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Abstract

The objective of this research is to apply more scientific, quantitative methods and procedures of environmental
investigation to the development of the natural environment and the improvement of the human environment
during the establishment of a sewage treatment plant and special facilities using environmental accounting. This
research was performed to develop a method of strategic environmental assessment on the operation of sewage
treatment plant and reuse of shellfish seeding areas through the use of environmental accounting based on EMERGY
evaluation. The result was applied to marine environment policy in order to evaluate the real wealth of the
regional environment and economy for both the present phase and the proposed developed phase. Using results
from the comparison of EMERGY indices between the present situation and future scenarios, cost benefit analysis
was performed for three different scenarios: (1) construction of a new sewage treatment plant, (2) relocation
and recovery of the shellfish seeding area , and (3) relocation and re-seeding of shellfish area and construction
of a new sewage treatment plant. Cost-benefit ratios of the three scenarios are 1.88, 0.94, and 1.38, respectively.
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Fig. 1. Schematic diagram of environmental accounting
method.
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Fig. 2. Overview of Yeosu sewage treatment plant in Gamak Bay (Yeosu City, 2007).
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Fig. 3. Overview of research site in Gamak Bay specialized management area both land and ocean, and seeding site
map for present (near GwangYang) and alternatives method (inner Gamak Bay).
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Table 1. EMERGY evaluation of control in Gamak Bay
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Data Solar References Solar Emdollars
Note Item units transformity for EMERGY 2005
J, g or $) (sej/unit) transformity (sej/yr) ($/yr)
RENEWABLE RESOURCES
1 Sunlight 4 58E+17 J 1 [a] 4.58E+17 3.69E+05
2 Wind 4.31E+15 J 2450 [a] 1.06E+19 8.51E+06
3 Rainfall, chemical 1.10E+15 J 30500 [a] 3.37E+19 2. 72E+07
4 Tide 1.89E+15 J 73900 [a] 1.40E+20 1.13E+08
5 Waves 2.53E+13 J 51000 [a] 1.29E+18 1.04E+06
6 River chemical potential 2.36E+14 J 81000 [a] 1.91E+19 1.54E+07
PURCHASED INPUTS
7 Fuel 4.10E+13 J 5.30E+04 [b] 2.17E+18 1.75E+06
8 Human Labor 6.37E+12 J 1.24E+06 [b] 7.90E+18 6.37E+06
9 Seed 5.94E+09 W 2.10E+09 [c] 1.25E+19 1.01E+07
10 Msc. Supplies 511E+08 %  2.10E+09 [l 1.07E+18 8.66E+05
11 Services 1.69E+10 W 2.10E+09 [c] 3.54E+19 2.85E+07
PRODUCTION
12 Fishes 3.84E+14 J 5.41E+06 [d] 2.08E+21 1.68E+09
13 Crustaceans 7.84E+12 J 2.18E+07 [d] 1.71E+20 1.38E+08
14 Shellfish 3.06E+13 J 1.00E+07 [d] 3.06E+20 2.46E+08
15 Seaweeds 4.73E+10 J 1.85E+04 [d] 8.75E+14 7.06E+02
16 Total production 4.23E+14 J 2.56E+21 2.06E+09

(References for Transformity [a] Odum'”, [b] Brown and Bardi'”, [c] Shin'® and [d] Eum et al.®. Transformities referred
to Eum et al”. are based on the approximate planetary baseline 9.44E+24 sej/yr used in Odum(1996). To convert trans-
formities reported in this paper to the 15.83 E+24 sej/yr baseline multiply by 1.68.)

