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Abstract

The objective of this research was to develop the option of sustainable food waste
management for large fresh markets of Thailand. Firstly, the operations of large fresh
markets were verified. Then, the physical and chemical characteristics of food waste, the
current situation and option of food waste and innovation option of food waste for large
fresh market were conducted for option development. The suitable options of sustainable
food waste management for large fresh markets of Thailand were developed by the
workshop with the expert and marker owner, the sustainable assessment and the verification
option workshop with the option users.

The result of the real operation in the large fresh markets of Thailand found that the
source of food waste production consisted of three sources including the cutting, the rotten
and the consumption. In additional, the physical and chemical characteristics of food wastes
in the sample from the fruit market, the mixed market, the vegetable market and the sea
food market presented the high humidity, low combustion and ash concentration, low
carbon content, high hydrogen composition, and low heavy metal contamination. Besides,
the performance of current situation and pattern from eighteen large fresh markets
investigated that food waste production rate of total waste production, current option of
food waste management were 63.87, disposal, and animal feed, respectively. Moreover, the
literature and searching of innovation option for food waste management consisted of four
options including biological degradation, anaerobic digestion, physical and chemical process,
and heating process.

From the previous result identified that the draft of food waste management for
large fresh markets consisted of refuse derived fuel (RDF) production, fertilizer production,
biogas production, high value of fertilizer production and acid production. Then, draft of
food waste management was verified by the workshop with the expert and market owner.
The result showed that the suitable option food waste management consisted of three
options including fertilizer production, biogas production and high fertilizer production by
warm. Next, the suitable assessment of each options by the carbon return on investment
presented that the biogas production from food waste was the low environment impact
with global warming potential impact (-114 kg CO,e/B). Hence, the biogas production
presented the sustainable performance by the highest of carbon return on investment
because the fertilizer process was the direct effect from carbon emission.

Finally, the suitable option of food waste management was verified with the
workshop of Thai fresh market association. The result showed that this suitable option was
the appropriate way for fresh market implementation based on the preparedness of each

markets in the context of technique and budget. However, the cutting of fruit and vegetable



in the farm source was the alternative option for increasing awareness of food waste

management throughout food supply chain production.

Keywords : Food waste; Food waste management option; Large fresh market of Thailand
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ddiseiukagmsiinisdaasunisiuiiunsegnsasafiodunisanuansenuniednuiwanden
WITEENA bavdInY DEILTIRTS

'éalﬂﬂdwﬁ?u&[,ufhwuaqmmmamawszL%ﬂlﬂﬂﬁ%ﬂ%&%ddﬁﬁLﬁﬂﬁuazmmi‘ﬁ'ﬁwﬁ’igLLazﬁU%mm
UUMA T IUTINA 91N5109IUTBINDIAUATULALUIMITTLUUAAA NBIAALASILATUTINTTEUY
pan nsumsmnely (2560) szyin ludagtuiinannanilssudndenliiduiriedrenainanly
AndEsuvesnsunsiely gails 354 nanm Taensidunainanvunslvgdsdunsiunnda 200
WK 1100 77 sanaviausemalng SanaravuelvgiianududuegrsBsiidesnisnsinnisves
omsfimiesnifuuvasiviliiAnvezemsedriidoddlundasiu udlutaguuddifiseny
vidensAnuilafisaiufnuuiina guamuaznisdanisiemzludiuveseremislunainanas
sdatfunsfnuludunsinnisesidatumunlaesy feinananduundstideiidfyves
vorUssnndanan fufideiaulafieginuinisianisuezeimssgdiduduiunainanuun
Tngvostsumalne Faduresmmilslumstisannisifinveglagiamenmaiisvezemslunimsu
vowhsltgunusimsvesisUsamald Tnsi3uarnnsfinmUiinanazandnuaEanen LAY
wilveweramMsvewaInanvuabig SuluiadnwianunsallunsianisuegeImsvemainan
VUIALAYY PntuFwhmsiamsezdmdenwuamddunisinnsverermsegedidudniunainan
yulnguestsemalnelagiiunisidusiuvemnaiadiuazuuguanuAnuise mddu il
\Aaransenumsiudanaden insugmans dan anuiunmnaeIms uavqunmiiosdian Sevinls
ausathuumnsiiianuldldlunsmuadlsuedmiumsiamserensdmiurainanyes
Uszalngludivsioly

1.2 IQUszaeAvalATINIsITY

1. Lﬁaﬁﬂwm%mmuaz@mé’fﬂwmzmqmamwu,azLﬂﬁﬁuawsJzmmaé’m%’ummmammﬂmﬁ
vosUsunalng

2. fefnwanunisainsdanisvezensvewmainanIuavigresUszmnelng

3, WleWawnInInNIsianIsrezemnsesddudmsunananvualngvesUszmelie



1.3 YBULYUAUIY
STeb bt

Uszilne daduresmamildumstisannisiiaveslneamznainveremsluninginvoiis

Togunuemsvesiasanald Tasdunnsinunyiinuuazaudnuuensneninuasaivos

%zmmwammm&mmﬂmﬁ sawludsAnwIaa1unsallunsInNISVELeIMISVBINAIAAATUIN

[

TUIZAIAN AT NAUINITIANITVYL DI TOUNIIBUAINTURIAAATUIA I VDI
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Ingy MniuSwhnsasazdndenuumdunsinnsseremsededudmsunainanuin
Tngvesuszimalnelasiiunisidiusinvesmnaindiunasuugiudauenudsduiiiolfiin
NANTENUNIFUAINAdEL Iesugmans dan Amunmee s uavgunmiiosdign Faili
ansnsothuwamsiiautuldldlunstmuaulsunedmiumsianmsvsrensdmiunananyes
Uszinelngludrsusely

1.4 wafiaadnazlésy

1. 31UTYAYRIUTUIALATANAN BTN NLAZIANUBIVEE DI TAMTURAINEATUIA
TuaresUszinalng

2. anun1saitagiulunisdanisvezenmsdmsunainanuuiaingvesussmelng

3. doyauianssunmsianisveremsvasmanantiiluLassns sz

4. wunsiifidnenmlunisianisvezenmsdmiunatnanvuialvgresUsemealnenisld
MITTANANBIYEIMNAAF IR IR

5. HANTENUNIIAIUIAGBLLALANNANAYBILUINIIEN e TR g e sBuluvez e M
dusunananvuainyvesusemnelng

6. Snasuifiuianuaressfnulussduuuminduzluuuresnsansiensiaus
wasuluiivssivinig

7. fimsieveanansAnulusuuuumsdaussynda foansfunnniediuiieUszneunis
sndaulaluszauulauislun1saduauaIun1TIAN1T98E I TENSUNAIAEATUIA IR UDIUTZINA
e



1.5 BHUN15ANIUIIUNADALATINISIY
S28LAINSALIUNITINY U 1 U Tnelisneazdunnanisng

AN 1-1 WHUNITABIUINUNABALASINITIY

- DY
Aanssu

1. MTNUNIUITIUNTIN

2. MIANWIAUEN YL VDY
YYLDIMITNINNYNIN
LavLAdl

3. ANWIENIUNITAILAY
SULUUNSINNITVEY
91115

4. NMFIUTIUUINATIUNNS
INNITVYLDINNT

5. NSNAUILUINIGLIUAIT
INATVYLDINT

6. MIUEYITIUHUANT
LBDAALADNLLUIN

7. NMSAINUTLNOWAIL
LUV

8. NNFIAIIZINAINUDIETU
YDILUINIY

9. NMSUEUBHNAINUTLAU
UIUIYF

10. AULUUBLININIG
INNITVYLDINT
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uni 2
ANSNUNIULDNEITHAZITTUNTTUTINGIVDY

Tuundl a9 dus18aL8eAnNISMUNILLLIAR 1BNESNNTIVINTS 15815 MUFTLT Aaonau
MATETIREITeITUTE LIS AAIALAZNITTANIIAAIN SNBAENNIEAN LazlATvesuEzan
Aanan warnsUsvilunansenunsdannden Tneilvdedselud

2.1 ANHUALYYDIVILDINNT

2.2 @01UN150l8IVYEa1ISURNlan

2.3 awnuarn1slesiumsiinvese1ns

2.4 LuIluNSIANITVELDINT

2.5 AANALAYNITIANITNAA

2.6 SAWUENINNLAINLALIATIVBIVELAINAAINEN

2.7 NANITNUMNSRILINGDUVBIVELDINTIINAAR

2.8 MyUszidiunansgnumadaindendiemsussiiuiginsTinuaniosi
2.9 MSINSVETIBIRAINEA LUUSTINALNY

2.10 yuAtefiAeIdes

2.1 AMUKNVDIVYLDINTT (Food waste)

N15geydeams (Food losses) \HunsanasvesyFinaenslumldguniudediulngjun
nmisuilaremsvesnyed elimsgydsemsanintulussnitnissde nafuies waens
wsglwhalgguniuresems (Parfitt et al, 2010) Inaloinnsaaydvemsluinegevesiials
pnsagilinareifureremnsluiiandsiuegfunginssuesduevioduilng (Parfitt et al,
2010) Fan15invszomnsazriimsUssiiulagassannsuilanomsvesyeslagarlisiue s
wazFuduomAn ey alanmnsodonwldd veremns fo Usinamesensiigniia
Wuveglugruvidsveniildgumusimsithlugnsudsienisuilnavesywd Tnsfistvaziden
vosvezawsReolull

2.1.1 msuvsviiavesvey (FAO, 2011)
lunsudsstinuaagzemis anunsawdalanuislggunuvesatmslanssieluil
1. Audinuasndnduel avaunsaiianisagidesunateilureseinis laniy

- nszvaumsuUsgd iliiansgaideaunanaiduvezomisludiunenis

EJasJamassﬂmf'mﬂszmuﬂ1iLLUsgﬂiuizéﬁ’Uqmaﬂwﬂisw%ﬂ%”;ﬁau WU NISHARUINALT N1SHER
d' + I~ £ 35 d” = a d? d' [ a 1

w3nanszlestaznisouruus Wudu Midnsgaydesiintulleingavlimunzaulunisuussy
#30LINA1NIENINNITA N1sUanden n1snu wazn1svibign “seluseninenssuiunIsinnis
pnvaulaelusla

- MsnsEedua MlAAansgydsuazveudslusEninenseEuIunITIed
AANM N9 UEILYBIRAIAANELAaTANUAN



- ansusiae vihldiAan1snadurezemislaluseninanisusinaluseeu

UALALNANAUNIINTRNT @105 AnnITRIunateduveza1ns laniu

AN

2.

