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Evaluation of Sustainability for Olive Flounder Production
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I. EMERGY Analysis of Olive Flounder Production

Nam Kook Kim, Ji Ho SoN, Jin Lee KIiM and Suk Mo LEE

Department of Environmental Engineering, Pukyong National University,
Pusan 608-737, Korea

Olive flounder is one of the most important aquaculture species in Korea. Interest in the aquaculture of olive flounder has increased
recently because of its good growth characteristics and high market price. However, the productivity of olive flounder aquaculture depends
on economic inputs such as fuels, facilities, and labor. In this study, EMERGY concepts was used to compare the environment and
economy of two olive flounder production methods, fishing fisheries and aquaculture, and to evaluate the sustainability of olive
flounder production. EMERGY spelled with an “m” is a universal measure of real wealth of the work of nature and society made
on a common basis. Calculations of EMERGY production and storage provide a basis for making choices about environment and
economy following the general public policy to maximize real wealth, production and use. EMERGY flows from environment were
94.13% for olive flounder fishing fisheries, and 2.20% for aquaculture. EMERGY yield ratio, environmental loading ratio and
sustainability index were 17.05, 1.02 and 274 for fishing fisheries and 0.06, 44.41 and 0.023 for aquaculture, respectively. These ratios
indicate that the fishing fisheries will yield more net EMERGY, while the aquaculture requires a lower investment of EMERGY.
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Table 1. Tabular format for EMERGY analysis of olive flounder

production
Data Solar Solar  Macroecono-
Note Item Units Transformity EMERGY mic value
(g or $)  (sej/unit) (sejyr)  (Em §)

(one line here for each source, process, or storage of interest)

3.5. EMERGY X[ A&t

EMERGY #4914 7% EMERGY &% 7|2, Ardat 94
A YA AN A2dE vz, S4% s HsA
Fig. 13+ Z°] EMERGY AEES AXsG

Purchased
Resources

Services

Economic Y Yield
Use

Environmenta!
Systems

Yield(Y) =R+ N+F

% Renew=R/{R+N+F )

EMERGY yield ratio =Y/ F

EMERGY investmentrato =F /{R + N )
Environmental loading ratio = (F + N ) /R

Sustainabiity index = EYR / ELR

Fig. 1. EMERGY based indices, accounting for local renew-
able EMERGY inputs (R), local nonrenewable inputs
(N), and purchased inputs from outside the system (F).
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Fig. 2. Energy systems diagram of olive flounder fishing
fisheries.

Table 2. EMERGY evaluation of resource basis for olive flounder-fishing- fisheries
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Fig. 3. Energy systems diagram of olive flounder aquaculture.

Solar EMERGY

Note  Item Data Units Solar Tfansformity ] EmDollars 1995
(1, g0 $) (sej/unit) (sej/yr) $ /yr)

ENVIRONMENTAL INPUT:

1 Sunlight 480 E17 J 1 480 E17 225 E08

2 Wind 192 E14 ] 1496 288 E17 1.35 E08

3 Rainfall, chemical 787 El4 ] 15444 1.22 E19 5.71 E09

4 Tide 133 E14 J 23564 313 EI8 147 E09

5  Waves 136 E14 J 25889 353 EI8 1.66 E09

6  River chemical potential 163 El4 J 41068 6.70 E18 3.15 E09

7 River total N (g) 252 E08 g 9.00 E08* 227 El7 1.06 EO08

8  River total P (g) 232 E07 ¢ 8.10 E09* 1.88 E17 8.81 E07

9  River Organic load (COD) 771 E1l ] 62400* 481 E16 226 E07
PURCHASED INPUT:

10 Boats-fuel used - - - 137 E13 J - 66000 9.06 E17 425 E08

11 Boats-Goods & Services 281 E05 1.65 E12 4.64 E17 2.18 EO8
OUTPUT

12 Total olive flounder produced 833 E12 J 2.80 E06 234 EI9 1.10 E10

*Odum HT. and JE. Arding. 1991.
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Fig. 4. EMERGY signature of each emergy source for olive
flounder fishing fisheries.

A 7198 ALY A, BFel A ZRE 480 E17 sej/yr, Bl
@0 23 288 E17 sejfyr, HIZHE 1.22 E19 sejfyr, RA 028 E
3.13 E18 sej/yr, F X2 2¥ 3,53 E18 sej/yr, 3HH 2% ¥ 7.16 E18
seifyrt FLHL e} w), A, B, 24 HY, wF o2
AAAQ 7Az7t YriE A AAEF 8§ AR 7
+E d9EE L 9% Ao §57F A&l 9.06 E17 sejfyr, A2}
£90] 464 E17sej/yr7t RYHL Ao, /57, A3t} §9 ¢o2
443 7I9E vehle Aoz FriEdd 22a 4y
9L 954 quA, ngL4 AYALY #4498, a8 A
g §908 FEE AL, AGET AYL2REHY J&4 oy
AYL 94.13%, MPaE 388%, A3} 299 ALE 199% 9
EMERGY 719& et (Fig. 5).
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Fig. 5. Contribution of EMERGY from renewable sources, fos-
sil fuel, and goods & services for olive flounder fishing
fisheries.

