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Enhancing Glutinous Rice Steaming Efficiency Using a Thermosyphon Heat Exchanger
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Abstract

This research focuses on the application of a thermosyphon (TPCT) system integrated with a

steamer designed for steaming glutinous rice. The study investigated the effects of various factors, including
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fuel consumption rates of liquefied petroleum gas (LPG) at 0.50, 1.00, and 1.50 kg/h, and steaming durations
of 5.00, 10.00, 15.00, and 20.00 minutes, using the RD6 variety of glutinous rice. The TPCT system installed
on the steamer consisted of six pipes made from grade 304 stainless steel, each with a diameter of 21.34
mm and a total length of 200.00 mm. These pipes were divided into an evaporation section and a
condensing section, each measuring 100.00 mm in length. Water was used as the working fluid, filled to
50% of the evaporation section's volume. The study found that at a fuel consumption rate of 1.50 kg/h
and a steaming time of 15.00 minutes, the use of the TPCT system resulted in an average condensate pipe
surface temperature of 130.00 °C, the highest observed in all test conditions. This facilitated effective heat
transfer to the glutinous rice, achieving efficiency of 76.61%, which was 15.52% higher than the steamer
without TPCT integration. The TPCT system also reduced the steaming time by 2.50 minutes, leading to a
decrease in LPG fuel costs of 0.71 baht per use. If used twice daily, this translates to an annual cost saving
of 518.30 THB. The texture of the steamed glutinous rice was evaluated using a Texture Analyzer to simulate
chewing. The glutinous rice steamed with the TPCT system at a fuel consumption rate of 1.50 kg¢/h and a
steaming time of 15.00 minutes had an average chewing force of 379.00 N, compared to 329.00 N without
the TPCT system. The standard deviations were 9.91% and 8.39%, respectively. An economic analysis of
the system revealed a payback period of 2.60 years, demonstrating the feasibility and cost-effectiveness of

the TPCT-enhanced steaming system.
Keywords: Thermosyphon, Sticky Rice, Sticky Rice Steaming Basket, Heat transfer
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JUN 2 nMswdsuudasanniziazan1ugveainnuduiussenined3ung (v) duaumgll (1) [4-5]
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Qsticky rice = msticky ricecp,sticky rice (Tpaddy,intial - Tpaddy,final) (3)

1087 Qsticky rice AONAIUANNTBUTLHI G IMTEan (k)
Mgticky rice AOMIATBIINTEYT (kg)

Cpsticky rice ABANANNIAINTBUVDIT UMY (K]/kg - °C)

o =

Tpaddyintial Tpaddy,final APQMMYHTTIMTEIRBUTIANUAEMEatlagn (°C)

q

dmsundsnuanuseundeddlunsviliinben Mussludiuvemdetsiwinlannaunisi (4)

Qboiling water — Myater Lwater (4)

1081 Qpoiling water ARUTINUANMTRUNRRILTlUMTYIlIGIRN (K])
Myaeer ABHIATDNNNUTITIUMTRTS (kg)
Lyater ABAMNMSULHST Wz vR N Inanedule (k] /kg)

v
o

UsvanSwavounasiulanau (TPCT) Afnaatluluminisdnauisaiansanlnainaunisn () uwag (6)

€= Qsticky rice/Qboiling water

€= Qsticky rice/Cmin (Tevaporation section condenser section) (5)

Cmin = (mcp)min (6)

A & AoussansraveunaslulevouiinaduinlUlumniedn
Crnin A9 NIAWIUTENIN C; = 1, C, . UAY Cy = y,Cpp
Qsticky rice ﬁaﬂ%mmmm%@uﬁﬁﬁﬂﬁ%’nmﬁmqﬂ (k)
Qboiling water Aevsinamudeudigeddlunsyliiien (k)
M, = Mgticky rice fewavesinmileeszeznaildlunsiiidnmena (kg/s)
Cpc ﬁamma;mm%au?ﬁ']L‘W']zsuaq%nmﬁmﬁﬁau’%nmmm (kK] /kg - °C)
iy, = My, AONATBNNADST Bz RN ST Renfidiuvemiiot (ke/s)

Cpn FBANIANUTOUTLINEYRTIUSIUMRTa (K] /kg - °C)

dwfumsliesgivinisaudosdemdmiondu (wianssu (LPG) Wudwwindwialdainaunisy

(7) way (8) muansu
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. . Fuel consumption
Fuel consumption/minute = AL ()
Test time in each case

Energy consumption when rice is cooked = Rice cooking time x %L’me’ 8)
Ime?  Fuel consumption/minute A9 NMsaULUADLoINAIwaUI, (kg/min)

Fuel consumption fig n1sauLUdeadomnds, (kg)

Test time in each case o NawagaUluLsazNIAVAEOU, (min)

Energy consumption when rice is cooked #a n1saudeaamadanaundiian, (kg)

Rice cooking time f® +3a191913an, (min)

dmiunsainmseenuuudandusun 5 uansdnvazuaslasaiveneslulaneuiumeilatrinde,
Fan1sAnnsuazdniseionnanslusui 5 ludiuvesgy (A) waz (B) mud1iu lnefissazuad Sp, A, A @13190

AuIlaInNaNnIs (9) - (11) auanau [8]

1/2

S, = [sﬁ + (%T)Z] ©)
Aj = S7L (10)
A, = (S, — D)L (11)

nefl  SpABTEEzAINYINg (M)
S, ADTTETWAINY (M)
Sp ABIEYEANTULINLYS (M)

L AaAueveve (m)

NSANAIYANAHDULALYUABUNITNATAY
1n3UT 5 uansdnvauziazlassainveunesluleneuiumedsirumieilasldimesluluweu TPCT

Fruu 6 vieUsznouduluge &1 TPCT anaunuaaadia (S5304) vuadurigugnans 12.70 mm Saaue

PO oA

Y980 200.00 mm wisdudiuisemolazdunuLiueEsas 100.00 mm lnguddzvietuiinindoudni
¥1e warfidruuaredndudondaididurieiiuasvieu duanssuil 5 vesgU (A) dmsudnuuzvosukuiiy
(PLATE) figRndadniu TPCT ¥iuna1n 55304 faramun 1.00 mm Sauinsfilusnumsvesminssunngay 3.00
mm LAURIAUENAIe 170.00 mm f5eeued S, S, A, Spway Ay WA 42.50, 42.50, 42.50, 34.66 Uag 34.66
mm ANUE1U

TudruvesnisinsauazUsznougamesTuleveutumat smdsiduanduguil 6 13udaeniei
aganmanelugameslulaousuandluzuil 6 Tudiuressy (A) Tasdesaudrfugafnasiauuazduh
qayay1nel vasnvhaynianglurielada Auarsinnulugainasiauiiuiends a1sviauiiy 50%

=]

YosU3umsdiszive Tagldansvhaundul meauauifvesarsyihnuidudity asdgumngivesasineu

q 1]
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agflugagaumgdis (Low temperature range) aglutas 200.00 §9 550.00 (K, Kelvin) Fadutrsgaungiivesais
aumsldnunesiuleeusseglugilidudlng Fuinduasvihouifianuseuudwainisnatedulonas
ANuAshizanaenIuiiaulaendevur it [6]

warinslenUaduuansluzud 6 ludiuvessy (8) Inefinishndsanawesludulaviin K iWueesdmiu

@

Agaumn il anunsadald — 200.00 °C -1372.00 °C ANUARIAWAGBY = 1.50 °C NdruAIuLINUSINEIYE 6 97 du
MsemeusudYssmeRve 6 90 Wiludiuvemileis 1 90 wazfivsanietriniledlunin 6 90 was
gaunnidwingaeu 1 90 daiiriuasesingungiivse Datalogger %o Lutron BTM-4208SD dwsulduanina

RaunINUANADINNT wartuiinaArgamnil wagvinisuseneuyamesiulevowdriumedauanslugui 6 ludu

q U

vea3U (O), (D) uaw (E) muanu

Fumpumanaaouedfeiifinisussgndldaumeslulewousumedsinmie dluuddgnsdinaaeuas
ymasFeudisutvmeiidnilddnsfindaneslulseu dmsuiuusillunsmasoudmivaidelduans
Tumaedt 1 dwmiuduneunsmnaeudeuandlusuil 7

1), daminuiinu 1 kg susihdeUiianiduiiy warszesnaniivh 9 filunansduadon

nilunsainfnnsuazliifnnagamasiulaneu (TPCT) Asanslugun 7

' o
SNda o

2). daitlaannnisudin ensananiikavinluldlumn vidlunsdinfndauaslifnaagameslulevou
(TPCT) Aswanslugui 7 Tudiuvesgy (A)
3). dwanussytramileandeusuunide Inesinsldurlundetslsuanwiiulunn 9 nsdinaaey

ANt luNuummsianinsdemeniadiiudavamdia dauanslusun 7 ludwvesgy (8) uag (O

' o
aaa o

nilunsalnfnnsuazliifnfagamasiyleneu (TPCT)

4) sipanewesluduilaiiuaddenines vn1sUadivan ndsaintduinisdeuia galn Usudnsinis

dudeavamds lnedesyihnmsteiauianounasnainimegeulunn 9 n3dl LazvadounuszerszezIallunis

'
=

Tetnmiedlvinsy muveuauagiiudsinaaeudsiandunisai 1 wieu o Auduiindeyavesgumngiiiiuaicm

Da

DALNDTAUALINTUVBINITNAADU TINFIN5IT9UNT0IN1589 Thermal Scanned FadAduaIuTaunslunsali

Andsuaylifnasyn TPCT dawandlugun 7 Tudiwresgy (D) dwsutiansildlunisveaeudmsuanidetdfedn

~ YA & v v = =l N o a @ o sv = A Yo o
willeaneiug nve Wuiugiwmiemen Mla detruaswiuandduzui 8 Wuiugtwdealdsunisusulgean

v
o v &

fugndradiugenenuzd 105 Afnsdmdeniisdnameiugivameiugvosdinduazdamies fn1sugn
nageunandnsenitvaniuarluniveunuasnslumawmiiowaznanziueenideantiessnined w.e. 2514-2519
w8 U51n9)31 anesfus KDML 105°65-G3U-68-254 Faifiuaneiiugiramien yu dndunon nuwds uazdnnnimnis
wadiuuUsEmud Winandsadegean nsulnnmsnuasieiasunliduiugiusesasiusiiliinunsnslgn 19,

10]
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425 m
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AumIatat1 e

o

o

© POINT
Thermocouple!

PLATE (B) uwaz (B) anuwauy PLATE 713

1Aseas1aveamnesiulavauy

WU

s

1L

'gﬂﬁ 5 dnwod
TPCT ¢

v
o

|
le—!
ARAY
)

(A) Mg
(TPCT/SRSB

I
0D.21.34mm!

Thermosyphon

(TPCT)
$5304

PLSS304,
thickness Imm.,

hole 3 mm.

AUMIATIU1 U T

@

q

yUsenougnwmasiulaney

AR

o
o

UM 6 k@AINISAA

Y



Regulator
Steaming Basket -

Gas stove head

Datalogger

E'Uﬁ 7 ﬂ?iaﬂﬁﬂ‘qﬂﬂﬂﬁaULLa%ﬂ’ﬁVIﬂﬁaU

A157991 1 VBUAIWITELATFIWUSTINAEDU

UseLnm 18azLdun

fuUssu  -szeznanlunisieawmilen (minutes) 5.00, 10.00, 15.00 wag 20.00
Shnsaudenidomas LPG (kg/hr) 0.50, 1.00 wag 1.50

-nsainfnawaglifinaaganesiulevou (TPCT)

Flsml  -NSANANYBINAIIUTBIWNEY LPG
-MINTEIUNYAUToU

-Alga18n15IeTNanads el

¥
LY v I

“loduravestnunilen (Texture analyzer)

“UssAnsnavesyamesiulaveunifadudilulumaiiedn

fuUsmun -seegianlunswydwmileineuilanvintu
“USInautilun1swignuudlenmuinnu
“USunawestnunilen?ivindu 1.00 kg
LRI UBIT IR LRI
v =1 o &
“grundleaiug nue
‘mpdletafivuaduigunaiuuLLaEA1Ua19 240.00 mm Uag 150.00 mm mudy

wazAI1uge 280.00 mm
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A15IATITRTaNA

Y

v
v a

ﬁm%’umﬁmeﬁ%aﬂaﬁiﬁmﬂmimmaamzthmﬁLﬂiwﬁ%gaaaﬂiﬁmu%umaumau
1) lunsfinnsananugnuestmiemussduresdumaiiduiil $uil2 uasduils duandusuil 9 Tay
fsananuanuesinuminmuiulsiuinagousauandunsed 1
2). frensdinedeuisniinisiaviewazldiinisiaviemesluleveu (TPCT) Afinnsnadeumusaudsdy lu

NMTATEvANNaNYestImilel MIlasgiusniuuuumMsliussamduda 1wy nduanuvenvesiniign savd

=]

nNsBuign mawmzdudameiie Gveauindnignazdlannnisuesiiu Fwzvhnslinszianuanusaztudig

q 1

Tumedauaduil 1, 2 uag 3 auaau Melunsdifeduaglifadwiemesiulevou (TPCT) wWetnaiildainnis
a ¢ o =~ ) e ¢ a4 A A a ] ] 1Y)
AngvianugnuesinimielutuneuillulinseimesuuuuuasiasesleiazidundelUlutuneudnly

3). dwmsunsalfinaaeuuaitrauniealign ldwangiasnisihansudseniu wu 4dnisuay wednad

auudaisuandlugun 10

| (a) without TRCT/sRSB | | {B) TPCT/SRSB

v
LYY

U 9 ddutudnnldiasananuanvestimiles

@aN
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JUN 10 dnuwaizrast1IuazuTNgun 2 uagdui 3 IfasanUTeuiigunaainisageu

v '

4) MNMTIRTEdeyaLardunauNMImMagoU NasuamzdIngnlunn q Tutifwanduguin 9 ns
gnvesinmiuiignainnmeaeuniansdiiduaglifinisiadsyameslalavow (TPCT)
AlnsainegousINAUERIINTAUUABLTOINEAS 0.50, 1.00 wag 1.50 kg/hr. sragialunisilsdnunilen

20.00, 15.00 wag 15.00 minutes

5) Awnsgvimuaiiaainnisvageulutedn 4 lnelinseiagungiininldnnnesludulavianifneg

Y

fumeslulavlowns 20 9a muefunwvesmauausoudilaningunsal Thermal Scan Aspgsuandluguil 11

'3

6) Anszvinlszdvsnagameslulaneunfasudlulumatiedny Awinainaunisi (5) uas (6)

D

a ¢ '

7) ApsgvimaAinianavesn1sdudesdamasdeund msdudemdinuneutian siuianlding
nstlidnfanaswel AMuIAINaNnIsi (7) uag (8)
8) i nildanmsinsegideyaded 4 luduaIemaaau Texture analyzer Nldvnaeuiiloduiavas

1 AfiA9 50.00 kg. f (500N) 339121153 0.01-40.00 mm/second AIMAEIEBATEEEMN 0.001 mm J3UUaS
q

negn 370/590 mm. dns1Ueyagega 2000 pps
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E‘Uﬁ 12 1A39IMAdaU Texture analyzer

9) dmsunsiangsimanueaaAdou Aa15an1sinUsunn x Wudwau ng Inglunssi s adqls %

AnRfsveslsiatmlannaunisi (15) wasAndetuuninsgiureinisinmlaanaunisi (16)

- XXX,
S (15)
n

S

(16)

-~ \/(xl-£>2+(x2-£)2+...+(xn-§)2
n.-1
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Tngfinrsanuazuusnisiuiandu 2 Ussiandsid Useian A wnuan U, Tneanuliuyuouilesann

Joyalauuuuduanuvanselumsatananandluaunisy (17)

ui,typeA = n_ (17)

dmsuuszan A duiiarsanfusuuanaliviuewilesandeyalduuuuduainunasdssidunisaia

wazUsziny B Aeanuliwuusuiiosandaianainvesseuvarunsasuinlalaelgaunisi (18)

Ui oes = % (18)
Farmundn a Wuraeieseminedasifauunasas nasinvossznm A uas B mldainaunis (19)
0, = (s ) (W0 ) et (19)
warasiinsvenseulduivousuandluaunisd (20)
U=ku (20)

C

= Y N

Twanudded Arauliudueuninsgiusiulunisuanwaswuulniae K = 2 Faliseauaudaduoyil

1]

Useunal 0.95 ¥3e 95% [11] Han153ms1zvianullitdusunlanainnisiseduandtilunisien 2

AN5197 2 NSIATIEFANUARIALATDU

Type A Type B Type B Type B
Uncertainty means Thermocouple type K (°C) Data logger (°C) Texture analyzer
Reading (°Q) - 200.00-1372.00 - 200.00-1100.00 0.01-0.40

Standard uncertainty (ui)  Standard uncertainty (ui)  Standard uncertainty (ui)  Standarduncertainty(ui)

0.002 0.86 0.57 0.11
Sensitivity coefficient(ci) Sensitivity coefficient (ci)  Sensitivity coefficient (ci)  Sensitivity coefficient(ci)
1 0.99 0.99 0.01
Uncertainty (ui ci) Uncertainty (ui ci) Uncertainty (ui ci) Uncertainty (ui ci)
0.002 0.86 0.57 0.01

Combined uncertainty component 0.51

Expanded uncertainty (u) 1.03
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STELLIAAUYY
dwnfumsiinneideyasveznafunudmiunisussgndldnunesiuleveudumedsimieraunsn

wildanaunisd (21)

First Coast

Coast Saving

Simple Payback period (SPP) = (21)

mmuali Simple Payback period (SPP) A® sgeigiiafumnu (year), First Cost A® L‘3uamuéﬁﬂﬁmimﬂ
naTmveduuianneane (baht), Cost Saving Ao Arlddefianunsauszvdnliasdundasd (baht/yean) [12]
dwiulassmAdeildiTuasmu 1347.58 baht wiseenidusrTaniiliviwiemesluleveu 1050.00 baht Avauaz

wifails 200.00 baht wazgUnsaldu 9 8n 97.58 baht

NAN5ABUALAAUTIIHANTTITY

dieliiAnaudlaludiud dwiunuidedddddnmiauonadniuasniseivse Tnswlseenldi
wuulszgndldimesTuleveu (TPCT) uazuuuliszgndliveslulevieu Tnsfinrsaniinmeaeuudldtrimiend
anlunn 4 nsdiveaey WeRnsunudduaglddeyaduuniionsundsd

1. SnsnsauUEeadom@s 0.50 kg/hr. fansils 20.00 minuets

2) $nsmsauassdowas 1.00 ke/hr. 381175Te 15.00 minuets

3) é’mﬂmiguwaml,%amﬁ& 1.50 ke/hrs. fan1sils 15.00 minuets

Tnefiarsandusumisduromaiitrnanduiuil 1, 2 wae 3 muddy Tagluudazduagrhmansasoy
ANLgNBT1IALARIBIENNTIATEIUUY Texture analyzer fauansluguil 13 Ingludiuveswadnsuaznns
aAUTIeTwdenfinnsandisnsinsduUdendeomas 1.50 kg/hrs. fikaa1n15ie 15.00 minutes iasa1ndainis
anasesIauaziudlinefianasnniiganinlunng nsdinaaeuuszneufunadwsiléiannnismeaaeuainass
sl uTisnsINsAudoaTomas 0.50 way 1.00 ke/hr 1178117519 20.00 way 15.00 minutes ALy &

anvazvesloyauazfirnavesuiliuiidululudnvasifeiy

UM 13 dunauagguuuunsinAinugnuastnimilen

@aN
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Rasaniisasinsauddondomas 1.5 ke/hrs. vaannasile 15.00 minuets
saufunsdinadauisludiuvesnsuszgndldonuuaslivszgndldeutumesluleviou (TPCT)
nnsinsandramioiisiaudulumaeiifinisussgndldausumeslilasleu TPCT wudimngauy

Fuil 1, 2 uae 3 mudFuRwansgUi 9 WeliFusUuuumMILUsty drmdoitiaiuianugnlunndumisosis
anudu Tngldnanlunsidefing 13.41 min w30 805.00 sec §as1nsaudondeamadildde 0.22 ke/hr ludau
vownaitlifinsUszgndld TPCT dunsundudl 1 uay 2 nudidu wuindmiediaiusinnugnlunged
ihluasiadeufiefionisiinsgiiuy Texture analyzer uifidud 3 wuindnalaign Tneldnatlunsilediannnn

1@ 16.58 min %38 955.00 sec Msdudoadeimdsilife 0.265 ke/hr fuandluguil 14

160.00 T
i
[} |
140.00 1 a u 0 i :
lh '
] ] !
120.00 A ﬁ |
‘ |
— '--QCO."“OUQ_M'O” ’ Pro~ap 2 P =g |
© 100.00 - ; 4‘ —— - ooy - |
L A o® Roscoccaee® Sqee®"eg P
P | ee?®)
3 |
g oo g g |
a ] / -' 'y ' " Fuel consumption rate Fuel consumption rate —’:
L (LPG) 0265 ke/he (LPG) = 0.223 kg/hr |
E 7 I
o 60.00 PP ] !
= y 4 ,’ [ 4 |
| e ’ ’ _ . !
prpne - Lo Sticky Rice at Condenser

- | 7 Section without TPCT
o o |

A P ®.C, I hadh ool o

20.00 {  condenser Section Evaporator Section J' ' Sticky Rice at Condenser
Surface of TPCT Surface of TPCT ~ Water at Steamer Section with TPCT

0.00 T T r T T T v T T T T T T T T T v T vt

0 100 200 300 400 500 600 700 800 900

Time (sec)
SUT 14 wamsmuduiusveanauazgamgdl fimsAudeadomas 1.50 ke/hr aanil 15.00 minutes

n3UT 14 deRasanFouiisunistuvuiimsussgndliineslailaveu (TPCT) Aulisiuszyndldines
Tulwwou (Without-TPCT) Ald8asnsAuiomds 1.50 ke/hr THaan 15.00 min wudmsildniuuuussgndves
Tulavlou (TPCT) finsldnanfidesniinstauuulifinisussgndldmeslalawouiidandndis 2.50 min Aniduies
av 15.71 vhldanunsoaandsnuidomacld 41.60 g andldsneainnsiisunildaday 0.71 baht driletuas 2 ads
andrldanesed 518.30 baht WaifisutunsditlifinsuszgndldinesTuleweu (TPCT) duidosnnfindagmmosiy
lavloutiu WoRinsanilnameaey 160.00 sec Insfidauhszmevesmoslilavleu avannsnthanufeusinii
vielotluduvesmiielaiuluszunsmmudouneremaruieulituimisiieglume Tnsnsdemenis
AnurudumULiursanesiuleeu Mensdunadiuingamgifiviediuniuuiuves TPCT dwalinisnszany
arwdougimilutiaiafiedos « Adesifiugstumalude definsangupidrimieninafivgduruientu
#ita1a7 160.00 sec

fafindmdnsiu Inefnanfedusunuigunnivesifeufieglundetiigungivszaia 55.00 °C &
wesluleveuiuddnddglumsfiasisiuasmanufeunninfeulundeisiligmeagiliindonlddu

lngldsanaigamgiivesdiazawunniiuly ieduldssuieanuioulidudmiesiazilslumala wseeiune
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iisdueuglamesluleweuanuisaiuazmaudeuainveanaiiuandluzuil 2 :ngndl 1 uay 259ufsnns
nszeAnudouaiiategildRlutaswesgadl 2 Tmgadl 3 (4, 51 uenanilduuaninssiaosninAeivesiii
wileadilifannismageuiunisuszgndldaudu TPCT feindea Texture analyzer Weududrumieailéan
$rudwiald TnefinnsaniinisduBeadomas 1.50 ke/hr taalunsis 15.00 min fuandlugudl 15 wudn Tudu
dedudauuuiinisUssgndldmesluleveudiaonineilfusufeaadoainiia 3 fuviiiu 379.00 N andesun
1A51U 9.91% ludrudaiidenindunedimiedldusadend 320.00 N definrsansiufunisinseginig
wswgemanilunsdinadeudinandnuin msvssgndldnugameslilareutumadsirniendsresinafunu

WAy 2.60 years

420004 . . )
[ ; 1 ; 1 Layer 3: Average of three points. |
400004 | | " | ' | - /
35000 [Frwomued! 1 15
[z 3 | ) | : ' Layer 2: Average of three points. /
LS L > . ) /
} ! | ] /
30000 |frwmud 3 1 —F
fror | we | A =g
. 20090 (i Tonvarmen ™ aoe 1 | Layar 1: Average of three points. /
E , A% fA' v | WS | | /
/
g
S 20000
Food stores
150004
100004
2000 -
Pr— e — T = — — T T
20 ) ) ) 100
Distance of pressing (mm)

JUN 15 UanenuduiusuelsAg ey sTEEnNN1SNAIINNITIIEINIALY

Tudruvesdnsinsduudeadomas 0.50 ke/hr na1nnsila 20.00 min wuirmsdsiramideauums
Usggndmeslilawoutumadsinumiefinislinafidesniinstuuuliimsssyndliineslulevou arunsn
anndssudomnadd 30.00 g Andudosay 13.50 ananldineannismeunildnisas 0.69 baht drilstuas 2 ade
anAlda1esel 503.70 baht lududedudadiuniernnnisaseuiunisssandldineslileneusiaosnis
wenldusaAenadonnniis 3 fuvihiu 382.40 N fendeauunnsgiu 9.27% fduuvenisldsammsiundes
Founds 1.00 ke/hr 14aan 15.00 min wudinmsieinuvuiinsuszgndlfineslulaveuiinisldiaiitosaunsa
anndsnudoindsadld 26.44 ¢ Andufesay 11.68 aunsnandlidrsannisusundldniiay 0.61 baht dmatu
ag 2 adsanAlddesel 44530 baht ludruileduiadumisrninnismaaeuiunisussgndliinesluleeu
FraesmaifsliusaAaadonnii 3 duwiniu 357.00 N fdudeauunasgiufesas 9.01 nsizariuasidiuld
1 Feyaiildanaeansdinaseuiniudsingn fdnvauzvestoyaanmaveaeuinualifuuasfisvnanileutunis

NAFOUSNTINITAULURDIUTDNES 1.50 kg/hr MIa1N1518 15.00 min
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d5Unan1339Y
nnmsfnwnazeenuuuisnmsussgndnumesluleveutumaiaimieanndoyaildannmeaey
uay HadndnaenauntseAe neideagoonunlédel nmsfinsaniinsdiiuszgndldineslulsveu (TPCT)
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Abstract

In this research, biochar was experimentally produced through a co-pyrolysis process between
spent coffee grounds (SCG) and Leptolyngbya sp. residue (LTR) at ratios of 1:0, 1:1, and 0:1. The reactor
was heated to 500°C with a holding time of 1 hour. The results showed that the percent yield of biochar
from spent coffee grounds (BSCG), Leptolyngbya sp. residue (BLTR), and the blended spent coffee grounds
with Leptolyngbya sp. residue at a ratio of 1:1 (BSCG:BLTR) were 35.28%, 52.66%, and 41.13% by weight,
respectively. The higher heating values of all biochars were in a range of 15.10 - 27.16 MJ/kg. The biochar
with the 1:1 mixing ratio increased the nitrogen content of BSCG from 4.23% to 4.62% by weight. As the
proportion of LTR in SCG increased, the specific surface area and pore volume also increased, which was
consistent with the morphological characteristics of the biochar. The values of pH and electrical
conductivity (EC) of the biochar were within the standard ranges for soil amendment usage. Additionally,
the co-pyrolysis of SCG and LTR could be used for agricultural purposes.