- MsnsEedua MlAAansgydsuazveudslusEninensesuIunITed
AR HeludITeInaInAE AT A UEN

- nsuslae v lfAanasiaduvezemisialuseuinenisuslaalusey
ASITOU

2.1.2 Y3110499998£819M15

USUIUNIINIEATNUD 1811 NW%’]ﬂﬂ’]iU%Iﬂﬂﬁuaﬂmuwﬁjmﬂﬁgﬂﬁ?ﬂ‘ﬁmﬂﬁ Ingaunsnsey
Usunauldannisldteyanndeyaveramisluseauunund dmsuluudnguveamindausiagseyle
ndayaveromsvetidarniniug IngUsuiunisninveudazndndueilasiurulilusieany
FAO Statistical Yearbook 2009 (World Food and Agriculture, 2010) wazdinsuludiuves
wandaeianinsulusieau FAO’s Food Balance Sheets uananiilugiuveusasdunouvoia
TggumuemsiulafinsinwnazseyUimamerewnsliudalu FAO's Food Balance Sheets
from the year 2007 Feilraunsausziliuiislsunaesverenmsiussaulanla wagauisald
seilumsiisufosenunsaivesdSinamszosialussaulan

2.2 @arun1salvasvezetnisvadlan (FAO, 2011)

Ul 21 wandliiuisuTunamesnandnoislundnfasidesiulull 2550 Usznaude
pnsdnivesislan Usmmmandediomnldiluseau FAO Statistical Yearbook 2009 wa
FAO’s FBS 2007 Tnsfinmsndniie uagld lugnamnssuveuadeduiungegauszaia 4 Susy
uag 12 &y muddu sesasnde glsy euinvile wagdsemardninmndug duflofinnsan
faunasiindnidefidndyuedan fo wouiadeld wasieidens Tusenidedld aunsondndonyldfs
7 & waw el 9 sy seivildluanmesnisudnemaiudszneudusimsiiienisuilaa

2 a = I3 = 1 v 1 a o &
LV|']‘L!‘L!‘V]L‘Wa@%gLﬂ@ﬂ']iijiy]lﬂﬁLLaSLU‘UGUEJSB']‘W']i FaUTTU 1.3 aNUAUNDYU YINUVHLIINDINTIL

'
a

Bufuanmanaaninisineas uarlUauaedinsuilnassiutudou lulsemaidnelduunans
uargeiiviinaveremsigwnuluienefsinsiemmdnndismesenisuiiaalag
vz nsiitedfyedieBduniclgenms ﬁauiuﬂszL‘wmﬂaléjﬁwmmi%qigmSiuﬁauéfuuaz
drunansvewilgamsudlsiivsnavera M stesnlusEAuraInIsUslaAA IS o
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JUN 2-1 USunauniswinluwdazndniaeidaniinialumievesdusiy
#ian: FAO (2011)

U 2-2 uanamsgaydeeimislulssimaeininiuazelsuiigsds 280 -300 Alanfu/A Tudu
YU szinelanInlazieldy Ae 120 -170 Alaniu/U lngnasiuvesn1snanemisdmiuainy
Fosnsvesmisuilaatuluglsuuareining e 900 Alansu/dl ludmveseniniuwazialde fe 460
Alanfu/A Faannsafinnsanvezormsiaofuilanldlagluuszimaeininiuazylsugeda 95-115
Alan3u/A Tuvnsfivsananeninuasiadodios fo 6-11 Alansu/d deTuiifu srnwadina1iuans
T msgadvemmslulsemaiiauudigainitlulsemaidaiauudlulsemamdsimunndu
n13gedegeda 40 % Iuﬂ§8‘U’mﬂ’liLﬁ‘ULﬁIEJ’.JLLaZﬂ’]iLLﬂigﬂ Tuvuefivssmaiamuudasuninn
40 % vosnsgadvegludiuresnmsdmieuazduilag dufuveremslulssmaiamnudaFed
Unainnnit 222 rudu Sannnimsnanevnsnalulssmaueninidednlsifies 230 Sus

Per capita food losses and waste (kg/year)
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5UN 2-2 Nsgayiduuazrerensudunauning 9 Yesusaz)ilnia
#is: FAO (2011)



2.3 guanaznslasnunisiiavezamng (FAO, 2011)

1. guosiniinuuialgiinnsgiunisauniweimsgeadswalifnnisisesduomisgs
faildommnaspuaunimiudunsluduresniuinuassunavesndndug dwaliiuiiaves
Auimsinuasillanansaiuunsgiuainy i lnsunduvesduiiiliinsgiuasgnirlulddu
D1MNSARD 5@LLﬁj’lﬁwUQﬂG]WN%UG]@WU@Q@J’1G]ig’mﬁuaﬂﬂ’]iU%IﬂﬂI@EJiJié‘HEjﬁﬁﬂll (Stuart, 2009) lag
wuamslumsdasiu Ae (1) Tn1sdrsraguslansiliguivesinsiininduslaaiimnuduivielifias
Joudnfasiifouauaziminfnluanidy Inevsidnisinuniinuiguilaeduiiiazdesmemn
savivesdudnlifimsiAsundas (Stuart, 2009) uay (2) mswelagasauduslan Geasdunisan
wAnAaueinlaliuannsgu lnsoraduluguuuuresmanainuasnsvseiufvoanumsns Wudu

2. ownslivaenserensuslnadeilifesiauaznateduvey msflewnslisasgu
Uaendoifuaimmmdnvesnisgaidormsuazifunanssnundnueianiuzvesaniienveems
Tudszina Jadondnvesnisiiemslivasndeanannsiinansivlusssumdsesemsies n1s
Juidounnin nsldensuuas waznisldemnsdmunng venandnisivinuwemslign
audnwasz uaznshimuaugamnlifdudnaumsuileiemslivasnsy

3. fimuARvesnsise v sindinisthommauldlmlussmeianind Tunssuauntsuds
o1sivualiinansasigavhodesiivunnuazsuseiigndes Ssauianaialuseninanisuyussy
deaalviaunn 5UT8 vse UsTadueaiuaniin danadeadnuuasndy savifnazauAIn1alaruIng
(Stuart, 2009; SEPA, 2008) laguuinislunistesiumeiniuinainnuaunmeeswInsg1uaua lag
94ANINNITAUAZATNABAITINTIALULAZ I BAUANINTg N IAFasTadsnsaeniBuas s
FAYIRNUAMAINIIBIMNTAUAL (SEPA, 2008)

4. msdsAuiuTmasnnluUszmaiauuds axfinsdsdudvainratsguuuy uazvang
Bionnuismisiuriilvismvesduditugnas wasfuilaaosanieidonumainvaigves
sUuvvAuAlufudn Fevihlkinnsdsduiuinnannn uagdanuvainvate Taenisdedudly
Unanniudwalidudnunoigdeufiazursdudiiuld Fsannisinu wuin dedudnlndtu
punengfnaviligiolifeaudalinguy (SEPA, 2008) Tnsuuamidlunsdestu fe Fesdinnsue
wuusilefuynanismann denissaileflunussnsvilidugudnaraiiowiounsvuddudmann
waranunsonszeAulivanetesng sadimetnfumamanaingsangadevesdudilaedu
MafisEdvBnnesiansaliidudnenin whinsfaupaiaidmsoruanazdidunisiag
onYurienssnsdwiosiy winsrsstunsnsransiueiesdielunisdeduarfuusuaies
a”ﬂmEJmﬂ:uazmﬂiﬁﬁumamﬁﬂizﬁw%qudﬁﬁu (Kader, 2005)

5. ypzonslusgiuguilnnaziviinaeslulsamaidaiaun iewnanmiuinauuas
Fodriasuseldhlifnnninssunsmuomsldudofintu Tnstafefinnuddyiuduslaaly
Ussinardaiaunie sxgoemslulinadosuasiismetunmsussnavenmsluuiug widy

6. Viruafvesmussdseaiuslnathluguezemslulssmminnudy nnaddnyuenis
Aavezemslusziunsuilaalulsemaiisgeie msivszvvuliviaunauems lasdaunals
MnUinaesluiududeuemsdenufistulusswinmmsseikiunnluensni uasglsy
fais e ausniivimsemsuuuyiidlusandendunsilissssuldniueims
unnfinuesdents vieudausnassuialnglusinfied vieusludgnainisuiesinan



9IMINTounIu (Stuart, 2009) laguwindlunislesiupe nsasieaunseninasisae mMsii
nsAnwilusziulsassusaznisudnauninisidisndunisasisgmsusulunisusuinunfves
Uszrpuliinaunsevtnlunisasnezamis

2.4 L mSlUN13IANITVELRIMNS (EPA, 2014)

peAnIFuANndeuvasanizawinldiaueuuimslunisianisvezomnslagldnsdanis
yozosegedidumemaluladiviuaiouarlifunausslovinduanlunisanuSinamesitilug
nsfdnsenisvieilanay Tnsuuimistmualduanadslusud 2-3 fadudduuamisniadiy
N3EUIUNINERINNSANYEEIMS wikwnanansailuldlunng uwidsweanisiinvesems fe
swazBuadeluil

Source Reduction

Feed Hungry People

Feed Animals

5UM 2-3 uumnalun1sdnn1sveemns
#ian: EPA, 2014

1. Msanunaaniie
nsanunasdndalunisiinvegemisidunuanedidlunsiiuusslevinig
Aswandon wazandunulunisida Bdlunidursdunsfudneniwlumslininensdndae faid
nsfaauUiinavessrevaduuamsiiaiaslunsanuiinueesemsidlussduduilnauas
M3IATMUY
2. M3vTNAkarnsinduan gl
- N15U3AA
wvnenilslunsanUTinaneszomsiunasiidafonisuiaaemslriugaulu
JURUUT090MMN5dRT N15ltanamnssy wise Nvinde lneesAnsed1s Food Waste Reduction
Alliance (FWRA) JuesAnsfifian1@nann the Food Marketing Institute, Grocery Manufacturers
Association ae the National Restaurant Association finssaudafiutiioanUiunavesueye1nsi
wihluilsnaulngnisifinuiinanisuinnemsiuesdnsiidesns :1nmsdisiateyalaediiy
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FIUFIWINNGAAIMNTINDIMITHazAa1av1gdsly U 2011 wud1 @a1u150U391AV8EINITLADN
Uszanau 335,000 fiu

- 9IMN5HRTd

deuviasiniavezemsoglndfuruvieaiudnd Jaanansativezormsluidy
91Wn3ungns dn it vde dniduq lnsovnsunsriawuy nuw wie o1nsitindegeasiudunse
sodnd uardsnsdeafulumudermunvessiinvowszensiannsatulfifuemsdnils uils
Tushegnefe univenae Rutgers tiwezenmsvosmninendeihlUldiduomsvesiuazny g
annsoldasroimssiuiu 1.125 fu/fu wavanansnandunulunisdseslumdald 50 % uenaind
INI1897UY89 FAO nUBNIN namedsanunsar1veea1misuseunad 116,000 duihluldidusinns
Foflalul 2011 dadguassalunissdndunisuuimisiinisouds dunulunisusnsezems uas
Usziiunuaenierenisuslnaemsvesd’

- Msundnle

nmsnsindordunszurunisuuulionmealunisdosaasansdunidluiduduni
a58uv3dgs viavesty Usznoudme (1) Jefifnsmsiuuy onsite fie mavsindilagiinvestu
viegsheradn lnetuneudasdoddvendennuduasiavemslaintn (2) Jefifinsmvdnuuy
lddeufiu szdodldfmeilelildifouiudosanoansdunidluliunags Fa3snsmanzdmivg
ofvagluemsnurivioviedesinduiiui (3) Uefiinsuinuulierniauuusie Wunswifnly
susuumuelaeiviesdlfermeauagiinandunests Fnstmangdniunimsinuiinasosuay
wingdmiugururdelssnueimis (@) Jedfinsminuuulvornmawuuian adealdniniidesiing
Meduiiisnsuuarliviovuialug) lnemngdmiumsiinuuialngiidvssuvunay (5) Jodifinng
ydfnuuuiinisuan iWuntsdnfifimsauauenmgl ey uar sendiau Bnstlanunsaldndn
Yprdunisinosmsiuiitioslaedinislémnalunisliornme
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3. wAlulage gy

a o

walulagnuiunausatnu g lunsmanueL1MISLARIRINITI9N 2-1

AN5199 2-1 waluladanunsaldlunisianveee1nis

walulad AN85U"Y

nsusinuuulsennie nszurumsilduuafisslunisdesaanvansdunidnneldaningly
29NTLIUY

nsudiniuuldoinie nsdesaatsunuuldennimagldqgdunidiidesniseandiaulunis
pONTladuardouaanansaung

syl duveanan F2mstazifuveremsveadaduvewnatnazazlulutidadely
sruutdaindeumy

nsdey nspvaunsiifunisdesvendsduniduazivaglaalieglusuves
nalaadsannsahluldvsinuuuienuea

sy i dufne 33nnsianunsaasuansdunisludu andveulnesnles lalnsiau
waz Asuaulneantyn WagligamgiiataraiunuUsuneenTiau

Inlsla® Wunislianuseuvesdunidluanngliionndiay dnasinnala
ansdunssdsudutenazdiu

N15onNeU nszuIunsHaviUasuanveadelududundinumadenliiumde
lothl#lugaamnssu

fian: EPA, 2014

4. RN

wsndumsmuaumsinlviveziegamniias TneBuduseniuuilonsanyunavesd
ihilanau udegnslsfinunisuntudesdimslindanuienswnlvl Tneludagdu 42 a1n 86 mann
Tusudnlsiinsldimaluladnsimdsnunduantdlvl widestinsamulumsneaindusuyuiigs

