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UNANED

mASetthmnglunsUssdiufedeunsyanvaamaunasuawing Seriagiung
PauININTUszdiumSusurawIwivesesdnsvesasinsuImsdansfimdounsean
%38 0UN. ATBUARUAINIIUNISURREfeTounsEantul 2562 Usenaumiy n1swi by
Fawmdweada Smuainmsiminveadonazaey msiluavesansiiarudu nsldli
wazn1slEnTEAY NaNITUTIHUNUTY NSATATEZLUUWNBITBLAUNaAINISUaDYAY
Bounszanunndign Ineildndugediafosas 96.53 Fanwuinnanmuiiinainnisdesaans
vaaduvsyInquuulildeandiau nmsuenevemswagyissuuietinmluasuseuauise
anfnwiseunseanlang 1,527.27 tCOeq 130 Anusesay 69.27 vesn1suasefneisou
nsTaNTaLA
AdAgY: N1sUdesfinuseunssan, ﬂﬁ%U@UVﬂmw'%Juﬁmaaaaﬁﬂi, 7373, N1INNNTVYY

Abstract

This research aimed to evaluate the greenhouse gas (GHG) emissions of Mae Tha
municipality according to the carbon footprint guidelines of the Thailand Greenhouse Gas
Emission Organization (TGO). Related activity data for the year 2019 were collected
including fossil fuel combustion, waste management, fugitive emissions from refrigeration,
electricity, and paper consumption. The results showed that open-dumped municipal
waste management was the largest source of emissions (96.53%) caused by methane
released from the anaerobic digestion process. Residential food waste collection to
produce biogas can reduce GHG by up to 1,527.27 tCO,eq or 69.27% of the total GHG
emissions.

Keywords: GHG emissions, carbon footprint for Organization, biogas, waste management
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1. uni

anudiuduedsvesfnamiuaulasenled (CO,) Talanegil 407.8 sedudnlull 2018
NTUaIn 405.5 sedudiulul 2017 (World Metrological, 2019) ANULTUTUVBIAY
asveulaeenledluiuusssniageniinaislunmssuiiiium 400 dedudnlul 2558
wagluuszwalnefiamuidndurssingaisueulaoonlen 403.02 dedrudiulul 2559
(Thailand Greenhouse Gas Management Organization, 2018) AT RUT UV IR
asveulaeenledlulssmelng dwmansznuilmAnnnglanfounasnsidsuulasanin
nfiona fvmnsalmasssusfniuan wu Souds kv ade Husy

Usginalnafunislunguussimamideiaunldldaud dyussiduieatu
ﬂﬂiLUgﬂuLLﬂaﬂﬂﬂWWQﬁaﬂﬂﬂﬂLLa8fﬂiafﬂﬂ'ﬁ‘ﬂa'E]‘z’;lfmf’]"?jL‘%Q‘Uﬂigf\]ﬂﬁﬂ’]ﬁ/l“UV]’Juﬁ,ﬂGliﬂﬁ
wazadadoimuniiiesuaniymfingtd fnsdavhusunazgnsmansnisiamngdsam
A13UBUs (Thailand Research Fund, 2014) LaEINITINIIARILLATYENALALEIAURIIYA
atufl 12 w./.2560 - 2564 TfngUsrasdiiiodnunagiiuymineInsossurAuazAaAm
dawandouliamnsaatuayunnivlafiduinsfuduiedeuuaznisinuamdinia
VBIUTEVIVU (MHURAILLATYTAIUALTIAULMIYIA atufl 12, 2560) 91nUSLNAIAILT T
voei1ga1suaulaeenles Tuussmalaznatenuisuiuinsnisiunisannisvass g
asuaulaeenles mnmsAnwedunuin ald3Emsmsussdiud3inafsieunszan
vot03dnsiduniaadiofnlddmsunisuseifiunisudesUsunafivdounszanvesaddns
Fsanunsadniunsussidiunisudesimiieunszanaseunauynesdns lnsaziansuIuna
nsUaes9L3aUNIEaNBI0IANS (Thailand Greenhouse Gas Management Organization,
2018) Wudiuaiigasusulasenlefiisuin (tCO,) dlensudsUsinaiedounsean
uazuvasUdosfinmiounszanvesesdns asthdeyailéunvhnisasiinumsudesineiseu
N5290 819988n197796N U URN158N15UA08A Y30 UNT2ANVDIDIANT LABNUIN
n1saansldndsnulniivesumineidesivigaunds dnisimuaulevis wWinuie
WnsNshazIniuIwnuldRnisannslelnivesesdns (Taksin, N., 2015) ludiuves
paAnsfABIfUesAnIsuInIsdrudeantavesuseinalve ladasimuiguuuy
nsdanisndaulniiesditniuesdng esvannisldngdsaulni Tnensldmedea
n19398lusuIAAYTe Ethnographic Delphi Future Research (EDFR) %qmiﬁwmgmwu
n153nan1susendandanulnirvesdiineu Jsusuuiauinisusendangaaiului
A1UMaN Thailand Quality Award (TQA) Balance Scorecard (BSC) Model Scorecard (MSC)
Waz Participatory Action Research (OAR) WUususiunsn (Nualaong, P., 2020) mnagUsenén
wdsulniilussdnsifieannisudesUSunafigiounssan aunsadniunisesnwuy
waginmsszuulnihdesainalngliviaeauead (LED) unuvaeavigosisaiaud T8 eazsili
annsaUsendemasnulniiiunnnitvesavigesisasud T8 60.22 Wesidus (Kerdlap, P., 2017)
mnagUszndamsidndsnulniiluseing Tnansvilanslandsauluindunuudnlul
annsasnunsiauanfafivesdniunisdanisndsnulni-lussdnsly Feanunse
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ﬁ%muaumﬂ%’mﬂﬂﬂmmam%ﬂv\lulé’ (Maneechot, P., Wongpanyo, W. and Vichanpool.

B, 2020) wagynazinsanmsUaesinnideunsranainves MAnanguvuasnsatives

sudaaduiowds ROF-5 ileannssnumsdaandondnmis (Pinate, W. and Dungpontong,

D., 2018)

muﬁ%’a‘f‘:ﬁﬁgmjwmaﬁ%ﬂssLﬁuﬁ”wﬁauﬂismmnmsﬁ%ﬁuﬁaﬂﬁmaamama
e

[

AIUaLkINg J9IAa1U1e M1ukuINIU T UAITUBUNANTUNIVRIDIANTUAL LA UD
A

[2] o

LuInINsanfiedeunszanveunAuIadiuasing fanindiuag iiedilugnisduiu
Anssuiifudinsrodanndeunagnsiauniidiiuvonnaunadely vuiduilfiyaimane
flzuszifiufieiounszanannisdniufanssuveamauiadivautng Janindiuns
pauuIMIUTEfiuasusuraniuivesesdnTuaziausuumanIsanfinsdounszan
ypanAuIaiIvaltng Jmindne iethlugnisdndufanssuiduiinssedsuindey

warNISHNAUNSEuunauIanaly

2. InQUsaIAvaINITITY

2.1 WiousziiufineiSeunszanainmsdniuianssuveunaviadivausne
Jaminaung

2.2 Wlemuuvnamsaniedeunsraniiaenadesiunsiniiufassuuesidng

3. WudiAnen

WmAUIaAIuaLing Janinaiung Lﬁuaaﬁﬂsﬂﬂmmdauﬁmﬁu@LLaﬁuﬁUﬂmaq
Uszana 85 ansneilawms wseuseanns 57,000 15 Usenaudieg 10 wiajtnu mesuuseyng
Q4 LABUEUIAN W.A.2562 WAUNARIUAINE J91TInanUne JUseuIns 6,821 AU LASIESS
DIANSVBIUNAUIARIVALLUNE FTIUTARI1UNT UTENBUAIY 3 dIUU bALA d119n91U
USAwAuTa nesnds waznesdne sauanslunnd 1

UIBNLNANUAT

!

F1UnUNAUIS

l

Uannauna

|
v v v

Aundaamdauia n29AR4 nN29714

AN 1 TAS98519NISUSITIUNAUIAFIUALLNG 39AIna1U4

NINTIVINMIAUEAlUlagana NI IMINEIREIANEUNN
U 13 atun 2 nsnguaw - Sunau 2563



4 Industrial Technology Lampang Rajabhat University Journal

4. 5015999

N5USEEUAYITOUNTLANVRINAUIaMUaKINE J9rina U THuwImensuseidiu
A9138UNILANVDI89ANT (Thailand Greenhouse Gas Management Organization, 2018)
finseunwndalunisussdufedeunszanveandauianing Smingiuns euszifiufae
L3AUNTLINIINATANAUAINTTUVDUNAVIAMIVALUNG F9IUTAGIUIY WATUILUINAG
Asanfeeunsyanidenadasiunisaiuianssuvesesdns Ingesdn1susnissanis

