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Environmentaflmpact Assessment of Beef Production § S-ys‘te_m— for Inprovement towards

Low Carbon Production: Case Study of Pon Yang Kham Livestock Cooperative

ABSTRACT

This research was performed to study an environmental impact of a high quality beef
production system using the Pon-Yang-Kham Livestock Breeding Cooperative NSC Ltd. as
a study model. Life cycle assessment (LCA) of a 1-kilogram of packed retail cut beef was
analyzed by SimaPro 8.2. The results found the Pon-Yang-Kham beef production from
farming and fattening, slaughtering, ageing, cutting, packaging and transportation had the
greenhouse gas emission (GHGe) or carbon footprint (CF) of 31.2789 kgCO,eq/kg of
meat. Farming and fattening process had the highest carbon footprint (97.8%) due to a
high amount of the enteric CH,. Other processes in the beef production showed small
effect to the GHG emission. After allocation by economic value, the net CF was 26.4807
kgCO.,eq/kg of meat. The PYK beef had a GHG emission at the middle range compared
to beef produced in other countries (22-40 kgCO,ea/kg of meat). Farming and fattening
showed the highest effects (>90%) to the acidification, eutrophication, water depletion and
fossil depletion. For the ozone depletion, the farming and fattening showed the high effect
(74.9%) whereas the cold transportation of cold carcass also has a moderate effect
(19.5%). Thai beef production could be improved to reduce the GHG emission and the
other environmental effects to enhance the competitiveness of the Thai beef in the world

market.

Keywords : Beef, Life Cycle Assessment, Carbon Footprint,
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Yszfunansznuvafauniadauas ami’gﬁ'ns"’ﬁ“mmmmmﬁﬂLi‘IaTﬂquTm olEdoyans
1dniwensdne g uaznisUsaUsesvasfofldanduasunissanuigdsonisdu
faunadey Frandunsmuioud audastoyaunydn IR NN IITIUTINYS I I
huarasTeanTIT LUK aAMarIINTuaaun I e nemsd i adaa i
agﬂugﬂmawans:nuéau'mé'au weldlunmsetunsdranuaansalumsdeliifananszny
daFanadontuiiinduluudazsndialavasaaigins ﬁm%’uneiuuam:nusia?}a wadaud
Fenunltlunudsuaiiiae
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3.1 aAmefilanfauiu (Global Warming) ~

UamIMLAB1Ta3fa Carbon Dioxide (CO,), Nitrogen Dioxide (NO,), Methane (CH,)
W8z Hydrochlorofluorocarbons (HCFCs) laufinaedie kg CO, eq 1% cwp ﬁ 100 year LU8a3
lumanuin a (IPCC, 2013)

3.2 Mg Fulalau (Ozone depletion)

o 4 v oA A 4
’ yagIningUseas Trichlorofluoromethane (HCFCs) lasinvaufe kg CFC11 eq

3.3 annzanadunie (Acidification)

fosonaanifuanaaldlalasiaudeon (H+) leur Hydrochloric Acid (HCI),
(Hydrogen fluoride) HF, Nitrogen Dioxide (N,O), Sulpher dioxide (S,0), Hydrogen persulfide
(H,S), free ammonia (NHs) U8 Ammonium (NH,) fawirslasifisuduidu kg SO, eq (@199
1)

@19197 1 1 SO, equivalence factors YaINam NN MiAaFNIzANUITUNIA

Acid producer (in air) $0, equivalence factor
1 kg HCI 0.88 kg eq SO,
1 kg HF 1.60 kg eq SO,
1 kg NO, 0.70 kg eq SO,
1 kg SO, 1.00 kg eq SO,
1 kg H,S 1.88 kg eq SO,
1 kg NH, 0.89 kg eq SO,
1 kg NH,4 0.93 kg eq SO,

#iun GHK (2006)

3.4 ansWmieinialnd (Eutrophication)
a Ad va o~ A Ade 9 va A sda ¥ e
Aasonanedndeliifaneanesanse wlanaunmbidsuasFddialwidwan
4 A g h 3 . . .
phytobenthon, phytoplankton 8 macrophytes vagsitisataslaun Nitrogen Dioxides
(NOx), Total Nitrogen, Total Phosphorus, Chemical O, demand (COD), Nitrates (NO;) uas
. el a A ' v a :’ a ~ a
Ammonia (NH, ) lasvaavesmduuammanidsldifeanneAimidaniyleUnd (Fresh
° <t ' A §
water Eutrophication) snuamlasnisifinusnidu kg P eq (@179 2) amziiiulasian iu
o A v a - a_ a o . . . A -
uamwanvma'lmnﬂamv:ﬁ’nmn:mLasqwﬂﬂnﬂ (Marine Eutrophication) finiaufe kg N

€q
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#15191 2 fi1 PO, equivalénce factors TaduasIninaiAaaAzRmiRRIyAang

Nutrient PO, equivalence factor
1 kg Nitrogen oxides (NOx, air) 0.13 kg eq PO,

1 kg Total nitrogen (water) 0.42 kg eq PO,

1 kg Total phosphorous (water) 3.07 kg eq PO,

1 kg Chemical O, demand (COD) 0.022 kg eq PO,

1 ’kg NH, 0.35 kg eq PO,

1 kg NH"" 0.33 kg eq PO,

1 kg NO* 0.095 kg eq PO,

1 kg NO* 0.13 kg eq PO,

1 GHK (2006)

3.5 migoduiln (Water depletion)
o a A ° ©v 1A :‘ = al d' L3 -
wmmnwa'uaans:mummaﬂnm'lnﬂsmmmuﬂaﬂgmvLimvlﬂ VIFINNLIVDIAD

a Y a = f A '3 3
YSunawinie Tasfiminede §NLIANLNAT (M)

3.6 MIgeiFunaada (Fossil depletion)

ATansanadzadneada annnislinatuneada tou tduduuasing

A a o ' P2 o a a A a 1Y
BITWTIA UazMIKARIRgd 9nlinihwesdauduwiandy gy waadn idudu laod

. =a .
AUIAD kg oil eq

b ) ] AI v A i v a > 4
waninmrlumanienngunanEnudaiadsufiannnlywimsduionadaud
. 3 Ak € 205 4 A
wuldnnludsanelng lasluduaauil dayad g asgnilldmnauiedsafiunanseny
a + 0o & A P ° ar a e e
nwianedenlaslslysunsudnsagy SimaPro 8.2 Sudulbsunsudmiinisysaduipins
aAd o X & » C A
Fangnianniuludszimaniseiuaug lastuasuvsinsdssdunansznudefiniadaans
=l & P o o A o \ e 3 . . P
fuaoundwyfo misuundszinndeyaidungauvananszny (Classification) Fadunis
o +*¥ a ‘hl \ o b ) ’ A v A
Suundayatigdnaensisnadesnduunliaglungunansinuidanty lasfimmsa
Tayatyinsmiunriaoasinanienudafiniadanuinndt 1 HanTENULAEMITRKE
. p . o X
UNUN (Characterization)  Faidumsuaasnaniznuliegluziuuuvesdrtsd (Indicator)
v . . A ] ar ' v a
laslFaunaiaas (Characterization Factor) Gaiduduaasdnoniwlunisnslimifiananssny
¢ a v ' v A o a I v '
dafsuradpurasudartoyalumigmuieUivdrnnianmasaiidesesnaniidudn
] A‘ ko & ° ' & 1 gt A v
VITVBINANTING NRIPINRUITAINITTIVAIMIRUABaINanTENULdaza LN a I A ladn
HANIINUTIN GIANNTT

Impact score = Characterization Factor x Inventory value
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4. nsulananazn1siana (Interpretation)
dwannmaiigdnenisusznsUsslusanssnuansntissnusslusunsy
=Y 1} AI v =3 X [ A v v v
'Jmﬁ:ﬁwansznumazmLt'maau'lumwaﬂLﬁaTﬂquTwuuwoﬂWLwa'ln"’lmaa‘gﬂuamatauauu;
fawawihnineressiandmduazssuiwansfnm lasndannimadsadwipingdia
v o v 1] ) Al L g ar ] A =3 A’ ar
w3y lvnsun nansznudefwiadenlaidusuansdegunnanniigauazaziiaduny
nszmumﬂmaamwamuahqu W am:nmiw:wm':ﬁﬂmm:au'lummn‘”lwu.a:ﬂmﬂp

a gwals X 4 1y A v
m:mumma@luﬁuwmwavluawan‘sznmamumaau
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HAN15I2Y

9/
1. nszmumwamﬁafﬂqu

mn'ﬁ’agaﬁﬁw M LAOUNDASNNEN WA, 2556 WU wmrﬁnmgz}aﬂqﬁ@{ n3l.
nand Innonedn e drundnfiamatiowiidn 5251 10 nsiniaanauns wuasay
URSWATWUY a‘hmu‘[ﬂqu 9,358 @2

mwﬁﬂLﬁaTﬂquqmmwTwumaﬁﬁ Usznoudin 3 duaaunan laun mﬂguouaz-qu
1n (Farming and Fattening) nM3BIUWasIazLUTIN (Slaughtering and Ageing) Was nMIaa

a

uEITNUAZDTTIWSaud MY (Cutting and Packaging) ATV RMISIOE sV il pal pHEGTTY

o’ sa a o & . & ~ a ad a
"Uﬂs'ﬁ']ﬂ'llﬂ\'lNﬂﬂﬂm‘”lﬂuuUU Cradle to Gate IﬂUlullﬂﬂ:’ﬂuﬂauﬂ:&lﬂ"ﬁu’]ﬁ'ﬁlﬂu‘INJJ

4 A. v v 1 A o a =) a/ “: A’ A
Naﬂit‘(mﬂEIENLL')QRS&II."IJ’]ETT:UU‘H\'H):%’IN’T]Lﬂi"]:‘lﬂ%d’]u'mﬂﬂidu ("wn 1)

74 N\ Tniig3a
anlandantiuy
£ > T CH,. CO.
| oo msiRgsuazyule . €0,
- § Farming and Fattenin oy
sindanh Tvh dhdidos g g ynam
k sifie

i %g&-& Fre co,

i3 annidu
fﬁgtm:mnnﬁﬁlﬂﬁao ﬂ'l?ﬁ'l Llﬂa:LLRZUI BN Fusumnunzndost
drssth T Slaughtering and Ageing Wil
maneuin CFC
vhaludios, R-22 m —3| €0, CFC
~
aniiu
) [ iilolade founzuTINiou Y
Saauazaaindiulfes o ' o & —
N NIFAALAITINLR] tﬂ?ii}ﬂ N nazan luai uszimsilo
st W — : : . -
Cutting and Packaging Ty
vrIgAee > k
CFC
- ; 7
mrain

n.i o R o A’ (3 a}' a~ ¢
M 1 vsulrensiiudeyauuy Cradle to Gate 1umwaﬂmaTﬂ'qwmmnsmm'smmam nsd.nane
Twusnidn
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2. TyBamMIauEILInaaN (Life Cycle Inventory)

i
21 mstﬁmuazq%fﬂ (Beef farming and fattening)
s & o o d a ~ vy &
Iﬂqﬂwumomtﬂu‘[ﬂmagnwauwuﬂm-dmma Avisnnsuauioylasldinge
| o & 4 & a ¢ & A d Y &
nnwanus-wivuileie sandnvasannsaly a:magnTﬂLaaﬂwaummummdmnmmwa
v e vy & 1 . s o e a A 6 o
winusanaulasldiusauduionndrsdsuna Tﬂmmwwqauﬂuiﬂwquumaamammuu
(Brahman) dwiifausudsazlinnvale 3 mowud ldud Wusmlsieda (Charolais) 1u
ar :ﬂ Y o ¢€a . o €a A . . AN va
wan wisoldmonuifuluunaa (Simmental) ussWugAudu (Limusin) Ingnuanilad
mntﬁaﬂiﬂquﬂa§1u’ﬁda 50-62.5%
X & ' v
maauslavasgnninly uusdn 2 s=oz ledun
1) szuzgnle (Cow-Calf / Backgrounding) gnladaanauned a1y 1 dUaw wia
s . s :’ A o A’ 3 = v )
naIAn LS Uniuninausn wosddasunziianghamdulaiusigisanm 2 3
w3n Jiminyszunm 300 Alansy azidhgmsgule
. ; ¥ ~ 5] Uk
2) srpzhyu (Fattening) ludusaunmsyule szhlaswni@oouuusnguls Ju
[ 1Y 9 Aa ¥y a A
187 12 g (Intensive system) auldlaguniautidaandiminiais 550 ~
al a ] a v (3 a A’
600 Alaniy T@]uszmnmsqﬂﬂumﬂnmmsmmgmwnsmq A9k
X v v A v v
20z 1-5 @auusn WReedauamTundlusausasay 13-14 laeldfiu 6
filansudanadadn wsziasuanmimmuimanauazngae
Jepz 6-12 Lﬁauqmmu Weeaamstundlusausons: 13-14 laglvfu 4-
5 Alansudedidodi uadaSumNiians 1 Alansudadadeit  SIUNIRSUEIMITRENL
IwnvuasnaEe
v A v . 1 ar
gavermuiilséiusooas  13-14  (crude protein:  CP)  uar  fndIw
(metabolizable energy : ME) 12 MJ/kg Usznauaas duditlenad 41% waathsulw 30.8%
$11717 12.3% nnoanAsd 12.3% WaIw 3.1% 838 0.5% (Ogino et al, 2016) vs?a'lfgt%‘u
NAUUNUNINDUNRDI
g I3 ° 2 . P
sruumadsslaguvasannaalyInuenduiunmafosuny Intensive system fivzuz
dv G.: =) ~ e A’A e 1 & ; € a Ada ] a
MIRLININYA 36 LGDU mswUum'lmmmmauﬂﬂwsuﬂwaenwswa@Tﬂu’naﬂ iy 10.6
kCO,eq dathminii®ia 1 Alansu awssues Ogino et al. (2016) (A13737} 3)
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> Y &
A1TIN 3 LBYRTTVUMIR UdIﬂ?{%’U aﬂ'nu

MNuazidun
s:uumﬂ‘z{uﬂﬂqu Intensive system
Fuuladenrsu 121+ 8.1 09
STHTIMMTIALRAY 36.3 fau
1 CF 1aanswaaladifia 10.6 kCO,eq/1 kg of LW

fintia: CF = Carbon footprint, LW = Live weight 'ﬂ’a;‘Jlainn Qgino et al. (2016)

2.2 9B nazuastaEn (Slaughtering and Ageing)
v ° o A & Aa P
%’m'naga'luﬁ 2555-2558 FWATHY IWUENIAT 2.8NauAT Sudslaiaitialasialy
ar ' =) :’ ar A L7 ] A n ar 1 (=3 a
8,055 + 767 e1ded lauivminladlathsihlaunaiy 5613 + 13.8 Alansudada wains

o v:‘ ar ) A &) s ) ar A
funazldiminangulasiady 311.0 = 10.1 Alaniusada (55.4%) (a13191 4)

AN 4 Nﬂﬂ’ﬁ"ﬁ’]Llﬂﬂtllﬂ:ﬁ’ﬂlldd‘ﬂ’mtﬂﬁadiW\ﬂ?nf"i IW“U’Nﬁ’]

wiag  @ads sD  3awaz
d1uaula Lived beef cattles Cp! 8055 767 -
dminlad#ia Live weight nn. 561.3 13.8 100
nMITInaL ﬁwfinmna"u Hot carcass nn. 311.0 10.1
Slaughtering %2 Head nn. 20.0 0.8 3.6
(1 Hoof nn. 10.6 0.4 1.9
wilIge  Skin nn. 41.8 1.7 7.4
w3aslu Offal nn. 18.6 0.5 33
@+ @ Liver and Bile n. 5.1 02 0.9
89nlae Onglet nn. 0.7 0.1 0.1
N Trimming Meat nn. 3.0 0.2 0.5
P Tail nn. 1.8 0.2 0.3
luaiugu Hot Fat nn. 33.7 4.6 6.0
§ufio (Lﬁaﬂ+§ﬂ+5uq) nn. 114.5 6.6 20.4
Scrap (Blood, Feces and Others)
#unpsniigy Loss nn. 9.7 1.6 1.7
MIAAURY viaminanidu Cold carcass nn. 302.0 9.7
Cutting il Meat . 195.7 6.1 34.9
\miiia Scrapes nn. 134 1.3 24
nIzan Bone nn. 440 13 7.8
1wl Fat nn. 38.8 2.6 6.9
(8% Tendon an. 1.6 0.1 0.3
FIUMBIENIIAAUAY Loss nn. 8.1 1.2 14

fuaduvastayail w.e. 2555-2558
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Av : gt v 1 a ar A o : - -

Fugmuuaraipaz laud %2 19 miliae w3aslu duuanihd esduad ewen waa

@ v 'Y 4 , e a o , e v v
uazluaiugu ahminadoiiy 1353 + 86 Alaniudasa (24.1%) aznelinadnge

* v P A 9 a a v A ' 3 a & a P ] &

huluriasiiiomlndaduddude wu omwidad wisla niewee niadnems

ddan yanndlduazianing dezinm 1145 + 86 fAlansudada (20.4%) az
o % h o, o v ¥ 4 ' M vo
i llfidwlsdmibudsenghaeluswnsolsesuniuivszann 300 15 ldlévinns
a ¢ & A A€aV io N . ae X
Aaneisddlsznavrasssdundd Selahanduiman oF lumsisuaseit

< ° o & & Ada v T A e e 3

aunInig Inueadn 2.anauns sudslailefifiadrlseeilasiady 140 dadeduenwt
° f v I3 ar - ar v I b ar
msulwiaaduuin 7-14 T Tanads 10 3% lanifuiiwinanss 1-3% wiananda

¥ a o P a o A
ininoniiulasiade 302.0 + 9.7 Alansu (@1T9N 5 Uz 6)

AN 5 ﬁﬂﬂﬂﬂ’ﬁ'ﬁ’lllﬂﬂ:llﬁ:lj&l‘]f’m'ﬂﬂx‘lﬁ“ﬂﬂﬁ"l Twuensein AFNAUAT

-~
gazidyn
Fruulaidiadnein 140 sadadlanw
FmIusaUNI e 2 Judasdeny

nniusImMsuasiugns
AILALIRTY 11.00 — 15.00 u.

