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Abstract

This research was to develop the strengthening approach of the sustainable
development of pig farms using eco-Efficiency. The fifteen economic and
environmental performances of small, middle and large pig farms during 2010-2012
were collected for assessing value and trend of eco-efficiency. Finally, the enhancing
approach of eco-efficiency for strengthening the sustainable development of pig
farms with farm owners.

The eco-efficiency value results of pig farms showed that the value of pork
sale varied between 2010-2012 and the highest value of pork sale found in 2011.
Regarding the highest value of eco-efficiency was drug and vaccine consumption
indicator because every pig farms were strictly supervised by animal husbandman
veterinary for protecting and preventing the diseases. Concerning the lowest value of
eco-efficiency was water consumption because the operation of pig farms necessary
required the high volume of water for the pig consumption.

The eco-efficiency trend results of pig farms by Snapshot graph analysis
showed that the trends of the operational pig farm of all indicators in 2011 were
higher the sustainable performance than 2012 due to the decreasing value of pork
sale. Besides, drug and vaccine consumption, electricity consumption and green
house gas emission indicators in 2011 and 2012 located in Fully Eco-Efficiency and
Haft-Eco-Efficiency, respectively because of the reducing value of pork sale.
Furthermore, the waste consumption indicators in 2011 and 2012 located in Haft
Non Eco-Efficiency and Fully-Non Eco-Efficiency, respectively. This indicator showed
the highest of non sustainable development.

Finally, the enhancing approach of eco-efficiency for strengthening the
sustainable development of pig farms was developed by the application of clean
technology concept. The environmental eco-efficiency indicators of pig farm were
used for assessing and developing the approach. The results showed that the
developed clean technology options with the workshop of pig farm owners for
strengthening the sustainable development of pig farms were water leak reparation

in the pig farms, water toilet construction in the pig corral and waste management of
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pig farm with the modified method of cleaning corral, dung grid installation and the
contraction of biogas production.

Keywords : Strengthening; Sustainable development; Pig farms; Eco-Efficiency
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L%

LNEISHAZINUIVSTNYIVD
2.1 MIziaegnsvasUsemalng

1. amwmsuangnsvesuszmelng

ansidudnidesiiiaruBangulumssiniiegs aunsosmieldnasana Swieldyn
YNALAEINEIY Handnvasansaulngarldusinanmelulssma wazlasuanudenlunisuslaaiu
unvhlan 9ndeyavesdiiiniseiasugianisinuns (2555) Lﬁ'mﬁ’uﬂ%mmmimﬁmLﬁaa;mmm
Usenaiidndnlulan seyinisudmidoansvesiand wa. 2554 fUTursau 101.13 S1udu anas
9107 2553 GafivGanm 102.74 &y Fovag 1.57 Usemaindnanas loun Fu uazuauinlagnan
anasienag 3.07 way 1.07 muddu nsiudadulsemadudndeansuniigniviumnisuan
anasdisanuszauilamlsngns Ysenoufululfiuangidosanslnsanzedesnanuaudes
annsHARas Usswafindafiautu WWun ansgewisn vida sade uasdeauiu Tnsndnduduios
a 0.90 1.00 2.34 Uag 1.55 AUa19U duannnglsun1snanmaud1eamsas

é’m%’uamwmﬁmamqﬂﬂuﬂizmmlmﬁ?u NTeYAveIdIINITuIATEENINITINYAT (2555)
WU U 2554 JUSHIUAISHARANT 11.89 AIUAY aAA93IN 12.10 AMUAIe9T 2553 Seway 1.69
uirinsrananslud 2553 agfluinasii wisangivemsdnigatulsznoufuiinisszunaslsa
V]Wﬂizuuﬁuﬁuil,l,aziwumaLauw’lsﬂf\] (Porcine Reproductive and Respiratory Syndrome :
PRRS) WazanmenafiuusUsiu Sulnasoumnanisndnuaznisiadyiulavesgns v
nanARANIanas atilefiansavessuugnsionualul we. 2554 wui S5uauansvienun

9,681,774 ¢ lnwawlnadu gnsgudnuiu 6,092,239 61 Al 63% sesasundugnsiiugdiuiu

[ Y] A

2,877,592 #7 Aoty 30% wazansiiudosdiuiu 711,943 #1 Aadu 7% muddudsgui 2 uas

Y

I L (%

Slofsanmaidesgnamudie wansdamsned 1) nud fwdeiifsiuiuansuiniigaite fava
5193 Tgnsduau 1,492,560 67 Al 15.42 % sesaunde 9aniavays uasugy anys uas
UATTIVEU MUY

dofasantsenudesnislunisuilasansiu wud ansiidalderdenaianielulseme
uvdn TngldusTnaneludssna Sevaz 95 vesUSinunisuanimun 3 2554 Aed1UsInmng
Uilnnansazanas LilesnsaansegluseduganszUsinunsnananatnatvnfna1ugn
Uszneuiulutaaieusann - ngadnieu 2554 Rathvinlunanefiufivsssnausonundedudilsl
avanvilinnudesnisuilaadegnsanas Insaziiusinanisuilag 11.25 s vi3e 0.90 s

ana391ny 2553 Saeay 2.39 (@1UnIdeLATEgNaNIsNLNs, 2555)



2. eldnmadssgnsvading

sAansTnuasnsnglel wa. 2554 (Fsansnsil 2) Uszanaflaniuay 66.00 Um Tngsan
qmlé’ﬂ%’uﬁaqﬁuaaiwiaﬁm nAlaniuag 55.51 vvludeuunsiau 2554 WJuilansuay 76.44
uwilufeudsnau viogeluiicfesar 37.70ileannnlsn PRRS uazanimeniafiuususiuiinase
USinansnanans vilviansfiesngmaniuimnaanasseneuiuiinsdeonansitinludsUszime
deuthuifindy eghdlsfin menansldusuianasiusifoutueey wazanasnnluidounatny
wazwgaineu TnsfisaiAlaniuas 65.12 U wag 59.14 U Muddy esnAatwialy
el vilfmnudesnsulaailegnsanas snfifusinaansesngnaindiiutu wsedidedns
flFsunansznuINtvan srunBanseana NSy Tl dssansfiinsshmaaranadludniau

MEEns illuuiiuisiamanawin Wnelisiailaniuay 50.00 - 55.00 UM

711,943 , 7%

6,092,239 ,
63%

2,877,592 ,
30%

[}

M ansiuiiiag M ansAug W ansuu

SUN 2 FuuanshenmuuseLnniul 2554

U 9

14 a

M1: nuasaumALaEUayaatia qudansauma nsudednd, 2555



M50 1 Fmianddnnugnslud 2554 wnfige 10 duduusn

o 4ns (A7) y v

a1nu v - — dnsnsvian (A1)
y NI WD HNINUG #nIYY

! WU | % | W | % U % 31U %
1 ’i’]‘lj‘lﬁ 1,904 | 0.27 | 423,285 | 14.71 | 1,067,371 | 17.52 | 1,492.560 | 15.42
2 Gljaiﬁ 5,212 | 0.73 | 309,104 | 10.74 | 638,874 | 10.49 | 953,190 | 9.85
3 umﬂgu 40,842 | 5.74 | 140,146 | 4.87 | 330,575 | 543 | 511,563 | 5.28
4 amﬁ 6,970 [ 098 | 70,174 | 2.44 | 381,630 | 6.26 | 458,774 | 4.74
5 UATIIVENN 18,633 | 2.62 | 100,730 | 3.50 | 268,274 | 4.40 | 387,637 | 4.00
6 Wealy 59,072 | 8.30 | 133,996 | 4.66 | 162,227 | 2.78 | 362,295 | 3.74
7 ﬁwqq 12,999 | 1.83 | 109,932 | 3.82 | 226,682 | 3.72 | 349,613 | 3.61
8 AELFUNIN 1,361 | 0.19 | 57,959 | 2.01 | 255477 | 4.19 | 314,797 | 3.25
9 UATASSIIUS Y | 24,805 | 3.48 | 84,808 | 2.95 150,045 | 2.46 | 259,658 | 2.68
10 q‘waimq% 13,119 | 1.84 | 52,883 | 1.84 | 169,433 | 2.78 | 235,435 | 2.43

7 nAuanTaumALRETaLAaRR Audansaume nsuUadnd, 2555

Y 9

widlefinsanianisasoengnslu @ wa. 2554 tu (Femnsafl 3) nud SuSuudiesiesas
5 vasUumsnanimua esndesifnnlsatnuassindes Tasidunsdseenidoansuas
doansuUssudesar 1 - 2 uazansditinfesas 3 - 4 eansdulvydseenludidesns druiloans
wsgudanilng dssenludsdiiu dmsugnsiidindsoonludsemeaiioutu loud A av.an
way Wguand O 2554 deganiiioansuszanas 2,500 Fu yar1 130 &1uuv Liinduaind 2553 B
Av0anUTun 1,500 #u yarn 78.04 Euum Youay 66.67 waw 66.58 muddy dadlegnaulssy
dvoanuszanas 9,000 fu 1A 2,100 E1uun LiinduaInd 2553 FedsoonuIua 8,224 fu yad
1,819.96 a1uUM Fowazr 9.44 uaz 15.39 muanu dmsuansiitindseanyssan 425,000 # 1y
answug 75,000 ¢ uaransditin Buq 350,000 2 \iinduand 2553 fevar 6130 way 44.25

AUAIRU




AN5199 2 S1ATINERSNSVLR

318019 U 2550 | U 2551 | U 2552 | U 2553 | U 2554 a?iqmu
(So8az)
Pansinumsnsnels (um/
) 38.35 53.32 56.88 59.99 66.00 12.79
51AE@9N (UIn/nn.)
Lﬁ@?jﬂi"ff%maz 58.26 82.25 53.44 52.03 52.00 -6.62
Lﬁ@?jﬂiLLﬂigU 166.94 | 259.39 | 244.42 | 221.30 223.00 5.21
$9AUTT (UW/nn.)
dudu o Mslnaldueaanssa | 17.15 | 1809 | 1467 | 11.02 | 1318 | -9.72
fiu 27.43 29.16 27.14 26.39 23.20 -4.25
fun: drinifeiesugianisinems, 2555
3797 3 UsanaudsesnilognsvesUssmadiandty
Wi : Fuduminenn
Uszine Y2550 | U2551 | U2552 | U2553 | U 2554* a?iqmu U 2555
(So8az)
am%’gam%m 1,425 2,110 1,857 1,916 2,246 8.48 2,309
awmwsﬂaﬂ 1,286 1,727 1,415 1,754 2,000 9.40 1,900
HALIN 1,033 1,129 1,123 1,159 1,160 2.61 1,160
Usda 730 625 707 619 582 -4.52 570
U 350 223 232 278 269 -3.67 280
LYAUNY 19 11 13 14 19 -9.90 10
EdJlu 9 333 348 312 303 316 -2.40 316
394 5,176 6,173 5,659 6,043 6,574 4.67 6,545
fun: drinifeiesugianisinems, 2555