(%
a

ATLIBUNTLAN 1198 BUN. UTLNBUAIBNITALTIUIIY 3 JUADY G191

MUUAVDULYADIANT

l

AMUAUAVDULINVDINTITALUIY

l

AN5ATUUYSUNUNSUA DY
Awsaunszan

a ] a o & ¢
AN 2 YUADUNTUTLLHUNBLIDUNTLINVDIBIANT

4.1 NMIMAUAVBULYADIANT
Tun1suszliufnglsounszanveanAuIamIUaing J9ina1u1s Jn1siinun
vautwnn1sUsziliulaeiansunanuraslassfingisounszanuesesanssulududvune
fidrdnyfe nisandufanssufiensliifinnisanfigiseunszan Feanuisasuiunisld
meluesdnsies futu veuwslunsusailiufedounszanvesesinsveunAuiasuaing
Famind e Fsgnamuslfdunuuauaunisdfiuau (Operational control) FaAanssa
fignuszdiuiammegneldinsmuauuesmautadiauing Smiadins Tasedemssu
U83an15Uaes MUTouNTEANMULWINIINITUTHIUN9ITaUNTEANVBIBIANT (Thailand
Greenhouse Gas Management Organization, 2018)
4.2 NISAMUAYIULYANITANTUIIY
N3UsZEUNES0UNTZANTOINAUIaAIUALINE Tarina1U agvinnisUseiiu
Tud 2562 lnedfrwidounseaniiagriinisfiansmn 1dun Arearfueuldeanled (CO)
i (CHa) ludaeanlen (N,0) naulalasvigeslsaisuau (HFCs) ngumesgaslsasuoy
(PFCs) davasignyviglalsd (SFe) wavlulnsnaealsd (NFs) fn1siinunveuiun
nsifinulaeuUmuianssude 9 ideannsaiduauvedesinsdaaansowisenn
Tendu 3 Uszian leun
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U 13 adun 2 nIsngnAw - SuAw 2563



Industrial Technology Lampang Rajabhat University Journal 5

Uszlanil 1 msUdesfeounszanynansswesasdng asouaquiisianssusing 4
V9909ANT Fal
- nsunllidomadueiesingeiie 4 Ussnoudie savuey wiosiang
SOAULNGS LazTaUTETRILAUIVIUNNINANUAT
- nssalwavesansvinnandu R32
Uszuandl 2 mydaseieidounszanniedeuvesesdns anmsldngaanuliih
Usziandi 3 nsUaesfIeiiounssannI98oNveIading 1nn159An1sTee
wagnslansyae

4.3 nsAauradsunanisuassingisaunszan
N3 Ugdsien1sdiunsuaiuralsuiunisUassiigisounszanuen
A1UUTLLANVBININTTUAINITITD 3.2 %‘gqswsm%yjaﬁaﬂssmmamsﬁwLﬁumusuauwﬂma
fvauinz Sorinaiune Tl 2562 wansannsedl 1

M13199 1 JeyananssuveunAuIaimuawing Samina1ung Tu® 2562

Uszan dayananssunsudesineizaunszan Usua e
1 msmﬂuﬁa@:ﬁuﬁ (Stationary combustion)

- fia (Diesel) 60.25 ans
mswlnsiadeudi (Mobile combustion)

- fia (Diesel) 4,101.79 an3

- LUuRU (Gasoline) 150.61 ang
ms$lua (Fugitive emissions)

- fmuanmsdanisvendevesieni 162.11* Alansu
ansvhnrndu (heue?d)

- R32 0.04 Alansu
81k 88,058.15 kwh
Ve 2,628.00 Fiu
NTANY 7,732.5 Alansu

*ANUIUAININUIUNLNUNLINUlLT 2562

foyauszianil 1 msvdesuazganduiuiounszanminssesesins Ussnausie
ﬁ"wﬁ@ummﬂﬁLﬁmﬂﬂﬂﬂWiLmﬂlwﬁagﬁuﬁlﬁﬁ fre3eunszanannsualudindeud aun
Asldinufea wazuudurosstuninuzyesntniuluesfng saifiuaes safuLnas
\n3osiang1 saUszdduvtavesuienvesesdns dnsifudeyalnedredeusuiunisld
mnluasaduiuannisteinsureanauiamuauting Smingne Ysunadimuiitinean
M$lnavesiesi aansasaldainveadeiinanninnuivinaulumeauialud 2562
35 lwavesansyhanudu R32 mamaviasvaning Saiaaiins lladnisifusiusu
Foyald Fenmzfideldvszananisnisilnavesarsinudu R32 Tngondouuinig
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msﬂizLﬁums‘uaumw%uﬁaﬁﬂi (Thailand Greenhouse Gas Management Organization,
2018)

Foyausziand 2 nslaliin srusamdeyansleining 2562 anluiaganisldlai
YoawmAuadUaing Jerinaung Tut 2562 dusunamistalniismduiu 88,058.15 wiaw

foyauszianil 3 Usinamezveamauiamuawing Sanind1uns sausamanduiin
YogvounAUIaiuUaling dmind1uns Afinsdafunnfusafvesevisfuannsafivues
16 7,200 Alansu Tul 2562 An1sdativrsrvounAuiadivaning Janinaiuis
SRR 2,628,000 Alansy An19A3ATELVBANAUIRAUALLUNG JIRIAA1UIE A28ITNITWUU
Handulnsvnaveilanaufivuia 10 x 25 x 2.5 gnuiariuas ludnvesTinumsldnszany
nelumauiamvauing aminaiuns iwi’;wﬁayjammwmﬁa%}aﬂizmwmmﬁma
Fuaking J9InaIung

nsUszIiulSNIufIgTounTEANURUNAUIaA VAN J9rTnauns Tdaunas
LaENITAILINANATN1TUTHTIUA9LTaUN AN VR IDIANT Feanunsadwaaldainnis
thdouafanssy (Activity data: AD) quAnduuszansnisudesfineiSeunszan (Emission
Factor: EF) auaunsit 1 (Thailand Greenhouse Gas Management Organization, 2018)

GHG, = AD, xEF, (1)

Tned
GHG e USuraufeisaunszanainnisaniuianssy i duvheduilansy
reRuAsuoulneenlenisuyin (kgCOeq 30 tCOeq)
AD. #o  deyafanssunisudesfinuideunszandeimheunndaduluanm
AaNsTU i
EF Ao endudszAnsmsudesfinadeunssanvesianssy i (Thailand

Greenhouse Gas Management Organization, 2018)

aunisi 1 awrsaldduiuliunafiadeunszaniiinainianssunisuunlng
dsudamawioada niuaznszany Tnornisuaesinedeunsranvadiiifidmiafy
0.4999 Alansumisuuslaeanleniiiauiin/kWh (Thailand Greenhouse Gas Management
Organization, 2020) d@uAvnssuduaiusaduinuiuiafisiounszanuensieianssy
1§ orail

N5UaBEATIDUNTLINIINAINTTUNITANIAVEL @1115aALINLARINNISLARTIINU
Tunsmdavezuuumnes aunsarualdmuaunisi 2 (IPCC, 2006)

GHG, ., = MSW x L, x 28 (2)
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Tag?
GHGuysw A8 USunaufnossaunszanainnisannisvesivdiedunlansunse
Aumsusulaeanlefifisunii (keCOeq %3 tCOeq)
MSW  fe  USunauvey Svidiendudu
A U a a v £
Lo Ao AneNNURINSnIWmY (Fullnu/fuvey)

A1 28 Tuaunisii 2 fie Ardnaa mviliAnlaniou (Global Warming Potential;
GWP) w09l aus1ea1uatiufl 5 veenmenIsunIsseninedguiaindnemaasunyas
nilon e (Intergovernmental Panel on Climate Change: IPCC) (IPCC, 2006)

A19AIUIIN1TUABEA1LIOUNTZANIINNITINNTVD LAY VB ILNAUIAAIUAUINY
Fwriagnune ansosunaldainaunisi 3 IPCC, 2006)

GHG =TOW x EF x 28 (3)

Septictank

Tned

GHGseptic ok A9 USunaufnmiseunszanainnisinnisveadeiinuiedu
Alansunsesuasueulneanlaniioun (keCOeq %30
tCOzeq)
Total Organic Wastewater (kgBOD/%)
Emission factor (kgCH4/kgBOD)

TOW
Lo

) Db
® ©

5. nan1sussiliunwisaunszanuazafusigna

NAN1SUSZLAUAFLTOUNTEINVDUNAUIAFIVALLUNG TIMTAS1UIE AIULUININTS
Ussiiumsuaunamiuiosdns TunisduintiinumsUsesfmdounsyania 3 vouin
ardnanmsililandoulureuiwail 2 MsruiansiAniimuannewes mdnanInyils
Anlan3au (Global Warming Potential; GWP) 283y m1usneeuatudl 5 vesnnenssunis
iwdﬂﬁgma’jﬁwmiwgUULLﬂaﬁqﬁmmﬂ (Intergovernmental Panel on Climate Change:
IPCC) (IPCC, 2006) warnsalwaves R32 vinsussanaanisluaainuuinianisuseidiu
AaidounsyanvasesrnsineUszanamsnssilnadovas 5 wuln 1wl 2562 wAnasuausing
Fning1Ung UdesRneSeunszaniiady 2,204.63 tCOzeq Fauandlunsed 2
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AN5199 2 Han1sUsEiuNsUaRsR U aUNSEANYawNAUNas T UaLing 39rina1Ue Tud 2562