L{mﬁnmnzju 311 + 10 filansudaaa
(55.4 % vasiminladidia)
JEYZIRIMTUNTIN 7-14 5% lapads 10 4
gunpimaiumn 0-4 DI UTNTUR
FmundaTaunNITUY 70 Mni@y (140 Gn)

annInlglnugnadn 2.anauns Aveadusmon 9 wae uwindu awe 210 finuas
(12 X 5 X 35 1a3) $mn 7 voslslumstiven us: vwe 15 fdnwes (25 X 3 X 2
wa3) S 2 vadlflumaivfusanlaficaudilasannsolalnusned v.anauns waaudu
lfasianuiusiia Chiorodifluoromethane (HCFC-22 w3a R-22) $1uau 30 Alansudad
lunsisbilasfngagmnsldoumahamumiy R-22 wwizdasiuawialng 7 wae fia
\u 26.8 Alansudad) w3e Aenilu 0.000017 Alansudamsndaiie 1 Alansu

Tumalsudiudr CF asdwinistusenmsndass R22 lauddl EF = 75.786
kgCO,eqrkg (ﬂm:mmm'smﬂﬁﬂﬁmm{uauvgﬂw%yuﬁmamﬁﬂﬁm‘ﬁ, 2554)  Uarm3
Uaaldauss R-22 gji'fuu*mnmﬂ lasfidn GWP = 1,810 kgCO,eq/kg (IPCC, 2007) lddn
cF wosnslfmaienuiu R22 luduaanmminila dl 0.0321 kgCO,eqikg meat

A
(#1791 6)
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- v - ° [ < o
M199N 6 'uagan'ﬁ'lmmsmmwwu R-22 9838%NIHY IW%UWOH’] .JN[UAT

Nyazidon afley Wiy
PR aILn

210 m’ (12 X 5 X 3.5 m’) — tuan 7 room
88m (25X3X2m)- fiufudm 2 room
USunasiasidusy 1,646 m’
USuasssynanuidu R-22 53 30 kglyear
YSuasashanuiiu R-22 lawizmstumn 26.8 , kglyear
ﬂ?mmmmjw?itﬁ'\ﬂu 2,505.10 tonfyear

a"mhwmnajmimifa 1nn. 1.59
YSunasmsisasvhanuiiu R-22 0.000017 kafkg meat
fin EF msufaasinanuiiu R-22 75.786 kgCO,eq/kg
fin GWP 2a3msvinianuiu R-22 1,810.00 kgCO,eq/kg
i1 CF m13vhanuidu R-22 (MSHEAEIT9IN15W) 0.0013 kgCO,eq/kg meat
fi1 CF ssvhauidu R-22 (msﬂaaﬂdauzj‘fumsmmﬂ) 0.0308 kgCO,eq/ kg meat
#i1 CF sysvhanuifiu R-22 (meturnla) 0.0321 kgCO,eq/ kg meat

Tunstunazussdysin i’aqﬁvmﬂﬁaafhu'lvmjLﬂm{faﬁwﬁutﬁauﬁ'lis:mwmi

Funazlapyaindrdhy fuSunmnislfowady 11661 Alansusell wisdeilu 0.0705
niuaaiile 1 Alansy dnsldmednnansfiansitomssofulssanlomads 143 Alansudadl
wiodauln 0.0865 niudaiita 1 Alansy &ﬁﬂuaztﬁumaﬁa‘qua:m'smﬁﬁvmﬂﬁaa uaad iy
Tuarsmarwand n7

wonaMiluduaauNITIURe=IRZ NN fiusumnslgiwiisnns g
Qﬁmﬂ'[ﬂmaﬁu 355,313.39 Alatadtaluedal wiadadu 2149 Jaatalwdaiiia 1
Alansu ussUSinamnsldiiiedn 8.396.33 anneniuassel wisAadu 5.1 fasdolila 1
Alanu

agelsfinuiidsnnnsdeiulnshdeiidealaduwnliin 1 % a:lfsauwsg
wihidssdainmoluansaliss  lildvhmstinnsfesdusznavvesmsdundd  $olisian
fuandn CF lums3sunioi

23 msﬁ’mt@iouazuﬁq (Cutting and Packaging)
ANNTY WL WA 2.8NAUAT zIaFIT NIRRT MDY a.lhqumﬁ U
} s ~ o A Vv Q. ) A ) L4
80 andaaUayt datdudvusiniduimdnaauddads 3,840 mnaall T@u’l'mnmmn 10
v v < v o o A a o 4 e A o « , & v &
fdavoudu lamiminoinifulads 302.0 + 9.6 Alansudeda avhnisaaudaiassldiite
b e A a a . e A &
Tﬂqmmwﬁmvmmaau 195.7 + 6.2 flansudada (64.8%) Nindaiduamite nIQN uaz
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w I % i A @ A ' i o a_ e A '
Tvais shwiniafy 97.8 + 4.0 Alansudens (32.4%) TarudalNaynuianmeian uasdaw

o

gy Aadu 8.1 + 1.2 filansudada (2.7%) (

o
AITHNN 4 URE 7)

A5 7 Namsm”ﬂusia‘n'mLﬁumaqgmfn'ﬁﬁmwiﬂﬂqu annyoly Iwuged arnines SR girt

a%esn (@n) ¥ % YaIrniin
dwinaSon (8n) (nn) 151.0 £ 4.8 302.0 + 9.6 100.0
dminifiadauds (n) 97.9 +3.1 195.7 + 6.2 © 648
il nszgn lal (nn) 489120 97.8 + 4.0 324
gwe (nn) 4.0 0.6 81£12 2.7

anIoly lwuenaf a2 ianey Ivaatdusuan 6 ®a9 wuadu 1ua 88 driiniuas

(4 X 10 X 2.2 wa3) Fwm 4 %89 Ilumsisoinsadauds uaz 1w 44 frnwas (4 X 5

X 22 wa7) 1w 2 Kaldlunafiunszanuaziududu g deaduldmahanuiusia

- ° al et 4 a ; a ar
Chlorodifluoromethane (HCFC-22 w38 R-22) $1waw 8 filansudad lumsisnilasfadasin

maldnusshanuin R-22 wwsiaaiuwamalvg 4 waa Aaidu 6 Alansusal nie fa

) I LY 3
1w 0.00759 niudamInAaiita 1 Alanin (@15797 8)

] Y Y o 3 ¢ s o P
A1379N 8 maﬂan"i"ﬂfms'{nﬂqqulﬂu R-22 mﬂﬂﬁ“nsm'ﬂtwuﬂ’]dﬂ’] 1IN iJ.]Jquti’m

ale

Muaziden BT
PNARBILT
88 m’ (2.5 X 3 X 2 m’) — \fUTInTafALe 4 room
44m’ (25X3X2m) - fiudusmsary 2 room
USinasvaadusiu 440 m
Ruasmsienuiu R-22 8 kglyear
Pnasssviaaiiu R-22 awizmistiuiile 6 kglyear
Yinasannifufidrny 1,304.64 tonfyear
Fadmannidudetite 1 nn. 1.54
YSuasmsigmsrianuiu R-22 7.59E-6 kg/kg meat
i1 EF nswiesmisinanuiiu R-22 75.786 kgCO,eq/kg
fin GWP 2291 9Ynanuiiu R-22 1,810.00 kgCO,eq/kg
7 CF 1971autin R-22 (MINARETN1IM) 0.0006 kgCO,eq/kg meat
fin CF asyinaMuin R-22 (msﬂaﬂﬂéamj'fumsmmﬂ) 0.0137 kgCO,eq/kg meat
i1 CF sshaMuiu R-22 (mw'fmwi\uffafn) 0.0143 kgCO,eq/kg meat

lumsiszdfiudn CF asfmimmaTuaaunisnaaas R-22 laufidn EF = 75.786

kgCO.eqg/kg

oenTsumanaliadiumivounaniurivesnlanimal,  2554)

LRENY
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Uaaddasany R-22 gouusssnia lanilen GWP = 1,810 kgCOseqlkg (IPCC, 2007) 'leiin
CF asmsldmsranudu R-22 lumsdaudsitala iy 0.0143 kgCO,eq/kg meat

o = a ﬂ o ' ar ¢ & € o o
A1319% 9 YTWwwaR@NT 'ﬂuﬂ’]iﬂﬂLlﬂJllﬂ:U?T‘gﬂm‘HluaIﬂ'ﬂadﬂ“ﬂﬁ'm'ﬂ IW'MJ'NFI'] F1771INaN

UIanm nlanindall nsudaiile 1 an.

\alauads 585,763.66

slawanadnild
Low Density Polyethylene LDPE 5,732.36 7.628
Linear Low Density Polyethylene LLDPE 1,281.93 1.706
High Density Polyethylene HDPE 3,681.00 4.765
Expand Polystyrene EPS 234.06 0.311
General Purposed Polystyrene GPPS 680.17 0.905
Polypropylene PR 8.23 0.011
Polyvinyl Chloride PVC 152.36 0.203

GPPS 1.161 _, PP 0.014 PVC 0.260

EPS 0.400

o a a_ d9 o o & a ar & o ' ° 1 €
NINN 2 l.li&l']mWﬁ'laﬂﬂYll'ﬁ (nIusalua 1 ﬂIaﬂTN) 11 Quumsmumua:mumuTﬂqu VBIRWNITUY va.

#1967 §12119IN8Y i].ﬂ‘q&lﬁ']ﬁ

na”omw?'ﬂu.viqmnTﬂa:'loTLf:aTﬂqmmw'l.uﬂ?mmhumﬁu 585,763.66 flaniusiail
ﬁmﬂ'iwmaﬁn‘lunwmssqﬁm‘ﬁtﬂ'amﬁ‘immu letun wmaﬁnéms"vusiqtﬁa‘[ﬂ 7%a Low
Density Polyethylene (LDPE) unnfiga Insiady 5,732.36 Alansusiadl (7.628 niudaiila 1
Alaniw) vesnsunlaun qaﬁwni’uﬁ"z'nﬁﬂ High Density Polyethylene (HDPE) lasiadt
3,581.00 filansudail (4.765 niuseiile 1 Alanin) uazAigufiawiia Linear Low Density
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- A ) Qs 1] Qs 1 d’l P ar

Polyethylene (LLDPE) lamadey 1,281.93 flansudafl (1.706 niwdeifle 1 Alans)

s 9 o A Py - o 7y A
UiAL (@TRA 9 uRs awi 2) MiimeaziBsevasizguazaiadugies uaaslilu
ANTNIANUINT N8

'lum”umaumséi’wLwioua:msgﬁ‘mfﬁﬁﬂ%mmmﬂﬂwWWmnmi"lwwmuqﬁmﬂTﬂu

d y o) a o< ] a a o ' J al v
Wiy 161,716.41 dlataasilusdel] wiafadu 276.1 Jadsalasdaiile 1 Alansy uas
o V:l A 1} o ~ 1] IX s ar
USinmmslhiiaiy 1,922.25 g}nmﬂﬁm@waﬂ nIofaudu 328 FasdoBa 1 Alansuy
(MINMANWINGD N8) azha"l.sﬁmuﬁmﬁumnmsé’wqﬂmniua:w“uﬁam”ﬂuﬂ'm:'s:muaogf

v
] e Aa

NDUINVBINALIR

2.4 MSUUE9 (Transportation)
& a A’ o o 0 ' 1] @ + . 4
'lumumaumma@maTmyu‘[wumamummumag 2 @ deun msrnasanwisyly
galsssinvasannsaly Twuenidn 2. 8nauas Tﬂumomm:u:vﬁmnusmn 6 88 n30 10 8D
Lta:n'lsmudamnTWmVlUzﬁguﬁﬂ”ﬂu@iuua:ﬁmﬂm a2mes Lnumni Tﬂmnuss‘qn 10

- A
88 Waaliu (@139 10)

@1919% 10 EﬂlLUUﬂﬁiﬂuﬁJTﬂﬂﬂd annIntylnusaein VANIUAT

JUnuyMTINE NYazdun
myruasnwseludilsesin
IONTIUZ 4 88 1A 1.5 G s ( 1-2 AGBAK TN <1-20 N4,
SOUTINN 6 68 YA 8.5 Gl ¥ dudie 4-10 MdaAt STz 8-200 N
SOUSINN 10 88 YUIA 16 AU dhaiudiis 4-10 979 AY TTUIN1 8-200 Ny,

msaudganlwainldiguddaudiuszdming

snmmnn“aui'm 10 89 TUI0 16 AU WIANUALTR 40-44 dndanss szUIMI 620 Ny.

2.4.1 msnaslafizinanwrsuasndnligelsesunas

tnwasnsmndnannialyashlagudslnshinasgmasmnsolslasmesanszus 4
88 I0UIINN 6 82 nI810 dd

mnmsa"'mmmuaaumuu.umfm Tuilw.e. 2556-2557 wudn SwminuasnInasy
LULRBUONAITING 300 T8 SIMIRNBAITISARELLUURU G TINgln 237 T
gudalasmin 546 a2 Swnulalumirussdainsans it 225 ddeTy sz
swirhsusndnldsannsalyInuend thuluuney o Iwugndn 2.anauns suwdtieny

Google map waad L luaTwmaruIng n2
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- — e a A \
insasnsinsruiladidia 3 iy (@591 11) ldun

1) mysudalagInnicus 4 8o

mwmnsﬁﬁww'ﬁfmgﬂm:u:mo <1-30 Alawas sxvudslaundilyeahlansonszus 4
§a 2wa 1.5 au IHhaudirs TﬂuﬁnwsusmﬂTﬂ 1-2 67 MNUVVRBUMUNBAINTAYRE LA
lausanszuz 9w 64 A% (Mwd 3) wuh ﬁaﬁmunwmmniﬂimmﬁu WAy 155 +
0.50 easiasi szuzmalumyrudlaniads Ay 17.92 + 1252 Alawas @1 CF U0Im3
wuadladiFianvrsuligslssihmasannsollassonszur 4 &8 iy 0.0308 kgCOLeq/kg

meat (ATNNIANWING N4)

2) myvudslagsnusmn 6 8

mwmmﬁﬁwﬁ‘uag'luszu:mo 8200 Alawas  azpudlaundilseehlaysn
IOUTINN 6 A0 WA 85 Al IS isudisa lagdmausannla 4-10 7 AnuuURBLNY
Lﬂﬂﬂiﬂiﬁ‘ﬂuﬁﬂﬂIﬂU?ﬂUﬁY‘m 6 &8 $IWI 67 A (NINT 4) WU $waunsusmnlalay
Wiy iy 655 + 1.29 sadanu stuznslumsuualaniads Ry 60.64 + 46.64
filawas @ CF 'ummmuﬁﬂﬂﬁ‘ﬁ%mmnﬂwi‘uWﬂzﬁTsa&iwamwnmﬂﬂmnsnmmn 6 80
AL 0.0252 kgCOLeqlkg meat (AMINIMARWINT n5)

3) mTuuElansauIIMn 10 d8
PNNANITROUDIN WU ﬁmmmmmﬁﬂﬂfﬂU'l'ﬁ'snusﬁ'qn 10 &8 UMW 2 au

e &

Y ° s av <
'mu‘a’ovlum'lﬂﬂu'lumimmmm CF 'l%ﬂ'ﬁ'lilﬂﬂﬂu

U

@15197 11 Nﬂﬂ'ﬁﬁ'ﬁ’mE:h]:ﬂl&:ﬂ']ﬂﬂﬁﬂﬂﬂ%%ﬂﬂBdlﬂﬂﬂ?ﬂi‘ﬂ!ﬁﬁ‘r\ﬂ?tﬁ‘i Twumoﬁﬁ .IN]IUAT

anyaznTINds
SONTUL 4 8 JOUSMN 682 SaUIIMN 10 AD fiade + SD
daiudrs dhaudis dhaiudira
" Fruaula (@) 99 439 8 -
FIUIUTD (Al) 64 67 2 -
75'1%’)%]!577111!.&5.{1 1.55 £ 0.50 6.55 + 1.29 4.00 £ 2.83 4.11 £ 2.69
(Mdanw)
TZU:ﬂW\ILQsU 17.92 + 12.52 60.64 + 46.64 47.00 t 46.67 39.88 + 40.50
(Alawasg)

P2 | 4 s .
* INEATNINABUUULFEODINMTINMTUUEI A NN 237 T8
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-¢l~~~ - R b o asey — s & A g
maﬂszwufm'fmmmuﬁﬂmwuaomsmsnnminnszu:ua:snusmn 6 doluny
usladfiannrsusundnludiannsaly Twuedn 2.anauns wuddidn CF aasms
wusladfiannviulygilssdumazanvindy 0.0264 kgCOLeqlkg meat (MTIIAMARNWIN
A

1 n6)

2.3.2 nsvwsenniawly s quﬁﬁmudaua:ﬁwﬁw

nasTINnsLNninAaaduunu 7-14 4 mnlasiuan 140 niGunie 280 40 3z
anpua I gimiisamdsioms 3 wie leud

1) guﬁﬁﬂumLm:i‘immmﬁﬂﬂqu #1Iney Lnumil Sman 80 mindadlend

2) &nIniy n3U.nae Twuenad 9. aNauAT $1UI% 30 Tindeadanyt

3) USHN IREWNILAG N N IUIU 30 TIndad e

'luom?ﬁ’m‘fa:’imﬁ:vfmﬂ'ﬁ‘uauv‘lﬂw%mfmw'\:mmaofmnLﬁuﬁwdﬂﬂzﬁguﬁﬁﬂ
ueiaua:a’mmguffﬂﬂqu a711med Lapumil Lyiin T@usnusmnﬁua”a W@ 16 6% 3N
Issshannsalulnugnadin  sanauas 103 awnsolslwused sasines v.Unumil