22 Yx| ZAuele] EMERGY EAZn
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3, Fig. 6% 24, 4X $4%4L AA8AHEFANA 7198 oy
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Table 3. EMERGY evaluation of resource basis for olive flounder aquaculture

Data Units Solar Transformity Solar EMERGY EmDollars 1995
Note  Item 0, g o0r$) (sej/unit) (sej/yr) € 7,7)
ENVIRONMENTAL INPUT:
1 Pumped sea waters 615 E12 J 1.54 E04 9.50 El6 446 EO07
2 Post-larvae 9.60 E04 ind. 9.11 E09 875 El4 411 E05
PURCHASED INPUT:
3 Complex feed 337 Ell J 140 E05° 4.72 El16 222 E07
4  Living feed 209 E12 J 1.10 E06” 230 EI8 1.08 E09
5  Electricity 662 E12 ] 2.00 EO05 132 EI8 621 E08
6  Labor 914 E04 § 165 El2 151 E17 7.08 E07
7 Goods & Services 265 E05  § 1.65 E12 438 E17 2.06 EO08
OUTPUT:
8  Total olive flounder produced 251 El1 ) 1.74 E07 435 E18 2.04 E09
D Complex feed: Complex feed used = 2.22 E07 won/yr
Dollars = 7747 won/$
Costs =286 E04 $/yr

286 E04 $/yrX1.65 E12 sej/$ =472 El6 sejfyr

Transformity (sej/)) = (4.72 E16 scjfyr) / (337 El1 Jjyr) = 140 E05 sej/J
? Brown M.T, R.D. Woithe, HT. Odum, C.L. Montague and E.C. Odum. 1993. EMERGY analysis perspectives of the EXXON VAL-

DEZ oil spill in prince william sound, ALASKA, 99p.
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Fig. 6. EMERGY signature of each energy source for olive

flounder aquaculture.

A}&E 235 El8 sejfyr, A71AHE-¢] 1.32 El18sejfyr, = %8| 1.51 E
17 sejfyr, 221 A3k} §90] 438 El7sej/yr #YHT Lo, AL
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oz 7ANRYgE 2HAY 434S /M4 (Brown, 1997). &
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Fig. 7. Contribution of EMERGY from renewable sources and
purchased inputs for olive flounder aquaculture.

Table 4. A comparison of EMERGY indices of olive flounder
fishing fisheries and aquaculture

Fishing

Aquacul- Vni

Name of Index Expression fisherics e nit
Renewable EMERGY flow R 220 E19 959 Ei6 sejfyr
Flow of imported EMERGY F 137 E18 426 E18 sejfyr
Total EMERGY inflows R+F 234 E19 435 EI® sejfyr
Total EMERGY used, U U=R+F 234 E19 435 EI8 sejfyr
% Renew (RAX100 9413 220
EMERGY Yield ratio (EYR) UF 1705 102
EMERGY investment ratio (EIR) ~ FRR 0.06 441
Environment loading ratio (ELR) ~ FR 0.06 441

Sustainability Index (SD EYRELR 214 0023

HE 1,022 A98 YA 17,05, LAA A4 141, B2 130, 949
248, =2 EMERGY A4H] 1239 B3t 714 we A4 ghe
Bolz 98] AA AAd g 9=rt ¥A BAHAG
A8 dF AXAAZEFY HE U= EMERGY ¥
Ay} (EIR)E AAA4 G4 0.06, £A2] A4 245, B35 331,
A9 139 23 39 4359 vl JA FAY2e] EME-
RGY FAHE 44124 QZAEF g&sa e ez
HHE A 454 Qo U vd&A 29 vl BAFEE
¥ (ELR)E 28t B2 BFSoe 843 4o & Naggoez
Hrtsta len, v 10 o449 #g vehd Fde AdFe
2 @74 9 9Fo] E N2doE HrEa 93, 37 9 Al
dAe 8736 U GFo] 2218 Rog ot gt (Brown,
1997). Table 49 Zo] WA ¥4 B¢, FUFL2 AAF
Aol g AAAY Ay 2471 & A9 Y A4 Table
sol Aok 2ol 4], $A, 94, FFol us) ANARE NIRRT
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Table 5. EMERGY indices of other industries and Korea

. Orange Cattle Pine 9 .
Name of Index Expression pro duction” pro Juction? plantation” Korea Unit
Renewable EMERGY flow R 1.00 E15 3.02 E15 5.06 El4 3.63 E22  sejfyr
Flow from indigenous non-renewable reserves N 5.00 E13 - 2.14 El4 1.08 E23 sej/yr
Flow of imported EMERGY F 2.57 El5 999 El5 487 E14 628 E23  sejfyr
Total EMERGY inflows 3.62 E15 1.30 El6 121 EI15 773 E23 sej/yr
Total EMERGY used U 362 E15 130 El6 121 El15 773 E23  sejfyr
% Renew (R/U) X100 28.62 23.23 41.82 5.00
EMERGY Yield ratio (EYR) U/F 141 130 248 1.23
EMERGY investment ratio (EIR) F/(R+N) 245 331 0.68 435
Environment loading ratio (ELR) (F+N)/R 262 331 1.39 2030
Sustainability Index (SD EYR/ELR 0.54 0.39 1.78 0.06

1) http://www.enveng.ufl.edu/homepp/brown/syseco/tables.htm
2) Brown et al., 1992,

3) Odum, H.T. 1996.

4) Suk Mo Lee, Ji Ho Son and Dae Sok Kang. 2000.
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