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THE DESIGN AND CONSTRUCTION OF AN AUTOMATIC loT SYSTEM FOR OUTDOOR
LAMP CONTROLLED BY A MICROCONTROLLER
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Abstract

This article presents the design and construction of an IoT system for an automatic field lamp controlled by

a microcontroller. The purpose is to achieve an illumination of not less than 50 Lux within an area of 16 square

JEET 2025; 12(1): 1-14
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meters. It is used for outdoor areas, whether in gardens, walkways, or activity areas. The working principle is as
follows: It uses a NodeMCU ESP8266 microcontroller as a processor, which processes the light value obtained
from the LDR light detector. If the illumination value is less than 100 Lux, the microcontroller will command the field
lamp to operate automatically. The lamp is equipped with an LED light bulb as a light source. It can be used
continuously for at least 4 hours. The loT system designed can be turned on and off, and can also read voltage,
current, and illumination values via a smartphone using the Blynk application. As for the voltage source, a 20 Watts,
12 Volt DC solar cell is used as the power source for charging the battery, which has a 5 level LED battery status
indicator circuit. From the test results of the field lamp presented here, It can provide a maximum illumination
of 1,000 Lux and a minimum illumination of 60 Lux within a specified area. The minimum illumination is within the
set range and can be used continuously for 4 hours and 20 minutes. The on/off command, reading voltage, current,
and illumination values via a smartphone with the Blynk application can also be done well. Therefore, it can be
concluded that the designed outdoor lamp achieves its intended purpose and can also be used in various places,
providing great convenience.

Keywords: loT System, Outdoor lamp, Automatic, Microcontroller, Smartphone
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a (%

q
ada: mytolauanuiauuuunauding, Asuszuiaauian, ineiludidnninluga

Abstract

This research presents a numerical study using computational fluid dynamics (CFD) and conjugate heat
transfer techniques to evaluate the thermal performance of a heat sink designed for thermoelectric modules under
steady-state conditions. The heat sink has dimensions of 140 x 300 x 37 mm, with 20 fins and a heat-receiving
area of 40 x 300 mm. The model was subjected to constant temperature boundary conditions at three levels:

80 °C, 90 °C, and 100 °C. Forced convection was applied with outlet air flow rates of 0.04 m%s, 0.05 m?s,
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0.06 m?¥s, 0.07 m%¥/s, and 0.08 m?s. The study found that the air temperature difference and air velocity significantly
influenced the heat transfer rate of the heat sink. The specified flow rates resulted in turbulent flow, with Reynolds
numbers ranging from 5,300 to 10,600. The heat transfer coefficients were similar at identical Reynolds numbers,
while at 100 °C, the Biot number reached its maximum across all flow rates.

Keywords: Conjugate Heat Transfer, Heat Sink Fins, Thermoelectric modules
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Abstract

This research article aims to: 1) Examine the current conditions and challenges in developing
environmentally friendly housing estate projects in Bangkok and its metropolitan areas, 2) Analyze the external
environment influencing these projects, and 3) Propose guidelines for environmentally friendly housing estate
development. The study employs qualitative and document-based research methodologies, using frameworks on
real estate project development processes, sustainable development (SDGs), sustainable business practices
(ESG), and external environmental analysis (PESTEL). Data collection tools include semi-structured interviews,
guiding questions, and focus group discussion notes, involving 26 key informants from residential real estate
organizations, experts, academics, and government officials, as well as 18 stakeholders across seven value chain
groups, including investors, executives, customers, communities, partners, government agencies, and academics

The findings highlight: 1) The relationship between housing project development and SDGs: SDG 11
(designing accessible, safe, durable, and sustainable housing), SDG 12 (efficient resource use), and SDG 13
(reducing greenhouse gas emissions); 2) Alignment with ESG concepts: reducing environmental impacts, fostering
community well-being, addressing vulnerable groups' needs, and ensuring transparency and community
participation in governance; 3) Key external factors such as environmental policies, consumer purchasing power,
demand trends, technology applications, site suitability, and legal requirements; and 4) The study proposes
actionable guidelines for developing environmentally friendly housing estate projects, emphasizing stakeholder
engagement across the business value chain.
Keywords: Development of housing estate projects, Environmentally friendly, Housing estates in Bangkok and its

metropolitan areas, Sustainable Development Goals (SDGs), Environmental, Social, and Governance (ESG)
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Abstract

This research developed a prototype of a flat metal sheet roof utilizing closed-loop oscillating heat pipe
(CLOHP) to dissipate heat from the attic. The study examined various types of flat metal sheet roofs and the effects
of solar intensity, using a solar simulator equipped with halogen lamps to replicate solar energy. Experimental
results revealed that as solar intensity increased, the attic temperature also rose. The flat metal sheet roof equipped
with closed-loop oscillating heat pipe, with forced heat convection via a fan, exhibited the best heat transfer
efficiency. The attic temperature was reduced to a minimum of 38.3°C at a maximum solar intensity of 600 W/m2
This indicates that the heat pipes effectively draw heat from the metal sheet roof surface and transfer it to the
atmosphere before it enters the attic.

Keywords: Attic, Flat metal sheet roof, Closed-loop oscillating heat pipe, Temperature reduction
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NWaLIIUNIRANE

Lﬁa\‘imﬂﬂaﬂmu%@mmuﬁ;u?diau (Closed-loop oscillating heat pipe, CLOHP) Lﬂuqﬂﬂitﬁdwmmm‘fau
ﬁﬁaminuzgja Tasaiuannranndaasonaaduldoae uussus=nInIumas i LianufobILazILRsIT= LY
AMUTOU mﬂ‘LW/iaLﬂuqzyzywmﬂmsqmiﬁwmﬁaUé’@ﬁnﬁlﬁuﬁmm:aw ﬂavlnv'ﬁ?ugwu’l,umimummm%@uﬁa
mstaRaufinuusuyasavheuwnsluie Wesanuasannuawlanasm Iz E NI IR LA
AIULUBINAUM SR UTOIUE T BIENTTNI m“'aLLﬂiﬁﬁwa@iaqmé’nwm:mamwﬁama:wiamwi’ammué’f'u
19300 A swanlasaen Lﬁumuﬂuﬂ‘ﬂmdmﬂluﬁa ANMULNIFEIRTTNRE AOMNFIBNILANIINNIN TV
§137191% JULBBINNINNG g nnTNNIInL LLa:mmi’auﬂamﬁ’];jviamm%ammua%"mﬁau [2-4] 1il8937n
gu1TaaPIrianuTauuuLawassauldine wasrianuteuinisneuanssnisniufeuiisaasiuazd
ﬂs:ﬁw%mwmamwﬁauﬁgo %dgnﬁmﬂ"ﬂmzumzmummi”aua%’m%’uqﬂﬂmiﬁLﬁﬂmaﬁnﬁuuunzﬁ@{@ Li uae
ame (2023) [5] leWamnriaanusousuuauwsausudals R1336Mzz 1duvaslnarinouiisansinmsdugs
30107 40% szm_lmmsn%’nmqmﬁgﬁgdq@mﬁ'waa%ﬂﬁwaaavﬁﬁ 75.5°C muldmIzanuian 600 W Tadnin
nydnlifiviearnusauuuuawisseuds 9.7°C Maydanik uazame (2009) [6] "l@Ta;ﬂmsw”@umLLa:ﬁﬂmmiﬁwmu
°uaaqﬂmnis:mammﬁ”auﬁm%uqﬂnsrﬁ&&nmaﬁﬂﬁﬁlﬁ oMU uUUAWIITOU I@yﬁaqﬂninfgna%ﬁamnﬁa
NaILAIEII 5.6 m ﬁLéTumuﬂuﬁnmamﬂuaﬂ 2 mm LLa:LﬁuwwuﬂuﬁﬂaﬁanWHIu 1.2 mm gnaaasaduindsay
gaad 17 Teaden qﬂnirﬁﬁmmsnﬁwmﬂﬁasmﬁl,aﬁmmw‘[umami:mm%’au 5-250 W

z%m%’umsﬂiwqﬂ@“l.ﬂmzuuwé’omumw%aummmmﬁ@:T Arab Uazam (2012) [7] leaanuuy 8379 LAz
fadsvioanuontundITauifanusnfasluaissinidounsssmussonfiaduumadlyloven lagldva
°naaLLmﬁﬁLﬁumuﬂuﬁnmamfﬂu 2.0 mm wazdl $1wnldadondn 6 sou vaslnarnuildaeinngn nasnt
waaalififinin vieauanLuLaRI9sa LTS EINMILEY 70% IﬁﬂﬂiﬁwmﬁLaﬁmﬁq@LLa:mmsﬂ“ﬁ’muvlﬁ
muﬁqﬂ Charoensawan wazams (2021) [8] g suasAnsnszuniaiasrininfounasuuasanfiaguuuusnsey
AlFran NI RLLLERIITEU BITUAUNEINBUFINAATULLLHWS DU no UMD HaA MU TaRIULF W T
W% 10 10 LLﬂ‘:ﬂiﬂUﬂQN‘ﬁuﬁ 1.5x1 m? I@mLwiazﬁaﬁwmﬂﬁamflam?wadmem@lLﬁumuquﬁﬂmamylu
1.5 mm Lﬁuwﬂuguﬁﬂawaﬂwaluaﬂ 2.8 mm shwnwalid 20 Idadsn vaslnarauilddaatiings laadisaain
MILN 50% Wan1InaaeILEes WLAnIn sruuswsa sz ininiwnieanuioudl 67% muldanuduaasiod
ua981MAd 947-1086 W/m?

ﬁm%‘umiﬂszqnﬂfﬁamwii”aul,l,uué’lmﬁauel,umiag?ﬂﬁwé’ammﬁaa@ma:mwaﬁawaa‘s:uuﬂ{u
a1me dyzndanssouuazar Wi 168ns53salas Yang uazame (2019) [9] EviannusouuuusulIssay
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(Closed-loop oscillating heat pipe, CLOHP) LLamﬂﬁﬂummé”amijwmmﬂu’%qn%?ﬁaumﬁs:uuﬂ%’ummﬂiﬁﬁ
qm%gﬁa@méﬁsmwmﬁuﬁ'mﬁaﬁnﬂmmﬂl,?mﬁﬂ&iasaanmm:uuﬂ%’ummﬂ WaMIaan1Izas AL duLas
Uszndanasen lagrannufouluuauiainugid 21.6 m Lﬁumuguﬁﬂmamﬂu 2.0 mm uazd IRl
1 40 a13vineniildlurionnufoude R-134a srusasaunsidunifi 50% vesusunasaslurarinue
qm%gﬁmaammﬂmwaﬂgﬂmuquaglwﬁw 30-45°C lummzﬁqm‘mgﬁmmﬂmﬂlummsmﬁmqﬁu 26°C
HAM TS BLaas L FuI viamm%’ammm%;ummmﬁwmﬂé’[ugﬂLLuumiam‘?ﬂLLms:@”uLLaszulﬁmmé?au
ANUE1 ﬂs:ﬁw%waiﬂysawmawiamm%“aul,l,uué"uag'lumaﬂszmm 30% 119 50% uaﬂmﬂﬁmnﬂ'uqmﬁgﬁmaa
a’m'mu%qﬂ%%:ﬁﬂﬁﬂi:ﬁﬂ'ﬁwamsmﬂﬁumlﬁ’lmjﬁifuaﬂ"mﬁuvleﬁ”“ﬁ@
wonnitleddnsinriennuounuuswsseuIndaldnasmlasasaie s U8ANN TR 8 NINWAIANTIB %
3'(\1Liﬁ;jﬁmlﬁ%é'amua:ﬁmﬂ%'ummﬂ wagsdnmsansdeutateslassunsanuldanauisoues Saw uaz
Athe (2021) [10] VLéfaaml,m_lLLa:maam:‘uw&é‘aﬂ%ﬁaa@qmwnﬁﬁaﬂﬁ%ﬁamLLa:mUluaﬂﬂﬁs fgInafanIy
AUN8LT9A210T0% (Thermal Comfort) vadglFunaluanans lasyinmadSoufioussuunaa 2 s2uufe s2UU
wasenlansuuuifepuazssuunaianaoLindariannuiawtuLauTey vonnuseuseanvaadasis
NILAITVINALTUHIUGUEINAWAIDUEN 6.35 mm KUY 1.5 mm ANWHITIN 2460 mm Ifanuaatduasrinan
AsaTdIunILaY 80% ﬁauv‘iﬁ:mwamammi”aua:ﬁ@agj@ﬁ”ﬂua'ﬁ\‘lﬁu%é’amiamua:dmmuLmumamamm
%aua:agjimﬂundaaﬁﬁﬁmdaLﬁuvl,mmmﬁias:mzlm'm%auaanmnmsﬁwmuﬁ%’umm%auma’m%éﬁm
NANNTILUEAI LALARIN i:uuﬁéﬁmﬂdmﬁmﬁwiamm%ammué’lmﬁaummSna@qmﬁgﬁﬁaﬂﬁmﬁmaﬂﬁ
13% afiguivuuuildas aﬂ"mvl,iﬁmwlmm"ﬁﬁﬁvl,&ivlﬁs:qﬁi'lmuiﬁoLgﬁamawiamm%amm:mﬁmﬁuLms'fiaﬁ
naog9unlunsrineuesszuy wazlumslduassnmsssunsanuiensaniidrnaiuusnlagondesivaotfu
InarnunaasnasufIwAILLILTaIviennNautwN N e nuasdasuduinlunsinswsessuy Snvades
fiszunszunsanuanaenaninvseLiuriataossinfs GoadumsiRnenlfanslumvnanuasssuy
ISR ITINMIE TR LRl RAI A LRSI L TR TN AR Aasrian LT ouuULEwIsTa U et
wasmlasdmiszuiseuiousanlaganduonnidlnarinufisineruuinaasvionnuian uasinmsansnasan
4 sUunude waseuuuRe wasuuuUaaawniuanuouiltlasnallauresasna naseuuuiavianinw
FOULULAWIITO LN MITT LN UL T UG8 M ALLLTIINTIR LRTHAIALULAATIanNUTaRLUURWISTaLNE
mMsretnganuiandrsamanuuisaulaslinaay SnnsdIAnIINaIa9nNUTULAST 200, 400 WAL 600 W/m?

nldam I uuaIszUY

s aa o A a o
2. 'ﬂq%gllﬁz')ﬁﬂ"ﬁﬂ'ﬂ%%ﬂ']i')%ﬂ
2.1 19AMNTDWLUUAWIITOU
| o ) Py [ A v X ' a Aa o & <
rieanuianuuuswITeudaneuzaizln 1 aindunnvaadaaaivnndvmaiduiiugudnataing
danvadulanferszninsgiuinszing (Evaporator) LazdInaAIuLUL (Condenser) na tnAugIwlunstisin
anuiauda aavhnumelureaniosdiegluglurisvednad (Liquid slug) uszwadla (Vapor bubble) aaumiwly
anaanNsNvieatuaaslugl iaduzne ldiuanuiou ssdnumarszifamymenaodule vild
' o a =3 a ) A X &2 a o o ' I
waslaluswihmmedumalwgduuazionuanlodindn Jufaussauasiuluglurisseanaiuazwaslalv
Vl,mvl,ﬂﬂ'adaumuuﬂuﬁﬁqmwnﬂﬁ@i'}ﬂd’] 1SunUsIRI1 UIITY (Driving force) wadannunadlaaziiansniuuin
VUV DILARINEIRAILLUBLA TRV HRFIINMINAUITEAIIFIRIWE tiasnriaadaan3idurafsinva blun
' ' o ' ' \ { o o & { { . ° A
TTRINFIRTNTLRUUALEIRAILWURIIIADLEDINW1L AINUNITLAROUAYBILYIIVDIAAILAZWEI baTIWIURIIAN