IxpeM 620 Ailawwas swanlas Google map (@171911 12)

A5 12 'ﬁ'ayjamsmuﬁu‘mntﬁuuuumnaunm‘fﬂ Twugedn 2.anauns lugaaneniones a.ﬂqumﬁ

=)
Nyalayn

wulafidsaiidrein 140 aadaalonh
Imnmnlausitiaunimas Ui 80 Tndadlav (160 4n)

Fwmnnladeifin 40 Tndathn (80 9n)

szUzIR A 620 Alaluas

siasausmn SOUTMN 10 88 WA 16 AL Kaudu dhaiudirs

fi1 CF 209MIIUFITINLERUUUNAInaIn Inuowd 2.anauns Wigiimas
) a nl
2.anum#l il 0.3905 kgCO,eq/kg meat (A1TWMANKINT N6)

3. wan1sYsstinmanszny (Impact Assessment)
wanszﬂumaomwﬁﬂLi{aTﬂquTwuuwaﬁﬁannwws‘uﬁoLﬁfﬂTﬂ@T@Lwimﬁqws”auﬁ'zmhu

Giaanw:ﬁTam”awﬁruﬂmﬁuTﬂUmﬂ'ﬁg'mm"aHai’gﬁnsiﬁmaaﬂszmﬁ%u fIUNINIZNY

duduqusziiulaslsunsu SimaPro a5y 8.2 sausesmeszdsalilumanwan 2
wam:numaammﬁﬂLﬁa‘[ﬂyu‘[wumqmmwﬁuéomaﬁauﬁﬁ*m"ry (@7 13 uay

A o &
N 5) Al
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3.1 anszilanendu (Global Warming)

msﬂawﬂa’aUﬁ']fm?auns:an%oﬁﬂﬁtﬁ@]am’::‘[am”auifu’lunwwﬁﬂLf:aTﬂquTwum
fsudulaslddn cF veslafifiaanmunuues Ogino et al (2016) Iﬂunwswﬁﬂtﬁaiﬂqu 1
filan3y (functional unit) azaaltlafidia 2.87 Alansy dmdn EF vasmmingluszuulfen
ondengwdayaiginiiiavassunalng (ﬂmznsmmsmﬂﬁﬂﬁ’mms‘uauvﬂ@w§uﬁmao
NRANT, 2554) HAMTILOTIEHNLT mmﬁmﬁﬂﬂmummaﬂﬂizﬁﬂ Inugnadn Henensuau
wgywmmw LYNNU 31.2789 kgCO,eq/kg meat Tﬂm'numaumﬂauoua*vm‘[ﬂummmau
WG]wmﬂmnﬂaﬂ N 30.4220 kgCO,eqlkg meat (97.8%) flasnnmsdanddesmaiion
ﬂaumogomnTQ mwnuﬂauau,qumsuamﬁﬂwmmanuau (<1 %)

3.2 n’ligiytaﬂ‘l-afﬁ% (Ozone depletion)

nnmsdsuiiudrolisunsy SimaPro. 82 lagSiansvinassniioatosde
Trichlorofluoromethane (HCFCs) WaMTALATIEWNLAN mwﬁmi‘fﬂmwammmﬂq Twueng
i MliiAamsgmyiislelow il 1.67 mgCFC11eqikg meat Tﬂunwmaumimmuavw
Tﬂuwaﬂam'samtadﬂfﬂumnna@ LYY 1.25 mgCFC11eq/kg meat (74.9%) wananiie
wuhmasudnniidun .anauas lWdsqudaaues v.0numil naldifansgyiiolelou
AINLTUNK 0.326 mgCFC11eqkg meat (19.5%) tHaaaninsleasrnanuiiuds=inn R-
22 uasidunisuuasszozlng

3.3 @nazanwiilunsa (Acidification)

inmsdszfiudaslusunsy SimaPro 8.2 Husasfitisatasdia Hydrochloric Acid
(HCI) uaz Ammonia (NH,) Wuin mwﬁmi{a‘[ﬂqwammsrﬁq Tnnenadrildifeaniae
anuunse Ny 251.328 gSO,eq/kg meat T@uﬁ'ﬁmaun’m"ﬁrzmuazqu‘[ﬂﬁﬂvﬁﬁmm'z:
mnmﬂumﬂmnﬁqw iDL 248.300 gSO,eq/kg meat (98.8%) mizAvuaoudu glumnaa
JusnsznuiRsadniay

b
3.4 N1z LesYRMNG (Eutrophication)
anzRTieIyAaUnd TinmziainuassfitivaTosfis Nitrogen Dioxide (NO,),

Nitrates (NO,) W8z Ammonia (NH,) Wuin mwﬁmﬁa‘[aqumaammrﬁq Iwugnadn s

kifiaanzfimihianiydalnd viidl 54.035 g P eqikg meat wasynlwiinaniisies

v

WifnaSyAaUnd vinny 177.906 g N eqlkg meat Tﬂvmuﬂaumﬂamuamﬂﬂm'lmn@
ammw'ﬁmmsmmﬂnﬂmnnm (>99%)
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L a L 4 da X a L\ '3 & 3 & &~ ' g L3 o .
A1379N 13 22340\3:9mmd—_bﬂ_zmtS—Dseﬁaqzquzms_.ﬁm.msﬁ_:e@amsﬂjﬂﬁx Hiﬁcgamg ﬁaquudczgﬁmca_._.mu.h.__xﬂsaﬂmaquss_.gaFﬁmﬂs:mucqmmﬁqmtags.:)c

HanItnu Impact P ISYY mInaake nsdgona: mtowddla  nsdunaz  n1suwds nISAAWE
Taguain aula ndald  wastuzan gndwlddss  dielauar
Wrsutaiie tialsy duddauds  uTIAmN
UITINTaN Funay
Uy
L ™ h‘
ansilansaudur Global warming kg CO, eq 31.2789 30.4220 0.1026 0.1590 0.2927 0.2616
migaFolalou Ozone depletion kg CFC-11 eq 1.67E-06 1.25E-06 1.81E-08 4.87E-08 3.26E-07 2.99E-08
|
sanzanudunte™  Terrestrial acidification kg SO, eq 0.251328 0.248300 0.000467 0.000477 0.001244 o.oo_omao
anzimidandy Freshwater kg P eq 0.054035 0.053795 0.000017 0.000085 0.000022 0.000117
NayUnd* eutrophication _
gnnzAThAuedy  Marine eutrophication kg N eq 0.177906 0.177722 0.000024 0.000028 0.000070 0.000063
Haund+ |
magodotiae Water depletion m 0.782369 0.768619 0.000413 0.006428 0.000804 . 0.006104
magyFureadas Fossil depletion kg oil eq 3.271080 3.009211 0.035691 0.043928 0.086737 0.095514

“Aiazilaglddn Emission factor 370 Thailand Database (TGO) 3325:& no

Siaserilaslusunsy SimaPro 8.2
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B zgqe:maa.d:rme,‘_cm\am:m LGS

& NITIURRZLRZLNTN

B mavudslaanwsulugslsetunas

kg
W naRsIuazyula

L a peco ol ol a & ° '
NMNn 5 2zjmus.__._swmo_.592wts59&«55:3szms—£mﬂm.&e§wam$349ﬂx .T‘«Eqas\_ (Cradle to Gate) uraIAduspaz
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3.5 msggtysﬁmi’ﬁ (Water depletion)

'lumwﬁmffahwmammmfa Twusadt dnsldiuasinlwiAadaie s1uam
0.782369 anLNATILUAT (m')kg meat W38 782.369 ammamswamua‘[mu 1 filanu lay
muﬂaumsmmLta:mﬂﬂm’lvsmﬂmsammummnmﬂ (98.2%)

3.6 miamtam\laa%a (Fossil depletion)

m3ldaiulunstunisusenaiessuduas zoUnvallunisy FusfInTINd
mm'uaanumﬂ‘mwn@uwwammnmuuﬂu i wanaén (Dudu & mumm’uamumsammu
Woada 'lumswamua“[ammam%mm% Twugnad wusn na'lmnmmsammuw aadalaysay
AU 3.2711 kg oil eglkg meat IﬂUﬂ’ﬁlﬂUdLlaJUuIﬂuNﬂﬂ%?’mw'mﬂﬁﬂ (92.9%) VAL
m@auauqumummmaa'lumsamLauwamaﬂswmm 1-3%

4 nsifudinkanseny (Allocation)

nm’wmmamua‘[ﬂw 1 flansy dafiananwsenldussnania 1Tu wilsxe nIzan
in3aalu uavmuauf) mmmmm"lﬂ'znumatwauﬂﬂmwaﬂnm‘nauqmavlﬂ Savhmstudm
mmsuauvﬂmwmn"’lﬂlnwawaau"lﬂmnn'ﬁwﬂmuaTﬂmn TNuazdsamM I UInLEasln
AITNAANYKING N1

arhmsudulasdaaatanin (Mass allocation) Wu7 'lums'muuavTﬂmu 162
a*"lﬂwﬂNaﬂtﬂutuaTﬂmuﬂ@LLm 195.7 flansu (41%) uasihananaasle 282.3 nTansu
(59%) muumwwvmaTﬂ‘uu 1 filaniy a,ummauwﬂwmﬂ LYY 12,8087 kgCO,eqkg
meat -nm:nNawaau"lﬂmnmwaﬂmaTﬂmuﬂummaommauwﬂwmn Wiy 18.4702
kgCO,eq/kg meat

Lﬁav‘hmsﬂﬁﬁdﬂﬂUﬁomugammomm‘qﬁa (Economic allocation) Wyt wuidn lu
myiunazlagu 1 oi'm:"lﬂ”naNﬁmﬂmi{aTﬂquﬁmudagam 79,272.00 UM (85%) UaztAiaNa
waet'ldyas 14,366.85 1N (59%) Aok tawnztﬁatﬂqu 1 filansuy a:ﬁmfuauvgmw%uvf
WAL 26.4807 kgCO,eqlkg meat d’:uwawaau'lﬁﬂ‘hémmms‘uauvjﬂw%‘vuﬂﬂ 4.7982
kgCO,eq/kg meat

INHINTNATIENTI0 msﬂumummauwwmmaomswamua‘[ﬂwmuuam
wsngisianumunzannnninnindulassaiminusinansa
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A15100 14 msﬂudmmms‘uauv!ﬂw?uﬁmuﬁmﬁnLLa:y,‘aﬂ“wﬁ&tﬁaThquuaiﬁﬁwﬁéu"lﬂ"'nadzmnmf*a

Twuenidn
vwin  shwin @ CF Tudam yae1  aaf1 @1 CF tudu
(nn) (%) Aadamin () (%) R EREToR!
(kgCO,eqf (kgCO.eq/
kg meat) kg meat)
HATIW 478.0 100 31.2789 93,638.85 100 31.2789
LdﬂIﬂqu 195.’7 41 12.8087 79,272.00 85 26.4807
nawaay e 282.3 59 18.4702 14,366.85 15 4.7982
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- e 4
-#3duazinnsatua

mswﬁﬂLi{aiﬂyuqmmw:gﬂmmﬁﬁui‘fl'ﬁns:mumiwﬁﬂLfaiﬂ’gwammirﬁms
Boeda’ nlnen Tnugneen WudunuulunmiivtayauszTions lasvhmsdsufiuua
ns:wudaﬁlaLL’JﬂﬁaumaonsxmummﬁmLifa‘[ﬂquw%m‘immim damin 1 Alansy wams
‘3mﬁ:ﬁmmfuauﬂmw%‘vuﬁwuﬁ mswﬁmﬁdﬂqwaowmrﬁ% Inugnadn  denasuan
WQW‘%Vuﬁﬂu Wiy 31.2789 kécozeq/kg meat iilatugudnsaatdasmaniounszan
'lv.unwawaauvl@mnmswmmalﬂiﬂuaomuuammommﬁnfa m'lnmmmauﬂmwmmao
mmﬂmuiﬂﬂw 1 Alan3u aaRIMED 26.4807 kgCOLeq/kg meat

mauhu:umuummmauwmwmmaans:mumwamLuaTﬂwTwumaﬁeru
nazuuMIHAGalaTasHNATe g (aNT197 15) W mm'suauﬂmwmmaammam
L%ﬂIﬂYI’JIﬂﬂ%”BU?’W)’N 22 — 40 kgCOzeqlkg meat (Casey & Holden, 2006; Cederberg et
al., 2009a&b; Johnson et al, 2003; Koneswaran and Nierenberg, 2008; Ogino et al., 2007;
Roy et al., 2012; Subak, 1999; Verge et al., 2008; Williams et al., 2006) 3z1AR a3 MIHEA
Li{aTﬂqumaoﬁ%mtﬁﬂwumaﬁﬂﬁmsﬂamﬂdauﬁwﬁ'aummnagluﬁdedwnawcmaudw
mfuauawiwiialan  agelsfanumsdsaduiginsdievasmsndaiolalumpuien
'uaaﬂszmﬂm{@am?nnfu@i'miwauﬂszmﬂSu (22 kgCO.eq/kg meat) tiayan laildsruien
nsuadihanlunsdsadn Jovilimnfldtanniinszuuniiavessinadug
(Johnson et al. 2003; Subak 1999) ¥ m“ﬂnnswaﬂtuaTﬂTnLumaamﬂu wudn dmivan
wﬂwsuwmm 36.4 kgCO,eqlkg meat maomnanvwmma@]LuaTnmﬂaﬂaamﬂumm
"l'uumm'snm mumwﬂﬂmumﬂﬂLuaTﬂum'hJ unztlinsyudsn M IFa TN TG
idndalsanadafszasnendsnafie 18,000 Alaiwas aoawa'lnumsﬂa@ﬂaaumtn
ﬁauns:an'luﬂsmmwgo (Ogino et al. 2007) Utz? Roy et al. (2012) Twaunitusadtas
ﬁw*m‘%auns:im'lummﬁﬂﬂLf':avi"'avlﬂ'luﬂs:mmﬁxlu ﬁd'mﬁ‘uauvjﬂw?vuvfwhﬁ'u 35.6
kgCOzea/kg meat w%i"ftﬁaomnLﬂumsﬂs%ﬁui'gﬁ’m'?ﬁmaatﬁaTaﬁsauns SIUMIHAGNN
TuaauatuemIsanmiy Tieeh msuduasnzeineg mIdauds MIVITY N3
v3lnauaznssaniivaaiy mumom'lvmnmmauvdﬂwsunmL’nunu

wanandl lumsndaiiialavadssinaunds Wy ImsaaddasimIaunszaniu
ﬂ‘%uwmﬁmnﬁ'qﬂ \WiNnu 41 kgCO,eq/kg meat (Cederberg et al., 2009b) faiipaunanns
Lﬁvuﬂﬂu{a'luﬂsxlnﬂum%aﬁﬁnﬁﬂamﬂa'aUﬁm?aunszangommﬁu@iﬁu (28 kgCO,eqlkg
LW) Lﬁammﬂsztﬁui’mﬁumms‘uamzlﬂw?uuv‘fmnmwumL'f‘za“[ﬂﬂ”mwiavlﬂuﬁzﬂiﬂ arinlw
ﬁmmsﬂaﬂﬂdauﬁwﬁaum:ang\amn sosfimndsslaluiuvesmngnamnsols Tnu
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o A X , R
b ddnfuaunaniuriiine 106 kgCOeqtkg LW (Ogino et al. 2016) 1iiatfsidn
TINNUNTLUIUNTTIURRE AaLle U379 UREIUF ﬁavlm”mvlajgamnﬁn

i e & . A X e .
1390 15 mmsuauﬂﬂwwmaamswmmdﬂqu 1 flansupasszinasneg

Country Carbon footprint Beef production system Reference

(kgCO,eq/kg meat)

TRhailand 26.5 Pon Yang Kham beef This report

Japan 36.4 Kobe beef Ogino et al. (2007)
Japan 356 average beef Roy et al. (2012)
USA 22.0 Organic beef Johnson et al. (2003):

' Subak (1999)

Sweden 22.3 Organic beef Koneswaran and

Nierenberg (2008)

Sweden 28 Swedish average beef Cederberg et al (2009a)
Ireland 28-32 dairy-based beef Casey & Holden (2006)
UK 25 dairy-based beef Williams et al., (2006),
Canada 30 average beef Verge et al., (2008)
Brazil 41 average beef Cederberg et al. (2009b)