[
=

yenanifaluuamenmsdansveremmsdaianssuihaulagesolld

Hou et al. (2016) ¥n1s@nw microbial fuel cell (MFC) wianisudnlnfiainiawenis
#e Chlorella wulgaris o MFC ifumaluladildsaudasnainnmsminuuuldennia dsende
uwmamiw%mzftuﬂ'1'3uJasJuLﬂuwawmiéﬂﬂamqmﬂmimmﬁauma HAYINN1TANY wm']
Uszansnmnlunisurdnasduniguinnin 44 wmmﬁumumawauma 150 meg/L e voltage 7
g9gma1nNdn 260 mV

Zhao et al. (2015) YiA1sAN¥INISHARNSABUNSEMIEN1TUnLUULSeINAYeIBLLEe
sunsd Tnonsaduvidavduansitinanminiiouansaeduluniswanimulusuneusoly Tneain
MINARNIABUTSE RN IMSTIan e TImIzay dnunsananansiidunssidudy 37.2 o/L aneld
szppnaniuin 14 Ju Bslunddunnmsfinvuandiidiuiinsdudnunidnqunanivuaninsn
AUz ANS nmn1sHaRnsABunIaleB Nl
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2.5 AAIALANITIANITAAIN
wzs1iyaiinisansisugy wa. 2535 Iildanuminevesdin “aan” fie aauil SsUnd
il Suguaiiodwineduddssandng lodnd dn nals vioommssud anmiuvos
an Usznoundeussudvdevendeierid liielinmsdmiheduiussiandu wielddeinu way
amumngANTILianudal idmiuldduguyuiiedmiiedud Ussiandsnarudulsyd
viodundsnsivdonuiuficmun ngnsensansisugy Idsaudnunzvenain w.a. 2551 16
sl “fide” vaananadasagindlsitionndt 100 was nundsiidelfiAnuativ veads lsndes
&3 undslalasn Afdndsufpavieyanos susradusuninedequameunts Luusaeiiisdesiu
Fadminauasisaguldlianuiuuga vednsumsinigly nsensended Tdmuaruinves
pananeusILLIeanidy 3 ssan el
- paeuIAan  usediedudilunain deundn 50 wae
- panavuIANae duragmeaualunain 50 -199 UK
~panvunlvg) Sunesimiedudlunann 200 uratuly
saiflunmsinnilfidunmsinuludiuesnnalngvesusanalne Inglutiigiunanuuin
Tngvesseindlneiilésunsdndeniiodisuunduniotienainanluainuduaduveinsunisen
melu Srunuftsnun 77 saansznsegiannanavesssndlne fauandlumsied 2-2 (nesduady
LATUSHNISTTUUNATA NSUN1SANELY, 2560)

A19199 2-2 S8TenananIuIn g IeIUTEIAlneg

aeudi Fonam WA FIUTUHS (L)
1 | eselassnisadainisyusuruedlidon UATIIYAU 252
2 PAIANUITNG NTUVNUNIUAT 250
3 AANMOUBNIINT NTLNNUAIUAT 450
4 | saremswddudunsvanngese ERRATE] 415
5 | eenavSwddudiunszuvinnesse (na1nun) uATUY 460
6 AENAIALARUAaTAEED (Ranawile) gluvie 232
7 PANAVIAUNALLBIS LA 8y 119137y 977
8 | AanAuneEng YUY 298
9 | mamuszanien Wedlvl 200
10 | eanausvgealn Wedlvl 200
11 | eanaussihgalnd UATINAU 250
12 | sanemuning Unusnil 1,000
13 | aaevlaiad NIANNUMIUAT 412
14 | panBaasey NIANNUNIUAT 1,500
15 | senaduthui wanadiouas 1oy 564
16 | saesaulaunge Loy 234
17 | samalsse \Weslol 525
18 AaA iUt NTLNNUAIUAT 250
19 | s weSiiles Y3 1,200
20 | s mEudnIAmAUTa 1 A9 618
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gl Fonan W FIUIULKY (L)
21 | s waaiesiuae UATUYN 200
22 | sanaEnsmILAf UsEIUASTUS 260
23 | s wanna1aly Unusil 266
24 | pawaevizialng AUNTAAT 408
25 AANPEAYITIINDY WL 250
26 MANFANAUIR 1 g@nauAsT 446
27 FANEANAUIA 1 Qmmﬁ 567
28 | saedEAwAUNG 3 9nIAYg 500
29 PEREAIAUNAR LT BULA lass 247
30 AAAAALAUIAUININ UATNUL 220
31 AANAAALAUIAUTULNG UATNUU 400
32 ARAEALNAUIALIEYUAT UATNUU 204
33 | AANAEAWIAUIANIAS WWedlud 395
34 AANARALNAUIAULON meiﬁ 274
35 mmmammﬂmaﬁ’maq@mﬂ agnauAsg 395
36 paNREAAUIaRUARADIAEY M50 206
37 AARAALFAUIARUALANTSY UMAITAU 265
38 | pandAWvAUIaSUaTEIS Sou1dn 1,100
39 | pandameAuIadualdesini WWedlud 266
40 AAAAALNAUIARIUAGIENT Spu1n 235
41 AANNAALNAUIARIUAUINLA UATWUL 214
42 AANNAANAUIARIUAUISUIRU Wixumﬂ?aqﬁm 516
43 PAAAALNAUIAATUAUDNADE bmld 243
a4 | saeganAutaiuatulng wwadlan 250
45 | pamannauiasuaUselaudy U3sud 309
a6 AAAAALNAUIARIUATNI LAY anauAs 330
a7 AANNAAWNAUIAFIUANUTTIE anauAs 350
48 AANNAALNAUIAFIUATI JTUDY 240
49 AANNAALNAUIAFIUANUDILE UMAITAY 234
50 AANMAALNAUIAFIUATIVIN URIANIANY 299
51 ARIAFANAUIRTIF WL UATNUL 279
52 | AeA@ALNAUNAUATASEIINIY UATAITITUITY 1,466
53 | samaawaunatiuwe i (8u) Fe 228
54 mannanwAUnadionsyd (mainanumse) nsed 1,500
55 | pananmAunailosying YUNT 370
56 AANAAALFAUIAI BIENTANY UME@ITAU 362
57 mmmammﬂmatﬁmmumwm REAIRN 336
58 pAnAAAUAL 89T LB FEUN 240
59 mmmammﬂmatﬁanawiaqmm AUNTAINTIN 275
60 | mamanwAunallow sy ont g319q 3071 300
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i Fonam WA FIUTULKH (L)
61 | anaaweuaaRTIuniL 08100 304
62 | AanERAmAUIaAUIAUYY UATNUL 261
63 | amnaatudn Qiin 200
64 | manmdaualshU WLy 200
65 PANNFALNNDIAN NELY 271
66 | nenAERLAzISEN wiigosaou 516
67 | mamandnmen g319q 3071 323
68 | anangIug 919v184 800
69 PANPFALDNYLITAAY U193y 250
70 | samavinsalinly WITUATATOYTEN 340
71 | eeneEnueu NIANNUNIUAT 239
72 | AanAEmevgn wigosaau 465
73 | aanalvsdviang NIUNNUMIUAT 250
74 | PanRLEd 189 (MANNEANITANY) UATIIVEU 200
75 | senpueUduaus NIANNUNIUAT 354

: NRYdLEsHLAzUSMTITUURAAIR nTuN1sAINely (2560)

2.6 ANWYALNINNIYANUALIALYVDIVELAINARIAEHA

Wude Wuae wag Ay (2557) AANYIAMENYAIENIAIUNIEATNLALIATVDINAINER
91U3U 3 Aan Lakd aarnandal sanauvdeilieddnil wazaaianzialne ludminaynsains 3
swazBuadeluil

2.6.1 ANWULNNNYANVBIVYY
1. YSunawey
MnmsAnwuazdsteyaluiuiive 3 nain wut Susinassiing fil aannan
fan fiUSinameziadsegil 437.93 nn./fu maeuvndeiilesinl fUTuneziedeedil 504.86 nn./
u aapdanzialneiiUinaneziade a&ujﬁ 2,536.90 NN./TU k@nd31 Aatangsanedusunuvesves
warlopiAntusiouanniian sesasunfe amaumdeidodl uaznananiannudidy

2. BNTININAVYY
INNTIATILVVBYATATINITIAAYDIWANDEAINVLE 3 AA1A AD ARIAAATAT AATA
o A | | A Ao a = 1 o Y
umdeiladual uagnaianzialng wudn aannandanildnsnisiinves waeed 0.49 an./Aw/ Ju
nanumdeiiledmilidnsinisiinvee wWdgegn 0.41 nn/Aw/du Lasnaianzialneddniinisie
= 1 @
Yyziateegil 1.87 nn./Au/u

3. 99AUsENaUVYY
NNTANWIDIAUTLNBUVLL IURAIAEANG 3 AR AD HANAENAAT AANANMITLLDY
Tl wagaanangialve wud (1) sanandanilosdusenouase og 5 Ussunn Feesrusenauninuuin
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flgn Ao ey owng i wald wu 55.89% sedawnde uf waradn nszans lave wazeglifluu
MU (2) sanmsmndeiiledlyel Tosduszneuyaresey 5 Uszian deesdusznouiinuunniign fo
Wiwe s 1N waldl wu 69.23% sesasnfe Win watadn nszany lave wazegiiilley auddu
uay (3) nanamzialve Tosdusznouvezey 4 Usziav Geesdusznouiinuinniige fe waradnmny

39.70 % F99a9NAD UM IAweINTNzIA lane uavegiiiley muaiu

4. AUV

INNTIATIENVBYAAIAIUNUILLUYDIVYLAINAAIAGA 3 AAIA AB AAINAATAN
paesmdeilodl uazaaanzialne wui aaieaadan dAAramuwiuade 0.14n0 /3as Aanm
anuvndoidedlmifidianumuiutueds 0.15 nn/ans waznaanzialnedainiumuiniy wae
0.10 nn/Ans ndegamnunuintuis 3 aaia andiulddn aaraumdedodviasiidiaang
MULULYDIYEZINTgn FafdenadasiuAanssuvesmenatn Nauddlnaifududdsznn
915aR I1MNAN WAkl wagemmela JuilvliaenunuIkiuYeEEIIn drunaaveialngay
frmumuntwesustosfigndadumnszverdwlngvesnaramzialngazdunanain Jevinli
AU ULYDIEHUTIN oY

2.6.2 ANYALYNLALIVOIYE

1. USinaumudu

MnnsAnwesUszneulunananie 3 naa Feranandan aatnumdediosin
waz nanavzialng JeusaznaadiuSinanutusl fe ranandaniiuinaeutuiisesay 45.58
A1 SD Wity 0.57 sanaumdeidedvalfivunueutugeaaiifosas 50.91 A1 SD ity 9.50 uay
pananzianeiiusinuaudusinandiesar 10.52 wage SD whity 2.44 Gsasddsenouredan
Tngjvosmaindnaan uaznaraumdeodiedl iHudunidarsussamavormsivseneusedniu
dulng SoilinamdinsziUsinannuturemwesi 2 AareidaanuTussiulatnan

2. AT

INNTIATILVVIYAAIAIUTOUVDIVYLAINARIAGA 3 A0 AD ARIAAATAT AAA
undeidledn uaznaranzialve wui aanandanfimauieugegaitiy 4,015.9 cal/g Argn
WU 3,646.1 cal/e warAmnuSewads Wiy 3,719.43 cal/s aanaumdeiieddviiaminusen
gegawinny 4,205.5 cal/g ﬁwﬁwqmwhﬁ’u 2,775.1 cal/g wazAALSeULadY WU 3,530.76 cal/g
wazRaIANELaledA1ALTOURAFIARINAY 6,553 cal/s ﬁh&?’]?jmmﬂﬁu 5,756.9 cal/ g hagA1AIY
Youiads Wiy 6,149.6 cal/s