SIUAITLLAY NI EIFINAIV LI 22V 1AL AANITL AR UNVBIVBILTIIVEILHRAILAZW DI LB DNTTWIURHIHIWLAILRLD
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L) o a o P o ¥ o a £ a o )
VIYIRIBNIICLRULUASLNANIIISLA YV DIRITININULDUNY %ﬂﬂqlﬁﬂﬁquﬂuq’ﬂLWN@GT%LLQ:Lﬂ@ILL?GU@uﬂaU
. A o o ) o o oA <& % % o A
(Restoring force) ‘ﬁﬂﬁ]zﬂuaqﬁﬂqﬂquiﬁul%aUauﬂﬂllvlll HIFIVAIULLUUBNATII ?]']ﬂNa‘llaGLLiG‘ll‘ULL@:LLiﬂﬂauﬂa‘Uﬁ
a X o o ° [N { A o [ I ° ' i .
MNATWNIBN 6 N %]g\‘l'ﬂ']l‘lﬁLﬂ(ﬂﬂ’]TLﬂaau'ﬂﬂa‘UvLﬂﬂﬂUN’]Vi%laLLUU&%TQ\T@’]?Y]’N’]%@HNLL‘H;'JLLﬂu'Y]a (Oscillation) L

RIVNIUENNITDRITNUNANNTDUNFIUAN T AU NN HIFIRAILLUW b

CLMAAN

ARSI

Condenser

o

c

j=2

o

&

< > B
Q &
= ]
= g
Liquid =3
slug s
w

vapor = - -

1 I } f Evaporator T tt T

311 1 rieanwipuluUFwIITL [11]

2.2 ARIALHWLIIULNNATN

Lﬂuna;uﬁé'aﬂwﬁwﬁmawnL%ﬁﬂ WU T NNaTn wazsIneR a:ﬁﬁ;m@iuﬁaﬁmﬁfmm VTN AALNWNTNUN

= A

nalngiistinaasasds uananilanzdsfianuudsusimumuinn uwddilianuwioibengunilvaun
o A ' A o A . A ° o o v A & e Aa o a
iansaiduginsedneg AnaanUsziandulianuisanazyinle MmmmmwLﬂma@ﬂuw’bﬂuﬁaquu Jdszian
' o A o A o A A A o & Y A o =
vosusmrindnldifanlimaegduoy lasazfiuwuidusenfivandenuliiuagiuiniasio wazuuuunmisoy
wananigsdanuninlmasnuinuy lesUnfazianunuf 0.30, 0.35 waz 0.40 mm
2.3 N1TONYINANTDBHIBAAIAN

1 A a 4

INNBHNTAIBINANNITaN [12] IToWaIA1 S UNAIUIINNILHTIFTBIA9a TA¢ %é’amazg}ﬂnﬁu

s a s v o 9/&’ a a = { &/ o s s
Waddﬁu“ﬂﬁ]dLLﬁ\‘lE]WY]@]EI(L‘TI%WQ\‘]\‘]W%@YJ’]N?E]% mlvxwummUuaﬂmammmﬁqm%nuﬁmmu RINIVKRRIALLTY

U u
12

LWROUUAZ LU URAAWIBNUAINTDY mm‘?awnzawmnﬂmiLLN%'aﬁﬁ]:gﬂ@Wﬁ'uI@Uﬁuﬁwmaa WAIAT AT
vwsuwzfamigayiislasniswiuazwiisianuiauldiveimeaniouan mm%auﬁmﬁaazvlmLﬁwgiﬁaﬂﬁ
ARIAINRDI v‘iﬂﬁqmugﬁﬁaﬂﬁ%é’amaﬁmmLﬁ'uﬁu sh'u;v\é’amLmuﬁmiamm?auuum%ﬁausaué’agﬂﬁ 2 ANy
%aumaﬁhuﬁa:vlmrﬁwg%ﬁaﬂﬁ%éhmﬁmaaﬁlzgﬂmﬂmaan@hmiam’m%au Tagaenusaulnaniurisanuion
ﬁmuﬁﬁzmﬂ%dﬁ@ayi@i’mahmé’umuazﬂ@ﬁmhalamuﬁumﬂm’am:Lﬁ@mifs'mmummﬁ”aﬂﬁl,l,ﬁmiﬁwm
%é’amnifumiﬁwmazmﬁauﬁvl,ﬂﬂ'\‘imumuLLuumawiamm%faw'ﬁaag’@T']uuanﬁaﬂﬁmé’ama‘haaa UAITELN
mm%”auvl,ﬂﬂ'ammﬂﬁvlmmuﬁwiamumuLwi,u‘fﬁ@ﬂmswwmmfammuﬁssumﬁv{%aLLuuﬂ“ué'mTauw”@awg}@

o

o ¥ ¥ v o o a A I a ¥ tdv
ane 1/1711&:11511%%aﬂwmmmamﬁqm%{]mma "ﬁx‘lﬁ’]&l’]iﬂLﬂ&luLﬂ%ﬁ&lﬂ’]iﬂ%ﬁﬂ‘]ﬂ,@l Jh

qtotat - qtoss,conv + qloss,rad + qcond,in + th (1)

1087 g AadauiauisnuanuraiiiiannuiowNnuHTIENgNgatulas AR LB IRAIN
Gioss.conv ABANAUTOUFLFLABNITHIAINTOUIINNAAIAY Goge 00 ABFNAMNTOUFYFB AN TN TIFANNTOU
MABIA Aoongin ﬁammm%auﬁgﬂdﬂﬂﬂ'@ﬁaﬂﬁ%é’amﬁ‘maaﬂiznauﬁwmiwwmwﬁau Qoony TINNLNITUHIIF

ANNTB Gy UAE qy, ABAIANTDUNYNIZUNBEENIINWAIANGE CLOHP
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q loss rad

qcond,in qcom, qrad

Hoaldwdanrinand

3 2 mathananusauiunaInangiresldnasni

31l 3 parealdnaimiaadluniiag mm

2.4 ?Jqﬂﬂiniltﬁzf%ﬁi)%ﬂ'ﬁﬂﬂﬁﬂﬂ

a‘}’wﬁuuuuﬁao’lﬁ%éﬁméwaaﬂmﬁmumé’agﬂﬁ 3 LAzFUUUUTBINAIAILLLAN 9 LLamé'agﬂﬁ 4 &3
Amuarwialisenndassuidoves Saw uazame (2021) [10] uddyuidosuanedanu waldimansauiufia
MImITuuasafiaduedlszinalng dsenaudis nasnuuuilfes 1atauuLFaawInAnaINNTan RRIALLD
farannuTounuuswIITeLfinmIssuisanusandisa mMauuu TSI auasuuuiaulagldwana TANATAL
dsznavlddrs wasldnasaairsnndimeivesalusnun 40 mm wasaunatndamuuniadldnasanild
ihaadaiuafneuldlasiall vuna 540x600 mm? Wi 0.3 mm A3 (FIMTHieNTa 211 Wim.K fnms
AATUTIFANTDU 0.9) awrunuaWTan PE §21-13% Juwaindunasenunainuaznud 10 mm (A3
ANUTau 0.029 W/m.K fmIseiansifninuion 0.86 Aanueumuauion 1.563 K/W) vioninusoutuuss
ey afannreadasinasuasidunugudnaanisls 1.5 mm idwiugudnansniouan 2.3 mm fwau

Td91a87 42 Tdaasn a2u811378 53.4 m JU5urasnelunivue 97.85 cm® wazlduiinaniduws1snineun

o : a = & = o o o ¥ o o !
AAIRIWNIILGN 50% ‘IlE]x‘)‘]Ji%J’IG]S.ﬂ’]EIFL%‘YIEI‘Y]G%&IWIIOL‘ﬂ%ﬂ’lﬁl,%u’]:ﬁ&la']‘ﬂiﬂu’lﬂﬂ% [3] ﬁanﬁmzmgﬂﬁ 5
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- sty

‘ unafisy
] Data Logger

PRamaniatn

[t anriari RSty 3 P —

- i L . =
e s 1 KRR

aguen
wedliudanriaes Haaldudamdane ; . vidldwaardnaes viosldvasnisians R ~
= i dagumgil = dumisnsiagamgil

a =) a a et ¥
(n) ARIMLUULURBE () ARIMLUUAARWBIUNUAINNIDY

- uaafien

Evapora

section |
Data Logger ]

| Condenser |

| section |

[z CLPHP

meuan il i

volAndsnrdnane vinaldwdsnndnana

Ul vinau

= fuwlaniingaumgi

(M) KAIALULAAYIoANUIT D BUULEBTHRA9T0

31 4 FUULUYBIRRIAULLANN 9

° a 6 a . o ° ' a
Taaasussafiadifina (Solar simulator) FnanwaaalWanlaiau (Halogen) $1w3n 2 naaa udnzwaaad
sl 1,500 W dindanuduusdisdaliuussau Wi (Dimmer) 2 67 uazWaaN@ABIMATWIA 120
mm U901 AT 220-240 Volts @M%L5238L 2,550 rpm 8@5IMT IAa28981Ma 2.3 m¥min VaeinmInasay

wiafgmnnd m duniadg g munasluatidasiia K (@nnuaanaiaden 10.5°C) waziad AN ULES

Mo lwuaiiaes (Manuaanaiaaan 110%)
Suduazyinmadalsnuiaafion rassiiiaanuian) westsuaanuduuss i 200 Wm? lapaudn

a o > a ° v o P & ' a v .4 )
ﬁ]']ﬂvLWT]“l«LPJNL@]ﬂ‘g LLGtYI']ﬂ']TJ@]ﬂ']Qm%Q&J B AR WIATN €) @Nglh’l 4 WGLL@]L’JBWL?&J@]%Q%ﬁO 30 min DITEUUILLVN

U

8N1LAIAL Y InasauLnliawdunaNauuuLas 400 W/m? uaz 600 W/m? lagnagaudi 3 A39 d1nsLLARE
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AMNLTULEI LA Lo AL ATIZANE TNIARaIALULAAYIaAINNTo LU URWIITOUNTNITTZUILANNTO

wuvutseulasldwaaw ﬁ]:Lw“wmil,il@W”@]amﬁagmmmﬂmumumuLmu"uaaﬁamwm”au@"‘aLL@iL’%mTumimaau

3. wan1vguazanilg
dudsndasnmsdnsdsznauldene AANuTNLEILATRAINNIUUDLAN9 ﬁﬁwa@iaqm‘mqﬁ o AR

1 A 1 1 v v v s
f1d 6 VaIIeuU ﬁnmzmwam:'ﬂﬂmmmamﬁzmﬂmm‘iaﬂu%aﬂ@ma\‘lm

o
o '

Naﬁnnmﬁﬂqnmgﬁﬁwmaﬂuﬁmﬁaﬁ@mﬁmugﬂﬁ 4 (n-A) WUFN AILAISUAUNNINARES O §9 30 min
mnﬂﬁﬁuuﬂawaoqquﬁ o AU AIURIaIRAIAT Aad1909naIaInIeawIu uazamnndnieludaald
wasmdnassvaInaImULdazLUUlianyasniiounuae aomnd ab d1unikeengg PasnasmasdaAndu Wenm
LA i]%ﬂi:“(]%lﬂ”]g&ﬁﬂ’l’):ﬂdﬁ (Steady state) MI811320718 30 min FIUUEIRINANITNARBINENIZAIANN
ﬁmimwﬁagﬂﬁ 6-8

gﬂﬁ' 6-8 LLammmé'aJw”ufs:WmmmL°1T;JLLaaLLa:qm%QﬁLaﬁﬁ b GIUAUIEN § VBINRIAN I@mgﬂﬁ 6
UAAI RN TEILUYBINAIAN gﬂﬁ' 7 LEAI RN IAANVBINAININIDAUIL LLa:Eﬂ‘ﬁl 8 usasgmnninmaluas
ldnasandnas lasluudazgusznaudianasanzluuudiig fa wwuifes wwudeawiuiuanuiau uuu@arie
AN ULD U AWTE LN M ITE LA IR T TSN AR LU DA AT AN RIUUEWIITOUNTNT TN gAY
Souuvvisavlasldwaas mrﬁﬁﬁwmawé’amlugﬂﬁ 6 dzfiuinflomanudunsaRudtuan 200 Wim? e
600 W/m? #asnnis 4 mezﬁqmﬁgmﬁwfuaaha"ﬁ'mﬁmmummL°1J’3Jumﬁgaﬁmﬁaamﬂvl,@ﬁ'umm%“aufu'mms
WSS EARNINNAY 08n9lsAmY a e ILEsL ST qmﬁn‘jﬁuwﬁamﬁa 4 wuy lanuuandsatnITaLI%
Wuee o AULTULES 200 W/m? qm%aﬂﬁmﬁ'ﬂﬁ’mmamﬁdmagﬂuma 67-70°C ™h ANNLTUURS 600 W/m?
qm%gﬁa:ayﬂwﬁau 96-99°C mm@;ﬁﬁﬂﬁqm%gﬁéﬁLmu',aﬁ'suumawﬁ'aml,l,@m@mﬁ'u AN INaaed luudas
ﬂ%qnm{]ﬁﬁam@1aaaﬁﬂ@aﬁimﬁmnﬂﬁmuﬂmag’lmj”m 33°C f14 37°C

-e-Bare roof Roof with Insulation -e-Bare roof Roof with Insulation

Roof with CLOHP & Natural conv Roof with CLOHP & Forced conv Roof with CLOHP & Natural conv Roof with CLOHP & Forced conv
120

100 100

80 —_

>
(=}

60

Temperature (°C)
Temperature (°C)
D
(=]

40 40

20 20 ! ! !
0 200 400 600 800 0 200 400 600 800

Solar intensity (W/m?) Solar intensity (W/m?)

=h.
=h.

gl eqzuﬂgﬁﬁauumaméﬁm 31 7qmwgﬁﬁamwam§'ﬁm/ﬂmu
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-s-Bare roof Roof with Insulation
Roof with CLOHP & Natural conv Roof with CLOHP & Forced conv

60

Temperature (°C)
B wn
(=] (=)

[o%)
(=]

20
0 200 400 600 800

Solar intensity (W/m?)

