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Abstract

This research aims to develop an integrated framework and a web-based
Decision Support System (DSS), namely “EcoRanker,” for construction waste
management by integrating sustainability principles with Multi-Criteria Decision
Analysis (MCDA) techniques. The proposed framework was designed to support
systematic, transparent, and evidence-based decision-making under complex and
multidimensional evaluation conditions.

The research methodology was developed using an integrated approach that
combined Quality Function Deployment (QFD), Fuzzy Analytic Hierarchy Process
(FAHP), and the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)
with Geographic Information System (GIS)-based spatial data. QFD was employed to
convert 15 user requirements into 12 technical characteristics of the system. FAHP
was applied to determine the default weights of eight evaluation criteria. The
weighting analysis revealed that carbon dioxide (CO,) emissions received the highest
priority weight (0.2087), followed by the final quality of waste management outcomes
(0.1644) and transportation fuel consumption (0.1455). TOPSIS was subsequently
utilized to evaluate and rank construction waste management operators.

Environmental indicators, including CO, emissions and fuel consumption, were



quantitatively assessed based on transportation distances derived from spatial
analysis.

The EcoRanker DSS was developed to support real-time decision-making
through a web platform consisting of a data management subsystem, a model
management subsystem, a knowledge management subsystem, and a user interface
subsystem. Model verification was conducted through comparison with Microsoft
Excel calculations. The results demonstrated complete consistency in TOPSIS outputs
across all alternatives, with no computational discrepancy detected (Error = 0.0000%)
and 100% agreement in ranking results.

The system was evaluated by 12 experts, and the overall assessment
indicated a very high level of appropriateness (X = 4.31, SD = 0.72). User satisfaction
evaluation revealed an overall Satisfaction Index (SI) of 87.00%, reflecting the highest
level of user acceptance. In addition, accessibility assessment using the WAVE
evaluation tool reported no accessibility errors and achieved an AIM score of 10.0.
System performance evaluation using Google PageSpeed Insights showed a
Performance score of 96 and a Best Practices score of 100.

The findings demonstrated that the EcoRanker DSS can effectively integrate
multidimensional decision-making across economic, environmental, social, and
technical dimensions in a systematic, transparent, and verifiable manner.
Furthermore, the proposed framework can support the implementation of circular
economy principles in construction waste management, particularly within the

context of developing countries.

Keywords : Construction Waste Management, Decision Support System (DSS), Multi-Criteria
Decision Analysis (MCDA), QFD-FAHP-TOPSIS, Circular Economy
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1.2.3 ioaunagUszgndlinseunsdndulanuuvarvdninasiamiunsussiii
wazdndududusenaunisinnisvendeainnisneasedraduszuy WWssdla
waznsaaeule
1.2.4 i oosnuuulaziaunsruvatuayumsindulavuiviiannsoysannis
Tnssadranast wuudiassdannden wagismsdadulaliluszuuifion e
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1.3 YaulwAN1TANEN

el fmusveuavesmsfnwiiieliaenndosiutag Uszasdlunisiaun
wazUszgndldszuvatvayunsdeduladmsunisdadenyusznaunisdnnisveadsain
nsnleadne TnsveuiunvasnsAnugniualunatefa tiun dudom duflufines
U3unveansfing AuAEns uasdiuszuy MiseasBendelud

Tusuilon mafeihjatumsussduasdndondUsznaunisdanisveadsain
nsneains lnsiansanveadelunguianneasne (building material waste) ALAn91A
Tassmsneaiisenns lnglamzveadefianunsninduanldlmiviosludald Wy veads

Usgianaounin el nsUssidiuandunisaneldinueifiaseunqu 4 davan laun



fulasegha sudaneden smudiau uazdmuneda Welimsdadulafinrmseuduuas
aonndesfulLIARNITALDE198BY

Tugufiufiuaguiunresnsdinu suidesaduuiunvesgramnssuneadidly
Jszalne TaglawiziiufingumamuasuazUsuama sndeiuilndifsswodasenisg
neads Fadufuinfnstaunlasnisieadised 1o swazduiumvendenn
msneaiisluszdugs msdnwiendedeyatazanudniuaingidvrvguasdduls

drudeluanavnssunoainelne FanTounguNINquUR ok Uy JRAWIlATINAG §SUmun

Y

a o 1

NAnTanneasne warkUsEnauN1sInnIsvedy ielladeyanasviewusunnisldnuai

ey

naeAIslgananTIY

luAuisn1saideyssyndlduuiAnnisandulanuunatendninne (MCDA) Live

]
v v o =

Tglunsusediukazdnduduusenounisdanisveads tnesatdun1sysanisinsesied
y X
i

anusnazviounudAgveunusinazaulndidgsiunIudeniiningauian v
FEALBEAYDINTZUIUNTT DM wawtaselonldlumideasinausluuni 3
lududwiedey ideimuareulwnnisuseidiuransenuisindeulvegly
sEAUN a5 TUSIale Tney wdunansenuanianssun1seudsveadsainnis
oasrudunan lnaldiddn lawn Usunanisuaesieesusulasenles wazusununisly
& a = o v a = = = o Y
Weands FadnlddunaeilunsussdivuasidSouiisunadonvesUsenaun1sinnisg
a
yLNEH
Yo AuUTTINNAUNTALUIIUITBTATRUARUNIVRLFETLANAINIIULATIAT S
(Structural Concrete Waste) 431 L& AU WY §IUIN LAZIUI000UlATIAT1e 57009904
denlilvesAusznaulassaing (Non-Structural Concrete Waste) kU NIABUNTH N19A

wruiiud 593U wazdanpeunindruiuainfanssunisieasnawaznisuiuuenans

v o g
1.4 U2NMNRUALUDINU
av A vo P & v A v &
NITedlenrundannatlaadu wieldidunsevlunisemuauveulnuazaly
#11LENRVRINITIATIEN ARDAUNB NI THAILILUUTIARWAE ST UVaTUaYUN1Sinaula
I 1 aa d'e./ i [y a a [ 1 dy
WWulvagrafifiemanitaauwazaonnaodnu tnglisieasdennasaldil
1. 5Ll UNITVUEIUDLALINNANTABAS NANUALAYD 19D I9INTLUU KUY
favia wazldidua1funuYeIszeEn199slunITATUINNANTENUA 1Y

AwInany



nsUszidunisUassiigmiounsyanldailadenisuaes (Emission Factor)
aruAunsgud i ud sensuluseduananIeseduuszing i olviua
msrumafianudefeuazanunsathluwSeuiiauld
Animinveunasnsiaduladiliainnsruaunisardudumddnses
AIUARULASE Fuzzy Analytic Hierarchy Process (FAHP) iwunlifidusii
wif N3 udu (Default Weights) ve953uU Tasd a3 1@ 11507 auss iy
auddnesnasinunasidavesiiomgldesnamngay

N15UH I UNANTZNUA LA WA DU T ATO UM NITAINTTUNITUUES
Youdua1nn1soadns (Transportation Stage) Inefia15aiaT md a3
¥ud YSsnansudesfemsuoulneenlafuazusinamsididemas
wuusiaesmsdnaulawarsvuvatuayunsiadulafivannusatiunsldeu
lusgAulasanis (Project-level) wazlinseungunisinsiesituseauulouny

YMIDTLAUNNNA

1.5 duufgu

NuITed i unsiTed WA ILUUTIaRarsy Uy (Model and System

Development Research) lagsjstuniseaniuusaginiuiasasdaativayunisdndula

o luldeulaasduniunvesgnamnssuneaing enanuuerenuile

unsiaunesosdiolsUssynd Idildmmunaunfignudadfluguuuuniadu (Statistical

Hypothesis Testing) WAl UUINIINTUTELHUNALUUDIATIM (Comprehensive Evaluation)

FUsznoUnIe

1.
2.
3.
a.

mimmaaummQﬂé’faaﬁumlmqa%ﬁﬂLLU‘UfSwam (Model Validity)
NSUTEEIUANANMAAUNAVRINAANS (Result Plausibility)
nsUszIuAMNEINIalUNTITUTE9TE UL (System Usability)

ANSUTLLIUUTEEANS N NUD9I5EUU (Performance Test)

il Msvszifiudainanendeanufnniuvaindidernguazgidiuladiuds

W T UTUA MU ANVBITEUUTUUSUNNIS T 9IURS



1.6 QeUANITILANIZ

ﬂiSU’JumiﬁﬂﬁU%‘u@ﬁLﬂi?%ﬁﬂ’ﬂuﬂqmﬂ%@LLUU‘W%% (Fuzzy Analytic Hierarchy
Process; FAHP) e nszurunisaduduidsiiasesiniuaguaiofildlu nsdmuad
dmdnvennasinisinaula lagendenisieuiisuluueg (pairwise comparison) Aelél
aslliiuueuvestoyaangidoanisy

miﬂizm'&mﬁﬂﬁmﬂﬂmmw (Quality Function Deployment; QFD) f® w5 asile
lun1sudasmudeanisveddiuladiuide (Customer Requirements: CRs) tuidu
dnuaidanaia (Technical Characteristics: TCs) igldlunisosnuuuuasiauszuuT
donnfosiuANUABINI SRR LTI

N139MBUAY (Ranking) A NSEUIUNITITUNAIAUAMUMANIZAUVDINILGBN LAY
ﬁmﬁmmﬂﬁ’]mqﬂﬂé’ﬁmﬁumaLﬁaﬂﬁaﬁqmmm‘i‘% TOPSIS

n1sandulanuunansinmel (Multi-Criteria Decision Analysis; MCDA) Aig W2
nansandulaiildinasivaredulunisussfiusasilioudisumaden elilduadnsd
WaNzanTian

yeaudBaInnsieaina (Construction Waste) A Sanuiondnfasinifosnisvuds
Mnanuiineaimieldid uuoninieaninguszasdianizyeslasinis ilesanaiy
Eeowe drudunielulald wisliawnsaldls wazarnmsldufiRnudeiwuanieduna
WaoylAIINNTZUIUNITNDAT

AINUABINITVBINAT (Customer Requirements; CRs) fiB AIUABINITNIBAIY
maviaveiidulddndsiiistesiunsinnisveadsnnnsnoain dsgniunldidu
Hoyadesulunsiaunnasinisdadula

AT R vDINadnS (Result Validity) Ai® AIULANILENYDINAANGINNTZUY
atfuayumsindulaaenndesiunasiidavesiifervsy uararunsadluldusznounis
Anaulalaluuiunass

Aruuinvenmel (Criteria Weights) Al Aruiviinueinmel fuansdesziu
audfvetavnaeiiunsinduls Jsldunannszuiunmsinsievidne FAHP

AuanYgnIamAlla (Technical Characteristics; TCs) Aip fuUsuIoRUaN oY
L%awmﬁﬂmaqszuuﬁgﬂﬁmumﬁuLﬁ'emauauawfammé’aamimm@% wazldlunisasng

LUUINARINISFnaule
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NN (Alternatives) A @K UIZNDUNITIANITVBAALIINNIINDATN NN
uUSeufigulazinsudunelassuvativayumsindula

wallan1sdInaauaNuveulngdruaseafsiuAmauanuAf (Technique for
Order Preference by Similarity to Ideal Solution; TOPSIS) fia 38n159nduduNINdaniag
a Y o Y] a Aaa . . | N A a
fsananulnalAgaiunuieniiaign (ideal solution) LagANNMIAININLGDNTNUETA
(negative ideal solution)

sruvatuayunisindula (Decision Support System) e Ldumamsiwisnias
LWsunsungrelunisdndulanesiunsuimsianis n1ssiuniudeya n153Aseideya

Y v v v ¢ & ) ~ v aa ! v v
waznsaseiLuududeunelaweduisiiediu iewiUymndanugsnduden

sruvaduayunisindulatcoRanker (EcoRanker DSS) A9 s¥UUANUAYUNNT
andulaluguuuuivseundnduniauduluanideld weldlunisussiivuasdndudu
HUszneunsianisveddsannisneasne lnvedeuuiaanmsdndulauuunatevaninas

WAswgRavy ey (Circular Economy) A9 S¥UULAITEINAYUREUNINEDITEUUN
~ ° ) | v Y a v a a A & a I3
finsdminensineg anldemseldlviuse@nsamd W wazvezavgnuusivagudy
NSNYINTAMSUNSRARLALLANLaz I NaUN LY

9MA1MNITUN DAY (Construction Industry) e @191N1SHEAKAZNITA N3
neas19e1A13 N15UN395NYT Larn1sgouurulasasne B99IufanITYARILLAENTENTIUS
P o
MUUVDILY

qmammiumidaa%’wmmi (Building Industry) @A AALATEFNT Ausznausig

nNUIENinetedunisneaine

1.7 NSOUKUIAANTTIAY (Research Framework)

¥
=]

NSOULUIAANISITEN Q NWAIUIT UL DAL ATIAS 1ILATAIA UAINUAUNUS

Y

Y8994AUTENOUNANTUUITE Tngd Al UnN1TYTUINITOIAAIUI A ULATYFA ML WY

ANSINNITVBIALIINNITABAIII 15 N15ANAULILUUNAIYNANLNEUN haLNALUlagSEUY

[y 1

advanumsindulavwiudilineiuegiuluszuy visil nseuwwiAndnangnesniuy

(% [%
(Y |

laenadoiiuingUszainn1sITe9edusen1s wasagyounIsuIUNITRNAUINIUITLA UM
nsmuanaEinisUsediuldauisnsiilugnisyssendldauaidusuuuussuudia
1ASIAT19URINTOULWIAANITITUANITARAAIAIAUNTEUIUNTHAIUUITBAUANTTEY

ANARINIsvesduladiuds nisiawilassadranmeinisdaduls nsiufgTa



AuAwInge N13asIuuIIaeInIsandula waznsiauissuvatvayunsandula

d' ) 1 v 6 v v v A 1 [d [ A o &
L‘WQUWIﬂEﬂNaaWﬁﬂﬁi‘ﬂ(ﬂBUQU‘W’NLﬁ@ﬂEJEJ’NLUui%UU@ﬂLLﬁ@@IUﬂ’]WV} 1.1 »u

AURBINTveduleddy (Stakeholder Needs)

l

5¥89 1 ML lassasanaeinisanaula (Criteria Structuring)

J

Qj' LY 0 dyv a v a 2
FTULY 2 NINAIUINIVINAILLINADULTIUSU8U

(Environmental Quantification)

l

S3E¥ 3 MINAUILUUTIaRIN3AndUla (Decision Model Development)

l

seeE 4 MINauIsEULatuayunsinduls

(Decision Support System Development)

l

nan1sdndulanazn1sindudunauden(Decision Output and Ranking Results)

AN 1.1 NSBULLIAANITIFEVBITZUU EcoRanker DSS

szed 1 nswaunlassadranaeinisdndula (Criteria Structuring)

Tuspeed sadumstauinasinisssdiugusenounisdanisvondsain
nsneans Tnendenisseydddrulddiudediioades uaznissrusinnudeanis
flagiiouynsowuATygRa Auandon deu wazmala 1ntuivihnisulasaudesnis
fsnamluginasinsussdiuiilassairstaay Wuszuu wazannsadlUldlunszuiums
dndulaldogaivszaninm Ganszurumsdsnandiunumddnlunsisingiuresszuy
n1sUseidly uavaenpaesiuingUszasAvaimsIdslunsiaulasiasisunaeinisdadula

Ao =
NUAMULUUSTUU
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[

SEELN 2 NSNAUINITINFIWINaaUTIUSUI (Environmental

Quantification)

(%
1

= v Y] sy a v N, a |a = °
5383‘1434\11,1414?]'13‘1/\1@]”'1Lﬂm‘mﬂq‘UﬁQLL?@@@@JIM@%I‘UEULL‘UULsﬁﬂﬂiﬂqmwa']ll'ﬁﬂu’]lﬂ

Aurnnazilssuisulaegradussuu lngldanudiaydudad Taf asvieunanssnu

AINAINTTUNITVUAIVBILALIINANTNBASII 9717 NSUABYNAIBLIDUNTLANLAL AT LINA I

o

Fadutiedudfniifnaderudsduluningramnssunoaiis st Taludnune
fananteliaansoysannsiisudunadendgnszuiunmsdaaulalfedadusussa
waratuayunsUssiumadenuuiiuguvesdeyadaiinadificnudaauesasaaoy
I¢f Sumenadesfiuinguszasdvesmsidelunsianninamisudaundoudsusina
s20d 3 NsWALIKUUSIaaen15Anaula (Decision Model Development)
Tusgosd daduniswauiuuudiaesnisdadulad ausoysmuinisinus
nMstssfiunanefsmfuaimidnvesusazinme Weldlunmauisudisuuasdnsudy
mudeneginduszuy wuudaesdinagnesnwuulifimulussla awnsonsiaaeula
wazavsioudnwazawlduyusulunisdndulave s ¥ vavigy Feiunumdrdgly
nsatuayumsindulafifingrauasdarnindeie matanwuuseedudnuaeidielf
asaUssidiumadentaegraluszuunelduiunvemaneinasindouiu wazdonnaes
fuinguszasdransidslunmsiawiwuudiassnsdeduladmsunisinduduniuden
seusdi 4 n1sWauszuualuayun1sandula (Decision Support System
Development)
syoggaiefunisysannisesduszneutsmund fmun udngssuvatuayu
nsandulaluguuuuadna lneszuugnesnuuulvaiunsasessumsdeudayaanng ldau
msUszananateyanuuuudassnsindule uaznmsuanssadwslusuuuuiidlaineuas
anusaldmeuld nmsimuszuUludnarifiunumadglunmsdenlosesdaruiidamned
Tgmsuszgndldauaiduningaamnisy wagdreuuszansnmlumsdndulaves
Fl¥uniglduiunvesnisinnisveadsainnisneains dsaenadosiuinguszasdves

nsvlumsiawsyuvativayunsindulaniaunsadnluldnulaass
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1.8 Usglavuinaninazlasu

[
=] I

nuIfellandngnelviinUsslovtluddvins Wamnssukarn1sussendld

Y A

U PADAIUAUFIINFBULALANUEITY Tnga1unsaasuielanadl

1.8.1 AMUIVINT
iteiifdmaelumsitmussdanuidunsdadulawuunanevdninusily
U3UNT0IN159AN1598 0 E81NN19N0a5 19 1B U LAUDNTOULUIAALATLUUTIADY
msdadulanuuysannsiamsaidenlesnnudosnisvesiidulddnudedrfuinusi
nsUssdiudessuuldegnailaseatne uenaind dudunsversesdaiuidiuszuy
atfuayumsdadulaluguuuuddva deenansasesfumsiinnesiteyavanelifuazdely

nsdnaulatianuduszuu Widla wazasaaulauindadu

1.8.2 AUIANITINLALNITUHUA
lugadAingsy mu%’aﬁfﬁﬂﬂﬁmiﬁmmm%aﬁaaﬁ’uauumié}’mﬁﬂaﬁmmm
THuldatsluuiumesgpamnssudeatns lasszuuiiiauniuaunsosesiunistioudoya
nsUsEInana waznsuansradnslugunuuiiiinladne el ddiuAeides iu

14 vV

Hnoad1e ginuilaTins wazduinis awnsadndulaidienduszneunisdanisveadela

e

Y

a

a8n9diUszansSnm anmnulduwdusulunisanauls wagiiumNu s uluNaans A Le

1.8.3 fudawandenuazanuddy
Tusuianndon swidelifdmaduayunsassansznuannsdanisveadean
n1snease laglanignisannisuaesiiwsaunszanuasn1sidnineinseg 19yl
UszAniniw uonand Sednaiuuuimanisdanisvonfeaundniasugianyuioy
TagatiuayunmsidenuumisiazgUszneunsiiiussansnmidsdaandon Fahlugnisld

ningnsegaAuAarnIHAUNGEulusTeze 1

1.8.4 AuUUlgUILLAZNITIUARBUTEAUUSLNA
mAdeldfnsamlunsatiuayunsimuauleuiguaznisindulaluseduesing
LALIEAUUSLIA TAERNIZNITENTEAUSEUUNISINNISVBLASANNNNSNRAS19 M danAaRINU

Wananevesdszmalnelunisysgainulunalanianisveu (Carbon Neutrality) was
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nsudesfmiounszananiiduque (Net Zero Emissions) nsoululAnuazLas oaile
fitmunduannsalfiduuuamedmiuniisnunessuazesdnsunasesauriesduly
mstmusnasinsdaideniuszneumsiianulusda 1Wussuu wazaenndesiundnnns
funfidadu

uananil szuu DSS frannsnauilugnalnatuayuduloveiiiogdlalsy
reliAnveadsannisnoairadgsruunsianisveadeededsdu Tnsteyauaznanis
Jspdunnszuuoagnlfidudunilwesnasimssaifiuduauandon medndodaied

Wen niensduasugusznounsnduwiluanuasugianyulisuwaznsaningsou

1.8.5 ﬁﬂuﬂﬁigimﬂﬂﬂiﬂﬁﬂﬂﬁigﬂLL'Jﬂ’SEJ&I F9AN warssINIAUIEA (ESG) uaz
ASUSUISINNITAISUDY
miTeilSatuayunsuszgndldumndaduawinden danu uarssanivia
(Environmental, Social, and Governance: ESG) lunpgnainnssuneasne agy el
Fildrudedesanunsadunusisnu 56 Wl lunsussfiunazdnideniuszneunsis
ag1ndusussy uenang e‘]’ammsaLéﬁ'aaﬂmﬁuummqmﬁﬂizLﬁuﬂw§uauv§mw§uﬁ
YDIDIANILATHANN NN ANUNTOUYBIBIANITUSUITIANITANLLIOUNTLAN (BIANTITUNIYL)
(TGO) & rnensziunisindulaliasiaunansenusud windeuluidansvou uas

gonannaafukliuNsiLIeRnsgaudsiuluseavaina



Ui 2

av o d 174
LR@NANILASITUIIYNLNYIVDY

a ad A v
2.1 LL‘IJ'JﬂﬂLLﬂSVIi]T?}QVILﬂEJ'HIEN
2.1.1 USunva9vaLdenaadne (CDW Context)

gaamnssuneas i lunidsdunalndidglunisturdounsimuiasegiaas

9 o
1%

TassafsiluguvesUszina egralsfinm AanssuiliAsadesiunisneadns msuduuss uas
n133 onaueraranaliifinvendeainnisneadianagnisi enau (Construction and
Demolition Waste: COW) lud3unaigs dsldsunisensuindunislunszuavondeiis
Usinanniigalusedulan Taslunanedsuima COW fldndugedsussanuienay 30-40
voswasdevionun [25) wardunltufivtuesudeidesmunsueeivendouasAanssy
NMAUATYIND [26]

AT UTUVDI COW daNansenunodaninaoulunansid ian1sianunlenau

'
a

PANTU NSIENSNEINTETIUVFHBE19FWUFDY karNISUAREABEUNTLININNNTLUIUNIT
[ a 5 1 = I3 1 o o I 4 '
Jan1sveads Tnsanzlutunaunisvuds Faduwrasdfguesnisvassasveulaeanlen
NS amaneada [27]

Tussdusznauves COW Tanaauniniotdudadiundn iosnduianiildiu
98190 nIraneluIuneaielaATIas LY WY 91A15 AU wazasNIU daNalvilinLAy
ABUNIALUNNYIIBI9ITLATING AauAnIInoas e n1sUTudss laudanisTonsu (28]

I < a a a o ) [ A [~ [

ag4lsiny veadempunindidnanngslunisinduanldlmivsewdssuiduiagmaunu
WU WaTINARUNIAS MLAR (Recycled Concrete Aggregate: RCA) 9anunsnaisannsha
NINeINIITINYRLazanUSINMeudsidesiluidnlaeg1eiidedfny [29]
w1z iNINFNIUNITINNTS COW Aannuiane Wi nnsuinauuntslu (Reuse)

a

N33 laLAa (Recycle) waznisilsnau (Landfill) uanisdndulaideniuinisimngaulunig

Uuageasdanududon tlesandesiarsandadenatedasiudu lauwn dunu

'
a

ANSANIUINU TLULNIVUALALIAFFRNE NANTETNUAUFIINADY NITUDUTUVDIFIAN AL

L% sal o

Anudululdmanaiia fetlademantddndanuduiusidudoutazanatandany vinln

msenaulaliausaendeinasivileanudenls [30]
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Tuusunaeslszwmalng n1sdanis COW Sundgyiutedndanaisusenis @y
mimmzw%’aaﬂaﬁLﬂummgm nstaduldnguanendilinseungu wazn1svinnsodle
aﬁfuawﬂWiﬁmﬁu%ﬁmmiagimmﬁaga‘ma183’3@15{@EJ'NLfJuizUU danalvnnsanaulalu
sgAUlATINISNaas19TNaAeUsEAUNI TN BNISRAITUIT WAL UINAIINITILATIZY LT

~ v aa & A ¥ v
syuuRaunsnasoulavasnnudstiulneg1easudiu [31]

UONINT IINANTNUNIUITTUNTIUNUI Y 1wl dedrulug IiarnudAgiv

= aa Y] = | = P \ = a ~
A15.88NINIANITVIWEY LTU N15USHULTMBUTENININITS kL AaWAENNSEINAY Ve
Useiiu n1sidengusznaun1sdnnisvesds (Waste Operator Selection) Faluaniunisal
mAnvuatdluszaulasinsneaie ndulasuanuaulareutedin Mengusenaunisusiay
sgonlanuwandiuegitedAglududuyu Ussaniamenudsindou walulad
wagAngAIWlLNNSIAUS NS

ALY LNBENTEAUUTEANT A NLALAIINEITUVDINITIANITVDWFLANNNITADAS 1
lngamzvandsnsunin Jadanudndulunmsimuinuimataziaiosiefannsoatuayy
msenaulawuunateLnua LLazmmmgimmﬁa%aﬁLﬁm%ﬂwmsﬁméfaéwL‘fluizw

o w o o

FahlugnsiasanwnAniassgiavyuieuluidennly lugugnseunwifndAgydmng

o

ANSIANITNSNYINT WAL VDU DEN9E 98U

2.1.2 1As¥gnanywIsy (Circular Economy)

WUIAALATYEA Ay U B (Circular Economy : CE) laSun1swauiwaveausy
sgnnfravnslugiugnsounnandfgylunsianimineinsuazveadeesiedsdu Tned
Wwsglunsannsldninenslng aansiinveads wasinuszadnsamlunisld
ninensunsmyuisuianlussuuasvsialienuiuian [32]

nénnsdduenasugiavuiieulsenousenssenuuuiioanve s dodausdy
yne madnwyadesTaguazadndasilioglussuy uagnsiunszuusTnA Sunneng

v v

MNNUUIANATYEATUEY (Linear Economy) AilsinmdAyiuguuuy mstm$ne1ns
14 nsudn waznisne denelidiAanisldnsweanses 198 uudesuaznisasan
vosvoudsludandon [33]

luuSunvenaInnssuneas e wulfn CE Junumdidglunisduaiunisly
ynnensogediuszAniam lasimgnisdanisveadeninniseainwaznsionsu 39
annsaiTannduanldlvg Sluda viowlsguiludanneunu wu wiasiuaeunissleifa

(Recycled Concrete Aggregate: RCA) itnauinlglusnuneas1slud nsaniun1saiinan
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liifieshsanUBinuesdeiideniluilnay uidmisanmudesnslininenssssund
LavaanansEnusuAadeslunwg I [34]

ag13lsfimu udiduuafa CE aglasunisadvayuludulevisuaziddvinig
981911997319 winsuhluuseenaldluseaulJuRdemandgyiuanuynnenaleusenis
Tasiamzlunaneaine deflmnududouveniislegunu gidwlddmdenateine uay
Todriasuteyaiisnduienisdndula dwwalinisndonuuimenisinnisveadenio
madeniusznaunisiiaenadesiundnns CE Sslalanunsaduiunisldesnaiussansam
Tunanansal [35-37]

wonand nsdudunIsniundn \AswgN ANy uIgy (Circular Economy: CE)
Suduseserdunszurunsindulafianunsafiarsaniafevaneifisantu filudm wsugia
Fawindon diny wazmada eswnudazifduiunumddydeuseansnmuarainy
Fefuresszuunsdanmaninensuazrends tnetifomadindanuduiusidedo uuas
pafnnudnudiseniniulunssuaumsdndula vilvliaunsoliBnsdeduladaufen
eiognamunzau [38, 39]

Fatiu mMsfulndeunnAniasugiavyuisulunianeains Tasamgluuunves
msdanis cow Fsdndudesodeindesileatuayunsdndulaiannsaysannisteya
vanedifuwasieligldwlddundvansousadiusaziSoudisumadensng 4 legraduy
szuu Wssla wazasieaeuld dniluganudndulunsussgndldinaiansdadulanuy

VAN WNBTRITUANUTUTDUMINATUNSEUIUNSFnaUlR

2.1.3 fifmnugedunazinaainisanaula
nsandulasiunisdnnisvendsainnisneasrtudulsziaui daududau

dl' Q{' ¥ % U $4 Ql'z-:{ U %} & O U ¥V U a wva
o eatesduladenarsn1uidaudunus dukare1ataud aiuluniau] us
ludrazifudunulunisadusu nanssnunodwInaon N158ousUTRIdIAL wag

& [P A v g a O A e ° v & &
anudululdidanata ddewnil wuifnaugduigniianldidunseunugiuly
ANSAUUALNUINITARAUTY W alinIsUSE I UNIBERNEINNSads N aUAI ULz Al LA
9Y1TOUMUATANAANINTY [40]

Tne9ll UITEAIU N15IRNNSYRREEwaLN1SARaUlakUUNAIELNE 1TNB19D4
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o v ! a aaa

AANUTIEUNGN 4 AU oA TRLATESNY DRdaInaoy ARdry wazdfmada F9sunu

ES]

)

v <~

geNoU AUMUIEANTDINILA BNt UAINTIN N1stEnseunisUsEIdufInaglelinig

Ansed WiddnegieslAlaifivis udarunsaiarsan nsuandsuseninedonuas
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Jodinvestadenig q loegradusyuu uwavaenmdedu wulAnN1SRRILIDE 198 98y
lasunsyeusuogunIay [41]

ca o o

lufifAswgia inanndngniiunldlunsussdiunertesiuauyunisaniduay

PNALAATYEMAnS wagenlddefifeitestunsvudiazmsdnnisveade dady
Jadudrfysensdndulalusziulassng lnsemzluuuniginduladeadennaden
fannsosdunslssianelidediinfusulssann
Tufifdawnden nsussduingudunansgnuiiinainnisdanisveads 1wy
msUsesimdounszan mslindanu nslininenssssund uasnansznuseduinden

Tunnsiu leedldddarudragyed19dluus unvesn1sinn1svesdsainnisnedasna

'
a

desnniisitedlagnsetuidmunedunisaanansznud windounaznisldninens
9819llUsEANTAMN

dmduiadsny inueinldlunsuszduinifedeadunisseniuvesansisue
AnsUasnde guamvesiuy waznansynuseriidulddude Ssazvieuiannuveusiay
wazanumInzanvewnudenludedny ulirdademandenataldeinnindadenis
iwgiavizemaiin uifiduesduszneuddnueanisindulaseedsdy

dlufifimeda inueifildinasounrquanundouvesnalulad Yszdnsam
Y99N3¥UIUNT A manadns uazaudulldlunsimadeniululdass ded
unumdAgiennudniaveanisindunulunsujud Tasamglunsdiifusznaunns
wiinzsedfnennkazteIianIsunatdalanaaiy

aa ¢

LI 19UA TR WUl UInsauANGad U 4 DauTgTun1IAIUALN LN

[
aa v = [ va v

nsandulangawnIra1Y winsdeninaeikasiTinluldazindnTuegiuluneIraeyis
v dundn uwazonadaldazvieouuiunnisldnusimseanudesnisvesiidiu
Igdudvegnnluszuu wenainil MaTaluunadd lnewnmziuduadeuwazdsny dingn
3 [ a = I v = NY o o A v o

Mvualudnuazidanunnwisedudvilsiu Feeraideddndledeuiludssgndlydluszuy

NR89IN1TNTANLIATIUSULAa TS s uiBuNIadanag1elussla [42]

'
a

fatiu TunuAdei nseuanudbuiivseneudeifiasugin Awandon dau uaz
wade Tagninldidulasadrstugiulunisivuainasinisdaduladmiunaiden
fUsznounsdanisvesdsainnisdeaing elinisussfiunadonannsoagiouis
AuvIzaNILATYEAa UsrAnSnmiBdanndon nseeusumaday wagandulule
Waunadaldegauna waziduszuy é’uL{‘Juﬂyugmﬁﬁﬁ’aﬁm%’umsﬁ’wmmfwﬁl,l,az

wuuInanansenaulalumdadall
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2.1.4 noeiiidnladiudsuaznisudamthiideganin (QFD)
nsanaulaluusunvesnisinnisvendsainnisneasieluladuieenssuiunig

a a & a a v o va vy a | = ! ! ~
LY AUA LL@]L'UUﬂi%‘U'JUﬂ'ﬁ‘V]LﬂEJ']GU@\TﬂUE‘JJQJa']u‘l@ﬁ'JULaEJWa']EJN']EJ FALRazN18UUNUIN

a va o

AuAan s waznaUselevliuanenaiu wndangquidddulddude (Stakeholder
Theory) 3agnianlgilunsevlunismaudilanaginseianuduiusseninang uyd
dulddrdorunszuiunisdadule Tnedfuiinisdadulefifiussansanaisandsia
ANURBINTHasNaNSeEnURarlduladdunNnaNegvEuaa [43]

luvsunveanisdnnisveadeainnisneasne gidulddrudendnusenoudae

1 J a =)

;i’ﬂamLumauaa (Waste Generators) ﬁﬂizﬂaumﬁmmﬂauﬁa (Waste Operators)

Y  a

MILNUNIATT JULIVIYAUEIINGRN wasgUBUNlATUNANTENU Fausasndullyauasie

[ v v

AIVINEANYBIMARENLANA1TY WY refuliaveaduenalinnudAyiuiunuuas

¢

AwazaanlunsAnduny susfiniisnunaiuasdidsvysud windeus 19l
Pnuddniunansynusedunadennazauasnndesiudeimuamangmine luvaed
guyulinnudAgyivanuasndeuazaanmyin [44]

agalsfinu audesnisvesdldlddnudaineglugresloyanmunin iy
anuaands pmfianela wion1s3ud Fsendensthluldlnensslunszuaunisdnduls
Fasina Tasamgluszuuiidesnsieuiiisumadensgradussuuuasivsda dudu
nsulasnudosnadequnimvardliiudeyadadasaimionasinisdaiula
fannsnluiesedld Saduduneuddylunsimunssuuaduayunisindula (DSS)

nszUIUNsUUAaIANF BN sAuAM(QFD) e lUUsEneusBnITIUTI

v U

Payadngidiuladiuds MsdnngulazdunsnsinnufeIns NMIAIMUAGIYInNaIN150

Y

e

axvaunudeanismantiy UAZAITINAIRNUALEIAYUDIALADINThLTUUT BULTIEU
funoudsndmdielianusaanaiuaquieievosdoyadsnnin uagviliannsniluld
Tunszvaumsinauladsiinseilasgnadussuu [45]

wonani ATelusunsinaulanuunane el R uinns inunun el
mi@]’mﬁu%ﬁﬁﬂizﬁm%ﬂmmaasﬁauﬁ%ﬁﬁﬁuaﬁazﬂaL%QU%mm (Quantitative Data) ay
Yoyaianmunim (Qualitative Judgments) Lilalinnsuszifiunadeniamaseunguuay
denndasiuusunasand iy [46] miyimﬂmﬂ’fasﬂaﬂ%amé’ﬂwmzﬁqLi‘]ummﬁmw

1Y

aaglunisesnuuusyuudndulaniaiuisasessuanududouvesdamilulanasels

o

saduuddeaduiddwdenld QFD iuas asilandnluniseenuuulasiasng

nein1UTEiuressEuy DSS eliaiunsaasioununeinisved lduladude
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Ipegraduszuu wagvihmihidusingruddglunisenladugnisussilindausunauas

MsIRAIRUNIEanluTURUTRIISNsARAUlALUUMANEa NN AR UD A U

2.1.5 nsaun1sanaulanuunatenaninael (Multi-Criteria Decision Analysis
(MCDA) Framework)
nnsedUswluFidensuntn Msdndulaniun1sinnisresdsannisneasis
ai’wLi‘wa’Taﬂmimﬂﬁwmaﬁaﬁﬁé’ﬂwmzﬁdﬂL‘%w%mmuaw’?ﬁqqmmw FIUDIANABINS

v
! a va v =

Yo ddruladiudeniinnunainuatowaze1ataund i ulun1sujus ademed wuifna

Y 9

a o

msdndulawuunanenaninast (MCDA) FegnianléidunseuwuAndidglunisaduayuy
nsandulaluusunnianududeusing
MCDA Junquueddsnisidsinsginigniauiiiedislunisusaiuuazdnaisu
A % ¢ v N & o Yo a = =
madennigliinaeivateiu lnedinguszasdiioatduayuganaulalunisifenniaden

i
fmngauiigamuidmnediivun lasdilddeiteds ssvianusinoradaudsiu [47]
wnAafanalFsunssegndldedsunsnanslunuidosuannden Imnssy uagns
Fannsveade Wewnasasessuymiiilassaiedudounasfinasinisdnaulanane
iAlaegneliusz@nsaIn [48 - 50]

Tneitald nszuaunsves MCDA Uszneudietuneudiay 1un

1) msnmuadguuazniaden (Problem and Alternatives Definition)

2) Msmmuanainisandula (Criteria Selection)

3) msfhmuaAirinvesnast (Criteria Weighting)

4) nM3UsziliuAmIaanNAuNMY (Performance Evaluation)

5) MylATziLardndisumaden (Ranking and Selection) dwaglinsyuiunis
Anauladnnudusyuu Wasla wazaunsansivaeuld [51]

Tuusunvesnisdnnisvendeainnisneadns MCDA gnisnltifieUssiiunas
Wiguiigumadensng 9 1w F8n1sdnnsvesdenierusznaunisinnisvedde lagendy
\nausifi nsounaudAd1uATYgAa dsuindon §eau uazmaia §eaenndosiunsey
auaufinanishuidenouniin nsuszgndld MCDA Yelitasnsosudoyafifidnuay
WANFafiY LU Teyalgausuna (Aunu seeen1e YSunaunsudseieseunsean) wasleya
W (Anuitanelavesld msseusuvesdiny) Whlilunssuiunmsdndulafediula

Tuussn135ns MCDA AldSuaruflenfionssuiunmsindiutudaiingest (AHP)

o L :j a a L3 = £ o 1 20’ U
LESNITUIUNTTATMNUYULTIILATICTIAIMUAGULATD (FAHP) uﬂqﬂiﬂumimwummumm



19

vouna 1lesanannsaazviounsdndulavesilernguazdnnisiuanuliniuounes
Yoyaldegaiuszansnm [52] vaizfimada TOPSIS gnihwnldlunsdnddumaden e
finnsanszerinvedufazmadenanmadoniiaiiaauazudiigaludegauad Faagli
aunsaIeuiisulssdnsameesmadentaegataauy [53]

0614l5fmu w1 MCDA azflauansalunsaduayunsdadulafifan
Fudou winsululdnulunelfiadeandyiutednia wu anueinlunissiusiudeya
nsivuaeimdnfienafienudides uasnsnasruuTiaunsonunssum el
Tuunasvesanien (541 wona1nil maifeulessening lassadanasinisdnaula wae
nszvaumsUstdiutazdadwudsingndndunisuendiulusmideiiun

[
LY

e Twadded MCDA FegnihanldidunseundnlunisWauiuuudiasnis

andula lngysannissiudunssuiunismvuanasiangidiuladiuds wagniswmun
- A o v a s & = v o a ] !
iwsesiloluguuuusruvatuayunisandulavulnannesuiu weliausadniunisnus
msimuanaet Msfmuatdindn lautansdeadunmadenldegisnsuiasiasaiiise

Pl UlA 3l UUSUNTBINISIANISVBILABAINNISN DA

2.1.6 33 FAHP dwunsinvuasintinvanaue
Tunsounisaedulanuunatsndninast (MCDA) nsfmuar 1 mnue s
(criteria weighting) Lﬁu%umauﬁﬁmmﬁﬁagasm?}a Lﬁaqmﬂﬁmﬁﬂﬁzﬁauszé’fummﬁﬁag
Huiveudasinasisenadnsvasnisindula wnasimuatvenldwnyay e19dna
Tinan1sdngsunadeniinuerainndeusarlidonndasiuninuduads [55]
wmalla nsEUINNIENFUTEAs1e (AHP) Wunilsluddnisilasuanudey
o 19unsuarslunis fnuastmTnvennusinsindule Tngende nszuaunns

a = ) . . . = a o o o a o Y |
WisumeuLdug (Pairwise Comparison) INaUTELIU T8AUAMUAIAYLTIANNNTTEWI Y
wneual aealsfianu AHP wuuaady daidedninlunsdin deyavisenisdndulavesiiieiuiey
finnulduiueu Anuequese nisliaiusnssyALdivaviiniueulaeg19tnau e
uAletadninaina1? JIAITNAUILLIAA NTTUIUNITARUTUTIALATIZARUUNLT (FAHP)
InenaunaIu nquile® (Fuzzy Theory) WARUNIZUIUNT AHP iia38e5U avuliuiusu
=) U a 3 | Y @ = | U =
wazgauaguiaIalun1sAndulavesuywd Wunsly daviled 1y diauileduuy
g@1und g (Triangular Fuzzy Numbers) Tun1sunuain1siU3 8 ulyis uldenieuas Ay

AniuveIiTeIvey [56, 57]
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N3EUIUNITTRY NIzUIUNIEIRUTWT T Aeiuuuiled (FAHP) Tnoiald
Usenousie msaamindmauieudisuuuuited mssunmudnimihuuuiieiueausas
nausl way nsudasAiedlsiidur1ase (Defuzzification) 1t elWanunsavlldly
nszvaumsdnauladealsuna deluld Tne 35n15heTeiilsveuiun (Extent Analysis) tHu
yilslunuamadildsuauden fesnndl auFeuiteuazannsaussyndldlfazen lu
NMATEAWIMNTTULALNIIIANT [58-60]

TuuFunvesmsdansveadeainnisneasne FAHP gnihanltifleasvioussues
v i¥ vrvguazgddnlidudelunisdimunanudidgueanasiluudasia 1wy
Fruasugiia Aswndeu dau uazmaia Setelinmstmuaimindanuaenadasty
U3umatannninsivuntminuuuass et e fun ol

FalfuSoufiddgues FAHP foanuaiuisalunisdanisfuanuldulueuy
10370y akarAIINALLAT 00N SRR Ulave YL viliausadsiounuAALTY
vos 1 1910yl 08198 ang uuazlndiAsatuanuduatand sy agadlsdana
n13Useynald FAHP §addadnin 1y anududouresnisaiuin kazaulineniy
LigenadesweinsiUisudiou fedududesinminnageumiuaenadesveasnind.iiels

nadnSIANUEede [58], [61]

1%

<

ety TuanAdell FAHP 3sgminanldiduieIeailelunisivuaddmdnisudues
\neu9i (Default Weights) Ingodaainudaiuvesildeavigy welia1uiminasyiou
ANEIAYTBANUNTUUSUNVBINITIANISVBUEBAINNTNDES 190U NUNLEY LazdINITa

P lUlduiumatianisinainunadeniuiunauns lUlneg19iiuss@nsain

2.1.7 Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS) d1915UNI1SINAINY
Y o 1 9; %) & vV aa v 3 o % %
ANYRAIAINNTMAUAAIUINTAVDUNUNAILTD FAHP La1 Tunoudrnginiilu
n59UN1SH A UlaRUUNANENANLNAMUT ABN1SUTELTULAETRAa1A UNIBaen (Alternative
Ranking) laefiansananussdnsnnassusazyadannigldinainniivua weila TOPSIS

Wunileludsnisnlasumnuiouag 1 unsnatgdnsun1sanaisunden 1He9niLulAe

o 1ilade waranansaUssendldlanulgmnivareinaeivaydeyaivainvaiy [62]

WaNN1sIUgIULeY TOPSIS Aenisidenmadeniiilsseyvindlnaniu mudeniiafan

q

luigagauai (Positive Ideal Solution) wallszeyvndlnaain madeniiueNgaluigauni
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1 a a N

(Negative Ideal Solution) Tngvaideniiffignazifunadeniifidszdnsamagalunn
et varinadoniugigeezidunadoniidassaninmeiianlunninmei nns
Wisuiisuszugieninandigliaiunsalseilivanumunsanvaudasniudeonlaogng
\Juszuuuazdalau nsruIun1sves TOPSIS Tnesialuusenousionisasiasmingnns
#inaula (Decision Matrix) 15UUA1L1ASg1M (Normalization) nsqauAtmiinuesinaust
N13MmuAAY Ideal Solutions wagn1sAUINAIAININAAEIFUTINS (Relative Closeness)
voaustazvaden Selfdumtialunsdnddumadenlutuneugaine [63]
luuiunvesnisinnisveadsainnisneaing TOPSIS gauunldlunisdndisu

v = =

HUsEnoun1sdnnisvendenienitdenlunisinnisvesds Tngiarsanaininud

' (%
aa vy = U

71ATEUARUIRAULATYSNY Aainaeu denu wazinata FallvetoyaleUsunn wu duvu

Jregn Lavn1sUaeeinvTaunszan uavdeyaldenmnin 1y nMsgeuiuresdinuuay

= [

Anuduldlanianaila n1sld TOPSIS Yrelwanunsasintonanianvauzwanataiulilu

Y

v

nsrvIunsindulafeniu uaslinadnsluguuuunsinddunidiladeuaganusaunluly
Tunsdndulalalaenss [64]

TalalUauild1Anues TOPSIS AoAua1unsalun1sasiauaIuaunaseniig
NETANY 9 WaENITIHITINIATNlALBRINTTELIuTIFURNS NG ontugauAf
1 < aa Sy o o 1 I ad [ 1 a
agdlsfiniu Fenslifivedndnuieusems wu anuhreTBnsuSuAInTgIu uazaNuAgIy

