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Abstract

The purpose of the study was to evaluate the greenhouse gas (GHG) emissions from
Sakon Nakhon indigo products. The products of Tham Tao village, Samakkhi Phatthana
subdistrict, Akat Amnuai district, Sakon Nakhon province - indigo sarongs and indigo scarves —
were assessed the GHG emissions using the cradle to gate life cycle assessment (LCA),
moreover; the 100 years global warming potential (GWP100) of greenhouse gas were analyzed
by SimaPro software. The indigo sarongs, 100 cm wide and 200 cm long, released GHG of 6.42
ke CO, equivalent, similarly; the indigo scarves, 35 cm wide and 200 cm long, released GHG of
1.54 kg CO, equivalent. The major sources of GHG were the tailor energy consumption and
the shipment. The GHG emissions of indigo plant were insignificant, hence; the indigo
cultivated areas were small-sized, and it were planted by nature rain. In addition; the GHG
emissions of Sakon Nakhon indigo products were higher than the other nature dye, for both
indigo sarongs and indigo scarves were weaved by the cotton which merged from industrial
cotton and handloom cotton. If the manufacturers weave indigo products from organic

handloom cotton, the GHG emissions will decrease.

Keywords Carbon Emission, Carbon Footprint, Indigo, Global warming, gsreenhouse gas
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4

wardlulauug1 i AugnAawuusIuIaiugnnas fanImni 2.5 Wethiheswanteudlun

e )

nnas gnnasasmduleluddlusiauazasnlufinlueandndunis daudaiherudiluldle fag
anasdnaunis Feluszeziian 8 Walusauisafuviheysviaudalaussuia 400-500 Alansy
wasndumeudiagladeiheialglsanutumesely (an1duidenals, 2536)

2.1.3 nMsUudete

Y I3 ° ay v ! I3 a Y = o ]

nstumedunisineyeihe Alduendruudaeeniagvuiunisiuiienaidasenia
iheyglurunssudSifiondmludumenuauinnioueseng 9 Aifein1smeLrsesinsfanIng 2.6
Weldiluingdvlunisved Gsnsduavesidusieiefnaindeinuaaiiueiseuividn 13
nieAtdenld Ae cotton count Tne 1 cotton count WinAULEUAI8812 840 wan wiln 1Uaun Lay
wialulagnistumetheulseanladu 2 35 Aen1stiudeuuu Ring spinning wag OF spinning @4

y 1% . . I y 1 y 1% < 1 . [

syUUNsdusenuy OF spinning lunszurunstunuulndanunsadusieisaniawuy ring litey
N1 4 - 5 wh ualdedinmszasaluienlidesnisaruasiBenas Ineundniduwesaedsi
n1LUes 40 asu vsiinszuaunisuaeuszneuliarsduneudiaglann n1silanaudule
(opening) wuleiheazgniunauuagyiauazeaduly Mnduazgnasludinisansle (carding)
a v A ¥ Yy 4 a ¥ 1 a . = @) a
wiedniseadulglvigavuiuesnliuinian waziingnszuiunissaye (drawing) dalun1siiiuns
[essvoudulefimdunsnlivuiudiuniniu suziiiuanauldadianesuiiowiainaiiu

wansinvaduluatuaziduleannnisanavane 9 WulzgnAnGeITINAY yanInilidumeiheenagn



daolUanszuaun1sws (comding) n13vilsnda (roving) n1sdugne (spinning) wasnisnsadg
(winding) sl wieg1alsfniunisiudisenalisndudosituasuyndunou Madiuegiu
52U wagndndsiideanisndn Inenuinduden’ agdenumdonnnnindudiean
Uszana 15-20 Wedidud vilkanunsadudeihevunndnidauningsldd dsdulngiduseds

1 3 [ Y Y -q‘ A v Qllg x 1 Id Y v =
ANALLEANINNINUDS 40 AwiTuldumend vausidulenduy 9 LUeIs1N11 40 AL UULEUA Y AT

Dusnedida mmwmLLauiwmmﬂ’maumam (RN Wwwu{]wwmﬂa 2541)

Al 2.6 1adesinstiugne (Clem Rutter, 2013)

2.1.4 n158audtne
2.1.4.1 NMSdpuFFUATILN

[
L% = 1 o

ddounlddouduleivarevila n1sdounaylvinaftuiiuegiugu1an1sTInda

- =

a v Y Y o o Y] a v o o av | aa &
vosddonduduleaziesfiuinniigiuianissiudivesddonduin ddeudrulugiluarsadndu
nanAuduaszniullnsidey Weniunsainazlaaislelasaisueusanu lauwn lwudy
ledu Baluansesveuludud aislalasasveumaiiazgnihluiujisemenssuiunislues
1Y) a o A a v & ) Y A v a{' & oy
Funendiuduieazildsuanwlmduaisinalsuazanansinansimseuladazivaewduddon
1% a 1 1 a a . Yy v 6 aa < a 1
mewmatiafngg wu dwda (basic dyes) Iddaslevudnd luu luaeu uazesa3an Wudusequin us
lapsladeudulusssund insiglinunistnuasuas deglednuieduunnea (azoic or naphthol
dyes) ldeurniefinnnon Loy Indwanes luaou odinn wavisuou d3m (Vat dyes) Todauie
\seau ozesan Wwnezasan warluaesw WudnAanulukaiuaziigiign nunstnuazniseny &3
waativl (reactive dyes) ldaulowaglaalan Wdanlannddanulunnanin sniduaiswenyrinan

= dl dl 1d U v ada ! A a v ¥
AaRIUY kavwieiidudng nunstnadlunn (nsulssugnainnssy, 2542) nsiaenddaudag
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finsanfanuantRuazanusanzaniuriavonduls fashnddeumansviafianmnsafinsivudule
16 uanlilsvneanuinaglvddeniianlawasianandfng 9 wiiunue
2.1.6.2 M3oudsITUYIR

dsssunAdudildand @ Qauviduasussng aldaniuiniduasdunis
Flgandausing o vesfiedausisn s Waendu wiuls! lu ronna wazidn @ndsssuviondn’
Fenvannlutssmalvedudunguiuasiiduoenunandusnas Laccfera lacca videfiFenduitaluiy
p3s nafifsidlraunnssiufidosnnlufivdullansliasmeiu 3 Woudni wemssalena (2536)
Ienaniisansivariandey 4 wdadwioluil

1) msUsznouNailauesd (flavonoids) wiailldifuddentumninlidmaeds

du-mde Tgnslassasianugiudu C6-C3-C6 Ineil C6 druunndulsuudu (benzene ring) A9

OH
O
e
OH O

FLAVONOIL STRUCTURE LUTECLIN
OH

wARIlUNINA 2.7

OH
\/\V \I\j HO., /\\_/OH / N
T\W \ﬂ W
*”/\OH Y’\H/
OH ©
QUERCETIN MORIN CARTHAMIN

AH 2.7 1A598519909815UsenounaIueef  (Wgudnd wanssallannd, 2536)

2) arsusznauwmesdussanieleletuses (terpenoids orisoprenoids) @1slu
nauiuasniidazdunsiziainmielolamwumu (isopentane unit, C5) 1y crocetin 2nMEl W5y
(saffron) fdndes bixin anwwind wanliddu-uns Tgnslassaiesdawandduning 2.8

CH,

CH,—CH—CH;—CH,

n

ISOPENTANE UNIT

HOOC/_“ S P G e _-COOH

CROCETIN

HOOCP\Q‘\‘)‘\“’%/ .%/%%Vﬁ;&T/%JCOOH

AN 2.8 @15UsEnaumasUusnvsolalaUuaun (MguFnm wwanssalana, 2536)
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3) @1susgnaunounstailuutazuunniailuu (anthraquinonesand
naphthaquinones) mﬂumjmﬁﬁmﬂﬁﬁum wounsiadluuilduddon wu aliarin 9ansnéu
maddersazanunuvasdiuee laccaic acid 91nAS @aununnIA3lLL WU juglone 2nwWdoniiuge
aiTefaina fanslassadiafanind 2.9

JCJ) ﬁ OH O o]
A [[, |/‘~m;j N )x BN AN H\,‘/’OH
N N {%%J k‘m/' -~

! ) I

ANTHRAQUINONE NAPHTHAQUINONE JUGLONA LAWSONE

OH HooC

o /C
P \J\)j /CHCHECH:C\ HOOC.__ COCH,
Q/ ﬂ] s HO" ’\/ d
0
ALKANIN LACCAIC ACID

ANA 2.9 F15USENBULBUNTIAI L UULATLUNNATWY (Waudnd wanssallanid, 2536)