Usziam | deuananssunisuaesfinei3aunszan eHG GHG Contribution
v (kgCO2eq) | (tonCO2eq) (%)
1 ﬂﬁmlwﬁazﬁuﬁ
(Stationary combustion)
- fia (Diesel) 162.68 0.16 0.01%
mswnlusiadouii (Mobile
combustion)
- fwa (Diesel) 11,076.00 11.08 0.50%
- LUWAY (Gasoline) 328.37 0.33 0.01%
ms$lva (Fugitive emissions)
- fMURINTZUU Septic tank 4,539.02 4.54 0.21%
ms¥alnavesansvianudu (heued)
- R32 26.23 0.03 0.00%
2 sl 44,020.27 44.02 2.00%
AMUIINNITINNTVYLLUULIINDS 2,128,227.93 2,128.23 96.53%
Aslensrany 16,253.72 16.25 0.74%
99U 14243 1+2+3 2,204.63 100.00%

Y % o a A ! [23 )
WKHINA1UNN AUIuIUNITUaRENIELTOUNTEAN
luraulnil 3 fiu191nn1sdanisvezuuumnesiign lasmaviadeaiunuiuinyeu

Tud 2562 WwiAUIaRIUALLNE

TunsiansvesfiRatulumeuianmun eedeunszanainnssansues Fansinnisuey
goamavtanniunisiagnisimnesiidvsuia 625 anNuIANLUAS ndurnsiRunay
Frundiloverifufiuiivialfiannisdesaarouuuldldoandiou FeiinavinlfiAndimu
fuufreieunszaniulussninenssuiunisdosaneAndudadiugededonay 96.53
399n15Ua08 AT o UNTEANTINLATDIMAUIaG UaLINE SInTnd1Ue n1sUdpefRn
Founszanannsldlndinluveuiued 2 fawvinfu 44.02 tCOeq Amudadiunisuaes
Usssnaidesay 2 veanisudessnunveanauialud 2562 Tnsunainnisidluiinlueinis
dnaumeauia Tudiuvesnisudesfieidounszanainunaslaesdu q Usenaudae
A ludirduidemas fimuainszuudeinses n1s¥alnavesansviianuidu R32
nsldnseny Adndrunisuassngisaunsyantesninsovay 1

NSAANIYLIBUNTLAINIINNNTIANITVYE TAANIZVLBUNTE 19U LAWEIT NTEANY
Tlel Wusu Tneamervornsiidledevaasluannsiilfonaudinsiiiaisdeunszan
Tuusungs esanddndulussdusznovveseyluuTuiuigs dsa1nn1siasen
29AUTENBUVLLVDUNAVIAMUALINE Jmiad1U19 WaINUI o msildndiugaieu
¥oray 70 U9WLLIMNA FauandluangIeh 3
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AN5199 3 ANEIUBIAUSENDUTLLVBNAUIAMUALUINE F9IAa1UN

in Usuau (kg) dadau (%)
1. dnwalilaziAve1ms 1,670,619.60 63.57
2. NEAY 215,233.20 8.19
3. Wanamn 442,292.40 16.83
4. fn 36,003.60 1.37
5. 14 19,447.20 0.74
6. YNLATUTN 13,140.00 0.5
7. uM 91,191.60 3.47
8. lany 55,188.00 2.10
9. 3u 9 84,884.40 3,03

374 2,628,000 100

LaMINsanfingiFeunsTanvesmAUIanIafe LT uiUUT Ty ey
TulwammavIafisuRnseuiioanUiuiave sduns ifiaztumnes Fawuimniinisaniu
Aanssulunisanverdunidluiiuil svaunsnanUsuiafeEeunssanveunduiaasly
Tnelasanissng q fisfiunisezanunsoanfodounseanld

n1sanUiunanisUansfiigiieounsyanvesesfnsiivainnatedsiasaniunis
iioannisudesfeSaunszan ImstmJ?i'smmﬂ%waamﬂqamiawuﬁ T8 \Junaan LED
(Kerdlap, P., 2017) fin1seanuiuvanisndimesdinsuianisndsanuliiniiuanisnluu
(Maneechot, P., Wongpanyo, W. and Vichanpool, B., 2020) Tumauiasivauwing Jswina1uns
TEinsmLuInIInIsannsUaosfinseunszanainesdng ielivunzaufunisaiiu
RanssuveamALIafUaking Sainsu deldiivuald 3 335 swandlunnsed 4

A15197 4 AeSeunszaniiaunsnanlnannnsaduianssuveunauIg

fAanssu swazden Yunafedou | dadaud
nszanfianasld | aald (%)
(tCO2eq)
S¥UU Biogas luasalsou linATaIeu/31u dsguu Biogas 1,527.27** 69.27
Tup$adeu Inethiedilaluldlunis
Jsgnauaums®
nsinlulfuindude | duesidld/ulfanduiteunvinde 23.75 1.08
duvisg wielfluniaFounasnaunudeiaiion
mstdnlussuunuu@ena | dessianuadissuuidavesuuy 2,128.23 96.53
107 (Mechanical LFInaTININFFE
Biological Treatment;
MBT)
“guuiinfinsivnurldimuaazszuliiinislue *|yisunsaunuuoai
ssauunlmdunuundnneasldfiaiinussuinsnside xauuRlnsendnanisgesaaisvesduiaennieiivang

D a
wagldiAniiny
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A7 4 mdiulian nsfdevezunuudinatan ndadunseuiunsmedive
vesuuaiiFoulunsdesaasduniding averdouelstanuaiideneldanneimungay
Tunsgesaany (Ministry of Science and Technology, 2017) 2@ N150aAN%L30UNTLAN
vounAvIadIvantng Janinaiung Tul 2562 late 2,128.23 tCOeq ioniniouay 96
yosldnaufuieunszaniiintulud 2562 sesaun Ae nsduasuliudaaiieuilszuy
Biogas Wi dnvezaniAweIIsausaanfimseunszanlel,527.27 tCOeq ¥39N31
Joway 69.27 warn19virdedunsdainluliaiuisoaniteisounseanla 23.75 tCOseq
viseUsvanaidenay 1 Wiy

6. agUnaITBuasTaLaUBLUE

N5USEEUA9L58UNTLANTBUNAUIBA VALY TIUTAG1UN MLLLININNTUTELEY
MeSeuUNTEaNVeInIAns 1l 2562 wui U'%mmﬁm‘%auﬂimﬂﬁLﬁmsﬁummﬁqmmmmwa
fvaning S9ingune Ao veulwnd 3 9nnsTRnISTRTLUUWNGS SdndiuSesar 96.53
drulnifidndiunisuaeefiveunszanlussdnsdovas 2 dmfuunaslassdu 9
fidndrutiosnindovas 1 FeuumenisannisUaesineidounssanvsameuiamuawing
Fmind e gatiuluinisannisdeseiseunszanainnsdnnisuey daainnisdseidiy
nUINITEUEElUATANIELUULTINaTIN N @1U1TRann TS auNsEanlas1Seuay 96
9931500 RT3 ounsEananun uaninnsadunisdenainaziianldsnofiuby
Hesnmavialddszuuiidaaesdingn nsdnasuliudazasaiiounssuy Biogas
Wieanvezdunislunsiunnes diefiesanudinisduadulviisyuu Biogas assduuuimng
FunzautumaviamuakinzanninIstdaez s ssuudinadinin wesandy
Tasansiiansadufunisifiosuasialddrefiimin e lugnsudladamitmunzan
wasdBunely
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UNANED

Uszmealneiinisdauasunisndnliindendinuazeinainleasigad 41uauuin
wilguifinuunde enunddsarfiwadidenuaoignislden Sanisidaeinvdni
afmansgnudeduindoulasianiznisuaesfnieunszan nuisediitnguszass
WefAnwinszurunisidaeinuasleaifiwadinuneignisidnuveamine dongien
warUszifiunisudosfeideunszan 2 duneu Ao 1) Juneunisaudslaedsluiidn
o Uszinadlu uag 2) fumeunsiluauazindnvonds aumdnnsuimstanisveade
duannseindveoagylsy (WEEE Directive: Waste Electrical and Electronic Equipment)
yaaunalgarsiwad vlalndrsadalal §9uu 1 una vuIn 250 da6 wundainisuassfing
I39UNTEANTINNAU 8.6370 kgCOeq/module WuArannsuuas 2.1295 kgCOeq/module
waen153leiAa 6.5075 keCOeq/module Famnillssanuiladalulsenalveazaiuise
anA1N15UdesAtedaunszaniainnisudsadlinazuuiIniedu q faiuisarialdfe
FonltimaluladnsiluAanivszansamgslindanue uazatuayunislindanunauny
Tunswudnlvifiuiedidudisluannisadmansenusiedainden
Addny: mudesfimFounszan, mamdnen, wnsleardioad, nansevudandon

Abstract
Thailand has promoted the generation of electricity using solar power renewable
energy. However, the disposal of solar panels at the end of their life impacts on the
environment, especially in terms of greenhouse gas emissions. This research focused on
an evaluation of greenhouse gas release in the processes of solar panel waste disposal.

This study conducted a scenario analysis of expired solar panels located at the
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University of Phayao sent for disposal in Japan, and assessed the WEEE Directive (Waste
Electrical and Electronic Equipment) in the recycling process. Two processes were
evaluated: the transportation and recycling of 250-watt, polycrystalline silicon solar cells,
based on a product life cycle assessment. The results found that the total greenhouse
gas emission value was 8.6370 keCOeq/ module- 2. 1295 kgCOeq/ module from
transportation and 6.5075 keCO,eq/ module from the recycling processes in Japan.
Establishing a recycling plant in Thailand will diminish the greenhouse gas emissions from
transportation. In addition, the use of renewable energy in electricity generation should
be encouraged, as well as the selection of highly-efficient recycling technology to reduce
the environmental impact.