= 1Y < a ¢ <t ] 1 v ¢ v o w =
Wenfuanuiludassveanae Jeo1admanonadnsvanisdnainuluuinsa [65]

aetiu Tueudded TOPSIS Fsgnianldiduasesdendnlunisdadiduniaiden
LAy suINISTINAUAIIMENYB NI 7 LA FAHP i aUssidulaziuguiiiey
Ausznoun1sdnnisveadeainnisneasisednduszuu Wesla uazaunsansiaaeuls

FuduesrusznaudAgueansiaussuvatuayumsdndulaluidedaly

2.1.8 fa¥ Sanansznududwandenlunsinduledanisvende (Environmental
Impact Indicators in Waste Management Decision-Making)
nsUssdunansenuaud windeufussdusenevddgvesnisdndulaly
nsdnnsveads Tnslamgluuiunveanisianegnedsiu fajsdunisaansudssfine
Sounszan nslivinensegrefiuszansnm warnisannansenusedundexlunimgiu
nsimunfad Tafuuvauddunuinddylunisasteunuuansiswesuiazmaden

agadussuu [66]
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' 1 '
a1 v A v a

TueAdefitinum fdtadudwndeuildlunissadiunmadennisdanisues
Foflauvainvats lneasouaquitenisUadessieidounssan (Greenhouse Gas
Emissions) A519wWas91u (Energy Consumption) ASLINSwensssIuef Laghanszsnume
dawnderluinti FuindredauunAnnisUsadiuingdng®in (Life Cycle Assessment) uay
mMsUsziiunansznu (Life Cycle Impact Assessment) WisWanunsawUSeuiisunadents

agadussuu [67]

[ '
[ a

ag9lsfnny N30T Tnsud wandeululdluuI unvesszsuvadvayu

o w o

nsandula (DSS) lastanizluszaulasinisnoasne GundgiutodiindiAgy 1ieda1n

1%
LY [

Mg iavatgUseinnsesandetoyaidadnuaznssuiumsiuwinidudeu dliaenndasiu

[

nwarmslinuaTeiideinisauTiags anuBangu uagnismeuausuuy MUY
ToYARUUIAAI [68]

Wil ey Wy nsUassfeniveulaeenledastiefiuanuuiug
Tunsussdunansenudud wandeuldeg i toddy widmalidedidalunisuily
Uszgnaldluszuu DSS Tnslamzludnuasfianunsadmualduuunsuiudssdeyauuy
1181934 (Real-time) L.Lazmmim%amimﬁ’m’f@yjaﬁ;ﬂsﬁmuﬂauﬁwéiwﬂmama W YT

VOUAY TEULTNNVUEN UazUTTANVDILIUNINUY

v
=]

mggil 11ddgluszegnaadaliaud Ay iuni s inauduindeuid

¥
I

anwastdu MY TagU UR (Operational Indicators) Fsanunsaruwialdandeyaiided

U

239MusEUU wagausasUanlaluudiud Wi n1sdaseiigaisueulassnlan 31nn15

Puds LazUSuunIsIad ond sdsanuisaruialdannszeoeniias AduUsEaNs

Emission Factor ¥asn1suaseinetsaunszan ﬁﬁwﬁammmmgmmﬂa [69]
TuUsuNUeINISIANISVRAEEANNAITNBES 19 AUNILYaLFunaUnIA ASYUES

=) U J a CY a o o A N | o v
vaadgannunasnnidaludeaniud n1d G’I‘Vﬁ@LL‘UiEUO aujuwma’m UUBINANTISNU

ANUFILINADY LIDIANNNITDIALATINUNIS T NS INULALNNSUAREAYISOUNTLAN AU

1%
Y

MsldfmdTnfiasNiounansenuannsvuds Wi nsuaseiigasueulaeenlen wagnisly
Wownas nevisvends (WU keCO,/ton wse L/ton) Feluwuimeimangaulunisusyiiiy

madontuseaulasens wavanusatluussendldlussuy DSS lnegeiivsedansnm [70]
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v v a o Y a

Aatiu Tunudded daiaaudwsdenignimunludnuvasiauisaduinla

a" Y

nteyaii lfaudeudgsruulagnse wavarunsaussuianalaiuunsusulssdeya
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LUULIANDSY LAELLUAITTAN LA IV DINUNISVUAS TIADAAADINUNINRANNITNI9IBINIT

wazdodninlunisldanuaswesssuvaivayunisindula
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2.1.9 i]a%’aL%eﬁuﬁu,a:sz‘uumsaumssigﬁmamﬂumsﬁﬂ?mh (Spatial Factors
and Geographic Information Systems (GIS) in Decision-Making)
uanantaduduasugia dwwnden diau wazwaiaudriadeideiud (spatial
factors) Saflunumadgyes138 dlun1sinduladunisdanisvendsainnisneasdns
Tnsangluduneuiiiierdestunisvudsmends Seszavne @umenuuiny wassums
fidsweaundsiuiauazaniuiisnnisvende drudmalasaseronsduyuniseniua
nsldnasnu waznsUasefingiounszan [71]
Hadedaiuiiidnvundudeyadgimaniildannsoasioudsanaiivie
Arvsadfinalule esnfianuudsiuniusiunis (Location-specific Variability) was
ANIMIINEBNTDIN LT 19U AIMLILLLYE995195 annlassadnafiugiu uazdesia
Frumadnfeiiud fadu mathdeyaiBsiuiiulilunsdaduleieiuiudesediniosdo
flanunsadants Iinsesd uazuanssateyaidgimansldedreiiussaviam [72)
sswmiaummﬁmam‘ (Geographic Information System; GIS) Juedesfle

°o v o ° o v a A v Y% a & A
GRIRIN] ﬂquWImUﬂqiaUUﬂHUﬂqim@ﬂiﬂﬁ]‘wLﬂEJ’JTJENﬂU?J@@;IJaLGZNWUW Iﬂﬁlﬂqlniﬂifllﬁjll

DD e

oAU Twasedh LLazL.Lamma%yjaL%ﬂqﬁmamﬂugﬂLL‘U‘UV{Lsﬁfﬂ,ﬁ]dwEJLLaxmmiaﬁﬂUTiﬂu
nsiesgidsindulala [73] nMsysanns GIS Whiunszuumsandulauuunanginaue
wiofi3undn GIS-based MCDA taelfanunsadssifiumadenlneiedaiadadodeiud
wasinaueinisanduladu 4 Idegnadussuu [74]

a [ =

Tuvumvesmsinnisvendeainnisneaina Gis gnianldiiiedinsevisuma
fifvosaniuiimdaviouUsguronds nsUszidiuToenIevuds wagn1TUuHLE LN
Avunzay @ inalaonsenon1susaduiad Tad1ud windou wWu n1sUdesiig
asvaulasenles warnmsldidomaiinaniduititensunt nsld 6is Yaelwanansa
ﬁ’m’;m%yjaL%ﬂﬁuﬁlé’faﬂmmuﬁ’] wavanAuAaIALAAeufionainainnisldauseanm
M%aamagmuuumﬁ [75]

agelsfinny 93 FefiiuudT19edinnsld GIS saufu MCDA lunsiasie
Baiiuil widlngiiinegludnwurvesnsieseidelguignsensnnaunuluseiuunaie
Wy nsdeniissaniuiiminvendevionsaunulasadiesiugin vuefinngh s

a

LuuszgndldluseaudJUs lnsaniglussuvadvayunisdadulanuunisusuusadoya

[

WUUa1ase Nanunsaeslesiudeyaaindldnulaense Galvedndauazlasunisdinw

281997110 [76]
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WAL NTYTNNITTRYATINUNHIY GIS Wuseuvatvayunsandulaly

9 Y

NuITeldadunisiideyaniarunsadoulosdunisldeuaiala wu dundaiies
YosuvasiLilavetdsuazusznaunsinnisveads IioAuIMTzeen1aTuaeRse uay
lUldlunmsusuliumainsudaindeuiastasugian1suTuUTdoyaiuunaIase Fee

Trnnsanaulatinnuwiudg TUsela hazannnaoInuusUNNITiIILasIuINgITu

2.1.10 seuvatvayunsandulanuuIukazaadnenssuszuu (Web-Based
Decision Support Systems and System Architecture)

a

izuuaﬁuauumiﬁmﬁu%Lﬂum?aaﬁa‘vfgﬂﬂ’wuﬁmﬁaﬁwiumﬁﬂizmaNa
Ansedd wazatvayumsdedulaluaniunisaif danududeu laslamslunsdifeg
finsandeyananefifuaziinuliiuiueu 0SS Tnevhluszneusieasdussnouvan Téua
J2UUdAN15Teya (Data Management), S¥UULUUINGaY (Model Management), §1UAIM3
(Knowledge Base) wazdrufinsiofld (User Interface) dihausauduitelsigldsmuaunsa
Tasgndeyauarindulaliegediusednian [77]

Tuuiunvesnisdanisvesndouazd wanden DSS g ldii eafuayy
msinaulaluusziiuiiinnadudou 1wu madenisnmsdnnisveads msUszidiunanseny
fudsandon waznsnauaumnens lnesinysannissindumaianmsdadulauuy
vaneLn Lt ianansoyseiiunazdadfumadenldegnaduszuy [78)

uenani M DSS Tugatiagiuldueslugsuuuuunanrlesuuuiu deiae
Wuanuassalumsiihisdeya msUszanananuunsUuldeyatuunanTis wagnns
Tmauugldam vils DSS anunsaluuszgnaldluviunnisdndulansalduind adu
Tnsianglunsdiidiosordedoyannglinuuasdeyaniouen W doyadeiiuiiviodoya
Aawanden [80]

og1lsAnm szuu DSS fiftegludagdudanadideddnlusnunisesnuuuidsysan
nslaglamnzmsdenlessevindasaianusinsdndulafiazfiounnudesnisvesdiian
e wudassmsdndulanuuransinms wasdeyadaiuiifidsuamuuium
nslduass meluunannesuetegindussuukazdonndosiu dediindinaidwmali
$3UU DSS Funuanndsasvhauludnunzuendau wu mariruanet nisiuntmiin

warn1sdnadumadengnivmunluduneud laiideulesiu nonsldveyaidanun
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flianansnsuinniedaldiuuuudiluiBnudeyatiagiu Fsaameuussansnmuas
Auansatumatiluldnuass

Fau udded TajstamnszuvatuayunsiadulawuuysainislugUuoy
wnannesuuwiu fianansadenlesesduseneuddyuesnszuiunsanduladndeiusgng
ATU2435 Taisuainnisudasmudesnisvesddulddiudsluglaseadianasinig
dndula natmuaetdmdnde3s FAHP nsdndiduniadendas TOPSIS wagnnsysan
msdeyaileituiing Gis WeliszuvannsaUszanana Ansed wasuansuamsinaulald
eg1nduszuu Wedla wazarnsadluldnulaasduviunvenisdanisvendsain

RELGERE

2.1.11 msmswaaummgnél"e)\‘u,tazmﬂmhﬁiaﬁammizuu DSS (Validation and
Verification of Decision Support Systems)

a a

msfmusruvatuayunisindula (0SS) Afluszansamlailadrinogifieanis
ponuUULUUTasionsysanmsdeyauiiiy widdndudesdinensasouanugnies
(Verification) wagnsudumanindedie (Validation) vesszuu wieliiiuladisyuuaiunsa
yhauldegnsgnaesmaiioaniuy wazlinadnéfisinnaniideieluuunnisldnuaie
nMsaseaouAugndesdunszuIunsiiy udunisussduiuudiasanie
ganadvuntgluszuugnWauIuasa T uN1508 19 NA 8INTUNA NNIS
A musndelyl TagdindudunsiunsTeuisunadwsvosszuuiunisduindeis
ImspIuvideledosiledasy 19U N1IRTIEBUANLABAAABIYBINANGINUUUTIABT MCDA
fumsduadulusunsuaUsndn eBudunugniesveanszuiunisiuan (80]
Turaed n1sfuduauind ederdunszuiunisi g adunisuseidu
I138UUANITANBUAUBINDAIUABINITVR I ulazinizauiuuTunnisidauase
niohi Iﬁ]EJE]’]%T’ILﬁum’iﬂi’lum’iﬂimﬁiﬂﬂEJEEL%EJTU’]EQ (Expert Validation) n1snaaauniy
#ld41u (User Evaluation) wagn1siinsizsinudianelavesgly dsiasaviioutszansam
vasszuulumuaNugnaes Anuiivsylevl wazanuaansalunistiluldan [81]
uanand nsUszidiuszuy 0SS luiligtudilianuddgysuifveanislda
(Usability) wagUszdnainvesssuy 1nga19dauuiAnnuldunus seninauyvduas
PoNfiADS YU 11A35U 15O 9241-11 ermualinisussduszuunisfiansanienu
UszdnSwa (Effectiveness) UsedinS a1 (Efficiency) wazanui anealavess 199 (Satisfaction)

A Y] | ) o A v & a
diebiiuladnssuvanunsaaivayunisinaulaliegiamunzanluaniunisniaia [82]
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Tuusunvesssuy DSS fiysannisivaiian MCDA uasdoyaidsiiufl n1smsraaoy
wazdugumnuindefiod silaudidyundu iosnanududouresuuuiasiuay
avuvanuaevestoyailliluszuy nsuspifiudimsnsounquisssduuuusiass (Model
Level) 5AUsEUU (System Level) wagszaun bia1u (User Level) i el anunsaaziou
AUYNFBILAEAVININEANTRITEUURE TR [83]

fafy 91uaTed Tddwanuddydunisnsaaeuanug ndesuazn1si udy
Anudefiovesszuy DSS ludnuanansdflngnseungqunsnsIaaeuALgnFedves
wuudiaoudediuan msvszdulaedideivig uagnmmeaeuiuglinuaie ielvitilad
szuuitimunduinnugnies Wefield uasannsnillfnuldogsissansamluuium

YDINITINNITVDWAYIINNITNDATS

S v

2.2 UIWNNYIVD4

[
av aa v [y [ =~

NATENAEITRTUNTINNITVRRAEIINNTADAT 1IMA N TR ST VAT UAYY
nsfnduladiud awndeuarunsadiuunesnidunatengumuuuiniaaziag oslenly
Tnglangnguanuivszgndldinaianisdndulauuunatsinas (MCDA) dsldfuanuden
sghsunsnanglunsatuayunsdnaulanielfinusifidaumanaisuasuisaiaianiu
Toudaty Vialuifduasugio Awnnden deu uazvaia [46], [48], [84] NUATIZHIRS
ussnudiines Sohail et al.(2023) [84] WiFiuin MCDA I¥SunsUszendldoshanfisuansdu
sudunsdanistende dudnmadenmalulad nsvssiiiumadenlunsiidaveds
Tuauismsimuaulouviedudsuinden vaizdl Esmail and Geneletti (2018) [85] a3Uin
MCDA (e osfloddnlunisatvayunisdnduladiud wndou osanannsonaiu
inivanedfuarsessuaududeauvesssuvidnauas dduladudelaaninizng
AT

TutFunvasnisdnnisvendsainnissenaunazeinns nuidesauaien us g
NSYTUINITUUUTIABIETAUNADIANT N15UTHIUININITIN wazimallan1sandulanuy
yaneinael ileaiuayumsindulaguaudadu Han et al(2024) [86) Iomunszuuang
uHuNIdANsTNdsaInnsenewdsnmitodeuuuiiaesasaunaeIas eanusn
HATUNTIATIETIENTTagLaradUsEnauaIAsTINiumallansAnAulaku U8
dioauayunseukenauLarnsUssduyadnssluAavesian suhlugnisesniuy

LAZNNTINLNUNITID0DUNTAMUTIEULINTITUY faun Han et al.(2025) [87] lawaiuinsau
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miﬂizLﬁummé"a§umaamif§ﬁﬂﬁ3muuﬁugmmaﬂLLUUﬁi’waaqmsaul,mmmii'mﬁumﬂﬁﬂ
msdndulauuuaInaTiLUUNaLRa Y WeatuayunsUssiueudidulagnisdndiiu
mudenvasaaiumsainissanisveadsainnsiensy Inenanisanund wisiuin nsi
Fnsns3ladaanunsatisensysunzuuusumuduldededitedfy uisowment

v

axveulifiiud simuinisddguesnisysaunnisteyauaziuusiasai eauayunnsg
Fadulagiunsdanisveadsainnisienou egslafini srvvdlngdensyaiunis
f‘;miwzﬁiuﬁzﬁumimLLmuamumiaiu%mﬁﬂszLﬁuﬂaqﬂnﬁ‘mﬁyaaau WINNINITHAIUY
Wuszuvatuayunsdadulavuiviiannsasesiunisteudeyasiaangldnuuaznsin
suduguszneumsdanisvesdeluseaulasinisneasndlaynss
dwsuuunveaasughamuidsunaznsinnisveads Budeuidedivszundld
MCDA iileUsziiiumnudsdunazdnenmidsiasug oy uisuvesssuusondnd il
MA8UTUN Weerakoon et al.(2025) [23] LaUBATYIUINITUANLATYFAINLUABUITIUAY
MCDAMleatfuayunsinnIsueadsainmsneains vaedl Torkayesh et al.(2022) [39] ifu
sysannsudnmsannasaininsdin (LCA) S/ MCDA tilalfineinuasaunguueinis
Ussiiunansenudaandouuazaudsdulunsdanisvends wonaind vuidediu
\sughavudsulaznisesnuuuiiiennudedudsasvieuliiiuianisvesveuivnes
MCDA Tugnsusuifiutasugiamsudsuluuiundivannnans Wy n1sUszfiudneninnis
Tan1suaten1svesgunsalussuamundniasegianyuilsu nsussynaldmatinnig
fndulaluuvansinuel (MCDA) SaufuluIAnnsoantuuldsiing (Eco-design) fiodnden
wAn S audmiumsoonuuulual (Redesign) wagnsldmd tamsughavyuiou
$AUIEN15 AHP LAz MCDA Wil oUszifiuaussausiazseduauinmiifuasugia
v Ieuvessumaing 9 luavnmelsy Gsagsiouin MCDA Tldgndrimaniznsussiiiu
voudensewalulad uaauisaldidunalalunisussidiudmuasvgionyuioutasaiy
Feulussuuiifierududouldedieliussansnin [87-89] winuidowmandazegluuiund
uAnAnafy uwiduasviouliisiudn MCDA annsaussyndldlumsussifiussuuiisinaneda
wazfiaududougs dududnwarswivuiunmsdanisvendeainmsnoainsuas
wswgianyuieuluaaneatis egnalsiniy inasinlilunsinsesilunuddesiuaunnn
§9A99NAMUAIINITTUNTTUNT DU NNV ITeLdunan wardivianssuIunIsinua
inausinduindeulaegildiulsduds Fsenadmaliuvudiassliaunsaasviouuiunnisly

u3alaegeAsUNIY [42], [85]
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luuTundanga11 UITEAIUNITODNRUUTEUULAEASHAUINE AT el Lo L
AuddgiuNMsihyatewesiidulidudsdngnssuiunsirunnuan v kAN el
YDITLUUNIULUIAA Quality Function Deployment (QFD) GﬁﬂLﬂuLﬂ%qﬁaﬁgmﬂmmm
ABIN13vRIK LTuUnIaLdesuasgnaAi (Voice of Customer: VOC) luddammunanianaiia
WATLUINIINNTBRNKUUDE LT UTEU [96], [106] Yae Akao (1990) [96] way Hauser and
Clausing (1988) [106] 19 31951n§1U89 QFD H1ukuIAA House of Quality (HOQ) Wi
Jeslsanudeanisvesildemuivgudnvausnanadavendniusivieszuvegaiu
ddutu desnauidesmadisldvensveuumues QFD Tugusunvesnisesnuuuiiiantu
FeBuuarnsatuayunisinaulafiianududounindu N15YIUINTT QFD Sy
33 nnsdndulanuunaneineil A uALUNTOBNLUUTEUUNA S U U BULAZNS
InanuANdIAy e anyusnIwmailia [103] audan1sussgndldlunisesnuuy
funuuszuvatuayunsiadulasunsianisveadeetnadaiu dujadeulosnudesnis
v ldnladrududrgnisiivunauanuugvesss uuAINEa [108] WwuIN15AINED
avvieuliiiuin QFD Adnenwlunisvimthilunalndesles stakeholder requirements
ﬁ'Uﬂ’liE)aﬂLLUU’izUULLazmiﬁﬂalﬂ,ﬁ]L%Qgiﬁlﬂﬂ’]ﬂéﬁﬂﬂ%u [45]

og1alsfinny 1uisefiuseyndly OFD Sawuszuuatvayunisinduladiu
dawndouuaznisinnisveadedinisinuiluisdidn lnsamzlununvesnisinnisues
\de91nn1sneaine 49 QFD Wngaldlugiuziesesdledmundeimuanisatuayunis
sonuuuamzd Innimadunalndeszuudmiunmsivuninasifiasiousuue ey
fanlddmudsuanienlowiolugnisuiunsimuasnimiin msdesgideya uagns
Fodadumadenaisly DSS wuuysuINT uenani MudTesuIuINnSasUssndld
QFD TudnuwaigraensinaaumLdIAyYeInLABINI TN aAMaN YL ANATA 11NN
nsi@enloadngszuuAdviaiianunsasesfunisussmanauaznsindulanielddoyaase
uazuIUNaMEiLA [103]

Tuguntsimuaethminvesnas s3seild AHP uaz FAHP funumddaly
nsatfuayun1sindulauuumatsinst e AHP 184 Saaty(1980) [61] tiuAsHugwild
nswssuiiisuuuugfisuifleasvieunnuddnndsdiuinsvesnasi vz Chang(1996)
[58] Ifiaunisnsiinseituuveuwniiiesessuanuliiniueuvesdoyauaznisdadula
Tnelfunsvemguiiwnaauiaie dwouldnaaiduiuguddyueiinsieseid
Fudeiled suduuumsiivasasiiouauequiaieuazanuliutuouresna sRiiaves

uywdlunmsdndulalaegeliusednsnin lunawsonn 91uves Past et al.(2023) [30] uans



29

[
LYY

WiuiensuszendldiSnsimseiddutudiled (FAHP) Tlunisdanisveadeainnis
roaauazmsAndenmadeniumsmdaveade Ssanansnagiouralsintiusuvestoya
waznsadulavesdidenmgldfiniismsliesgiddutuuudaiu (AHP) agrdlsin
wiiiAsmsdindmasdigauddunmstmuasnimdnvennusinisdeduls uinasuidudaan
Tugfnyadunisiuuasiminndenisussidunadonluduneunisinsesiids
wuudassiidfiunsmeuenszuy innimsysanmsingszuuaivayunsd adulavy
FuflanunsnsesiumsUszmananaznsuusteyauuusnlusi@ [55-57) dawalyi FAHP
Tunanensdlfsasgnlilugiuzinieafiolinseiianzadru snnimsdussduszneudify
nelusyuvativayunsindulwuunsuems

dmunisdadidumaden TOPSIS Id§unissensusg1sunsnaieiiosanndl
wnAafdaulunmsUssdunulndifewemadondedneulugauad (ideal solution)
uagmadeniligfian (Negative Ideal Solution) [53], [62] 91uideduausnnléntih TOPSIS
T lumsussidumadonddanndon msdanisveads uaznsivuanagndsuaiiy
951 WU 9989 Demircan and Yetilmezsoy (2023) [64] ?fﬂﬂizqﬂm% Hybrid Fuzzy

AHP-TOPSIS iiemunagnsn1sinnisvendeeg1ededu agralsinu nsuszgndld

o
LYY 1%

TOPSIS Tunanensdifsnsegludnuares “edesiledndusuiuaning” melitoyauaze
dind tmualiaami Tnegldmudadndudos fuuseoyauazdunlailudnuoe
manual il aiiouluudsuuas Snvanadwsves TOPSIS fafianusaulvade n1sufu
UIMTFIU uAZAINIMTNTE N §9il Banhidi and Dobos (2023) [65] LA Usaels
Todrindanamagvioudn wl TOPSIS anifuedesilodndfuiiuszansnim winadenles
\ihgszuu DSS AisesiumsUsvananasaludAuazannsovinanusiufunssuaunsimun
el Sellegageainin dwalinszurunmsdndulalunatgnsaldenswendiuseniiemis
Svumnad nsfmuatmin uasmsdasduniadon SeaaaveulsEaniaimues
nsUszandls TOPSIS Tuusunnissindulaasa
venwdleanmsimuaedminuarnsiagdumaden suAdeludromdadls
mméﬁmﬁumaymwmﬁagaL%aﬁuﬁ(GIS) Saufun1sinaulanuuvansinasini e
aﬁuagumﬁmiwﬁmaﬂsww‘fmﬁuﬁLLazLﬁmmfmLL;Jusi’waqmiéTm?m% [73], [74] 917378

& Y & ° v a a A4 o W a v Y
ﬂQNULLﬁWQIﬁLVU’JW GIS @413 MINUIN LﬂULﬁﬁ @Q@J@aqﬂiUWIUﬂ']iLGUE)NIENT@%a@I']u

'
a

duandon Msldusslevinay WwIsvieAnuIAN karUaINANIINIEAINLIENTEUIUNIT

v a

Aadulaidaszuu Maurya and Kumar [73] e5ulefisunuinees GIS lun1satuayunis

JANITAUIAADULAZNNTWAILUNDE19TI8U Vaue? Dell’Ovo et al.(2018) [74] wanalyiiugs
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#BnMYBIN1TYIAINTT spatial analysis 39uiU MCDA Lileaduayunisidenyiianie
Tassadeiugunelddesfavarein

nsUsegndfld GlS $aufuMcDA Tun1sTiasesinnumanzamdeiudidunis
Jansvendeuaziasugianyuisuegiadugusssy dregruguy nsussiliumnumngay
vosiiufidwiulssnundnlulens lulsemmesunulaeld GIS Saufu MCDA ieTins1es
Hadudunslifiau uwasdune ssuuauue wagdesiinmudnnden Jaaunsnsey
fiuii il mnzaudmsulassadsiugudueadeldegaiuseansniw [90] luvues
Wety nufnwmsideniufidanauluiies Dar es Salaam Ing Kazuva, E. et al.(2021)
911 W14 GIS 92U AHP iloUsziiumumnzanvosiuiiuas i fd Tndmniunis
fadeniiufilinavedaduszuy wihnuidomandasiisiududnenimues GIS sauifu
MCDA Tunsatuayunisdaduladeiui widnlvaiinsjatunmsinsmeilussduamang
(Macro Level) viemssinaulaidaiuiilunmsu wu msdeniideesaniuiimdavends
yielassadsiiugududunndeulussdudios Smin vioglinia wnndimsdssendld
GIS Tuszaulasanis (Project Level) iiteUseiiunansenuannszogmavuas funu n1sld
NAIY Wazn15UaReiNYlTaUNTEANVREUTENBUNTIANISVBLALUAALIIENTONSIA BN
fisalasearetiugiu anninisussendld Gis lusedulassnmaiieussidunansgnuain
SrEen1avuds aunu n1sldndeny uazn1sudesinvseunszanvesiUssnaunsInnig
VDU UARZIY

Tusnussuuaiuayunsdndula (DSS) 1Adofiruanlduandiiuisunuin
ddnyues DSS Tunsatuayunsinnsdanedeunaznsdaduladiuveds Tnoiamy
sTUUAYIUINT MCDA Watiuamanunsalunisiinsgivaieid auidsves Banias et
al.(2011) [79] Warnszuvaivayunisindulavuivdmsunisdnnisvendeainnisneadne
warsoneu defefunisdunuddyiuandiiudsdnonmussssuuivlunsaiiuayunis
Fansveadelunianeadns il Viachokostas et al.(2020) [92] F1#ifiuin MCDA
unumadglumsatuayunisimuanagndiunsinnisvoudeifiodundsnu(Waste
to Energy)uazmsUseiiumadenneldtosiinduasugia duandou uagday ogals
finu $W3TedIu DSS IuruIIngIrllidnvazn siawIwuULendIu IngesAlseneu
d1AfY 1Y NITAINUALAI AsfMuRAIITR A15ATERT ST waznsTRaNy
maden dngnitmuuenaniuazdivinnisysannismegluwnanvesuieregiadussuy
Tosriadananlafunissuduiafnainaunismuniunssunssuegaduszuy

(Systematic Literature Review) 989 Adu et al. (2025) [78] %ﬂ%umumﬂazqmﬂ% DSS
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Fusumaluladnisannisveddsiiotdundsnu Lasnuln wiseuu DSS S1UULINaBSY

UTUINIT MCDA, GIS wag Life Cycle Assessment (LCA) 191628711 WANAIESZUUSIAINENT

Y

% =i

Toyauwuunsh dwabilianansasessuusunameiunvionsildsundasestoyalioes
gangu wazdwwinnsihyuueswesddulddrudedundudiuniswesnssuiunis
andula [93] doAunuiinaaziauisnnudndulunsWaussuvaduayunisdaaulad

[y [y

g1unsaneuauassaUIUMANIE LT USudmudeyaiiudsuwlas uaglvanudAgyiv

o

[

Aldaunngu lnsamslulssmamduinuitaznianisinnisvesdeniinnududou

'
=Y

wazddeulunisdndulavainvans

wWANANSYes DSS wazia3osdleatiuayunsindulafnanaztisenseiuns
Jnnsveadvannnisneairsediseiilos uiduldedinludiesdmnsifeaiuisnsysan
nsussosesdfidldduds matwuasthiinvesnas msliesginansemudsiiud
wagn1sInamunadentainsavihnudiudunieldvsunnmsdedulassdduseaulasnis
Aead1dldegraduszuu ssunssudnlngdilianud dyfunsiauiensedionioiznis
Tudnwaisuendau dewalidsdamudnlasidaifsiunavesmsysannisesdusenaumant
sofmnn ANUlUTdla wazauausaluniseeusuvenseuunsanduladun1sdnnis
YouduINNINeaie lnganzluusunvessemamdminuinaznisAndendusenaunis
famsvendengliitouluanziiug

NNINUNILITTUNTIUT A0 uifeuiFefinuunldfdddalunisian
BIAAIIUT AU MCDA, AHP/FAHP, TOPSIS, GIS ag DSS @1115Un159ANISvanduas
Aawandeu eludunmssimuasdmin msdadidumaden Ml uasns
fimunszuuRdraiieatiuayunmsdadula uifmuresinddgluissunssy nanfe fwia
nseumsindulanvuysanmsfianansaidenlosnisimuninoeifduind eulnegidiuls
daude nsfuunaintinveanms mstinseideyadeiiuiiuaznanszmuanaden
wazmsdnasumadendrmeiunislussuvaduayunisdnaulavwiv lnsanzluuiun
YBINIIAALABNK UTENaun153AN1TvaRdeannsneasanievesdsnauninluseduy
1A5aNs

o
[y [

ATl nudTeiifajaimuiuinadaysannisiagraiumeiln QFD, FAHP, GIS way

v a

TOPSIS wiuszuvatvayunisinaulavuiv ieatvayunisindulalunisidentazdn

9

gudugusznaunisinnisvendeainnisneasvegiaduszuy Wisdla asvaeuld uay

ansatlvyssgndldauasduuiunvesgpamnssuneaindinelaegadise@nsnm
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3.1 AINTINVDIILLUEUITIVY (Research Methodology Overview)
sufuitidelunuAnunildfunmsoonuutludnvazessnsruiunadeysanns
(Integrated Methodological Framework) Ineil ing Uszasd il efmuiuazUseiduszuy
advayunsiadulavuivdviunisdanisveadesainmsneains deaunsaazviou
ANABINITVRIRLTUTUUTUNITY ArualudumsesieiidalSunauaznisusediung
nsemusudIndenegraiuszuy
nsoustifouiifindniautunnnsdansgiosdanudluuni 2 fansouaqu
AN sLlaminfiBaamnn OFD n1srvuaatiimindas FAHP n15Tasgiiuuy
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3.2 NT2ULUIAANISAYY (Research Framework)

N5PULUIANNITITE (Research Framework) Tuaufnud sawanslunind 3.1
QﬂaaﬂLLUULﬁamemmé{’mﬁuﬁ%qmiﬂmamﬁﬂizﬂaumq 9 oﬁgammsﬁmuﬂ%auuaﬁ'ﬁﬂ
MsiaLILUUTIaes Wandn1sas1madns wazn13nsI9daUANYNABITDITEUU AILARS

Tunni 3.1

'
a v v i

AN 3.1 NTLUIUNITITETUAUIINAITTIVUTINAMUABINTVDIH eIl

(% '
= ¥ v Y =)

d@uLde (Stakeholder Needs) Faidutoyanidund1Adnsun1980ntuuTEUY 9NTUT9

Y

° v o i I ] 4' Y o ¢ U a v a
uqﬂfnllmaﬂﬂ']'ﬁ@ﬂﬂa']']lﬂﬂq’i%ﬂ%m 1 LW@WWUWIﬂiQa'ﬁWQLﬂmgﬂﬂfl'imﬂaﬁkﬂﬁﬁi%LmﬂUﬂ QFD

FerguUasnnuieaimadnunnliganvausianaiavesseuy
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ANUABINTsVRsKidUladIuEe (Stakeholder Needs)

d

syeedl 1 msiaulassaienayinsdnaula (Criteria Structuring using QFD)

!

TAs9as1Bngin1sAnaula (Structured Decision Criteria)

d

S¥Eedl 2: NMINMUAAIUIUTinYena (Weight Derivation using FAHP)

!

SyeEil 3: MINAUILUUTIEDIAUEWINRDILAY GIS (Environmental & GIS Modeling)

l

SzeEdl 4: N1SWAILITEUY DSS (Web-based DSS Development)

!

SzpEdl 5: NTIATIZILATIRSUTUSIE TOPSIS (TOPSIS-based Ranking)

l

NAN1TANDUAU (Ranking Results)

l

Seeyil 6: NIPTIERULALEUTUSTUU (Verification & Validation)

AN 3.1 NFOUBUIANNITIIYAMTUNNSIAIUT EcoRanker DSS (Research Framework for

EcoRanker DSS Development)

lassasrunaeilagninluldlussesd 2 WenmusAi minveunueines

[ v o ¢

FAHP Ssazviouanuddadduinivesusastadelunisdadule

Tuszoed 3 euATelfianwuuasadalinusuduindounarysannisteya
Feiluil e i Wy nstaesieniveulneenlemuaznisldnden

sepgdt 4 unnsaunssuvatvayunsdadulalugvuvudu §evivdnd
JuunannesudmsunsuszaIanakas banINaans

Mniuluszesd 5 asiuvudiass TOPSIS wldlunisiinseviuasdnsudy
maden lngendudeyaiinszuznounti

aaving szezdl 6 1uNIRTIvEeULarBuSuAINgRdaIvesTTUY eUseily

ANNLTBNe ANMWINrEN wagaNatnsatunstnluldeuass
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a4 & o o
3.3 a3aslanldlun13398 (Research Instruments)

nuideilldinsostislunsdniiunsidenslusmunisiususiudeya n1s3asz
Wansindula msimuissuu waznisUseidiuna lngusenaunde 4 naunan taun

C - A4 A a ¢ s A4 A o A4 A o o

wInsllalNudaya LATeNlaATIZMUUVATEINM IASaslleiaunsyuY Laviasasladmiy
N9ATIE0ULAs U UNATZUY

Usznsusn wn3esdiedmiunisiiusiusiudeya leiun wuvasuaiuluguuuy
Google Forms g sldd@miun1susiduninud1Anyesni1um 09015009 b4 (Customer
Requirements: CRs) N15USELIUAMIMUITANTVDITEUULALH LT 8398 Wazn1TUseLiiu
Auisnalavewrldiuase lngluuasuauiinanlasun1snTiaaeuALdonARedsEning
TomnuiuingUsyasdn1s3de (Item-Objective Congruence: 10C) Inglde1 w1311 5

a a | o = v ! =~ v &
AU WazdlAn 10C Wwasvindu 0.88 FeazvisuluuuasunuilaumuzauLazansalaly
A A I3 1Y °o  w Aav MYy 1« =

wsestlslunisiiusiuniudeyadmiunsidelaegslinnuundetie

Uszn199aes 1a3esdedniunisianeilazuuuinaninissndula laun 35
nswUaminnidsamunin QFD dwsunuasanudesnisvesldlugamdnuvaznmanaia
N3N IEUIUMTARUTTIATIIANUARULATE FAHP dmsuimvusaimtinvasno
neldnnuliiuiusuvesdeya uayds TOPSIS dwsudndurugusznaunisinnsvesdsly
3¥UU EcoRanker DSS

Usgnsiianu wasesdleodusunisimunszuu taun walulad i ugiu wu
HTML, CSS uag JavaScript dmsuimundiudnserldeu ssuudnnisgiudeya MySQL
dusudniudoyadld lasans wasdeyanisuseidiu uay Google Maps APl dwsuruIm
FPUTNNATITEWINUAINUTAVOUFIUAZANIUNTANT FIUNUIMEIAYADNITATUIN
1 1 6 6 6 ¥ ‘&/ a
Ansuassfingasusulaoanlesuaznsldigoinds

Usgn1sanying wa3eadlenlddwsunisnsiraeusasyseiliunaseuuysenaunie
Microsoft Excel &sldlunisnsivaeuaiugnieivestunaunisiuiais TOPSIS egradu
§a3% Google PageSpeed Insights @nusuusziiiuuss@ns amdanainvesivled 1w
ASUNSIAALAYN TN UALDIIBITYUY way Useillumnuanunsalunisidnisues
FTUUMLLWINLIASEIUNISINT I uled WCAG 2.1 dmsuuszidiuauanuisalunis
WhisresszuumusuInInasgunsndsivled saenauldusenaunisusediuamunin

1AYTINVDITZUUENTAUNA
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[

lun1saniiunsided {I3glamdimanasesssunisidelunyudegraasinin
i

laenszuIuN1sNUTIUTINToYala5uN155UT099INAMLNITUNTTITBsTINNTI T8 Tuny Be
YU Inendualulad sivuenanyiuesn (Rajamangala University of Technology
Tawan-ok) Aeldiavdisuses COA No. 051 uway RMUTTO REC No. 056/2024 avudi 11
Surew 2567 viail wleliulatimsdniiunsifedulumumvdnasesssuuaznnsguaina

AuNTIde ULy e

3.4 Uszynsuazngunaeeng
ao My i v v & Y a I B I %
MmAjeillamvuangudlideyasenlunangsedunuunumidasudeuis el
wiazd unauYeINTEUIUNT danuminzawslusmuidenuaziumaina laga1uise
3 < ! [ =1
WUNDDNLUU 4 NQUUAN AU
nauWIN A9 Ji¥e1vdmsun1IngIvdeuAURTLTLilen (Item Objective
Congruence: 10C) 91U3U 5 AN FaUsENBUAILE LT 8IY1YIINTAINNA18E1U1391 bawA
AUTENRUNNTANUNMIIANITYRUEY UNTUINSAWIMNITUANIAREN MiTeivyiusziley
g)

'
aa Y

A9y Jiggaumalulagasaumanazsruvatuayunsandula wazguinau
31N2ANTUNATOIEINYIBIDU NMIMMUATIUIUALTEIDIYIUYI 3-5 AUADAARBINULULINIG
Mg lussaunssudmiunmsussiiuanuasadaien Feseyinduudileivgluge
éi’qﬂa'nLﬁmwaﬁm%’um':?‘UszLﬁummaaﬂﬂé’awaﬁaﬁwmmﬁ’ui’mqﬂizmﬁmaamﬁ%’maz
| a oA A A A awv
YIULNUANUUTDDBVDWATDILDINE [94]
oAl & | ova v a ° = a o w

nauiiaes Ao nquiddladiuds 9w 25 au Faldlumsusziiuanudidgy
UBIYDIAUADINITVDI 1Y e1U Customer Requirements (CRs) IngUsenaunigdntng
PNANAVIA JUTENOUNNTIANITVOLEY HIUMIN wash Tau1/491984lATINNT IUIANGH
segelugie 15-30 audsnanaenadesiudaiauaiuslunuidesunsinseigddiula
drulde waznisusziliunisidausyuy (Usability Evaluation) @ siuadiuaseuaqy
YDIUTUNLALAIUVAINYANEVBIUNBWINNIINITUNUANEDTA [13] nqudiegaiiasviou

Aidungtowmaenvdldnisdinnisveds dwalideyaninudeinsilaiiauasounqs

&

waganansathluldlunisesnuuussuulaegaiiusednsam
dy U YA 1 Y = I (% 7 o an/ a
wondnil nauiddulddrudsyafeitudegninluldluduneunisuseiiiu
ANuianelavesldnulusverdaly TeaenndoanunuInNiINITITEAIUAIUAINTALY

n13lduvessruu(Usability Research) adunszuiunisfnwiwaryssiduingldnuass
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aun30l9auszuU EcoRanker DSS lagnndiatiiesle dnnuazanlunisidnfeflsndusing o
wntesualny waziamuisnelaluseaulavaldanu lneinsuusilildngudiiegia
Tt 20-30 Auitelilsnansuszdiuifimuundede [95)

nauiiaw e nguidevglanaia d1uau 7 au Fsflunumluusaifiusedu
AINADAAR BILAEAIUTUNUSLTINTINEIENINIANUABIN1TVRIE bY 91U (CRs) Uag
AaudnsuzlanIznamaia (TCs) W aszymndidyvestadenanaiad azinlug
nsWausaneIfiuuagdrudadedldau deszneudefidervigsunsvauniv
MIATIATEUU MUTMSIATINS mnssuduinden mmdidu mslinnegideyauas
n1sRnAulanatsinmsl (MCDA) uagnisoonuuulszaunisaidld (UX/UI design) Wail
msfmunduuidevyaonademinszdeuisiseninigiuves QFD Myjautunsld
i3 vavndednlusuuuuaninginis (Interdisciplinary Integration) Lt elsilddaimnua
¥9938UV (Systern Specifications) 751 A211L7 9n 5918 915l 81 (Content Validity) waz
annsaillussgndldlunmsuidamnsianisvesdsanmsieaiislionedsdu

'
IS °

nquiia fie {Llmgdmiunstudumumanzanvesszuy (Expert Validation)
$1unu 12 A Fsuszneumediiuszaunisallugaavnssuneadns fifedostunisdanis
Youdy wazWauszuulusunsuaauiinmesd tnsdunumlunisuseiduninugnees
Ansidedie wazdnennlunsthssuy EcoRanker DSS Tuuszgndldasa msfvunuug
naufBemglurisUszana 10-15 AugeandesiulIMaMsUssiiusyuuuasMsITede
Uszgnd dagjaiunisldnasidavesidervgiieduduanuivanzanvesssuvluuium
n15tda1uasa [95]

delffunmenmadtasaiengulitoyauazunumluuiasdunouvasnisite

pg1tmau FIduliasueazideadauanslunnsnen 3.1
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vy I1U9Y . . N
nauglvidaya UNUINUAAN THludunauveiniside
(Aw)
ATy mTu 5 ATI9AeUAINARAAREIYRITe  MTTRILILATENeITY
NIATIFFDUAIN AU TngUszaIAuein1sidy  (Research Instrument
AsUTaLon (Content Validity) wazln Development)
(I0C) TarauanwuztiioUTuUsLATode

79y

[y

nauiiduladm 25

UsgilumnudAgves

NNSANAAINABINITVDS

e Customer Requirements (CRs) ﬁﬁi’fﬁ’m (Requirement
(Stakeholders) LAZAZYIOUAIUADINITVDS Flicitation) kazn13
AlduluuIunasa Usziiuanuiianelaves

J¥UU (User
Satisfaction
Evaluation)

Aupf@ormgds 7 Awun Technical NsasuaEIATIER

WAlA Characteristics (TCs) ag QFD (QFD

(Technical UsglluANUENNUSTEnI9 CRs Development and

Experts) wag TCs Tu QFD matrix Analysis)

Adenvndmiu 12 Uszidlupugneies Ay nsguduANLIgay

nsBuduAIL Udetie wazauansalun1s  1easEuU (System

WEANYDITEUY Wszuuluuszendliasaves Validation)

(Expert EcoRanker DSS

Validation)

Jouan lpannweaznaug

Y

9 Y

o [ 3 [ < v o [
AUINIFILATIEKLLASN WMWLUUSQWUE]HaaWW'iUISUWLU

A15NAaeIszuvlua nuuzYaInsaAdne 1aelula9199991nlA5INISNOES 19 QN

widlausianis wildunisysannisteyaidsuszaunisaluarasnmuianndiisrnauas

Aildruladiudenuiinuaidutsunmsdanisveadsainnmsieassluiuiaianas

YasUsewmelng ielianusaasnauanIunNsainIsigIuasebaeg LNy
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3.5 sgezdl 1: n1seanuuulagandeadiuneenisvafidiuladiudenae
wadan1suuaantd 198 saanan (Stakeholder-driven Design using

Quality Function Deployment: QFD)

TunuAded wedamsulamihi@agaunm QFD) gnihantilugusiedesslovdn
dmiuniseenuuulassaiisvessruvatvayunisdnduls (DSS) lnsfinguszasdiile
JIUTIW IATIEN uazwlasaudeenisvesiddiuladiude (Customer Requirements;
CRs) lUdanwagmanalinvesssuy (Technical Characteristics; TCs) agaduszuy

nsUszgndld OFD Tusiddsilyjatiulufifvesniseanuuuszuy (System Design
Perspective) 11nninseenuuundnsas lasifunmsideslessening dsiigldausdeanis
fu Aefiszuudesanunsnyild dnlassaisvosununmtuuisnunm(House of Quality :
HoQ) Fatmelianunsadnarfuaudifyresesduszneuiianadafisnduneaniswamu
szuuldegalmgnatarnIaeule

nszvrumslusseziusenoude 5 duneundn Téud

1) N3N Customer Requirements (CRs)

2) MsUszuAMNdAYUae CRs

3) NM3ASNUNUANUIULIIRNIN (HoQ)