4. ansUsenauueanases (alkaloids) a1slunguilinazlaanniivdugauazasdl
lulpsiauezmnevegluluana lauid indigo 3nduasw Felvaau uamﬂmqaiwmLLamﬂum‘wﬁ

2.10

N
Y,

§
\

O--—-/ , Br = H 0"' 7
HQ \E;T]K:}HE/H\ “Br
o}

INDIGO TYRIAN PURPLE

2M# 2.10 a@sUsenouLeanIasen (Lﬁﬂuﬁﬂa LJJ"ZJ‘WiiﬂJIEJﬂ’]ﬂ, 2536)

Tnglun1sdour1medsssuyd ausalusisnsdesueenls 3 35Ae

1) Vet dyes Tag reduce unisinlwansindudluiivazaneldluidouainiiy
Sahiandesluansaranedangn seanntunnideuudalurinnisiuan dsavdaevinliiannis
oxidation Lﬁumiw?ﬁ'wmiazmaﬁﬁﬁaﬂﬁ@mmLL%Q%’U@QWEJ’W

2) Direct dyes %38 substantive dye nanfeluianavenduletheluwaglaa
Failvflananda (OH group) agunn Fsamnsaifnsiuszlelasiouivluanavesdlilasnsy

3) Mordant dyes m3ffexisiifaninfinguiien mordant Aeuanduisilugen
Tuthe9e98 ¥heq Mordant uansavarsvesndelanynidn 1y \nFevetegiliden noaung

Tasflew Ayn wdnuwazunuiu Ujsenmiavulunisden Aadledulediunisdouduasnisdoudie
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ANTazansuasLALTIkalansYsaNsazateuas AU A ua s dounwdswsatuakazidule f19
foulne T iidunnasiuluduedivsiinves Mordant fawditneelddsdafeatuiniy (1ian waz
Ay, 2531)

2.2 A9

asduiiafiieivemansin Indigofera tinctoria Jnagluded Leguminosae wariidoantey
71 Indigo geuszanas 1-2 1wes dnlunssalinuvuiadn dvulidnyaznaundides Snnanieaiy
dsfleglndiuddu venestugimeiBnmamziuda Tnoidunssalsfiveunauan nunusesinadou
oy warRuAuldR wutuldmanlussmaniadauussmemamieasfisulgniuasuiuliiield
dmsuvinadoudn wagdinduduteRatluauiuiinuasnssialy luasuiidnuueadrefuly
meaudazdvuadnndt ngluiduludszneuwuuvuun Sesaduiu Snvaugvesugeslugua
wnugUreurwiy wialugulindu Yansluuu tauluaeu dwveuluseu Tufliwianiteussuin
0.8-1 Wwufuns wase1IUsyanm 1.5 - 3.5 wufiwes winluddendnvazus aenasiuduteny
wonlu demensniUszanal 10-15 wufung nendesiidnuazidusunend ndusenifudshaunyd
ihmavieidudumuazfuiifosounnudnmi 2.11 dwiunaidnuasnduiinnauruiadn om
Uszana 5-8 Wwufluns laseenidunseqn infldnvazadeiings meluilndiudedeiuoudindes

PALEN FINNT 2.12-2.13

A 2.11 Tunazaenasiy (Kurt Stibe, 2004)
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indigoferatinétoria

@ 2007 picturxc! by,

AN 2.13 LWAnATIY

o % g.jl 1% 1 & =
nsvanasuanansavilanslugauasiaziulagnisvgnlugaauseninansunguniauis
figursunseiUatsdeuliviauiilunngniaiuisasuminuudaliduiediu Tnendunsounuay
i < My o v A o A % Y a =3 = o
nsniuudaasuilawseulivsaimzwinlugadissendudunadluase 5 luguludadunugnly
wUaafseuliuds dwsunisugnluggudsagnituwdaasulugicUanefeungainieuisiuiiou
Funau WesuasiusendusnazUaselmasydulaussana 4 895 weudulufamisatduasiuly

1gla
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2.3 A1daumsiy
2.3.1 Uszananusduun
AasududdousssusANAIwALIN FauyedsIniuuInIT 6,000 YUszansiendelu

9 Y
1%

waseuvaslandiupeyidnsuainauldudinmg 9 luiuduuddasunuainandnainelionsyud
avmanduReunfenvesaudinguuinnindasiuaineesiulaziaued agslsinunislddnsuy
ANAILADDE19N

gelunindudszmalnenudiudgmnaiivdwinaausuiinainnisldasiaddun sz ngs

= a v % a v ¥ 45 =3 I3 v I a [ v 1 dy a <3 1

sudeddaumeddonsndalusanlanvaslanerinuiieiny laneninwaidvatesiaduaisne
uziSwazdloaulduiidniou Julinszuauinilenddousssumatulagiudnidlaenisigfidyay,
viosdudladuneaiunusruganeuuiaundumedansdeuinasulutagiu lnslanized 19
miﬁaum’lmmﬁl’wi’maﬂaumﬁﬁmiﬂizﬂauLi'flum%wagjmﬂu‘%nm PIUDHAT FIUAEILAAN AU
§1LN991N1ABIUIE HNdauATINNNEnINTIUTRanauastTunaulanardaIn1suIN wAENEaNATIL
AuNNRGIBaNdnaInTavME RN douATINAMAINUIUNANERNENA1AT1UIUNIN BedndauaTI
A& a a v = < v a a av o = &g
wsodnTuANAING Faziduniedidesdanlaazoiniany Fliandiauninmariiluxauiain
ANNIMTBINAUKALAINTANNTINY VoIHERNMIWTELERT kA daNdATmTmALl ATiAYNI
nsdoNdsTTusRDY 9

wadan1sdourasuEuiawinisifenluasuetgnesiuaregluaninluan dniuazios
< & Y A 1 3,’ ¥ 1 1 20’ a 1 a v oa
nulupsuenguseana 3 - 4 wieu lunewdrlnnoutimaurisasudtinUsinawiuluasiune fviui
waLhIUsEUR 18 — 24 TalusvnldiankiunyIatesnindazlausunudasutes n1swrluasiu
antuihdludldnsudinelrdasiuazatsuieenuisaunisduUdenlignisuyiidunisivasiail 2

a A ° aaa ) a @& a P HUR v A a =
yipegluluasuanvihujisendunasiinidudasunazaeuils mnluasiuuisansiadviianildy
Tupsudsanimliauisainufiserduansdnvlianislanmunvassliluasiuurenauudiiiu
wiinazluladasiu wuherdunisauluasunlilsdasuiesainainusouvinliaisiedluluasiu
naeanIn (usnil anenes, 2554)
2.3.2 NMSHNANRNUANLEaUATIY
nsHAnENTuTldauas Ul uINgIFansnuT1udas 1wz uduletdhedadu
a a6 o = . ) = . . Y a av v
A15DUNTIIININLOUNTIATLUY (Anthraquinone) Tawiilaailuu (Diquinone) AunaaIdAIINNLA
& o = ° fsa a . . = a1 vy
Wednanluasudansdtninnglalenduduau (Glucoside Indican) daluifidudazareluinla avgn
lalasladiaeulailusssumfueniimanglraeenduiivdaseniidunenda (Indoxyl) Faduans
Lufidwuiuusazargluinladunendadiogneandladlidelae diueandiaulueiniavziinlud
] [ d' ] 9::/ = [~ a v ] ] dyy

ATUlagH U SHaNNA v U B le s nasuldazarsluindnduddeulilalunisiguiides
SAddnsuasuduansdiladudln (Leuco Indigo) FelifidiZendn BuAlAlY (Indigowhite) ey
lustindeueannlavesdasudliifanshififaraeuladanunsawnsniinluluilovendulethevae
fonusnasndounademalndulendeunidudaivennimansdiladudlnasgnesndladndudu

Warsuduikuinllazateluivanduituismzividedulethedieuungndlifsennidazdnly
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un 9 Adsasegiuiuindeuauidanidudosdfionuuonaini sulinduresasunusssunian
selagasuasidumsueunailuuiiasulassaiannanmeendladluiluaninifag.iu
asavarsluthiaddsulasedsnnanmimdluduaninesndladdeoondiaulueiniadaui
T¥ouduloihoAednsuanindiddiudasmiineduduleihefodnsmanmoondled nstond
AsufiswanBenlunisdondsi