3. USunauan s luglle
1 2 % = a dl 1 1 ¥ d! dl |dl 1
WU Aanatudaminaynsanasivsuaaisiwilndlaldsnsiudeade agi 9a

Y
A 1 a

33.28% - 33.33% Vi9@1usan nenUSunua1siw v lauesesrUsenauresiiusunatey f90970d
HARBN1SHNTNIUNTT WHonIBNsMdnnvgauiiotnvezanaantudminaysainsiusuiu
ansnnlmlleneallannlsindannign1sknlagAs g IS N ULN Y
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443100
INMTANYT WU USnaudvesmanansialnedidngeanegi 53.40% vaueiinain

Y
[y

wndeiiladlvduaznaindaldusinana ity 26.65% wag 21.39% A1ua1iu FededndiuTunaunig
Aatiugzneaatudminaynsaiasiuinanagddauaislunisidnlag I s

5. USunaumnsuau

INMTANYY WU ﬂimmmiuamawaﬂummﬂaa’mﬂimmmi‘uauaw 19.25%
anumdediadinsog 18.53% wasnmanzalneogi 18,500 efiedndiatos ffuverainnain
IummmawsmﬂsmmmwauiﬂaLﬂmﬂuﬂiumﬂﬂimﬁmmimwm Foannsguledunidn
Unasegil 20% (neadvmsinung, 2568) Favezannaialudminaymsaasivmailndifeai
Amsuaussnanfausarhunldusslevilunisudadele

6. Usunaulalasiau

wui saneludaninaunsanasiviinalelasaulidsiudaadeoglurag 20.80% -
21.66% FaiiAnunnweauals Wietfieuiesarvesdndiuiialdusylovianlslnsiauiiondndomas
Ao 15% Favsraneanludminaynsaasiviinailngdifes fuiesazvesdndiuiiogliusslovd
mnlslasiouiionandomas

7. Snadlulasiau

nanludminaunsainsiiviualulasioullinsiudanie egiivas  27.84% -
27.97% Waunandeiduimailulnsiaudeutiann lasdhndmiivnzaunisegsening 20 -
25% winagvhilsonasidusonaduuimmmsveuligatwielianauifivesssdauanysaiiy
wagamnsaluniiniilold Fsvszainnaialuiminaynsansiiviunudlndidsaiudnsdiud
winngalunmsndnleld

8. Usuaumanlsn

wui1 Uanaeaelsrvesesdussnouternaindaniiaiegil 0.2541% nainumde
Slodlmifidnegd 0.2127% uagmanemzialnediaiogi 0.0652% Teisaunaiaivsinmaaslsd Al
A9y

9. USuudales

wui1 Usinadailesvesmaindaniiradeyi 0.5960 % sannuvndiiiedlusiiian
oeffl 0.6658 % uaznamnzalnedidnagil 0.3019 % Vmudamosvontsaumarnilaifisuiuani
sgansaldidevinieglutie  0.000% - 0.128% azifiuinvezanaasludminaynsainss
Uinadameiilndifgsiuiiaganansalduindels
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10. YSanauuaniiiey
wuiSinaueadlsdlurezveamaiaveialnediingansgi 28.27 me/kg aug

[y

naIndan wazpalauvtuidesluidusuiauaaileniniu 6.64 mg/ke wag 1.05 mg/kg AIUAIAU

=

Ferosluiiiu 37 dadndu/Alansy aziuinvezaneainiuduminayvsaiasivsunanendoufidos s
annsainvezulgUsslevula

=

11. USunalasidlen

Usinalasiflenvesesdusznevveglunatanzialvedidngeqnogfl 48.65 me/kg
vugiinandal wagsatnumdediodiivsnalesdlonwiiiu 28.24 me/ke waz 1.92 mg/ke
auadu FasesliiAn 300 fadndw/Alandy sndiuldinalesdlonfinuluveranaaelumia
aynsanasiiUTinaiosin ansahyareslUliusslevidusiold

12, Y3uamauna

WU USNameunuetesiUsEne ursrnaIndaniiAngegneei 15.13 me/kg vz
patanglalng uazaatnumtuidedmiiusuianens windu 2.28 mg/ke way 1.91 mg/kg
pudIRy FasdeslaiiAu 500 me/kg aiuliiUTinumenessrnaaaludininaymsaass
Uinaufesannsafiazthyanesluliuslovisels

13. Uinaungi

wui1 Uinaunzivestezaainainnzialnedidigqnee 40.26 me/kg vaiziinan
a1 wagnanundeidioslnlfiusinanets Wiy 7.18 me/ke uag 1.47 me/ke muadu Jedoslyl
\Au 400 fadndw/Alaniu FeagiiuldiTinanivesszanaaialudminaynsaasiiuuid
wesdsanunsnivezainnainluldusslevula

2.7 HANTENUNNEILINABUVDIVETBMNTINARA

Brancoli et al. (2017) Ighvhmsanwinanszmumedaindonveswezeivnsaneglilosuiiin
Tneldn1susefiuininsdinvesndndmg lnonaainn1sfinen wuin vsgermisitiunldnig
Ussifiunansgnumsdaandon Toud ot ewy el wundls anewued nde s undouna
wAsov neva1Ud uay wouita uneduTuim 11 du SsRadu 49% veswondesioiun Saanseny
msdaunndenvzuanddumiisvesilaniuvestiavoswereimis uavuansuansznulundazasly
UyUE WIS TaEINMTIAT AN sE U AsAdaLaRsR U 2-0 wudh auudls oy uax
deta fnansenunisdunndougsiiaaluvereimisionun Gsomadeussianidotiiviua
nansENUgeTianues 6 Tu 9 veswansEnumAsIndonioun lurmefiverorvsvustiduiua
nansenugsiigaluaanansenumsdaandon uenanivesdsvuuihdsivinavendeasiiaauas
fnansenumaAsygmansgsiigalugUivesuiin
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100% |

] = [

=]

: N N

80% [] !\ &\
§ oo D \
2 6 | \
= N \
£ _ \ \
§ 40% N §
o \

Mass Cost Gwp oD PM POF FWE MFRD
kg EUR kgCO2eq kg CFC-11 kgPM2.5 kg NMVOC molcH+ molcNeq kgPeq CTUe | kgSbeq
eq eq eq eq

mBread mBeef [IPork ®mChicken [OFruitsand vegetables
Uil 2-4 UInuNaNsENUNSA A oNTB U A e W ST aVR AUYUNLATYFANERS,
climate change (GWP), ozone depletion (OD), particulate matter (PM), photochemicalozone
formation (POF), acidification (AC), terrestrial eutrophication (TE), freshwater eutrophication
(FE), freshwater ecotoxicity (FWE), and resource depletion (MFRD)
#i117: Brancoli et al. (2017)

2.8 MsUszfiunansEumsAaIndoudienisUsliuinansTannansael (auned adyTannsdy
LaEAY, 2553)

M5USTRL995TIRNERTUI (Life cycle impact assessment) Wunsuseiliutanansenu
AwndeuiiAntuanudndud fvdsmanssnudequainuyud uazaunmamandon taglunis
Uszidiutuazudadugag 1dun foghv nszuaunisude nsldau wagnisidn deagdielunis
Biauonaiiviiinty waraudosnInineInssssurAvesranfaeitug wu ndenluiildly
N3LUINIHER MAYBABINNTTUIUNNIHER (Ola et al., 2007) iloTiAT1zsigauTuaznsouves
wﬁmﬁmﬁ T,maﬁ%’auawaﬂiumﬁiaéﬂLL’mé’aﬂu@fmGiNs] 17iLﬁmﬁﬁumaamwﬁ%mamﬁmﬁwﬁlﬂu
wdpsfioatuayunansiaTgy on1suiuuseudnioe feoterdnuifiugiuniseanuuuids
fnaasugia wazdnmsuansdeyaluisBinuagieuliiiunanssnumsdanndouiianamdsns
Uuuss asililédoyadsinermanifiannsdislinmslinsesiuadanuindofionntu suas
thlugnsuszgndlduasnsiamndudu 9 Wu nsU3ulgnssuIunIHanvesndnine wazns
ponuvundnfust (Juduanidvungvesnsinudang ssidufvsuenseiureseasidoai

efnavihnsAnwdadunaulunisusediuinInstinndndueiusenausie 4 Jupeu degui 2-5 laun

1. mMsinuadnazveuLlLs (Goal and Scope Definition)
2. MTATILRUYTII8n15 (Life Cycle Inventory: LCI)

3. MsUseLliunansenu (Life Cycle Impact Assessment: LCIA)
4. nMsudananisAine (Life Cycle Interpretation)
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4 )
o
| . mMsUszand 19
mymvuatming - . T
LAz v LA USulganansiaai
b T MWiuiasdedunadou
- T m3utlana s 4
MIAATIEHTYY | ~ “INUAUNagNEING
R Ll FTT PR 1 EET O AR R
SWMIANUTUIAADN . HanRaAn UMy
nsdTuyga o 4 Ay
F -+ dimsnodunadon
_ - fvuau Teuiedn
msUszdiumanszny | — 2
S - Auadou
ADTIINADY \ )
\_ /

UM 2-5 NToUNSAIUNUNTUTBEINIYTNSTInNGN N
U dUNeY 1TTRIUITTY uazAtg (2553)

TnensUseiiunansynudanndeuiuiiisnisusediunansenudawndeunaneislhdontite
IN15UTEEUNANTENU WY Eco-indicator 95 Eco-indicator 99 CML EPS 2000 (Environmental
Priority Strategies) way EDIP (Enwronmental Design of Industrlal Products) L‘fJuG’fu Tagluns
WwonldltAuluKansy vmmLL’maauuumﬁLaaﬂmﬂmaﬁuuaaﬂ‘umwmaamiaamimaﬂi nu
danndoudulaeenly Tngluuszmalnednns@nuinisussdiuiginsiiondadneivatoia Seas
Wiulginsanunsuseiiivasastinnandueiludssmdlnedu Snsidenldiansiunanansds
widaiansliudnlngdufie Eco-ndicator 95 way Eco-indicator 99 wazthiduenansynu
danndenlusUuuuasiuudafe (Single score) Lilpsantiglunisindulausudgmanstasildineg
Mnnsliruduitusvessansenudanndeslunsardiu Fanisidentnausnansenuaundeuiiu
7l 2 3UuuU e Midpoint wag Single score Tasn1sidensUuuunisiiausnansenuAawandautiy
Juogffumssinaulavesiusuidiu (Bare, 2000)

faiiiosnnlunsidedifunadunsinuluaseuaguynuiuniieliasfouaudaiy
gean MIdedwernausludiuveanisusediy Eco-indicator 99 diesunannisussifivasiou
E‘ULLU‘UN@ﬂi%‘V]‘UGi@iJiéHEjLLasiSUUﬁmﬂﬂ‘ﬁQﬂ‘VT’]ﬁ’]EJ (PRé Consultants B.V., 2001) dadudruves
yoadhmnendnuosniselundsl Tnoswasideavesnsusediudsnsinsesold

2.8.1 Eco-indicator 99

AIMSAIUINNANTENURIMINEDY Eco-indicator 99 vududuid adsinaduuy
Charecterization wa® single score WuieafUITNsAILIMNANTENUAWIRGDY Eco-indicator 95
wAfinsinUsEIf unansEnuAswndoudisiunludd Eco-indicator 99 waziinisliminuduiug
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seinssiiunansenudanadenduidmnedlasunansenu lnglilduanaansenudauwindenly
wingUsznulugluuudsinamvsonnududureuaiin wikansrinansenudwindeulugluuy
NansenusisuyedLaysEuLillnAungnyitate (PRé Consultants B.V., 2001) #38019na13LA3138013
AINANIENUALInden Ecoindicator 99 Hudunisusziliunansgnudwindeuiinduiu
FUNINVBIFTINTWLBLALTUNBUNITATUINNANTENUAIMINGDUIT Eco-indicator 99 & 3 Tumau
Y = = = o &