3. jUuuuuaranwaizn1saesgnsvading

NToyavatanItuITouarfauIwisunInedeinunsaans (2538) seudn sULUUNIg
esansvetinelifaunudsunuasegsdeiiies mnszuunmsdsuuuiiutudenedosdeudu
nsiieauUUNsA VS egeaMNT TN Ty Fafimsuivsdamslugussindusuuuy Wurhiusunn
nans wazrwalvgiinniu Msafewdummsuvuans madsuulsuieude wagilszuuauas
QounN FhlHAnALLANA9TENIINITABILUUEAAINNTIY WAENTLABILUUDITNATHDENS
wiudn silfsnuurnnssenaunts madssfuyu waranindymvesisaenguuansefiuags
Fonau Tneidagiurhiuauanans uasauelngivaril annnsondngnsdounainlddsosas 80.00
vosUTIaignIiavan uazdnfesar 2000 (HugnsaniifuveanumsniTeden danszaeog
Taeyhly degud 3

dmsuszuumsuanansvesinglulagtuanunsoweneenls 2 Ussanlugls audsuiunis
deq Ao nsidpeuuuseden (subsistence farming or semi-commercial farming) Wag ORI

WUUN13A1 (commercial farming) lneiiswazLdun Asil

1. MSIABIENTUUUIEERY ViTaN1TiagwuUNutny
NSAENgNIRUUTIBEeY Wsan1sidesuwuuiiutu wunefs nquineasnsiiaesansiduendn
wsuluaTiSeunenvileainemaniiviied siufenisidesgnsvesauninveannsalilaegns &

Fadrun1siassUsENnusosaz 20.00 U99USHNUNTHARURIUSEINA hUeanU 2 AnYae A

1.1 MsiAsauuuiiutiy

dmsumaidssansuuuiiutiy visesdonFenindswuy “uyoendu” (subsistence
farming) Be¥3maiAesdisslaifimaiann fnsugnlsadouieansuuuiielaslfimsfanudeldan
nanumsnTefimldantiesii onsildidsdldun 91 wevomns warTagivdeldannisinues uie
fazmlFannitesit iwu veanndae wazineng Fadunmsndsauuudimgs dnsiauuiuussisng
\Apauazaunmvesgnsliitutiosinn matesiulsaunulifias Jeunaialusiesd szdannin
g1ne iounsfes Suun wazeldlusiad Feduiinunisidediifuseas 1020 6 Hides

N3LAYBLYTIINNNIAVBIUTNA

1.2 Msidgawuvannsal
ludruvesnisideawuuannsal 1 JunisidesgnsniinisWauiusuusaisnisidedid
Usgansamiieidunisiediaunnu dnsugnisaieudssans lnelddanivnlaanvieadu enmsh

Tddesldun 51 wwens waglanimdeldannisinens wazdinisiiomsdiiaguiiensazdenin

annsal visonanavieanasueie In1siaunusulirisnisdsuasamnnvesanshinvy dnsdeeiu
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Isalvituansine dnllvgjasidesietounanluviesnvsevglvivannsal dusuianisidealdiiu
s1eaz 50-100 67 visll luaqiu nisdesiuvannsalaiunsesngiuzauaninnisiiesiiuiuy
Autu (subsistence farming) undunuunen1san (semi-commercial farming) NAANEAINWIUATS

watunelulszmalmduagn9m

2. mitﬁyaaqnmwmsﬁq (commercial farming)

N9iAEANILULNISAN vanels naunepansiiinsdssanslusugsia Taduyaeasssun
wazifiyana TUTinaumadsstaus 50 MUl dneurnsfsndusuugramnssdedulsadoud
fuaste duannasidssianguniewus-udiug waransyu fidssdnlvgivszaunisad Sanwd fu
Fnswoaunsivinnuding duidssrslngfinsdedidenyanizdiu Wemuguguanis
wanlaenss WsugnsUssaviseiimaamuroudsgaieFoueuiunsugifessniudu
viioetes wasdurhiufiinswauuarusulsansuangnsvesay einuszavsnmnsndney
e Sdndaumsides Andudosay 80.00 vaswanEngnstanua Tainiudssansuuunisdus

sanilu 3 wn mMuTIuanstes fe

2.1 Y3uAeegnIwUUNISAIWINLAN (small commercial farming)

dmsurhsusuunsiawiadn Wurhsugadesanseaws 50 saauluaudia 200 67 (nsuun

o o w [

dnd) W3asaus 50 M Sadeendt 500 M (nsumuauuaie) WuhsuimawziuusuveInuLes

4

wgnsdesgnstidunisiunnau fanuiiasdszaunisainisidesgnneauais wionadYgmau

1 '
[ o o W Y

W LI Uaguniuindnin vinlinisvenenisidesdindninee Whsudssinnildeusdegngnsun

S 2

1 (%
(Y

deuuazidesdnlnginazldemsdisagulunisifes ualuviseiiduaunsoiauiansenis
0

o

[

voanuadlalagnNsTeingiulnauesdiun1satuauwartesiulsadeilalaifine iiesannladly

q

Frugaudaiunndlaenss fdndiunisides Aadudosas 8.00 vesmandniiangy

2.2 WﬁuLﬁﬂﬂ?jﬂiLLUUﬂ’liﬁ’lﬁJU’l@ﬂa’N (middle commercial farming)
dauvhsuwuunisfvwinnans Wuvsuidesanseaus 201-1,000 67 (nsulednsd) wie
Aaws 500 ¢ fatleenan 5,000 67 (nsumIUALNaRY) wsuuszianiilunisundnisWmuinisides

Ingidesrioiusuazuiliugans iWendngnansyuliifess onlinsnae misidiaddurniy uagl

=

anuddgiunisauauiazdesiulsn wasnisdanisiudwindenda deidunisndnuuuinu

a a

NBUATUINT NENeRellgIRannGs WouliugImMueNanansyy LaggnIgudIviig ndnaImisied

3
o ]

wazdmuieluuiediu 'iauﬁamﬁmﬁﬂﬂiLmﬁﬂ%’qmmmif&mmamumil,ﬂﬁﬁuwmﬁuaﬁmw

o

nRAveWSERT Uehsuendvingsialsendnd uastuvazaualume vieuisisuensasilianie
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Isaghuazdumazans Iillesdmegnstiunes uildilswmdnemnsdnies \udu dadunisides

Anluforaz 16.00 109 NawdnTIINGY

2.3 WW%MLgmfjﬂﬁLLUUﬂ’liﬁ’lsuumﬁl‘myj (large commercial farming)

yhiudesansuuunsiauelng Wurhsuiifsuaunsdesgnsuinnd 1,000 § (nsuve
d05) vi3e Faust 5,000 AUl (NsumuAuuafin) Thiudssamiduhiuifinisdsuasnsdanisi
frmthuasiunnnnihsuEssgnsruadnuazuunanas Tnefn1sEauUasUIas mueds
nsnanfgdugsialugudifyana vhnsudemostus-wiiudans gnanseyu ansyuilaldssetuas
Sheunsdin savisideansdne Msshduvaransies vieeaagdnsinheanstunasiowie
paonsuiinsuavemnslidiosiurngy vhsudssansuvunsiauelng dodddadonisdn Gu
amu waemalulaBdugs fsvvunndsuaznisinmsiiviuate Sniseugquuasdestulsalaedng
windegndlndda dsvuunmsdanisvesdefiannsatidavendeniuuinigiuresnsumuausaiv
LﬁaammmLﬁaaé’wuﬂﬂi%’mﬂWiLLazmﬁLgm@Jqﬂi WﬁuﬂﬁzLﬂwﬂfﬁﬂé’ﬁwﬁ’m@mﬂﬁw%%smaa
aath (contract farming) AuinwmsnsfioguiiaailndiAsiianuisamunuld ieidssansuasdos
GznsJmam5mqmﬁy’qmmﬁuiﬁfﬁ”um%mmmimyjmm%@mﬂaw%é’igigwﬁiﬁlﬁmﬁu uazsuA g Ay
Fufihlumnelusanasely dafurhduuvudygnniu Suafousuifumieniswdngnsmiae
vilsfiogmeldnisqua nmsdansiunsuan wazn1sratnveinsuualngdidndiunisides fn
Hufesar 56.00 vomandaiangy lundunisndanguildutsoonidu 2 dnuae fe

2.3.1 MsuanlugUwuuuIendnin

dmsumanaslusuuuuuisn $1ia Andufesay 8.50 vaswandntiavualasdinisulvie

nsrensHanginuasnsludnuarlasin1sInudewsedyynaindennas (contract farming) An

Judeuas 3.60 uazdniouar 4.90 U3t lududnios

2.3.2 mswanluguwuurnsuidesansionyudase
drunmsnantuguiuursudesgnsienyudass Anduesay 47.50 veanandnviaun Laed
NsulamTensEeNIsHanginunInsludnuurlasenisinsieamsedyymaintennas (contract

farming) Aniludeeas 0.50 uazdniouay 47.00 vrsuduindsies
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A
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#15:0193 (47.00%)
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Wisunnalyiefdass
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2.2 YsERnSn T atiALATYENa

1. ANUNN8YRIUTERNS AT LLIALATEFAD

AINUTEANENMLTNAESYENN1INNTTIMAUYRIAT 2 A1 LakAA1I1 Eco nuneaula

o 1

89 szuulliir: Ecology way LAIWgAv: Economy Aum1dn Efficiency Faudaniuniwilngin

Y] wa

UsednSain de1uv0aminuseansn il tinmasygnagalydalag WBCSD nu1eauda “n1s

g7

WnFensudetuiuludnenmiunndnauan1suinisiaelanlseasANaenouaueInNABINIg
Yoy waz TR MAINNATY Turazinisusdudinaniinnudndunazdowmssndnis

aa a

HansEnundneszuLinAwazninenssssuvivegluseAuegileedeaenndaaiuaLa1NnTe

1% '
a a

294lanlUN7N9E5995UNANTENUMANIINNNTEIITUAINEILR ” (WBCSD, 2000)

[y

uaN9IN WBCSD AldayafAddinanuuesssdnsnmidainmasugiouda Saullosdnsdus
Al wume uagiBnsdiunuessgnsamdsdnmasugial iBndesudu
feeeesAnsdug fldesuienruming wagisnsiniunuresssdnsnmdsinmasugialy iy
aqﬁm?m’mé’@mqkﬂ (European Environment Agency) T¥a1911nA111983A1U T2 @N5ANLTS
WIALATEEAIAD mia%ﬁqaﬁfaamwmﬁﬁuaasﬁﬁLﬁm%umﬂmﬂ%’m%’wmmﬁiimwaﬁamaq 99AN3
Atlantic Canada Opportunities Agency (ACOA) fliAs1inanuiireudefiaumnunglulufianig
WFendufe manemaiisadeandnfusiuazuinsndnaunnauglufunisweieimannisly
n$wens annsUdesvesduazuannzuenanaetesinsionduiognudtudilodsine Tu
wangUsemelaidenuanurneueaUssdnsnmaailimasygiabilwuiu lown Organization for
Economic Cooperation and Development (OECD), Australia Environment Protection Agency,
Industry Canada @slaganivnuesnnumunevesUssansnmdsinmasusafldlidsidaemuly
TngesAnsanggazdinnumng wazuumesnmsaiiivaulpenmsindulilunnuvuneg wagfianig

Weniun WBCSD Taliaaniaanuls

2, Uszlgvuinlasuanmsiiussaninwidelineasegiavananiue 29Ans wie a1a

3303 (nilanvieuasnaned, 2550)

2.1 PUSAY/ NTAY/ N15AAT0

1. PreUszfiuliiiuivaninvomdnsine 93dns vsenagina Tutissseziiatsiie
H1UNEN 0 LA ULABIaNsTAUEAUNITINNITBIANTNTBNIATINDY 9 NanwaelndLAgIiu