2.3.2.1 Msnevidensuluninday

msrentonsudeuthefudondontut fdeuviieasumiedngumsionsiu lu

Uevieafienaaziiendn ddfouniieda inszdeulddaindeiedddinalunismiounisuindau
nssASvosmanandumaiaamzdfldiunsdunenanusimysviesiunsinialiAnam
Frungdunisiamnziiirdadulunisdeuliiinstuiinduanednualdnvideserfoautiungfild
Ansluandrannduenidiunsnensionsulunadan Wunasfeuesuiiuninuagnisd
asusnuddsdnlngarlilsmumvuianansuaznioutinadildannssaldsng o Iﬁﬁaajmﬁa%m
girfldunauwedvielsl (Wldsauiunans) thasuiwdouenl iunaulidn fudniiviaasgd,
asinuiideveamsdunentadunfimmdetueyfuisnmsvesusaryanalunisnautiasali
ddulaglddusnihasuildnautulinadululssiindnlisidaniienitnsidin “lanasiu” &
HumavilmiAsnszuiuniseandladlaelienmasendiauiiuiiis fananduadulmiiniiie
aseansiiitu derkuemeznaaduiarumnieinnuirluniorsuasduduiinionde
hidlognenmasgnanedudas

2.3.2.2 Yuam

Yurniunaniiusssunituazmdedelsildfuyuaamardiudunan

mmim%’gﬂimﬁﬂlmaﬂszﬁuwuanmiﬁ;aeﬂuﬂu%aﬁma fuduilansunouduasiosifuyurnimn
avanedsinasudsdeunsavansfesdeaussiins Tunsgiugunaiiseuminfouiiin
pnmssnludinmseniuyuldlunsaszana 800 - 1200 °C delautarssdaunndunoudn
reutiosdrsfinsnidlddiasuiiazdosaduvuiovesiiuyuiletiosiunsssdaogisguussiuios
MntuazarargliiuvenandenouiiasmasiUlulsnhasuludasdrumuanudiunguosusas
Auyurasduasiufisenhliamumnedalasadsluidensy 5 Alansurolsslngussanumn
Taasluunn 9 lensuagnseasnandonarlddseunsliyuridelssszanml -1 1/2 Alanduan
JapiliAnannsyuiumssdsesuilonnguiasutiud s avasunuaniyuunsdildlunsiu
vannauuyuradlinananunnittiymussmssnlvsifiuyulinue fdusumunlyilaians
muAuaanmsHaAlTuaglfaazTeudugidygviestuduiifeuiesudn

23.2.3 G

[
IS4

1% v 2/ a 1 Y] I ! d' I~ 2
ﬂLﬂ’]lmJ’]‘ﬂ’]ﬂﬂ?iLN?ﬁﬂﬂWUS:lQJUN“UU@ bYU PN LﬂuaauwmaamﬂmimﬂmLUu

4

Ygndiddenthiuugdmseinsesaissilaunlunuaylunisgnarevsedunadly

nsteuddledmiunisdoudnlaaniuglisssusa
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2.3.2.0 \@381UIA9
P - ° v v a & v oA ° v v v
A5 suUIA19aNNsavin e nnssalduunviaddnasinunldisaealy
v & W ° P | o 8 . o X w a a = %
nysaulilandedmvoesinuae Bl udruusenaulunisvintdiang dhddnvdalevianislall
Tulgshuerlidmsunsminiansdrulngaglondenusiladianenlimiililuaniun sewe1uinig
TalATunstaduinssazldinnivus Al iauusuduninidndndlasulnddamsoulAlvnaiu nsly
vala ° A v v & Yi 8 1 o« AV A o oo v P vee A = P
Nugndienudngdleduiaiaziinhaedauninvielilledudawdluaeilossidnau 9. 0uldla
U959z liisTugIlianuhunntesiiivdanissnmanududureaimae limszeududy
d‘ % d‘ % 9; 1 [~4 £y} I A o Y a aaa [~3 1 o w
annsavdenlulaansilaanniisiaduddigluruiunisiedvesnnuilvinu jise ndudiudfy
Tunsnedvesasudiulngdonididumdndeneuaintduaziuinse Lo uatia1aL uureaiy
e bidenislinniu tns w3e Ui Wuasiiazaieaniidlaenseshianaznoulneniu
<@ g ’oj 1 a < v [ o £ 1 v Y N
nsnsesdutlagluiisdiaianudunse pH deendt 7 anansathanldunuaylunisdndramie
Wl dudrunauvenisdsssunfiionnuazaniunisnsesdiananyugihunldiivaie susuy
AnuLanaznlala e TS n1svsinusonNsE L e e AU AN AU A ldnvusiazlinseatang
T lnadiuegnetn 9 dihlgludiuiiiiiagassauaiioanududuresdinisiaginunldau
~ & 9 a Ay M Y o a v
NTANNIANTSIRUASITUTIRN LIS ARUNABINTS
2.3.2.5 NMSN2aV0IAIIU
ANSNBEVBIASIUABNITANNUADATIEIUTL 1AL AL N LAY DRI IEIUTLAN 1
Alansuseun 18nsuazinddrumsinlugi 1 Ay antuiuinselilsinlatuunresnususiue iy
14
2.6.2.6 NSLANL
o A & v Y o a & o g v v
n1sdiandidunisasieainatenisneridaniiilunisaudaiiednlilsing

(%

ananefldaelilunszuiuvesnsmerisianilvus inersin vilegiuiiuriafifinudrdgmin
wdoddauslumamseaiedslananglvinsafumenistef adusiinglinsesiudnouiay
TifunsenuliiRnnnumniiuresnisaudatuesfonssnangnetuadidu siifiaanansann
ushenszaethdinsiaviaslildEeshonifnivhldfunnaunsaiassimeanudnd uvesd
Fasdimstinduauiimudiungranudwsdomdeclddiuauildisdonih dmieutusdennd
Mnueaeenuuuanasliwinanueenuniutudusulsngnanlisudewedniuiense
wdrsednAdudunesinegedisiunagaiedosdsluulssuifuegadudunisufymiivaismg
nanAnveInsuUssUeenifdgllfinzanaeuasAduiuosiidusummuesdesd

2.6.2.7 NMSYDUATIY

=

thueeniidunssnluuSsudosudadunsioasuldievdrliinduleie
goududuinasuldiinlinsdenamuiiamiuamsnunuiitnsdeuiendt uifeau uie Audw
Tuvariutidulihelundfonsuansldilovdiniunssnduidulediegiaueiinisnsivasuinléd
arudumuiidesniavieldly auusn antudsiiduleihelagamineliinieunsdeslly

PN vy Ay v Y v = o a A v v al N
ATUNE DY "UUI@ﬁGﬂﬂJ‘WW@Qﬂ']ﬁﬂ']iﬂ@ll?ﬁﬂ@@ﬁLfﬂiﬁllﬂi']llLM@J@UL@QJ‘VJﬂUigﬂqﬁLN@UaﬂJ‘lmmmqﬂJm
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faanisualnsniazdawendulefhendaumasaluninuandnliwisainidsnaunaziiugnaals

a (Y 1%

avamiiodvanusniimeRnegfuduletheeenlinunnisdoutiedeisnstinameiduiusideus
AuansuuanAstufunseduiiududihandesaduluduivsdiuindauunnansiusgng
ulddaunsiounsuiinsdesnosnsiaindenldlauafunaesniing swalagnsUesniiuniges
pudrfuludagtuiinnsimuiainaislidadiunniatuagldlonatuninildond seulhIeuios
Mt ssthlumnliuiadeneuuananiuazthunusivhanuasenuwdadddumeddnmiien

NN lAwAsatn

2.4 M3UspuinInTYINvDINENA 9
DIANITUIMNTINNITAGLTOUNTZAN (2554) LEUDTENTUTZEUTOINAITUDUTDS
WALt
2.4.1 AMINRUAVBULYA (Scope)
Tunsusziliunisaesfingsaunseannaoninginstinuenan fumazhednisnnue
vouwnlneldndnnisusedliunsasiinveswansast (Life cycle assessment: LCA) fausnnslaunds
FngAunszurumsnan msldau wagmsidamssnudainsldmdansahlulfdueiesdiolu
nsUssifiumsUdesfnifeunszanaaeniginsiinvesanduiviensudesfeieunszandaud
nsdamingAvaudsduganssuaunsadelulssnuld ogilsinig Usinasesiiianiuaues
A Sueianunsoinssinansenuiuduandentesndndudiangdunsilnannelaniou
wihdu ldldnansenudwandenludssifudy q Wy Anuvainnatenisdinin nsiiadunse
Usngniselglnstindu anuduie udu udszdiusiude
2.4.2 MIANYUBNAITDNND
TunsfinwisesinAiusurINan S uNIzAIfnwIToMUuALazLUINISTUNTIATIZA
Tneazdeainsdradauenarsiiieidos
2.4.3 NSNIRUAUNTYIY
nsmuaunion unisesuieanumineuazdiidaauvesdiildigu mstudau
V8T N15UUIEINYSINUA1IUEN LaL/M3Da15Y108N VBINTEUIUNIIUIDILUUVDINAR S uei Tl
Anunludmansaridmnewasrandasiau 4 Mdetulussuures@nsos
2.4.4 sUnuuMsUTzIaiY
msUsadiunsUdesfmideunsyan annsoussuuuumsdssdulddetelud
1) WUU Business-to-Consumer: B2C 1Jun1suszifiunisuassfingiounszan aasndy

