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Sustainability of Olive Flounder Production by the Systems Ecology

II.

Simulating the Future of Olive Flounder .Aquaculture on the Land

Nam Kook KM, Ji Ho SON, Jin Lee KiM, Eun Il CHO* and Suk Mo LEE*

Environmental Engineering, Pukyong National University, Busan 608-737, Korea
*Environmental Engineering, Cheju National University, Cheju 690-756, Korea

In Korea, an olive flounder is very popular fish food item. However, due to the increasing human population, the present catches
of the olive flounder may not be sufficient to satisfy the present demand. To increase the supply of the olive flounder, aquaculture
has been begun. An interest in the aquaculture of the olive flounder has been increased recently because of its characteristics of good
growth and high price in the market. However, the productivity of the olive flounder aquaculture depends on economic inputs such
as fuels, facilities, and labor. The rapid growths of the olive flounder aquaculture and the concerns about economic and ecological
sustainability have focused peoples attention on the aquaculture industry. In this study, an energy systems model was built to simulate
the variation of sustainability on the aquaculture of olive flounder. The results of simulation based on calibration data in 1995 show
that olive flounder production yield and asset slowly increase to steady state because of the law of supply and demand. The results
of simulation based on the variation of oil price show that the more increase the oil price, the more decrease the olive flounder
economic yield and asset. Energy sources required for systems determine the sustainability of systems. Conclusionally, the present
systems of the olive flounder aquaculture should be transformed to ecological-recycling systems or ecological engineering systems
which depend on renewable resources rather than aquaculture systems which depend on fossil fuels, and be harmonized with the
fishing fisheries by the sustainable use of renewable resources in the carrying capacity.

Key words: Olive flounder, Aquaculture, Energy systems model, Sustainability
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ey} (Park and Uh, 1993), 93 FAAdd 7ldste AdE
A% AAEF 7t E FHHOE sotdte YARNEFA V]
o3t AA#Z e 4AHY 7t ARAA A2 i 7]
4% H7} (Kim et al, 20005 7122 §X $3FA0¢9 1
HE dF3n TALFE ANT AFE o]F4AA ¢yt

AleY AEHEE HJIEe o A2 YGRS N
A7 (Odum et al, 1987; MaGrane, 1989), %7} (Odum and Ar-
ding, 1991; Lee et al, 2001), #1¥ (Odum, 1987; Hansen, 1987),
Al (Odum et al, 1995; Kang, 1999) 59 Al2®d th3to

=8 FE3 715y F22A7 ofdg AL AXAHA o
g7 71%E Hrker 94 d7vt g E o o2 e F2H
& 5% v d42 $PdA 2 Ay Edrt duA 4& <
A8A 3t (Odum, 1994), ¥ 944 oA dd] &G @AY
ATA ARG AR =2 ol F 2#E AALTY HR
A e dE I7h AY, A9 Wstel d@ HE AT Y
Reg 7ld ¥,

A B dfeAe 433 FAR9e2M YA HAE
%713 Emergy 4 (Kim et al, 2001)& 7122 A|2% W3
Hge 2 ouA 2" 2l o3 gdx F44HY
g o&n, ozt 2HE Hgoz YRAYYE HEF £
AbpA A o] WA EES A A3t ot
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Fig. 1. Approaches to modeling and simulation in systems eco-
logy, starting with word models on the left (Odum and
Odum, 2000).

AlZeoldg #st clojo{ 1 =N

AUz A2y 2dyge dig A2 tolojad Aoz
B AZHm, oux A2 ZAPE tho]o}a# (energy diag-
rams) < A299 %S oL, HAsdnA e A9
B¥d F2 387 43FES Fod3ter o g€,

YA A A 2" A - 3HY AAE dAstn, 4ags
S e AxFoR gopd £ YRS qUA RIE o) &34
duz A2d dolojay g AU delojad Ay
AN, Nz=d9 FAE AAde Aoz, 9X $439 #re
Park and Uh (1993)9} 7ol 93 =2HA R F7|HE 7 &
o2 YA Y FRAN APl 7% &A H7HR 3,000 m*S
SAFZ AL FUF AAR ARG, ARz 19 @
A9 ARE V122 Y 4, FL 4F AU Y, A2H" g
F2 A, Av), a2n AGAAE Odum (19710 A Ag
g odA A% Ao (energy systems language) 2 WERA AT
AR, g7 Aoz Re ARt Wi & 240 gisty
A, EF9 2EH duA, EF FE 54 wose 25L
7t gee 580 wel 4 R3E dAdY A A2E g
oljayE FA3HcH (Odum, 2000).