Keywords: Biochar, Spent coffee ground, Leptolyngbya sp. Residues, Pyrolysis
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600 sarwaldoa [1] Tngusimaineania dusendinszurunisinlslada vilindnsusidudanndld agli
Andnuay aulli uaresdusznauiugiufiuansnsondwldiiumawnlnilaeil (2]

nundundnsasimananeassiands Aldsuanudeniandgadueiesiy fsnstununlulTuond
wowg axvhliAnustlovinamaunng wu Jeatulsamsfudu saialugauind sawmnusied 2 lsauing
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6. MTiATEEdnwEAuTiRIT g (Specific surface area) wazUsunanudugnguresaudinin (Total
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50 g of Raw material |—

4 Gas phase

N, Flow meter Controller

Reactor

Condenser

N, Tank

Pyrolyzer

A 1 usunnyalnlslagaseduiiesfudinag
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1. wansieszinudnyusvesingiu
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1.1 wan133AszAiuTuINguans (Proximate Analysis) wazn1331ATILRLULLENGEIR (Ultimate

{9

a

Analysis) ¥8430QfU
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a o

MNNATATIIUSINUNua TR AY AumseT 1 asdiudn arwdulesansssvevesianAuta 2
viln fandoutags Wetingaulukiiunssuaunisinlsladauds wdnfusinldazilonasgluanuzveanaiiay
frwganulusneg dmdududinm asdundndusiildfanassznevetunidluingiv Jauanduguvesuiinm
i 7] feifu leFeudioutiinandines SCG uay LTR Ssfiawiiudosas 9.63 uay 16.29 lnsana auddy
Wi LTR glviUSunaauadininainit SCG

1.2 wamsaeszdnsaatefmieanudouvainnnunuazninlyelunuaiice

MNNITIATIEiNTaaIeia wientsgadinindgenuieuresianiu fe SCG wag LTR dewmade
Thermo Gravimetric Analysis, TGA uazdns1Nsgadesiaifigufiuian (Derivative Thermo Gravimetry, DTG)

lnedn13AIUANENIINISIIANTEUN 10 sarwaliuanawdl a1NSaRanIHaIATIER tARNING 2

A1599 1 WaAATI8YUTIIUNGNEATS (Proximate Analysis) Wagkuuuensin (Ultimate Analysis) 89 SCG Uag

LTR

) - . Biomass
ATNIIAINSK
SCG LTR
Proximate analysis® (3agazlaguaa)
Moisture 6.72 7.54
Volatile matter 64.05 58.85
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. - . Biomass
ATNIIAINSK
SCG LTR
Fixed carbon® 19.60 17.32
Ash 9.63 16.29
MBI ° as received
® Calculated by difference
100 7

TG_Leptolyngbya residue

90 4

TG_Coffee residue
80

— = DTG_Leptolyngbya residue

DTG_Coffee residue
60 -

50 4

TG (%)
-DTG (%/min)

40 4

30 4

20 A 7 \

al ] A
N . 3\ -1
10 J f\ ‘\ :’ Snal - "\ |
e ar
! "“‘-u.h", S e maasiae
0 - T T T T T T T T T 0
0 100 200 300 400 500 600 700 800 900

Temperature (°C)
A 2 AnuduiussErinamsaydsImtn wagdnnisaateiminnnsyuunsinlslagaves SCG uag LTR 9

QAU 25 - 900 DIANTATLE

N7 2 Az SCG aziBuiinisaanedifigamgll 200 esrwaded wazaziinnisaaiefied

)

53057 ludwgamgfivszann 240 - 430 ssrwaled Jwneungiidezdurigunglvesnisaaiefinieniy

v
° o

Touves waglaa wellwaglaa wagdniuy [8-10] lng SCG awiinnsgadeumindunauiniiganigumgiiuszanu

U

a

300 esfwalea d sy LTR agisuinmsaaiefimieninusounigamniiussunns 240 asrngaded wazaziianis

U

aaneegnenndlutasgamndl 240 - 400 ssrnwaidea waraziiansgaydeiiutnuesiaunauiniian igungd
Uszanal 280 ssmwadea efiansannisaatediveiagiv 2 vla aziiiuin SCG axflosdusznavvesanly
waglaagandt LTR Feaaesislaandt Inggnsinisagdeaasienalaanves SCG way LTR dewiiusesay 6.14
waz 4.9 lngaasounit mud1du

= a

INWANMTIATIINTaRERvToNsgadsuntnnieauseu vilinsuiamgAnssunisaaienives

o o £
[ a [ N a2

naAuNs 2 vila Ao svaaiedllutitgungil 240-430 sarwalea Ay Tunuidell Jslammuanazaluny
QAUUNYINISHARAUTINMNRNI 500 sarwaliud WeliingAunld inn1saangfuaznisidsuiuamianidl

Inognsauysal
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2. WANITIATIRVFNUALAZAMENYMZYDIAIUTINI
2.1 WANISHANGIUTININ
ASHARDIUTINMEIUNTEUIUNTS IS LaTATIN S¥UIe SCG 571U LTR N19msdau 1:0, 1:1 way 0:1 9

A1UN50YN508aLlAYLIAVDINANAUNE1UTIN N nFUnIT (1) [7-9]

. M,
%Yield = 7 x 100 (1)

o

g M, Ao dniinvewdndueisudinnilasy, M, fie dmidnvesingaunly waz %Yield fis Sovazlay

WIaveandugiauFINMAlY FandanniingAusidu s 50 n3u Whdnssuiunsinlsladauds asvilila

BSCG, BLTR wa¥ BSCG:BLTR 8n51du 1:1 dawiniusesay 35.28, 52.66 waz 41.13 lagula auaisu

M13197 2 KaALATIENUUULENETH (Ultimate Analysis) uagA1AuSouras BSCG:BLTR M8n51d3u 1:0, 1:1 uag

0:1
Raw material Biochar Coffee ground
Ultimate analysis® BSCG : BLTR biochar
SCG LTR BSCG BLTR
1:1 [11]

Asuau (Favazlnaung) 50.43 | 34.06 81.98 36.78 49.83 74.25
lalasiau (Fevazlavung) 6.83 5.07 5.13 2.33 2.61 4.38
lulnsiau (Sovazlnoinag) 2.25 4.95 4.23 5.02 4.62 4.00
pandau® (Speavlneiig) 4050 |  55.85 8.67 55.80 42.94 17.10
Fales (Sovazlawua) 0.00 0.07 0.00 0.08 0.00 <0.1
AAINSOU (MJ/ke) 2059 | 1573 | 27.16 15.10 18.35 30.80

wUBLue: ° Dry ash free basis

® Calculated by difference

MINNITIATIERUTINUNGuANTTRInIUTIN M 3 FaeE19 MuAnedl 2 asdiudn dedauaiuouTes
BSCG, BLTR axdidngsduannninenifnsesildanningiu a1nfesas 50.43 1 81.98 @saonadoatunuideves
Tangmankongworakoon, 2019 [11]) uag 34.06 1Uu 36.78 lnguna Auany LasdnadluAsuauves BSCG:BLTR
dasdru 1:1 ferfovay 49.83 Taana 91nKanINAABY AzLiiudn NMsnAnauTaInm BSCG:BLTR Adasdau 1:1

svyhbidndiuveslulnsiauues BSCG geiiu 91ndouay 4.23 10u 4.62 Taeana wazidlefiansanannuiouvesaiu

o
a o

P01 WU AruTouraingAuns 2 vlln uara1uTIn1MNg 3 via xilAreglutie 15.10 - 27.16 wnzyade

q

Alansu FediAngendnAanueuvesdunanily [12]

2.2 NAYRIANANURYRINIUIIN NN TIEIUNENAY

¥
& &

dmsunadiasiz i uiinaduniz (BET) USuinsgngu (pore volume) Araauidunsnsns (pH) Anisih
i (EQ) waznadinszidnvauznsdugiuingidiondesqanssaididnnsouwuudaansin (SEM) ve9 BSCG,

BLTR ey BSCG: BLTR LLammmmi’mﬁ 3 LLaszﬁ 3 AIUAINU
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A15797 3 audRmauiives BSCG, BLTR way BSCG : BLTR fidnsndau 1:1

Biochar Coffee ground Standard
ANNSIATIZA BSCG:BLTR biochar Reference
BSCG BLTR
(1:1) [9] [11]

ﬁuﬁﬁ’sﬁ%wm S (m?/g), 21.59 48.87 40.04 29.34 -
YSumssnsy, Vp, (mlg) 0.0384 0.1675 0.1263 0.0448 -
Aty (Gosazlnging) 0.55 1.35 2.14 0.96 <35
pH 6.4 6.2 6.3 10.41 5.5-8.5
EC (dS/m) 1.01 1.90 1.62 1.26 <4

¥
a

91NA5199 3 WuUT1 BSCG, BLTR wa BSCG : BLTR figns1dau 1:1 agditudiinsiwng (BET) 21.59, 48.87
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Abstract

The aim of this study is to investigate the impact of different air inlet patterns and locations on
combustion within a micro gas turbine combustor. Utilizing the commercial computational fluid dynamics
software, Ansys Fluent 2024 R1, three distinct scenarios: 1) a straight flow inlet positioned at the front of
the combustor, 2) a tangential inlet situated at the front (inducing swirling flow), and 3) a tangential inlet
positioned in the middle of the combustor were examined. Propane was supplied at 50 kW with an
equivalent ratio of 0.3 for all scenarios. The findings indicated similar amount of air distribution pass
through the swirl vanes for the first and second cases which were 15% and 16% respectively, whereas the
third case showed significantly less air distribution passing through the swirl vanes of 9%. Furthermore, the

first scenario exhibited the most consistent temperature and gas species distribution within the combustor.

Keywords: Flow pattern, Combustor, Micro gas turbine engine, Computational fluid dynamics
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Abstract

Corn cob residue from agricultural harvests is often disposed of by open burning, which

contributes to air pollution due to particulate matter. This research aims to produce biochar from corn

cobs through pyrolysis at a temperature of 500 °C for 35 minutes and chemically modify it with potassium
hydroxide (CCB-KOH) to be used as a material for adsorbing free fatty acids (FFA). The study found that
using 4 molar concentrated potassium hydroxide (CCB-KOH) complies with the standard iodine adsorption
values and provides a higher surface area and pore size than unmodified biochar. Additionally, when
tested for the adsorption of free fatty acids in palm oil, it aligned more with the Freundlich adsorption
isotherm (R? = 0.914) rather than the Langmuir isotherm (R” = 0.879), indicating multilayer adsorption
capabilities. Kinetic studies showed consistency with the pseudo-second-order reaction model, which

implies chemical adsorption.

Keywords: Biochar, Corn Cob, Pyrolysis, Kinetics
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(meg/L), C, fo mnududuiigpannavosnsalusiudaszudinianadu (mg/L), V Ao Usinmsvastnsiu (mL) W e
dwiinvssdugadu (me)
1.3 fnwmavednanlumsdulaiaysaunaransvaenisgadu

Tnldusuuaulunmsaadunsaladudase 4 n3u naasuluidulrduuiunm 30 nsu (USuns 32.70

a

fiaddns) ludninesuwin 100 faddns adlugns oil bath Migaumail 60 asrwal@ea Latun1saadu 30 - 360 Ui

U

FR31N1INIUNEL 600 rpm YIIAITUENENEIUDDNAIENITNTOI ATIRdRUAINTAluN U aTEIneASn1slmmnstunie
asaranglefgulansenlydanauns (1) wazAuinaiauaisalunsgadunsalududassndinisgaduain

aun19 (2) wagAwinUszanamnisgaduainaunis (3) lunsdnwiaaunamansvesnisgaduldluing

S U o

aUNAAIANIOURUNTATgY (Pseudo-firsr order) WazaaUNaAI@nsouAUaDLAEY (Pseudo-second order) Lile

o

a5ueNalnTaen1sRAdy AnaNnN (@) way (5) mua1au Al

AUNTIAUNAMENSDURUNTTBY (Pseudo-firsr order)

kq
lo — = lo — t 4
9 (@e = q¢) 99e ~ T303 @
aunIsIaUNamaRsousUaRaien (Pseudo-second order)
t 1 t
— = + — (5)

qr k,q2 de

Wa q; Ao Anwaxnsalunisaadunsalududaseiinanla q (me/g), t Ae nanildlunisaady (ui), k,

V)

Ao AP ONTISIBIENNTIAUNAMERNT SuRUnTasY (oud), k, Ae AAIIENTISIVRIEUNITIAUNGFNERNS

dusugaisy (nSunelaansu-w1)
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14 FnwTinamudinm uaylelumenvesmsgadu

luns@nwirnavesiantunsdudasgldusunauaulunmsandu 1, 2, 3, 4 uag 5 nsu naasuluiniuuay

v
o a

U3uad 30 n3u (Usuns 32.70 Taddns) Tutninesuuin 100 daddns addugns oil bath Ngaumgil 60 ssrwala

U

walun1snadu 240 U1 8RTINITNIUKEY 600 rpm YINITHENRIEIUBDNAILNITNTEY ATIVFBUAINTALUSIUDATE

lngdsnslnnstumsasavasluioulansonlyn anaunis (1) wagAuinAIAuansalunsgadunsaludiv

a [ @

dasenaIn1sgaduIINauNT (2) kavAuinUssaninmnisaaduainaunis (3) lunsdnwilelumenvesnisgady

o

W Tlunaveauaudies uagngundv 91naunisi (6) wag (7) Al

lelawmasunisaadunuuraciles

C C 1
= = =<+ (6)
de dm amKyL

lelamasunisaaduwuunsundey

logq, = logKyr + % logC, 7

o g, AR AMUAINTALUNITAATURIER (Me/g), K AB ArAsivaskawiies (me/g), K Ao A1AINYRS
WundvneduieadiusAranuaunsalunsgadu (me/g), n A Aasivesundrilieduisautuduves

Msnady

NaN153I98UAZaAUIIINANTTIVY
1.1 wamsiaszvinaanyzvesdadnilng
1) WansiATIEeIRlsENaULUUUTEIM
NMFIATIERBIAUTENBULUUUIEINA (proximate analysis) Fadumsenesimenrnudu @sseme @ uaz
miveuns FudumsiessiiiornuilasEdemnamenin namsiasiziuansiemnsed 1 wuindeiiinedaady
wazansszveganinauiinmdadnlng iesnivaglaa wefwaglaa uardniuiiogaeludsdnlng udiiloldu
arwfouninnszuaunisinlsladaanssemenisludednlnaasiaianas druusunandt uasarsuounsiinty

Wa99INANLSaUNAnI NS g lUgateansUsenauneludiuiadetiing wWelasuaiuseuainnisuibug

v
%Y a @

ninTeunduAufinzineg AugnsunI ot uilivesdetalnavziinanisaaigsi [7] aennaeeiuauideves

a

Praphatsorn, Rattanaphaiboon [8] uag Drané, M. [9] Tun1sAnwiaAsatinuinfigamaiiniswi 500 s wadeas

g udsdalnefiuinaasuouasdiigaiicsesas 78.86 Usunandwintuduesas 5.77 uasiirinudu uay

USunauansseviesesay 4.61 wag 10.76 MUaNsU

A15199 1 HANISIATITARUUUTEUIUVDITITIING LAZAIUTININGIT1 TG

Jein) AINITAATISRUUUTEN (%) 314984
ANUYU 1552w 191 ANSUAUAYA
CcC 11.45 83.23 2.4 2.92 [8]
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360 AINITAATISRLUUUTEN (%) 31484
mﬂ&l"ﬁu GRERBYE] Lélq ﬂ']%'UE]'NﬂQ@Qf']
CB 1.78 33.05 6.13 59.04 [8]
CB a.17 75.96 1.36 18.51 [9]
CB 2.14 14.28 4.39 79.18 [9]
cC 11.89 73.37 1.17 11.57 msanwndsil
CB 4.61 10.76 5.77 78.86 nsAnwndsil
CCB -KOH 4 M 8.1 11.38 9.49 71.03 nsAnwndsil

2) HANITIATINOIAUTENBULUULENGTG

N5IATIEBIAUTENaULUULENSIM (ultimate analysis) Usgnaunile s1aA1suau lalasiau eondiau
lulasiau wagdaulas (C, H, O, N uag S) neluredadnilng wagiudinndat1ilng HansIes e ikandnwnIg
i 2 wuih Fadnlwedsmaniusuiesay 48.45 WerumsunlusisnenszuunisinlsladadiudednTnnazisg
asveuiintuuienas 81.16 lurnsfertuasiviinmessinlelasauiazesntinuanawviodosay 0.28 uay
16.95 MUEIFU Saran1Tinszidenadeeunu3deves Praphatsorn, Rattanaphaiboon [7] way Adekanye wae
A [10] finuiviadlelasauuaroondaurranaadegamgilunsinlsladageiu iesananufeuiintu

Wulvaameiuszeandnuinlilalasularesndiuuivsinaanas vienBuniujiseimen

A9 2 KANMITAATIZRRUUENGN VoIFIT 1IN wazd T wdsd1alng

Tein AINSIATIZIUUULENSIA (%) 81994
Asuay lalasiau lulnsiau dawmlas 29nBlau

cC 4476 5.89 0.52 0.04 43.99 [8]
CCB 71.49 3.06 0.85 0.03 10.26 [8]
cC a8 6.04 0.77 0.14 43 [9]
CCB 84.60 2.80 0.88 0.11 4.98 [9]
c 48.a5 5.86 0.25 0.08 4536 msAnwade
ccB 81.16 0.28 1.46 0.14 16.95 msAnwade
CCB -KOH L u
o 81.57 0.09 1.29 0.15 16.90 sfnwASail

3) wanspadulalodu

- @ N

nmsgadulelefiudunismituiiimesiiunnduiuiiadnsuvesansazaislelofiuiignaadu a1nm1sed 3

LV}

wanmaaeansgaduleloaunudt datalne (CO) ddvedlelonuliiinnisidsuuyas iesnnaindednilnaludl

anungudlianunsagedudvedlelenuls drudatalnadinim (CCB-500) drleloAuduiuasin 389.09 fadnsu

a =

Aansu HnNaUTIN MG INaNH NN TEUINN S Il lagarinnunsuinTulsaunsogadudves

loleduldsaunils Feaanndosiuauideves Gotore, O. uazany [11] NiinsAnwinsgadulalofuainnisidaiu

a o =

Finmdadnlnawimenseuiunsinlslaganaumgisineu iWesngamaiinsinlsladanastutuasinlvinug

U

v
o o

i wazgnyuvesiigaduiindu Jaansusenaviiog nneludsinlnasiianisaatads waziwdeiunisuounsda
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WINYU F9a0nAd a9t UNANISIATIERLUUUSEIN N BUNTNT 91nkani1sAnwiAnlelafuluuesveIn1udInInga
F1e waza1uFinmdsdnlnefisaulsaisasieilnunadeulansenlan (KOH) wuana1udinmdsdnlnadisnu
AseaUsNau Ty 4 Juas denlelafuiluiwes 663.11 Jadnsudensy Fefiarlalefuduuasidulunu

'3

wnsgrudmiundndusignamnssliduluang 1en.900-2547 [12] Aifusliguiuiudvsesugadudeden

Taladuduiuas litasnin 600 dadnsusensy Sudsnidaulvvesnis@nwidanaiiluyiinisiwsns waz@nwilu

Jumausald

a o a o v ' o v ' o v a o P a
A15197 3 wan1sgadulalefuvasdednalng rudedinlne drudidinanaaudsdeaisiad

Yeig lolefiutiuuas @adnsusianiu)
cc FvedlelomuliAnmaiuAsuuntag
CCB 389.09
CCB-KOH 0.1 M 530.12
CCB -KOH 0.5 M 561.95
CCB-KOH 1 M 589.86
CCB-KOH 2 M 593.26
CCB -KOH 4 M 663.11
CCB -KOH 6 M 674.09

4) HaNSANYIIASIAS TN YAUENIIAEUBA

MINATIERANwEHiuRIvesa Ut lng saewmalla scanning electron microscopy (SEM) 18unns

LATILVNNNENMNALAAILATIATINNURIYETITITNA SIEINTY ANUNETUNTEAUISIUTDITHURT WARIAIN N

oD

¥
a

71 1 aweneveandewanssmidianaseu lnaldidavens 2000 wih dadilna (CCB) TNuRaGeUlignguans Ay

NYAINTUSTINYIR a3 (1) drudst1alne (CCB) Numianuvgvse lileu fdsesuwnn dgnsurwnlngdu Jada

o

€

NNTIMEVRIETUSENOUN T BLazNMTaaefiveianannisinlslada [13] dmsuaudiningadalned

snudsmglnunadeulansenled Auilianunsuanndy snsudvuialvguazinisnszaneiigainaueniifandu

LY

= @ v o aa
"’UQLUU%QﬁN‘UW%@%@QW}@]@ U

d' L% d‘l’ a A v Y ( 1 a v YV .
AT 1 AnwEAURINEUeNUBITIT N (1) auTIAINTIIlne ()

WALANUTININTITNINAGALUSA8AN5AT (A) AdIvee 2000 X
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¥

5) WAMSANYTIATIZILTRY YU1agNTy wagUTinAssngy

ARELITE R iR uAgNL kazuiuinsvesgngu iunisfinwdnvazniinieaindlsmaie
brunauer emmett-teller (BET) HaM53LAT1ERLERITIANT1ST & nudaudanmdsdalnadiudiin 15.78 m2/e
uazrLIAgNILRAsegHl 5.09 nm. SsdiafiuiiiauasUinasgnguiiroudish eifteutumudnmdsdninadd
wlsielnunadeulensenledifiuifin 61.35 mz/g Uunsgngu 0.04 cm?/g uarungnsuadstiosasil 2.67
nm wansbiituiansilnunadenlensenled Tunsdasilituiiiuasdunsgnguiiatu Tnsoraifaan
asadvihlignuivuiadnamionisveegngu veld nulni ui irvesdudinwdsdninaidaudsdae
Tnuna@esleasenled figannindudinmdsinlnaliilddawus [11,13] Ssaonadosiunansinszialolefu

U

Jauuasnounthina1udin et lnanaaulsaelnuwnaweulansonlan

A157197 4 NANNTIATIEARNWUENNNENTNVBITIVTING aNUTIN NI IR

a0 Huiifn YSunsgwsy IAgHTUIREY
(m%g) (cm’/g) (nm)
ccs 1578 0.02 5.09
CCB-KOH 4 M 61.35 0.04 267

1.2 nansAnwnarlunisdudauazaaunamansveininadu

Havasartun1sgadunsaluiudasyluinduuidy wudvSinaunsalviudassludiudduiirnanasie

¥
@

nafillunisgaduindu uansisnnd 2 lnednisgedunsalududasziintuegemndilutnaveinsgedu

¥ '
aa LY o o ¥

30 - 240 W9 W NANUNHIVewIAdUTIWILLNN Wazndaunan1saadyu N1saAduNanaItuinINNUNNT

vodatuanas il sagadunsalududaselies [9,11]

100

80 - & ®
£ 60 ~8—CCB
=
g
E 40 =@ CCB-KOH
]

20

0 __w

30 60 120 240 300 360
Time (min)

A 2 wavesnanlunisgadunsaludiudasyluinduligy Mmeamudinmdadnlng

LaLaUTIN NN ARUsMelnwnaweulansanlyn

Han1sAnwIvauNamansnisgadunsalviudassludiduidumedudinindsdnlng nuiamudinm

o

Faglnaililanauusiinnigedunsalududasvasnadasivaaunamanssudunilaiiey (Pseudo-firsr order)
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=

iileanndidn RZ1n1ng 1 unnndnaaunamanssusiuasaiion (Pseudo-second order) Fadunauiainusefige
Iihsgminaiaige dududinmidaudsielnumadenlansenludiinsgaduasandesiuaunisoaunamans
Susiugoaiion (Pseudo-second order) uandnisgaiimnnuaunsalunisgaduiianmizauga (q) vesnismaaes
Tndidsstueniildannsduinsnnnituuiassaunssaunamanssuduniafioy uanidismssd 5 uazuans

HININA 3

A15199 5 ANATNIYILUUINADIFUNITIAUNAAIARNTDUAUNLLTBY LavIaunaransounudadiay

Jai0 e exp FAUNAANERTOUA UGB ITIEN auNafanIduUAUaa sy
(Pseudo-second order) (Pseudo-second order)
(mg/9) > >
qe,cal Kl R Qe,cal K2 R
(mg/s) (min™) (mg/g) (g/mg-min)
CCB 29.4 2.804 -0.053 0.9043 76.336 5827.166 0.7783
CCB-KOH 285.02 3.126 -0.034 0.9126 555.55 7.7E-06 0.9663
Pseudo-firsr order Pseudo-second order
3.00 4 10.00
y=-0.0232x + 2.8043 °

290 4 R>=0.9043 800 4 e

100 600 4 e .