(Benchmarking) suagthlugmsiiinuseavsnmnisuannieluesinsvsaniagsna

a

2. a1usaunaflaunann1suseiiiu Useansamdadnmasegiauiuiulss

NARAUNURIALUTEANTANADITU
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3. fawansuyuluniandndost ioludiusesnslindsnuuaznislinineins

4. ansaldlunsivuaunuIMaUleuI8YeINagNEaeANIU3BAIATINIEIMIUNNT
adunuluewanla

5. teifindszansnwlunsnasviednifnildonisiiudngnmeunisutstu
QNANMNTIY

6. T dunagnsmunisnainuazdsasunmdnualveauion Tunsidugidiunis

Y

Waluazn1suanduamduiinssodnndou

2.2 AUREIINADY
1. PIWAAUANENIAUAILINADY LT ARNITIENSNEINT NBLAAANITIINTINING
NHUIUNINTY aansUaRENan1IY

2. AlmAANISIINSNeNIDe19d9E Y

3. IngusvasnvasUsEansmwlailiaATegna
TagUszasAvaslseansmmdaiiaaasugiall 3 Usenishaun
3.1We1878AN15USLAANSTNEINT (Reducing the consumption of resources) #H1859U04

[%
a v Y ]

nsneneuaansliimgRuisiulunsndamdauiuasitudaaiunislden (Reuse) uazmauusld
Tusl (Recycle) vouan M

3.2 WeeNanransEnUfidinedsinden (Reducing the impact on nature) Mane5IxEa
nsannsUdesveadsliininfisesuararsiveongdauandon

3.3 Lﬂ'mﬂaﬁiwaqmﬁmﬁmsﬁuazmw%ms (Increasing product or service value) #1883
Ao wiagiliguslaaldsunaussloniannadnfasiauiuaznisuinsgeanlasdssanseny
sodanndeunazninnsssunAtesiian

31nTg1uA191IAAUTINTITUTEAIANANURINITA LTV UAUUTEANTANLT LA
iwsugiaaziiuliimdnnsssansnmdsinaasgiotoduaiedionansdansnilsiiilely
Uspndliumeagshuargnamnssuudnzanansodislvigsfatugfanailsfifiuanntuainnis

(%
[ a v v [ =

wengmannslivinensieingiussdulazndnusnisannsdesvesdeeengiundonasy
wihlgnaifiugaiuresnmuamdiandaniideeutugimufdmaasegiafugeduluvusdds
nansENURDANINABARaLIIMITIna o LanslR Ul T Tua N NS AR LTS
seyheuUstiadesuasvgiamunumndinuazsunislinineinsuaznisanudesuaity (U7
4) dunsmiiuuandiifiufansnguil 4 azuansfanneiagtuiisnduegnanfeidesinisfmun
Frumswghafigeluazdmalidadodununm@infadumalufouilurasfetuiafoan

foenslimsnenssssunfuaznsiasenannsiduiivesnddwindeunaziingatu duniusy
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WuRgaiugsmsiauludnvazdinanseluiFesqasazliifunaddenunmiinuasdandoulu
supamszluiigadunsmiadnunmiinfegiunliiiasausdmnsimdnnsussansam
Bedlnaasvgiatandssgndlidnuasidunsnfiziinnsidsunladdasuansdnuazuul il
dunsmiusznanideluraridedofuasugiadinsdininasyivlafiutunudduud e
Foansliming1nssssuduasnisuassuafiuiizuiuulinianawmudfuannisweieuan
NaNsENURRAIINGNvMANNTUsEAVBMMTsTnaTugRadegavneiagdemaliuunldutads

AUAMNMNTIREUFIINAR UM UMNLTINSTINTUesTadumulAsYgna

l -
-~
-~ -
-~ rs
F

-~
s /" Quality of Life
Economy ]

Resource use
and pollution

L 3

Time

SUN 4 namuansanuduiussenisiulsdadeauasygianunindinnisidnineins

warn1suanUassuany (WBCSD, 2000)

4. wumemsnliunuuasnannsusaiiudseansnwideilanAsugie

e 7 Usemsfasnglimsduiunuiugsiowazgnamnssuusrauanuduialuds
ﬁwmmwgﬁﬁ]Lﬁmaﬂﬂsﬁu%aﬁwumiﬁﬂﬁﬂizLﬁuﬂszﬁmﬁmwL%Qﬁwmmwgﬁﬁ]LLaz”Léﬂﬁﬁ'nLuzﬁ’]
wunslilag WBCSD (2000) fastoludl

a

WBCSD lalvimuiugiiiwinis 7 Usen1snasdieliedansgsna wazgnaInnIsuaunse

¥
a

wdeuslidnlndidmneardifalunmsdiiuamudsinmasugialisdl
1. anmslinsnenssssumfviengAusadilunisndn (Reduce material intensity)
2. annstanasaulunsndalazusnis (Reduce energy intensity)
3. aﬂmiﬂdaamiﬂ‘w&mﬂaaﬂg@jﬁf\m’mﬁam (Reduce dispersion of toxic substance)
4. w@suasefnanmnisuusldlnivesian (Enhance recyclability)
5. Lﬁuﬂ%mmmﬂ%’m%’wmmﬁm&uﬁauﬁ (Maximize use of renewables)

6. Lﬁumqmﬂ%ﬂm%qmamﬁm% (Extend product durability)
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7. iiNsEAUNS U NSRANGRSuIILazIaSa31935AU3NS (Increase service intensity)
Anensanlivnuiveliussaiawuimims 7 Ysenisaisusenaumgasadsenauiidifgy
aviu 4 dulaun

a a a

1. p3AnsgsRavionmgmamnIsuifeansUszgndliudnnsusansamdainaasugh

2. 9aAnsgsRIvsenIAgaamnIsuieglndifssmiedananisatosdusiudiu (ndustrial
Neighbors)

3. §3An (Suppliers)

4. gnAn (Customers)

Tnoflosdusenavita 4 drufindndrefudasdosiianuduiusionfunasiauinis
sudunuiieliussaguuama 7 Uszmssuazihlugnsimundaauaiansavesdszavsaimids
TnAasygiavesmulesdionaveeauiseuduiudidenlosuazuumianisiniunuveusiaz
psddsznauldfidfeludiuvetesdnsssRandenagmamnssuiidesnisszyndlindnnis
Uizam%mm%aﬁmmwgﬁaLmﬁ?uiﬁwmmiﬁﬂLﬁummﬁa‘iﬁmiqﬁaLmeqmiﬂizaummﬁﬂL%a
Felnmasughane 7 dsgnisamnsaiilélasnisuiudsenssuauniandelagendondnmng

a

Amnssumans(Re-Engineer Processes) tleliiAanmsannislindssmuminenssssumniuag ingfu
Uinamafiviidosgaandousiufnndununsuasilsnian
AnuduiuSTEineesAUszneunl 1 uay 2 Wileliussadadmuneidednamasygiaaunsa
AntulFnmsaseuduiudidenlestuisludunellainisudayaainsuaznanaosldinge
MNNsTUILNENaNAeTinswaniUABUA I LarUsTauMsaissninsyaanslusueluladniswan
wion1suTmsian1siiisidosdanindondatunazfunanaseléfindeainnszuiunisves
gnamnssuviolssnunilionaannsailufduingAulriudngnamnssuvielsssudulidsas
anunsnteliiAnnisTnisasvestende (Close Loop Waste Emission) fiiintunielugnannnssa
vidolssrumuadlagannsathluldliAsusslonifumagnamnssuniolssnuduld
FAmemsdudunudieliussagitiminodedneasugion 3 annsaildlnoanudusiug

seningesruszneudl 1 uaresduszneudl 3 nanfefieAninirgnainssurselssauesdndud

'
a1

doslinsuiuugnanfasivesnuiea(Re-design Products) Adslsifugdam (Supplier) Liloan
nansznusedwIndenlritesiganuisauldfansiaundndusivesnuiadliiiongnisldaud
guunniutaniiiuedusenevteamdndusiannsathnduandeuldswmieuusldlmildsuas
\Jumstsansansynuilasinfudnadesuastisandununsnanainnsnayasnsatwaniom
fananuudslalmildsnsesuandusud 5
Fmamsiuiunugavnefenisdiiunuielifsanuduiudidenleeseninsiiesdng

AMAgnamnsIuvIelssuiugnansiseandunuliussaguldmuneednmasygialuduil
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ausavilalagendenisusulsanszuIunisAnfiineatesiunisnaia (Rethinking Markets) #ange
93ANIgINANIARRa NI sUMIalstululauysenAglsUuaz a3 Jaguuisuiufsuninfnnavys

o w ¢ 1Y a

WianuddgluiunisuimmaimsveungnAannnitfassaiissnendn sungduilaanisyela

v Y

(%
[ o =

ANUAIAYAIUNITUTNNTNENGINITUIBEY 8T oy Iduve WA Sugiuug Toen5lgeun

o
[

gIwLNINTUSwIrdRaliian1sannsldndsnuag ingaumundudiv
NAVIGATING ECO-EFFICIENT OPPORTUNITIES

Ri-think
Rii-Desigin markets

-

Re-enginer I Risvaloelss
e [rmm—
\

SUN 5 wumenisaseanuduiusseniiesnuseneusigdnisiauieg1siiuss@nsam
lugatineieswgia (WBCSD, 2000)

v
o =<

n3UsEiuAUsEANSAMTATNAATYENINILLLINIITNSU TN UAYULag WBCSD
a1unsausziiuA1UsEaniamiasegialannn1siasandadiuvesyanndndamiuagn1susnig
Wisuguiunansenuiiadusiedawingeulng WBCSD taf1munisn1suseiliumaussansnin

\WelAAsYgRagausaiwInlanNaunis

Usgdndnmdetnaasegna = WaAWAASUNTONITUINNT

NANSENUADAILINA DY

Mnaumsilflunisdunaiiiedssiiuduszaniamdeinaassgiaidofiansanniy
sULvUTsaNNITudEdunaliA s Ansnmdslnmasvgiaasiuegiutadeiiieates 2
Usgnslaundadevesyarindniamviouinis (Product or Service Value) wazladeuas
nanTzNUAeAILIndos (Environmental Influence) lnefidadests 2 aveglusuiifudndauiu

nanfeasAnsgsNavsegnamnssulanausavinliesdnsvnielssuvesnueilyaAmdninnnie
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vimstifivgstuluuiasUlildmnemnsieindomnnsUsiiumusansnndainmassiod,
wldAUssifuresussdnsnmdsiinmassgiofiguindunulude nsulafesdnsgsnanie
gnamnssuthiliansnsnanyadiladvessansemusedundevatidlumanssdiuesdnsgsiavie
gnawnssulafimuitlifiniafutudoanasesdafovosanmandusiviousnisluuasdivhnas
Ussiuudluvaizdiesdnsgsiavidegramnssusananannsaaniadovemansenusiodsuindenas