Lfiaﬂmﬁuwam:ﬂmiaf‘i’omﬂﬁauluﬁmﬁuq maommﬁﬂLﬁalﬂwmaaaﬂmtﬁﬂwu
g i amazenuidune amd:w'nmmmmﬂnﬂ miammum ua‘*miamtau
Woada wuin mumun’mamurmhuwan7~numamu’maaumnnaﬂ (>90%) Lilafipuniy
MITWNAZ MY MIFAUGI NTUTIY UASMITIUE

lunmsdsadiuntaasszaslalow  wirds msmmuavm'[ﬂmmuamwans:numn
mm (75%) uﬂLﬂv.'nmau'lmﬁmwum‘mnwumumnaommwnkomme‘lﬂuoﬂuumum
nuamwansmu'luaﬂmmmwaaumi (19.5%) munuaammnmwummnwuums'l'nms
Marudulszian HCFC-22 muwam:nus\amumaauﬂaumogo fio 1,810 hwaafe
aivenlasenlad  (Pcc, 2103) wanandisadumimugeluszozmelnaiissinlse
funazaglu 1. anauns mm:ﬁg’m:fﬂ”mimgoaq‘luﬁuﬁ 9. Ununil mlwinmsldihsuuas
TN UARDATELLMTUUR uanmni{ﬁ'\awm’nnszmumwummmﬁu@”msnms'qn
weuduusznizuindaudanszumdidsulumambiveadavsslanaaasdas  Taums
susiszozlnadimsliidudios mm:ﬁmm"@ueiaua:ussqﬁmﬂfmmwmaﬁn Aauiia uas
neiaaTWuz%"m%“ummﬁqﬁm‘n“luﬂ?mmﬁdauﬁngo'lmwia:ﬂ %ﬁaqmdwﬁ%uwﬁammn
agdudszinandlaned
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(tKm) * Uy
snysInieadu 10 §o ﬁﬁuﬁnusmngmﬂ 16 9 30Un@ 100% Loading 0.4090 Ecolmvent 3 30112015
Transport, freight, lorry with refrigeration machine, 7.5-16 ton, EURO3, R134a r
IONTUZLTIN 4 S8 YWIAED ﬁmxl’nmmngaegﬂ 7 o 591In4 0% Loading 0.3111 Thai LCI data 24-Sep-12
IJOANIEUEYIINN 4 §8 TUIALEN ﬁ'mﬁ‘nusmngoqﬂ 7 o S0nd 50% Loading 0.2681 Thai LCI data 24-Sep-12
-:/nns:u:mrqn 4 89 VUIALAN ﬁwninussv;ngaqw 7 & Saune 75% Loading 0.1829 Thai LCI data 24-Sep-12
IANTURUITN 4 80 PUWIALAN 1{'1ml‘nmmni‘nqw 7 o S0Und 100% Loading 0.1402 Thai LCI data 24-Sep-12
TANTUTIMN 6 8 YUIALEN ﬁ'minmmngoqﬂ 8.5 #u 391né 0% Loading 0.4246 Thai LCI data 24-Sep-12
IANIEULUTINN 6 88 TwIaan ﬁ'mﬁ‘nmmngqqn 8.5 o "Sloﬂnﬁ 50% Loading 0.1240 Thai LC! data 24-Sep-12
IONITUTUIMN 6 8 YuaLin ﬁwﬁ'nmsv‘mgoqw\ 8.5 ou S9Und 75% Loading 0.0870 Thai LCI data 24-Sep-12
TONIYTUTINN 6 85 vualan m{wﬁ'nussqngaqﬂ 85 @ "S'qﬂnﬁ 100% Loading 0.0674 Thai LCI data 24-Sep-12
JanIzuzuTIMn 10 8 PUWIAN »'I’mﬁ'nmqumgeqa 16 o AaUnd 0% Loading 0.5863 Thai LCI data 24-Sep-12
IANIEUEUTINN 10 &0 Yueuan 5ﬁnﬁ'nussnngeqa 16 A "faﬂnﬁ 50% Loading 0.0966 Thai LCI data 24-Sep-12
IONTEUZUTIMN 10 §6 vWeidn Jmﬁ‘nmmm‘uqa 16 &% 39Und 75% Loading ) 0.0687 Thai LCl data 24-Sep-12
JANIULUTIN 10 §8 YuIEn ﬁwﬂ'nms'qngoqvn 16 o 39Und 100% Loading 0.0530 Thai LCI data 24-Sep-12
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A139M1ANWINT nd i Emission Factor (EF) Uz Carbon Footprint (CF) 1aamsuuaslalausnnizuz 4 s awiausmn 7 au anviduludsannsaly Tnumedd

Puluuven a.lwus s 2.8nauas

Farm to Slaughter house

Return to Farm

Transport weight Transport TOTAL CF of transport
No. Distance Cows/oar Transport imﬁ? % EF transport Transport qty CF transport (total] tkg distance CF of return (kg COLeq/kg meat)
{km) (total) (kg LWitrip) load (kg CO,eq/tkm) (tkm/FU) (kg CO,eq/FU) LWitrip) (knFU) (kg CO,eqlFU)
1 0.5 2 1200 | 17.14 0.3002 0.0014 0.0004 418 0.0012 0.0004 0.0008
2 4 1 600 | 857 0.3075 0.0115 0.0035 209 0.0191 0.0060 0.0095
3 4 1 600 | 857 0.3075 0.0115 0.0035 209 0.0191 0.0060 0.0095
4 5 2 1200 | 17.14 0.3002 0.0144 0.0043 418 0.0120 0.0037 0.0080
5 7 1 600 | 8.57 0.3075 0.0201 0.0062 209 0.0335 0.0104 0.0166
6 8 2 1200 | 17.14 0.3002 0.0230 0.0069 418 0.0191 0.0060 0.0128
7 8 1 600 | 8.57 0.3075 0.0230 0.0071 209 0.0383 0.0119 0.0190
8 8 2 1200 | 17.34 0.3002 0.0230 0.0069 418 0.0191 0.0060 0.0128
9 8 1 600 | 8.57 0.3075 0.0230 0.0071 209 0.0383 0.0119 0.0190
10 8 2 1200 | 17.14 0.3002 0.0230 0.0069 418 0.0191 0.0060 0.0128
1 8 1 600 | 8.57 o‘.mowm 0.0230 0.0071 209 0.0383 0.0118 0.0190
12 9 2 1200 § 17.14 0.3002 0.0258 0.0078 418 0.0215 0.0067 0.0144
13 10 2 1200 | 17.14 0.3002 0.0287 0.0086 418 0.0239 0.0074 0.0161
14 10.8 2 1200 | 17.14 0.3002 0.0313 0.0094 418 0.0261 0.0081 0.0175
15 10.9 2 1200 | 17.14 0.3002 0.0313 0.0094 418 0.0261 0.0081 0.0175
16 10.9 1 600 | 8.57 0.3075 0.0313 0.0096 209 0.0521 0.0162 0.0258
17 10.9 1 600 | 857 0.3075 0.0313 0.0096 209 0.0521 0.0162 0.0258
18 10.9 2 1200 | 17.14 0.3002 0.0313 0.0094 418 0.0261 0woom,_ 0.0175
19 10.9 2 1200 | 17.14 0.3002 0.0313 0.0094 418 0.0261 0.0081 0.0175
20 10.9 1 600 | 8.57 0.3075 0.0313 0.0096 209 0.0521 0.0162 0.0258
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@1TNMARKINT nd (fia) fi Emission Factor-(EF) Uz Carbon Footprint (CF) 28smyvudslalassanszus 4 o 110uImMn 7 dunvhiuludsennsaly Twugns

fin &Jﬁﬂﬁﬁsm_t S.Hiiciag ANKIUAT

Farm to Slaughter house

Return to Farm

TOTAL CF of
Transport weight Transport weight Transport
No. Distance Cows/oar (otal) % EF transport Transport gty CF transport i distance CF of return transport
(km) load* | (kg CO2eq/tkm) (tkm/FU) (kg CO2eq/FU) (kg CO2eq/FU) (kg CO2eqlkg meat)
(kg LWitrip) (kg LWitrip) (km/FU)
21 10.9 1 600 8.57 0.3075 0.0313 0.0096 209 0.0521 0.0162 0.0258
22 11.8 2 1200 | 17.14 0.3002 0.0339 0.0102 418 0.0282 0.0088 0.0189
23 11.8 2 1200 | 17.14 0.3002 0.0339 0.0102 418 0.0282 0.0088 0.0189
24 11.8 2 1200 | 17.14 0.3002 0.0339 0.0102 418 0.0282 © 0.0088 0.0189
25 11.8 2 1200 | 17.14 0.3002 0.0339 0.0102 418 0.0282 0.0088 0.0189
26 11.8 2 1200 | 17.14 0.3002 0.0339 0.0102 418 0.0282 0.0088 0.0189
27 13 1 600 8.57 0.3075 0.0373 0.0115 209 0.0622 0.0193 0.0308
28 13 2 1200 | 17.14 0.3002 0.0373 0.0112 418 0.0311 0.0097 0.0209
29 13 1 600 8.57 0.3075 0.0373 0.0115 209 0.0622 0.0193 0.0308
30 13 2 1200 | 17.14 0.3002 0.0373 0.0112 418 0.0311 0.0097 0.0209
31 13 1 600 8.57 0.3075 0.0373 0.0115 208 0.0622 0.0193 0.0308
32 13 1 600 8.57 0.3075 0.0373 0.0115 209 0.0622 0.0193 0.0308
33 13 2 1200 | 17.14 0.3002 0.0373 0.0112 418 0.0311 0.0097 0.0209
34 13 2 1200 Q.i 0.3002 0.0373 . 0.0112 418 0.0311 0.0087 0.0209
35 13.1 1 600 8.57 0.3075 0.0376 0.0116 209 0.0627 0.0195 0.0311
36 13.1 1 600 8.57 0.3075 0.0376 0.0116 209 0.0627 0.0195 0.0311
37 15,5 1 600 8.57 0.3075 0.0445 0.0137 209 0.0741 0.0231 0.0367 .
38 20 2 1200 | 17.14 0.3002 0.0574 0.0172 418 0.0478 0.0149 0.0321
39 20 2 1200 | 17.14 0.3002 0.0574 0.0172 418 0.0478 0.0149 0.0321
40 20 2 1200 | 17.14 0.3002 0.0574 0.0172 418 0.0478 0.0149 0.0321




P 1 ' L. . . v o o
A1TWNARKINT 14 (@B) FIN Emission Factor (EF) Uaz Carbon Footprint (CF) 1a9mspuslalagsanszuz 4 8o awiausmn 7 au invihduludsewnsely Twuens

M tuluuvay a.Iwug1ed v.8nauas

45

Farm to Slaughter house

Return to Farm

TOTAL CF of
No. Distance Cows/ear ﬁm:mﬂﬂ“_w\m_m:» % EF transport Transport gty °i :ﬂmmnon ._..qm:mHM“_“,\mﬁZ HH_MMMM CF of return transport
(km) load* | (kg COZ2eqitkm) (t.km/FU) (kg CO2eq/FU) (kg CO2eq/kg meat)
(kg LWitrip) CO2eq/FU) (kg LWitrip) (km/FU)

41 20 1 600 8.57 0.3075 0.0574 0.0177 209 0.0957 0.0298 0.0474
42 20 1 600 8.57 0.3075 0.0574 0.0177 209 0.0957 0.0298 0.0474
43 20 2 1200 | 17.14 0.3002 0.0574 0.0172 418 0.0478 0.0149 0.0321
44 20 2 1200 | 17.14 0.3002 0.0574 0.0172 418 0.0478 0.0149 0.0321
45 20 2 1200 | 17.14 0.3002 0.0574 0.0172 418 0.0478 0.0149 0.0321
48 20 2 1200 | 17.14 0.3002 0.0574 0.0172 418 0.0478 0.0149 0.0321
a7 20 2 1200 | 17.14 0.3002 0.0574 0.0172 418 0.0478 T 0.0148 0.0321
48 20 2 1200 | 17.14 0.3002 0.0574 0.0172 418 0.0478 0.0149 0.0321
4 21 1 600 8.57 0.3075 0.0603 0.0185 209 0.1005 0.0312 0.0498
50 21 1 600 8.57 0.3075 0.0603 0.0185 209 0.1005 0.0312 0.0498
51 224 2 1200 | 17.14 0.3002 0.0643 0.0193 418 0.0536 0.0167 0.0360
52 26.2 1 600 | 857 0.3075 0.0752 0.0231 209 0.1253 0.0390 0.0621
53 30 1 600 | 857 0.3075 0.0861 0.0265 209 0.1435 0.0446 0.0711
54 30 1 600 8.57 0.3075 0.0861 0.0265 209 0.1435  0.0446 0.0711
55 30 1 600 | 857 0.3075 0.0861 0.0265 209 0.1435 0.0446 0.0711
56 30 1 600 8.57 0.3075 0.0861 0.0265 209 0.1435 0.0446 0.0711
57 30 1 600 | 857 0.3075 0.0861 0.0265 209 0.1435 0.0446 0.0711
58 30.2 2 1200 | 17.14 0.3002 0.0867 0.0260 418 0.0722 0.0225 0.0485
59 35 2 1200 | 17.14 0.3002 0.1005 0.0302 418 0.0837 0.0260 0.0562
60 35.5 2 1200 | 17.14 0.3002 0.1019 0.0306 418 0.0849 0.0264 0.0570 '

'

]
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Farm to Slaughter house Return to Farm
Distance Transport weight % EF transport Transport gty CF transport o Transport CF of return ,_|Mu>n_u.%m_u o\* renspor
No. Cowslcar weight (total) distance g eq/kg meat)
(km) (total) (kg LWitrip) | load* | (kg CO2eqftkm) (t.km/FU) (kg CO2eq/FU) (kg CO2eq/FU)
(kg LWitrip) (km/FU)

61 36.1 1 600 | 8.57 0.3075 0.1036 0.0319 209 0.1727 0.0537 0.0856

62 40 1 600 | 8.57 0.3075 0.1148 0.0353 209 0.1913 0.0595 0.0948

63 49.9 2 1200 | 17.14 0.3002 0.1432 0.0430 418 0.1193 0.0371 0.0801

64 80 2 1200 | 17.14 0.3002 0.2296 0.0689 418 0.1913 0.0595 0.1284
Mean 17.92 1.55 928 | 13.26 0.3035 0.0514 0.0156 323 0.0619 0.0193 0.0349
Median 13.00 2.00 1200 | 17.14 0.3002 0.0373 0.0115 418 0.0478 0.0149 0.0308
sD 12.52 0.50 301 4.30 0.0037 0.0359 0.0108 106 0.0455 0.0142 0.0240

% load FITUIUIINGAT y = -1E-05x" - 0.0006x + 0.3134

fintla LW = Live weight, FU = Functional unit (1 kg of meat)

Proportion of LW : meat = 2.87:1
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Farm to Slaughter house Return to Farm
TOTAL CF of
Transport weight Transport Transport CF of return
No. Distance Cowslcar (total) (kg % EF transport ot R S ETrE weight (total) distance (kg vensport @
(km) load® | (kg COZ2eq/tkm) (tkm/FU) (kg CO2eq/FU) CO2eq/kg meat)
LWitrip) (kg LWIitrip) (km/FU) CO2eq/FU)
1 8 9 5400 | 63.53 0.0139 0.0230 0.0003 1882 0.0043 0.0018 0.0021
2 8 8 4800 | 56.47 0.0436 0.0230 0.0010 1672 0.0048 0.0020 0.0030
3 8 8 4800 | 56.47 0.0436 0.0230 0.0010 1672 0.0048 0.0020 0.0030
4 8 8 4800 | 56.47 0.0436 0.0230 0.0010 1672 0.0048 0.0020 0.0030
5 8 8 4800 | 56.47 0.0436 0.0230 0.0010 1672 0.0048 0.0020 0.0030
6 8 8 4800 | 56.47 0.0436 0.0230 0.0010 1672 0.0048 0.0020 0.0030
7 10.9 5 3000 | 35.29 0.1460 0.0313 0.0046 1045 0.0104 0.0044 0.0090
8 11.8 6 3600 | 42.35 0.1086 0.0339 0.0037 1254 0.0094 0.0040 0.0077
9 12 6 3600 | 42.35 0.1086 0.0344 0.0037 1254 0.0096 0.0041 0.0078
10 15 (] 3600 | 42.35 0.1086 0.0431 0.0047 1254 0.0120 0.0051 0.0098
11 16.5 5 3000 | 35.29 0.1460 0.0445 0.0065 1045 0.0148 0.0063 0.0128
12 18.1 7 4200 | 49.41 0.0748 0.0519 0.0039 1463 0.0124 0.0053 0.0091
13 18.1 7 4200 | 49.41 0.0748 0.0519 0.0039 1463 0.0124 0.0053 0.0091
14 20 8 4800 | 56.47 0.0436 0.0574 0.0025 1672 0.0120 0.0051 0.0076
15 20 8 4800 | 56.47 0.0436 0.0574 0.0025 1672 0.0120 0.0051 0.0076
16 21,5 6 3600 | 42.35 0.1086 0.0617 0.0067 1254 0.0171 0.0073 0.0140
17 235 7 4200 | 49.41 0.0748 0.0674 0.0050 1463 0.0161 0.0068 0.0119
18 23.5 8 4800 | 56.47 0.0438 0.0674 0.0029 1672 0.0141 0.0060 0.0089
19 23.5 8 4800 | 56.47 0.0436 0.0674 0.0029 1672 0.0141 0.0060 0.0089
20 25 6 3600 | 42.35 0.1086 0.0718 0.0078 1254 0.0199 0.0085 0.0163
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Farm to Slaughter house

Return to Farm

TOTAL CF of
Transport weight Transport Transport CF of return
No. Distance Cowsl/car (total) (kg % EF transport Joreon 3y BTIig weight (total) distance (kg ransport (g
{km) Wit load” | (kg CO2eq/tkm) {(tkm/FU) (kg CO2eq/FU) 2 Bt (eFU) —— CO2eql/kg meat)

21 26.9 6 3600 | 42.35 0.1086 0.0772 0.0084 1264 0.0214 0.0091 0.0175
22 30 6 3600 | 42.35 0.1086 0.0861 . 0.0093 1254 0.0239 0.0102 0.0195
23 30 6 3600 | 42.35 0.1086 0.0861 0.0093 1254 0.0239 0.0102 0.0195
24 35 7 4200 | 49.41 0.0748 0.1005 0.0075 1463 0.0239 0.0102 0.0177
25 37.4 6 3600 | 42.35 0.1086 0.1073 0.0117 1254 0.0298 0.0127 0.0243
26 37.4 10 6000 | 70.59 -0.0153 0.1073 -0.0016 2091 0.0178 0.0076 0.0059
27 37.4 6 3600 | 42.35 0.1086 0.1073 0.0117 1254 0.0298 0.0127 0.0243
28 37.4 6 3600 | 42.35 0.1086 0.1073 0.0117 1254 0.0298 0.0127 0.0243
29 37.4 6 3600 | 42.35 0.1086 0.1073 0.0117 1254 0.0298 0.0127 0.0243
30 37.5 4 2400 | 28.24 0.1881 0.1076 0.0202 836 0.0448 0.0190 0.0393
31 38.8 6 3600 | 42.35 0.1086 0.1114 0.0121 1254 0.0309 0.0131 0.0252
32 45 5 3000 | 35.29 0.1460 0.1292 0.0189 1045 0.0431 0.0183 0.0371
33 47.6 9 5400 | 63.53 0.0138 0.1366 0.0019 1882 0.0253 0.0107 0.0126
34 50 6 3600 | 42.35 0.1086 0.1435 0.0156 1254 0.0399 0.0169 0.0325
35 50 6 3600 | 42.35 0.1086 0.1435 0.0156 1254 0.0399 0.0769 0.0325
36 50 7 4200 | 49.41 0.0748 0.1435 0.0107 1463 0.0342 0.0145 0.0252
37 59.2 7 4200 | 49.41 0.0748 0.1699 0.0127 1463 0.0405 0.0172 0.0299
38 59.2 8 4800 | 56.47 0.0436 0.1698 0.0074 1672 0.0354 0.0150 0.0224
39 60 8 4800 | 56.47 0.0436 0.1722 0.0075 1672 0.0359 0.0152 0.0227
40 61.5 6 3600 | 42.35 0.1086 0.1765 0.0192 1254 0.0490 0.0208 0.0400
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Farm to Slaughter house