@ e =0.0131x +3.8514
1 4.00 ° y
300 R2=0.7783

2.00

0.00

t/qt

In (qt-qe)

-1.00 4

-2.00 -
0.00

-3.00

-4.00 J
t (min) t (min)

Pseudo-firsr order Pseudo-second order
3.0000 - 1.00 o

y=-0.0147x + 3.1259

20000 R*=0.9126

& y=0.0018x + 0.4206

040 o ¢ R*=0.9663

T T T L T |
50 100 150 200 \250 300 000 T T T T T :

0 50 100 150 200 250 300

1.0000

In (qt-qe)

0.0000

-1.0000 J

t (min) t (min)

AN 3 Faunaranivensaadunsaluiudasyluinduuidy mesudinmdadalng (CCB) mukuuInaes
dusuuntafiey (), MeauTINNGITINe (CCB) MuLUUINanIsuauaadiisy (1), Aua1uTIn NIt Ilnase
wusaelnunawenlansenlen (CCB-KOH) uwuUINanIdununiaiisy (A) way A8a TN ngatlnannwus

malnwnadeulansanlan (CCB-KOH) aukuudnaasdusuaadfioy (1)

1.3 nan1s@nwuSinaaudinn uazleluvenvesmsgady

213ETIVINTNAN UG YU VY
57 JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



HavaUsusaulunisgaduunsalududasyluiidulndy nudnvsuaaulunisaaduiiuduasd

Usgdnsamlunisgaduiiniued1adaiiios wansian1ni 4 waglumanduivilvdranuanansalunisgadures

gudinanasiieruiu Weswindnisiuiiuifvesaiugedu wandedinusunaaulunisgaduidu 5 nsu ndu

liuszansamnisgaduananintdes eswnnnuiinaaiugaduinnnfuldiilinaanisddalunisnssaieda

B3
o v oA a '

vasnuluszuugadu [14] Felunuideidlaidanysuiua

wlunsgadu 4 nsu Jefiolddnduusuudvinlian

ANHanIalun1Igetu uazUsyansnmnisgaduilangegaian

q

100 100 ~ 700

600 F 600
80 80

L 500

60 L 400 60 L 400

~B—Removal (%)

Removal (%)
qe (mg))
Removal (%)

qe (mg/g)

40 40 L 300

. L 200
N —e—qc (mg/g) 200 2 == Removal (%) 00

100

> 0 0 . 0

a - - -8 qe (mg/g)
| *

T

4

1 2 3 5 1 2 3 4 5
Dose (g) Q) Dose (g) @)

AN 4 KavesUSinamsa s UssavEa nnsgadunsaluiudassluiiduiigy wasauaunsalunmsnady
981U TININGIT1IINA (CCB) (1) wazauTin et lnananusmelnwnaoulansenlan (CCB-KOH
am) (v)

Han1sAnwilelameunisgadunsalududassluiidulidualgaudinmdsdiing nudtarudanim
Fat1lnai ldladauwds wazaudinmiaawusaielnunadelansenled da1 R lulelameouwuunsuniay
(Freundlich) winfiu 0.877 wag 0.914 auaau Jadlddlng 1 u1nndnan R? veslelewmanuuunaiies

(Langmuir) Fefioléanauiis 2 wuu finsgaduuuuateduiiiinnsdewiuiuresiunidnvarlidudomai

[15] WARIAIAITIN 6 LATATNA 5

M19199 6 ArAsivedlelawmesunisgadunuukaies waznsundey

o

56 Langmuir Freundich
Am K, R? Ke n R?
(mg/g) (mg/s) (mg/s)
CcB 18.182 0.019 0.865 3.339 0.315 0.877
CCB-KOH 5000 0.006 0.879 1.4414 0.991 0.914
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Langmuir Freundich
0.035 - 180 -
L]
0.030 175
0.025 @ 170 | °
8 0020 1 ‘. s 165 .
= 0015 y=291x - 0,055 S 160 | o ¥ = 31699 -3.3387
N R*=0.8773
0.010 R?=0.8646 155
0.005 | 150
[ ]
0.000 T T T T T 1 145 T T T T T T T T 1
0.024 0.025 0.026 0.027 0.028 0.029 0.030 152 153 1s4 155 156 157 158 159 160 16l
lce log Ce
(n) ()
Langmuir Freundich
0.005 3.00 -
....... 4
e e -
0.004 g .
e 2.00
, 0003 o . ©
=) o o y=1.0094x + 1.4414
0.002 | g
. y=0.0332x + 0.0002 1.00 R*=0.9141
0.001 4
R2=0.8786
0.000
T T T T T T 1 0.00 r r r : .
0.000 0.020 0.040 0060 0080 0.100 0.120 0.140 0.50 0.70 0.90 L10 130 1.50
1/ce log Ce
(m) (¥

Al 5 lelawesunsgadunseluiiudassluthiulduvesdiuanindsdlng (CCB) wuy Langmuir (n),
Tolumesumapadunsnladudassluthiftirduvosudinmdadnilng (CCB) uuu Freundich (v),
lolmmefumagadunsnlasudassluthiirduvosuiinmdsininafidauusdenumadeslansonles (CCB-
KOM) wuu Langmuir (@), lelmesunsgedunsalusiudasyluthiuduvesduanmdstrinafidauusde

Inunaweulensanlan (CCB-KOH) wuu Freundich (9)

d3UNaN339Y

v

A1UTININTITIINAIINAITHIABNTLUIUNS NS LA wasvinnisanwUsaelnunaleulansonlanie

a

Wnpnadugnsuliuniangedu anmsinszidaemaiia SEM way BET uazliuse@nsnimnisgaduaunsatiin

Wudgadun TUszdnsnmgeanainnisldviuianiarugeady 4 nsu szezianlunisgadu

v
= o [%

240 w17 wenanfidadinanisgaduaenndesiuraunaranssuivasniiey Fadunisgadumanaiiuinnimig

nenm wardenndesiunisgadulelewmesuuuuniundsdaunsaianisgaduladvaedu uansliiuidnnu

@

Fnmdadnlnefinaulsielnunadoulansenledausaldiluiangadunsalududasgludulnduls wasidu

v
1 A a

wwanenilsdmsuldidutangeduaisdug 1 Fudumsiiuyarliiuiagmdeiisnnisinens lnenisianld

Usglewduazanunsaadayaaiiunaasegialdegaddnenin Snisdadunuimeiidauadunsldvsnensegiad

UsEANTNNLATANNANTENUADAILINADY

ARRNIIUUIZNA

o

nuITeilasunsatvayuduuandinnuiauInemansuasinalulagursnfaudygysuu

< q

atvayunsAnwssaudadindnwlasinismuaaidududininermansuazmalulading el SCA-CO-2561-
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7130TH lulenadveveunuauduilumaluladusnd drdnauimunineimansuasmaluladuriand uas
YevauAMuatuayun1sITeInddnuAuznTTUNITdsaTuIngmans Iduuaruinnssu (anal.) K1y
wInedesvigedud Jsudssana 2566 aglalasamaidensimunssuugadunsalududassameaiuianin
Fadrlnaiiusuannielelsudmsuiduiivldudr dyanavd ands. 30/66 WaENTETUAYUAINING IR R
insvgiauazweluladyuruwinelds uninerdosudgdedl Aveaivayuaniuivazgunsaldmiuiidelu

v
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Abstract

Plastic waste is a major environmental problem, transforming plastic waste into fuel for use in
agricultural engines is interesting and sustainable environmental management approach. This research
aims to study and apply pyrolysis oil from plastic waste to agricultural diesel engine as a guideline for
plastic waste management in the future. Plastic waste pyrolysis oil was obtained from a fast pyrolysis
process. The experiment was mixed with Diesel B7 at a ratio of 10%, 25%, and 50% and tested compare
with 100% Diesel B7. The test engine was used a 598 CC, single cylinder and connected to a 5 kW
dynamometer. The engine speed was adjusted in a range of 1,000-2,000 rpm and using a constant 60% of
load. The results were found that, the agricultural diesel engine was worked well with using B7 diesel
mixed with plastic waste pyrolysis oil at a ratio of 10%. The engine was provided performance in engine
torque, brake power, thermal efficiency, fuel and energy consumption lower than using 100% Diesel B7.
Exhaust emission, Using B7 diesel fuel mixed with plastic waste pyrolysis oil was produced higher carbon
monoxide and hydrocarbon than using B7 diesel alone and exhaust emission was obtained within
standards. When pyrolysis waste plastic oil can be used as fuel for diesel engines. Therefore, the
government should promote and expand technology for transforming plastic waste into fuel to reduce

plastic waste problems and reduce diesel imports in Thailand.

Keywords: Plastic waste, Pyrolysis oil, B7 diesel, Agricultural diesel engine
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fﬂﬁulwiali%aﬁwmamLﬁuﬁﬂﬁuﬁlﬁmmﬂmiﬁmLLaﬂmaswmaaﬂﬂajmiwﬁLaﬁﬁu (Polyethylene) way
thiemegnanainiuludesamedaensruaunisinlalsfauuuiifgungiilurag 350-400 °C tdinsunanainlw
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M19199 1 AasandiinduiwauaziiulnlalsBaveswanasin

Fuel properties Method Limit Diesel (B7) PPO
Density at 15.6 °C (kg/m?) ASTM D4052 - 835 823
Flash Point (°C) ASTM D93 >52 66 54
Kinematic Viscosity at 40 °C (cSt) ASTM D445 1.8-4.1 3.44 3.11
Pour point (°C) ASTM D97 <10 -8.7 -
Specific gravity at 15.6 °C ASTM D4052 0.81-0.87 0.835 0.824
Cetane number ASTM D613 >50 56.57 ae.7
Gross calorific value (MJ/kg) ASTM D240 - 45.56 45.24
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Specifications of engine Detail

Engine type Diesel, single cylinder, d-stroke, horizontal
Model ET 110

Bore x Stroke (mm) 92 x 90

Displacement (cm”) 598

Compression ratio 21:1

Standard injection pressure (Bar) 200
Alternator model Daici 5 kW, 220V
Load of engine 5 KW Tubular heater
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AuTeuluIA (Brake thermal efficiency: /,,) LazuaRuiinTuiuAIeud AmuEisounieoudildnndey
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Diesel engine
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win geeglunaugiumsgrunimual’ dsiuludiuvewanivlededaslad msdneinisldududiwa O 7 way

v
o o

Audnsiulnlsladanarafnidndiu 10% 25% wazr50% USuawiansuausausnlen waswialalasaisuauindu

AINTIANIRTFINAIUALT

—e—Diesel —a—Diesel+PPO (10%)
2.5 -
—e—Diesel+PPO (25%) —a—Diesel+PPO (50%)
2.0 -
S 15
O
Y o10 -
0.5 =
0'0 T T T T 1

1000 1300 1500 1700 2000
Engine speed (rpm)

A9 7 YSunauansuausauenlendeltinsufwanaunuindulnlsladaveswaain
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—e—Diesel —a—Diesel+PPO (10%)
400 -
350 ——Diesel+PPO (25%) —a—Diesel+PPO (50%)

300 -
5 250 ‘\: A/‘/‘
£ 200 A
—_ /
£ 150 * —-
100 | '\*\:\\L~ ——*
50 -1 v ° o
0 T T T T 1
1000 1300 1500 1700 2000

Engine speed (rpm)

A 8 Usunalalasasupuileunduiwanauiuiisdulnlslagaveznanadn

#3UNaN1339Y

mstehiulnlalsdananadnvianduegreiglUldfuniessudmaansnunsvuadnannsatluld
#lugUuuvresnsilunauduisiufiead 7 wsddndrunandiunzaugsando 10% Aolduiufion 90%
wazthsiulnlsladawanaiin 10% Tuduresdnsemuduldendtomas usilnuasmduusniaiesaus Jssansam
awdou snsmnududondemassume uastaivledeianssauginiinisldiduiies Snduludiuves
mslidufiwananfuiiulnlalstanarainitdng 25% Josdudildfiaumnzauiismedmsunsinluly
\osnnaussourveaedessudilddreutinm msliihsufimanauiuingulnlsladaidadiy 10% Tsasay
Audosifudomnasiiniogluti 0.57-1.68 L/h UszAvBnmmeanufeusylutag 19.06-25.59% 91nwanis
naadlutagtunasiiaziinduluouan mstnevsgnarainunuasusuiduiiiulnlsledawasinluldidu
Womdsmauiuituiwailonavinliuunamesnanainanaslduasdudnuummiwesmsidnveswanainle

2819898U

LRIGILITE
nsldifufisanantuidulnlalsdanarafinfidndiu 25% dwalfaussousiaiosusifianoudis
Wielilddnduiifindugennnd 10% annsodniunsld 2 wuamns fe maneaeuiudulusnaauiiisas
Snafa 1u fidadau 5% 10% 15% 20% wag 25% uarn1susulgsnmaminiulfifvgedu Wy nisfsasia
AundmsuMaiiuAaTdoudomas Wudu veniniasinisinudssdninueandossudfiuadioting
Mdamanitufwanausvindulnlalstanarafnlussezenifldnuuuusadenfiolinsgidnsnmsdnuseves

wsssgudlasiinsmageuUSeuiisudunisiduindusiwal 7 Yagdu

ARRNIIHUIZNA

YOYBUA INYIFENAINUNAUNY U INedeunld wazAudaududansinundnuy Suwndeu uaz

Jymdeidanuenaiuy uminerdeusdld Haduayuiuiuazia3ssiieddelunismaaey veveunud1ineu

ABYNITUNNTAUFSUINGIAIENT 98 wazuiInnTsy (@nal.) Radvauulvnunisdnwiise 2 U sewlies Useand
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Abstract

This research aimed to investigate the Economic analysis of a freeze-drying system for Thai green
chili dip processing at the community enterprise level. Using the freeze-drying system for Green Chili Dip
processing and calculating return on investment, (ROI) and internal rate of return, (IRR). The result was that
the investment cost of the Freeze-drying system for the Community Enterprise is 1,000,000 baht. It can
produce Northern Thai green chili dip processing amount of 18,900 package per year, 45 baht per
packaging. Circulation cost of 850,000 baht per year, in terms of break-even point, is 1,484.99 package and
shows in terms of payback period is 1.7 years, and Return on Investment, (ROI) and Internal Rate of Return,

(IRR) are 14% and 46.70% respectively.

Keywords: Freeze Drying System, Thai Green Chili Dip, Community Enterprise

UNANED
MATeidTngUsrasAiiolinssiiasygamanissuvauwiwuuuiionudsdmsunisulssudmsnmy
Tusgivdamiaguyu vnseuwianndnmindiess uusuwisuuLiiBonuds wasUseidiunanauunuaInnIsadvu
ROI uazdnsmanauwu IRR nan1sAnwmudn ssuveuwiswuuwiionuddialddnglunisaaudesdiu 1,000,000
A % a ! [ < v o < ! ° ! <
U @a1unsand aund nvy uuytdenud elaa1uiu 18,900 uaned s1A1dvu s aay
45 v Anvduganiewindu 850,000 umsed Tnefigadunu 1,484.99 wita FeflszazaiAunuwindu 1.7 U

HARBULNUINNNTAIWU (ROD) iU 14% Uazdnsmanauununiely (RR) iy 46.70%

Addsy: sruuuiswuuwgenuds, dindnuyy, Jawiayuu
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(=1

Tngianzegaddluszauianiaguy FudunalndAglunmsimunasygiaviesdu dmdnviudalundndueind
FoiduaninaiawmidevesUseinalneg arunind 1 §elasuarudeun sludseinanazaadszine
maudszlimsnminiisiiuszeznatlumsiuinesazveeraindndudesiifianuddguazaislasunisiaw
pg1arLiles nsvhuiawuuwtuds (Freeze-Drying) visefisaniuin laleflawdu (Lyophilization) 1unseuiunis
o w & A ] A J A DY) [
mMdnanudunldlunalsgnaiingsy Wu 01115 1 wazinaluladdinin nszuiunisilifeatesiunisutuls
HARA 9 anusIuseUq warmdnuudsdasnissziia (mswdsuanvesdudufglagliiuanuzveunan)
o v L % ada o 2 o ' a T a vy
sruvrhwisuustienudadumalulagnfidnenmlunisiiusnwvauaimisdasuinisuas savfvesiminuyule
oA a a o ad o a a o < A | o & v A a s v
pg1eluszaAnEam msdnelulagdunldlusedviavisguoudinaduSeduid wazdndudedinisinseiniu

s a v
Lﬁi‘iﬂjmﬁmmaﬂizL&mﬂ’ﬂMﬂuﬂﬂumsamu [1]

AN 1 dnwaienienIniInI Ny

FausssnemsvesUszrrunniawiefouininiedusmnsuszdinia sislidmdnmneenieuves
Aol dog 4 naasdua laun nsnuyuess dmdnvuesnssa dnsnvndne wasiiminmiuuvuaygy

A3 1AU wanwmunIni 2 Medudaggraniianuuandesand uagdiuuseney auuinufen1sEuIlan

O UOSITHUY,
4 GhwsSnkuibivaon!
Q Nnranasy 1IFuving

nounsl iWeoandua
wjn -

" Tunasz 1@ar&aed

HauNau
Jaanra
-

A 2 dnSnmiueenduuvesruiliedlnl
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nuIded
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npUszasALiiodinsgiiasugenansvesssuuriuisuuidonudsdmsunisudssudingn

minlusyavIaniagusu lnensamuEunsnayldiaTes Freeze Dryer $u Harvest Right Small Freeze Dryer

ad o a

A5AHEUNNSIVY

v
@ o £% a

AsIveditunausanalUll 7usn AnwitauamumAlAATeULAILUULTEINWTS TUFad WSeuAN®E

U
v '

Foyarumaianieseuniiiuuugidenuds (diniesnenanfnge o guddauaiugnainnssy aa 1 Jmdn
Wedlvy) Tuiaie Mrualoulunsmaaensaununseuingiu ui§ vinnmeasmuivualeulunseurisan
Guiindayan1sdine$einee Juin) AATIEVHANTNARIMNATINATALALLATYSAERS UasdugnIIeg a3unanis

VARDINWANUNATALALLATYFANENT AIUNINN 3

& v v a = v o P
VULLIN: ﬁﬂ\‘.‘!’ﬁlﬂ%ﬁﬂ'\ﬂkﬂﬁﬂﬁkﬁiaqaULLWQLLUULL‘ULﬂaﬂLL%Q

'

Y o v v a i v = o
YUED: Lﬁi&l&lﬁﬂi‘.ﬂﬂagaﬂ'\uu’lﬁUﬁLﬂ"SENE]'ULLVNLL‘U‘ULL‘ULEIBFILHN

4'

& ° = & o a
Yusu: MvuaReulunvaae misunanisuingiv

'

g § o o lﬂ' g o = 1
ud: inmsneassmuivuateuluniounsaatuindeyanisfitnesaeg

'

Y 9y a ¢ v a s
YUK AATITANANITNAADININATULNAUALLASLATEAERNT

4'

g =
Yugavne: 83UNANINARDIMIMUATIALAZIATEMERT

AMNA 3 TURBUNISAMLUNITIVEY

JunauKarIsn1TaULININTYY

nsdnwSeaininvuan 1,000 ¢ Anuddlddieuun 66 x 21 mm Fedminveadisuazuiuandy

'
A

ugmenIestaRinea wuahmsnuyuldudazaigluu3unm 20 ¢ viamuednwiu 50 e Wssesnaieu 24 4alus

e

pamgdfildou -40 ssanealioa dnvurn13ians Auansmuani 4 n1ssuashuinininmuse sou
(Batch) dnuvm3ensne $1uau 5 41 (ann)q ax 21 &ae9 ax 20 ndu (fnan 24 Falug) fadu fegsmswsen
puwswanuuannsadwnildfsseniselud

21 & x 5 % x 20 grams Wiy 2,100 grams Ay 2.10  ke/Batch/day

1 \@ou ¥n1s Freeze Dry windu 15 Batch Andu 31.50 kg/Batch/month

1 9 ¥n1s Freeze Dry wihiu 180 Batch Aswdu 378  kg/Batch/year
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AN 4 FIRE1NTATENBULATUINE NV
v 5 ' i o o - b Y 2 -
nseuwinmnmiuusaraTusIRlUluATo e ULALUL Freeze dry 9amnalutiug uaniniuami 5

\A3BI0URUY Freeze dry 7ilduusus Harvest Right, LLC. Model No: HRFDL, High: 2.8 MPa, Low: 0.44 MPa
Adsladi 4,400 W anushadndluiih 220 V Al 50 Hz waznszualdin 20 A

(n) NMFINNINTULTUATDIBULIAILUU Freeze dry (3) LASDIDULWILUU Freeze dry

= Y = 1
AN 5 ﬂ']i'Ui'ﬁf\!g\Wn']Qﬂ’]sljugeLULﬂiaQ@ULLWQLLUU Freeze dry

= U &l s
n5AATIERAIANTUYTER
anudududvenuinanhideyglutandiofeuiuuiavesian Falaeialasuieendu 2 uuu [2] fe
1. n1siieuiiguanavesiandu Sondn Anusuuinsgulen deuldlunianisdmienisdevignaninnig
N3NEAT 2. MSUTEUTBUNIaVRTARWT Fndn ANNFUNIRsEIuW Jeultluenansivinis Weannuiauwnis
a P a ° v ' ' Y a E ] P
gefiaaanliilasundadlunmuszeziainsiiuig wardenan1581985laemNTUNT 2 11AsgIuaIIsanTlaaIn

aunns (1) way (2) sasialudl
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Wnsguden

M, =[(w-d)/w]x100% (1)
NIATFIRUAY

M, =[(w—d)/d]x100% (2)
o M @ mw%ummgnmﬂﬂﬂ (%db) M, @e mw%ummgmuﬁa (%db) w @8 tinwiin

203389 (kg) Udz d Ao WIAVBIIFQUIT (kg)

SATINTSLNBYBILNINNNTIITHS
AunsafanUMsTINseULdinudutussEninessesnanreanse UL atuanavesiissineg
geNNNARA I LARIELNST (3)
M, -M, (3)
¢
dle D, s dnsin1sauwis (kg /keg,h) M, Ao ﬁmﬁfﬂmaafm} w 1ala g (%db) M, de wmein

D

R

\SUAUDDIIFA (%db) UAz ¢ A TYELIAIUDINNTOULI (h) [2]
ATIATIERANURUUR D INAIIUT NN
ANUAUURDINA1IUTUNE (Specific Energy Consumption) A A153LATIZRAINA 191U Inua LTy

NITUIUNTTEMEUIBNAINTAR aansadwIalanuauduiusaunisy (5) waz (6) [3]

SEC = & (5)
mW
0, =3.6E, (6)

W SEC fio mnuduifemdsnudime (Mike) O, Ao Usuunislindenulwirsumamua (M)

way E, Ao whelnihildnaun (kwh)

15U RUUSEANSNINNISYINLIAS
U3gANS ANV BT UNITATUINIINE I UN LT T UNITTE AU A B UTUNSI9UT LT srualy

ATTUIUNNTHLTAT @115 bARNNaNN1ST (7) [3]

m_xh %
nlotal =— £ XIOO
0

E
dl =) a a o v =) ' v :‘
Wa 77,,, A dszA@nSnwnsviuvs (%) hfgﬂa AN uTaULHINIIITIRLVIR (MJ/Kg)
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N15UTBRUNUATEFAENS

nsawulundesdns-gunsal (Capital Investment) oAndandngUnsal(Equipment Costs) ildiite
nIedeUaUNTaiNIsUIAUUULELDS Y8aUs M HARVEST Right 1A A30Y (3,395 noaans Anshsuaniuaeui
34.04 vseneaand) Aaduduuim wiadu 115,433.34 v (Sasanideu 34.001 U de 1 Aoaals d@se.