4) NMTBATIENANUFUNUSTENING CRs wag TCs

5) NMSAUIUAIANEALLTINALA (Technical Importance)

fasazduanalull

3.5.1 MINWUIAMUABINTITVRELY (Customer Requirements: CRs)

(Y

Tuauideil

o

wiunisegnaduszuy lagedonsysunn1sdeyadnn 3 unaaman
i
1) MsnumInissanssuegadussuu (Systematic Literature Review)
2) anudeansveilauladiude (Stakeholder Needs)
3) mimwaaummmwﬁqLﬁyamim@”lf'ﬁlmﬁmm (Item-Objective
Congruence; 10C)
Tuduneunsn 3Teldvinismumuissunssuiidvadeatussvuatvayy

N5 A ulaA1UNIITANITVOUTEIINNITNBATI WUIAALATEININYULI LY Uae
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msUsggndltmaianszuiunsdadulanuunatoinast iesusINTonsaufosnis
Doswtuvesgldan

i Foyadinangninnuiuliaenndesiuuiunmslinuaisiuntsionsan
anudesnsvesiidulidnude Jenseuaguiiiisatedurinldnisdanisvends 1wy
yhesniesiu fuszneums uazglinusyuy

Tutuneuaniine s18ms CRs fildgnihluaseaeuauaenadosiungUszasd
voa1uidelaeid orvgy H1uisn1s 10C Ingldinasinisussidu 3 sedv leun +1
(@onnda9), 0 (luule), uay -1 (liaonndoq) Inas1en1siisian 10C feus 0.67 4 uld

azgnAndeniieldluduneudaly

3.5.2 N3UTERIUANMNAIAYVRIANADINTISVRIL LY
n&F1910ld 518113 CRs Ti1uN1TnTI9d0ULAD Tumoudalufion1sussiiusedu
AUEIAVOIABZAIIUABINTT LaglELUUEUNNAILLINTIEIUUTEUIUATLUUALASY
(Likert Scale) 5 526U et 1 (tofian) F9 5 (niian)
Foyadiliangnounuvasunmgnihundunadsidasuiads (Geometric

Mean: GM) iedgviouseAuamudfevedusiay CR Ingldannisnsd

_ 3.1
a=(] [ o

e GM;  #o A1 Geometric Mean %84 CR 71 j

=
o)

¥ A . a .
9 AZWUUVBIINBUALT 1 1B CR 11/
n Mg NMUIUFMBULUUABUNNY
o Ay v ° v % v o o & . . = v
U A LAz viliidud1uminduing (Normalization) wielvianuise

wWguisuiule taeltaunis

W= ol
= S (32)
bOLL G,
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o /4 A9 ANNUes CR 11 J
m A9 97UU CR 19UUA

3.5.3 nMsnvuaRuanyMznIunaiaLazn1as9iIuLigNIn (HoQ)
ANENFIIINNITAINUAAITUA 8IN15U098 LY (Customer Requirements; CRs)
uUITd La e Wun1sAmuaa e neMenIunAia (Technical Characteristics; TCs)
ievm A usumudvimnssuresanudesnisdingt lnefiaguszasdifiouta
“Foawos{ld” (Voice of Customer; VOO) lWgdaiuundunadadiaruisatluldly
nsoenuuUkasiLnszuUlAeg e dugUsssu aumannIsues QFD [96]
L TCs Tuuidetiondmsysannisain 3 widseadenududn ldun
1) ANFNUMIUITTUNITUT A BT UszUUaTuayunsiadulouas
andnenssusEuuaTAUNA
2) NNSIATILATITEUU (System Analysis) Lﬁaizqmﬁﬂizﬂauwé’ﬂmaa
53UV EcoRanker DSS #iilud1umas frontend uag backend
3) mssvameNAMTuINnyBanaia iilelviaudnvazdifmus
faumnzauiiudamnssnasnslinuais
HAIINNTEUILNTAINa 1 lE s vuenudnwugmanalinressuUI LI
12 578915 %ﬂﬂi@ﬂﬂquﬁaé’ﬁmaﬁzw oA nseeniuuduAnserlY (User Interface),
UsgdnSn1muesseuy (System Performance), Anudaansivyasdoya (Data Security),
mmmamaslum':?L%auiwﬁaaga (Interoperability), Anundedovesdanasiiu (Algorithm
Reliability) LLazﬂﬂiyimWﬂﬂsﬁwuﬁﬂLL’mé’am (Environmental Integration) 3aazvioudenis
ponuUUsTUUTIFTeilaeussAnsamuasanudiiy
Wi ondniE Banug g oudsuuafin (Conceptual Overlap) 113 §8ldivun
YoulnvBIsazAuanvazIanadaeg vy Tnslawmzandnvasiifaulndids iy
11U TC4: System Responsiveness 4 41{ i uUsz@ns nmnisUszananavesszuuluile
backend kag TC12: Cross-device Compatibility G?fm'qLﬁummmmmiummamma
vosszuUluils frontend MsugnasdUszneufnanveiiunnudaaulunisesnuuuLas

AAAIUARULATOLUNTIATIEY
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M1319% 3.2 Aaudnwugn1unAlinveIszuU (Technical Characteristics; TCs)

YT AuanwaEnIunaila (TCs) U399

nseenuuUdlindeliuarn1suaniua (User Interface &
1 [97-99]
Visualization)

nsInvilenasion1suazsztieudd (Methodology
2 [97][100]
Documentation)

3 lugan1susuwsisseuu (Customization Module) [971199]

4 ANENsaluNIINBUELDIIBITEUU (System Responsiveness)  [97]

NYIUINISINIINISUsEIEueg9ATOUARY (Comprehensive

° Criteria Integration)

6 wwwmImIauaUUaenisvesteya (Data Security Protocols)  [97]

7 mehnuswivveslivatesie (Multi-User Collaboration) [98], [99]
8 mMsUFulssazinsainwmseuu (Update & Maintenance) [104]

9 msUFuUeleyaluUna193e (Real-time Data Updating) [98]

AnugndislarmITeTiovesdane3fiu (Algorithm Accuracy 991
10 99
& Reliability)

nsUsziliunansenuasnnden (Environmental Impact

11 [103], [104]
Assessment)
ARaEnsalunsldeutiugunsal (Cross-Device

12 [99,105]
Compatibility)

mendsnmariruagudnsaemanaia nuiteiliin HoQ uilfidunseunis
Iinnpvindnlunisidenleseudosnsvesfldfuandnuazmanaia las HoQ vt
Huedesiiedslassaiisfitioudaseudosnadsnuamlugiefmundanaialugiuuy
flannsaineideTunnild
TAssa19993 HoQ lunuideiiusenoudsasdusznaundn 6 asdusznay Tdun
(1) mmﬁaﬂm?ﬂaﬂrzﬂ% (Customer Requirements; WHATS)
(2) Wwn3ngn1319umL (Planning Matrix) Besamidsantmiinues CRs
(3) Qmﬁﬂwmwwmﬂﬁﬂ (Technical Characteristics; HOWSs)

(@) vINgANENNUSTENIN WHATS wag HOWs (Relationship Matrix)
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(5) wunIndAud U us senI A ud nyaenInnala (Technical
Correlation Matrix)

(6) MIIAUIIUMIBUANTTOULNIUNATIA

AUNEILDY

Tumawnaiia

(Technical Correlations)
3. wpdandunldy
(Technical Response: HOW5s)

1. 2.
AUADINITVDY 4. V3NGANg
Huslan AUEITE TUHY
(Customer (Relationships: WHATS vs. HOWs) (Planning Matrix)
Needs: WHATS)

6. NMTINUIPUWIUANTTOULNG
wALlA (Technical Benchmarks)

A 3.2 Taseasnetnuwisnann (HoQ)
31 @ fAnLUadan Akao [96]

s 1 (4

ANNANTUT TENI19ANUABINTVRI LY (CRs) wazAmdnwuznIumAila (TCs)
gnuszidulaeldszdumnuduiius 4 sedu 1dun o (sifianudusiug), 1 ), 3 Wunana)
uaz 9 (g9) Taazvioudsszfudvinavesnadnuuzmamadaiiiiornudesnsvesylily
RGO

lAs3a313 HoQ denanigelianunsadnssilaegradussuuiigudnvue
yamadaudazsemsiunumlumsnevausinudeinsvesidesnals samsisanunsn
JEYAIUADAAGDY (Synergies) wazAUTALEY (Trade-offs) sewinvesalsenauvasssuula

Y19TALIU [16]
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HaN13UTELlUANUFUNUS 581719 CRs waz TCs azgniluldlunisauin

AR dumalinvesnanvauznametaluiivadaly

3.54  n3UsTEiuANUAUNUSIENINN CR-TC WaZN1TATUINAMUAIAYLT
wAlA (CR-TC Relationship Scoring and Technical Importance Calculation)
meldlaseadia HoQ fildfmualiluiade 353 euadeildduiunsdsiy
Auduus EmInemuiosnsvesild (CRs) wazqadnuagmamada (TCs) tieuuas
AnudesMsdanunlugmsdmesideUsinadiaansathluldlunisesnuuunasiaun
szuuldegnaudusyuumundnnisues QFD
mMsUszifiumnuduiug CR-TC Andunislasauz{idornydanadadiuay
7 au delanudevalusiussuvativayunsdadula Imnssuduneden wagnsiam
FEUUANTAULNA Im;:&%m*mzyLLG\laSﬂuﬁﬂﬂﬁﬂizLﬁuaﬂﬂﬂﬁﬁiz (independent assessment)
\ieanoadndnsnasznineUssidu mmfu?iaﬁmamsﬂﬁmﬁumﬁﬁmeﬂugmwu
ﬁ”lLQ?iIEJL%QﬂEjM (aggregation)
seRuANduiusgnivuslaglduinsdiuunsgiuves QFD FaUsznousae
4 szv Tdun Tifauduiug (0) aruduiusen (1) aruduiusuiunaia (3) uay
Anudusiudgs (9) Tnemmsidiudsnangnihanldiileavieussiudnsnavesnndnums

mamnallaseausieinsveRlilungausin [96]

M15197 3.3 WIRFEUANEUTUSIIRIEINEIMSUNSUSEEIY CR-TC Tu QFD

Relationship Symbol Score
No relationship 0
Weak relationship A 1
Moderate relationship O 3
Strong relationship [ 9

n1slduinsidrunsiuunnanrielinisuszifiudinuduuinsgiu annu

ARAARBULTNSRIFY waztiuANaInsalunsWIsufiguNan1sUTEIEuTE NI eIuey
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NNUY ArMNERYITanAlaresnunyugnIanAlaLAazs18A1T (Technical

J

Importance; T1)) aNAIIALAENNTTINNANTENUIIN CRs Manuanelansarsdmidnues

ANUADINTTVRILY Feaung

m
i=1
JGE— Ao A1nUNYeY Customer Requirement 91§ F4lA91AA1TAIUIUAT

Geometric Mean Wagn15¥11 Normalization Tuduneaunaunt
Fi A9 ANALENNUSIENING CR 7 § Waz TC 91/
m Ao 97uU Customer Requirements

WelwaursaSeusuaudAgues TCs laag19datau A1 Technical

Importance 3gnusulviegluguvesimiinduring (Relative Weight) lngyin Normalization

2o
RW. le
=T (3.4)
-1 Tl
Imsﬁl k A® 91U Technical Characteristics

Lmeqmiﬁwmmé’aﬂdnaaﬂﬂé’aqﬁwé’ﬂmiﬁugwu%aa HoQ &sldfnsehsthmin
¥89 Customer Requirements Ll aazsioudninaldsszuuveunazaudnuuznanaiea
[99]

deifiuamniidefiovessanisUsaniiu nuadedlildmssadusuudass s
N19dWATITRAIUAAIAULTING N (Aggregation) §9n3rUIun1TTIUTIUNanIsUTELY
Mndidemgueiasviiudsnssriedadudassdedu eaneafninnisdimianiuda
(Bias) MntiuTsthdoyanienanzuuuiiliuiinrsiuardnnseisuiuy emdeaguiiu

ondurikazasNounInInveInqulaeg1aiugn wagnisamineig w; J99ean
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AUAAIALAABUNB1AARAINANARLAUNS DY ULDIAINYARATEIN U Laziiuad
donndRIUBINATNSlUSEAUTTUY

NAANWEUDINITAIUINUAT Technical Importance Wndndunns ey TCs Lag
N199AAIAUAINENAEY TIUAITI8aZLDUALTIUTUIMYDIAT Geometric Mean (GM) Lag
Uminwes CRs agniausuazliasgiiluund 4 Faludiuvewanisive

v s ~ o ! [ 14 L3 Y A aa ¥

Hagansvesszeed 1 diludnmisiaunlasaianueinisdndulaniiaiuaenndes
Weseuu Ineweulesnnudenisvesiaiuladiude (CRs) duaudnuaemanaia (TCs)
H1uNsau HoQ agadugusssy lassasnadenanyisulasaiudesnindenuniniig

a ¢ a 1a a ° a ¢ Y I

W15 w5 sUTinanausainlUldlunisiessiuaresnwuussuulaegradussuy
naawsbavimdhidwihwminidunalnideulesszninanisesnuuuiituindsusieniny
Aesnsvesiiarulddiuds dunisadawuudiasaiienisdnduls Snvsdudugruteya
dAgdmiunisiuaavtnge FAHP Lagn1sinsunuaie TOPSIS Tuszezdnl dina

T¥n1sWmuNsEUU EcoRanker DSS fmnulusala asiaaauls wazaanmdasnunisidanuasa

3.6 33827 2: Decision Criteria Structuring and FAHP Weighting
3.6.1 lasead9anAusuvaanu (Criteria Hierarchy)
1ASIA5 19810 UT U oAy n15A ndula (Criteria Hierarchy) Tuanud o4

[
v =

aniauTulageAunNsduATIEYBIRAINIIINITTUNTTUTINEIBILAL I WIdEN o U Y

a v )

U3UNTBINITIANTTTENEBAINNTNBAS19UAZN1ST Dnau (COW) Tngianizauide
Uszgniltinadia FAHP Tunsivuainasinisindula Sslaevhluinmssuuninausisanidy
4 fifvdn Idun FuiaswgAa (Economic) A1ud swandeu (Environmental) fudans
(Social) wagauwmaila (Technical) [107]

uonand lassadredenandiaenadastunuimenisiaunssuvatvayy
msndulasunsdanisveadennnisieaidluviunveuasugianyuiou dau
nsysanmsiasunmdudiAumsiaunszuuRdva [108]

ogalsfinny wiiauidenouminezidiaueinasinisdndulafinsounquil
ve3AudaEy winaugadlngjinegludnuaizidawuifn (Conceptual Indicators) L4t
uafiun1991n1A (Air Pollution) warn15hm&sa1u (Energy Consumption) Zadaldanunse

lUlglunmsiwngassinalussuvaivayunisdaaulauuudnludilalagnss
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Tufifdhuduanden Miindgnuivnnuafiviseniauasnislindanulugns
Udenfeniuaulasenladuay msldidamads Ssannsodunldnndeyaszasnanis
yuds Usziavvasenuninie uardnsnislfidemnds lnedrsdadnnsdsefiuinsnsdin
(Life Cycle Assessment; LCA) hazUa498n15Ua 0801913 0UNTZANAIULUINIGVDY N3
UfuUgatananazyioudan1siud sun1uaninaeii 3 swudnluginuei i 3 aufUR 19u
psrUszneudAglunsiaussuvaiuayunsdadulaiiansoyssnanauaslvinad ws
ddnseildosnaiuszuy Tassadeddufurounasinadmaulalunuidedussnaudae
4 TAvdn waw 8 inausies fail

1) MuAsegha: mlgTelunisamu wasdununseildatenisaiivau

2

3

Yy o

) PuAIWINARY: NsUdssfgasuaulnanlad waznslanasnUdamas
) eudIRy: Nsas1anulnl way NSNS UVIESISUSTU
4) gnumnalie: AUNINUEBNAENAIIINEDNgnTTUIUNTITR wazauduly

Tamanadalunisannisvaaas

Al lunsamy
. " \_ Investment Cost Y,
Yadednuasugha
Economic Factors (4 e il 1
ic Alganglunisaniuau
\_ Operational Cost )

N e N\
Ysuunisdasenig COp

\_ CO2 Emissions

7 N\

Uodududvudadon
T - ( gl
Environmental Factors m{lﬂzjwamaq

Andangusznaunisinnisves

S S a o Fuel Consumption
Mmunzaungalagdanaaudedu

(.
Select the Optimal Waste Operator AseauSUIINEISISUBY
based on Sustainability Public Acceptance

Job Creation

Uadadudvnu ]
socialractors dnenmlunisadreay ]
AMNMNEATINEYD AN U

Uadsdrunaiin
Technical Factors

J
Final Quality of managemenJ

anudululdnanaia

Technical Feasibility

AN 3.3 1AS9E519a1AUTUTD LN UNNISARAUTlad1 S USEUU EcoRanker DSS
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A 14 o w 5 6 Y a P ¥
Al 3.3 wandlassaieddiutuvennueinsdndula Jeusznausmeidivuneg
waN inIivan 4 97 wazinasiges 8 518015 laelassasiedenangnldidunugiu
TunsanlunisTnseian135 FAHP ten1muar1uvinvewnuel wagiluldly

AsEUINNSAnaulaueIsEul EcoRanker DSS

3.6.2 M3AuInAMENE98 FAHP (FAHP Computation)
nsrvuaalnvesnasinsiaaulaluuddediudunisiagl93s FaHP
FadunswauszninuuiAnues AHP uagnguiited [109] tesesiuniuliuiuouas
arunquiaislumsUssduresfidornng nssuiunsduamdimingie33 FAHP Tag
Usznaumetuneundn fil

(1) msa$raum3ndnisiiouiioudag (Painvise Comparison Matrix) fifisaey
nswieuiisuanuddgyuennaeidug 1 aelglassasreddutuiiimunl’

(2) Msudasanisusziiududiuiuiled (Fuzzification) AN15UTEEUTIN Y
gauvaadusuruileduuuaima sy (Triangular Fuzzy Numbers; TFNs) Lt oazviou
Aanulliiueuvesnsandula

(3) 15FUIUAT Fuzzy Synthetic Extent d1vsunsazinadt il ousziiluszey
ANUEARYLTIFUNNS

(@) n19%1 Defuzzification ﬁwﬂ%s‘ﬁﬁllﬁgﬂLLUaQLﬂumf\ﬁmuﬁa (Crisp Values)
ielvansashluldlunsdmoandesinald

(5) M3¥i1 Normalization Anfildgnuiulwegluguvestimidndusivg Tnonasan

YDIUNRUNTIURUANNAU 1

[ ' [%
v A

W aAwIMNAIUIRT YA $UITETU1EIT Extent Analysis G909 UADULTY
a s a 5 [ ‘;’
ANPGRS LAUiTUABUAIL
1) Triangular Fuzzy Number (TFN)

i - a 1Y ° ~ a
ﬂ"lﬂ'ﬁLUﬁEJ‘UWlEJ‘UQﬂLL‘Wu@I'JUﬂqurJUW%GKJLLUUaWNLV‘aEJlI

M= (Lm,u) (3.5)

'
[J

gt [ f® Awnan (lower bound)

A |

m A ANaNe (most likely value)

u Ao Agegn (upper bound)
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2) Fuzzy Synthetic Extent (Si)

(%

dusuurazinadst a1 fuzzy synthetic extent AuInlandl

S;= ZMJ R ZMU. (3.6)
J=1 J=1

i=1

lagdl M Ao fn TFN wesnsiiauLiioy

& feo NMIAuveIlad

139 msmanniuaessiuIuied

3) Degree of Possibility

NSWUSBUTIBUTEINAT fuzzy synthetic extent 19 degree of possibility

19 ifmizmk
0, if l,>u;
(S>S,) = ot Sl (3.7)
: , otherwise
(mj-u;)-(my-1;)
4) Weight Vector
At esduresusazinaeifuIaIen
d; = min V(S; =2 S)), ik (3.8)

1%
° o

LAZIINADTUIMUNAD

W=(d,d,....d,)" (3.9)
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5) Normalization
nsUSuarAninineglusuinnsgu ielinasinvesAnviniavaailen

WINAU 1

d;
nldi

=

W; = (3.10)

1 g £y 6 U a d' 1 o 1 aa L4
Auminvesnusin1sdndula w; Alaannseuiunsmuinmeis FAHP Tuiide
3.6.2 gniuntdiduesdusznavdidglunszuiunisdndulavesssuy EcoRanker
Tngandminasnaignimvualiiduansudu (default weights) neluszuu ieasviou

ANUAADIFUNTVRANUNNTUTHTUA UL DIVDIEL T IV 8y

3.7 s3w%dl 3: Environmental and GIS Data Integration

209 3 maamu%i&ﬁg’qLﬁumigﬁmmﬁaaﬂaL%ﬂﬁyuﬁ (Geographic Information
System; GIS) 320 ULUUTIA8INANTENUAIUE 1Und0u LIl o WauIf2E TALd sUSunm
(Quantitative Environmental Indicators) 7 @1u15atiluldlunszuaunisindulauuy
naewnuel (MCDA) aelussuu EcoRanker DSS toagradusyuu TUsala wazaiunsa
n519deudaunauls

LAANSUSEEIURANSENUE sund oalunuiTed s19B annumdnnises Life
Cycle Impact Assessment (LCIA) aneldu1msgiu IPCC 2013 Global Warming Potential
(GWP 100a) @adunseuunasgiuanalunsuszifiudnenimnisnenniglanieu (Global
Warming Potential) [110] wazlgarUadeunisuany (Emission Factors) 91n89ANISUINNS
SamstadounszanvesUszndlne (TGO) wislaonndastuusunnisldnuasidulssing

[111]

3.7.1 ﬂ’liuu‘sm'lmi%'ayla@ﬂﬁuﬁ (GIS Integration)
58UV EcoRanker DSS Towalulad GIS Tun1sAmiuidsreen1anisyudsve iy
FEWIN
(1) uwasnilinvesidy (Construction Site)

(2) @aufisnnsvends (Waste Processing Facility)
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'
Aaa v 1

TneideusefuusNswRuTiAf9Ta 1 U Goosle Maps APl uii olifldszaznieny
1&Un19959 (Actual Travel Distance: D) @silmanuusiugiunnniinisldszoemad adunss
warazouannnslienuass wu lassteauuuazdosinvoaduns sl mslédeya
srozynanisfoidunnufiaviddylunmsanaurainirdeuvesiuuiiaesiunsvudsly

¥

NuUszifiudwandau [104] Jeyaszuznisnanangnldidudiwdsindrlusuudiaes

dunaauluairuinty

3.7.2 ASHAILILUUINGDINANTENUATURILINGBY (Environmental Impact

Modeling)
NuITgdiauluuTaeudaduIn (Computational Models) Litaulaitaya

Y & (Y

Waufuanislnduda

[

TP 1UAWIna0U Taadan1unannis LCIA Fea1u1saasunela by

(%
=]

sULuUIlY Al

Impact = Activity Data x Emission Factor (3.11)

1y Activity Data 1191N528ENN (GIS) wag USuaveads
Emission Factor é’w@qmﬂgmsﬁayjaaaﬁm3U%miﬁ°fmmiﬁ”wezjlf%aummﬂ (TGO)

v a

LUINFINAMNEDAAA IR UNANNITUDY LCIA Nlalunisuiastouananssuluidy

Y

1%
v Aov [

ANKANTENUFLINADN [97,111] LUUINADIMNAUNTUUTENDUMY 2 FITIANEN LAk
o C2: NsVansmannsuaulnoanlan
o C3: NMShULTBLNAY

ALV DUNANTLNUANUAILINADULAENAIIIUINNAINTIUNSVUAIVDWFL LA AT

3.7.2.1 wuudiassnsuaseingaisueulaeanlan (CO, Emission Model: C2)

LuusiansilduunAnnsUassfeidaunszanuuusssEeenng (Distance-based
Emission Model) @nsunisuseiiiuainisuasenignisuoulnoanlanannnisauds
1ag81989A1 Emission Factors (EF) 31ng1U483a08989AN15UTMITIANTTA9LT8UNTEAN
(TGO) s?faﬁwmmummgmmﬂa Wil fn EF gNIMUNAINANTIENITUTINN LouA an1iy

U3INN (Loaded) wagan1izsailan (Unloaded) 1 oasyioungAnssun1sldwa ey
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rassausInnluanmzn1svhauasdadunuimeilasunssensulunussdunisuaes

ATBFBUNTLANIINAIANITVUEAD [110]

aNSNNN1ITANUIN

Arualinsvudanilssaulsenaumeansing taun 9aussynuazdsalan n1s

MunUsununNsUaseiwA1susulneanlenn L lunsAUAGUTUR D UR 9T

1. MyuaLUsIY" (Input Parameters)
o spavMSUIUIIND Dpygeq Wo23050WE Doy,
2 901 U 1 Idl
o Usnaswtinusmnaeied Wuq
« #1 Emission Factor dwsuusiazaniiz wn EF,geq %0% EFioaded
2. murunsUaoylunfaztan1sauNIg

PIFUTIN
Eloaded = EFloaded X Dloaded X I/Vload (3.12)
229501UaN
Eempty = EF inioaded * Dempzy (3.13)
3. MwiunsUdesdeniaseunisauas
El‘r

ip Eloaded + Eemply (3.14)

4. AIUININUIUTOUNITVURIVIINUA

N= (3.15)
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5. AUIUNISUARESINTINNUA
Etotal = Etrip XN (3.16)

lngen C2 dnureilu keCOeq (Alansuasueuiiouin) uazgnimualilu

nauiUsznnAuY (Cost Criterion) dwfunisussiiiulutumeudaly

3.7.2.2 Wuudnaeanslgiomnads (Fuel Consumption Model: C3)

WUUFABIN ALY AUUTZENT A NATUNTIINUYBINTVURS LA8D1FEANUTUNYS
SEMINTLYLNNILALOATIAUUADITBINEY 1A8D1AEANUFUNUSTENI9TLLNIINITVUEAS
wagdnTauUiauenaavessaussyn (Fuel Efficdency) Banansadwinlaaindeyadn

I3 Y a I3 v Jo 9 v | | a ¢ v
au15aNUTIUTINleasslunraunn was Ui dinnldiusg1awnsangluuimsz a1y

NAINULALEIINADN [104]

PANDIVUNITAIUIN

MsfunaUSINuN s demasddunsaadunousisl
1. MuuARILUTUEN (Input Parameters)

o FBYTNNTIADIDUNIVUES D, pyng

. Sarauddendomds FE (km/L)

o USuaweudesw Q

o USunauusmneaiies Wiyug
2. mMUUUSIN U BNAIR BNeSaU

round

D
Fuel rip W (3.17)
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3. AU UIULNYIVUEY

0
N = (3.18)
VVload
4. AUIUTUIALADLNEIT M
Fuel,y, = Fuel,;,, XN (3.19)
5. Usulvteelugusievdsiuveade
Fuel,,,
- — (3.20)
0

lngen €3 findroidudnssiadu (L/ton) uazgnineglunguinamivssianduyu
(cost criterion)
v s o ! Q’lj v ! ! ! [23 s & 1 = o
HaansnkuuIaedludiuil laun Ansudesineaisveulasenlendenieiu
voeaunde (C2) wasAnisldivemndaioniwiuveswands (C3) aggnih Ul dusmunuaes
naugisudwIngeslusyuy EcoRanker lngadsnanazgningulvieglusuuuiminzay
dmsun1susztanalunszuiunsiasiesinuunateinuel (MCDA) Ui uLnueif1u

WAswgAIEns dany wazinaila

3.8 52829 4: Web-based DSS Development
segyatunsiauiszuvatuayunisindula Ecoranker DSS Tuguuuuiiy

a Y N ¢ a a a U 4 b4 !
woundiadu lneddngUussasAiionlainsounuwiAndanguainssegnountl tawn

[y

ANSANNUALATIAS1NUTAENATA QFD NISAUNUARAILUINTNAIE FAHP Lazn1SInduay

v a

#1835 TOPSIS TnateduszuuiiaruisaldaulsasaluvSunvasnisdnnisveade

INNNSNBATIS
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mMsfmusruUnABLAnaatngnssuvesssuvatuayunisinauls (DSS) 3
Usenaumeasdusenaundn laun n13dan1steya NMsinn1siuudiass NMsinn1sesa
A3 uazduAnserlinu ielviszuuanansnsesiumsussnanadeya msdadulauuy
nanenuel wazn1stanauiugldaulaedralivsedniaim Wsela wazanunsonsivaey

goundule

3.8.1 aanUnenssuuasszuy (System Architecture)
38UV EcoRanker DSS QﬂaaﬂLLUUﬂWSIﬁaawﬁmaﬂsiumemasﬂgu (multi-layer
architecture) ssgnause 4 asdusznoundn laun

(1) dudan1sdoya (Data Management Subsystem) uthfiTaiunazusnis
doyafiAnatesitamun wu Foyadldau doyalasins inasinisussdiu uas
wadns Tneliguteyadsduiudifiosossumadndedoyastnaiiussaninm

(2) drudan1suuusiass (Model Management Subsystem) iwiinfiuszanana
n1sindula Tagysuin1suuudiaes TOPSIS @1miun1sinduduniauden
aeldanimdnildan FAHP §easlinnsdnduladanudussuuuas
aonndesiunNIiuTesiTeaviny

(3) dudnn1eeRAIus (Knowledge Management Subsystem) Fmrifidaiv
p9fAn} Wy denuvennast Animidn wagngnsdadula Weuaiw
TsdlauazanuanunsaluniseSunenaansuadssuy

(4) dufnsiagldau (User Interface Subsystem) Lﬂuﬁ%uﬁﬁﬂ%’mﬂé{muﬁmwu
Tageenuuuluguuvuivueundindu elsiausaddsliie soefudlinu
wanenay wagldaulaagisaeain

an1UnenssuRenayiglvsruuinuiavgy aansaRmuiLRY warTessy

AstrussluusunveInIsannIsuandslaeg1alusyansaw
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Py |

O 5[ =-p =-» > Q
= S . ool G
U_s:mnuama:l./ uagag_ds:naun_'ls TOPSIS / insanauou S nawEBonwW ]
Usuau / dukuv / wnaurimsuUs:iou e Wus:naums A 2=
N muikun FAHP &% = axgiannugviu
Tasvmis / udoya LB TEMEL]

7 (EXTERNAL DATA)

© Google Maps API
dukuvlnsvnis/doyas:o:n1o

AN 3.4 a01RUNITUVRITLUU FcoRanker DSS huuAULaUNALAT
naewg:  1AT9as1e 4 @aundn Leun Data, Model, Knowledge wag User Interface

Fohanuduiuieativayunisinaula

3.8.2 Iaseainalunavasszuu (System Modules)
lassasivesszuugnesnuuuludnuuelugais (modular design) dielwanunse
WawarUsuussyuuldegsdangu lnewusoandu 3 lugandn leun
(1) Tugavudrdeya (Input Module) vinutiii fudoyaaingldem 1wy doya
Tasens UssinmuasUSinamende sumsiing 'i’mﬁqsﬁaga%aa@ﬂisﬂaumsé’hummE“J"qﬁu
LAETBYANLVAINIBUBN LU STEENIRINTEUU GIS
(2) lugauszanana (Processing Module) Junnumdnueaseuu (Decision Engine)

Faihmiiuszananateyalaglyds TOPSIS amelaa1minain FAHP litedwIuay

v v v

AAUFUANMIITNEANYRINLERN
(3) druuansnadnsveszuy i fiiauenadwsluguuvuidrlade wu ns
Fndusufusenouns Andussananalndifies (Closeness Coefficient) wa fadfndu
Aawnden eaduayunszuIunsinaulavesldany
Tassaidlugadsnantagliszuuannsausnmiindinisianuegedaiou uaziia

AENNIatuNsUNsIshwkavveneseuuluauan
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svaslaundu
S S e EE R R e Feedback Loop =
v
N _ msdadudu
& , # famd Zudoya b (‘ Tugamsdoaduto “ /' aussnoums
&) ALY ‘I Database 7 8Q Decision Module == Ranked Operators
o WadlAAuavIdY R paei s
(;Naste Generators) A » o I J, mMuKuAIA FAHP il & auda
J lﬁal.!a‘g“" FAHP Weights = };‘QuamsUs:lﬁu
| nput Data il b
“i i Q SSaBUGU Performance Indicators
inaurindugviu o) TOPSIS Ranking A
WuUs:znaumis A E I
= = Sustainability Criteria
danisudvide -
(Waste Operators) A '
“ :
S i
: L}
. - '
% svastUounau 52

..................................................

Feedback Loop

awidl 3.5 andmenssudslugavesszuvaiuayumsanduls EcoRanker dmsunisdans
YeuAeaInNnIsneassegned iy
wunewn:  Nswusszuveanidu 3 Tugandn lawn Input, Processing wag Output Wioy
mu%amiwi’fagaiwdw?husm 9 VOITTUY
3.8.3 NITUIUNTTVINUVDITZUU (System Workflow)
NTEUIUNITYINIUYDITLUY EcoRanker DSS Qﬂ@@ﬂLLUUIUﬁJﬂHmzaO’]ﬁJU%u
\W4n55ng (Logical Sequential Workflow) lnguansninuduiussenine gy ssuu uaz
nalnnsdnduleegraduszuy fuandunmi 3.6 Saunsoesugléilu 3 Hrmdn Toun
(1) ¥ransUeudeya (Input Phase) (2) ¥3an15UszuIana (Processing Phase) Uag (3) 49
NNTLEAINALaTRaUANDY (Output and Response Phase) el
3.8.3.1 42901945 ud unaz MuuaunuIng 1991 (Initialization and Role
Selection)
nszuauMsBuFuINglFuihgssuusuduAaderdlinu (User Interface) uaz
afiunisameleuniaidngsyuu (Login) mﬂﬁu;ﬂ%mmﬁaﬂwmw (Select Role) Fauus
aonidu 2 nquuan laun
o Hreliiinvasdy (Waste Generator)
o HUsEnauMmsdnnisveude (Waste Operator)
MswenunuImsanaieliszuuanunsafnuadns nnsdideteyauazdadiu

ANSENUNANANNULADE1ITRLIY
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«  dudoderlidirsus:uuatuayumsdadulsitisu
o msavn:euuESIINgSuUBaNHE

dunaumsdidunu
vavgfalkiAavovide

funsumsdniiumuuav
Hus:naunissamsuavide

l

msaswli 1SINOHIN 1s9an

wWalBiywus:naumsLisiulumsuSKIsTaMsuavIFeINABUNSQ

!

Suwa/iardwn

Uaudayalasoms (idu Us:innuazuUSINuUavIAL ABUASA amurdo)
. E P P Oy
uasiKuaAUKUABUAGUINASIUL K3amKuamuKUAmIURdavMs

l

1un

o]

msduaums
misAadEanlnsonsAus:mATlS

~

UssmiA szuudzussmAlasvmswalARUs:naumsnbAmuamn UatkuIzandnsauiunsmsdanisug:naunsa

| MavsadayalfedAuANUGEUNARUS:ABUAISAIUNSSONSIE:

l

Suwa/dwa

v

asyvaauiiayandouiuaaysainamsys:liuxa

l

As:uduMS
nalnmistioauty: ssuuldduaauls TOPSIS fumsueuia
Judulagdomninauridos 8 da

!

swvu/uvi
HWAAWSIA:MSUANDHAGDESEUU GIS SsuuzudaD
HAMSIOIUGU ST901U Lazdayasus

l (rdugkinidangusznaumssamsyavide) l

taudayadiuny & tia TduA dunu
msdudumu dunumsaonu msudssfsmsvaulavanlyd
MsFuWFavTawED MsAETV0IUTKL MssausUIIN
@s1sautiu arunwiugaie wazanwdululdniainatn

!

AufjgaviuasiasuuatBiudunisdvioya
niwamsiudududavamu:msavuazduaauiall
dkSurUs:naumsIansue:

l

s:uusamsaulGnafiliva:nduasa

dvBwaudmdsulugoduiuamuRddukuvaan (s:vsnataaundu 7 5u)

daviinsasinaaudianuian
naovesimsusiuliusmsanasoiasusavan Syuns»FoUANIUE
\dafieraufia:dentiusmsanaso A1SODUAUDY
lﬂannulus'nfatunsn]r‘ihiﬁmsnauaua\)T
amuzmsvuiiaiu
(Wildsumsaaunaumelus:e:paiifikua)
Tasufmaaumae
u7s5u .
Wiy
o = ~ ~ - = ~ - 2
AIBY 3 ANIUKIN g l e} |sjIJrjLT’mulﬁﬁnéuialﬁ'ls':u[nsoms |—
l:l — misnszritwovgiikias:uu |

= P o n ~. *OGx| A O
dv3waudvidoulugodus:naunissans ‘ (*nszudumMsmoILYavd

Uaug@vudumsvamsygs*)

Rid

D —  msdudumsiid/dvean

Q — assndumsdaduld

As:uauMsszuuAaluda (wu Msudvidaunmv
|:| * 3wa s:uumsdaduau Jaya GIS)

Tasvmispzddumsdataldsumstiugugdndumsuas)

A 3.6 N5TUIUNIIYNUVBITEUU EcoRanker DSS (System Workflow)

nagwg:  wansisuluneudiinisteudeya n1sussinana lUaufiinsuaninauas

NsUpUNAUTDITTUY
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383292401350 ud 0y auagn13Usen1alAT9n15 (Input and Project
Announcement Phase)

TuilwosdreliiAnvends nszurunisiiuainnisanelasanis (Project Creation)
Tnefvunseazidondfy Wy Ussanveads Usinameads wasdumisiinaasenis
Mntugldsuinmsteudoyadigszuy (Input/Output) sawdsanunsadonldenin
BufuanszuuvdermunAnimdnies

Sedeyaiinuasuiu svuvazduduns dsemalasans lWdsfussnounisi
Aeadas Lﬁal,%auwﬁﬁ'amauasﬁau”a Fadunalnddgyfivhaig Weuleasewinaaudesnis
lun1sdnnisvedevesd neliiinveade (Waste Generator) fun15li U3 n15v8s
HUTENBUNTSIANITVRAEY (Waste Operator)

Tuvazifioadu fuszneunsazleudeyasuanudsdumuinueifidivun 1wy
fununisiiiiueu maddesfineasusulasenled n1sléidomas maadisnu mIsousy
vosdsny aunwnadns uazaudululdmanaia deudigiunou n1snsaaeuuay

S LY 2V ¥ . .
ULUAINUYNADIVBIVDYA (Confirmation)

3.8.3.3 99N ULarUsTIanan1s@ndula (Validation and Processing
Phase)
aanlasuteyaanngusenaunis gneliiinveddeazaiun1snyivaeuwas
gududaya (Review and Confirm Submission) figuid1gnszuIunsUsydIana
s5UULYNaUKH Y decision engine @ 1Uszgnd 1935 TOPSIS Tun1sdnsusy
madon Tnefiansanainrateinaainneldaninngni fvunain FAHP til e uanen

v v v Y

1 I
POUAUNUIZNBUNTTOUIUUTZUY

o a

duUsgansenulnalfeanay

3.8.3.4 YRNSLAAINALAZNITHILADY (Output and Notification Phase)
HAaNSINTEUUITgNUNauelugULuuII89U (report/print) WALAITUAAINE
W90 LYW NTIRSURULAZTRYALTINUT (GIS visualization) Wieatuayunisdndula

VDI T

v v v

sruvazadanswILfeulugu{usenounfilasunsdndudugasan (top-ranked

Y 9

operator) lngmuuaszuziiamaunaunielu 7 1u edudunisitnsiulasenis
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3.8.3.5 119n19neuaueIkaznalnn1sdaunau (Response and Feedback
Loop)
Tunsaififuszneunmsneusuneluszeznandiiivun szuvagdiiiunsuduna
LLaz‘EﬂsqmsLﬁﬂ’ﬂésﬁu’umauﬁwLﬁumu (finished state)
pgalsnay mnldiinseeundu syuuaztuiinaniuy (system records status)
wazidalonaligldaudniunisuszidulu (re-selection) n3aaiun15nTI9dULUY
manual tienweulusdaazarnindefovesnszuiunms
nalnfanaasvieudsnudnvugyesszuy DSS Ainnslfneu (interactive and
iterative system) kad1935n1500UNdU (feedback loop) T atefi uUszdns a1nly

nsfndulanazsessuaniunisalasaliegniangu

3.9 szazfl 5: wuusiasansanduladaeds TOPSIS (Decision Model Using

TOPSIS)

Tusgeed 5 ve90113ded WWinsiauwuuaeansiaduls dmiunisdadudu
uazfndenguszneunsdnnisvesdeainaeunin Insuszgndldis TOPSIS dauduisnns
Fadulauuuvaroinme 7ldunisseusvegreunsvans 1iesinannsaSoudiey
madenlagiiasanaulndinesiuniadeniuaauai (Positive Ideal Solution) wagAw
viennmadenilaairefian (Negative Ideal Solution) Ifeeaiduszuy

LUUTIa09A9NE179 Ny 3NS5 IR UTEUY EcoRanker DSS 1t 8lsfa11150
UszHnanalazkaninan1sIndud v Usenounmsiawuudnluds lnserdetayaidausunm

wazBanunMnelansauNMsUsEiuAUAUEEY

3.9.1 lassadranauaginnsangula (Criteria Structure and Decision Variables)

S¥UU EcoRanker DSS tamuuatnaginisuseiiuntelansaunnudadiu 4 94

'
aaa

oA TAn9AsEgAa (Economic) dfdwingen (Environmental) fifivnedsnu (Social) wag
ifgumaia (Technical) Tnsfinasisantedu 8 inasfludiuvesdaudanoflday
(Interface) inazviounsaunisussifiuagensuday

pg3l5An Tun1sWaLIkuUIIaes TOPSIS dwmsunisdnduau tainislidinue

F1UIY 7 LN bAN
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C1: fuyuNISALEILaY (Operational Cost) [THB/ton]

C2: Msvasuingasuaulaeenlen (CO, Emissions) [kg CO,/ton]

C3: msliidoinds (Fuel Consumption) [L/ton]

Cd: nM158571997% (Job Creation) [1-9 scale]

C5: NM789UTUVDIA151504%U (Public Acceptance) [1-9 scale]

C6: AMNNVRINAKANINNSUUTFUVBAEY (Final Quality of Processed

Waste) [1-9 scale]

c7: arandululanmamaila (Technical Feasibility) [1-9 scale]

W9155UUILRANLNAINAUN UNITAINY (Investment Cost) ludruves interface

WALNEIIAINANIYNARDDNIINNTEUIUNITAIWIN TOPSIS 1il8331nHlArAsvinAudmy

Auszneunmnse Idineliinanuuanidunisdndudiu waglidmasoauanuisaly

ANSTLUNNILADNYBILUUTIADY N155IUAILUTAINAIIDIIFINAN DNTTUIUNITUSU

W95 Iudeua (Normalization) Tngliiuusednsnmuesadns fany wuudiaesdald 7

LU UNITAIUIN

& (3 [J [ & v Y
UBNANT LNENSaI M UNRAINENYzasilandudmneladu

e« Cost criteria: C1, C2, C3 (Aginin)

Benefit criteria: C4, C5, C6, C7 (Anaafinin)

3.9.2 nsasraunsngnisangula (Decision Matrix Construction)

Timvuaundmsdadule X = [x;] Sssvnousmerilsuidiuvesisznauns

wsiazsne [ nelaines j fil

g m

n

X711
X21
X=1 "

Xml

& o v
AD UIUKNUTZNBUNIT

A o ¢ a o le’
A TUIUNEUN ﬂu&wua%au n=7)

X12
X22

Xm2

Xin

X2
Y (3.21)
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3.9.3 MsUSuANIAsgINLazN1salUdniln (Normalization and Weighting)

PoyaluunIndargnuiunnsg umeds vector normalization faaunTs

Xij

/ w2 (3.22)
i=1%ij

nduhadldluguivddmidn w; §eldu1a1nis FAHP ileasauming

LUUANUNIALN

Taen

3.9.4 nsnvuainauluaauaf (Ideal Solutions)
ARUAAT
. Positive Ideal Solution (A")
. Negative Ideal Solution (A)
1PN INUTELANVBILNN

d115u Cost criteria
. -
A —mzn(v,-j), A —max(vij) (3.25)
115U Benefit criteria

A= max(vl-j) , A =min (v,j) (3.26)
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o 1 1 1 L a Q‘ =) °
3.9.5 NMsATUINSTEZNLazAAENUSzANS AN TNALAYS (Separation and
Closeness Coefficient)

ANUIAISEEEY199A ideal solutions A9l

(3.27)
(3.28)
MNTumuumEUsEaEAlNALRYe (Closeness coefficient)
C. = Si (3.29)
LSS '
Tnei
0<(C;<1 (3.30)

3.9.6 NM15ANdUAUTUSZUU EcoRanker DSS (Ranking Mechanism)
ArduUszanSaulnaiAes (Closeness Coefficientigniunldlun1sdndusu
v aa PP A A 1 & a Aaa ~ a
HuUsznauns lnedidararanulndifies aeigaazfetnlumaudeniafign (lesand
AnulnalAssiunadenlugauafigan wasilssogriiinnadeniaiienanuinia
wuudnaeenanagnilsegluseuy EcoRanker DSS Fevinvinfsutayavnegldanu
ANUAUATAINTUADU TOPSIS 1agdnlulif WahaAINANITIADUAUNIULATUDS ABUU

Sealnil dawalvnisdnauladianuduszuu Wsdla wazaunsonsraaauls
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3.9.7 MsivuaAuazuviasdayavanuein1susaiy (Criteria Measurement
and Data Acquisition)
deliuvusrassnisdnaulaanuisatluldaulaasslusyuu EcoRanker DSS
wnaginsussidunrazdalagnulaslveyluguresdindsidsusunani ot sanny
(Quantitative or Ordinal Variables) 7 @1u15081UldTun1siuaas TOPSIS 16 Tawsl