AU 2-6 uarliswazBennall

= Exiraction of '»l(‘oncenlrmion of ores HSumlus energy at future extraction Damage to
mineral and fossil
=S fuel ->|Availability of fossil fuels HSumlus energy at future extraction resources
Mining ucts
[M1J surplus
energy]
Yy '»IDccrease of natural area’s HRegional effect on species numbers
. Land use and land
Converting | f=pp]
conversion o |
Local effect on species numbers ,
| Damage to
.4 ecosystems
M .
I Milling I Altered pH + nutrient availability I‘»IEffecl on target species
[% palnt
NO. *
v = O Concentration in soil HEcatoxicity: Toxic stress (PAF) m yr]
| Pressing I NH
Pesticides Concentration of greenhouse gas HCIimale change
Heavy metals
\ 4 g Damage to
| Transport I > o Concentration ozone depl.subst. HOzonelayer depletion
HCFC human health
v Nuclides (Bq) Concentration radio nuclides HRadiation effect (cancer) [dlablhty
SPM . .
i = adjusted life
Disposal VOC's
Concentration fine dust, VOC. HRespiramry effect ear
PAH's ¥y
(DALY)]
Concentration air, water and food HCancer

UM 2-6 TunauUMIAUIMNANTENUAIING01IT Eco-indicator 99
N1: auned Y InuIITe Lazan (2553)

'
(3 a ¥ ]

1. myleseidhyiauwanden vhnsimszdnsldnsnenssssumdiuiiuasuaiiv
fiAntu waedinsUdesooningdawindounaenaasiinuanosl

2. MsUszifiunansegnudsandon Ussilunansenudandouditinainnsly
n$wernssssud nsliiuilunisifanssy wastafiviiinisdessangsssusilulssiin
nansznUAsanden 10 Ussifiuflegluguanududuvieuiinunewhnsseifiudunanssnusie
Auandeuilintutugiy 11 ssdiu

3. Msudassansgnudunadonluguaziuuidaie TngAwansenuduadend
Antufugiu Wisuifleufuraunavessansenudanadousis 3 §1u (Normalization) fawuviinis
UTIWAHANTENUAIIAGoULAUA WdmINeINTsTTIYA SzuuTinml wazguamayed Suine
Ju MJ surplus PDF m2*yr wag DALY aud1fiu uae qmﬁumﬁmﬁﬂmamwu?qLL’mé’amﬁ'Lﬁm
JuiufFulu 3 funanszmudwindon (Weighting) flewri siuiuazuuuiogluguazuuudaien
(Point) Tneuanas Normalization way Weight sfauanslumisnsdi 2-3
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A1519% 2-3 51882 YAUTLLAUNANTENURIIAADULAZANIUNITAIUINAS Eco-indicator 99

Characterization Unit Normalization Damage Normalization | Weight
Minerals MJ surplus 1 Resource 0.000119 200
Fossil fuels MJ surplus 1 (MJ surplus)
Ecotoxicity PAF*mzyr 0.1
Acidification/ 2 Ecosystem

o PDF*m yr 1 2 0.000195 400
Eutrophication (PDF*m’yr)
Land use PDF*mzyr 1
Carcinigens DALY 1
Resp. organics DALY 1
Resp. inorganics DALY 1 Human

65.1 400

Climate change DALY 1 Health
Radiation DALY 1
Ozone layer DALY 1

F3N: @UNIY WY TAUITTY hazAy (2553)

2.9 M3dansvezvasnaaaalulssmndlne

s3n1 laml (2545) inrs@nwinisdanisdenndeunainanlumnauianzien lagld
LuvdeunNLaZNITAUATEA] HaAINNITANET WUT (1) MsUURRuvesAugnaInanunmeAUa
dlomuendinlngdulunufismualilumadydfmauianzien (2) Aulgusnsiiudinsdanis
Awndeunananisauuisegluszduuiunans wag (3) Wnihiidsnniseueuiifugua Tae
forausuuziilelinisdnnisdaindenvesmananduluogsiivszansam mihfimauianisidh
wiiuguasgnaieds savassaidndiinuazanunsendnliudduelasnislinnug arudila
lunsufdRuasmstszauanusiofudwesaalunmsiaunauivialiis i

Yeyau 39153ums (2550) Anwinisiidrusinvesdsyrrsulunisdnnisveslunainanmeauia
uAsveuliu nedsnisanvesilUldiiiAnuselevd wudn guseneunisuazUseyvulviniudfy
fumsanUiuavszlusgduiunans ludiuessniniveyluldsslevdiugsznounisuas
Uszprudlaldddeisnisuenvezeaniduussinn uagnisiihtunendiluvinluledia ud
vuzdeatun1sdvesluidetnnin wavveeliiiy fussneumsuazyseuvu lilalvmudfyuas
lifiaudifeatudetivniiars iszarduisdamnusiduesnads fasdedinuiuazatiani
diladenfunisvhietanin uasassifulsiiuUssrsufinngsty

ngwan guilinnide (2551) AnvINsInn1syAHoYRAIRAAMNAYIANTEUATATELSET NUT
msfnuenyanesiiieliussloviuaznmsvientn WWuASmsiiarwduddensamuluiasgaans
nan1siesesilagldinusinisamu a Snsmenidedosas 6 01glasanis 20 I nudilasenisly
nanouwLavETLIuyatagiuindu 1.3 &uum sasdunausslovisodunuiniu 1.23 was
SmsmansuLuEluwhiy ovas 35 ﬂ'mmiﬂmmmaauimﬁuaﬂﬂiqﬂ’]’imamimaamaamm
YDIFIUT IuﬂimmmmmLﬂ'ﬁawmuayaﬂﬂimmqq AliuazinUssdn wazadausany Watu
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Sevay 10 Twadlafamgnisaifanariniony fu wudlasinsdsiianumunzausenisamu
LU

o3um$ Taudhundre uaz amy (2552) siinnsnwisuuuunisiinduunldlmidieidiy
UszAvBnmnisdanisvezvesnandn wui Ivhmsdusnvezeendy 3 Ussuon Lun {CEOME!
Y8du uarvszduns1e Usy vansnmannsihlunaaedldais dlildesdusznoureses 7l
Wasuluanidy dsagmndenisinnisuiniu fdammsdnuenvesiianfinduan 4.23 - 140.74 %
wardndruvosssiinfidausnldroumamesiindu hutuain 0.01 - 0.07 1w 0.02 - 0.16
vn/Alansy

155058 NBITUNSA (2555) N1sAn¥INITInNITvezvedAlunainanuenst wasnain
anuasing waunsl nyemmuuasidunsddnw leevinsiiusiuniudeyalaslduuuasuay
Aetusainanuensluaznainanuasive nansdney wuin Jadedinynnavesiilunainanui
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Anuduitusfunsinnsvesnelunainanvosiiedsidodfymsadaiseiu 05 Tnoaguud
flunanaanisansuisdeisuuuunisuimedanisiishaty Sauslumsianisvssuasiiauniie

o w

NIIANITVEZUANANAU Ladin1sdanisaezldusnaneiu egredidediryisaianisesu 0.05
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Oldfield et al. (2016) ¥n1s@nwINITIATIZAMNsAMIRdDLAMT UMM le
Usgleaiannvezonms laun nmsannsly nsvinde nsudnuuulionnia wagniswn lngldusuna
YosvgzaWNSIuY 2010 HA9INASANEY WUT gnsmaninisanUTnadlidesfiandmiuverermns
\Huwnmnsiiffigadenisaanansenuvesmsannisiinuiualanieu nmsiinglnsiliadu uaz
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U301 3.5 % 1098E0INIIINALAY 29 % TasATUBLRNTLTIRLA TativndntsanUiina
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Salemdeeb et al. (2017) vnmsSeufiguiwImslunsianisvesiavetmstunsialuly
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YOINTAMU ALALNNTT (1)
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CRol = GWP/I,, (1)
e
CRol = MsAuuENIsannsUantaesieasveulaeenlyn
(kg COLe/U W)
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YDIT LKA WAL 673.67 unedn Bednudufenay 72.50 Tesukdiauaiiiy wandlfifiun
Tutligtusaaaninissmineaudeiadusmegieiousosas 30 vowunsdRavLA



M13199 4-10 Yeyamllveswmainanvuslvgvesuseinalnensalfny

a5

AU Honann SIIURIFTIUA (WR9) | STUIUHIATMS (<)
1 FANNER A 525 250
2 Aa1ndEn B 516 310
3 panngn C 271 205
4 Haedn D 914 730
5 PR E 567 450
6 Handn F 508 130
7 FANRNER G 1,512 950
8 pangdan H 516 350
9 AAANER | 6,600 5,400
10 pangan J 618 420
11 pangan K 463 223
12 PR L 250 220
13 RN M 452 150
14 pangan N 728 583
15 panndn O 260 190
16 pandn P 1508 1115
17 FA1ndn Q 323 270
18 Hanan R 200 180

Anlade 929.50 673.67
ﬁ’;mﬁmwummgm 1,464.69 1,212.45

2. fayan1siinveza nisvasnatnanlul w.A. 2559
Foyafildaiunsiusiusinlunisfnwaziiusiunudoundsdiviu 1 U veamsiiinvey

amslunananvuinivgvestsamelagvinnisiiusivsindeyalud w.e. 2559 Favhnsiiudeya
Sufufiunuvesmataiioliainn a1 lanuningvevere1Ims WaEN1SNATELeINIS

Ingagyiliteyauuawezomsiianugndes waganysaiunige snnsiedndunisniuaeuns

AUTIUTITBYAINKULARUNNBNMY Malnan1snuTIuTIndoyauaniani s 4-11 91ndeya

YBINSAUTIVUTIN Lansliliiud $osasUsunaAaaeueiee1msaIneaInanuInlugia1viniu

63.87 VBIVYLTINUATLAATUIUABIAEAR TA8USUIUIDIVILDINISEDAAABINUUSUIUUDILAIAN
g1msluiitedl 1 Nuanaimindusuauneinemsge Usunamesweremisnaggemiuluiie lng
HoNATUALRANUDIUTNIUVIZOIMITAINAAIAGATUIATAY NTAANYY WU HUSHNALRR8Y04

YezdmSunananvesUsuindlnegat 4,161.54 s/l Jsaevieuliiuisnudidglunisaiums

N5 VVIE N ITILANTUIINAAAGATUIA I T0IUTEINALNEI1ATEN159AN1 908191590
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USinuwey | Usunaes | dlunaves | JTunaes dndau
a1 Fonam il DIMTADTUY piol omssiel | wYzemis

(nn./3) (nn./31) (Fu/) (#u/) (Sovaz)

1 HANEN A 200.00 150.00 73.00 54.75 75.00
2 HANPNER B 350.00 217.00 127.75 79.21 62.00
3 pangn C 400.00 220.00 146.00 80.30 55.00
4 Handn D 12,000.00 7,200.00 4,380.00 2,628.00 60.00
5 PAPdEn E 20,000.00 16,000.00 7,300.00 5,840.00 80.00
6 PR F 3,000.00 2,100.00 1,095.00 766.50 70.00
7 HANndn G 10,000.00 7,000.00 3,650.00 2,555.00 85.00
8 AAnER H 1,500.00 855.00 547.50 312.08 57.00
9 paANndEn | 160,000.00 136,000.00 58,400.00 49,640.00 85.00
10 pangan J 5,000.00 2,200.00 1,825.00 803.00 44.00
11 FANREAR K 4,000.00 1,500.00 1,460.00 547.50 37.50
12 PANAER L 3,000.00 1,800.00 182.50 100.50 55.10
13 FANRNER M 30,000.00 25,000.00 10,950.00 9,125.00 84.00
14 panam N 7,000.00 4,550.00 2,555.00 1,660.75 65.00
15 pa1ndan O 400.00 232.00 146.00 84.68 58.00
16 pandn P 3,500.00 1,820.00 970.20 504.50 52.00
17 pangn Q 500.00 225.00 182.50 82.13 45.00
18 FANERA R 150.00 120.00 54.75 43.80 80.00
ﬂ"lLagEJ 14,500.00 11,510.50 5,224.73 4,161.54 63.87
dautﬁmwummgm 37,166.36 31,745.97 13,589.49 11,600.93 15.00

