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Wannipa Suksathit 2008: Comparative Life Cycle Assessment of Pacific White Shrimp (Litopenaeus
vannamei) Feed Using Fishmeal or Soymeal as the Main Ingredient. Master of Science
(Environmental Technology and Management), Major Field: Environmental Technology and
Management, Department of Environmental Science. Thesis Advisor: Ms.Rattanawan Mungkung,

Ph.D. 110 pages.

Life Cycle Assessment (LCA) was applied as the analytical tool to systematically evaluate the
environmental consequences of using soymeal as an attempt to reduce the use of fishmeal in shrimp feed. The
analysis included production of feed materials, feed production processing, feed used at shrimp farms, and
transport in all stages. The inventory data were collected from a feed mill and several shrimp farms during
March 2006 to July 2007, supplemented by available databases and published data. The amount of feed
required for producing one ton of shrimp was used as a basis for comparison two different feeds using fishmeal
or soymeal as the main ingredient (shrimp feed 1; fishmeal : soymeal = 34 : 17 and shrimp feed 2; fishmeal :
soymeal = 25 : 22). The impact assessment methods used were the CML2 baseline 2000 (version 2.03) and
Cumulative Energy Demand (version 1.03). The potential impacts of fishmeal-based feed on global warming,
acidification, eutrophication, net primary production use, land use and energy use were 3,580 kg CO, eq., 31.5
kg SO, eq., 55.9 kg PO4'3 eq., 53,900 kg C, 1,349 mz.year and 53,900 MJ-eq. respectively whereas those for
soymeal-based feed were 2,840 kg CO, eq., 29.4 kg SO, eq., 75 kg PO4_3 eq., 33,000 kg C, 1,226 mz.year and
54,600 MJ-eq. respectively. The LCA results indicated that the soymeal-based feed potentially generated
higher impacts on energy use and eutrophication but lower impacts on global warming, acidification, land use
and net primary production use. The higher impact energy use was mainly due to transport of imported
soymeal and wheat; the higher eutrophication was associated with lower digestibility of soymeal and wheat
leading to higher nutrient loading in the discharge water. The contary, the higher impacts of fishmeal-based
feed on global warming and acidification were the consequences of N,O, CO, and SO, emissions from
transport of soymeal. It also caused higher impact on land use because of the higher land are required for
soybean and wheat production. The higher impact on net primary production use was due to the high carbon
content of trash fish used for fishmeal production. For environmental improvement, local feed materials should
be used as well as the energy efficiency of feed processing would be considered. It should be noted that the
magnitude of impacts are very much dependent on the level of inputs and farming practice such as stocking

density, survival rate, water exchange during culturing period and feeding management.

Student’s signature Thesis Advisor’s signature
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dandludugunini 1 60 - 2 10 26
danlusugunini 2 55 - 2 10 28
darnlusuganing 3 50 - 2 10 30
MNHANAD 0 7 8 13 8
MNHIDA 2 10 8 12 13
S1azi00n 12 15 8 11 10
ERNTIRM] 5 1 28 11 18

£

etu 54 15 4 10 29

& o o

iotluaria lusiy 60 5 4 10 29
ienaznszgnili 50 % 50 15 4 10 32
ionaznszgnilu 45 % 45 15 4 10 35
danlu (Herring meal) 70 7.5 1 - -
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1Ja11u (Anchovy meal) 64 6 1 - -
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319N 3 wanaatlanlunwas ldnulsannudesmslFlulszmealneszming

3 WA 2546-2550 (M128: AU)

3 w.a. 2546 2547 2548 2549 2550
waran lullszinea 598,000 541,000 473,000 461,000 470,000
ANUADINI 19 592,000 532,000 451,000 440,000 450,000

fan: dandndaasududnavas nsumsanelu (2551)
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t-:'l = = Y = Y 1 a
M990 4 nJimeEmﬂmJmmmﬂﬂmuiuqmmawuﬂ

