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Smart health prevention technology in smart home for health promotion and

quality of life
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Abstract

The “Aged Society” trend, marked by a rapidly aging population, is cause for concern. However,
each nation's process of aging society occurs at a different time. Progress in medicine and research is
influenced by environmental factors such as economic growth. Therefore, the Aged Society in Thailand
has conducted local and international research on health sensors and intelligent technologies for the
elderly by adopting technology with care, in consultation with medical professionals, which is acceptable
for the population of people who are just beginning to age. Users can select the appropriate sensors and
technologies, such as smart watches, CCTV cameras, pressure measuring equipment, sugar measurement
devices, salinity monitoring equipment, and health storage systems. Next, allow the experimental group
to continue wearing smart watches for 24 hours. The health index related to the healthlertyou database
system is measured to monitor accidents and avoid prospective incidents. This is the conclusion based
on the results of qualitative data analysis from five case studies in Mahasarakham Municipality,
Mahasarakham Province, Thailand, including pattern-matching and explanation-building. Based on an
analysis of qualitative data, the quality of life of the senior population is used to support healthcare and
provide elderly families with greater confidence in leaving their loved ones at home alone or going to
work. Consequently, the family's quality of life is boosted. In addition, the senior care groups in the
neighborhood offer cutting-edge instruments for communicating with the elderly. The Internet of Things

and intelligent technology for tracking and forecasting health issues in terms of being prepared for pre-

TRAUNAIN M01-202302230001
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aging. The pre-aging population has a greater awareness of health care and the ability to utilize health
care technology. This indicates that their living conditions and health treatment, along with those of

society, have improved.
Keywords: smart home, aged society, smart health
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waadudmsudtae wazmaluladanudussaaiiou (Virtual Reality) [5]

alaehv Wearable medical device  §

Smart Clothes
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Biosensor
Patch
Respiratory
Rate measure

——e
Smart belt
Fall detection
Smart watch
Blood pressure.
— Glucose, ECG
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Smart shoes
Tracking fitness
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1w Jawbone (Juni slugunsalii fdnwazadreiladedefifiwueslunisasiaduaundeulmuas
Uszananaiduduaaae’ [dwmiuAamuniseanidanme Fitbit Flex fifldnwaugaderls filsidunisviaui
yanvay 1wy MU uauiaiy srermanaAuAs $uiuueaaed nshieniunisueu saufeanunsodeen
nseanidneviefiuenmsuazinhuld uag Zensorium Addtsrdulunsifusuaunsiiu Suuweaae
3 wavannsoindmmagiuresilaldinde memeluladanldfugunmiviuaded aunsnthluldusslon

e INuNsakaguAnmEnzay wazldluniswseudiingdnuaeivaunnaliegnadadu

M19199 1 TeyavialUuarilandunisldnuvesiiegisgunsalanld

Device fitbit Wellograph Zensorium Helo
e e ¢V Wellograph D‘ é
fitoit blaze o oo
Reference https://www.fitbit.com  https://wellograph.c  https://www.zensori  http://www.helosm
/th/home om/ um.com/ art.com/
Technologies 3-axis accelerometer, Tri-LED HR Sensor +  Tri-axis 3-axis
Optical heart rate 9-Axis Accelerometer, Accelerometer,
monitor, Accelerometer Optical Sensor Photoplethysmogra
Altimeter, Ambient phy sensor

Power &

Battery life

light sensor, Vibration
motor

up to 5 days

Magnetic Dock +
Micro USB Cable,
210 mAH/ Up to 7
Days

Rechargeable
Lithium-lon
Polymer, 430 mAh
Battery Charges in
approximately 150
minutes via

magnetic USB dock

120 mAh Lithium
3 to 5 days
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157197 2 (5i0)

Device fitbit Wellograph Zensorium Helo
Memory 7 days of detailed 4 Months of Recommended to CPU : TOSHIBA ApP
capacity motion data, daily Records sync daily Tracks up Lite, Helo App free:

totals for past 30 days

Data GPS, wireless,

Bluetooth 4.0

to three days of
detailed data

Wireless via

30 days/ Helo Pro
Plan : unlimited of
record time

Bluetooth, GPS

transmission Bluetooth 4.0 Low Energy Bluetooth 4.0 BLE
Parameters Steps tracker, distance, Activity tracker, Daily: Steps, Blood Pressure,
monitored floors climbed, heart rate monitor, Calories Burnt, ECG/EKG
calories burned, heart- pedometer, sleep Hourly Heart Rate (electrocardiogram)
rate, sleep, and activity, time active,  Activity: Continuous  Heart Rate
exercise stats cardio time, Heart Rate, (Arrhythmias)
distance walked Distance, Calories Breath Rate
Burnt (Respirations)
Mood: Continuous  Sleep Quality
Mood Map, Average  Pattern, Daily Steps
Heart Rate or Number of Steps
Relax: Bio-Feedback Taken, Distance
Training, Highest Covered, Calories
and Lowest Heart Burned, Mood
Rate Sensor
Sleep: Sleep Fatigue Sensor
Efficiency, REM,
NREM, Hours Sleep
Cost 199.95 USD 299 USD 199 USD 320 USD
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I OT H ea |th Ca re Application Monitoring

Blood pressure Heart rate

Respiration rate ECG

Lactic acid Hydration Glucose

Blood pressure Heart rate

Oxygen saturation Heart rate

EEG

Data|

Magnetic field

Acceleration Orientation
- Heart rate
Sleep Analysis
Body Battery

Respiration

10

Exchange Data System

Application “Haelthlertyou”
B pythongap
gE@\

Transmission

channal

\

HIS Server & Database

Create/Read/
Update/Delete

= a
AN 4 NFDULUIAA

msussallmuneffsly esruszneuvesszuy wiadu 3 diu el

daufl 1 Software - Alulagias1sTunmuanumanzauiuglden (Application Development) w3y

waUNEATY https://www.healt
FEUUATIEUA M

- MTWINAIYLAADT : kcal

hlertyou.com/ @il Uy

- MININAIYLAADI-VUTBONNIAINTY : keal

- ANITHINANEY BMR : keal

- FWIUNTAUAY : A2
- STYLNNATY : N4

- SPEEMNLAATU(EAVNN)

c N

- MIHINAYWARDT-UMZRBNAIFINL(EUNMN) : keal

A '
- uARsTIWADeRY : keal

- §nTIMSAuiIlasan : ATIwEWT

- dwsnsiiuialagean : aSwiawi

- ANRRYINIINISRWIILRNER : ASIEUT

- AnadegnsINsiuilagen : aswiaud

- 9nsINSHAUlIvaENNEY : ASIRaUNT

'
1 a

- ANRAYERIINITHIUTLD 7 TUNHIULN : ASIRBUT

' o

- ANSYAUAINLLASEALRAY :

- ANSYAUANLLATEAZIER :

- SYYLIANAIIULASYR : 2L

- 5TEEIANAYIUASUAVTNNKDY : Tl
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2.1 madeusefuszuuuimsiansteyaitldannisindmeguamuesgigeens - Lifecare System
2.2 spuUdu 9 MAedeatuszuuiimsiamstoyaludand 1 elszuuidululuns Software as a
Service fifsaguunaIfUY Serverless
dufl 3 Hardware - gngUnsaifidniu
3.1 Gateway - Iassmsiazdl Mobile Tablet Wiuduiiazas application Lﬁaﬁameﬁasﬁ’ayjamﬂwmaﬁm
Amsguamluggrutesadieguunanid

3.2 0T Devices - gUnsnilsznaume Naoe9sln uaz u1in1Sasuzogua I

35115938
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Abstract

Small retail businesses, which are medium, small, or micro-sized enterprises (MSMEs) in Thailand
and many other developing countries that are concerned with their social and economic development due
to the importance of their respective Gross Domestic Product (GDP) and the proportion of employment, are
experiencing volatility, uncertainty, complexity, and ambiguity (VUCA). Examples of VUCAs are, but not
limited to, the Covid-19 Epidemic, energy shortages, and high inflation rates from warfare.

Therefore, this research aims to 1) study the structures and operating characteristics of small
retailers in Thailand, 2) study the factors in the implementation of digital transformation in small retail
businesses in Thailand, 3) study the trigger for digital transformations, and 4) improve upon the current
framework for implementing digital transformations to create sustainable growth for small retail businesses
in Thailand in order to become a part of the Smart Economy, as per the 13th National Economic
Development Plan, point 7, which states that “Thailand contains strong small and medium-sized enterprises
with great potential and competitiveness.” and Smart Living for entrepreneurs and workers in small retail
businesses to have stable income and high standard of living by utilizing technology to change their business
structure in order to have a competitive advantage, better business performance, and increase productivity

even further, and create customer engagement.

Keywords: Strategic Integrations of Digital Transformation, Digital Transformation for Small Retail Business,

Driven for Sustainable Growth
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Loonam et al., 2018 [9] DT sesfudunuulannagsia 5 Useuan: 1) nsandulvdvedgnamnisy 2) s
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Ziyadin et al., 2019 [10] LWIRAYed DT finann1ssiseran nwIndeslefidiuyanauazeddnsidn
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Zhang et al., 2020 [12]

Stich et al.,, 2020 [13]

Guo et al., 2020 [14]

Hanelta et al,, 2020 [11]

Zaoui & Souissi, 2020 [15]

Ziotkowska, 2021 [16]

Nadkarni & Prusgl, 2021 [17]

DT enfumaiasuulasesesdnauay nsvuaumsiiiniunigludfien
wwavnsliangrdndoue gndn wieusns Taemsilignanluaudnatsves
3319

nswAsuLasiiavia ferduauiiendmiu SMEs siglurnugeennlums
wiaflaes DT gsfauenasuwazaunges warianlve) 1aniedmineins
Ffn (Msunaznan) lumsnawuuagdiiulasans Swesdnsdnlved
Uszaumsalifisadnios  lussdrnuilusunisidsuulasiiva (Digital
Transformation)

o w =

DT Lififdninanuanie wasiiyunesunnsiiuluiiagissunssuni

Yo a

Fmsiifiun anudesuiudldsunisiasauarsensuindumside
auitaluves DT welu a8 Adviaadielmidusingiuves DT sudavalulad
Uszinneneg Wi myliasgiuazn1sdanisteyavunnlve(Big Data), s¥UU
Wueudsnlugdf (Robots Automation), s¥UuUNM3T18843 (Simulation), s¥uu
Sumediiinuosasinds (IoT),anuvasanenislaiuss (Cyber Security), NS
Usziiaradeyaandiunarasuuueaulay (Cloud Computing), N1 3 4l
(3-D Printing) tag Auuasuaiiou (AR) w3e DT awnsatieuidnianig
IiBsulunmsudeiulasnsufulssenuBavguilensuaussions
Wasuwasesadunatas

DT munefia nsvuaumsiiesdnsnevauswiensilasuulawesdundeslng
Mwelulagiavia wu Tuuiereuiiafa (Mobile Computing) Uy sehing
(Al mi‘di%ﬂ,naNﬁ%ﬁ]gaﬁ]’]ﬂﬁ"e}uﬂa’mLL‘U‘UEJ@‘L!laﬂ (Cloud Computing) wag
szuudumesidnvosassnds (IoT), LﬁaL‘U’S"auuﬂamszmumsa%a;ﬂam

DT ihuguuuumsiimuuuulmifidmualidanuduiudlmissning Ui i
dlsdudouazgnnlumsmumuuuamsiiduanieunth wethiaue
Uin1suazkdniueiiinnguin liunsudeundaduansdia

o
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157199 2 (D)

91994 He3/ANUnINY

Papanagnou et al,, 2022 [18] DT Jumsiewnalulagafelvdinusuvasumsaiinanuwuudslmduy
nsasiuusuulniniianugaveu aiunsasessuaniunsaianidusingeg

UERRETLICT: FPATRL)

Lee et al,, 2022 [19] DT 1Wunsyuiumsifigayamnaiioasaanivetesnsineviliinnis
wWaguwlamid- AyuaziivszdnSralunagnsnisnainnsuenuazensio
Melussdnsiunsldmalulagadvia lumssiusiudeya A doans uag

