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Estimation of Green-House-Gas emissions from domestic eel farm
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Fisheries System Engineering Division, National Fisheries Research & Development Institute, Busan 619-705, Korea

The purpose of the study is to estimate the Green-House-Gas (GHG) emissions from domestic eel farm in the water recirculation
system or still-water system by the assessment of energy consumptions and GHG emissions for establishing to reduce standards
of GHG from a sustainable perspective. GHG emission components as seeds, feed, fuel, electricity, fixed capital, fish respiration,
and others were analysed at the different culture type between water recirculation system and still-water system by 3 stage farm
size of small, medium, large scale. The result showed that the mean GHG emission of the eel farm was 18.7kg - CO, in the
stage of production per fish lkg at different culture type and farm size. Therefore it could be useful for policy, planning, and

regulation of aquaculture development with establishing GHG reduction standards.
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Table 1. CO, emission according to fuel consumption of fishing boat for eels

Small scale Medium scale Large scale Water recirculation
CO; emission still-water system still-water system still-water system system
(2,000m?) (4,000m?) (8,000m?) (1,000m?)
Fuel consumption(L/yr)
Gasoline 19,524 35,714 61,429 54,286
Diesel 39,048 71,429 122,857 108,571
CO, emission(t - CO,/yr)
Gasoline 41.48 75.88 130.51 115.33
Diesel 101.26 185.24 318.61 281.56
Total 142.74 261.12 449.12 396.89
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2] oFA1ko] 191,934kg @ Lhebyth 18] 11 £ 417}

= o
= U= o] Ak B of] 2)sh, 20079 = A A4 3 (Colt et al., 2008)°f] &J 311, AFR kg B4 v &
o] o] 272 8,400kg, & = O =R E AW o] o] 4 T 3,300g2 A A E o] Ut wpebA], giAo] O] Ab= &
T2 4,600kg2 2ALE B QL] 2 Aol A= o= Hlof g & & T2 b5 A4 FAHA]
Aube] A= avEF AP S Al e = A o] 2 192.1t - A, St A=A A o] 352.8t - COY
o] FFZ i v = AAtol o] §-5HA] gtk L 4, o4t i Xl’“*‘ G2 o] 616.7t - COYA, =0l 3}
0 WAo] 9FA 244 4] (NFRDL 2009)e] €|5td, 4] SFA ol 6334t - COsd 0= A1 E et
200741 FA) Aol 55 AWl o FHL AT H A
54 Aol dlkg, BB A4 FA Gl Tke, ] BE
TFE A 44 FAAo] 120kg, 2 3Ho] 4] o 4] o] Bl G 2 5 A2 bl B2 W4 )
H4kg vhebteh ohebal, A4 S 0 ARl FS AP AT Table 37 Lo o] 4] 2
AujeFe S Awgel F oS, AWAC] o8 Al A (NFRDI, 2009)0] ©]5He, GFAEY B kA4
Al A 5 R Al R FAG ARG £ W A WA —CH 2HFE ATR A4 FAY
$FoRNE] ANTtol £ % A5 FAFo] 22t 60,000L, FFE A5 4] F4 o] 119,000L, o 7 =
19,5241 % 39,048L, W A 54 F A Aol 2tz 4 A A o] 1732001, %= Fho] 34 F 4 A
35,7141 W 71,420L, o F 2 A A oA Hpo] Zzt 100,000L 2 UFEbGFT 2] 3 5 o] mhE sk
61,429L 2 122,857L, <= 3k o] 3} Al ok 2] &} o] 7} 7} Zeoro ojmy el EPAHH%Z]]T(KEMCO, 2011)
54,2861 2! 108,571L&2 AAME] T} (Table 1). L1231 A ZHE AAsto] AR X424 9F A1 7o) 180.0t - COy/
Yol ofg Al S viEF S ARE HEF H e W, St A =2 A Ao] 357.0t - CO/, T+ & ]
27|22 (KEMCO, 201 )& 5E] A Abate] AFm 2] 2= 4] 2= 2] OF A1 ZFo] 519.6t - COy/, Z=8ko] T} 4] OF A1 7 o]
Al Ao] 1427t - COYW, F 75 A 4= 4] QF 2] A o] 300.0t - CO/ O =2 A4 =] ¢l ot
261.1t - COY/, )41 2 | =2] 9F A1 #Fo] 449.1t - COY/,
<8ho] THA] GF 4] gro] 396.9t - COyYl 0.2 AR ¥ 9 ek, x|
A2 B FAN G, A 5 A Lol w2
WAoo AbR Aiblo] W Bha wjE L Table29k 4 uj L Table 49} 2k, A EEA A
2ok Aol 94 EF 14 (NFRDL 2009)0] ©]3b#l,  (NFRDI 2000)0] ]38, F 4] 2 oF 41 7754
PN W FAY P AL AR 2UFS AFE F AV RE 2TFE A4 FA G| 1257049, F
A 4A) f A Aol 58223kg, FHE A 44 FAAOl B A4 GFAA 0] 24780 U, TR A5 4] 4]
106,91 1kg, Th 5 x| 2= 2] F 2] Zo] 186,882kg, &= 2] 0] 41,4973 %), 2=8o] 7}-2] oF 2] 2Fo] 60,000 O &
Table 2. CO, emission according to feed consumption
Small scale Medium scale Large scale Water recirculation
CO, emission still-water system still-water system still-water system system
(2,000m?) (4,000m?) (8,000m?) (1,000m?)
Feed consumption(kg/yr) 58,223 106,911 186,882 191,934
CO, emission(t - CO,/yr) 192.14 352.81 616.71 633.38
Table 3. CO, emission according to fuel consumption for the boiler
Small scale Medium scale Large scale Water recirculation
CO, emission still-water system still-water system still-water system system
(2,000m?) (4,000m?) (8,000m?) (1,000m?)
B-C fuel consumption(L/yr) 60,000 119,000 173,200 100,000
CO, emission(t - CO,/yr) 179.99 356.98 519.56 299.98
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Table 4. CO, emission according to such power consumption for the water