Keywords: Greenhouse Gas Emission, Disposal, Solar cell, Environmental Impact

1. Ui

Usemelngluiagiuilfianudesnislindsmulnihiiuinndunnd nssnsandany
Jflulgundaasun1sHan lif 191N NN IUNAUNY UL URAILINEITUN AN ULAE NI Y
yaden w.A.2558 — 2579 swuslinely 15 U Tuanidedinswaniniidowndeaniiwad
111077 8,700 LUNTING ﬁﬂﬁﬁmsamuwﬁmlv@ﬂwmL,Lmiszim%waél,ﬁuqasﬁwiaLﬁaq
Ny G?faLLN&I%aﬁmaa‘ﬁmqmﬂ%’mumﬁ'a 20 - 25 U (Tao, J. & Yu, S., 2015; Weckend, S.
et al, 2016) Sausingsruildannuusleansiwadtuldunduuazeinlidimanszsnuse
A9uInaoNsTnIan1sHan bl Lwimsmé’amﬂmmmqm'ﬂ%mu%Lﬁmazﬁmmﬂmﬂ
wnslgarsiwadiigeetign Tnonuinl w.a.2565 UszmdalneavSuignunsleaisivas
fifeaf1dn uazinefianaziiudunaunnis 24 druuns udn 15 - 25 U (Rachdawong, P.
et al, 2016) waznnlddn1smToun1suiuisannisnieuinsnislunisisafimaunsay
Hopmilnintufe enusslemfivaduTinags Tsdmansenudedanndedlinanianniy

dmsuuszsmdalvevezdulngazgnaniunisdanisiagldisnisilanaudundn

[
=

(Sununta, N. & Sampattagul, S., 2017) HATIAILLIAD AGTDUNIZANANINATTHINAUTLNLA

danaliiinniizlandou (David, A. et al, 2015) Muingfinisaidauindouiiddgy
MlniasdadunisandnsinisaireUsuiafiigisounseaniioussaidvauneniuuuu
atdvayuluszauyusema (Nationally Determined Contributions: NDCs) fikansdiasidnnang

nsaangseunszanasneldausdymyiunia (Chaiyadecha, V., 2018) §935n15A19A8E

a

Nasnansenusedundentoeiande nssladansonisuinaunildlug (Lunardi, M. M.

'
a

et al,, 2018) FaduIBAmmzaniigadmiunsidaenunddsafiwad wideeenslslunis
Flofadinsinisudesfrniounszaniiadrmansenudeduandouainnislindsau
uaztlagiusamalnetudshiflsanuilafaundeafioad fuuisnimisftannsoriild
fo msdsundlearfisadlumdndsemadiinnsdalssnuilodauda Tnongudszine
woutewleffiauiudnazniouiuiluAaunsleariiwadfo Useimadu guu dude

NTIvINMIAusAlulaganaInnIsy WInedesagang
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waznnald uazvnziussmaduuliinnifoussmeunsuuanensiamaundeanfiad
(Auer, A, 2015) lagldnanni15u3nnsdnnisvesylsy (WEEE Directive: Waste Electrical
and Electronic Equipment) (Dias, P. et al., 2016) warduSEn PV Techno Cycle Co.,, Ltd.
(Solar Trade Platform and Directory of Solar Companies, 2019) ﬁ%v%{lmaauméfﬂ )
Y w2562 sJusiuan

vt uinendensen3eldEudinanunudmiumsmdasnuasleaiiead
finfauundsatvuia 500 Alatad nnendmuaoignisldauifieldnsuimanseny
yadandoniimaazifnnuin auzdidedddinnsinunarussiiuunafivEeunsyan
fiindulunszviunstdasnundlsansisadiiamnsasuiunisldnuanunisaidagoy
Aensdsluidndsisuszna ielinswisiunavesfwEeunszanlunszuiunig
flaframansznusedsuinden WelriglidruAvatesldnszuinfiansannaunualami
dnsumatndasnuadeanfigadisduiumntulussmealnedely

2. I9QUszaIAYaINITIY
WinAN YAz USLUAIYSaUNTEANIINNTEUIUNNTAIAYIN NGRS AR N8 NG
NUADILNITLEY NIARN NI IS NELE

3. /A LUUNITINY
3.1 AMMUATBULINNITANYILAEUTITUAYITOUNTLINAINATLUIUNITAITALIN
uslganflwad nendmunergnsldneamiinedengie dminngie Fudunends
NSTUINTIONDU (n it 1) Uszneudng
1) Anwnszuaunmsmdamnuuddsaniisadinuneignislda
2) UsgiliuinglsounI2anTeInIzuIuNITAIneInuHeleansgad ARUATaULn
2997150 sELIULUU Cradle to gate dinawn15@nen (Functional Unit) Ao wislwaisiwas
wilalnansadalau (Polycrystalline Silicon Solar Cells) 917U 1 kie (Module) IUIAAIST
nswarlih 250 g thainues 18.2 Alandu Tu 2 duneu fe
(2.1) Uszifiudumeunisuuds mnualieudsanuminerdenzien Tuidn
Tuls997u PV Techno Cycle Co., Ltd. Uizmﬂﬁﬁ{ju
(2.2) Uszifiuduneunisiluda AUNANNITUINITIANTTVELU (WEEE
Directive: Waste Electrical and Electronic Equipment) (Dias, P. et al., 2016)
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AINA 1 VBULYANTSANWILAZUTLLHUNGLIBUNTZAN (IUﬂiaULauﬂﬁg)

3.2 N15U5EHIUNISUARYRITISOUNTZAN NISIASIEALALNITATUIUAIUNANNS
Uszifiudndnstinvesnansdue deaunis (1) (Sampattagul, S., 2012)

GHG emission = EL; x EF; (1)

pel GHG emission Ao UsinauinuseunszanaNAaNgsd (keCO.eq) EL; fip Yeyananssu
inliiinnisudesingisounsean (Unit) uas EF (Emission Factor) Ais Avdudszdns
n1sUasefingsounszan (keCOeq/Unit) kag i Ao Aanssunvinlilinnisuassfingisou
nszan neiiudeyauenniudi9igdnsdinvesszuu 91ng1udeya Ecoinvent lusunsy
o & . 1A | Y] Y a a
d11533U SimaPro 9.0 wagdloveIANENITUNITIENINETUIRTIWILLTRINITWABULUAS
an1ngie1nie (Intergovernmental Panel on Climate: IPCC) lngnanlaainn1sdnun
zsvanulumheilansuasveulaeenlaniisuvinbe 1 une (kgCOeq/module)

4. Han135398
4.1 HANISANYINTLUIUNITITAINLRIL A5 Iaamen1saalundndsmneuseine
Usznaulldae 2 Funeundn fe duneunisvudiarduneunissluifauasindnveade
fnanisnwndedl
1) Fupeunsvudsndearsiwadiulsanuslafalusaseme @umanisouds
il 3 923 (Al 2) Ao Msvudenisludszme nsvudsfioEeusinnsznitseina
LasnsvuddlusinsUssma fssazBonusazeaeal
(1.1) prsvudanrgludseine Léﬂﬁﬂﬁ]’lﬂﬂﬂ%@ﬂauﬁa UNINYIRENTLY
A1UNT0VUEINNDUNAIETAUTINN 10 do IWdmiTauvanats Jminvays sseeni 791
Alalums

NTIvINMIAusAlulaganaInnIsy WInedesagang
U 13 atun 2 nsnguaw - Sunau 2563



16 Industrial Technology Lampang Rajabhat University Journal

(1.2) Msvudwheiseussynsznindszme Wunisvuddludwingelaien
Uszmmﬁ{ju SreeNg 7,320 Alawwss (Sea route and distance, 2020)

(1.3) nsvudsluansusena WWunsvudsanyinselaienluda PV Techno
Cycle Co., Ltd., Keihinjima Park, Tokyo fgsaussnn 10 88 A3g5eeene 12 Alains

I UNTINYIAYNLLEN |‘| virseunauav |

| svermne
{7320 .
——— s
Q. Tssnulaida - J

WY P rechnocycte, | o e
’ e ,—l 2T =
Keihinjima Park, Tokyo | i 15y, ! wsalaien

a Y] ! s ¢ A o o
AINN 2 Lﬁu‘l/]'Nﬂ'ﬁGUUﬁﬂLLNQIsUa']iLGUaaLWE]ﬂ']"I]WGﬁqﬂ

undlgansiwaa

2) Fupeunsslafauazidnveds wisnnsanwnly 2 @y Ao ssddszneu
wrsloansiwad Ussnndaneu vinlndnsadalay waztuneunissluidaunsleandioad
dethdeyalulddmiunsUssdiufedounssan fuanisfnunded

(2.1) asAUsEnRULKIlgaNswaaUsELNNTanoy Ylalndnsanalal As NTaU
padiviley ns¥anla 8199310 WAATANDU WHUNATARN WazndemuAl dmTuwadTaneou
Uszneaulddreildundeuiuassiou 92l (ansdu newns) 8aneu wazildundey
aqilitey fimdnUsEnoULHILERITInNSIST 1 (Wambach, K., 2017; Cynthia, E.L. et al,
2016; Shahariar, M.C. et al., 2020; Philippe, S. & Rolf, F., 2018)

A15197 1 dwdndaguesundleatsioad 1 waa @uia 250 $ns) (Wambach, K., 2017;
Cynthia, E.L. et al., 2016)