Penacus spp. ANUARINT 158U (%) $1994

Penaeus monodon 45-50 Lee, 1971
40 Alava and Lim, 1983
40-50 Bautistaqg, 1986
40-44 Shiau et al., 1991a
36-40 Shiau and Chou, 1991
Litopenaeus vannamei 30 Colvin and Brand, 1977
>36 Smithetal., 1985
Penaeus indicus 43 Colvin, 1976
Penaeus japonicus 50 Deshimaru and Kuroki, 1975a
52-57 Deshimaru and Yone, 1978a
45-55 Teshima and Kanazawa, 1984
Penaeus merguiensis 34-42  Sedgwick, 1979
Penaeus aztecus 40 Venkataramiah et al., 1975
51 Zein-Eldin and Corliss, 1976
Penaeus setiferus 28-32  Andrews et al., 1972

30 Lee and Lawrence, 1985

#301: Shiau (1998)

=) 1

Y '
Uanluwdaoingniamziansifiquawas luliguamassugno Tudandiu 41
' @ oy 1< a @ 4 ' a @
wineanunaedldgndafiiuan 4 Alansuie 1w 1dUarilu 1 Alansy (USDA, 2004;
=K I Y Y a 4 1 dy v J 31 " ¥ <
Mungkung, 2005) uiluduiguesdoinsainiunnin mamnzdesda i T laduseuoms
HAAIMALNUMIFVINFITNMANTUSMIMaAas uandusddlmsihminwensilamzam
] £ A~ o v £y s AR v

1911031 (Deutsch et al., 2007) HBUMINAUAUMIIWIZIABITA I UNVIUANINADINS

U A o 4 4 @ a ' IS U = o 3/
Yanhuaiinsaniu ilesnningavdaniulfiduuasvesTsduluemsda i
Taomwized g lueisda Taeunawanlanluidinyegluvaomwsmldiiiesoiniineils

nzidunuae il 2003 Uszmenlgraananilulddosas 22.2 (1,224,000 §1) avsadn
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Av Uszmadudosaz 15.6 (860,000 f1) UsemaATasosay 12.8 (706,000 fiv) wazilszmelng

fowaz 7.3 (403,000 §1) (Tacon ef al., 2006)

3190 5 Usuamslsdanlulueninsdadiin i 2000

E
o

nandndn i s ms FCR Usnaatluild
Wanua (1,000 §1)  Waviua (1,000 §11) (1,000 1)

Marine shrimp 1,143 1,670 1.7-2.1 372
Fresh water crustaceans 413 388 1-1.3 -
Marine fish 603 902 2.9-3.7 415
Salmon 1,009 1,636 2.6-3.3 454
Trout 603 551 1.5 176
Milkfish 462 313 0.33-0.42 -
Carp, using feed 15,525 6,991 0.15-0.19 350
Tilapia 1,257 776 0.24-0.29 -
Catfish 415 505 0.28-0.35 15
Eels 233 348 3.4-4.2 173

).

41: Deutsch ef al (2007)

nndeyamsinlszuavealszmalng ol 1dnswensdamzamwaniulay
y1)szuvzuentlaimuaiia vuie tazquam vesdarmudunuamsaaandn Tasla
nziaimihunldmandantlu 18us dauila (trash fish) uazﬂmﬁﬁﬂmﬁmnmmséﬁ (low value
food fish) 9nAsARNEvEINIIYsENaNU A nTaiT sy IdRmue tazdeeas 65.9
voslmiifgmmmeensanzih sdadmily TavldinTesdermmsdszuauueiuain
Fafeenaniineeruanuuue M@ pmang Tasise0aumniAeIvIanILe
50 1925 was sunsosudanilaldinniigadniudesas 3631 seaanfeerumniden
YUIANNWBINUTD 14-18 1UAT S08aY 24.50 1AZDIUAING 300AZ 24.03 (Khemakorn et al.,
2005) Falaila Zovaz 97.78 %gﬂﬁmmﬁmﬂuﬂmﬂu ‘ﬁmﬁmﬂ%ﬁuﬂauazammgﬂa
da dularfifiquimeennsdifiscferas 22.84 niiufinmaaati dwfimdedn