3. #AIUNITAINITIANITVELDNNITVBINAAEAVUIA LW VBIUsTINAlNY

91NA151991 4-12 wansliiuisaaiunisaiiagiuneanisdnnisvezemslunainanves
Usgwelng 2 nnsiiusiusindeyainaainanvuntng 91uiu 18 nann wandliiiuil Ussuna
Souay 22 ﬁuaqmmmawwmuuumimLLEmﬁusJuLaﬂ,ummm ImUiuﬁﬁ]ﬁluuaﬁﬂﬁimiﬁﬂuﬂﬂiammsﬁuau
9IMNTVRIMAMARVWIAMEY ausadanuala 311U 3 JUNUU Usenauie (1) msdslvilenvunie
wauadsluilanau Seway 77.8 (2) msmdnmiensirduetvisdnd Sesay 16.7 uaz (3) N1sdLen
vgvamsliduemsdniuasminde Wesdosas 5.5 vdeifissmaaanvualyguiaieawinty
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. N13ANAA Jyvnis | Tassmsi | wialulagn
. y ASARLLYAN . .
aeu Yamanm YLD | AALNUYY HAA WiNzauiu
YYLDINNT . .
Tutagiu 81913 auayy NN
» . o o o wan{e
1 paAEn A TaiAnuen vpilanau | vezleniey IARLLEN y
/UNUN
. , lailasumny » ARTd
2 PA1AER B TaiAmuen Usilanay . 1ud y
71D /UNndn
» y . . HanUe
3 panan C TaAnwen DVTAR) 1aid 1aidl y
/UnRUN
. o . AUUBNT Y98N EM HanUe
i RRGIED laiAnwen DMNTHR > . y
LU A19Ma79 /UN9sin
. , lailasumny » AT
5 panEn E TaiAnuen Uplanau . 1aidl y
973U JUNUN
o , lilasuany | Anuenves AT
6 pa1nEn F TaiAnuen Uplanau . v
IUUD 3R /Undn
" v f9ARLEN .
. , lailasumny oy AT
7 PANER G ARLEN Ustlanau . ey / 190 ¥
973U o o ae JUNUN
MiingauN3E
faveylaing - .
o . o .= HaRUe
8 fanan H TaiAmuen Upllenau / ldAnuen 1aidl y
/UNUN
ey
. o . | LileSuany » ARTA
9 AAAER | ARLEN 21VSAR?) L. 1aidl v
JIUUD /Undn
o , Lilasuany — ARTA
10 nANNER J TaiAmuen Upllenau . 1aidl y
JIUUD /Undn
. osdny/ | WleSuenw | 4 L . RN
11 panan K ARLEN . . GEONAGINE y
Uy 3D /AN
. , Tlasuay . ARINL
12 pa1naEn L TaiAnwen UYplanau . A5 EM v
334D /UNRUN
. , lailasumiy ,d ARTAI
13 pa1nEn M ARLEN UYplanau . 1aid y
IUUD /Unin
" v S9ARLLEN .
. , Tlasuay . ARINL
14 pa1nan N laiAnuen Ustlanau . vezun/ y
334D v /UNRUN
WA
o . o o NARLYDLNES
15 paman O TaiAmuen Upianau | LiflideRnunen Taigl
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A1519% 4-12 (519)

. N13ANAA Jyvnis | Tassmsi | wialulagn

. y ASARLLYAN . .
aeu Yamanm VWLDMT | AALENILY HAA Wisngauiy

YYLDINNT . .

Tutagiu 81913 auayy NN

- , lainsu . nanle

16 AAAER P TaiAnuen Upianau . A5Y1 EM v
SRR /Anudn

. , lailasumny » ARIAIE

17 panaEn Q TaiAmuen Usilanay . 1ud y
71D /UNndn

o . lailasuaany - nanle

18 panan R TaAnwen Uallanau . 1aidl y
IUUD /Undn

f\]’]ﬂ%@ﬂﬂﬁ%@ﬂﬂ@%ﬂﬂﬂ’ﬁﬁﬂLLEJﬂ“UEIz“UE]W]N@Im@ﬂ@ﬂgu WU WINNINTeUaY 67 LAAINNTT
lail#sunnusudlonnmagilunainan wazaziAnanmsfivezomsiviunales lifdsiausn 1
nsUTEdauen fauuenuwouiiswey waefizunuulumsdanmsvesiisnssnasnilnainanuuin
Tnglwindu Swasnnisdneludiuaesdaiunisalimsdanisvesnainanasroulfidiuinisiinain
anvualngvesusemalnedinniud uazidlafanisdnnisvezormslagagiounluguuuud
panandslaifinsdidunsfauenvezermsoenanveyinly fausiiegiviinaveyludimasn
aﬂﬁy’qLﬁaﬁmim’mﬂmiLﬁUi’;Ui’mﬁa%aé’awuﬁﬂ’iﬂ anunsaitagtuvemainandsliiinisiives
amsluldusslen Tnedulngdndliuidnenvu/sadnsunasesdiuvisaduanfululdusslond
TnsmsidssgnavieluidadeiBnisilinay Fwuenannmainanddlilésuuselonianmves
p1mnIfanaIuds SefeaiinisAuesaldinglunistinueremsindie fuludeihlvieainan
vunlngvaslsemalngliauaulauazdeinisesdanuiastatausnugiissludiuvesnaiia
sin9q Aldluntssdndoviniy Wesnluumsiimemaaesanmsodudumsléie funui uas
Wnlgusglonilaviui

wrnglsnmunIenaInanvuiniigiiosduimnlasunisimuivsedienenuinnssunis
Fansveremnsifiemaimadadenarsnuiuldtunemanan dauenainifunisuszvdadunuly
Msdansvszesudn SsennsaifinyarivesvezemnsiiiensianliUsslevilitunainaniodld
snene mnualududuandidiuitenariardalunsiamiuunismsianisvezemsvenain
anvunnlngieedsdy lelvaninsatvezemsidenaduvendeilifiusyloviuasiviunugdy
A11130aTYARLAZANLALAMIAATYEAARS LT UNIRaRan YA veUssinalng

1nnsAnwludIureanIun1salkar JULUUNITIANSU8EV0IRaInaAUL 1A b Vi b
ansaszymmaiiaudululdviednenmlunsilvlflunisianisvezemsanaainanves
Uszmnelne laun n1sudadeduvsd

4.4 wInn33uTuUNISIANITVELDINNS
iielnsnwiaunssdnnuiuazuumslmifiiussansamuazdsduiionsdanises

PIMITAUSURAINERTLIA g vesUTEIMAlNY FenndunisduAusaznumuuinnssulun1sinnig

vego1siAatu a1nviaenans Vuled grudeyaraluszduefnazuiuied Tuseningd wa.
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2558-2560 o lldfansvesuinnssuiifinraiiuaie Taounsmuniuisnisuagnailiainnis
fudunsvesuinnssulunsinnisvezemaiiieiiutesmsnsiiauinnssilunsianisvezeimis
dmiunananvesdszmalnefiarunsaiiludszgndldlaata Sussansam uazdadu  laod
swazdavesuinnssalumsianisvezens duansisnsied 4-13 Feanunsaaguuinnssunia
nszvaumsAldldiamun 4 nssuaunis

1. NSTUIUNISYRYAAIYNIITININ

Tunszurunmsiiunistdusslesianndsdidinievirslunisdssaansve g oS idvuIan
@ d' I d'd ) o+ & [ [ a
dnadlaedsuduansenisidanumuigan drlulglunisyidenseTanuiulianuningu lag
INNTNUNIUITTUNTTUUUANLNTAUIPUTLAUDIFITTIR AR 9Tl

- feauvaauasiu Wunismiziasedisouluve e nsNInsANa15a IS LN Al
dmsunissadiulavesiigouktarinlugliuuretommsifeade lnevaannnsinisiiesiiaeu

[ =3 [ o I [ = v} q! I 'Y} 1 'y} d' %

Yaaniadiulduian 4 Ju vinlvlaldveanuadiuuinde 1.5 15U Faluvasioauvatwtadiunte
Usznaumelusiunazlusudussdusenaunan dalusautiuarunsainluldlunisuanewazlusiud
Toanusaihlulglunszuirunisuanluladwalaansie

-lddoudn msldusslevidvasldinoulunisudndetinmagldveremsnausiuiuyads/

9
[

[ ! Y v A v ' a g Y4 oA A
yargduunaemsliiuldisieu lneneldnisgesaaneiduszaviian 3 eniing azlaledinmind
AN MYBIETOMNTglaTaglusUlUUYeIETBUVSY

2. nszurumsndnuuuliannia

iesannvezemsilesduszneundniduaisuenluliinugs nssuiunsdesaasuuy 15
anadsdeldinduuuimamdniiddglunisdnnisverenis %QﬁzﬁauiﬁﬁuﬁgﬂugﬂLL‘U‘U“ZJ’eN
NUITHRAZN1TANTUINDZTY INNITNUNIULAZAUALITIUNTIN WU NISHEAAIITININLUULS
omadusundideldiiinsiluldusslesdegnunsvats fufuuiansslunisdanisverewns
ﬁwaﬁ’lLauamiwﬁmmm‘%agﬂLLUUﬁuﬂ fuenmilonsannndnfedanm fasteluil
- AM5HAR Polyhydroxyalkanoate (PHA) iuansfiSenlddnnanaindnin fiflesdusznoud
annsainldnsaununsliwaradnlutiogiu lae PHA SdefflaunsngosaaslusssumAle us
pgdlsfnuiiiesanduyuvesnsndn PHA tudeudiegs wuamaiiomsldveadenieingivsiunu
iFudumadendiinaula Tnen1sudn PHA 2Mnv8xe1359¥NAAE2UU Anaerobic Percolation
Biocell Reactor neldnsldqduniduvunanduinde Faneldannefivneanuardeufngel
1A 100 An3 anansandnans PHA 1§ 223 nu/aerenvmwileilansu
- nsuannsananin sadunsevdafiddyiianansailulivsslonildognenirauaneidy
QIEVNTINIMTUATE AN TTIIAT I TeilvnsnAnnIauanfndevezevalunuamdly
nsanduyunilsiidrfey laemsuannsauaninfevszeimisfenshinugugamgiilussuuns
wiinuuung wuuisdeilles uasuuuvasavinlianunsandnnsauandnligeiis 32, 16 uaz 15
gCODLA/L suansy
- nswdnfglalasian esnfiglelasinudufeililefmseunsean Fedoldiniy
wsuarern Snvadufneftausalindsenldgeds 142 Ki/g Tumswnlvll Faiilvignamnss
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susudfesnsiauesang 1 ldduurdandeny faunseanielalnsaudioasemis
A9 9 AlAsun1sAnweg1enIewane mskaniglalnsaumigrsye1IITINAUNAYeTOalUaN1IY
WU mesophilic ¥lwanunsondafnglalasiauléd 180 mLH,/evS findieseadudu 5 %

- M3sAnenIuea LiesnuuAnvesnslindanumadeniunumididnlutlagiiu il
mueadussdlszneviiddaiilinaununislidhiulaeld dududsznoulufnaleseas Fenns
NAmenIueaiieverensiilasAUseneureanlundn eghadu wenseneudiy FensEuIunIs
gostuneuiilddadidumide mefiluverermssiuau 100 nfuezld 329 nSueviuea 7 20%
solids loading
- nswannsaninssn WDunsaildiduasiduusdueims arsdudinsesaivinves
AU3E wavansissnaaiaiulavesiis uenanidsanunsaldnsnansdniduasieiulunisuan
asudeay umen @siiuuded uazen TEEnde Sansuannsaanlnsdndevezermsludmsin
U9 10 ans Tamnudan vinlaiuisandnnsanilnsdnla 8 kg/L