‘o ﬁﬁwﬁ'ﬂf’aq Ysuauduus wazden
) (Alansu) (%)

n3Ean 12.740 70.000 nyzaniisng
nsauegilifley 3.270 18.000 -
ndiwes 0.920 5.100 wiaulhlawading, EVA
\waRTaNaY 0.660 3.650 WA 36 1ad sieaynsy Fllalndasasalay
WNUWAERN 0.270 1.500 Inahilavigeslsd (PVF)
aeiaLda 0.180 1.000 agnelundesmunuuszaliih
agiliiley 0.090 0.530 dlsgneviasiiivesunuleaisivad
NI 0.020 0.110 drulsenovisasiiinveskulsaisivad
R 0.009 0.055 drulsenovisasiiinveurulgaisivad
Buq 0.009 0.055 -
Total 18.200 100.00 -

NINTIVINMIAUEAlUlagana NI IMINEIREIIANEUN
YN 13 aduil 2 nIngiAw - AN 2563



Industrial Technology Lampang Rajabhat University Journal 17

(2.2) Funeunsiludaunslsardiwad BuinisAnuwinayisodaudd a.e.1990
(Weckend, S. et al., 2016; Corcelli, F. et al., 2017) 423Uy aluladnsslotfasud
M nMaNetuneuLAENaINMas3s (Kang, S. et al, 2012; Granata, G., 2014; Kemp, K. &
Almakhloog, R. 2016; Cynthia, E.L. et al,, 2016) Ansmusdeiiastasnisldmalulad
NALNATUANUMANNNAAEAS A3 warWand (Tammaro, M. et al, 2015; Lunardi M. M. et
al., 2018; Komoto, K. & Jin-Seok, L., 2018; Pagnanelli, F. et al., 2017; Corcelli, F., 2017)
JamdnnisuinisdnnisveaglsuiiZondn WEEE Directive (Waste Electrical and
Electronic Equipment) (Dias, P. et al., 2016) snlglun1susziiunisidnenunslaansigad
Tnganunsadanguiuneunis3ludald 5 dunou (nwdl 3) fall duneudl 1 do manaauen
a9 (Disassembly) (Wen-His, H. et al., 2017) Avn15neAnsaUegiiiiion naeIAIUAY
wazdreaLla s?iqmauagﬁLﬁaummmﬁmé’wﬂ%’w’%aﬁﬂﬂLﬁui’mqﬁuﬁy’qéfﬂmj (Dias, P. et
al,, 2016) navsmIUANLAzAIBIALTA AU NTIFNTEUIUNITIHN dWousnlanzuazinaulule
Twal (Kemp, K. & Almakhloog, R, 2016) Sumeuil 2 fie n1suUsaziden (Glass Refinement)
T¥anufounsniunszanesnainwaddanoy denszanaiuisatindululdviesludale
(Kang, S. et al,, 2012) Junoudl 3 Ao Msaarsuazuenau (Disintegration) WWutunaums
aza18831e (Ethylene Vinyl Acetate: EVA) Gudugrarimitiniidnsenitueadddneou
funHunaafnuda (Polyvinyl Fluoride: PVF) ﬁagjé’mwé’mmiqjm%maa‘ anwaurdv1Y Wi
(Kim, Y. & Lee, J., 2012) T OLNYadaANoUDNNUALNANARNLT S MF9aINT UL
SFonazununarafinudsluwn welilaamdsnudoudundudiunldlunszurunis
(Sukmin, K. et al., 2012) é’m%’uL%aa‘%ﬁﬂau%ﬁﬂﬂméaaLﬁadwfhd Funoudt 4 fio M5
wagararumensalunsn (Leaching / Filtration) (Cynthia, ELL. et al,, 2016) Wunsldlnein
Tunsyuaumsiianudeuiuwaddanou duneudl 5 Ao Msundu (Recovery) Tnsvuaunis
i uenlans@aneou RULaENoLAa mmma@u,avmﬁazma‘mmaa%gﬂwﬂmamw
Junansuarderndnmienisidenausiely (Daniela, S. et al., 2018)

Al-Frame  Junction Box Cable Glass
Silicon Cell/

‘ \ PV wafer

Solar Cell ... 1\‘ mmm
e =) 18D

mmm

ooy | BB [ ] OO

D

| RECOVERY | | LEACHING/FILTRATION I

T

AW 3 nszuaunsidaTnurslgatiwad (Cynthia, E.L. et al, 2016)

Plastic, PVF

Metal grade
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4.2 nan15U Tzl uA9I30UNTZANAINATEUIUNITANTALI NN YA SIaaN 19 1A S
NUADIYNITIIUYBY UMIINLITENELEN Sufulszidiuntendinissensuain 2 dau
fio TupeunITuuEs uaztureunsSludanazidaveads mundnnisusefiniginst i
wazaduUszansnisuaesfinvdounsyanaiunisiei 2 fidinisuaesinedeunsyan
59U1AU 8.6370 kgCOeq/module Lunan1ann15vUds 2.1295 kgCOeq/module
WazNI33 MLAR 6.5075 kgCOeq/module

1) namsUsziiufeEeunszanannsvudandlsaniiwadivuneignisldu
(a il 4) Wuranmsuudsmeluussma msvudsieBausmnisninussmanay v
AesauUsINNlusUsEna dAn1suassineisounsean 0.6926, 1.4253 uag 0.0116
kgCO.eq/module MNE1RU

2) nan15UsziduAngIounszanaInn1Ts MAaLNlgaIswadLagn15A19n
veadefiintululssnuileda Usemadu (andl 4) 10udrain %umaumsaamwnifaa
1.9814 kgCOeq/module %ai%’ﬁﬂﬁuLLazlvxlﬁﬂumswé’w?a@ﬁﬁﬁmﬁamn nswenTudIY
LagNsANdRNaeInIUANLATaIEIALTS fumounisutsaziden 0.7188 kgCOzeg/module
Wi lunislianudeuiiousnnszanuassledanszan Sumounisaaisuazkena iy
2.2529 kgCOeq/module Wlnfnlunsuenansdlowasuiunatadinifiothlusnuazungas
waddaneu funsumTIkavaraneRiensaluain 0.3548 keCOeq/module n1sldluifin
Tunszurunswd wavtuneunstindu 1.1997 keCOeq/module 1dlniiniiavinlilans
FAnau VeAd waidu Annznay (N 5)

6.5075
7.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0

25 1.4253

2.0
15 0.6926

1.0
0.5

0.0

#an, (keCO,eq/module)

AwSauns

0.0116
Ay

Y

saussyniudsemA GesevdneUsavA sousTnanUssmA  sruaunnsindnen

nszurUNsUUdIaznIsAIReInuLaalYasuad

AN 4 USRS UNTZANIUNTEUIUNTVUAILAL AR INLNILGAHYAE
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M19197 2 ATUSHILAEUIEURLANBEIMT U INTIATIERUTINUIYS aUN 5L AN

Tunau uazdun IBHE US| Unit undsdoyadnede
QRGN melulseing | saussnn 10 de 791 tkm | Thai National LCI Database/MTEC
finausene i) 12 (with TGO Electricity 2014)
TEHINUTBINA L%ami'vm 7,320 tkm | Transport, transoceanic freight ship,
IPCC GWP 100a
(1) m3neauenian’ ogfiilen ndos | dhifufiiea 0.02 kg | Thai National LCI Database/MTEC
muay, wida | i 0.1 MJ | Electricity medium voltage at grid/ JP®
(2) Msuvsazdon’ nsEan ol 0.075 MJ | Electricity medium voltage at grid/ JP
(3) nsaaneuazuengIl’ azane EVA i 0.7 MJ Electricity medium voltage at grid/ JP
N1 PVF AUSoU 0.15 MJ Heat natural gas at industrial furnace
more than 100 kW, IPCC GWP 100a’
(@) MSELaTaTane avanelum3n lunsn 0.14 kg | Nitric acid, in water (60% - HNOs) *
sglumsn’ AUSoU 0.015 MJ Heat natural gas at industrial furnace
more than 100 kW, IPCC GWP 100a
(5) nsihnau’ Tavig (i, Ag cu) | Tols 1.33 KWh | Electricity medium voltage at grid/ JP
USuann nsElanay 1.11 kg Disposal, limestone residue, 5% water,
anmzfunans | mzneu to inert material landfill®
wazearindn nstlenauves 0.19 ke | Disposal, sludge, pig iron production,
\dudunsng to residual material landfill’

AR

2 §1983%ayaan Wen-His, H. et al. (2017)
* 919830ayan SimaPro 9.0

an, (keCO,eq/module)

o
]

-

o

fineiSauns

YSu
o
N

1.9814

Disassembly

Glass Refinement

0.7188

2.2529

Disintegration

0.3548

Leaching/Filtration

o a a <
AsTUIUNSANAREINLA YA SIgas

! §14849pya91n Cynthia, E.L. et al. (2016) uae Dias, P. et al. (2016)

1.1997

Recovery

a a & a ] P a s I3
AINN 5 ‘Uslﬂﬂ.Jﬂ']“(jLi@UﬂigﬂﬂsUum@uﬂ']ﬁil‘mﬂaLLNQI"?]a'WiL“Uaa