Eho] 7HA] ko] ZH2h 1,530kg, 359kg W dkgE &
AFE QT e 3 @A 7FA AFA I (Colt et al., 2008)9]
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258
ol f BEol W g v HL A5 95 WA
o] 7] 100g, 150g, 200g, 250g, 300g L 350g°] 6THA|
2 550 28°C 2704 B5E UYL St
T AT Wl ke Y3 Ab L) A hek Aba
2H]FF 90.2 —133mg 2 F-E] 0.065 —0.096kg = A AF%]
oul, o] RRE W] kgd AT Ha W&
0.047 —0.070kg 2 $HAFE] 2l T} (Table 6).

Mo %2

turbine and pump etc.

Small scale Medium scale Large scale Water recirculation
CO, emission still-water system still-water system still-water system system
(2,000m?) (4,000m?) (8,000m?) (1,000m?)
Power consumption(kwh/yr) 319,231 602,473 963,654 1,471,978
CO, emission(t - CO,/yr) 141.99 267.98 428.63 654.74

Table 5. CO, emission according to corrosion of the fixed capital such as facilities

Small scale Medium scale Large scale Water recirculation
CO, emission still-water system still-water system still-water system system
(2,000m?) (4,000m?) (8,000m?) (1,000m?)
Facility amount(kg)
steel goods 3,060 6,120 12,240 1,530
concrete goods 718 1,436 2,872 359
plastic goods 7 14 28 4
CO; emission(t - CO,/yr)
steel goods 0.5101 1.0202 2.0404 0.2551
concrete goods 0.0054 0.0108 0.0215 0.0027
plastic goods 0.0014 0.0028 0.0056 0.0007
Total(t - COy/yr) 0.5169 1.0338 2.0675 0.2584