1n 8 qm%gﬁmﬂuﬁaalﬁwé’am

2]

a { o A Y a X o '
‘wmimwgﬂﬁ 7 waz 8 lunIdnasnuuutlfes tUan U T NLRILANTWIA 200 W/m? Te9 600 W/m? @1

Aada . [ A @ v @ ' A & ' =2 Y o Aa
DIUNY ﬁmmaﬂnamaamLLazqmﬂQumyluvxaalwaamazﬁmmmuamamu‘l@m HuAo qmmummmaﬂu

v o

)
wasldnasnnazinduadrsuinan 67.0°C 1l 98.6°C wazann 40.3°C lalifly 48.8°C anudey 2z1finin
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Abstract

This objective of this study was to assessment the household’s energy consumption and renewable energy
potential, as well as propose guidelines for reducing energy consumption by introducing energy technologies. The
study area is Muang Kan Phatthana Municipality, Mae Taeng District, Chiang Mai Province. The actual energy
consumption data in 2022 was collected by using a questionnaire. The results of the study found that a total energy
consumption of 4,506.83 toe/year, it divided into electricity, fuel, and cooking fuel groups of 907.22 toe, 2,427.33
toe, and 1,172.28 toe, respectively. A greenhouse gas emission from energy used is 14, 890.58 tonCO,eq.
Households had energy expenses accounting for 26.24% of household income. In terms of renewable energy
potential, it was found that the area has rice husks equal to 180,782.11 kg/year and corn cobs 6,211.92 kg/year,

which is equivalent to renewable energy potential from biomass of 2,691, 823. 84 MJ/year. It was also found that
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the area has the potential to produce biogas from animal waste of 1,145.38 m® year, equivalent to energy of
418,064.36 MJ/year. The appropriate approach to reduce energy use in the community is to use leftover materials
from rice cultivation and animal feed, including using animal waste to produce biogas and use it as heat energy
instead of using LPG.

Keywords: Renewable Energy, Energy Consumption, Energy Potential, Greenhouse gas emission, Appropriate

Energy Technology

1. UNWH

Lﬁa@]auauamaamumsﬂwé’amuﬁﬂ%’mwugmmmnifu‘[mzé’uﬂium Fadunasnanmaaulaves
ﬂizmmua:msﬁwmmmgﬁﬁ]ﬁm@u,%:; v‘iﬂﬁmmﬁaamswé‘ammﬁugoifﬂunﬂmﬂdm Vﬁmﬂqmmmﬁmm:
MIENABEIaUTE91 T vastdedin Ussnalng SiasRenunasns s wnaada 1w diuiin $18% sz
FIINTG %a&iawanitzm@iaﬁaLL’J@]ﬁauasmgul,l,iavlai'jwzl,ﬁuﬂ'ﬁmﬁsml,maaamwgﬁmmﬂ (Climate Change) %38
ﬂrgmmﬁmmammﬂﬁ’;ymqﬁmzm’aawé’aam%ﬂﬁﬁmu@Lquwé'amuﬁé'ﬂ 5 unwneldnsay Thailand
Integrated Energy Blueprint (TIEB) ldur unuWammainda Wi (PDP) unuauinEWAINU(EEP) U@
WRIITUNAUNHLAZWAIIIUNIGLE BN (AEDP) LHWNNTI AR AN 555071 H(Gas Plan) UazLHRUSHIITANTHNT%
LBaLWR(Oil Plan)[1] LA B aANANTENU LA FILFTUNTITNAII o190 2 AnTawuazisiin nsdrsranmsle
wé’amm:é’ugmuﬁaﬁmméwﬁ'@aai'mﬁaLﬁialﬁﬂizﬂaums’mLquLLa:uhmmiﬁmmmuﬁ'uu%mﬁaaﬁu

MIENENARIUWIN [TUUITTa9 sine lraTus uazameianesnslewasuluduswan s1naug
112 399Iaa1U19 wudwqmuﬁmﬂ%wé’ommm 1,450.0 toe lagutistTunaasnuwlnii 141.8 toe WaIIN%
\HaIWAS 374.7 toe uazinsuBaInas 933.4 toe uazdinmsUdasfmGaunszan 4,373.6 tonCO,eq Aauludnldding
MUNRINUTaRT 22.7 289518 beaTaSau[2] :uiduvad Usening taised uazame laansnsewadan way
USunmmsdassmmideunszanainmslanasnuluid mﬁ 6 Uwi9tfeg druamilasuna sunaudisu 291Ia
Wealna I@mﬁﬂmﬂﬁuia;&a%ﬁwmu 127 AT2130% iayaﬁﬁuﬂi:ﬂauﬁw e Mad N U wazIaMTLY
wasiasealtliin sfiauasUsinawesiniundainasilsluonunnue shauszUsinavesdondefileltlung
duluasisew uazyinmsdmwimduainasnuifsuriiuasdsunmnsdassfines awnszan (Emission Factor) T
mMIdwan wazlunsdieneilautoniswarsoniin 5 ndidine) Ao C1-C5 MWAN MM NI ITRAINULAZFINS
PBIATIITOU NANITANBINUINNNTLITWEIINUIIN 7.20, 38.44 127.46, 131.88 LAz 220.89 KOE/AABH §1ATU
ATITaUNGN C-1 19 C-5 AudI6L waedilsinmmItassfmseunszananmislansssuiaadowinny 41.21,
173.05, 434.65, 470.57 uaz 732.16 kgCOeq/ihan MniuATITauNgy C-184 C-5 ud1a[3]

Nuisufd g lwAuisnnunannaisrasngansunislinasaulundazasaidan aniugu
AINA miﬁﬂmaﬁuﬁﬁaq\aLﬁumﬁmiwsﬁmﬂ‘ﬁwﬁi”dﬁﬂtﬁfzé’ﬂﬂ%"g a1 LALLM LUMTEILESUNIHER
wazldnasaunaunuluiuimauiadesdesunuiam s1unauiuas saniaiduslna Lﬁ"alﬂwﬁa;&aﬂi:ﬂaums
FavuNnNaIuiasAun Iz ansaw ADUFHBIANUADINITVDITHTY LATFAAANDINUUIINIINITHAW

WRIINWaENI8IE UV BIUTTINA

o 6 a o
2, 'JGIQ‘]J?&N\‘]WIIE]GI”I’ITJ%EI

A = a ¥ o v o oA & A a .s o
1.0 E]ﬂﬂ‘]:ﬂﬂil]’]mn'ﬁl“ﬁWﬂﬂﬁ']ul%iz@Uﬂi'J [P13)%} I%W%‘ﬂ LNAUNRLIDI LN DILLNWNGI U

4 ' a ¥ o { o & 4 o
2. Lﬁa%qLLu'JVn\ﬁﬂ’]iﬁﬂ Laiwﬂ']{lﬂfwaﬂ\i’]u'ﬂ@LLﬂuﬁLﬂuqxaNﬂUWuﬁLﬂﬁﬂqﬁLﬁa\'ﬂ.ﬁa\‘lLLﬂuWWuj

JEET 2025; 12(1)



MU TR UMT MW AIINWLAZ AN ATNNAIINIUN AN 1Y swiant ool uazaos

http://jeet.siamtechu.net

v
] o

aa a
3. 1DUYBADBNITANWBITK
v d' a 6 £2 s A & I v Aa K v = v nl' v
slunutayanltlumsTiarefidudayaszauaiaiton Sududayaidein uazdendudayanigndas uaz
LW TNNTEILARNITAN BN IF0IUTERI T IUA RN AT LI 1UaTLE ﬂaugﬁ'um”u@aum{lﬁm%mmmﬂ%

TaoHvuaanlunId L AUINWLEN oz 1

nmagauenan T lfiiudeys

v

i
BUIINTTAT lLJ.LN"I!..LI.LﬂI‘I]LI'IIU.

¥

I

Wudeyanirlindueesgusu

____________ N
1
wilvfayaduriu nivaseuioyadwiu
A
R it € == m e mm e :
h 4 |
nraaautayaiug uiladeua

Aarsidayas

;Jilﬁ 1 TUADWNIAL R

1) WUUFALDNN

LLuuaaumuﬁ'ﬁwmlﬂumnﬁuﬁagaa:ﬂizﬂa‘ué’aU@i”w 3 fuwnandsznavhe

- daud 1 ﬁa;&aﬁ'ﬁvl,ﬂ

R ﬂTaHamﬂ*’ﬁwé'ammam%'mﬁau wy b1 WaIIw Inn L%mwamaﬁu ezt alwasd Wiy
BNUNIALE

- dwmi 3 iagaﬁ'ﬂﬂmwwé’mu‘n@Lmusl,uv'fuﬁﬁa:ﬂi:ﬂauﬁaﬂ WALUTAIN LRI TN EITI

2)  MWINBLLUFAILDNY

ﬁ‘hmumjmﬁaasiwﬁ‘tﬁumnﬁuﬁm&aﬁmmimUl%gmmiﬁﬂmmmmmﬁaﬂ'wmwﬁnaﬁﬁ a3
1lasmnuasenudedunmisianiasss 95 uazszauanuamaefaufivansyldivinty 0.05 WaRarsanan
$rwanadenluiuiimauiaifondasununamiinua 5,694 a115a% wudisiiudayannngualadng
$1uan 374 aSeudaisanadansiaseHraninnuulngLazt L Ea R amunannIneada luduaouuas
3PA1TNIeNLULRBLAN mmfuﬁa@‘hLﬁumnﬁuiagm%ﬂ@ pl475n13gudrat19unudng (Simple Random
Sampling) Lﬁialﬁ'l,@"fna;w”aasmﬁl,ﬂuﬁ'al,muﬁﬁmaaﬂi:mﬂﬂ,ﬂmmﬂ Lﬁaﬁ,’lﬁayaﬁ"l,ﬁw]"lgiﬂs:mun'ﬁ"‘al,mw:ﬁ 2
finsamassuanuauiiuuazanugndsdnoutidngllsunsniianzidayn 15w Microsoft Excel WamIsams
ia;&mﬁaw\”u

N

" Ne W

JEET 2025; 12(1)



54

MU TR UMT MW AIINWLAZ AN ATNNAIINIUN AN 1Y swiant ool uazaos

http://jeet.siamtechu.net

\ia e Ad AUANALARNBUVBINIFNAIBENS (0.05)
N Ao WaUaIlIzTINT (WIBATUIOUNIRUA)
n fAa PIevaINguTaiN (Iwanaiaunimaiudays)

a '3
4. NMIAIERVONA

u

- 3ms’1:ﬁ°ﬁ’a§m:@hLﬁumﬁmﬁzﬁi@%lamﬂ%wé’amui@]ﬂmim?{ﬁwmswé’amumn%mﬂﬁvlﬁmnmi
\AuTayaLTu kg, kWh, Liter LIwn1i1898IWAINULABLLYN toe (Tone Oil Equivalent) laslddwasau
Wanwi sausasluand 1

- Aeszvnsdaadsesisaunszan (Emission Factor)6] lasldarnisdaasfoiSaunszanliuniie
tonCO,eq Va4 lWA1 0.4999 kgCO,eq/kWh Braiuiuudu 2.3116 kgCO,eqlliter WAaué s 2.9793
kgCO.eq/liter LPG 3.1134 kgCO,eq/ kg waztwNUW® Ny 0.0304 kgCO,eq/kg

- AAMZAAN IR UNS I UTDITITY fdsznoudsnasuTng wazfafinwangadad laold
fAsTiang g asuaaaluaaef 2 uae 3 TumsRanson

a 1 Y v a v Qs { v lé 1 s a {
amﬁzﬁmlmwmuwadmu I@ﬂslm‘mmwma’mﬁvlmwmmuaaun'm SﬁoLflumwmmmsdﬁ“mﬂmmsl,u"gwu

= . @ a :
AT WN 1 NNRINWLNLULNN [5]

5ha Unit toe/unit
ni kWh 0.00008521
LT liter 0.00074507
fla liter 0.00086198
LPG kg 0.00116693
i kg 0.00068364
1ain kg 0.00037848
wnay kg 0.0003002

13199 2 z%'@mui'a@Lﬁﬁalﬂﬁmaﬂm,ﬂwm

é’mwduui’a@gmﬁa wWALABTURINNT LLWﬂma‘fﬂ'a@)]

TR TRanaald lfdananaa 1B duna 9 s kel
) o . (MJ/kg) [11]
[7,8,9] 8,9] nsle [9,10]
. AU DE 0.291 0.793 0.207 14.40
aan
ﬂa@,lu 0.302 0.0 0.986 17.39
y LAY 0.230 0.507 0.493 14.27
717
W19 0.447 0.0 0.684 10.24
213 lwe 59 0.273 0.193 0.670 18.04

ey AaldRaTann 50 n/ewassmsaauas, 25 dw/ls, 1 assmsaauay/d anudunIudu15%
LN X da - g
93T oN wazAMNTUNNIIMYINIIUN 10% Wasgawden
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Cll e ! a 123 ) v &
M3 N 3 aﬂmumsm@]mmmmwmmgjaam [12]

_ . . A0INRINUDY . Y d e

T 90T DANMEIUVDY o . aaNIIUMNTNNER |6

dszinn e B . . udsnszinele -4 .

UAEa (kg/d/ i) AUYAld  uwianiwua (%) %) (mkg vaudenszingle)

(o]

an3 2.00 0.80 35.22 24.84 0.22
nyzdla 8.00 0.50 17.77 13.64 0.29
Tauiia 5.00 0.50 17.44 13.37 0.31
Taua 15.00 0.80 17.44 13.37 0.31
1 0.03 0.80 33.99 22.34 0.24

5. HAN1IATIZHTOYA
5.1 N1 lEwaseina
asUssdudSurmnslelnia I@]Elﬂ’]i"ﬁ’]LLuﬂﬂi:Lﬂ‘ﬂQﬂﬂ‘itﬁ"UadLﬂ%a\‘llvaWﬂ’] YUIARIAIVD S
wsaslFlnisunsasedeld Wi szoziamsldam uwmiae Alaiad-52lug (kwh)
msﬁnma‘hLLuﬂqﬂﬂerm%‘aﬂ"ﬁ”’LwﬂﬁaaﬂLﬂu 5 UsziAn Ysznaume qﬂmrﬁﬁlﬁmm’jn qﬂmrﬁﬁlﬁ
anwiau guninfuaiaat qﬂnitﬁﬁiﬁmﬂmﬁu uwazgUnIniidnnsaiing
nmsEnEwLIaLadasseudm Il lWiwindy 155.82 kWhidawa3aisou niawiniy 0.01328
toeidiawmiaion iaRansundudSanmmadses fosounszaniviany 0.07789 tonCOeqifian/aiaian &9
waasluasef 4
mﬂ@hmﬁmiaﬂ%ﬁL%aul,ﬁ"aﬁnmﬂmimwﬁi"gmuwmﬂmﬂﬂ%’qL%auluLﬂﬂuwaLﬁaaLﬁaal,muw”@umﬁmisl“ﬁ
W97 10,646,868.96 kWh/l AaLdunadanuwirinny 907.40 toe uazinsaasfoiSanunszanannnsls i
\WinNU 5,322.07 tonCO,eq

5.2 N3 IENAIITBRINBLT D INRIFIRTUIIUNIBRE

Y o oA a A v A A ¥ e ¥ oo A Y o a '

PN TN RIN M e wwnne lantsaandu 2 THe AotaniISWURT® waztinaudlrs lagwuin
TSI NS TN URTWaRY  22.3 liter/tdat WazANITMINNWALTALAAE 21.9 liter/tAath WAZLND LTATWAIING
WU NI AW INAAL T RUS U AN R I9TWRRULHINY 0.03552 toe/tdat In1stassmwisannszanannsiaings
\inA 0.11690 tonCOLeq/tfiah AILRAIIUATNIN 5

w"‘dﬁLﬁaﬁmimﬂumwmwaaqmuwmﬂ InslvindulTaiwaesIy 3,020,097.60 liter/d Aaruyads

112.00 Suu /D wazdimsmaiSeunIzannMI NI LNEITINTINAL 7,987.54 tonCO.eq

5.3 n'ﬁ‘l%’wé'aa'mnzjm?;a INRINRIAN

1uﬁaumaamﬂ°ﬁv§mw§aLﬁiammaﬁuluﬂfaL%uwu:im%’aﬁauﬁmﬂ‘f LPG TudSanmuady 7.3 kghdion
wazdnsldiBonatiuaade Auuazdin 12.5 kgidaw uas 5.8 kg/idan awdey sauaasanluaned 6 Aaun
WRIITWIINLYINNY 1,172.51 toe/Laah LLa:mﬁJa'aUﬁ”ﬂsnﬁauﬂi:aniamwnmﬂﬁ%aLw'ﬁuﬁamimﬁmmﬁu
1,581.11 tonCO.eq
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A15197 4 USunmnslawasauiazlsasfmonnizananmabd knvasasasan

