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Sustainability Evaluation for Shellfish Production in Gamak Bay

based on the Systems Ecology

Hyun Taik OH

Department of Environmental Engineering, Graduate School,

Pukyong National University

Abstract

This research outlines a method for sustainability evaluation for shellfish
aquaculture production in Gamak Bay for based on the systems ecology. For a
better understanding of environmental factor influencing oyster production and
the management of oyster stocks, it is important to understand and assess the
real value of environmental sources such as solar energy, river, tide, wave,
wind, etc. In this research, EMERGY flows from environment were 76% for
shellfish aquaculture in Gamak Bay. EMERGY vyield ratio, Environmental
Loading Ratio, and Sustainability Index are 4.2, 0.3, 13.8 respectively.

Using the Emergy evaluation data, the predicted maximum shellfish
aquaculture production in Gamak Bay and FDA (Food and Drug
Administration, U.S.) designated area in Gamak Bay were 10,845 ton/yr, 7,548
ton/yr, respectively. Actually predicted shellfish production were about 1.3
times more than produced shellfish production in 2005. Therefore, the carrying
capacity of the Gamak Bay may be estimated to be 1.3 times as high as the
present oyster production.

This research was performed to develop a method of strategic environmental

assessment on the operation of sewage treatment plant and reuse of seeding
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areas by using the 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 present phase, and
developed phase from scenario. Using the result of comparison of Emergy
indices between present system and new system (Sewage Treatment Plant,
Seeding), the new 1(STP), new 2(Seeding), and new 3(STP & Seeding)
cost-benefit output shows 1.88, 0.78, and 1.29, respectively.

In this study, an energy systems model was built to simulate the variation
of sustainability of the oyster aquaculture. The results of simulation based on
calibration data in 2005 show that oyster production yield slowly slightly
increase and money and asset show increase to the steady state because of the
law of supply and demand. The results of simulation based on the variation of
inflation rate show that the more increase the oil price, the more decrease the
oyster production and asset after using the excess environmental resources

around 10 years.

English Keyword: EMERGY Analysis, Gamak (Kamak) Bay, Shellfish Aquaculture,

Marine Management Policy, Systems Ecology
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Fig. 5. Overview of research " Gamak Bay (Shading
area means specialized management area both land

and océén-.by marine 'environmgnt'ﬁy MOMAF)
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23, 7AX W72 A 2] o ¥ =]
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fr
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L

A4+ (GNP), v]= AA A% (DOW JONES)7} &3 AaS Adusisol, o m x|
E dqUA Al2"ES #rbslE £F (Tool) 24 o]&¥th
qmAle FoZ el A ol e AW ofjEl FH A AHEEH

E qUARR BE EFete Aoz FL dquUAde AA Tt

e
rlot
on o

A UA € °J< 0.2 FREUT FoeleA A5E AxdrA Fo] AR o
A A f-&(%Renew), T Al=Fle] 884 8 AMES e oy
Zu 1%(EYR) o A=A ool AR gl tEEol AABAY A e
e E 875l H1E(ELR), £l ZA8E0] 97 AYg o &
st=d debd AAARIE UEhE ol #Al EARIE(EIR), Al 373 3E <
NEZARE FFIA D A&7 A dEE ASAS(EMS)E AHE
&tk (Fig. 21).
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Fig. 21. EMERGY based indices, accounting for renewable Emergy
flow(I), flow from  indigenous  nonrenewable
reserves(N), -~ purchased inputs from outside the

system(F), and yield from system(Y)
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Fig. 22. Schematic diagram of environmental accounting method
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Fig. 23. Overview of Yeosu sewage treatment plant in Gamak Bay

(Yeosu City, 2007)
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Fig. 24. Seeding site map for present (near GwangYang) and

alternatives method (inner Gamak Bay)
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Fig. 26. Modelling and simulation approach flows in systems ecology
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Fig. 27. Energy system flows for oyster aquaculture in Gamak Bay (S:

renewable sources, A: asset, M: money, P1: oyster price, P2: G&S )
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Fig. 28. Schematic energy systems diagram and equation(DQ=]-KxQ)

for defining production and consumption
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Fig. 29. Contribution of money with facility, operation, salary, and indirect

money for oyster production in Gamak Bay (per 5ha, 10,000 ropes)
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Fig. 31. Schematic diagram showing the

procedure of energy system

modeling
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AzH B2 RE {FdEe= AAdEE YA Y (Sun, Wind, Wave, Tide, Rain,
River)S ©]-&3to] Al~dY &5 (CO, Nitrogen, Phosphate, Kinetic Energy,
Freshwater)S A, A4kxl 2 EZ A E (Phytoplankton)©] AJ43tH, w7 <

2] (Shellfish Aquaculture)®] 544 3|7} (Shell Reef)S &3}, A (Larvae) |

i

E FoA ey = Aol oA olH 3 H 7S EE (Fishing)o] o] F A

Rl

, o2 B3 4R FIAFe A9 At £ (Fuel, Labor, G&S)< £
F5& 54 A1 (Market)ol]l Bl =0} Rt} (Fig. 32).

z

Fig. 32. Energy systems diagram using Emergy simulator (Valyi, 2004) with

system diagram language (Odum, 1986) of shellfish aquaculture in
Gamak Bay
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1.2. 74t A F Ao g A

A=A Alz=d thelola S nlg o2 g shetek S F el o oleR] A
Ade otel Fo| Aot 2ok WA, ke AARAT FAGEFS AT N
o] F8 duyALe] 7HAE AZAY ANUA(/yr), EA(G/yr), EE SHH(W/yr) &
Ao & A4F FAARE B 2D 55 T3l A, Fo ARl /AT AA
221 ol Bl A WMBEE F3te] omA] ke AHgsith
2k S FANE A Vdste AT AE A, vy, e, 24, 9
A 5 7R TRt Abe ATk AAdANA TS A A FS

Z2(1.40E+20 sej/yr)ol 7} =& HI&S Yelilon, 794 $49
S 53 #9337 E+19 sej/yr), 3@
), Bl ¥(4.58E+17 sej/yr)e] o2 HAHQ 7oA =7} BILE YT (Table 1).

r°l'

S & L
0 N

gand ol -
ﬁ -

-z
ol

91 E+19 sej/yr), BFH(1.06E+19

»
NCH
~
~<

=

Table. 1 Emergy evaluation of resources bases for shellfish aquaculture in
Gambk Bay (References for Transformity [a] Odum et al.,, 2000., [b]
Brown and Bardi, 2001, [c] Shin, 2007., and [d] Eum et al., 1996.)

Note Item Data Solar References Solar EmDollars
Units Transformity for EMERGY 2005
(J. g, ord) (sej/unit)  Transformity (sej/yr) ($/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 J 7.39E+04 [a] 1.40E+20 1.13E+08
5  Waves 2.53E+13 J 5.10E+04 [a] 1.29E+18 1.04E+06
6  River chemical potential 2.36E+14 J 8.10E+04 [a] 1.91E+19 1.54E+07
PURCHASED INPUTS
7 Fuel 410E+H13 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 Misc. Supplies 5.11E+08 W  2.10E+09 [c] 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  3.22E+06 [d] 1.24E+21 9.98E+08
13 Crustaceans 7.84E+12 J  1.30E+07 [d] 1.02E+20 8.22E+07
14 Shellfish 3.06E+13 J  5.95E+06 [d] 1.82E+20 1.47E+08
15 Seaweeds 4.73E+10 J  1.10E+04 [d] 5.21E+14 4.20E+02
16 _Total production 4.23E+14 J 1.52E+21 1.23E+09
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qRZREH Fd8 TriAdogE A8, =%y, FTHH, A} §9o07 1y
o] F7tHA HF ¥ FFS AT AHo FFAME(217 E+18 sej/yr)Ett A
3to} 9o 23 719 (354 E+19 sej/yr)7t ®A 4o Ut (Fig. 33). o=
001yl o gk JAFAANA FRAFEHIGo] Astet 9] HGET =0T A
Airsl s e FAEAS wgdstn ok W, F Ao 544 FERuE

_E‘

TREe ARgT Aol Add FHE A fFAe] W B2t A HA
olF Aok s}l ol zrol o]Fst=t] BlEo] ] Wol FoHI e 24F
o]

ohoolt 9 $1996) oF HEH ARFN SHW AN olHAT 9
AR T glolv], o)t shumel Fakd FAA S LI A7
SELECRELER LR CL

s —
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Fig. 33. Emergy signature of renewable and purchased inputs energy sources

in shellfish aquaculture in Gamak Bay
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2 FEY Aol ALoZRE I&5A qUAA B FY AUA L] o
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Fig. 34. Contribution of Emergy from renewable sources, fossil fuel, and goods

& services for aquaculture in Gamak Bay
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13. WA A E T 7hEnt FH BF o A5 H7L

UAYK)ZE FE38t olF vt e® 3 AMA A (emergy indices) 2+ B 7]
£ H71ole] emergy AXE Hwg AF= Table 29 2}

AA WA ol et AT oA Y] HFE(%Renew)S 765%=2 A T
199%6)ll & St sFEFA o HF FEA AUALY HR/FE(78.0%) b=
T 21, 7 5(2001)0 93 X FA@22%) Rt 453 =0k

g A2 ae4 3 S Yehlle AYAFSHIE(EYR)S 2 YA
Aol AiE7] 74A] o] &H oA Fell disfl HalE oA BEA ALtE o
A, 124 ALY Afedle= EYRO] 50]%0]H, 22t o= ol 29
A 59 WS 7HAth ZheRte] Aol = EYRO] 42602 7hetut f-ofo] 29 A
Aol Ajxd"ol A BHlwE F842 792 sle Ao g HriEH, o)l I 5(199)
o og SaFgk mut ko] EERTE Uik 2oy, AASE 9ER
gx el v E 43 L g = HILEAT (Table 2).
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Table. 2 Comparison of emergy indices of shellfish aquaculture in Gamak bay
and other aquacultures (arkshell: Eum et al., 1996, olive flounder:

Kim et al., 2001)

Quantity (sej/yr)
Name of Index Expression Arkshell Flgllllt‘:;er o eGlll:iSh)
Renewable emergy flow R 546 E19 959 El6 1.92 E20
Flow of imported emergy K=F+PI = 151 E19 4.26 E18 5.90 E19
Total emergy inflows R+K 6.97 E19 435 E18 251 E20
Total emergy used U=R+K 697 E19 435 E18 2.51 E20
Renewability (% Renew) R/U 78 2.2 76.53
Emergy Yield Ratio (EYR) U/K 4.63 1.02 4.26
’(EEIEIIi{r)onmental Loading Ratio K/R 078 44.41 031
Emergy investment ratio (EIR) 0.31
Sustainability Index (EmSI) EYR/ELR 16.50 0.02 13.89

BARSELRE 719 AABFo AABAN AT FH(=EA)E
7] 918 A4, ELRe] %eFs ghe] Ao AAgAel v

A
o] M3, ELRe| <53 Foj7l AABEo] 91840 v AAH Gl

W

e AL 9udth Brown and Ulgiati (1997 $74#381u9) 33 108 7F2

2 7 g FAWAST AT QEd, Tl AFEHe) I ELRE 03
2, ZAmgel A ARFAS A5 ol FolAn Y FARTe AABA v
£ g 23R Rl ArhE AL ¢ & AT

2

A%EmS)E AAe] A} AHAARE FFAN o

Azge] drht A&bEAE YENE A5, A58 A57t 4255 A4
BASS olUAY ALg o] B, o)A TUF Ut B WF oz
b wor, 7o) Ft 2EdZ Brh O g 18t 40w A%4e] A

A z®"ol1, 108t & ALdE &Aool e Axdold, 14 104to]e] AL
e A&Ao] A= A" ok ZheRbyg s {FA el -5 EmSI
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oy, SERe] s FFA(16.5) Hoks WA RUHENH. o5 T shute] o
Aot A2 AEjb fA"EEE spgute] @ A oF WHEacld
HE 7hs/de] il AN,
Aol FdE WA ARE )] HejFAEHdzet vlastd, ELR
&5 (S. aurata) 9] 5.00 ¥ HoJF (S. salar)e] 424 Hrt}
A FFE7E Bo] AEHE oFdAEus #4355
o} (Fig. 35). &, 39 dx1%49 nludr yehd
2 ofF FHEG AFAAZEEFC] AdEE vA=
gt M ASGAFE FIH AHE B AS
AR Y 453 =7 Hebgon, o2 T8 et = A2 A
B 7hsd oy xS ARSEe] Bal, ool ARt iy A|ek = td A&
7 wor, @730 Fe ZEALTE $E5E Y3t & A7E FHEA &
e = AE e A AF7t gG2A HEd 5 071 FF EFF5E,
HEE duz HrhE Sud dart dnkal S1in.
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Fig. 35. Comparison of emergy indices with EYR, ELR, and SI between this
study’s results and previous studies of similar foreign productive

systems (S. aurata and S. salar)
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14. 7}9Het FDA 05 $2X ] omx 24

ZhEteE SRl FS AT Pl AEelebEetd(Food and  Drug
Administration, FDA)AI A A3k dlF{F &2 FEAA Golg. o] FDA 39S
oA wid =3 H =zl wAE Fo] Azt 5 %
7heH 2" & Vbl vlmog FEEA 37

S A% =8o] a5 k. o7 FDA 3l

Bz grgel Aesle] Arl, W gn QT AFAYFL T Y 57U £
(A% 1% E)S Pl BRH sl S vAn Yok HAW, o
WA $4 JEost A% A0S 5 4 0999 49L weldn Ax, 4
AF B4 V5L 20068 TEez AAHA o THSA ke

7bebeh] FDA & Sl wis] olvA] 243 Z2#E dHRYE e g iA 25
1.05 E+17 sej/yr, Bl O 2 5E 243 E+18 sejfyr, VIZHE 7.76 E+18 sej/yr, 3
ol o2 RE 322 E+19 sej/yr, B SHHO 2 HE 822 E+18 sej/yr7t F Y
Hu Joh YR ERH FYHE PAYLEE 98 125 E+18 sej/yr, =&Y
453 E+18 sej/yr, EEP 312 E+18 sej/yr, A|8to} 89 884 E+18 o2 Hr}H S
o} (Table 3).

7betet vl= FDA #f7 F2 AAsie] A5 A A &FS H¢ dad
AUAL S AA87 Ade2RiEH F&H4 AUAYR), HIFEA AUALd
SHARF) 2 Astet §APNoeE FREY Af, AATAE AdoRHE Y A&
g AdA e A HFEE 73%, AFZFE F9H WGEA ALY 3
Adgst Astet 899 A 37 %9 7|E yEhfo], rtewhl {dA AL
&FS el JF2FEH F4ds 9 At &9 oEsy] Hoe A &

@ 2R/ B 1% A9 P2E 542 dein 9E R0E 37
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Table. 3 Emergy evaluation of resource basis for shellfish in FDA designated
area (References for Transformity [a] Odum et al, 2000., [b] Brown

and Bardi, 2001, [c] Shin, 2007., and [d] Eum et al., 1996.)

Note Item Data Solar References Solar EmDollars
Units Transformity for EMERGY 2005
(J,g.or$) (sej/unit) _ Transformity (sei/yr) ($/yn)
RENEWABLE RESOURCES
1 Sunlight 1.06E+17 J 1 [a] 1.05E+17 8.50E+04
2  Wind 9.92E+14 J 2.45E+03 [a] 2.43E+18 1.96E+06
3 Rainfall, chemical 2.54E+14 3.05E+04 [a] 7.76E+18 6.25E+06
4 Tide 4.35E+14 J 7.39E+04 [a] 3.22E+19 2.59E+07
5 Waves 7.66E+13 J 5.10E+04 [a] 3.91E+18 3.15E+06
6  River chemical potential 1.02E+14 J 8.10E+04 [a] 8.22E+18 6.63E+06
4.40E+07
PURCHASED INPUTS
7 Fuel 2.35E+13 J 5.30E+04 [b] 1.25E+18 1.01E+06
8 Human Labor 3.65E+12 J 1.24E+06 [b] 4 53E+18 3.65E+06
9 Seed 1.48E+09 W  2.10E+09 [c] 3.12E+18 2.51E+06
10 Misc. Supplies 2.55E+08 W  2.10E+09 [c] 5.36E+17 4.32E+05
11 Services 4.21E+09 W 2.10E+09 [c] 8.84E+18 7.13E+06
1.47E+07
PRODUCTION
Oyster 1.84E+13 J 3.29E+06 [d 6.07E+19 4.89E+H07
Little neck clam 1.42E+11  J 3.29E+06 [d] 4.69E+17 3.78E+05
Ark shell 1. 3E- 128 3.29E+06 [d 4.30E+18 3.47E+06
Hard shelled mussel 2.89E+11 J 3.29E+06 [d] 9.51E+17 7.67E+05
5.35E+07
12 __ Total Shellfish produced 2.02E+13 _ J 3.29E+06 [d] 6.64E+19 5.35E+H07
Goods &
Services
25.6%
Fuel used [
1.9%

Renewable
sources
72.5%

Fig. 36. Contribution of Emergy in FDA designated area with renewable

sources, fule used, and G&S
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FDA AR o2 Eee F oMAE 6.64 E19 sej/yr & 7putgke] H]3|
27% & AAsL oy fR2RY FuiEe fFUAe ¥lE2 1.83 E19 sej/yr
2 31%=2 H7FEAY. ol= FDA sido] ¥ ofjijle] AFAHLE ofddTs
Fasta glor, FAYE Adl FAH= AMspel &0 hepre] FF AL A
SRt 27 gjEo2 gAY (Fig. 37).

OGE mFDA

251E+20

1.92E+20

(e ibe gff > 20ER© 6.64E+19

Fig. 37. Comparison of Emergy with R(renewable sources), K(purchased inputs),
and U(total emergy) between Gamak Bay (left bar) and FDA

designated area (right bar)

FDA A Qa} ol th3t Net Emergy yield ratio= 3.642 o] 7127t FDA A4
e HFFAYel BALGFLEZREH FAE AUAY 3e64uintE AA v A
AE T Ue ALez2AY THAE T ALEe e Theutel X 4.26
Uehd Ao HlgiA &4 i "HojA= AoZ yErgth EIR 0382 7
AdFoz2HE JUAE FYAIZIA oF 2681 (7FeE WA 9 P 3.14)
o dFste AUAE AABFAHANAN D& F USS v

G HAY o)A AL (Emergy use per unit area) UG A|Z=H oA dA

it
k4
o

o
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AEE F olPAEe Axde HA WHOR U ghow, o

had

N
)

]

N, @
X
sk
H

(empower density, sej/ m')2t% 3H, ol FHrIUA BAALHY ¥ HF
A%, & AAZE F=E YeElAh(Fig. 38). FDA A AQa| o] tdt a9uzg o
W) AMGEE 187 El2sei/m/yr2, 7buhuk Al that @A ojrx ALE
<l 1.63 El2sej/ m'/yroll BTt %2 ks YER o] FDA 3ol disix &9H 3
T B2 BAZEo] FTH e AeE H/FEAG (Fig. 39).