TaludNvinisUseiiwiiornisussiusmuannisaananifaz leradndnisuseiiuause ansnnma

' ' (%
] I aaA v

funmasugnaniugalun TNk uutusansiiiuegndaauiiaUssansa i dnmeasugia

yghpsanuduiusdIiulasiusenInladumuasugrmansuasdaningon

2.3 UszAvmwidsinaasugiatuniswannagnedsdy

wuUFTRANNS 21 (Agenda 21) wivanyszd Federduunuusiunlaniiunuuszinelssu
asunduiduiusnsd a Ussimausnda ledeudiquisu w2535 Tdfemnisiaundidaduindy
nMsaLneuaussaudeinsvesausuiiagtu Taglisuniudnenmnsiauivesausueuing
psAUsznaUndnvesmmdsBuniady 3 43 Hun ffmaasesia DAvedenn uagifnig
n3nenssTINvIALardanden Tnensianniididumafunnaunaiunsiamnmiaasugio
dew wazszuuinadilidefuegsanga lnglinelAnanudaudsdetunaziu @idnau
AENITUNTAMUINSLATEINALAL AUV FRATANEY, 2547)

sifludruveanisimunidsduluusunivedfuguuutemen sy iassgianeiiiss” 7
1% auddgfunsiaundidaasnin fadudiay wnsushe uardanndon nsiawusia 3 9
wionfegauarlifinarudaudsdstunariu Tasnsiaunasughalfueefodiedquninuas
wistuld azdosdrilsialadiinvosminenssssunduazdsundoniiannsoaauinw 14
Usglewilangeniuu ldnsnensynriinegrausendanasiuseaninmgsgn lnelddanaidese
Armfeanisvasauisluiiagtuuarluounan sl iilensnugauanysaivomneINIsTILYIA
AMIAINTEANENSTINY LagaunmAwnde ielidugiunisnanuessruuiasugAauaznis
MssTinvesyudlfedisdeiiomannly uagdesdudunismuglufunmsiamndneaimauuas
snsrduaunmTInvesUssrulinty Tasuimsdanmaninensuaznaysslesiannsimuuas
nsfuaseseEshisazidusss dnsugnilidfenvesaulnglitinnumefissazfsnuiosls
Gumztﬁmﬁ’ua'qLa%umﬁﬁmﬁ{]zymLLazi’muﬁiimimEﬂ?i@i’ﬂLﬁuiﬁ%imgﬁauﬁ’umamﬁléfaﬂwL?’Taqa
anunsaUfuisviiunsiAsuuasuug uvesdinLuiaL

nsasuulasuuguesdernuisnidnsuuasunseuasimilunisiamileyslug
arudstuvesssmatiy fidszasdvosnisiaun 4 Usens fail @ifneunneznssunsiauns

LATUFN AT AR IRLALAE, 2547)
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' 1
a e

1 A deaulnefiaunndlenavuy Wudwugiuanud dnisWawdneninuas
nsfnwlddenuies dnsmdnduduazuinisndguanaudnenwnssaniuszima lagi
ANULALUTE UL ITUAIUARUREANIN (productivity) dinnandefiiulinsfudwindey uavan
waiwgadasniu

2. \afivsnmiaznisusui asegiainnisuenefeaiiadesnmitssesunielunag
MeusnUsena In1sadeglauiumaasysiatasdenuaindadvatvayuniglulaedlelndia
LazANLENInluNTTISUTe M NN IEI TN RLAYAIINGDN FuniALaEATUIINSIANS
\MswgRaTEiugIuIINedInTueas  Inefldudgidynviesduivainvats  Tnnssrsalid
Aautmusssuwaziendnvalduduusanfnuvesd

3. nansztemsaweindusssy Usswnsdanusindieavisi e endn s16ld
s Anudesnsiugilunsmssdn wazuinsiiugrumedeay flona lumadnfananauas
nM3dnassgIunsnensegnainzanwazidusssy lnedildmnudesnisvesausudagiuuagaiy
Shwmswensliauiueuan

4. MstiszUUIMsinnsia Ussnnsnmediuvesdsay flona wazdvdlunisiuiieya
17815 NsrUUNIAnaula wasulouigaisisuswiusesu lnen1unIsuInIsIanisnisdasy
LaznsEAsINAgesdu LarnsaiisauT e uuuysunsYesantunsidesdiny tasugia
Lardandouegaaied

fain1saunee9dsfu (Sustainable Development) U94011Ag3NIVIUTEINAGNIALTY
Uszidiudeuiivaneq mwmuﬁLﬁlaﬁaﬂﬁmmﬁﬁmﬂuﬂwﬁu AL EuRen WAL
pesauga (Useinn 2w, 2506) stawogaunalufitoranungldfs nemuniifinsysannisliin
03F97 AeosdusenouiaanefiAsatos Iiun iswgia Aannden wavayudiAnmsUsyauiunsy
03¢ sadinaunin deasvilviAnanmiiGend Wuneddu

nMsNaLeg19dsBuresniagfa onamneldfinuneieuaiaunaluniaasugiad

o 1

aunsaviliAanisudatulaegraasiunatalan mualuiunisAuasesaninuindeu tagliaia
naglifulan Suasihdnsiitinfifvesyudiudagiuarowian wuamamsiauniidnisysan
nsliAnesdsmszning Simaasugin uasdunndeutagtuldgninausriutianegady
gﬂﬁﬁﬁuﬁﬁaﬂ’jw UssanSnrmdaliiaasugia nIeUseaniamduasugiiian (Eco-Efficiency)
UsgESnmidetneiAsygng Lﬂuﬁ’qLmeams%’mmiém%’umﬂﬁjﬁaﬁﬁﬂﬁmaummmgmaﬂuﬁa
Fruasugha eugluduiidudsnnden uadtinfldnsaoudnunrauivssavsnimaes
g3fa luifduAsugia wardwnden Tasannsadinadnsildanmsusadiululfivseuiou
ANUNINYBEIAY MFoasdnTvesauies ansnsnth U duideduansuunliu uastuundie
mansiiiunuvesgsiagramnssuiio Ay seanBangega awnsathgnisimuiegnainas

Ay flagunt 6
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Exyionment l'x_\ Viable | Economic

JUN 6 BaAUsENUYRINIIHAIUIDE19E9EY

2.4 waluladazan (Clean Technology)

Tullagiulszwalvemdsingnisiuundulssmagaamnssudsazinisamulunisnde

' !
a a a v 1%

AuduazuinmauIntuuAAsiiAan s nmstaIeiugRaunTsy Ae Jamdudanndonds
Tsanugramnssudusummddylnsamzosdinsiguszneunsmannuiuiaveusedans
weluladazermfuvdnnisteaduuafiviiunaadiia (Pollution Prevention) fil#vdnnns
anveadeliivdetiosiian (Waste Minimization) Tasmsienaisuafiuiilinainnszuiunsnanyn
fupoudssznoumensdsuuamnszuiunssdansdeuiagiuiliAenanaeslilidu

DUNTIUTININTTAAUS LN UM ANLLTNTUYRIRIrUsEnaUTuvasdawinlvaiusaurluledn (Reuse)

Y

snnaululelng (Recycle) auldanunsaiveadelulduszlovnilasn antuazirveadslutiun

ada

Wigndesraliuenainiiyarainsnndiesesdinisanfiunisegindussuuuaznaiiediviauniig

[} IS LY 1

Usznaufuinisfiuedusgrnduiiiebiussgilmunevegsianieana mnssusejui 7 uas

Aaa o a

waluladaze1ndisadununiieanidy 2 35Aeisanuanuiwasiidanazisnisiindvun il

w3eNslden fsgunt 8



Raw Material

Impact of Product

.7Poll ution Prevention

Pergonnel
Water +—* +—* Management
Work
Procedure
All Media
Energy (water, soil, air)

JUN 7 vannnsveamaluladaveinlunisdesiuuaiiy

147 : NIUAIUANNATIY (2553)

nsaAuansunat uia maina vl

reref P Sy 7 3 Tl
nsUiunfasundni s 514l

sfunfasuingau

o n3dsunfaoumalulad

MIVTHITAWHUNT

a

5UT 8 FBnsaniiunumealulagazenn

147 : NIUAIUANNATIY (2553)
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AMsanuaneNLrasndaLuteantdy 2 356l

1. MsUSulaBunsyUIunISKER (Process Change) Wusaanidu 3 35

a

1.1 msUsudeuingdu (Input Material Change) 1unisidenldingAuniazein

Tnensl¥imgRuiifnmaudilimuieulfuarkifdsudeudodsanusnusvumniuTaaudemn
Jululdasiinmafidedeisnaneenieufiingavesdrglasusminisnanveslsanuaisiinig
AR dulumunnsgu
1.2 MsUsudsamalulad (Technology Improvement) Junsifindneninnisude
vidonslininensegiusednsnmisunisusuiasuisnisnalnlunszuiunisuaaniousuu s
gunsallumensnanilenivuszavsnmeseannsgapdonisiasuniseonuuulmisiudanisifi
szuudalufAdnuelumsuiuusstedindaieulilunniimaluladuuiuyssilesduseneu 5
Uszns (5 M) faguii 9
1.3 M3U5UU§InNIzUIUNIsUTMINISA LI (Operational Management) vlu
MUY TUIMITUUNMTLRLLAE MUALLT BLANAN A YBIN TEUILNNTHARL VM S0AR
FuyunsHARLaraaRanIENUReAIIAdNITLIn UL LLAr T U U ST Rl
msudnsmsufiinuiinsfinevsafszuunisdafivlulndeduiveesldssuu First in - First out

WeaAN gL AEINAMNINYDINENN NI TITINTENREINTTIvRUFeR ATl

Material
Ganivudousing
Method
(asmsthan)

Machine
iwdoudnsgUnsni)

Measurement
trmasmanmnunm

a

5UN 9 Reoulvlunsusulsamalulad

147 : nIUAIUANNATY (2553)



23

2. nM3U3uLAeunAn S0 (Product Reformulation)

nsUsuUTewasiBenvenaniae ilondnidsawazannisiinasuaiy lng
fimnnisesnuuuliiinansznudeanmundentesiigadurinlieglusuamsazariduduiiiean
Suauussataeiviedsuiuguasazanenaiieiinognsldnuvemansusisiufienisonianiiv
vioftlaisndu Feanunsnvhld a el

2.1 Product Change Factor A® nseenuuuLiioUsudsundndaueiinefitouluuay
wiedlafiangay

2.2 Production Change Factor fi® NM3USUUTINTEUIUNTHAARAEAITATUANEUA
wdinsiiusnnasnde

2.3 Market Change Factor Ao n15USulasuiin1smainwazn1sUszaImIny
ABINITVBINATN

2.4 Marketing Change Factor fia N15U5UU§IN15UINITLAZN1SAAN

3, nsldgmiensinduuldln

mé’ﬂmﬂaamﬂiuia%zmmmwﬁLﬁumiammingl,ﬁafiauﬁ%mﬁ%’ﬁmﬁmﬁmsﬁ
ndvinatavesiimnduiunielimudeuduiodminensuihunsldauafmiduds niweins
fugsiinuamitanusailuldouludurouduld msmBlunshlulffiRedselomiuigl4l
nszuaunseuldlsnuds msinvimmeluladuiosnuuunszuiunisnas tetinineinsii
fmgRuvdondsnundvuldlmiviertiliiAananaosld ieifuyadliiurondei

3.1 nslden (Reuse) iumsthueadeannszuiunisnanunldglaeinduuild
Tnilaessadieldlunswdmfuvieldnssuiunsdudunisivinildudundrafednduanldlng
nsthndefunduandlminsdnauinanmsdadululatueuumnjududy