9198 ayadnuaniisuanaiu https//www.bot.or.th/th/statistics/exchange-rate.html) [4] AsdENwaEUDS

A3 (Specification of Freeze Dryer - Model Medium) AUAINT 5

AT 5 1A5eq Harvest right small freeze dryer

AuUNUN1IANTUUN (Operating Costs)
nsaudsandnuuena’es Freeze-drying nszuaumsiuisuusdwdadunszuiunisildndsaugs
Fafosnrsndsudiuaunndmsunisuuda nMssnwanImagyIniAkazn1sIsLianIsAwILATliYIAT oY

Freeze Dry

Al fidessne (Baht) = srurumhe Wil (Unit) x Sasaadlndin (Unit/baht)

St Ale (Unit) = sl (kw) x sruudalasldan (hr)

A157199 1 SwazidenveInIsAwIuAliiAIes Harvest right small Freeze Dryer

Parameters Freeze Dry Units
ﬁwmﬁﬂﬁﬂw%mgm 378 kg/year
Anasulin 14.9 kW/hr
Jeu¥1Ia7 Freeze Dry sonds (W3 1 Batch) 24 hr
Al 1wy, (14.9 mbesedalus) Anerlnfivdisas 3.9361 umn 58.65 Baht
Alw 1 Batch 1,407.60 Baht
$nnuseufiansavhanldwuusaiiody 1 deou 15 Batch
suvuellsoau 21,114 Baht
AuuAlneel 253,368 Baht
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N3ATIERAUNUNEnsTua

WA UNEnS 9 InekenUTENAUNY WY AunuAsi (Fixed cost) AunuruLys (Variable cost)

AuvuI Total Cost

A15199 2 UsEnunisang

318N13

FIANHDNRUIY

1WSNMU Freeze Dry
89av18/U (VWA 20 grams)

1MUY 45 baht/pack

378 kg/year
U 18,900 pack
850,000 baht/year

M19199 3 AUVUNITHER

$7N15 $1A1594
ﬁ?ﬁ/\l"%ﬂ%ﬂgm Freeze Dry 378 kg/year
aUsganaingAu 378,000 baht/year
JUUTZUIULTINY 280,800 baht/year
UUTENIMUTTA U 81,099 baht/year
anasnsdi 4 IIAFUYINGAY
ngRy Vanauitld 1A

9

ﬁ?LW%ﬂMi@N (@) (57A1 200 Baht/kg)

1,890 ke/year

378,000 baht/year

AN91965997U (Labor costs) 3311150 IUIUUNEIUIE A0 LA8E A lULTRLA wiginaeldussanund

VinweiieguanarU1geinwigunsal Favilviduuussnugadu 715 5 uag 6

M19199 5 FUYULTINY

Uszian szuziaaniily AunNUsaLAaU Aunusiat
AUULTIURERLaE TSN 1 AW/500 U/ 13,000 156,000
AUVUKINIUUTTY 1 AL/400 U/ 10,400 124,800
TIAIAUYILRTNY 280,800 umsial

M51afl 6 ATldeuTIATIs

Uszian FIAARNLLEY AunusaLAau Aunusial
YRITAFEYYINA 150 U1/100 @94 1,170 14,040
enaoen 3.35 VI/3u 5,276.25 63,315
gosffuiu 0.40 UM/ 312 3,744
Arlddedandngay 81,099 umsial
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NAN1ILHATIAUTIENANITINY
Han15UsEIdumMumAlANITRUEINEIVLY (N) UIMSAVYY (MBWBY) WUU Freeze dry Nan13daumtnu
azanilinidn 20 ¢ ok uNIzUIUNITEULUY Freeze dry uiian 24 h uammuAIWg 6 wudn (v) Winsnuy
o H o a A o A o A X ~
(M&99U) LYY Freeze dry dmitinanasanniiiy 20 ¢ widewiies 4 ¢ e M As anuduanasgiuilen
3 - ¥ v o .
(%db) Md fio mmwmmgmuﬁ'a (%db) warUSuuUITzIean m, MUANUFUNUSAUNTT (1) (2) wag (3)
' T a ' { H Y] v 1Al A
WU UININUYA 1000 ¢ WONIUNTZUIUNIT Freeze dry m‘wuﬂqmmaaqﬁ 200 ¢ mm%ummgwm%ﬂ 80%

& o S A
ANNFUUINTFILLIG 400% wazUszananifiseineoen 0.083 kg/h

(n) dmSnus (Neway) WUU Freeze dry (@) Wn3nn

Al 6 WisufisuraniseuuisimEnmu
&alufiued0seuuRauU Freeze dry 2u1m 4.4 KW ievihiniseuusia 24 h Aasdundseuluii 105.6
kWh/batch iiodunalainildlunszuaunisusazads wudn 528 baht/batch (Muems AuamaTlad 5
baht/kwh) wasumﬂ’13”3%’1’8%ﬁﬂﬂgjmiLﬁmyjamﬁumﬁww%ﬂMﬂﬁﬁmmqﬂuﬁjmmm dwsugsiavunan lug
ﬂﬂiﬁqaaﬂﬁwwémﬁu maaﬂﬁ'qmmsaLﬁu%’ﬂmQmmw%mﬁww%wﬁﬂﬁisaznmmwﬁu

£% £%

nanudululdvmarsusiia (Economic viability) n153imsnzindunu (Break-Even Analysis) 9nANNY
yowAnsioust thwdnvitju Freeze Dry duvuasil wifu 54,514 v duyuiuudsdening iy 8.29 vmsevie
51118 45 VI/uiia (20 n3u)

Usziiiugadimugnsiuinigaduny o Jogtu wirdusunuasil/sieene - dunuiuidsdeiog)
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Abstract

Chiang Mai, Thailand's second-largest city, faces challenges from rapid urban growth, traffic congestion,
and pollution, threatening its livability and sustainability. This study aims to develop a sustainable smart city scenario
for Chiang Mai Municipality through participatory engagement and strategic planning. By examining urban
development trends and formulating energy and environmental scenarios, the research seeks to create a framework
that integrates ecological sustainability, technological innovation, and resident well-being. The methodology involves
two key components: reviewing smart city development case studies and conducting stakeholder meetings and
group interviews to facilitate social engagement processes. A SWOT analysis and scenario development are
employed to evaluate actionable strategies. The study emphasizes infrastructure development, online networks,
cultural preservation, economic growth, renewable energy adoption, intelligent power distribution, clean
transportation, green spaces, and modernization.

The research outlines four scenarios for Chiang Mai's energy and environmental sectors: Scenario 1, "Smart
City Plus," promotes low-carbon activities; Scenario 2, also "Smart City Plus," focuses on green actions; Scenario 3,
"Smart City Innovation," advances technological leadership; and Scenario 4, "Global Smart City," emphasizes
comprehensive technology standardization. These scenarios aim to address critical issues such as air pollution,
water quality degradation, and inefficient energy use. The proposed smart city framework integrates digital technology
and innovation to alleviate energy and environmental challenges. Strategies include maximizing energy efficiency,
encouraging economic growth through sustainable energy adoption, and implementing environmental technologies
for water quality improvement. Smart governance enhances public service delivery, infrastructure adaptability, and
environmental management, while a smart economy fosters growth, improves transit systems, and elevates residents'

quality of life. This research provides actionable insights for sustainable urban development in Chiang Mai.

Keywords: Smart City, Scenario, Chiang Mai Municipality, Social engagement
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Introduction

Thailand's digital economy-focused Smart City policy uses big data analytics to improve transportation,
utilities, healthcare, and other public services. Thailand's second-largest city, Chiang Mai, wants to become a
smart city due to rapid economic and tourist growth. Sprawl, traffic, and pollution have plagued urban livability
and sustainability due to this growth. The city wants to use technology and innovation to overcome these issues
and stay a top tourist destination. City leaders worldwide use "Smart City" to describe the use of ICT to improve
efficiency and quality of life. Some smart cities prioritize economic competitiveness, while others prioritize
livability [1-3]. However, a smart city uses data and analysis for urban management, integrates ICT into
services, and encourages community participation. Thailand's second-largest city is Chiang Mai. It actively
seeks smart city status. Commerce and tourism have made the city a regional hub for transportation, education,
wellness, and hospitality for two decades. Rapid urban development has caused sprawl, poor land use planning,
strained public services, traffic congestion, and pollution, affecting livability and environmental sustainability.
Chiang Mai is using technology and innovation to improve livability, sustainability, energy efficiency, and public
services to stay a top tourist destination. The 98 communities of Chiang Mai represent various residential areas.
The 40.216 square kilometers includes residential, commercial, and infrastructure zones. With 130,000 people,
this area is densely populated. Community involvement is there crucial for the success of smart city initiatives,
necessitating partnerships between governments, academia, businesses, and local communities. This research

aims to develop bottom-up strategies for smart city development, engaging stakeholders at all levels. The
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scenario approach utilized data from public consultations, interviews, and community engagement to ensure
the sustainability and effectiveness of smart city strategies [4-6]. Ultimately, the research aims to contribute to
a broader sustainable smart city agenda beyond Chiang Mai, supporting capacity building and technical
assistance for smart city initiatives. By fostering innovation and collaboration, the outcome of this research will
sustain efforts to implement smart city strategies and improve urban quality of life.

Research Methodology

Chiang Mai Municipality context review

The Chiang Mai context data is collected by categorizing information from various sources such as
the existing database, which includes Thailand's national strategy (2018-2037), the Chiang Mai provincial smart
city plan, articles, publications, annual reports, and journals from the Digital Economy Promotion Agency,
National Innovation Agency, and affiliated organizations. Additionally, legislation and regulations related to the
support of Chiang Mai Municipality Smart City are also considered. In addition, internet or online media were
taken into account, along with a comprehensive analysis of the literature review pertaining to the notion of
smart cities [7].

Document analysis for Chiang Mai Municipality Smart City

Energy and Environment Sector document analysis for Chiang Mai Municipality's Smart City
development emphasizes social engagement and community involvement in sustainable initiatives. It evaluates
stakeholder engagement, community participation, capacity building, social inclusion, and monitoring
frameworks. This study examines how the municipality empowers stakeholders and the community in decision-
making and project implementation. The effectiveness of current approaches and areas for improvement for

genuine community involvement in sustainable urban development are revealed by assessing these elements.

Utilizing social engagement methodologies

Chiang Mai Municipality Smart City's Energy and Environment Sector collected primary data through
interviews, focus groups, and surveys. Government agencies, community leaders, volunteers, Vvisitors,
nonprofits, and allies were contacted via phone, email, and in person. Focus Group Discussions (FGDs) and
Group Interviews (Gls) were used to gain feedback from communities, authorities, companies, volunteers,
academics, and policymakers. Representative Chiang Mai citizens were randomly or stratified sampled, open-
ended talks on environmental issues and smart city initiatives were held, and qualitative data was analyzed for
themes. In semi-structured interviews, Gls selected experts and stakeholders to discuss policy frameworks,
issues, and future orientations. These interviews revealed themes and insights using thematic analysis. These
methods provide complete stakeholder knowledge and participation for sustainable urban development in
Chiang Mai.

Scenario analysis
The Scenario Analysis methodology, incorporating SWOT (Strengths, Weaknesses, Opportunities,
Threats) analysis, systematically evaluates potential scenarios and their implications for Chiang Mai Municipality

Smart City's Energy and Environment Sector. It begins with identifying key factors such as regulatory
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frameworks, technological advancements, and community programs. SWOT analysis, informed by stakeholder
input from interviews and discussions, assesses internal strengths and weaknesses, as well as external
opportunities and threats. Based on these findings, multiple scenarios are developed to explore various
outcomes for the sector. Stakeholders participate in workshops to evaluate scenarios and select a preferred
one aligned with city objectives. Action plans are then formulated to implement strategies outlined in the chosen
scenario, ensuring effective execution and progress monitoring. This approach integrates SWOT analysis and
scenario planning to anticipate and address future trends, enabling stakeholders to capitalize on opportunities

and mitigate threats for sustainable urban development in Chiang Mai Municipality Smart City [8-10].

/ Documemtalysis /

Components

1.dentify scope and functionality of sn
......... 4 2 Review physical and digital of city's {
3.2lect optional for strategic smart cit):

4 Prioritigeveral alternative plans. i

/ Analysis previously@h&mgrt City and otherﬁ/City

Scial process
......... + 1Focus Group and Group interview
i 2 Policy Maker interview

/ Scenaspalysi€imergy and Environment Sec/tor

Figure 1 Research methodology framework

Result and Discussion

Documentary study of smart city frameworks and best practices for energy and
environment

In smart city frameworks across Singapore, Bandung, Taiwan, and Kuala Lumpur, common themes
emerge in energy and environmental initiatives. Each city emphasizes governmental commitment and policies,
such as Singapore's Green Plan 2030, Bandung's thematic parks, Taiwan's Climate Change Response Act,
and Kuala Lumpur's Green Blueprint. Technological innovation is pivotal, with Singapore investing in Grid 2.0
research, Bandung fostering startups like Smash.id for waste management, Taiwan creating the Smart Green
Energy Science City, and Kuala Lumpur implementing intelligent technologies like cloud computing and loT.
Urban planning and sustainable infrastructure are also key, seen in Singapore's parkland initiatives, Bandung's
restoration projects, Taiwan's green supply chain focus, and Kuala Lumpur's Sunway City development. These
efforts collectively drive progress towards smart energy and environmental objectives, prioritizing sustainability
and innovation for long-term urban resilience.

Ultimately, every city showcases a unique combination of governmental policies, technological
advancements, and urban planning approaches that are focused on promoting smart energy and environmental

initiatives. Although different methods may be used, the main objective remains the same: to develop intelligent
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and environmentally-friendly cities that improve the well-being of residents and support global sustainability

goals.

Social engagement information for Chiang Mai Municipality Smart City

Table 1 are the summary of the smart city perspectives from 6 stakeholder group which are Chiang
Mai citizens, Government, Business, Community, Academia and Policy maker. The data are extracted from
the organized focused group and/or interviews. The perspectives of smart city are categorized into 7 topics
which are 1) The meaning of Chiang Mai smart city; 2) The Direction of Chiang Mai Smart City Developments;
3) The benefits from the development of Chiang Mai Smart City; 4) Key players for the development of smart
cities; 5) The indicators of sustainable smart city development; 6) Needs and supporting for sustainable smart
city development; and 7) Chiang Mai’s Unique style and smart city development.

Overall, the perspectives indicated that Chiang Mai should leverage technology and innovation to
enhance services, administration, and economic growth, fostering creativity and progress among residents. Key
elements include renewable energy, efficient transportation, and advanced technologies to improve urban life
and promote sustainable development. Achieving this requires robust regulatory frameworks and significant
investments in digital infrastructure and economic development. A city that prioritizes overall well-being, safety,
community engagement, and happiness. Chiang Mai's journey towards smart city status underscores its
commitment to sustainability, innovation, and public participation to enhance residents' quality of life. Advancing
into a smart city offers various benefits. , including modernized administration, expanded services, improved
security, and increased citizen empowerment. Stakeholder collaboration is crucial, with the municipality playing
a central role in leading initiatives across multiple sectors for smart city development include resident well-
being, environmental sustainability, investment attractiveness, and tourism potential. Maximizing smart city
potential involves utilizing local resources, allocating funds to sustainable initiatives, and ensuring timely growth
in Chiang Mai requires cultivating innovation, raising awareness, and fostering community participation. in
leveraging local assets, implementing sustainable practices, and collaborating with stakeholders to create a

comprehensive urban environment aligned with national and global policy objectives..
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Table 1 Comparison of Smart City Perspectives from focus group and stakeholder engagement from Citizens, Government, Business, Community, Academics and Policy

maker.

Topic

Stakeholder Group

Chiang Mai citizens

Government

Business

Community

Academic

Policy Makers Interview

The meaning of
Chiang Mai smart
city

Modern, technologically
advanced city that
prioritizes convenience,
safety, accessibility, and
fairness for its residents
and visitors alike.

The urban center's strategic
emphasis on harnessing
technology and innovation
not only bolsters the efficacy
of its services and
administration but also
catalyzes economic
expansion, generates
avenues for employment, and
cultivates a milieu conducive
to innovation and
advancement among its
populace.

Clean energy, efficient
transportation, and cutting-
edge technologies are
needed to improve urban
livability and well-being and
promote sustainable urban
growth. Coherent policy
frameworks and significant
investments in digital
infrastructure and economic
advancement are essential to
achieving these goals.

Clean energy, efficient
transportation, and advanced
technology are needed to
improve residents' quality of
life and promote sustainable
urban development in a
comfortable, happy city. Clear
policy frameworks and large
investments in digital
infrastructure and economic
development are needed to
achieve these goals.

A smart city transcends mere
technological deployment; it
prioritizes the enhancement
of holistic quality of life, the
advancement of safety
measures, and the cultivation
of community engagement
and well-being.

Thai smart cities improve public
service efficiency and quality of
life with digital technology. This
modernization uses technology
and social capital to improve
convenience, safety, and
infrastructure. Development
addresses social issues and
improves life through
technology. health of citizens.

The Direction of
Chiang Mai Smart
City
Developments

Forward-thinking city that
values sustainability,
innovation, and citizen
engagement in its efforts to
create a better quality of
life for its residents.

Chiang Mai's goal is to
showcase how innovative
technologies and strategies
can be effectively
implemented to improve the
quality of life for its residents,
enhance sustainability, and
position the city as a leader
in the global smart city
movement.

Modern, sustainable, and
livable cities require efficient
transportation, infrastructure
development, environmental
management, data-driven
decision-making, and
technology accessibility.
These initiatives improve
residents' quality of life and
the city's global
competitiveness.

The vision for developing
Chiang Mai into a smart city
focuses on leveraging
technology and sustainable
practices to enhance urban
mobility, accessibility,
environmental sustainability,
and quality of life for
residents and visitors.

The vision for Chiang Mai is
to create a vibrant, modern,
and sustainable city that
offers a high quality of life
and encourages repeat visits
from all who come.

Tourism and housing
development increase diversity,
economic growth, and cultural
preservation. Sustainable
development is emphasized to
promote tourism and income for
entrepreneurs and communities.
By integrating neighboring
communities and improving
infrastructure, traffic, and
essential services, everyone
benefits from regional prosperity
and quality of life.
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Topic

Stakeholder Group

Chiang Mai citizens

Government

Business

Community

Academic

Policy Makers Interview

The benefits
from the
development of
Chiang Mai
Smart City.

Commitment to leveraging
technology to modernize
governance, enhance
service delivery, improve
security, and promote
citizen engagement and
empowerment in the city.

Smart cities require
government support for
commercial activities,
innovation, project quality,
data utilize, and digital
platforms. They can make
high-living-standard cities
more efficient, sustainable,
and livable for residents and
visitors.

Tthe transformation into a
smart city is envisioned to
bring about numerous
benefits, including improved
quality of life, better health
and environment, economic
growth, enhanced security,
and increased attractiveness
to both residents and
tourists.

The aim is to create a smart
city in Chiang Mai that is
competitive, safe,
convenient, inclusive, and
environmentally sustainable,
with a strong emphasis on
leveraging technology to
improve the overall quality of
life for its residents.

Becoming a smart city offers
multifaceted benefits spanning
economic, social,
environmental, and
administrative realms. By
harnessing digital technology,
innovation, and streamlined
communication, this transition
elevates living standards for
both residents and visitors.

Key players for
the development
of smart cities

Significance of
cooperation among local
government, the
commercial sector, and
educational institutions in
promoting the
advancement of smart
cities.

For integrated and
sustainable smart city
development, government,
educational, and private
sector entities must
collaborate. These
stakeholders may pool their
abilities and resources to
solve challenging urban
problems and stimulate
innovation-driven growth.

Innovation and technology
companies, supported by
government and business,
drive smart city
development. Their
innovative solutions, along
with government support,
create sustainable and
habitable cities.

The government, private
sector, education sector, and
specialized agencies like
DEPA must collaborate
when developing smart
cities. Smart city initiatives
can create sustainable,
inclusive, and innovative
cities by leveraging
stakeholder expertise and
resources.

This statement emphasizes
the importance of
compliance with regulations
and laws by various
agencies involved in the
development of a specific
area, particularly Chiang Mai
Municipality and Province,
private organizations, and
city administrators.

The Chiang Mai Municipality
plays a central role in the
development of smart cities
within its jurisdiction,
leveraging its legal powers and
duties to spearhead initiatives
across various sectors.

The indicators of
sustainable
smart city
development

Smart city development
improves quality of life,
environmental
sustainability, revenue,
investment appeal, and
tourism potential. These
advantages boost urban
well-being, prosperity,
and appeal.

Multisector stakeholders,
international smart city
indicators, and academic
engagement boost Chiang
Mai's innovation ecosystem
and speed its smart city
transformation.

Corporate innovation,
competitiveness, validation,
big data use, and
comprehensive applications
should be encouraged by
the government to establish
smart cities. These steps
can accelerate smarter,
more efficient, livable city
goals.

This statement outlines key
indicators for measuring
sustainable smart city
development, with a focus
on people's happiness,
household income, carbon
emissions, technology
adoption, and investment
levels.

Improved quality of life,
economic progress, and
agency collaboration are
indicators of Chiang Mai's
smart city development.
These indicators measure
smart city progress and
success, benefiting Chiang
Mai inhabitants and
stakeholders.

The smart city will provide high
public standards and quality
delivery services. However,
main indicator is the happiness
of populations in the city.
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Stakeholder Group

Topic Chiang Mai citizens Government Business Community Academic Policy Makers Interview
Needs and Leverage local human Every organization can Successful urban The declaration emphasizes Foundational elements Chiang Mai Municipality serves
supporting for resources, allocating participate in developing and development in Chiang Mai human resources, funds necessary for the as the driving force behind
sustainable resources towards promoting the innovation requires collaboration among | allocation, and timely growth | development of Chiang Mai, smart city development,
smart city sustainable initiatives, ecosystem. To achieve the stakeholders, including the in Chiang Mai smart city emphasizing the importance leveraging its legal powers and

development

and ensuring timely
development to effectively
harness the potential of
smart city initiatives,
particularly in Chiang Mai.

development of Chiang Mai
to be a smart city In the role
of facilitator in creating
innovation for local networks
With the goal of creating
SME/Startup entrepreneurs
or communities to be strong
through the use of
innovation.

private sector, civil society,
and government agencies.
Raising awareness,
leveraging technology, and
fostering community
participation are essential for
creating a smart city that
meets the needs of its
residents and adapts to
changing circumstances.

development. Chiang Mai
can manage smart city
growth while creating a
more profitable and livable
urban environment by
utilizing local strengths,
engaging in sustainable
practices, and adapting to
technological advances.

of efficient communication
systems, digital
infrastructure, transportation
management, and
environmental sustainability.

collaborating with diverse
stakeholders to create a
comprehensive and inclusive
urban environment that aligns
with national and global policy
objectives.

Chiang Mai ‘s
Unique style and
smart city
development

To create inclusive,
vibrant, and sustainable
cities, the statement
emphasizes diversity,
local heritage, technology
for cultural preservation,
and public participation in
urban development.

The importance of
establishing a distinct identity
for the public transportation
system within the area,
especially in the context of
integrating existing mass
transit systems with future
transportation infrastructure.

Transforming Chiang Mai's
Walking Street into an online
format presents an
opportunity to modernize the
market and adapt to
changing consumer
preferences while preserving
its cultural heritage and
economic significance.

Vision for Chiang Mai that
prioritizes urban
development, economic
growth, sustainability, and
safety. By focusing on
infrastructure improvements,
investment, job creation,
transportation
enhancements, and safety
measures.

The declaration promotes
cultural acceptance and
technology to build smart

municipalities in Chiang Mai.

Combining tradition and
innovation may create a
dynamic, integrated city that
respects its heritage and
embraces the digital age.

Emphasizing Chiang Mai's
cultural identity and integrating
tradition with technology. The
goal is to improve digital
services, income, and tourism
value while including local
citizens in the development
process. Understanding
potential challenges helps
manage cultural preservation
and modernization.
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Figure 2 The DNA of Chiang Mai Municipality Smart City

From the perspectives of the stakeholder engagement, the DNA or unique characteristic of Chiang
Mai was developed as the aspiration toward the future Smart City of Chiang Mai in Figure 2. In order to
achieve the unique character of Chiang Mai with the Smart City Concept. The Smart city scenario planning
was performed. Smart city scenario planning involves the exploration and assessment of potential futures for
a city, considering various assumptions, drivers, and trends. This method assists planners and policymakers in
identifying the opportunities, challenges, and trade-offs associated with different smart city solutions and
services. It aids in designing and implementing solutions that are both desirable and sustainable. In this
research, the focus is on the energy and environment sector including energy, water, waste, land, and human
capital. Implementing the energy and environment scenario can enhance the city's efficiency, resilience, and

environmental quality, while concurrently reducing costs and emissions.

Scenario of Chiang Mai Municipality Smart City in Energy and Environment Sector

When analysing the SWOT data for the Energy and Environment Sector of Chiang Mai Municipality's
Smart City development, it was discovered that scenario planning for a smart city involves examining and
evaluating possible future outcomes for a city (Table 2). This process considers different assumptions, factors,
and trends. This approach aids in the identification of the opportunities, problems, and trade-offs linked to
various smart city solutions and services, benefiting planners and policymakers. The summary of the SWOT
analysis are

Strengths: Chiang Mai demonstrates strong multisector innovation to address energy and
environmental challenges, supported by national and international recognition. Government commitment to
innovation, regulatory reform, and investment drives these initiatives, with collaboration across government,
education, and business sectors. The city emphasizes digital innovation infrastructure and integrated public
transportation networks as critical enablers of sustainable development.

Weaknesses: While the initiatives outline broad objectives and strategies, they lack detailed
implementation and monitoring plans. Financial and human resource requirements for introducing innovative
technologies and infrastructure improvements pose challenges. Policy execution and enforcement mechanisms
are not robust, and public involvement lacks clear mechanisms for engagement in planning and execution.

Opportunities: Advancements in renewable energy and smart grid systems offer innovative solutions
to energy and environmental issues. Chiang Mai's regional and global significance positions it for collaborations
with similar smart cities, enabling knowledge sharing and resource pooling. Investments in energy and
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environmental initiatives can drive economic growth, create jobs in renewable energy, and attract investments
in sustainable infrastructure projects.