Ysunamsld e . .
Uszianuad d fltane WRIIU aagiwiIannIzan
(KWh/L@aw/ ) e A ) e A . e A
aunsablnn . (LINAQWATIIAN)  (toe/lau/a3itIan) (tonCO,eq/taal/ATILIaN)
! ATILIDH)
WRIRIN 18.10 72.40 0.00154 0.00905
AN 28.50 114.00 0.00243 0.01425
NaLaes 23.60 94.42 0.00201 0.01180
ALY 76.27 305.09 0.00650 0.03813
diannsafing 9.34 37.37 0.00080 0.00467
STy 155.82 623.28 0.01328 0.07789
TIWNITUTH (siad) 10,646,868.96 42,587,475.84 907.40 5,322.07

A13199 5 U3an mm'ﬂ*’ﬁw feuLazldasfosaunza ﬂ’ﬂ’mﬂ’ﬁl“ﬁﬁ’]ﬁul.%a LNRIENARTL TN A

Ly USunawmslt fnltane WRIIU UaaamaIannszan
(iter\daw/ainTan)  (UINAGaWAIIION) (toe/lfdw/aidlian) (tonCO,eq/lAaw/AIILIaM)
ﬁwﬁumw’ﬁu 22.3 938.29 0.01665 0.05164
insudLra 21.9 700.89 0.01888 0.06525
Rk 442 1,639.18 0.03552 0.11690
S’JNYTG"IEN“]J% (@la‘ﬂ) 3,020,097.60 112,001,891.04 2,427.01 7,987.54

13199 6 ﬂ'%mmmﬂ‘*ﬁwé'\ﬂmuuazﬂa'amﬁ”m%auﬂi:aﬂmﬂﬂwﬂﬁl,%aLwﬁaLﬁammo@Tu

Uszinnuad Ysunamsld Al tane WA UsasmaiIaunszan
\FaLwas (kg/\daw/aizen)  (UInARawAaTIaan)  (toeldawaiisan)  (tonCO.eqidawniizan)
LPG 7.3 239.34 0.00846 0.02258
% 5.8 69.58 0.00396 0.00018
Au 12.5 12.49 0.00473 0.00038
7Y 25.5 321.42 0.01716 0.02314
gy (dad) 1,742,364.00 21,961,985.76 1,172.51 1,581.11

5.4 A1 1AININIIAIUNAIN®

mnﬁagﬂnaﬁuamlumswﬁ 4,5 uaz 6 WU adanluiufimauiadeadesunuiamda 1o s
WAIWLARLYINNY 2,583.88 Lnitden Tasutiaidudldsnadwin il 623.28 vmiden sswdainas
fIRTULIUNIABE 1,639.18 LINLADK Lmzml"ﬁﬁhﬂﬁﬁﬁ%ﬂL%ﬂLwﬁaqaﬁu 321.42 LMiden WawSouifisun
eldadsuesniadanluiusinaasluased 7 e'fida%iﬁ' 9,847.22 UA@a® LWL e lFIsdunasnuaadn
$ovay 26.24 2a9meldManue ugesliifininaiGoudasldselduinnit 1 1u 4 iesassuldaodunases

lé = &) 04 ' ld‘ 1 v 1 1 Y v dl dQ/ v & = o 04 Q
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aanszalsineluszozen

A13197 7 FAFININE MNALIRLBIL T DILNWNAW

neldnananiSaudalfian IwIunATITON Soua

31 5000 160 43
5,001-10,000 91 24
10001-15000 42 11
15001-20000 38 10
20001-25000 26 7
¥1nNd1 25000 17 4

PeLY 374 100

a 3 a
\BaInAg SLIVTERIY

HIBNINR U
63%

Aan
13%

31 2 FAFIBATINUNIITUNRI I

5.5 ANYATNNAINHYDIBN B

ﬁnngﬂﬁ 2 WU9Y A INsa RN T N RIAAL T URAEINTEUAY 63 VBIANLTINLFIUNAIINUNIRNAVD I

a A tﬁl 1 Y v a 1< v 1 Y v ‘;l a dl v a 1 v
AIILIDW °1Jmz‘nml‘*ﬁmﬂ@’vaWﬁmmﬂmas_laz 24 LLazﬂ']l“Eﬁ]']EJ@]']%L“E@LWGGLWﬂﬂ’]ﬁﬁd@]&l&lﬁ@ﬁ’)%ﬂi‘:N?MiﬂEIE]$

13 @R mndasmIaamazildiadundinuuesaiiFeustadvsddy uwinenfidudninwgegadanis

A IR WTOLNES 8819 bAmuNIFinmMInInaluszauaisanatariilauin dredadnadiuniiaen

wazinalulad lun19nauni 33n13NATISaUaINTDEAURNNTIAINY WA AUNA A buTzuzauaa nsUsuLaon

a A ' a v o a = & a v 4
Wq@lﬂiﬁuLWﬂa@ﬂqﬁlﬂWﬂq LLﬂzﬂqiﬁ\‘iLﬁi&lﬂ'ﬁl“ﬁwﬂ\‘]\‘l']%’ﬁ'l&naLﬂ%L’EﬂLWﬂGW@]LLV]‘I«LI%T]']TQG@'I&I DIRINNIDNAG

AN LTI UNRIITW LA T AU I LA RAAARDINULIUNTIATS A%

< & o - o @ o ' ' & 4 A A
niandayanmawizdaniues dwinanwnsessunawines [13] wuiluiuiwamneauiaiionias
unBAN@IW FUSanmunauinay 180,782.11 kg/dl Aadunwasauiiouwin 2,579,760.77 MJ/AD figstnlnaninaa

6,211.92 kg/l) LAGULYIMTWAIIWLYINAL 112,063.07 MJ/AD T10La7 inauatiiadtla unwA@wdananIwnaIwii

WIBNAD 2,691,823.84 MJ/D wiaLfisuyiufansduLyinny 53,601 kg/l Faugasluanaf 7
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ANSATNNRIINUWTIATWYBILNALIRLNDIL U DILN NG W ﬂ‘mﬁummﬁmué’mﬁﬁmﬁﬁluﬂ;u"nu )
ﬁawmwwm’wﬂ%mmuﬁ"aﬁwamvlﬁmn;&aé‘m{ﬁ‘wwwi'lﬁ’u 1,628.50 m¥/LAaw ®3a 19,813.48 m¥d \isuLrin

WAIULYINNL 418,064.36 MJ/D wia Wisuinfisuviuiaysdu iy 8,325 kg/dl AILaadluaTen 9

15199 8 ﬁ'ﬂﬂmwwé'amu%’smammqmu

s i o9 waiifa (ko) Taquatald HULYWRINY
321N Usunm (kg/d) (MJ/)
717 5384.68  3,144,653.12 WNAL 180,782.11 2,579,760.77
Fralwaiossas 235.25 175,967 9 6,211.92 112,063.07
PIPEY 2,691,823.84
@15197 9 ANUAWNAINUTININYDITHT
- U ua USunmuia HULIWRIIH
e (61) (kg/ ) (M%) (MJ/A) (mJrd)
IﬂL‘f‘Iﬂ 123 307.50 12.74 268.92 98,155.25
nazile 28 112.00 4.43 93.48 34,119.74
gn3 20 32.00 1.75 36.90 13,467.89
1A 27,479 659.50 35.36 746.09 272,321.48
PIPEY 1,111.00 54.28 1,145.38 418,064.36

*ANANNIEUVBIANTTINN 21.1 MI/m?

5.6 N1z BB INAATTNATINN

'«nﬂia;gams’lfﬁwé'mu LRZANYATANRIINUNALN U IUAN ALY NALIBLTBILTDILNUNMUT 39 bALEUBLWD

mamsa@mﬂ‘ﬁ”‘wa"’amui@mﬁunﬁa@l’ﬁuﬁmgaé'fw TasRasnalulad 2 THafe L@ILKIENWLUY 200 §aT a0
o & a
WAL TALNRILNAL

LATLHIDW 200 aAILLUL LA R TLNRILNAL

M9

317 3 wnaluladwasnunauny
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=Y Qs = ra 1 = dl Qs =1 [ dld U
AU ARANININTINI892 I AR L UEI NV BITINIAN T b AT U me:l,ﬂma@ﬂumﬂﬁmﬂiuqmu

nsyszilunanuIn
5.6.1 LALNIEY 200 ARY

wsan laidu 2 nydide

NN 1 ﬁwﬁwuuﬂﬁmwﬁ"&mﬁu WSV EUA I b

NN 2 VIUTNULRSHIRNA ba)

MILTLAUENTNY 200 AT S0 1 1A mmsna@ﬂflﬂﬁl,ﬁ"amﬁmavlﬁ 19.5 kg/taw LatHawdwIa

1 1fou domandiu 4 a31 NnUTInamIlfudanedun1sen 6 adiFeulinslfufianadu 495,573.7 kg/d dasu

v a ! 4 ¥ 123 v Qq: l& ¥ Y 1A o ' Qs
‘Wlﬂ@lE]\'iﬂ']iNﬂ@m'luLﬁﬂi’ﬁLLY]%LLﬂﬁw\‘]@lﬂJ‘ﬂ\‘i%N(ﬂ TedasltUSunmTitIne 4,066,245.37 kg/ﬂ LL@I‘IJ&I’E%ﬁﬂﬂEm'I‘W

Tiweswalunisdiinnis ﬁaéfmﬁmsmm’mﬁ'ﬂmmwiwguﬁu INA1I19N 8 Iﬂﬂguﬁuﬁﬂ%’]m%iﬂﬂwm

6,211.92 kg/l aaNTaNauny LPG e 757.08 kg/Dl uazanunsnaamsdaasfaiSaunszanlea 2.36 tonCO,eq/d) a9

A39N 10

A13191 10 UL AuMILTLaanenw 200 §as

NYMI ndif 1 NIt 2
FIAUAUKNIE (LIN/AAN) 2,800 2800
SIIUATIVBINTLEN TN (ASILADM) 4 4
FIIWIBLAUHITW 200 RAT (A7) 3 3
Usinanliile (kgidiow) (40 kg/nsd) 517.66 517.66
USinmaudile (kgitdion) (8 kg/nid) 103.53 103.53
induasulel iteridan) (1.2 as/ass) 14.40 14.40
seldanmIvenu (Lmm3a) (20 Lnikg) - 2,070.64
seldanmsmesihauasinlal wnmss) (70 vndiiter) 1,008 1,008
Nelannmslaiuwunuuiadn (LInidan) 1,930.50 -
NeldTn Wnndeuw) 2,938.50 3,078.64
FUNWANKTIU 200 BaT (UN) 8,400.00 8,400.00
szuzmauny (D) 0.24 0.23

5.6.2 LALARLTALNEILNAL

NN 11 uaasnanmsdsziiumsliiaudadamdsunay lasian 1 62 IEUSuunay 1.5 kg/as

1591w 3 5978 SeldUSunmunaun 135 kg/taat ﬁ’]&l’]iﬂLLﬂ%ﬂ'ﬁl‘ﬁLLﬂﬁ‘V)‘\‘i@mvlﬂ 11.1 kg 31NAITIN 6 UIvm

v o @ o A A o ) a A
milfufianiduvasnaiaiton 495,573.7 kg/l SedaslsunavludTanm 6,027,247.70 kg/D wddTanaunavluguou

fiRp9 180,782.11 kg/l anUSunmunaufifnindasinanliminuaassdasldiansiwan 111 62 Fegansanauns
LPG 6 14864.31 kg/ll uazaamsdassmaiSaunszan’e 46.28 tonCO,eq/d)
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= a ) o & a
M1 19N 11 ‘L]‘RLN‘I/Lﬂ’ﬁsL?jL@ﬂLLﬂﬁL?jaL‘WE‘NLLﬂﬂ‘LJ

RRliliep) Ui
TIENLAN (LINAAN) 2,800
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SmaUARLEoLWAILNaY (617) 111
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altanansdnsliunay (UnAdaw) 1,597.94
ol @Wnidaw) 39,061.36
ﬁunmmuﬁ”mﬁmwﬁumau (L) 310,800.00
szozanAwny (D) 0.66

6. d3ilua

msansUsunmnslinasnusasaFouluinimeauiaifoadasunuiamn s1tnautuas ssnia
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Abstract

Promotion of renewable and alternative energy usage on a local level can effectively lead to increased
national renewable energy potential, along with distributing energy security towards communities. This scheme
aligns with national development goals on various levels. Thailand aimed to increase the proportion of renewable
and alternative energy usage to final energy consumption to 30% by 2037. This research was conducted through
collecting data of energy usage in banana cultivation and banana processing. A questionnaire/interview was used
for a selected group of banana farmers. The data of banana processing was gathered with another
questionnaire/interview for banana drying and frying processes. It was found that energy consumption for banana
cultivation amounted average to 54,000 baht per year, or an equivalent of 1.92 toe per year. Energy consumption
for banana process was equal average to 421,228.20 baht per year, or an equivalent of 8.40 toe per year. In light
of the findings, the renewable energy measure of implementing 3,200-watt solar-powered mobile water pump
system for banana cultivation was considered suitable. Which can be used to replace diesel oil for watering 100%.
On the other hand, for banana processing, the use of 6.0x8.2 m? parabola dome solar dryer was appropriate. This
allowed the group to increase the proportion of renewable energy use equivalent to 86,109.30 kWh per year and
reduce energy costs by approximately 361,659.06 baht per year. The aforementioned implementations of renewable
energy measures serve as prototypes which can be further perpetuated, fulfilling the policies of the government.

Keywords: Energy management, energy conservation, renewable energy technology, public participation
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ABSTRACT

A split-type air conditioner, specifically the ceiling-suspended model, is a cooling system that offers
convenient installation. The selection of a split-type air conditioner depends on the size of the area, the nature of
usage, and the ability to control temperature. Typically, fixed-speed split-type air conditioners are installed in multiple
units within an air-conditioned space, such as classroom 7201 in Building 7 of Siam Technology College. This
setup often results in inefficient temperature and humidity control, leading to excessive electricity consumption.
Therefore, this research aims to develop a temperature and humidity control system to optimize energy consumption
for practical use. Experimental results indicate that the optimal temperature and relative humidity for room 7201
are 25 °C and humidity below 60%. The average power consumption is 4,250 watts per hour, which aligns with the
appropriate energy usage for air conditioning. This optimization helps prevent equipment deterioration and ensures
efficient electricity consumption.