3.2 nrsihnduanldlng (Recycle) Wunisiwesdsluiiunssuiunisiie

ﬂé’uuﬂ%’ﬁﬂﬁ%aLﬂumawaaaiéfﬁﬁaﬂaﬁ%ﬁm (Value Aaded by Product) lgun1suIwalafnu1vaay
immimamzﬁ"amﬂmwaEmLLumLmﬁ'Lﬂ"mWiﬁwﬁgﬂﬁwaﬂuiﬁmumﬁmﬂmﬂgjﬂfmzﬂmmﬁwaaﬂaa

set 1Judu (nsulssaugnanvngsy, 2553)

2.5 M3UszeNALYUTEENTMNBITLIALATYFNR

ao o Y

IINNITNUNIUBNATLALIITENN eIt UM TUTEenAlTUTEaVEA W Ta i ALATYgRaty
29ANTeng 9 Tuseul 2010-2011 vilvimudsunlduuazguuuusng q Hazvieudsnisunluldlaeeng

Fonau lnganuisanusieazdenlaidu 3 ausadl
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1. Uselanvesssna

MnenasnuiTednanldlniuiansiludssendtuasdnsesnaniieuns neludas
SunsndszAnimmBsinmasvsidusuldfuesdnsluBsgrarnnssusintu wilutiagiud
UszAnsnmdsinmasvgiadeamsntlulluesdnsdu q 1§ delunisussduvesnduaes
geaivnssulusedulinugnainnssy (Charmondusit et al, 2010) gnamnssulunguylsy
(Wursthornet al, 2011) wag Tu Flemish (Van Caneghem et al, 2010) 1adneae uaﬂﬁ]’mﬁf
Uszansamidadnaasvgiadiannsoiluldlunsussidiulussduiiduduanulaeyusy o1
TamRgururLAENuazILIANGTS (Van Caneghem et al, 2010) dadunssidusuaidniudos
T¥nsdans weluladuaznszuiumslunsuanligannin videwisgnamnssufifvuniidanis
wangeidesliinaluladgs eghadu nquenamnssuauiululszmedu (vi, 2010) gnavnssanman
(Caneghem et al, 2010) FafugmamnssumdnvesUszma idanududougeisluduasugaans
uazdundey adludagtuldfimeluladviondnfusiang q fiunszuiunsudaiiduinsiu
Avwanden SsorasidunudwhliAsenudstu faufaszgndlissansamiBednmasugialy
nstlfifuauaunaszriassgmaniuazainduinsfudundon Wy sondaulelasiou
(Lee et al, 2010) n53laiAamdnuazwanadin (Frischknecht et al, 2010) wazn sl ingauiiiu
fnstudandoulunisnoats (Bribian et al, 2010) \Judu Meganisaziounmisnnudonles
sewirsUszansnmdsineiasvgiatunisiauiedgedadiudu fe n1sldussansamidsiing
iswgislunsnsuumslunmsiauniios adunsnsaunasznindaundeuuasiasugiogng

w239 (Li et al, 2010)
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MFialun1suszidudsdinnuuanansiuegstaunuanmaymiidmansznuivdanday 89

Tulagtudszbulgnmsindanndetuldfinunainraisuazyinuuuswiniuiee o1

aada

JanlanSoudsdaliindutymszdvuumininansenuivuywdvifodaninewing Faviili
Uszwiulgmlanfouislignentundud@ianisiiddgyluntsusedfiunanisinuduindeauves

UszAnsnnaeineasegialunaie 9 n1sfined (Thant et al, 2010; Van Caneghem et al, 2010;

o
I Y

Nozomu et al, 2010) Bnslun1THAILIAIYTANNE IR DN UUF DIEDAAABINUUTUNURIU gYin)
VNNAWINADNDEIIYTIRSS LU N5LAR eutrophication aludssiautlyiniinainnisuassinded

fiansemsdmanlulasiukasieanadags delugnainnssuuseiandenandll Fedeslvidymn

(%
Y [

Fanarudusiitafiddlunisussdiu (Van Caneghemn et al, 2010; Caneghem et al, 2010)

yanaNdIsnsRLu L TusvslunsimuETTTuA A uannateaulusie Lilesannlu
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Hagiuiindnnising q Afautuuiesislifneuaseuaguussiiutlyunnian wu life-
cycle impact assessment (Wursthornet al, 2011) life cycle assessment (LCA) (Bribian et al
,2010) life cycle costing (LCC) (Lee et al, 2010) ecological footprint (Li et al, 2010)sustainable

concept (Frischknecht et al, 2010) wag benchmark (Damineli et al, 2010) Wuduy uaﬂﬁ]’mﬁf

1% v
v A

wdrlunrsimurmdialasiluazidunisimuididiaiieawaddianiaasugamansiasnig

D

1
[ 1

dawnaey uiannsfinwludagiu mavsediumeiidinninaidllaagyiounisimuiegnedagu
9E19U119349 Asunsiiiu¥iansdnud s dusumamildlunisasiounsiaueg a3 iasuia
aulif wsugha dau uasduandeu (Schaffel et al, 2010) Faduusznuininlugnisimuiogns

gragiu

3. WANISANY

naINLeNANTuar AT Antestldifufwaannisszgndldszansam Sedig
wiswghtuliifisauanafiosuultuvesesdnafissetaien uidianusathuuliuilaluiaun
stuvulunmsfmunesdnsuiomhenutuldsn lnsasfeuliiuissfulgmiliAistuainns
fufiunu o dedriamesteyasunisanudesiedounszan devinlmnduuleveilimiieny
Foatfinszuvlumsdaivdeyadinaniiiedulszsansamdeiinaasugiaegieusiad
(Wursthornet al, 2011) ﬁ%@LLﬂﬂuqmammmLﬁaﬂszmw@zmzmwﬁ NUN qmammmﬁ'jwﬁmmi
adeingiu wduuazihlunssuiunisudn Jehlinsgpamnssudeatunssuiuninmalulad
avornifionndanisiutlymidanans (Thant et al, 2010) saudamnaniiunisiemeluladazein
udnt ‘Lu%amﬁﬁ]sqmuﬁ'wmmLﬁﬂLLawmmmmﬂuﬂizmmﬁmmmzaw%mwL%aﬁnmmwgﬁf\]
Faduseiuitoeiudnenmlunisdifiunusmenisassuuiaziiunmdnualionisileda
wagnsihussafasinduuldlual (Femandez-Vin™ et al, 2010) wonvniiuszansnimidaine
iswgiadiannsaasouliiufwunliuvemansenundaunadouuasdnsininaiyivlnves
\Aughaveseaamnssy lu Flemish (Van Caneghem et al, 2010) ld8ndae Hadilunisld
UsyAvEnmidsinaasvgivluunnsdduansauandifufaunldulunsilugnmsfauiuuy
dafuldlugmanmnssadenszauuaznszay (Wang et al, 2010) uay ms3letdaimanuagnaiadin
(Frischknecht et al, 2010) 9 ndeffamuafinaunifuiuslesifiAatuannislddssansam
FanalUliussdussdngeng q udlutlagduiuldfnisussgndlivssavsnmidsinalunisiaduly
seauuleuelag Schaffel et al (2010) Useilluusednsnmieillanseninanisnaneniueainndey
Aumsuanlulefoa wud Sguamsduaiunswdalulefisailonnandnansenunisdeauiides
N1 viTeududszuuuds Lee et al (2010) wudn n1svudsmnufitglalasiauiivss@ninimgatve
wswgiagandinsliindy sulusnmsdmdenduuuulunisdiiunudeyssansaimdaine

\AswgNa e Li et al (2010) wu3n Shanghai wag Beijing IN15WRILLEHNIAATYEAININNTT
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Nanjing fiatu givuauleuisves Nanjing A3 vuakuInislun1simuLiiesniy Shanghai kay

Beijing uanaNUudtaInisaldusednsaimdaliiimasegialseiliussuuuinisinnisvengy

a

gnamnTsu (Nozomu et al, 2010) msidenldingavlunszulunisndn (Bribian et al, 2010) uag

9

gunsailunisnda (Damineli et al, 2010) ladnsae



uni 3

A5n15AIUN15IY
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1. numudeyanisniainenarsdrduaransdnuiiisatestunindegnaagnig
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2. drsandeyaidosfiuresnssuiunindesans 1 wis densdunivalilasdaunnainns
sfunluiiuiisiaiethlullunsfmuaitialudiudaly

3. mugevdeazuiildannnisdeyarimunainniamuniuissunssukagn1sds19910Ng

ARUUlUNUA AN 125

3.2 MawadITinUsEansnwdelnnasegiavaarhsugns
Tunmsitaundinyssavsnmdsdnmassgiveshiugnsiulddulasanangiielunis
UseliudsednsnmdetinmAsegnaves The World Business Council for Sustainable
Development (WBCSD, 2000) Fauamasasioluil
1. ﬂmﬁﬁmLLazé’mﬁaﬂﬁ'ﬁ%Usz%w%mWL%aﬁnﬁmwgﬁﬁ]ﬁnﬂéf’ﬁ?i’mﬁﬂﬂmaa WBCSD 119
fudanadeuuariuiassgialaoiiufnrunseuagalunisilulflunsussfud seavsanids

TnAATegiaveIisugns

'
a a g

2. MswufTIaUsEavEAmTtnAAsYgR AR neuATYgRave s suansiula

donldmeldniinannisvisansiioilunisasvisunaitintuannsanduaunisuansog 1wz
3. MAUITYInUsEavEAmdeilnaasygadiudilusmdsndeuvesiisuanslaenis

Wdeyaiuguunasiaduwnunmnsiadedendnnisaunauavesansidiuazeanvesisugns

a

saldismanasgldannisdniinemu Guanduzui 10) mnduisdadenianisnansenunis
Aswndeniidduddysdonisduduruhulfdui@inuseansamidsinassgianiai
Aawandon

4. mugeuanudoiiuresiat nUszAvinmdsdinamasugialaedidennagsuiuegiees
2 iuielidatausuuruaziumaudlalvididaussavsimdsdnaasugiaildlidanugnios
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3.3 MINAILILUUARUANYRIUsSEANEAWIRelaAATEgRa YR Sugns
fimuuuuaeunuUsEansmdainmasugisvemiiugns weldluniafusiunudeya
pad¥aiildiunismiuaeuinsiundatu Tnednudasanidilasweauuusiusmdeyaiiionts
UszidlusnuszansnimdsidinmasugAafiléwanniulae National Round Table (NRTEE, 2000)
UspinAuanIa Mntuiwnudeuiuinssanndosnstion 2 vudieliuuvasuamiinramangay

Tunsthluldlunsifiusivsiudeya

nanasyln

(By product)

Input Output
IM0AY NN s wsugns 5 WA
NINYDILAE
(Waste)

SUN 10 ununwndnnisaunaulaasidieend miunsinyukunmnisiva

0 Anding 1UIAEAN Wazane, 2551

3.4 ﬂﬂiLﬁUi’JUi?&l‘ﬁBHaﬁﬂﬂLLUUﬁBUﬂ'ﬂJ

a =

yhnsifususuteyaugundauuvuasuanuildiunsssidunngmsnand fans
sfunureshiuansliaseunquitianusefurenianas 29 N8 uay M eeeay 5 WTANT T
u 15 vhin elenedifeasihshiugnsifanumfeuuariviausuiiolunafusunadoys
Joswniteyausdndaiunnud Taglunszuaumafudeyatnglifumuresin fugnadand
drusalunisifvsiusindeyanuuuuasuansuiiolinianniuesdidne swlunisdseiliy
UsyAvEnmvawhivansiauedld Tnsmsfnmiagyinniafivtoyalusesing U wa. 2553- 2555 il