Threats: Chiang Mai faces increasing vulnerabilities from climate change, such as extreme weather
events and water scarcity, which threaten sustainability efforts. Rapid urbanization and population growth strain
resources and infrastructure, complicating the implementation and maintenance of initiatives. Political instability

or shifts in government priorities could disrupt continuity, hindering long-term sustainability goals.

Table 2 SWOT for Chiang Mai Municipality Smart City Development in the Energy and Environment Sector

Threats

Chiang Mai faces

Strengths Weaknesses Opportunities

The emphasizes multisector The scenario outlines The rapid advancement of

innovation to solve energy and overarching objectives and technology, including renewable escalating vulnerabilities due to

environmental issues. strategies for energy and energy solutions and smart grid climate change, including

National and international
recognition for Chiang Mai's
initiatives shows strong local and
global support.

Energy and environmental

environmental initiatives but lacks

detailed specifics on

implementation and monitoring.
Introducing innovative

technologies and improving

systems, presents opportunities for
Chiang Mai to address energy and
environmental challenges
innovatively.

Chiang Mai's regional and

increased occurrences of extreme
weather events and water scarcity,
which jeopardize sustainability
efforts.

Rapid urbanization and

projects are supported by infrastructure may require global significance not only population growth intensify strains

government commitment to significant financial and human highlights its potential but also on existing resources and

innovation, regulatory reform, and | resources, posing challenges for facilitates collaborations with
Chiang Mai.

The effectiveness of policy

infrastructure, posing significant

investment. similar smart cities and relevant challenges to implementing and

Sustainable solutions organizations, enabling knowledge | maintaining energy and

adoption requires government, execution and enforcement sharing and resource pooling. environmental initiatives.

educational, and business sector mechanisms may vary, potentially Investment in energy and Political instability or

collaboration. impacting the success of energy environmental initiatives has the changes in government priorities

Digital innovation and environmental efforts. potential to stimulate economic may disrupt the continuity of

infrastructure and integrated public While public involvement is | growth, including job creation in energy and environmental

transportation networks are recognized, the scenario does not | renewable energy sectors and programs, hindering the

stressed to enable sustainable provide clear mechanisms for attracting investments in achievement of long-term

development. engaging residents in the sustainable infrastructure projects. | sustainability goals.

formulation and execution of

initiatives.

From the SWOT analysis and the categorization of stakeholder perspectives and Chiang Mai's unique
characteristics, the scenario can be categorized into three types: Smart City Plus, Smart City Prestige, and
Smart City Innovation. The details are as follows:

Scenario 1 Smart City Plus: Chiang Mai, northern Thailand, is promoting sustainability and low-carbon
development through the Sustainable Urban Tourism Project. With partners like the Hue City Centre for
International Cooperation, the project promotes sustainable tourism and reduces carbon emissions through
traffic-calmed zones and e-mobility. This effort is part of "Achieving Low Carbon Growth in Cities through
Sustainable Urban Systems Management in Thailand," a UNDP-Greenhouse Gas Management Organization
partnership. To improve Chiang Mai's climate resilience and promote low-carbon practices, the Integrated Urban
Climate Action for Low-Carbon & Resilient Cities Project develops climate services and comprehensive land
use planning. These projects show Chiang Mai's dedication to sustainable urban development and
environmental awareness.

Scenario 2 Smart City Prestige: Chiang Mai is actively transforming into a smart city by investing in
cutting-edge technologies for transportation, energy, and waste management. Digital innovation hubs promote
the development of new businesses and encourage cooperation, while intelligent mobility solutions tackle issues
related to transportation. Information technology is essential for effective city management and the provision of

digital services, with a particular emphasis on establishing connectivity through public Wi-Fi networks. Electronic
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government services optimize administrative procedures. Sustainability is given priority through the
implementation of green initiatives, which include environmental monitoring.

Scenario 3 Smart City Innovation: Chiang Mai is making significant progress in becoming a Smart
and Innovation City. It is implementing various initiatives such as establishing digital innovation hubs for
startups, implementing Smart City projects to improve urban services, and providing support for a thriving
startup ecosystem through events and incubation programs. The objective of education and research
collaborations is to enhance the development of STEM fields, while efforts are being made to modernize E-
Government services for improved efficiency. In addition to fostering collaboration with international partners to
access global expertise and resources, Chiang Mai also prioritizes cultural innovation. This strategic approach
positions Chiang Mai as a vibrant hub within the innovation ecosystem.

The key differences between the three scenarios lie in their primary focus, scope, partnerships, and
level of technological and innovative integration. Smart City Plus centers on sustainability and climate resilience,
with a narrower scope that prioritizes urban tourism and environmental projects, relying on international
partnerships such as those with the UNDP for implementation. In contrast, Smart City Prestige adopts a more
balanced approach, combining advanced technology with sustainability to improve urban services like
transportation, energy, and waste management. This scenario emphasizes IT-driven solutions, including e-
government services and public Wi-Fi, while fostering public-private collaborations to achieve its goals. Smart
City Innovation stands out for its comprehensive strategy that integrates technological advancement, startup
ecosystem development, STEM education, cultural transformation, and international collaboration. It positions
Chiang Mai as a global innovation hub with a strong focus on leveraging digital technologies, fostering creativity,
and building partnerships that span multiple sectors. The progression across the scenarios illustrates a shift
from an emphasis on environmental sustainability (Scenario 1) to a broader focus on integrating technology
and sustainability (Scenario 2), culminating in a forward-looking approach that champions innovation and global
competitiveness (Scenario 3).

Since the three scenarios encompass different aspects of Chiang Mai's uniqueness and direction, it is
essential to ensure inclusivity and incorporate stakeholder participation, reflecting the perspectives of Chiang
Mai's people. As a result, the research has developed an integrated scenario titled "Chiang Mai Universal Smart
City."

Scenario for Chiang Mai as Universal Smart City

The term "Universal" within the realm of smart cities can be construed in several ways. It may denote
inclusivity and accessibility, ensuring that the advantages of smart city endeavors are widely distributed and
beneficial to all residents. Alternatively, it could signify the integration of universal design principles, creating
environments and services accessible to individuals of all ages and abilities. In a broader context, "Universal"
might imply the utilization of standardized technologies and practices that can be widely adopted and replicated
across diverse urban landscapes, contributing to a more universally applicable approach to smart urban
development. The fusion of "Universal" with "City" in the context of smart cities suggests the integration of
inclusive and accessible smart technologies that can be universally embraced by urban centers. This could
encompass initiatives prioritizing equitable access to digital services, sustainable practices, and innovation,
rendering them relevant and advantageous on a global scale. Ultimately, the concept of a "Universal Smart
City" proposes a comprehensive and inclusive approach to urban development that considers the varied needs
and characteristics of cities worldwide while leveraging standardized, widely applicable technologies and

practices.
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The objective of the Chiang Mai municipality is to position the city as a leading model of sustainable
urban development. This will be accomplished by prioritizing infrastructure enhancement, digital network
improvement, cultural heritage preservation, economic expansion, and active stakeholder engagement. The
city acknowledges the significance of integrating energy and environmental considerations into its smart city
initiatives, pursuing development with a focus on achieving enduring sustainability and enhancing the welfare
of its populace. These development objectives are delineated into five distinct categories: firstly, emphasizing
the integration of renewable energy sources such as solar, wind, and hydro power into urban infrastructure;
secondly, implementing a smart grid system to enhance energy distribution effectiveness and optimize usage
patterns; thirdly, promoting the adoption of eco-friendly transportation options to alleviate traffic congestion and
diminish air pollution; fourthly, encouraging the adoption of environmentally sustainable construction techniques
to mitigate the ecological impacts of urban expansion; and lastly, implementing measures to preserve and
expand urban green spaces to promote biodiversity and improve overall quality of life. Collaboration among
diverse stakeholders, including government agencies, businesses, academia, and civil society organizations, is
imperative to achieve these objectives. Through fostering alliances and collaboration, Chiang Mai can leverage
collective knowledge and resources to effectively address energy and environmental challenges. Additionally,
initiatives such as the Community Energy Transition and Sustainable Living Program empower residents to
actively participate in sustainability endeavors, nurturing social cohesion and environmental stewardship within
the community. By adopting these measures and incorporating them into its smart city development strategy,
Chiang Mai can realize its vision of becoming a contemporary, eco-friendly, and technologically advanced city,

prioritizing the well-being of its citizens and preserving its natural surroundings.

Chiang Mai Municipality Smart City development initiative

The Smart City Initiatives in the energy and environment area was developed from the scenarios.The
implementation of smart city components in Chiang Mai involves a range of activities that attempt to tackle
energy and environmental issues by utilizing digital and innovative technologies. Chiang Mai's commitment to
tackling energy and environmental challenges is evident via these initiatives, which involve innovative solutions
and active community participation. These endeavors encompass:

1. Smart Environment initiative aims to address environmental concerns, specifically in degraded areas
such as Mae Kha Canal, by leveraging community-driven efforts. Implementation encompasses the
development of wastewater collection infrastructure and the incorporation of aesthetic improvements to increase
the quality of water. This process is facilitated by the use of sensors to test water quality and the real-time
reporting of data.

2. Smart Energy Solutions are designed to optimize energy use in households and daily routines, with
the goal of mitigating air pollution and addressing climate change. The endeavor entails incorporating energy
management technologies into both traditional Lanna-style homes and modern constructions in order to achieve
a tangible decrease in habitable temperature of 10%.

3. The focus is on utilizing digital technology to increase profits, particularly in the agriculture and
tourism industries that have been affected by the COVID-19 pandemic. Initiatives such as the Fresh Market
app enable the safe acquisition of fresh goods, with the goal of stabilizing businesses and promoting economic
growth after the pandemic.

4. The Intelligent Governance System aims to leverage digital technology to improve public service

infrastructure, namely by implementing a comprehensive animal data and stray registration system.
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Thairabies.net facilitates pet owners in adhering to regulations and preventing the transmission of rabies by
offering services such as microchipping and sterilization.

5. Intelligent Mobility is a field that aims to use technology to oversee and improve public transportation.
This includes monitoring the transportation network, managing parking systems, and enhancing transportation
standards to increase resident satisfaction and accessibility.

Conclusion

In this work, the analysis of Chiang Mai plan and context integrated with the perspectives of Chiang
Mai stakeholders were taken into account in the development of Chiang Mai Smart City scenarios. Chiang Mai
aims to lead sustainable urbanization by enhancing infrastructure, digital networks, cultural preservation,
economic growth, and stakeholder engagement. Key objectives include adopting sustainable energy, intelligent
power distribution, eco-friendly transportation, and expanding green spaces. Programs like the Community
Energy Transition empower residents to promote sustainability and social harmony.

The city’s smart city initiatives, categorized into four scenarios, focus on diverse priorities:

Scenario 1 (Smart City Plus): Low-carbon practices and climate resilience.

Scenario 2 (Smart City Prestige): Technology-driven solutions for transportation, energy, and waste
management.

Scenario 3 (Smart City Innovation): Fostering startups, education collaborations, and economic growth
through innovation.

Scenario 4 (Universal Smart City): Inclusivity, accessibility, and standardized technologies to address

diverse urban needs.
Chiang Mai integrates smart technologies to address energy and environmental challenges, improve
governance, and boost economic resilience. Efforts include improving water quality, mitigating air pollution,
enhancing public transportation, and promoting renewable energy. Recommendations emphasize smart grids,
renewable energy incentives, real-time emissions monitoring, EV infrastructure, and community education. By
combining environmental consciousness, technological innovation, and inclusive strategies, Chiang Mai aspires
to become a sustainable, eco-friendly, and technologically advanced city.

In addition, to advance the Chiang Mai Smart City project in energy and environment, practical and
innovative solutions should be implemented. Key recommendations include developing smart grids, installing
smart meters, and promoting renewable energy adoption through incentives. Real-time monitoring of
greenhouse gas emissions and investment in energy storage systems can enhance sustainability. Smart
building technologies, such as energy-efficient materials and automated systems, should be prioritized
alongside public transport electrification and EV infrastructure. Community education on energy conservation
and data-driven decision-making using loT devices will support informed urban planning. Finally, supportive
policies and regulations, like green building standards and clean energy incentives, are essential for long-term

success.
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Abstract

This research analyzes the potential of a power plant utilizing plastic waste as fuel. The waste
management is carried out by the Lan Krabue Subdistrict Municipality in Ban Fak Thung, Moo 2,
Lan Krabue District, Kamphaeng Phet Province, covering an area of 21,872.00 m2. The study simulates
the design of a power generation system, which includes a diesel engine with a capacity of 110.00 kW
and a generator rated at 100.00 kW/125.00 kVAR, operating 8.00 hours daily. Pyrolysis oil produced from
plastic waste using a batch-type pyrolysis machine serves as the fuel for electricity generation.
The analysis evaluates the potential energy output of the power plant and other by-products such as
fertilizer and carbon powder from the processes of plant. The quantities of electricity and by-products
directly impact the revenue of plant. Additionally, the study evaluates available municipal solid waste to
produce pyrolysis oil for electricity generation. The simulation results, based on a project duration
of 20 years, indicated that the plant can generate 5,568.00 MWh of electricity. This required 154.13 t/month of
solid waste to produce the necessary pyrolysis oil, which was 48.62 % of the total 300 t/month
of waste received at the landfill, sufficient for the project duration. The feasibility of investment
was evaluated by considering production costs, the payback period, and the internal rate of return (IRR).
With a project duration of 20 years and an annual discount rate of 6.00%, the cost of electricity production

was 9.94 THB/kWh if revenue comes solely from selling electricity. This cost is higher than the feed-in tariff
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(FIT) rate for Very Small Power Producers (VSPP) generating electricity from municipal waste, which is 5.08
THB/kWh, making the project unfeasible. However, when additional revenue
from by-products was considered, the production cost dropped to 0.83 THB/kWh. The payback period was
reduced to 7.80 years, with an IRR of 11.22 %, making the investment more viable than relying solely on
electricity sales. Furthermore, exploring renewable energy technologies to reduce the energy costs of
machinery in processes could enhance project revenues through carbon credit sales and reduce electricity
expenses.

Keywords: Plastic waste to energy, Refuse-derived fuel, Power plant, Investment viability, Lankrabue

municipal district.
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fudhufiwasnvezwanainfidadausneg Tngusums (0:100 25:75 50:50 75:25 100:0) FedwwasioUszansnim
voupIeseudidntas Tngyinliidanauszana7.00 % ussnanasuszann 3.00 % warsnsin1sauiUaes
WomnAsdumizannniiuszanm 1.00 % Kalargaris, I. et al [5] ldnadevanssauzvosadossudiiea 4 gu
wuudaase Weldriiulnlsladaannarafndud eind i iwafidndud susdesas 0 89 100 A15815991Y

YDUATDITUA AILASDYAY 25 D9 100 NUINATBIBUAAIUITAVINULAR L18N158N15VIUYDUAT BIBUABE T

]

1Y

szaugs lnediuszandnmilndifessiuiniufiva dsluaziuldinidulnisladaildansezwarafinddnann
Azl duwomadunisudalnile lelddesinisusunraniaseus unnisadulasinisaanaidtasuns

advayy MuUsENIAANENITINSMAUAINIINANIY Foe Usemasudelninlassnisudaluiainvezgusy w.e.

a

2565 [6] Lol ndnldanunsavielidunislwinlusnssud oluirainlasenisuasliiiainvesguey

Y a

Tugtuuu Fit dmsuduanlatiiunadnun (VSPP) dw$ull 2565 Tusian 5.08 THB/KWh Bnstsntsiuiulasenis

U

2 o ¢l

senaaglanandnidudedunignlaainnisusuanimuesies Bio-drying anunsailuvelviuinensns uas

q

HIA15UBY (Carbon Black) Mildannszuiunisinlslada deanunsathlynelviivanamnssunisudnenssaeudilag
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ThHuansiufumaunumsidvmanisdi oanduyunisudn nunissa wazdna wagame [7] WaAnwinasldng
AsuauaINNsEUIuNsinlslada (Pyrolyzed carbon black, PCB) tluansidulugnssssumiilseuiisuiuiain
fM9n13ALASA N774 (Commercial carbon black, CCB) U3mnasansaifiniilédaust 0, 10, 20, 30, 40 uag 50
dau o 100 druveaiiosns lnsvhnsuangsuarasaiidsedosmaLuuTnuasinTessauLUUARIgNNAS WU
N19u@ N PCB 7 40 daum'e 100 @2uvead 0s1e welusravusswaslyvisdaainunu
soussisgandnensuageiiiin CCB vilidiudnenaiiin PCB TuuSunaiinndusieudunusenisdesanmnain

¥ '

Ju ilowFoudivudununisndn wud1 PCB fifuyunanansie 1.00 kg fnd1 CCB Wiy 26.65 THB uanantu
wdnsiidulasamslsliih dlddomasnvesnanaindina s iduiinsdedditulunisieataennisuasins
in3esdnslumisudnliii suilufedldarelunssibulasenistuy sy uasAgenthsuaiesdng udu
minlilliuszidufaneunassedevedasing deuillenmadesiioznianuainnisamu ieanauidssianar

a

msivzUszdiuiinnuaualunisamulasinslssiiildwemdinvesnanadinaie asea gavivu [8] laAnw
et w1 lunrsaanulasenasiselnwrveglud ud Fandawdns lnegUseiiy
INANEAINVBINITIAMY NG 1INNTUTUIBUTENIINMITIUTINWaIEezandmdnlagseulsaliiin Ay

¥
Y a ]

miéﬁyavfal,wﬁamﬂuﬁ’mmam‘uaL‘wﬁa LarUsziliuAMUAUAININATYEANEAT LAsU LT UIINTIAA UNY
Pnmsdanidamats 2 nadl yarilaquuavs (Net present value) Shsanauwnunelu (ntemal rate of retum) was
sregIaAunU (Discounted payback period)

INNIENSIHANIANBILININTTANSEE kUi FehliunannudfunAafiesdnudnenin
Tunssidulassnislsslaiildid oindsanvssnatadn Ingviinisdasanisesnuuuszuunanld
Tuiufiveresfisuiunmsinemauiasuaaiunsede wWeussfiufcusinamdnulnihindnls wasnanansuq 7
I#annszurunisaneguaslsslaiin ldun o wazrsansvou dsnsuszifiufananazdmmasesssuvesasenns
Tsdlwihifldigoindsannueznanain uenantuudrdsusuifiuissinaussyadesildiduingavlunsndandsny
lihinfieswoduiulinanitulnlsladadadudomadunmaandsnulnimiol suludstunulunisude
1 51830 wags18918 Aaend aszeziiatdndulagents 1l e s saue ua1lun1sasyu
lnefarsanandununsniandsnulnidenitendsauliin ssezianAunu (Payback period, PB) Wagdns
Hamauwnun1ely (Internal rate of return, IRR) Ingdununsuaandsnulniideniendsnulniiseiaisan
Wisuisuannsdisgldainnsdasiniseenuuuszuusdnliianannsueliiiifissegiadion funsd
Aneldunanmsueluiiuaznisvienanandug [Jovsin nsanivou wazvezUszanuiuazlans) Aldinnns
I1999N1508NKUUTEUUNEA LT

A5N1339¢

g
o

nunFnwvedasinisasegluiuiiveminvesiaiiunislaemeuiaduaaiunsele ftegi Trunnya vy

¥
o o o

2 guneaunsele Jamdamunanys dunmiavesnun 21,872.00 m” Usinavezyarosisudianiuniide

Yuzfuay 10.00 t [1] fawans lunwii 1
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¥ '
I~ a

A9 1 Nundnwvedlasinsissbiihverluiuimauiasivaanunseie [1]
Ingrvualigaias oanudaluididenisndalnia 100.00 kw [11] ndalni1Tuaz 8.00 hours
Usenaumiy Aumasildiadssgunfioa AAMaweLaIessudsiwa (P,) 110.00 kW wag insasnuidalnin vuin

100.00 KW / 125.00 KVAR Tngldinsiulnlslaganinvesnanannduidomas sawansly a1 2

Silent Diesel Generator Set
Py i X . Rated Power Prime Power
yiobsis L 1Ll Diesel Engine f— —»  Generator  {1—
fuel 110.00 kw 100.00 kW / 125.00 kVA

AN 2 wrudakansssuuRan i Aldesasduldalid s ldesessusfwaidusunids

Faldinulnlsladaanvesnanafniduliamda

a 4

dhiulnlsladananannedaddnlsladauuuns (Batch type) sunamasliin 225.00 kw aziidaaudouves
Woundunan (HVjyye) WU 44.30 x 10° kl/kg WAZAMUVUIWIY (pfyep) WINAU 0.89 ke/L [11] InguseAnSanidis
AINTOU (M) VORI Kalargaris, |. et al [5] Wiy 33.00 % mindesnisudnlifiniuag 8.00 hours
(Thour per aay = 8.00 hours/day) ansafwaUTasdemaanandildlunsnaniiidmsu 1 Su (Viuel per day)
Tgierad (1)

oo = Py (1)
P T Mass of fuel/s x HVfye

Ha Viuel per day = 20020 " Lhour per day @)
NMoen * HVruel * Pruet

do Ny = UszdnSnmiBisnusou
Mass of fuel - IAvEITDINAS (k)
Vivel per day - Usnnsiweumdanailélunmsudalifidmsu 1 Su (Vday)
P, - fifardivenadosaudfiea (kW)
HVpye - FhauSeuvesisiulnlslada (k/ke)
Pruel - pyavuduisulnislada (ke/)
Thour per day = naniirdnlniisety (hour/day)

syuunandonds Thasolnlsladauuung (Batch type) auiamasluiin 225.00 kw aunsananungu

Tnlslada (Pyrolysis fuel) mamnsuau (Carbon black) wazfadiaalu (Syn gas) Ineldaesnarafinfikiunszuaunis
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Usuaninvezlaneldssuun Bio-drying (Mysicpio) tduTaadu laenszuiunisnin

1 59U Wezaznanuszunal 15 $alud AdLandly Ana 3

Emission
| ]
control system
Heating system [«
Syngas

N Condensing || Pyrolysis Pyrolysis fuel
system | fuel for Generator
Discharging Carbon
system black

Pyrolysis machine

Gas state

A 4
Plastic N Pyrolysis
waste reactor

Solid state

29 3 unuruansszuuanRamdlagltinsoslnlsladaluung (Batch type)
919 3 Ugnsalvenasastnlsladaldurdulnlsladaussunn 267.00 L wazuianfalninlaainnisnde

nauadudaimas mnsnsdrunisnanuinulnlslada (Pyrolysis fuel) AuuSunuvsynaain (Plastic waste)

a W

Wiy 35.00 % (PF/PW) wasiasadlnlsladadenadnaiunsaussyvesnatadinlaasgasde 1 seun1sndniing

¥
=1

4,000.00 kg (Myyyrotysis per baten = 4,000.00 kg) srannsasainasniulnlslada Vrwer) TinAnle ovadl
Mypyrolysis per batch * (PF/PW) (3)

Vfuel per batch = — VReactor fuel
pfuel

W8 Viyer per baten Ysuesusiulnlsla@anndnlagegase 1 sounswdn (0
Mpyrolysis per batch = Wravesveznatainiias odlnlsladaausaussqueslaasande 1 sou

N130En (kg)

PF/PW = 9nsnarunswanidulnlsladaiuusunuveswanain
Pruel = Aanuvundulsiulnlslada (ke/l)
Veeactor fuel = Usnasisiulnlsladanlddudemdsweanuinsal (0

VT ONI1UAIYOY Viyer per paten 3INAUNT (3), Viyer per aay 3NANNTT (2) Uagnindad1un1snan

NIASUBU (Carbon black) AuUSHIavEznatadn Ay 35.00 % (CB/PW) a@runsatrlumuiniiiomusunumg

'
g Y oa

ANSUBY (Mearpon per patcn) WAETNUIUTUNTTNAN N (Dryer per paren) MU 1 s0UNTHANUITUINITLAT A

aanauns fadl

m _ (CB/PW) : I/}‘uel per batch * Pruel (a)
carbon per batch (PF/PW)
ey I/}‘uel per batch (5)

Dfuelperbatch = V} : B
uel per day

W8 Mearbon per baten = USunamspnsuauinanlaasanse 1 soun1suan (kg)

CB/PW = 9RTIEUNIINAAKIATUBUAUUIINUVEZWAERN
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Vel per baten = YSusindiulnlslagdaiundaligegase 1 soumswdn (0
PF/PW = 9nsnarunsnanindulnlsladaiuusunuveswanain

Jrniunansaldlunsudalnihdmsvindulnlsladanndnlagage

Dfuel per batch

i 1 50UNITNER (day)
Vel per day - msthiulnlsladafianunsaliluniswanlaiiilu 1 Su (Vday)
1N Mearpon per batch WANNTT (@), Dpyer per patcn TUANMT (5) UBE Mypyrorysis per baten = $000.00 kg
anunsathlumuaiiomUSunamasueuiindalddmiv 1 Wou (Mearbon per montn) wavUSunamesnaanini
HrunszuaumsUuanmeslngliszuug Bio-drying SsliiluingAunanlniindmiu 1 ey (My1astic piomonth)
Iaarnauns sed mandruautulunisudalada 1 view (indvu 29.00 days (Detectric per month
= 29.00 days) Fefuiimeluaslidmiunisigssnuiaiomdnlylin

Myastic bi N = mpyrolysis per batch * Delectric per month (6)
plastic,bio,month —

Dfuel per batch

LLay Mcarbon per batch Dejectric per month @)