SUATLDYARIL

C1: fuvunsAiueu (Operational Cost)

v
a = a

FunuAsAiusu (Operational Cost) m18dls FunusiuiAaduainianssy
nstansvendelunssurunisdniunu denseuaquenlditofiAgadestunisvuds
nsTIUTI Mafauen Mawdszd vdenistidavends Tnefarsamedunuiifinduly
szezaAtuIY (Operation phase) LLaﬂahwéfu‘lquﬂ’ﬁaﬂnuﬁm’fu (Capital or Investment
Cost)

AdunuisnangnuandusUresiunuiemisiminuesends Tnefinuaedy
umsey (THB/ton) il olWanunsalSoulfiouuszans mmiduasugaians szning
Auszneunslieginlusssy

il inausisanangndalieglutszinn inaumidnusiumu (Cost Criterion) tlosann

AdnIaieunauseansnnlunisaiuauiand

C2: msUaeeiwasusulaeenlyd (CO, Emissions)

\nasinnsUaesfneaniveulasonledgnliiileszifiunansznufiud anden
nfanssunisrudsends lasfiansanusmunisuaesfisdeunszaniiinduain
nsindsuieveadnnunasiuinludsanundnnis

Tunisdnwd nisussdug afuanignisdaesf1eannssuaunisouds
(Transport-Related Emissions) %ﬂﬂiaUﬂqmﬁgﬂLﬁmlﬂ (Loaded Trip) wazfleandu (Empty
Retum) WielaenndesiureuivnvasszuutazanuamsalunmsiiidsteyaidaUfinase

iiolanunsaiiTeuiiousenineuszneunisidegindusssy Ansudesing
gniihleglusurasadonheiminvesveads Tnedmieduilaniuasueulasenles

Rondaiureaude (kg COy/ton)
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AananAuIlagededeyassegnisudssiuduatladunisudes (Emission
Factors) AMUKUININYBIDIANITUTIITIANTITALT 0UNTEAN (TGO) Wasnann1suseiiy
NaNTENUAIINGDN (LCIA) Meldfinnsgiu IPCC 2013 Global Warming Potential (GWP 100a)
il inausisanangndalieglutszinn inausidudugu (Cost Criterion) tosann

ANIANN AL DUNINANTENUA UL INFBUNLBEN I

C3: M3lgLeLNas (Fuel Consumption)

W TN sl andag il eUssidusedns nmd and e

1 a a v dy ¥ v a ¥

Y8In5EUIUNTVUdvondy lnsluauidedlausulsauimienisyseiuainnisld
sragn1evuds (Alawns) Faduissiaudsdunu Wgnsld vsunanisldidemanss
sandigveds wWeliausoasisunislondsnulaegsuiugiuasaonndoaiuanin
N13AEUNITINNE WY

AUTumsidideamdgnuasddviegluslvesdseniisiminvesvends lagd

| a & a = o = = v = a

wireidudnsvendembsenidsduvesvends (L/ton) srreliauisaieuiiiey
Usgdnsnmdandsnusenindusznaunisldegnalusssuuazeguugiuiieaiu

N13ANIMAIRINE IR TayaTEE g UAITINAUBRTINTAUUR BT LN EY
YBIYIUNIVUE LATAIINAINITOIUNITUTINN (payload capacity) b oUsEU1MUT U
& a A | = ! =~ Nay Ay o
Wowndanldlunisvudeweadeluudaznsal InslunsdinlufideyaanizvesUsznaunis
NUITBElAlINTIN1IF LA LY DLNG R HUBITAUTINNLAT BIBUARLYALVINAY 6.369
Alawnsnedns (km/L) §98198991n518971U483 American Petroleum Institute 1T uan
nugulunsAuIn

o X ¢ o ' U § Y 5 v . . P

Mail inauaienandgninlvieglulseian inaainiudunu (Cost Criterion) 1a437N
AanIazeuiaUsEaniamlunisldndnungandt uasdnalviianansenusie

AwnasulusgauNannIn

C4: N19a51997U (Job Creation)

e nnsas1asugnld i szl unansznududannvea Uszneunis
1ABNAITUIINTIUIUAILAULIUAIT (permanent employment) fintuanfanssy
nssanIsTeds el nsfiansaniuanznsaeuUses Wewinansaasouds

AudupIaATEgRakarNTas R ikiguvdlussezeilaegamngay
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[

nsUsziuldunnsTnBssudu (ordinal scale) sediu 1-9 dall

e 9 AZLUU = 11NN 15 FILNUS (11UAIT)

o 7 AZLUU = 10-15 AWALY (€1U0139)

e 5 AU = 5-9 AILULL (91UA17T)

o 3 ATLUY = 1-4 fUnUs (1UAN9)

o 1 azuuy = Bifinsisnuans Wielanznisansnudansm

ol inausidenanagndnalieglussin inusidunaussloni (benefit criterion)

WenAmfigendtagisuiinisailonianiaasegnakagnsldIuT I veIguguiuINdy

C5: NM1389UTUYDIANS130UsU (Public Acceptance)
TEAUATLUUYDUNUIINITYBNTUTDIATITULYNANUA MU NYUEUNTILTIT UG
(ordinal scale) w183 9 IneRa15019 N TR UNTTUTEININTTINTA A 82T ey
ArusuRnTeUsadiny auaendt warduindon aaonIuszRUNsBaNSUNTLTY Rl
o 9 AZLUY = AN1FUIMENNITANUTURAYOUA DFIANAIULUING 1SO 26000
w1ty Fauiun1stasunisTuseInsgIu 1SO 45001 wazlasuniseausuain
YUY
o 7AZLUY = LATUNIITUTOININTIU ISO 14064 kaz 1SO 14001 wazd
msatfuayuanerulusefunils
o 5AvkUY = lATUNITTUIBINIATEIU 1SO 14001 %38 ISO 14064 ag1la
og1amile
o 3 AZLUN = AFUNITTUTBARIITNINTFIY 1SO 9001

o 1 Azuuu = WINSTUTRWINTEIN vTelToTRUS UYL

[NV
v L3 |

vatl tnawidsnagnianlviegludseian inawsidnunaUsylewnd (Benefit Criterion)

\WesmnAiainitagiounseAumuyaNTuNdnuiadulazdaraldauIndenu ety

YDINITALUIIU

C6: AMNNYRINAKARINNNTWUTFUYRLEY (Final Quality of Processed Waste)
InasinuANIBIHARS s anvinegn il oSz usEiunsIiuyann (Value

Creation) Y9390 HEABUNIANIYNEIHIUNTEUIUNTIANTT TAeNA1TNNGN YA

nduanldUselovl uavaunnvewdnfusinld Jsazvioudsdnenmlunisafuayuiunin

LAY U
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n5UselulgunsInTadusu (Ordinal Scale) s¥au 1-9 At

(%
Y

N

9 Azuuw = n1senleda (Upcycling) 1lundndueiyarigs wu Janneass
AMANGIVTONANTUTLTINYE

7 avluy = Jan3laa (Recycled Concrete Aggregate: RCA) ik un13UTes
Aaunm waganusainluldlunulasaasng

5 Azuun = TansleiAa (RCA) dmfusudugiuauu (Road Base)

3 azuuu = Msthluldlununuuivszdunelaseatiesessuiilidesnns
ARNINES (Non-structural Applications)

o

1 Azuuy = msthluaundu (Backfil) lnglifinisiiuyadregailded gy

[

1 inaeisenagndatiegluuszian inamisnunauselevd (Benefit Criterion)

Y

WennAfigandnagioudsszaumaiivyariarussdnsamlunisidninensnasdu

C7: anudululsmamadia (Technical Feasibility)

mmsﬁm'}mﬂulﬂlﬁmqLmﬁﬂqﬂiﬁ‘ﬁa‘dsmﬁummmezamazmzﬁwﬁmw

Y9330k UUNMIIANTTVONEY IAgfiNTaNINENYULIDINTEUIUNTIANTST SEAumAalulal

Y warUseaNSAMTINGINUY FedznauieuaIuIsalunisaiuusg19tUszansS A

LAYAANIT NSNS

sUseiulgunsIngeausu (Ordinal scale) s¥au 1-9 At

9 zuuy = mssluAaluiiuiinoats (On-site Recycling) saufumaluladiidl
UsgAnEnmemunaenuge

7 Azuun = mssleAaluifuiineadns (On-site Recycling)

5 AZLUY = m’:t’%"lfmﬁaiuiiwmﬂniﬁ"[,%’l,wﬂiuiaﬁ%uqﬂ (Advanced Recycling
Facility)

3 AZLUY = mﬁlﬁmﬁaiuiimuﬁugm (Basic Processing Facility)

1 Azuuy = nsdwieveadsludiyanafianlagliinsuussuniofiuyacn

(Transfer Without Processing)

el inauainanagnIntvieglulssian inaisnunauselevl (Benefit Criterion)

\WewnAfgaindnagyeuislszdnsnmlunisinnisveudeuazanuainsaniunaia

' [

493U
Y

=)
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wnagiaualasuniseanwuuliaiusanvasduaiildluniseruialalaensa
lusyuu EcoRanker DSS #sagliuuinass TOPSIS aunsauseuianatayadngldanuld

ag1duszuu Wdla wazaunsansrvaaudounauls

A15197 3.4 aguinaEinisdaduladviunisiesieinaeds TOPSIS Tuseuu EcoRanker

DSS
e /
Lneust FRNREIGIE UINTIN undetaya Uszam
(Criteria) (Description) (Unit / (Data Source) (Type)
Scale)
CL:suvums  sunusnlums v/ {UsEnaun1sInng AU
e[S IRl IANITVDUEE (THB/ton)  w8¥ (waste (Cost)
(Operational  saudIAVUALAY operator)
Cost) N5IANTT
C2: msUaey  USuunisuaey Alansy  AwInAINTEEENI AU
finey CO; mnMsvuas COy/fu  wudsnuiualade (Cost)
asuaulaoenl  veude (saudien (keCO,  n15UdeE (Emission
@5 (CO, TWuaziiendu) /ton)  Factors) muluInig
Emissions) P99 TGO way IPCC
C3: 3y Uinudenddl  ArsAu Awmainde AU

De

Wownae (Fuel  TosanisvuaIvad (L/ton)  Audsaliawaankay (Cost)

Consumption)  L@ewnileeuY ILYLNNVUAITI

C4: M3a3199U FIUIUNTTINY seAu AvualaediBeny  wauslevd

(Job Creation)  amsMAATUIN  AzluY 1-9  (Expert-defined (Benefit)
AUsENaUNIs rating)

IANTUDILEE
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M13199 3.4 asuinarinisanduladmiunsiiasgrinneds TOPSIS Tuseuu EcoRanker

DSS (si®)
e /
\neual pEGHGE N3N uvidsdaya Usean
(Criteria) (Description) (Unit/  (Data Source) (Type)
Scale)

C5: MsweNiu  sEAuNsTuTes JEAU WR1SNINUINSEIY waUselevi
VDIEANTITUY WINTFIULALAT Az 1-9  ISO wagnsuseiiiu (Benefit)
(Public gaUTUNINYUYY TneiTenvgy

Acceptance)

C6: AUNMYDY  ARUATUAE v Avualae@enny  wauselowd
Yaam iy AINENNTAbY BN 1-9  auUTELANvUed (Benefit)
N3EUIUNIT nsdnauInly HER S ouat

(Final Quality  Usvlewiivesian

of Processed  luiAa/dwluiAa

Waste)

7wl musenzauay  svdu dwueleefidenng  wauselev
lamanadia UsednBamues  Azwuu 1-9 (Benefit)
(Technical walulagnie

Feasibility) RPN

e

nEwmR:  wdIAUNUAITAIMY (Investment Cost) aggnuandludiudag o lduves

5¥UU (System Interface) woibailagninansiulunisAiuinne3s TOPSIS

= a Al a = B Y a ! a = a
Wesniiarasiilunnniaden ddddneliiinanuuanaiadadseuiisy

(Discriminatory Power) luluudnassnisandula
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3.10 528 6 N13NTIVEDULATEUTUAINUYNABIVBILUUTIABY (Validation

and Verification)

szedl 6 vessidbiliatiunisnsnasuaugnies (Verification) uazn1sBusy
aranidede (Validation) vesuuusiaesuazsvuy EcoRanker fifamuiu Tnefiingusyass
iieusziiuiuuuiasadadnnuaunsavinldegisgnieaniuiioenuuy wazssuy
anunsatnluldaulaasduviunvesnmsdadulaiengUsenaunisdnnisvesdenaunia
fiatl uAnmsnsasouuaziusunugndesresuuudassdunsruiun1sddluey
WLNsEUUInaekagssuvatuayunsinaula

nszuaunsluszeriivsenoudae 3 daundn Idud (1) namsaaeuAugndos
VBIWUUTIaD T 4A1UI (Model Verification) (2) n15Useiiulsedndnineesssuy
(System Performance Evaluation) wag (3) maﬁué’fum’mmmzammiw‘umﬂ;ﬁl,%msmfy

LLazt;:fL%’mu (Expert and User Validation)

3.10.1 N1IATIAHIUANNYNABIVBIUUUIIABY (Model Verification)

N139533a0UANNYNABYBIRUUTIARsluuITelandunsinensiuTeuiiey

o ¢ ) v &4 o v ' =
NAAWS91NTEUU EcoRanker NUNAAWS 1 A1ulula a1nLAS a9dlanguan (External
Calculation Tool) Fslunfiidanldlusunsy Microsoft Excel 1dutasaila91984 19110
ANU150ATUIUANUANNITNNADAFIEAS NN AUA LA BE19LUSIlakaLATIaaULA bUINIg
AINAIABARABINUNANNT verification 713INTIVFBUAIINYNABIVDINTLUIUNTAIUIN
YDILUUINABY [112]

NSEUIUNITHTIABUALTUNSInelEITN1sALINgIeTUSWATY Microsoft Excel
=~ o Y A & a A Y oA ° a v v a o o Al
Foimihndwaiedledndalunismuinuuudasy lngldyadeyanedtuiunlydluszuy
EcoRanker DSS ¥41 193in1511A1 wnsngnisenaula (Decision Matrix) 105£UUDNUN

o a o gj aa 1 ¥ ¥ 1 o U
wAZALTUNTAUINAUTUABUTEIID TOPSIS 9819A5UAIU takA 115711 N1USULIRTEIU
Uaya (Normalization) n1spauetmtin (Weighted Normalization) n1smvuaAminden
QAUARTATER (A") wagAMILaoNgAUARTIUENan (A) N1SAUINTEEEUIE (ST wag S)

o v oA v . a o o
nanaunsAInARsdanulngdlAes (G nansusediuazgninluldlunisysudsessuy

wazatvayutaagufeiuauainsalunisissuululdnuasa
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3.10.2 m3Budurnumsnzauvesszuulaefideavgy (Expert Validation)

AM3EuSUAILNLIZENTEITEUY EcoRanker DSS Tuau3ded anilunising
Fidemgdmiu 12 v desznoufmerivszaunsallugnamnssuneaina n1sdnnns
Youldy uarnmiANNTTUUMTaUINA euszliumnugndes aridede wazdnaniwly
nstsyuuluuszgndldluusunass

nsUselulgLUUaRUN T ATIAT A NNINTIEIUUTEUIUATLUUALATN 5 526U
(Likert Scale) TngfnvunfIAzLUUR LA 1 = Very Low 4 5 = Very High wiiaziiausesu
AuAniuveidsnaesaduszuy aseunqu 4 fAndn leun

(1) mmgﬂé’awaummﬁam (Model Accuracy)

(2) AMNULNZENTRLNMNNITUSEIY (Criteria Appropriateness)

(3) e dedovewanisindula (Decision Reliability)

(@) anuanunsatunsinlulgeuass (Practical Applicability)

lassasen1suseliuadinanasnnd aafuwuiAnvesssuvatvayun1sdndula
(DSS) é?fﬂﬁmmﬁﬁﬁmﬁqmmgﬂé’awmLL‘UU"SWam (Model Validity) wagainuaiuisalunis
atduayunsindulaluuiunais (Decision Usefulness) saufisuuiAnniunisldanussuy
(Usability) #1131 5574 150 9241-11 7 1iudsgd@nSua (Effectiveness) Usednsamw
(Efficiency) wazauitanalavesldeu (Satisfaction) [113]

wanani ﬂﬁiﬂ?’f}i’tﬁlmmwﬁyiumsﬂizL:ﬁuﬁmﬁuummaﬁllﬁ%’umwaﬁu
aehaunivangluemAtedumsimunsruuiazuuusans Wetudumumanyaudaien
wazALUdoiieveamadns Tnedeyadiliannsussifiuazgmirluiinseidisaiide
wy3un leun Aads (Mean) uagdruideauuannIgiu (Standard Deviation: SD) wag

YNAUDHALUUNT 4

3.10.3 MsUsziliuanunanalavasgldanu (User Satisfaction)
n1sUsgiiuauianelavess [udinaUssasdii oUseiiiun1suousy
(Acceptance) wazAua113atun1slg9u (Usability) ¥8935UU EcoRanker DSS Tuu3umn
v a « v o w ! °o = a Ay a
nsldeuase fadutadudrfyseanudnsavesssuvarsaunea [114] n15Useiiiudensds
MIUNTBULUIAAATUAIINAINIT I UNITITUUBILINTFIU 1SO 9241-11:2018 [97] &9
Usznausme 3 asAUsenounan Loun Use@ndna (Effectiveness) Use@ndaw (Efficiency)

ANUNINala (Satisfaction)
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nauseg1sUszneumeildnuiifntesiuszuy 1Hun dreliinveade (Waste
Generators) kazgUsENaUNMIIANITVBUEY (Waste Operators) lngidnsiuasnaaedlday
58UV EcoRanker DSS Uagmaukuuaauny

iwseslenlflumsfvtoyafuuuuasuaumasdimuyszanue 5 sy (Likert
Scale) AvauAquUszIAUdIATY Wuaudi1elunsldnu anudaauvenadns anudu
Usglonflumsdndule uazarusindefiovesszuy nanisusuifiuazgninanduanndy
Aade (Mean) wazdudninuilansla (Satisfaction Index: SI) titoldluns3inszviszsu

Auianelavedldauluuni 4

3.10.4 15U IUUTLANSATWYRITEUU (System Performance Evaluation)
nsUszidulseAnSn1nuedsruy EcoRanker DSS g Uszasdiil oUsziiiu
Aruanasalunmshauvesszuuludanaiia (Technical Performance) Tngsjaitiusiafu
A13L5 2 TUNI5UTTUIANALAZNITUAAINAVDITZUY (System Performance) 59183
mnuannsalumsididevesdlday (accessibility) Fsiierdussduszneudifyvesnaunim
TPUUATAUNANIUNTOUNINTFIU ISO/IEC 25010 [99]
nsUszdiuluduisidunslagldindesdioinasguiildsunssensulusesu
ana ail
e Google PageSpeed Insights ladunsuuseiiiuyszansninassszuuluniu
Anuslunsiuanuiiiu (Page Loading Performance) Asiatiosuodnis
wanswa (layout stability) wazuseansnnlaesiuveaiuled
e WAVE Web Accessibility Evaluation Tool Todmsudsgiiuainuanansalu
N135L10990955 VU 1AERTIERUANUADAARBINULLING Web Content
Accessibility Guidelines (WCAG)
nan1sUszfiuanniedssdlerisaesarg mirluldlunisinseinasd fuugessuy
\iel¥s¥UU EcoRanker DSS anansavinuldegiussansaim Sauiadiios uagsesdu
Flduldetranseunquaundnnisoenuuuszuuitiugldauduqudnats (User-

Centered Design)
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ad o a

3.11 #3U35A111uN15998 (Summary of Research Methodology)

mAteildiaunnsouTidiiunsifouuysannisdmiuniseenuuunas i
syvvatuayunsfnaule (DSS) neldde EcoRanker Litelilunisuszifiunazdasusiu
fusznaunsdansvendsnsunin lnenssuiunisidgneenuuulvinseunqudausinisg
Amuadgyn nMsvaukuudiasndsadinmans Waudanisurludseyndldanuasaly
JULUUTEUUA AU

nsEVIUNTITEUsENe UM e srerid oulesdusgraduszuy TaeiFuain
nsAnwmUMILATIINTIIlof AN Te ULIARLARININITUSEAY 9 ntuTsdidiunig
senuuulAssadrainast (Criteria Structure) uazivundad Safiansnsahluussyndlily
usunasala seurladniswaniuuudiasndalsunudmsunisussidunanssny
fudananden 7sUszneusisuuuiiasanisuassfiwansveulneenled (C2) uaz
wuudassmsldidemas (C3) Inedredstayaunsguaingiudeyaves TGO iiteliin
Ansnidedeuaraninsonaaeudounduls

Tutuneunisdadula 1uideldihisnishinseviuuuvaisinmet (MCDA)
uUszendld 11433 FAHP dwdunistmuasmiminveanmst wagl433 TOPSIS dmsy
mMsdndudugUsznoums deieliamnsavssiiumadenldegrnduszuuuaziai
TUssla

uonaind $1u3TedeldWauIIEUY Ecoranker TugUnuy Web-based DSS
iiosesfunisussananauazianstadnsnisindula Tneszuvamnsasudoyaainglday
Uszananan1ukuusIaeed waund u wazkansmalugUnvuiidiladisnazaduayy
nsandulalaegnalivse@nsnm

Tuduvesnisnrradeuuazduduanugndes Idinsdnudunisislusedy
LUUTIaedLarsEaUTTUY lnensidisuiiisunadnsiunisauinainied esiloniguen
nsnaasumnlveInadns o TIUd suuUasveaiuUsdA Yy uaznsUsziduain
Admauazildnuaie eduduinszuuianugndes fafesnm wazanunsathluldau
19239

lngagy nsouisALiunT i feitautulunideiddnuas dunssuiunisuoy
ysanmsiidenlesssnitauuiaeadsimnssy nsvuaunsdndvlanuumaneinas uas
mMsfaussuvasaumna deiaglianunsadmanisideluvszgndldluuiunaisliegng

= a a [ & ° U o a v L
UUseansnn LLEWLUUWU@WUHWMiUﬂ'ﬁu"lLﬁuamaﬂﬂi'J%EJIUUVlﬂﬂlU
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NaN1SIATITYaNALALDAUSI19NE

U

4.1 AIWTIUNITRAIUITTUUTTULUATIUAYUNISAREYTR

ASEUIUNNTTNULDL5TUU EcoRanker DSS fivunldlumsnaasdumnudsed
Qﬂﬁ’wm?f}/wmimqa%’w workflow g ausliluund 3 (ndl 3.6) Fauanddi
NS¥UIUAISYIIIUYBIsEULaE 1 dusyUy é']gqt,wfﬂﬁﬂau%’aga AsUszulana lUauds
nMsuananadns 1ny workflow fsnagniluuszgndldasslunsddne iileaiuayy
miﬁ'mLﬁaﬂﬁﬂizﬂaumﬁmmﬂmL?wﬂam‘%mmaiéfﬁummmiéfm?iu‘[,m%ﬂmmé"ﬁu

iiasesfunsmmasdddauluaninindenas seuy EcoRanker DSS ldgnitamn
Tusuuuuumasesuuwiu Fsanmsaddaldtiuedetrodumesidn Taegldsmannsa
11852 UUNIU EcoRanker DSS web platform (https://www.ecoranker.com/) Favimrinil
Juszuusiuwuu (Prototype System) dunsunisussidiunazdnduduusznaunisdnanis
voudelunuidded e ssvudendngnlfifuniesdondnlunismaasuasifudoya
\WoUszfiuUsyansnmussuuusassnsdnaulafinmunty

Tumsnmaedltsuszuy deyaiithunldgnitamnlusuuuunsd@nw (Case Study)

a wa

Tagonfonsdaaneidoyanndilermguasdianlddudoiuiornusdsiumsians
voadsanmisneaisluiiuiinanansvesUssnelneg Vil nsdifnudandnnladlésneds
Mnlassnsneairaamzuwidauimis wignoonuuuliidusunuvesaniunisainnsld
s ileldlunsmaaeunazUseiiuUsEAMSAMYeIsEUY EcoRanker DSS agaiuszuy

amsmssuiunuresssuansaesuglfidusiudy Tneduan dldaud
grruunazidenunumnsidau laun drelitinveads uay fuszneun1sdnnisveide
1ntu reliAnvendsazaindlasinmnagimundeyaifisntos v fusenoums
Fansveadoaninsatisunazdeouteya iieltlunisusziiu szuvaganiunis
Uszananalassnlutfuas Induduiusznaumsiidanumnzay wiouiudswansdnidon
iioatuayunsdndulauaznsiidulassnmsludiudaly Ssazvioudis nszurumsiau
LuUAsUNAs Midesles mstleudoya nmsUszanana waznsdnduls Whiedueegadu

38UV
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w3158 UIUNNIYINIUTBITEUY EcoRanker DSS dzagviouliiiiudenisysannis
Welassasavassyuvatvayunisanaulasgasudau eglsinny welind ladnann
99355 UUTUEUATR Tndudesfiansaumadnsfszsuvainsoassduainnisussuiana

[

Toyadse felu luidedaludsinauenadnsainnsiamiiarnsldnussuy

4.2 Fwasrziaedfimalianisuuainidanidequnin (Quality Function

Deployment)
4.2.1 wavaanmsldwmaiianisuamiiiidanmunm
ATed IdUszndldimadanisuamiidiiFeamain (QFD) 1l euvasaanu
AIN15V9R LE9U (Customer Requirements; CRs) lUgAadnwgidnallnressuy
(Technical Characteristics; TCs) @3 un1swautssuvaduauunisindulawuuiiv
EcoRanker DSS Ingldlassasna HoQ idhuatesilondnlunsiney fauanslunini 4.1
HANITIATIBNNUTN SPUUUTENUAIEAIINADINITVDIRLEIUTINIY 15 518073
wazAuANvUzdAnATaTILIY 12 918015 TngAnuduiussening CRs uag TCs gnuseiily
AIUITTAVUINGGIU 0, 1, 3 Uas 9 Lﬁaazﬁauizﬁuﬁw%wammamé’ﬂwmzL%%%ﬂﬁﬂ@iams
povAueIRNADINITVR it lusyuy
HAN1TILATIENANUAAYVDIAIUADINTTE L9 (CRs) Wy Jadeduadny
Jasadsvosdoyauaranududiud (CR11) feaniminduimsqefian wirdy 7.75%
sesRaAe UssAnSainuazUseaninavesseuy (CR1) Wiy 7.55% wazaiulusdlaves
KadWE (CR9) WA 7.35% muddunenand Uadeaunisiunfawasuinsgiu (CRa:
7.419%) UazANANLNIAIUNTYIANNTTEUU (CR12: 7.09%) aflsziumnudifayge vz
Uadeinuuszaunsalldan wu anuansatunisifeus (CR2: 6.72%) anufianelauag
HANSENUN19015Ual (CR3: 5.71%) Uazniseaniuunisdnaus (CR6: 5.52%) dseau

AUEIALYTOIAIN
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Correlations C
Positive +
Negative = + + + -
No Correlation - t 3
Ea + + -
Relationships - -~
Strong L] - - + - +
Moderate o = X+
Weak A + - + - + = = <
= 2
2
o i 10101
2 8 s
E e K ©
SRR AR AR AR AR AR AR AR AN
= S 3 =
g il 88|54 |§]3]3 [
g é 3 g ) = a g
g g Customer T _g N 4 a = __E Q
= % Requirements £ % § i - § § 5 g g
5 (Explicit and Impiicit) § 3 ) 3 - 3 8 < o o
3 - o~ “ < "3 © ~ © o - - -
(3 £ P g2 (] e e [ [ e g £
7.55%| 4.6554|CR1 Effectiveness & Efficiency (o] o [ ] L] O A [ ] [ ]
672%| 4.1454|CR2 Learnability & Memorability ° o) o A A A A A A
571%| 3.5244|CR3 Satisfaction & Emotional Impact ® A (o) (@] A A A A A A
7.41%| 4.5731|CR4 Accessibility & Standards o A o) ® o) o o A
641%| 3.9542|CRS Content Quality ° A A o A ® o A o
552%| 3.4048|CR6 Presentation Design ° A o o A A A
558%| 3.4442|CR7 Motivation & Engagement (o] [ ] A A A A A A
647%| 3.9897|CR8 Feedback & Adaptation A A o A A A o o A ]
7.35%| 4.5324|CR9 Transparency of DSS Results (o) ° A A ° ° A o o
667%| 4.1134|CR10 Local Language & Culture ° A o o A A
7.75%| 4.7818|CR11 Data Security & Privacy A A A A A o A A o
7.09%| 4.3734|CR12 System Integration & Interoperability ° A o ° o) o) (o] o) o ° o
7.05%| 4.3509|CR13 Environmental Impact Integration Al | Al A] A A|A| o] o e | A
643%| 3.9691|CR14 User Training & Adoption o o) o A A A
629%| 3.8783|CR15 Multi~Stakeholder Collaboration o) Y A A A o) o) A A o A )
Technical Importance Rating | 35821 | 307.93 | 141.13 | 251.08 | 26265 | 271.83 | 144.63 | 234.92 | 243.93 | 14242 | 15279 | 268.73
Relative Weight | 12.93% | 11.12% | 5.00% | 9.06% | 9.48% | 9.81% | 522% | 848% | 881% | 5.14% | 552% | 9.34%
Ranking 1 2 12 6 4 3 10 8 7 1 9 5

AN 4.1 ANUFUNUSTENING CR 15 fankaz TC 12 dilaglalasaasnavesnisasiauny

WASARA N

ludiuves audnyusliunailaveszuy (Technical Characteristics: TCs) WU

TC1: M3oenuuudILAnsagldaukaznIsianinataya (User Interface and Visualization)

fanudidygean (12.93%) se9asu1fe TC2: n1sdavienaisefuieseidouifuay

NTEUIUNITVDITZUU (Methodology Documentation) (11.12%) tag TC6: HIRTNITINY

AuUaendBveevaya (Data Security Protocols) (9.81%) m1ua1d U Yzl g3y

AuANwMzingIaeiy UsednSamvesssuu laun TC4: anuatunsalunisnevaues
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Y8I5¥UU (System Responsiveness) (9.06%) TC5: N15YIUINITINAINITUTTLIURLNY
ATaUARY (Comprehensive Criteria Integration) (9.48%) TC9: n1suUsuUsstayakuuLIan
934 (Real-time Data Updating) (8.81%) tag TC12: ANNAIN15AlUNITI095UNISIE UM
gunsal (Cross-device Compatibility) (9.34%) audszauanuddgluszavgauguiu
Tunenssiugiu TC10: mmgﬂﬁammmmu’ﬁL%aﬁamaaé’aﬂa%ﬁm (Algorithm Accuracy
and Reliability) faniminsifigaidenU3suiisuiuaudnumuzdu Tasdawintu 5.14%
Tnsnnsu Anbwidnvessadnuusdanedansznseglutasssanu 5-13% Seagiiouls
Wiud1 MsmUIsYUL EcoRanker DSS dndufesfiansamansesiusynausiuiu ey

AT ANUULTDND kasUsEaNSANYRIsTUU

4.2.2 n1sanUs1eNan1sIATIZRAemAlla QFD

Y]

Nan1TaTIEikandliiu Jldnulianuddgivauvaenderesdoya A
TUsslavosnadns uazamnuundedevesszuulusziugs Feazviouliifiuin mswannsyuy
atduayunsdedula (DSS) Tudagtu dlayaiuamezanuaiunsalunsiuiunieainy
Fudouresdaneifiuiitu undimufnnuansalunsaiisamudediy snalusda uas
N13ATIAUNA NS 189TEUUT A el wualdudend1naenndaady Information
Systems Success Model #35¥131 ANNNYBITEUY AR MYBsToya wazmufianslaves
Fldu 1udladodidnyiidwasonnud i auaznisseusussuvansaumea [115, 116]
uanNG SeeenndosunuIAng L Human-Centered Al filauddfuauidede
Ansdasade wazanulusdavesszuuiisia ieairsanulindaliungldam [117]

luiunuanydamalln Nan15IATILINUI User Interface and Visualization
Wag Methodology Documentation lasuaud1Ayainitdadenuainugnioves
dane37iu (Algorithm Accuracy and Reliability) Saazvioulimimiui A lduaanislszuy
annsadeans e8une wazthiauenadnslugunuuiidnlade mnndmsiduiesssuy
AT UNATALNEIDE19LAET TOAUNUAINENIFOAARBIAULUIAAAIU Explainable and
Intelligible Systemns #i5zyi1 MsoduteNadnduarmItansteyalusunuuAgldnudilald
funumdasonnudilasazanudetivvesilinusessuu [118]

1% [ 1

NN VOAUNUAINGNEIFENDULUIAATDY Explainable Artificial Intelligence

v v

(XAl FalviaudAyiuanuausavesseuulunsesunemnpa NseUIuN1T waeiunves

o

Haaws elvgldauaiunsansivdeukaryanuiilanisindulavesseuulaegnelusdla

Y

[119, 120] W94l s¥UU EcoRanker DSS tasuniseenuwuuliiy ldauaiuisa UDILAULNUN
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nsUssdiu andniin uasnamsdasusuluusasduneuvenssuiunisindula Sevae
atfuayuiuAndu mulussla (Transparency) way auasnsalunisesuieiuves
Haans (Explainability) Tu nszuiunisdedulawuuvateinas (MCDA-based DSS)
nansaaseduanslinduin Jldnulianudidgiu anulaendevesdeys
(Data Security) M15U5UUTstoyaluULIa1a3e (Real-time Data Updating) kg A311@11150
Tun1sseasunsldaudrugunsal (Cross-device Compatibility) Tuszsiuga sazsiouds
anuaavisesyuvativayunsindulafiannsasesiunisliauaidussivesdng aeld
anmwandeniiteyainiaiudsuuvasetsoies wazdldanudndeszuuiiugunsali
varnvane wltudnanagsiouiianisesniswaunsyuuiaaaiolmifiyadu anu
favigu Anaaends waznsitndsteyamudeyatiagtuuuusnlud@ ioatuayunis
dindulalussdnsuazmssiunusnueudsdu [121]

Tudndunils wiidadedu amnuamsalunissouinisldau (Leanability)
way arufianeladeensual (Emotional Satisfaction) 9sdisyfuanudfaysinindadedy
wigsmsliunumddgysio Nseeususruuluszeren lasangluusunves ssuvatvayy
nsndulauuliu (Web-based DSS) Aflfldumarenguuaziisziuanudorvigmis
AdALAnafY 190 denadesiuuaPndu Anuaunsalunisldnuesssuu (Usability)
Fesvyin mnudiglunisiioud amazaanlunisldan uazUszaunmsaiiBsuinvesiflda
Juesduseneuddnyiidmane Ussansamuarnseensussuvatsaune [97][122]

Tngasu wansiinszsisemaia QFD Buffuin MaWannszuy EcoRanker DSS 7
HUszdnsan ﬁi’%ﬂué’fmiﬁ’mmﬁ’]ﬁ’mﬁyqﬁmmmgﬂﬁawmmeﬁam Aulusala
ANNENIsatUNNTETUIEHAT NS ANNUAeRiEvetaya wazUszaunisalinisldauves Ly
eI %aazﬁauummwaﬂmsﬂ’mmszwaﬁuauumsﬁ’@ﬁﬂaL%qmmﬂﬁﬁa{uﬁuﬁq
UsrdvsmniBamatiauazmssensuanglinuaidutiunvesnisianisduindeuuasainy

98U

43 HANISAINUAAIUIRINA2838n5TUIUNNTENRUTULE $31AS1EYi AN
ARALAT (FAHP Weighting Results)
4.3.1 wannstvuaAimTnvaunaein1sUsiug 833 FAHP
nssmunA v snaeinsUseiulusy Uy Ecoranker DSS sudunisingld

aa o v & o a ¢ a Y o o o v a
UﬁﬂﬁgUUUﬂqiaquﬁﬁuLsﬁ\YJLﬂi']%%?‘l'}"lllﬂ@lllﬂi@ (FAHP) LWBFAENDUIEAUAITUATALY LU
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Fuimsvosusazinusineldnasidavesilervgluifiasugha danden dau waz
wAle

Andmindildannszuiunis FAHP gnrinuualiidudduduvesszuy (Default
Weights) waggnirluldlunszuiunisindudumaionae3s TOPSIS n1glussuu
EcoRanker DSS Tnglsifinsmualmiseninanisideuase Wislissuvannsoasiiouddu
mmé’wﬁmaaﬂﬁamﬁéfm?iuhiéfasmLﬂmwuLLazaamﬂé’aaﬁummﬁmLﬁusuaaﬁv?fwmg
NamIIAsEiuandidiugn Aihvesnasigesiia 8 sien1sinnuuananeiuegis

YALIU AILAAIIURITIN 4.1

AN5199 4.1 AUNTNSUAUYBWNUINISUSEEIUNY 8 5181591075 FAHP

aRnan Lneusieiae AdinGudy  deu
AULATEEAY AUNUNITANTUIY 0.1151 5
AULATHFNT AUYUNITALY 0.0875 6
frudunnden  nsUdesfngaisueulaoenlus 0.2087 1
fudunndon  msidemas 0.1455 3
Pudany nsaenulng 0.0655 8
RPGAE N15YUTUVDIFE1TUY 0.0853 7
AunALe AN INYDINAANTIINNITIANTVR AT 0.1644 2
puwaila anudululsmanaila 0.1280 q

HaNTIATIiNUT inusifideiwingeiian Ao msUdesfwativeulaeenles
Tnefamiminyiniu 0.2087 sesasnfe AunnwasHadwsaINNsinnIsTends (0.1644)
waznslidemddlunisouds (0.1455) mudidu vaed arandululdnanaia (0.1280)
wazAunUNIANELNIY (0.1151) egludidudnun dudununisamu (0.0875) Nsgeusu
Y83a151504 (0.0853) uazn1sadrsaulu (0.0655) fiszduanudfsnindianSeudiou
LNy

aa

WeNasanluseaudandn wui1 TAnuFwinaeuilseauaiud1AnysINgen

1ALANILINUN A1UNISURBUA DL O UNTLINLALNITITLT DLNAT VUL T AN UL

a

1l
lnglanizaunInveIadnsann1sdanisvendauazanuiulildnianada lasu

AudAnylusyauguduiy
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nadnsAInaazTiouliiug filisanglinnudfyseninansenudindon

<

wazANa1u1satunIsiINadws lWldauassdunisdndulaniun1sinnisveadsainnisg

ALGERN

4.3.2 nM3aAUTIEHaNSITVIUAAIUIMINAQ8TS FAHP
HANSAMUAAIMTNAETENTEUIUM TN UTUBIATIZVIAUARULATE (FAHP)

'
o v LY )

wamslsiiiudn filsmalfnnudfgyiunasisudanadeslusziugsiian laolanzinas
n1suasefitwesuoulaseanlyd %aﬁﬁwﬁmﬁfﬂqqqm TOIRIUIAD AMNINYBINASTNTINNNT
Fansvende warnsiiidemaddunisouds dedunudinanasteuldiiiuin B eamalsk
AnuddnyfunsanNansEUmudadennugiuUsyanBamaenssuaunsinnisves
o TaaonadesiuuuiAnimuiasysiavyuiou Ajadunsliminensedeiivsyansnm
NsaATeds LAYNITAANANTENUADAIIAGENNREAATNITIANITNINEINT [123]

uananil nsinasidunisuaesfedeunszanuaznsliidemasdsuanimin
Tuszugs SeasvieuliifiufanuddyuesUssfiusunsiasuulasanmgionnialunis
dnAulagunsdamsveadsninnisneane sisl nantsieadteuagnsrudsiannoatie
Fodunilduunasddguesnisudesedeunszanlusedulan lnsamzanianssusiu
nsvuds mslidenads wasnssuruniseadieing 4 [124] fadu wanisimuaiming
TanuddyiunisuaesieniveulaeenleduaruSinaunsléidemas Swaefouuualty
voensinduladuanudduiilianuddyiunisansansenuiudwindounaynisan
ASUBLINNTY

% o

Tusuerudululdnmanadawazduyunisaniuany deasuariminluszau

v A

AoUTNEY Faazvieuliiiug fieamgdlansanenznanssnuiuasundouieodns

Y

e wagsliaudiagiuauaiuisalunIsinszuuni okuInenIsdanisveudsly
Uszgnaldanulaassluusunvesgnamnssunoasne Ml wufafenanaenndesiunanns
voinsinduladvaeinas Mszyin madeduladiuanudidudndudesiansunnads
Y a 1% a I v a 5 - v v & o v
Audsndey tasegia wazanudululdmanaiamivdiu elvinadnsaiunsatlule
Nuldaaazinusgansanlunisaniiua [125]

lupuwatla HaNITIATIZVINUT ANATNYBIRARNEIINNITIANTVBNFSLAZ AN

1 [

<, v a vo 18 o o = 1 v & o av va
Jululdmaneiialasuadmidnlusgavas Jeasvioulviiuil flgrvgilanaisuaniy

v

NANTENUAUAILINADUNEIDEINAEY WATIMIAINUAIAAUANNEILTALUNISUNTEUUNTD

o

wwINN1sInn1sveadeluussyndldaulaasduusunvesgeamnssuneasng viall wuifa



80

aNa1IAeARRITUNANN1TYaINIsARdUlRTanuel Nsvyin nsdeduladiuaiiy
gagudnduspaiansanmadiisudsnndon wswgha wazanudululdnmanetinaiugiu
dialinaansanunsailUldanuliasuasfinuseangnmlunisaiivau [125]

(%
o a 1 o v 1

HaN1sBATIERdmandliiiui duyumsaiivauldsuadmingandiiununis

' [
Ll = = 1

amu deagyieulviiiuin fideavalvimnuddyfuduuiiiniusdisseideduszozen
unneldaesuduiisndaden fail wunldufinandenadasiuiui gy life-cycle
thinking Al¥iudAryfuransznuLazFuyuRaonIsasIAITUIL 1ANTINIRINTAN
gFuusIduedlasinng [126]

Tudndunils wiiunasidnunisasisnulnluanissensuvesassazarlaSuen
dhvinsninaeisudwandeuuazinain winadndsnandldmneauin Jadedy

[ |

Fanulaifianudan wnuaazvioulmiuin luuSunvesnsandulaniunisdanisueade
Mnnmsreains fidsmnalirruddyiunisassansenududsnndeunarUssansamly
nsfndusududiduusn el unldudandnaenndesivnuitedussuvatuayuns
dnauladmiunisdanisvendsainnisieadiefinudn inasidudindeuuazimadinin
Iesumnuddganinnamisnudenslunszuiunisinaulavesdidensigy [127)

1Y

lngasy wanismviunAniningie3s FAHP wandliiiudn dieamngbinuddey
Aun1saanansenuaudwindey aruaduauatunsatunisissuululdauisuas
USLANTNINVDINTTA AU TILNDULUIAATDINTITHAFULIA1UANNTITUNADINAITUN

MdAIUEMINAoY Wiswgia wadia Lazdrusiuiu Melduiunuean1sInnIsueudsan

nsneasarNSURYURNUEIATYEAIMIUL I

4.4 §I9UNTTUIUNIININIUVBITEUY EcoRanker DSS
siadotliiauanimsiunshauesszuy EcoRanker DSS lugtugszuvatuayu
nsdndulanuuysanms aseuAquRauAnIsiuteya nstssanana Tuaudinisuans
Nadns ioatuayunsdnideniuszneunisiansvendensuninegraduszuy
omutseanithy 4 d Teun
(1) MAUNTTUIUNTYINNUVBITTUY
(2) M3oenuUUAILAAsBEl T
(3) nszvruMsUsEInanawaznalnnsAndula

(4) PTHARINAANS
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4.4.1 S1AUNTZUIUNITNINIUVDITZUU (System Workflow)

AT 4.2 LAAIEIANUNTEUIUNITIINIIUYBITEUY EcoRanker DSS Tuguuuuy

U [ 1

logical workflow &esuienisiravestoyauasuduiussenineldanuiuseuy

Y

nsrUIUMTsNAINNsTamzileuLaziingTsuy nouildauaziienunuim taun

groliiAnvonds uavuszneunisdnnisvends daddrdunisdndunuunnsnaiuus
Weuleafunelussuuienty
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4.4.2 Msenuuvdufafaglta (User Interface Design)
N150RNkUUAILAARBR 1T9UYBTE UL EcoRanker DSS gnitaiunlvidenndasiy

810 UNTEUIUNTYINUVRITEUY lagsfaiunisatuayunisUeudaya n15nsI3a0U WA

nsinaulalunmaztunau
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@l coranker & moucmant i Abowin © CrestabeuPriect © Homtothe =l - B

Login to EcoRanker DSS

Data-driven Decision Support Platform for Sustainable

Waste Management

Username
S wasteGen01
Password
B e
Sign in
& SignUp © Forgot Password
© All right: y Ecok: m

© 2026 All rights reserved by EcoRanker com Terms of Use | Privacy Policy | @ Views: 2000

AN 4.2 ihveingsyuukazame leugl¥auvesseuy EcoRanker DSS

sruumlsdumsldnumuunumvesldnuduansduning 4.3 nmihaenisiden

unumveadldau laud gneliiinvesdsuariusenaunisdnnisveade

& a % 0 0§

C @ 2% ecoranker.com/register

<
@Ewﬂanker A Announcement i Aboutus ) Create New Project © How to Use ‘ E Tne |

Home [ Sign up
® Create your EcoRanker account
.
Join EcoRanker

Create your account and start managing waste sustainably with our Decision Support System. Choose

your role as either a Waste Generator or Waste Operator,

User Information

user Type = () Waste Generator
( For those seeking waste management services )

O Waste Operator

[ For waste management operators )

Username * Your Usernar

@ 2026 All rights reserved by EcoRanker.com Termsof Use | Privacy Palicy | @ Views: 2087

A 4.3 MM NUNUIMLIDMTUALEUNNINSYIUALUTTLANE LY
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anudnlauveslassaiadeyauarariunisinay wWeligldauaansasidunisni
Fumeuvesszuuldedadaiiles anaududeulunislionn wasauayumiugnieses
foyaiindngszuu uenand sruudmesiumananmatoyalugiuuuiitislunsinduls
Wy pssagUuaznsianssaldenm Jehelildauamsaisudisunadenliogng

fUsgdnsam ludiuvesneliiinveuds ni1veisudumen1sas1alasinNig asnandly

'
A9 4.4
« C @ % ecorankercom/new-project & O @
- Good Evening . User Typa: —
a b Profile Histon Logo: T
@ EcoRanker 8 Amnouncement i Aboutus | © Create NewProjact | @ How to Use e e tor [ | story i
Home ¢ Naw Projest
Waste Generator
Enter your praject information belaw. Our system will evaluate and recommend suitable waste
operators.
1 Project Owner Information | PROJECT OWI | JATI | |
Project Gwner Information (For verification before save data)
Name: WASTE HUE Co. LTD TAX ID : DI05556043452 E-mail: kesuthiluckggmailcom Telophone : 0995632823
‘Address : 221 5o Khum Klao 5, Lam Pla Thiu Subdistrict, Lat Krabang District, Bangkok 10520
2 Project Infermation PROJECT INFORMATION
Image of Waste Project Name *
Deseription *
Drag & drop your image here, or Browse

@ 2026 All rights reserved by EcoRanker.com Terms of Use | PrivacyPolicy | @ Views: 2006

a B ° = Y a
AINN 4.4 Tﬁuq"\]@ﬂqﬂu@ﬁqﬂagL@UmLLaﬁanuvleJﬂqiﬂigLlIUIﬂi('m'ﬁ

(% 14 o (3 ! %’ v % ‘:l' = A
o1 gldnuamnsaimuanaaiwazavtn dwansunmi 4.5 Falalona
lildauaunsadenldruinsgiuvesssuunseusuliinunsauiuusunvedlasani g

Inedayaninanazgninildlunssuiunisussnanauazdndudulutunaudaly
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« @ @ % ecomakercom/hew project e x 0O @
- ) Good Evening,  Ussr Typs I e I —
@ EcoRanker & Announcoment 1 Aboutus ,° Croate How Project | @ How to Use ot Waste Generator | oMl | MWistory || Logout = Tna )

‘Wolume of waste (tonne) *

Enter waste volume (tons)  Equal to - Please enter waste volume Tons

4, Customising Weights for web Application CUSTOMISING WEIGHTS FOR WEB APPLICATION

Customising Weights for web Appplication.