AR H PRI NLTR eI

Gouveia & Mamede, 2022 nsasuulasiavia vie DT dumavideduimadlunisussginguszasdsu

[20] esnannagnsiidenidlunisdsuntamsddvialalls Wufeshu
anmsveanelulad uiidudedmunlunsideunasgsiimanve
BIANT

Reuschke et al., 2022 [21] Useifiuddny TunseSuiaifiendu DT fie wialuladRdviatieifiunandnves
UTEW UagtenseAunIuATYgnakasaANaNnsalunsklturesgsnaty
sgaugiinAuayluszaulse- e

Kraus et al., 2022 [7] DT awnsafvualaindunisyufvesvaluladndvialuyniuvesnis
fidununieluesdng Geasilugnnuasuudadassasnsiiugiulunsi
aaAnslanidunisuardweunnaliiugne

'
Naa o A

Mostaghel et al., 2022 [22] DT nunefiamsldinalulagfdviaiieaisassAsuuuugsianaraieselalae

wazlenalunisasragarlussuuiinnmgnaivnssy

aa o o

Zhai et al., 2022 [23] DT Aemsldimaluladddvialu o leliannsnusuupssialdogsditody

nausneauiildnanutaaduansoaguldinssuiunsuasuuadagldinaluladada
(Digital Transformation) 1 unszuun5UA suuUadesA nTuT 85 3A 99NN TEUIUNTUT I TTAn1s a8 Tulile
AeUALBIADNTT WA suulasnsuenlagldimaluladnisddiasgramunzaunduind ssdevinlififusadnsd
Ustavisamanansadindanin annsalumsudiiuiiedseunuiuazainsanudiiuslviiugnd vienanilein
iielosdnsianudangu uay aunsonevaussiennlasunlawesdainden Tnsldinaluladnisiiva e
Aty
2. vuifiiieades
2.1 nunsvensuuinnssunazmalulad (Technology Acceptance Model: TAM) 984 (Davis,
1985) [24]
nguinseensvuinnssuuazimaluladidunquiflesuniswaunannguini snszviiemawa
(Theory of Reasoned Action : TRA) 984 Icek Ajzen and Morris Fishbein, (1975) [25] %ﬂ Fred Davis (1985) +{lu

HAnAuNguiAnaTulaeilinguszasd iadnwitadadeniiliinusegdlanazanuauladiuyanaluniseeusu
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nslimalulafansaumadesznoulumediuusdnaesdiuusie 1) mssuianuielunisliou mnefesziui
Fldumemisinszuvaziianudeglunsldau wag 2) nmssuiusslevy mneds Wedinsldawszuuuds uns
duusyAvsamlvitusaldeu uenantunguinissensuuimnssuuanmaluladddlddunuin dogfldaufnem
Fafeatuanudiglunsldnuuasysyleniveanaluladarsauna aztundsnafanginssuanuaulawayls

MsgpusUkarltumaluladasaumned

User Motivation

X1 A Perceived
Usefulness |
: Attitude Actual
X2 1 Toward —»|  System
Using ; Use
Perceived
43 "| Easeof Use

A 4 Technology Acceptance Model: TAM w84 (Davis, 1985) [26]

2.2 ngufnsgensuuinnssuiasinalulad (Technology Acceptance Model: TAM2) 984 (Venkatesh &

Davis, 2000) [27]
ngufiniseeniuuinnssunazivelulad (TAM) léfuniseensuindunguiiidusslenidmiuns
thunld Tunisfnwiuaziinsgsideadofdmansenusodldnussuuansauma usnguidananidouing
Founnsesegnanfe nquidnasjailianuadladinsuiuasinuaivesild viussuududidy iteidunis
antounnsesiaingn [27] Seléaumauinsseuiuuinnssunaswalulad 2 (TAM 2) Susndhenisiiiy 2 Hade
drlUlulaealdud 1) nszvrumsiidudvswamsdsa wag 2) nszvrumsidueiesdielunisadianuiaig
e Tnefinssuaumsadienuienuidileasidviwasonisiuiuselom 81 Usznoulude nadwsivsnglidiu
Aunmvesteyailldsu mnuduiusiunsyiny uaznsiuiaudglunmsldn ludiuvesiadomsdsnndad

dvisnasian1suiUsElevd Useneulumenmdnual nsadesnuddneds wazauadnsla
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Experience Voluntariness
Subjective \ /
Norm
Image Perceived
Usefulness
Intention Usage
Job to Use Behavior
Relevance
Perceived
Output Ease of Use
Quality
Technology Acceptance Model
Result
Demonstrability

A 5 Technology Acceptance Model: TAM2 w84 (Venkatesh & Davis, 2000) [26]

2.3 ngufn1sseusuuinnssuiasinalulad (Technology Acceptance Model: TAM 3) 48 (Venkatesh &

Bala, 2008) [28]

nouinseeusuuinnssunazmalulad 3 (TAM 3) WunisWauuiainngeinisseusumalulad 2
(TAM 2) shemsiiisnAunsnuiataderidea sonsfuiamnudelumsldonu Gmquifinanuseneuse sviwa
sensiuianudiglunisléa feussnoulufeanssaurvesnuesdunenianes auinndnalun 15l
Aouiunes Avmaynauulunisldnuaeuiames nssuitimsaivauainaeuen nslasuanuianelalunisld
N waznslduselevilamuinguszasd

Tudnvesmsiuiuslonivszsnoulufensaosnmasdnads amanwal Anuduiusiunsviny
A wuesteyailasy uaznadwsiiusng Lty

yquidanandinisssyanuduiuslugiuuulniseninduuseivssaunisal ssfifiuanndud
A masteyaildsuuaranudiiusiunishaudaruduiudidonn fasdmarensiuidsslon uenaintu
Usgaunsalvesgldan uaznisadesnndssneds Adwarensiuiuseloviimuiontu daudadendnsuldun
AUTIOULVDINWBIRUABNTINBS ANWIRNAMalunsIduRsNiIwes Anuaynawiulunsldnureuiunes
msuffamsmuguanmeusniduiiadefifinadenisiuiamnuielunsldou fuvdmadenislisuamnufiomela
Tun1sldanu wagnislausslonilanuinguszasd luneugavinevemgu]] Amnanddunudninsiuiusslovidly

o

nsldnuduladefiddaluegiannn Tlumseensumsldnumealuladansaumne
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Technology Acceptance Model 2
Experience Voluntaries

Subject Norm

}

Image Perceived Usefulness
Job Relavance
Output Quality Use Behavior —»  Behavioral Intention

Result Demonstrability

Perceived Ease of use Technology Acceptance Model

Anchor
Computer self-efficacy

Perception of Efficacy
Computer Anxiety

Computer Playfulness

Adjustment

Perceived Enjoyment

Objectived Usability

Technology Acceptance Model 3

AT 6 Technology Acceptance Model: TAM3 w84 (Setiyani et al., 2021) [29]
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2. YDUIAAUSUUTEN
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3. YBULARIUTDINNA
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¥ '
A A
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Performance) Wawds (Productivity) wagaduyn#iuuesgnal (Customer Engagement)
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Al 7 Digital Transformation Framework for Small Retailers
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N153anN15LATEgNAWEIRETEUUNAR NI NG ULEITInduUURBNRB T UUTMUNBUUIA
60 Aladnd AMULUINIINITHAILLATYFAIMYUIABU BCG Model

ASAIANEN: USE deudddunidan 910n

Green Economy management with 60 kWp Grid connection solar power generation
system in SMEs According to BCG Economy Model: A case study of The SIAMNISSAN

MAESOD Company Limited In Maesod Province
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*Corresponding author: Tel.: +66 93 393 4555. E-mail address: jakkrapun.ko@ssru.ac.th

Abstract
This research paper presents green economy management with the grid-connected solar power
generation system. The objective was to evaluate the potential of Siam Nissan Mae Sot Co., Ltd. by
installing a 60 kW solar rooftop power generation system using the PVsyst program. As a result, the
organization's electricity cost savings are approximately 388,800 baht/year, good for energy savings of
97,200 kWh/year). The payback period is about 5.10 years. Environmental benefits the system can

reduce carbon dioxide emissions by approximately 27.98 tons.

Keywords: Green energy, Grid connection, BCG economy model
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nsliduinwuazduiunismssusilimnufiiieadainundfiuazenseduanuiaudle (Up
skill and New skil) Tagmsuuztildenlusunsy Pvsyst Wiangiauuazuimsififieanudilafsasyuy
Tiheaduatefinduuuidousieszuu (On-grid) a¥1siunuulasanisihsesszanasud 2565

AANBUzYRINIHARLNTNMLYad LR TIng

MR ENTRRNE N ANATATOILNUYAR B TRER1UNINTE1Y Standard conditions (STC):
gaunniveaad (Temperature of cell) i 25°C, A¥adeniing (Solar Irradiance) Wiy 1000 W/m” wae (Solar
spectrum, Air mass (AM) i1fiu 1.5. (Sidrach-de-Cardona & Mora Lopez, 1999) Anuanuauenalninuadues

Laa ka0 Ne T Re Ul TFIUAIARAIRNNATIN 1

A19199 1 Aaudnuwagnaliivewswaduaseriindnnelsteulannsgiu (2]

Parameter Mean Maximum  Minimum  STD
Shot circuit current Isc (A) 3.1 3.2 3.0 0.04
Open circuit voltage Voc (V) 21.5 22.1 21.2 0.22
Peak power Pm (W) 48.1 50.8 46.5 0.93
Peak-power voltage Vm (V) 17.3 17.8 17.0 0.19
Peak-power current Im (A) 2.8 2.9 2.7 0.04
Fill factor FF (%) 71.5 73.5 70.2 0.79
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AseuInasUliANan e TuanusaruIalanuALEURUSANENNS (1) ([2-4])
Eev g (1)
Er,d

o E,y, 4 Ao wasuindnlasiedu (The daily energy) iy kWh funssasninlauas E, , Ao

ey =

Wé’wuﬁﬁagslul,wiazi’u (The available daily energy)

AMTATUIUANAEA U518 TUVDILNILGAE LA RS ANARLA (The mean daily value of the daily

photovoltaic array yield) anunsamualdmunuduiudauaunisi 2) (2-4)

D
ey m :ZUPv,d /D

d=1

(2)

Weo D fie S1uuiunideya (The total number of days with data) dnuuadendusIgiou
¥891A3 o9ulasnszualnin (The monthly mean daily inverter yield) @1u1saauialaniuaudunus
faaunsi (3) (2-4)

2 (3)
ninv,m = Zninv,d / D
d=1

We 7, » Ao nasuliniseiuresdunesines (The inverter daily yield) afisuledn dnsidu

FENINAIUTlETgTullonaveduiesinaskasnasnueundunnveduesines

UsEANENINLAAEI1AOUVDITEUY (The monthly average daily system yield) anansaaiuialanis
AU USYRIAUNIST (4) ([2-4])

S (@)
775ys,m = znsys,d / D
d=1

o 77, AD UszlnBamuesszuusneiu (The daily system yield) @mnsaMuInaINALEsTUS
puENNI19 (5) ((2-4])

_ Egrid,d (5)
nsys,m - E
r,d

o Eggq o ndenuildsneiufiondnnvesdueimesiireliivanedmesnisiii g oy, #o
UssvSnmvesniswanlni (The yield of the generator) E; 4 fie W uldnaontaiu (Using all the daily
energy) Tnanlgannlsdihwosiiuiifndwosunagadeniing (The plane of the array surface) anusaruIny
I§anaunisi (6) ((2-4))

N (6)
Nepvm = Z(EPV,d /Ei,d)
a1

Wo D As A1n1nsgiudmiusiedu waz M Ae ALIRTgIUsI8LAaY Aadu (The global system
yield) @wsarwialaniuaunis (7) ((2-4])

D
e = Z(Egrid,d / Ei,d) "