[

NSTINVDINANTUY FIATOUARUAWANTLUIUNTIAIBIINGAY NFeUIUNITNER NMs1da wagnis

(%

AMIRYINNANNUN

2) LU Business-to-Business: B2B 1uni1suseiiunisuansfneisounszan sausdunau

[ a

A15LAUNTITROAU NTLUIUNISHANIUDY a NTNLTHIUNSoudInan nSaaudaduansv1nse

q

[ a

TrnAuvesENansaLiow Ui mualutoMuARNIEYBAREHEN e
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2.4.5 Yayaaiuayy
ToyaidodlddmivuszifiunmsudesfinnSounszan Usenause Jendnsine veulun
nsrUIUNINAR TmgAu ArdudszAvdnisudesfiudeunsean (Emission factor) UsinmnisUdes
RreiFeunszan wazdeyadu q mildeyavenuadedliyunstufinlilusluvuiimansaudmiuld
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1) ¥favesiigisounszannIgisaunszan

2)  ednanmlunisiliiinlaniou (Global Warming Potential: GWP)

3)  szgzaTldvnsUsediu

4)  uWaIA LAY aUNTEIN

5 msUdesiersusulasenlesfitunastidnanieadanarluledinasueu

6) nsUaesfnmdeunszaniilildaiveulaeenlenfitunasiiinaineadanazluledda

AISUBY
7)) msiuinAsusueIndnsue (Carbon storage in product)
8  msldesfnwSeunszanainnisildeunlanisldusslenifinu (Land use change)
9)  INTUATIEA (Unit of analysis)
10)  msvaLve (Offsetting)
2.4.7 NTAUKUIAANITATUIN
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2.4.9 NUEAINA
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ANSLANIUSUIUTRULYINANSUBUUUNANA D AITLAAIAI8FANAVLEAIAT 3 AU

o

(Three significant numbers) U 3.15 kg, 152 ¢ \UuAu
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3.2.2.1 YAUUANISANYY
nsfvunveuLansAnNsUsEEuTInsTinnanSusidiunowas iy
founudl 5 Sunoufe 1) mavgniheugnasny 2) msfiutheuasdudeve 3) nsduldlatu 6) ns

v = v & v o Y v Y q'
HOUAATIU LLAT 5) ﬂ']im@LU‘UN']WU@@LLagﬂ»ﬂﬂ@ﬂJﬂﬁqﬂJ@QLLa@QSLUﬂWWW 3.2

( N\
[ Ugnihedanasy }_{ ﬁuﬁwaLLaz‘i’jumawaua] o pulalugiy
G J
'd l N\
[ SR URNUADLAZENTUS DAY }4— AsdaudnsIN
G J

= = A v o Aa
AN 3.2 VOULIANITANEINITUTEIUININTYIN

3.2.2.2 fiufinisfinw
YoulANTIANYINITUsduiins®in Arouaguisuiduneuvesnisugniine
Ugnasiu manlenden n1efin msldau aaensunsvudssdadusilunnduneu veaanSuaii
Anw fie dtureuazi@udenasy Tnssumudeyatydsenissuduindonainnguusitu
Rl FRH %yjﬁ’lug’lm"] duaadafimun gneeInAsIwIY Jarinanauns daansluam
3.3

=D eXe



24

MjUueen
AUARILIAANRIUN

2UNBDINADIUIEY

JMINFNAUAST

Cambodia

ANDAMAN SEA

[

4
Y

o a N Al
AN 3.3 NHIINUNANY

3.2.2.3 whgnihiinsldanu
ns@nwassiisvuamizentifinisldeu (functional unit) Ao dtuaeden
AT1Y YuIavtindne 35 WwuRlng 812 2 W $1uau 720 duA lesanngsianniayuudingn
inupeteunT U lddndiumentaziegulanseiy Juilvnisnervunaniining 35 lwumuns
frmugmlsiviniu nenuingungudoudsssunanelden 57 wes uaznguitltinedunidnauiheg
dusaguanlssnunelden 45 wns Jalddmualifvuinnuenn 1,440 was dmiuindusen
asuimunvueventiinisldeusiiseenlul wueniie 1 wes 811 2 wes S1uau 288 Ju/d
Tnesaauufgiuindnislden 15 aduied fergnsldnu 2 ¥
3.2.2.4 %’aa&aﬁ’zy%ﬁUﬂ’ﬁéummé’amﬁéfmmi
miﬁm-ﬂﬂ%ﬂﬁﬁﬂ’m'miam’faggaﬂ’ﬁyﬁiwmi%aLL’mﬁauéfﬂu&iN q el
1) Uil iegivuasndsnu Aldluduneunsdgniie
2) Usmnaunsliingiuuasndanu nszuiumsiuuasduihe

a

4) YsunaumsldingauuarUSunanmsiauaivainnisuudslunnduneu

)
3) UsaumsldfmnAuuaendasy fdlusuneunisugnas
)
5) Ysuraunsldingivuwagndeany susUsnunsAauadi wazveade

NSLUIUNITIDUALALNISNOENNUADE DUATIY



25
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Jla EP; (Environmental impact potential) A AMANEAIMYBINANTENUNINEININEBUF MY
nanseNuUszLan j In 9 (kg substance equivalent) Q; (Quantity of substance) A® Usuauan1e
a3 j ivdogeenun (kg substance j) EF; (Equivalency factor) fie Aftauiriivesans | vilviAaua
NENUNIEWINED j (kg substance equivalent / kg substance j)

fnanmlunisnelminnglaniay (Global Warming Potential, GWP) 1T w & % 4 CERIRE
dFnenmdeliAnnnglanieu eefinsanUiuuieiigadussddunsisaluiuusseniedelife
n1aglaniu wuftgarsveulaeenled Ty aelsngeslsnrsueu lunfasanled laul
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Global Warming Potential = Y,(GW P;xm;) (3.2)

e mi AeUSunuasuaity | Nudesgdsnnteu (ko) GWPI Aednannlunisnelminn1iglaniou
w093 i (kg) §Ans glnlsan, 2552) Fsanusouanaduruazeneta@invesfinene 9 1admisned
3.1

A1519% 3.1 Adnanmlunisnesliminnnzlaniouvesingmis 9 (Myhre G. et al.,, 2013)

o , aa GWP
e 218929390 (T) - -
! 204 100 U
Methane 12.4 86 34
Hydrofluorocarbon (HFC-134a) 13.4 3790 1550
Chlorofluorocarbon (CFC-11) 45.0 7020 5350
Nitrous oxide 121.0 268 298
Carbon tetrafluoride 50000 4950 7350
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wdsnguusiturzudddagld sausmnazeenna 768 Alandu/Alawms mavudinsaniiuiiugn
wdanguuaitnu Tszeenis 10 Alawuns ngldsausmmnlunisvudrsu 0.1 du/Alawns n1svuds
fihglugsannuiidindu Tnosadnsenueud seemslunisvuds 4 Alansu/Alawns dmsunisvuds
Huwarsssurdildlunsdendldirunieainvudduszeenialndy Jsamsanildanuinm
TndAsstunduiinn sihlvinansenusedanadonfifniuivsinatios fwmmed 4.4