Return to Farm

TOTAL CF of
Transport weight Transport Transport CF of return
No. Distance Cowslcar (total) (kg * EF transport gt oy Se U weight (total) distance (kg ransport (kg
(km) LWitip) load* | (kg CO2eq/tkm) (t.km/FU) (kg CO2eq/FU) i, (FU) CO2e/FU) CO2eq/kg meat)
41 62.6 6 3600 | 42.35 0.1086 0.1797 0.0195 1254 0.0499 0.0212 0.0407
42 64.2 6 3600 | 42.35 0.1086 0.1843 0.0200 1254 0.0512 0.0217 0.0417
43 68.8 6 3600 | 42.35 0.1086 0.1975 0.0214 1264 0.0548 0.0233 0.0447
44 68.9 6 3600 | 42.35 0.1086 0.1977 0.0215 1254 0.0549 0.0233 0.0448
45 72 4 2400 | 28.24 0.1881 0.2066 0.0389 836 0.0861 0.0366 0.0754
46 73 5 3000 | 35.29 0.1460 0.2095 0.0306 1045 0.0698 0.0297 0.0602
47 84.5 6 3600 | 42.35 0.1086 0.2425 0.0263 1254 0.0674 0.0286 0.0549
48 85 7 4200 | 49.41 0.0748 0.2440 0.0182 1463 0.05681 0.0247 0.0429
49 91.2 <] 3600 | 42.35 0.1086 0.2617 0.0284 1254 0.0727 0.0309 0.0593
50 92.5 6 3600 | 42.35 0.1086 0.2655 0.0288 1254 0.0737 0.0313 0.0601
51 94.3 6 3600 | 42.35 0.1086 0.2706 0.0294 1254 0.0752 0.0319 0.0613
52 96.3 6 3600 | 42.35 0.1086 0.2764 0.0300 1254 0.0768 0.0326 0.0626
53 96.5 7 4200 | 49.41 0.0748 0.2770 0.0207 1463 0.0659 0:0280 0.0487
54 100 6 3600 | 42.35 0.1086 0.2870 0.0312 1254 0.0797 0.0339 0.0650
55 100 8 4800 | 56.47 0.0436 0.2870 0.0125 1672 0.0598 0.0254 0.0379
56 101 6 3600 | 42.35 0.1086 0.2899 0.0315 1254 0.0805 0.0342 0.0857
57 101 10 6000 | 70.59 -0.0153 0.2899 -0.0044 2091 0.0483 0.0205 0.0161
58 101 7 4200 | 49.41 0.0748 0.2899 0.0217 1463 0.0690 0.0293 0.0510
59 105 4 2400 | 28.24 0.1881 0.3014 0.0567 836 0.1256 o.o;mww 0.1100
60 118 6 3600 | 42.35 0.1086 0.3387 0.0368 1254 0.0941 0.0399 0.0767




50
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Farm to Slaughter house Return to Farm
TOTAL CF of
Transport weight Transport Transport CF of return
Distance % EF transport Transport gty CF transport transport (kg
No. Cowsl/car {total) weight (total) distance (kg
(km) X load* | (kg CO2eq/tkm) (t.km/FU) (kg CO2eq/FU) CO2eq/kg meat)

(kg LWI/trip) (kg LWitrip) (km/FU) CO2eq/FU)
61 129 7 4200 | 49.41 0.0748 0.3702 0.0277 1463 0.0882 0.0374 0.0651
62 133 6 3600 | 42.35 0.1086 0.3817 0.0414 1254 0.1060 0.0450 0.0865
63 139 7 4200 | 49.41 0.0748 0.3989 0.0298 1463 0.0950 0.0403 0.0702
64 152 4 2400 | 28.24 0.1881 0.4362 0.0821 836 0.1818 0.0772 0.1592
65 160 6 3600 | 42.35 0.1086 0.4592 0.0499 1254 0.1276 0.0542 0.1040
66 200 5 3000 | 35.29 0.1460 0.5740 0.0838 1045 0.1913 0.0812 0.1650
67 200 7 4200 | 49.41 0.0748 0.5740 0.0429 1463 0.1367 0.0580 0.1010
Mean 60.64 6.55 3931 | 46.25 0.0919 0.1740 0.0174 1370 0.0478 0.0203 0.0377
Median 50.00 6.00 3600 | 42.35 0.1086 0.1435 0.0117 1254 0.0358 0.0152 0.0252
SD 46.64 1.29 777 9.14 0.0438 0.1339 0.0177 271 0.0410 0.0174 0.0348

*

% load FWIBAINGAT y = -5E-07%" + 0.0001x" — 0.0108 + 0.4246
finde LW = Live weight, FU = Functional unit (1 kg of meat)
Proportion of LW : meat = 2.87:1
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i3ansuandnludiennsoly Twuonedn v.anauns

Nuandua el MIAwI Ailer

Live weight of cow to produce 1 kg of meat kg/kg meat 2.87 A
Transportation distance of pick-up/trip Km 13 B
Quantity of LW transported by pick-up/FU t.km/FU AxB/1000 0.0373 C
Transportation distance of 6 wheel truck/trip Km 50 D
Quantity of LW transported by 6 wheel truck/FU t.Km/FU AxD/1000 0.1435 =
Quantity of LW transported by both pick-up and 6 0.1808

wheel truck/FU tms P\ i
Proportion of LW transported by pick-up/FU %/FU (C/F)*100 20.63 G
Proportion of LW transported by 6 wheel truck/FU %/FU (E/F)*100 79.37 H
CF of LW transported by pick-up kgCO,eq/FU a»_:s)_q.zgmz:a:n 3n  0.0308 i
CF of LW transported by 8 wheel truck kgCO,eq/FU 33932332«53& 4n  0.0252 J
CF of LW from farm to slaughter house kgCO,eq/FU (Gx!/100)+(HxJ/100) 0.0264

FU = functional unit, 1 kg of meat
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mymanwandi n7 Jdnonmsersrud (nput) umstunssle o Tssshanasgn svnsol nsd.nas Tnuenadn s.anauas

i SN, miiag 2555 2556 2557 YSunuadn YSinuniild de pmzx_wr:ﬁ.ﬂm fa
dei TWngw 1 nn Wwa 1 nn
OUTPUTS
1 _ Hot Carcass ~ Kg | 2.824,13800 | 2,629,710.00 | 2,434,432.00 | 2,629,426.67 1.00 1.59
INPUTS : Energy
1 | Electricity (from grid) kWh 355,313.39 355,313.39 355,313.39 355,313.39 1.35E-01 2.15E-01
2 | Wil Kg 44.00 198.00 142.56 128.19 4 88E-05 7.75E-05
3 | vhalulad Litre 50.00 225.00 162.00 145.67 5.54E-05 8.81E-05
INPUTS : Water
1 A Tap water (from Bangkok supply) “ 3.., 8,663.00 _ 8,622.00 7,904.00 8,396.33 3.19E-03 5.08E-03
INPUTS : Consumables
1 | wuanfisdpium Kg 2.80 7.20 10.00 6.67 2.54E-06 4.03E-06
2 | Jdenuvnainuwra 174" Kg 644.00 463.00 403.00 503.33 1.91E-04 3.04E-04
9 fladaiilo GERLACH 9" Kg 38.60 11.60 3.80 18.00 6.85E-06 1.09E-05
11 | wanaudia Kg 215 1.29 3.87 2.44 9.27E-07 1.47E-06
12 | Ausud Kg 5.23 5.70 9.03 6.65 2.53E-06 4.02E-06
13 | iHoahTnyu Kg 55.28 21.78 44.08 40.37 1.54E-05 2.44E-05
14 | \Feuunifle Kg 20.50 33.00 5.00 19.50 7.42E-06 1.18E-05
15 | (Fouuudusivm Kg . 0.17 { 0.06 2.09E-08 3.33E-08
16 | (ewrusugriung Kg 26.40 1.98 18.32 15.57 5.92E-06 9.41E-06
17 | \Rouvusudvh Kg 2.48 ] 8.42 3.63 1.38E-06 2.20E-06
18 | ewadu Kg 5.85 7.80 15.60 975 3.71E-06 5.90E-06
19 | i Kg 1.01 0.56 1.26 0.94 3.58E-07 5.69E-07
20 | rmwdeudvn Kg 473 16.56 59.13 26.80 1.02E-05 1.62E-05
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L L ed A ) o
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it e iy 2555 2556 y557 Vsinowads | USmmnsld de 53%53.@ Ao
daf TINGU 1 NN W 1 0n

21 | diwdaunitaion Kg 15.75 50.25 45,00 37.00 1.41E-05 2.24E-05
22 | Wnnadeu Kg - 35.10 7.20 14,10 5.36E-06 8.53E-06
23 | linmeniamzwiign Kg . 1.00 44,18 32.55 25.91 9.85E-06 1.57E-05
24 | Winmaneuzwingu Kg - 2 12.32 411 1.56E-06 2.48E-06
25 | mupedah&idn Kg : 2 46.50 15.50 5.89E-06 9.37E-06
26 | swensdathiin Kg 36.74 L 25.00 20.58 7.83E-06 1.24E-05
27 | dasanmisla Kg - 36,00 - 12.00 4.56E-06 7.26E-06
28 | thususesunsnBadunu Kg 40.00 60.00 80.00 60.00 2.28E-05 3.63E-05
20 | axnhliedindun Kg
30 | eznhlusamingn Kg

INPUTS : Chemicals
1 | wedndreralumna 25 Alansuimses _ Kg 135.00 135.00 159.00 143.00 m.im-oL 8.65E-05
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a1519manwIni 18 UyinumImsnudi (input) msdaudsnnla w gudmsdaudauazdmiie annsol nsd.nane Tnuensd maniimes vununil

. . 4 Wsanouadunile
g9y eNT wiay 2553 2554 2555 2556 YSunuady 1o
OUTPUTS

1| idlalayu (Raw Meat) _ Kg _ Bu.oi.mm_ 532,739.37 _ 603.749.63 | 473,480.69 _ 585,763.66 _ 1.00
INPUTS : Energy

1 _ Electricity (from grid) _ KWh _ 150,170.66 _ 143,947.66 _ 177,815.66 _ 174,931.66 _ 161,716.41 _ 2.76E-01
INPUTS : Water

1 _ Tap water (from Bangkok supply) | m | 257075 | 79975 | 200275 _ 229575 | 1922.25 _ 3.28E-03
INPUTS : Consumables

1| Wnnnadeu Kg e - 2.40 0.90 0.83 1.41E-06

2 | linmamaeaenwin Kg 5.58 - 1.40 0.93 1.98 3.37E-06

3 | dhuwmsdin Kg 18.18 9.09 20.58 12.44 15.07 2.57E-05

4 | ssahinu wes 10 Kg 10.96 5.48 411 1.37 5.48 9.36E-06

5 | veahivmm waef 105 Kg 35.62 26.03 13.70 13.70 2226 3.80E-05

6 | moahnim wef 14 Kg 27.40 41.10 45.21 20.55 3357 5.73E-05

7 | seawhinam wef 115 Kg 57.54 43,84 50.69 ) 38.02 6.49E-05

8 | searhinu wesm Kg - - - 15.07 3.77 6.43E-06

o | wmsvhnun wedL Kg 1 - 3 46.58 11.65 1.99E-05

10 | seaiinan wed xu Kg : - ) 16.44 411 7.02E-06
12 | ludoudle Kg S ] 0.11 0.06 0.04 7.04E-08
13 | ldnnah Kg 9.75 5.85 14,30 11.70 10.40 1.78E-05
14 | wrgiu Kg 0.84 I ] 2.11 0.74 1.26E-06
16 | luifendaiile HOBART TFW ( Band Saw Blade ) Kg 10.80 10.08 12.96 12.00 11.46 1.96E-05
17 | fiadaiile GERLACH 9" ( Knife ) ) Kg 3.40 3.20 4.00 2.40 3.25 5.55E-06
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@TWMARKINT N8 (d8) UiyFmsmamTmd (input) Tumsdaudznla o gudmsdaudauazdmihe aunsal nay.nane Inusnad manimes 2.unumil

™ 4 A&
e N3 Wiy | 2553 2554 2555 2556 | USminuad ﬁSﬂ“:HMEEm
18 | Waathlng ( Sponge ) Kg 4.30 2.55 3.00 3.05 3.23 5.51E-06
19 m:m&ézﬂmm: ( Tag Pins ) Kg - 0.20 0.39 0.98 0.39 6.66E-07
20 | ezvauwumn ( Hook ) Kg - 1.90 - - 0.48 8.13E-07
21 @ze:ms ( Hone ) Kg 5.23 2.85 2.38 1.43 2.97 5.07E-06
22 | windufla ( andnang ) Kg 0.43 0.43 ] e 0.22 3.67E-07
23 | \Fofvwaty Kg 4.49 0.98 468 1.56 2.93 4.99E-06
24 | (Hofvhdunun Kg 0.20 5.66 : 0.20 1.51 2.58E-06
25 | (Hefunnensu Kg 1.65 7.92 0.66 5.61 3.96 6.76E-06
26 | tHefrmaunin Kg - - y 4.40 1.10 1.88E-06
28 | iFauunifie Kg 15.00 13.00 19.00 14.00 15.25 2.60E-05
20 | ediimden Ka 16.56 5.59 495 495 8.01 1.37E-05
30 | warnithfun Ka 0.28 0.14 0.07 0.18 | 0.17 2.83E-07
31 | dhiwdeuniafiuaiun Kg : ; 2 3.75 0.94 1.60E-06
32 | waaalnomn tube 1.26 2.70 3.60 2.88 2.61 4.46E-06
33 | naaninax tube - ] 0.27 0.45 0.18 3.07E-07
34 | aneslusn am (uiwnlota) Kg 0.17 0.44 0.25 0.43 0.32 5.51E-07
35 | dounyiim Kg 0.68 0.68 1.36 § 0.68 1.16E-06
36 | moedathuma 58" Kg 22.75 - . 4.88 6.91 1.18E-05
INPUTS : Chemicals
1 najunsadu (Yu1@ 1,000 nik ) Kg 119.00 48.00 101.00 56.00 81.25 1.39E-04
2 UOANaTad ( UNA 3.8 Fas/unasau ) Kg 5.98 2.99 2.99 5.98 4.48 7.65E-06
3 | wsnwen ¢ washaraialy 1wia 25 Alansuindas) Kg 1,875.00 1,175.00 1,450.00 1,175.00 1,418.75 2.42E-03
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f1au UMy wiy 2553 2554 2555 2556 YSinauady mng%rwwc:mo
4 | wagnwen (madndraraly vmne 1 nn) Kg 25.00 75.00 - . 25.00 4.27E-05
5 wagnwan ( tdrusuladg vuna 20 &as ) Litre < 5.00 22.00 63.00 22.50 3.84E-05
6 | wadnWen @mitindes vua 10 nn/gy ) Kg 670.00 450.00 530.00 480.00 532.50 9.09E-04
INPUTS : Packaging
1 QINRRAN P.E. W1 7" X 11" ( Plastic Bag ) Kg 1,310.00 | 1,080.00 1,320.00 1,470.00 1,295.00 2.21E-03
2 | awaadin P.E. wu1 11 X 16" ( Plastic Bag ) Kg 1,228.00 | 1,127.00 1,778.00 1,628.00 1,440.25 2.46E-03
3 | pIWmadn P.E. wun 14" X 19" ( Plastic Bag ) Kg 1,211.00 | 1,215.00 1,615.00 1,350.00 1,347.75 2.30E-03
4 | pawaa@n P.E. nu1 16" X 24" ( Plastic Bag ) Kg 385.00 477.00 935.00 1,195.00 748,00 1.28E-03
5 | QIWREAN P.E. WW1 17" X 26" ( Plastic Bag ) Kg 904.00 748.00 980.00 300.00 733.00 1.25E-03
6 | QIWRE@AN P.E. VAC Y4 300 ( Plastic Bag ) Kg 15.94 10.25 10.50 6.75 10.86 1.85E-05
7 | QIWAERAN P.E. U 20" X 30" ( Plastic Bag ) Kg 50.00 60.00 290.00 230.00 157.50 2.69E-04
8 | QIWAARAN H.D. 19 16" X 24" ( Plastic Bag ) Kg 1,187.00 824.00 1,525.00 1,192.00 1,182.00 2.02E-03
9 | QIWRAAN H.D. 119 20° X 30" ( Plastic Bag ) Kg 1,626.00 | 1,297.00 1,868.00 1,572.00 1,595.75 2.72E-03
10 | QIWaa@n P.E. ww1 13" X 25" ( Plastic Bag ) Kg 1,109.00 917.00 1,260.00 1,075.00 1,090.25 1.86E-03
1 a,&mm (Tyu ) 8" X 15" ( Plastic Bag ) Kg - - 3 83.00 20.75 3.54E-05
12 aéﬂy (1w ) 12" X 20" ( Plastic Bag ) Kg ! = 5 615.00 153.75 2.62E-04
13 Es.wy (27248n ) 8" X 15" ( Plastic Bag ) Kg 135.00 80.00 100.00 25.00 85.00 1.45E-04
14 s,&.m.w (1mlng ) 12" X 20" ( Plastic Bag ) Kg 190.00 60.00 55.00 105.00 102.50 1.75E-04
15 | Qawnze 30" X 40 " ( Garbage Bag ) Kg 510.00 565.00 355.00 285.00 428.75 7.32E-04
16 | nypnzén 40" X 60 " ( Garbage Bag ) Kg 25.00 25.00 - - 12.50 2.13E-05
17 | oalwa K18 ( Foam Tray ) JT-204 Kg 459.38 343.25 380.73 630.63 453.50 7.74E-04
18 | malWy K5 ( Foam Tray ) JT-36 Kg 245.10 201.40 190.76 269.42 226.67 3.87E-04
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f1au MUY S VT]] 2553 2554 2555 2556 Yiunuady .
19 | Asuda M-WRAP ( Stretch Wrapping Film ) Kg 1,064.65 92555 |  1,032.55 989.75 1,003.13 1.71E-03
20 | Afufla FRESHWRAP ( Stretch Wrapping Film ) Kg 217.46 464.84 163.59 269.33 278.80 4.76E-04
21 | ndesTwulvg) ( Foam Box ) Kg 272.68 114.92 211.82 257.38 214.20 3.66E-04
22 naeslWandn ( Foam Box ) Kg 16.50 3.30 9.00 3.30 8.03 1.37E-05
23 | naaslWunans ( Foam Box ) Kg 14.84 14.00 7.56 10.92 11.83 2.02E-05
24 | thunesgaamlnyu ( Sticker Label ) Kg 111.02 40.95 48.59 50.05 62.65 1.07E-04
25 | thmedesdaainzaunmy ( Sticker Label ) Kg 122.78 122.42 153.65 149.34 137.05 2.34E-04
26 | thoiaS8979 DIGI 5.5 X 7 cm. ( Sticker Label ) Kg 1.46 0.91 . 0.91 0.82 1.40E-06
27 | nssInizanwlng ( Carton ) Kg 583.00 238.50 137.80 670.98 407.57 6.96E-04
28 | ndsanszenw (lénses) Kg 27.00 18.90 16.20 32.40 23.63 4.03E-05
29 | mUnmla 3/4" X 72 ( Adhesive Tape ) Kg = 11.42 139,27 136.92 71.90 1.23E-04
30 | mimn Mercury 3/4" Kg 148.85 90.05 . g 59.72 1.02E-04
31 | imin OPP 2" X 45 ( OPP Tape ) Kg 35.88 21.28 24.84 2151 25.88 4.42E-05
32 | Fendaila (Rope ) Kg 4.20 1.40 9.80 - 3.85 6.57E-06
33 | swiandes Kg 7.52 : 4 25.38 8.23 1.40E-05
34 | Aumwianses Kg 9.00 ! ‘ 2.00 2.75 4.69E-06
35 | thufusesundania ( §1m7) Kg 24.00 16.00 12,00 ¢ 13.00 2.22E-05
36 | thususesundsnia (W) Kg 4.00 L ] ) 1.00 1.71E-06
37 | thufusesundenda (wuy ) Kg 8.00 . E 3 2.00 3.41E-06
38 | thofusesundnda ( fider) Kg 16.00 - - . 4.00 6.83E-06
39 | thususesundanda ( fiwdas) Kg 2,570.75 799.75 2,022.75 - 1,348.31 2.30E-03
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deu TIMS wiha | Ui funves LCI EF HAM Uns3889 Emission Factor nuLNG
FU (KgCO,eq/Unit)