- mandnnsadniiin Wunseivaglumaiiisiiuilunmsgaduemsuasduadunidnelsa s
mMandansndafisndenmsnsiuuulienmauuuisnglasauaugumgil 55 ssmiwaifea a1unsnvh
Tnannsndnfiznle 10.55 o/L fiszeziamsin 2 Su uaz 13.00 ¢/L fisvasaiviain 6 Ju
- nsnanansdunidsvimediiedndunsafiaunsathunldniswdnlulediva lnan1sudn
asduvIdsEmeieievezemsluguuvuresmvUapin lussuudaminuuung ey 8 anunsn
Wlvnana1sdunIdsuivedne SeUseneume acetic, propionic, n-butyric uag i-valeric VAU
30,611 mg COD/L
- A5WaR biohythane tHunsnawvesieiimusazfelalasiaululunanieafudiieli
anunsodivlduslenilunmsaduunamdsnunadensslu §sn1sudn biohythane 21082075
P852UU continuously stirred tank reactor (CSTR) Wa¥ anaerobic fixed bed reactor (AFBR) i
S¥YLIAINITAUTEUU 200 U @un5anan biohydrogen yield Tusguu CSTR way methane yield
Tusguu AFBR WU 115.2 (£5.3) L H2/kgVS added way 334.7 (£18.6) L CH4/kgCOD added
- A15WAR short-chain fatty  acids 1JundadusifingAfiAnannszuiunsusinuuuly
9MAveIwDIUTIBUNSE F9nSHAR short-chain fatty acids fevezemstuansarlagldnis
winuuuldanmelagluanneiivinzauanunsandn short-chain fatty acids yield winfu 37.2 o/L

3. NTEUIUNITANTDU

N39SV IMNIMEANLTUTNIIaINTaIeTULUY uiannIsnumnuinngsd lugg 3
A ] ! VY o &
Uiewaniuanansauuslaidu 2 guuuy sl

- MFHIAIEDIMITUIS LAgN13TANITVELEIMNTAIE M TWATU LTINS Ve 15T
gauniluazaiuduvedleud 159 °C uay 0.17 MPa mevgremnsnilauduliiiu 10% vin
WMHTIUTEENSNAINTBS 90% L6 steam energy WAy exergy increments 11AU 194.92 uag 324.50
kJ/kg-FW gnudau

v . I3 a I3 =t v v

- MIRINIENTEUIUNT Pyrolysis LTunsdsuuUatesdusenaumaniilagldninuiounay

ANAL Nannglionnie lnefiansunnvesiussluianalussnusenay  Mnangleiuseiaiiende)
& ' & | a I3 I3 Y R e & a ' P

naneluaneledug drunidussdusenouarsueusemelaznatgiduinui@einds unediuiign
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Aukuuaznatgidurosnal 1ngannsnuNILLIANIIUNNITIANISVELDINITHIYATEUIUNNS
Pyrolysis ~ #UI1 v8£01115% 1 Alansuaiunsandanseualniinla 0.020  kwWh wagarunsanan
biochar 91 40 % westNa@1L1TaNEs 100 g of digestate per kg biochar

4. ASTUIUNTNAEATNLAZLAL]

Tun1sdnnisveremismenseuiun1snenenmaziad [Wudnnadenniafianunse
thunldiitensnandundnsasilmineldnssuumsdioluid

- AszvUMITIMeAwierdnnszualiin Tngerdunswaniudsulsyafensdesaans
@159un3dves Chlorella vulgaris Tusyuu microbial fuel cell @unsandnnszualnila open
circuit voltage, working voltage Wag power density qqqmﬁ 260 mV, 170 mV and 19151 mW
AUAIU

- nszuruntsmaadl ieniswanluledwannvevems Taedunsldisfunenudafiuues
onsTTuAaleNgs 19U nesmin As Waenves uaznszgndnd FewdsainnsifAtendt 2.5
Flua a2le yield vaslulofiwail 96 %

mﬂmivmmwﬁa;ﬂaui’mﬂiiumﬁﬁmﬂﬁmasmmsﬁgﬂuﬂszmmLLawiN‘Uszmﬂ wangloALiud
wvsusngauvsednoanlunsuszgndlifunisinnsvezemsdmiunainanuunslngjves
Usznelng L‘ﬁaa'aLa'%ulﬁmi%’ﬂmssuﬁzawmimawizmﬂlmagjuuﬁugﬂwaamsdaLa'%mmﬂiuia@
uazwinnssufiazidumafiuyaailiunisianisvezemnsldata Insainnisfiansanegisazideai
Tlduumnadsuianssuionun 5 wuams lud nisudndeyadigs mandandnsdasingn Microbial
Fuel Cell M3nannanSnusingufiny uaznsieiendallin



A151991 4-13 MISNUYIUUIRNTTUNITIANITVYLDINNS

fduil |

YauInnssy

BGTARE

NANTTANLTEUIY

LONA1D1994

N32UIUNTEDYAAIENITINTN

ETN v v 9y
LAEIAIDBDULNAIIUAIY 700 NTUUBY

1 nINanlusAuINAIe9UY -Tunan 4 Tulalvvesineouunasiu 1.5 Niu et al. (2017)
kAU 2858115V 300 N3UVBIBIMISIAEY | NSY
o quvemisiindeUsvuna 42.95 %
ansadrluiludenas 53.08 nsuvedly
autfulusiu 57.06 % uazluiu 15.07%
- TUsRudilaluldaen way laduidily
nanlulofiva
2 | mwdndemeldifioudu Ivpromsnausiuiuyavesinay | aeldnisgesaangveroms 3 e1¥indag | Sharma and Garg
anelaggesaaeigldifeumeniug | 1defifosdusznauves total  organic (2017)
Eisenia fetida carbon AU 48.25-23.54) Lag organic
matter (11U 83.18-40.68%
nszuaunsranuuulionna
3 NIINAR HANFIESYUU Anaerobic Percolation | @nsand@n PHA dnednsads 223 n¥u/ | Colombo et al. (2017)
Polyhydroxyalkanoate Biocell Reactor Yoz mnnilsilandy
(PHA)
4 | NMIHEANIALAARN HARGIENTlAIUAN NI ANUTUTUVRINTAKAARNAILTEUUMUY | Bonk et al. (2017)

Y

N NARBLLBY LATTEUULUUVADN WINNU
32, 16 wag 15 gCODLA/L suansiu
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A1519% 4-13 (f@)

BRIz ‘ YauInnssy

BGTARE

NANTTANLTEUIY

LONA1D1994

aszulaunsudnsuuliannid (sa)

5 nswanlalasiay Tansudnsinueswerenmskarnawe | hydrogen vyield qqqmﬁ 180 mLH,/gVS |  Silva et al (2017)
s0afidn1Iz mesophilic findwesoariudu 5 %

6 NSNARLEYUDA T¥vpadeussammogiomada two- | Wi 1000 nfuvesiwinuds udn 1o | Magyar et al (2017)
step process muoald 329 ¢ LeNuea 7 20% solids

loading

7 NSHAANTAAILNTEN Tegandin 10 dns Audas Ignsaalnsdndt 8 ke/L Chen et al (2017)

8 nsuannsndaien vinuuUsTUUASNE muaNgamadl 55 | anwnsandansadnfisnld 1055 ¢/ 71|  Stein et al (2017)
DI LTALT YA HRT 2 $u uaz 13.00 /L 91 HRT 6 u

9 ASHANENSIUNITTEEde | niinlussuukuuny Aoy 8 18 VFA iU 30,611 mg | BermUdez-Penabad

PGV COD/L §aUsznoudne acetic, propionic, et al (2017)

n-butyric wag i-valeric

10 A13KaR biohythane

AI8SEUY continuously stirred tank
reactor (CSTR) way anaerobic fixed
bed reactor (AFBR)

au15aWan biohydrogen yield Tusguu
CSTR wag methane yield Tusguu AFBR
WiNAU 115.2 (£5.3) L H,/kgVS added
WAy 334.7 (+18.6) L CH,/keCOD added

Yeshanew et al
(2017)

11 AN90NEAR Short-chain  fatty

acids

sensvinwuulsonia

@111350RAR short-chain fatty acids yield
Wiy 37.2. ¢/L

Zhao et al (2015)

€q
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adui FouTonssu B9 NANTSAL LY LONA1T91989
N32UUNITAIINSDU
12 | AsAsenvezeIMIIEIen ymssndeguvniuazanuiuves | AUszAnSaiwvenniien 90%  9gld | Tangetal (2017)
SOUNITIEDINALIAS Tovhil 159 °C uav 0.17 MPa e steam energy Way exergy increments
ALV 10% 194.92 uag 324.50 kJ/kg-FW suansu
13 | msudanszualiioe wWsheAuFeud gamgil 500 esm | vuzemns 1 Alandu wannszualiiinle | Opatokun et al. (2017)
ASEUIUATT Pyrolysis ERIGHG 0.020 kWh
14 | nSu@n biochar fe wdEANSouT 9o 500 B9FN 7 40% wewhdaunsaNER 100 ¢ of | Opatokun et al (2017)
AFLUIUNTT Pyrolysis \waLge digestate per kg biochar
NITUIUNITNNNIBAINRASLAL
15 | nsudalulediea Thifuneaudrfuaezemsiia w191 IURATeN 2.5 §alue agldl | Catarino et al (2017)
WARLTENES WY veenIn N9 LWaen yield vaslulofieail 96 %
VY uag NIeANdn] - yield wodlulefiwadl 60 % azldlduay
16 nsuannszualwin e | Mesguu microbial fuel cell anunsandanszialuiinla open circuit Sharma and Garg

Chlorella vulgaris

voltage, working voltage ey power
density gegail 260 mV, 170 mV uag
19151 mW syaau

(2016)

%)
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4.5 mawauuuaslunisiansvezannsegnedsdudmiunaaaavunalvgjvessumelne
4.5.1 19U slunsinnIsveg I sEmnsuRananvua nevesusemnealng
NHANIANYIIUAIUYDIAMENYUEUDIVEENINENNKAELAT an1unsalilagsUuuunIs

JAN15U8ZANLAYDINITVIRAINEATUIN IR Yol TEwAlng Lazn1snuniuwinnssulun1sdnnis

vezamIdmiuRanaaTlulssnALazaneUsmea shldanunsoaguameifaumanzanlui
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gﬂﬁ 4-9 SzuunamInkuy Continuous stirred-tank reactor (CSTR)
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Abstract

This research was to the option development for the food waste management of Large Fresh Markets of
Thailand: A Case Study of Central Fruit Market in Pathum Thani Province. The result showed that a pineapple jackfruit
and grapefruit shop was the primary process by cutting for food waste generation in this market. For food waste and
loss analysis, more than 390 kilogram/day of food waste was transform to disposal. Moreover, the physical and
chemical analysis of food waste characteristic presented the low heavy metal contamination and high potential of
utilization. Finally, the composting, biogas production and refuse derived fuel production was the potential option
and chance of utilization for food waste management of central fruit market by the brainstorming with market owner,
shop owner and research team.
Key Words: Food waste management; Large Fresh Market; Central Fruit Market
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Choice of Food Waste Management for a Large
Vegetable Market in Thailand

Weerawat Ounsaneha. Thunwadee Tachapattaworakul Suksaroj. and Cheerawit Rattanapan

Abstract— The food waste is the emerging issue from the
growing global population and hence a need to ensure
more food. The appropriate management of food waste
is of great importance to minimize environmental
burdens. For Thailand, 20 % of total solid waste
generation was the fresh market and the lack of food
waste management for vegetable market in Thailand is
presented, Hence, this research was to develop the choice
of food waste management for a large vegetable markets
in Thailand. The result showed that cabbage and lettuce
products were the primary process by cutting for food
waste generation in this market. For the owner food
waste management, these vegetable wastes were collected
by the private sector for fertilizer production and animal
feed. Moreover, the physical and
characteristics of food waste in this market were the high
potential utilization and were acceptable with Thai soil
quality standard for heavy metal contamination. Finally,
the fertilizer, biogas and refuse derived fuel productions
was the strong ability of utilization for food waste
management of large vegetable market by the
brainstorming with market owner, shop owner and
research team.

chemical

Index Terms— Food waste management, Large Fresh
Market, Large Vegetable Market, Thailand

I. INTRODUCTION

The important problem in both developed and
developing countries is the waste management issue.
Food wastes represents a significantly fraction of
municipal solid wastes [1]. One-third of the food
produced for human consumption is lost along the
food supply chain, which includes unconsumed food
that 1s discarded by food processing industries.
retailers. restaurants. and consumers[2]. is the single
largest component of the waste stream worldwide. The
wasting of food is the growing global population and
hence a need to ensure more food [3]. Climate and
environmental change will result in the increasingly
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unpredictable and difficult production of food in the
years to come. It’s a challenge to answer the question
of how to make food production more environment
friendly (sustainable) and more flexible to feed more
people more efficiently [4]. Hence. the appropriate
management of food waste is of great importance to
minimize environmental burdens.