=1

(=N
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nsUsziliuszuumelusunsuy PVsyst V7.2.5 wuan ssuvanunsananndssulwidn (Produced energy)
19 96.63 MW/year Lﬁaﬁmimqma‘"ﬂwmxLawqswa”mmsiaﬁwé’ﬁm“lﬂﬁwqqqm (Specific production) ATy
WANUNIAU 1,606 kWh/kWp/year LLa:ﬂaﬁmﬁammmmmmiLU§augﬂwé“wmuamawﬁmETL‘fJuwé'mu
luiwasszuulageiunslumenvesdngauaussaus (Performance ratio) wuindlAnegl 84.94% fsuansay
Al 3 dnduanssnuzvesszuulildfutumnafdinmsianvesssuy AaNaLansdenaURnIToRNRUY
FEUU WU vunansln §nuaznIs6o9shuugINsuLazk UL Ardnduaussauzda1gaiuantiinis

ONLUUSTUULUSYANSNINA

Project: PTV_Maesod

Vanant: New simulation variant2

i
g

PVsystV7.2.5
VCO, Simulation date:
21/09/21 13:58

with v7.2.5

Main results

System Production

Produced Energy 96.63 MWh'year Specific production

Performance Ratio PR

1506 kWn/xWplyear
84594 %

Performance Ratio PR

1 1 1 T
BD v eosmmanen o () 3

Normalized productions (per installed kWp)

8 T T T T T T T T T T

Lo, Cotucton Loss |PY-avay iossas| 0.72 ANy 0848

L Systemn Loss devecter, ) 0 08 KWnipesmy

12

"

1.0
ol onergy |reanier QuUDut] & & KARRAD Ay s

WAy

Loy

Mawr At Mwy An s e T dan Fe Mar Aot Mwy an s

Balances and main results

GlobHor DiffHor T_Amb Globinc GlobEfr EArmay E_Grd PR

kWn/m* on/m* *C KWn/m* Kwnm* MWh MWh ratio
January 156.2 £9.98 2346 185.7 1824 9638 9.529 D.8s3
February 1540 58.77 2557 1725 168.3 8.861 8762 D844
March 178.3 81.58 2318 183.8 1802 9399 9282 0.840
April 1835 78.24 2954 1821 1882 Q752 2533 0.834
May 1851 91.18 2867 1562 1522 8.118 8013 0.883
Juns 1450 84.79 5.47 1322 1306 7.064 6.963 0.862
July 1244 77.95 26.22 1157 1123 6.089 5997 0.861
August 1214 58.87 2607 1179 1150 6.157 6.065 D.855
September 150.5 80.70 26.30 1528 1432 7. 7.863 0855
October 1408 67.32 27.01 1518 148.7 7.841 7741 0847
November 1345 56.15 2545 1527 1457 7.892 7.785 0848
December 14538 4423 23383 1751 1718 9077 8970 0.851
Year 1808.6 839.74 26.41 18910 1849.7 87.853 96.629 0842
Legends
GlodbHor  Global horizontal Irradiation EArray Effective energy at the output of the array
DefTHor Horizontal diffuse iragiation E_Grd Energy Injectad Into grid
T_Amb Ambient Temperature PR Performance Ratio
Glodinc Global Incident in coll. plane
GlodbEfr  Effactive Glodal, corr. for IAM and shadings

AN 3 HANITOBNLUUSEUUNAR LN waauasafinduaausom aanufiaduildan 31179
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@

PINTRINTUIDIUTLANS NNV KL YRR LA NDLA RSN LU N UITENA I TUTHATY
aemnAdinA1ans (The annual average array) g¥iUseana 13.1 % wagUseansnnszuy (The system

efficiency) ogffiuszanal 12.8 % [5]

NaN15ILWALNUTIINANITIVY
A15USELIUANENINVBIEN1UUTENBUNITAENSAAAISEUUNAR LN waakase i n g uunasmd1usu

@ t%

LsugN ANy UAReIN1enaIN19013901ATINT BCG UM agrudaduwiasn 31dn Juimsdndulusydd

Y

a

Tnsansthiesszuunanlilfidondsnunasenfinduun 60 Alatnd ioandlniuas Susdunshnsasiud
andnaziiud eusoidisruurean sl ldyasdul wm.2565 nansUssdunud SUUTELINNNTAIYY
1,800,000 UM iamuinnaUszndaalniiwesesdnslaUszana 388,800 Uw/D dsisenisusyndandanu
97,200 KWh/T) vnfiansanianuduavnaassgaansnuin szeznaiAuuegfiuszann 5.10 U nadsu
fanndouszuuseinanannsaannisanUaesfneaiiusulneanluslaussunm 27.98 fu weildwmanse

amdnvalosAnsnaenisduaiumaimnesdanuimunalulagniswdaliihmesaduaenfindsaynains

#3UNan157Y

N o & A

suideil ’mqﬂisamL‘wEJUisLﬁuﬁ”ﬂmwwmmamuﬂamaumiﬁamwﬁmé’?&swuwﬁmlﬂﬂwwaé
wasenfinduundimdmiuiasegiayudideiusmsdndulusudilasinisiisesssuundnluiindiend sy
wasoinduunn 60 Alates nanauwnuinesdnsazldsuandunalszudn 388,800 U/ denandiu
dawndenanansnrivannisudesineasusulaeenledlaussuna 39 fu/A nafrenmzsnaLeARuAILS
wagiivinwenslalusunsy PVSyst dmsusanuuusyuunanliiinwaduasoniing Snadunisanniszanldsny
Guaa‘u%@’wﬁ’m%’uaﬁuauumﬁmm@ﬁa?lﬂammﬁmu 4 au Antdusulseunn 10,000 UIn/au wseAndUNE
Useudaldda 40,000 U suvaninsaanmseA1defivinelaseins Ussanas 50,000 uwm/lasans daman

foan1svenenaludiavluesavesusendauarunsandunisiaeUsendnaldanedrutiadla

AnAnssuUsENIA
voupadtinugramnssudmiawiseeuiisinennuazmnUszaunuiugUssneunsidndsg
fagdlidoyasudulsslond veunuiuimsuism asuiaduusiaon $1n saninewdfduiites
a°’1mammazmﬂﬁmamuﬁaﬁuaqu%aﬂaé’uLmeJ'ﬁsimﬂLgaﬁiaﬂ’ﬁaaﬂLLUUiz‘UU YouUAMAL LTI

1A54N15 BCG nAmile Naduayuumainsvmianisanwnnyiy

LONA1TD1984
[1] Chaianong, A., & Pharino, C. (2015). Outlook and challenges for promoting solar photovoltaic
rooftops in Thailand. Renewable and Sustainable Energy Reviews, 48, 356-372.
https://doi.org/10.1016/j.rser.2015.04.042
[2] Sidrach-de-Cardona, M., & Mora Lopez, L. (1999). Performance analysis of a grid-connected
photovoltaic system. Energy, 24(2), 93-102. https://doi.org/10.1016/50360-5442(98)00084-X

SWAUNAIN M03-202302230001



M3UsEYUENLUIIYINTT “Thailand Smart City Conference 3391 2” 43

[3] Chaianong, A., & Pharino, C. (2015). Outlook and challenges for promoting solar photovoltaic
rooftops in Thailand. Renewable and Sustainable Energy Reviews, 48, 356-372.
https://doi.org/10.1016/j.rser.2015.04.042

[4] Sidrach-de-Cardona, M., & Mora Lopez, L. (1999). Performance analysis of a grid-connected
photovoltaic system. Fnergy, 24(2), 93-102. https://doi.org/10.1016/50360-5442(98)00084-X

[5] Khan, M. A,, Islam, N., Khan, M. A. M., Irshad, K., Hanzala, M., Pasha, A. A., & Mursaleen, M. (2022).
Experimental and simulation analysis of grid-connected rooftop photovoltaic system for

alarge-scale facility. Sustainable Energy Technologies and Assessments, 53, 102773.

SWAUNAIN M03-202302230001



M3UsEYUENLUIIYINTT “Thailand Smart City Conference %391 2” 44

NISWAILNFULUULWAA B SUAINAYU VN DH AT ULATHENAFIUIIN
AIUNTTVBUNYIYNBUUUFIUUUIAA BCG Model
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Abstract

The purposes of this study were to study and collect community context information. This leads
to the development of community identity and grassroots economic on community tourism in
accordance with the economic concept BCG Model, and to develop a prototype of a digital community
platform to promote grassroots economy on community-based tourism under the concept of BCG model
by using a combination Methodology of Phenomenology and Ethnography and employing both
guantitative and qualitative data collection. The expected results include enhanced body of know
knowledge on various economic, social, and environmental contexts and improved the identity of the
target community. Furthermore, to develop a prototype of a digital tourism community platform that
connects community participatory communication with the BCG economic concept to achieve

sustainable community development.

Keywords: Digital community platform BCG Model concept  Participatory Communication
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Hybrid therapy board game production model development for supporting stress

management behavior in college students
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Abstract
This purpose of this research were to create a conceptual framework for developing Hybrid
therapy board game production model for supporting stress management behavior in college students.
This study used mixed method to collect both qualitative and quantitative data. The sample population
of this study are 18-24 years old undergraduate students and specialized experts. The expected result is
the new body of knowledge which can be developed and assessed the prototype of hybrid therapy

board game model.

Keywords: Board game, Hybrid therapy, Gamification, Stress management
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Developing a Web-Based Community-Based Tourism Information Service System for
Elderly Tourists: A Service Design Process Applied to the Tai Lue Community in

Mueang Luang Nuea, Luang Nuea Sub-district, Doi Saket District, Chiang Mai Province
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Abstract

The purpose of this study was to develop a web application that provides community-based
tourism information for senior tourists, with the goal of fostering a sense of community identity. The
study was conducted in three phases. In Phase 1, a mixed research method was used to collect data.
A questionnaire was administered to a randomly selected group of 400 senior tourists and their followers,
and the results were analyzed using frequency, percentage, mean, and hypothesis testing. In addition,
data was collected from the Tai Lue Community of Ban Luang Nuea and stakeholders involved in
community-based tourism in Chiang Mai, using in-depth interviews and observations of the service. In
Phase 2, a research and development process was undertaken to analyze the service design and develop
a prototype of the web application that provides community-based tourism information for senior
tourists. In Phase 3, experts were involved in evaluating the performance of the application prototypes
to ensure that they were effective and user-friendly. The results of this study demonstrate that the
developed web application is an effective tool for promoting community-based tourism and fostering a
sense of community identity among senior tourists.

This study aimed to create a prototype of service standards that align with the needs of service
recipients while developing a web application for community-based tourism among senior tourists. The
study also aimed to benefit other community-based tourism businesses and increase the
competitiveness of Thai tourism globally. The findings suggest that implementing service standards based

on the needs of service recipients can enhance the service experience and foster community identity.

Keywords: Web application, Senior tourists, Service design, Community Identity
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Abstract

This academic article studies the process of Organizing a hackathon (Hackathon) to develop
creativity and create innovation urgently It is a competition activity to mobilize creativity and develop
new innovations under the given themes (Themes) within a limited period of time as specified by the
organizer, such as 12-48 hours. Computer programmers, technologists, graphic designers, engineers,
marketers and anyone involved in the software development industry as teams and representatives of
each team presented their work for the organizers to determine the winning team. In which the team
that solves the problem that best responds to development within the time limit will be the winner of
the competition. The hackathon has now been enhanced as a purpose-built tool to tackle problems
arising from changing business and social contexts. Therefore, it is the source of continuity of information
about the hackathon in Thailand. Both government and private sectors have always supported the
organization of hackathons under various developmental issues per agency. Hackathons can be said to
be a form of activity that is rooted in a digital society and a tool to develop creativity and accelerate
innovation that solves both business and social problems. Hackathon concept models can be applied
to create a virtual ecosystem for a creative universe. for strategic digital business in Thailand It is another
form of activity that encourages new innovative entrepreneurs. Supporting innovation-driven enterprise
(IDE) through Innovation Ecosystem Development for IDE. The use of technology and innovation is also
an option or can be said to be necessary. To be used as a tool to drive business growth and be able to
compete with competitors. by new ideas and innovations to solve such problems We may call it a
“Solution” which can be presented in a variety of formats such as conceptual design, demo application,

or in the form of an MVP (Minimum Viable Product).
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New Media Ecosystem Model with Smart City on Immersive Media Tourism Concepts

: Sukhothai Historical Town
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Mahasarakham, Thailand, 44150
*Corresponding author: Tel.: 0966561511. E-mail address: Daystu@hotmail.com

Abstract

The research on a new media ecosystem model for a smart city with immersive media for
tourism in the world heritage city of Sukhothai. The purposes of this study were to create a conceptual
framework for developing a new media ecosystem model for smart cities with immersive media for
tourism in cultural world heritage cities, and to create a conceptual framework for developing a new
media ecosystem model for smart cities with immersive media for tourism in cultural world heritage
cities. This study uses a mixture of methods, a combination of phenomenological and ethnographic
methods, and employing both quantitative and qualitative data collection. The expected results include
new knowledge of eco-media management to promote cultural world heritage tourism that is

contextualized and aligned with the identity of the area to benefit the creative tourism industry.