Table 6. Oxygen consumption and CO, emission of farmed fish with its respiration measurement

Fish weight(g)
CO, emission
100 150 200 250 300 350
Oxygen consumption(mg - O-kg/hr) 133.0 106.9 95.3 94.0 93.4 90.2
Oxygen consumption(mg - O,/kg/mo) 0.096 0.077 0.069 0.068 0.067 0.065
CO, emission(kg - CO»/kg/mo) 0.070 0.056 0.050 0.049 0.049 0.047
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Table 7. Oxygen consumption and CO2 emission of farmed fish with its respiration measurement

Total body weight according to fish farmed type and size(kg)

month mean growth Small scale Medium scale Large scale Water recirculation
(8) still-water system still-water system still-water system system
(2,000m?) (4,000m?) (8,000m?) (1,000m?)
1 0.2 41 75 129 114
2 1 205 375 645 570
3 7 1,435 2,625 4,515 3,990
4 15 3,075 5,625 9,675 8,550
5 35 7,175 13,125 22,575 19,950
6 70 14,350 26,250 45,150 39,900
7 100 20,500 37,500 64,500 57,000
8 160 32,800 60,000 103,200 91,200
9 200 35,149 65,210 112,241 112,321
10 250 35,149 65,210 112,241 112,321
11 300 35,149 65,210 112,241 112,321
12 350 35,149 65,210 112,241 112,321
Table 8. CO, emission produced by domestic farmed eels
Small scale Medium scale Large scale Water recirculation
CO, emission still-water system still-water system still-water system system
(2,000m?) (4,000m?) (8,000m?) (1,000m?)
Month(kg - CO,/mo)
1 2.9 5.2 9.0 8.0
2 14.3 26.2 45.1 39.9
3 100.3 183.5 315.7 279.0
4 215.0 393.3 676.5 597.8
5 501.7 917.7 1,578.5 1,394.9
6 1,003.4 1,835.5 3,157.0 2,789.9
7 1,433.4 2,622.1 4,510.0 3,985.6
8 1,843.6 3,372.4 5,800.6 5,126.1
9 1,759.8 3,264.9 5,619.6 5,623.7
10 1,736.2 3,221.1 5,544.2 5,548.1
11 1,724.8 3,199.9 5,507.8 5,511.7
12 1,666.1 3,091.0 5,320.2 5,324.0
Total(t - COy/yr) 12.00 22.13 38.08 36.23
A WA 0 o R A Y Ha ) EF  Jle
RS A= A E R ALl Fa2] ol o] 9 ol EE O] {57, H3Hib4, CaCO; 5 4Hof w2
Wigo] 9FA] 243 A (NFRDL 2000)0f) A4Sl €8 ¥hd wjZ e 3 99} 2k Wate] A AR AL A
Bt AFHG AR FAYY D FAY FRE I AP D P FRA Fol Eejo) F§, A3}
% A ES ST (Table 7). 12 T Table 78] Abz 9 CaC0:9] 4 v & 2515 2| 54] of2] go] 2+
9w AFS 2ok 2 B 2 5 Table 62] kg 47t g4 vl 7+ 600L, 50,000kg % 500kg, %712 2] 4=4] QF 4 go] 7k
Z%S A goto] Aol R AR O] U S i ES 2 900L, 100,000kg % 1,000kg, T A 44] Aol
AR BEg o, 9 AR E FHALS o] T4 HjE e 7}7+ 1,200L, 172,000kg 2 1,500kg, <= 3Fo] 7} 4] oF 4] 2
ATFE R 22 A4] GFA o] 12,0t - COY/E, 575 A] 22 4] o] z+zF 1,200kg, 172,000kg = 500kgs ZAFE ¢l Th.
oF A1 o] 221t - COA, o F 2 A 4= 4] %A g o] 293 ghof E20) g dulof T2 Tk v EL
38.1t - COY/H, =3k 1}-2] QF2A]&}0] 36.2t - CO/H O E Az drd e 2 BaujE A4 (KEMCO, 201 )25
AF4 5] 91T} (Table 8). AFFO] A p I 2] 42 4] ok A1 AFo] 156t - COYY, &
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Table 9. CO, emission according to live-fish transport consumption