Although food wastage occurs at all stages along the
food supply chain. later stages such as households and
the retail sector play a major role in industrialized
countries [5]. In Thailand. 20 % of total solid waste
generation was the fresh market and was the second
largest solid waste generator after households [5].
Scholz et al [6] reported that the average carbon
footprint per ton of food waste from the supermarket
store in Sweden was 1.6 t COse. Moreover. the fresh
fruit and vegetables were responsible for 85% of the
wasted mass, amounting to 74 t per store and year. The
option for food waste management of fruit market of
Thailand was developed by Puangkeaw et al [7]. The
lack of food waste management for vegetable market
in Thailand is presented.

Presently, number of technologies of food waste
management can transform composting and anaerobic
digestion to value-added nutrient products [8]. Only in
European country recommended the guidelines on
disposal technologies including reduce food waste.
redistribute. recycle. compost. recover energy and
landfill [9]. Hence. this research was to develop the
choice of food waste management for a large vegetable
market in Thailand. The value, physical and chemical
characteristic and food loss value of a large vegetable
market were determined for proposing the choice of
food waste management.

II. MATERIAL AND METHODS

A. Situation analvsis of a large vegetable market

A case study in this study 1s large vegetable market
in Thailand where located in the Ratchaburi province.
Various vegetable products were transported to the
trade show for cutting without rejection ex. leaves
outside of the cabbage etc. The vegetable product from
the cutting process was collected by the plastic box
before sale. The high volume of food waste from the
cutting process was found and managed by this
market.
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B. Food loss and waste value of a large vegetable
market
The generation of food waste in a large vegetable
market was conducted by interview. observation and
weighting in the market for three days. The values of
food loss and food waste in this market were identified
by record forms for proposing the choice of food waste
management in the next step.

C. Physical and chemical characteristic of food

waste

The vegetable waste from this market was systemic
sampled for the representative of original source for
determining the physical and chemical characteristics
of food waste. The detail of sampling was following:

1) The 1-2 m’ volume of vegetable waste was
sampled from the collector point in the
morning (9.00 am) and afternoon period (5.00
pm).

2) The food waste sample was plied and mixed
on the msulator.

3) The mixed food waste sample was separated in
four quarters and then was selected by two
quarters. The selected sample was plied for
homogeneous sample.

4) The quartering process was continuing to 10
kg of sample. The physical characteristics of
food waste sample including volume and
density was recorded.

5) The chemical characteristics of food waste
including moisture. total solid.
volatile solid. ash. carbon. hydrogen and heavy
metal values were analysis.

6) All analyses were carried out in duplicate
according to standard procedures [10].

D. Choice Development of food waste management
1.The information from all steps including situation
analysis of a large vegetable market. physical and
chemical characteristic of food waste and food loss
and waste value of a large vegetable market was
synthesis and developed for choice of food waste

management.
2. The brainstorming workshop with  the
environmental. market management. technology

management experts and market owner was conducted
for selecting and suggesting the potential choice of
food waste management. The selecting choice of food
waste management was studied the potential of
application in the next part of the research.

III. RESULT AND DISSCUSSION
A.  Situation of food loss and waste in a large
vegetable market

From the real survey in a large vegetable market
(Table 1). the vegetable production was transported at

the shop by various farmers and middle man. Ten tons
of vegetable productions per day were sold by eleven
whole sale shops in this market. The main vegetable
product in this market was cabbage and lettuce and
was from the northern part of Thailand. The fresh
vegetable product was cutting for removing the poor
quality during transportation and harvesting. Twenty
and twenty-five percents of production loss were found
in the cabbage and lettuce product. respectively. The
vegetable waste from this process was collected by the
private sector for fertilizer production and animal feed.
The characteristic of food waste and loss generation
are shown in Figure 1-2.

TABLE I: THE FOOD LOST AND WASTE IN
A LARGE VEGETABLE MARKET

. Total Total Food Loss
Vegetable
s Product waste Percentage
P (Kg/day)  (Kg/day) (%)
Cabbage 4,500 900 20
Lettuce 5.500 1.375 25

Fig 1 Characteristic of food waste generation in
a large vegetable market

ik N

M. L et
Fig.2 Characteristic of food loss generation
in a large vegetable market



B. Characteristic of food waste in a large vegetable

market

Table 2 presented the physical and chemical
character characteristic of food waste in a large
vegetable market. The results showed that the values
of density, moisture. volatile solid. ash. carbon.
hydrogen, and total solid were 154 kg/m’. 96 %,
23.46%, 74.62 %, 18.56 %. 18.56 % and 4.5 %.
respectively. For health metal values including
cadmium, chromium. lead, arsenic and zinc
contamination in the vegetable waste found that the
values of all health metal was acceptable with the soil
quality standard form Thai National Environmental
Committee [11]. Hence. the food waste of this market
should be applied for fertilizer and biogas production.

TABLE 2: CHARACTERISTIC OF FOOD WASTE
IN A LARGE VEGETABLE MARKET

Parameters Values
Density (kg/’m"’) 154
Moisture (%) 96
Volatile solid (%) 23.46
Ash (%) 74.62
Carbon (%) 18.56
Hydrogen (%) 18.56
Total solid (%) 4.5
Heavy metal (mg/kg)

- cadmium 9.12
- Chromium 16.91
- Lead 12.30
- Arsenic 18.90
- Zinc 13.20

C. Choice of food waste management in a large
vegetable market

From the result of situation analysis of a large
vegetable market, physical and chemical characteristic
of food waste and food loss and waste value of a large
vegetable market with the recommendation of
guidelines on disposal technologies from European
country [2] and the brainstorming with environmental.
market management. technology management experts
and market owner was proposed the three choices of
waste management in a large vegetable market
following:

1) Fertilizer production: the finding of high carbon
value (> 8 %) in this food waste was strongly enough
for material of soil amendment. In additional. the
heavy metal contamination of this food waste was low
value. Hence. the potential of this choice was high
performance with low cost operation [12].

2) Biogas production: the potential choice of
food waste management with biogas production in this
waste was high performance with the high carbon
value for biodegradation to energy production [13].

However. the issue of operation cost and
environmental impact were concerned.

3) Refuse Derived Fuel (RDF) production: this
choice is the novel model of food waste management
for energy production. The improvement process of
food waste from solid waste to heat energy was found
in this choice [14]. The food waste in this market was
transported to the private company. However. the
waste collection system and transportation was
generated for this choice support.

IV. CONCLUSION

This research was to develop the choice of food
waste management for a large vegetable market in
Thailand. The result showed that the main of vegetable
product for the cutting process was cabbage and lettuce.
For the food and food waste found that vegetable waste
from this process was collected by the private sector for
fertilizer production and animal feed. Moreover. the
physical and chemical characteristics of food waste in
this market were the high potential of application and
were acceptable with the soil quality standard in the
issue of heavy metal contamination. Finally. the
fertilizer, biogas and refuse derived fuel productions
were the high ability approach in the real situation for
food waste management of vegetable market. However,
this finding was the preliminary study of food waste
management in this market. The advanced analysis in
the cost operation and environmental impact should be
concerned.

ACKNOWLEDGMENT
This research was supported by The Thailand
Research  Fund  (contract reference  number
SRI16020205).
REFERENCES

[1] T.P.T. Pham R Kaushik, G K. Parshetti, R. Mahmood, and R.
Balasubramanian, “Food waste-to-energy conversion
technologies:current status and future directions,” Waste
Management, Vol. 38, pp. 399408, 2015.

[2]1 H. Huang, V. Singh, and N. Qureshi, “Butanol production from
food waste: a novel process for producing sustainable energy
and reducing 3 environmental pollution,” Biotechnology for
Biofuels, Vol. 8, pp. 147, 2015.

[3] J.C. Buzby, and J. Hyman, “Total and per capita value of food
loss in the Umited States,” Food Policy, Vol. 37, pp. 561-570,
2012.

[4] T. Garnett, “Food sustamability: problems, perspectives and
solutions,” Proceedings of the Nutrition Seciety, Vol. 72, pp.
29-39, 2013.

[5]J. Gustavsson, C. Cederberg, U. Sonesson, R. Van Otterdijk,
and A. Meybeck, A, Global Food Losses and Food Waste.

Extent, Causes and Prevention. Swedish Institute for Food and
Biotechnology (SIK), Gothenburg (Sweden), and FAO Rome
(Italy), 2011

[6] K. Scholz, M. Enksson, and I. Stnnd I, Carbon footprint of

et food waste Resources. Conservation and
Recycling, Vol. 94, pp. 56-65,.2015

92



[7] R. Puangkeaw, C. Rattanapan, and W. Ounsaneha, “Option for
Food Waste Management of Large Fresh Markets of Thailand:
A Case Study of Central Fruit Market m Pathum Tham
Province,” The 6th Academic Science and Technology

Conference, pp.553-558, 2018.

[8] A. Bernstad, and J. la Cour Jansen. “Review of comparative
LCAs of food waste management systems e current status and
potential improvements,” Waste Management, Vol. 32, pp.
2439-2455, 2012.

[9]1 EC, “Proposal for a Directive of the European Parliament and
of the Council Amending Directives 2008/98/EC on Waste",
94/62/EC on Packaging and Packaging Waste, 1999/31/EC on
the Landfill of Waste, 2000/53/EC on End-of-lifeVehicles,
2006/66/EC on Batteries and Accumulators and Waste Batteries
and Accumulators, and 2012/19/EU on Waste Electrical and
Electronic Equipment, 2014.

[10] APHA. “Standard Methods for the Examination of Water and
Wastewater”, 21s Edition, American Public Health
Association/American Water Works Association/Water

Environment Federation, Washington DC, 2005.

[11] Tha: National Environmental Commuttee , “Soil Quality
Standard,” Royal Tha1 Government Gazette, 2004.

[12] K. Sharma, and VK. Garg, “Management of food and
vegetable processing waste spiked with buffalo waste using
earthworms (Eisenia fetida),” Environmental Science and

Pollution Research, Vol. 24, pp. 7829-7836, 2017.

[13] A. Sharp, and J. Sang-Arun, “4 Guide for Sustainable Urban

Organic Waste Management in Thailand: Combining Food,
Energy, and Climate Co-Benefits, "Japan: Institute for Global
Environmental Strategies, 2012.

[14] S.A. Opatokun, A M. Lopez-Sabiron, G. Ferreira, and V.
Strezov, “Life Cycle Analysis of Energy Production from
Food Waste through Anaerobic Digestion, Pyrolysis and
Integrated Energy System,” Sustainability, Vol. 9, pp. 1804,
2017.

93



	1.ปก
	2.บทสรุปผู้บริหาร
	3.บทคัดย่อ
	4.สารบัญ
	5.บทที่ 1
	6.บทที่ 2
	7.บทที่ 3
	8.บทที่ 4
	9. บทที่ 5
	10.เอกสารอ้างอิง
	11.ภาคผนวก