Keywords: Split-type air conditioner, Energy, Efficiency
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s a nr o I3
6. RNUITANTIUTINULNIITINAULEW COP (Coefficient of Performance)
COP = Q/W (1

laofl  Q Aa waswszuuheanlugdvasanaiu (miodu kw wia BTU/N)
W da wasnw i nszuultlunsvineaw @iedu kw)

7. aaMaIulIzENTNIWNRIY (Energy Efficiency Ratio) EER

EER = 3.142 COP (2)
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T@ﬂ"l,sjﬁ‘*g@muquqmvxﬁﬁu,a:mwu%umﬂmsnmimaaaﬁ 1 m'sﬁwmul,ﬂ’*?"aaﬂ%fummmmﬂq@msﬁwmuua:ﬁu
miv‘i'm'mvlsjw%auﬁ‘uﬁﬂﬁmimuQ&Jqm%gﬁiﬁmﬁmumqmmgﬁﬁﬁmuﬂﬁaﬂfﬁﬂwé’aomﬁw 4,850 1AA¢0
77139 mnwamimaaal"ﬁmmuquqmﬂgﬁLLazﬂmu%uImyﬁmuﬂmqmmﬁ 25 °C ausutasnin 60 % a1n
A13ININARDIT 2 qmmuquqmmﬁua:mm%ummmmuqumiﬁﬂmum'%iam?ummﬂ 2 Lﬂ'%iawq@ﬁﬂmu
WazLS U eI ad a9 il 4,250 Saddatalug Namsmaaﬂ"ﬁ"qﬂmquqmﬁgﬁLLa:mm%u‘[@y
fwuadigmnnd 23 °C ANNTWTBINTT 60 % 9INANTIININAREIN 3 mmuquqm%gﬁm:mm%ummm
muqmn’mﬁ’mmﬂ%aw%‘ummﬂ 2 Lﬂ%mq@ﬁ’mmm:L’%'uﬁ'muw%aMﬁ‘ufﬂ@hwsﬁmuﬁw 4,700 Sadaotalug

'
A A

A13199 1 HWANIINARBIATUAND WA 25°C I@U"L%J'ﬁ“gﬂmquqmﬂgﬁua:mw%u

wiasdsuenme 1 wa3esiiuennia 2 ANULLA  ANULLA

waswinih  Aoudsaw  Aaudsaw®

i amnni(C) amnai(C) (kwh) Wwinslsy  1a3eellsu

21MA1  @Ine 2
9.00 30 30 0 NO NO
9.20 26 24 2.0 NO OFF
9.35 27 26 2.2 NO NO
9.50 26 24 3.7 NO OFF
9.55 26 26 3.9 NO NO
10.05 25 24 54 OFF OFF
10.10 26 26 5.6 NO NO
10.20 25 24 6.6 OFF OFF
10.25 26 26 6.8 NO NO
10.35 25 24 7.8 OFF OFF
10.40 26 26 8.0 NO NO
10.50 26 25 9.0 NO OFF
10.55 26 26 9.2 NO NO
11.00 26 26 9.7 NO NO
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A9 2 wamimaaﬂ‘*ﬁmmuquqmwnﬂﬁua:mm%u 25 °C aMuTwikasnii 60 %

w@saslsuaind 1

w@sasdsuand 2

§0NWEAA  ADNEAA
- » o anadw  wassmlndn  eaudsew  mauasan
a1 AMUAN  @NNTU  gmnna 4 e 4 e
(%) (kwh) @39l t@sa9lsy
(€) (%) (©)
a1né 1 a1nNe 2
9.00 30 69 30 69 0 NO NO
9.20 25 60 25 58 20 OFF OFF
9.30 27 68 27 67 23 NO NO
9.45 25 60 25 56 3.8 OFF OFF
9.55 26 66 26 65 4.1 NO NO
10.05 25 61 25 58 51 OFF OFF
10.15 26 65 26 65 5.4 NO NO
10.25 25 60 25 57 6.4 OFF OFF
10.35 26 67 26 68 6.7 NO NO
10.45 25 60 25 59 7.7 OFF OFF
10.55 26 66 26 65 8 NO NO
11.00 25 60 25 60 8.5 NO NO
@131971 3 Namsmaaﬂ"ﬁ‘*};@muquqmvsgﬁua:mm%u 23 °C auaukaunII 60 %
w3asdsuenid 1 wadesdSueima 2 A0UTA WA
g o 5% 1’5
R P o anuin  wasswmlWih  eawdsew  aAaudsawn
e QUAN  @NNTU QRN 4 e 4 e
(%) (kwh) w@sa9dsy  tAsaslsy
(©) (%) (©)
aym@1  81nd 2
9.00 30 69 30 69 0 NO NO
9.25 23 57 24 55 25 OFF OFF
9.35 25 65 25 62 28 NO NO
9.55 23 58 23 56 4.8 OFF OFF
10.05 24 65 24 63 5.1 NO NO
10.20 23 62 23 59 6.8 OFF OFF
10.30 24 65 24 64 71 NO NO
10.45 23 61 23 58 8.6 OFF OFF
10.55 24 64 24 63 8.9 NO NO
11.00 23 60 23 60 9.4 NO NO
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a o v o a d a P Y ' a
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3

mﬂ'ﬁl"ﬁwé’amul,aﬁmiaﬁ'ﬂmagﬁ 4,250 TAAG0T b

35
30
25
20
15

10

3Un 5 ni'lwLLammwé'uWuEizwj'mmuL'amLLa:qm%Qﬁﬁ 25 °C AgUAUMTMFANWRIITH

mngﬂﬁ 5 LEAINTINNANIITNARBINNANTN 1 ﬁmmqm%gﬁméaaﬂ%’ummﬂﬁ 25 °C ‘[mhiﬁqﬂmuqu

DMANAUATANNTUAILANMIYINUIBILATEITLaIMA

80
70
60 WV\/\/\
50
40
30 -~
20 —
10
0
q&_@ QQQQ %@@ Q&’JQQ %@QQ \QSO"QQ @@QQ @ﬁj& \Q%@QQ \Q&D@ \@%Q \\@QQ
T1 H1 i H2 kWh

sun 6 ﬂiﬁwLLammmé'uﬁuﬁ‘iszmuL’JmLLa:qmeﬁﬁ 25 °C @I Hitasnin 60 % LAguAuMTIEeN

NRII

JEET 2025; 12(1)



mia%’m‘*g@muquqm%aﬂﬁua:mﬁ VTUY ] m']m? msqa LRSI TS

http://jeet.siamtechu.net

'
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‘ﬂ?ﬂgﬂﬁ 6 LRAINTIWHANIINANDIAINANTIN 2 ﬁwumqmm‘] 1 25 °C auTWIBENI 60 % Lﬁ91°ﬁ°g@

muq&lqm%nﬂﬁua:mm%umuﬂ&lmiv‘hmwaom%aoﬂ%’ummﬂ

80
70
0N
50
40
30
20 T
10
0
g.@"@ qm@@ %%@B q@“@ \G,Q@QQ \Q@QQQ \609'@ \Q@QQ \Qcéﬂg \\@@
—T]  e— T2 co—H2 kWh
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Aada

sUn7 fmwLLammmé'uw”uﬁ’i:%deuLamLLa:qmv\Q 1 23 °C ANNTURBLNIN 60 % LBUNUNNT LA
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ABSTRACT

This research was conducted to design and evaluate the performance of an automatic expandable solar
charging system for a 6-seat electric golf cart, in comparison with a conventional fixed solar charging system. The
study aimed to analyze the differences in electrical energy output and battery charging duration. The experiment

was carried out from January to May 2025 at Siam Technology College, Bangkok Yai District, Bangkok, Thailand.
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Data were collected four days per week (Tuesday to Friday) between 08:00 and 16:00. Two photovoltaic (PV)
systems were tested: (1) the fixed system, which utilized a single 550-watt Mono Half Cell solar panel, and (2) the
automatic expandable system, which employed one 550-watt Mono Half Cell panel along with two 100-watt panels

that automatically extended to increase sunlight exposure. Both systems charged a 48V lithium iron phosphate
(LIFePOy4.) battery.

The results indicated that the automatic expandable system generated, on average, 870 watt-hours more
energy per day than the fixed system, and reduced the charging time by approximately 1.5 to 2.0 hours. Solar
irradiance was found to have a direct effect on system performance, with both systems operating most efficiently
on sunny days and less effectively under cloudy conditions. In conclusion, the automatic expandable solar charging
system demonstrated significant potential for enhancing energy production efficiency. It is particularly well-suited
for practical applications in electric golf carts and other small electric vehicles, especially in areas where installation
space for solar panels is limited.

Keywords: Automatic Expandable Solar System, Electric Golf Cart, Electrical Energy Production Efficiency
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Abstract

Climate change and greenhouse gas emissions have become critical global concerns, prompting educational
institutions to recognize the importance of reducing their carbon footprint through more efficient resource
management. This study aimed to investigate (1) the learning achievement of educational personnel after training
in the use of NotebookLM, a Generative Al tool, (2) their opinions regarding its effectiveness in reducing document-
related workload, and (3) the potential reduction in carbon footprint resulting from decreased usage of paper and

electricity. The research employed a quasi-experimental design with purposive sampling, involving 44 participants
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92

miﬂswqﬂ@ﬂ% Generative Al Lﬁaa@ﬂﬁuawﬂ@w?uﬁ Y qw‘ﬁé’nmﬁ Uz i6 uazame

http://jeet.siamtechu.net

from higher education institutions. Research instruments included pre- training and post-training achievement tests,
a structured opinion questionnaire, and a carbon footprint estimation tool based on reductions in paper usage and
computer operating time. The findings revealed that post-training learning achievement scores were significantly
higher than pre-training scores at the .05 level. Regarding user opinions, most respondents agreed that
NotebookLM helped reduce the time required for document preparation, minimized duplication in information
searches, and increased overall work efficiency. In terms of environmental impact, the participants reported an
average reduction of 10 sheets of paper and 12 hours of computer usage per person per month. These behavioral
changes contributed to an estimated total reduction of 372.29 kilograms of CO2 emissions per year for the entire
group. The study demonstrates that the integration of Al technologies in educational administrative tasks not only
enhances work efficiency but also offers tangible benefits in supporting institutional sustainability goals.

Keywords: Artificial Intelligence, Carbon Footprint Reduction, Document Management, NotebookLM, Sustainable
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ABSTRACT

The objectives of this research is to improve the production process of Washbasin Cabinet to be
systematic and standardized, reducing the production time and to be a prototype factory in terms of production
processes and environmental conservation, so that we can distribute the quality parts to both domestic and
overseas countries. From a preliminary study in the Washbasin Cabinet manufacturing company in BangBuaThong

District, Nonthaburi Province, it was found that there were some problems in the production process caused the
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delayed, resulting in reduced production efficiency, such as production process is not systematic, too many
unnecessary steps in the production process, the production process does not follow the steps continuously. The
researchers therefore proposed an improvement by applying the Industrial Engineering Techniques (IE
Techniques), including Process Improvement Techniques, Work Improvement Techniques, Problem Analysis and
Identification Techniques using the concept of Cause and Effect Diagrams, Problem Analysis and Solution
Techniques with 5W1H and ECRS. The research results found that the production steps of Washbasin cabinet
could be reduced from 238 steps to be 217 steps, reducing of 21 steps or 8.82 percent. The distance for moving
during the assembly process could be reduced from 485.00 Meters to be 458.50 Meters, reducing of 26.50 Meters
or 5.46 percent. The operating time for production could be reduced from 173.26 minutes to be 144.25 minutes,
reducing of 29.01 minutes or 16.73 percent. Besides, we have established the Working Standards, the Inspection
Standards for Quality Management, and also Environmental Conservation makes this factory to become a prototype
for producing Washbasin Cabinet.

Keywords: Washbasin Cabinet, Industrial Engineering Technique
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1) &ofauwmsUsznay FR-DOOR PANEL COMPL § 88 duaan vﬁ"al,mmslugﬂﬁ 4

‘ Process Flow Diagram of FR-DOOR PANEL COMPL ‘

@ puasmiccover @ ®DDDR STOPPER (1) szr BRKT (2) @ FR-DOOR PANEL (2) @FK DOOR FRAMECTR (4) @=x DOOR FRAMEUPRELWRR2) @Hwaz DOOR (4) @LJDM @ @ FR-DOOR FRAME.SIDE (2) (Dcowmn-rr @)
UL\ Part Received 1 [ NPartReceived  1H /N Part Received 16\ Raw Mt Receives 1F L\ RawMat Recefved 16 [ Raw Mat. Received tcLhPartReceived 182 Part Received Raue Mit. Received Rew Mat. Received
2 Peomeinper 1 Poumtinspet 2 ount & Inspect 26(_PCount & Inspect 2FC__P Count & Inspect 264D Count & Inspect 2o Peunt winspect 26 Poun inspert Counting & Inspection 2 ‘ounting & Inspection
i F Handling by E-FLift 3 Handiing by E-F/Lift Handiling by Electric F/Lift
3 O Handiing 31 O Handiing 3H () Handiing 36 ) Handiing by E-FfLift andiing by £-F/l 1z by E-F/L 3 O Handing 32 O Handing Handiing by Electric FyLift 3 iandling by Electric F/L
4V storageinw/n 4\ StorageinWH  4H\/ Storagein W 46 1 4 4 4 \/ Storage on Shelf-L 4 storage on Sheff-1
SF O Handling for Cutting _ 4 N storagainw/i 498/ Storagein W/H
I 56 O Handiing for Cutting -+ N ungiar 72 ya SE Q Handlngeor Cutting Handling for Cutting 5 () Handing for Cuting
5 Zand:w;g‘m“ 50 tnd:\r;g‘mu 5 0 lahg‘! . o b Ty s Cuting M/C ¢-2 e (et for T mmyaL g b Handing for < & Handingfor Cutting for 373 mm by AL o h\Coingfer 30y AL
sy table- sy table- 2 Sub . $ .
g MITE2 e N ascuting bt end by utting M/C -2 Sub-2s5y. Sub-assy Cutting M/C C:2 cottingjCC2
AL Cutting M/CC3 45°Cutting both end by AL 45°Cutting both end by AL 7 () Handlingto Press M/CP-1
76 O Handling by hand E Curting M/C ¢3
8 () Handiing by hand for il utting M€ 63 ing § (ot holes piercing for

Handling by hind for Driling 'LOCK-PIN at Press M/C -1
1-Slot hele piercing for FR-BEAM,

0P8 fiing st Press M/ P2

86 Dwaitonshelf2 g )25 dril for DOORHANDLE | banging by Basker
K0 fi by Dril M/ 0-1 5 Qoo pegy ey $30-2 holes drilling for HINGE- 9

g () Handing by Basket 40 80 5 Hole burring DOOR fixing by boring M/C -1

to Assy table-11 by Drilling M/CD-2
Handling by Basket o Assy
table-11 for Sub-Assy

Handiing by hand for Drlling

Handling by Basket
A-Holes Driling for HINGE-DOCR

Sub assy L-JOINT both side 1O ing oy orting Wi 01

Sub 255y HINGE-DOOR with SCR Handling for Storsge

Wit on Shelf-2
Handling to Assy table-LL

a7 Pust & AL Chips Cleaning 14 OHandiing to Assy table-12

by Air Blow st Teble-LL
$ub-ascy with FR-DOOR FRAME,CTR,

y 3
JUPRE.LWR & FR-DOOR PANEL REIF-
JBRKT to became FR ASSY-DOOR RH/LH

Handling to Assy table-12

‘SCR-TAPP,M4 (8) " 15 ( yDust & AL Chips Cleaning
by Air Blow 2t Table-12

i
71 Sup-zssy COLUMNAFR with
3l FRASSY-DOOR,RHLH & REINF-BRKT

SCR-TAPR M4 (2) i i
8107 (syb-assy DOOR-STOPPER
i

i
: 1xgsuuassymsncrcnvsn

18 O Handling for assembly table- 16
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2) sHuMIUIEnay FRAME-RR ASSY d 41 Tuaah Laza1iunidisznay FLOOR ASSY-PANEL i