2yl S48}

U7 Axy golojadel Y 24P, 9% YA, 17
2 27 qyx A2k $87 grse L Jerz &
9o +o43 220 s, $Ad YA WAE g2s] g
of 7 BgEol Y AL Hololago Ny AP Qg &
AT} oA Az 4o BEF W ngFd 242 l5E A
o o8 Y122 WANE SE8H, o BHAL AFH
z2ag9d o4,

Do HY Y =2 Y

FEE A& 2dy Y 2 223 4L 98 AA,
B2do ¥ quAY, {7 Te|L ZF Ut 45 E 24
AEE 7122 73 (normalization) & $3 9% Ay ds}
WEeAd 559 AF #& 780 4, f#=€ $HAH A

& o] 43t Quick BASIC® 213 (Microsoft corporation,
1995)& A4 gt

Alggold

Fig. 2% Zo] tolo|13y &4, Bde 48, 2d9 2
Fot] A4dE 2L o83t nol dE 4F AF g
ot} dAEe EA ddte] AlgdoldE FYI

ENERGY SYSTEMS DIAGRAMMING

( Detailed Diagram )
¥

——C Aggregated Diagram )

SIMULATION

Labeled Diagram with
Difference Equations

)

( Model Calibration )-_
Y

C Computer Program )-—
)

( Base Run of the Model )

}___

Validation )

( Verification

_( :
(. whas )

\— J

Fig. 2. Schematic diagram showing the procedure of energy
systems modeling.
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Fig. 3. Systems diagram of olive flounder aquaculture with la-

bels for sources, storages and pathways, and difference
equations derived from energy systems diagram.
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Table 1. Data used in the olive flounder aquaculture with sea
water tanks on the land (Unit area: 3,000 m?)

Reference
Park and Uh (1993)

No. Item Value
6,132,000 m*/yr

—

Pumped sea waters”

2 Asset 1569900000 won  Park and Uh (1993)
3 Capital 15,700,000 won KFA (1996)

4 Olive flounder yield 576ton Park and Uh (1993)
§ Life time of facilities 14yr Park and Uh (1993)
6 Cost of repair & maintenance 18204,000won/yr  Park and Uh (1993)
7 Depreciations rates 875% Park and Uh (1993)
8 G. &S. for assets 155914526 won/yr  Park and Uh (1993)
9 G. & S. for production 430,367,000 won/yr  Park and Uh (1993)
10 Earned money 691,200,000 won/yr  Park and Uh (1993)

Yarea of a fish tank in this study, 3,000 m?% height of a fish
tank, 0.7 m; rotation of seawater in a fish tank, 8/day: (3,000
m?) X (0.7 m) X (8 rotation/day) X (365 day/yr) =6,132,000 m*/yr.

Azt 6,132 )T} 3,000 m? WA YA Fpz2 R A3t
RS 576ton UL, IZFEHY 92 691,200,000 won/yr,
gz A o] &He Az &9 ol HEL 430,367,000
won/yr, 7] SHBFFL 15,700,000 wonol At FAAHH A
ES LS ZAAF AL 1,590,000,000 won, A4t W AFE
114 year, ¥8 2 #AH= 18,204,000 won/yr, A4S 7714 24H&
2 875% °)1%} (Table 1).

ol 49 ZAld ARE 3000m* WHOE Yol 7] AAF
A3 3E BAFe won/m?, AR DL Joule/mlyr, HH
AL ton/miyr, BA BELZRHY FUL won/myr2 @
HE BT, 449 358 AFEEY] A%t HAF AL
A ERE AL L 12 g9t ol 71ZE AF R K
< 007004, K= 0.04230 Ko 008772, Ki& 993, Ks= 2741, Ko
43972 ZtZ} A ST (Table 2).
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Table 2. Calibration of coefficients based on 1m® of fish tank for the simulation of olive flounder aquaculture model
No. Item Expression Value Units {\_Iorr'na- Coefficients
1zation
Sources for calibration
1 Renewable sources” S 204E+09 Joule/m*/yr 1
2 Price of olive flounder Py 120E+07  won/ton 2,290
3 Price of purchased inputs Pg 100
Storages for calibration
4 Assets A 523E+05  won/m? 1
5 Capital M 523E+03  won/m’ 1
Flows and their coefficients
6 Olive flounder yield (Y) K. XSXEpXA 00192 ton/miyr 00192 K,=00192/(SXEpXA) 0.07004
7 Assets used in production K:XSXEpXA  607E+03  won/m%yr 00116 K,=0.0116/(SXEpXA) 0.04230
8 Assets depreciation Ks XA 459E+04 won/m*yr 00877 K;=0.0877/A 0.08772
9 Assets from goods & services KiXM 520E+04  won/m?/yr 993 Ki=993/M 9.93
10 Goods & services for production KsXM 143E+05 won/m%/yr 2741 Ks=2741M 2741
11 Price control for olive flounder Py=K¢/Y Ke=2,290XY 4397
Y (6,132,000 m*/yr) X (1E+06 g/m*) X (1 Joule/g) /(3,000 m* =2.04E+09 Joule/m®r.
3008+t Aol A&Aoz F7EAL YA HY Age WA Bzt
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Fig. 4. Simulation results of olive flounder aquaculture model
with present condition.
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Fig. 5. Simulation results of olive flounder aquaculture model
with increase of producer’s price per year.
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