W liussiuanugdagtuiaziunliuvesUssdvsnmdeilneasygiavesnisaiuauisuans
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3.5 NMUTZEUAIYTZANS AN BT ALATEFNAVINITUENS
ﬂ’l’iﬂimﬁuﬁ’lﬂiza%%ﬂ’lwL%QﬁL’MLﬂiwﬁﬁ‘\m@\iWﬁufjﬂi“guiﬁﬁﬂLLU@Q‘\Hﬂ%%ﬂ’]iﬂizLﬁu
USLANDSNNLTSTLIALATWEAVBY The World Business Council for Sustainable Development
(WBCSD, 2000) Ingl#nsrduesanuduiusiléanninuisudouyadfiiatuanudndusivie
UimsfuranuvessanszuiifntuiuasaedeunnsldvineinsuagnisUanudesuanzann

A998l AYAUNTN T UNITUS LA ULANIAIANNITA 1

(1)

il

E fo AUsEAvEamdsineasygiavesiens n ivhnisusudi
EV Gk ;ﬂaﬁhmqmwﬁﬁ]ﬁ' ﬁm%umﬂm%uqﬂi

En Gk maiamaqmzmﬁLﬁm%uﬁ’u?ﬁLL’mé’ammWﬁuqm

3.6 MIANEILUILTUUTEENSMWBIAATYFNIVRWNTUENT
nsAnwkualtuUseansnmgsiinaesygiavesvhsuansuulmdenldisnisusediuain

WHUANIN Snapshot 7tasun1siiauilaengy Anite System Ussinadnieadsn (System A, 1999) &9
NUunouvRINITANYIRSL
1. Anumatfesaganuldgunlas  (%Variation) MUFIBTAeAULATYAILAL

dqnaaulnglSeuiisulnneanisuseiiunuanuuasunuaswaslnlee19d9 (Base Year) M9ty

(% (%
v v

MsAnwtdentdd w.a. 2552 1Wuls198e TnenisAuiumiAIsesaranulUasunLUasuesdiy Tty

aunsaFuIleRIENnTsT 2 89 3 anuasu (WBCSD, 2000)

ooy - DLV, — DL EV, <100 o

SE,

)

%VE fe  A1FeuaznsiUAsuLlaewnTinnuaTegne

' v
S a =

2EVy  fle  wavwvssyarwnuAsegiafiintuanvhsugnsififesnisussiu

q

2EVb Ao wavwmvswyaAImIaAsEgnafiiintunwIsuansUends

q
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. — > v, - Ev,)x100 .

ZEan

)

% VEn fp  AN5e9arnsUasukUadundiid inauawInany

[ '
=

2EVny flo  WaTIMvRmANsEUN AR enfitiaTuaInsugnsInfeennsUsEEu

2EVnbfo  WATIMTRWANIENUN AN eNfiAnTua NS ugN TR U819Bs

2. thendesavunsnsdsundasmuit inasdfisunaldluusiuvedfidosnsussifiu
wUssuisuiudssdeiildainnsiuininetuwdenasuunsn 2 aluszuuwnu XY 9
Uszneudie Quadrant %amum 4 Quadrant lpefivunsigavidunvesusazuny Inguny X e
nasmvosAderazlunsasunashiindudcnnden way wny Y Aenasiuvesafosazlunis

WasuuUawndinsuasegia dagalaeesaiutuiiiinainnisndenvesmiasasnsilisunaves

[ (%
v Au v

AT IavianunuL Quadrant 619 9 UuN3IW Snapshot HuagaNNTasEylatsEAuAUTUTEENSA M
luatineesygiavesdiiegne n Tudniinisussliufneiniaiannnsuseliuaiedsnisaenanas
aunsavihbinsuisdnyasiwiliuivauenfelimnsiiuduiseanasuodseauauiluseavsam

lugatiiaaasugnaveenguiieg 19ivin1sfinuled (Anwdasanifing usedn, 2551)

3.7 mswawuansdunuuluasuanudundslunisiaunni sugnsegredsdudremalulad
GELRL)
n1simukwImslunisiasuauduudsluniswauvhsuansegedadudiendnnig

Y o=

wialuladazeatuaziansansumalulad sulasugenans wazsudwindoudunazUszinuazd

¥
(Y v o v a a = o

st Tnd msuldlunsussidiunfansanandseinudymdnndeunanftiaduainnisanduau
wazilnaseusyansnmidinamasugiavesnsaniiveu Inedend@nwininteyalud w.e. 2554 11

19lun1sUsziiu Tnsuvseanidunisnsiauseiiudesdu waznisnsialseiiuagneaziden (Fawlaq
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111910 US@950] wauinm, 2553) ¢ail
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1.2 MsUuusssuasugmans WieUsediuanldanenldlunisaniuny



31

1.3 nasvFudseumudindeuieUseiliudgniniinansenuse
AIINADY FINUNNITRINTAUNLALN USUI0U HANTENU WALNITHNINTEIY

2. M3919U5EIURENaLIBYR LTTONIANYATDINITNTANLEEINHANITUTEITY
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[
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wtaiu 4 Sumeu el

2.1 nmsnsnianariieideya Tnglideyaiidunansznumedandoud
gnARLEeN
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dniden Tagldaunisi 4

IDANTITEUU = @15V + 81391980 (4)

3. MIMEUNANTRATDNLEY
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2. msUszdivanudululdduasegmans

n1sUszifiuneanuasegaans tuddeyafidndudedddlunisduim fie Aduiliedy Al
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FAInNANan sIAAunuievylY YeUsuamINeInsilY uavveademanduluvisuans s
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3. mMsUsztivanuidululdaiudinday

nMsUTzLiuANUEIAY NI LAIIAAILTUTANLLANANNIINNITUTEIUAUmATA LazAU

v ' '
! U v Ay aadq

wsvgmaniiiesanliiadiiiaeds wazaddtafiadan sldlunisduan Wunisiansun
Wowduitemumussdiullymiiinansenusioduandon Tnefinnsananusunanisld (Quantity: Q)
wansevuiliindu (Effect: ) uaznisuninszans (Dispersion: D) luusasUssifutasnisliiazuuuog
52N 1 - 3 (neyatl s uaz anws Aana, 2553) laensWissruazuuiluusasninensiuns

nieuifesiunsUsinaldlunisuansdus wasiuafanaenmhsugnsnsaifnwimevilalulnuu
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. R ARTIR | ARITIR | masng %A24
518015 5780 1. . i .. WA fe n.Aa. .. n.g. a8, wey 5.0. 4 e " A . L | Azwuux
\ady Tinngn il Wululd
YSwnaiwiin 17050 | 13650 | 1391.0 | 1521.0 | 15260 | 1557.0 14930 | 1559.0
- 56 | 1592.00 | 1658.00 | 1724.00 1627.00
gnafiveld (ko) 0 0 0 0 0 0 0 0
Ysuraunasld 82050 | 80100 | 7612.0 | 84100 | 81020 | 7652.0 8421.0 | 8124.0
227 | 8280.00 | 8350.00 | 8043.00 7931.00
911138n 3 (kg) 0 0 0 0 0 0 0 0
52010 | 5.0362 | 4.6653 | 4.8123 | 5.8681 | 54723 | 55293 | 53093 | 4.9146 | 4.8746 | 5.6403 | 52110 | 5211199 | 4.665313 | 0.545885 | 10.47524 1
USuaunsiden 1042.0 1002.0
o 0.5 | 1060.00 | 1058.00 | 1120.00 830.00 | 840.00 | 806.00 | 942.00 920.00 | 964.00 | 958.00
AU (cc) 0 0
0.6658 | 0.6981 | 0.6497 | 06111 | 0.6081 | 0.6039 | 05299 | 06173 | 0.6433 | 0.5655 | 0.6457 | 0.6145 | 0.616089 | 0529914 | 0.086175 | 13.98745 1
Ysuraunnsld
348 | 282.00 | 329.00 | 304.00 | 267.00 | 336.00 | 28200 | 27600 | 298.00 | 344.00 | 421.00 | 318.00 | 331.00
WA (kwh)
01771 | 01984 | 01763 | 0.1565 | 02461 | 02027 | 0.1814 | 01952 | 02209 | 0.2587 | 02529 | 02123 | 0203261 | 0.156598 | 0.046662 | 22.95708 2
YSanaunsidn
. 10 297.00 | 281.00 | 279.00 | 297.00 | 249.00 | 254.00 | 266.00 | 287.00 | 287.00 | 296.00 | 287.00 | 296.00
m
0.1865 | 0.1694 | 0.1618 | 0.1741 | 0.1824 | 0.1826 | 0.1748 | 0.1880 | 0.1843 | 0.1819 | 0.1922 | 0.1898 | 0.180699 | 0.161832 | 0.018866 | 10.44102 1
Ysuuveade
" 257 7.20 7.60 7.80 6.50 9.10 8.50 9.80 10.20 9.40 8.90 7.90 10.00
g
0.0045 | 0.0045 | 0.0045 | 0.0038 | 0.0066 | 0.0061 | 0.0064 | 0.0066 | 0.0060 | 0.0054 | 0.0052 | 0.0054 | 0.005546 | 0.003812 | 0.001734 | 31.26930 2

VLG LNEUTIAZLLL 0-20% 1 AZLULU, N AZLLLY 21-40% 2 AZLULU, 111N 40% 3 ABLUL
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a7

518015 mml NaRIAYdl Aaadululd %anudulyld AZULUY*
(V/vmdae)
Yunaunsldemnsans (ke) 22.7 0.545885 19.328.8444 96.88355 3
YSuaunsltdenindu (co) 0.5 0.086175 67.20955 0.33688 1
Yunaunslaldia (kwh) 3.48 0.046662 253.29601 1.26962 1
USmnaunsldih (m?) 10 0.018866 294.29255 1.47511 1
USinauvouds (kg) 2.57 0.001734 6.95293 0.03485 1
VLG Lﬂmsﬁﬂmmu 0-20% 1 AZLLUY, LﬂmsﬁﬂxLL‘u‘u 21-40% 2 AgLLUL, 1NN 40% 3 AZLLUY
5797 8 man1sUstfiuanudululinedudsnnden
318019 Usuas (Q) Wanseny (E) N13LWINTZIE (D) AR ASLUU*
Ysuaumsldamnsgns (ko) 2 1 1 2 1
Usunaunsldeniadu (co) 1 1 2 2 1
USunaunslglnia (kwh) 2 1 3 6 1
Usnainsldiin (m?) 3 2 2 12 2
Usunuvaade (kg) 2 3 2 12 2

VN8 : INAUTAZILL 1-9 WU 1 Azku, Inausiaziuy 10-18 WU 2 Avlul, iIneiAzIUL 19-27 WU 3 Az
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MnsamsUssdiuanudululimeiumaia duasugemand wazdudsnnden e
Fnsdndsumuddyesilym Sinasfiiiseuaninunsnsldsufuldadiniminvesutaiu
Wiewnuwn Tnerdaanimindawintu 1-3 Imaﬁuasujﬁ’umi‘lﬁmmé’wﬁﬁgmmﬂﬁzLﬁuﬂfu 9 ANt
FehmeuudildannsUssfiuineduesusar i wazmmaimdnlUdlunsdunaiiosadisu

o w [ A a (3 1 [ A
AudAyvatUsEaudy e Tinsgimavg uaswumanisuntelaymisiely dwisnei 9