Additional Explanation; L)
. a {Click for download POF Files] - Instruction for Customization weights on web
You can sat the waights by: n 2!
1. Clicking on the weight field you wish to adjust pplication
2. Entaring numerical valuas according ta your judgment a
3.Th, wil procass ta-find tha ltabla solution
Operating cost Investment cost 0z emission from Transportation Fuel consumption
ns % 8.75 % 2087 % 14,55 *
New Job creation numbers Lobs} Public acceptance Technical feasibility of waste management  Final quality of waste management
6.55 % 853 % 12.80 % 16.44 *

100.00
‘ %

Total of weight (Please note that the sum of all weights must equal 100%.)

© 2026 All rights reserved by Ecolanker.com Terms of Use | Privacy Policy | @ Views: 2016

v v v

AN 4.5 NTNDANUALNUNNITUSLEULAE AN LD ITIUNNSUTEUNANALAZINOUAU

v 2

Aoudngnszuunsusediu gldaudensiaaeunazgududoya awuanslunimi

Y

4.6 Tneggligldnuaunsanumuanugniesestoyawazioulufidmun Fulutuneu

o w

drAglunswisudeyaingsruuinaula

<« C [ % ecoranker.com/register e Q ¥ n} P

@ EcoRanker A Announcement i Aboutus () CreateNewProjoct @ How toUsa | = Tno |

Experience in Waste Management * O 1-5
Os-10
O n-1s
O.-20
Ooen

Organization Mame / Company Name * Required

Organization ID/ TAXID *  Required
Organization Sector / Role * Select -
Organization Addrass / Company Address *  Required

(oo [ o

@ 2026 Allrights reserved by EcoRanker.com Terms of Use | Privacy Policy | @ Views: 2087
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Y a =

Tunsldau fneliiinvenduazssusmunisganninuesraads v

v o = ° I Ao o A a a s
Qﬂigﬂ@UﬂqisﬂﬂﬂqsmaﬂLaﬂ%gigufﬂqLL'VI‘L!QEUENafI']u‘Vlﬂ'mﬂ‘ﬁi@ufdigﬂm@ﬁLaEJN'Wu@‘LlLVl@sLW%

(%
=

A a o = v a A Y ° v o vy I3
LN UNLREINU LW@iVGU@HaLEUQWUV]N?"I'NN?{E]@F’\I@@QLLaBaqﬂquﬂu’]‘lﬂiﬁlﬁjﬂJﬂu‘l@lﬁ]ﬁqﬂLUU?S‘U‘U

« C @ % ecorankercominew-project 9Nt O @
< 2 Good Evening,  User Type e —
A Announcement About Create New Project How to Us Profile Histor ‘ Logout 3
@ECORanke' i e iAboutus | © cres nee © Howto Use WasteGenOl Waste Generator ‘ ot - =
3. Waste Information WASTE INFORMATION
Waste types Waste management methods
Select
Latitude * Longitude * 2 Current Location
Construction sita Location
13.797821137209159 100.78600274072264 & UnlockMap
g Instruction for your location settings in Chrome browser. How to find latitude and longitude coordinates by Google Maps. n
- nn b
usuil / Map 2 7 = unuit aitan )
T PRI RREORP
it/ Waste location % 3o i
X Bomiio @
i flatj/Address: QQXP+4C nywiuniiuns sz ing 4 Fiunsd 4
crh Um29uA . Wde/Location: 13.797821, 100.786003 o (=)
Waznr3ssmlan “n7y,
S #nnd
wijii y
) qmauﬂn’mn E e el
$ P +
wBi138
e miagd
gt
Tuamiad
g w5 s (&)
vl z waliin 2

@ 2026 All rights reserved by EcoRanker.com Terms of Use | Privacy Policy | @ Views: 2016

A 4.7 wihvemsivuadiunidlasinisvesdneliiinvendelagldsyuvansaume

niieans (GIS)

dofinsszydayamunisfsfuniauagatenis ssuvagduinsseenily
nsuudslaedmludd dadufuusddglunisussiududwinden se8en1anangnn
aggmirluldlunsduniadia 1dun nsldidemdsuaznsudesfnenifuoulasenles
Nnmsvuds Inedrsdauuuiaaduuni 3

dmiuguszneuntsInmsvedesruusesiumstdeudeyadldirelunsdnng

Vg Auianunidn uazdeyasuanudidununuenimun
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<« @ @ % ecorankercomwaste vendor o a % O @
f/EcoRanker & Annsuncemen G e g e e or | P ||ty | oot | |
4. Type of vehicl it
Remark : The uses a dard dri route on highi d with agphalt or concrate.
Total number of Trips - Trips
Total Distance - kilometers
The total CO: emissians for transpartation - kgCOe
Fuel Consumption - Liton
@ References

5. New Job creation numbars (Jobs)* Select

6.150 Standards and Public Acceptance® Select

7. Technical feasibility of waste management”

8. Final quality of waste management” Select

@ 2026 All rights reserved by EcoRanker.com Terms of Use | Privacy Policy | @ Views: 2020

a 4 v = 6 a o [ o L A
AN 4.8 wuwaﬂamaaﬂammmEJumaJmmsmﬂizLmumm‘uuﬂﬂﬂizmamaLLazﬁmaum‘U

4.4.3 nszuruMsUszananavasszuunaznalnnisanaula (System Processing
and Decision Engine)
SEUUAMLLUNNSUTELNaNaNelANSaULLNANYRINSARAUlaRUUBANeN N taely

v v Y

35 TOPSIS Wunalnnanlunisdnsdudugusznaunis Weldsudeya svuuazadns decision
matrix LagAUINAINIURDUYDIIS TOPSIS (T1wastdualuuni 3) lnenadnseglusuves
Araulnaiaes Galdlunisdnduduniaden wuaniedanaiyiglinisuseidul

ANUdusEUU anenf LazasviounNdIAL DN R D LALYEN

4.4.4 MSUANINAANSVDISZUU (System Output and Result Presentation)
wadNEIINNsUsTInANagniauslusUuuuatuayunsinduls Taouansdeya
N5IRSUAUEUTENEUNISLUTULUUM TSN THAAIHALTN N
SEUULARIAZUUL BUAU Uavan Uz asUsvnauns nieusesiumuiaieuuay

ANSARMIUNANITALEUIIU
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) EcoRanker A Announcement  j Aboutus ) CreateNewProject @ HowtoUse

Home / Waste Generator

Waste Generator

Review the evaluation results and waste operator recommendations.

Result

Compeny Nsme - Urban Stationery westo
Circulr Matoriels o, Ltd processing with
Compeny Tel : 085263259 sdvenced
Compeny E-meil tachnology
hongped workiggmeil com Uzes sutomated
Compeny Address : 89/70 The sorting
Pelazzotto Village, Moo 6,
tachnologies.
1 | xhlongsem susdistrice, 50520 079 32858 LA

xhlong Luang District, Pethum
Thani Province 12120

bazed datection
or zensor

systoms (AWRS -
Advanced Waste

Recycling
Station)
Compeny Nems EcoRscycle Stationary weste
Co, Ltd processing with
Compeny Tol 0018235054 advenced
Compeny E-meil - kridchai- tachnology
s@rmutp acth Uses sutomaeted Deta
Compeny Address : 1299/ I sorting e
LAKSULNG LUI0AAVEOIU tachnologies
togies
2 | womonsngamarnns 69570 109 45248 s [ @Ay |
"
a0 baszed datection 7
systems (AWRS -
Advenced Weste
Recycling
Station)
Compeny Nema - Thai Baszic stationary
Concrets Recovery Co. Ltd waste
Compeny Tel: 0898523214 processing (WRS
Compeny E-meil - weste
e i = . 1‘“; “
Compeny Addresz 100 Station)Recycled
Ramkhemheong Road, Hus
using basic
3 || ik scbrice wang gk 75060 118 48819 i m
Oistrict, Sunghok. menuel labar or -
low-tach
machinery (a3
sorting
crushing
washing]

MW 4.9 MhuanNaaNSNITIRdURULATAZLILYBMEUSENBUNTT LiaUTENaU

A5AnaAULa

Lo ) v oA o oA YR PR P
wandNFasessumsudusounanisanidanludauiusenaunisiiieites uas
JuUinanIuzn1sa LI uYeIsEUUinliausaRanuNate n1suausludnyuefIng?

PreiuANUTAUluNsUSsURsUNILden waztasuanulusdalunssuiuniseniian
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« C @ % ecoranker.com/history * i) ©
. Good Evening.  User Type -
Profile i Logou [
@ EcoRanker & Announcement it 1 Aboutus © Create New Project © Howto Use BT Vit st story gout -
Home / History
View your submitted projects and their evaluation results
@ Concrete Waste for Urban Building in Bangkok m
e Waste Origin Location: QJQC+WS6 bou aaw 0 uuRABHFUFF oK NSUINWURIURAS 10310 Us:inAlr
0 February 2026 - 31 July 2026 Project status: Completed
TOP 3 Waste Management Oparators
Company: Urban Circular Materials Co. Ltd (1056236589745)  pegien Status Evaluating
Company: EcoRecycle Co, Ltd (1052362569423) g status: | Evaluating |

Company: Thai Concrete Recovery Co. Ltd.(1025487596330)  feview Status Evaluating

Terms of Use | Privacy Policy | @ Views: 2016

@ 2026 All rights reserved by EcoRanker.com

a v Y A o A o v ) & °
AN 4.10 VU’]"\]@LL'@NLW@umaﬂqiﬂmLaaﬂlﬂaﬂﬁjﬂﬁgﬂaUﬂqﬁ LLEENIFAINNTITNINNABDATETDY

4.5 N1IATIVEBUANYNADY NSBUTUANIUMNITEN Uazn15Usziliu

UszAnSn1mueeszuu EcoRanker DSS
wieliiuladnsyuvaduayun1sindula EcoRanker DSS MiauNTuiiaugnaas

ANNURDD wavanusatluuszendlylaassluuiunvenisdnnisvesdeainmsneasng

'
aad o o

AfeildfuiunmnmasounarUssiiusruvesadussutlunaedffidadey asounqu
fauanugndendenisduia anummiganlunisldnu wagUszansamvosssuy
lnesiu Myvseiiiugnesnuuulvinseungy 4 Ifvean loua

(1) NIATIAABUANNYNADUTINITAIUIUVBIUUTIABY (Model Verification)

) ﬂ’]i@“ldéﬂﬁ?’mLMNWS&@J“U@W%UUI@EJE:\I:L“?IIEJ’J“UWQJJ (Expert Validation)

(3) M3Usidiupuienalauaznseausuverldnu (User Satisfaction)

(4) N3UsEEIUUTZANTAINYDIIZUU (System Performance)

4.5.1 MINTIVFBUANYNABIVBIUUTIABY (Model Verification)
4.5.1.1 HANIATIVADUANIUYNABIYDIUUUTIADY
[ al' = < = = v ¢ 1
HAN1IATIABULAAIRILUAIT19T 4.2 FUTUN1SIUTEULTIBURAT NS TENIN9TEUY
EcoRanker DSS uagn1sA1unimig Microsoft Excel lusgAunaansgaving lagnuinf1ves

+ —_ . ! ' v ! I
ST, ST way Civamnmadeniianiidunnisenis laeldwuadnuaainnday (Error =
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0.0000%) uanang 819 UN13TNSUAUTBINING BN AIINADARAR DN WD 19 ENY 50
(dnndasiu 100%) sywinwiaeis

91915297 4.2 WU wadnsTildanszuu EcoRanker DSS finuaenadastiuna
nsfumdelUsungy Microsoft Excel agnsauysaflunndadin léun an s* e s7 uag
Arsadn1nulndlAss (Closeness Coefficient: Ci) Taglanuaaruaainiad oy (Error =
0.0000%) WBNING HaNTTRSUTUTBWNLANTinuaDnAdDItY 100% STWINawaes
35 @auanalifiuinsyuu EcoRanker DSS @unsausanediiy TOPSIS ludszynaldls

pggNApdLaziaweisluBInITAIN

M13197 4.2 HANIATINADUAINYNABIVBIMUUTIABY (EcoRanker DSS LWiguiiguiunis

ALY Excel)

st S L
. . AIAYUAIY

- — (CHIHT g (32219 o o o o
N4Laan /N9 IGGIGER AUAU

INAJYAU ‘\T]ﬂﬂ"]é!ﬂll

— L (Ch)
ARNANER)  ARTLENGA)

A EcoRanker DSS 0.04377 0.07291 0.62485 2
Excel 0.04377 0.07291 0.62485 2
mmmﬂmmﬂ%u (%) 0.0000% 0.0000% 0.0000% -

B EcoRanker DSS 0.07543 0.04349 0.36572 4
Excel 0.07543 0.04349 0.36572 4
mmmﬂmmﬂ%u (%) 0.0000% 0.0000% 0.0000% -

C EcoRanker DSS 0.02251 0.10257 0.82003 1
Excel 0.02251 0.10257 0.82003 1
AANuAaIAAAeY (%) 0.0000% 0.0000% 0.0000% -

D EcoRanker DSS 0.06858 0.05744 0.45580 3
Excel 0.06858 0.05744 0.45580 3
AANuAaIAAAeY (%) 0.0000% 0.0000% 0.0000% -

E EcoRanker DSS 0.09170 0.04903 0.34840 5
Excel 0.09170 0.04903 0.34840 5

AAINARIALAERY (%) 0.0000% 0.0000% 0.0000% -
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a v [

doudumugniedudednuesnssuiunsiuan snidedssléhmansaaey
Tuseiutunaugos fuandlunsnedl 4.3 Ssaseunquitsuinisuiuainasgudoyaluauds
msfwndsianulndides lngnanisnsiaaeunuin Adildainszuu EcoRanker DSS
denuaenadostunismuinan Excel lunndumeu Tnslunuainuaainiad ouly

ANTEIRINNNG

M13°991 4.3 N15R939A0UANYNA 89BIN1TAUIIUT UROUY BY (Intermediate

Calculation Verification)

" ., EcoRanker AANNAANA
JUNDUY WIFUNDT Excel y
DSS waau (%)

. HIINUY n3NY

1 N1 normalization (rij) z z 0.0000%
YIANLUA VANLUA
N15%1 weighted normalization A3 H39U

2 p p 0.0000%
(vij) YNUUA YVUA
A1QANARTANER (Ideal Best: RN M3

3 N p p 0.0000%
A) YNNUA YNVUA
A1gALARTILENER (Ideal Worst: PNLY n3eiu

a . p p 0.0000%
A) YNNUA YNNUA
NITANUIUTELZNN (Separation ATINU AIINUY

5 .\ _ p p 0.0000%
Measure: S Wag S ) YNVUA YNNUA
AratanlndiAes (Closeness A3 M3

6 p p 0.0000%
Coefficient: Ci) YNNRUA VNN

Mnmsadedy wandliiiudnandldainszuy EcoRanker DSS fimnuasnndos
ATUKRANISAIUIUAN Microsoft Excel a&hqamyjiaﬂunﬂ%gumaummmzmums TOPSIS
Tnglsinuuaaniadou (Error = 0.0000%) fisludunsumsduinssminmsuasadws
anvine eusufnnugnieadamasiuinmesiuusiaesiiimunty

lagasu #an15nTIvdeUEUSIN S¥UU EcoRanker DSS anunsaatiunszuiung
Fuam TOPSIS Idagegndasasudauluynduney uasdanuundedeludsnsduin

dmsunmsihluldnuasdunmsatuayunisdndulaniunisdnnisvesdsainnisneasne
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4.5.1.2 NM30AUTIUNANITNTIAABUAIIUYNABIVDILUUTIRS

NAN1INTIIABUAIINYNFADIVOILUUTIa0and1AAUTT 9UU EcoRanker DSS
A10150A M TIUNTEUIUNTAIWIMAIETS TOPSIS legsgniasiazaannaaiunsAuIm
FreTusunsu Microsoft Excel dlusgfunadnsaavineuaysvdutunaudon Taglanuennu
AaLAdeuluyndunoueInsEULN TN

JaAunuasnaaziouliiiuiisnnugndesvesnisiauidanesiuuaznis
Usganananieluszuy Seierdussdusznouddguesnsimunssuuativayunsdaduls
Taglomzszuuildismsdaaulanuunaneinast lunsussiliutazdasusumaden

M37INAANEIINTEUU EcoRanker DSS fiAnAumanaidouiiiy 0.0000% luyn
i ¥e avvouliifiuin sruvanasadiiunszuaunsdummundnadamanivesis
TOPSIS I¢agsnsudunazgnios dous nsusudeyalioglusunnssiu nsduioe
ey s NsMvUAAINILEaNgANARTIUINEazITIay TUauds n1sAuInen
Fataulndifes nadwsdandnasfeufanugniowiludwmssnzuasdsadamanivas
wuuaesiiiaunty waswandiiuiemmindoiievesnssuiunsussinananigluszuy

TaAunUfINaIEenARBINULIIANTaIsTUUaTUAYUNTAndAUlaky UnaneLn
fiszyin 38 TopsIs Wuniliumedadilésunnafendmivnmsindusumadennieldnane
\neuei LesananusaUseiliuszesvinsveausazmadenainrinnigauazaiiug ignld
seaduszuu [128]

wanani nansavaeulusyiutuneudosdaliniud StyegneBasiaszuy DSS Aif
ArududoudunisUszanana esndisananudssindefianaaiioafaiusening
nsviandanedfuntonsdeulusunsy fee1vdwarenadwsaanevesnsdadulald

dnUszifudAny Ao ANaIN1saluN1INTIAE0 U DUNSUVBINTLUIUNTATUIN
(Traceability) Ger2elsglFuannsoedusuasnsaaeuiinnvomadnsldlunndunou
steil wwaRaduaalussla (Transparency) way Audansaluntsnsiadeudeunduie
Junudnuazddnues ssuvatuayumsinaulaasiell ety enuindefiowazan
Lsslavesnszuiunisandula [129]

waNINT ANABAAEDITBNANITTATURUTENI195EUY EcoRanker DSS LA

¥

Microsoft Excel §4azviauliiudinuad osvaakuudnaadlun1sussiiuwasansusu

1Y 1 [

MWaN FalaNua1A s o155 uUlUTTIIuas S UUS UNYBINISIANISVBILELAINNNT

o

a3 Ansinduladnifertesiunaeinamiuagvanegidiuladiube
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Tudainns wamsnsaaeusanandisatuayuanuindefovesnisysan
1535 TOPSIS 1inffuszuuiukeUndindy EcoRanker DSS Ine8uduinszuuaunse snw
ANNgNABIYRINTEUIUNSAWIMLY ulazgnimunlusUuuuuves unannesuatuayuns
smaulauwiu (Web-based Decision Support Platform)

lngasy Nan13nIINEOUAINYNABIVBIMUUTIABIEUGUIN S8UU EcoRanker DSS
frugniesuazaunindedieludansdiuan annsadidunszuiuns TOPSIS ldegng
asuiuuazgnieslunnduney wazddnsnmfsanadmsunisiiluldauaiduns
atuayunmsdnauladunisinnisvesduainmsieasanelibuiAnasygiavyulsuey

U A
AITNYIYUY

4.5.2 nstuuanumunzauvasszuulnedidenvig (Expert Validation)
4.5.2.1 wamsUsziiiulaefiderngy

138 USUAINMLNZENTBITTUY EcoRanker DSS Tusuided suiunising
A3 gdiuiu 12 v Feusznevdeiiuszaunisaldunisdanisveadeainnis
fiead1e gmanmnITReATI uazNTAILNTEUUATAUIMA ileUszfiuAImgNAel AN
Undefie uarmnuannsalumsthszuuludsegndldonueis Tnglduuuasunuidslassaiis
AUNINTIEIUUTTUIUAILUURLATY 5 56U

NANTA 4.8 WU wan15UsefiulagsILve33E UL EcoRanker DSS Wy §)
AedssIinty 4.31 wazdiudsauunasguindu 0.72 eeglusedu “undign” uans
T dideinadanudndudsindessuulussdugs uasiuitssuuiianumzay
aonsltulunIwg Iy

dafersalusedd wui SAdurnugnesesuudiaet (Model Accuracy)

o .q' e oA e | o .
Nﬂ’]LQﬁ‘EJi’J@JQ\WIﬁﬂ 110U 4.39 ASHEAIULUYIUUNIATZIULNINY 0.70 asﬂuiwu 41N

9

aa v

fian” se9a9nfe dAFunuTeievemanisindula (Decision Reliability) Fsfirads
s 4.33 uazdrudoauusnasgiusintu 0.73 eglusedu “aniian”

A nTudfAUANIANIZANTOLN T N15UTEIIU (Criteria Appropriateness) 3
AnadeTyinAu 4.31 wazdrudeauunsgiumindu 0.72 eglusedu “uniign” log
M3 “dmininusifiavnaine” dauedewiitu 4.17 Feeglusedy “anludiuves
fRduauannsalun1silulFauase (Practical Applicability) SAadesiavindu 4.19
wazdudoauunsg gy 0.73 eglusgdu “un” Jadudafidaiadedigadle

) I v aad
WSEUMBUNULRDU



93

AnTudfA U AUMNNTANVDILNMY (Criteria Appropriateness) A8 853

Winiu 4.31 wazAdeauunnasgiusiniu 0.72 aglusedu “uinfign” agvioudnnuanily

TuszuuiimnuaseuaquiladedAny Tanudaau wazaunsailuldlaase agrdlsinig

18013 “Umininaeifaumsauna” Jauadewindu 4.17 Jegluszau “an” wandliiu

11 f¥eIg Uiyt asiuandafusaAumENTauvasAd TN in Ul Ty

¥UU

M19197 4.4 Han1sUseliulneriievy (Expert Validation) ¥83sguy EcoRanker DSS

. - - Avady  dwudssuy  sEAUAIIY
aan1sUseLaY 18N15UTSLUY _ -
(xX)  umIgau (SD)  AALUY
ANNYNFBIYRY  SEuUANITadndusiula 4
R . N 4.50 0.67 UNNgn
WUUA1AD4 9E69NADY
(Model HAAWSHALABAARDINY y
. 4.42 0.67 WINTan
Accuracy) 70 TOPSIS
ANAZUUUAINTOAZYIOU
AUANANTYDINGLGADN  4.25 0.75 WNan
TaagtnLau
ALaRYTI 4.39 0.70 WINan
ANIUALNZENTDY  LNaINITUTELIY y
. - o o 4.33 0.78 UNNER
naansUsediv Aseurquiadedidny
(Criteria ANNTINYDILNUTNTIA Y
. 4.17 0.72 1N
Appropriateness)  @ULARENNE
MTindianutnuLag .
. . 4.42 0.67 WNan
anunsarhlulglaass
ALRRYTIY 4.31 0.72 WNan
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A1519% 4.4 wan1sUseilulaeidedviny (Expert Validation) ¥845¥uUU EcoRanker DSS

(fi0)
. - - ARy dawdosuy  sTAUAIY
aAn1sUsLaY 318N15U52LUY _ o
(xX) w3z (SD) AR
ANWeliores  HaANsIANNANLaNe 4.33 0.78 UNiign
HAN15ANEULR HaaNSaunTaly r
- ... 425 0.75 wndige
(Decision Usznaunisandulalaass
Reliability) STUUTIDANAIUA LD -
o 4.42 0.67 WNan
Tunsdndula
ALRRETIY 4.33 0.73 WNAgA
AnUAsaly spuulienumngauiu
o o 4.17 0.72 1N
nslUlguase  U3unveanisldauess
(Practical sruvannsailuldanu
o o a.17 0.72 17N
Applicability) TuosAnslaasy
JPUUANNNTNATUAYUNIS
sdulacuaudiduld  4.25 0.75 Wnan
98130UsEANTAMN
ANRAITIY 4.19 0.73 gt
JIUVILA - 4.31 0.72 UNAgA

Tudiuvedfn1u n15Useynaildauase (Practical Applicability) danafesiu
WU 4.19 uazAndeauuuinsguindu 0.73 Feegluszau “uin” widnasdudang
1 Q{' 5 o = a v aaa 13 o v 1 N o o £ a
AnadesgalloisuiuliAdu windsasvisuinssuuidnenimlunisiiluldauasaly
BIANIHATAINTaANUAYUNITIANITVRRdra 19 8 uld sl Aadenainindifdueiaiin
NTRINNTARIUANUNTOUTVDITOYE ANMUALLABYR IR LTI NTNITYTANITIFUUIAY
NSTUIUNTVINUFUYDIDIANT

lngasy nan1susziduannl¥edvedududn seuu EcoRanker DSS Aiimunduy
= U 1 dl A = v | ] (1 Y a
fanugnaes undede wazdaduwmuizanlusedvgarianisurludssgndldaialy

NSARLERNEUTENBUNITIANTTVRAUFLAINNITNDATNS
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4.5.2.2) nseUTgHan1sUTTEluANUMIIN T ALY RsTEUULRg T8 198y

nansUssidulaedl¥eaguandliliiugl seuu EcoRanker DSS lasunisuausu

Tussiugaisludiuaiugniesresuuusians miundeievemwadng wagamumunzay
vounaminisUsuiiu Ineddnadesameglussdu “uinflan” (< = 4.31) Gsagvioulifiui
sruviiiauassanevauesienuaavies devyidudunaiauazidans
Usrgndldanuasalaegianingay nan1susziliudinaiagviounudluudn n1sysannis
wmpdansdndulauvuraneinas Samfusvuvatuayumsdadulavuiuanunsatoia
anuduszuu aalussla uazaanindedieveanszuiunsdnidendusznouns dnnis
yoadsanmsneaindld Tasamsluusuniiindesfunmsfiansanvansinusiuazvianedil
dlddude aiuesusie Aunaden diew uasinaie

nansUszifiu geiigalufifisuainugndesuasuuusiass (Model Accuracy)
agvioulsiiiui fidvimaiinnudediusenssuiumsdmuinaznalnnisiadusiuressyuy
Iaganizn15Useyndldds TOPSIS Tun1suseifiumnunuIzauveanIsion JaAuny
Finanaenndeiiuuifnvessyuvatuayunsdadulaadielnidliauddyfunisly
wuudasadsUSinaniieatuayumsindulaluaniunsaiifiaududounasiiutsmane

v

1@ 9l 9uTT8e4 Sahu et al.(2021) [130] 58U ANUYNA BIVDIUUUTIABIUAE

o o A 1

ANuENIatuNsesutenszuiumsanaula deiduladedAnyfidwaneniseeusussuu
DSS Tuudundudawindeuuasanudy

Turhuendeafu nanisuszduludfdiuanuynd efevenanisdadule
(Decision Reliability) fleglusziugs wansliifiuin szuvannsaatuayumsindulastis
Duszuuwartisananudidedunisusediumadenld Jafianudddenisumsdanis

YodEINNINeaTNTReIRENTRATUNTayaateUssiniaskansenuluszazend o

a0 L4

Aunufananiaudenlosiununanveansinduloogrsmmdiduiyaunsindulavy
fugruesteyadesyintuasnszuiumsdssdufiannsansaeudeunduld [131]
F1USULAA1UAINNLIZANVDUNUYTN15UTELU (Criteria Appropriateness)
fldsumsussdiiulusedugs asouliifuin lassadanasifautulumuidodanns
AseunquiladudAguensinnisveddeainnmsneasslaetamungay ﬁgﬂué‘lulmwgﬁﬁ]
dawandou danw wazaila Fadenadestundnmsilianudfyiunsussd uwuuysan
NSUAIEER LINNTINITRINTAURNITAUAUNUYTEUTEANTAIMTAATYNANE 108 194RE7
ag13lsfiau 518013 “5’11/113’%@&mmfﬁﬁmmammama” fAnadenininsenisdy

Wintiey F9019avoul A IuTanIULANA19YBILNNBILAEUSTAUN TV TN YU AL
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1 1 [y o

nanmeszRuAudIAgesadensindula sl dnvazsinanieidusssumaveslgm

9

6 IS

nsdndulakuunaeinunngiiauladiudeealinudifyduusazsinaeiunnaiaiun i

USUNVBINITANLUIY

v

YUA 30U Wl Idaa1uamanrsalunisualuleauase (Practical
Applicability) asfiAnadefigaileFouiisuiuiadu widapsagluseiu “un” Fauans
T {l3ormnguesiszuuddnenmlunsilulssgndldaisluseduesdng oglsd
i fillergeraneaiiutediinussmsiifetesiuaumisuvesdoya n1sysan

v

11358 VULINIAUNTZUIUNISYIINUAYL LazANAuABYeI lduiuTsUUAfa Fuly

Uszinunnuldialulunsimuissuu DSS dmsunirgaainnssy lag Bai et al.(2022)

o w 1 o

[132] liiiuin anundeudutoyauaznissansvvesgldnuiuladudrdgyroninudnsa

Y94n15158UU DSS TUuszendldluesdns

wonani nansuseiliulusziuasdasvieuliiuisanudidyuesnisesniuy
szuuludnume user-centered DSS Adliruddyisdunugnisweuuusiass Ay
Tsslavesnszuiunsdndula arudierenislday uaznsdoarsuadnsegnedaiau
wuIaanamaeandasiuuunliunsimunssuvasaumaguaud wulugimaie I
s Tsjatiuiusynsnmdanaliauazszaunisaivesdlfnumugiu133]

Y]

Han1s@nwdatuayuuuiAndn MIysannsmaidasiudussuvatuayunis

%

dadulavudu annsoiaundueiosdeatuayunisdeiuladuanudsduiiivaninu
andsudanatianazauaunsalunisussendldanuasls ety ludauia ssuy
EcoRanker DSS e1aidunuimsdmsunhenuneaivsednefuiinvendslunisuszdiu
uazdndengUszneunsinnsveadsegraduszuu Widla uazamaaeuls Jadaa
WeulosruuwiAniasugionyuioy uasmsiangaavnssuieaisenaddulussezen

Tagagy namsuszifiuangidervguanslififiuin svuu EcoRanker DSS fimu
wanzaslusyiugaiadunnugniesesiuudians avunindoievemwadng wazdneam

Tunsihluuszyndldauats Snvsdsasyiounuilduddyvesnisiaunssuy DSS adelnl

AliaudrAgauanunInIuUszansnmdunaila anuluslavesnszuiunisinduls

Y
% ~

wazUszaunsnlveIrldau iWeatvayunssausuwasnsissuulUldsduuiunveinis

Y

IANTAILINADULATANUDITUY
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4.5.3 msUsziliuanuisnalavasgldau (User Satisfaction)
4.5.3.1) nansuszidiupnuiieanalavesyldan

WieUszidiuseiuauianelavesdfléusioszuu EcoRanker DSS meldudumnis
T¥9uate muddedldtinmsinanisssfiuvanuuuasuniulasldanade (Mean) dau
\J891UuLIA51U (Standard Deviation: SD) wagswiinanuiianela (Satisfaction Index: SI)
\ieazvieuszauanuianelalugluvudesas (%)nsulanardvdanuiianela () 14
inasidauandlun1ed 4.5

Mnnasidenan Ardrdanuianela () Aldannsussdulumuidod
gnihanldlunmsduunsgivanuiianelavesdldnuluwsasiin uaglddugrulunisedivse

Han1sUsEiuauianelavesgldanusyuy EcoRanker DSS Uandsian131a9 4.6

A15199 4.5 nusinsulanasuiainuianala (Satisfaction Index: SI)

inagin sulanafsdanunanela Sl (%) S2AUAIUNIND TR
80-100 1nitga (Very High)
60-79 11n (High)
40-59 U1una1e (Moderate)
20-39 oy (Low)
0-19 tlouiign (Very Low)

fiun: faulasann Prasertwitayakarn et al,[134]

Adl 1 a 1 v = Y] =3 1
INATNA 4.6 Wud wansusElliulagTaunud dldnudseauainuianelase

5¥UU EcoRanker DSS aglusgsiu “uniian” lnsllaiadesiuvintu 4.35 drudeauy

I v A

WNTFIUIAU 0.56 wazAdrtiauiieanaly (SI) wiiu 87.00%

A a aa | aay a a .. A w oA
WeoRansanlusedia wuin ddsulssaniamuessyuu (Efficiency) fimaviininu

=3

fanalaganan iy 93.60% sesawunfe aunanelaseflandunisvinauvesszuy
(Satisfaction — Functions) NAU 91.20% wazUse@nsuavadssuu (Effectiveness) AU

90.40% a1ua1a U lusuamn1nvesteaya (Information Quality) wagn13lg91usEUY

=

(Usability) A1 SI 117U 88.00% Wag 87.20% muadu deeglusedu “unnfign” wuiu

aa v

agelsfiony ddd1umnuanasalunisious (Leamability) uasaruundefiovedssuy

-

(Reliability) fifn SI Wity 78.40% wag 77.60% suandu Feeglusedu “un”
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uana1ndl arufiswolalaesausoseuy (Overall Satisfaction) fiAn SI iy
89.60% ogluszsu “unfign” Faavviouliiiuigldnuinssensussuulunmsy uas
Wiusyuvansaatvayunsinaulasunisdnnisvendeainnisneaddldegamngay

vl msvssduluniddeifunssady “nsfusvesdldanusioseuu” (User-
perceived Evaluation) n1eldnsounuifnn 11 Aaua1u150luni15t7 91490958 UU
(Usability) waz Usgaunisalvesildanu (User Experience) tneiifinnu Ussaninmlunisld
97U (Efficiency) Usz@nSnaveessuy (Effectiveness) hag A21uY1vd o8 090958UY
(Reliability) 1 un15Usziiuainyuuesvesfldaunigldviunnisldauaie fldnisin
aussauzBanaiiaveaszuulnense 1w ASIluNISUTEIANATRITE UL 0A NG NH BT
yosdane3iu TOPSIS usldunsagiiounissusvesldauinssuvannsatisania i
ANEzaIN wavatvayunsindulalaegralivsednsuaieddaainuszaunisainisldau
339 Fegenndosiununfndiu n1seausumalulad (Technology Acceptance) wag N3

Usilluszuuansaunaniinnuddgyiuyuiesesldau [135]
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M99 4.6 Han1sUsEliunsldnukazanuisnelavedliusessuy EcoRanker DSS

doudoaun audadunie  sEAUNIS

iAn1sUsEiu Anady () -
WIn35gU (SD)  wala (SI, %)  Usuidlu
ASITUTTUY o
4.36 0.76 87.20 WnNNgn
(Usability)
ANAMYDITBYA y
4.40 0.50 88.00 1niign

(Information Quality)

AyEnsalunisiFeus

3.92 0.64 78.40 1N
(Learnability)
ANUNswelafafeidu
(Satisfaction — 4.56 0.51 91.20 uniian
Functions)
AMUUTeRievedsT UL
3.88 0.53 77.60 un
(Reliability)
UsganBam (Efficiency) 4.68 0.48 93.60 1nitgn
Usgandna y
4.52 0.51 90.40 WNNER
(Effectiveness)
ANuianelala sy §
4.48 0.59 89.60 UNVige
(Overall Satisfaction)
Aadssau (Overall .
4.35 0.56 87.00 WNNER

Mean)

nnewg: - IAAuUsgdniam (Efficiency) Uszdndna (Effectiveness) wagauindete
1093520V (Reliability) lueuddedl iWunisuselivannissuivesdldau (User-
perceived Evaluation) s95zUU EcoRanker DSS anglausunnislasuass il

MTINENITOULITUNATATDITTUULALATS

LUINAINANEIANUARAARDITU 1195IU 1SO 9241-11 Iy AUAUT
Tun1slarureeszuy (Usability) @aunsafiarsantaanniifnu Uss@vsua (Effectiveness)
Useansamlunisldau (Efficiency) waz auianelavesy t¥a1u (Satisfaction) n1eld

USUnNTIauasaveely (1ISO 9241-11, 2018) wanani SeaenndodiuluIANAIY N3
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Usillusguuansauwne (Information Systems Evaluation) wag seuvativayunsdndul
(DSS) i ety nsUszifiuanmsiuiverldaurtuLuUasuay (Perception-based
Assessment) LtoUsziliununnuazystloviuessyuuansauma

Ingasy nan1susziiuvesldauguduin seuu EcoRanker DSS lilifigausiiiaay
gnAoddauuudiaes widsaunsaldaulaase danuwunzauseuiunmsldau waslasu
nssensungldanlusziugs Fsazvioudsdnonmuesszuulunsatuayumsinduls
sunsianisvendainmsneainanielduunananudduldegifiuss dnsam uas

ansaUszenaldnuluniaufualeas

4.5.3.2 MauneRansUszdiuauianelaveldanu

nan1susziiuauianelave ldaunanslimiiuii gldaulinnuianelose
58UV EcoRanker DSS Tusgdugaunn lnsamglulifdnuussdnsameesssuy (Efficiency)
Usz@nSnauesszuy (Effectiveness) wazauilanaladetladdunisinuvesssuy 3
agviouliiiiugi ssuvaunsarlsanaududourenseuiunisindulasaratvayunis
Uszflumadeniiieadesfiunsdanisvesdeanmsnoadndldedieiiuszavsam

TaAunUfINaaenAfeIiukIAnfIUNsEaNSumAlulaglarN1SUTTIUTEUY
ansaunaluget 2020-2025 %ﬂﬁmmﬁwﬁ’zyﬁ’umﬁ%’uiﬁaﬂidmﬁ%aizw LAZAIILEE

o A

lunsldnulugrusdadvdrdgyndamarenisseusunazanuianelavesdldanusessuy
ATk sEULaTuayunsdnaula [136]
Aaa v a a Yo r-:l' Y & ' v [V

NSNNRAUUTEANTNATRITEUU InsunzkuLaian wandliiudn Jldausuin
sruvanIativannaaznsElun Tl sideyanivateinaeilaegesiiusednsaim g
finudeulesiuunuImmanvedseuy DSS Nignaenwuuntieatiuayunisindulaly
anunsaindanududeularivoyadnuiunnn Nl derunudinandsasrounuiliuves
s sruvasaunaadislninguiunistigannseaunsUsritanadeyaveey it
wagatuayun1sinaulansinswaslussuuannduy

YauziReIty nan1sUsTliuludRay Useansua (Effectiveness) wag auiianala
1 & v o . . . a 1 % % 14 Y @ 1
elenTun1svinueesyuY (Satisfaction - Functions) fiegluseaugs Seagviauliiiun
ilandunisinuvesssuvainsanauaussienufsIN e ldulasgamngay Ny
AU NTLARINE N1FINTUFUNIAGDN waznsativayunsandula melausuniaenis

In1sveadeainnisneasne deaduayuiwiAnues ssuvatvayunsandulanioantuulay
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[y

Sarldauduguenans (User-centered DSS) filfanudndyfuits Uszdnsainvos
WUUAIAed hae Useaun1salvesldanu aueiu

Tu@"1 Information Quality ey Usability %alé’%’mmuuimzﬁuqaLsu'uﬁ’u TGN
Tiwiudn nseenuuvdufaaerlde1u (User Interface) waznisuiauedayavosszuudl
arwdaiau lade wasiBeronsldrusi fedunudinanaenedesiunuidesu User

Experience (UX) tag Human-Computer Interaction (HCI) ﬁ'ﬁz‘ugf’l @mmweuaﬂ%jayjauag

o o A '

anuasalunsidnudutifeddydmansuszaunisaivesldnulasanudisaves
JyuvaETauwne [137]

agalsfinnu wlindiidu anuditglunisiseudnisldau (Leamability) waz Ay
UnTeiievessvuy (Reliability) azfsogluszdu “unn” uislazuuusininiidu deagviovls
Wudswumdlunsiaussuuifiadslueuag Ingane N15enUUTTUULEzEnTMY
Nudmiuldaulnd nsfmungiienisldnuuwuulaney (Interactive Guidance) uag N3
faadesnimuesszuy Wewaduadsanudoturesldaulussesen el doduny
MINANHANADAAR 8N UIUITEA U TAInTsuauaIuIsalunisiveuvesszuy
(Usability Engineering) uag nsausunnanwasufavia (Digital Platform Adoption) ‘ﬁizq
1 spuuiiinradudeudamihiigaindesns nalnaduayumsieudvesldam iletawan
ATENNANUARYDIL T (Cognitive Load) wavsinUseansnmlunisldnuaie [138]

uananil namsussdudaasioununliuin fldolutagtulianuddnde
“Uszaunisaflunisldauszun” mugldfu “anugnieswasuuusiass” windeiu
Taslonnglussuvativayunisdmdulaiiiedosiu mnudsduaznsindulasudanden
Fadpaseafuillinuvarenguuaziviunmsldauiinainvats dedunudnaniiai
Feulosuuuimanswaunszuva saumnaaielud ilianud favaiiu aussauzids
WALAYBI3EUU (Technical Performance) way Uizam’liiﬁmm;ﬂﬁmu (User Experience)
AIUAMNU

TuBang el NAaNSAINE1IARAARDITUNTOULUIAAYDY BIANITILNINUITENAT
AI8N151195574 (International Organization for Standardization: 1S0) Aelau1msgIu
IS0 9241-11:2018 Fsspy3n ANmaAIsalunsIFauvessEUY (Usability) ansnsaUseiiiu
laanfifinu Usednswa (Effectiveness) Ussdnsnmlunisldau (Efficiency) wag aanudia
nalavasfldeny (Satisfaction) neldusunnisldeiuais uenani dafiaudenlsafu
WUIAA WUUTIABIANENSVRITEUUATAUMNA (Information Systems Success Model)

FaliaudrAgyiu aunImvestoya (Information Quality) AMAINYBITTUU (System



102

Quality) ag AuNanalaveeldeu (User Satisfaction) TugnugesddsznaudAgves
AudnSessEUvasaumealialy

lagasu wan1susziiiuadnuianelaves lduaivayudoAunudi seuy
EcoRanker DSS Liitilgaflaa11gnd ol uudngsd wAdIa1u1s0nouauesanIufednis
voslauluusunasalaegralivss@ninm tasunsveusuluseivgs uasldnunmlunis
ihludsggnidldauaiaiieativayunmsdadulasunisinnisveadsannisieadianiels

WUIARANUGIEULR RN LNTEL

4.5.4 nMsUsziuauansalunsidnfewesszuy (Accessibility Evaluation
using WAVE)
4.5.4.1 wan15UsziunsIdntaesssuy
n15UsERIuANNEINSlUNNTIUNNBITEUY (Accessibility Evaluation) 18452 UU
EcoRanker DSS Tus1u3sed Iaadunisineldias oeie WAVE Web Accessibility
Evaluation Tool a.duia3esilosnnsgiuildunisseusuegrauninanglunsnsaasy
ANEenAdaeas I uledmUnaNnN1SA1LA15I918 (Web Accessibility) Tnen1suseiiuy
AsouAguasrlsznauddey taun Tassasiavemidiiu (Page Structure) muanunsaty
AM38ULAENTUEULE 837 (Readability) muAutav89d (Color Contrast) N1SAAUA
Fomumaden (Alternative Text) dwsudanin wazmsldlassads HTML @eanuviang
(Semantic HTML)
PNNANITUTELT UAINAIN15lUNITLI9 10909958 UU EcoRanker DSS Tagld
\A3 09@ WAVE Web Accessibility Evaluation Tool siauanslunind 4.11 wuiszuy
finaunaneun1sitnfsegluseavasun tngldwudeidanain (Erors = 0) luwudgym
fupuaudavesd (Contrast Errors = 0) warlinwuAnfiow (Alerts = 0) Jsaziouliiuds

UszdnSnmvesniseenwuudfnsefliiidenndesiunannisiunmsdntsvesiuled
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[

ainhwiusoason

4.5 Structural Elements
@1 Heading level 1 ®

@1 Heading level 2 g ...... uSudnfiou EcoRanker com outsmstiusms | lsnenuaudud | O msg: 1901
o v