Keywords: New Media Ecosystem Model , Immersive Media , Historical Town
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Abstract

From the past 10 years of statistics, the rate of flooding in the country occurs frequently and
each occurrence affects various areas in each province in a large area and in some cases, the main
communication system. Outages due to power cuts affecting to limited access to information and
assistance to victims from the aforementioned problems, the researcher has foreseen the importance of
disaster data collection systems and communication problems during disasters. The main objective of
this research is a centralized disaster management platform and unified communications design from
multiple communication protocols. The research relies on a stakeholder framework, process, technology.
Disasters and emergencies are sometimes difficult to manage in areas with limited communication. Some
geographic areas can prove difficult to reach in disaster areas. during a disaster Lack of communications
infrastructure can hinder coordination-related operations. Effective reporting and communication of local
incidents for the delivery of services such as food, medicine, etc. In this article propose a disaster system
management platform. Track and assist victims and develop a radio integrated over the internet protocol
network to make it easy. Integration with other networks for efficient communication, deployment, and
data management. We integrate satellite, telephone and other alarm systems. for effective disaster

management

Keywords: Centralized Platform, Unified Communication, Disaster Management, Multi-carrier, RolP.
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Abstract

This paper attempts to study the factors of smart city development that make citizens happy,
prepare research to test the relationship between smart city development and citizen happiness, and
respond to the question, "How can smart cities improve citizen happiness?" for long-term smart city
development and contented citizens. Moreover, studying the factors of smart city development that
make citizens happy includes a study of literary works from various databases to analyze the definition
of happiness of citizens living in smart cities, as well as secondary sources' components and patterns. In
smart cities, different meanings are defined. 2) The definition of happiness in smart city development is
derived from three key meanings. 3) Considerations for smart city development should be directed in
the direction of These three goals are to bring good health to the people. have a good quality of life
and the satisfaction of living in a smart city to achieve an important goal, which is the sustainable

happiness of citizens.

Keywords: Happiness, Smart City, Well-being, Quality of life, Satisfaction
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Loun andianeuiian (hedonism) uagngufanuiisnalaludin [8] (the life satisfaction theory) tnflusianeu
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A15197 1 st Tnnnuguuedilesdaniey

Factors influencing
Happiness

Khan et al. (2017)

Bishr (2018)

Carlse (2018)

Dang et al. (2020)

Gim (2021)

pnagldumsnansieiitinenuguusuiiodiniey Him1sned 1

Lo’pez-Ruiz et al. (2021)

Mouratidis & Yiannakou (2021)

Narongchai (2021)

Ahmad & Zulkifli (2022)

Narongchai (2022)

Well-being

N |Hills & Argyle (2001)

X\ |Florida & Pentfrow (2011)

N |Al-Azzawi (2019)

\|Kang et al. (2021)

<\ |Morrison (2021)

Quality of Life

X | X\|Hogan et al. (2016)

| N\|Papachristoua & Rosas-Casalsa (2019)

| X|Senasu et al. (2019)

| N|Huete-Alcocer et al. (2022)
| N\[Shaheen & Ibrahim (2022)

N[ XN|zhu et al. (2022)

Satisfaction

AN

AN

| X| N|BARSI (2018)

| X[ N [Ahtesham (2020)

ANIIEN
AN

ANEN

AN

ANIIEN

<

Subjective Emotion

Safety

Usefulness

Convienience

SIS XN ]Lin et al. (2019)

Happier

Liveability Environment

Life Ability Person

Philosophy of Living

Governance Society

Government Service

Natural Recreation Environment

Performance objective

Health

Social Connection

Business

Workplace

ANENENEN

Economy

Human Capital

Family

Society

Living Standard

Affective

basic needs

Cognitive needs

Eudaimonic needs

Enabling needs

ANENENENEN
ANENENENEN
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IOC (Item Objective Congruence)

uil 5 mamaaudesiureswuuaeuay (Reliability) fhLLuuaauawmﬁlé’ﬂ%’uﬂqaLLé”J"LiJmaaﬂsfj’
Aunquiliidnuaizadieadafunguitegisiidesnismaassld $1uru 30 au Lot waLMsINABUAAA MBS
wuuABUNIATUAIE U (Reliability) T snnsiinsieviuionsiadeun MU UABUA MY Lzl d A
FuUsvAvsuearinvesneuunn (Conbach’s Alpha Coefficient)

il 6 Usuuzmuuasunaliauysaiuasdafuriuuuaeunufiufulsudn
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2. 33M19439Us U8 (Quantitative method) tun1sihdedunuildumeaeulaslduuvasuaiuiie
FUTIdeyanagiinszlagn1siiaTginisanneenyan N153ATgRnsanneenyauldiun1snageuld
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Fansey lngnmsudsiufinisusniseanidu 6 d1u leun 1) Awandendaniey (Smart Environment) 2) 13
AN39TINEITE (Smart Living) 3) 1ATWFA83a38 (Smart Economy) 4) walilesdaaiey (Smart People) 5)
NsAUNLazIUAIdIRses (Smart Mobility) 6) N15USM13NIASEER3e (Smart Governance) luraueiussine

Ingdnismvuanuiminiswauiilesdaniey (Smart City) Wluunudjuanisiieduind ougnsmansves

q

a

WHUN LAY A aLATYEAY wazdeny svey 5 U (WA, 2560-2564) d1inauduasuasugnanda Laaue

uN UL T oz Lilnng o Tuusemalneds 7 Auresiufiuinig JIULUndIunaIueanuIINAIU

v
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Aawandoy WWusuil 7) wasnudaaiey (Smart Energy) 3@ indadelusinusine szdawans quaziia (Well-
being) AsINNTIn (Quality of Life) uazauitanela (Satisfaction) wazt1lugninuay (Happiness) veanaiiies

Tupsiandesdaniey uasluineigaivzdwmasewiodandezfiddu (Sustainable Smart Cities) 3NN 1

WARINTOURLARAGME Y

Smart Environrment }
N

Smart Energy

. '

Quality of Life ] - { Happiness ] _»

Srnart Living

Sustainable

Smart Economy Smart Cit
mart Cities

Smart Mobility

yoh §| satisfaction |

Smart Governance

Smart Pecple

AT 1 UARINTOURLIAALTIVIA YY)

a [
N13AINSNVDYA
n15338 80310 avihdeyafinulduiviinisiasigvideyasie affdanssauun (descriptive

statistics) wagatABeeuuu (inferential statistics)
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1. afifLBanssauun (descriptive statistics) lun1sdrsiateyanaluves{neuwuuasuniy affily
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analysis: CFA) tlonsaaaeuanuifiesnsaddasiainsenislunanisin (Measurement model) 3adudiu
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Abstract

The main research objectives of this article were to investigate standards for finding identity in
graphic design on packaging to add value to community products in Roi Et Province. 1) to study, analyze
and develop prototype standards for the creation of identity for the artistic design of community
products using the creative economy concept. 2) To investigate the human factor variables derived from
the model standard's application. and creating a distinctive identity for the community with graphic
design on the packaging 3) To assess standards for innovation, efficiency, effectiveness, and satisfaction
from stakeholder groups of prototype community products.

This research aims to study: 1) The development of prototype models for standard manuals to
be used in organizing graphic design activities to develop and improve the identity of community
products. The key components are: process planning Usage context Implement and analyze the results,
develop workpieces, evaluate, correct and apply. 2) Three human factors: psychological, physical,
cultural and social. 3)Evaluation results of workpiece standards, design identity from a community
enterprise group with a community leader and state officials in charge of the area design expert Designers,

heads of entrepreneur groups, group members, and sample groups of users of goods and services.

Keywords: Standard development, Corporate identity, Graphic design, Participatory design, Creative

economy
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Abstract

As the world's population expands and urbanization continues, so does the demand for energy
and water, and waste management. As a result, it is critical to investigate the relationships between these
three aspects to successfully manage the community's demand. The purpose of this study is to
investigate the correlations between consumption data of energy and water of resident buildings in order
to better understand resource demand and manage it in order to provide insights into sustainable
community demand management practices. The data showed a relationship between energy, water, and
waste in residential buildings, and it was discovered that patterns of energy and water use, as well as
waste generation, are similar within the same type of building. However, the quantities varied depending
on the individual building's demand, as well as user behavior and the characteristics of the occupants
residing in that particular building. It can be observed that data that is continuously used in accordance
with the behavior of residents within the building will have a high level of relationship over almost the
entire analysis period, namely data on energy use and water use. This is because residential buildings
consumption data are related to the behaviors of residents that align with their characteristics, including
age, occupation, and interests. However, data on the amount of waste generated tends to not be
consistent with other data within the building. This is because the behavior of waste generation or
activities that lead to waste generation may not necessarily involve the use of energy or water. The
analysis of the relationship between energy, water, and waste data was applied in six different buildings.
The energy factors in each building have a relationship with the energy of other buildings, which differs
from the water usage data, which has a lower correlation with the water usage of other buildings. When
considering the correlation pairs of all six buildings, it was found that all three variables had a statistically

significant relationship.

Keywords: Community Smart Village, energy-water-waste correlations, behavioral demand
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Introduction

Residential buildings are major contributors to the consumption of energy and water, and
generation of waste. As the population grows and urbanization continues, the demand for energy, water,
and waste management increases. Therefore, it is crucial to study the correlations between these three
elements to manage the community's demand effectively.

The interdependence between energy, water and waste factor in residential buildings is a
complex and crucial issue. Studies have shown that there is a strong correlation between energy & water
consumption and waste generation in residential buildings. The amount of energy used in a building is
highly correlated with water consumption and waste generation. Water is a crucial resource for human
survival, and its availability is rapidly decreasing. The excessive consumption of water in residential
buildings not only affects the availability of this resource but also has a significant impact on energy
consumption. Additionally, waste generation is highly correlated with energy and water consumption in
buildings. In the residential buildings, household energy savings activities are related to human life activity
and energy & water consumption, and waste generation data [1], [2]. The relationship between the
energy, water, and waste data are affected from the building activity such as water heater for bathing
[3]-[7], energy and water consumption for cooking and eating in addition to waste generation [8]-[10]. A
reduction in water usage can lead to a decrease in energy consumption as it reduces the amount of
energy needed for water heating and treatment. Additionally, the implementation of waste reduction
strategies such as recycling can lead to a decrease in the volume of waste generated and hence, a
reduction in the energy required for waste disposal.

Understanding the correlations between energy, water, and waste factors in residential buildings
can enable more effective management of community demand. By identifying areas where consumption
is high, building owners and managers can implement energy-efficient technologies and sustainable
practices to reduce consumption and minimize environmental impact. These efforts can also lead to
cost savings and contribute to the overall sustainability of the community. Hence, this study aims to
study the correlations of resident building energy, water, and waste factors for understanding resource
demand and managing them appropriately to provide insights into sustainable management practices

for the Smart Villages.

