
nonrenewable reserves(N), Purchased inputs
from outside the system(F), and Yield from
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Fig. 3. Energy diagram of Pusan metropolitan city
(GRDP Gross regional domestic product,
G.W. = Groundwater).
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Table 2. Average values from EMERGY evaluation of
resource basis of Pusan from 1985 to 1995

Energy LEnergy Solar Solar

source inflow Transformity EMERGY
(J/yr) (sei/]) (E18 sej/yr)

Sun 295 E18 1 30
Wind 103 E15 663 0.7
Rain 493 E15 15,400 75.9
Tide 380 E14 16,800 6.4
Wave 488 E15 30,600 1493
River 6.86 L£16 48,459 3,322.0
Top soil 281 El4 63,000 171
Groundwater 331 El14 144,000 480
Coal 412 E16 40,000 16470
Natural gas 131 E15 48,000 62.9
Oil 1.14 E17 66,000 7,550.7
Electricity 255 E16 200,000 5,580.0
G & S($) 1.18 E10 179 E12 21,122.0
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Fig. 4. EMERGY( and energy(-®-) signature of each
energy source in Pusan based on average
values from 1985 to 1995.

Fig. 5 Contribution of EMERGY in Pusan from
renewable sources, non-renewable sources,
fossil fuel & electricity, and G & S.
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Fig. 6. Three-arm diagram of Pusan system ( R
Renewable EMERGY flow, N @ Flow from
indigenous nonrenewable reserves, F
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Table 3. Summary of EMERGY flow in Pusan from
1985 to 199

Year R N F&E G&S Yicld
1985 4.30E+21 6.49E+19 1.20E+22 178E+22  341E+22
1986 322E+21 648E+19 1.28E+22 1.12E+22  273E+22
1987 4.07E+21 657E+19  136E+22 1.34E+22  3.12E+22
1988 251E+21 6.62E+19  1.22E+22 147E+22 2.94E+22
1989 293E+21 6.60E+19 1.27E+22 190E+22  347E+22
1990  435E+21 647E+19  1.38E+22 236E+22  4.19E+22
1991  421E+21 648E+19 1.50E+22 237E+22  4.30E+22
1992 202E+21 647E+19  154E+22 245E+22  4.20E+22
1993  464E+21 6.47E+19  155E+22 2.62E+22  4.64E+22
1994 130E+21 647E+19 169E+22 2.71E+22  453E+22
1995  3.84E+21 6.54E+19  1.78E+22 3.13E+22  5.30E+22
Avg.  340E+21 651E+19  143E+22 2.11E+22  389E+22

Table 4. Variation of EMERGY indices in Pusan from
1985 to 1995

Renewable  Developed
Year %Renew EYR ELR ST carrying carrying
capacity capacity
1985 126 115 693 017 443418 3.547,340
1986 11.8 114 748 015 421,942 3,375,534
1987 13.0 1156 667 017 476,341 3,810,727
1988 85 110 1073 011 319,890 2,559,122
1989 85 110 1076 0.1 327,879 2,623,034
1990 104 1.12 862 013 394,956 3,159,650
1991 98 1.11 922 012 380,897 3,047,176
1992 48 105 1983 005 186,640 1,493,119
1993 10.0 111 9.01 012 386,561 3,092,484
1994 29 103 3387 0.03 110,300 882,397
1995 7.2 108 1283 008 281,448 2,251,583
Avg. 87 110 1045 011 339,116 2,712,925
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