Small scale

Medium scale

Large scale Water recirculation

CO, emission still-water system still-water system still-water system system
(2,000m?) (4,000m?) (8,000m?) (1,000m?)
Consumption(L/yr, kg/yr) 600

live-fish truck deisel 50.000 900 1,200 1,200

liquid oxygen ’ 500 100,000 172,000 172,000

CaCO; 1,000 1,500 500

CO, emission(t - CO,/yr) 1556

live-fish truck deisel 04089 2.334 3.112 3.112

liquid oxygen 0 0'002 0.178 0.306 0.306

CaCO; ' 0.0003 0.0005 0.0002

Total(t - COy/yr) 1.645 2.512 3.419 3.418

/’_,_Fixadcapitm
0.0%
Electricity
32.39
(c) Large scale still-water system(8,000m?) (d) Water recirculation system(1,000m?)
Fig. 1. Comparison of CO2 emission ratio among each components in fish farm type and size.
7ol 3.11t - COy/Y, =2hof 2] oA o] 3.11t - COyf Al Aol 1.65t - COY, TF =2 A 4= 4] FA o]
Ho g AL Q) o A 7FA AFA 3 (Colt et al., 251t - CO/, 4+ R =A] QF Al ZFo] 3.42t - COY/ W,
2008)0] ©] 3}, A P44 W CaCOs0| ket BH4 Ml 2Fho]3}4] oFA1o] 342t - COYM 0 2 A E Sl

<o 717} 1.78g - €O, % 0.34g - CO2 A A= of 9lek. Aol QFAIARO] QR AIMH M, OFAI A TR, B v
wHEbA S ARA D CaCOs Avlof M2 BA W EHE Ea4W F wh WSS 2 F A Table 103}
ATt A4 A Aol 22k 0089t COY R ek o7l A AEE FAEE, FAY TR F o
0.0002t - CO/ A, & 7+ & A A F A A o] z+ 2z &S gt E A A FA Aol 671t - COYY, 5
0.178t - COx/¢l X 0.0003t - COx/, T 71 & R =4] 9F 4] TR R 4] kAl AFo] 1,265t - COJ/E, T 4F & R =4]
Aol Zkz} 0306t - COy/d 2 0.0005t - COy/, 223k 1} OF 41 ZF o] 2,058t - COy/d , 2= 2k o] T} 2] OF 2] o]
Al oF Al ZFo] ZFZF 0.306t - COY/E 2 0.0002t - COy/H S 2,025t - COy/d o 2 el Th 18] 31 Wi Alo] oF A%} o]
2 AP E AT 2 A, Zof EF 9 {7, dsiiba, A, AR E%‘ g vE 8t HE v E
CaCO; 5 a2t o uh & T4 v S5 o2 &P i A = Hae A3, B AN A FH, AR, £, A7
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Table 10. CO; emission produced by each components fish in domestic farmed eels

. Small scale Medium scale Large scale Water recirculation
CO, emission . . .
(t - COvlyr) still-water system still-water system still-water system system

(2,000m?) (4,000m?) (8,000m?) (1,000m?)