Research methodology
To investigate and analyze the interrelationships between the three data sectors (energy, water,
and waste), a comprehensive data from the buildings is required, encompassing both the frequency and
time dimensions of its occurrence. Such an understanding is imperative as the frequency and timing of
data events reflect the activities within the building. The investigation of data relationships is divided into
two phases. The first phase involves gathering data from each building through the installation of smart
meters, while the second phase involves the analysis of the collected data to determine the

interrelationships between them.
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In this study, 6 residential buildings are considered as the sample buildings of the residents in
the community. The buildings are separated into three sub-groups: 2 general public houses, 2
schoolhouses, and 2 community hospital houses. For the general public houses, the first home (1
general public house: GH1) has three residents, two females and one male, ranging in age from 21 to 60
years. The second home (2™ general public house: GH2) has one male and one female resident aged 51
to 70. For the school houses, the first home (1% school house: SH1) has three residents, one female and
two males, ranging in age from 31 to 60 years, while the second home (2™ school house: SH2) has four
female residents, ages 21 to 30 and 41 to 50 years old. For the community hospital houses, the house
1 (1¥ community hospital house: HH1) has two female residents aged between 21 to 30 year old and
2nd community hospital house (HH2) has two male residents aged from 21 to 40 year old. Smart meters
(SM) are installed to collect the amount of energy & water usage and waste generated within the
buildings to create the building activity profile. SM is used to measure and record the data every 15
minutes from the sample houses. SM for collecting energy consumption per time in kWh units, water
consumption in liter units, and waste disposal in kilogram units. The data was collected for the total of
6 months (September 2022 — February 2023).

The process of studying the relationships among all three aspects of data are the Pearson
correlation coefficient as a method that indicates the relationship and direction between two variables.
The Pearson correlation coefficient ranges from -1 to +1, with values approaching +1 indicating a strong
relationship between the two variables. If the correlation coefficient is close to 0, it means that the two
variables have a weak or no relationship. The plus-minus sign (+) indicates the direction of the
relationship. If the correlation coefficient is positive (+), it means that the two variables have a
relationship in the same direction. If the correlation coefficient is negative (-), it means that the two
variables have a relationship in the opposite direction [11], [12]. This research is divided into two forms
of analysis: the relationship between each aspect and the period of usage, and the relationship between

resource usage quantities in all three aspects over time.

Result and discussion
Based on the analysis of community data, the data analysis model is divided into three
components, which include data on community consumption and generation, the interrelationship
between each aspect and its usage period, and the correlation of resource utilization quantities across

all three aspects over time.

Community consumption and generation data

In terms of energy sector, it collects data on the quantity of power utilized in each building. The
total quantity of power consumed in the building every 15 minutes is what will be utilized to calculate
how much electricity was used all day. Figure 1 shows the average energy consumption data profile

collected at a 15-minute frequency within the GH1 with a smart meter. Overall, there are 2 significant

TRAUNAIN M12-202302230001



nsUszyuduLun3nng “Thailand Smart City Conference A3l 2” 108

period of energy usage where 2 peak power consumption were observed. For the first period, it was
found that the indoor energy consumption was low 0.10-0.12 kWh until about 6:00 when the energy
consumption increased rapidly and decreased slightly until around 13:30. The energy consumption rate
increases for the second period at 17:30 until the maximum daily energy consumption is reached. The
daily average maximum used was 0.19 kWh at 19:00. The standard deviation (SD) average of period
energy consumption is 0.1 1. The SD of the average household energy consumption data, on the other
hand, is directly proportional to the amount of energy consumed in each period.

The energy usage characteristics within all buildings are similar to those in GH1, but the quantity
of energy used differs. However, the benchmark values show a corresponding variation in energy usage.
Data from Table 1 shows that the peak energy consumption occurred during the first period, with HH2
using the most energy at 8:00 AM with a usage of 182.01 Wh and a SD of 141.27, which is the highest
value among all buildings. GH2 had the peak usage during the first period at 5:00, with a usage of 29.38
Wh and a SD of 45.50. In the second period, HH2 still had the highest energy usage at 19:30 with a usage
of 137.12 Wh. When considering the minimum energy usage for each building, it was found that Building
GH2 had the lowest average energy usage at 8.03 Wh and is also the building with the lowest average

energy usage among all buildings, with an average usage of 14.01 Wh.
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Figure 1 The average data of energy consumption profile of GH1 (6 months)
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Table 1 Peak period for the community energy consumption data

1% peak period 2" peak period Min Average
Building SD SD
Time Max (Wh) SD Time Max (Wh) SD (Wh) (kwh)

GH1 08:30 150.24 13353 19:30 185.11 11457 88.18 50.47 12258  89.45
GH2 05:00 29.38 45.50 18:30 37.27  55.46 8.03 12.41 14.01 21.61
SH1 06:45 48.84 77.59 19:00 5354 7892 10.39 16.14 22.98 31.12
SH2 06:30 73.21 87.12 19:45 76.41 85.79 2347 27.70 43.64 53.02
HH1 01:30 67.49 10641  22:45 64.45  96.31 20.73 27.16 35.61 50.03
HH2 08:00 182.01 141.27 19:30 137.12 113.02 30.43 18.86 66.56 51.32

Water consumption within buildings has profile characteristic similar to energy consumption
profile within buildings in that there is a maximum amount of usage or a peak frequency of water usage
in two time periods (Figure 2). The first period has high water usage between 6:00 and 8:00, and the
second period is between 17:00 and 22:00. Building HH1 has the highest average water usage within the
building. The highest average amount of water usage within the building is during the first time period at
7:45, with an average water usage of 84.47 |, and during the second time period at 19:15 with a water
usage of 66.67 |, with an SD value of 66.51 and 50.42, respectively. The lowest average water usage
within this building is still higher than the lowest average water usage in other buildings, which is 35.07
|, resulting in an average water usage of 49.41 | for this building. The standard deviation value is 34.69.
GH1 is the second-highest building in terms of average water usage during time period one, with a water
usage of 66.57 | and an SD value of 58.05, and SH2 has an average water usage of 51.57 | and an SD
value of 53.30 during the second time period. When considering the water usage of all six buildings,
during the first time period, buildings GH2, SH1, SH2, and HH2 have very similar high average water usage
values of 39.28, 38.76, 37.42, and 33.39 |, respectively. However, during the second time period, the
buildings have different maximum average water usage values, with building SH1 having a water usage
of only 16.84 liters and the lowest average water usage of 7.96 | per 15 minutes with an SD value of

8.12. The peak water usage data for all six buildings is detailed in Table 2.
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Figure 2 The average data of water consumption profile of GH1 (6 months)
Table 2 Peak period for the community water consumption data
1% period 2" period Min Average
Building SD SD
Time  Max (1) SD Time  Max (1) SD () ()

GH1 06:45 66.57  58.05 17:45 47.69  68.60 4.33 2.78 22.59 30.32
GH2 05:45 39.28  56.60 20:30 2532 21.57 0.08 0.02 9.18 7.05
SH1 07:00 38.76 2750 20:30 16.84  17.66 3.06 2.46 7.96 8.12
SH2 06:45 3742  35.86 21:00 51.57 5330 6.15 6.26 15.30 18.48
HH1 07:45 84.47  66.51 19:15 66.67  50.42 35.07 21.20 49.41 34.69
HH2 08:00 3339 4553 19:45 3295 3555 577 3.79 15.58 14.94

The characteristics of waste generation for each type of waste within a building are shaped by
the patterns of disposal and the average quantity, which are somewhat correlated with the energy and
water usage within the building. The occurrence of waste generated within a building can result from
various behaviours that affect waste disposal patterns. The frequency of waste generation within a
building is highest during two periods of the day, which are the morning and evening, as these are the
times when occupants are engaged in activities inside the building, and it reduces during midday when
there are fewer people inside. Additionally, the differences in waste generation among buildings are
dependent on the characteristics of the occupants within those buildings. Moreover, the frequency of
waste generation is variable and has a direct impact on the quantity of waste generated. In other words,
the high frequency of waste generation during a particular period result in a relatively low quantity of
waste generation. From Figure 3, which illustrates the accumulated waste generation within GH1 at a
frequency of 15 minutes, it can be observed that general waste has a high quantity of waste generation

but a lower frequency than the other two types of waste. Consequently, the graph illustrates that the
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average value of waste generated during each period of time is relatively hish when compared to the
other types of waste. Additionally, organic waste has a high frequency of waste generation but a low
quantity, whereas recyclable waste has a high quantity of waste generated during a specific period,

approximately from 19:30 to 23:30.
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Figure 3 The average data of Waste generation in GH1

When considering the amount of waste generated within the 6 buildings as shown in Table 3, it
was found that the average quantity of general waste for each building is approximately 0.4-0.5 kg, and
the amount of general waste accumulated per occasion is around 0.72-0.74 kg. The average SD value is
0.02, except for the residential buildings for doctors, which have an average general waste quantity of
0.09 kg for SH1 and 0.14 kg for SH2, and an accumulated general waste quantity of approximately 1.01-
1.70 kg, with an average SD value of 0.06. Additionally, the organic waste quantity for SH1 and SH2 is still
higher than that of other buildings, with an average accumulated organic waste of 0.10 and 0.11 kg, and
a maximum amount of 1.74 and 1.43 kg, respectively. Both buildings have an SD value of 0.04 for organic
waste, and the average quantity of organic waste ranges from 0.01-0.03 kg. The maximum amount of
organic waste per occasion is approximately 0.30 kg, with an SD value of approximately 0.00.
Furthermore, when considering the estimated quantity of recyclable waste, only building HH1 has a
higher quantity than the other buildings, with a waste quantity of 0.04 kg, which is higher than the other
buildings with an average waste quantity of approximately 0.01-0.02 kg. The maximum accumulated

waste quantity is 1.63 ks.
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Table 3 Waste generation data for the community

General Organic Recycle
Building
Avr Max  Min SD Avr Max  Min SD Avr Max  Min SD

GH1 004 072 001 001 001 020 001 0.00 001 015 001 0.00
GH2 005 074 001 003 003 060 001 0.00 002 044 001 001
SH1 004 072 001 001 001 020 001 0.00 001 015 001 0.00
SH2 004 072 001 001 001 020 001 0.00 001 015 001 0.00
HH1 0.09 101 001 006 010 174 001 005 004 163 0.01 0.00
HH2 014 170 001 007 011 143 001 004 001 027 001 0.00

Based on the data regarding energy, water, and waste in residential buildings, it was discovered
that the utilization patterns of energy and water, as well as the generation of waste, are similar among
buildings of the same type. Notably, the data for all three factors were clearly divided into two time
periods due to the fact that the occupants of the six buildings all had outside occupations. GH1 and
GH2, however, differed from the other four buildings as they did not have fixed work hours, resulting in
wider peak load time frames. In contrast, the buildings SH and HH were occupied by individuals with
fixed work hours from 8:00 to 16:30, which resulted in peak load time frames that were closer together.
It should be noted that the quantities of energy, water, and waste varied depending on the specific
demands of each individual building, as well as user behavior and the characteristics of the occupants

residing in each building [13]-[15].

The relationship between each aspect and the period of usage

This section shows the building's energy, water, and waste patterns. The consumption data
assessment is separated into three characteristics: the building's general average energy consumption,
energy consumption characteristics by weekday and weekend, and energy consumption characteristics
by days of the week.

The analysis of energy usage data in all buildings shows that the energy usage data at a
frequency of 15 minutes, backwards 3 months, is positively correlated with time in the following
buildings: GH1 (correlation value of 0.151), GH2 (correlation value of 0.100), SH1 (correlation value of
0.019), SH2 (correlation value of 0.114), and HH2 (correlation value of 0.163), all of which are significant
at the level of 0.01, except for building HH1. Building HH1 is negatively correlated but not significant.
When analyzing the energy usage data by day of the week, only three buildings show a correlation with
each other. Building GH1 has a significant negative correlation at the level of 0.01 (correlation value of
0.033), and buildings HH1 and HH2 have significant positive correlations at the level of 0.01 (correlation
values of 0.048 and 0.040, respectively). Similarly, when analyzing the energy usage data by weekday
and weekend, a total of five buildings are positively correlated with each other and significant at the

level of 0.01, including GH1 (correlation value of 0.093), GH2 (correlation value of 0.063), SH1 (correlation
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value of 0.047), SH2 (correlation value of 0.040), and HH2 (correlation value of 0.091). From the data, it
can be concluded that the energy usage in residential buildings is positively correlated with time in a
significant way.