Mcarbon per month —

Dfuet per batch
e Mpiasticpiomonth = UFumvggwanadni iunszuaunisusvaninveslaeldszuug
Bio-drying ddlfiduinnAunanlnindmiu 1 o (kg)
Mpyrolysis per batch - inavesvsznaaAniiaiedlnlsladaaunsavssquerligande 1 sou
N130En (kg)

Detectric per month = Truauiuluniswdalnid 1 e (day)

Dfvet per baten Juudunaunsaldlunsudalnihdmsvindulnlsladanndnlaasan

i 1 50UNTTNER (day)

a

Mearbon per month = USuaunsAnsuouingaladusu 1 heu (ke)

Mearbon per batch = USunaumspnsuauinanlaasanse 1 soun1suan (kg)

nszuaunsUuanmuezlngliszuug Bio-drying v Wawg wdlled [3] \Junszuiunisanauiiuvesves

yaray lngivggfiiiunseuunsAnLenwazanruIakaIminamednaumuueskuuUar UL nMvdnizedy

=

nsvuiunIsdevaatswuuldeandauvesafunidlaevinnisdeusiniadisas evdraud 1 lUliineane

ad v ' '

Feisaenanarlilvinelifnuiadvu Feausavisanniusuniuadls uwiasemsveiunsd lun vesdunsd vie

o '

A < & 14 = I3 = 4 a ace
verNiismarsuaunazlulngian WussAusenau sululiesdusenevduy lurezyares Weydunidinisges

aanwazndn Arsusulaeenled W1 wazalueau lngadnudeudinad uluinlieungdluszuug iy

I3 ' X a v o a
Wunslaanududiwiueanannuezla fawanaly ani 4
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Sorting and Size reduction process

Municipal M Size reduction

Plastic waste

) » Sorting process [—» — i
solid waste process Food waste
v
[Glass] [ Metal ] [ Other ] Plastic waste For Bio-drying Container

Pyrolysis process Aerobic Digestion Process Moisture
Heat /Carbon dioxide/Water

Processing Time 20 Day

Waste

conditioning process

Oxygen

A 4 urulsuansszuuUsuanmaglaglisyuug Bio-drying U0eu8Ussnvnanafiniar M suann

HUSEUUARLENLAZARUUIALA?
1namd 4 wezyadas (Municipal solid waste) Usgnaulusiae vzussLane s (Food), nanafin
(Plastic), w3 (Glass), Tane (Metal) wazvzdus (Others) Wionsiu Mpiasticpiomonth I@anaunisi (6) aunse
ﬂ“ﬂmmmﬂ%mmmaxwma@ﬂdaumuﬂizmumiﬂ%’uamwmwLﬁaammm%ﬂmH’fSWUﬁ Bio-drying #l#du
Tngaundaliidmsu 18U (my, piasticmontn) Im816(7%13aﬁgﬂuﬁ’ﬂmawamﬂaﬂawﬁamﬂﬁﬂwﬁﬂﬁwé Bio—
drying Wusseziian 20 Ju vosiidws) udlaf [3] wuinhminanasszanm 56.00 % Usinamdnimeluavdy

171 (Moisture content = 56.00 %) Tusraziian 30 Julaanaunis

Moisture content = [1 - ( —Rlasticbiomonth y 4 (8)
My, plasticmonth
S Moisture content = USHnauanuTueanannves (%)
Mpiasticpiomonth = YSuveznatadnd W1unssulunisusvaninveslaeldssuug

@ a a

Bio-drying ddlfiduingAunanliiindmiu 1 fou (kg)

My plasticmonth = USUNauveEnata@fnnourIunsEuIunN1SUs UaN nessiiioanAu ulag

Tsyuug Bio-drying Al dutmgiundalnidmsu 1 Weu (ke)

dlols Moy plasticmonth PNauN1ST (8) war anansatlufuinUSinamesUssanangg wazUSunaveEYa
Nasﬁww%’uﬁiﬁi’ﬁmqﬁﬂumiwémlﬂ/\lﬂném%’u 1 199U (Mg monen) WHN1THHBUIRTIAIUVDIVELUTELANAI AU
yozyaosveIaveziidiunslasmaunasuaaunszde ddlideyannnsumunumaiy [12] Sandwaeses
UszLane1ms (Food), wanadn (Plastic), uita (Glass), lang (Metal) wazusgduq (Others) fuvgzyalon
(Municipal solid waste) Slfwiiu 44.61, 35.39, 4.30, 7.86, uaz 7.84 % nuau thanaunissed

mmsw,month = mw,plastic,month + mw,faod,month + mw,glass,month + mw,metal,month (9)

+mw,other,m0nth

ey m -m ] + (FW/MSW) * My plastic;month (GW/MSW) * My plastic,month (10)
‘msw,month w,plastic;month (PW/MSW) (PW/MSW)
(MW/MSW) * My plastic;month (OW/MSW) * My plastic;month
(PW /MSW) (PW /MSW)
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W9 Mupswmonth = Usnawezyaree it duingavlunisudnlnily 1 Weu (ke)

My plasticmonth = USinamezUsziannanadniu 1 weou (kg)

My, food,month = USnamezUszlanemsiu 1 e (kg)

Moy glassmonth = YSunauvezuszinnunalu 1 heou (ke)

My metatmonth = USunauvezuszianlanglu 1 Wweu (kg)

Moy, other-month = U'%mmsuazﬂm.ﬂwﬁ'uﬂu 1 1fiou (k)

FW/MSW = ondlTnuvesUssianemsivdunnvesyaiay
GW /MSW = dnTdmUSINuverUsTILMAUUS MY Ry aNeY
MW /MSW = dnsdmUTInuvezUssvlangiudinauesyaros
OW /MSW = E‘J”m']ﬁauﬂ%mzwuwﬂszLﬂmﬁluﬂﬁuﬂ%mm%zgawaa
PW/MSW = dndlTnuvesUsTIannanaRniuUTIN B aK oY

yezUszsnnewsdiothlumiingeg Bio-drying awiAsuanmdutensin (Compost) Tnstwiinazanas
Ussanas 56.00 % deimiiniimelaniduiin (Moisture content = 56.00 %) isldUsunamesUszianems
dM3U 1 100U (My, fooamontn) 9naunsi (9) wazaunasi (10) My plasticmonth fildanaunis (8) anunsanily
ﬁmamﬁamﬂ%mmﬂwﬁaﬁmémiﬁﬁm% 1 100U (Meompost,month) wavUSunamesiideniluusuanmuezlngly

¥UUF Bio—drying dSU 1 0o My, containermonen) HMIINANNTT el

mcompost per month = (1 - Moisture content) ) mw,food,month (11)
ey My container,month — Mw plastic;month + My food,month (12)
W8 Meompost per month - YSinadendnindnladmsu 1 e (k)
Moisture content - SegavANNTUNBBNINVLE (%)
My foodmonth - USunuezUszinnesdmsu 1 neu (kg)
My containermonth - dSunuvusUssiannanad nuare1nisv o esunlyusvaninaey

Tngltseuug Bio-drying dwsu 1 wiau (kg)

My plasticmonth - USunuwezUszinymanafindmsu 1 e (kg)

My containermontn NeAIINANNTTT (12) 2z lUTAT ¥ LG DNUUIAVDIR ADUVULLEBS Tinuzay

lnsimvualigasunuues 1 ¢ a1unsaussyssdseinnnatainuazemsidesiludsvannveslagldssuug

[ t4

Bio—drying v endnlui1d1msu 5 Tu Aeludosldd AouimnuiuasIwiy 6.00 § (Meontainer = 6.00 Unit)

U

@

WousTyreslssiannatafnuaze i e lyusvanimveslaeldseuus Bio-drying 115U 1 1o

(Mo containermontn) B IA1UITAAIUIUMIUTUIUVEET 6 ADULNULLDT A11150UTIALAND 1 & (Meonrainer)

INFUNT
_ mw,container,month (13)
Meontainer =
Ncontainer
5o Meoneainer = USunauveeiigraumniuesanaunsaussala (kg/Unit)
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My containermonth - Usinamesdssinnnanadnuazenmsiigesiluuivanmeeslagldszuy
% Bio—drying dm3u 1 Whau (ke)
Neontainer = SuugAouNULIeS (Unit)

Ainee Amldannaunistnediu sxlusiaesnisesnuuussuundalniiiitoUssdudneninnnsuda i
TneUsnduufinuvesyadosiliiduingivlumsndmiulnlsladahiifomedmiunaamdsnulnihmioll uas
finsanauduailunsasulasnsussidiuenuduamaasygmans Ssiansanainduutuasplulusnuas
Fuasnuiud suiad oadnslualudf 10 719 lunsedulasents sanlufealddrouazseld
flganmssdulasinseaenszeznadiiulasems masvualiszeznalunissdulasemswiady 20.00 years
wazsasAnand 6.00 % udihteyadsnanludmuinduumsndnsontondsnuliii szogaifunu (Payback
period) wardnsmanauwnunely (RR) Tngldwdnnisdeil

sununseaandulii As Arldglunisamundandsnuliia 1 mie v3e 1 kwh laewSeuiiiey
sumumanaaliiuUiInamd sl disdels Setuyunssdslini dnddensudanniiedadienminamu Tay
aAnuoniu 2 nadied

nsaif 1 innsanandununisuanlinfuuamdsenlnidadald Tnefinnsananduiutuamuues
Tassnssuailigislunsdndunisnasnsrernadniulasinis fuduauniisvemdsulniiienun

PNARLINADATEELAAEULATING FIENU1TAMLANFUNNT

FruuRuamu + Aduduns saeasseziaduiulasenng

G’fuvgumamﬁmlﬂﬂmiajﬁ 1= (14)

$naumboremdsyliihiinaeld aaeaiasinis
daunsalfl 2 Aarsannduiuliuamureddasinisnaldinglunisandunisnasnssesiig
anldulassnisinavdusislasue) uonutoarnniswanluiy dAuduiunmhendsuliivanuefindalanaon

SEELRAALRULATING FIEUITMLANFUNT

Hunutuamu + swauduns — selddu saeaszeziadiiulasinig

(15)

AunuNMINaaLNHnIdn 2 = —— » ——
! Fnnunbevemdsnulniliingald aaensislasanig

srEElIR1AUNY (Payback period) Ao segiatfinanauunuansluuaasdawvidultuamululusn
warduamuUisunsasdnsindludf 10 Aldlunrsandulasinis nievanedanisaiulasainislafinils
wsevnnu lngszesnanAuyulpeiidlagadininuinamu Seunsamilaanaunis (8]

ARuamulssiuildlumsdnidulasenis

srggIaAuU (PB) = (16)

HanauuugVsluudasl

Sasmanauwnungly (intemal rate of return : IRR) Ao N3AmunasIARAN (Discount Rate) AVl
yarUaqUuanivedlasanis (Net present value : NPV) winiugug wienunedia IRR Wuduanitsdnsmanauuni
voslasenis wieldRasaninlasinsazAuyulusnsivinla Tae IRR Asdiaunniiquiuasdaddnnnifiodadsd

AuAuAluAmY Bsanunsavilaainaunis [8]

(17)

ntl9a s “(NPV)_O_i e
yartagduans -vV= £ (1+IRR)!

3ETIVINTNAL UG YU BY
JOURNAL OF RENEWABLE ENERGY ~ 108
FOR COMMUNITY (J-REC)



NaN15938LaaNUSIUNANITIVY

ndeyanunAnwrvedlasinisasegluiuivenidnvezianiunisiaswmeauiadiuaaiunsede uay

Woulaulun1591a99n1590NLUUTTUURAR AN LYWW aindsannveznaadin wanlndniuay 8.00 hours SrezLIan

AndulasanIswindy 20.00 years wanlwirmsinsssnialuiilagldiniossudsiganinnigs (P,) 110.00 kW
Wuduras Irfuiedessudalvilnawn 125.00 kvAR/100.00 kw Tdisiulnlsladannanlsannasoslnlsladauwuy
ng (Batch type) iuowmdddunisndandsanulni Yngavildlunisudnirdulnlsladaduveznaradn

MHunsEUIUNIsAnLenkaranvuin witllananudulaenszuiunisusvaninveslagldssuud Bio—drying @

a

p1fienszUIuNsHavaaelagltoandiaureqdunid wanaulu a1 5

Electric 1.95 MWh
Electric 4.87 MWh Compost

Y

30.25t

Plastic waste
Sorting and Size

Y
54.55 t
Municipal solid waste reduction process Waste conditioning process
> | » —»
154.13 t Trommel screen machine 6 x 26-ton Bio-drying container
Food waste

Shredder machine

68.76 t
Plastic
[ | 24.00 t

v

Electricity
Glass Metal Other .
generation process  j«—
6.63 t 1211t 12.08 t

Diesel generator

Liquid fuel

Carbon
black
840t

Pyrolysis process

Pyrolysis machine

Liquid fuel

Tracked
Electricity

23.20 MWh

excavator fuel
960.00 |

Electric 1.35 MWh

AN 5 BHURILEAIN1TINaeRNLUUSEUURAR ITmewandaveslussaran 1 ey

NNl 5 veyarlesazgmiiiluitinszuIunsAaLen (Sorting process) AAKBNTBEAIBLIIUAL Uaz
\ofiAuENTBELUURZUNTIMNY (Trommel screen machine) Tngviin1sauenvezeenidu 5 Ussiamdall 1) voy
Uszianwanain (Plastic waste) 2) a8gUseLANe1115 (Food waste) 3) v8gUselanuna (Glass waste)
4) vgzUszianlane (Metal waste) ag 5) Guasﬂismw?fw] (Other waste) YV9gUTLLANNAIARANWALDINNT
aviludnszuiunisanuuin (Size reduction process) tngldia3asun (Shredder machine) wdaniy
Ul nsyuiunisysuaninaee (Waste conditioning process) lagld’s Bio-drying Usuaninues

v 1

menszuiunsgegameuuuldeandiauveaioqduns

4

\uszoginan 20 Yu verUszanemsazUdsuanimiy
JovsinuazverUssinymanainazgnu fuanwlifiautuanas sesdssanmanainaziiludinssuaunisinlsla
Fa (Pyrolysis process) Ingldia3adlnlslada (Pyrolysis machine) iendantiulnlsladauasnnnsuou dtuln
Tslagdadldarnnszuaunisazilulfid wd omd wdandsoulniwazd wd o g sdmsuufnsal
vouaioslnlslada Tnoszuunanlwiidananagldsnyainues (Tracked excavator) itevaglunstdouvesluusias
nsvUILMS KadWSTE NN aeseniuUsruURARI T amBmnuesnanaiin wui Wuesyareniite
DutmgAvlunisudaludt ndsuluindmiviaiesdnsluudagnszuiuns uasidudmivsoyadnaes
lunsudalniwindu 154.13 £ 8,171.00 kWh wag 960.00 | anud1au dmsunisudalninluszeziian 1 ieou
annsandandanulaiinlg 2.32 Mwh Jevsin 30.252 t uazrsansuau 8.40 t lasUSunavezyadesisuiiye

dneziiiouas 300.00 t Weawseuduusunaesyadosildiluingavlunsndnlnidmivszeziig 1 Hou

nwudn Wasryadeslunsudnliinsedauiios 48.62 % vesTuiuvesyanesnsuidiieminvegnalsou
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Fafivemesieszuundniningana1n Uinavesiimdoaunsaairaaiosnmvedlasinmsiagliiduingivdisedu
nsudeluih vioduyarliiulasamsldlaenadudomamesUssinn ROF2 vieifiuidsnisuanlih

Kadws Tl nnsmuammseeseenuuusruURARl Tl omd sanveswanain ananseiluyssdu
Fununisnoatis 188 uazArduiunisnnag veslasinis nedeuly snsrfudoliiinaniassniaudalnin

Y a

nvezyusuluzuwuy Fit dmsududalviwwindnuin (VSPP) dmsull 2565 szasiianaiuayu 20.00 years
Wi 5.08 TBH s1A1vedemiinivindu 2,500.00 TBH/t uagraaTuauwitiu 30,000.00 TBH/t diudnsniutioves
UszLamidawindy 800.00 TBH/t uazlaveivindu 3,000.00 TBH/ [13] §asArdnsdusinvesdmindunamysivinfy

332.00 TBH/day [14] Arnseualnif1e9lasinis Usetanianisuuinnand wseny 22.00 - 33.00 kV

ANANNABINTITNAILNHY 196.26 TBH/KW Arnassuluidn 3.17 TBH/kWh @1u3nns 312.24 TBH/month [15]

Feanunsafuanldainszuudszanunsalaiesnsiiiidiuginne [16] wazAinturessnyadinvesdld

vhifuiiwa B7 Wuidowas 1A 31.94 TBH/L [17] @nansauansnaldnunsiait 1
a5l 3 mamimiﬂisLﬁuﬁunuLLazﬁwa%’u-maaﬁwmmsaaﬂmezwmamlwﬁﬁam%aLwéwax

. 31A1 FIUIURY
518013 M o 5821287
fauUIe (TBH)

flumnu 20 years 25,501,680.16
- \A3pefnuENYEY 1.00 Unit  3,300,000.00 TBH/Unit 3,300,000.00
- \n3psduTey 6.00 Unit  394,900.00 TBH/Unit 2,369,400.00
B GRGEN 6.00 Unit 110,000.00 TBH/Unit 660,000.00
- § Bio-drying 6.00 Unit  273,900.00 TBH/Unit 1,643,400.00
- PEUNTITOUVEE 2.00 Unit 157,190.00 TBH/Unit 314,380.00
- w3aslnlslada 1.00 Unit  1,897,500.00 TBH/Unit 1,897,500.00
- indastudalnihduiduadessusiia 1.00 Unit 770,000.00 TBH/Unit 770,000.00
- sayadnuBy 1.00 Unit  1,210,000.00 TBH/Unit 1,210,000.00
- Anlaseatha 1.00 Unit  6,001,600.00 TBH/Unit 6,001,600.00
- Aidemdasouusnvadlasins 8.00 kl 31.94  TBH/ 281,072.00
- AdAsuA3esdnsi 10 1.00 Unit  7,054,328.16 TBH/Unit 7,054,328.16
5785U (5180) 1 year 5,845,530.00
- Anszualndi 278.40 MWh 5.08 TBH/KWh 1,414,272.00
- ArlJomin 363.00 t 2,500.00  TBH/t 907,500.00
- AEIATSUDY 100.80  t 30,000.00  TBH/t 3,024,000.00
- AvggUsELAnLi 7956t 800.00  TBH/t 63,648.00
- ez UsTAmAN 14537  t 3,000.00  TBH/t 436,110.00
Haf191n 1,038,245.49
- yarnwn YaneTil 10 1.00 Unit  250,914.69 TBH/Unit (10% vossunu) 250,914.69
- yarwn YaneTi 20 1.00 Unit  787,330.80 TBH/Unit (10% v@3fiunu) 787,330.80
598918 (5780) 1 year 2,698,688.64
- LS 500 Unit 119,520.00 TBH/Unit 597,600.00
- Anszudlniiveaniesdng 96.27 MWh  AusnRInsyuuTes nvia. 863,139.84
- ﬁwﬁwﬁu‘uaﬂsawﬁﬂ%z 11.52 ki 3194 THB/ 367,948.80
- Ageuthueiodns 1.00 Unit 870,000.00 TBH/Unit 870,000.00
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MNHANTIIALINAILAITIT 1 anmsathuUszifiuauduamaasygaansluldvesaImdue
lunisasmuaiiulasinis lngarsanandununisedaliisondrgndsnulaii sseziianAunu (PB)
wazsnsmansuununielu (RR) Tnodeuly sruzardniulasenis 20.00 years uazdns1fnanil 6.00 %
Fanud mnseldvesnisasseonuuuszuunaalwihlddemasnueswanaiin fo Snisviendsenlaiinies
o810 Fununisnanliiideendsnuliiiniaiy 9.94 THB/KWh genindasiudedaiiaumiatu 5.08
THB/KWh Bdlaidualunsasu Tudnnsd snfimssumelfanmsmnedeviin neandueu verUszamuia waglans
ud2 agtliRununssdelaiidomiendaeuliuiady 0.83 THB/KWh Tasindndasifudowiaty 4.25
THB/KWh vilfianuduAlunisasyuainndnsalusn dun1siansanssesiaifuusadnsnanauwnunigly
WU AnszeaAuuwiiiu 7.80 years uagdnsranauivunmgluminiy 11.22 % ganitdnsidnanwiniu 5.20 %
Faflenuduenlunisamu annsaesnseenuuuszuURaAlIindINg aunsatisdansudledymvesdule
#lnsnsihassUssnnemnslundndutovinuazihassUssinmmanafnlusdmduiaulnlslada dsnnsudle
Haymdainanmndnisdnwifiuduezansaiuseldlitussuundalnih lnenisveasusuasinainlasinis
anfiwsaunszannnadaslanuuInsguvesUsemelne (Thailand Voluntary Emission Reduction Program, T-
VER) mustlsuismsanfinsiseunssannaadasladmiunmsninlevieansusulfuainvesdunse (T-VER-S-
METH-09-02) LLazmiNa(ﬂL%EJLWﬁWEJ%mﬂGUEJmJ“aNEJEJSQEJ‘UU (T-VER-S-METH-09-03) [18] uonantuudludauves
uiadeuiivanddesaniedesiuialiiilneldindesoudfaduduiduazandfnssiveaniednlslada mnd
ns@nwfiaduezannsaiudedeudnanlundaluianndanuundsaiudeugumgdalas igdnsusedu
@159u3¢ (Organic Rankine Cycle, ORC) Fvavannsarfiuyaruazanuduatiunsasuliiussuundn i qly

WBLNAIRNNYEEAINAT LA

#3UNaN339Y

AnunIMYeINTITIaRIeNLUUTEUUNAR TN AlY A aIndsanves naaRninunssuIuNISARLENLazan
e wahlUananugulaenseuiunisuivaninveslagldseuug Bio-drying te1dnseuiunisdesaanslagly
20NTAUVDIRAUNTY a NuNverdnvezidiidunmslagmauiamiuaaiunszUe lneiwualviyaiassaniiialiiid

o w a o w

Maan1suan bl 100.00 kW wanlwi1iuay 8.00 hours Usenausg AUAIGIN LULASBILUARLYE RAANIAIUD

a5 osuus fiea (P,) 110.00 kW waw 1A5 oaridalun vuia 100.00 kW/125.00 kVAR 19 U™y
Tnlsladannveznanadniindnlaanaieddnlsladawuuny (Batch type) Wudomasdunisudnndsanuliia
szozaduiulasntg 20.00 years uagdnsiAnanil 6.00 % anwnsandawdanuliin, Jomin uaznsasueuls
5,568.00 MWh, 7.30 kt waz 2.02 kt aua1dy YSuruvesyadesdmsuldlussuundaluirdanan
wudildifies 154.13 t/month eUFunavesyadesiisuidivemdaverdudunisiaemauiaiuaaiunszJo
WU 300.00 t/month dduyulunisudalnirdeviendanuliivnselauannsvgliiwiesegiuies
warswlduiannisvigluiiuaznisvionandnd uq (ensdn, niafuou uazvezuszianuiauazlans)
WU 9.94 uaw 0.83 THB/KWh snuaisu dwsunsdiinelduainnisugliiiuasnsuenandndug szezina
Aunuwintu 7.80 years uazdnsmansuunumelusindy 11.22 % mnradndildannsdunaaunsaasuliine
frdmerananidnonmiismeiiazidulsdlii dldidomdmnuesanain usedeuduailunsasmudmi

nsanselaveddsalnininarnunannsrelniiuaznisuenanandue)
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Abstract

a

This study aims to design and develop an energy management system integrated with solar

(Community energy management)
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energy to reduce electricity consumption during TOU (Time of Use) periods. The experiment focused on
energy usage during peak hours (9:00 AM - 10:00 PM) and off-peak hours (10:00 PM - 9:00 AM) by utilizing

electricity generated from solar panels. The research was conducted at Kamphaeng Phet Rajabhat

University, which uses a TOU electricity meter. The electricity rate for peak hours is 5.7 THB per unit, while
off-peak hours cost 2.6 THB per unit.

The study tested two light bulbs, a 9-watt and a 100-watt bulb, operating both during 9:00 AM -
12:00 PM and 1:00 PM - 4:00 PM. The lights were switched off between 12:00 PM - 1:00 PM and 4:00 PM -
6:00 PM. After 6:00 PM until 6:00 AM, only the 9-watt bulb was used. The system monitored battery
voltage, charging it when the voltage dropped below 11.9 volts and stopping when it reached 12.9 volts.
Solar power was used from 9:00 AM to 10:00 PM on weekdays, while grid electricity was utilized from
10:00 PM on Fridays to 9:00 AM on Mondays. Additionally, the system allowed remote control of
electricity through an online mobile application.

The results from a three-month performance test showed that the hybrid solar system reduced
electricity consumption by 76.53%. Furthermore, integrating the energy management system with solar
power achieved an additional reduction in electricity costs of 22.32%. The system demonstrated financial

feasibility, with a payback period of 2.14 years, a benefit-cost ratio of 3.54, and a net present value of
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63,647.70 THB. The internal rate of return (IRR) was 46.97%, significantly exceeding the 6.6% financing

interest rate.

This research highlights the potential of renewable energy applications in daily life to effectively
reduce electricity costs and promote sustainability. It serves as a valuable model for integrating renewable
energy technologies into energy systems, contributing to environmentally friendly and sustainable energy

solutions for the future.