Seeds 142.7 261.1 449.1 396.9
Feed 192.1 352.8 616.7 633.4
Fuel 180.0 357.0 519.6 300.0
Electricity 142.0 268.0 428.6 654.7
Fixed capital 0.5 1.0 2.1 0.3
Fish respiration 12.0 22.1 38.1 36.2
Others 1.6 2.5 3.4 3.4
Total 671.0 1,264.6 2,057.6 2,024.9

Sa7A o) B R AT AA w20 Fos%S ARG AT wof wheuA Y we Ao o] Yo Lheryt
o (Fig. 1). T B ] % u] &2 M54 FAAel 4 ok i g B ol A o] W Aol 7} ol -
9 AR W R 253-300%2 BA e v, & S Sede 2 SBolaA ol At A7he] o A
Shof b A F A0 A9 Atm " A7) 7F 242 31.3% R o] ZA YA gttt 3, o o] dEokoll A= 5
323% 5 Uehdeh olo] el AL el & FEBol7o) 14E YAb] 4 go] HE BaAGE
Hrpo] A%eal Aol wa) A 5 47 LuIFo] 2 7|E ol 7ol u]8) o BUHE B AL ekt
4o oA A8 40] ok g A anlol 2 U o), e hAa nakelo] okt W B0 AAH B2
ol Ang Atz ETh oA FAYol W Ao w FrbEE AN L2 FAH
Table 100]] A A FATHE, FAY 2 T g of A & Agof wtE 7| th 7} A2 Fito] A5 A
A | & A2 2 5L E] Table 79] AAME A2 & A &35} A1} (Leeetal., 2012; Park et al., 2012)& Et| &2, 3F5 1l
o] o] F YA AE kegd T4 WSS A4 At gol FAl ol A oA AR B Z A 7FAS ui =R A3
F ke T v E 2 At A 524 FA Ao = flsko] Ald A AdE At ko] iapA] A Al
19.09kg - CO/ , & F & A 4= 24 & A & o] go] 84 7] o] W H et oA Bl 8- oA
19.3%g - CO/ , of 5+ B A 5= A F 4] & o] SRR R AAAY 2ok HAEE aLdsto] oA
18.33kg - CO,/ |, <=8kl 4] 4] 4o] 18.03kg - CO/ of ¥t stolof & A o7 wekETh
do = sHAkE QI th 2 o] Foll Al AFH o) 7 kg &
2 S A5 B, A A o8 AR ol o) A ¢ a B2
4.1—4.5kg - CO,, 7HF] o A FAIE d o] o] 9 3.0 AR =4 okl 71 F s -2 wsto] 7
4.2kg - CO = KL% B} Ql=d], 2A7|7HO] Afo] &= 2 T Y= AGH ) FAFEA B AAE BEE 247
Ao Aot thar & &l & YER ATk (Pelletier 2 AF7|E AR AR AU A AREE, 2 A7 v E
and Tyedmers, 2007; Ellingsen et al., 2009). ~Z2] 1}, Colt TS 72 AR SETFAGE Aot whep A, 2 A
etal. (2008)0] th A F A ofofl A B a1k FA R T TFol A= bt Ao] Al A ARESEAL Sl
Wi &5 Aatol ofstd, of {F kg T M EF S S5 A=Al 9l ool ipA] GF A Al Al of| A A AR = Wl
T A FAA o] 7.19kg - CO/E, HB F54 of FAZFTS HYCE FAY G SR AR TH,
A7 o] 23.93kg - COY, 4t ad 54 FA Aol AR, 5, A7, 2 A4 o7, 7B s o2 255
13.71kg - COy/\d, Fit =% oF 4] 7o) 9.58kg - CO./E, of A4 9 gho]ip A of whE A ANE d vl &
W R E S8 A o] 32.50kg - CO/, 2Hd =2k < T A A S S-S AP Skl o AT
2170l 11.05kg - COyd o= Lt Ao} 2 A9 Sqt i A= A] FAA(2,000m?)2 W o] kg A AHEA|
A} FAFSE H 91 & e ST of Al A%k 19.09kg - CO,, T F B2 A = 4] F A A
et A, i Ao A 2o Al S AFS S W A o] (4,000m?)-> A7 19.39kg - CO,, Thf 5 A 5=4] A4
1,000m22 A, 2 X 4241 9] 8,000m2&e} v <=3k AY At (8,000m?)-2> 1 7F 18.33kg - CO 7} Hj & & = Ao 2 Al
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