A 4.11 Han15UsEUANNAINN50 T UNTSI91D999958UU EcoRanker DSS Tagldia3aaila

WAVE

ueNa1nd sTUUSILanIeIAUsENBULTIUINE1UN5LTE (Features) §1124
8 579715 89AUTENaUAIULATIESNS (Structural Elements) 37U3U 5 518015 LagAS 91U
ARIA attributes 1131 24 s18ms Fafiusinglunmil 4.1 Fadususdfenislilasead
HTML L@9A3umang (Semantic Structure) kagni1satuayunalulagyiomas (Assistive

Technologies) BgnaLNEa

4.5.4.2 M38AUTIERANTTUTHIUNSABITE UL
nan13UsELiiunsddavessruukanslifiiudn seuy EcoRanker DSS dAanin
A1 accessibility agluszavas lnglinuderanaind Ayainnisuseiume WAVE Web
Accessibility Evaluation Tool dsazvieuliifiufsninumuizauvesniseanwuudiufinge
A14911 (User Interface Design) wazlassasisvassyuuiivkaundndulunissessunisly

NuveldUIaINaY

'
aa v A

TRAUNUAING1IADARG BITULUIANAIY SEUUATVaN ATOUARUE LT UNNNEY

o

(inclusive digital systems) wag nisitnfslaegrsintisdmsunnau (universal accessibility)

q

aa o I3

FelgsuanudiAgiudusgsasidedlunisiaulszuuadanaziivneunainduluged

2020-2025 lagludAnaina1iyaiy n1seenwuuszuuiliUalenald ldnunnnguaninse
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Whisteyauazldanussuulaegiavindiey lnaligndndnig ANuWANAIRILAIINEINTT
gunsal MseUszaunsallunisldmealulad [132, 133]

msfisyuu TinudeRanaindunisdidenisldeu (Accessibility Errors) wanlyf
WA NM50RNUUURUILI VY0953 UL A NEDnAR DITULLINIIYDT TOMUAUANISIIND
\emuuiu (Web Content Accessibility Guidelines: WCAG) Tumansesdusznaudnfay
WU 3dalassadnadomedradussuu msldaiuiade (Heading Hierarchy) agns
WiLNgEl N13AMUATeALesuIEE s UBIAUTENRUTRITiLIU (Alternative Text) Lag
nseenuuulasiad1an1stinie (Navieation Structure) fdasionisldeu viail Tedunu
Fanamagieuwuiltuvesnsiamnduieundnduadivlnifilianud daydu nsdhdenis
¥ uresszun (Accessibility) Aausnszurunseenuuuszuy Slafiesnisuilodofanann
AYNSINITWEIUN

wena Nl auanunselunisddenisldiuuesseuu (Accessibility) Saiiaanu
WoulpauwunAnsiu Anuaunselunisldeuuesssuu (Usability) uwas Ussaunisaives
{14970 (User Experience: UX) Tngtamzdwivszuvatvayunisanaulof feasessy

° v v L3

Aldumatengu 399198 seAuauasnIaniamaile Ussaunisal visededninsugunsal

9
Muane1eil Yafunufinanaennaodiuadfesu Ufduiusseninuyediuaeuiomes

(Human-Computer Interaction: HCI) Wag ANaNTalun1sIg91uU9952UUAIYIa (Digital

a

Usability) 7iszy31 n1sidnfianisldanuuesssuu (Accessibility) fldduiissssdusznausiu

o '
[ o w A 1 1

wiatlawinty undadutadudfyidmans Uszansnm anuiensla wazniseeususzuuy
Yo tdluszerend [141]

Tuusunees svuvatvayunsdaduladuauddu wan1sfnuildasouls
Wi mseenuuuszuLiiannsadnisldinoazsesiudldaudinainats awnsatae
aduanuRIAaf U N131UA BuR g sEUUATasg 198 a8y (Sustainable Digital

Transformation) @93 aufun1sWauITEULATANT Auasounqu ANlYTdla wazan

~ v v v

Tadnialunisidnfsdeyaiazimalulad viell wumisiananianudeulesiunuifnniu
nseenwuulaeBndldanudunudnais (User-Centered Design) MiliaanudnAyiu fldam
I3 4 [ [ a a
Juaudnansweinisesnwuussuy Aualliv aussauslanalinrasssuy [142]
2819l5AmN wiiinan1sUseiiuae lnudalanalnfIun1s 189N IEa1uYed
58UV (Accessibility) LATaAUNUAINAEIEETOULLINSIUASHRILISEUULRLLAL W U AR
lAgan1E N155995UN159UTUAUIUIUNTNBIUNEI8 (Screen Readers) agngauy ol

NSNUIZANS A INYeIn1TUIMISRULTURLN (Keyboard Navigation) ag n1588nuuy
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§hsndunaLAneNsesd (Contrast Ratio) dmsuldnuifidedindumsussiiu iile
snspAuANaInsolunsinimosssuuViaeardesunasguanalusyiuiigety
lngagd nan1susedu n1sinfeansldaueesssuy advayutaaunudl seuy
EcoRanker DSS fAan1na1U N15:01919n1510uv0958uy (Accessibility) agluszauas
ansasesdugldauiifianuvainansldogiamnzan uazazviounudluvesn
svuuSuseundaduadelnifilauddatadiu anuaunsalunisldauvesszuy
(Usability) aa1uasaumaulun1sseesiul1de1u (Inclusiveness) wag n1seenuwuulaedn
Al auduguinans (User-centered Design) Augfu Liteatuayy n1sidrdamalulad

Y

Y
AaRg 1NN NeUkazSIE U

4.5.5 n15UseiudssansnnYadseuu (Performance Evaluation)
4.5.5.1) Nan15UsEIUUSEANSAINVBITEUU

nsUsziludsans AMmaesszuy EcoRanker DSS lusuddeiisndunistagld
\A304ile Google PageSpeed Insights Fatduia3 pailouasgruilafunissensuluszdu
a1nadnsunsiasisianssauzaeivled lneaseungunisussduludifdan laun
Anus lumsinanniiu (Loading Performance) Au@nunsaliun1snouauasueIssuy
(Interactivity) AuL@R ¥5UDINITUEASHEA (Visual Stability) LLaszmwmawizaumszﬁ
il¥u (User Experience)

nansusziiululuun Desktop uansloiliiudn seUU EcoRanker DSS fusy@nsnm

agluszaugs lnglasunzuu Performance = 96 Fsagluya9sedu “Aun” (90-100)

'
a o w

wana1nil szuudidazuuuluifdundfey laun Accessibility = 96, Best Practices = 100
waz SEO = 92 Feazviouliiudsqauninlagsiuesszuuisludiunabdn 110sg1unI3

W Iuled wazauanunsatunsidndeveedlda

[
Y

L BNITUIAIRITINTIAN (Core Web Vitals wagd13InNne1999) Yabandand

A 4.12 WUl 58UV EcoRanker DSS flaussauragluszaunfunn lagaiunsaesuiula

[

&
JU
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X 7 e
L c =

pagespeed.web.dev/analysis/

o PageSpeed Insights

m/273cchfa817orm factor=desktop

SN 22 §i.A. 2026 03:58:48

o
https:/www.ecoranker.com/

8 @
a0 anany
0 fafe [ wardfiou
quszaumsaifiglnuetalddu Lifiaya
SinnefigmdnsAngmw
dszdniam yvasod afuns

waamalGUAAE

SEQ
an
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¥ usema

=
T ——
ey

AT 4.12 nan15UsHRUALTIOUEVBITZUU EcoRanker DSS Tagld Google PageSpeed

Insights (1131 Desktop)

AN SEYLLIAINTWEAINALT BULS UAY (First Contentful Paint: FCP) winfvu 0.4

U asVouliiiudn TEUUANNITD LaReaLlavSuAuY st A UlAeE195IAL5) Fethean
3883nmmiiaﬂamaﬂ;ﬁ%ﬂﬂuluﬁmL‘%uﬁumNﬂ’ﬁIwawﬂwﬁu

Y52@NTNIN

A1 SEELIANNITHERINATDIBIAUSENBUNA nUUNL LI U (Largest Contentful
szuUdAua u1T0luns 1uanuazuaninandaUsznaunanvaantii ule a1l

Paint: LCP) winiu 1.4 3undl Fveglu inausiuinsguiid (Wewndn 2.5 3uil) avviewliiiuin

A STYLLIAINITUUIINNNTUTZNIANATNTAVINNITAOUAUDIVOITEUY (Total
Blocking Time: TBT) t11AU 0 Ta87U17 U971 s3UU MIIAANITUUIIU99NTEUIUNIT

Uszanananansud Ndawansenuse n1sldanaulazn1snauauawior iy

A1 avlinsalunisuaninaniiliu (Speed Index) windu 1.1 Jundl agviouls
W AUTIALElUNTHARINAN TN INVEMTLIU Tseglu seAuTIAuIN

A1 srlinnuildsunUasvedlassiainivayas (Cumulative Layout Shift: CLS)
Wiy 0.004 Feeglu tnauinnsgIunfuin (Weenin 0.1) agvieuliiiuii ssuud A

wheslunsuansmantiv Tne ldidansindounsslldsusiiunisussosnusynounig 9
SEMINNTFVIUMTIRaANTILAIU
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nadwidinaazouliifiud szuvannsonanmaiionldognemniga faau
@desseninensinaaninniv wagliinnisuniidlunsnevauessiodldau Inswanizan
LCP FailAn 1.4 Funit uazen CLS Fafldn 0.004 Fedreglunasiunsgruifsnnauinas
M13Us2IHUYR9 Google Core Web Vitals

Tngagu nan1sussidiunandliliiugn seuu EcoRanker DSS fiUsg@nEn1meunis
Mauvesivkeundindusyluszaugs faduALET Asaies WATAUATNUD

Uszaunsalyldanu

4.5.5.2 M39AUTIUNANITUTEIUUTEANTNINYBITEUU

Han15UsslduUsednSA1NUB953UU EcoRanker DSS hanslitiiuin syuull
aussourdunsnuresiuseundiatusglusedugs isluduannudlunislnanuii
U AnaEnansalun1sneuaunueIst Uy LarAMATETveINSHaARING Jeasviouliiiuds
AMNINVBINITRENRUUKAET AU TTUUTWTwYATla saudsnunsanvesssuudInsums
Wluldnuaisiuuwannesuiiv

JerununsnanaenaaesiuLuIAnmIu Ussansainueaiu (Web Performance)
waz szuuiiuieenuuulaeBagldnudugudnans (User-centered Web Systems) 84143
auddryegeraidoslunsiaunsruvasaumalazfuloundindulugaed 2020-2025

TnguwAasnanlimudfyiu Anunaisilunsevauewesssuy mmaulualunis

]
o w A 1 |

lanau wagUszaumsaivaestdan Tugusladuddydwnasie Ussavinmuasniseeusy

o

Y]

SYUUAIVIA [135, 136]
wana Nl A1 FCP way LCP fiogluszaunn fasviaulviiudaninuaiuisoves

szuulunis wanwallomdrAgreminivldedasins) Jedmalagnseme n135U3ves

1 [y

Aldnusienumaszuy wag Ussaunisallunisldaussuy dedunudnanaenndas

NUATERL ANuaEnsalunsidauvesiu (Web Usability) way Usvaunisalfdaves
il9911 (Digital Experience) #158U71 s¥8213a1lun15noUaueIvedseuy dnnuduiusiu
= d‘ e.'/ U a U ¥ ] ! d' ¥
Auisnala Anuweiy waznisAndulandunnldnussuvedreiaiiosesldau [144]
TuauszezIa1N1 TN TUTZINANANTATINNNI IO UAUDIURITE UL (TBT)
& a1 1 LY a aa = Y < | (=] 1 a & A
Fadlavindu 0 dadiud wanliiiuin ssuvldfidgminisniiswesaniuaninnis

'
%4 = = a a v

UszUIaNaNdINanIENUADNIS AR UV MU FId20UDIUTLANSNINVDINITIANIS

De @

[ [ 1

ningnsaznsUszaenanisluszuy Ml Andnvuzfinaidamud1Ayeg1sBsiaTsuy

q
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DSS Aigfeasasiumsldnouuuunuudnluiinudeyatiagiu uaznsuszananateyanats
finnnglaaniniingeunsindulawuulineu (Interactive Decision Environment) [144]
vauziieatuaAdviinuasuidasedasssatuazay (CLS) idaAdmAn
(0.00) Ssazvioulviiiuds anaaiosvosnisuanamantiv Taglifinsindeunieaoy
fumiswasesduszneuuumiiusEninanszuiunsivandoya deimnudenlesiu mnu
agaanlunslianuvesszuy (Usability) way anudosiuvesildeusessuy (User trust)
TngiamzlussuuiiAndesiumsdndulatasmsinsesidoyauuuvatoinasi esan
AmnuafssveInsuansratisanauduaulunisldny wazifivausulavesdldause

NaﬁWéLLa8ﬂ38U'JUﬂ’1’§VT’1\1’]u‘UEN§8UU

Y

TRAUNUAING1IADAAR DN UKUIAA Core Web Vitals 989 Google Fagnlyitu

[ [

wnsgrudAglunisussiliuqaninvesivieundindualelng lnglianuddgyiv

<

Usgangnmlunisluanniiniu (Loading Performance) auanunsalunisnouauesuas
n15lAnauUYBITEUY (Interactivity) kag AIULANETVDINTITUAAINAUUMIITE (Visual
Stability) lugnuzesduszneundnves seuuduiigadugldnudugudnats (User-centered
Web Systems) [143]

uanaIni Azuuu Accessibility oy lusedugs Ssasvoulsdisfuln ssuy

EcoRanker DSS gnesnuuulagaiilsiennuaunsalunisiditevesldnunvainvany gad

Y] 1

AULT BB VLUINIINITNAIUNTZUUATVaaE 198980 AlAsuAud AR NTUaE 19

§ aa v o/

potlloslunuidsuaznsiaiuunannesuAIaaielugd [139]

Tunmsiu wansuseidussansamvesseuvatuayudesunudn EcoRanker

t 4 v A ¥

DSS Ll audiinnnugnisadaiuudnaeinisandulawingy widwdlinaninaudssansaim

Y

vos5vuulusEivgs aunsasessunisldanuaswuivueundinduldegadivszdnsam
wazanunsaaesUsraunsainsldauiuinzausdegldnuluuiunveinisdnnisvesdyn
ANSNB&ES1Y [140]

lngasy nan1suszidulseansamuesszuuagoulwiltidl msWmusEuy DSS

o <

vuivlutagduindudedianudAgnmiuanugndesetuudiass anusilunis

I

Uszaiana ANUEafiesuesseuy kavyseaun1salvesildauniueiu aonndasiuiun

nan1saunsruvasaumaaislvinglduiunvesnsildsurugadianazn1siamn

28198984
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4.6 N1FEIATIZINANITIVYLINDNDUAINININY
4.6.1 nMsnaUAIaNITeTed 1
ANNNNIBUBN 1: LUINNITUSUITIANISVRLALINNAISNOAS 19N LUSEANS Annnela

T It A E N PV A L N b

v o

AINNTABATIZRNANTTITETUITD 4.2-4.5 @1u15a9UA1Ia1udeden 1 1ean

a

LUININITUTMISTANISVRUALIINATNoas 19N dUseanSannelduuifiniasugia

[y

vudeumsiidanvazilunssunisianisdeysannsiiamnseiasandadenatednsiuiy

K

eg19.duszuu lnvasounquiladfnuiAsegia dwanden d3nu uazmaila AUARUNIT

< = a o

ANTIDIUSUNNISA T UIIUATIVDILAALIATING YU L1999 1NN1STANITVDILEYINNANT

neasadutyvniinnududeusazinerfesiuiiidnladudenatengy nsdnduladely

= =

AisRNIzIusuuseUsE s nBaasugiaiiessdaier uidndudesiilsds

a

wanszvumudwndey A dululalunisufiRase wazaumunzausauTunvesiug

e

AIUANU

Han15I98azviaul AU LUIINITIANISTRAAsNTUSEANS A NAelaL AR

[

wissgnanyudsuliasyatuiisinsidavesdsosnainiiuiineasne uiadshinnudidgy

o

Aun1sldnineInsed19AuA N15AANISELEENINYINT WazN1TanNaNTENUALIAd oY

AABANTLUIUNITIANISVDWAY LARNITNANTENUIINAINTTUNITVUAIT I AN 8T D

(Y

1TA8ASINUNITEII WAL N1T Y60 DLNAY kAaZNITUABYALTOUNTLIN HANISANBINUIN

'
o [ a

‘&J ¥ a a 1 a I [2% s 13 a
fTTnenudannasudelsunm Wy YSununisuassiigaisuesulaeenlaniazUsununis

a

THgowmas Wussrusznevdrdgidelinsdndulaaunsaazneunansenusiuanudady

Ipeghalugusssunaznsivaeula

o
av o A a a

UDNINT WANIFIFSITIALAUIN LUINNAITUSITTANITURUALNTUTEANS AN
o |~ 2/ A (9] a a r-:gl/ a P ) a a :j v
Fndudaadaulesduusundanuinaziioulun1sanduauaswedlasinis Naluausses
NaNsUUAS FuwneianeverUsenauns uardnyuzedlaTinisneasne Weswndady
AanadalagnsIioUsEANTAMAUAWINS DY AUVY LagANUIIEaLYRIIREaN Y
N133AN1svendy Ay n1sandulanidsnisnseg uuiugiuvestayalilsednduastoya
WA uNNausasiauanIunIsalasele unninisendenasiilansauszaunis aldiu

=l 1 =

UAAALNEIDE R

Tudnanunils Nan15IVBTIAZBUIN TLUUNIOWUINIINITIANISYBUANAIUTE

lUldlaasenisidnwaeilusda wWilade uwavanunsaesuiwnnaveamansandulala
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ogetLau ieafremnudeiuliuniiidlddudeuazativayunisihnadndluldlumis
UfoRlKegailsrAnsam il amnuananselunislinuate eruniidefiovesteya uas
AutmIueInszUIun1sindula deilussdusenevdrAyroinisuimsdanisveade
ogsdafuneliiunesenaminssuneaiisadelnl

I
Y =

oty Fsaguledn wwmsmsuimsianisvendeannsneaiefiduszansam
melauufnesygiavyuisunIsianvazdfy loun

(1) \dumsindulanvunaneiafinseunquituiasugio dunden danu Laz
watla

(2) atfunslimsnennsesnsduauazansansenudaindounuunfniasegio
VUL

(3) Msd¥asuianadondinaiianmsonsasoulfedradussuy

(@) Foulesfuuundsiufiuazanmnsdiiueusiedasenis

way (5) annsatnluussgndldldassiunszviumsdadulaidaullsda

Wnietle warmauauawonURaNsvasEldlddudsnanenduetmzay

4.6.2 N13ABUANITETN 2
[ av y o 2/ LY v a Q{' ) [ Y
AuIdetan 2: lassainswessruvativayumsandula (DSS) Nwzaudmiunisinnis

Yo AIINNNINRAS19AISUSENUMEBRIRUSENaUTATN

v a

INNANTTIFEIUNITB 4.2, 4.3, 4.4 LAy 4.5 @1U1509UANDINITTN 2 LA
lassasnsvesssuvativayumsdeaulanmunzaudmiun1sdnnisveadeainnisneasneais
Insuniseanuuuludnuue andaenssuwuuysannisiazuendiun1sinaueg1adaau

wielWszuuau13nTeasun1sTuteya N1SUTENIANG NTTANITRIAAIINS KAENITUARING

a a

4' v a Yy 1 o=
LW@ﬂrﬁ(ﬂ@auflf\]lﬂaﬂqﬂﬂﬂigajﬂﬁﬂ']w

[ '
<~ a

lusgaulasaasiaiugiu seuuiiaudulunddeiusenaumediudfy lawn
diusutaua (Input Layer) dyudszuiana (Processing Layer) Wagdiuuanina (Output

Layer) Fwimudeulesiusgranduanu negludiusudeya svuusesiunisdeutoyaann

[

Hldnuningunelviinvesdewaviusznaun1sdnnisveads AseuAquNIvayalasinIs

v L% ¥

JoyauszinnuazUsunuveuds Jayafuiianae Yoyanuauny wasteyanua Ly

Y 9

€

LYY I~

ANULNUNTNINUA AIUUTLUIANAYINNUN N AT UIUBALIADUAUNILEDNLALDIAULUUINED 4
nsandulangnileegluszuy vugidiunanmavimiifiiaueasiuy SufU waztoya

Usgneumsiinnsanlugluuuidnladeuavannsalseuisuldegnsdnau
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oehalsfinny mnfiansalussduiiantu lassadraes DSS mngasliaassaita
ogifissdiRvasnslnavestoyanintdy uimsUsznoudisosdusznoudandifiogstion
4 dw laun

o)) izuuﬁhmi%}aaﬂa (Data Management Subsystem)

(2) s2UULUUINEDY (Model Management Subsystem)

(3) srvuesiausudonalnidemssnediasewnasiuazaiminuesnisdaduls
(Knowledge Subsystem)

(4) dauamﬁa;ﬁ%’ (User Interface Subsystem)

Tnera1NN153As1e9 QFD Sataefuduin Tassadiassuuiinaislianuddgiu
AuANwULTUNATdA WU N1SBRNLUUEIUARRBLAYNISLARIHE (User Interface and
Visualization) n159avinA195u15218U78 (Methodology Documentation) AuUaanAsi
%a&%’aﬁﬂa (Data Security Protocols) N15#19UaUesu893euU (System Responsiveness) e
Auansatumadnfaldanuainranegunsal (Cross-device Compatibility)

wan1sUsziiulnefidnnydatuayudodunusngn Tnvasviouiesduseney
waglassaiisvesszuudmiumnzauuazanunsaid enlesnszuiunisinnisdoya ns
Uszanana waznsdeansnadndliegnaduszuy

uananil wan1sidedasiiondn lnssaisvesssuvativayunisiadula (DSS) 4
wingauasianwuzres anlnenssukuulendiunazysuIni1ssuiy (Modular and
Integrated Architecture) nanfe uiazasfUsznauvassEUUAILNTaLenidin iUl
g 1efaau vz fudensadenlssfeyauasnszuiunsiausiuiuldnelussuy
WWer Feraeiiin amnudangulunsiauinaziulgessuy msaiuuudiass wagnis
vengrauaansldauluowian Snvdsinglisruuannsnsesiu maysannsteyadiy
Aaunden deyaideiiuil uaznalnnisindulauuvansinast doenaiiussansam

Foifu Feaguldan Tassadsvesssvuatvayunsdpaulafiuvandmsunis
TANI5Y0UTEINNITN AT 19AITUTENBUAIY (1) TeUUTan1s¥eya (2) szuudanis
LUUT1809 (3) syuvasAAdusnienalnn1sdnduls wag (4) daudadeglyd aneld
annonssunuuysannsfianansadenlesdoya nsUszanana uaznsdeansuadwsiin
muiuegrnduszuy Gangu wazdonnaodiuUIUNTDIOAAIMNTTUN DA 1HATNITIANTT

YDUFLDY19TITU
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4.6.3 nsmaumauiseden 3

Aouidedad 3: alauaznszurunsdndulauvunanendninasilafimangaudniy
nsUssukasdnduduUsznaunisdanisvesdeainnisneaiisedradussuu Wedla
waznsIvaaule

MnwanTIdeluiate 4.2-4.5 annsoneudaiuideded 3 161 waleuaz
nszurumsaadulanvunatendninueif vunzandmsunsussdunazdasudu
fusznounmsdamsvesdeainnisneairsmsiidnvazidunsounmsdnduladeysannisi
A1505095 UM S MUALN T nsagisuaNdfyvostadun1sdndula wazn19dn
Susumadenmelidoyanasdfldogiaduszu Widla wagasraaould Wil Llosann
nsdnisveadennnmsneasaieatestuinarinisussiufiiidnuasdaSanasds
ABAIN smﬁqﬁmmhiLLu'uaumﬂ@aaﬁﬁwaﬁ@L%mmaguazﬂ%wmiﬁﬂLﬁumuaﬁa n1g
Wonldweliaiedsineidenalianunsasessuanududouraslymlaeguasounqu

wan1sIdeuandliifiudn QFD flunumddnlunisiteslosnnudosnisvesydl
drulidinudslugaadnuvasidunaiavesssuu Yreliniseeniuussuuiaznisnnue
Tnseadrevestadoi A vadesdauasnadosduuiumldausia saed FAHP &
arungaulunsldimuasniminveunasinigldannefinisdadulaiicuaguiade
LLazmﬁaqaaﬁﬁwmﬂﬁmﬁuw IngtsdzioussAuAmUdIAITdLIMSURILAazIn LA
aadusyuu dau TOPSIS daumunzaulugiuznalandndmsunisdssidiunas dndusu
yaiden iilesanannsaSeuifisuiuszneunsmanesenieldvaneinaeinoutu uas
nanswalugunuuaziuunlndifesfiaansafanulddauuasasaaeuldludeium
gelunindu mnumuzanvesnseunisdaduladenanlalduning uautivesis

nszuIUNsAnd ulaluunatgnueiviNuy walinann15id euleedsnisivantigniu

=

LLUURTW@EN%QLL’J@éJEmL%QU%@JWEULL&%%IEJ%@L%Q‘Iﬁuﬁr}j’]u GIS Fegreviile wdndnisnaula 7
Soudrgnszurunts TOPSIS lildseguudeyaifinmnindau 1 wisenousedadini
ATVOUNANIENUITINUSUNNNSALELINY 1Y SEpEmansvuas mslidemas waznns
Ua o 19l3ounTean dawalinszuiunsineuauilAuannAf el udaIunITalaslay
LA T Uty

Tuidanszuaunisinaula wan1sfneinudn nszuarunisinduledvunzaunis
ausaiFeudisudussneunsaesenielfinusinisUssdiunaneduldndontu il
fRcuLATugha Awnndey dau wazvaila siudeannsaasviouanilndiAsaosusay

& o & d' d' v o o & Y] ' a ]
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A11150RTIVERVTUADUNTAIALG LazaINITneSUIEWRNAYBIHATNEN15TRdUAULA
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1
A v

dwdunuided Aenseunmsinduladsysanmsiivssnoude QFD dmsunisudasans
foamsvesifidnlddmudeglasaiadanaia FAHP dwiumstmuasiwiinvenmsi
uay TOPSIS dmdunisdssiiuuazdndudumadon Tnsddoyaideiuiiuazuuudans
dandoudenaniussdusnovaivayuiivihlinisdnduladicnuanas Wisla was
n3aapuldinnBely
4.6.4 nsnaufauATedai 4

Aawdsedeil 4: avanunsaWanszuvatvayunsdadulavuiuiysannisiassaing
\newet LuUSaesdawandon wazisnsdaaulaliluszvuidsufiososiunisldauaiald

aenals

Y A

PuaMITeluite 4.3-4.5 ansansudinuideden 4 lodn nmsiaunssuy
atfuayumsdnaulavuiuiianunsaysannislassadianmsinisdadule wuudiassdiu
dawanden uarisnmsdadulalinelussuuifeniiesessunsldanmais dndudeseenuuy
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5.Waste Management Sector(nguus¥nuimsinnisuacide)

Other:

3. Your years of experience in the construction industry?(Usvaunisal Msvinoutussisassunssunadsio)

Mark only one oval.

15

6-10
11-15
16-20

above 21

4. Company ownership status?(Ussianaasudsn) *
Mark only one oval.

Privately owned(u3¥wianau)
Partnership(¥9vugiu)
Government-owned company(353awfia)

Public Limited Company(u3¥w uvniu)

B rwrrorcne. . DS 67 9KED




158

5. How old is your company?(u¥w FudfiussAavianadeunual Ail?) *
+ Mark only one oval.

1 - 5yrs

6 — 10yrs
11 - 15yrs
16 - 20yrs

above 21yrs
s 3 anucansaavlduianaistuumiuayunisdadulauuiu (DSS Web Application)

6. vihuduiaaduastununisidangilsznaunisianisaar anaadIunssNNadsy undaaiayla
Mark only one oval.

“hiduiag
AuLALing

AulAgun

7. deguivinuwutagiigalunissanisus: annaasIunsINAREsIY (1&anlaunnimivzia) *

Amldelunsdanisuazaaunia
ANunsanvasamuitunsianisuozaauniaGlanda wia donav)
szpzvnolldosauridanisuszaaunia

daadumMudsuInsan

mMsmewmaTuladlunsianisuazaaunin

8.  ieyunduqitvinunuiaovigalunisianisans MnNaedunIsunads v (T/sesy)




159

9.  iltuvhudiiunisiaugitdaausaingasunssunadsiseduisnisarls(idan lavnnimidoza) *

mMsuuninduasay
aanuiviaiBayiauasen
Fodoauaaulay

Fodoun

uaywaiadu

aslasankiu Google Ads
asusranduwuseiuiulaee

10.  winvhudignmsdavngrindaan: angadunssunasste aauisnisdun (Tusassy)

1. viwdeniadslendossusuanudefulunsinnisuey AINAAFUATTUADRSIY ©

Mark only one oval.

AULATHSA
Audoan
Mudownsan

aumaila

12 viwﬁm"\ﬂaa"u'lmia“lx]ﬂ'msﬂﬁwﬁwan’amﬂianz{ﬂsznaums‘-ﬁ‘amsmu: ANNAAAIUNTTH *
nasase (mavlauinanil 12a)

Aldnalunisanfiveu

Aldaalunisasnu
msllasMamsuauleaanladlunsruiunmsianns
msldidawdslunssnunisinns
nsasenulunsEuIunsians

ASHANFUIINFITITUY

A waasunzaauniaiafansiuaeving
anuduldlduaranuinmngaumanaiazasnisianis

- -

auudHT11-SudAy2567




13.

14.

160

vinudailaduladuisidniwacanisidangilssnaunisianisaus naadunssunagse (Tse
1)

vitudasnisiadasiialunisiadadulaidmdunisidangilsrnaunislunsinnisauzain *
aasunssunadslutlagiiu sniasisole (Wasuuy 1 89 5 Tag 1 = tas uas 5 = wnvige)
wiavfiadonanidusruy Guuadwdndu msdaldanglvivdnisianisuezaauniariuszuvaaulaiiauteandununs
sfiunurunsisananadalulifuazana ldanesmuanans indssdngawnisviusmensuiauisudaya v

wimsldathonad aivanuldselamussuumslsafiuiidunessu vinbiglsznaumsansadadulalaatenad
uarwiudiuutusutavdayanasuaiu analinisianisuosaauniadfitlss@ngmwuasdediunnndu

auuiun 11 suxAu 2567
i & unasIInt

ULy

CT1BA, 2567



15.

vinudainamdneaaalilidfianudrdusaanniluiasduglduas DSS Suualwdiady wnadaa ¢
wWienle (Tiasuuu 1 49 5 Tag 1 = ludd uay 5 = drdguin)

suanduavasaaaudiiniuvidhomivanuasmnlunisldo:

A

N

©

S

o

o

~

© ®

. mMsihdeidouaniludndu: daneminuarmsivasastiayalvdaauuaniuaidy avthoigldaunsamdana

Adasnstainedu aatilanauwy Teoawisdmsugladbidnmydumaiulad

. uuunasunisnsandayaidaiau: aanuuuuuurasuiiinladeuaslidudau wianawuninviadagina i

daruiaaaanufanaialumsnsantaya Taansutiomnaviitiaiauuasidiuywu&auas (dropdown) vinly
tfldnsandaya’ldnaileelisdniune

anumivtuazaMuindadauavdanadviu. stuuatuayunsiadulanisiddanatvindiionuudounds (1adu
WASPAS , AHP, PROMETHEE , VIKOR , TOPSIS) tiasulsyAunadnsviuiuduanindada Taosamsyduany
wiughgelunsiaduduuaslsudiugdsenaunis

. AMsYsANISinaLYiaLAsSaLARN: NMsYTANASINAITinIsuaYEautY (1u dunu nanTEusadIwaRaN

anudlullldmomaia) ilarsauaauauduuisdusasnisdadandisenaunisianisasy
anuausalunisdiuusnivinaasiladu: sruvfiainaeinessruifianingada uarnsauana vy
Wsnhwinsasinaeiviatiadelumsdadulalamuansnms ilaivanurasnsasuarigldfinsaiuaulunis
dafulaundu

. Msysanmsmsdstiunanstnudoinasan: msuiuafsdonesaunslunssnunsdaidaninae (ia

sluayunmsifaniidefulunisdadandistnaunisionisuny

. mMsWannsmuuianauauasnsvitnususfunuuasaunan: Waunuwanwasudiviaridasanisifduius

uazanunuiiaadysanmssenivgiiduladudalussuunsianiseasidenasio(Wnaniiiouads uavy
dsenaunisinnisuadide)

Msudaenadwvituudoaing iklflafurauanadnwviviuidlansanuuuwasulussuuasudiusuysal
nsaanuuutinausuaseualnsaiitla vinliwadwaiadudiunsuassnaladiouuansainauiinas
wivlde waransmivu lalildmunsaundolanavinana

. anudiuaraisaauduavaassruu: Msuiuhimnsandwiumslsananatayainaiiuarnainavauacit

57 Tepaaanuardh ludiusadssauaasszuuatiuauunisdadulauarnsasonadns

. mMsaanuuuiiiluiinsaanisiange: SuIessIuMsfsdunistidnusisdiuase, msaduayuldsunsuaiu

wihaa warmstiuuasiraunnadgoaaiuauudladvisigaindalumsuasiiu

. Msuaasnantdilad: mslanwilsznay wu nsvl wrundl uaznsdndudusvhaligldsunsadanudayale

Viuit mstdfuarmsdiaaaiunaiadeanhainsdaduladullatnaduasidssd@ngaw

. savduvaianisn: nMsalvayunaiens(Ine -denan) hosoananadlduarvinlvgldsdnasainauialunsly

Nuluaviale

. aruilaaaduvavaiasa: stuuinsunsisrayaiisasiuduardaiy tlailasdumsundeililaduayana Tag

ldmsfududinu uazirdanisinfoawizdayadidnmdas uarnsdrsastanaludssandoheisunsadduraya
leatnadm lunsdifiiAannuanaianianistaudmolaiuas

. msdlinauaringednmn: ssuudmwiumsdlieauaninginmadiominigua (Rasulssiuanugndas anu

Aimdas uasWorddunisvinousassruuatuauumsdaduladiainaeiviadanasvinfinsiaun

1.amah
fodtie
uanilu

e

2.uuu
Wasunsn
santayai
dau

3.8

wiuduaz
A
\flafiana
sdanaivin

4.nms5ysan

PO ¢ \

161



T IR
AePpusan
AISUURY
HIBHARN
Aunsalu
ARYM
LEh e
EE SR
naasinassta
YAadasan
AN
dRmusan
ARTRINL
sy
Fypacay
Wearunseuy
Aoy
EEnt Y
ReeRy
AuRIMs
MR
L
8TPHARM
HRAWY
EANIGHAR Y
ANy
S
aanuuulw
Aqung

fagauay
mnunslasal
B35
uarn1s
EY g
5§
Anviman
TR
aanuuuit
Thiseia
APAENEY
1flaifimsan
MHF
LARINAT
BATRN o
1EMadH
WAL
12 sna¥u
YRIEAN
daaadn
A8 AR
slana e
osraua
Alaauay
1i1595n

~aUUSuR 11:8u3IAl2567

162



15.ms
dlinauay
11g95n

16.  aadnsatiuduleiviuidainazdhumineruilusiesduniduns DSS Huuawdiadu( Tysaswy)

17.  asilaudaya dszianla dadbatudusunisdadulalunisidandiunissanisaarainaadningss

naase (tdanlauinnimivya)

heck all that apply

Ussiavuassazaaunia
sinanszraunia
souirtiAnuarraunia
Ussiannisdanisaes (3landa, donau)
szagme L domoanuiinnda
dsziansaussvauarnislaidainas

18.  msilaudayadszinanduq 1a veholudmsunisdadulalunisidandiunisinnisaurainandinnsss

nasse (1sasey)

19.  vihusavasilaudayahssuntusduuula (idanleauinnimioza) *

neck a
flaudayasoauiay
Anvannddana

dnvaaiwaglaw
nsildananndidan

il

agusui 14 SusAL 2567

163



164

20.  vihueeusssluuunadwsadayauuule (18anlauinnimivya) «

Check all that ap

s1697u (PDF/Word)
anaFouiou
MsuaaINauuuw (LU'lee)
ATURAIRAUUUIFER TN
UHUTLERINA

21.  viuldadnseilalunisvineudluudn vnnaasnislaszuu DSS Sunadwdiaadu *

pannasdoTay
wddviadwialuniia
wivdanialauna
STy

22, sduuumsuusihdueaunistdunuulenandlulsslomiiae dusunisuuninisaslaeu *
DSS duuadwindu

Mark only one oval.

unidouaau’lay

afiansladeu

msatuayuandiohomdadSS Buualwiiadu
YouTube Clip

wasuyuruglaou

23.  enudaviuniadalsuauwuziudufsdunisWann DSS ualwaiaaiu & USUNTIANITVLLINNAAIINNTTU
nasing

24, #a & uwana(Zavaiae ligniunldinadananioaudu tiamaiafaniunayasnisnsanuyuaauaIn
iy




25.  @wa (dayadaslugnuinnldiiadananiverudu ldiawadafeniunavasnisnsanuyyaayaiuiniy

Fugauuusaua*

-uauauwszqmmu@tﬂmmmﬂ'axnmnuuuaaumumaﬁuni‘u

ASEHY UNenaaty andaneal
FIRTERUVR PPN oV TR RIR )

Indn uinendumatuladsyuvna wsrues
\wasiasa 0618235094

This content is neither created nor end

Google Forms

auudui 11 SunAw 2567

165



166

wuugauanlssifiuanuinalunanig
Wanussuuaduguunsaadulauutiu(DSS
Web Application)sdmsusjifienaalunay
ANUTINTDUDIAIANITIARARINNTIN
A& INaaULATHSAINNULIEU

uuuaaumumﬁimmLﬁ'aaaumummL'ﬁwao:{tﬁmmm'luna‘unnuiwﬁamaoaoﬁinsxﬁﬁa
andvnssuAaas InaauAsegAavyuiiau (Circular Economy in Construction Industry-
CECHuavanniswaiunssuuadusyunisdagula (DSS) vuiuiidansisznaunisianisunzain
20FINASTUNBFFIIUALIENMITIANITULTAENIMINERUTRA TAHTAYRNNULLFALATUUATHANT
Anwiiazgnunldtdiadulsy Tomisanuduaindasy uay iluwuamszasnan CECI tuns
Fansuavianassvluauian

Taguszavduasuuusauauyaiiadsiiunisnauauasuasszun DSS (Decision Support
System) siamnudavnsladvIuazslunsruiunmsIanisaazaaundnlulasonisnadsie Taawiunis
thudayaidednifedunisldonuiaanuandnilade amuwiviwasindadavasnaduns
Usrdndnwlunisandunuuaral nuisnisatuauunisaadulalusaunsaifidudau wiay
Wolszifiuanudaasdouaranuiudiumuasdayar iz uaranunsanuasnsRTuEYY
aslauvianisilnavsuiieradas wyyadnadeisiunisdalanalyiladnuuaasaiuda
Lﬁuw‘v"uw“mw‘w’aﬁmmszun'ﬁﬁmauhmrjmsw\nu'(uu?uwLawwwaoqmmunssuﬁaaﬁﬂm’amo
W wasatusyuwihminaanudofulunssununisianiszeratioiilst@naanlussazann

wuuEaunN Usenausayadia1uiuiu 3 &u G9il

v 1 nilvdausnoanufusaniziuaisise

FHuvi 2 dayaidassuzacidaraney

fHuii 3 anufiowalavacildussuuatuauunisdadulavudy (DSS Web Application)

* Indicates required question




167

i 1 wilvdaudnsanuduaauizingiunisise

1w lefunnunoavidoafimfuinuaringlsyasalunisinids e
aunduadumauei Maedalfiinialasumslfins Taalaaune
audoalulanasiuakihunsidolaoeaan uatladudaguaaing
338 3w laduatedua) dwnSoamiastanutuiasensidod ey
Aisry liluanasduashitnhunmsiss TastmErfusannay
wuudavamlulasensii

MwiAvaduduirdmEnidya e twaridnéaaudaanannns
JAufaleAldauanulsacd Taalidasudvinana dunisaaudlaan
nnmMsITeiy awlufinansgnulunielag satiwiivivdu

w163 udFusasi @ideal fiddat i autayaisay 1ty
lnasiuasdiThnunsido uariayalag Midmdasduwe WINEAY
Wusns i duaudy Tasasinguadananmsidodlunwnuwviniu g
dayalalumsmosuianinllgnssruditine

mingnid L ledun s fidasea i lasyy Liluianansuasidngunis
398 mRaunsasasdau'le i

filnnuAYNITUN1TREsITTUATIAE s inmnasmaluladsy
wnanriuaan

aofuidsuasWann @ uv 43 vy 6

A.UNTY a.A3571217 2.2au3 20110

ninayInsdnyi - 033-136099 sa 1187

1. vihufuduitaziainsiunisisausal +
Mark only one oval.

flusay

‘Lifiuaau

it 2 danaifasuvaseiderzng

auu3ui 11 $uxau 2567




168

2. uignuasvhuaglungulanuasnguasdnsgsAaansnnssunasse) *

Mark only one oval.

1.Architect / Consultant Sector(nauus¥vaanuuuuazussniilinmm)
2.Developer / Owner Sector(nauudFnwaiuiadoniduning/idn1uaslasens)
3.Contractor Sector(nauus¥niuLMaNNags9)

4.Supplier/ Distributor Sector(nguui¥nniauariaitmingizanaasny)
5.Waste Management Sector(nauus¥nuinisdanisuasiie)

Other:

3. dsvaunisal msvinviulugsAaaaaivunssunadsie *
Mark only one oval.
1-5
6-10
11-15
16-20

above 21

4.  dssanuasuidEn *

Mark only one oval.
Privately owned(u3®¥wianau)
Partnership(vineiugiu)

Government-owned company(5538mfa)

Public Limited Company (13w uun2u)

auu3ui 11 sunAu 2567




169

5. uiHw BudfiugsAanianadeinua AL?
Mark only one oval.
1 - 5yrs
6 — 10yrs
11 - 15yrs
16 - 20yrs

above 21yrs

#2uii 3 anuviswalazasyldvuszunaivayunisdadulauuiu (DSS Web
Application)

6. 3.1 nMslafvu (Usability): *

- vihuAaIseuu DSS fimnudnalunisldnuuazsianivlasgeainnia'lu?

Mark only one oval.

1afoudreunn
Taoudne
hunae
Tdouenn

Tafouennunn

7. -msilauraya (1 UspanuazdBinanes) uasnisanadnsiudasiradmsuvinuvia *
1?2

Mark only one oval.

1o
il

auu3ui 11 SumAu 2567

4.15R. 250 |



170

8. 3.2 WeAxiunisvinenu (Functionality): %

VhuAaitwadwsvistuy DSS uaavfiauindadanialy?
Mark only one oval.

undadaun

Udfada

ihunae

Yitndtada

Yhindadaan

9. -vihuédadrsruu DSS haliviudadulalaiadulugaiunmsalifididanvaradivza *
ai?

Mark only one oval.

1ot
Tl

10. 3.3 anusuisalunisansunuuazian (Cost and Time Efficiency): *

-syuu DSS haaasunulunisianisuaslulasenisnagsivuasvinunialu?

Mark only one oval.

[AGUNUNIN
[OEUNUY
ihunale
‘Lihaaasunu

lLithaandunuia

auu3uil 11 SumAwu 2567

1
oy OE6/E0EY |
TSR 267 |



171

11, -szuu DSS fhuasnaiildlumsdanglviuinisinnisaesianiatai? *
Mark only one oval.

[aanaUA
[ALIAN
1unaie
Tihoaanan

lithgaanaian

12, 3.4 emulaaasduuaradnuilugiud (Security and Privacy): *

-vihusdnifulanialiitssuy DSS nilasdayazasvinuannnisindelaelu'lesy
auaIA?

Mark only one oval.

Fulaunn
fula
ihunale
Lisfula

laisfutaan

13. 3.5 msasduayunisladviuuaznisilnausu (User Support and Training):

-vihudadnsyuy DSS nfludasfigianianislinavsunaunistadunialu?
Mark only one oval.

niluann
Audlu
hunale
Aufluvag

Auduvasuin




172

14. - wneavnmsqfiaviansiinavsy vinudenasidusduuula? *
Mark only one oval.

afianau'lay
SATawusin

Asilnausueicac

15. 3.6 auivwalalausiu (Overall Satisfaction): &

- vihuowalalaasiudussuu DSS tusunisianisuaslulasenisnadsivuasvinu
wia'li?