The water sector shows a relationship between water usage data within buildings over time,
with estimates of water usage having significant correlations over time for five buildings: GH1, SH1, SH2,
HH1, and HH2, with correlation coefficients of 0.050, 0.020, 0.064, 0.065, and 0.041, respectively, all
significant at the 0.01 level. Only GH2 had a negative correlation coefficient, which was not statistically
significant. When analyzing energy usage within the buildings separated by each day of the week, only
GH1 and HH2 had correlations, with GH1 having a positive correlation coefficient of 0.021 and HH2 having
a negative correlation coefficient of 0.027, both significant at the 0.05 level. Additionally, when further
analyzing the data for weekdays and weekends, only three buildings had correlations between water
usage and time for each day: GH1 had a positive correlation coefficient of 0.047, while SH1 and HH2 had
negative correlations with coefficients of 0.059 and 0.036, respectively, all significant at the 0.05 level.

The study of the relationship between the quantities of the three types of waste generated
within a building in the waste sector found that the characteristics of the three types of waste are
statistically significantly related to each other. Therefore, the total amount of waste from all three types
was used for analyzing the relationship over time. It was found that only two buildings, GH1 with a
correlation coefficient of 0.016 significant at the 0.05 level and SH2 with a correlation coefficient of 0.023
significant at the 0.01 level, had a positive correlation between the quantities of waste over time.
When the quantities of waste were analyzed separately by day of the week, it was found that only two
buildings, GH1 with a correlation coefficient of 0.026 and SH2 with a correlation coefficient of 0.028, had
a positive correlation between the quantities of waste on each day, both significant at the 0.01 level.
However, when analyzed by working days and days off, it was found that buildings GH1, GH2, and SH2
had positive correlations with correlation coefficients of 0.028, 0.025, and 0.016, respectively, all
significant at the 0.01 level.

The relationship between energy, water, and waste over time indicates a positive correlation
between these variables. As time increases each day, the quantity of energy, water, and waste also
increases. However, on average, the level of correlation among all the data does not approach 1, which
would indicate a high level of correlation that is closely represented by a linear equation. Nevertheless,
there is still a possibility of a correlation based on the trend of energy data for each building. During the
period from 00:00, the quantity of load within the building is low because it is the time when most
residents are sleeping. The quantity of energy usage increases when they wake up at around 7:00, which
is higher than the average amount during midnight. However, the quantity of energy usage in the morning
is still lower than the evening period because it is a short time period in each day. As a result, the average
value of energy usage in the evening period for all buildings is slightly higher than the morning period.

This leads to a positive correlation between energy usage and time.
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Table 4 The relationship between energy, water, and waste per time.

Energy Water Waste*
building day of weekday/ day of weekday/ day of weekday/
Time Time Time
week  weekend week  weekend week  weekend
GH1 v v v v v v v v v
GH2 v - v - . - - _ v
SH1 v - v v - v - - -
SH2 v - v v - . v v v
HH1 - v - v - - - - -

HH2 v v v v v v B} B} )

* This statement suggests that there is a significant positive correlation between all three types of waste

data, which are measured at a frequency of 15 minutes. The Correlation is significant at the 0.05 level.

Based on the summary information in Table 4, the time spent analyzing the relationship
between energy use, water use, and internal building waste has an impact on the level of relationship
observed in the data. The analysis was divided into two groups: weekday data, which occurred from
Monday to Friday, and weekend data, which occurred on Saturdays and Sundays. The study found that
the level of relationship decreased due to the fact that all residents within the building do not have the
same work and lifestyle patterns during the week, or in other words, the behavioural patterns within the
building are not the same every day. This results in energy use, water use, and internal building waste
data not being correlated with each other on a weekly group level. It is evident that data continuously
used in line with the behaviour of residents within the building will have a high level of relationship over
almost the entire analysis period, such as data on energy use and water use. This is because residential
buildings are closely linked to the behaviour of residents that aligns with user characteristics such as age,
occupation, and interests. However, data on the amount of waste generated tends to not be consistent
with other data within the building. This is due to the fact that waste generation behaviour, or activities

that lead to waste generation, may not necessarily involve the use of energy or water.

The relationship between resource usage quantities in all three aspects over time

Analysis of the relationship between energy, water, and waste data is a study of the patterns of
relationships based on the time the data is generated. When comparing data within all three buildings,
it was found that GH1 had a relationship only between energy and water at a correlation level of 0.109.
GH2 had a relationship between energy and waste in a negative direction at a correlation level of 0.028.
SH1 had two positive relationships between energy and water and water and waste at correlation levels
of 0.022 and 0.023, respectively. Similarly, SH2 had three relationships within the building, which were
energy to water, energy to waste quantity, and water to waste quantity, at correlation levels of 0.082,

0.037, and 0.023, respectively. HH1 and HH2 had two positive relationships within each building between
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energy and water and water to waste quantity, with a correlation coefficient of 0.102 and 0.090 for HH1
and 0.300 and 0.018 for HH2, respectively.

It should be noted that the relationships between all three variables in each building also have
external relationships with each other. It was found that most of the energy factors in each building have
a relationship with the energy of other buildings, which differs from the water usage data, which has a
lower correlation with the water usage of other buildings. When considering the correlation pairs of all
six buildings, it was found that all three variables had a statistically significant relationship, which
comprises a complex web of interrelated factors. The data and relationship details are shown in

Table 5.

Table 5 The relationship between energy, water, and waste factor between sector

EN-GH1 WA-GH1 WE-GH1 EN-GH2 WA-GH2 WE-GH2 EN-SH1 WA-SH1 WE-SH1 EN-SH2 WA-SH2 WE-SH2 EN-HH1 WA-HH1 WE-HH1 EN-HH2 WA-HH2 WE-HH2

EN-GH1 1.000 0.109**  -0.003 -0.037* -0.003 0.003 0.074** 0.052* -0.014 0.091** 0.017  -0.001 -0.369** 0.143**  0.032*  0.071 0.062** 0.004

WA-GH1 1.000  -0.007 -0.064** 0.011  -0.012 0.117*  0.004 -0.004 0.067** 0.026** -0.001 -0.058** 0.108** 0.022** -0.008 0.028** 0.038**
WE-GH1 1.000 0.094**  -0.001 0.003 -0.024*  0.001  0.004 0.005 -0.005 -0.002 N/Ac  -0.016*  -0.002 N/A -0.003  -0.002
EN-GH2 1.000 -0.013 0.028** -0.185** 0.068** 0.070** 0.019* -0.060** -0.021* N/A -0.194**  -0.021* N/A -0.035**  -0.023*
WA-GH2 1.000 -0.002 0.037**  0.007 -0.001 0.015 0.029**  0.001 -0.002 0.054**  0.006 0.002 -0.001 0.001
WE-GH2 1.000 -0.030**  0.008  0.000 -0.008 -0.008 -0.003 N/Ac -0.025**  -0.003  N/Ac  -0.005 -0.003
EN-SH1 1.000  0.022* -0.013 0.154** 0.179** 0.060**  0.024 0.351** 0.029** 0.140** 0.108** 0.043**
WA-SH1 1.000 0.023** 0.069**  0.013 -0.006 -0.008 0.008  -0.003  0.000 0.009  0.015
WE-SH1 1.000 0.000 -0.003 -0.001 N/Ac -0.009  -0.001 N/Ac -0.002  -0.001
EN-SH2 1.000 0.082** 0.037** 0.038** 0.107**  0.007 0.118** 0.034**  0.014
WA-SH2 1.000 0.023** -0.018 0.228**  0.011 -0.033 0.069** 0.041**
WE-SH2 1.000  0.005 0.051* -0.003 -0.015 0.012  -0.003
EN-HH1 1.000 0.102**  -0.024 0.067* 0.041**  0.020
WA-HH1 1.000 0.090%* 0.116** 0.368** 0.097**
WE-HH1 1.000  0.038 0.038** 0.016*
EN-HH2 1.000 0.300**  -0.012
WA-HH2 1.000  0.018*
WE-HH2 1.000

**_ Correlation is significant at the 0.01 level (2-tailed).

*, Correlation is significant at the 0.05 level (2-tailed).

Conclusion

This research describes the community data on the energy, water, and waste characteristics
within the residential buildings. In terms of energy consumption, the data collected from smart meters
shows that indoor energy consumption increased from normal consumption at 6:00 and was constantly
used at high consumption until around 13:30. The energy consumption rate increased again for the
second period at 17:30 until the maximum daily energy consumption is reached at 19:00. The highest
energy consumption occurred during the first period, and HH2 used the most energy at 8:00 AM. In terms
of water consumption, the highest average amount of water usage within a building was during the first
time period at 7:45, and during the second time period at 19:15. Building HH1 has the highest average
water usage, and the lowest average water usage in all six buildings was 7.96 | per 15 minutes with an
SD value of 8.12. Waste generation is highest during two periods of the day, which are the morning and
evening, and the frequency of waste generation within a building is variable and has a direct impact on

the quantity of waste generated. The average quantity of general waste for each building is approximately
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0.4-0.5 kg, and the amount of general waste accumulated per occasion is around 0.05 kg. Organic waste
has a high frequency of waste generation but a low quantity, whereas recyclable waste has a high
quantity of waste generated during a specific period, approximately from 19:30 to 23:30.

The study analyzed the energy, water, and waste consumption patterns in various residential
buildings. The analysis showed that energy usage in residential buildings is positively correlated with time
in a significant way. Water usage also had significant correlations over time for several buildings. Only a
few buildings showed a positive correlation between the quantities of waste over time. The analysis of
consumption data was further separated into characteristics like weekdays, weekends, and days of the
week. Different buildings showed correlations between consumption patterns and time, depending on
the characteristic analyzed. Analysis of the relationship between energy, water, and waste data in six
different buildings. The study found various correlations between these variables in each building, and
most energy factors in each building have a relationship with the energy of other buildings. Additionally,
all three variables had a statistically significant relationship, which comprises a complex web of

interrelated factors.
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Abstract

The concept of a smart city has gained increasing popularity in recent years as a means to create
more sustainable and efficient urban environments. However, the ability of cities to withstand and
recover from sudden shocks or long-term stresses, known as resilience, is equally important. Social
entrepreneurship is a growing area of interest that can contribute to building more resilient smart cities.
This study examines the role of social entrepreneurship in building resilient smart cities in Thailand. Using
a mixed-methods approach, including case studies, surveys, and interviews, the study explores the
current state of social entrepreneurship in Thailand and its potential to contribute to the resilience of
smart cities. The study also investigates the barriers and enablers to social entrepreneurship in Thailand
and how they impact the development of resilient smart cities. The findings of this study have important
implications for policymakers, city administrators, and social entrepreneurs in Thailand and beyond, as

they seek to build more resilient and sustainable urban environments.

Keywords: Resilient, Resilient Smart City Social entrepreneurship

Introduction
1.1 Why is Building Resilient Smart Cities particularly important?

The concept of smart cities has gained increasing attention in recent years as cities around
the world face a range of complex social, economic, and environmental challenges. Smart cities are
defined as urban environments that use technology and innovation to address urban challenges and
improve the quality of life for citizens. Building resilient smart cities is particularly important in the face
of climate change and other threats to urban sustainability. Resilience is the ability of cities to withstand
and recover from shocks and stresses, while maintaining essential functions and adapting to changing
circumstances. (Kummitha, 2019) [1]. The literatures on building resilient smart cities has experienced
significant growth in recent years, reflecting the growing interest in using technology and innovation to
address urban challenges and build more sustainable and resilient urban environments. Several key
themes have emerged in this literature :

* First, the role of technology and data is commonly cited as one of the most
important factors in building resilient smart cities. Smart city technologies, such as sensors, data analytics,
and digital platforms, are seen as crucial tools for identifying and responding to urban challenges, such
as climate change, social inequality, and infrastructure resilience.