SEEERERE sei;’time

"""""""""""" oo0oao o
miminin]n]=;

\

Lower Empower! :—Center ot high
i i
Density \ 5 Empower density

Fig. 38. A real empower density in relation to the energy transformation

hierarchy (Odum, 1996)
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1 90E+12

1.63E+12

Fig. 39 Comparison of emergy use per unit area between Gamak Bay and FDA

designated area

A e Hola M4l o= FDA A s9o] Ao A& o] WA H

e Ao AAAM, A%HA B A &% 9 A Aol e
A

Fig. 40. Comparison Emergy indices with EYR, ELR, and SI between Gamak
Bay (left bar) and FDA designated area (right bar)
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15. 7}9tqtm} FDA a9 9 34L&

B Aol A ZheRtat FDA s 9o 848 FS 288yl SsiA dA 874 x
Azt A ZFAAe] H A& 7s A 4 (maximum sustainable yield)S 2HA 8FaL A}
Pk o] E 93 e XGe FAEE AARA g7 FEHEA YA LE
A2 AEa, @A AAAEE FAAEL] AAFS AHAR AL FH, oA
TARE T MR BAES Fal ALE AARA 0 o5 EAHATAY ol
HAFS A WA FAHR Ue H, UrolRl oA FES BEFORE IS

AAEH o2 EH FAR ATl BF A oA BAHINE AYite]
Aohd shent s FFae Ao A7 83008 Hu 23 E ol B 10,845E0]
2 Uelsth o2 FDA 9ol F&etA I A 55008 ®ot

278 & BA Aitol sbestH, ZhgHl, S2l, 3G AT Fo kel o
F AFS vIFdt (Fig. 41). wis] FDA A4l olx AdH e H{FFF

T Al met & zolE dEY, HE 7k FH e AY oA UA
gon, £ 48 AYNHY dFES FDA A& o] obd shegrwt EXuiut

fass

FA5S At FEe] =L FolBLL FABSHTL ot = F(199%)S

AN HEEHAE
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Fig. 41. Comparison of between present production and carrying capacity of
shellfish (above) and previous research result (Cho et al., 1996) in

Gamak Bay and FDA area (below)
B AT Uehd A4 ARALFopEe Aozt ARANFS REW

1980t ZwHke] A|A T4 250009 e &S A= 10,000~14,0004 th o] &
A

Fom WA 2ol5USS ¢ & Atk B, AAUST ANF A HA ve

g Wste] wet FF8F A WMt b glo] B ARl olgtal oY)
Z1el= F27F ok (BHE H, 2002).
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getozn AR oA 7.22 E18 sej/yr, =59 6.32 E18 sej/yr, TH

-
X

Hl 1.60 E19 sej/yr, AATY 3.53 E19 sej/yr,

(Table 4).



Table. 4 Emergy evaluation of Baseline in Gamak Bay

Note Item Data Solar References Solar EmDollars
Units Transformity for EMERGY 2005
(J,g, o9 (sej/unit) __ Transformity (seifyr) ($/yr)
RENEWABLE RESOURCES
1 Sunlight 4586417 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 110415 J  3.05E+04 [a] 3.37E+19 2.72E+07
4 Tide 1.80E+15 J  7.39E+04 [a] 1.40E+20 1.13E+08
5  Waves 253E+14 J  5.10E+04 [a] 1.29E+19 1.04E+07
6  River chemical potential 2.36E+14 J 8.10E+04 [a] 1.91E+19 1.54E+07
1.74E+08
PURCHASED INPUTS
7 Fuel 1.46E+14 J  5.30E+04 [b] 7.72E+18 6.23E+06
8 Human Labor 5.00E+12 J  1.24E+06 [b] 6.32E+18 5.09F+06
9 Seed 7.60E+09 W  2.10E+09 [c] 1.60E+19 1.20E+07
10 Misc. Supplies 1.68E+10 W  2.10E+09 [c] 3.53E+19 2.85E+07
11 Services 1.65E+10 W  2.10E+09 [c] 3.47E+19 2.80E+07
8.06E+07
PRODUCTION
12 Fishes 3.84E+14 J . 3.22E+06 [d] 1.24E+21 9.98E+08
13 Crustaceans 7.84E+12 =l | 1430507, [d] 1.02E+20 8.22F+07
14 Shellfish 3.06E+13 J 5.95E+06 [d] 1.82E+20 1.47E+08
15 Seaweeds 4.73E+10 J  1.10E+04 [d] 5.21E+14 4.20E+02
16_Total production 4.23E+14  J 1.52E+21 1.23E+09
Goods &
Services
31.6%

Fuel used

2.6%

Renewabl
e sources
65.8%

Fig. 42. Emergy contribution of Baseline with renewable sources, fuel used,

and G&S
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A 7bseE Ade] &S 5% YEPHOH, Aoz F8AN A
UERE EYRS 2928 H7iEo] slFFATS Hlwd el Hs] thi vtopxlo
Y, EYR o] 10]8 %S UehlEs ASoles AdozMe 7HXE 7FAa A
Ee Alz=we] whal], 3] Ao gA AXE Zta on, FE
ToE 5635 Holi SlojA A BIEsT oA ARgd tiEiA o

=

A e 55 & 5 Atk ole oA AE 870 2EH2T}
< oW &t} (Table 5).

Table. 5 Emergy indices of Baseline in Gamak Bay

ltem Name of Index Expression Quantity Unit
1 Renewable EMERGY R 1.92E+20 sej/yr
2 Flow of imported EM K=F+P| 1.00E+20 sej/yr
3 Total EMERGY inflow R+F+P]| 2.92E+20 sej/yr
4 Total EMERGY used, U=R+F+PI 2.92E+20 sej/yr
5 % Renew (R/U)*x100 65.81
6 EMERGY Yield ratio (U/K 2.92
7 EMERGY investment K/R 0452
8 Environment loading K/R 0.52
9 Sl EYR/ELR 5.63

22. A& A 2" WA EA (Scenario I 3tA TR

S4H9% 15 58 AATFOE FUY AUAY Ft A FsE B
AR F7ke) vMAE 9FS 43R A 20069 119 E FR A
Pge] A Q 59 B FmE BRHE 4L ALAG d5Ad Hso=
Qe 7129 ARe FdHE o

e APl AT

4
PR 54 FES A8A0% FFAGUEY A A8AE L AT 2 R



A
83 Q35 =ol7] fAsiA FUlE Al WmE FFS dHRIA §
T2 s T AYTbeE Aol S wls, PIGA LFHE BlE

Holx FrbstAl Ho2M oM A Agsdle FAEAVF YEltal /oy, o=

FF Ak steAd AN, Hedd APAE S5, B ¥ o2 a3
b E7HE e AR AY. 53], A Ee A AR 60%, v

B AT A §4709 099 Aol mE JFS ARy AT }3
A

of e el BN ARASE I BAT AW §4

i

w2 Transformity 57kl whetA] AR 2]
dUA el AAHO R st &3 HEUSS BElY. ole siAEA
M wElbd FYEE GE5HRA dUA = F7tste SES BHole FAoE AR

qu, orx) B7h FHow g WE FAA 4T dehln Ay wue

£

At i Ajzwoll tigk oA AFE AT Ade obfet 2ok A Tt
S PR AlLE o R2RE fYdE YA Fe BF AR AJEECA

7he FEe B A7 G5 AN e FAA A= 8t

td
l

olX

FAEH 71850000 ton/day)oZ Qs T 7IEIHHOZ £%(100,000
ton/day) == %S galA FlAH 1 g 254 E19 sej/yr 2 o]H <9 1.91 E19
sej/yr ¢ #HET Z7HRch v, Pl e dEA e sl wE H]Ro] 336
E18 sej/yr & YEIUYA 7bs& T A" Blgo whE Hej> 294 FE18
sej/yr <7k th (Table 6).
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Table. 6 Emergy evaluation of new system in Gamak Bay (Scenario )

Note Item Data Solar References Solar EmDollars

Units Transformity for EMERGY 2005

(J. g ord) (sej/unit) ___ Transformity (sej/yr) ($/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 J 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 509E+12 J  1.24E+06 [b] 6.32E+18 5.09E+06
10 Seed 7.60E+09 W  2.10E+09 [c] 1.60E+19 1.29E+07
11 Misc. Supplies 1.68E+10 W  2.10E+09 [c] 3.53E+19 2.85E+07
12 Services 1.65E+10 W 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 1.80E+07 [d] 1.02E+20 8.22E+07
16 Shellfish 3.06E+13 = J  5.95F+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 4.23E+14  J 1.52E+21 1.23E+09

rr

A A BAZAF EYRSY ZAS Z|EAZHT AR A2"e] F9d
2922 ztol7h A9 9oy}, A&A A5HA] 563904 5622 A FAS Fe
Holx itk ole el Axdd] vl SA70 SHEDL AAF A 2Eo]

IOYA =S owsie, dAAjet 2
& A ouA] olge] maEw I A2 HLHAE sbevk ook

&AL FAE Aoz ALY (Table 7).

ubet PR GEA 2 GFL v
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Table. 7 Comparison of Emergy indices between Baseline and Scenario I