(2.1) Amseunsrandunsunisaatsiaruendiu dA1gananandunay

Hn Selnseitunesuiliuiu nuinisudesfiedeunsyanuiain (nnd 6) nsuen
wart19ILe (Incineration of EVA) 1.0279 kgCO,eq/module N1TLENLAZINILHUNAERA
(Incineration of PVF) 1.2201 kgCO,eq/module n1sdnLazuntasigaaganau (Silicon Cell
Cutting) 0.0049 keCOeq/module N15audswezlUn1dn (Transport-waste) 0.0002 kgCOeq
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/module WazAMAIIUAUNGU (Energy Recovery) -0.0002 kgCOeq/module 911910017
P9 euazuaunatannuIsduudutaasiunistimnuseusundu vinlidiuntunouil
Usznaulumenatedsnslunisidnvesdelalninluusuaunn

Transport (Waste) ' 0.0002
Silicon Cell Cutting m 0.0049
-0.0002
Energy Recovery '

Incineration of PVF l 1.2201

l 1.0279

JupauNITaaBLaSILENaIU

&

Incineration of EVA |

-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4

YsuafineiFaunsean (kgCO,eq/module)

Af 6 MiSounsranluduneunIsaaI8larLENEIY

NIANANISAIUSHNAITLS BUNTEANAINATANIRL LN LA SLaanlen1saeluniem
AgUsTImAve M Inedensien Wenunegnisldauiididenisuda 500 Aladns
HUR9TIUIU 2,000 WNS A8IAT 17,274 keCOLeq dmSulszmdlneiiounanaziiunslvansivad
fiFounioun1smdnds 24 d1unua (Rachdawone, P. et al, 2016) windslufdnsisuszina
srfinmsudesfmdaunszanliuinds 207x10° keCOseq wimniinudululdlunisiazan
svpzmslunsudsienisiludalulsemelne Junsnededinisdslssnuslafaludssma
sziiliiilonadiazaiuisaanainisvassfigdeunssanaslalddesnindosas 16.7
MNFuRBUNTULE

5. dyunauazn1senuTena

5.1 N5ANWILaLUSELIUAIYITaUNTEINIINATLUIUNITANIAYINLRI TR Iaa
AENFWUADIYNITIENUTDINIING TN mmsaaqﬂié’ﬁqﬁ

1) NM5ANYINTEUILNSA ST NUNIUTEnaUlUR8ASANe 2 Tuneu Ae

Fupeunisruds wiadu 3 929 Ao vudinelulseme YudesEninalseng uazuuas
Tusinalsemea uazdumeunslmAauaznisidaveads wiadu 5 Sunou fe nsnonwUNian
NTLUIAELBEA NISARNBLATLENEIY NISINILaazatenl8lunsn warn1suINay
Tngazilfaniianusoindusnldlnile Ao ogfidlon nszan Fanou Fu uazvesuas
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2) nsUszdiufnmdeunsraniiniulunssuiunisidaenunssanswad
91N 2 du Ao fiAnisuasefnudeunszanuiiu 8.6370 keCOeq/module Fadupnfiunain
Funeunsvudsdoras 25 wardndevay 75 ntuneunsilufauaridnveds

5.2 mﬂmiﬁmsmﬂizmumiﬁﬁmmﬂLLN&I%aﬁL%aa“Luﬂ%u’miﬁugUquﬁmﬁauﬁ’uﬁ’u
Philippe, S. @z Rolf, F. (2018) ViléfﬂszLﬁui’g%’ﬂi%mmmsﬁﬁmmﬂLLMMaﬁL%é
YIM&INsanlnia 3 Aladndgean Tenisudeeiesounsesaniieulamindu 2.2834
kgCO,eq/module wag Cynthia, E.L. et al. (2016) ﬁﬁwmiﬂimﬁufg%’ﬂs%fsmaqmiﬁﬁ@
gnuEdlrandiead sautmTnuge 1,000 Alandy SAmsUdesfmideunsyanwintu 6.734
keCOeq/module Failddosnimanisuszfivlueuised Wewinnssuaunsileia
aldluiHundnuazardudssandnsudesfmiFounszanvadiniirluglsufidfisnia
Uszmadu (SimaPro 9.0) SvdsmaliidinisdesfeiFounszanuansiaiu venani
svgymalunmsvudadufiosnsvudsneluyssmensindu

nsAnwinarussiliufigiseunssanlunssuiunisndnginuuelgaisigag
diosmndudumildlunisusnmssanisidsmnunslsansiwadiindaasiatulusmine de
WL NUIINITINLRUANIAINWRITAISIIa8 AIULLLINIINITann1sUaeiglsaunsean
Ao nsansyeznsuds tununednlsinisadialsnuiledalulsemelng venaini
LuIMNefiazatunsaannisvassfngideunsyan as n1sidenldmaluladnisslaiia
Afluszansaings Tondseudn wazaduayunisldndanunaunuluniswdaluiy
Famanisalinaeildmiilianisudesimiseunszananas uagidlunisatuayunisusg
WmnemuansusaninsiounszanvesUsuindlne Sosas 20 - 25 1l 2573 Geusslowd
qqqﬂ@iamw%msw%’wmm?ﬂwsﬂuu33m;&im:uLmeqmidaLa%:i,mﬁaq%’ﬂﬁ%mma”au
Tunsimwiegnedidusely
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unAnga

unarwiidunininauenisesnuuuuaraiasrvuduaudiadeuiildsaluid
Tnssadsvasssuuiududadoudild Usznoude 1) dududuedoudlild s1uu 2 wn
2) fududadoudild $1umu 2 un Funddudiedouiiliuiazungnesnuuulfaunen
$Sunsglvanld 50 nn. Tnedyadsidaivhlidundudiedoufifusuuueanny fuewmes
Adweslwewesvuin 50 e Wuddumdsdmsussuuauaussuudanuauidnlud®
Igldmoufinmesiduiiniuaundn wasianunlusunsuaIuaunsinauIasssUUieYendLs
LabVIEW wagldian1sdeansnsniunussuuiuy CAN

MnnmagevTrvuiafvaud1Salutd fuinsdudnadoudildarunsandeud
nufddlfesnegnifesiaranusosuimiinian 50 Alandu Tnefunszuageanil 5.31 uoud
fheeaiigegail 0.167 m/s uaziiszoznisideulnavesndesdudgagni 0.004 u.
AANARY: TEUUIALNUAUAT, syuUTUAuA AR URlES PR, wauih

Abstract

This paper presents the design and construction of an automatic movable
racking system. The structure of the movable racking system composes 1) two-non-
movable rack units and 2) two movable rack units. Each movable rack unit was
designed to support 50 kg of capacity per unit and was driven by a ball-screw with a
50-watt servo motor as an actuator. For the control system of the automated storage
system, a computer was used as the main hardware controller. A program was
developed for controlling the system via LabVIEW, and CAN bus was chosen to

communicate between the computer and motor drive.
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The experiments of the designed system show that the movable rack unit was
able to move accurately according to the command and consumed the maximum
electric current of 5.31 A at 0.167 m/s of its speed, which caused the goods package
to slip about 0.004 m.

Keywords: storage system, automatic movable racking system, LabVIEW
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Abstract

The purposes of this research are to improve the efficiency of the low-friction
turbine for natural water resources and to develop hydroelectricity systems working
along with solar power generation systems. Additionally, to establish the renewable
energy learning center for educating locals in Huay Mong village, Muang pan district,
Lampang, or general interest. In this research, the developed low-friction turbine,
based on the Pelton turbine model, is used for maximizing the efficiency of driving
the generator which is suitable for water intake and dispersion in the generator.
Moreover, the researcher using the Finite Element simulation technic by setting
the parameter similar to the condition of the actual target area. It made the turbine
is practically able to be used in the target area by using the inlet pressure and open
the nozzle under pressured atmospheric by using fluid mixed-flow method, as well as,
The Navier-Stokes equation and Reynolds number are used to solve the equation.
The theory considered the water as an incompressible fluid in stable conditions
by adjusting the velocity of the water flowing into the turbine by adjusting the nozzle
opening level to 4/4, 3/4, 2/4, and 1/4. It was found that adjusting the opening level
of the nozzle to force the water flow rate to drive the designed turbine. It can make
the turbine efficiency as high as 66.11% . Conversely, when the water flow rate
is reduced, resulting in decreased efficiency of the turbine. Therefore, the output which
compared with the maximum turbine efficiency value obtained from the test was 57.56%.

Keywords: Hydroelectricity, Water Turbine, Huay Mong village
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Abstract

This research investigated how the waste from bamboo handicrafts can be used
to produce briquetted fuel. Through the process of using a 200-liter vertical type charcoal
retort, odor-absorbing charcoal was produced using packaging from bamboo handicrafts
giving added value. The results of the research showed that the briquette fuel from the
burnt bamboo scraps had a heating value of 3,565.47 cal/g. The handicraft packaging can
generate income for the community of 134,120 baht on average per month. This research
highlights that renewable energy technologies can be developed to create sustainability
in the community and reduce the burning of waste materials that cause smog.