M19199 4.4 Joyan1svudcingivindensrsuiumsvinihdeudnnunguinanindugaunsy

1 U U IR = o
Y uraIzUgnATId- N nauwitu - dauidn
Tseuduane- $usn Y -
. wdu WU
FUAINAU

SLUTNIY LN SLYTNIINIG
- PIUNIAE | YIUNINUL N YIUNINUL
(Alawuns) (AlaLuns) (Alatuns)

ety

. 768 FOUTIYN - - - -

a3y

AU - - 10 JOUTIYN - -

4.2.5 doyatyTnenisawndaunszurunsdeunsiy

nszvaunsfonasminisliilulinugs Wesnnnisdondasulutiiden (indigo
white) unsnidluegmelulessasweaduleldfidosniduloiuindon dudatuoondiauluoinia
i?mmmzgﬂaaﬂ%lmétﬂuﬁﬁﬁﬁu (indigo blue) Fuagneluidule dulefidoufndasulansadudu
Towwaglaaiiing -oH lulassais Insanngleihedauiiuenliiuasailuguesndled Fonin
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Tusuneunszurumsdmduindudounsiy wuiniinist 14ehihedeunsiu 288 Alanda
agldinBudionasiy auim 39 1 wns 817 2 was Ieidudeunsiuanun 288 fiu dumeunisse
Buindudeuasiuinsldnganulniinan $asladia 720 Alatad/dlus wavianse 1,472 Alatns/
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FUIANFIE 1A 8717 2 AT Wwtin 400 ndy Y9INTLUIUNITUGN N15UUES NM3Tau uazn1sinldy
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ardvaulnoanleditouviiniednduiitune 1 fu finsUanddesviedu 1.54 Aland
Asuaulaeanledfisuiin auisafiansanlundagngdunansenunuiinguueswansenulunis
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asvaulaeanled felunsasenled dunssuiulgnasutuiimsanydesiitiossnnvidounylad
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13 dwsuihdudounsin aunaniie 1ans 8 2 wes dnh 400 nu 288 fiu anmgudniinelmiaa
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x 200 @y, dinsUanUdes 0.59 Alanuarsusulaeenleniiunin §Ans ylnlsat, 2552) A
4.10

nnslseuiisunisuandasefneansuaulneanlanvestniuasiunan s undanayindu
zituladndniunedsssugdainlugninwaziinaulnadifredunsddendusniin asdinis
JanUaauNuasuntilea1niinistttedunsdwas l98douanasssusIR luNIUIUNISHARN d7U

1 [y 1

FWUADLALHITUSDUATININ1SUaAUAR8BENTLAUAININLDIINTUNTEUIUNISNANTINIS LY ENe

Y Y
=1

Ts99uiuEneneie JudiuaualIsilyinedunsdnsethenaiionazl9d1nNsITUTIRIUNITHANLND

I 1 6V s L3 a [y '3
LUUﬂ']ﬁﬁﬂﬂ’]’iﬂTﬁﬂaﬂUaaEJﬂ’lsliﬂ']'anuvL{ﬂE]E]ﬂbLGZi(ﬂ‘UENNaG]ﬂm"VI



37

A15199 4.10 NMslSeuisunisuanUassfnuansuaulneanlennuNan S uNaanesindy

Alansuarsuaulaaanian

WA YU .
Wiguiin

ruARgaNAI Y 35 x 200 . 1.54
fhFudounsm 100 x 200 3. 6.42
ruAedsTIuYAINUYNIN 60x160 . 0.7
faguilvialvsiavsl 3 & Y119 90 x 200 Y. 3.2
fhaguvasinihevlugendlan YUIA 90 x 200 . 1.67
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Touuaznmsvansmndlonuaeny Tnedenfnuiinguneitiudusn suneeniasiue faia
anauas nan1suszllunansenudneninlunisnelminnglandeu (Global warming) dumsdaw
ATIUAI75 CML 2 Baseline 2000 version 2.03 WUIMRIHUABIDNATINVUIN N9 35 LYURLUAT
617 2 1WA S1uan 720 Austed fidnanmlunisielhinnnslandeulneiinsUanvdesnasndi
AsEUIUANSTaAY 1,110 Alanfumiusulneenlediiiouin viteamduginiume 1 fu fnsUanddes
wadu 1.54 Alanfuasveulavenlafiisurin nefnsuanudesuraznszuiunissell nszusunis
fwdiu (Tailoring) finsuanUane 564 Alansuasusulaeenlaniisuwin Anludndiunansynu
Wiy 51% aungudnunanmslindanulniidesnmssdalnilussmalnemnainnisldan
fiu dhuiu Aesssuend fannsalnininensidsindanariiiendandsnulnineziianis
UanUdesfauafiviidfey ldun fArenifueulnoenlesd Malundaeanled daduiinisdfayinle
WWantaglaniou nsguiun1sden (Dyeing) dnnsUanvany 545 Alansuarsueulaeenlandisuini
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[« \Doc Database\Demo; Intreduction to SimaPro - o x

IEHE Edit Calculate Tools Window Help

@HetBR|P K Skl

1] LCA Explorer == 2
Wizards Selected | Name [Protection |
T W Agr-Tootprint-sconaic dlocaten ekt al
Goal and scope ¥ Agi-footprint - gross energy allocation
¥ Agi-ootprint - mass allocation Deselect al
¥ Ecoinvent 3 - alocation, defaut - system
Inventory ¥ Ecoinvent 3 -alocation, default -unit
¥ Ecoinvent 3 -allocation, recycled content - system
¥ Ecoinvent 3 -alocation, recydd content -unit
W Ecoinvent 3 - consequential - system
¥ [Ecoinvent 3 - cansequential - unit
¥ E®
Impact assessment ¥ EUG.DKInput Cutput Database
W Industry dats 2.0
M Methods
Interpretation ¥ Swiss Input Output Database
P use
General data
[Agri-footprint version 1,0, May 2014 ~
includes linked urit i of arop altivation, crop processing, animal production systems and processing of arimal products for multimpact ife cycle assessments. Agri-footprint akso contains
fimventory data on transport, fertiizers production and auxiiary material, Agri-footprint is available in three different liraries within SimaPro, based on mass, eneray or economic alocatian, This i the economic
lalocation lbrary. Information, FAQ, logs of updates and reperts are publily avaiable via wwi.agri-footprint.com. The Agri-footprint team can alsa be contacted directy via info@agri-foatprint.com.
|Agri-footprint uses several processes from the ELCD and USLCT liraries, Thess ELCD and USLC pracesses nere copied nto this Agri-footprint lbrary and are not intended for Simafro users to ik o, v
Analyst (Demo) 8.2.3.0 Andlyst

n15La9n DQI Requirement

4.188n% process TuaIUBS Inventory NATUGI8U8998 Y10 ILUAAIAININ INUULENRUINVDI

cal v

Tanvsendndaniiaeinis (uamdiegaden Transport 4lin Rode ) kagnaiian New ntinveay

LLﬁ@QWWi’Nﬁ’]M’%lU%@%aﬂ?TUWL“Ehﬁ'ﬁsﬂ’]@aﬂ YNNTSUIUNIT

(= \Doc Database\Demo; Intreduction to SimaPro - [LCA Explorer] - o x

Iugne Edit Calculate Tools Window Help

& X
@B He|sBE|A Y BSNmLA 9 Vo
B

Wizards Tnput Output ' [Name [unit [Project
Metals Transport, freight, light commercial vehide {CH) | processing | Aloc Def, i Ecoinvent 3 - allocation, default - system New
Goal and scope Minerals Transport, freight, lorry 16-32 mefric ton, EUROS {RER}| transport, freight, lorry 16-32 metrc ton, EUROS | AlocDef, S tm Ecoinvent 3 -allocation, defauit - system
Others Transport, freight, lorry 16-32metric ton, EUROS {RoW} | transport, freight, lorry 16-32 metric ton, EUROS | AllocDef, 5 tm Ecoinvent 3 -allocation, defatit - system
Paper +Board Transpart, passenger car, medium size, diesel, EURO 5 {RER}| transport, passenger car, medium size, diesel, EURQ 5 | Aloc km Ecoinvent 3 - allocation, default - system
Tnventory Plastics Transport, passenger car, medium size, diesel, EURO 5 {RoW/}| transport, passenger car, medium size, diesel, EURO 5 | Allo km Ecoinvent 3 - allocation, default - system
— Biopolymers . - - - B
Rubbers Tt Copy
Thermoplasts
= Thermosets .
T Merket Ecoinvent 3 -locato, efaut -unit
- Traneformation coinvent 3 -allocation, defaut -uni Lsedby
Impact assessment Texties t
Water
™ Show aslist
Drinking water o2
Interpretation Industry water Fide private
Wood T processes
Energy
General data Transpart
Ar
Market
Transformation
Bulding equipment
Blectridty v
Others <
Pipeine - -
o Tnventory refers to the entie transport lfe cyce, For and due to construction of roads have been alocated based
=l on he Gros tome klome e performance, Expendiurcs ut fo operaborof e o o factructre, e wel o e have been locatd boced on e yearly vehide klometre
Road performance. For the attributon of vehicle share to the transport performance a vehicie life tme performance of 2, 3905 pkm/vehicee has been assumed. The data of the energy
Market Use and combustion emissions are average data for the aperation of an average Swiss van (fleet average) in the year 2005, comprising various emission technologies.
5
Tastuciure Production volume: 1172611172617 metric ton*km
. Induded actiities end: operation of vehick; production and maintenance of vehices; construction of road. In the eneray use and combustion emissions dataset, fuel consumption
Water isinduded. Direct airborne emissions of gaseous substances, particulate matters and heavy metals are accounted for. Particulate emissions comprise exhaust- and abrasions
Processing emissions. Heavy metal emissions to soil and water caused by tyre abrasion are induded.
Use Energy values: Undefined (defaul)
\aste scenerio Geagraphy: The data for vehidle operation and raad infrastructure reflect Swiss conditions. Data for vehide manufacturing and maintenance represents generic European datz.,
Data for the energy use and combustion emissions refiect the Swiss Situation, v
Waste treatment. v
<P »  Fiteron @ and (" or Clear 393
38547 tems 0 tems selected
JAnalyst (Demo) 8.2.3.0 Andlyst

n15Lden process
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5 lddoyaansvioanveinszurunisaslunisne lnesuidanin (Double Click) Liioldtoansvioan