Unit

Expression Original use Scenario |

Name of index

ltem

sejlyr
sejlyr
sejlyr
sejlyr

1.99E+20
1.03E+20
3.02E+20
3.02E+20

1.92E+20
1.00E+20
2.92E+20
2.92E+20

Renewable EMERGY flow
Flow of imported EMERGY

Total EMERGY inflows

1

K=F+PI
R+F+P

2
3
4

U=R+F+PI

Total EMERGY used, U

% Renew

65.79

65.81

(R/U)*100
U/K
K/R

Environment loading ratio (ELR) K/R

2.92
0.52
0.52
5.62

2.92
0.52
0.52
5.63

EMERGY Yield ratio (EYR)

6
7

EMERGY investment ratio (EIR)

EYR/ELR
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Table. 8 Environmental accounting of STP operation (Scenario I)

No ltem Env Cost Env Benefit Unit
1 River Chemical Potential 6.30E+18 sejlyr
5 STP Operation 3.36E+18

Cost-Benetif 2.94E+18 sejlyr
Benefit/Cost 1.88E+00

23. A& A" om A 4 (Scenario I TEXF E )

=2

Zhatatol M= 1970 d o) 254 S8 ol ggh Rl = JAld o2 FEE X9

—_

i)

AA WEAF, 2HEA 2HS HAS B Ark 1t 19808 Aol T
AN BEAN I lM To7 @B Fo] AAHT Yk o= A3
£% A%AE %7t MR A7 SFAUE FAH 1) Zo] Hof AT P
A3} ojgow Tesolta gou, g wATigel ofd Wz, A2,
W9 2 golule] A7 1090} A st wART Y3, Qoo ZAAEA

fu
o
ol

=
-
A

£

U7t 5T ol A AR 5y 9 FFOw AWFA ek Aelt.

o2 I8l Auer AAE B oSS TEE PuT 07 W EAFE T
& AR geeln, %R AN 3 2
Aol aFHT (3, 2002). WA B BAHNAL TE% Bedo] B 2L 5
sl ARE AASE Aol e Felth

BA FEB AzA oAAY Z AR @A Y FF L FFARAA of
A3 gtk o)t JhuEy ARBFC] 4, AFE v &
B aRe Bgo] e $&% ARt Ue @70 BAHD 7] wRol
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ok b Oo) 9% FYAEI o BAT Yot HF ARE ANE AP
of theFel shabe Am olFeA ARE @ Hol FEde] RAAYCE AsiA
we el ARzt 2anE Agoln

Wb ol BAIANAE TE2 B APsE BAH wER Ang B
Aol mebd ARV ARERE Felst AL Astsh §H0= AR, st

g AA WA oF 05%0 siFshe Feme Hdd od wE g FE=
Al DA He A7FsT ALY HI§S ZHZt Table 92 UERTH

EFUA e BF Fdoldol wls| Wkt F7F UElgTh ol EAelA
1.0 E18 sej/yr 7} 1% 7§ av a4, 5, vbg, Bl 23k 2ol AlE W
, B Aol Rl T5 et Azt
8.33 E08 o] FH= o} AaL, AFhrl= F 25do] HM, FHEIF 7hEkl A o] R A
7397} 1.05 E17 sej/yrZ YERSLTE (Table 9).
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Table. 9 Emergy evaluation of seeding improvement system (Scenario II)

Note Item Data Solar References Solar EmDollars
Units Transformity for EMERGY 2005
(J.g.ord (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 [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 8.00E+09 W 2.10E+09 [c] 1.68E+19 1.35E+07
11 Misc. Supplies 1.68E+10 W 2.10E+09 [c] 3.53E+19 2.85E+07
12 Services 1.65E+10 W 2.10E+09 [c] 3.47E+19 2.80E+07
13 Reclamation project (total) 2.50E+09 W

14 Compensation(annual) 8.33E+08 W  2.10E+09 [c] 1.75E+18 1.41E+06
15 Larvae resettlement(annual) 5.00E+07 W  2.10E+09 [c] 1.05E+17 8.47E+04

PRODUCTION

16 Fishes 3.84E+14 J 3.22E+06 [d] 1.24E+21 9.98E+08
17 Crustaceans 7.84E+12 J 1.30E+07 [d] 1.02E+20 8.22E+07
18 Shellfish 3.06E+13 J 5.95E+06 [d] 1.82E+20 1.47E+08
19 Seaweeds 4.73E+10 J 1.10E+04 [d] 5.21E+14 4.20E+02
20 Total production 4.23E+14 J 1.52E+21 1.23E+09

o9} o] ¥&% Beow s A4 sd AUALL L% Z7E S o
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3 Bt FoHolof &t7] W] o]& <Ig Hlgo] V|ERT BA AAFOoEA
AR FE 2892 EYolde) 2.92¢] Bl thAi &12HgE WS Bt (Table 10).
M, AL BUAl He 2d o] FdlE o] Ajstel g nl g FUb 2y
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Table. 10 Emergy values and indices of Scenario II

ltem Name of Index Expression Quantity Unit
1 Renewable EMERGY flow R 1.94E+20 sej/yr
2 Flow of imported EMERGY K=F+P| 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 65.41
6 EMERGY Yield ratio (EYR) U/K 2.89
7 EMERGY investment ratio (EIR) K/R 0.53
8 Environment loading ratio (ELR) K/R 0.53
9 Sl EYR/ELR 5.47
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HlE 093% uHEbsiTh (Table 11).

Table. 11 Environmental accounting of Scenario II

No Iltem Env Cost Env Benefit Unit
1 River Chemical Potential 1.73E+18 sejlyr
14 Compensation(annual) 1.75E+18
15 Larvae resettlement(annua 1.05E+17
Subtotal 1.86E+18 1.73E+18 sejlyr
Cost-Benefit -1.22E+17 sejlyr
Benefit/Cost 9.34E-01

24. & A &He ovA] B4 (Scenario I 3-A 2 F+FTEY E4)

€

i
ol
o
2
N
:>|4£
b

@ AUE e AN Fg stEAE stEe] wWE
oo 2 el BAF ol HERAS BAl FAYT o|2H, A
4 7bee 9y ARG Bd93 2o JAFH AHEY tigte] ofH JFgFS
B EE Anruz

A, AP AdgEe] A Hd 117 Eolut dA) 5% E FEoE U}

ol Ha o, o= FARAATeE FFol N AR FES U

a93 $F o4 Axmsl ARHA =Y FW AT #9 2 2 RaEve
AN SrAeld SFS 168 oz AN AN o5 2n AT (o4
A, 2009). FEBE FRFEE BV BFEAS PG wet Fhotst L B
Avish Asish 2o $AA GBI AF FAe 27l He ARFY S5l

AAg whg, ol ik AjAde] aFEERl XA BAMNAGEFEAAT M)
9 BFELFEE AEY 5d)F 22 ditoz AAHIAE FP Pt Scenario

Mo A% AY A5 oA, Ass g0l BF Frhetel shvhay 5 o
v =
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Table. 12 Emergy evaluation flow of Scenario III

Note Item Data Solar References Solar EmDollars
Units Transformity for EMERGY 2005
(J.g.or$) (sej/unit) Transformity (sei/yr) ($/yr)

RENEWABLE RESOURCES

1 Sunlight 4.60E+17 J 1 [a] 4.60E+17 3.71E+05
2 Wind 4 .33E+15 J 2.45E+03 [a] 1.06E+19 8.55E+06
3 Rainfall, chemical 1.11E+156  J 3.05E+04 [a] 3.39E+19 2.73E+07
4 Tide 1.90E+15 J 7.39E+04 [a] 1.40E+20 1.13E+08
5 Waves 2.55E+14 J 5.10E+04 [a] 1.30E+19 1.05E+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
9 Fuel 1.46E+14 J 5.30E+04 [b] 7.72E+18 6.23E+06
10 Human Labor 5.09E+12 J 1.24E+06 [b] 6.32E+18 5.09E+06
11 Seed 8.00E+09 W 2.10E+09 [c] 1.68E+19 1.35E+07
12 Misc. Supplies 1.68E+10 W  2.10E+09 [c] 3.53E+19 2.85E+07
13 Services 1.65E+10 W 2.10E+09 [c] 3.47E+19 2.80E+07
14 STP Operation & maintenance 1.60E+09 W 2.10E+09 [c] 3.36E+18 2.71E+06
15 Compensation(annual) 8.33E+09 W  2.10E+09 [c] 1.75E+19 1.41E+07
16 Larvae resettlement(annual) 5.00E+07 W  2.10E+09 [c] 1.05E+17 8.47E+04
PRODUCTION
17 Fishes 3.84E+14 J 3.22E+06 [d] 1.24E+21 9.98E+08
18 Crustaceans 7.84E+12 J 1.30E+07 [d] 1.02E+20 8.22E+07
19 Shellfish 3.06E+13 J 5.95E+06 [d] 1.82E+20 1.47E+08
20 Seaweeds 4.73E+10 J 1.10E+04 [d] 5.21E+14 4.20E+02
21 Total production 4.23E+14 J 1.52E+21 1.23E+09

Table. 13 Emergy values and indices of Scenario IIl

[tem Name of Index Expression Quantity Unit
1 Renewable EMERGY flow R 2.00E+20 sej/yr
2 Flow of imported EMERGY K=F+PI 1.06E+20 sej/yr
3 Total EMERGY inflows R+F+PI 3.06E+20 sej/yr
4 Total EMERGY used, U U=R+F+PI 3.06E+20 sej/yr
5 % Renew (R/U)*100 65.31
6 EMERGY Yield ratio (EYR) U/K 2.88
7 EMERGY investment ratio (EIR) K/R 0.53
8 Environment loading ratio (ELR) K/R 0.53
9 Sl EYR/ELR 5.43

- 76 -



Scenario Mol Wehd shxie]d 2 B Hdo wp& e dAstE el v&~
o]¢9}¢] Hl= 1.38% Scenario Il HIS|ME tha F7Fg WS Hoju, Hd %7]
FE 2 ol9e By dtiaes 94 4 gls Aot} (Table 14).