Keywords: Biomass Energy, Biochar, Charcoal Retort, Bamboo Handicrafts Waste
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Study the factors that cause clay cracking in the case of a case
study of decorative flower molding in ceramics.
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Abstract
This research was to study the factors affecting the cracking of clay texture.
Case study of flower sculptures for decorating ceramic items in basket pattern Champa
ceramic plant. It was found that the factors affecting the cracking are the hardness and
moisture content of Clay. By the clay of factory used for forming. It has a hardness
of 6.5 and low moisture. When the flowers were formed into baskets and formed, they
fell apart. After adjusting the clay by adding water in the clay preparation process,

to have a lower hardness of 4.5, it was rolled into strips and then added moisture
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to the clay by clumping with a damp cloth over it. With plastic and leave it for 1 night,
then the form a basket and decorated with flower sculptures attached. Found that
the work piece did not have cracks.

Keywords: Cracking, Flower sculptures, Clay body
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AT 4 NMTIRAURNLLASaIIAlTUEY TT98WANUSMRIAULBNTDLEURLTSADDNUN
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unfnge
nedelundsd Tmgusvasd Ao 1. ilenaaeaivandilidnorgtosfeutnnssy
Fanm 2. WiethmanismaassUszendgnisesnuuunansueinnlidnoigies nan1sise
WUin namsMRRBINsIiNaNTR SiEnegsangmsanatin $1ua 24 gns ansanaanazien

-

wazdindn gnsi 22 iusgandainlunistesfunuaunianlidnenglonliffiga
uagslmuufiviewadlavdeniian Taedamudufivwiowadeln HaCat fiSosay 53.561
wazvila Vero M¥evay 33.318 Lieagunanismaasiudd IdeUszgndiinanisnaans
n1stesiuusaseslidneigdesunldlunseeniuundnsdud lagyinniseenuuunansoe
1 4 wdndast Wud Sunwoudundesnsiungadniims: wasvonduaiuinurdmiudn
Feilnamsuszidiunnumsnzaveglussiuainniian 1 vila Ao vesdueduaSinurdmiusin
(X = 4.52, 5.D.= 0.17) wagnansUssduanumanzaslussduunn 3 wdadue Ao fonsy
(X = 4.48, SD. = 0.21) sdnstosiunzadn (X = 437, SD. = 0.30) uaztunswes (X = 4.33,5D. = 0.25)

o o

Adndey: ldnengos, winnssudinim, wanduniainlddn

Abstract

This research objectives are: 1. To experiment to increase the properties of
young teak with biological innovation 2. To apply the results of the experiments to
the design of products from young teak for 24 extracts formulas. The 22" formulas is
from extracts from neem and cassia provide the best insect protection for young teak
material and has the lowest cytotoxic value. The cytotoxicity of HaCat cells at 53.561%
and Vero at 33.318%. Then the researcher applied the results of the insect prevention
experiment of young teak applied to used in product design for four products: a toy

shelf, a carved product, the Buddha shelf, and a wood block toy. The highest level of
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suitability evaluation is wood block toy (X = 4.52,SD = 0.17) and the evaluation of
suitability at a high level are toy shelf (X = 0.21), carved products (X = 4.37, SD = 0.30)
and the Buddha shelves (X = 4.33, SD = 0.25).

Keywords: Young Teak Wood, Bio-Innovation, Teak Wood Product Design
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arlad duion uazimdn %aﬁ@mamﬁmumsﬂaaﬁmmm (HDAR — The Organic organization,
2001 : 10)
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3. 3Auliun1339Y
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3.1 nafnwmaasufiuautRlidnegtesdeuinnssudanin $35ms il
fidelsvhnsAnudeyaifeavayulnstesiuusadng teyaieaiuliidneng
tiow Yeyaliafunsesnuuundndae deyaiiertunginssunslindnsasivesiuilag
sufednundeyannienans waraAdedu 4 MAgtes
3.2 NMIMVUATINARLY
1) nsgvaumaiinauialidneigtesfouianssudanm
fidevihnsfnwainenans udngiu fs1 swAdefifendes iilevnmnesnuuy
nszvIuNMIMAaRINsiivantRlidneglios FsnaniseenuuunszuIuniinandAliian
ogtoefeutnnssudanm
(1.1) ayulwsiiliFnu Adelifmunaslnsiiosngrituunasdnguealiidn
TngayulwsiiAnw1aniena1sues HDAR — The Organic organization (2001 : 10) wazdoya
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alning 4 ué ffevhmamasuauiufiviowadlon (Primary Screen) lnedituseu
fail
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3.5 MATIRURY

6 %

as a ¢ v a
0N1TFIAINTVVBUA WWM'JWQUigﬁQﬂ YN 1

Y
3

1) #FIdeTasiendeyaaintan1snaaendalsedng nmsdunaiiluinse
ITINT IO

2) {398AiAs1ERNaN1SIATITRIINRANIITNARRIAI DU wdaLaddn )
NIV URN1INAa0IMeTENTIATIEATMIINUNT T3NTIeTendeyanuinguszasd
{0t 2

3) {Adeissianufaiuvesuslaadeninufeinisnandudlidnenyties
meuianssudinmilenseenuuundnfusisnodadsfovay waznisussensluguuuy
LTINTTUUN

4) {ITeinsgitayanuainzauvesgULuuNdnd i lidneng oy
freuinnssudinmiiienisesnuuundndue d1835n153A518siARE8 (Mean : X)

drudeauuinmsgiu (Standard Deviation : S.D.) uagMTUTIENElUgULUUNMTIATIEMTINT I

4. Nan1338

anTIdningUszasdded 1

4.1 wamsAnwiivatalidnoigiesfouianssudanm

fdeldvhmsatnansadaauulng 4 viin fo nanfioy agled auan uastindn

Tngdmunnisdugddiunaumungufidunse (Line Blend) Lilemdrunanvasgnsansaria
funngausonisnaass fidsannsaasugnsarsadald 24 gns nifu §ideriogng
neaes Wudluarsadaayulng Wunar 7 Ju wazddedrimeasdddldlussulan
wazdanpnsdsundanduna 1 Feu

A 1 snwazayulnsiiinannsainaieun

NINTIVINMIAUEAlUlagana NI IMINEIREIIANEUN
YN 13 aduil 2 nIngiAw - AN 2563



Industrial Technology Lampang Rajabhat University Journal 67
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A new locomotion concept using shell transformation
for a Reconfigurable Spherical Robot
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Abstract

This paper presents a new locomotion concept for a reconfigurable Spherical
Robot. The robot is a spherical shape that can be transformed into two hemispherical
shapes with three omnidirectional wheels. Each side of hemispherical shapes can split
into three shell segments where each segment is connected to a leg with three degrees
of freedom. At the tip of each leg kept inside this shell is equipped with an omnidirectional
wheel. The robot can perform two locomotions: (1) rolling using shell transformation and
(2) moving with three omnidirectional wheels. The test results show that this robot can go
forward with rolling using shell transformation and moving with three omnidirectional
wheels successfully.

Keywords: Shell transformation, Reconfigurable Spherical Robot

1. Introduction

In recent years, robotic technology has become prevalent in many types of
industry such as food industry, military operation, hotel services, rescue operation
especially in dangerous environments (Nozaki, H., et al., 2018). The design of each robot
task has become the primary concern to fulfill each mission. The reconfigurable spherical
robot is designed to keep all parts such as surveillance camera, communication
equipment, and robot legs inside the spherical shell to protect them from damage during
transportation of hazardous environments (Nakashima, A., et al., 2018).

In recent works of our research (Jearanaisilawong, P., et al., 2009), (Manoonpong,
P. and Laksanacharoen, P., 2014), (Bunathuek, N. and Laksanacharoen, P., 2017),
(Bunathuek, N., et al., 2014) we have demonstrated concept and design of reconfigurable

spherical robot that can move using omnidirectional wheels equipped at the end of each
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leg or legged movement. However, our previous robots show that rolling of spherical
shape requires external forces or force of gravity which causes the uncontrollability.
This work proposed a new type of locomotion called shell transformation.
This locomotion use the outer shell of the hemisphere to push against the floor for
movement. The outer shell of the spherical shape can split into three shell segments to
hit the floor alternately for movement. The shell transformation can be controlled by
flexion and extension from each shell segsment. It can also help the robot to navigate
while in spherical shape. It is also safe for internal parts while rolling. This type of
locomotion will enable the movement of the robot to move across rough surface and
can possibly move across narrow path. With the additional mobility of the robot, this will

make the robot be able to do much more maneuvering in different types of environment.

2. Research purpose

2.1 The purpose of this research is to design and construct the reconfigurable
spherical robot with two types of locomotion: (1) rolling using shell transformation and
(2) moving with omnidirectional wheels.

2.2 The study includes the robot control for the two types of locomotion.

3. Method
3.1 Conceptual Design

Our previous spherical robot has two inter- connected hemispherical
shapes which require more space during its transformation. In addition, the direction
of movement cannot be controlled by any internal equipment. Our previous robots
have inspired us to design a new version of a reconfigurable spherical robot which can
be controllable while in spherical shape. Locomotion design of the robot was inspired
from Whegs (Tantichattanont, P., et al., 2007), (Quinn, R.D., et al., 2001) which are a
type of robot that has the combination of wheels and legs. Figure 1 shows the shell
transformation movements as spoke wheel mechanism with three appendages.
The tip of the appendages create discontinuous contact point. This work utilize the
spherical shell as the surface contact to create more stability. These appendages are

shell segments arranged evenly with an angle of 120 degrees apart.
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Rolling direction
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Figure 1 Schematic diagram for (a) whegs™ with three appendages (b) the reconfigurable

spherical robot with three flexion outer shells.