M3199 9 MIIREPUANNEIATeIUsTR Ut lunIRTIaUTERY

waiia \ATEFANENS fawndou
518n15
A629 A629 A629 HGERE ASHUU
ATMUY | 4 ATMUY | 4 ATMUY | 4
i i i
Usuaunsldenns
1 2 3 3 1 3 14 1
ans (kg)
USuaunsiden
L 1 2 1 3 1 3 8 5
YUY (cc)
Usunaunsiainia
2 2 1 3 1 3 10 q
(kwh)
Usuaunisidun
\ 1 2 1 3 2 3 1 3
(m’)
Usunauvaade (kg) 2 2 1 3 2 3 13 2

v o w o w < a IJ 13 ¥ a
nNansInaRueNUEAgvesUssutylunmsaTaussiivenudululanisinumeada
AuLATHEAIERS waziudwindsy wud Ussiiulymndenuddguinian e Ysuianisld
= 2 A 2 aa o o o & 1 a a = v
91158035 Beuszauiludssiiunianuddguasdndunenisiasaiivls dunwasnsaglionis

ansmnuUTInagasemsluldazd e uiwuzinveadnd dalunmg vseuTendauwanisugns

v
a =

e agnaedansn ilelanslamunas fduusediusesann fo YsinuveadeiAatuiadu
Ussifufienslaumaudly fevoadefifinduazegluzuresyagns Tunumansazvhnisivasiute
Trimindeianun lnawdevstiinfuinunansazshnisinyaansduanienatsuaniiolivetda
aunsasuyaansivadld dayagnsfidnTuunduaghigninlulivsslonindofuyan Yssiiud
sesaun WA Usinmnislii fessfuifudinemsnsdesnsliudlodgmunniian desann
inwasnaiuisnansdvewhiduasiuuiliinnntuie Al AuTuanndesans dedu

fdedsihmsiessimannavesUseiulyminulagldunuglifinauan (shikawa Diagram) &4

azasureluintensld
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4. mywpsimnamavasUssiudymanulagld Ishikawa Diagram

<

mndssdutlymitseyliludisiuduy Uszneude Yunameadediinty wazdIuanisly
ih Fadulsafuiifiadds uasinuasnadiusiuiu Wessyamavessadiutymilistu lnewmada
flilunsiesgimdungiulfunuglfeuan (shikawa diagram) Tu 4 5 Ao fueu fugunsal/
\3osdle Muingiv uazduisng wewanuasliiuanvguestom lnefinisszauaes (Brain
Storming) $mfuinwmng evnavnuesdymusiazdade Ssigymitmsudlaiigruesiuansas
wansegivvan dauawgiidmanssnuvesiagmiuazuendeseonnufinaan fmdaniiase
yanmgldazansadannetug [Wited ieldlddauumisnsudlodgm ety diels
yhsugnsinisiidunuiivssavsmnuazanunsaanduyuls Tnsunugimaatvosusifuiym

wanasul 19
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5. nMsadedetauamalulagazenn (CT Option)

a

ndannsianguseeulamnisiiausunaveade LLazU%mmmﬂ%’ﬁﬂ@EJmﬂ%’LLmuQu
frsauda fuddeldvhmsainsdeiauemeluladagenn (CT option) fasiilugnsufod aantduis
thiauadoyalsitunumsnsvesifuansnsdifing uazsinunsnsfusznouniaidssanaiall lumsdn
UszaandeUfiinng a annduimugunmendeu smninerdouiina Yudl 27 fugngu n.a.2556
1781 9.00-12.00 u. afiEidsruuserasisau 30 au ileviauanantsife wasseanaNawiioU uUss
uilelidarauameluladazenniiu 9 vludamummnzay wasdurfunisasusnniian (eazden

FHINANUIN 1.) Tanadbodeasalull

1. Tovauamaluladazein (CT Option) Yaensuans

CT Option 1: flyafaluavesth Wy deade waziiuihwesans esangafaseiiudily
ponilifies 1 gnailsiansosudafurilifAnnindemeliosnds vinligadedlu 2.7 aua. de
Fou Anuyarvesihiidesdsluindu 270 v

Frsuly: deuuwngeiiinnsiilvavesh uasiuafuilueen 2 y/mon

AwUITavLA: 2940 U

srgghaAuu: 11 Whieu

CT Option 2: melumeniigaanszanaindeunan uazanusnunn silidesldinauasily
MsanditevhauareinunnUsEanaieuay 200 auy. Andudinmindu 2000 unsoiau
Brsudle: adredmihnelurenanailedailildansléduiiduiounsdsld duiudilugaed
omaseulddne avdievinlrusnunmeuendduanUsnidesas LﬁUﬂ'nmgjalﬁdwsﬁﬁu WALV ALY
dluniséreimnuazenmeluneniesaimdeUszanasiouas 150 av.a. andtinld 500 umse
LoU

AwuIaviLA: 12000 UW

segghaauu: 21

¥ [ 7]
a = 4a o a A

CT Option 3: veadefiAintufe UiisfilinannsdsnonuasiiyaansUyusnmelilesnin
inwnsnslinnauenyaansoenanneunsandisienuazeinaen melurhiuiinisyavediuiie
ses¥uiiis diethihidlusemiduldluinashiugns dmsugadidndunldanvotununsnsasyii
nsmndislilfgesaasliios

Bsudle: 1 Ufuddsuitnsdsihnuazeinnonvesinuninslaenisiiuniinga

gn309NNY UAIIWINNITANAYINANILETDIRADN
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2. lutdnasshisiefnsunssdngs wardsfoadun douiasendis Taoyad
dFnuazdnlianpzunsailumnluanliuiedsazarunsalvreduyaansuidls Alansuaz
Ysgund 3-5 um

3. yenaninnunsnsasdanunsadinslulduminiiteadrsfnedinim dsagsinlild
fradnmyszana 6.48 aua. Welfidudomasganaisddlunsnngnansununisindiuieda
waoalniuuuldledazvhlianunsoanalniildUssann 144 vinsenasaseLiou Jununsnsld
wavun 12 viaen aztgliusndnalninlddaiouay 1728 um

awmuitonun: 330197 1 laddl Aldane
Bansd 2 lidlenldane
38157 3 - 50,000 VM dmSunisindsszuuTa e ionanfsTn U UTey

ATl Bz AU TGN IVUIANAUAZIWIALEN

A v

SLULLIAAUNLU: /AN 1 viunneiung

ANd o a

A5N15N 2 : URRewIUNS

s 3 127
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fufunuiagiieurnudsuinanilunsdnunulud e, 2555 eanansmueansiud w.e.
2555 anastuies lneddinsinavesdstullsiasiounssuiunuiilifaunesadiduguanuas

v

nsldeuazIrduresiisuansiuasyisun1simueg 19 8 ugian

3. aswauuImslunsasuaieanudund dunsimuivihfugnsedidsdudaendnnis

walulagiazain
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ﬂiiﬁﬁﬂmuazmwmmﬁﬂizﬂaumiLgmqmﬁ"fﬂU lun1s9nUseyudauiuRnis a aanduinun
aunmoTeu uminendouiing Yuil 27 fugieu w.e.2556 19an 9.00-12.00 u. Feilffidr sz
Ay 30 AU ifleiauenansiTe wassvanaueafiol fuussuslalidoiauemaluladaventu
ihluganumangan wazduenfunisasmunniian deadldiifelud

CT Option 1: flgafaluavesth 1wy dade wagiiuihwesans iesngaiadeiiuiily
ponilifies 1 gnailsiansosudafurilifAnnindemelivosnds vinligadedlu 2.7 aua. de
Fou Anuyarvesihiidesdsluindu 270 v

Frsuly: deuuzngeiiinnsiilvavesh uasiuiuiluren 2 y/mon

AwUITavLA: 2940 U

srgghaAuu: 11 Whieu

CT Option 2: melupeniigaanssanaindeunan uazanusnunn shldesldinauazidily
nsdndnailevinenuazeinundszanasieuay 200 aul. Andudmitiiu 2000 vmdelFou
Brsudle: adredmihnelurenanailedahlildansléduiduiounsdsldduiudilugaed
o esouldiny awtevhliuTnumeuenduduanysntiosas iunmayaldietu wagariilild
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aguyiavaA: - 12000 U

srgghaauu: 21
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Measure on Eco-Efficiency of Thai Growing-Fishing Pig
Farms

C. Rattanapan. 1. 1. Suksaroj. 8. Wongsawass, and W. Ounsaneha

Abstraci—This research measured (he eco-elfliciency of Thaai
growing-fishing  pig Garms. Ece-elfliciency  imdicators  were
developed by the previcus literatures amd field observation
contrihured for the mvestigatinn of the potential anvirnnmental
mpact in a material flow analysis. Eco-Eco-efficiency degrees
and trends at economic and environment performances for
Thai growing-fishing pig farms during 2010-2012 was
calculated, The eco-efliciency degrees amd (remls were assessed
by World Business Council for Sustainable Development
recommendation and Snapshnt graph plat, respectively. The
results showed that the highest and lowest eco-etficiency
degrees of Thai growing fishing pig farms were drug and
energy consumptiaons, respectively. The eco-efficiency of Thai
growing-fishing pig farms snapshot sheowed that most
eco-efficiency indicarors were located in Fullv-Eco-Efficiency.

However, only wastewater production indicator was located
m Haft eco efficiency because the growing fishing piz farm
required the water for cleaning twice a day. Biegas production
from the growing-fishing pig farms wastewater should he
recommended for enhancing approach of eco-efficiency
performance.

Index Terms—Eco-efficiency, growing-fishing pig, farm,
sustainable develvpinent, Thailamd.

1. INTRODUCTION

Animal production of Thailand. especially commercial pig
production. showed the rapidly incrcasmg trends from
household to large commercial scals. which also means
rransfers in animal production management such as feeding.
housing. technology. etz [1]. [2]. This trend enhanced the
chance of air. water and soil pellutions [3]. [4]. Specitically.
the growing pig period is commonly known for its ability to
over a wide range of dictary cnergy concentrations to
maintain a constan: daily energy intake [5]. lhe feeding or
2rowing stage accounted for the largest use of natural
rescures: 1 pork production [5]. This period of pig
production required wore resources aud encrgy per day.
From ths report from office of Agiculture Economies of
Thealand [7] Jound Uial sixty-tree pereenl ol pig proeduction
w1 Thailland was growmg-fishing pig  Therefere. much
polluticy  was  discharged v (he  enviromment by
zrowing-fishing pig farms.

Susrainable development can be probable as a continuous
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was suppuiled The Thailand Reseach Fud (coubact 1efence nunber
RDC55520075) and Kaowledge Nerwork Institute of Thailand.

C. Rattanpan and 5. Wongsawass arc with ASEAN Institute for Health
Developmert,  Mahidol — University, Salaya.  Phutthamenthen
MNakhonpathom, 73710, Thailandé (e meil: cheerawit rab@mahidol. ac.th
cheerawit@hotma:l com).