Table. 14 Environmental accounting of Scenario III

No Iltem Env Cost Env Benefit Unit
1 River Chemical Potential 7.17E+18 sejlyr
5 STP Operation Price 3.36E+18
13 Compensation(annual) 1.75E+18
14 Larvae resettlement(annua 1.05E+17
Subtotal 5.21E+18 7.17E+18 sejlyr
Cost-Benefit 1.95E+18 sejlyr
Benefit/Cost 1.38E+00
7Rt stexi e e aES HE SR ZlolH, olZ Qg dAHAYLS
M RAe® AAXY. 53], aEAE 9 FAI|E DAl 2 Bl A
Hze 22 E4S & EATZERle Aoz ARG

ol

2ol 715S dAAY U 58 EoA & 1T Eog ZUA7|a, 339
Ab Fo] B8 Bo] Al HWA F7F Astet §9u|8o] AFo] Hojx| 7]
42 Fxtol] vls)A 5.85E+17 sej/yr7b LAY Aoz AR, o] <l

1

ol

—_

172 718 Ao 2 EAEAY (Table 15).

Table. 15 Analysis of benefit relative to cost in STP and larvae resettlement

after 3 years

No Item Env Cod Env Benefit Unit
1 Renewable sources 71A7E+ 18 sg/yr
5 STP Operdtion Rice 3.36E+ 18
14 Larvae resettlement 1.05E+ 17
SQubtotd 3.46E+ 18 717E+18
Cod-Benefit 3.70E+ 18 sg/yr
Benefit/ Cogt 2.07E+ 00 sg/yr
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3. A2 AEEH PEoE sttw 2 FY A%
NA Axd 2 24
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AAHA)S WMEE G AN FAESASG 8 KB 5] S8,
Aatel ﬂm?—](mmexA), 4l 8 fAEIKxA)] olshel g ol A
oA W T PR LAY 2o nE FRP #eld 129 Wrswal
159, 9%3 2o # A4 % £ FPUE 1049 aelsn Astgon,
A% ¥ 9F 2X 9 P42 fAAE Lt gels Ae s

# d 2 e 59 QoiAe 5
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Fig. 43. Systems diagram of oyster aquaculture with labels for sources,

storages and pathway
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f, 9% oA, 2E3 Azke] oA A=l 2005139} A
o AF % AEdAL olF 22 ZEaWS FA5tY AlEE ol
Aok G&A AUAN)EZRE A2AWRE 90%7} FAHAA L A2
& #YHFRP) B UET 2 AUl 2T AL G (GARA,
, BT, wEH, AT 5)el aA asolAh Alxge) g3t
29l 9o shaol tisIA A H A E AAUIE tonT WA RHHA Az
ZAd) WA A HolAM =d AEolA

S A% 3EEE STk F FAe) 594 At gzl o3 past
AR A o8] gase Adte] e 2 Folg molm A Wtk 5hasl

PN
T =

2 Aol AAFAE Fe A7 625 Eoz WAFon, v Ade Al
&

Mo

F

¢

% 2 2% AEE Sha /1F02 FAE oz AXAZ T (Table 16).

Table. 16 Calibration of the pathway coefficients for the computer simulation of

oyster aquaculture

Item Symbols Values Units Normailzation Calculation Calibration
Equations values
Sources
1 Renewable Sources J 9.76E+13 J/ton 1.000
2 Unused source R = J/[(1+K1*E*A) 9.76E+12 J/ton 0.100
3 Goods & Services E=K2*M/P2 3.41E+04 won/ton 0.152
4 Price of oyster product P1 1.60E+06 won/ton 0.667
5 Price of purchased inputs P2 2.39E+06 won/ton 2.632

Storage values

6 Assets A 9.12E+05 won/ton 1.000
7 Money M 2.40E+06 won/ton 1.000
Coefficient calibrations

8 Resources used K1T*R*E*A 8.79E+13 J/ton 0.900 K1 =0.9/(R*E*A) 59.211
9 Money spent K2*M 9.60E+05 won/ton 0.400 K2 =0.475/M 0.400

10 Goods & Services to assets K3*E 1.04E+14 won/ton 0.114 K3 =0.0019/E 0.750

11 Assets depreciation K4*R*E*A 4.80E+13 won/ton 0.053 K4 = 0.0015/(R*E*A) 3.463

12 Assets repairing and maintenance K5*A 5.60E+13 won/ton 0.061 K5 = 0.0004/A 0.061

13 Opyster yield Y K6*R*E*A 1 ton 1.000 K6 = 1/(R*E*A) 65.789

A thelojage 589 AL Ushls ASE FAA 2089 AEd o]
A AeEere] W @ old® 4 Ak Axdel A FaE Qo)
L oge AAAe gbgzel Agdold 2dE BT & o, olF A&
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104E+5 | 960E+6

A\
9.12E+5 j2.40E+06 /
/
gl | »

9.76 E+13J 5.60E+4
R\ 4.80E+4 ;
) — W o~ 1 B0E+06
/. 879E#3) a
// .l’r

Fig. 44. Calibrated value of sources, storage, and coefficient factors for oyster

aquaculture simulation
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Fig. 45. Normalized value of storage and sources and coefficients calibration

values for oyster aquaculture model

33. F A e U 9=

= FA Aol e Al2"W Shadl Hg#, ol|A s, 350 disiAM 20054
= Y

o] A8 & ©]§3te] QBasic ZZI1HS AAGS &, A|EH

z
Y
r o
ko
i)
o
M
By
i
il
ol
2
>
>
>,
op
o
P
o
N,
2
ko
i)
Lo
It
o3
ox
T
i)
fr
Y
oo
ox
(2

R 9% Gese) f el A4 9FL WA Hw, ol BN FAse A
wole o] Sol7lo) ASSETe] Ae] W} gt WAFAT vwstd 2 %

Aol AMEH A= ‘BE, ek, 1, AA|, FRPA, FAdh' 5o Fnlgo] At

hud

-84 -



Fa Abde] BAA Aol Rt SHE R, 28 F A tisiA

20053 BAZEES 7122 st WEE A olHd x=

30 dzte] dFAFE AT = FA AE BAH A Az Ao whet

271 ARE 30d TR Z2715E AXE] Z7hske Aoz Uewon, o 2

Ao AFEEE Ao AL wjd AREE 23X 2:o] vlE FRPA, 2]

o] AAsHE HlFo] BT} w1, wjd A7} o|F X 7] wjiEo|egt 71t} (Fig. 46).
= FA9 e FF 10497 FEI SAE Holy olF AR o
Aol A"l WellX e o] &7kset olvA7E Bl

el =2g Fdde o o oyA F<lo

ot S7RAE HERAE B NS A fAHEE B &%

Z7t FAE By Aoz gAY, AL =

7b vrebd Zlola, S Al Zo] A, R EAdToRE J&54 9

YA 7} 3717 olAAY B GAA ERE vA AoE BT

olN
.

f
w5l
%
i
>
gt}
f
)

Maorm. A

Marmm. b

Maorm,

Fig. 46. Simulation Results of Baseline (top: asset, medium:

money, bottom: yield)
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Asset (3.5% Inflation and half Oyster Price)
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Fig. 49. Simulation results of scenario II with 3.7%
inflation and 1.75% increase of oyster price

annually (top: asset, medium: money, bottom:

yield)
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Fig. 50. Simulation results of scenario II with model with
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price annually (top: asset, medium: money,
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VI. Appendix

Appendix. 1. Footnote on Table. 1

RENEWABLE RESOURCES

1 Sunlight
Fisheries Area = 1.54E+08 m? SEFMESH, 1993
Insolation = 4.24E+09 J/m?/yr 7| A4, 2003
Albedo = 0.3 (% given as decimal)
Energy(J) = (Fisheries area)(average insolation)(1-albedo)
= (1.54E08 m?)(4.23E9 J/m?/yr)(1-0.3)
= 4.58E+17 J/yr
2 Wind
Fisheries Area = 1.54E+08 m"2
Density of Air = 1.30 kg/m?®
Avg. annual wind velocity = 4.40 m/sec 7| A, 2004
Geostrophic wind = 8.80 m/sec Oo|Z 3%, 1987
Drag Coefficient = 1.00E-03 Miller, 1964 quoted by Kraus, 1972

Energy(J) = (area)(air density)(drag coefficient)(velocity®)

= (1.54 E108 m?)(1.3 kg/m®)(1.00 E-3)(8.8 m/sec)(3.15 EO7 sec/yr)
o 4.31E+15 J/yr

3 Rainfall, chemical potemtial

Fisheries Area = 1.54E+08 m"2
Rainfall = 1.45 m/yr 7| M-, 2004
Gibbs free energy = 4.94 J/g

Energy(J) = (area)(rainfall)(Gibbs free energy)
= (1.54E08 m”~2)(1.91 m/yr)(1E6 g/m~3)(4.94 J/g)
15 1.10E+15 J/yr