26 VUGB @‘i’auam’lugﬂﬁ 5

Process Flow Disgram of FRAME-RR ASSY
1) REINF-BRKT (2) Process Flow Diagram of FLOOR ASSY-PANEL ‘

18 £\ Part Received

2) FRAME-RR UPR & LWR (1/1)

AL Raw Mat. Recelved

S)PLASTIC-COVER (2) (1) SCR-TAPP (8) 1) COLUMN-RR (2)

£\ Part Received 1c £\ P

COVER-FLOOR EAGE, FR (1)( 2 JCOVER-FLOOR EAGE, SIDE (2)( 1) FLOOR-PANEL (1)

18 /7 Part Recieved 1A /\ Pant Recieved 1/ \ RawMat. Recieved
(N it B Inspe b " : " Inspect
: )H‘I’MH““ pect 2A ¢[_ Count & inspect 2 { Peount tisp
3B () Handiing 34 () Handing 3 () Wandling by Blectric Fuf
48 7 storagein W aa N/ storage in W/H a N7 storage on Shelf-1
58 () Handiing for Cutting 5A () Handling for Cutting 5 () Handling for Cutting
. I I
68 () Cuting for 733 mmby AL ga () Cutting for 300 mmby AL .~ Cutting for 780 men.by AL
3 (2-Siot hole plarcing for FR-BEAM T’ Cutting M/C C-2 T” Cutting M/C C-2 L cuting mrc 2
SPRELWR fixing at Press M/C P2 ") Handling to Table-14 |
" (LR Wt ¥ 7A () Handiingto Table-14 7 () Handiing for Storage
8 [ wait on Sheti-2
9 o] Handling to Assy table-14

\_/ by Air Blow at Table-14

—— Dust & AL Chips Cleaniny
G0t 110 ( "
4 | Sub-assy FLOOR-PANEL with
11 () COVER-FLOOR EAGE, FR & SIDE
Tt FLOOR ASSY-PANEL

12 O Handlingto Assy table-16

51N 5 u,wmi'aﬂszmuﬂﬁvlmmaamzmumsﬂizﬂaum FRAME-RR ASSY uaz FLOOR ASSY-PANEL

3) &anfun1IUszney SIDE-PANEL,RH/LH & 9 T%aau uazn131sznay BEAM ASSY-SIDE,UPR RH/LH
ﬁ 30 mgumau @T\‘i LLE‘T@NI%E‘.IJ“?]I 6

| Process Flow Diagram of BEAM ASSY-SIDE,UPR RH/LH ‘
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(3)LOCK-PIN (2) (2)JOINT (2) (1) SIDE-BEAM,UPR RH/LH (1/1)
. 1B Part Recieved 1A Part Recieved 1 Raw Mat. Recieved
Process Flow Diagram of SIDE-PANEL, RH/LH
28 Counting & Inspection  2A: Counting & Inspection 2 Counting & Inspection
3B Handling 3A Handlin 3 Handling by Electric F/Lift
(1) SIDE-PANEL, RH/LH (1/1) g
48 Storage in W/H 45 Storage in W/H 4 Storage on Shelf-1
1 SIDE-PANEL,RH/LH Received : Handling to Assy table-15 ga "y Handling for Cutting 5 Handling for Cutting
6A Cutting for 40 mm.by AL 5 Cutting for 312 mm.by AL
2 Counting & Inspection Cutting M/C C-2 Cutting M/C C-2
7A O Handlingto Pressm/c 7 Handling to Press M/C -1
3 Handling by Electric F/Lift 2-holes piercing for
8A 2 holes Pressing for LOCK-PIN 8 LOCK-PIN at Press M/CP-1
4 Storage on Shelf-1 fiing by Press M/C P-2 Handling
10 Double grooves Milling for JOINT
5 Handling for Cutting 9A () Handling to Assy table-15 fixing 2t Milling M/C -1
11 O Handling
6 Cutt!ng for 350 mm.by AL 12 [ wait on shelf-2
Cutting M/C C-1
13 Handling to Assy table-15
i 1
7 Handling for storage 3 14 Dust & AL Chips Cleaning
%: IWAWE\OW atTable-15
. 1 i
8 Wait on Shelf-2 5 Sub-assy JOINT to SIDE-BEAM,
7 15 LFR RH/LH wsing LOCK-FIN o
.. _ .. 7" become SIDE ASSY-BEAM,UPRHR/LH
9 Handling to Assy table-16 16 O Handling for storage at table-16

El]ﬁ 6 LLN%NDGﬂizﬂ’J%ﬂWivL%a"Dadﬂitﬂ’)%ﬂ’ﬁl}iZﬂaU‘gﬂ SIDE-PANEL,R/L uas BEAM ASSY-SIDE, UPR R/L
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4) sm#unIliznay BEAM ASSY-SIDE,LWR RH/LH & 31 Tuaat ﬁl‘umm’lugﬂﬁ 7

‘ Process Flow Diagram of BEAM ASSY-SIDELWR RH/LH |

(3)LOCK-PIN (2)
1B A Part Recieved

Counting & Inspection 2

Handling

Storage in W/H

Handling to Assy ares

(1) SIDE-BEAM,LWR RH/LH (1/1)

(2) JOINT (2)

1A Part Recisved 1 Raw Mat. Recieved
Counting & Inspection 2 Counting & Inspection
3A Handling 3 Handling by Electric F/Lift
an Storage in W/H Storage on Shelf-1
5A Handling for Cutting Handling for Cutting
s Cutting for 312 mm.by AL
6A Cutting for 40 mm.by AL Cutting M/C &2
Cutting M/C C-2
7 Handling to Press M/C P-1
7A () Handling to Press M/C
s 2-holes Step-1 piercing for

sA 2 holes Pressing for LOCK-PIN
fixing by Press M/C P-2

LOCK-PIN at Press M/C P-1
2-holes Step-2 piercing for

sA 9 LOCK-PIN at Press M/C P-2
Handling te Assy area

10 Handling te Milling M/C

11 Double greoves Milling for JOINT
fixing at Milling M/C M-1

12 Handling for Storage

13 Wait on Shelf-2

14 Handling to the Assy area on the
Floor near M/C M-1 for fixing JOINT

|

15 Dust & AL Chips Cleaning
by Air Blow
Sub-assy JOINT to SIDE-BEAM,

16 LWR RH/LH using LOCK-PIN to
become "BEAM ASSY-SIDE,LWR RH/LH"

17 Handling for Storage at table-16

E‘i.]“?l 7 LLNuNydﬂit‘iJ’J%ﬂﬁivL%ﬂTéJGﬂi:iJ’J%ﬂ’]iﬂiZﬂéJU‘gﬂ BEAM ASSY-SIDE,LWR RH/LH

5) &MEUNIIUTIINAAATAN (Semi-Parts Packaging) 41 13 Tuaan ausasluzui 8

~\

6 JWASH-BASIN

E-BEAM ASSY-SIDE, UPR RH/LH @: SIDE-PANEL, RH/LH

Process Flow Diagram of Sub-Assy and Packing

~ —~
(3 JFLOOR ASSY-PANEL 2 ) FRAME ASSY-RR
Z/ \Z/

(1) FR-DOOR PANEL COMPL

14 /\ part Received 17 O Handiing for storage 2t 9 O Handling from 12 O Handingfrom 16 ' pandiing from 13 O kandiing from
Assy Table-16 Assy Table-14 Assy Table-14 Assy Table-13 Assy Table-12
u@}(uunm& Inspection
Handling by Electric F/Lift
i . A
4A N/ Storagein W/H = 20 | ) Placing all Parts together as H-Shape
5A () Handiing for Packing PAPER BOK-L ==
X Packing all Semi-Knock Down of
= 1 ./ WASH-BASIN CABINET into the Paper Box
" 22 () Handing
PAPER BOX-2 23 (" Packing WASH-BASIN into the Paper Box
PAPER BOX-3 ] “~'and put together with WASH-BASIN CABINET's Box

Assy Manual, LOCK-PIN, SCR-TAPP

g2 | Packing WASH BASINiinto the Paper Box
= C_,and put together with WASH-BASIN CABINET's Box
= Assy Manual, LOCK-PIN, SCRTAPP

25 () HendingtoWH

26 \/ Storagein WH

27 O Delivery for Customers

sin 8 Lmuﬁanszmumﬂmmaaﬂszmuﬂ’ﬁmiﬁgwﬁmﬁwﬁ (Parts Packaging)
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ABSTRACT

According to high investment and high energy consumption on the autoclaving agar media for industrial plant
propagation by plant tissue culture method, the research was done to use bleach that contains 6% of sodium hypochlorite
(NaOCl) instead of using autoclaving as for energy saving. The first step of the research was done to find the appropriate
concentration of bleach that can prevent microbial contamination in agar media. The bleach concentration of 0, 0.3, 0.5, and
1.0 ml/l were used. Then, the agar media with the appropriate concentration of bleach was used for the studying on the proper
duration of resting before using for plant tissue culture. The resting periods were 0 (no resting), 5, 10, 15, 20, 25 and 30 days
compared with the autoclaving agar media as for the growth of begonia. The results of the first step showed that after 4 weeks,
the microbial contamination in agar media with bleach concentration at 0 and 0.3 ml/l can be found but at 0.5 and 1.0 ml/l can
not be found. Therefore, the bleach concentration at 0.5 ml/l is an appropriate concentration that was used for the studying on
the proper duration of resting period. The results found that the agar media with bleach at resting period 10 days gave the best
growth of begonia. The average leaf number and shoot height were 15.00 £ 2.16 and 3.25 £ 0.28 cm. respectively. Whereas,
the average leaf number and shoot height from the autoclaved agar media were 6.75 + 1.50 and 2.25 + 0.28 cm. respectively.
The growth of begonia were highly significantly different. So, the used of bleach at concentration of 0.5 ml/l and keep resting
agar media for 10 days can be used instead of the autoclaving agar media. As for the estimation of energy saving on non-
autoclaving, the preperation of 200 liter of agar media can save the electric power about 250-300 KW that can be calculate as
the expense about 1,125-1,350 baht. While the expense on the use of bleach is about 3.40-5.80 baht.

Keywords: bleach, plant tissue culture, energy saving
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Abstract

This article aims to study the trends in carbon footprint (CFO) emissions using artificial neural networks (ANN)
in the transportation sector of small trailer companies in Thailand, based on vehicle efficiency metrics such as
Overall Vehicle Efficiency (OVE), Transportation Overall Vehicle Efficiency (TOVE), and Modified Overall Vehicle
Efficiency (MOVE). These metrics reflect the operational efficiency of trucks in various aspects, including engine
combustion, route management, and energy consumption in transportation. ANN can be utilized to analyze CO,
emission trends by considering factors such as speed, acceleration, payload weight, and road conditions. It can
also capture complex relationships within these data and accurately calculate CO, emissions. This suggests that
ANN can serve as a valuable tool for studying carbon footprint emission trends in the transportation industry.
Moreover, the use of ANN enhances forecasting accuracy and improves responsiveness to complex factors.
However, challenges remain in managing intricate datasets and addressing the costs associated with system
implementation and maintenance.

Keywords: Prediction, Carbon Footprint, Artificial Neural Networks, Vehicle Efficiency, Transportation
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%ﬂﬁﬁiaﬂizlﬁuﬂizﬁﬂ'ﬁmwmaaﬁm%’wﬁqmm%msmwﬁa:LLUUﬁwwswﬁmaﬁaww:lum:mumsqma’mﬂﬁw LT
NAKAS WazdzENINTNNTIANIANNENAL

Foiuiednisin OEE mﬂ%‘uﬂ*gﬂ%ﬁ‘umwudﬂ@ﬂﬁadﬁmsmuduﬂu?oﬁﬁﬂmﬁwau?m 1l 7 &9 Foudu
ﬁaﬂsmﬁvlsja%ﬁa;gaﬁ%ﬁwﬁﬁ‘hLﬂuﬁaaﬁﬁ'@ a9 lsianuuIsnglduinslumediulaisdnduasinizuiums
sadadufansindayinitanaimelavesgnduaznadulanmaaisgia daiudslafinmedam OEE wanw
31]LL‘.LI‘.LJI@]EJLQ‘W’]:ﬁﬂ%%ﬂnﬁﬂd’a%ﬂﬁi‘ﬂ%ﬁlﬂi@]Uﬁd%u@]ﬁﬂizLﬁuﬂi:ﬁ‘ﬂ%ﬂ’lwLLG:LﬁMﬂi:ﬁﬂ%ﬂ’lW
MIuL eI wnInueluLivadadflsznaunana Ny sens lown anunsenlsnu Uss@nTaaw WAZA AN
Uszmsusn ledmsine st ansnnlag s nue s wninue (OVE) it anszansnnaossnuninus
gusgIguinIanulasNaTannlesiduduatsanunsenldinu sauUssantaw LLa:m%ammmqmmw
atn4l3Aany OVE "inmm:ﬁm%’uamumitﬁﬁ'ﬁﬁgwwwﬂmﬂmwmrJLLﬁa@iamsﬁ'ﬂdwﬁw%ﬂ OVE 1o
aNuAmALEUNIA Uz Ensnwiie UndwguuawaamiémﬂﬁaaL%‘val,wﬁa Tuanaduess dausfazlwdriania
éhvx%’uLé’umaﬁamzmmanulﬁﬁfamﬁq@ I@leu'ﬁwﬁaﬁaﬁmﬁnmmﬂmaamuwmu:ﬁdawa@iamﬁémﬂﬁaq
\BowasmsUszan s inswitminsgunindanmsiansanindmsedanssinminrinlauazszozniewinla
LﬁaLLﬁﬂ@%ﬂﬁﬂi:ﬁﬂ%ﬂﬂWI@ﬂiaumaamuwmu:ﬁﬂ%’umﬁmuuﬁa (MOVE) azutivasddsznaudszininwaanidu
UseAnTAnaFuNILazUIs@nTAnwednal adddssnauuinazUsaifindseintaiwaasidunisluudvas
ﬁmﬁfmm:i:m:maLfial,ﬁzmﬁ'm:ﬂzmaﬁgﬂw wananiiues ma 7,8 39ldWanndatedeny OEE dndawils de
Uszantnmlassinaassunivuzlunsuuas (TOVE) ﬁmsmﬂﬁamigzyl,ﬁﬁlmje] WUz IfAgITeIny
AnunIoNlTIN UV I UNIBUE 1IaN matheineudsdasnuuasuaninuaninafone ANuENEITNNN
Lﬁuvlﬂ‘ﬁlLﬁ@ﬁ]’m;Eﬂﬁﬁ WAZA LN INTBILINTT U5 ENTNININTTUIBANTVUFIIUNIATIA TOVE Vlé’m'«ammi@m
sananuwianlinulunisuins enuwianlumafuGew dszdninw uazgunin