OUTPUTS N

1 _ ilolnyn (Raw Meat) _ Kg _ 1.00 _
:._q_.m.ﬁca:mu»h:ﬂs {Cattie farming)
INPUTS : Raw materials

1 Triflodidhn (Live cattle) Kg 2.87 | Secondary 10.6000 30.4220 | Besf production by intensive system (Ogino et al, 2016) Triflof%30 2.87 nn nén

data S..”m?m_:g 1nn

muBentaziiala (Staughtering and Ageing)
INPUTS : Energy

1 Electricity (from grid) kwh 2.15E-01 Primary data 0.6093 1.31E-01 | Electricity, Grid mix &.}_&d\xs\:\ﬂ .QOE\NO._QZO.%»

2 daiulodn (Diesel) Kg 7.75E-05 | Primary data 03282 | 2.54E-05 | iU Tn/Kg/TGO(4/2014)/No. 326 1 fa1= 0.88 Alani

3 daiulo (Diesel) Litre | 8.81E-05 | Primary data 2.7080 | 2.39E-04 | fitwn ( MR INI)LTGO(4/2014)No.10 I
INPUTS : Water

1 Tap water (from Bangkok supply) m 5.08E-03 | Primary data 0.7043 | 3.58E-03 eméuu:._.:dr_qu;\ia:am:._3\:&: GO(4/2014)/No.558 _ water use = ,A m3/cow
INPUTS : Consumables

1 winiisiuiun (White safety helmet, plastic HDPE) Kg 4.03E-06 Primary data 5.4820 2.21E-05 | High Density Polyethylens (HDPE)Kg/TGO(4/2014)/Na.5 ﬂ

2 Banupumnsue 144" (Rope for carcass hanging, plastic Kag 3.04E-04 Primary data 5.4820 1.67E-03 | High Density Polyethylena (HDPE)/Kg/TGO(4/2014)/No.6 _

HDPE) “

3 mss:«:ﬂu GERLACH 9" (Knife for cutting, stainless steel) Kg 1.09E-05 Primary data 5.5398 6.03E-05 | RIAULAN (Stainless Steel, Plate)/Kg/TGO(10/2011)/No.12 .

4 wdnsuila (Sharpening steel) Kg 1.47E-06 | Primary data - _Esd..ém.q:_._qu:mﬁ.__as.\ms. _

5 Auduila (Hone, synthetic stone) Kg 4.02€-06 | Primary data - Esﬁcma.&:qu:oceoﬁwmﬁ mr

6 —m\o&\d?ﬁ: (Staughtering cloth for killing, cotton, white) Kg 2.44E-05 Primary data 18.2400 4.45E-04 m}:mm\_EXnJ GO(4/2014)/Nc.430 |

7 me_E:SA‘m (Slaughtering cloth, carcass carrying, cotton, white) Kg 1.18E-05 Primary data 18.2400 2.15E-04 &J.\_m&é\xg GO(4/2014)/No.430

8 qu:e:m«:meﬁ (Slaughtering cloth - short sleave, cotton, white) Kg 3.33E-08 | Primary data 18.2400 | 6.07E-07 xJ:c&JEXmD. GO(4/2014)/No.430

9 Fm‘ose:%:ma_jci (Slaughtering cloth - cotton, short sleeve, Kg 9.41E-08 | Primary data 18.2400 1.72E-04 &Jsm_m‘_:\xgﬂ GO(4/2014)/No.430

thin, white)
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AITNIAKRKING N9 (A1) VUTIUNIAUFININEDN (Life Cycle Inventory) gdzzs,:&éfﬂsxz 1 flaniuves awnsal nsu.nan Twuenad

R-22 U3um 28.3 nndlad) (Coldroom for ageing , 210 m3 x7
rooms, R-22 coolant 28.3 kg/yr)

f1ay UM whin | Y fnves LCI EF HRAM unda81989 Emission Factor WG
FU (KgCO,eq/Unit)
10 | \dounududm (Staughtering dlath-short sleeve, cotton, light blue) | Kg 2.20E-06 | Primary data 22.5800 | 1.07E-04 | oy (19A%00UYKe/TGO(4/2014)/No.431
11 \dewaty (Slaughtering cloth - for driver, cotton, white) Kg 5.90E-06 | Primary data " 225800 | 1.07E-04 | tmerhy (1aafdou)KeTGO(4/2014)/No.431
12 winnhim (Hat apron, cotton, white) Kg 5.69E-07 Primary data 18.2400 1.04E-05 m‘..stJEXu: GO(4/2014)/No.430
13 fhmndousun (Apron, cotton, white) Kg 1,62E-05 { Primary data 182400 | 2.965-04 | rnerhu/KgiTGO@I2014)/No.430
14 Pl c:&m:saﬂe.mc: (Synthetic leather apron, PVC, white) Kg 2.24E-05 Primary data 24704 | 5.53E-05 | Polyvinyl Chloride (PVC)/Kg/TGO(4/2014)/No.17
15 | WWneden (Broom, grass) Kg 8.53E-06 | Primary data - | lnudunneed
16 | Wnnemauzwiiem (Broom, coconut leave stem, long) Kg 1.57E-05 | Primary data - | llwududeme?
17 | Wnmemerzwindu (Broom, coconut leave stem, short) Kg 248E-06 | Primary data - | Linueunained
18 3::2».;%\._?&3 (water hose, PVC, green) Kg 9.37E-06 Primary data 24704 | 2.32E-05 | Polyvinyl Chloride (PVC)/Kg/TGO(4/2014)/No.18
19 ;uaBami#ma (water hose, PVC, white) Kg 1.24E-05 | Primary data 2.4704 | 3.07E-05 | Polyvinyl Chloride (PVC)/Kg/TGO(4/2014)/No.19
20 fanonmiale (Skin removed knife, stainless steel) Kg 7.26E-06 | Primary data 55398 | 4.02E-05 | miAwax (Stainless Steel, Plate)/Kg/TGO(10/2011)/No.6
21 mgcm‘cqo,_:s%zmsmeﬁ&.:&.o (Kraft paper, bleached, for Kg 3.63E-05 Primary data 1.8974 | 6.88E-05 | Kraft paper, bleached/Kg/TGO(4/2014)/No.41 -
labelling, white)
INPUTS : Chemicals )
1 ﬁ za._w‘:m.i&aze:us 25 filaniumans (Detergent powder) Kg 8.65E-05 Primary data 2.1192 1.83E-04 | Detergent Powder (Household)/Kg/TGO(10/2011)/No.30 - 1
INPUTS : Cooling system
1 Apafuthnite vwin 210 Adfinwas 7 Wee umananin Kg 1.70E-05 | Primary data 75.7860 | 1.29E-03 | Chlorodifiuoromethane, R22 (F1s¥auLiiu, R22) at plant | See Tabie 4
R-22 USunm 28.3 nnded) (Coldroom for ageing, 210 m3 x7 IKg/TGO(4/2015)/N0.629
rooms, R-22 coolant 28.3 kglyr)
2 waautiuile awia 210 Adnwat 7 Wae @umahenadu Kg 1.70E-05 | Primary data 1810 | 3.08£-02 | GWP = 1810 KCO2eq (IPCC, 2007) SeaTable 4 _
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ATWANAHKINN NI (A D) UIYTNUNMINUTIUINRDN (Life Cycle Inventory) Hﬁjqqzzspﬁmﬂsﬁﬁﬁgs.ﬁ: 1 DﬂmﬁqPS_ma awnIh nTU.nans Miﬁc‘ZEJ

ey TNy

vy

Yo
FU

-
Ny LCI

EF
(KgCO,eq/Unit)

Hanm
v

uns6189 Emission Factor

WIIUINg

o A
midauanitalayu (Cutting)

INPUTS : Energy

1 _ Electricity {from grid)

_ KWh _ 2.85€-01 _ Primary data

0.6093 _ 1.74E-01 _ Electricity, Grid mix (\WHN)/kWh/TGO(4/2014)No.304

INPUTS : Water

1 _ Tap water (from Bangkok supply)

_ m _ m.wom.oi Primary data

0.7043 _ 2.33E-03 _ vssth-maszthaugimam TGO(4/2014)No.558

INPUTS : Consumables

1 Tinmdeu (Broom, grass) Kg 1.47E-06 | Primary data - | Tiwudurtaeef

2 Tiinanenzn$™ (Broom, coconut leave stem) Kg 2.97E-06 | Primary data - | linwududeas

3 A UNWRIAAN (Curtain, PVC) Kg 2.56E-05 | Primary data 24704 | 6.31E-05 | Polyvinyl Chloride (PVC)/Kg/TGO(4/2014)No.17

4 183N 1wt 10 (Boots, PVC, white, no. 10) Kg 8.73E-06 | Primary data 24704 | 2.16E-05 | Polyvinyl Chloride (PVC)/Kg/TGO(4/2014)/No.17 .
5 183 1JN117 1weT 10.5 (Boots, PVC, whits, no. 10.5) Kg 3.736-05 | Primary data 2.4704 | 9.21E-05 | Polyvinyl Chloride (PVC)/KgITGO(4/2014)/No.17

6 | oaufinu wed 11 (Boots, PVC, white, no. 11) Kg 5.82E-05 | Primary data 2.4704 | 1.44E-04 | Polyviny! Chloride (PVC)/Kg/TGO(4/2014)/No.17

7 quo_.._\fmseﬂ wed 115 (Boots, PVC, white, no. 11.5) Kg 6.12E-05 | Primary data 2.4704 | 1.51E-04 | Polyvinyl Chloride (PVC)/Kg/TGO(4/2014)/No.17

8 soahinura wef M (Boots, PVC, white, size M) Kg 7.96E-06 | Primary data 2.4704 | 1.97E-05 | Polyvinyl Chioride (PVC)/KgiTGO(4/2014)/No.17

9 arnan iwef L (Boots, PVC, white, size L) Kg 2.46E-05 | Primary data 2.4704 | 6.08E-05 | Polyvinyl Chloride (PVC)/Kg/TGO(4/2014)/No.17

10 | s800ianaa wed XL (Boots, PVC, white, size XL) Kg 8.68E-06 | Primary data 2.4704 | 2.14E-05 | Polyvinyl Chloride (PVC)/Kg/TGO(4/2014)/No.17

1 3&&;@.«:&5 (Boots, PVC, whitegreen) Kg 0.00E+00 va.“:mQ data 2.4704 - | Polyvinyl Chloride (PVC)Kg/TGO(4/2014)/No.17

12 | luReuile (Handed saw blade) Kg 7.46E-08 | Primary data 5.5398 | 4.13E-07 | MAWGAH (Stainless Steel, Plate)/Kg/TGO(10/2011)/No.6 '
13 | Wnmesh Broom, PVC) Kg 1.82E-05 | Primary data 2.4704 | 4.49E-05 | Polyvinyl Chloride (PVC)/KgITGO(4/2014)/No.17

14 _.S_qamn‘: (Floor brush, PVC) Kg 1.40E-06 Primary data 24704 3.46E-06 | Polyvinyl Chloride (PVC)/Kg/TGO(4/2014)/No.17

15 | lwiReudieiilo BIROZ22 TFS ( Band Saw Blade ) Kg | 0.00E+00 | Primary data 55398 - | mawse (Stainless Steel, Plate)/Ka/TGO(10/2011)/No.6 i
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AITNINMANWINN N9 ASQV CQ&MJCDJMSJ#Q&FQQQB& A_l_mm OV\O_O _D<®3ﬂ0ﬂ<v Hﬁj\querﬁmMﬂﬁ::JS;D 1 DMQUMEEOQ QSZMDH 341.32\2 HS.FE\ZEJ

fau TN why | o A9 LCI EF HRQL unsa81389 Emission Factor nuuLvg
FU (KgCO,eg/Unit)

16 .—c_.mocoﬂsrn\m HOBART TFW ( Band Saw Blade ) Kg 2.01E-05 Primary data 6.5398 1.11E-04 | RIAULR (Stainless Steel, Plate)/Kg/TGO(10/2011)/No.6

17 msssc&m GERLACH 9" ( Knife ) Kg 5.58E-06 Primary data 5.5398 3.09E-05 | RIAULRR (Stainless Steel, Plate)/Kg/TGO(10/2011)/No.6

18 we a«»\_.—sa ( Sponge, PU Foam ) Kg 5.52E-06 Primary data 4.3100 2.38E-05 | PU Foam/Kg/TGO(10/2011)/No.33

19 m:m,_més_snma (Tag Pins, PVC ) Kg 7.68E-07 | Primary data 24704 | 1.80E-06 | Polyvinyl Chloride (PVC)/Kg/TGO(4/2014)/No.17

20 ATVOUVIUDIN ( Hook, Stainless Steel, Wire rod ) Kg 8.93E-07 Primary data 5.3669 4.80E-08 | SLAULAA (Stainless Steel, Wire
rod)/Kg/TGO(10/2011)/No.7

21 Ausufla (Hone, synthetic stone) Kg 4.86E-06 | Primary data - Esjcmu:;qug:eos.\g

22 winduiia (Sharpening steel) Kg 3.48E-07 | Primary data - gsjcaq:nqu:o:ec&\;

23 | e aia_:: (Cutting cloth - for driver, cotton, light blue) Kg 4.75E-06 | Primary data 225800 | 1.07€-04 | shmarhy (anf8aUYKgTGO(4/2014)/No.431

24 | \{#aAWrdwnw (Cutting cloth - short sleeve, cotion, fight blue) Kg 2.82E-06 | Primary data 225800 | 6.37E-05 | rmarhy (1aa#8aw)/KgTGO(4/2014)/No.431

25 | (#sf1nInanay (Cutling cloth - cotlon, white) Kg 7.51E-06 | Primary data 182400 | 1.376-04 | tnerhu/Kg/TGO(412014)/No.430

26 pm\mmeﬂm‘w— WU (Cutting cloth - short, cotton, white) Kg 2.32E-08 Primary data ' 18.2400 4.24E-05 m.JSmmJEXQ._. GO(4/12014)/No.430

27 Fm\ms ua WO (Cutting cloth - carrying carcass, cotton, white) Kg 2.65E-05 Primary data 18.2400 4.83E-04 559&4 U/Kg/TGO(4/2014)/No.430

28 | thrtwdlow (Apron, cotton, white) Kg 1.296-05 | Primary data 18.2400 | 2.36E-04 | FANBYNLIKGITGO(412014)/No.430 '

20 | wuanihiu1a (Hat apron, cotton, white) Kg 2.826-07 | Primary data 18.2400 | 5.14E-06 | Fneru/Kg/TGO(4/2014)/No.430

30 &Jm.:&czsn\ﬁmczmej (Synthetic leather apron, PVC, white) Kg 1.98E-06 Primary data 24704 4.89E-06 | Polyvinyl Chioride (PVC)/Kg/TGO(4/2014)/No.17 .