(Output) 3ewdnfime Tugesin (Maesnsiiuussinlunisleudeyaliadni desding) anduld

USuaua151198n warnuledn (BenaNNPUIENL lUTEUU)

C:\Users\Public\Documents\SimaPro\Database\Deme; Intraduction to SimaPro - [New transport process] - u}
File Edit Colculate Tools Window a %
aalualsee|s| 4 1aus '
A & > ﬂ @
o - AUINULATUAUY
Documentation  Input/output IParameters | svst sua a’] isﬂ r] a a ﬂ
|| -~
[ P roducts yd
Known outputs to technosphere. Products and co-pre
Namé Amol Uit Quantity llocation % Category Comment t
[ [o [ka ~| Mass [wo% |
{Insertline here) O |
Known outputs to technosphere. Avoided products ton
Name Amount kton istribution  SD2 or 2*SDMin Commen t
(Insert ine here) Mt
[ Tnputs |92
b
Known inputs from niature {resources) n.sh
Name Sub-compartment  Ameunt g ™ Distributi SD~2or 2*5DMin Commen! t
(Insert ine here)
Known inputs from technasphere (materials/fuels)
Name Amount Uit Distribution  SD~2 or 25D Min Commen t
(insert line here)
Known inputs from technosphere (electricity/heat)
Name Amount Unit Distribution SD2 or 2*SDMin Commen! it
(Insertline here)
Outputs
Emissions to air
Name Sub-compartment  Amount Unit Distribution SD2 or 2*SDMin Commen! it
(Insert ine here)
Emissions to wate
Name Sub-compartment  Amount Unit Distribution ~ SD~2 or 2*SDMin Commen t
(Insert ine here)
Emissions to soil
Name Sub-compartment  Amount Uit Distribution  SD~2 or 25D Min Commen t
(Insert line here)
Final waste fi
Name Sub-compartment  Amount Unit Distribution SD2 or 2*SDMin Commen! it
(Insert ine here) v
|Analyst (Demo) 8.2.3.0 Analyst

mswdmiudeuteya

6. lddayaansvidivesnssurunsastunsng Fansvidiazwisoandu 3 Ussian Ae Input from

nature (resource), Input from technosphere (materials/fuels) wag Input from technosphere

(electricity/heat)

6.1 ﬂﬂﬂdﬁi’faagamsmvﬁmamm Input from nature (resource)

Autlanan (Double Click) MYesdu1Ru fan1m nti1sing Select a raw material 98U31NUU

Hondayaninens uaane Select antuldusunu uagniiedn (Honannidiginnillvluszuu)
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I File Edit Calculste Tools Window Help !
2R3 HE % B|lep rrean 2. 2 s lon e
Select a raw material X
Doaumentation  Inputjoutput | parameters | System description
Nam: 7 unit CAS number ~ [ 5ub-compartment c
[ Water, cooling, unspedfied natural origin, SC m3 007732-18-5 {unspecified)
Water, cooling, unspecified natural origin, D m3 007732185 in ground
Known outputs to technosphere. Products and co-products Water, cooling, unspecified natural origin, S m3 007732-18-5 inair New
Name Water, cooling, unspecified natural origin, 5G m3 007732-18-5 in water
[ Water, cooling, unspecified natural origin, SH m3 007732-18-5 biotic Eind
(Insert e here) Water, cooling, unspecified natural origin, ST m3 007732-18-5 land —
Known autputs to fechnosphere. Avoided products Water, cooling, unspecified natural origin, 51 m3 007732-18-5
Name Water, cooling, unspecified natural origin, SK m3 007732-18-5
(insert e here) Water, coolng, unspeafied natural arigin, SL m3 07732185
[ Water, cocling, unspecified natural arigin, 54 m3 07732185
Water, cooling, unspecified natural origin, SN m3 007732-18-5
Known inputs from nature resources) Water, cooling, unspecified natural origin, 50 m3 007732-18-5
Name Water, cooling, unspecified natural origin, SR m3 007732-18-5
Water, cooling, unspecified natural origin, ST m3 007732-18-5
(insert ine here) Water, cooling, unspedified natural origin, SV m3 007732-18-5
Known inputs from tachnosphere (materials/fuels) Water, coolng, unspedfied natural origin, SY m3 007732-18-5
Name Water, coolng, unspeafied natural arign, 52 m3 07732185
Water, cocling, unspecified natural arigin, TC m3 07732185
Tremi= ) Water, cooling, unspecified natural origin, TD m3 007732185
Known rgarts from techrosphere (decrictyheat) Water, cooling, unspecified natural origin, TF m3 007732-18-5
Name Water, cooling, unspecified natural origin, TG m3 007732-18-5
=TT e e e e i e TN
ater, cooling, unspecified natural origin, T1 m3 007732-18-5
ater, cooling, unspecified natural origin, TK m3 007732-18-5
- Water, coolng, unspeafied natural origin, TL m3 007732-18-5
Name Water, cooling, unspecified natural origin, TM m3 007732-18-5 2| 2
(Insertiine here) TH =Thaland
Emissians to water
Name
{tnsert line here)
Emissions to soil
{tnsert line here)
Filter on @ and (o Clear 2123
Final waste fiows

[Aralyst (Dema) 8.2.3.0 Analyst

mswﬁm%’uﬂausﬁagaﬂﬁsm Input from nature (resource)

6.2.mslddoyaansvd1useian Input from technosphere (electricity/heat) Tudiuves
Y & Yo P 9] N v A v X avwy o YN
Toyausznnil anunsaldingnillilugiuteya viedoyaannszuiunisiaiavuild vilaeduida

Aan (Double Click) NYosduTU Aan1w 11619 Select a product 38Us1NTU 1N TAANTO

%4 1%

NSEUIUNITNHBINTG hana Select nTuladUsunu waznthein (@enainruiginndlilussuu)

Eie Edit Calculate Tools Window Help
@S| HS | ERE P g e Aoa

Documentation  Input/eutout | Parameters | System descripton |

~
[ Select a product X
Known outputs to technosphere. Products and co-prf =1 Processes ~
Name Material
Energy
(Insert ine hel Biomass &
‘Cogeneration
Knowr its to techr here. Avoided products
Na:“Aeﬂ outpu nosphere. Avoided product sty by fol vew
(insertiine he] Electricity country mix
High Veltage Eind
[ High Voltage + import
E-Low Voltage Cancel
Known inputs from nature (resources) e
R — Transformation " [ Show as list
({77 T2 =) Low Voltage +import S e o
Known inputs from technosphere (materials fuels) Medium Voltage Electricity, low voltage {CH}| market for | All [~ Hide private
Name Medium Voltage + import Electricity, low voltage {CH}| market for | Alloc Def, U [es===
Others Electricity, low voltage {CH}| market for | Aloc Rec, §
(Insert ine he Production Electricity, low voltage {CH}| market for | Aloc Rec, U
Known inputs from technosphere (lectricity/heat) Production +import Electricity, low voltage {CH}| market for | Conseq, §
Name Heat Electricity, low voltage: {CH}| market for | Conseq, U ~
(Insert ine he Wechanical < >
Others This dataset describes the electricity available on the low voltage level in this country, This is done by showing the A
Transport distribution of 1kWh electricity at low voltage.
Processing
Emissions to air
Use
Name
(Insertline here) Production volume: 0 kwwh
e Incuded activities startz This activity starts from 1kWh of electriaty fed into the low valtage transmission
(distribution) network.
R Incuded activities end: This activity ends with the transport of 1kith of low voltage electricity in the transmission
(Insertline here)
Emrimer] Fiter on | @ and  or | cl 221
Name
{tnsertline here) 34567 tems Litem selected
Final waste flows
Sub-compartment  Amount Unit Distribution SD"20r 2*SDMin Max Comment
{Insertline here) 9
[Analyst (Demo) 8.2.3.0 Analyst

msndmsuleudeyaasuidusean Input from technosphere (materials/fuels)
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6.3 n3lddoyaasvd1usenn Input from technosphere (materials/fuels) lugdauves
Toyausznnil anunsaldingnililugiudeya viedoyaainnszuiunisiiaiaguils vilaeduida
Adn (Double Click) NYa9AUNIY AN U619 Select a product 38UsIN T LaenTanuse