Mark only one oval.
walaun
wala
1hunane

liwala

liwalalan

16.  -vhufldalsuanuginiduialiulsessuy DSS wia'lai? (Tusassy)

17. da & wsna(Zayaiiaglugminun liiadanamvaiudu Miawisiadanunazay
nIsAsanuLYFaya NI




173

18.  Swa (Zayafdaslugninnlviiadananvaiusu ldiawziadamunazasnisnsan

wyyFavaIuviiy

*Jugauuusauaiu**
saraunsTAMVIUHiIdm M RarnaauLLRa LA IS UASY

AsEHN Wenaaty gndanmal

vy UNFAURRIUINS
TnAnE urinendumaTuTadsausna wssuas

Lwaséiasa 0618235094

This content is neither created nor endorsed by Google

Google Forms

O5g

1.1.0A.251........ |

auu3uR 11 SunAw 2567



174

AMARNUIN A

NENTUTZNBUNTANAN TUUUTEYNTVINITUIUIYIA

(Conference Proceedings)



175

FHW-S

Hochschule
flr angewandte Wissenschaften
Wiirzburg-Schweinfurt

Small Firm Internationalisation and
International Entrepreneurship

Managing Sustainable Innovation

Editors:
Emin Akcaoglu & Rainer Wehner

Wiirzburg International Business Forum
5th International Business Conference

Wiirzburg
International
Business
Press




Conference Proceedings

Wurzburg International Business Forum
5th International Business Conference 2022

Small Firm Internationalisation and

International Entrepreneurship
‘Managing Sustainable Innovation’

Bangkok, 1 - 2 September 2022

Editors:
Emin Akcaoglu & Rainer Wehner

176



177

Contents

Keynote Speakers

International Advisory Board

Organisation Committee

Foreword 1
Proceedings of Plenary Session |

An AHP for Prioritizing and Selecting Concrete Waste Management 5
Method Case Study: Circular economy construction industry group

(CECI)

Prin Boonkanit & Kridchai Suthiluck

Cultural Impact on Entrepreneurial Expectations 10
Tiina Brandt, Isaac Wanasika, Mikus Dubickis, Stephen Treacy,

Pihlajarinne Hanna, Rocco Acocella, Andreea Militaru, Diederich Bakker,

J. Liv, Rong Liu, Yukie Tsuzuki & Thu Vo

The Effect of Marketing Factors on Decision to Use Domestic Airlines 17
Service at Suvarnabhumi Airport by Thai Passengers

Thanakon Ratchatakulpat, Rattanavalee Maisak, Khanittha Khamwilai,

Maneerat Ratchatakulpat & Thanaphon Ratchatakulpat

Maintaining balance for learners with diverse educational background 20
and progression in a virtual teaching and learning environment
Dominik Winkler & Markus Engert

Decision-making model for participating in food safety production 25
groups: A case study of Urban-Agricultural Plantations groups in Thailand
Weerakaset Suanpagaa & Kamolbhan Sangmahachai



An AHP for Prioritizing and Selecting Concrete Waste
Management Method Case Study: Circular economy
construction industry group (CECI)

Prin Boonkanit, Rajamangala University of Technology Phra Nakhon, Thailand
Kridchai Suthiluck, Rajamangala University of Technology Phra Nakhon, Thailand

The objective of this research is to study and consider
the most suitable method for the management of concrete
waste from construction. The research methods started with
a study of the current status and problems of concrete waste
management, a study of literature review on solving
problems of concrete waste management from construction
by employing an analytic hierarchy process ( AHP) to
prioritize factors affecting management as well as selecting
the three most proper management methods, including
landfill, recycled concrete aggregate (RCA) and upcycling
recycled concrete. The data collection was from
questionnaires and in-depth interviews with 15 experts in the
Circular Economy in Construction Industry (CECI). The
results of the study found that the experts attached the utmost
importance to environmental criteria 33.9 %, followed by
social criteria 29.3%, economic criteria 25.1% and technical
criteria 11.6%, respectively. The most proper concrete waste
management method was upcycling recycled concrete.

Keywords: Analytic Hierarchy Process, Construction Waste
Management, Circular Economy Construction Industry
Group (CECI)

Introduction

Deteriorating environmental problems such as land
degradation, carbon dioxide and greenhouse gas emissions,
water pollution, high power consumption and loss of
resources are partly from the construction industry (Akanbi,
Oyedele, Akinade, Ajayi, Delgado, Bilal, & Bello, 2018).
Industries use more than 50% of natural resources, causing
30% of wastc and 30% of carbon dioxide cmissions
worldwide (Anink, Mak, & Boonstra, 1996). Most
construction waste is generated by construction activities,
building renovation and building demolition. The highest
volume of waste compared to other activities around the
world reaches 30 to 40% of the amount of trash and garbage
in the city (Wang, Wu, Duan, Zillante, Zuo, & Yuan, 2018).
The average composition of construction and demolition
waste reaches 84% of concrete waste (Galvez-Martos,
Styles, Schoenberger, & Zeschmar-Lahl, 2018). According

to data from the statistical office of the European Union in
2018, there arc approximately 924 million tons of
construction waste in the European Union ( Eurostat, 2017),
548 million tons in the United States of America (EPA,
2018), 2.5 billion tons per year in China (Huang, Wang, &
Harnwei, 2018). In 2005, there were 1.1 billion tons of
construction and demolition waste or 7.7% of trash and
garbage in Thailand ( Kofowoeola, & Gheewala, 2009),
abandoned in public spaces and open landfills with general
waste (Manowong, & Brockmann, 2010). Only 20 to 30% of
construction waste is recycled (World Economic Forum,
2016).

Due to the problems and effects of industry on the
environment, the concept of a circular economy is proposed
to reduce waste and make the most of resources. On the
other hand, the opposite of the production model we have
today is using ( resources) to create products and
eliminate waste (Brown, Bocken, & Balkenende, 2019).
The concept of circular economy is used to generate a great
contribution to sustainability in the construction industry
(Hossain, Ng, Antwi- Afari, & Amor, 2020).

Determining the best ways to manage construction
waste, such as reducing waste, recycling, reusing materials,
and landfilling, is still a challenge. Each management
strategy has unique environmental, social, economic, and
technical characteristics. Multi-Criteria Decision Analysis,
or MCDA, is a useful tool for assisting stakeholders in
choosing the best management strategy. To manage waste,
Analytical Hierarchy Process, or AHP, is used by more than
50 % (Huang, Keisler, & Linkov, 2011) as well as 49%
(Cegan, Filion, Keisler, & Linkov, 2017) for diagnosis to
facilitate decision-making of complex issues under the
concept of pairwise comparison (Saaty,1980). This research
uses the AHP to prioritize and select the best method.

As described carlier, concrete waste management
problems from CECI’s construction are still operated
inefficiently because of the shortage of efficient management
processes for recycling as well as the relationship between
the waste generator and the waste receiver for treatment,
elimination and making the most of the cost-efficiency. This
has led to two research questions.
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1. What is the interest in the circular economy concept
and the importance of each construction waste management
factor?

2. What is the effective management of concrete waste
from the construction industry?

The purpose of this research is to thoroughly examine
and analyze the best approach for managing construction-
related concrete waste while also establishing a network of
cooperation in waste management.

Material and Methodology

Questionnaires crafted from pertinent concepts,
theories, and research were used as the research instrument
for data collection. The sample group for in-depth interviews
and online questionnaires was 27 related experts, only 15 of
the experts responded, including 5 groups of the CECI: 3
people from the architect and project consultant group, 2
people from the property development group, 5 people from
the contractor group, 3 people from the manufacturing and
building material distributor group and 2 people from the
waste management group. The questionnaire response rate
was 55.6%, which was good (Berdie, Anderson and Niebuhr,
1986) and (Baruch, 1999). The research Framework was
shown in Figure 1.

The methodology of research is as follows:

1. Study the current status and problems of concrete
waste management as well as a literature review to question
and set the research objectives.

2. Collect specify criteria from literature review studics,
such as Khoshand, Khanlari, Abbasianjahromi, & Zoghi
(2020), which examined the management of construction
waste in Iran, and Mdallal, & Hammad (2019), which
examined construction waste from a project in the United
Arab Emirates. A hicrarchy structure can then be made from
the results of the assessment, as shown in Figure 2, by first
creating a questionnaire for the experts to evaluate pertinent
factors and take into account the consistency of specific
waste management strategies. Create a questionnaire that
was used to guide the analytical hierarchical decision-
making process after that. According to the pair-wise
comparison theory, each factor on the questionnaire was
prioritized. Table 1 displays the scores for the significance of
comparing two factors, which range from 1 to 9.
Additionally, the computation of the AHP followed the
method of Saaty (1990) and Boonkanit, & Kengpol (2010).

3. Submit the questionnaire via an online system to the
related experts to rate before finding the mean of the value
of the main and sub-criteria. Then, consider the suitable
methods of concrete waste management. Next, analyze score
data from the experts' assessment by Microsoft Excel to get
the results in matrix form and the value of each factor in the
eigenvector of each matrix by comparing pairs one by one
following the structure of the hierarchical chart.

4. Verify the consistency of the data with the consistency
ratio (CR). If CR < 0.1, the significance score data obtained
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from comparing pairs is consistent.

5. Prioritize the main-criteria and sub-criteria from the

results of the score value to get the results for selecting the
most suitable method for concrete waste management.
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Figure 2: General Hierarchy Structure of Concrete Waste
Management Alternative in Terms of Main-criteria and Sub-
criteria
Locations: La = Landfill
: RCA = Recycled Concrete Aggregate
:RU = Recycled Concrete to Upcycling

Table 1. Fundamental Scale in Calculating AHP

Verbal Judgment of Preference Numerical

Rating

Equal importance

Moderate importance

Strong importance

Extreme importance

1
3
5
Very strong importance 7
9
2

The intermediate value between the two
adjacent judgments

,4,6,8

An Example of Priority Analysis

Create a matrix table with the scores from the AHP
questionnaire using a pair-by-pair comparison from the
experts as in Table 2 to calculate the priority of the factors.

Table 2. An Example of the Questionnaire for the Pair-By-
Pair Comparison

Criteria 9! 7(5/3[1]|3|5|7]| 9| Criteria
Economic X Environmental
Economic X Social
Economic X Technical
Environmental X Social
Environmental X Technical
Social X Technical
Metrix A

A=A Gy 023 Q)

a3y Az O3z Qgj

Q1 QG Q3 alj]

Table 3. An Example for Evaluating Concrete waste
management under main Criteria

Criteria | Economic | Environ | Social | Technical | Eigenvector
mental
Bcaomiz 1/3 1/3 3 0.15
Environ 3 3 5 0.49
mental
Secial 3 1/3 0.29
Technical 1/3 1/5

For example, if a4 = 5 then objective Environmental is
slightly more important than objective Technical then az =
1/5 (Table 3). Then the corresponding normalized matrix is
Example a;; = 1/(1+1/3+1/3+3) = 0.14,

014 018 007 021
Avomaieg = [041 054 066 036
8 041 018 022 036
0.05 011 004 0.07

Eigenvector = (0.14+0.18+0.07+0.21)/4 = 0.151,
(0.41+0.54+0.66+0.36)/4 = 0.491, (0.41-+0.18+0.22+0.36)/4
=0.291, (0.05+0.11+0.04+0.07)/4 = 0.067

After that we compute Consistency Index (C.1.) by
calculating Amex , where An. is the largest or principal
eigenvalue of Matrix A" = (a), the perturbed value of A =
(aiy) with a’; =1/ a'y, forced. (Saaty, 1996) It is interesting to
note that (Zuax- n)/( 1-1) is the variance of the error incurred
in estimating @;;. This can be shown by writing a;; = (wi/ w)&;;
, &> 0 and g = 1484, §; > -1 and substituting in the
expression for Ape . It is §; that concerns us as the error
component and its value IzSi jl <1 for an unbiased estimator.
The measure of inconsistency can be used to successively
improve the consistency of judgments.

1 1/3 1/3 3] r(0.157 [0.603
3 1 35 x[o.49}:l1.964
3 1/3 1 5 0.29| ~ [1.165
1/3 175 1/5 1] lo.o7) lo.2es

Jomar = ((0.603/0.15) +(1.964/0.49) +(1.165/0.29)
+(0.268/0.07))/4
=4.199
C.L = (- m) / (n-1)
C.L = (4.199-4) / (4-1) = 0.066
CR.  =CI/[R.IL=0.066/0.90 = 0.07< 0.1

The consistency ratio (C.R.) is obtained by comparing
the C.I. with the appropriate one of the set of RI numbers
shown in Table 4. (R.I. in Table 4 N=4, RI=0.90) cach of
which is an average random consistency index derived from
a large sample of randomly generated reciprocal matrices
using the scale 1/9, 1/8, ..., 1, ..., 8, 9. The resulting vector is
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accepted if C.R. is about 0.10 or less (0.20 may be tolerated,
but not more). For n = 3, it is 0.05, and for n =4, itis 0.08. If
it is not less than 0.10, study the problem and revise the
judgments. In this decision, we accepted this decision-
making because CI/RI ratio is less than 0.10.

Table 4. Table of Random Inconsistency for Different Size

Matrix
NT1T2]3Jd4T]5T6T]7]

[RI]0.000.00[058]090]1.12[1.24[1.32 |

Results

The experts attached the utmost importance to
environmental criteria 33.9 %, followed by social criteria
29.3%, economic criteria 25.1% and technical criteria
11.6%, respectively. The most proper concrete waste
management methods were upcycling recycled concrete,
reaching 45.7%, followed by recycled concrete aggregate
(RCA), reaching 36.6% and landfill, reaching 17.6 %,
respectively. For sub-factors affecting construction concrete
waste management, the experts attached the utmost
importance to the three first factors including air pollution
factor, which reached 24 .6 %, public acceptance, which
reached 22.1%, and operation cost, which reached 15.8%,
respectively. The score value for concrete waste
management methods in terms of principle criteria and sub-
criteria was shown in Figure 3.

| Best Solution of concrete waste management base upon Circular Economy ‘

Fconomic Criteria] Fnvironmental Criterial ‘Social Criteria Technical Criteria

| 0.251 0.339 0.293 0.116

1.Opesating costs. 1.Air pollution. 1.New Job crestion 1.Fial quality
0.1583 0.2463 0.0725 0.0664

2 2 Energy 2 Publi 2. Techaical feasibilit
0.0927 0.0934 0.2208 0.0496

Figure 3. The Score Value for Hierarchy Structure of
Concrete Waste Management Alternative in Terms of
Criteria and Cub-criteria

Conclusion

The results showed that the Circular Economy concept
for construction concrete waste management was greatly
interesting because CECI attached the utmost importance to
environmental criteria. Furthermore, CECI is expected to
generate effective concrete waste management methods with

a management system such as regulatory balance,
technology system, people management and economic
management. It was highly likely to develop the system,
mainly to support matching waste on an online form, to
create mutual benefits in economics and sustainability
because the construction industries involve the government
sectors, educational institutions, professional organizations
and other industry sectors. The results of this research can be
areference and guidance for further sustainable operations in
many sectors related to the construction industry.

Further Research

For further research in the future, the technology system
should be developed reasonable match waste with a social
network.
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1. Introduction

Currently, it is known that the construction industry highly influences three sustain-
ability pillars, namely, the environment, economy, and society [1]. Smol et al. (2015) [2]
stated that the construction industry is an industry that promotes employment opportuni-
ties, promotes habitat diversity, provides convenience, and supports GDP. Although there
are many benefits to the economy and society, the construction industry also has a negative
impact on the environment throughout the life cycle of a building. The negative impacts
of project construction can include the use of natural materials, waste production, energy
consumption, greenhouse gas emissions, water and resource depletion, noise and dust, and
habitat destruction. Studies have explored the contributing factors and processes involved
in these impacts, such as the extraction of materials, transportation, on-site operations, and
the disposal of materials at the end of their life cycle [3]. These were considered to be the
main cause of the deteriorating environment [4]. This issue is also linked directly to waste
production. Natural minerals are used at a rate as high as 50% [5], and create as much
as 35% of the waste going to landfill [6]. The construction sector’s carbon emissions in
2020 reached 11.79 gigatons of carbon dioxide, representing 37% of all carbon emissions
worldwide. Seventeen percent of these emissions were attributable to the operational
carbon emissions of residential buildings [7,8]. The construction industry’s rapid growth
due to increased populations and city expansion around the world has created tremendous
amounts of waste [9]. Global construction and demolition waste has the highest quantity
when compared to other activities. Construction waste comprises as much as 40% of a city’s
total waste [10], mainly from construction, building renovation, and demolition. China
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produces around 2.5 billion tons of construction waste per year due to its large-scale city
expansion and city restoration [11]. Data from Euro-stat (2020) [12] showed that the total
waste in European countries from the economy and households reached 2151 million tons.
Waste from the construction industry occupied 37.1% of this, or 798 million tons. Data from
US EPA (2018) [13] showed that construction waste in the USA reached about 600 million
tons. During the year 2018-2019, Australia created 27 million tons of demolition waste
(44% of total waste). Even though 76% of this waste was recycled, the waste increased
by 61% from 2006 to 2017 [14]. In 1998, Hong Kong produced 32,710 tons of construction
and demolition waste per year. Concrete, brick, and sand waste was deposited in public
spaces [15,16].

Focusing on the south-east Asian region, Ngoc Han Hoang et al. [17] reviewed a lot of
documents related to construction and demolition waste (CDW) and found that Malaysia,
Singapore, and Vietnam were the only three countries in the region to publish construction
waste statistics and data. Singapore has produced about 1.54 million tons of construction
waste per year since 2015. Malaysia produced around 26,000 t per day. Vietnam did
not specify the construction waste amount, but the report mentioned that construction
waste comprises around 10-12% of the daily local waste, which is 6000-7200 t per day.
Furthermore, no updated waste information for Vietnam has been posted for the past
8 years. There is no official construction waste report for the rest of this region, including
for Thailand. Kofoworola and Gheewala [18] studied construction waste management
and forecasts in Thailand. Manowong [19] investigated factors influencing construction
waste management in developing countries and discovered that most of the construction
waste is dumped in open landfills in almost every Southeast Asian country. The findings of
Luangcharoenrat et al. (2019) indicate that project characteristics, including project size,
duration, and complexity, have a significant influence on construction waste generation.
Furthermore, management practices, including waste sorting and segregation, recycling
initiatives, and waste management training, are crucial in reducing waste generation.
The capabilities of contractors, including their experience and knowledge of sustainable
construction practices, also impact waste generation rates [9]. Russia had a concrete waste
ratio during demolition, building, and construction as high as 60% [20]. The US had a
concrete waste ratio of about 67% of construction waste in 2018 [21], while the concrete
waste in Canada comprised about 52% of the construction waste [22]. Begum et al. found
that the construction waste ratio in Malaysia was as high as 65% [23].

Due to the high environmental impact of the construction industry and the high rate of
waste production, waste management is a priority for global sustainable development [24].
Although reusing and recycling are common waste recovery methods, they are still not
highly efficient, especially in emerging countries, where only 20-30% of construction and
demolition waste is recovered and there are inadequate waste management plans [25].
Consequently, a substantial amount of waste ends up in landfills or is illegally discarded
without adequate environmental measures [26]. The end-of-life (EOL) phase of the assets,
in particular the demolition process, contributes significantly to the waste generated by
the construction industry and accounts for 50% of waste worldwide [27]. In the UK alone,
30% of waste sent to landfills comes from demolitions, resulting in an annual cost of
GBP 200 million [28]. As a result, researchers are increasingly interested in asset EOL
management and construction and demolition waste (CDW), aiming to shift the industry
toward the paradigm of a circular economy (CE) [29,30].

The CE approach, supported by the Ellen MacArthur Foundation and by initiatives
such as the European Union’s CE Implementation Action Plan, aims to shift from a linear
system to one that promotes recycling, resource efficiency and reduced waste [31,32].
However, some limitations were identified during the implementation process. Although
recycling has been extensively developed, it is considered a less favorable option compared
to other aspects of the CE, and EU policy tends to focus on end-of-life solutions without
adequately addressing the socio-ecological implications of the circularity transition [32,33].
In the construction industry, the predominant approach remains linear, where demolition

185



Sustainability 2023, 15, 9672

30f27

typically manages EOL [34]. Defining the circularity of a building was a challenge, mainly
because of the unique nature of buildings compared to manufactured products. Each
building is tailor-made to meet the requirements of individual owners (private, public, or
corporate). Additionally, the management of a building throughout its life cycle involves
diverse stakeholders with different skills and interests [35]. Furthermore, the different
phases of a building’s life cycle vary significantly in terms of timescale, with the operational
phase typically lasting at least 30 years.

The transition to a circular economy system in the construction industry offers var-
ious benefits, including economic growth, improved material efficiency, increased value
throughout life cycles, waste reduction, resource efficiency, and environmental sustain-
ability [36,37]. Overcoming these barriers requires a comprehensive approach, including
regulatory reforms, engagement with stakeholders, capacity building, and knowledge
dissemination [38]. MU Hossain et al. [39] stated that the utilization of the circular economy
in construction can facilitate the transition to sustainable construction practices.

The current situation regarding the sustainable development of the construction indus-
try has made notable progress, accompanied by increased recognition of the importance of
sustainable practices. Efforts to enhance energy efficiency and reduce carbon emissions
have gained significant momentum, focusing on energy-efficient design and the integra-
tion of renewable energy sources. It has been widely acknowledged that incorporating
advanced technologies and innovative approaches is crucial for improving sustainability
performance [40]. The construction industry has placed a strong emphasis on sustainable
materials and resource management, including the utilization of recycled materials and
environmentally friendly products [41]. The adoption of circular economy principles and
efficient waste management practices has led to a reduction in construction waste and a
more efficient use of resources [42]. Social sustainability and stakeholder engagement have
become critical aspects, highlighting the significance of fair labor practices, community
involvement, and the creation of local employment opportunities [43]. Green building
certifications and standards continue to drive sustainable practices in the construction
industry, underscoring the necessity of green buildings for sustainable environmental
development. However, the adoption of green building practices presents various dilem-
mas and challenges, such as cost considerations, limited awareness, regulatory hurdles,
and the need for collaborative efforts [44,45]. Supportive policies and regulations play a
crucial role in promoting sustainability in the construction industry. The implementation
of building codes, certification systems, financial incentives, and sustainability standards
aims to encourage and incentivize the adoption of sustainable practices [46].

Businesses in the Thai private sector related to the construction industry have gath-
ered together as the “Network of Business Organizations for Circular Economy in the
Construction Industry (CECI)”. This network represents a collaboration among business
sectors in the construction industry. This network was assembled for the first time at SCG’s
“SD Symposium 2020” to promote the concept of a “circular economy”, encouraging the
construction industry to use resources more efficiently and reduce environmental impacts.
The main goal was to reduce landfilling as much as possible and to implement ideas for
efficient waste management in the construction industry. Currently, there are 30 members
from the private sector.

However, there are still issues in construction waste management, such as waste
reduction, recycling and reusing materials, and landfilling. Each management choice
has different environmental, technical, social, and economic characteristics. To select the
most suitable management method, all aspects related to the environment, techniques,
society, and the economy should be thoroughly considered, including both advantages and
disadvantages. Multi-criteria decision analysis (MCDA) is a method of decision-making
that considers multiple evaluations. The objective is to find a clear method for answering
questions and supporting decision-making.

According to the literature review, waste management problems have been addressed
for more than three decades using MCDA techniques. This involves integrating environ-
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mental, political, social, cultural, and economic values with the preferences of stakeholders,
while considering the challenges of monetizing non-monetary factors [47,48]. Several
research papers have presented numerous applications of MCDA techniques in the context
of waste management [49-53]. These studies typically emphasize the importance of a
comprehensive decision-making process that considers a wide range of impacts, including
social, cultural, environmental, economic, land use, resource use, reuse, and recycling.
MCDA provides the advantage of incorporating both qualitative and quantitative data,
which is valuable when decision-makers encounter challenges with qualitative information.
In real-world decision-making scenarios, MCDA techniques are employed to address both
types of data, often utilizing advanced approaches such as fuzzy set theory to handle
data uncertainty [54]. Among the interactive methods available, pairwise comparison is
frequently used to establish trade-off relationships between criteria [55,56].

Analytical hierarchy process (AHP) approaches have proven to be useful decision-
making tools in real-life applications. Vaidya and Kumar [57] grouped the application
areas as follows: selection, evaluation, benefit—cost analysis, allocations, planning and
development, priority and ranking, and decision-making. Additionally, Williams [58] went
further to elaborate that the natural simplicity and enormous flexibility of AHP have pro-
vided it with even wider applicability. For instance, it is adopted in education, engineering,
government, industry, management, manufacturing, personnel, politics, society, marketing,
and sports [58-60]. Many researchers have reported that the rationale for applying APH
in this study, as has been seen in other applications of MCDA (e.g., ELECTRE, MacBeth,
MAUT, MAVT, TOPSIS, SMART, PROMETHEE, and UTA), is simplicity, familiarity, and
flexibility [61,62]. The AHP is noteworthy for its ability to assess both quantitative and
qualitative data on the same preference scale of nine levels, which is particularly useful
when involving multiple stakeholders. This ability distinguishes AHP from other multi-
criteria decision analysis (MCDA) methods and enhances its advantages [60,61]. However,
Huang et al. [62] pointed out that no matter which MCDA methods are used, similarities in
the outcome of the methods are nearly guaranteed. Consequently, the choice of method
is mainly based on the preference of the decision maker. Cegan, J.C. et al. [63] found that
26% of the articles used a combination of AHP and fuzzy logic. Penades-Pla, V. et al. [64]
examined various methods and sustainability criteria for making decisions about each
bridge’s life cycle, from design to recycling or demolition. It was found that 68% of the
methods used the fuzzy analytical hierarchy process (FAHP). It was used as a tool to
support multiple-criteria decision-making (MCDM). The criteria could be both quantitative
and qualitative. The FAHP was developed as an extension of the AHP. Thomas L. Saaty
published this in the 1980s. Since then, FAHP has become a widely used methodology in
decision making and has been applied to various fields, including engineering, finance,
and environmental science. FAHP can make the decision under conditions of vagueness
and uncertainty, like human thought, so the decision making was more efficient [65]. The
FAHP model is a decision-making tool that integrates fuzzy logic to handle uncertainty and
imprecise information. It allows decision-makers to express their judgments in linguistic
terms and handles uncertainty through fuzzy inference. On the other hand, if the decision
problem involves more precise and quantifiable data without significant uncertainty, mod-
els such as step-wise weight assessment ratio analysis (SWARA), the best-worst method
(BWM), or the linear biased weighting approach (LBWA), which do not explicitly consider
uncertainty or incorporate fuzzy logic, may be more appropriate [66]. In this project, fuzzy
AHP was used as a prioritizing tool.

The conceptual “inverted pyramid” model of steps in the research is shown in Figure 1,
and summarizes the overview of the Introduction to this study and addresses the problem
of increasing amounts of construction and demolition waste around the world and their
negative impact on the environment.
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Figure 1. Conceptual “Inverted Pyramid” model of steps in the research.

The research study area focused on addressing waste management challenges in the
construction sector, specifically concrete waste, by employing the concept of a circular econ-
omy. The research area was divided into four distinct components. These components were
based on relevant theories and literature reviews. The ultimate aim of these components
was to identify research gaps and questions, as presented in Figure 2.

Research
Gap

Figure 2. A diagrammatic representation of a research gap.

Research Study Area 1: The construction industry consumes significant amounts of
resources and generates substantial amounts of construction waste. It is important to study
this area to improve the efficiency of construction and reduce the environmental impact
of construction waste. Numerous studies have focused on enhancing the efficiency of the
construction sector and reducing waste production. Concrete waste, the most prevalent
type of construction waste, is frequently disposed of in landfills or occupies space without
providing any value or benefits.

Research Study Area 2: A circular economy is a term used to describe an economy
where resources are used in a sustainable way on a global scale. The European Union’s
Circular Economy Action Package was introduced in 2018 to reduce waste and promote
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more sustainable policies. Reducing landfill waste and increasing recycling rates contribute
to the preservation of the environment. In Thailand, recycling is expected to account
for approximately 30% of the total waste volume by 2030. Under the circular economy
framework, the government prioritizes the development of environmental management
systems, targeting industries such as construction materials, plastics, tires, electronic parts,
electric vehicle batteries, and solar cells.

Research Study Area 3: The research and development of robust tools to address
decision-making challenges involves the creation of decision support systems (DSS) with
various analytical processes. Based on theories and literature reviews, the fuzzy analytical
hierarchy process (FAHP) is considered an appropriate tool, having been employed by
numerous researchers in waste management analysis.

Research Study Area 4: The integration of the three research study areas led to the
identification of research questions and gaps, and the development of a decision-making
support system to address challenges while promoting the concept of a circular economy.
The research questions are as follows:

RQ 1: What is an appropriate hierarchy structure to find the best solution for concrete
waste management?

RQ 2: What is the appropriate algorithm for solving problems with construction
waste management?

RQ 3: What are the main criteria and sub-criteria, as well as the best alternative solutions?

2. Materials and Methods

The research methodology adopted in this study consisted of two main phases: the
first phase involved identifying the research gap, defining research objectives, and creating
a decision support system (DSS) using a hierarchy chart. In the second phase, a calculation
method was used to determine priorities and alternatives based on the fuzzy analytical
hierarchy process. Figure 3 presents the research methodology adapted within the study.

[, Application of CECI Case Study. ]

( mmwmwm,wzy_]

from a group of experts (section 2).

(* Analyze score from expert questionnaire
on using MS Excel.

|

[ Check the data consistent (section 3). ]

o R
[ FAHP by MS Excel (section 4).

e e
questions and objective.

]

Figure 3. Research methodology.
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Phase 1: Identifying the research gap and creating a DSS using the AHP process. The
first phase aimed to identify the research gap and develop a decision support system (DSS)
for evaluating and comparing options for concrete waste management in the construction
industry. This phase proposed a new framework for determining the most suitable method
of waste management using the analytical hierarchy process (AHP).

In Phase 1, Section 1, a theoretical study and a review of the relevant literature
were conducted to investigate the current situation and issues related to concrete waste
management in the circular economy of Thailand’s construction industry (CECI). The
outcomes of this section led to research questions and objectives, and alternatives, criteria,
and sub-criteria were collected from previous studies [67-71].

In Phase 1, Section 2, criteria and options for construction concrete waste management
were identified through a literature review. An in-depth interview with CECI experts was
conducted using the Delphi technique to identify various criteria for proper selection.

In Phase 1, Section 3, the factors evaluated by experts from the CECI group were
used to generate the structure of the decision hierarchy chart using the analytical hierarchy
process (AHP), developed by Thomas L. Saaty in the 1980s. Hierarchical charts imitate
human thought processes, and the chart was divided into several levels depending on the
complexity of the problem.

Phase 2: Calculation Methodology: The second phase of the research framework
involved the assessment and prioritization of decisions to determine the most appropriate
way to manage concrete waste from the results of the questionnaire.

In Phase 2, Section 1, a questionnaire was created to use in decision making, using
an analytical hierarchy process. The priority value was scored for each factor under the
principle of pairwise comparison.

In Phase 2, Section 2, the questionnaire was used to perform in-depth interviews
with a group of experts. The questionnaire was created by comparing the priorities of the
evaluation criteria with the objective of the problem.

In Phase 2, Section 3, discretionary consistency checks were carried out using the AHP
method [72]. This method measured the level of consistency of each discretionary set by
calculating the consistency ratio (CR) in each matrix.

In Phase 2, Section 4, after the consistency ratio (C.R.) was checked, evaluated, and
scored based on the questionnaires of every expert (the resulting consistency ratio had
to be less than 0.1 for the pairwise comparison to be considered reasonable and reliable),
the main factors and sub-factors were prioritized to decide the most suitable method for
concrete waste management. The calculation was performed by using MS Excel, and the
analysis was conducting according to the fuzzy AHP method. The geometric mean method
was used [73]. In the case of multiple experts in hierarchical analysis ranking an option
differently, the geometric mean was used to add up or sum all the data from the experts
before calculating the weights from the matrix of mean values [74].

2.1. Delphi Method

The Delphi method is characterized by its ability to structure group communication
procedures, enhance communication efficiency, foster group cohesion, and effectively
address complex problems [75]. In particular, the expert Delphi method, which is com-
monly used, aims to gather expert opinions to obtain answers to specific questions. It is
well-suited to identifying the core elements of a problem, reducing implicit and complex
knowledge, and providing concise statements that objectively clarify diverse evaluations
or opinions [76]. Through the Delphi technique, accurate and aligned conclusions can be
obtained without requiring experts to attend a brainstorming meeting. This allows for the
inclusion of diverse opinions from experts located in different locations, timeframes, and
geographical conditions [77]. This technique facilitates the free expression of opinions by
experts and is particularly valuable in expert group settings where problem-solving and
research processes benefit from the gathered information [78]. In this study, a modified
Delphi method was adopted to handle the complexity of selecting and determining key
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performance indicators. In the realm of multi-criteria decision-making (MCDM), the Delphi
method and the analytic hierarchy process (AHP) are widely utilized tools [79].

The Delphi method serves as a valuable approach to gather expert opinions and
insights regarding decision problems. It employs techniques such as semi-structured in-
terviews, group discussions, and questionnaires to facilitate effective communication and
mutual understanding among professionals with relevant field experience [80]. Through
this method, experts contribute their opinions, ideas, knowledge, and expertise to collec-
tively address the problem at hand [75,81]. The Delphi process consists of several steps,
including expert selection, multiple rounds of questionnaire surveys, and iterative feedback
until a consensus is reached among the experts [82]. Notably, there are no strict limitations
on the number of experts involved in providing feedback; however, it is generally recom-
mended to have a minimum of 9 to 18 experts to ensure a comprehensive decision-making
process [83]. To increase data accuracy, it is recommended to use Delphi groups comprising
five to twenty experts, as suggested by G. Rowe et al., with the number of experts not being
less than five [76]. In the present study, twenty experts were consulted to obtain meaningful
feedback regarding the decision problem. The experts consulted in this study belonged
to the Circular Economy of the Construction Industry Group (CECI), consisting of five
subgroups, namely architects and project consultants, real estate developers, contractors,
manufacturers and distributors, and waste management operators, as presented in Figure 4.
The questionnaires were sent to 30 relevant experts from diverse backgrounds with over
10 years of experience in the construction industry, holding executive positions responsible
for defining the organizational strategy and vision. However, only 20 out of the 30 experts
responded to the questionnaires, resulting in a response rate of 74%, which was considered
good [84,85].

erator
10%Waste Management Oop

Figure 4. Work areas of the experts who comprised the decision-making group.

The experts were reached via e-mail and direct messages. The questionnaire prepared
with Google Forms was sent to them via the same means. Furthermore, interviews with the
expert group were conducted through online meetings. References [86,87] were consulted
in the implementation of these methods. Microsoft® Excel® 2016, running under a Windows
10 system on a Dell Inc. (Round Rock, TX, USA) Inspiron 5767 (Intel® Core™ i7-7200U
CPU, 2.70 GHz, 16 GB of RAM, 64-bit) laptop platform, was used for the calculations of the
fuzzy AHP.

2.2. The Analytical Hierarchy Process (AHP)

The analytical hierarchy process (AHP) is a valuable method for addressing uncertain
situations and decision-making problems that involve multiple evaluation criteria. Its main
feature is its ability to structure complex and unstructured problems by using a hierarchical
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framework to systematically establish relationships between influence factors. Decision
makers can more effectively reflect their intentions through pairwise comparisons [88].
One of the main advantages of the AHP method is its ability to improve decision-making
processes traditionally based on intuition. It achieves this by conducting hierarchical
system integration analyses that involve clear layers and improve the reliability of assess-
ments [89]. By applying an analysis-level procedure, the AHP method organizes complex
multi-objective decision-making problems into a hierarchical structure. Each layer contains
different elements that enable the systematic handling of numerous qualitative factors.
The decision-making process is guided by hierarchical relationships between criteria and
alternatives, which leads to the determination of priorities for each plan. The adopted plan
has a higher priority if the values are higher [90]. Throughout the analysis, the AHP method
uses eigenvectors to determine the priority order between elements within a particular
hierarchical level. It calculates individual element eigenvalues, which serve as a basis
for assessing the relative importance of pairwise comparison matrices performed on a
nominal scale. When experts’ opinions are consistent, the priority values represented by
the eigenvectors can be used for decision making or selection according to reference [55].
The AHP method calculates the relative weights in eigenvector values. The weight of each
alternative is then obtained by multiplying the eigenvector values for each hierarchy by
the number of levels in the hierarchy. The purpose of this process is to determine the final
weights for decision making.

The use of the analytic hierarchy process to solve practical problems generally includes
four steps [91].

Step 1. Establish a hierarchical structure of the researched problem, define the perfor-
mance index problem, confirm the goal, and identify the criteria and attributes that must
meet the goal. In the problem hierarchy, goals are at the first level, criteria are at the second
level, attributes are at the third level, and decision-making alternatives are at the fourth level.

Step 2. Establish a pairwise comparison judgment matrix: there are N factors in the
hierarchy and a total of [N * (N — 1)]/2 combinations, according to the pairing method.

Step 3. The elements at a particular hierarchical level are compared using a nine-point
numerical scale to define how much more important one element is from another [92]. An
example of the pair comparison numerical scale of the AHP method is shown in Table 1 [93].
If A and B are the elements at a particular hierarchical level to compare, “1/9” means that
B is of absolute importance, “1” means that A and B are of equal importance, and “9”
means that A is of absolute importance. All pairwise comparisons are given in a judgment
matrix [92].

Table 1. Analytic hierarchy process (AHP) method pair comparison numerical scale [93].

Pair Comparison of A and B

Evaluating Absolute
factor unimportance
1/9

unimpor-  unimportance  unimportance Importance importance  importance
1/5 1/3 3 5

Very
strong
importance

Essential Weak Equal Weak Essential Absolute Evaluating
importance factor
5 9 B

Solve the weight of each level and verify its consistency; for calculating the relative
weight of each element from the judgment matrix, the AHP method adopts the eigen-
vector method. Because the comparisons in the judgement matrix are made subjectively,
a consistency test needs to be performed. The consistency test is based on Saaty’s [55]
recommendations, using the consistency index (C.I.) and consistency ratio (C.R.) to test.
C.L is the degree of difference between the maximum eigenvalue (Ayy) and the order (1).
The principal eigenvalue (max) for each matrix is calculated using Equation (1).

AW = Apax 1)
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where A is the comparison matrix, Ay is the principal eigenvalue and w is the normalized
right eigenvector (priority vector). Second, we estimate the consistency index (CI) for each
matrix with the dimension ‘n” using Equation (2):

_ Amax—n
GlL= - )
Then, we finally calculate the CR using Equation (3):

ClI
CR= i (3)
where RI is the random index. The value of RI is selected depending on the dimension of the
comparison matrix (). Table 2 illustrates the different RI values for matrices having the order
n from 1 to 10. The more the R.I. value increases with the order of the matrix, if C.R. < 0.1, then
the more acceptable the rating in the pairwise comparison matrix.

Table 2. Random index (RI) values for different matrix sizes [94].

Matrix Size (1)

2 3 4 5 6 7 8 9 10

Random index

0 0.58 0.9 1.12 1.24 132 141 1.45 1.49

Step 4. Solve the dominance value of each decision alternative; after passing the
consistency test, the dominance value of each decision alternative can be calculated. This is
obtained by multiplying the weights of each level and adding them up.

In this study, we checked the consistency ratio (CR) in the analytic hierarchy process
(AHP) before prioritizing weights using the fuzzy analytic hierarchy process (FAHP)
geometric mean method. This was consistent with researchers discussing the importance of
calculating the CR to evaluate the consistency of the pairwise comparison judgments made
by the decision-maker. If the consistency ratio exceeds a predefined threshold, it indicates
that the judgments are not consistent and may need to be revised before proceeding with
the prioritization of weights using the fuzzy analytical hierarchy process geometric mean
method [95-97].

2.3. Fuzzy Analytical Hierarchy Process (FAHP)

Fuzzy AHP is an extension of AHP and is a beneficial technique for solving compli-
cated decision problems. Any complicated problem can be deconstructed into different
hierarchical levels of criteria. Within each hierarchy, a series of pair-wise comparisons are
conducted to determine the importance of criteria. In AHP, experts use crisp numbers (e.g.,
1,2,...,9) to determine the importance of criteria, whereas fuzzy AHP experts use natural
linguistic terms (e.g., equally important, weakly important) to express their judgments. The
linguistic terms represent the corresponding fuzzy numbers defined in fuzzy membership
functions [98].

2.3.1. Establishing Fuzzy Numbers

Zadeh [99] introduced fuzzy sets, which are sets with elements of different member-
ship degrees. Fuzzy membership functions define the fuzzy sets based on a 0-1 interval.
Triangular fuzzy membership functions are widely used [100,101]. The triangular fuzzy
membership function is adopted for its computational simplicity and ability to deal with
fuzzy data [102].
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A fuzzy number Ne on R will be a triangular fuzzy number (TEN) if its membership
function ;t(](x) : R —0, 1is equal to Equation (4), as follows:

=X om<x<u, “)

u—m’

;‘,‘1—1’,,[ Lx<m,
py(x) =
0, otherwise,

where /, m, and u are the lower, mean, and upper bounds, respectively, of the fuzzy number
N. TFN can be denoted by N = (I, m, u). The operational laws of TFN N = (ly, my, u1) and
N = (I, ma, up) are provided by Equations (5)—(9) (Figure 5).

Hy (x) 4

)] REETSESRSE

0 1 m u &

Figure 5. The membership functions of the triangular fuzzy number (TFN).

Addition of the fuzzy number ©:

Ni @ Ny = (h,my,u1) © (I, ma, uz) = (b + o, my + mp, uy + up) ©®)

Subtraction of the fuzzy number ©:

1\71 €] 1\72 = (l1,my,u1) © (I, my, up) = (Iy — by, my — mp, 1y — uy) 6)

Multiplication of the fuzzy number ®:

Ny & No = (I, my, u1) @ (lo, ma, uz) = (Lila, myma, uquz) @)

forly, Iy > 0,mq,my > 0,1y,up > 0.
Division of the fuzzy number 2:

N1 @ N2 = (b, my, ) @ (o, mp, uz) = (Ii/12,my /ma, uq /u2) ®)

forly,lp > 0,my,my > 0,11,up > 0.
Reciprocal of the fuzzy number:

~-1

N = (l,my, ) 1=(1/l-1,]/r111,]/1,11) B )

for ly, Iy > 0,my,my > 0,uy, 1y > 0.
In Table 3, the triangular fuzzy scale implemented in the current study is introduced.
For an example, let us assume that the criterion i has been strongly ranked by experts

compared to criterion j. The criterion i will be evaluated with fuzzy number N = (4, 5, 6).
Alternatively, in the case where criterion j appears less important than criterion i, the
pairwise comparison between criteria j and 7 could be represented by the reciprocal of the

~—1
fuzzy number: N =(1/6,1/5,1/4).
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Table 3. Fuzzy conversion scale of FAHP pair-wise comparisons [103].
The Relative Importance of the Fuzzy Triangular Reciprocal
Saaty:Scale Two Sub-elements Scale Fuzzy
1 Equally important 111 1:1:1
2 Intermediate value between 1 and 3 1,2,3 1/3,1/2,1
3 Slightly important 2,3, % 1/4,1/3,1/2
4 Intermediate value between 3 and 5 3,4,5 1/5;1/4,1/3
5 Important 4,56 1/6,1/5,1/4
6 Intermediate value between 5 and 7 56,7 1/7,1/6,1/5
7 Strongly important 6,7,8 1/8,1/7,1/6
8 Intermediate value between 7 and 7,89 1/9,1/8,1/7
9 Extremely important 9,99 1/9,1/9,1/9

2.3.2. Determining the Linguistic Variables

Linguistic variables are words or sentences in a natural or artificial language. Each
membership function (scale of fuzzy numbers) is defined by three parameters for a sym-
metrical triangular fuzzy number (i.e., left, middle, and right points) in the range over
which a function is defined (see Table 3).

2.3.3. The Fuzzy AHP Method
Step 1: Conduct pair-wise comparison matrices for all criteria in the dimensions of

the hierarchy system. Equation (10) shows that df-‘}. represents the k' decision-maker’s

preference of the i criterion over the j criterion via TFNs.

& & .. &

ANk: d?l dI?Z d’.l(n (10)
kgE i
dnl difIZ dl]

Step 2: If more than one decision-maker is present, then the preferences for each
decision maker are averaged, as shown in the following equation:

w3 k k
Zk:l dij

k
dt = == (a

Step 3: Update the pair-wise comparison matrices for all criteria in the hierarchy
system dimensions on the basis of the averaged preferences.

- dll dnl
A=|: - (12)

dhx d}m

Step 4: Use the geometrical mean technique to define the fuzzy geometrical mean and
fuzzy weights of each criterion.

& ~\ I/n
fi= (H}L1 d,-j) A=1,2..,m (13)
Step 5: Determine the fuzzy weight of the criteria.

o s
w,-:r,--x-(rnirz---@"") =
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Step 6: Calculate the average and normalized weight criteria.
M OWB... DW,
M; = 1 D wy B P wy (15)
n
M:
: (16)

N=—r—-—+—

MM e, oM,
3. Empirical Data Analysis
3.1. AHP Model Construction

The first step in the proposed AHP model is determining alternatives and criteria. For
this purpose, a comprehensive literature review was carried out and most of the alternatives
and criteria were derived through previous studies [50,68,69,94] (also [70,104-112]). In
addition to the above methodology, the determination of alternatives and criteria was
further refined through comprehensive discussions held during professional meetings with
experts in this field. The criteria were effectively categorized into the following groups:
social, economic, environmental, and technical. The social group encompasses factors such
as new job creation and public acceptance. The economic group consists of operating costs
and investment costs. The environmental group considers aspects such as air pollution and
energy consumption. Finally, the technical group considers factors related to final quality

and technical feasibility. These classifications are presented in Tables 4 and 5 for reference.

Additionally, the decision hierarchy for AHP was constructed, as shown in Figure 6.

Table 4. Description of criteria and sub criteria in the analytical hierarchy process (AHP) model.

Main Criteria Sub Criteria Description

All operating costs occurred during the
alternative’s operation regarding concrete
management.

Operating costs (E1)

Economic
All investment costs occurred during the

alternative’s operation regarding concrete
management.

Investment costs (E2)

Contaminants were distributed in the air

Air pollution (EN1)
Environmental

during the alternative’s operation regarding
concrete management.

Energy consumption (EN2)

Energy consumption during the alternative’s
operation regarding concrete management.

New job creation (S1)

New employment opportunity during the
alternative’s operation regarding concrete
management.

Social

Public acceptance (S2)

Creating motivations to stimulate public
acceptance for the alternative’s operation
regarding concrete management.

Final quality (T1)

Technical

Efficiency and quality of the finished product
after the alternative’s operation regarding
concrete management.

Technical feasibility (T2)

Technology requiring expert personnel for the
alternative’s operation regarding concrete
management.
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Table 5. Description of concrete waste management alternatives used in AHP analysis.

Concrete Waste Management

Alternative Description

All construction and demolition concrete waste is

Land Il (L) eliminated in landfill.

Recycled coarse aggregate comes from the concrete pile
remains from demolition, such as concrete pillars, beams,
and walls, crushed into a standard size. The reinforced
steel was separated from the concrete. The concrete was
used as a substitute for Natural Coarse Aggregate (NCA)
such as natural rock and gravel.