4 Tide
Fisheries Area = 1.54E+08 m "2
Avg. Tide Range = 1.83m = E LZ ALY, 2004
Density = 1.03E+03 kg/m"®
Tides/year= 7.30E+02 estm. of 2 tides/day in 365 days
Energy(J) = (Area)(0.5)(tides/yr) (mean tidal range)?(density)(gravity)
= (1.54'E08 m?)(0.5)(730/yr)(1.83 m)(1.03 EO3 kg/m°?)(9.8 m/sec?)
= 1.89E+15.J/yr
5 Waves
Shore length = 8.46E+04 m
Wave height = 0.55 m
Density = 1.03E+03 kg/m®

Energy(J) = (shore length)(1/8)(density)(gravity)(wave height?)(velocity)

= (8.46 E04 m)(1/8)(1.03 E3 kg/m®)(9.8 m/sec?)(0.55 m)?(0.025 m/sec)(3.15E7 sec/yr)
= 2.53E+13 J/yr
6  River chemical Potential
River chemical energy = 750 TDS.
Gibbs free energy relative to sea water = 138.8+In((1E6-750)/965000) = 4.48J/g

Coastal river discharges = 5.27E+07 m”™3/yr olthel &, 2002
Energy(J) = (4.48 J/g)(1E6 g/m"3)(5.27E07 m"3/yr)
= 2.36E+14 J/yr
PURCHASED INPUTS
7 Fuel

Fuel used for fishery production = 3.76E+05 won/households /yr off k= 4HRE, 2007

Fishery Households = 4,445 households o{=AlH, 2004
Energy conversion factor = 8.00E+03 kcal/L MAXE, 2006
Fuel price = 1.37E+03 won/L MARE, 2006

Energy(J) = (Fuel used)(Energy conversion factor)(Fuel price)(4186J/kcal)
= (1.67 E09 won/yr)(8000 kcal/l)(1L/1,365.3 won)(4186J/kcal)
4.10E+13 J/yr
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Appendix. 1. (continued)

8 Human labor
Labor for fishery production =
Kcal consumed =

3.29E+03 hr/yr
2.50E+03 kcal/day

estm. of 9 hr/day

Energy(J) = (3.29 E03 hr/yr)(2500kcal/day)(1day/24hr)(4186J/kcal) (Household)

9 Seed
Consumption (Avg. per Household) =
Fishery Households =
Seed for fishery production =

10 Misc. Supplies
Misc. Supplies (Average per Household) =
Fishery Households =
Misc. Supplies for fishery production =

11 Services
Senvices (Average per Household) =
Fishery Households =
Services for fishery production =

OUTPUT
12 Fishes

Energy(J)= (89155 ton/yr)(1E6 g/tone)(103Kcal/100g)(4186J/Kcal)

13 Crustaceans

Energy(J)= (1970 ton/yr) (1E6 g/tone)(95.2Keal/100g)(4186J/Kcal)

14 Shellfish

Energy(J)= (8300 ton/yr)(1E 6 g/tone)(88keal/100g)(4186J/Kcal)

15 Seaweeds

6.37E+12 J/yr

1.34E+06 won/households/yr
4,445 households
5.94E+09 won/yr

1.15E+05 won/households/yr
4,445 households
5.11E+08 won/yr

3.79E+06 won/households/yr
4,445 households
1.69E+10 won/yr
8.92E+04 M/T
3.84E+14 J/yr
1.97E+03 M/T
7.84E+12 J/yr
8300 M/T
3.06E+13 J/yr

430 M/T

Of==AIE, 2004

SH kLT, 2007
Of==AIE, 2004

SH LT, 2007
Of==AIE, 2004

Energy(J)= (430 ton/yr)(1E 6 g/tone)(26.3 Kcal/100g)(4186 J/Kcal)

16 Total production
Total production =

4.73E+10 J/yr

4.23E+14 J/yr
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Appendix. 2. Footnote on Table. 3

RENEWABLE RESOURCES
1 Sunlight
Fisheries Area = 3.55E+07 m? IRPMEIEY, 1993
Insolation = 4.24E+09 J/m?/yr 7|4k, 2003
Albedo = 0.3 (% given as decimal)

Energy(J) = (Fisheries area)(average insolation)(1-albedo)
= (1.54E08 m?)(4.23E9 J/m?/yr)(1-0.3)
= 1.05EH17 J/yr

2 Wind
Fisheries Area = 3.55E+07 m™2
Density of Air = 1.30 kg/m®
Avg. annual wind velocity = 4.40 m/sec 7|AH, 2004
Geostrophic wind = 8.80 m/sec o|Z3, 1987
Drag Coefficient = 1.00E-03 Miller, 1964 quoted by Kraus, 1972

Energy(J) = (area)(air density)(drag coefficient) (velocity®)
= (1.54 E108 m?)(1.3 kg/m®)(1.00 E-3)(8.8 m/sec)*(3.15 EO7 sec/yr)
= 9.92E+14 J/yr

3 Rainfall, chemical potemtial

Fisheries Area = 3.55E+07 m™2
Rainfall = 1.45 m/yr 7|AH, 2004
Gibbs free energy = 4.94 J/g

Energy(J) = (area)(rainfall)(Gibbs free energy)
= (1.54E08 m™2)(1.91 m/yr)(1E6 g/m"3)(4.94 J/g)
S 2.54E+14 J/yr

4 Tide
Fisheries Area = 3.55E+07 m™2
Avg. Tide Range = 1.83m ZRIGHUTALR, 2004
Density = 1.03E+03 kg/m®
Tides/year = 7.30E+02 estm. of 2 tides/day in 365 days
Energy(J) = (Area)(0.5) (tides/yr)(mean tidal range)?(density) (gravity)
= (1.54 E08 m?)(0.5)(730/yr)(1.83 m)*(1.03 EO3 kg/m?)(9.8 m/sec’)
= 4.35E+14 J/yr
5 Waves
Shore length = 2.56E+05 m
Wave height = 0.55m
Density = 1.03E+03 kg/m®

Energy(J) = (shore length)(1/8)(density) (gravity) (wave height?)(velocity)
= (8.46 E04 m)(1/8)(1.03 E3 kg/m®)(9.8 m/sec?)(0.55 m)*(0.025 m/sec)(3.15E7 sec/yr)
= 7.66E+13 J/yr

6 River chemical Potential

River chemical energy = 750 TDS.
Gibbs free energy relative to sea water = 138.8xIn((1E6-750)/965000) = 4.48J/g
Coastal river discharges = 2.27E+07 m™3/yr =1kl 2005

Energy(J) = (4.48 J/g)(1E6 g/m”™3)(2.27E07 m"3/yr)
= 1.02E+14 J/yr

PURCHASED INPUTS

7 Fuel
Fuel used for fishery production = 3.76E+05 won/households/yr S AR 2007
Fishery Households = 2,550 households =8 2005
Energy conversion factor = 8.00E+03 keal/L QARFIE, 2006
Fuel price = 1.37E+03 won/L QARIIE, 2006

Energy(J) = (Fuel used)(Energy conversion factor)(Fuel price)(4186J/kcal)
= (1.67 E09 won/yr)(8000 keal/I)(1L/1,365.3 won)(4186J/kcal)
2.35E+13 J/yr
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Appendix. 2. (continued)

8 Human labor
Labor for fishery production = 3.29E+03 hr/yr estm. of 9 hr/day
Kcal consumed = 2.50E+03 kcal/day
Energy(J) = (3.29 EO3 hr/yr)(2500kcal/day)(1day/24hr)(4186J/kcal) (Households)
= 3.65E+12 J/yr

9 Seed
Consumption (Avg. per Household) = 1.34E+06 won/households/yr
Fishery Households = 1,110 households O{==A|H, 2004
Seed for fishery production = 1.48E+09 won/yr

10 Misc. Supplies

Misc. Supplies (Average per Household) = 1.15E+05 won/households/yr sl =eAER, 2007
Fishery Households = 2,220 households O{=AH, 2004
Misc. Supplies for fishery production = 2.55E+08 won/yr
11 Services
Senvices (Average per Household) = 3.79E+06 won/households/yr sl d=AER, 2007
Fishery Households = 1,110 households O{=A|H, 2004
Services for fishery production = 4.21E+09 won/yr
OUTPUT
12 Total Fisheries produced
Total Fisheries produced = 5,550 M/T
Energy(J) = 2.02E+13 J/yr
Oyster(2)= 5.00E+03 M/T O45=A|H, 2006
Energy(J)= (3200ton/yr)(1E6 g/tone)(88Kcal/100g)(4186J/Kcal) SEXEH, 2006
= 1.84E+13 J/yr
Little neck clam(HFX[2H)= 5.00E+01 M/T

Energy(J)= (500 ton/yr)(1E6 g/tone)(68Kcal/100g)(4186J/Kcal)
= 1.42E+11 J/yr
Ark shell(Z| Z=7H)= 400 M/T
Energy(J)= (800 ton/yr)(1E 6 g/tone)(78kcal/100g)(4186J/Kcal)
= 1.80603E+12 J/yr
Hard shell mussel(Z&tS)= 100 M/T
Energy(J)= (1300 ton/yr)(1E 6 g/tone)(69 Kcal/100g)(4186 J/Kcal)
= 2.88834E+11 J/yr
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Appendix. 3. Fishery production expenses (Unit: Thousand won)