NSEUIUNNSTRBINS waInA Select nNUUldUSL0L wazutiedn (EoNANNUILTANTLALLSEUU)

B B et cocuinre Toos Window Hep
@D HE[(ERE|P % e A &e

Documentation  Input/output | parameters | System descriotion |

~
| ®seectaproduat X
Processes ~
Known outputs to technosphere. Products and co =
Material U
Name
‘ Energy
Biomass u New
({Insert line R F1- Cogeneration R
Known outputs to technosphere, Avoided producty Electriaty by fuel view
Electricty country mix 5
(Insertline b High Voltage Eind
[ High Voltage +import
= Low Voltage Cancel
Known inputs from nature (resources) By .
Transformation " - [ Show as list
‘ Low Voltage +import - 2 =
oD Medium Voltage Electricty, low voltage {CH} market for | Allo Def, § s
Meium Voltage + impart Electricity, low voltage {CH}| market for | Alloc Def, U &
Known inputs from technosphere (materials/fuels) Others Electricity, low voltage {CH}| market for | Alloc Rec, S
s 5+ Production low voltage {CH}| market for | Aloc Rec, U
Production +mport
({Insert line by Heat v
Known inputs from ch >
Name
Oters This dataset describes the electricity available on the low voltage level in this country, This is done by showing the  ~
Transport distribution of 1kwh electricty at low voltage.
(Insert line by Processing
I Use
Production volume: 0 kWwh
Erissions to air Incuded actvities starts This actvity starts from 1kih of electricity fed inta the lon voltage transmission
Name (distribution) network.
(Ensertiine here) Induded actvities end: This activity ends with the transport of 1kh of low voltage electricity in the transmission
Emissions to water
Name Fiter on | & and O or Clear 21
(i T2z 34587 items. 1item selected
Emissions to sol
Name Sub-compartment  Amount Unit Distribution SD*2or 27SDMin Max Comment
(Insert line here) v

|Analyst (Demo) 8.2.3.0 Analyst

mswﬁm%’uﬂausﬁagamﬁmLsi’h‘dssmw Input from technosphere (materials/fuels)

7 ldvayaansvioendus lumsn dalananiw

c \Doc Databese\Deme; Introduction to SimaPro - [New transport process] - o x

J o b tor coleuiste Tools window Help _s )
2| H& BB L g Q=

Documentation  Input/autput | Parameters | System descrintion

Known inputs from t=chnosphere (materials/fuels) "
Name Amount urit Distribution __SD~2or 2*SDMin Max Comment
o Undefined

(Insertline here)

Known inputs from t=chnosphere (electricity/heat)
n;

Amount _ unit Distribution __SD~2 or 2°SDMin Max Comment
o [ Undefined

Outputs

Emissions to air
Name Sub-compartmerfil  Amount Unit Distribution  SD~2oor 2°SDMin Max Comment
{tnsert line here)
Emissions to water
Name Sub-compartmerfil  Amount unit Distrbuton  SD2er 2°5DMin Max Comment
{Insertline here)
Emissions to sl
Sub~compartmerl]  Amount Uit Distrbution  SD”Zor 2°SDMin Max Comment
(insert ine here)
Final waste flows
Sub-compartmerfl  Amount Unit Distribution  SD~2oor 2°5DMin Max Comment
{tnsert line here)
Non material emissions
Name Sub-compartmerfil  Amount unit Distrbuton  SD2er 2°5DMin Max Comment
(insert line here)
Sodial issues
Name Sub~compartmerl]  Amount Uit Distrbution  SD”Zor 2°SDMin Max Comment
(insert ine here)
Economic issues
Name Sub-compartmerfl  Amount Unit Distribution  SD~2oor 2°5DMin Max Comment
(Insert line here)
Known outputs to technosphere. Waste and emissions to treatment
Name Amount it Ditrbution  SD"2er 2°S0Min Max Comment
(insert line here)

[Analyst (Demo) 8.2.3.0 Analyst
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8. AS19HUE (Network) U89nszUIUNShazUs et dUNanNssnU tngdannssuIun1sNABInNIsLavad

' (%

Process A9n N# 10 LaInAY 8% fihae rUTIngAnw ldveunaztoyanifnean1s 9NUuLan
Wnsuszliu (Method) w35 CML 2 Baseline 2000 version 2.03 udnala Calculaet

G\ \Doc Database\Demo; Introduction to SimaPro - [LCA Explorer] - X
[0] File Edit Calculate Tools Window Help -8 x
7 A e
@B HS PRE|L S Sk S
Wizards - Construction ~ |Name Unit Project -~
Bl Electronics Transport, freight, light commencial vehicke {CH} | processing | Aloc Def, 5 tm Econvent 3 - allocation, default - system i o
Goal and scope Bl Fuels Transport, freight, lorry 16-32 metric ton, EUROS {RER} | transport, freicht, lorry 16-32 metric ton, EUROS | AlocDef, 5 tm Ecoinvent 3 -allocation, default - system
- Glass Transport, freight, lorry 16-32 metric ton, EUROS {RoW?} transport, freight, lorry 16-32 metric ton, EUROS | Aloc Def, 5 thm Ecoinvent 3 - allocation, default - system
- Input Output TranSport, passeng-s == == == dinmsl mA F FEEAL o B S BT, [— ._.i allocation, default - system
= Bl Metals rrensport, Transport freight lorry 16-32 metric ton, EUROS {RoWI transport, freight, oy 16-32 metric ton, EUROS 0 Alloc Def, Sp_ oo ettt cyatem View
[ Minerals — —_— - - ) - D km nvent 3 - allos default - unit
B Others . i Copy
B} Paper + Board . .
B} Plastics
[ Textiles
B Water Used by
Impact assessment Drinking water
Industry water
B wood I™ show as list
Interpretation - Eneray ~ ride prvate
Transport processes
- A
General data [+ Building equipment.
- Electricity
B Others
[ Pipeline
B Ral
B} Road Trans; ight, lor 1 R sport ht, ic ton thm nvent d t - unit
Market Transnart. freinht. lorry 16-3 metric ton. FLIROS IRFR3 | fransnart. freiaht. lorry 16-37 metric ton. FIIROS | Alac Def. 1 thm Frainuent 3 - allseation . default - unit ©
[=-Transformation <
Infrastructure — -
o Wate This dataset represents the service of ransport in a passenger car for a journey length of Lvkm and is valid for Europe. Fuel consumption and emissions are for average vehide use  ~
. ater and not representative of a spedific driving cyde. The dataset is parametrized with respect to vehide size, fuel consumption and vehide lifetime.
rocessing
- Use Datasets for three different passenger car categories are availzble in ecoinvent in view of size: smal, medium and large.
Waste scenario
Waste treatment The category “small” indudes passenger cars with engine size up to 1.4 liters. The average weight of this category is estimated to be 1200
The category "medium” incudes passenger cars with engine size betieen 1.4 2nd 2.0 ters. The average weight of this category is estmated to be 1600 kg.
Agricultural The category large” includes passenger cars with engine size larger than 2.0 liters, The average weight of this category is estimated to be 2000 kg.
Biowaste
Chemicals The passenger car size influences the amount of both exhaust and non-exhaust emissions. The exhaust emissions caused by the burning of fuel are divided into two groups: fusl
Construction waste dependent emissions (dependent on fuel type and quantity) and Euro dass dependent emissions which reflect the emission standards which the vehicle complies with, Three dasses of
Euro engine type are considered: Euro 3, Euro 4 and Euro 5. The higher the dass (e.g. Euro 5), the lower the emissions and viceversa, The Euro engine regulation is set by the v
- Copies from ELCD v
G e 5 Fiteron| * and  or | Clear 393
38547 items 1 item selected

Analyst (Demo)

LABNNITUIUANS

CAU: \Doc Database\Demo; Introduction to SimaPro - [New calculation setup] - [} x

File Edit Calculste Tools Window Help -8 x'
2| & PBER|P g hi®we

General | parameter sefs | Analysis qroups | Chart aptions |

Name

Comment

Caleulation function
€ Network
@ Tree
€ Analyze
' Compare
€ Uncertainty analysis
Method
[ReCiPe Endpoint () V1. 11/ World ReCil