We use the concept of shell transformation by splitting each side of
hemispherical shape into three shell segments. Each shell segment can be flexed and
extended independently. There are a total of six shell segments. There is an
omnidirectional wheel installed on the inside structure of the shell segment to create
wheel movement. The robot can perform two types of locomotion: rolling by shell
transformation and wheel movement by the omnidirectional wheels. Those two types
of locomotion require changing the center of gravity of the robot to create the internal
forces so that the robot can move in the desired direction. While the outer shell of
spherical shape can still protect internal parts of the robot. This work is focused on
the robot’s locomotion on flat ground and will extend to grass and rough terrain.
The flexion and extension of the leg creates shell movement in rolling robot as shown
in Figure 2. The spherical shape of the robot has a diameter of 365 mm (the spherical
shape is formed by fiberglass).

The spherical shape can be transformed into two inter- connected
hemispherical shapes; white and red. Each side of the hemisphere consists of three
legs attached with outer shell segments (the omnidirectional wheels with a diameter
of 50 mm are installed at the end of spherical structure for wheel movement) and the
other end of each leg is connected to a microcontroller as shown in Figure 3.
The microcontroller board is installed in the center of the robot so that it can be kept

inside the spherical shell. The robot weighs about 5 kg.
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Servo motor

Figure 3 Three legs segment on each hemispherical shell.

3.2 Actuator selection
In order for the robot to change its center of gravity as planned, we need
to select the proper types of actuator in which it can be defined as the following
1) Magnitude of forces on each leg
When the robot is in spherical shape and ready for rolling. There are four

contact points which can calculate the amount of force for each leg as
4R = mg (1)

Where: R is reaction force in N, m is mass in kg, ¢ = gravity in
m/s’Therefore, 4R = 5x9.81, The forces on each leg R = 12.2625 N
2) Size of servomotors
To select the size of servomotors we have to calculate the amount of
torque on each joint and distance from the exerted force to servomotor. With the
assumption of the exerted force to the distance has the length of 70 mm. The amount

of torque can be calculated as
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T = Fxr (2)

Where: T is Torque in N-m, F is Normal exerted Force on distance of

servomotor in N, r is distance of servomotors to the force

Therefore, T = 12.2625x0.070
The forces on each leg T = 0.8583 N-m

With a safety factor of 1.5, we will use the servo motor with the
minimum torque as 1.5x0.85 = 1.275 Nm. We then choose the servomotor off the
shelf with the torque of 1.4715 N-m (15 kg-cm).

3.3 Robot Controller Design

To achieve high productivity, the robot has been equipped with multiple
actuators and controllers as shown in Figure 4. The controller receives a start
command from human to computer via USB cable to controller signal generator.
Then, the Arduino Uno generates control signal with motor driver L298N dual motor
Controller Module and 16 channel PWM servo drive module (12-bit PWM with 12C
interface) PCA9685 sends control signal to DC gear motor (2.4-3.0 V), hyper-dash 3
motors to drive the omnidirectional wheels. The 18 servo motors MG996r 7.2 V with
maximum torque of 11 kgf-cm speed 0.13 s/60 degrees drive the robot leg. There are
two sensors to sense its location and orientation installed on this robot: GPS module
GY-NEO6MV2 and gyroscope module GY 521 MPU6050.

EIlE2|1E(|&||&fl&]|l&]|l&]l & DC DC
= ] =] = 1= =] =] =] =]
E = E E E £ g E E motor motor
2 g g g g g g 21l g
5 3] 5 7] 5 5 5 7] 5] 3 volts I
] » 77} w A W v W 7] Yoits
L298N
PCA9685
I I [erute
module
—
Arduino UNO 4
I GPS  le—d
module
PCA9685 ‘
I I I L298N
3 volts >
sl g]|| & 5|l 5| & 5 5| 8 19 5=
- - - — — -_— -— =
=] =] =] =1 =1 =] =] =] =] z &
E E =} E = = £ = = -]
° o o © ) o ° ) o DC Py
- = - - - - = - -
5} 5 7} 5 5 5 5] 5 5
A 72 7] A ] A 72 77} A Step down
P ] | T 1 1 %1 Il 1] + -

6 volts

Figure 4 Schematic Diagram of the reconfigurable spherical robot.
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3.4 Locomotion concept
1) Rolling using shell transformation
(1.1) Rolling forward

The shell transformation of the robot is to change its center of
gravity. The weight of the robot will drive its body into defined direction as shown in
Figure 5. The shell transformation can be described when forward direction moving as
the following; 1) the robot legs are expand fully into spherical shape, 2) one shell No.
2 is tugged in so that the CG has changed and the weight of the robot drive the
spherical in clockwise direction in step 3 and 4, once the shell No. 2 has moved into
the rear the leg are expanded again to bring back the spherical shape and then start

over again. Figure 6 shows kinematics analysis of the shell transformation movement

of the robot.
[1.] (\S
ﬁ ﬁé

2.
5.
Figure 5. Shell transformation of the robot.
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Figure 6. Robot’s rolling motion illustrated.

NTIvINMIAusAlulagana sy WInedesigang
YN 13 adui 2 nsngiAu - SuAw 2563



80 Industrial Technology Lampang Rajabhat University Journal

dYr=la (3)

mg(Lsin 6) =16 @)

When 6 =0, sin@~ 8@
16 —mgLo =0 (5)

mgL

0+KO=0 K=-— (6)

Where; mis mass of the robot, gis gravity, L is radius of the robot
while extending, | is mass moment of inertia, € is angle between support and center
of gravity.

(1.2) Steering Motion

Steering motion uses the same concept as the rolling forward but
adjusting its shell extension segment to support its weight to control its center of mass
to move to a desired direction.

2) Moving with three Omnidirectional Wheels
One side of the hemisphere kept its shape and the other side expanded
three shell segments to allow the three omnidirectional wheels to touch the ground.

The configuration and vector analysis are shown in Figure 7.

Velocity Velocity
A

(a) (b)

Figure 7 (a) Robot transformation into three omni directional wheels (b) vector algebra

to drive the robot in the defined direction.
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3.5 Performance Analysis
1) Rolling using shell transformation
(1.1) Rolling forward
A number of experiments have been analyzed in different types of
surface such as flat ground, grass, rough terrain. We estimated the velocity for the
rolling forward by measuring distance travel within a timeframe. We can then use the

velocity equation to calculate the velocity as shown here.

_as

= (7)
At

\Y

where; V is the average velocity of the robot in m/s, As is the
travel distance in meter, At is time in sec
(1.2) Steering motion
This test was done on flat ground only. We time when the robot
starts to transform until it finishes its steering to sharp left or right. The velocity of the

robot can be calculated as the angular velocity.

o= (®)
At
Where; @ is average angular velocity of the robot in rad/s,A@ is
angular displacement in rad, At is time in sec
2) Moving with three Omnidirectional Wheels
Similarly, we estimated the velocity for the Moving forward with three
Omnidirectional Wheels by measuring distance travel within a timeframe. We used the

same velocity equation to calculate the velocity as shown in section 3.5.1.

4. Results
For all experiments of rolling forward and steering motion, we have tested
approximately 5 times respectively as shown in Table 1. The average velocity can be

calculated. We then could separate the experiments result into 2 parts as following
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Table 1 Speed of reconfigurable spherical robot

No. Moving Forward (m/s) Steering motion
(rad/s)
Rolling Wheel Turn left and right
Flat ground Glass rough terrain | Flat ground Flat ground

1 0.334 0.213 0.293 0.363 0.610
2 0.337 0.276 0.287 0.389 0.675
3 0.356 0.237 0.278 0.397 0.623
4 0.342 0.256 0.276 0.387 0.610
5 0.325 0.257 0.291 0.389 0.631

4.1 Shell transformation results

Figures 8- 10 exhibited that the robot is capable of moving with the speed
of 0.339, 0.247 and 0.285 m/s on flat ground, grass, rough terrain respectively.
Figure 11 shows that the robot is capable to transform until it finished its steering to
sharp left or right with the speed of 0.629 rad/s on flat ground.

4.2 Omni directional wheels transformation

Figure 12 shows the robot transformation from spherical shape into omni-
wheels configuration. The omni-wheels are attached to the end of each robot leg.

The robot can move with the speed of 0.385 m/s. Nevertheless, the robot must be

hanged from the pole since its omni-wheels can not fully support its body weight.

i -

EX~— |

el

Figure 8 Robot shell transformation on flat ground.
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Figure 12 Robot omnidirectional wheels transformation.
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5. Discussion and conclusion

We have successfully constructed a new type of spherical robot which can be
transformed into two types of motion: rolling and wheel movement. The rolling
locomotion used its shell transformation driven by 18 internal servomotors. The robot
is capable of rolling forward on different types of surface such as flat ground, grass and
rough terrain. For steering motion, the robot also used shell transformation as moving
forward but it requires several steps more than forward movement to keep its balance
so that the robot will not tip over. This work presents steering motion on flat sround
only. We can foresee that the robot can possibly move in a narrow path but not able
to move up to slope or staircase. For wheel movement using three omnidirectional
wheels can move with the velocity of 0.385 m/s. However, the robot is tethered with
cable to help support its body while moving on wheels. However, the new type of
spherical robot is able to move forward faster than our previous work with the velocity
of 0.068 m/s and 0.05 m/s respectively. The new robot is still tethered with external
power sources so the robot is not able to travel independently. For future work, we
plan to implement internal power sources and add additional rolling concepts for the

robot.
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