Recycled coarse aggregate (RCA)

Recycled concrete (RC) means concrete that is composed
of mortar and recycled coarse aggregate (RCA), combined

Upcycling recycled concrete. (URC)  to produce new materials, new products with better
quality, or new products with better environmental
conservation value.

Best Solution of concrete waste management base upon Circular Economy Goal

Economic Environmental Technical Criteria
1. Operating costs L.Air pollution 1. Final quality —_
2. Investment costs 2, Energy consumption 2. Technical feasibility SubCriteria

Alternative

Figure 6. General hierarchical structure of concrete waste management alternatives in terms of criteria
and sub-criteria. LA = landfill; RCA = recycled coarse aggregate; URC = upcycling recycled concrete.

3.2. Pairwise Comparison by Solicitation of Experts’ Opinions

Upon receiving the responses from the online survey conducted among 20 experts, a
rigorous analysis of the data was conducted. The experts were asked to evaluate, score, and
compare various factors related to the management of concrete waste based on the objectives
established for each issue. The priority values for each factor were determined through the
process of pairwise comparison, where the experts indicated the factors that were either more
or less important in relation to other factors influencing concrete waste management. These
comparisons were represented using numerical values ranging from 1 to 9, as outlined in
Table 6. The experts provided their assessments by marking factors that were either superior
or equal to other factors in terms of their impact on concrete waste management.
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Table 6. An example of an expert scoring for a pairwise comparison between each important factor
which affects concrete waste management.

Criteria 9 8 7 6 5 4 3 28 2 3 4 5 6 7 8 9 Criteria
Economic X Environmental
Economic X Social
Economic X Technical

Environmental X Social
Environmental X Technical
Social X Technical

Subsequently, the pairwise comparison results were translated into a matrix format,
known as the pairwise comparison matrix. The weight for each factor within each matrix
was then calculated using the eigenvector method, implemented in Microsoft Excel. In
accordance with the hierarchical structure, experts made comparisons between factors in
a pairwise manner. The analytic hierarchy process (AHP) was employed to ensure the
consistency and agreement of experts’ decisions before proceeding with the prioritization
process. The desired method was then applied, and the data were further analyzed using
fuzzy AHP with the geometric mean method.

This comprehensive approach ensured that the experts’ judgments and preferences
were carefully considered and incorporated into the decision-making process, ultimately
leading to robust and reliable outcomes.

The experts” assessments regarding the importance of each factor in concrete waste
management are presented in the matrix table below. The ratings for each factor were
compared pairwise, and the results of these comparisons are displayed in Table 7.

Table 7. Examples of evaluating the values of design under cost criteria.

Criteria Ecc i Environ tal Social Technical Eigenvector
Economic 1 1/3 1/3 3 0.159
Environmental 5 | i | 3 5 0.501
Social 3 1/3 | i | 3 0.263
Technical 1/3 1/5 1/3 1 0.077
Matrix A

an A2 M3 @
A= |21 A2 4B @
a31 A3z 4z a3
41 42 (43 A4

For example, if ay4 = 5, then the Environmental (EN) objective is slightly more impor-
tant than the Technical (T) objective, and ag = 1/5.
Then, the corresponding normalized matrix is:

Exampleaj; =1/(1+3+3+1/3)=0.136
a;p=1/3/1/3+1+1/3+1/5)=0.179
an=1/(1/3+1+1/3+1/5)=0.536
a14=3/(3+5+3+1)=0.250

0.136 0179 0.071 0.250
A ~_ |0409 0536 0643 0417
Normalized = 1 409 0179 0.214 0.250

0.045 0.107 0071 0.083
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Eigenvector = (0.136 + 0.179 + 0.071 + 0.250)/4 = 0.159,
(0.409 + 0.536 + 0.643 + 0.417)/4 = 0.501, (0.409 + 0.179 + 0.214 + 0.250) /4 = 0.263,
(0.045 + 0.107 + 0.071 + 0.083)/4 = 0.077.

Following the pairwise comparisons, we computed the consistency index (C.I.) accord-
ing to Saaty’s method [55]. The consistency index measures the degree of inconsistency
within the judgments provided. This metric allows for a systematic approach to enhance
the consistency of the evaluations.

The measure of inconsistency was applied to ensure the accuracy and reliability of
the judgments made by the experts. By analyzing the consistency index, adjustments can
be made to improve the consistency of the provided judgments. The resulting matrix,
displaying the calculated consistency index values is presented below:

1 1/3 1/3 3 0.159 0.644
3 1 3 5 0.501 [ _ | 2152
3 1/3 13 * o263 | = [1.138
143 Y6 1/3 1 0.077 0.318

Amax = ((0.644/0.159) + (2.152/0.501) + (1.138/0.263) + (0.318/0.077)) /4 = 4.201;
ClL=Amax —n)/(n—1);

C.L = (4201 — 4)/(4 — 1) = 0.067;

CR.=C.L/R.L =0.067/0.90 = 0.075 < 0.1 (The judgments are consistent).

The consistency ratio (C.R.) is determined by comparing the consistency index (C.1.)
with the corresponding values from the sets of random index (R.I.) numbers provided in
Table 2. For this study, with a total of N = 4 factors, the appropriate R.I. value was 0.90. The
R.I values represent the average random consistency index obtained from a large sample
of reciprocally generated matrices using a scale ranging from 1/9 to 9.

To evaluate the consistency of the judgments made by the decision-makers, the C.R.
was calculated and compared to the threshold value of approximately 0.10. If the C.R. fell
within this range, it indicates that the judgments were deemed consistent. In the present
study, all of the judgments provided by the decision-makers demonstrated consistency,
since the C.R. values were below the threshold of 0.10.

As part of the methodology, the consistency of the pairwise comparison data obtained
from each expert (totaling 20 experts) was assessed using the analytical hierarchy process
(AHP) approach. This step was undertaken to ensure the reliability and accuracy of the
data, before proceeding with the prioritization of weights using the fuzzy analytic hierarchy
process (FAHP) with the geometric mean method.

3.3. Implementation of the Fuzzy Analytic Hierarchy Process (FAHP) Method

Once the problem hierarchy structure had been defined and the consistency ratio
(CR) had been checked using the analytic hierarchy process (AHP), the subsequent step
involved estimating data to prioritize factors and identify the optimal alternative for
problem resolution. To accomplish this, the fuzzy analytic hierarchy process (FAHP)
was employed. The FAHP methodology allows for a more comprehensive and nuanced
analysis by considering the uncertainty and vagueness that may exist in decision making.
By incorporating fuzzy logic principles, the FAHP enables a more flexible and robust
evaluation of alternatives and criteria.

Therefore, in this study, the FAHP was utilized to estimate the necessary data for
prioritizing factors and ultimately determine the most suitable alternative for address-
ing the problem at hand. This approach considers various aspects of uncertainty and
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ensures a more comprehensive and accurate decision-making process. The FAHP method
encompasses the following steps:

Step 1: The fuzzy conversion scale of the FAHP pair-wise comparison in Table 3 is
used to construct a matrix for each criterion.

Steps 2 and 3: Since there were twenty decision-makers, the preferences of each
decision-maker are averaged using Equation (11); the following calculation shows how to
average the preference for the first criterion (Economic) over the second criterion (Envi-
ronmental). Table 8 shows the pair-wise comparison matrices for all of the criteria in the
hierarchy system dimensions based on average preferences.

i

2 3

dpp = average(S,},S,1,%,3,:‘;,%,4,;,3,3,%,3,2,—;—,%,%,1,1,), = (1,5,2)
average(43,4,14,43, 154,444,434, 111)

1 1 1 31 1 1 1T i
average (24,214,234, 1.342.24,214,1.1.11),

Table 8. Comparison matrix for criteria.

Criteria Economic Environmental Social Technical
Economic 1,1,1) 1 3,2 a, g, 2) (g, 3 f)
Environmental 3.9, %) 1,1,1) .38 & 2,2
Social @& % ) ¢, g §) 1,1,1) &89
Technical G310 33 2) G 13 1,11

Step 4: Calculate the fuzzy geometric mean. The economic criteria are calculated using
Equation (13). Then, the same procedure is repeated for each criterion.

1 i | 1
o I 1 T
- [<mmg> (153:33)" (102020 ) ]:(1_1809, 15357, 1.88%2)

Table 9 shows the geometric mean of fuzzy comparison values for each criterion
(r;), the vector summation of each r; and the inverse power of the summation vector in
increasing order.

Table 9. Fuzzy geometric mean for criteria.

Criterion 2
Economic (1.1809, 1.5357, 1.8832)
Environmental (1.6056, 2.0101, 2.4067)
Social (1.3016, 1.6432, 1.9917)
Technical (0.6358, 0.8033, 1.0125)
Total (4.7240,5.9922, 7.2942)
Reverse (0.2117,0.1669, 0.1371)
Increasing order (0.1371, 0.1669, 0.2117)

Step 5: Calculate the fuzzy weight of each criterion, w;, using Equation (14). Below is
the computation of the fuzzy weight for the Economic criterion:

w; = (1.1809(0.1371),1.5357(0.1669), 1.8832(0.2117)) = (0.1619,0.2563,0.3987)

The same process is repeated for the calculation of the fuzzy weight for each criterion.
Table 10 shows the fuzzy weight (E)i), the weight (M;), the relative weight of (N;) and the
rank for each criterion.
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Table 10. Fuzzy weight, weight, relative weight and rank for each criterion.
Criteria Fuzzy Weight (w;) Weight (M;) Relative Weight (N;)  Rank
Economic (0.1619, 0.2563, 0.3987) 0.2723 0.2559 3
Environmental  (0.2201, 0.3355, 0.5095) 0.3550 0.3337 1
Social (0.1784, 0.2742, 0.4216) 0.2914 0.2739 2
Technical (0.0872, 0.1341, 0.2143) 0.1452 0.1365 4

Step 6: Calculate the weight of each criterion. Below is the calculation of the weight
for criteria using Equation (15), and by applying the same equation the weight acquired for
each criterion was as follows: Economic = 0.2723, Environmental = 0.3550, Social = 0.2914
and Technical = 0.1452, respectively. The weight of each criterion is shown in Table 10.

0.1619 + 0.2563 + 0.3987
M; =

= 0.2723
3

Find the relative weight and rank all the criteria. Use Equation (16) to calculate the
relative weight of each criterion and alternative. The working example below shows how
to calculate the weight for the Economic criterion:

0.2723

b= 0.2723 + 0.3550 + 0.2914 + 0.1452

= 0.2559

The same process of calculation is repeated to determine the relative weights for each
criterion. The alternative concrete waste management options are ranked according to the
following main criteria, with the results shown in Table 10.

The next crucial step in the assessment process involves calculating the score assess-
ment matrix to determine the highest scores for each main criterion associated with concrete
waste management options, namely landfill, RCA (recycled concrete aggregate), and up-
cycling recycled concrete. The weighted values for the pairwise sub-criteria comparisons
for each main criterion can be found in Table 11.

Table 11. Pairwise comparison of sub-criteria with respect to relative criteria. (Note: CR = 0.0).

Criteria Economic (E) Environmental (EN) Social (S) Technical (T) Pvr:::,:-y
st (E1) (E2) (EN1) (EN2) s1) ($2) (T1) (T2)
criteria
Bl T R — — e e 0463
E2 11,1 e i e e LR 0.5366
EN1 J— LL1 (3,35 = 07144
ENZ2 s s 4, 22 1,1,1 e S e 0.2856
s1 s g — e 1,31 @43 0.2608
15— e S e I 151 B e 0.7392
T1 — - = = == 1,111 3.3.% 0.5676
;] i S S — (B8 Y) 1,11 0.4324

In the evaluation process, when a criterion consists of several sub-criteria, the ratings
assigned to each alternative are multiplied by both the local weights and the global weights
of each sub-criterion. As an example for the Economic criterion, which includes the sub-
criteria of “operating costs” and “investment costs”, the specific numerical values are
provided in Table 12. The following procedure is followed to determine the priority vector
for alternatives related to the Economic criterion:

0.1361 0.1442 0.1405
0.3914 0.3511 [8‘51222] = [0.3698
0.4724 05046 - 0.4897
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Table 12. Local and global weights of the main criteria and sub-criteria.
i Q s i i n Global
Criteria Weight Sub-Criteria Local Weight  Alternatives Weight
o y Landfill 0.136
P:;;’;mg 0.463 RCA 0.391
. N URC 0.472
Heonomig Lo o Landfill 0144
vesament 0537 RCA 0.351
eonly URC 0505
Landfill 0.329
Air pollution 0.714 RCA 0.317
R URC 0.354
Environmental 0.334 T Landfill 0216
consum},’tion 0286 RCA 0.331
P URC 0453
. Landfill 0.160
Newﬁl"b 0.261 RCA 0358
creabion
z URC 0.482
Srscial D274 _— Landfill 0.095
acceptance 0.739 RCA 0.385
P URC 0.521
Landfill 0.104
Final quality 0.568 RCA 0.398
. URC 0.498
Technical 0.136 S Landfill 0234
feasibili;y 0432 RCA 0525
URC 0.443

The computed priority values clearly demonstrate that upcycling recycled concrete
attained the highest priority score for the Economic criterion, with a value of 0.489. This
indicates that, among the various concrete waste management options evaluated, upcycling
recycled concrete exhibited the strongest economic advantage.

Subsequently, the priority values for the selection of concrete waste were calculated
for all of the main criteria. In the next stage, the focus shifted towards evaluating the most
appropriate concrete waste management options that aligned with the objectives of this
study. To achieve this, the rating of each alternative was multiplied by the weights assigned
to each main criterion, as well as the priority vector representing the relative importance
of alternatives for each criterion. By aggregating these calculated values, a priority vector

could be obtained which highlighted the best alternatives for concrete waste management.

The resulting priority vector is presented below:

0.1405 0.2967 0.1118 0.1603 8;52; 0.1875
0.3698 0.3213 0.3778 0.3653 0 '2739 = | 0.3552
04897 0.3820 0.5104 04744 0'13%5 0.4573

The calculated priority values indicate that the most optimal alternative for concrete
waste management is the utilization of up-cycling recycled concrete, with a priority value
of 0.457. Following closely behind is the option of recycled coarse aggregate, with a priority
value of 0.355. Lastly, landfilling is the least preferable alternative for concrete waste
management, with a priority value of 0.188.

4. Research Results and Discussion

The decision-making process in this study involved assigning weights to different
criteria, and the criterion with the highest weight was considered the most important. The
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FAHP priority weight estimates for each criterion were used to determine the criterion with
the highest weight, and the results are presented in Table 12.

According to the findings, experts placed the highest priority on the environmental
criteria, with a weight of 0.334. This suggests that construction industry groups involved
in the study were particularly concerned about construction and demolition waste issues.
The construction industry is widely recognized as a major source of pollution, as its waste
significantly contributes to environmental degradation. Unfortunately, a significant portion
of construction waste is often disposed of in landfills or open areas, leading to further
pollution. The second-highest priority for the construction industry was given to the social
criteria, with a weight of 0.274. This implies that the construction industry recognizes
its role in enhancing overall quality of life and social welfare. The effective management
of concrete waste can positively impact various social aspects, such as improving living
conditions, community well-being, and public health. By effectively managing concrete
waste, the industry can contribute positively to society by reducing negative impacts
and promoting sustainable practices. The economic criteria represented the third-highest
priority for the construction industry (0.256), suggesting that the industry values economic
considerations in the decision-making process. The efficient management of concrete waste
can lead to cost savings, resource optimization, and the potential creation of economic
opportunities through the utilization of recycled materials.

This study conducted a comprehensive comparison of different concrete waste man-
agement alternatives, focusing on four key criteria: economic, social, environmental, and
technical. The findings of this study, as presented in Figure 7, revealed that upcycling
recycled concrete waste emerged as the most effective waste management option. Across
all four criteria, upcycling recycled concrete received the highest priority score, indicating
that it is considered the best method for managing concrete waste.

0.6 I Landfill W RCA Upcycling recycle concrete
0.5
0.4
-
@ 0.3
g
0.2
} .
0
Economic Environmental Social Technical
Criteria

Figure 7. The priority weight of alternatives based on the considered criteria.

Upcycling, a process that involves reusing materials to create products of higher value
or quality, offers a transformative approach to handling waste concrete. By repurposing
waste concrete, it can be transformed into new and useful products, contributing to re-
source efficiency and reducing the need for virgin materials. This method demonstrates
superiority across multiple aspects, including economics, social impact, environmental
impact, and technical feasibility. Economically, upcycling recycled concrete can prove ad-
vantageous by promoting resource conservation and reducing material costs. This allows
for the creation of valuable products, potentially opening up new markets and business
opportunities. From a social perspective, upcycling contributes to sustainable development
and improves the population’s quality of life. Tt helps to mitigate the negative impacts
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associated with traditional waste disposal methods and fosters a positive perception of the
construction industry. In terms of environmental impact, upcycling recycled concrete is
an environmentally friendly approach. It reduces the dependence on landfilling, which is
associated with various environmental issues. Landfilling, on the other hand, emerged as
the least-preferred option for managing concrete waste in this study. It obtained the lowest
priority scores across all four criteria: environment, economy, social, and technical.

Landfilling involves the dumping of waste materials in designated areas, which
can have detrimental effects on the environment. It contributes to land degradation,
poses risks to groundwater and soil quality, and generates greenhouse gas emissions.
Moreover, landfilling has negative social implications, such as causing the degradation
of local communities” well-being and fostering negative perceptions of the construction
industry. From an economic standpoint, reliance on landfilling is not sustainable in the
long run due to land scarcity and limited landfill capacities.

This study carried out a comprehensive assessment of various alternative methods
for managing concrete waste, and the results indicate that upcycling recycled concrete is
the best option, with a priority weight of 0.457. This finding highlights the effectiveness
of upcycling recycled concrete compared to other alternatives. Upcycling involves the
process of reusing waste concrete to create new and valuable products, contributing to
the circular economy and reducing the need for raw materials. By assigning the highest
weight to upcycling, this study indicates that it is considered the most favorable method for
managing concrete waste. The next most-viable alternatives identified in the study were
recycled coarse aggregate, with a priority weight of 0.355, and landfilling, with a weight of
0.188, as presented in Figure 8.

0.5
0.4573

- 0.4
&
5 03552
D 0.3
=

0.2

0.1

0.0

Landfill RCA URC
Alternative

Figure 8. The priority weights of the alternatives for concrete waste management.

Recycled coarse aggregate involves crushing and reusing concrete waste as a replace-
ment for natural aggregate in new construction projects. While this method provides some
level of waste reduction and resource conservation, it falls behind upcycling in terms of its
effectiveness. Landfilling, on the other hand, received the lowest priority weight among
the alternatives, indicating that it is the least preferred option for managing concrete waste.

By prioritizing the upcycling of recycled concrete, the construction industry acknowl-
edges the need to address these challenges and adopt more sustainable waste management
practices. Upcycling not only offers an effective solution for reducing the environmental
impact of concrete waste, but also provides economic and social benefits. It allows for the
creation of new and valuable products, contributing to job creation, resource efficiency, and
the overall sustainability of the construction industry.

In summary, this study’s findings indicate that upcycling recycled concrete is the most
effective alternative for managing concrete waste, surpassing other options such as recycled
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coarse aggregate and landfilling. The prioritization of upcycling reflects the construction
industry’s concern about the high volume and weight of concrete waste and highlights the
industry’s commitment to sustainable waste management practices. By embracing upcycling
and other innovative approaches, the construction industry can mitigate the environmental
impact of its activities and contribute to a more sustainable and circular economy.

5. Conclusions

The conclusions of this study highlight several important achievements and contri-
butions to the field of construction waste management. Firstly, in response to research
question 1, this study successfully determined an appropriate hierarchical structure for a
decision-support system in concrete waste management. The hierarchical chart was divided
into four levels, each level containing different definitions and criteria. This hierarchical
structure provides a systematic framework for evaluating concrete waste management
options and facilitates informed decision-making.

Addressing research question 2, the study emphasized the importance of the circular
economy concept in construction waste management. By focusing on environmental criteria
and sustainable practices, the research identified upcycling recycled concrete as the best
alternative for managing concrete waste, followed by the recycling of coarse aggregates and
landfilling. This emphasis on sustainability aligns with the objectives of efficient resource
utilization and reducing environmental impacts.

Regarding research question 3, this study proposed the fuzzy analytic hierarchy pro-
cess (FAHP) as an effective tool for determining the importance of factors in concrete waste
management. The FAHP integrates fuzzy logic theory, enabling the evaluation of both
quantitative and qualitative data. This approach considers uncertainty and ambiguity
in decision-making, mimicking human thought processes. The FAHP is the preferred
algorithm for solving construction waste management problems, providing a more com-
prehensive and nuanced analysis.

Furthermore, this study acknowledges several limitations that should be considered.
Firstly, the focus of the CECI Group on residential and commercial construction projects
limits the generalizability of the findings. Future research should explore concrete waste
management in other construction project types, such as infrastructural, industrial, un-
derground and marine work, to obtain a more comprehensive understanding of waste
management practices in diverse contexts. Additionally, the number of experts involved in
the FAHP method is crucial, as fewer than five experts may lead to limited preferences that
can bias the results. The subjective nature of the FAHP method emphasizes the importance
of addressing potential biases introduced by experts’ linguistic judgments. Although the
geometric mean can help consolidate individual judgments, it should not be solely relied
upon to ensure the validity of the results. To strengthen validity and minimize individual
biases, it is advisable to involve more experts who understand the subject matter and theo-
retical framework underpinning the analytical hierarchical decision-making process. The
careful selection of experts who are committed, knowledgeable, and willing to invest their
time in providing accurate opinions, coupled with clear and well-designed questionnaires,
plays a crucial role in ensuring the reliability and consistency of the information obtained.

To advance the field of construction waste management, the authors have identified
key areas that warrant further research. They propose the development of an online tech-
nology system that efficiently matches construction waste with potential users, thereby
reducing environmental waste. This system would enhance the user experience by inte-
grating with social networking platforms and web-based systems, facilitating improved
communication and collaboration among relevant stakeholders. Given that selecting a
construction waste management method often benefits from group decision making, the
proposed system would enable waste management companies and users to effectively
exchange information. Moreover, the authors emphasize the need for the construction
industry to enhance its waste matching process to promote the adoption of a circular
economy. To achieve this, they suggest designing a web-based system with an intuitive
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and easily accessible interface, offering advanced search options, waste material listings,
and a communication feature to facilitate material transfer negotiations between users.

The research findings and recommendations contribute to the development of effective
concrete waste management methods. By incorporating regulatory balance, technology
systems, human management and economic management, the proposed management sys-
tem offers a holistic approach to waste reduction. The introduction of an online technology
system to match construction waste with potential users is a particularly innovative sug-
gestion. This system, integrated into social networking platforms and web-based systems,
enhances communication, collaboration, and the efficient utilization of construction waste.

Overall, this research work provides valuable insights and serves as a reference and
guide for future sustainable operations in various sectors related to the construction indus-
try. The achievements obtained through this study, including the identified hierarchical
structure, the emphasis on the circular economy concept, and the application of the FAHP
algorithm, contribute to advancing construction waste management practices. These
achievements promote waste reduction, enhance efficiency, and foster sustainability in the
construction industry.
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Abstract: This study applied the Quality Function Deployment (QFD) method to translate stakeholder
opinions and needs into technical features for developing a prototype web-based Decision Support
System (DSS). In Thailand, municipal solid waste (MSW) and construction and demolition (C&D) waste
are still difficult to manage, because the rapid growth of cities keeps increasing waste volume and
straining local systems. The Decision Support System was created mainly to support local government
organizations (LGOs) in making decisions that are more transparent and practical for real operation.
Accessibility and usability were carefully checked under WCAG 2.1 standards by using the WAVE tool.
The test results showed full compliance with accessibility criteria. A satisfaction survey among 25
experts reported an average score of 4.35 (SD = 0.56) and a satisfaction index of 87 % and 0
accessibility errors, showing strong acceptance. The results indicate that user involvement and simple
design are important for future system adoption and for promoting Thailand’s Bio-Circular-Green (BCG)

economy toward circular and sustainable waste management.

Keywords: Municipal Solid Waste (MSW) Management; Construction and Demolition (C&D) Waste;
Decision Support System (DSS); Quality Function Deployment (QFD); Local Government Organizations
(LGOs); Circular Economy
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1. Introduction

Municipal solid waste (MSW) management
remains a major challenge in developing countries
such as Thailand, where rising waste generation
strains local decision-making and service delivery
[1]. Increasing MSW volumes, combined with
growing construction and demolition (C&D) waste,
have exceeded management capacity. In 2023,
Thailand generated 26.95 million tons of MSW
(1.12 kg per capita per day) [2], intensifying
operational pressures on Local Government
Organizations (LGOs).

This situation reveals a clear gap: Thai LGOs
still lack decision-support tools that systematically
translate stakeholder needs (Voice of the
Customer: VOC) into implementable DSS design
features. Although DSS applications exist in waste
management, many do not sufficiently incorporate
VOC, reducing operational relevance and long-
term adoption [3].

This study responds to that gap by applying
Quality Function Deployment (QFD), originally
proposed by Akao [4], to translate stakeholder
needs into measurable technical characteristics for
designing a web-based DSS tailored to the

operational context of Thai LGOs.
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The prototype is evaluated using (i) automated
accessibility testing with WAVE [5] for WCAG 2.1
compliance and (i) stakeholder surveys to assess
usability and satisfaction [6].

This research focuses on developing and
evaluating a prototype DSS, rather than full-scale
deployment. The findings therefore validate
requirement translation, prototype design soundness,
and early usability/accessibility performance. The
research objectives are as follows:

1. To identify and analyze key challenges in
MSW and C&D waste management within Thai
LGOs.

2. To translate stakeholder requirements (VOC)
into measurable technical specifications using QFD.

3. To design and develop a prototype web-
based DSS that integrates intemational web
standards and stakeholder-driven requirements.

4. To evaluate the prototype using a dual-
assessment approach: WAVE-based accessibility
testing and structured user surveys assessing
satisfaction, usability, and alignment with operational
needs.

This paper is structured as follows: the
introduction presents the research context and
objectives, followed by the research methodology,
results and discussion, and concluding remarks with

limitations and future research directions.
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2. Research methodology

2.1 Research framework

The research framework adopted in this study
(Fig. 1) presents a structured process integrating
stakeholder input and methodological design. The
process begins with a literature review to identify
preliminary  Customer Requirements (CRs),
followed by the development and validation of
research instruments through expert review. CR
importance was assessed using a 5-point Likert
scale and aggregated using the geometric mean to
derive normalized weights. Quality Function
Deployment (QFD) was then applied to translate
CRs into Technical Characteristics (TCs), using
weighted relationships and Pareto prioritization to
guide system design. The prioritized TCs were
used to support prototype web-based DSS
development. Finally, the prototype was evaluated
to verify compliance with technical standards and

stakeholder expectations.

2.2 Instrument Development and Validation
2.2.1Literature Review

A systematic literature review was conducted
to identify Customer Requirements (CRs) for web-
based Decision Support Systems (DSS) in
municipal solid waste (MSW) and construction and
demolition (C&D) waste management. The review
integrated three evidence streams: (i) international
web usability standards, (i) prior DSS and
MCDA studies, and (iii) public sector digital service

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2026.04.006

Literature Review

Identify preliminary CRs from standards & prior studies

l

Research Instrument Development & Validation
+ Questionnaire design + IOC content validation

« Ethics approval « Panel size & composition

|

Stakeholder Input (VOC)

* Multi-stakeholder CR assessment (Likert 1-5)

l

Weighting of CRs
+ Aggregate ratings using Geometric Mean (GM)

+ Normalize weights

|

QFD Application (HoQ)
« Translate CRs — TCs

« Apply weighting

« Pareto prioritization(TCs)

l

Prototype DSS Development

System Design & Implementation

l

Evaluation(usability & accessibility)
* Web accessibility test (WAVE tool)

« User satisfaction survey

l

Results & Discussion

Prototype outcomes & Design implications

Fig. 1 Research framework

The Journal of Industrial Technology (2026) Volume 22, Issue 1

86

http://0js.kmutnb.ac.th/index.php/joindtech

214



s

uwnAwidy

guidelines relevant to Thailand. An initial set of 30
CRs was identified. To improve analytical clarity
and reduce redundancy, overlapping CRs were
consolidated based on thematic similarity and
relevance to Local Government Organization
(LGO) decision-making. This process yielded 15
key CRs (Table 1), later applied in the QFD

analysis.

2.2.2 Questionnaire Design

A structured questionnaire was developed
based on literature to collect data on Customer
Requirements (CRs) and Technical Characteristics
(TCs). The instrument employed a Likert-scale
format for quantitative analysis, complemented by
open-ended questions qualitatively used to support
interpretation and contextual understanding. The
detailed questionnaire items and full CR list are

provided in the Supplementary Data.

2.2.310C Validation

Content validity was evaluated using the Item
Objective Congruence (IOC) method. Five experts
independently assessed item relevance, resulting
in an average I0C value of 0.88, indicating
satisfactory content validity [14]. The reported IOC
value of 0.88 represents the average of item-level
content validity assessments provided by five
experts, as IOC is evaluated per item rather than

as a single global score.
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2.2.4Ethics Approval

The study received ethical approval from the
Research Ethics Review Committee for Research
Involving Human Subjects at Rajamangala
University of Technology Tawan-ok, Thailand, in

December 2024.

2.2.5Panel Size and Composition

Expert panels were structured to ensure
methodological rigor across research stages. |I0C
validation involved five experts, consistent with
content validity guidelines [12]. CR identification and
evaluation engaged 25 stakeholders, including local
government officers and industry representatives,
aligning with recommended stakeholder sample
sizes [13]. A technical panel of seven experts with
QFD and DSS experience determined TCs and
evaluated CR-TC relationships. The same 25
stakeholders also participated in CR weighting and
user satisfaction assessment, ensuring consistency
and meeting recommended usability sample ranges
of 20-30 users [13].

2.2.6Refinement of Customer Requirements
(CRs)

An initial set of 30 CRs was derived from the
literature (Section 2.2.1). To avoid redundancy and
improve HoQ interpretability, a structured refinement
was conducted. The process retained CRs aligned
with  international  usability and accessibility
standards, screened items using stakeholder ratings

(n = 25) with Geometric Mean scores, consolidated
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Table 1 Overview of 15 key customer requirements (CRs)

No. Customer Requirement (CR) Reference

1 Effectiveness & Efficiency [8][16]

2 Learnability & Memorability [8][10][16]

3 Satisfaction & Emotional Impact [8][10]

4 Accessibility & Standards Compliance [8]1[9][16]

5 Content Quality [10]16]

6 Presentation Design [10]16]

7 Motivation & Engagement [10]

8 Feedback & Adaptation [8][10][16]

9 Transparency of DSS Results [71[16]

10 Local Language & Cultural Adaptability [8,9]

11 Data Security & Privacy [16][18]

12 System Integration & Interoperability [71[9][15]

13 Environmental Impact Integration [71[16,17]

14 User Training & Ease of Adoption [8][10]

15 Multi-Stakeholder Collaboration Portal [71[15]
overlapping requirements, and reduced the set to 15 GM. = VN1 x Ny x Ny x ==+ x N_ (1)

CRs for manageable prototyping. The refined CRs
were subsequently used for weighting (Section 2.3)
and CR-TC analysis (Section 2.5).

2.3 Weighting of Customer Requirements (CRs)
Experts evaluated the finalized 15 CRs using a
(GM)

aggregation combined judgments and limited outlier

five-point Likert scale. Geometric mean

effects. Nommalized GM values yielded relative
importance weights incorporated into the QFD
matrix. GM computation followed Eq. (1) based on n

experts.

Where: Ni represents the rating value provided by
each expert respondent, and n denotes the
number of respondents. In this study, n = 25.

For illustration purposes, if Customer
Requirement 1 (CR1) is rated by five experts as
5, 4, 4, 3, and 5, the geometric mean (GM) is

calculated as:
GMgrs= (5%4x4x3x5)"5 = (1200)"® = 4.13

Normalized weights were then derived by dividing
each GM value by the sum of all GM values. For

example, if the GM values of three CRs are 4.13,
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3.80, and 3.20, the corresponding normalized

weights are 0.37, 0.34, and 0.29, respectively.
This example illustrates the calculation

procedure; the complete analysis applied all 15

CRs using the Excel GEOMEAN function.

2.4 Determination of Technical Characteristics
(TCs)

A set of Technical Characteristics (TCs) was
identified through literature review, system
analysis, and expert brainstorming to define key
functional requirements for the proposed web-
based DSS. Most TCs follow standard DSS
design address

terminology and usability,

interoperability, reliability, data security, and
environmental impact considerations. TC4 and
TC12 were further clarified to avoid conceptual
overlap and to ensure accurate representation of
system architecture. The finalized list of TCs is

summarized in Table 2.

2.5 Transformation of Qualitative Requirements
Using QFD

The House of Quality (HoQ), illustrated in Fig.
2, was used to translate validated Customer
Requirements (CRs) into measurable Technical
Characteristics (TCs). This approach links
qualitative stakeholder needs with quantitative
design parameters in a structured manner. The
complete CR-TC relationship evaluation form
used in the QFD process is presented in the

Supplementary Data.

ISSN (online): 2697-5548
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Table 2 A list of technical characteristics (TCs)

No. TCs Reference
1 User Interface & Visualization [8][10][16]
2 Methodology Documentation [8][15]
3  Customization Module [8][16]
4  System Responsiveness [8]

5  Comprehensive Criteria M
Integration

6  Data Security Protocols [16]

7  Multi-User Collaboration [10][16]

8  Update & Maintenance [19]

9  Real-time Data Updating [71[16]

10  Algorithm Accuracy & [16]
Reliability

11 Environmental Impact [11][17]
Assessment

12 Cross-Device Compatibility [9][16]

Note: TC4 (System Responsiveness) and TC12 (Cross-
device Compatibility) represent different system layers:
backend performance and frontend adaptability,
respectively and were therefore evaluated separately in

the QFD matrix.

®

Technical

Correlation Matrix

© Technical Measures(HOWSs)

© ®

Customer Relationship Matrix Planning
Needs Between Matrix
(WHATSs) Customer Needs(WHATS)
And

Technical Measures(HOWSs)

®  Technical Matrix

Fig. 2. Conceptual structure of the House of

Quality (HoQ), adapted from Akao [4]
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In the HoQ, CRs (WHATs) were mapped to
TCs (HOWSs) using a standard relationship matrix
and the relationship scale defined in Table 3.
Based on these relationships, the absolute
importance (Alj) of each TC was calculated and
subsequently normalized to obtain Relative
Importance (RIj) which was used to prioritize
technical design elements for the prototype DSS.

The Absolute Importance (Alj)

m

Al= Z (CRXR;)

i=1
Where:

CRi = Importance weight of Customer
Requirement i (derived from expert weight or
normalized CR weight)

Rij = Relationship score (e.g., 9, 3, 1, 0) between
Customer Requirement i and Technical
Characteristic j in the HoQ

Alj =

relationship strengths between CRs and the

represents the weighted sum of the

corresponding TC.

Al
Rl =

J Z,n=1 Alj

x100 @)

Where:
RI; used to convert the absolute importance
(Al) into a percentage scale. The total sum of

RI; across all TCs equals 100%

213 sivimamaluladgnamngsy (The Journal of Industrial Technology)

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2026.04.006

Table 3 Standardized relationship scale for QFD

analysis (Relationship symbols)

Relationship Symbol Score
No relationship 0
Weak relationship A 1
Moderate relationship O 3
Strong relationship o 9

Source: Adapted from Akao [4]

2.6 Design and Development of the Prototype
Web-Based DSS

The prototype DSS was developed using a
modular architecture to support usability, scalability,
and system expansion. It comprises four functional
layers: user interface, data handling, application
logic, and system integration, enhancing
maintainability and transparent decision-making.
System development followed the generic DSS

framework proposed by Agl et al. [20], consisting of

data, model, knowledge, and user interface
subsystems (Fig. 3).

Integration other system

Model management

S=58N%

External and Internal

User interface

T Decision Support System

+

Users

)

Fig. 3 Generic architecture of a Decision Support

System, adapted from Aq| et al. [20]
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2.7MCDA Algorithm Specification for the
Prototype DSS

To ensure transparent and reproducible
decision-making, the Technique for Order
Preference by Similarity to Ideal Solution

(TOPSIS) was implemented as the sole MCDA

method for ranking waste management
alternatives in the prototype DSS. Criteria weights
were treated as predefined external inputs and

directly applied within the TOPSIS procedure.

Step 1: Decision Matrix Normalization
The decision matrix was normalized using

vector normalization, as shown in Eq. (4):

m
o 2
Ti=xij [ Zi_1x”

Where X;jrepresents the performance value of

alternative i under criterion j, i=1, 2, ..., m; j =1,
2..., n ; m denotes the number of alternatives, and

n denotes the number of criteria.

Step 2: Weighted Normalized Decision Matrix
(Predefined Criteria Weights)

The normalized decision matrix was multiplied
by predefined normalized criteria weights to
obtain the weighted normalized matrix, as

expressed in Eq. (5):
Vij = Wj Tij ()

where W; is the normalized weight of criterion 7

n
and Z wj=1.
J=.
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Step 3: Determination of Ideal Solutions

The positive ideal solution (PIS) and negative

ideal solution (NIS) were defined as:

A =do,vd, 0,055 (6)
A" ={v;,v3, .., 07} @)
Where:
o o max;(v;;),  j €] (benefit criteria)
J min;(v;;),  j €)' (cost criteria)
= mini(vij), J €] (benefit criteria)
77 lmax;(v;), j €)' (cost criteria)

Step 4: Separation Measures

The separation distances from the PIS and
NIS were calculated using Euclidean distance, as
shown in Egs. (8) and (9):

St = Z;;l(vij —~H)° ®)

- n =
5= | R OBy~ ©)
where Siand S;represent the distances of

alternative i from the PIS and NIS, respectively.
Step 5: Ranking Using Closeness Coefficient (ei)

The relative closeness to the ideal solution

was calculated using Eq. (10):

;= s7/(s; +s7), 0<8;<1 (10)

Where ©; denotes the closeness coefficient of

alternative i.
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Alternatives were ranked according to (ei),
with higher values indicating closer proximity to
the ideal solution. Accordingly, TOPSIS was the
only MCDA algorithm implemented in the
prototype DSS, with predefined criteria weights
applied as external inputs to ensure transparent

and reproducible ranking results.

2.8 System Evaluation

The prototype web-based DSS was evaluated
from technical and stakeholder perspectives.
Technical compliance was assessed using the
WAVE tool to verify adherence to WCAG 2.1
guidelines. Stakeholder validation followed 1SO
9241-11 principles, focusing on effectiveness,
efficiency, and satisfaction. A five-point Likert-
scale survey was administered to 25
stakeholders, and descriptive statistics (mean,
SD, and Satisfaction Index: Sl1%) were calculated.
The Sl%, derived from normalized mean ratings,
supports comparative interpretation of satisfaction

levels (Table 4).

Table 4 Interpretation criteria of satisfaction index

No Index value (100%) Criteria

1 80%< S| <100% Very Satisfied

2 60%< Sl <80% Satisfied
3 40%< Sl <60%
4 20%< S| <40%
5

0%< Sl <20%

Satisfied Enough
Less Satisfied

Not Satisfied

Source: Adapted from Praseptiawan et al. [6]
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The detailed questionnaire items and CR-TC
evaluation instruments used in this study are

provided in the Supplementary Data.

3. Results and Discussion

3.1 House of Quality (QFD Results)
The HoQ (Fig. 4)

relationships between 15 Customer Requirements

(CRs) and 12 Technical Characteristics (TCs).

The most influential CRs were Data Security &

results illustrate

Privacy, Effectiveness & Efficiency, Accessibility
& Standards, Transparency of DSS Results, and
System Integration & Interoperability, reflecting

priorities for secure and efficient system

operation. Among TCs, User Interface &

Visualization, Methodology Documentation, and
Data  Security Protocols ranked highest,
underscoring the importance of interface design,
methodological clarity, and data protection.
Correlation analysis indicated positive design
synergies across technical elements.

Pareto analysis (Fig. 5) shows that the first
eight TCs account for 79.1% of cumulative
importance, defining the primary focus for early-
stage implementation, while the remaining TCs
are scheduled for

subsequent development

phases.
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E g | i
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IR ] :
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- : 4
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i § (Explict and Implicit) H f & ] 3 < f 8
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672%| 4.1454|CR2 Loarnability & Memorability ° o o A Al A A A A
571%| 3.5244|CR3 Satistaction & Emotional Impact e | A[lo|of A A | Ay | A A A
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7.08%| 4.3734|CR12 System Integration & Interoperability L ] A (o] L (o] (0] o (e} L] o
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Relative Weight | 1293% | 11.12% | 5.00% | 0.06% | 0.48% | 0.81% | 5.22% | 8a48% | 881% | 5.14% | 552% | 934%
Ranking 1 2 12 6 4 3 10 8 7 1 9 5

Fig. 4 HoQ illustrates the relationship between 15 CRs and 12 TCs
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Fig. 5 Pareto analysis of TCs
3.2 DSS Prototype Development Results management subsystem applies the MCDA

3.2.1 System Architecture Overview
The prototype web-based DSS comprises four
(Fig. 6). The data

management subsystem stores user inputs and

interconnected  subsystems

results to ensure consistency. The model

algorithm for ranking altematives. The knowledge
management subsystem governs decision logic,
while the user interface supports data input and

visualization with external data integration.
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Stakeholders (LGOs, Operators, Contractors etc.)

Fig. 6 Architecture of the prototype web-based DSS (developed in this study)

3.2.2 Functional Module Design

The functional workflow of the prototype
web-based DSS (Fig. 7) supports collaboration
between waste generators and operators through
an automated process. Users register, select
roles, and submit project data. The system
applies an MCDA algorithm to recommend

operators based on sustainability criteria,
enabling automated notification, confirmation, and
transparent project coordination. The prototype
includes Waste Generator and Waste Operator
modules enabling structured decision-related data

aligned with QFD-derived priorities.

The system was deployed on a live server for
demonstration and evaluation at hitps://www.dss-
municipal-waste.com/, and

representative  user

interface screens are presented in Fig. 8.

3.3 Evaluation (usability & accessibility)
3.3.1 Web Accessibility Evaluation Result
Automated testing using WAVE reported zero
detected errors and contrast errors, which indicates
strong alignment with WCAG 2.1 checks in the
automated scan. In addition, the system
incorporated six accessibility features, ten structural
elements, and eleven ARIA elements, reflecting a
high level of adherence to WCAG 2.1 principles and

international web accessibility best practices.
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Fig. 7 Functional workflow of the prototype web-based DSS
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Fig. 8 Representative user interface screens of the prototype DSS

3.3.2 User Satisfaction Evaluation Results point Likert scale. The mean score was 4.35 (SD =
User satisfaction was assessed through a 0.56), comesponding to a Satisfaction Index of

structured survey of 25 participants using a five- 87.00%, indicating high satisfaction. Strong ratings
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were  observed for  efficiency, functional
performance, and effectiveness. Usability and

information quality were also rated highly, while
leamability and reliability, though slightly lower,
remained within the high range. Detailed results are

presented in Table 5.

3.4 Sensitivity Analysis of QFD Results

Sensitivity analysis was conducted by varying
the weights of the three most influential customer
requirements (CR11, CR9, and CR13) by +10%
while maintaining weight nommalization. The
recalculated HoQ results showed that the top-
ranked  technical  characteristics remained
unchanged, with only minor shifts among lower-
ranked items.
3.5 Comparison with existing DSS applications

Existing DSS applications in developing regions
primarily address policy-level analysis, landfill site
selection, or technology comparison. Although they
provide strategic insights, stakeholder requirements
are seldom integrated into system architecture and
decision algorithms, limiting operational relevance.
In contrast, the proposed web-based DSS embeds
stakeholder Voice of the Customer (VOC) through a
structured QFD process and links QFD-derived
priorities with a TOPSIS-based ranking mechanism.
This integration enables transparent operator-level
evaluation beyond macro-level policy analysis,
strengthening the practical applicability of DSS in

local government contexts.
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Table 5§ User satisfaction evaluation results

Dimension ()_() SD Sl (%) Interpretation
Usability 436 076 87.20 Very High
Information

4.4 : H Very High
Quality 0 050 88.00 ery Hig
Learnability 3.92 0.64  78.40 High
Satisfaction
456  0.51 91.20 Very High
(Functions) ery. g
Reliability 388 053 77.60 High
Efficiency 468 048 9360 Very High
Effectiveness 4.52 0.51 90.40 Very High
Overall .
Satisfaction 0.59  89.60 Very High
Overall
. "
Masii 435 0.56 87.00% VeryHigh

Source: Research study

4. Conclusions and Recommendations
4.1 Conclusions

This study developed a QFD-guided web-
based DSS prototype to address municipal and
construction waste management challenges in
Thailand. The framework translated stakeholder
Voice of the Customer (VOC) into measurable
technical

characteristics, ensuring alignment

between user requirements and system

architecture.
By integrating QFD with a TOPSIS-based

ranking mechanism, the system delivers

transparent, operator-level decision support

beyond conventional policy-oriented analyses.

Accessibility testing and stakeholder evaluation
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confirmed its technical feasibility and usability.
Overall, the findings position QFD as an effective
architectural bridge for stakeholder-driven, data-

based sustainable waste management.

4.2 Recommendations

To enhance system effectiveness and
practical implementation, the DSS should
incorporate  additional  analytical ~ functions,
including GIS-based visualization and

environmental-economic assessment tools. User
training and guidance are also recommended to

improve learnability and long-term usability.

4.3 Limitations and Future Research

This study developed and validated a prototype
using a limited participant sample. Full-scale
deployment, large-scale data testing, and high-
concurrency evaluation were beyond its scope.
Future research should implement wider Dpilot
applications across multiple local governments and
examine long-term performance, scalability, and

operational integration.
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