Keywords: Energy Management System, Solar Energy, Time of Use (TOU), Hybrid System

uNAnEa

M TngUsrasdifiooonuuunagianszuudansnduliihhufundinuuaeiindiiioannts
TEwaseusug9al TOU (Time of Use) lagvinnisnaasdlugiigan peak (09:00-22:00 U.) uay off-peak (22:00-
09:00 1) Inegltlwihanunsmaduasoriing gidelsvhnisdaesmslinulaeidluvesnsiélvilutianan peak
wag off-peak lngnuinuyminerdesvdgiunanyslifimeslui Tou Geiidnsaruinislutiag peak 7 5.7 un
Homiae wazdaa off-peak 71 2.6 Umsantie Tunsvaaedddeuldinismaassiunaenlnvua 9 S0 way 100
fndt Davasaliiadesviasnlugacam 09:00-12:00 u. kag 13:00-16:00 u. Iavaanaliiaaasluran 12:00-13:00
U. uay 16:00-18:00 u. M&IE292A7 18:00-06:00 u. agvadeulanasaliivuin 9 fndifisanaoniiior uenani
szuudsiinsnsiaiaussiuveauunime’ wazagynsusamdanuluiudeusadiudini 11.9 had wagngans

a ¢

ysuddoussiununmneiaeis 12.9 had szuudelinulnihanuwaeaduasenfing Tutisnan 09:00 u. fs 22:00
W lududunsteans uazlaldawulniiaann PEA Turiania 22:00 u. TuduAnsdeiudunsiign 09:00 u. szuuds
ansanuaunsilia-Ualniwumsdetielduuvesulad nuanmmegeuUseansamnisudalivesunasad
wawoiing sruulauinade 3 iWeuainsnagUlfiunaaduasending szuulauiatasannisliluiias 76.53 %
LagINHANITIAAEUUTEAVE A MIzUUN TN InE sl ufundanuiaseriindiieannisldndsanuny
dantnarwesnislianu (Tou) wud fiszuunsdanmandanulihiuiumiundsnuiaseindifioanns
TingsaunusnivasnaivesnisliauTou) agiliandlninasdn 22.32 % diauenadwsiimlunisandliang
Tunsldlihgnitass annsofunu melu 2.20 9 Snsrdrunaneuunusiofuyu 3.6 yarPagiuromana Ly
av’s 61,803.23 U Snsrdunaneuwnunelulazinig 46.21 % Fsgeniidnsnondeiunu 6.6% Juduieng
firlunsussgnalindsnunauniluiinuszs fusasmandandsnulifinludssna msddeidauddylums
Wanszuundsnuiiddulaniduinsiudunndonluounan wazfuuumaidlunislimalulagnaunluniswde

pasulnih ludsenea wazaiunsatlulguselevtlunswaunszuunasanuluauinnlnogie
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o
A

Fepdnegnisidnuliunuiy yawiuresszuuiifenstisanalidngamlniiiiaduluyisian Peak voe TOU
(Time of Use) Fudutnadfiarlnihisiangs iesainlugisfivszmaiinnusonisldligann daaan Off-
Peak \Judiafidluihdsien ieswinaruseanisldlihanas

va o

memail FITedndenlindinuanunieaduatefingluyienal Peak wetisanaliiiinduainnis

Tonasnulniiainszuunan wenainaztieUsendaalaanenal ssuuidaiaiuuseansnnlun1sinasau way

Wunwmedaglumsiauinsdanisndanulusuian
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1. 99ALUULATAS19TTUUNNSIANITNAIIUIHH S IUAUNS I UBEIDIN AGLINBAANTLTNA I UAILD AT
9729181989515 (TOU)
2. AnwianuAualunsldndnuiaeiindsauiunsidndsnuliihnmeduieannisldndgsnuny

9M51929871989N5 15U (TOU)

/M iunisiae

1. Anwienarsuasngufiiiieade

2. panuUULarasssTIUNMTAME sl undsnuaenfindiiloannsing sumus e
waansigau (TOU) ladn1seaniuu Flow Chart Tunisineguuuuiagindlaseainavesssuy

3. yedoumuszansamnisldrussuunssanmamdanuliis s undsmuaeniing it eanmsind sy
uUBATIIIaeIMsiEauL (ToU) lunisnaaeddaulayinisnaassiurasalnauin 100 396 way 9 10 819y
1 waoauiiot Ul lun1svnaes wazSeufisunisanailifinszninsnisldauwuulnisunmsldauiussuuns
Famsndruliiins s undsnuuaofiadioannsindsnumushsmsavensidau (Tou) Tiinsanenludinle
M AUNGINY UMINIFYTIAYIUNANYT JIATAUNINYT

4. \futeyaszuumsdamemdsmlnibsuiundsnuuaseiindileanmslindanumudanvisave sy
N (TOU) ussrulifuummesifiensiadaussiunisimanuresunnedlussuu waznssudliifiluadiuga
nuUmmesLaznsEuasanlusT UL

5. Awszideyauazagunanside Inszinaainaisensuisuifisualiiiaunsoantiiuiosay

230 UadAS

Z

9

610 Uaaluns

440 Jaaluns

A i 1 lassaegsruunisdamandsnuliinuiundsusaeinditoanansiindsnumudnsiiim

294N51991U (TOU)
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yaavin3n YUt 1000 i aelundesaunsel meuennaesaunsal Tnangunsaliinaass

s ;\mcl [——
>
Inverter Battery &
000
2
I—‘ Zone 1
solar charge controller é waealv 100 A  LED 9
2
Circuit Breaker FS vitd
I 2508256 (Node I espg266(Node < Switche 200
charging Mcu) MCU) =
module
Zone 2
Solar battery Inverter Inverter220v Terminal Block o LED 9 3nd
R R R Balley hveder lwerier 200 Zome1-2  PEA wich
Fl-141- 1+1-1 ILINI y Selechor swich | 1zZ1 122 | N | ‘
+1- 1+l -1 LI N | Z11z2IN L] NG

i 4 lassadenisdegunsaliargunsalmununisinuszuunsianisndnuliihsudundanuiaiening

IDAANTTIIWANUANDATIYINIA1VBINIT MU (TOU)

namesuiglaindundnnisinuidierivihindsldaneaduaseinduiiiugunsaliniuaunis

ysaiieludiluganiuaunismsawunmeiluiiluganisiaussiuiionsiviaussiuiildanuunneinoudsluivds

s o v o

fuunmeuardvihugunaaiFiadivmiiiln-Uanislinuvewunmed mnduddludueioautasnssualniuio
Wasunszualiannszuansadunszuaaduiiteliaulninluuseiu 220 Tad wagsiuaindadumanslaluiig
flnanmslwiunsensuiiuunnesifissnoazadululdauliiiiannslwiiud

Tunsnisnageuwdasenidu 3 diu Aenismageunazmuszdnininszuunisinnisnaanuluiisiuiv
winuuaeiinditoannislindsnumusnivaanaessliau (Tou) Tnefllassarsvesgauny uazidldau
Sudugneenniavua 1,000 Jnd Usznaulumeunawaduatofing vu1n 340 306 1 wke AIATUANNITYISA ke
wunee3 100 weud fifinmsmuaunadadndmludiduuuuiuwansiannd 1 ssuuauaumrarulugadie
Snwinumned nnil 2 sruuauaumsyhusluiRdentsiliihmudisnarddmualildednsdussansam
il 3 muddunazislenndudszneuiuudiosuds nwd 4

6. Anwianudualunislindanuuaorindsudunslindsnuliindeannisldndsnunugng
18190401514 (TOU)

gnydrunanauunusiafiunulasINg (Benefit-cost Ratio: B/C Ratio) 1udnsnusauifisuszninasan

Ta90uveHan o ULV UTWINTAIINNTT 1 kansidnanauunuiunIiuiiamu fAauns

B
PVB = Z?t:l)(thr)t
PVC = Bhoyy et
VE=2=T+_ B,
. FVvb =m0 (147)t
_R — =
C atio PVC ¥ _ G
=01+t
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AMUUa LA

B, Ao naUsslovtivedlasenisluii t Cy #o aldevoddasenislulil t
t  #e Dwadlassmsiiandaus 1 e n r #e dnsdean (Discount rate)
PVB fe yardaqiuvessaneuunu N fe o1gweddasams (Project Lifetime)

PVC #e yarilagturesiunu

o

yaA1tagliuvawmanauunugns (Net Present Value: NPV) iunisthnszuaduangvsailasuluusiasy

bl
wAuAgvslagdu Fainanmlsiifistuneuindinenidewazand TunsiwnidSeuiisunasiuila

Wisuiuduasmuasausnidanduuinuieuinni

NPV = PVB - PVC

el NPV Ae yadUagduvesrauselevianianlasans
gnsmanauunun1glulasanis (Internet Rate of Return: IRR) un1smuaneuunuduiosazfivili
yardagiugvdveslasamssiaussuaunseisdugnszesnalasamsiiauintuyadiagtuavisvessunusnsal |

auﬁLLamﬁMDLﬁuﬁawamaULmuﬁaﬂﬁ%’umﬂmiawmDwﬁmam‘uLquLfJﬂﬁaaazMﬂm
T
(1—=IRR)t

MvualY IRR Ais 8nsduranauwnunglunsaiiuau
528212a1AUNUlATINTT (Payback Period: PBP) Aaduiutlunisaniiumsivihlinaneuwnugviiade
AaUATINAUYINAUR A UTULSN

RUAImUIEULSA

STUEhMAUY = ——
naUsglevianiindesel

NaN15998ULazaNUIIuNan15398

NANSIVYILUUNITIANITNAIUTHNHITIUNUNA 19U EII NN DANNTITNA19IUANNDATIVINIAIVDING

T (TOU)

Tunisnaasuldnulavinnisneassiurasalnauina 100 aa 31U 1 waee LagwuIn 9 AR 31U 1
waon wazdaldauluraeian 09:00 u. vaenlWiassAnuazaoluauds 12:00 u. vasnlWiassiy uay
naawelUlutianan 13:00 - 16:00 . vdewaonazfnuaziasnll 9 Jadavfindadaus 18:00 - 6.00 U.91NKAN
fituuariliinisdalanudanarldmuunfvasdmarliinnsldaulrainuunmesunnninisidnulndien
sl g3deldanuuumanaiunaussiuresuunnedildanszuundsnuuasending Tneifuausiuiionn
Uszansan wonsassnisdadaveslnifigiselamuuanainisldlihvessyuundinunasonfinduaziiofs

]

natfmuusseuunsaliaenauldlgludisuung
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M13199 1 Prnamshiihinvualaenisiiihdiugiinie (PEA) lnglaivuagasiAiliih TOUkagdaIn1sly

WAITUUEID R
%9780 Peak Off Peak Tungn
(09:00 - 22:00 W) (22:00 - 09:00 u.) (00:00 - 24:00 u.)
Juns-Ans uaziuiivieea)  Juns-ans wazTuiivueng) \@ns - 017nd
e uneAIBNISAINUNA
Talntrarnnisiniaau v v

aina (PEA)

1glnla1n v

R RGIGARRYIE]

M13°99 1 wansysainsiiiniidwualaenisiiinadiugiinie (PEA) nglanmundnsienluily TOU
Mu3URUUYRINs NG sy inendeuigiunanys agluussiani 4 laeimuald 3 ¥3991u8n31 TOU Ag
433 P (PEAK) 581131963811 09:00 . - 22:00 u. Judunstieiuensi wagiuiivusna 433 OP (OFF PEAK) 513196381

@ s v A

22:00 - 09:00 u. TuFUNTALIUANS wazTuNyuIna wary9iunrgn S8Wi1aaal 00:00 - 24:00 Y. vesiulals Ju
91MNIUaY TULTINUWIINA, Tuilvasaaninssiuiuas - on9ingd waziuneasvnisauung (ldswiungnyae)
Tngazvins@nwuanivdeyalaglindsnunateringsaudundnuluiien PEA lnefitngusyasdiiiorisannis

Tnaaarulniia

A15197 2 ngAnssunsidaunaenlnly 1

viaonli 09:00 - 11:59 u. 12:00 - 13:00 wu. 13:01 - 17:59 u. 18:00 - 05:59 wu. 06:00 - 08:59 u.

100 Ym¢ Ja Um Ja Un Um

9 Tne Ja Un Ja Ja Um

a5 2 wansnsta-laldou Femasnliitsasagnldaiuluranat 09:00 - 11:59 u. wag 13:00 -
16:59 . wazviaan bUaltanuluganan 12:00 - 13:00 W. way 13:01 - 17:59 U. 189939381 18:00 - 06:00 U. 3%

nagaulavaanliauin 9 TnALigIiannfel Lazadlaaal 06:01 - 08:59 u. viaaabuna 2 Ualgau
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350

300 179 On-Peak 09.00 - 22,00

250

Tl (W)

200

AN

150

100

50

g5 I

0:00:35
0:40:11
1:19:50
1:59:32
2:39:08
3:18:42
3:58:18
4:37:54
5:17:27
5:57:01
6:36:33
7:16:18
7:56:00
9:15:25
9:55:10
10:34:50
11:14:38
11:55:04
12:34:51
13:14:38
13:54:39
14:34:31 ||
15:15:04 |
15:54:56 |
16:34:39
17:14:21
19:13:26
19:53:17
22:32:20
23:12:07 ™
23:51:57

K381

P\ e G190 PV e (W90 PEA

AN 5 Branatudnlniianwadwaseinddunisitaunasaliiinlugianan On-Peak wae 30 Ju

e 5 wansliiiuintianawdslninneaduaeiing (PV) Suduiinaads 07:00 - 17:30 w.
anansandnlniinle 0.68 kwh Tneneneuldiwaduaterindanelmanltaulutaaian On-Peak fia 09:00 - 22:00 u.
uimaduasenfindlaanunsadnglutianan On-Peak Tdnamun Fmdsausanieiufe 0.785 kWh daiusilitinsld
Il PEA (nslifndqugiinnm) Wisngied1uiu 0.185 kwh S unelaszuumaduatenfindiildeanuuuly

dreannsigliin 76.4 %

Voltage (v)
13.00
12.80
~ 12.60
>
=
*
§12.40
E
= 12.20
e
@
§1200
£ 12
=
= 11.80
e
ed
5
= 11.60
11.40
11.20
ol\v--—acoI.nNa\\omol\¢-—<oommmmmonvammwmwmon\gﬂwmmm\o
SunhdoydnhnayasadndordnOdfdondnagTanmo YA
OO -1TANMMITTNMOONDOIITITOAAANANMTTNVOORNNODNTINTODO NN M
A A A A A A A A A A A A A A A NN NN

nan

A9 6 nTusssulnirveUnmaIINTTUUNER I wadwaIindwas 30 Ju
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ANANA 6 NATUINIUNTIN LL‘IjﬂEJEJﬂL‘fJu‘i;lJQ 10 n fratl

391 1 1381 06:26 - 08:56 U. TNIVITIUUAADINNUAATARUAIDITNE (Huasuan) Mnuswiulnd 12.04

I

Vindwdu 12.64 V wazgananidaliinisUanseasldlni

907 2 a1 10:03 u. wsasulnihanaande 11.9 V iesaniin1sluinSudawsnan 9:00 wu.

q

3091 3 1A 10:22 W WS UAmETINUKLTATLATRY (Charge) wiaulnileg 12.55 v

q

a

907 4 tan 11:00 w. Winihanwumee3 (Discharge) ussulnivesunne3sande 11.89 v

q

a

a7 5 1381 11:30 U. wuana3gnesalnidianuragaduaseniing (Charge) auussiuliinagh

q

12.66 V

907 6 a1 12:00 u. Wlnihanuuaned (Discharge) ussdulwihusauunineidavde 12.27 v

@fl 7 a1 13:00 u. uummeIazgnunsaiidnads (Charge) ussdulatiinegd 12.91 v laifinsléliiaann
nan

9091 8 a1 13:44 u. Wi nuuAwe3 (Discharge) wummasanauwie 12.37 V faudinislduunnes
' = & 1 = = S o9 v 14 a & a v = s v v
wikuanestugndanatliuinieosniiuawnavinld unawaduaterfindudnliunnouazindevisanduidn
a
WURLADT
3991 9 1181 17:25 W. NUULUANBTILYNINSA (Charge) Tuld 12.82 V

091 10 381 22:55 u. In1sdrelnilivasalndnasauia wuawmeianaunde 12.28 V

A5 T2UUNITIANISNEINUINHN TN A UNEIULEIR 1AL NN NS UANL DA TIVINIAIVBINT LY
U Yuanusauumsiniimesnsia ludinugiian 919a1 On—-Peak (09:00-22:00 4.) AnATtWUIe
A% 5.6 UM way g Off — Peak (22:00 — 09:00 1.) Anvigay 2.6 UIn Aseulaiabiin 30 Ju (1 1isw)

LEAAINAIUAIND 7

PEA F8AN WA TN UANS

Auasefing At wdu 0

AN 7 Al Asasdedieldssuudan1susuIsnIuYIanan (TOU) wae 30 Yu
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PNANA 7 wansdnava i1 AfeaaedlalgszuuIanIsUSMIsANInan dnstandenulndi sau
Wwindu 4.08 U dasanga bl lidunsludn (PEA) Turaa On - Peak winffu 0.44 U Tuing Off — Peak 0.28
UM SAMTY 17.65% wazAliiranwadnaieing windu 3.36 um Aandy 82.35% aatiy seuufaanwuuld

Qe lWies 0.72 U

$MN15NAABINISITEUUNSTANISNEINUINH T T UNd1uLaIe I ind i aann15 T WA UAIUT AT

9IA1VRINTIFIIUTEELLIAT 3 LHBU HANISNARDILARNIAINITIN 3

A15199 3 Han1suAnlH1INNATULE R ARgkarnTITNHNa1n PEA wWinaansliandsanuluidn 3 ey

ou WAIIUTIY sl waakaseing  nslwi waa
(KWh) (kwh) (kwh) (%) uee9ind (%)

oy 1 23.66 5.56 18.10 23.5 76.5

oy 2 23.54 5.46 18.08 23.2 76.8

Wau 3 23.37 5.54 17.83 23.7 76.3

39U 70.57 16.56 54.01 23.47 76.53

ﬁ%a’sg'i‘l&l 23.52 5.52 18:00 23.47 76.53

INANN 3 WARINITIINEIUTIN NSIEINA191n PEA nrsudaluinannndsanusasenindiioannisly
o & ) < PR Y W a o DY '3 a A
NFIU 3 iU F9azmiulain msldndsnusiueds Wiy 23.52 kwWh Tngldndenuliiiannwaduaaefing

uanld lasvinty 18 kwWh andu 76.53% waylnliifidesddain PEA wdswiiu 5.52 kwh Ay 23.47%

NAN1SINNITIZUUNITIANITNA U INHITIUAUNAI9IULEIDIN AT LN DAANIT ITNAITUAIUDNTIYIWIAIVD

Asideu (TOU)

ATIWLITauLAauA TN
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1daun 1 WFauii 2 \daun 3

imasilnd MWileas TOU
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09 8 unsSeuisualiidleldssuunisdnnisndsnulniiisiudundanulae ingsering
TmesunAwarimas TOU wWeaanwuunsigbiilvdanuaanndassiugianan  On - Peak way Off — Peak 3
< P & ' A A o Y v At a s aa 4 ' a s
WINIINSIEIMeS TOU anunseanlnirasdlaisununisidudeunfgem iniwesunffnnuuieas 5 un dwas

TOU Peak migay 5.6 U Off Peak Mulgay 2.6 U

A15199 4 nan1silSeuiiguatninannnisiassuunisannisnaaaulninsIuiund 1 uwEIe1Rngse 19w as

555U LAIMes TOU 3 1y

Wou Al (um) nuwnslg (Kwh)
imes On - Peak Off - Peak
Normal TOU PEA PV PEA

1 27.75 21.54 2.37 18.1 3.18

2 27 20.97 2.31 17.4 3.09

3 27.25 21.19 2.34 17.7 3.11

ﬁﬂmgﬂ 27.33 21.23 2.34 17.73 3.13

374 82.00 63.70 7.02 53.20 9.38

1NA151N 4 @1315085U1elAImInleiwas TOU Wweud 1 azanailuas 1M1y 6.21 U haud 2
WiNfU 6.03 UM wazkAaun 3 Wiy 6.06 U Wielade 3 Weuageyil 21.23 um 90 27.33 um ssduaguled
A159ANSNEINUINAS WA UNT I ULAI I ARg SERIeailmesUnAkarimes TOU dreanatnag 18.3 Um #se

22.32 %

anuduAlunislindsnuuaseriindsufussuunislindsnuluiianaedaisannislindenunusns
Yaanarveanisideu (Tou)

Tumsmaanuduerlunislindsnuuaseniingsaudussuunislindsnuluiianaeduieannisld
W UINENTIT AT sl (TOU) avthuasnmssunddldanmatananistéliin uas renan
Y83 On-peak uay Off-peak W nfguivuiiuiunen Tnemsennalunded avduanmsldlnilusesy waven
Mneiundunaduneoiou Judazfeussiidnnuiuias fungalsiviniu vianduadunodeuiann
Fuanduned vl §iutungadazdunmnnuduen 15 9 aunsulseiugunsal Guan 3 2567 fa T
2581

Fuvsddnlumssnunnuduailunslindinuiaseniindsamiunmslindanulniifoannisld

NAUANNENTITIIAI8IN5LTU (TOU) AosuyunisindiasaAtlsednyikagAnouwn Fansnaaesdl i

Y
o

ANMN99EY 10,600 UM
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ASUINARDULINU
nsnanauunulagnisthansusendaaluinlugae TOU Und wnausie nmsdeailiiirvesssuuiin
Joyan1slindsnuliihvemasalniih 2 vaen vuine 100 W uay 9 W wwinisAnuiisuiuivheu uay

Tungn siodu M139UARITI Off-Peak war On-Peak LiguAuseIn1sNslalii wanadanis1ed 5

A157197 5 ANS1ARINITAIUIUNIST I NTHLAEAUADINISATIEENAN 24 F2laan1uensn TOU

NI Jungn
e %29 TOU maalnia (kw) %29 TOU maaluin (kw)
1:00 u. Off Peak 0.000 Off Peak 0.000
2:00 U. Off Peak 0.009 Off Peak 0.009
3:00 U. Off Peak 0.009 Off Peak 0.009
4:00 w. Off Peak 0.009 Off Peak 0.009
5:00 u. Off Peak 0.009 Off Peak 0.009
6:00 . Off Peak 0.000 Off Peak 0.000
7:00 . Off Peak 0.000 Off Peak 0.000
8:00 . Off Peak 0.000 Off Peak 0.000
9:00 1. Peak 0.109 Off Peak 0.109
10:00 w. Peak 0.109 Off Peak 0.109
11:00 w. Peak 0.109 Off Peak 0.109
12:00 w. Peak 0.009 Off Peak 0.009
13:00 . Peak 0.109 Off Peak 0.109
14:00 u. Peak 0.109 Off Peak 0.109
15:00 w. Peak 0.109 Off Peak 0.109
16:00 w. Peak 0.109 Off Peak 0.109
17:00 w. Peak 0.109 Off Peak 0.109
18:00 u. Peak 0.009 Off Peak 0.009
19:00 w. Peak 0.009 Off Peak 0.009
20:00 U. Peak 0.009 Off Peak 0.009
21:00 U. Peak 0.009 Off Peak 0.009
22:00 u. Off Peak 0.009 Off Peak 0.009
23:00 u. Off Peak 0.009 Off Peak 0.009
0:00 . Off Peak 0.009 Off Peak 0.009
Demand Peak (A11usoin1suigean)
Peak " . 0.109 kw Holiday 0.109 kw
FUVNNU .
Off Peak 0.009 kw NN
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FUN9Y Jungn
1281
479 TOU Aaeluila (kw) 979 TOU Aaeluila (kw)
NasINATIINas Ul
Peak o . 0.917 kWh Holiday 0.98 kWh
Juvhanu .
Off Peak 0.063 kWh NN

91137 5 wansteyanisliliiimasn 24 s tharnudesnisiniingsgn (Demand Peak) %2
Peak 9 0.109 kW 933 Off Peak fia 0.009kW wagiungn 0.109 kW nasiua1lnfinldsedu 439 Peak Ao 0.917
kWh %23 Off Peak Ao 0.063 kWh waziuvgn 0.98 kwh ihdayaludnnaniemsnsnislalnieed Fefade
Ansrzsisuniwhey wayfungalaedsanuffu 9 2567 s U 2581 deyauansirunutungavesd 2567 f
2581 Tngmsihdnwiniuvhnuiag Jungauiaunaliisuainnudenisnisidinigen wasnasiunisly
wdsulnliideganisanailniinusnsdrlain TOU daegredannlidi §as1 TOU Ussuandl 4 Aaniswunn
Tua) ussaulaiin 22- 33 kv Arpusesnisasnulni 132.93 A1usng 312.24

Fuauihs 12 Wou udunanindea il we. 2567 uae druaniduietuiauasy e 2581
wan 15 U deyansldlwihundnaiisuiuduuvesiunes dnduanduailnihseUuazsiumanauununa

M13197 6 LNBAHARDULNUYDINITAIYY

A13197 6 UEAIATNANDULNUVBINITAMY

an AlnAdns1 TOU Alvvasszuu wan1suszuonlll | saunanauLnu
(um) (um) (um) (un)
0
1 9,119.50 4,139.49 4,980.00 4,980.00
2 9,518.49 4,143.63 5,374.86 5,374.86
3 9,562.31 4,144.76 5,417.56 5,417.56
4 9,613.47 4,142.49 5,470.98 5,470.98
5 9,630.53 4,141.19 5,489.34 5,489.34
6 9,630.53 4,141.19 5,489.34 5,489.34
7 9,647.58 4,140.25 5,507.34 5,507.34
8 9,596.42 4,142.69 5,453.73 5,453.73
9 9,613.47 4,142.12 5,471.35 5,471.35
10 9,596.42 4,142.88 5,453.54 5,453.54
11 9,647.58 4,140.80 5,506.78 5,506.78
12 9,664.64 4,139.68 5,524.96 5,524.96
13 9,596.42 4,143.06 5,453.36 5,453.36
14 9,664.64 4,139.49 5,525.14 5,525.14
15 9,647.58 4,140.25 5,507.34 5,507.34

AU Amanaulny lngdinsgsiaasiolull
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Abstract

The smart city development by Chiang Mai Municipality focuses on promoting inclusivity, accessibility,
and standardized technologies to improve the residents' quality of life by raising environmental awareness and
adopting low-carbon practices. Within the Energy and Environment Sector, there are four distinct scenarios that
prioritize sustainability and innovation. This study evaluates the appropriateness of initiatives that employ a
social engagement approach in order to improve smart energy and environmental endeavors. The methodology
comprises the preparation of the Strategic and Initiatives of Chiang Mai Universal Smart City, the
implementation of the Social Engagement Process or Public Hearing Responsibilities Data, and the analysis of

appropriate initiatives through triangulation. The strategic plan emphasizes the initiatives aimed at achieving
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o
[®)
3
3
=
3,
<
[0)
=)
[0
«
[%e]
=
3
Q
=
QU
va
[0)
3
[0
=)
&

inclusivity and expand public awareness. The notable initiatives are green spaces to improve ecological diversity
and air quality. Primary endeavors encompass the establishment of air monitoring stations and the advocacy
for sustainable energy sources such as LED lighting and electric vehicle charging infrastructure. Expert
assessments are in line with the objectives set by the government, with a strong focus on environmental
progress and subsequent improvements in the energy sector. The progressive approach encompasses both
short-term and medium-term stages, systematically tackling environmental and energy challenges. The primary
focus is on improving the Smart Environment, followed by advancements in both areas, with the goal of

promoting sustainable urban development and improving the overall quality of life in Chiang Mai.