T T. Sukszroj and W. Onsaneha are with Faculty of Environmenral
Management. Prince of Songkla Universsty, Hat Yai, Songkhla, 201172
Thailand

DOI: 10.7763/TJESD.2013.¥V4.409

[

social process. which merges a strategy and questions of
cthics and provides time for necessary technological
transformation [8]. Sustainsble development must consider
cconomic, environmental and sccial  considerations.
simultaneously [9]. Eco-efficiency has been extensively
favared as a method of cvaluating the balance between
econonue performance and environmental performances by
the World Business Council of Sustainable Development in
the early 1980 [10], [11]. The term of ecc-efficiency coneept
1s basically assessed by ralios according Lo economic value of
the goods and ssrviess produced to the environmental
pressure and mupacts involved w produciion processes [12].
Be:ides, various mternational organizations have recognized
it eco-clficiency assesstuenl 1s a siong usiunent of
providing mensgers and peliey makers to support them
design  better managerial smategies and environmental
policies with achieving sustainable development [13].
Moreover, many researches [14]-[18] motioned that
eco-efficiency concept can be applied for strengthening
agrienltire performance.

In this context, the objeetive of this paper was to measure
the dagree and trend eco-efficiency of growing-fishing pig
farms in Thailand duning the period of 2010-2012, In a first
stage, eco-efficizney indieators of growing-fishing pig farms
in Thaland were developed by materizl flow analysis
proposed by Rattznspan er al. [19] Secondly. the
cco-cfficicney  in making use  of the
methodological appreach proposed by WEBESCD [11] was
applied to measure the degree Thai growing-fishing pig
farms. Finally, eco-efficiency trend of Thai growing-fishing
pig farms bascd on snapshot graph plot [20] was deternined.

CONVCracnce

II. MATERIAL AND METHOD

A. Eco-Efficiency Indicator and Questionnaire

Eco-elficicncy 1s the mwore with less activity. or economic
output productien with mummal natural rescurces and
environmental impac:t [21]. The rato berwesn the value
preduct and the emvironmental impacts of the product or
service is messured as the eco-efficiency [11]. [22]. It can be
quantified throngh mdicators based on the ratio of econonty
and environment [20] Then. specific indicator development
for each organization 15 also needed to evaluate the
eco-efficiency performance [19]. Therefors, eco-efficiency
indicator of Tha: growing-fishing pig farms was developed in
the firar step of this smdy by marerial flow analysis proposed
bv Rattanapan et al. [19] and verified by filed site observation

in a growing-fishing pig farm. Ratchaburi provines. Thailand.

Moreover, eco-efficiency indicator was benchmarked by
general economic and eavirenmental indicator of WBCSD.

Next. the sclected  coo-cfficiency  indicator of Thai
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growing-fishing pig farms was developed for a collecting
data questionaaire based on the standard questionnaire from
Narional Found Table on the Envirenment and the Economie
[20]. This questonnane was approved by (e cllies
committee of Mahidol University Institutional Review
Board.

B. Dara Collection

All the data collected and determined for this assessment
were recluse from questionnaires completed based on direct
intervisws with prowmg-fishing pig farm owners. The
cconomic end environmental performence during the years
2010-2012 of growing-fishing pig productions was collected
from four farms thranghont Thailand. The collecting data
was structured in a three-step process based on questionnaire
parts. Fiustly, socio-demographie of farm: owner about
organization  and  finance.  nnmber  and  species  of
growing-tishing pig. production situation were asked.
Secondly.  environmental  performence  of  each
growing-fishing pig process was conducted. Tinally.
cconomie performance of gmrowing-fishing pig farme was
collected. However, the data obtained in all step were
compared to literature review for identifying inconsistent
values. Even most of the farm data and the literature dara
were 1 accordance. values far outside the reglonal average
were double checked by means of further mvestigations
direetly on e farus,

C. Eco-Efficiency Assessment
Feo-efficiency sssessment can he definzd in different

method For this study, the asscssment considers the ratio
between the economic value and the environmenrtal impact of
the material of analysis [11].The cco-cfficiency assessment
was taken from the WBCSD approach and previous literaturs
[23] follows i equation (1)

EE :—H” (L

where, Fy, snd EN,,, are the sconomic and environmental
indicators, respectively in US dollar. The environmental
mdicater is environmental mmpacts of growing-tishing pig
farmi. The snapshot graph propased by the Anite System
Netherland [20] was adopted for ceo-cfficicncy assessment m
this study. The percent veriations of the economic znd
covirompenlal  mdicalors were  awalysed  following m
squation (2):

(ZE -2 E1X100

ST i i i T

%VE - ——_—— (2)
TEV,

where % FFE = Percent variation of economic or

cuvirommental indicators, ¥ Ei— Sunnmation of cvonvwic or
environmental mdicators of growing-fishing pig farm. and
T.F, = Summation of economic or snvirommental indicators
of zrowing-fishing pig farm. The percent variation analysis
of econonue and environmental mdizarors of growinz-fishg
pig fenn were subseguently ploled m one graph. where e
V_axis and X-axis ars the variation of the pereent variation of
ths economic indicator and environmental indicator of
growing-lshing pig Gomns. respectively. The mterpretation of

the eco-efficiency level ic made by the X—Y plan [24].

III. RESULTS AND DISCUSSION

A. Delineation of Growing-Fishing Pig Farm

Slages of growing-Oshing pig Lo are shown in Fig. 1
Material flow analysis of growmg-fishing pig farm was
genersted by the literanwe review and henchmarked by farm
obscrvation in a growingz-fishing pig farm. Ratchaburi
provinee, Thailand. The important production raquired for
growing-Ashimg pig Lan was e piglel. The production
cham consisted of verions stages on growmg-fishing pig farm
including up-stream stage, on-farm stage. and stage after
farm gate. Up-stream stages implicated to farm input to next
stage. During storage, growing-fishing was supplemented
about more than one hundred and wwenty days for one
hundred and twenty kilograms of growing-fishmg pig. Lhis
resnlt was higher efficiency than Viernamese prg prodizrion.
which rcach about 105 kg at 174 days [25]. Stages after farm
gate are size selection and retail. During cultivation of feed.
oulpul of growing-Ashing pig Lma was occwred. The
environmentel impect of steges was allocated tc outputs
nsing mearerial flow analysi<. Tn this stdy. the mam ourpir of
this study was the wastewater becausc the water was used for
cleaning stall of zrowing-fiching piz farm.

B. Eco-Efficiency Indicator of Grewing-Fishing Pig Farm

Currently, eco-efficiency indicators remain fully used and
have been adopied by many cowniies as au inportent ol for
resoures management [22] In thiz paper. material flow
analysis  was  applied to  develop the indicaror of
ceo-cfficiency for growing-fishing pig farm. Material flow
analyeis was claimed by various researches [26]-[28] that itis
the proficient instrument for assessing the cco-efficiency.
Morecver, sco-stticiency indicator of growmg-tiching pig
farm  was  modified by the principle indicators  of
ceo-ctficiency from WB3CSD [11]. Thus, cco-cfficicncy
indicators of growing-fishing pig farm are shown in Table 1.
The ceonvmic mdicator of srowing-Ashing pig famu 1s nel
sele. The environmental indicstors of growmg-fishing pig
farm are feed consumprion. dmig consnmption, energy
consumption, water consumption. end waste production.
Then, the collecting data questionnaire of growing-fishing
pig Lams was laken from (he standard guestiiommane fum
Nationel Found Table on the Envirenment and the Economie
[20] end approved by the ethics commitree of Mahidal
University Insttutional Review Board.

Famn
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il oy e |
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Fiz. 1. Delineatior. of growing fishing pig farm
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TABLEI ECO EFFICIENCY INDICATOES OF GROWING FISHING PIGFARM

Indicarors Unir Measuring method
Net il UsD General accepted accounting
principles
Feed consumption kg Cuantity use for conversion
Drug consumption tube Quantity use for conversion
Encrgy consumption M1 Cuantity usc for conversion
Water consumpticn m’ Cuantity uee for conversion
Waslewaler produciion ke Quinlity production

o conversion

C. Ece-Efficiency Degree of Growing-Fishing Pig Farm

This section presented and discussed ot seco-ethelency
assessment. Degrees of eco-etticiency represented the ability
reduction of all envirenmental 1mpacts while retaming value
added have been analyzad [13] for averazing four
growing-fiching pig farms Eco-efficiency degree of
growing-fishing pig farm has been caleulated according to
expression (1). The results ars chown in Fig. 2. It indicated
that net sale valne for averaging fonr growing-fishing pig
fanus was 14399 USD awd was lowest al 2010 duc lo
this Drug  consuuplion ol
growing-fishing  pig highest of
ceo-cfficiency because the supply of diugs. vaceines and
mcdicines 1s also important cause of concerm in the livestock

Qoedine  duny yedr.

farm  was degree

mdustry |29 ). Morecver. the results investigated that energy
consumption of growmg-tishing pig tarm was the lowest
degrees of eco-etficiency because the energy consumption of
growing-fiching pig farms required only electricity for
the

Tor

supplying ventilation vans and water pumps. However,
eco-cfficiency degrze  of enerzy consumption
growing-fishing pig farm has shown an npward rend every
year. Therefore, the growing-fishing pig farms should he
developed the reduerion method of energy consnmption for
decressing (e operation cost and supporling sustainable
development.

N Fro-Efficiency Trend of Thai Growing-Fishing Pig

Farm

Feo-efficiency rrends of growing-fishing prg farms have
been caleulated based on cquation (21 and plotted by
Snapshot graph. which was medified by the Anite System in
Netherland [20]. The result iz shown in Fig. 3. Itindicated that
most eco-cfficiency indicators of growing-fishng pig farm
located i Fully-eco-ethiciency and showed the nice trends,
which is the inereasing of sconomic indicator and the
reduction of suviromuental mdicator [24]. However. only
wastewater  production  indicator located  in
Hatt-eco-ethiciency, which was the mereasinz chance of
economic or environment. becavuse the growing-fishing pig
was cleaned (wice & day. Laree volunes of waslewaler were
generated by flushing the pigs and washing solid manure, It
was mezasured that abour 40 L of water were used per pig per
day [25]. Hence. the reduction approach of growing-fishing
pig farms should be developed. Vu ef af [25] recommended
that biogas production of wastewater < practiced on a high
proportion of growing-fishing pig farms systems eficiently
Therzfore. the resulr of this snuly ean he confirmad thar
ceo-cfficicncy

was

concept  was  cffcctive  in improving

growing-fishing pig farms based on the balance between
economic and envirommental 1ssue
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Fig. 3. Eco-cfficicncy trend of Thai growing-fishing pig farms.

IV,

Aprlication of eco-etficiency as assessment technique tor
measuring the performsnce of Thai growing-fishing pig
farmis studied. Dco-efficiency degress of Thai
zrowmg-fishing pig farms wers determined according to the
weconnnendation  fom World  Busiess  Couneil  for
Sustainable Development. The rasult showed that the diug
and energy consumprions were the highest and lowest
ceo-cfficiency degrees of Thai growing-fishing pig farms.
respectively.  Then. Snapshot graph was plotted for

CONCLUSION

was

evaluating eco-efficizncy wends of crowing-fisking pig farms.

The result indicated that only wastswster production
indicator was Incared in Haft-zco-efficiency.

Therefore, the utilization of growing-fishing pig farms
wastewarer for biogas production should bz recommended.
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