* Second, the literature highlights the importance of multi-stakeholder collaboration
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in building resilient smart cities. Resilience is viewed as a collective effort that requires collaboration
between government, industry, civil society, and citizens. The literature emphasizes the need for
stakeholders to work together to develop shared goals, strategies, and governance models for building
resilient smart cities.

* Third, the literature also emphasizes the importance of community engagement and
empowerment in building resilient smart cities. Resilience is viewed as a bottom-up process that involves
the active participation of citizens and communities in identifying and responding to urban challenges.
The literature highlights the need for smart city initiatives to be co-created with communities and to
provide opportunities for community empowerment and capacity building.

* Fourth, the literature on building resilient smart cities also underscores the
importance of policy and regulatory frameworks in supporting these initiatives. Smart city initiatives
require appropriate policy and regulatory frameworks that encourage innovation, collaboration, and
sustainability. The literature highlights the need for policies that promote open data, data privacy, and
cybersecurity, and that support public-private partnerships and innovation ecosystems.

* Finally, the literature on building resilient smart cities stresses the importance of
learning and knowledge sharing. Smart city initiatives need to be able to learn from their experiences,
adapt to changing conditions, and share their knowledge and best practices with other cities and
stakeholders. The literature highlights the need for learning platforms and networks that support cross-
city collaboration and knowledge exchange. These themes are vital to understanding the background of
building resilient smart cities and are essential for developing an effective approach to building resilient
smart cities.

1.2 Starting key points with the Linkage of Smart City with Social Entrepreneurship to
further big steps
Social entrepreneurs are seen as agents of change who are able to identify and address
social problems in new and innovative ways (Di Domenico, 2010) [2]. By combining social
entrepreneurship and smart city development, it is possible to create urban environments that are not
only technologically advanced but also socially inclusive, environmentally sustainable, and resilient
(Joshi, 2016).[3]

One possible linkage between social entrepreneurship and smart city development is through
the creation of social enterprises that leverage technology and data to address urban challenges. For
example, a social entrepreneur could create a platform that uses data to connect people with affordable
housing, or a service that uses sensors to monitor air quality and alert citizens to potential health risks.
In this way, social entrepreneurship can contribute to the development of smart cities by providing
innovative solutions to urban challenges.

Conversely, smart city development can provide opportunities for social entrepreneurs to
create new businesses and initiatives that address urban challenges. For example, a smart city initiative

that promotes the use of public transportation could create opportunities for social entrepreneurs to
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develop new transit-related businesses, such as ride-sharing services or bike-sharing programs. By
leveraging the infrastructure and resources provided by smart city development, social entrepreneurs
can create new opportunities for social value creation.

Overall, the possible linkages between social entrepreneurship and smart city development
are numerous and varied. By working together, social entrepreneurs and smart city developers can create
new solutions to urban challenges and contribute to the development of more sustainable, livable, and

equitable cities.

Background
Despite the growing interest in social entrepreneurship and smart cities, there is still a need for
a better understanding of the role that social entrepreneurship can play in building more resilient smart
cities. While there are some examples of social entrepreneurship initiatives that have contributed to
building resilience in specific cities, the mechanisms and processes through which social entrepreneurship
can contribute to resilience are not well understood. There is a need for more research that explores

the potential of social entrepreneurship to contribute to building more resilient smart cities.

Research Question
The research question for this thesis is: "How can social entrepreneurship contribute to building
more resilient smart cities?" The thesis will explore the potential of social entrepreneurship to contribute
to building resilient smart cities, including the mechanisms and processes through which social
entrepreneurship can build resilience, the challenges and opportunities for social entrepreneurship in

smart cities, and the outcomes and impact of social entrepreneurship on building resilient smart cities.

Research Objectives

The specific objectives of this thesis are as follows:

1. To review the existing literature on social entrepreneurship, smart cities, and resilience.

2. To identify and analyze the mechanisms and processes through which social
entrepreneurship can contribute to building resilience in smart cities.

3. To identify the challenges and opportunities for social entrepreneurship in smart cities.

4. To evaluate the outcomes and impact of social entrepreneurship on building more resilient
smart cities.

5. To provide recommendations for policymakers, practitioners, and researchers on how to

support and promote social entrepreneurship for building more resilient smart cities
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The Implication

The implications of the role of social entrepreneurship in building resilient smart cities can be
significant for:

1. Policy implications: The role of social entrepreneurship in building resilient smart cities
highlights the importance of policies that support and encourage entrepreneurship and innovation.
Policymakers can benefit from understanding the potential of social entrepreneurship in building more
inclusive and sustainable smart cities, and can support the development of policies that promote
entrepreneurship and innovation.

2. Practical implications: The use of social entrepreneurship in building resilient smart cities can
have practical implications for urban planning and development. By involving communities and other
stakeholders in the development and implementation of solutions, social entrepreneurs can help ensure
that solutions are tailored to local needs and are more effective and sustainable.

3. Research implications: The role of social entrepreneurship in building resilient smart cities can
open up new avenues for research. Researchers can explore the potential of social entrepreneurship in
different smart city contexts and examine the impact of social entrepreneurship on building more
resilient and sustainable cities.

4. Collaborative implications: The role of social entrepreneurship in building resilient smart cities
highlights the importance of collaboration between different stakeholders. Policymakers and researchers
can encourage and support collaboration among social entrepreneurs, government agencies, and other
stakeholders to co-create resilient solutions for smart cities.

5.Social implications: The role of social entrepreneurship in building resilient smart cities can
have important social implications, as it can help address social and environmental problems while
generating economic benefits. This can help build more inclusive and sustainable cities that promote
the well-being of all citizens.

Overall, the implications of the role of social entrepreneurship in building resilient smart cities
can have far-reaching implications for urban planning, policy, and research. Understanding and supporting
the role of social entrepreneurship in smart city development can help build more resilient, sustainable,

and inclusive cities that can adapt to the challenges of the future.

Scope of Research
The scope of this study are based on multidisciplinary focusing areas including:
1. Theoretical perspectives Based on exploring theoretical perspectives related to social
entrepreneurship, smart cities, and resilience, to develop a conceptual framework for the analysis
2. Case studies: The study will conduct case studies of social entrepreneurship initiatives in smart
cities to identify best practices and lessons learned. The case studies will be drawn from different

Thailand’s regions and contexts to provide a comparative analysis.
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3. Innovative business models: The study will explore innovative social entrepreneur models
that can be used to address social and environmental challenges in smart cities, and assess their

potential for promoting resilience.

Literature Review

1. Resilient Smart Cities: Concept, Theory Resilient smart cities are urban environments
that use technology and innovation to address complex social, economic, and environmental challenges
while maintaining essential functions and adapting to changing circumstances.(Papa et al., 2015) [4] The
concept of a resilient smart city has emerged in response to the need to build urban environments that
are more sustainable, inclusive, and adaptable to shocks and stresses, such as natural disasters, climate
change, economic instability, and social inequality. Ensuring urban resilience is crucial for effectively
addressing the potential risks and challenges that come with the growth and expansion of cities. (Kim,
2021) [5]

The literature on resilient smart cities identifies several key characteristics that define a resilient
smart city:

1. Multi-level governance: Resilient smart cities require a multi-level governance system that
involves collaboration between different levels of government, civil society, and the private sector. This
involves the creation of governance frameworks and platforms that encourage the participation of all
stakeholders in decision-making processes.

2. Infrastructure resilience: Resilient smart cities require infrastructure that is designed and built
to withstand and recover from shocks and stresses. This includes the use of resilient materials and
construction techniques, as well as the adoption of smart technologies that can detect and respond to
hazards and threats.

3. Community engagement: Resilient smart cities require the active participation of citizens and
communities in identifying and addressing urban challenges. This involves the creation of engagement
platforms and programs that encourage community-led initiatives and social entrepreneurship.

4. Smart technology: Resilient smart cities require the use of smart technologies that can collect
and analyze data to inform decision-making and respond to urban challenges. This includes the use of
sensors, digital platforms, and data analytics to monitor and manage infrastructure and services.

5.Economic and social inclusion: Resilient smart cities require economic and social policies that
promote inclusion and equity. This involves the creation of programs and platforms that encourage social
entrepreneurship and economic development in marginalized communities, as well as the provision of
affordable housing, healthcare, and education.

According to some analysts, there is a concern that the extensive use of resilience as the primary
goal for humanitarian and development interventions may be misleading (Duit et al. 2010) [6]. They argue
that for the concept of resilience to become a new paradigm for development, it is necessary to first

establish a more rigorous theoretical and empirical framework to embody it (Béné et al. 2014) [7]. Glantz

TRAUNAIN M13-202302230001



M3UsEYUENLUIIYINTT “Thailand Smart City Conference %391 2” 123

and Johnson (1996) [8] examine that the concept of resilience can be traced back to the 19th century,
when naval architect Robert Mallet proposed the use of the 'modulus of resilience' as a way of evaluating
the ability of materials to withstand challenging conditions in the context of warship design. In the 1940s
and 1950s, the concept was also used in psychology to describe the negative impacts of adverse life
events on vulnerable individuals, particularly children, such as exclusion, poverty, and traumatic
stressors. The engineering and physical interpretation of resilience, which may have originated from
Mallet's 'modulus of resilience', became more prominent in the 1960s and 1970s, when it was formally
defined as "the capacity of a material to absorb energy when it is deformed elastically and then, upon
unloading to have this energy recovered" (Callister and Rethwisch 2012: 216) [9].

One widely-cited definition of resilience, although often mistakenly attributed as the original
definition, is from Holling's influential work on the "Resilience and Stability of Ecological Systems." In this
work, Holling defined resilience as a means of measuring the capacity of ecological systems to endure
and adapt to changes in driving variables, state variables, and parameters and still maintain their
existence (Holling 1973: 17) [10]. Holling's work is often considered the starting point of a "renaissance"
of the resilience concept (Bahadur et al. 2010). [11] Since then, the concept has gained popularity in a
range of disciplines, including ecology, disaster risk reduction, climate change adaptation, urbanization,
and social protection (Béné et al. 2014). [7] In the late 1970s, some social scientists began applying the
concept of resilience to social systems, in collaboration with ecologists who had adopted the concept.
While they were not necessarily seeking to define resilience in a social context, they were interested in
identifying the characteristics of social systems that could promote resilience. These parallel streams of
research led to the emergence of the concept of social-ecological resilience in the late 1990s, which
was based on systems thinking and aimed to bridge the gap between social and natural sciences to
better respond to environmental challenges (Folke et al., 2002). [12]

In recent years, there has been a more complex and multifaceted conceptualization of
resilience influenced by various disciplines. According to Folke et al., (2003) [13] resilience is not solely
about maintaining existing structures and resisting change, as defined in the engineering context, or
about buffer capacity and persistence to change, as defined in the ecological context. Instead, it is
viewed as an emergent property that includes two additional dimensions: adaptive capacity of system
components, which involves learning, combining experience and knowledge, adjusting responses to
changing external drivers and internal processes, and continuing to operate (Berkes et al., 2003) [14]
and transformative capacity, which refers to the capacity to create a fundamentally new system when
ecological, economic, or social structures make the existing system untenable (Walker et al., 2004).[15]
This passage describes the relationship between different types of responses to shocks or changes,
depending on the intensity of the shock relative to the system's capacity to cope. When the shock is
less intense and the system has the ability to deal with it, the response is more likely to be resistance,
where the system absorbs the shock's impacts without changing its function or status. In this case, the

household's absorptive capacity emerges from various coping strategies used by its members to
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moderate or buffer the impacts of shocks on their livelihoods and basic needs. For instance,
households in arid areas like those described by Kazianga and Udry (2004) [16] in Burkina Faso between
1981 and 1985, often rely on self-insurance mechanisms in the form of adjustments to grain stocks and
consumption smoothing during periods of severe drought. The figure 1 show the context of resilience

(Béené et al., 2012) [7]

Resilience
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Source: Derived from Béné et al. (2012)

Figure 1 Resilience as the result of absorptive, adaptive, and transformative capacities. Source:

Derived from Béné et al. (2012) [7]

2. Social Entrepreneurship : Definition and Concept Social entrepreneurship has been gaining
significant attention in recent years as a promising approach to addressing complex social and
environmental problems. Social entrepreneurs create innovative solutions that address societal needs
while generating sustainable revenue streams, thus contributing to the triple bottom line of social,
environmental, and economic impact (Dee. 1998 [17]; Mair & Marti, 2006 [18]). However, social
entrepreneurship has primarily been focused on isolated initiatives and individual projects, limiting their
potential for achieving greater social impact and reaching more people.