31 naonlvon (Fluorescent bulb - long, 36W) naoe 4.71E-06 Primary data 0.0191 8.99E-08 xzmszmmmsz:u:m a1 lafun shanaen @39 - v http://thalcarbonlabel.tgo.or.
(T8); Model FL36W T8 W, CFP =0.191 Kg CO2 eq thicarbonfootprint/products.

php?page=34id=2296

32 waanWal (Fluorescent bulb - short, 18W) »RoN 3.49E-07 | Primary data 0.2850 9.96E-08 | waeavlgaawTaLrud a1 ladin rilanasn @T9-8% (T8) | htip:iithaicarbonlabel.tgo.or.
R 18W Model FL 18W T8 WW, CFP = 0.285 Kg th/carbonfootprint/products.
CO2 eq php?page=3&id=2294

33 uduluda (Scotch-Brite, heavy duty scour pad, Nylon) Kg 5.95E-07 Primary data 1.9100 1.14E-06 | Nylon/Kg/TGO(5/2014)/No.596

34 | daunydana (Towel, cotton, white) Ko 1.11E-08 | Primary data 182400 | 2.03E-05 | Fnaru/KgITGO@/2014)/No.430

35 3c=2ﬂ3h§§9 5/8" (water hose, 5/8", clear) Kg 1.03E-05 Primary data 24704 2.55E-05 | Polyvinyl Chloride (PVC)/Kg/TGO(4/2014)/No.17 !
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AITAIANWINY NI ASQV CE&MJGDJ%SJ#Q&FJﬁEO& A_Lﬁm O<0_0 _3<03ﬁ0_‘<v ﬁﬁj\dwtmﬂrﬁwﬂﬁﬁﬁﬁ\ds«r: 1 DHEDMEQEQ /FNNITU un._.jﬁ\z .72._\:3/._34

&b oI whp | Yo Aanues LCI EF Hegm unaas1989 Emission Factor ARG
FU (KgCO,eq/Unit)
INPUTS : Chemicals
1 zaazszom: ( v91a 1,000 niu ) (Chlorine powder) Kg 1.35E-04 Primary data 0.3249 4.39E-05 | Sodium hypochlorite/Kg/TG0O(10/2011)/No.109
2 :mz:oumm‘ﬁ 2119 3.8 BAT/UNSABU) (Alcohal for cleaning) Kg 7.83E-06 Primary data 1.2600 9.87E-08 =oz3uuozs$.53:mumgs\x@:@o:o\wog:\Zo.z 1 8aswnin 0.78651
Alandy
3 wagnvlan ( waBnd1aialy ywna 25 nnindes) (Detergent Kg 2.44E-03 | Primary data 21492 | 5.11E-03 | Detorgent Powder (Household)/Kg/TGO(10/2011)/No.30
powder)
4 wagnan ( za.m\:mz.mwi Yu1e 1 nn ) (Detergent powder) Kg 4.37E-05 Primary data 2.1192 9.27E-05 | Detergent Powder (Mousehold)/Kg/TGO(10/2011)/No.30
5 nagnan ( Indrsmdilad vsne 20 593 ) (Dish washing Litre 4.47E-05 | Primary data 0.8200 3.67E-05 | wanAmaiE9u ladeuiew siadutue 550 ml, CFP hitp://thaicarbonlabel.tgo.
soap - Sunlight) = 0.0451 Kg CO2 eq or.th/carbonfootprint/prod
ucts.php?page=3&id=11
90
6 wygnven a..sw:i.uoa TUIN 10 /RN ) (Cloth washing Kg 9.13E-04 Primary data 2.1192 1.93E-03 | Detargent Powder (Household)/Kg/TGO(10/2011)/No.30
powder)
INPUTS : Packaging .
1 QEUEEAN P.E. w1 7° X 11" (Plastic Bag, LDPE, thick) Kg 2.28E-03 | Primary data 17257 | 3.93E-03 | Low Density Polyethylene (LDPE)/Kg/TGO(4/2014)/No.8
2 m,_sm:_zs: P.E. nu1 11" X 16" (Plastic Bag, LDPE, thick) Kg 2.54E-03 Primary data 1.7257 4.39E-03 | Low Density Polyethylene (LDPE)/Kg/TGO(4/2014)/No.8
3 aosgzm: P.E. "1 14" X 19" (Plastic Bag, LDPE, thick) Kg 2.36E-03 Primary data 1.7257 4.08E-03 | Low Density Polyathylene (LDPE)/Kg/TGO(4/2014)/No.8
4 masgmms P.E. nu1 16" X 24" (Plastic Bag, LDPE, thick) Kg 1.37E-03 Primary data 1.7257 2.37E-03 | Low Density Polyethylene (LDPE)/Kg/TGO(4/2014)/No.8 ;
5 masz\_zm: P.E. nwu 17" X 26" (Plastic Bag, LDPE, thick) Kg 1.22E-03 Primary data 1.7257 2.11E-03 | Low Density Polyethylene (LDPE)/Kg/TGO(4/2014)/No.8
8 maszgnm: P.E. VAC a..: 300 (Plastic Bag, LDPE, thick,Vacuum) Kg 1.82E-05 Primary data 1.7257 3.13E-05 | Low Density Polyethylene (LDPE)Kg/TGO(4/2014)/No.8
7 masnjam: P.E. U3 20" X 30" (Plastic Bag, LDPE, thin) Kg 2.87E-04 Primary data 1.7257 4.95E-04 | Low Density Polyethylene (LDPE)/Kg/TGO(4/2014)/No.8
8 THWAAAN H.D. UN 16" X 24 (Plastic Bag, HDPE, thin) Kg 2056-03 | Primary data 54842 | 1.13E-02 | High Density Polyethylene (HDPE)Kg/TGO(4/2014)/No.5
9 masﬁam: H.D. 119 20" X 30" (Plastic Bag, HDPE, thin) Kg 2.77E-03 Primary data 5.4842 1.52E-02 | High Density Polyethylene (HOPE)Kg/TGO(4/2014)/No.5
10 masz._nq-:_ P.E. wu1 13" X 25" (Plastic Bag, LDPE, thick) Kg 1.90E-03 | ‘Primary data 1.7257 3.28E-03 | Low Density Polysthylens (LDPE)Kg/TGO(4/2014)/No.8
1 maa.».a ( TE: ) 8" X 15" (Plastic Bag, HDPE, thin) Kg 4.38E-05 Primary data 5.4842 2.40E-04 | High Density Polyethylene (HOPE)Kg/TGO(4/2014)/No.5
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4 ! o v a v N o & by a a & o
AT ANUINT N9 (A1) UdunsauFniasden (Life Cycle Inventory) ?3%%5&3:&::: 1 AlanTuzee annsal n3U.nans Twuenadn

al
Ny LC

/AU YN wiay IETRYIY EF r_zmg unaadade Emission Factor S:JESﬁ
FU (KgCO,eq/Unit)
12 m,_d.mea ( Hs.m: ) 12" X 20" (Plastic Bag, HDPE, thin) Kg 3.25E-04 Primary data 5.4842 1.78E-03 | High Density Polyethylene (HDPE)/Kg/TGO(4/2014)/N0o.5
13 aé.ny { 7172480 ) 8* X 15" (Plastic Bag, HDPE, thin) Ko 1.38E-04 | Primary data 5.4842 | 7.586-04 | High Density Polyethylene (HDPE)Kg/TGO(4/2014)/No.5
14 mad.&a ( .S\Lsa } 12" X 20" (Plastic Bag, HDPE, thin) Kg 1.71E-04 Primary data 5.4842 9.39E-04 | High Density Polyethylene (HDPE)/Kg/TGO(4/2014)/No.5
15 aoecn% 30" X 40 " (Garbage Bag, HDPE, black) Kg 7.37E-04 Primary data 5.4842 4.04E-03 | High Density Polyethylene (HDPE)/Kg/TGO(4/2014)/No.5
16 moecu% 40" X 60 " (Garbage Bag, HDPE, black) Kg 2.03E-05 Primary data 5.4842 1.11E-04 | High Density Polyethylene (HDPEYKg/TGO(4/2014)/No.5
17 malun K18 JT-204 (Foam Tray , GPPS) Kg 8.08E-04 Primary data 2.2441 1.81E-03 | General Purposed Polystyrene
(GPPS)KgITGO(4/2014)/No.4
18 malu K5 JT-36 (Foam Tray , GPPS) Kg 3.99E-04 | Primary data 2.2441 8.96E-04 | General Purposed Polystyrene
(GPPS)/Kg/TGO(4/2014)/No 4
19 Adnda M-WRAP (Stretch Wrapping Film, LLDPE) Kg 1.75E-03 Primary data 2.2300 3.90E-03 | Linear Low Density Polyethylene
(LLDPE)KQ/TGO(4/2014)/No.594
20 Adufla FRESHWRAP (Stretch Wrapping Film, LLDPE) Kg 5.02E-04 Primary data 2.2300 1.12E-03 | Linear Low Density Polyethylene
(LLDPE)/Kg/TGO(4/2014)/No.594
21 | ndsslunlng) (Foam Box, EPS, large) Kg 3.74E-04 | Primary data 46127 | 1.71E-03 | Expand Polystyrene (EPS) /Kg/TGO(4/2014)/No.3
22 naaalnfin (Foam Box, EPS, small) Kg 1.26E-05 Primary data 4.6127 5.83E-05 | Expand Polystyrene (EPS) /Kg/TGO(4/2014)/No.3
23 nasaInunan (Foam Box, EPS, medium) Kg 2.05E-05 Primary data 4.6127 947E-05 | Expand Polystyrene (EPS) /Kg/TGO(4/2014)/Nc.3
24 | thowndesfaemlnyu (Sticker Label) Kg 1.04E-04 | Primary data 0.5100 | 528E-05 | séintneslansodKg/TGO(10/2011)No. 12
25 uésnz._msja.zss., (Sticker Label) Kg 242E-04 | Primary data 05100 |  1.23E-04 | sfininefUanRea/Kg/TGO(10/2011)No.12
26 | thuwndests DIGI 5.5 X 7 om. (Sticker Label) Ko 1.40E-06 | Primary data 0.5100 | 7.16E-07 | a@ninaflandad/Kg/TGO(10/2011)/No.12
27 | ndesnazanulng (Carton box) Kg 7.22E-04 | Primary data 0.6260 | 5.96E-04 | nizawndesgnunituTondarimiel _
Kg/TGO(10/2011)/No.8 !
28 | ndpanszew 18ndB9 (Carton box, partition card) Kg 4.19E-05 | Primary data 0.8260 |  3.46E-05 3"355uam:m:&ﬂ&:ﬂmzmsm\eé
Kg/TGO(10/2011)/No.8
29 wiimala 3/4° X 72 (Adhesive Tape) Kg 1.35E-04 | Primary data 3.1900 4.32E-04 | imUnmBandos/Kg/TGO(10/2011)/No.10
30 inUm Mercury 3/4° (Adhesive Tape) Kg 9.30E-05 | Primary data 3.1900 2.97E-04 | inUn1dandod/Kg/TGO(10/2011)/No. 10
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P ] ~ o v _oa “ . a & b o a . ¢ s
@ 9MARWINT 9 (Aip) tiyFunsduiwaadeu (Life Cycle Inventory) lumindniitalaguimin 1 Alansuves awnsol nd.nans Twuenam

fey Tums whis | YFunow o3 LC! EF HAQ undad1984 Emission Factor nIING
FU (KgCO,eq/Unit)
31 {nnT1 OPP 2° X 45 ( OPP Tape ) Kg 4.39E-05 | Primary data 31900 | 1.40E-04 | wunmiandesKg/TGO(10/2011)No.10
32 | densimile (Rope, cotton) Kg | 615E-06 | Primary data 119000 | 7.326-05 | \RweurNB/KgITGO(4/2011)No.443
33 muiandos (Box rope, PP) Kg 1.60E-05 Primary data 1.3621 2.17E-05 | Polypropylene (PP)Kg/TGO(4/2014)/No.14
34 | fusoiandns (Box clip, Aluminium) Kg 4,13E-06 | Primary data 32231 1.33E-05 | Aluminium Sheet/Kg/TGO(4/2014)/No.339
35 ._u;_cu..:qw,._:swa.azms ( f112 ) {Kraft paper, bleached, white) Kg 2.07E-05 Primary data 1.8974 3.92E-05 Kraft paper, bleached/Kg/TGO(4/2014)/No.41
36 ch.W\CquaFFSmozms ( m&; ) (Kraft paper, bieached, blue) Kg 1.36E-06 Primary data 1.8974 2.59E-06 Kraft paper, bleached/Kg/TGO(4/2014)/No.41
37 mgcm\:uma:sm_.azms ( WY ) (Kraft paper, bleached, pink) Kg 2.73E-06 Primary data 1.8974 5.18E-08 Kraft paper, bleached/Kg/TGO(4/2014)/No.41
38 | thufusesundenfa (@G ) (Kraft paper, bleached, green) Kg 5.4BE-06 | Primary data 1.8974 | 1.04E-05 | Kraft paper, bleached/Kg/TGO{4/2014)/No.41
39 | thoiusesunsenda ( Amdes ) (Kraft paper, bleached, yellow) Kg 2.09E-03 | Primary data 1.8974 3.96E-03 | Kraft paper, bleached/Kg/TGO(4/2014)/No.41
INPUTS : Coollng system
1 doadwAumin ywia 88 Adiniunst 4 vios tdnmieanudiu Kg 7.59E-06 | Primary data 75.7860 5.75E-04 | Chlorodiflucromethane, R22 (fsaaiu, R22) at See Table 6
R-22 Y3 6 nn.defl (Coldroom, 88 m3, 4 rooms, R-22 6 plant /Kg/TGO(4/2015)/No.629
kglyr)
2 voadufugin auia 88 frfintunt 4 Fos nmsienudu Kg 7.59E-06 | Primary data 1810 1.37E-02 | GWP = 1810 KCO2eq (IPCC, 2007) See Table 6
R-22 13u1t4 6 nn.gail (Coldroom, 88 m3, 4 reoms, R-22 6
kglyr)
mMIuds (Transportation)
INPUTS : Transport
1 wudaladfianniiuludiannioly v.anauas (Transportation Primary data 2.64E-02 | Transport by 4-wheel pick-up cars and 6 wheel trucks See Index Table 3n, 4n
from farm to slaughter house) N and 5n
2 qs:qq.\,_:&ma_.m: 10 &9 WIAUIINN 16 Ak ussmniun tKm 0.9548 | Secondary 0.4090 3.91E-01 | Transport, freight, lorry with refrigeration machine, 7.5-16 Calculated with: ReCiPe
sanIoly s.anauns Wdimnimes 2.11umil (Transportation data ton, EURO3, R134a refrigerant, cooling/tKm/Ecolnvent Midpoint method,
for slaughter house to cutting house) 3.0.1.0 welghtings Hierarchist
(H) and <<m:_n (v1.12)
Total CF 31.2785 ¢




SimaPro 8.2.0.0
Project
Calculation:

Results:

Product:
Method:
Indicator:

Skip categories:

Exclude infrastructure

processes:

Exclude long-term

emissions:
Sorted on item:

Sort order:

Impact assessment

Ponyangkham
Analyze

Impact assessment
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AMAaNKRIN 2

a [ .
n1sdsziiwuansenualalilsunsa SimaPro

Date: 14/08/2016 Time:

1 kg PYK beef meat, farm to packaged meat ready to dispatch to retailer, TH (of project

Ponyangkham)

ReCiPe Midpoint (H) V1.12 / World Recipe H

Characterization

Never

No

No

Impact category

Ascending

16:12
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; - o X o .
@ TwMAanwInt 21 kamalsafiunansznugasmsuiadielagulnussdlududni glaslysunsu simaPro 8.2*

Impact category Unit PYK beef meat, PYK beef, live Transport PYK PYK beef cold Transport PYK PYK beef meat,
farm to packaged | animal at farm live beef from carcass, at carcass from packaged at
meat ready to gate, TH farm to slaughterhouse slaughterhouse cutting workshop
dispatch to slaughterhouse gate, TH to cutting gate, TH
retailer, TH workshop

Climate change kg CO2 eq 34.59028249 33.77440729 0.102644182 0.158963901 0.292683893 0.261583224

Ozone depletion kg CFC-11 eq 1.6716E-06 1.24945E-06 1.80572E-08 4.86992E-08 3.25511E-07 2.98804E-08

Terrestrial acidification kg SO2 eq 0.251328315 0.248299521 0.000467061 0.000477017 0.001244435 0.00084028

Freshwater eutrophication kg P eq 0.054035191 0.053785008 1.67384E-05 8.48264E-05 2.204E-05 0.000116578

Marine eutrophication kg N eq 0.177906457 0.177721641 2.38898E-05 2.82342E-05 6.95978E-05 6.30938E-05

Human toxicity kg 1.4-DB eq 14.00682141 13.78042521 0.027791826 0.060521391 0.0537749 0.084308081

Photochemical oxidant formation | kg NMVOC 0.098469765 0.095143398 0.000653513 0.00027076 0.001803616 0.000598478

Particulate matter formation kg PM10 eq 0.066131976 0.064870611 0.000233679 0.000159127 0.000576322 0.000292237

Terrestrial ecotoxicity kg 1,4-DB eq 0.044585459 0.044221534 1.52137E-05 2.64958E-05 4.67778E-05 0.000275438

Freshwater ecotoxicity kg 1,4-DB eq 1.997936945 1.980795325 0.001045202 0.005112209 0.004018873 0.006965335

Marine ecotoxicity kg 1,4-DB eq 1.729682678 1.714465855 0.001037856 0.004405691 0.003795758 0.005977518

lonising radiation kBq U235 eq 0.959027812 0.928746827 0.008617217 0.001262927 0.017907154 0.002493688

Agricultural land occupation m2a 28.08918454 28.03406588 0.001680284 0.014897284 0.003037258 0.035503833

Urban land occupation m2a 0.512541801 0.498501805 0.00364321 0.000446733 0.009160226 0.000789827