Keywords: Smart City, Strategic plan, Chiang Mai Municipality, Energy, Environment
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Introduction

The scenario for the development of Chiang Mai Municipality towards a smart city prioritizes inclusivity,
accessibility, and standardized technologies to facilitate environments and services benefiting all residents.
Emphasizing fair and equal access to digital services, promotion of environmentally friendly practices, and
encouragement of innovation, this scenario aims to foster a comprehensive and inclusive approach to urban
development globally. Aligned with the city's dedication to sustainability, innovation, and public involvement, its
objective is to enhance the quality of life for all residents by promoting environmental awareness and integrating
low-carbon practices into growth and resilience strategies. Regarding the scenario in the Energy and
Environment Sector, emphasis is placed on sustainability, innovation, and technological advancement. Four
distinct scenarios outline Chiang Mai's multifaceted approach to smart city development: "Smart City Plus,"
prioritizing low-carbon practices and resilience against climate change; "Smart City Prestige," focusing on
technology leadership through investment in smart transportation, energy solutions, and waste management;
"Smart City Innovation," highlighting engagement in innovation initiatives to drive economic growth and
technological advancement; and "Universal Smart City," emphasizing inclusivity, accessibility, and standardized
technologies, prioritizing equitable access to digital services and sustainability.

The public hearing process constitutes a methodology of social engagement, providing a formal
procedure for individuals from the general public to express their perspectives, concerns, and viewpoints on
specific issues, proposals, or undertakings potentially affecting them or the community. Integral to the
democratic process, public hearings ensure openness and inclusiveness in decision-making, particularly
concerning policies, regulations, or projects with significant public consequences. Such hearings offer a platform
for individuals or group representatives to voice their opinions, provide input, and express approval or
disapproval regarding a particular matter or proposal. Conducted by governmental entities, regulatory
authorities, or organizations responsible for decisions affecting the public, public hearings aim to facilitate

transparent communication, gather diverse perspectives, and consider community interests before making
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consequential decisions. The data collected during these hearings informs and shapes final determinations or
regulations established by the governing entity or overseeing organization [1-3].

This research focuses on employing social processes to evaluate and provide opinions on issues and
initiatives in the development of Chiang Mai Municipality as a smart city. The research objective is to assess
the suitability of initiatives for the development of Chiang Mai Municipality's Smart City and devise a strategic

plan with a social engagement approach to enhance smart energy and environmental initiatives.

Research Methodology

Researchers use various methods to test theories and analyse data, utilizing both quantitative and
qualitative approaches, such as focus groups, interviews, and surveys. Mixed methods combine different
research techniques, like pairing observations with interviews or focus groups, depending on the study's goals
and the most suitable methods.

The Chiang Mai Municipality has developed strategic initiatives for the Smart City. These initiatives
include a preliminary strategy plan that was derived from the Scenario for Chiang Mai Universal Smart City.
The plan was introduced to stakeholders through an open dialogue. The goal was to actively involve the
community in the decision-making process. This open dialogue provided a chance for the public to participate,
allowing for community consultation to gather recommendations and suggestions for the review and completion
of the plan [4-5]. In order to obtain thorough feedback, a virtual public hearing was organized, allowing a
minimum of 400 participants to participate and complete questionnaires. The research methodology will be
segmented into three distinct components, encompassing the procedures for preparing and consolidating the
Strategic and Initiatives of Chiang Mai Universal Smart City, with a primary emphasis on energy and the
environment. The second part involves conducting the Social Engagement Process or Public Hearing

Responsibilities Data, while the third step entails analyzing suitable initiatives through triangulation

The New Strategic Plan for
Smart City Chaing Mai
municipality

[ Review Document J

components E- Survey

1.Identify scope and functionality of smart city, '

2.Review physical and digital of city's
i Public Hearing
infrastructures, PP
participation
3.Select optional for strategic smart city planning,
4.Prioritize several alternative plans. | Lo _______ @
Expertise Review

Analysis previously Chiang Mai
Smart City and others City Focus Group and Policy Maker
Group interview interview

--| Ranking Questions

l : :
'
Draft of Smart City Strategies ] ' ' ( Draft of Smart City Strategies
Framework 1 J L Framework 2

Figure 1 Research Methodology Framework .

Social engagement process

The Smart City of Chiang Mai Municipality is divided into two parts for the purpose of analyzing and
evaluating its suitability for developing a strategic plan. These parts focus on enhancing smart energy and
environmental initiatives through a social engagement approach. Step 1: Developing instruments for gathering

data from the public sector within the specified region. This research will utilize a questionnaire as the primary
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tool for data collection. Step 2 involves collecting responses from both the public sector and experts. The
research is outlined as follows:

Development of Public Hearing Questionnaires: The design of the questionnaires was influenced by
data pertaining to public perception and awareness of the Chiang Mai Municipality Smart City project. All
documents related to data collection, including those for focus groups, group interviews, personal interviews,
and questionnaires, were subjected to scrutiny and approval by scholars or experts [6]. The questionnaire
consisted of three sections: Part 1: This section provided an overview of the statement's objective and sought
to gather pertinent information for the project. Part 2: The survey gathered fundamental demographic data from
the participants, including their gender, age, educational background, and occupation. Although respondents
were encouraged to manually provide their names, anonymity was also preserved for those who desired it.
Part 3 of the study involved collecting stakeholder perspectives and priorities on smart city strategies through
the use of Likert scale questions. This section provided an opportunity for participants to share their viewpoints,
beliefs, or factual information about their understanding or efforts concerning the smart city.

To collect data from both the general public and the expert group, we will use a comprehensive
approach. This will involve using an online questionnaire to reach specific target groups within the Chiang Mai
Municipality area. The process will entail the arbitrary selection of participants from the general population,
guaranteeing a varied representation of demographics and perspectives. The expert group will adopt a focused
strategy by directly inviting individuals who have been recognized as experts in relevant fields. The selection
of these experts will be based on their proficiency in fields such as environmental science, technology, and
policy-making, guaranteeing that their knowledge will aid in the creation of well-informed strategies and
initiatives for the Smart City project. The online system will be created to streamline the gathering of data in a
user-friendly way, enabling participants to offer feedback, opinions, and suggestions pertaining to the Smart
City project. This approach aims to create a comprehensive dataset for the development of the Smart City of
Chiang Mai Municipality. It will include perspectives from both the general public and experts, ensuring a well-

rounded and inclusive development process.

Strategic verification

For Chiang Mai city, descriptive models based on practitioners, scholars, and subject matter experts
were used to propose verification strategies. Heuristic models from traditional methods underpin conventional
verification strategies. However, these models lack mathematical proof despite their past success. Purposive
sampling, specifically Delphi, selected experts with expertise in five fields [7-8]. Selection of expertise requires
four conditions. The leadership has local wisdom, advanced technology skills, and urban development
experience. The expert has extensive smart city development experience. Mayors are prominent local leaders.
The expertise excels in transportation, economy, energy, and innovation.

Data verification and triangulation are essential for ensuring the reliability and accuracy of
questionnaire data during public hearings with stakeholders from different sample groups. A thorough evaluation
process compares stakeholder responses and uses Cronbach's alpha to measure questionnaire item
consistency to assess data reliability. Inter-rater reliability assessments determine stakeholder consensus in
each group. To ensure data accuracy, stakeholder groups must cross-validate. Comparisons of data from
multiple sources or methods, known as triangulation, validate findings and boost credibility. Comparative
analyses identify response variations and similarities, while data cleaning ensures logical consistency and
handles outliers. Descriptive statistics and correlation studies reveal questionnaire item averages and

differences. This reveals stakeholder perspectives' relationships. Experts validate the questionnaire's
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significance and precision in capturing a wide range of perspectives. Subject matter experts help ensure the
questionnaire accurately captures stakeholder data. The questionnaire is refined iteratively using data
verification feedback. This maintains data collection reliability and accuracy [9-12]. These data verification
methods and triangulation techniques during public hearings provide strong, inclusive, and valuable information
for making well-informed decisions and engaging stakeholders in Chiang Mai Municipality's Smart City project.

Result and Discussion

Strategic and the Initiatives

The goal of the Chiang Mai Universal Smart City is to guarantee and harmonize development using
Lanna style and digital technology. The local government collaborates with the community to enhance efforts
on the ground and tackle various concerns such as mobility, healthcare, education, environment, and other
related areas. Enhance the efficacy of solid waste, sewage, and air pollution management to elevate the quality
of services in the smart environment. Improve the quality and quantity of public spaces and green areas. It
enhances environmental consciousness and advocates for the development of low-carbon cities. Enhance
energy efficiency and promote the use of renewable energy sources. Advocate for the adoption of electric
vehicles and the development of a supportive ecosystem [13 -14].

The initiative represents a detailed plan for the Smart City of Chiang Mai Municipality to improve smart
energy and environmental projects, as indicated in Table 1. It includes 9 projects related to Smart Environment
and 4 projects related to Smart Energy. Every initiative consists of Targets, Expected outcomes, and Key
Performance Indicators (KPIs) as shown.
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Table1 Strategic Plan and the Initiatives Program

Initiatives

Targets

Expected outcomes

KPI

P1 To improve Maekha Canal landscape

P2 To promote organic waste to
composting

P3 To collaborate for food waste
management

P4 To improve and create Public Park
nearby the Ping River

P5 To installing air monitoring station.

P6 To rearrange GHGs emission

¢ Meakha canal

e Fallen leaf in communities

o Hotel and restaurants

e Empty space in community

e Municipal area
e GHGs emission inventory

Easy to access public space

Waste perception changed

Utility of food waste

New public park

Air monitoring stations are converged

Monitor GHGs emission at city as data

Percentage of satisfaction

Increase percentage of fallen leaf

Number of community involvement

e Amount of food waste

Percentage of green area in the city

o Active air monitoring station

e city’s policy brief on low carbon initiative

management and resilience base level

. P7 To Promote and create food security e Urban Food system in Chiang Mai e Food policy o City ‘s policy on food security
qé through waste management.
_g P8 To Promote E waste management o Communities o E-waste containers are coverage in o Percentage of e waste container
] communities
é P9 To Promote open space and green e Community space e To manage youth and digital era e Number of customers
@ areas from digital utility

- P1 To install LED street lighting. e Main street * Replacement from Halogen to use LED e Percentage of energy consumption
S P2 To promote Electric Vehicles e Car owner e GHGs emissions reduction e Reduces GHGs
e - P3 To support Charging station e Main road in city center o charging stations e Number of stations
L::J - P4 To development and promote o Public Park and interlink area e Renew energy use in public area e Percentage of demonstration site
;)EU renewable energy
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Public hearing responsibilities data

Data presentation and verification techniques guarantee the precision, uniformity, and dependability of
data. This study employed a total of 501 samples or questionnaires. They play a vital role in this research,
specifically in data analysis and database management. There were 215 males and 283 females who
responded, making up 43.17 percent and 56.83 percent, respectively. Additionally, 0.60 percent did not specify
their gender. The age distribution is as follows: 7.98 percent of the population is under 25 years old, 18.76
percent is between 25 and 35 years old, 27.35 percent is between 36 and 45 years old, 32.34 percent is
between 46 and 55 years old, 11.98 percent is between 56 and 65 years old, and 1.60 percent is 60 years old
or older. The level of education: The findings revealed that 51.10 percent of the individuals possessed a
bachelor's degree, while 35.33 percent held a master's degree, with the remaining individuals falling into other
categories. Regarding the habitat, it was discovered that 53.49 percent originate from Chiang Mai, while 46.51
percent do not reside in Chiang Mai province. The respondents can be categorized into five distinct groups:
49.10% are government representatives, 26.95% are tourists, 12.97% are from the business sector, 6.39%
are from the general public, and 4.59% are from the educational sector. The data analysis revealed information
regarding gender, age, education, and place of residence. The development of the Chiang Mai Smart City
strategy does not have a direct impact. The researcher has taken into account and assembled representatives
from diverse groups. Strive to become a pioneering factor in discovering additional connections.

The strategic development plan of Chiang Mai Municipality for smart cities in the smart environment
will prioritize the expansion of public space and green space in the urban landscape. Enhance ecological variety
and enhance the purity of the air Simultaneously, it offers an opportunity for community involvement.
Additionally, it emphasizes the significance of enhancing environmental consciousness among residents and
stakeholders through educational initiatives and community events to foster sustainable practices and
conservation endeavors. Additionally, it facilitates the enhancement of waste management services.
Management of wastewater treatment and air quality This is regarded as a crucial element of the plan. In the
field of management, cutting-edge technology is employed to enhance productivity and minimize environmental
contamination. By implementing these initiatives, Chiang Mai seeks to establish a more sustainable and
habitable urban environment. It prioritizes the welfare of inhabitants and the preservation of natural resources.

The Smart Environmental Initiative prioritized the installation of air monitoring stations based on their
proximity to the general population. This was followed by efforts to collaborate on food waste management and
promote food security through waste management. Then there was a focus on prioritizing various initiatives,
such as promoting open space and green areas through digital utility, managing E waste, rearranging GHGs
emission management and resilience, promoting organic waste composting, improving and creating a public
park near the Ping River, and enhancing the landscape of Maekha Canal.

The strategic development for the Smart City of Chiang Mai Municipality in Smart Energy involves a
comprehensive approach to improving energy efficiency, promoting renewable energy, and encouraging
environmentally friendly transportation. This initiative entails thorough data collection and analysis across
various aspects. Firstly, data on energy consumption patterns will be gathered through surveys, metering
systems, and utility records to understand trends and peak demand periods. Concurrently, information on
existing energy infrastructure will be compiled to identify areas for optimization. Additionally, data on renewable
energy potential will be collected through geographical mapping and resource assessments to pinpoint suitable
locations for projects like solar installations and wind farms. Economic feasibility studies will also be conducted
to assess the viability of renewable energy solutions. In terms of transportation, data on vehicle emissions,

traffic congestion, and public transportation usage will be analyzed to gauge environmental impact and inform
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strategies for promoting eco-friendly vehicles and improving public transit infrastructure. Commuting patterns
and travel behavior data will also be scrutinized to identify opportunities for sustainable transportation initiatives.
By leveraging comprehensive data analysis, the strategic development aims to inform evidence-based decision-
making and guide the implementation of initiatives that enhance energy efficiency, foster renewable energy
adoption, and create a more sustainable transportation system in Chiang Mai.

The key goal of the Smart Energy initiative is to enhance the utilization of sustainable energy sources,
commencing with the implementation of LED street lighting in crucial locations. This is enhanced by the
implementation of charging infrastructure to facilitate the increasing acceptance of electric vehicles, thereby
aiding in the mitigation of carbon emissions and reducing reliance on fossil fuels. In addition, active measures
are being taken to promote the utilization of electric vehicles within the city's transportation system, thereby

advancing the shift towards sustainable mobility solutions.

Strategics Plan and Initiatives verification with expertise

Experts evaluating recommendations for the development of the Chiang Mai Smart Municipality found
that they concurred with the public sector's view that the main focus should be on environmental development.
and subsequently accompanied by the advancement of the energy sector in the area

Within the context of environmental development, it is imperative to enhance the aesthetic quality of
the Maekha Canal and establish air monitoring stations to address existing issues. Additionally, efforts should
be made to foster collaboration in managing food waste and reorganizing the management of greenhouse gas
emissions and resilience. This includes promoting and establishing food security through effective waste
management. Other from monitoring pollution levels in the vicinity, it is imperative to enhance and establish a
Public Park in close proximity to the Ping River. This includes promoting the conversion of organic waste into
compost and advocating for effective management of electronic waste, all with the goal of achieving In order
to achieve sustainability, it remains imperative to persist in the promotion of open spaces and green areas
through digital means.

Regarding Smart Energy, experts have provided their perspective on the advancement of urban areas
through the establishment and endorsement of sustainable energy sources. In addition, they should encourage
the implementation of LED street lighting and provide assistance for the establishment of charging stations. In
order to advocate for the adoption of Electric Vehicles and encourage the utilization of alternative energy
sources, which have the potential to significantly decrease emissions, particularly low emissions.

Experts have evaluated the suitability of developing the Chiang Mai Municipality Smart City in two
phases: the short-term phase of 1-2 years will prioritize the enhancement of the Smart Environment by
improving the quality of community waste management services, wastewater management, and air quality
management. The main objective is to gather information about the current situation and utilize it for future
planning and development of the city. The second phase, which is a medium-term time period of 3-4 years,
will prioritize the development of both the Smart environment and Smart energy. The implementation of a smart
environment involves the expansion of public and green spaces, the promotion of environmental consciousness,
the transition towards a low carbon city, and the incorporation of smart technologies. The focus will be on
enhancing energy efficiency and promoting the use of environmentally friendly vehicles to support the

development of renewable energy.
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Strategic verification with triangulation methodologies

Evaluating the suitability of the initiatives as a strategic approach for the development of Chiang Mai
City Municipality Smart City will be evaluated by comparing the level of suitability derived from the data using
the triangular comparison method. The evaluation will be based on information gathered through public sector
feedback, expert opinions, literary documents and relevant research. This assessment will gather information
from initiatives in each respective area. The Smart Environment category includes a total of 9 initiatives, while
the Smart Energy category includes a total of 4 initiatives as listed in Table 1. Figure 1 (a) displays the data
and comparison characteristics of the smart environment strategic initiatives, while Figure 1 (b) displays the
data and comparison characteristics of the smart energy strategic initiatives.

(a) (b)
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Environment-f 100
. 80
__e— Environment-F
60 —m—Energy-P1
—e— Environment-F
4 Energy-P2
—e— Environment-f
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--@--- Environment-F
—e—Energy-P4
--@--- Environment-F
Environment-f
Public - o-.. Environment-F Literature Public

Figure 2 Triangular comparison of (a) the smart environment and

(b) the smart energy strategic Initiatives

Analysis of the Smart Environment triangular comparison data revealed a consensus among relevant
literature and experts regarding suitable initiatives in the same direction. Prioritizing the development of the
primary water sources in the region. Commencing with the enhancement of the Maekha Canal landscape,
given its proximity to the local population and its significance as the primary water source. Regarding the
general public, it is crucial to establish air monitoring stations as a primary means of tracking air impacts. These
two initiatives are the initial projects being developed within the three datasets. Upon evaluating Smart Energy,
it was discovered that the expert group held unanimous viewpoints that aligned with those of the public sector.
Both groups reached a consensus that the primary emphasis should be placed on the initial development and
promotion of renewable energy, as they both have a long-term perspective on this sector. Nevertheless, the
literature suggests that our primary focus should be on enhancing energy efficiency or minimizing energy
consumption initially. The proposed initiative is to implement LED street lighting as a means to decrease energy
consumption. These two initiatives rank as the top two in all three datasets. Hence, the Chiang Mai Municipality
Smart City development can be guided by four main projects, consisting of two projects focused on Smart

Environment and two projects focused on Smart Energy.

Strategic Plan for Chiang Mai Municipality Smart City

The Chiang Mai Universal smart city development initiative project offers tangible solutions. The project
will involve designing and implementing various activities to create the best model. The project will involve the
collaboration between the government sector, private sector, and social support in order to establish a startup
and foster cocreation. suggest There are two short-term development periods. The smart city development
strategy of Chiang Mai Municipality will prioritize the implementation of Smart Environmental for Management
initiatives over a period of 1-2 years. Municipal solid waste refers to the waste generated by households,

businesses, and institutions within a specific area. Management of wastewater and air quality Highlighting the
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enhancement of the Mae Kha Canal scenery. Through the means of The objective is to enhance the standard
of the urban environment. and facilitate access to natural resources for individuals.

and medium-term growth and progress Over the course of 3-4 years, multiple strategies have been
suggested to transform Chiang Mai into a city with a high standard of living. The Smart Environment
Development Strategy aims to address urban problems by utilizing technology and innovation to achieve an
effective and sustainable use of resources. Urban development initiatives aimed at expanding parks and green
spaces within cities to enhance opportunities for recreational activities and educational experiences centered
around nature. To improve the standard of living for residents and establish a city that achieves a harmonious
equilibrium between growth and the environment. Security. The Smart Energy Strategy aims to promote the
development and utilization of technology to enhance energy efficiency and optimize energy consumption.
Minimizing energy consumption derived from fossil fuels and mitigating the release of greenhouse gases into

the atmosphere. This research has received cooperation from all sectors, including the government sector,
private sector, public sector, and education sector, in every process, from data collection, analysis, and
synthesis, such as questionnaire testing, in-depth interviews, group interviews, and providing information via
the E-Survey system, leading to the creation of plans and projects that are beneficial to the development
of Chiang Mai as a smart city, focusing on promoting and initiating smart energy and smart environment
projects of Chiang Mai Municipality. However, the research still faces some limitations, such as the public’s
thorough understanding of the smart city development process, including the participation and expression
of opinions of the public in Chiang Mai Municipality, in order to be able to develop projects that truly meet
the needs of the area and to strengthen cooperation in the development of a sustainable smart city in the
future. However, the local government agency must establish a working group to monitor and evaluate,

including the continuous allocation of budget for smart energy and environment management in the annual
action plan.

Conclusion

The questionnaires, collected from the public sector, ensured diverse demographic representation.
Chiang Mai Municipality's Smart City strategic plan prioritizes expanding public and green spaces to enhance
ecological diversity and air quality in the smart environment sector. Residents and stakeholders are urged to
actively engage in community activities promoting environmental awareness. The plan includes crucial elements
like advanced wastewater management services to alleviate environmental pollution. The Smart Environmental
Initiative aims to install air monitoring stations, manage food and electronic waste, and enhance the Maekha
Canal landscape. In the Smart Energy sector, a comprehensive approach is taken to improve energy efficiency,
promote renewable energy, and support sustainable transportation. Notable initiatives include LED street
lighting and electric vehicle charging infrastructure to expedite the transition to sustainable energy and mobility
solutions.

Expert evaluations align with the government's focus on environmental development, followed by
energy advancements. Key environmental initiatives include enhancing the Maekha Canal, establishing air
monitoring stations, and promoting food security. Experts advocate for sustainable energy sources like LED
lighting and charging stations to decrease emissions. A progressive approach is proposed for building Chiang
Mai Municipality's Smart City, starting with enhancing the Smart Environment in the short term (1-2 years) and

progressing to both Smart Environment and Smart Energy domains in the medium term (3-4 years). This
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approach aims to address environmental and energy challenges systematically, promoting sustainable urban
development.

The analysis of the data from the Smart Environment triangular comparison shows that there is a
general agreement among literature and experts when it comes to development initiatives. The main focus is
on enhancing primary water sources, beginning with the Maekha Canal, owing to its close proximity and
significance. It is essential to establish air monitoring stations in order to effectively monitor the impact of air
pollution on the population. These projects are the first ones in each dataset. Unanimous support is received
for the advancement of renewable energy through Smart Energy initiatives. Nevertheless, the literature
recommends prioritizing energy efficiency as a primary focus. The proposed LED street lighting is in line with
the highest priorities.

The Strategic Plan for Universal smart city development by Chiang Mai Municipality entails cross-
sector collaboration. The primary focus is on implementing Smart Environmental Management, which includes
efforts to enhance waste management and improve air quality. Over a span of 3-4 years, the strategies have
the objective of increasing the quality of life by utilizing technology to achieve sustainable urban development.
The Smart Environment Development Strategy prioritizes the development of parks and green areas, with the
aim of balancing urban expansion and ecological preservation. The Smart Energy Strategy aims to concurrently
improve energy efficiency and decrease reliance on fossil fuels, leading to environmental sustainability and
enhanced living conditions. However, the local government agency must establish a working group to monitor
and evaluate, including the continuous allocation of budget for smart energy and environment management in

the annual action plan.
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