Table 2. EMERGY indices of control in Gamak Bay

Item Name of index Expression Quantity Unit
1 Renewable EMERGY flow R 8.94E+19 sej/yr
2 Flow of imported EMERGY K=F+PI 1.00E+20 sej/yr
3 Total EMERGY inflows R+F+PI 1.89E+20 sej/yr
4 Total EMERGY used, U U=R+F+PI 1.89E+20 sejlyr
5 % Renew R/U)*100 47.19
6 EMERGY yield ratio (EYR) U/K 1.89
7 EMERGY investment ratio (EIR) K/R 1.12
8 Environmental loading ratio (ELR) K/R 1.12
9 SI EYR/ELR 1.69
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Table 3. EMERGY evaluation of new system in Gamak Bay (Scenario 1)
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Data Solar References Solar Emdollars
Note Item units transformity for EMERGY 2005
(J, g or §) (sej/unit)  transformity (sejlyr) ($/yr)
RENEWABLE RESOURCES
1 Sunlight 4.58E+17 J 1 [a] 4.58E+17 3.69E+05
2 Wind 431E+15 J 2.45E+03 [a] 1.06E+19 8.51E+06
3 Rainfall, chemical 1.10E+15 J 3.05E+04 [a] 3.37E+19 2. 72E+07
4 Tide 1.89E+15 ] 7.39E+04 [a] 1.40E+20 1.13E+08
5 Waves 2.53E+14 J 5.10E+04 [a] 1.29E+19 1.04E+07
6 River chemical potential 1.54E+14 J 8.10E+04 [a] 1.25E+19 1.01E+07
7 Treated River, Che. Potential 8.95E+13 J 1.44E+05 [e] 1.29E+19 1.04E+07
PURCHASED INPUTS
8 Fuel 1.46E+14 J 5.30E+04 [b] 7.72E+18 6.23E+06
9 Human labor 5.09E+12 J 1.24E+06 [b] 6.32E+18 5.09E+06
10 Seed 7.60E+09 %  2.10E+09 [c] 1.60E+19 1.29E+07
11 Misc. Supplies 1.68E+10 %  2.10E+09 [e] 3.53E+19 2.85E+07
12 Services L65E+10 ¥  2.10E+09 [c] 3.47E+19 2.80E+07
13 STP Operation & maintenance 1.60E+09 W 2.10E+09 [c] 3.36E+18 2.71E+06
PRODUCTION
14 Fishes 3.84E+14 J 3.22E+06 [d] 1.24E+21 9.98E+08
15 Crustaceans 7.84E+12 J 1.30E+07 [d] 1.02E+20 8.22E+07
16 Shellfish 3.06E+13 J 5.95E+06 [dl 1.82E+20 1.47E+08
17 Seaweeds 4.73E+10 J 1.10E+04 [d] 5.21E+14 4.20E+02
18 Total production 4.23E+14 J 1.52E+21 1.23E+09

(References for Transformity [a] Odum'”, [b] Brown and Bardi'?, [c] Shin' and [d] this study.)
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Table 4. Comparison of EMERGY indices between control and scenario I

Item Name of Index Expression Original use  Scenario | Unit
1 Renewable EMERGY flow R 1.92E+20 1.99E+20sej/yr
2  Flow of imported EMERGY K=F+PI 1.00E+20 1.03E+20sej/yr
3  Total EMERGY inflows R+F+PI 2.92E+20 3.02E+20sej/yr
4 Total emergy used, U U=R+F+PI 2.92E+20 3.02E+20sej/yr
5 % Renew (R/UY*100 65.81 65.79
6 EMERGY yield ratio (EYR) U/K 292 2.92
7 EMERGY investment ratio (EIR) K/R 0.52 0.52
8 Environmental loading ratio (ELR) K/R 0.52 0.52
9 SI EYR/ELR 5.63 5.62
Table 5. Environmental accounting of STP operation (Scenario I)
No Item Env cost Env benefit Unit
River chemical potential 3.66E+18sej/yr
5 STP operation price 3.36E+18
Subtotal 3.36E+18 3.66E+18sej/yr
Cost-benefit 2.99E+17sejlyr
Benefit/Cost 1.09E+00
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Table 6. EMERGY evaluation of seeding improvement system (Scenario II)