1

) Y g 0w s a o w &
3089 77.16 %Lﬂu@1ﬁ1iﬁ1ﬂiﬂu1§yEJ‘]JSIﬂﬂLL’dg81ﬁ13ﬁﬂﬁ1ﬁ3ﬂlﬁﬂ\1ﬂﬁ?‘ﬂ$m
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Uaerdeedusnaiuieni uaziligmsanasednsiaiivesmsnensmsilszunaon
30 YNF1H 91MIF15I999 (Khemakorn ez al., 2005) tipiinsaineulssuisudas

v
msduda i laealsuamsuneruIemMsadnsaszud (Catch Per Unit Effort, CPUE)

1 o d'cu 9 a [ 1 u‘/ = A a [ 1
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%wﬁfﬂfiflﬂmﬁzﬁaéuq&mmgm wunimsazavasliznou TuTaswulugduenTudie-
TuTasu, Tulash-Tulasew, vazluasn-luTesnuluazneuiidumasmamy 19.35-50.10,
0.12-0.21 118z 0.44-0.77 Nadnsuaan lanTuamua 1Al (da tazane, 2537) Tuvaiziiunas
L'ﬁyﬂqfgjmzLa‘u?nmLma'mﬁymfajqTﬂsami%’mwwaﬂizmmfﬁu Lﬁamimwzz'ﬁyﬂqﬁ’dmm
Tuwaiufithaeun saniailami HueuTudie-Tulaou, Tulasn-luTlaswu, luasn-
Y Tasiou uag luTasnuiama luaznoudimmdosigy 9.1-24.2, 0.7-1.0, 0.13-0.21 L@
837-1,615 Aaaniuden lansumuday (ada uazame, 2536) Ushunaesduimaznaoi
ﬁyai]zﬂﬁ’é”uwaﬂigvm611mmﬂaumumﬂﬂmﬁymﬁ’qqqﬁqw 1A ITAUVDINANTENUIZAAAl 1Y
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Impact assessment)
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/Mandator LCIA elements \

‘ Selection of impact categories, category indicators and assessment method ‘

1 |

‘ Assignments of LCI results (classification) ‘

1

‘ Calculation of category indicator results (characterisation) ‘

1 |

Category indicator results (LCIA profiles)

/O tional LCIA elements \

‘ Calculation the magnitude of category indicator results relative to reference values (normalisation) ‘

i |

‘ Sorting and ranking of the category indicators (grouping) ‘

%

‘Quantitative comparision of the seriousness of different impact potential (weighting) ‘

i |

‘ Understanding the reliability of the LCIA results (data quality analysis) ‘

\ /
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A 1 Uszian wu Madanies lasen lad (S0, aunsaneliinanngTandounazang

<3|
ANulunsa

Greenhouse Effect }

( CH, Ozone Layer )
( S0, ] | Acidification |
[ cFcl Eutrophication |
[ Benzene Heavy metals ]
( NO, Carcinogens ]
( Pb Photochemical smog |
([ por Winter smog )

Pesticides )

MNA 5 Msdwunasmulszinnvewanszny (Goedkoop et al., 1996)
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(characterization)

v v
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mmmﬂ“Imﬁmﬂwaﬂiz‘vmmmﬂaamﬂmm‘m'lﬂmﬁumw 1)
EP, = > (Q x EF) (1)

EP, (environmental impact potential) fm MANEAINVBINANTENUN A UIAdOUF MY

nansenulsean ] lﬂﬂ (kg substance equivalent)
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Q. (quantity of substance) fio USuaesuaiy j Nlamlavegdunadon (kg substance j)
EF, (equivalent factor) Ao Aufeumivesas I M IKinaNanssnUABAUIAADY j (ke
substance equivalent / kg substance j)
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=h.