2 - HE Unit: Thousand won
H oo 'é! o 9
Fizhery Production Expanass
7B TAAE
Aqusculturs Expsnses
Z gy _ a2y L gy
Seeds & Sesding | Fesd Furchases Goode Labor Cost Fusle & Elsctricity
1989 3 682 | 284 739 580 1683
2000 4 083 1 2568 714 644 2582
2001 4 870 882 170 688 23
2002 3 924 374 080 837 280
2003 4 841 1 00§ 54 108 776 33
2004 4 651 | 087 307 87 826 334
2008 b 619 | 337 616 115 877 37
2006 5 624 | 327 519 101 966 384

Appendix. 3. (continued)

=R - HE Unit: Thousand won
EEEEE
Fizhery Production Sxpenzsz
. 2N E
T T Aguacultute Expsnass
i .= =11
Clsesificstion o+ 72 : 22 715t
- ol £ = i
22418 = =MD Tk 2 AR 217|5} Orther
Buying Gear & Taxes &-{ni Yateriale for Sals Inaursncs &
R=pair Cthar
1889 623 = : = 293 1 28
2000 509 B3 44 279 1 208
2001 1 041 234 37 7 1 662
2002 857 34 B3 214 1 283
2003 738 14 B16 63 128 g
2004 836 10 B45 53 |46 28
2008 1111 73 B85 36 145 43
2008 1 084 130 80 28 140 34
F 1) FHEAEA &0 002EAFE A AG 8 7]E k|
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Appendix. 4. Footnote on Table. 4

RENEWABLE RESOURCES
1 Sunlight
Fisheries Area = 1.54E+08 m? IRPMEIEY, 1993
Insolation = 4.24E+09 J/m?/yr 7|4k, 2003
Albedo = 0.3 (% given as decimal)

Energy(J) = (Fisheries area)(average insolation)(1-albedo)
= (1.54E08 m?)(4.23E9 J/m?/yr)(1-0.3)
= 4.58E+17 J/yr

2 Wind
Fisheries Area = 1.54E+08 m™2
Density of Air = 1.30 kg/m®
Avg. annual wind velocity = 4.40 m/sec 7|AH, 2004
Geostrophic wind = 8.80 m/sec o|Z3, 1987
Drag Coefficient = 1.00E-03 Miller, 1964 quoted by Kraus, 1972

Energy(J) = (area)(air density)(drag coefficient) (velocity®)
= (1.54 E108 m?)(1.3 kg/m®)(1.00 E-3)(8.8 m/sec)*(3.15 EO7 sec/yr)
= 4.31E+15 J/yr

3 Rainfall, chemical potemtial

Fisheries Area = 1.54E+08 m™2
Rainfall = 1.45 m/yr 7|AH, 2004
Gibbs free energy = 4.94 J/g

Energy(J) = (area)(rainfall)(Gibbs free energy)
= (1.54E08 m™2)(1.91 m/yr)(1E6 g/m"3)(4.94 J/g)
3 1.10E+15 J/yr

4 Tide
Fisheries Area = 1.54E+08 m™2
Avg. Tide Range = 1.83m ZRIGHUTALR, 2004
Density = 1.03E+03 kg/m®
Tides/year = 7.30E+02 estm. of 2 tides/day in 365 days
Energy(J) = (Area)(0.5) (tides/yr)(mean tidal range)?(density) (gravity)
= (1.54 E08 m?)(0.5)(730/yr)(1.83 m)*(1.03 EO3 kg/m?)(9.8 m/sec’)
= 1.89E+15 J/yr
5 Waves
Shore length = 8.46E+05 m
Wave height = 0.55 m
Density = 1.03E+03 kg/m?

Energy(J) = (shore length)(1/8)(density) (gravity) (wave height?)(velocity)

= (8.46 E05 m)(1/8)(1.03 E3 kg/m?)(9.8 m/sec?)(0.55 m)?(0.025 m/sec)(3.15E7 sec/yr)
= 2.53E+14 J/yr

6 River chemical Potential
River chemical energy = 750 TDS.
Gibbs free energy relative to sea water = 138.8+In((1E6-750)/965000) = 4.48J/g
Coastal river discharges = 5.27E+07 m”™3/yr =&$1kal, 2005
Energy(J) = (4.48 J/g)(1E6 g/m”3)(5.27E06 m"3/yr)
= 2.36E+14 J/yr

PURCHASED INPUTS

7 Fuel
Fuel used for fishery production = 1.67E+06 won/households/yr sl AR, 2007
Fishery Households = 3,556 households =8 2005
Energy conversion factor = 8.00E+03 keal/L QARFIE, 2006
Fuel price = 1.37E+03 won/L QARFIE, 2006

Energy(J) = (Fuel used)(Energy conversion factor)(Fuel price)(4186J/kcal)
= (1.67 E06 * 1,110 won/yr)(8000 kcal/I)(1L/1,365.3 won)(4186J/kcal)
= 1.46E+14 J/yr
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Appendix. 4. (continued)

8 Human labor
Labor for fishery production = 3.29E+03 hr/yr estm. of 9 hr/day
Kcal consumed = 2.50E+03 kcal/day
Energy(J) = (3.29 EO3 hr/yr)(2500kcal/day)(1day/24hr)(4186J/kcal)(Households)
= 5.09E+12 J/yr
9 Seed
Consumption (Avg. per Household) = 2.14E+06 won/households/yr
Fishery Households = 3,556 households O{=AIE, 2004
Seed for fishery production = 7.60E+09 won/yr
10 Misc. Supplies

Misc. Supplies (Ave. per Household) =
Fishery Households =

Misc. Supplies for fishery production =

4.73E+06 won/households/yr
3,556 households
1.68E+10 won/yr

sH kb, 2007
Of==AIE, 2004

11 Services
Services (Average per Household) = 4.65E+06 won/households/yr S AR 2007
Fishery Households = 3,556 households O{=AIA, 2004
Services for fishery production = 1.65E+10 won/yr
OUTPUT
12 Fishes 8.92E+04 M/T SEXEE, 2006

Energy(J)= (89155 ton/yr)(1E6 g/tone)(103Kcal/100g)(4186J/Kcal)
3.84E+14 J/yr
13 Crustaceans 1.97E+03 M/T
Energy(J)= (1970 ton/yr) (1E6 g/tone)(95.2Keal/100g)(4186J/Kcal)
7.84E+12 J/yr

14 Shellfish 8300 M/T
Energy(J)= (8300 ton/yr)(1E 6 g/tone)(88keal/100g)(4186J/Kcal)
3.06E+13 J/yr

15 Seaweeds 430 M/T
Energy(J)= (430 ton/yr)(1E 6 g/tone)(26.3 Kcal/100g)(4186 J/Kcal)
4.73E+10 J/yr

16 Total production
Total production =

4.23E+14 J/yr
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Appendix. 5. Footnote on Table. 12

RENEWABLE RESOURCES
1 Sunlight
Fisheries Area = 1.55E+08 m? IRPMEIEY, 1993
Insolation = 4.24E+09 J/m?/yr 7|4k, 2003
Albedo = 0.3 (% given as decimal)

Energy(J) = (Fisheries area)(average insolation)(1-albedo)
= (1.54E08 m?)(4.23E9 J/m?/yr)(1-0.3)
= 4.60EH17 J/yr

2 Wind
Fisheries Area = 1.55E+08 m™2
Density of Air = 1.30 kg/m®
Avg. annual wind velocity = 4.40 m/sec 7|AH, 2004
Geostrophic wind = 8.80 m/sec o|Z3, 1987
Drag Coefficient = 1.00E-03 Miller, 1964 quoted by Kraus, 1972

Energy(J) = (area)(air density)(drag coefficient) (velocity®)
= (1.54 E108 m?)(1.3 kg/m®)(1.00 E-3)(8.8 m/sec)*(3.15 EO7 sec/yr)
= 4.33E+15 J/yr

3 Rainfall, chemical potemtial

Fisheries Area = 1.55E+08 m™2
Rainfall = 1.45 m/yr 7|AH, 2004
Gibbs free energy = 4.94 J/g

Energy(J) = (area)(rainfall)(Gibbs free energy)
= (1.54E08 m™2)(1.91 m/yr)(1E6 g/m"3)(4.94 J/g)
3 1.11EH15 J/yr

4 Tide
Fisheries Area = 1.55E+08 m™2
Avg. Tide Range = 1.83m ZRIGHUTALR, 2004
Density = 1.03E+03 kg/m®
Tides/year = 7.30E+02 estm. of 2 tides/day in 365 days
Energy(J) = (Area)(0.5) (tides/yr)(mean tidal range)?(density) (gravity)
= (1.54 E08 m?)(0.5)(730/yr)(1.83 m)*(1.03 EO3 kg/m?)(9.8 m/sec’)
= 1.90E+15 J/yr
5 Waves
Shore length = 8.50E+05 m
Wave height = 0.55 m

Density = 1.03E+03 kg/m?
Energy(J) = (shore length)(1/8)(density) (gravity) (wave height?)(velocity)

= (8.46 E05 m)(1/8)(1.03 E3 kg/m?)(9.8 m/sec?)(0.55 m)?(0.025 m/sec)(3.15E7 sec/yr)
= 2.55E+14 J/yr

6 River chemical Potential
River chemical energy = 750 TDS
Gibbs free energy relative to sea water = 138.8+In((1E6-750)/965000) = 4.48J/g

Coastal river discharges = 3.45E+07 m”™3/yr =1k, 2005
Energy(J) = (4.48 J/g)(1E6 g/m”3)(5.27E06 m"3/yr)
= 1.54E+14 J/yr
7 Treated River Che. Potential
River chemical energy = 0.64((55.0«BOD(mg/L) + 76.79))
BOD Concentration= 6.5 (mg/L)
River chemical energy = 277.95 TDS
Gibbs free energy re. sea water = 138.8*In((1E6-TDS)/965000)
= 4.9
Coastal river discharges = 1.83E+07 m”™3/yr =&$1kal, 2005

