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Abstract

This research was performed to simulate shellfish production systems and sales in Gamak Bay, South Korea.
To study the way the shellfish system generates maxima, a numerical model was developed to simulate the
model under a control and a number of different scenarios. The program calculates the EMERGY flows by
multiplying the flows of energy and materials by the appropriate solar transformity. In this study, an energy
systems model was built to simulate the variation of sustainability for oyster aquaculture. The results of the
simulation based on 2005 data that as oyster production yield slightly increases, money and assets increase
to a steady state. When the program is run control simulation, the system reaches carrying capacity after 8
years. The simulation of models with price of purchased inputs increased with 3.5% inflation rate per year
showed maximum benefit of shellfish production occurs after 6 years but amounts are less than control simu-
lation, and then decreases slightly in money and yield results. The results with 3.5% inflation and increase
of oyster price annually showed steady and slightly increase of money and yield.
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Fig. 1. Modelling and simulation approach flows in systems ecology (modified from Odum and Odum, 20007).
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Fig. 2. Contribution of asset with facility, operation, sal-
ary, and indirect money for oyster production in
Gamak Bay (per 5 ha, 10,000 ropes).
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Fig. 3. Systems diagram of oyster aquaculture with labels for sources, storages and pathway.
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Fig. 4. Schematic diagram showing the procedure of en-
ergy system modeling®.
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Table 1. Calibration of the pathway coefficients for the computer simulation of oyster aquaculture

| tem Symbols Values Units Normailzation Calculation Calibration
1 Equations values
| Sources
I 1 Renewable Sources J 9.76E+13 Jiton 1.000
2 Unused source R=J(1+K1*E*A) 9.76E+12 Jiton 0.100
. 3 Goods & Services E=K2*\WP2 3.41E+04 wonvton 0.152

4 Price of oyster product P1 1.60E+06 wonvton 0.667

5 Price of purchased inputs P2 2.39E+06 worvton 2632
. Storage values

6 Assets A 9.12E+05 worvton 1.000

7 Money M 2.40E+06 wonvton 1.000

Coefficient calibrations

8 Resources used KT*R'E*A 8.79E+13 Jiton 0.900 K1=09/(REA) 59.211 1
| 9 Money spent K2*M 9.60E+05 worvton 0.400 K2 =0.475M 0.400 {
! 10 Goods & Services to assets K3*E 1.04E+14 worvton 0.114 K3 =0.0019/E 0750 |
{ 11 Assets depreciation K4'R'E*A 4.80E+13 wonvton 0.053 K4 = 0.0015/(R*E*A) 3463 |
. 12 Assets repairing and maintenance K&"A 5.60E+13 won/ton 0.061 K5 = 0.0004/A 0.061 {

13 Oystervyield Y K&'R'E*A 1 ton 1.000 K6 = 1/(R*E"A) 65.789
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Fig. 5. Calibrated value of sources, storage, and coefficient factors for oyster aquaculture simulation.
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Fig. 7. Simulation results of Control (top: asset, medium:
money, bottom: yield).
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Fig. 9. Simulation results of scenario II with 3.7% in-
flation and 1.75% increase of oyster price annu-
ally (top: asset, medium: money, bottom: yield).
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Fig. 11. Results of Scenario I with 10% decrease of G&S
money annually (top: asset, midium: money, bot-
tom: yield).

Fig. 12. Difference results between Scenario I minus
Control (above: money, below: yield).
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Appendix 1. Annual expenses for oyster production per 5 ha

8 5 A - = 2 A
Z @ ] | 62,500,000 T 2:25,00091x2,500 62,500,000
4+ 5t el | 2,850,000{2E A} 98t 6.5m 25,0009 x1142 2,850,000
A ©12:504.(100mXx100Z +200m)x93,0002 <31 1,550,000
2| 2 =| 8100,000, o+ L
1 150 (50m+50m X 100& +200m)x 93,0008 +3A 1,550,000
;Er, =xize2 1,096,000[5 X 1000 x10174=10,10074 2534.x13,0008+3d 1,096,000
= 2X6243 10008 x 10174 x3,7002 +3 12,456,000
;(H} =S | 12,789,330 2+2:100C0H X10,000 +34 333,330
LN 2 210D/MX98 X78,040 7,023,600
TR 87044001 2 oo parxomxat 1262 1,680,800
A22d| [ 1,500,000|%2, &3} 9|5 7|EtAnE 1,500,000
4~ A ]92,539,730 |
MR B||  750,000|BE|M(SHM1R) AT Y 7 [BR|S 750,000
Al Dlg;]_;lu; 1 100.000 —’f:ﬂrg;frlul 35 ,00091 202 500,000
e S 2ukxt 2 5E/22 600,000
2| & Ay 480,000{ M 22 240,0008 x12¥ 480,000
@ [mazzz2]  120,000[Ar2 259 120,000
*ﬁ Sl T 450,000| L EH| 1,500 X252 x 122 450,000
bl AF 2 d] | 1,200,000{100,0008x12% 1,200,000
4~ Al 4,100,000
. 20{ 12 x1,500,0002 x12¢ 18,000,000
@ EER) 21,000,000 A0 1% x1,500,0008 X200% 3,000,000
ol 501 X g/H| 25,00094 X 3508 8,750,000
# [#stelzdel| 9,680,000|% 5191 451 A | H2H X 50,0008 X3 300,000
Hl 0462 35,0008 X3 630,000
siaieizie| 5.760.000 L X524 X 50,0008 X182 4,500,000
T lod X p22d x 35,0008 x 18 1,260,000
4 A | 36,440,000
= arw | 1359 000 F 411151 x6,0008 906,000
A POV YR 2hA 1 5194 % 3,000 453,000
7H[Eois42] 8,249,060[MHE J12H 7= 25,0009 x2.5kgx3,7719%3.5% 8,249,060
rS ) X ol -
E‘ll 221at2t | 4.033.000 :Eﬁ(FRP 18) 50, ooooooo 2l+154 3,333,000
A (S =) 7,000,0002 104 700,000
X|Z20|AxF| 3,000,000{%¥0{ X2 X2l Z0|X} 100,000,000 X3.0% 3,000,000
4~ A [16,641,060
EAZEI(H: A 5,089 # Mt =8 (utaly] o|xE)
2.0 kg 2,994 ¥
g Al ]149,720,790 2.5 kg 2,396 ¥
3.0 kg 1,996
o )& 8 2.5kg Ul BHAlb| 1,6008 L8 kg It 3,996 ¢