Natural land transformation m2 0.016542315 0.016253174 3.72007E-05 1.9152E-05 9.29489E-05 0.00013984

Water depletion m3 0.782368695 0.768619481 0.000413209 0.006427711 0.000804233 0.006104062

Meta! depletion kg Fe eq 1.092782148 1.068859775 0.007320749 0.00268716 0.009735255 0.004179208

Fossil depletion kg oil eq 3.271080257 3.00921086 0.035690809 0.043927933 0.086737006 0.095513648

gudaya Lot weanmifisalaguann Ecolnvent 3.0




Climate change

Ozone depletion

Terrestrial acidification
Freshwater eutrophication
Marine eutrophication
Human toxicity
Photochemical oxidant formation
Particulate matter formation
Terrestrial ecotoxicity
Freshwater ecotoxicity
Marine ecotoxicity

lonising radiation
Agricultural land occupation
Urban land occupation
Natural land transformation
Water depletion

Metal depletion

Fossil depletion
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o
xR

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M PYK beef, live animal at farm gate, TH m Transport PYK live beef from farm to slaughterhouse

® PYK beef cold carcass, at slaughterhouse gate, TH M Transport PYK carcass from slaughterhouse to cutting workshop

M PYK beef meat, packaged at cutting workshop gate, TH

< a & o Be. or iy v
NMNMannINn 21 stqu.:n._dwﬂjqzzsrﬁwﬂﬂﬁﬁﬂizc‘zzq.—#sgﬁsgaq.- (F08R2)
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AANKIN A

én s_um‘wmsa%*mamaxﬁa%nszﬂﬂwawams

(Global Warming Potentials)

MIVMARRINT A1 AIANEATWNITRIIIRNIZITOUNTEAN (direct global warming potentials)?8a3ua817

FUTILIUVDI AR4 (2007)

Global Warming Potential for Given

Time Horizon

Industrial
Designation or Chemical Formula peiine Radiative Efficiency (W m™ ppb™" SAR’ 20-yr || 100-yr ||500-yr
Common Name (years) (100-yr)
(years)
Carbon dioxide o, See . Fax0® 1 1 1 1
below
IMethanee ][CH. JEz "3.7x1o" ”21 ”72 “25 ”7.6 |
|Nitrous oxide HN,O H114 "3.03x1o'° ”310 ”289 ”298 ”153 |
I Substances controlied by the Montreal Protocol |
|cv=c-11 lCCI,F ”45 "0.25 “3.800 ”5.730 Jl4_7so ]Eezo ]
|CFC—12 ”CCIZFZ ”100 ”0.32 Ha,1oo ”11,000 ||1o,900 Hs,zoo |
[c&=c-13 ”cch3 ”640 "0.25 ” ”10,500 ”14,400 ”16,4oo|
|c1=c-113 l[czcnchan2 J]as Jhs “4.800 1[6.540 ”6,130 ]Emo J
CFC-114 lF:ancctF, 1[300 "0.31 IL ][8,040 ||1o,ooo }[8,730 I
CcFC-115 ”cc;||=zcs=3 1[1.700 "0.18 “ ”5,310 "7,370 ”9,990 |
lH;lon-1301 ”CBrF, ”65 ]hsz J5,4oo [8.480 ”7,140 ijso I
oozt Josror, e Jos T Jer Jpowo Jos |
.Halon-2402 J|CBercBrF, ”20 "0.33 ” ”3.680 ”1640 |@3 |
Carbon
etrachioride cCl, 26 kms 1,400  |[2700 ||1.400 |l435
IMethyl bromide ”CH,Br ”0.7 ”0.01 ” ”17 ”5 “1 I
IMethyl chloroform ”CH,CCIJ —”5 I0.0G ]r ”506 “146 ”45 |
IHCFC-22 ”CHCIFZ ”12 J[o.z Jhsoo 1[5.160 |L1,810 “549 l
IHCFC-123 "CHCIzCF, ”1.3 ][0.14 ”90 ”273 "77 1[24 |
lHcFc-124 [lcrerer, |ls.s |lo22 o Jaoro oo hes |
lHCFC-141b ”CH_-,CCIZF "9.3 ][0.14 H “2.250 "725 T[zzo—l
[HCFC—142b "CH,CCIFZ [1i7e o2 ]1,800 Hi;so J[2,31o ”705 [
IHCFC-225ca ”CHCIZCFZCF, ”1.9 "0.2 j Hitzg J[122 “37 |
HCFC-225cb ”CHCIFCF;CCIF; ”5‘8 "0.32 “ ”2,030 Jlsgs ”181 l
|

Hydrofluorocarbons
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IH“Fé-zs" o ""HCFF,'“ ||27o ”0.19 ”11,700 ]‘12,000 ”14.800 ”12,2oﬂ
|HFc-a2 ”CHZFZ |F1.9 ”0.11 ”650 “2,330 “675 ]I.—zaé_]
IIHFC-125 [lorFcr, |l29 |lo23 "2.800 loaso Jlasoo h.100 |
IHFc-1342 ”CHZFCF; [« Jlo.16 ”1,300 3830 |l1as0 |bss |
lHFC-143a llcHucFs ”52 ”0.13 J|3,soo Hs.ago ”4,470 ”1,590 |
IHFC-152a ”cmcwz ”1.4 Jlo.og J|14o |Ft37 1|124 ||3s |
|HFC~227ea I[CF,CHFCF, ”342 ”0.26 le.soo ”5.310 ”3,220 ”1.040 |
|HFC-236fa ||CF3CHZCF3 “240 ”028 “e,soo ”8,100 ~”9.810 ”7,660 |
[HFc-245ta J[CHFZCHZC& l7e o2 H ”3.380 ][1030 “314 |
IHFC-365mfo [lcricr.cncr,  los Jlo21 ) 2520 |lroa  |loss |
HFC-43-10mee |cF.cHFcHrer.CF, 159 o fl1300  Jla.140 —lh.mo llso0 |
[Perfiuorinated compounds J
Sulphur SF, 3200  [l0.52 23,900 |[16.300 |[22,800 [[32.600
hexafluoride

[Nitrogen wituoride | INF, a0 o1 | [[12:300 }hzzoojlzo,mo]
PFC-14 [lc, |ls0.000  fio:10 [b.so0 |ls.210 7390 |l11,200 |
lprc-116 |lc.Fe 10000 028 o200 Jlssso Jl12:200 |f18.200 |
lIPerfuorinated compounds (continued) ]
lPrc218 I flsoo  |lo2s [7.000 310 “a,sao [[12500 |
lprc-a1s | oo o2 700|310 Jl10:300 |fra.700 ]
lPFC-3-1-10 [l |eso Joas o0 |30 |sseo |liz.s00 |
[PFC4-1-12 | Jleoo~ Jloas )l Ika.sw ”9.160 |[13.300 |
IPFC-5-1-14 " ”3,200 "0.49 |[7.400 ”e,soo ”9.300 ”13.300 I
lPFC—9—1-18 ” ”>1.000d ”o.se ” ”>5.soo ”>7,soo ”>9.5oo]
trifiuoromethy! sulphur

entaioride 800 0.57 13,200 {17,700 [[21.200
"Fluorinated ethers |
"HFE—125 i e flo.aa | Jl13.800 14900 [le:aso |
IHFE-134 |l |les [lo.45 I [l12200 |ls320 fr.9s0 |
HFE 1434 ]L |43 [lo27 i |l2630 |58 oo |
|HCFE-235002 i |l llo-38 ” 1[1,230 zso  Jfos ]
|HFE-245062 ]L [ls1 flo:s2 | [l2.440 ]Lma “215 1
IHFE-245ta2 | |ls.0 flo31 B o280 Jeso oo |
|HFE-254ct2 [l s Jo2s | 1280 Jase oo |
|HFE347mecs “ [l5.2 llo.34 | [[1.080 |57 lo7s |
HFE 347pct2 —IL [[7-1 o5 I 1000 sso |li7s |
llHFE-356pccS 7[ ”0.33 ][0.93 l ”3—8_6_”110 ||33 ]
lIHFE-44gs! (HFE- j| J[a.a o1 ] [10s0 Jlsr [0 |
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o) L
HFE-569sf2 (HFE-

0.77 0.3 207 59 18
7200)
HFE-43-10pccc124

6.3 1.37 6,320 1.870 569
(H-Galden 1040x)
HFE-236ca12 (HG-

12.1 0.66 8,000 2,800 |l860
10)
HFE-338pce13 (HG-

6.2 0.87 5,100 1,500 |]460
01)
lPerﬂuoropolyethers i
[PFPMIE " ”800 ”0.65 I[ “7.620 “10.300 J|12,4OO l
[Hydrocarbons and other compounds — Direct Effects ]
|Dimethylether ” ”0.015 ”0.02 ” “1 ”1 ||<<1 ‘
IMethylene chloride ” ”0.38 JI0.0S ” “31 J]BJ “2.7 ]
Igethyl chloride J| "1 .0 ”0.01 “ "45 ”13 ”4 |

fan: IPCC (2007)

ATNMARWINT A2 MANLIANMTATINATIZI3a%NIZaN (global warming potentials) TaINRRITANN

TILIIUDBI ARS (2013)

GWP values and lifetimes

Lifetime (years)

GWP time horizon

|

(with climate-carbon feedbacks) I 20 years ” 100 years |
IMethane "12.4 “86 "34 |
[HFC~134a (hydrofluorocarbon) ”13.4 "3790 ”1550 J
|CFC-11 (chlorofiuorocarbon) ”45.0 "7020 ”5350 I
INitrous oxide (N,0) ”121.0 "268 ][298 I
lCarbon tetrafluoride (CFy) ”50000 14950 ][7350 l

flan: IPCC (2013)
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ABSTRCT

Pon-Yang-Kham or Thai-French beef is well known as a premium beef
product especially as steak in Thailand modern trade. To generate the
environmental friendly production process, we investigated the consumption
of energy, water and consumables during the production from farming to
packaging of the product. In the cutting process, energy consumption
included diesel for truck and electricity. Consumables include clothes,
cleaning equipment, cleaning chemicals, cutting equipment and packaging
equipment. The data were collected during year 2010-2014. The results
showed that half carcass about 2,000 ton/year or 163 + 10 ton/month entered
the cutting process. After cutting, boneless beef was about 480 tor/year.
During the cutting process, consumption of electricity was 0.423 kWh/kg of
beef. Consumption of water was 9.56 litre/kg of beef. Diesel used by truck
for delivery of beef to supermarket was 0.019 litre/kg of beef. In packaging,
plastic bags including low density polyethylene (LDPE), high density
polyethylene (HDPE) were used about 10 ton/year. Moreover, booth shoe
made of polyvinyl chloride (PVC), foam box made of polystyrene were used.
The emission factor of all equipment will be further analyzed. Finally, life
cycle assessment (LCA) of Pon-Yang-Kham beef production will be
analyzed and also the carbon footprint of the product will be reported.

Keywords: Beef, Emission factor, Life cycle assessment (LCA), Carbon
footprint

Page 140 4

July1-3, 2015

Ca
SOt
Ho
abi

col
bal

he:
me

de
ov

2iE-d8%



Consumption of Energy, Water and Consumables in Pon-Yang-Kham
Beef Cutting Process

Chalermsak SAKDAPECHSIRI', Thierry TRAN?, Matana OSOTHONGS? and Kanya
JIRAJAROENRAT!

'Department of Animal Production Technology and Fisheries, Faculty of Agricultural
Technology, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520,
Thailand
2QUALISUD, French Agricultural Research Centre for International Development
(CIRAD), 34398 Montpellier Cedex 5, France
3Pon-Yang-Kham Livestock Breeding Cooperative NSC., Ltd., Pathum Thani 12130,
Thailand
*Corresponding email: kjkanya@kmitl.ac.th

ABSTRACT

Pon-Yarig-Kham or Thai-French beef is well known as a premium beef product especially
as steak in Thailand modern trade. To generate the environmental friendly production
process, we investigated the consumption of energy, water and consumables during the
production from farming to packaging of the product. In the cutting process, energy
consumption included diesel for truck and electricity. Consumables include clothes,
cleaning equipment, cleaning chemicals, cutting equipment and packaging equipment. The
data were collected during year 2009-2013. The results showed that half carcass about
2,000 ton/year or 163 + 10 ton/month entered the cutting process. After cutting, boneless
beef was about 480 ton/year. During the cutting process, consumption of electricity was
0.423 kWh/kg of beef. Consumption of water was 9.56 litre/kg of beef. Diesel used by
truck for delivery of beef to supermarket was 0.019 litre/kg of beef. In packaging, plastic
bags including low density polyethylene (LDPE), high density polyethylene (HDPE) were
used about 10 ton/year. Moreover, booth shoe made of polyvinyl chloride (PVC), foam
box made of polystyrene were used. The emission factor of all equipment will be further
analyzed. Finally, life cycle assessment (ILCA) of Pon-Yang-Kham beef production will be
analyzed and also the carbon footprint of the product will be reported.

Keywords: Beef, Emission factor, Life cycle assessment (LCA), Carbon footprint

Introduction
Thailand economy bases on agricultural production from cultivation of crops and livestock.
Thailand Greenhouse Gas Management Oraganization (TGO) has found that agriculture's
greenhouse gas emissions compared to the other manufacturing sectors was approximately
24.1% of the greenhouse gas emissions of the entire country. The trend of greenhouse gas
emissions was rising. Low GHG emission livestock production and meat production is to
be aware of (TGO, 2005). Livestock sector was highly related to the greenhouse gas
(GHG) emissions. By use of the space and farmland, the GHG was equivalent to 2.5
GtCO;-eq. Feed production including fuel combustion in manufacturing processes and the
use of chemical fertilizers in the cultivation of forage led to the GHG emission of 0.4

. GtCO;-eq. Animal farming including the use of fuel on farms and methane emissions from

the digestive system of animals, the emission was around 1.9 Gt CO,-eq. Moreover, the
management of manure decomposition released the GHG as high as 2.2 Gt CO;-eq
(Steinfeld et al, 2006).




Especially in beef production in the United States, the emissions of greenhouse
gases were at 22.0 kgCO,-eq to 1 kg of beef (Johnson et al, 2003; Subak, 1999).
Production of organic beef in Sweden released greenhouse gas more than the 22.3
kgCO,eq (Koneswaran and Nierenberg, 2008). Production of Kobe beef with high
intramuscular fat by longer fattening and a long way to transport had high impact on
greenhouse gas emissions as high as 36.4 kgCO,-eq per 1 kg Kobe beef (Ogino et al,
2007).

The environmental impact of meat production of cattle throughout the life of the
product by Life Cycle Assessment (LCA) to develop sustainable production systems and
social responsibility was studied. The production of Pon-Yang-Kham (PYK) Livestock
Breeding Cooperative was selected as a prototype. The cooperative consist about 5,000
members of which are in the provinces: Sakon Nakhon, Nakhon Phanom and Nong Khai
(Cooperative Phon Yang Kham, 2009). The PYK management system has been well
established from cattle farming to beef cutting and packaging. The consumption of
electricity, water, fuel and consumable during the cutting and packing process was reported
in order to evaluate the LCA of product in the future.

Materials and Methods

Data collection

Historical data included the use of water, electricity, fuel and consumables, regular
transport by pick-up car and by refrigerated truck were recorded at, Pon-Yang-Kham
Livestock Breeding Cooperative NSC., Ltd., Wang Thong Branch, Moo 8 Phaholyothin Road,
Khukhot, Pathum Thani Province, Thailand. Consumables include clothes, cleaning
equipment, cleaning chemicals, cutting equipment and packaging equipment. The data
were collected during year 2009 to 2014.

Results and Discussion
Input and output quantity of beef in the cutting process
The average amount of half-carcass of PYK beef delivered by refrigirated trucks from the
PYK slaughterhouse at Sakon Nakhon province to PYK Livestock Breeding Cooperative
NSC., Ltd., Pathum Thani Province was as high as 163 + 10 tons/month or 1,961.93 + 2.63
tons/year. After cutting, boneless beef was about 480 ton/year. Half carcass was cut into 21
main parts, in which T-bone and Stew were the most types of 14.78% and 13.44%
respectively.
Consumption of electricity, water and diesel
The average consumption of electricity in the cutting and packaging process of PYK was
191,199 £ 12,312 kWh annually or 0.423 kWh/ 1 kg of beef. Water consumption was 4,357
+ 619 M annually or 9.56 litre/ 1 kg of beef. Fuel was used for transportation of meat to
customers at 10,324 £ 2,362 liters annually or 0.019 litre/ 1 kg of beef. However, in year
2011, the consumption of electricity and water was lower than other years due to the flood
crisis in the Central of Thailand effecting the production at Wang Thong Branch (Figure
la-1¢).
Consumption of plastic materials
Different types of plastic materials were used in packaging of boneless beef before
delivery to customers by refrigerated pick-up car. Polyethylene plastic bags made by low-
density polyethylene (LDPE) and high-density polyethylene (HDPE) were purchased as
high as 7.79 tons and 2.76 tons annually respectively. Per 1 kg of PYK beef, LDPE plastic
bag was used at the highest amount, 17.69 g. Moreover, foam trays and foam box, stretch
film were also used in a large quantity (Figure 2).
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Figure 1 Annual consumption of electrictity (a), water (b) and diesel (c) in the cutting process and packaging
of Livestock Breeding Cooperative NSC., Ltd., Wang Thong Branch, Pathum Thani, Thailand during year
2009-2013.
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Figure 2 Quantity of plastic materials used in Pon-Yang-Kham beef packaging (gram/1 kilogram of beef).
PVC = polyvinylchloride; LDPE = low density polyethylene; HDPE = high density polyethylene; PE =
polyethylene; PP = polypropylene; EPS = expanded polystyrene.

Conclusion
Consumption of electricity, water, fuel, and consumables of Pon-Yang-Kham beef
production was related to amount of beef production each year. Complete analysis of life
Cycle Assessment from farming, slaughtering, cutting, packaging, distribution, and waste
management will reveal greenhouse gas emission.
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