Data Solar References Solar Emdollars
Note Item units transformity for EMERGY 2005
J, g or$) (sej/unit) transformity (sej/yr) ($/yr)
RENEWABLE RESOURCES
1 Sunlight 4.62E+17 J 1 [a] 4.62E+17 3.73E+05
2 Wind 4.35E+15 J 2.45E+03 [a] 1.07E+19 8.60E+06
3 Rainfall, chemical 1.12E+15 J 3.05E+04 [a] 3.40E+19 2.74E+07
4 Tide 1.91E+15 J 7.39E+04 [a] 1.41E+20 1.14E+08
5 Waves 2.55E+14 J 5.10E+04 [a] 1.30E+19 1.05E+07
6 River chemical potential 2.36E+14 J 8.10E+04 [a] 1.91E+19 1.54E+07
PURCHASED INPUTS
8 Fuel 1.46E+14 J 5.30E+04 bl 7.72E+18 6.23E+06
9 Human labor 5.09E+12 J 1.24E+06 bl 6.32E+18 5.09E+06
10 Seed 8.00E+09 b 2.10E+09 [l 1.68E+19 1.35E+07
11 Misc. Supplies 1.68E+10 W 2.10E+09 [¢] 3.53E+19 2.85E+07
12 Services 1.65E+10 W 2.10E+09 [c] 3.47E+19 2.80E+07
13 Compensation 1.00E+09 W 2.10E+09 [c] 2.10E+18 1.69E+06
14 Larvae resettlement 5.00E+07 H 2.10E+09 [e] 1.05E+17 . 8.47E+04
PRODUCTION
14 Fishes 3.84E+14 J 3.22E+06 [d] 1.24E+21 9.98E+08
15 Crustaceans 7.84E+12 J 1.30E+07 [d] 1.02E+20 8.22E+07
16 Shellfish 3.06E+13 J 5.95E+06 {d] 1.82E+20 1.47E+08
17 Seaweeds 4.73E+10 J 1.10E+04 [d] 5.21E+14 4.20E+02
18 Total production 423E+14 J 1.52E+21 1.23E+09

(References for Transformity [a] Odum'”, [b] Brown and Bardi'”, [c] Shin’® and [d] this study.)
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Table 7. EMERGY values and indices of scenario I
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Scenario Mol Yebdt gt-x2j3 & A B4

4o 2o

Item Name of index Expression Quantity Unit
1 Renewable EMERGY flow R 1.94E+20 sej/yr
2 Flow of imported EMERGY K=F+PI 1.03E+20 sej/yr
3 Total EMERGY inflows R+F+PI 2.97E+20 sej/yr
4 Total EMERGY used, U U=R+F+PI 2.97E+20 sej/yr
5 % Renew (R/U)*100 65.33
6 EMERGY yield ratio (EYR) UK 2.88
7 EMERGY investment ratio (EIR) K/R 0.53
8 Environmental loading ratio (ELR) K/R 0.53
9 SI EYR/ELR 5.44
Table 8. Environmental accounting of scenario II
No Item Env cost Env benefit Unit
1 Renewable sources 1.73E+18 sej/yr
13 Compensation 2.10E+18
14 Larvae resettlement 1.05E+17
Subtotal 221E+18 1.73E+18sej/yr
Cost-benefit -4.72E+17sejlyr
Benefit/Cost 7.86E-01
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Table 9. EMERGY values and indices of scenario [T

Item Name of index Expression Quantity Unit
1 Renewable EMERGY flow R 2.00E+20 sej/yr
2 Flow of imported EMERGY K=F+P1 1.06E+20 sej/yr
3 Total EMERGY inflows R+F+P1 3.06E+20 sejlyr
4 Total EMERGY used, U U=R+F+PI 3.06E+20 sej/yr
5 % Renew (R/UY*100 65.23
6 EMERGY yield ratio (EYR) UK 2.88
7 EMERGY investment ratio (EIR) K/R 0.53
8 Environmental loading ratio (ELR) K/R 0.53
9 SI EYR/ELR 5.40

of W& AE) AAEAQ] v &~o]2e HE 0.722
Scenario ITol Hla|AE Tt F718 HE Boj,
2 ol9g Ex Jurne o7 § gl& AHolg
(Table 10).
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Table 10. Environmental accounting of scenario [T
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£ Transformity'® Z7}o] whebA AL o4

Env cost

Env benefit Unit

No Item
Renewable sources

5 STP operation price

13 Compensation

14 Larvae resettlement

Subtotal

Cost-benefit
Benefit/Cost

7.17E+18sej/yr
3.36E+18
2.10E+18
1.05E+17
5.56E+18 7.17E+18sej/yr
1.60E+18sej/yr
1.29E+00

Table 11. Analysis of benefit relative to cost in STP and larvae resettlement after 2 years

No Item

Env cost

Env benefit Unit

Renewable sources
5 STP operation price
14 Larvae resettlement

Subtotal
Cost-benefit
Benefit/Cost

7.17E+18sej/yr

3.36E+18

1.05E+17

3.46E+18 7.17E+18
3.70E+18sej/yr

2.07E+00sej/yr
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