ANTUHIN T LI T AN T AT WURE AN A AT BN TVREINIDWWAEINT UseANT A IATINVBI B UNIRUS
OVE [7] Faidudriadszantnmfiieadasnunszuiunmsangs lagldnannmslunseaudsslszansnmlassia
vasgUnynt OEE Foldruognsuninansuazsouiulunsndaiiainualzantawluniinga %oﬁwmﬂi:qﬂ@?
ﬁ'umi“uuﬁﬂ@ﬂ@mnqﬂmrﬁﬁlﬁﬂmﬁﬁl,ﬁﬂ%umnmwudaﬁ 5 ﬂi:mwﬁ%ﬁ:qlu OVE ldur msiusnvasausy
naﬂumimsnmﬁu MIFYLFUNIAN MIFYLFIANNTY UazaNUIITIUATNIN [9] ms;gtyl,ﬁﬂﬁdwa@ia
anundouldonu ssiunsaunvestadszannmaasmsands uaslilassgouasamnusunuinTalauueIa)
1_ia%ﬁmmmlﬁﬁaizqﬁaad']ﬂumiﬂ%uﬂ;ﬂu OVE fdudsnaniitanmansanudsoandn 3 dunan leun

anunianldnu (Availability) #3012 (Performance) uazqmnIW (Quality) [10] lasfiaaniiasii

OVE = Availability x Performance x Quality (1)
91 OVE 1u3ﬂLLmJLauvlajvloi”ﬁmiﬁmamﬂﬂs:aﬂ%mwﬁmwé'\‘mul,fiaﬁwmﬂﬁaﬂLﬁumwudﬂm?'ﬁmi
%210 OVE 2z a1 OVE ‘ﬁgamfﬂﬁﬁuLé'fumuﬁﬁﬂi:ﬁﬂ%mw@Tﬂuwé’amuﬁaﬂﬂ'jﬁ e ysagansanssy
ﬁuﬁ%ﬁmﬁuﬁqwmﬂﬂmmmm"ﬁmumﬂ GEREEL) Jzymﬁgﬂizgﬁﬁ%%’ﬂﬂﬁm%%aﬂwﬁuﬁuﬁmmzm'%ga LW
uilyTmil Sadmsiindautszneulnaliiu OVE ieiadssanamwusaidunis dain OVE 3eldauuulmi

wWalinanadudsz@nianlassinvassnuninusnUsuidfow MOVE [11] lasfiaaudswanlunsRansanuy
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laun nsldanuminue (Vehicle Utilization) Usz@nTawidune (Route Efficiency) Usz@nTaiweauwiian (Time
Efficiency) U8z 8aQMAW (Quality rate) [12] Fsfaumsaseo Uit
MOVE = Vehicle Utilization x Route Efficiency x Time Efficiency x Quality rate (2)

WaNINHEIT T AT ENT WA TIUFINITHNIN TOVE (Transportation Overall Vehicle Effectiveness) 9
walndwlay [8] Lﬁalﬂﬁﬂs:Lﬁuﬂszﬁ?w%mwmsmuﬁﬂmﬂﬁqmauﬁ‘ﬁﬁmn@mmn@ﬁ%’?@ OEE lafl TOVE 2818
gauiaamItlszidnannnainwsenltnulusunsuinisianis LLa:nmﬂqﬂﬁﬁmnNLmu WM I
w’ffalﬁmauﬂquﬁaﬂﬁuﬁmmimudﬂ@ﬂu,u'aﬁaﬂiiwadaaﬁniaam‘fluﬁﬁ]nssm:ijmwudaﬁLﬁ'mﬁ‘umi
ﬁwuwummmuwmu:ﬁiﬁmuayj (In-Transit (IT)) wazlalgRanssafiiieadastiunisangs waliladnsldon
pruNIAuzlaga sy (Non-In-Transit (NIT)) L% N32UHK NMITIFITNEN a1t TOVE fieaudsfildlunsysiin
laud anFeuldiulud1un1susnisdans (Administrative Availability ) e wTaulfaumunnsdfinan

4 o v &
(Operating Availability ) 4330z (Performance) Waz NN (Quality) Faflgumsadada (Ui

TOVE = Administrative Availability x Operating Availability x Performance x Quality (3)

atinelsAiamunsAansulsousuiRan1saansalnsUdosanfuowis a1nnsanEand inlwifu
wnn9lunIIueadia OEE, OVE, TOVE, uaz MOVE wWhdisniuiadaauuaziiassvmyldasfoanfoaulu
prunmusladadndnisdszondls ANN TudnwaziiazaansatiolinisdaauuazsanisnsUsasanfuowle
otefiszansnnanndu lassunsaaamsalszaumsisssmalusdszmisifinnuuaznsuasaamslsos
Malaarsninluinnesfeinu ﬂﬁiﬁnwwﬁazvl,&iLﬁmu@iﬂsuﬁuwammum&'aLL'J@@i’auiuﬂﬁ]@fIJ”umaaﬂaa
muwmu:ﬁmmﬂﬁuﬁwwﬁfu wddaaansainaanizasnagninsaaanivaud1dg nean Beaztanlwussn
149 sanTnUsuumnilimeandasiudnnsduanusifuiaztoinuadungsadey engszdoudu
&9 LL'Jmi”auLiuua@ifuua:Qu%‘[naﬁm’mﬁaamiﬁm‘[a%aaﬂﬁﬁﬁmw‘\i'umﬂ“fu Tutaslumsaemsoiniaus il
mydnsitaznanodumeiosdeddusniuussnedn g Adesmssneanaaansnlunsuttulurmziaa

USunmnsdsasasuanliiniaie ﬂﬁq@

4. \@3a2nglszamninaa (Artificial Neural Network)

insarnedszamifion ANN sansnasuneldinduiuuisendiinsuivamanlasesisesszuudszam
lasandulasiaiauazanuaaninlunsiiouivessuasnysd uimdssdidinesduivnmiaiiiuninas
doudd 1986 Lﬁavlﬁ%'umsﬁ'}Laua"‘s'ﬁmsﬁyufuuuLLwinizmy:Tauna”u [13] udtnsadnedszaniNouuuuaalgdn
Sududuluzrsdunasisd 1040 lasudinasiimadsuaouluuuusnesen 9 Lwi@mauu”ammﬁ@mju PRIV
laFodu naiFoud LLa:msaEﬂﬁ;'avlﬂﬂ’muﬂué‘nwmzﬁwﬁ‘zymao ANN Tamifigudaumunsautlalddonasdu
aulaiiFardnwlunszuaunis ANN [14] 69t ANN ani i lFuazdszauanudnialunaioann wgu ns
aamaal myduun masandunsaietoyalna udu adrelsiann Juuudraas ANN naodszinn Balu
nsAnsasIigliinitasens s mfisuuuunan o MLP anlgnuatsuninansuazusziniawlu
WAINWAYRIVIAN 6 [15]

las9a319289 MLP LL&@NI%E‘U“?}I 1 [15] ﬁmﬁasamﬁwﬁ%amﬁaﬁaﬁ'uﬁ'sﬂmu%amiauuu%mmﬂﬁ
Usznaven ﬂ%uﬁuvg@ suganatnatasnitesn Lm:%mm@‘i’w‘@ udaztulsznaudefinsaunia lnuaiiesiasest
mmé’uw”uﬁmaoﬁ’al,mil,wiam”'ﬂ%uwaafuﬁumLL@ia:ﬁzuLLaﬂa@TaLLﬂiﬁuvgmmaumm‘haaa T o filnuavastn
L@1ANALFAIA UL TLONAN A fu%auﬁ%ﬁhﬁuﬂué”ﬂisym:iagﬁlaiﬂzlﬁmu@ﬁmﬁnizmwﬂs:mumsﬂﬂamu

uanmnﬁivxuwaa’ﬁ’wﬁauﬂ‘aﬁﬂmsﬂi:maNa‘*ﬁa;&ad'auslmyjlum%ﬂw MLP [17,18,19]
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| Input layer J Hidden layer Ou(put layer
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(e A 2 W
A AN f =/
TN ‘ TN N
(X3} ' ( f { 3
N A | ‘ N

| K LA

K | [ _ ‘
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w ! 1) (2 :
it LNyt Y,

‘].Iﬁ 1 Iﬂix‘] ]39VBILAIDTN Ul]iwﬁ']‘ﬂﬂ']iilli‘lﬁ a1 U‘E%

- —6

(1) w,

~ W, u

() ™2 () el Y.
- W3

TN

"\J_C?lj

31 2 Imaa%”’lwaam%aﬁmﬂs:a’mﬂ’ﬁ%’uf%mwﬁ'u

mngﬂﬁl 2 iadszaiioulsznaud u Y RBUNG (X, X Xo 1o X,) AR (W, Wy Wy o W,), M3
B FUSaNaTIN (Y), Ardasina (8), Arfldannminiudadn @noawmsideldomw: u), Wersunmsdald
1% (g) UAIANANA (y) I%uﬂLL@iazI%u@ﬁﬂWiiauL%aLﬁmﬁaﬂ%'ué’tgty’lmﬁuw‘mI@ui%ﬁﬁﬁﬂ%ﬁfﬂl,l,az@iﬁ@ﬁ’lﬁ'@Lﬁa
FINAIINNITIINLTILE Y FUNT (4) memﬂﬂﬁlﬂmmawaammnmﬁam%aL?Tmﬁia%'ummw'i‘vgmhuﬂﬁ’ﬁ'u
madaldon 1t WenTuladadnaniednuesd Weantuunuwiang batdasludn uasWanTuidaLdu mngﬂﬁ 1
AWIINVBY MLP ﬁamil,%amiaLma§ﬂi:a1wLﬁw‘ﬁlhu@LL@ia:Iﬂu@LLaWLL@iaWLaLﬂa':EL%amiaashmummiﬁ'uiwm
faly aoiuaums (4) @i'lﬁuvgmaaﬁmlﬁ*futal,sa%(lj( ) fuimlasnsguendunausz samsnduasAntiamin w( )
aum3 (5) Ilumidwimdtaduaasudazlnualuudazgaidiuanes Y].() muﬁmmummmmmamﬂﬂu

@

Tua (neurons) Tadta3adndszaifisn LEwAEIALaNANT (6) mfﬁwgmaumﬁvgm (I; ) LN TAIWITRANN

aum3 (7) Weiendwa (Y].(Z)) lawldauns (8)

y=g(ZWi><xi—9) (4)
1(1) Z O (5)
Y].“) _ g(lj(l)) ©)
1@ = Z @y, ™
Yj(Z) _ g(Ij(l)) (8)
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ganasfiunmaieuiuuuiidaeuiiiondt Back-propagation (iudanaifiunlidmiunialdnedu (Training)

A a A v . . A o A e ' PN & a
w3adnodzamnifionuuudgaan (Supervised learning) Tavinwin iUl TsdnIndinasvasluian lasd
ATZUIUNITRATDAANANAIINNNTHIAIANUAANANA (Errors) SauNaUINNTUHNATNS (Output) vlﬂﬁ'd*’ﬁ'uﬁuvg@
o ¥ o . v A A a X ' ] a Ao v

(Input) LazUTUIIRKN (Weights) a1uTaRana1aNAadserninaA1939 (Actual values) uazA1NA 1w T L6
v a s t?i’ A a aasf a ol o a A v A A v a

(Calculated values) danasfiutidunitiludanaifinnaisouinlasuanuiounigalunisldnuiinoidasmiu
masoniuuuidaan I@Uﬂﬁﬂ%’ﬂﬁmﬁfﬂgmﬁﬂLﬁumimuﬂi:mumm@ﬁaﬁ@wm@ (Minimization procedure)
danaifiunisiiouiinarsdszianfiandunisdiuiinin 1u Conjugate Gradient, Quasi-Newton, Gradient

Descent LLae Levenberg-Marquardt [20,21]

o A = ¢ 1 ¢ = ¢

4, m‘sﬂizzgmﬂ%izuuLﬂ‘samﬂﬂ‘a‘xmﬂmsm‘wmn‘smmiﬂaaﬂm‘ma%ﬂmwsu‘n
mim@msrﬁﬂﬁuauﬂ@wguﬁﬁm%’uLLmuﬂﬁﬁ"ﬁmiﬁq\ia@ﬂ'ﬁﬂaamﬁuaumﬂﬂaamuwmu:mmﬂ
ﬁ?d%ﬁﬁLﬂ%ﬂ’ﬁﬂi:gﬂ@ﬂ“ﬁﬁ?LLUUIﬂSG“lhEJ‘]_]i:ﬁ’WILﬁim (Artificial Neural Network: ANN) T. Limanond et al. (2010)
[22] mﬂszmmmiﬂﬁiaﬂmfuauv;lmw%puﬁmadﬂadmuwmuﬂmm"l@i”ﬂ“‘mﬁangwﬁa;gamﬁLL&JSﬁWLﬁWmnLL‘uu{imaaL%a
wensafmsuauna winidmiuunul fidinsfigsaanisUdasmsueunnnassuninus grudeyadu 9 anld
Anelu (Training) uaznasay (Testing) uuudaas ANN liifiamaseufaufianuwinduazlddlndidssnudoys
959luada Lﬁalﬁ’l@ﬁmmﬁaau%awmmrﬁﬁw%’uLquﬂg’ju?]miﬁag;aa@msﬂdamﬁuaumnnaamuwmuzmmﬂ
fseansasnuusunveslszinalng ﬁmwu’nL‘fiiaﬁamw%é'ﬂaﬁaLm:mminwmmtﬁﬁunuh%aaﬂﬁmaaﬂs:mﬁ
Tnoupusreniluszozon Idassfiussinsnm aniuszuniadetnglszamifioy (Artificial Neural Network: ANN)
Qnﬁmﬂ%‘[umiwﬂﬂﬂiﬂiﬂﬁuauvﬁmw?yuﬂumﬁ@miﬂmmuwmuzmuda Lﬁadmﬂﬁmwmmmlumﬂ%ﬂuf
awnﬁa;&aﬁ%’usﬁammﬂsjLflul,%aLﬁu TogdasRansanasunasds=ms 11w Ussansnwmslsidainas swin
UIINN LFUNNINIIIUS §NNATIAT Uaztlazinnads e ANN anInaiuuuiiaedanuaunusszning
@T’JLLiJimﬁhﬁmunwﬁﬂaau@hﬂ‘*};@ﬁagaﬁawé‘aLLa:mmmwmmrﬁmmsﬂﬁiaﬂms’uauvlﬁaﬂ'wuaiuﬁﬁ‘}(mﬁa
lesudayalnai %amsﬂsqu@ﬂ% ANN lumswennsainaddesasvendisldisznaunsaudesunsnaadulalu
miﬂé‘uﬂgaﬂi:ﬁw%mwmaﬁ:uuia%aﬁﬂﬂﬁ 1w nstaenldidunisfiaansdaasfmiennizan LAY
ﬂizﬁw%mwslumimmﬂﬁuﬁwLLazmsﬁmu@ﬂaqﬂﬁmﬂ%wﬁ'omuamamm:aw WoNaNH ANN §9813N5DNEH
TuALWIAA UseAntanlassinaassnuninue (OVE) dszdntnmnlassiuuessnuninuslunnsuuss (TOVE)
LLazﬂszﬁ?w'ﬁnwwI@Uiammaamuwmuzuuuﬂ%’uﬂ;a (MOVE) ity fiunansznuvasmisldwasmulussauszuy