Climate Change = Z GWP, x m, 2)
i
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GwWP, fe dnoamlumsneliinaniizTandouvesas i (flansu,

=3 [ 4 4
Meummaasueulasen lad)

M 4 '
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Global Warming Potential

S 1aanms Characterization factors (ek’j) Global Warming Potential (E,)
a o do A
WATEHUYFTIOMST (B) (GWP,,,) (g CO,—eq.)
€0, 0.15 N3 1 0.15x 1 = 0.15
CH, 0.005 N5 21 0.005 x 21 = 0.105
N,00.14 N5y 310 0.14 x 310 =434
waswmsiailfinaniizlandouvonansus = 43.655
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SO, 15 n5N 1 15 % 1 =15
NH, 35 n3u 1.6 35% 1.6 = 56
NO, 2 N3y 0.5 2x0.5 =1
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Eutrophication = Z EP, x m, 4)
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Eutrophication Potential
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a o dou A
WUATEHUNYYINYNNT (Bj) (gPO,—eq.)
P9 NTY 1 9x 1 =9
N 35 n5u 0.42 35 % 0.42 = 147
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wasamsiaumlinaniig landouvesnansus =238
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Net Primary Production

s 1danms Characterization factors (ek,j) Net Primary Production (E,)
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a d 1a X a
1. M3IAzHYSnanNNFUmMNITU9 A.0.A.C (2000)
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2. MyuAnzHSaimud5ued A.0.A.C (2000)
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3. MIIAZH1VHUIUY Ether Extraction Method 335999 A.0.A.C (2000)
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2. MSNAY
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E4
] @

Y I g ya 4 o
W = ninaeg1ean 15uns1eH (ATY)

% T1l5au = % luTasiau x EF
¥WINoIMe A1 Empirical factor (EF) Tagia lidwsuenidad = 6.25
5. MSUAZHIB MUY Classical Fiber Method M335U09 A.0.A.C (2000)

glnzal

1. Hot Extraction Unit 1020

2. Cold Extraction Unit 1021

3. Cyclotec sample mill

4. Drying Oven (100°C)

5. Muffle Furnace (500°C)
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7. @ouduTen@unii column MNGHNUY closed AUAN KOH 0.223 M a9l column 114
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szana 1 92139
8. onsuimuanaanadiewandl Idvyuluanuioulddwmviila
Yy ¥ Y o oy Oy o H v
9. NIOIAITIULTAUAIA1IAI0819981115 01U 3 A5 ASIAL 30 ml NTDIVULIY
o . . . {_ o .. g Py o
10. 11 crucibles 99N hot extraction unit 1eu# 70°C Hurar 1 Au Naliiduly
v Y
desiccator BN (A)
o ' . A a o o Qy Y3 9 a
1. 1H1AI081 crucibles Ngamai 550°C 3 $2Tua Nalwduluauwudr swgumrgianas

£

Y v Y
wiaeszunms 100°C 111 crucibles 1d desiccator N9 1R lgungiiguugiinasdaimin (B)
NMIATUI

% crude fiber = (A —B) x 100
w

E4
v @

o 1 d‘ [ o Y [
hmindieganana lusiueonudd (ATY)
v

o Y

W =
A = 170 crucibles W3 PUFIDEADUIT muffle furnace
B =

v
o o

Y 1 Y <
UIMUN crucibles W%@Nﬁ’)@ﬂ]ﬂﬂaﬂfmﬂf)@ﬂﬂ'lﬂ muffle furnace uazwuué}a



)

¥ —UWANA

[ = =y d' a

Ju weu 1 nina
da

AnIuUNNA

1sziamsanm

NAIUAIALLALTI9IANIIBING
= d' Yo
numsanef lasy

4 o
Useaumsalmsniau

sz Yamsanmn

wa2sTuin quadad
141.8.2525

aynslsms

MV INNMENsHUNA (UTNa)

Nﬁ1aﬂﬂ1ﬁﬂlﬂﬂﬁﬁﬁ1ﬁﬁ§

- @114 Technicial lab Y94%185300 1A3IN15
A Y . . s s

ma TuTad%20 1WA (Shrimp Biotechnology Buissiness
Unit; SBBU)

VR v Av o a o W
- 418190378 Tnsams “msilszgnamsiseiiiging
aa A [ Q' Y =l U 1
FIaomMstamsdaadentuuiaIusunelung

' a T 3 @ av
Tgmswanfaunusuie’ Tagldsunuganyunisise

q E} q

MNFINNUNBINUATUTYUNTITIUHITIA,