HiA
Product Amount Unit Project Comment
[Transport, freight, lorry 16-32 metric ton, EUROS {RER}| transport, freil1 [tkm [Ecoinvent 3 - allocation, defau

Current ibrary suffix

Replacing lbrary Suffix

Switches

™ tnventory per sub-compartment
I Exdlude infrastructure processes
™ Exdude long-term emissions

Help Calculate Close

| analyst {Dema) 8.2.3.0 Analyst
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I File Edit Calculate Tools Window Help
@& EEE| P g e A &&
General ‘ Parameter sets | Analvss aroups-=~ -
Select a method and a normalization/weighting set X
fane £l Methods Name / [version |Project A
L 1 e B w2 e
Comment North American oML 1952 206 Methods
Others CML 2baseline 2000 Methods
Casaton e e s e S
 Network |- Superseded Eco-indicator 95 206 Vethods
& Tree - Wigter footprint Eco-indicator 99 (E) 210 Methods
€ Analyze Eco-indicator 99 (H) 21 Vethods
(s Compare Eco-ndicator 99 {I) 210 Methads
o] Uncertainty analysis Ecological Scarcity 2006 109 Methods
Method Ecopoints 97 {CH) 207 Methods
[ReCiPe Endpoint (H) V1.11 / World ReCPe EDIPJUMIP 97 205 Methods
Product EDIPJUMIP 97 {resources only) 2.03 Methods
Transport, freight, lorry 16-32 metric ton,{ EPD (2008) 1.04 Methods
0 N7 (e 24 vimreiom) 107 Mathnde v
Current lbrary Normalization/Weighting se'/
the Netherlands, 1997
Replacing lbrary West Europe, 1995
World, 1990
S World, 1995
r Inventory per sub-compartment
I Exdude infrastructure processes THIS METHOD IS NO LONGER SUPPORTED. "
7 Exclude long e emissions CML 2001 i 3 LCA methodology developed by the Center of Environmental Science (ML) of Leiden Uriversity n the
n Netherlands.
More information on; htip: el leiden. ecu/software/data-cmiia.html
CML 2001 (allimpact categories)
Extended CML 2001 baseline, version 2.04 {original SimaPro name: CML 2 baseline 2000}, Containing afternative impact
categories, recommended for extended LCAs, which were taken from Ecoinvent 2.0. .
64items 1item selected
8,2,3.0 Analyst
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C:\Users\Public\ Documents\SimaPro\Database\Demo; Introduction to SimaPro - [Analyze The indigo dyed cotton sarong] - X
File Edit Calculaste Tools Window Help - 8%
22| HE|PRRE| L neg Ak &&

Netwark | Tree | Impact assessment | Inventory | Process contribution | Setun | Checks | Product overview |

[%s & [crrocternation ] [omete e rmanvean 08 | £ %| @[] %[ =] ] [Foree 2 e i8] < o]0
Inventory |

Inventor
RSl Characterization
O Life cy{Damage assessment
@ Dispos{Normalization
O Disass "Weightrg
D Reuse| SO score
= single product flow

0O Energy

O Transport

O Processing

o Use

O Waste scenario
O Waste treatment

8 nodes visible of 75

< >

[Analyst (Demo) 8.2.3.0 Analyst
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10. ioidonid1un7iviieng Impact assessment azvilianunsagdeyaiiidusuay wasidunsuvisidunansenu

= | —

uazidesnsteyaidunsimuvia lhdendt I aam

'
a

16 lnedndosnsdoyadiiuduay Whdendeyad

€3 CA\Usars\Public A Darne; te Sirmabre - [Analyze indige Blue Cetten Searves | - o x
I € fie Edit Calcubte Jools Window Help oo x
AR ; - 8 A | &
Netwerk | Tree  Impact assessment | Iveentory | Process contribution | Setuo | Chedks (1083,0) | Product ovenvew | Unesuvalent exoducts
[ chactenzaton __ mermataston | -

(o ™ Exclude korg-term emissions
r

- & e TR Y

Abiotic depietion Acidification Eutrophicaticn Humantascity

-
(oce

B Theindigoplant Il Transpartaton W Dyeing ) Taiboring

Analyst (Demo) .2.3.0 Analyst

€3 CAlars Public) J Derre; te SirnsPro - [Anstyze Indigo Elue Cotten Searves] - o x
I € fie Edit Calcubte Jools Window Help o e xf
> =% y g s k| ®
Netwerk | Tree  Impact assessment | Ineentory | Process contribution | Setuo | Cheds (1085,0) | Produst ovenvew | Unesuvalent exoducts
[ charactenzation Normalization J r
ol (o [T Exclude long-term emissions
5o categories [Mever =l = ull & J % 2 £
E] |b~wc<-:ewv |U'\-l |rnw |n~e-\e\m plant |hmuw Dyerg Tadoring
[ Abiobc depleson CEX] 34 x 00053 167 17
| ¥ sodfaten kg 502eq 125 % 000312 6,16 633
¥ Eutrophicaton kg PO eg Lx.] x 0.000713 2.3 24
P okl warmsy (GWP100) kg CO2eq L1163 * 3% %4
[ Cizone layer depleton {00F) kg CFC-11eq LE4 x 1299 L0XES
| ¥ Human tosaty kg 1L408 eqg 565 X 00533 3%
| P Fresh water aquatic ecotox. kg L4 eq 5.1E3 x 0.000815 24183 2653
| ¥ Marine aquatic ecotawoty kg L40Req A59ES x 239 LTS 31865
| ¥ Temestral ecoticity kg 1,408 eq 811 x 0.000152 .2 X
¥ Photochemical oxadston kg CHieq 0.24 x 00272 0.102 (XTTY
| Analyzing 1p Indigo Bue Cotton Scarves'jMethod: GML 2 baseline 2000 V2,05 [ the Netherlonds, 1997 / Chasacterization
[2nalyst (Demo) .2.3.0 Analyst
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Carbon Footprint Assessment of Sakon Nakhon Indigo Products
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Abstract

The purpose of the study was to evaluate Carbon Footprint from Sakon Nakhon indigo products. The
products of Tham Tao village, Akat Amnuai district, Sakon Nakhon province - indigo sarongs and indigo scarves —
were assessed the greenhouse gas (GHG) emissions using the cradle to gate life cycle assessment (LCA), moreover;
the 100 years global warming potential (GWP100) of greenhouse gas were analyzed by SimaPro software. The indigo
sarongs, 100 cm wide and 200 cm long, released GHG of 6.42 kg CO, equivalent, similarly; the indigo scarves, 35
cm wide and 200 cm long, released GHG of 1.54 kg CO, equivalent. The major sources of GHG were the tailor
energy consumption and the shipment. The GHG emissions of indigo plant were insignificant, hence; the indigo
cultivated areas were small-sized, and it were planted by nature rain. In addition; the GHG emissions of Sakon
Nakhon indigo products were higher than the other nature dye, for both indigo sarongs and indigo scarves were
weaved by the cotton, which merged from industrial cotton and handloom cotton. If the manufacturers weave

indigo products from organic handloom cotton, the GHG emissions will decrease.

Keywords: Carbon Emission, Carbon Footprint, Indigo products, Global warming, greenhouse gas
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EP, = ) (Q x EFy) (1)

o

e EP; (Environmental impact potential) A #1 NEATNUBINANTENUNNIAIIAG LA UNANTENUYSELA™ | 10 9 [kg
substance equivalent] Q (Quantity of substance) s USNIUNANIIT AT jﬁﬂéaaaaﬂWI [kg substance j] EF;
(Equivalency factor) A ANLTIBULINUDIEIT i FvinliAnnansenunisdsuindes j [kg substance equivalent / kg
substance ]

finanlunsneliiinnglaniou (Global Warming Potential, GWP) 1usil Frvsddnon nieliAnne

lanseu lneirsanvsunaieigadusddunssalutuussemeaineliiinnnglaneu wufingasueulasenled iy

nolsngeslsasueu lunsaeenlyd tnefinnsuaulneenled (CO,) Wuansdneda Aumdsaunisi 2

Greenhouse effect = Z (GWP; x M) 2)

o m; AsUSunuansuaiiy | NUasegdauinden (kg) GWP, Aednenmlunisielminnizlaneuvesans ikg) [5] &a

anunsauandduauaregyTinvesinen o lanwnsed 1
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o Do GWP
fineg 218939930 (V) - -
204 100 U
Methane 12.4 86 34
Hydrofluorocarbon (HFC-134a) 13.4 3790 1550
Chlorofluorocarbon (CFC-11) 45.0 7020 5350
Nitrous oxide 121.0 268 298
Carbon tetrafluoride 50,000 4950 7350
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