ﬁ’]lﬁﬁ']&l’ﬁﬂ Wv@llu’]%If;lll'] HANURILINNDNNFOAAR DINUUWINIANNE ﬁ%luﬂq(ﬂ FRNTTNUWR

¢ ¢ a dEl 9
5. ﬂ’liwmnimﬂ’ﬁua%v!m‘Wi%ﬂ %ﬂﬁli}lnu
¢ & A e v A o @ \ I3 : o
mInnIsiasuaunansurivainasmuwinusludaguiiununddylunstisasdnssanmsddas i
SounszanuazliulyadszAninmwnsdufiueu lasnsldinaluladnsfiensddeyauazdygide=fng 1w
sruuiesatnadszanifiua (Artificial Neural Network: ANN) Uazn13i38u38410384 (Machine Learning: ML) ¥inl#
[ & 1a ' v A a a ' v ] ' o v A o ° ¥
psdmImmnaannilsiumsdassfiie Co, Miinanfianssnvudsldatawingy Tayaflamursnillls
o ' o o v a A ) a @ o S
T IMIUNBLEUNITBES NMITAFTINTNEINT wazmsaaaunlatnoanumMslaswllswinuzwasuszena o9
TIOAAAUNUAIUNAIIBUAZHANIZNUADRILIANBN Zhao et al. (2023) [23] uaﬂmﬂﬁmiwmﬂmimi’uauv;l@
wiwidatnlwusznaumsmanind judeungsndsuduianedosuazanasgiuanudiiu it Tafnuavas
298n33z RNl TsInaIdamsaansUdesm oS aunIzanlunIaaugs (1ISO 14064) waznsavulaununsvsass

OI o v U &’ 1 = Qs a a
ﬂﬁuaummamﬂqukﬂ (EU Green Deal) m3ythaiayan mﬂinimslfﬁmLaa@amsﬂ‘suﬂ;amﬁﬂﬁza‘nﬁmwma\‘l
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NAINUNIRUE LT% UTeinTnnlassinvadonuniniue (OVE) Usedntnmlassiavasuninuslunsuuss
(TOVE) uazdszantninlassinaes muwmuumuﬂ%’uﬂ;a (MOVE) 573819 Transportation Sustainability Index
(TSI) S‘f}ummsnﬁﬂﬂi"ﬁtﬂuﬁagaﬂszﬂaumi@T@§u1a1um‘mmuﬁ’mmﬂIuIaﬁ"uumﬁﬁ"dﬁusluamﬂ@ Wang & Li
(2022) [24]

6. fl’aai’ﬁﬁ'ﬂmiwmn‘stﬁms‘uamﬁmw%yuﬁﬁunaamuwmuz

LLdewmswmmnfms‘uauvﬂmw‘guﬁa:ﬁﬂsﬂwﬁ@iamsu‘%msa‘i’@msﬂaamuwmm wangIdTasnnanany
Uszmsfionasnadaanuusinduaslszdnsnmaainsldon Ysznisusnie QmmwLm:mmmuﬁmmaa‘%ya
Lﬁaw'mmiwmﬂsnimi’uauvﬂmw’%yuﬁﬁaamﬁ'ﬂﬁagaﬁm’mmﬂ i m3lFiganas EULLuumsm”uﬁ Mt
LazANIWWIATaNTINIIUES Windayaiianyliauysawialiiuais aneviliuuudinesweiniolifiaaina
ARALAREL Zhang et al. (2023) [25] srufsanututenvesfesuundonfisonadamsassn1suan 1w anw
0 e nldazing anIWaT19T uazulouiunaig FaTasumanitanaasnuasldasaaian vnlsnswennsel
doafliliudlsuuudnaatagiaue uanmnﬁmiﬁ'ﬁwuwmmnﬁﬂlﬁmm%amaLwﬁmﬁuﬁaﬁﬁﬁﬁﬁmﬁunmm:
malulad Tasiamzluasdnsvmainiionalifinswensisan DRWILMINAIUUAZINTIT NN TEUUN snnIoifile
Al %38 Machine Learning mguga Wang & Liu (2022) [26]

7. dydua

uwaldunisddes CO, annsusnaznsdzifindsz@ntainvesszuvaudsluifniaasugisuss
fIAdaN NaMIENENRENNSAR gL ABITLRITDBRIINIsEnasTInuT annludum e s i wne
NTTNUIINNITTHES LT% 9I%Is82a9 Smith et al. (2018) [27] D9 ldiun1s3iassinistsznsanasannly
ATTUIRNTULE LLR:VLGT‘WU’J"]Lﬂﬂﬁﬂﬁlﬂuﬂﬂiwil’m‘a‘ﬂiﬁ’mﬂ’]iﬂiZQﬂ@ﬂ% ANN snansatinanuutninle
mimamssimiliwasnulugamwnisuaussldadafidsziniamn Fanan13An®Ne9Ls ALY MOVE il
ANN Tumswsnnsaiszansamlunsaansisasfaidawnszaningaandasiunuispitlwisvosnmsldluios
ANN 1amsamansaififianuudngrunniu lwsnefins@nuluuaes Wang et al. (2020) [28] wuinluuns
ATHATLE ANN m'ﬂﬁﬂj’aa‘hﬁ'@lumﬁ@msﬁu%ya"?i'ﬁﬂ'nwvlajaugmiﬂ%a**ﬁagaﬁﬁmwwmﬂﬂmﬂgd Tamaanass
fugasrian ldwulunuistuessieaiu OVE ﬁﬁaamsﬁagaﬁ%mn%mslLLa:mUﬁausLumsﬂﬂam&ﬂuma
WoONIMNHINUITHVaS Patel et al. (2017) [29] ﬁa;iaLﬁulumﬁL@mzﬁwamzﬂumﬂmsw”@umszumuﬁﬂummﬁaa
Wu31 TOVE sansniiadssansnwlunsdsualwdnnusawnsaiassldaninnsllueanall 49 seandas
fumsfi TOVE susndsusnazenamiaifymforafiatuluszuuandsiidanasudonldaiu

o NS AT AW BINTE LI TUUSS Lﬂuﬂaa‘i’mﬁwﬁ'zyﬁmﬂluﬂﬁmsag UNAINENIEAEINNTT MITVUES
Tuwmifgrnuidasdiloismasamssusomasanfitiaannszuinmsangds lagdanusunuinlnagans ms
sl,"ﬁ’mumsmudaﬁLﬁuifuﬁ'ﬂa:ﬁﬂﬂﬁwammm afIn aRouTiuNNT % Fensanunluassitldiiananisld sadia
OVE MOVE uaz TOVE fiwau1u191n OEE Lﬁiaﬂiuﬁuﬂizﬁﬂ%mwmaLﬂswgﬁwa:?}aLLma”awaamwudamd
auw JUununseufisuas OVE MOVE uaz TOVE uaadldiduiisnanennsainisddas co, :nnmiuilng
WAIIRIUNIZUIUMIIUES TagtdumsmIAINNaIgInIZnINg 202N Ua2 ANLTY VBILIUNINLE Fefnadoms
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ABSTRACT

This academic article aims to analyze the current situation and trends of carbon footprint emissions in
Thailand's transportation industry and propose strategic carbon footprint management approaches aligned with the
Sustainable Development Goals (SDGs) and the Environmental, Social, and Governance (ESG) framework. In
2022, Thailand’s transportation sector emitted approximately 79.6 million tons of carbon dioxide (CO2), accounting
for 32% of the country’s total greenhouse gas emissions, making it one of the most significant contributors. Without
urgent mitigation efforts, CO2 emissions are projected to continue rising, potentially reaching 200 million tons by
2050. Such an increase would pose severe threats to the environment and public health, including intensified
climate change, deteriorating air quality, increased incidence of respiratory and cardiovascular diseases, and
ecosystem degradation. To effectively address these challenges, an integrated strategy comprising four key
dimensions is essential: (1) technology and innovation, such as promoting electric vehicles, smart transportation
systems, and clean energy solutions; (2) policy, including carbon taxation, emission standards, and strategic
planning; (3) infrastructure, such as the development of electric mass transit, multimodal transport systems, and
green infrastructure; and (4) collaboration, involving public-private partnerships, ESG promotion, and community
engagement. These approaches are expected to yield significant benefits across environmental, economic, social,
and governance dimensions. Policy recommendations include the formulation of a national carbon reduction
roadmap, establishment of financial support mechanisms, human resource development, and investment in
research and innovation. The successful implementation of these strategies will enable Thailand to effectively
reduce greenhouse gas emissions from the transportation sector, leading to a sustainable and competitive transport
system that contributes to environmental protection, economic resilience, and improved quality of life.

Keywords: Carbon Footprint, Transportation, Sustainability
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wannaluladanduasuamiausimeansznuannzlaniawu [10] I@Uﬁﬁﬂauﬁmmugﬂﬁ 4

Annual CO2 emissions worldwide &
Global temperature anomaly from 1940-2023
{Billion metric tons) ©)
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CO, emissions account for the majority of

global warming. In the 2015 Paris Agreement

' COQ countries around the world agreed to work

(76%) towards achieving ‘net zero® carbon dioxide

emissions. First and foremost, this means
reducing CO, emissions. In order to meet climate
targets, it will also be necessary to remove some
CO, from the atmosphere. This could be done by
through biological pathways such as forest
restaration, or through technologies such as
carbon capture and storage.
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w—C 02 emissions =0~ Land-Ocean Temperature Index (annual mean) - RHS M co, Chemicals
M cO,land use
‘Source: Statista, NASA/GISS, Globalwarmingindex.org, EDGAR, EPA W CO, fossils fuel

311 4 Mo sdaessiwiIawnszan Greenhouse Gas 1940 — 2023 [10]
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vazlull 2022 dazinalnoddesioanivenlasenlod (CO,) 191 247.7 duen lasmavusidandiugs
foYawar 32 wia 79.6 Suan Sedaidunitoluunssdsennan wasdum bindndnadadoiiios wminlufisnasms
unInuey Maddas CO, MMAIREIa1aNITs 110 suaulull 2030 uazuaz 200 dAuaulud 2050 wiaAudn
\ay 2.5 e ganalimaudinaodudasoianfideassdufivmsanmsUsesfieseunszandm
WATNNTANE ) L% MIFILFIUEUSUA M TTULTUSITIBITIUE LAZMTLTWRIURZNA Lﬁiamquaﬂiwuﬁa
fanasauluszuzeny NuazBuaauzUd 5 [10,11]

+81.8%

Thailand COz emissions from 1992-2022

MEICOz2

110

Total emissions:
247.7 MtCO2
(2022)

79.6
(32%)

2022 2030 2050
Transportation contributes 32% of Thailand's carbon emissions,
exceeding 80 million metric tonnes annually. Without intervention,
% % gi} g E E E E g § g emissions could escalate to 110 milliom tonnes by 2030

W Power Generation [l Transport Industry W Other and may double 2.5 times by 2050.
Source: EPPO, TDRI

2014
2018
2018
200
2022

31 5 MenumsddesfiomSeunszandszindlng Greenhouse Gas 1992 — 2022 [10]
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uazuwIINMIaaMIdaay (3) PAS 2080 Wuwinasgiuiigsianisaivanlulassaiienugiu 1ou lassmarneashs
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3. LLaﬂwﬁLﬂﬁuLLa:maw@TLLﬁﬁl‘ﬁﬁW%’Uﬁwmmﬂﬁuauvﬁmw%uﬁ \T% Carbon Footprint Calculator #38
UWNAAWBINVBIBIANIUIAITIANTTTIWNTZAN (TGO) ﬁﬁmﬁﬁmmﬂﬁuawﬂmw%uﬁe?m%’uqﬂﬂa 29ANT 7130
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and Storage (CCS)

3. anu lalvauesnn (Consistency) ﬁagaﬁ’m%auni:ﬁ]nﬁsmmuﬂnmminﬁnmuﬁwLﬁﬂﬂ%‘ﬁﬂﬂﬂﬁ
wazszwinmedunianiniad 9 ldlegldfanudauds daznaudas msldsndouismasnaisdauale
ueiazdl Lﬁdﬁﬁﬁ&lﬁﬂﬁ@@ﬂﬁLLmIﬁumiﬂﬁiaUﬁ"ﬂsﬁﬁauni:anvlﬁashagnﬁao Fawndmafowudasinediwio
AN TUTUTayadaunay (Back casting) LﬁalﬁmmmLﬂ’%ymﬁﬂuﬁ'uﬁagal,mv[ﬁ wazatldningtanidu
AT 13U auaniuenlasanlodifiouirin (tCOze) MnfisniamareuuazaamMudayaduszn: weldwile
dw"ﬁaya'ﬁ'ﬂmmﬁ'ﬂmlﬂuvlﬂmummgmlﬁu

4. aUQNEaY (Accuracy) miswmm"ﬁaHamsﬁmmgnﬁmgoq@hya@aﬂﬁuazmmvlajLLuuaulﬁNWﬂﬁq@
Usznaude nsld e3asdouazinaluladfiuingt lun1sasaia u qﬂmnimmi’mﬁ"wﬁﬁmmauﬁmga
Lmu{imaamdaﬁﬁﬁw”@ummﬂﬁagaﬁa A3NI9IROUNAWTBYA (Quality Control & Quality Assurance)
Lﬁaﬂaaﬁ‘uﬁaﬁﬂwm@ua:szqizﬁummvlajLmuaumaﬁaga (Uncertainty Analysis) Lﬁ"alﬁgﬂfmmmﬂiuﬁumw
ml,%aﬁamaaﬁagavl@i”

5. anulyssla (Transparency) mﬂﬂmmm]”agmﬁim'sﬁ’uﬁ”'lmﬁauni:aﬂﬂaiﬁmmLﬁmwaua:mmmu
LﬁalﬁmjuLﬂmmﬂmmml%ﬁfagaqﬁamagﬂéfao i Doy sniioussnlelunisdiwan agretaian
ﬁﬂ]’aymﬁlmﬁu Lm&iu‘ﬁ'm"umiaga waz aunAgIuils mMadanedoyadamIteiIwIBwATez Ut YA
A adldie 1w nenusaua Sulasdrisnuduiuneday 31%T0AIENI19UIEINA LT% Global Carbon
Atlas 71089 MIATIIRALUBRTE I@ﬂqﬂﬂaﬁam (Third-Party Verification) Lﬁmﬁummmﬁaﬁamaﬁaga

azin mssmmuﬁagaﬁ”ﬁmﬁauﬂsmﬂﬁﬁﬂizﬁwﬁmwm‘sﬁwﬁaﬁu anuasiizdu anuany sl el
Toudariu anugndad uazanulusla Lﬁialﬁﬁﬂa'jﬁaQammmﬁﬂﬂﬂumn’mLLNqustsJ aansdsasine
139N 32N LL@:%'uﬁaﬁ’umiLﬂﬁ'wLLﬂaaamwgﬁmmﬂvl@i”asmﬁﬂizﬁ‘n%mw AuLIINIgTad IPCC lwnsauns
ﬁ'muﬁﬁ'mauﬁ%'m%’un'ﬁﬁ'lmmmir‘uauvjmw'%uﬁmaaaaﬁmﬁgﬂﬁaw:msfl,vi”aa@Tﬂimmmﬁ’@m’mm:a@wamwu
vasmstsasioiaunizanldainedefin

msﬂiuﬁuﬂﬁuauvjmw%uﬁmaaaaﬁm
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