Energy(J) = (Gibbs E J/g)(1E6 o/m”™3)(1.83E07 m"3/yr)
= 8.95E+13 J/yr
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Appendix. 5. (continued)

8

10

"

PURCHASED INPUTS
Fuel
Fuel used for fishery production =
Fishery Households =
Energy conversion factor =
Fuel price =

1.67E+06 won/households/yr
3,556 households

8.00E+03 keal/L

1.37E+03 won/L

sHersAre, 2007
O4%AIE, 2005

MRS, 2006
MR, 2006

Energy(J) = (Fuel used)(Energy conversion factor)(Fuel price)(4186J/kcal)
= (1.67 E06 * 1,110 won/yr)(8000 kcal/l)(1L/1,365.3 won)(4186J/kcal)

Human labor
Labor for fishery production =

Kcal consumed =

Energy(J)

Seed
Consumption (Avg. per Household) =
Fishery Households =
Seed for fishery production =

Misc. Supplies
Misc. Supplies (Ave. per Household) =
Fishery Households =

Misc. Supplies for fishery production =

Services
Senvices (Average per Household) =
Fishery Households =
Services for fishery production =

STP Operation Price
Treated discharges=
Operation Price=
STP Operation Price=

OUTPUT
Fishes

Energy(J)= (89155 ton/yr)(1E6 g/tone)(103Kcal/100g)(4186J/Kcal)

Crustaceans

Energy(J)= (1970 ton/yr)(1E6 g/tone)(95.2Kcal/100g)(4186J/Kcal)

Shellfish

Energy(J)= (8300 ton/yr)(1E 6 g/tone)(88kcal/100g)(4186J/Kcal)

Seaweeds

1.46E+14 J/yr

3.29E+03 hr/yr

2.50E+03 kcal/day
5.09E+12 J/yr

2.25E+06 won/households/yr

3,556 households
8.00E+09 won/yr

4.73E+06 won/households/yr
3,556 households
1.68E+10 won/yr

4.65E+06 won/households/yr
3,556 households
1.65E+10 won/yr

1.83E+07 m™3/yr
8.76E+01 W/ton
1.60E+09 W/yr
8.92E+04 M/T
3.84E+14 J/yr
1.97E+03 M/T
7.84E+12 J/yr
8300 M/T
3.06E+13 J/yr

430 M/T

estm. of 9 hr/day

(.29 E03 hr/yr)(2500kcal/day)(1day/24hr)(4186J/kcal)(Households)

Of5=AlH, 2004

sH kLT, 2007
Of=AIE, 2004

Sk, 2007
Of=AlE, 2004

Energy(J)= (430 ton/yr)(1E 6 g/tone)(26.3 Kcal/100g)(4186 J/Kcal)

Total production
Total production =

4.73E+10 J/yr

4.23E+14 J/yr
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Appendix. 6. Footnote on Table. 16

Sources

1 Reneawable Sources (J)
Total Reneawable Sources in GB = 700000000 ton/day *730 day/yr

= 5.11E+12 ton/yr
Target area= 5.00E+00 ha 7192+ & 4188ha
Ren Soc. In Target Area= 6.10E+09 Sha 2 M4H2E62.5 ton/yr
Gibbs no. = 1.0 Jg

(6.13E+06 ton/yr)(1E6 g/m*3)(1 J/g)
6.10E+15 Jiyr
9.76E+13 Jiton

Reneawable Sources for oyster
yield (1 ton)

2 Unused source (R)
Unused source = Reneawable Sources*0.1
= 6.10E+14 Jiyr
Unused source for oyster = 9.76E+12 J/ton
yield (1 ton)

3 Goods & Services (E)
Goods & Services = 1330797302 /yr*(1$/12404)*(1.24 E12 sej/$)
= 1.33E+17 sejlyr
Goods & Services for oyster = 2.13E+15 sej/ton
= 2.13E+06 won/ton

4 Price of oyster product (P1)
Price of olive flounder product = 100000000 won/yr
Price of olive flounder yield (1 ton) = 1.60E+06 won/ton

5 Price of purchased inputs (P2)
Price of purchased inputs = 1/{(1$/12402/)*(1.24 E12 sej/$)}
= 1.60E-11 won/sej

Storages
6 Assets (A)
Assets = 570000002*(1$/124021)*(1.24 E12 s&i/$)
= 9.12E+14 sgj
= 57000000 won
7 Money (M)
Money = 150000000 won (A7 HFEXRR, =042t 1996)
= 2.40E+06 won
= 2.40E+15 sgj
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Appendix. 6. (continued)

Flows
8 Resource used (KI*R*E*A)
Resource used = Reneawable Sources*0.9

= 5.49E+15 Jlyr
asource used for olive flounder yield (1 ton) = 8.79E+13 Jfton
9 Money spent (K2M) ZRu|(= g
Money spent = 60000000 won/yr
Money spent for oyster yield (1 ton) = 9.60E+05 won/ton

10 Goods & Services to assets (K3*E)
Goods & Services to assets = (AH7 EX[+ =418 )2 yr+(1$/12402)*(1.24 E12 sej/$)
= 6.50E+15 sej/yr
Goods & Services to assets
for oyster yield (1 ton) = 1.04E+14 sej/ton

11 Assets depreciation (K4*R*E*A)
Assets depreciation = 4033000 2/yr*(1$/12402)*(1.24 E12 sej/$)
= 3.00E+15 sejlyr
Assets depreciation for oyster
yield (1 ton) = 4.80E+13 sej/ton

12 Assets repairing and maintenance (K5*A)
Assets repairing and maintenance = 4100000 /yr*(1$/1240%)*(1.24 E12 sej/$)

= 3.50E+15 sejlyr
Assets repairing and maintenance
for oyster yield (1 ton) = 5.60E+13 sej/ton
13 Oyster yield (K6*R*E*A)
Olive flounder yield = 1 ton
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Appendix. 7. Model Code

"Oyster Aquaculture Model

"Plotting Frames

10 SCREEN 12

20 LINE (0, 0)-(320, 90), 7, B

30 LINE (0, 90)-(320, 180), 7, B

40 LINE (0, 180)-(320, 270), 7, B
50 LOCATE 2, 30: PRINT "Assets"
60 LOCATE 7, 30: PRINT "Money"
70 LOCATE 13, 30: PRINT "Yield"

‘Sources and Initial Values

100] = 1
110 R = 1

120 P1 = .63
130 P2 = 261

140 A = 1: REM Asset
150 M = 1: REM Money
160 Y = 1: REM Yield

"Iteration Time Step during Simulation
200 DT = .01

"Scaling Factors for Plotting

300 A0 = 40
310 MO = 40
320 YO = 40
330 TO = 10
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"Pathway Coefficients
400 K1 = 60.99

410 K2 = 385
420 K3 = .5608
430 K4 = 4.795
440 K5 = .0708
450 K6 = 68

’Simulation Loop

500 R =]/ (1+KlxE x A)
510 E = K2 x M / P2
520 Y = K6 x R x E.x A

530 DA = K3 x E-K4 x R xE X A - K5 x A
540 DM = P1 x Y - K2 x M

550 A = A + DA x DT

560 M =M + DM x DT

'Plotting Simulation Result

600 PSET (T x TO, 90 - A x AQ), 7

610 PSET (T x TO, 180 - M x MO0), 7
620 PSET (T x TO, 270 - Y x Y0), 7

REM 630 WRITE #5, A
REM 635 PRINT A
REM 640 CLOSE #5

"'Repeat the Simulation Loop
700 T =T + DT
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800 IF T x TO < 319 THEN GOTO 500

1000 LOCATE 2, 50: PRINT "Asset(A)=": LOCATE 2, 60: PRINT A
1100 LOCATE 3, 50: PRINT "Money(M)=": LOCATE 3, 60: PRINT M
1200 LOCATE 4, 50: PRINT "Yield(Y)=": LOCATE 4, 60: PRINT Y
1300 LOCATE 27, 2: PRINT "T=": LOCATE 27, 6: PRINT T
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A

BOD

COD

CSD (UNCSD)

DIN

DIP

DO

DOC

EIR

ELR

EmSI (=SI)

EYR

FDA

FRP

VIL. %A} B&

Asset

Biological Oxygen Demand

Chemical Oxygen Demand

Commission on Sustainable Development
Dissolved Inorganic Nitrogen

Dissolved Inorganic Phosphate

Oxygen Demand

Dissolved Organic Carbon

Emergy Investment Ratio

Environmental Loading Ratio

Sustainability Index, Emergy Sustainability
Index, Ratio of the EYR to the ELR

Emergy Yield Ratio
Fuel
Food & Drug Administration, United States

Boat made by Fibre-Reinforced Plastic

Material
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G&S Good & Service

GB Gamak Bay

GNP Gross National Product

I Renewable Emergy Flow

M Money

MSBR Molten Salt Breeder Reactor

N Indigenous Nonrenewable Reserves

PI Purchased Inputs

QBasic QuickBasic (Computer Programming
Language)

R Renewable Sources

SOD Sediment Oxygen Demand

STP Sewage Treatment Plant

TDS Total Dissolved Solids

TN Total Nitrogen

TOC Total Organic Carbon

TP Total Phosphate

UNCED United Nations Conference on Environment

and Development

Y Yield
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