According to It is challenging to provide an overview of the vast amount of research literature
on entrepreneurship education (EE), as there is a significant amount of existing literature. However,
advanced bibliometric mapping and clustering techniques can help make sense of this complex research
literature. Therefore, the aim of this mapping study is to systematically investigate and cluster the
research literature on EE to develop a taxonomic scheme that can serve as a foundation for future

research.
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starting-point of process:
recognition of an opportunity to create social value(s) not provided by market - or governmental actors

actors: social entrepreneurs

L]

*  motives and aim (people)
* roles: primary and secondary
-

i
characteristics ' WHO & WHY?
position and power E

actions and strategies

*  building of social networks

*  mobilization of resources (human,
financial, land)

* alignment & articulation of visions,
goals, interests

* interactive & collective learning
processes

HOW?
(organization)

Figure 2 the framework for the context of the social entrepreneurship (Mens et al, 2021) [19]

Mens et al, (2021) [19] shows the framework for the analysis in this article. It addresses our
human subjects, the newcomers in urban development projects, and their motives in the WHO & WHY
variable; the actions and strategies to overcome barriers and reach goals are addressed by the HOW
variable. Both variables have been operationalized in four parameters each, by building on the
abovementioned theories. We will further explicate this operationalization later in this section

The literature on social entrepreneurship and scaling up social innovation provides a theoretical
foundation for understanding the key concepts and factors that contribute to successful scaling and

replication of social entrepreneurship initiatives.

Table 1 Definition of Social Entrepreneurship

Author/year Definition

Multi-dimensional, whereby social entrepreneurs, similar to for-profit
counterparts, display behavioral characteristic of innovativeness,

(Campopiano, 2021) [20]
proactiveness, and risk management.

Six key elements: identification and exploitation of new opportunities
(Peredo and McLean, 2006) [21] to serve the social mission; engaging in a process of innovation; acting
without being limited by resources currently in hand; capacity to

endure risk; the aim is to create social value of some kind.
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Author/year Definition

Exercised by a group of persons that; (1) aim(s) at creating social value;
(Peredo and McLean, 2006) [21] (2) show(s); (3) employ(s) innovation. To create and/or distribute social

value; and (5) is/are unusually resourceful in being undaunted by

scarce assets in pursuing their social venture.

Process of combining resources in innovative ways for the pursuit of
(Mair and Marti, 2006) [18] opportunities for the creation of social and economic value evident in

new initiatives, service, products, programs, or organizations.

Describes the work and structures of community, voluntary, and public
(Phillips et al., 2015) [22]

organizations and private firms working to solve social issues

Social Entrepreneurship, as a new way of doing business and achieving
(Witkamp, 2011) [23]

social goals simultaneously is one such potentially radical innovation

A form of ‘social innovation’, or the adoption of creative ideas that
(Pol and Ville, 2009) [24]

have the potential to positively impact people’s quality of life.
(Light, 2006) [25] Involves pattern-breaking change or innovation.

(Austin, 2006) [26] Business activity with a central social purpose

Based on this study, social entrepreneurship is defined as the use of innovative business models
to create social value and solve social problems. Here are some key themes that have emerged in this
literature:

1. Social entrepreneurship as a tool for social change: One of the most common themes in the
literature is the idea that social entrepreneurship is a powerful tool for creating positive social change.
Social entrepreneurs are seen as agents of change who are able to identify and address social problems
in new and innovative ways.

2. The importance of context: The literature also emphasizes the importance of context in social
entrepreneurship. Social entrepreneurship initiatives need to be tailored to the specific social, economic,
and cultural contexts in which they operate. The literature highlights the importance of understanding
local conditions and working with local communities to identify the most effective social
entrepreneurship strategies.

3. Collaboration and partnerships: Another key theme in the literature is the importance of
collaboration and partnerships in social entrepreneurship. Social entrepreneurs are seen as working in
collaboration with other stakeholders, such as governments, NGOs, and community organizations, to
create social value. The literature emphasizes the need for social entrepreneurs to build strong
partnerships and collaborate effectively in order to achieve their goals.

4. Impact measurement and evaluation: The literature also emphasizes the importance of
impact measurement and evaluation in social entrepreneurship. Social entrepreneurs are seen as

needing to measure and evaluate their impact in order to demonstrate their effectiveness and make the
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case for continued support. The literature highlights the need for social entrepreneurs to use rigorous
and transparent methods to measure and evaluate their impact.

5. Scaling and sustainability: Finally, the literature on social entrepreneurship emphasizes the
importance of scaling and sustainability. Social entrepreneurship initiatives need to be able to scale up
and sustain their impact over the long term in order to create lasting social change. The literature
highlights the need for social entrepreneurs to develop sustainable business models and partnerships
that can support long-term growth and impact.

Overall, the literature on social entrepreneurship's role in society is diverse and multi-
disciplinary. It highlights the potential of social entrepreneurship to create social value, but also
emphasizes the importance of context, collaboration, impact measurement, and sustainability which can

be considered in integrating in the notion of building resilient smart cities.

Research Design

The research design of this study for exploring the role of social entrepreneurship in building
resilient smart cities:

1. Case studies: This research design could involve conducting in-depth case studies of social
entrepreneurship initiatives in specific cities or communities, with a focus on identifying the factors that
contribute to their success and their role in building resilience. The case studies involve a combination
of qualitative and quantitative data, including interviews, surveys, and document analysis.

2. Comparative analysis: This research design could involve comparing the role of social
entrepreneurship in building resilience in different cities or regions. This could involve comparing the
outcomes and impact of social entrepreneurship initiatives in different contexts, such as urban versus
rural, developed versus developing, or different types of smart cities. The research could involve a mix
of quantitative and qualitative data analysis to identify the factors that contribute to the success or

failure of social entrepreneurship initiatives in building resilience.

Research Methodology

The methodology for a study of the role of social entrepreneurship in building resilient smart
cities are

1. Literature review: Conducting a comprehensive review of the existing literature on social
entrepreneurship and smart cities can provide a basis for the study and identify gaps in the literature
that need further exploration.

2.Case studies: Conducting in-depth case studies of social entrepreneurship initiatives in specific
cities in Thailand can provide insights into the factors that contribute to their success in building
resilience. Case studies could involve a combination of qualitative and quantitative data, including

interviews, surveys, and document analysis. For Data Analysis, regarding quantitative method, the data
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collection will be done by questionnaire and then analyzed by the statistic of regression will be used to
examine the dependent variables and independent variables)

3. Surveys and interviews: Conducting surveys and interviews of social entrepreneurs, smart city
officials, and other stakeholders can help identify the role of social entrepreneurship in building
resilience, as well as the challenges and opportunities for social entrepreneurship in smart cities. In this
case, content analysis will be used as the data analysis

4. Comparative analysis: Comparing the role of social entrepreneurship in building resilience in
different cities or regions can help identify the factors that contribute to the success or failure of social
entrepreneurship initiatives. This could involve comparing the outcomes and impact of social
entrepreneurship initiatives in different contexts, such as urban versus rural, developed versus
developing, or different types of smart cities. For comparative analysis, factor analysis will be chosen to

identify underlying dimensions that explain the variation in a set of variables.

Theoretical Framework

The theoretical framework for this study is based on three main concepts:

1. Smart cities

2. Resilience

3. Social entrepreneurship

These main concepts can be defined as the use of innovative business models to create social
value and solve social problems.

» Smart cities are defined as urban environments that use technology and innovation to address
urban challenges and improve the quality of life for citizens.

« Resilience is defined as the ability of cities to withstand and recover from shocks and stresses,
while maintaining essential functions and adapting to changing circumstances.

« social entrepreneurship can contribute to building more resilient smart cities by addressing
social, economic, and environmental challenges in innovative ways. Social entrepreneurship can create
new models for economic and social development that promote inclusivity, sustainability, and
adaptability, and can help to build stronger and more resilient communities.

The framework also proposes that building more resilient smart cities requires a multi-
dimensional approach that integrates technology, governance, and community engagement. This
involves the use of smart city technologies to collect and analyze data, the development of governance
frameworks that encourage multi-stakeholder collaboration, and the creation of engagement platforms
that encourage community-led initiatives and social entrepreneurship. This led the framework idea as

below:
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Social Entrepreneurship’s

Effectiveness in Technology
Resilient Smart City’s Capacity

Area

® Absorptive Coping Capacity

Social Entrepreneurship

® Adaptive Capacity

Effectiveness in Governance

A : :
Area Transformative Capacity

Social Entrepreneurship

Effectiveness in Community

Engagement Area

Figure 2 Preliminary theoretical framework

The framework proposes that the effectiveness of social entrepreneurship in building more
resilient smart cities will depend on a range of factors, including the local context, the availability of
resources and support, and the capacity of stakeholders to work together towards shared goals. The
framework also emphasizes the need for more research that explores the potential of social
entrepreneurship to contribute to building more resilient smart cities, and for policy and regulatory
frameworks that support and promote social entrepreneurship for building more resilient smart cities.
On the other hand, there are three different level of resilient smart city that can be evaluated as the set
of variables.

Conclusion

Based on the research findings, it can be concluded that social entrepreneurship has a crucial
role to play in building resilient smart cities in Thailand. Through a review of the literature on building
resilient smart cities, it was found that the key themes include the role of technology and data, multi-
stakeholder collaboration, community engagement and empowerment, policy and regulatory
frameworks, and learning and knowledge sharing. The conceptual framework developed for this study
highlights the linkage between social entrepreneurship and smart city resilience. The study also identified
several potential benefits of social entrepreneurship, such as promoting inclusive economic growth,
facilitating innovation and creativity, and empowering communities to participate in the development
process. These benefits can help to address urban challenges and create a more sustainable and resilient
urban environment. The research design and methodology employed in this study have contributed to
the growing body of knowledge on the topic of smart and resilient cities, with potential implications for
policymakers, practitioners, and researchers. Overall, the study underscores the importance of social
entrepreneurship in promoting resilience in smart cities, and provides valuable insights for future research

and practice in this area.
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Design and development “Smart Park for All” in Phitsanulok City district
using universal design and carbon dioxide sequestration of trees to support the

concept of a low-carbon society in smart cities
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Abstract

Recently, Bio-Circular-Green Economy (BCG) model was introduced by the Thai Government as
a strategy for the national development and post-pandemic recovery (The Secretariat of the Cabinet,
2021). The vision of BCG aims to promote sustainability of biological resources, strengthen communities
and grassroots economy, enhance sustainable competitiveness, in adding to implementation of
sustainable development goals (SDGs) to all aspects. Recreational parks are considered an area of
responsibility that city sovernment should provide to all its own citizens. The city government should
maximize used of community spaces, not only as a place for recreation or exercise, but also as a tool
to deliver necessary information and broad spectrum of awareness from the city covernment to citizens.
Thus parks are a useful place to integrate learning resources e.g. healthy lifestyle promotion, digital
innovation, environment education, etc. This study will focus on carbon dioxide sequestration and
carbon storage of trees in Chaloem Phrakiat Park, Phitsanulok prefecture. The results showed that 63

trees in 11 species were planted in the area, which had a total carbon dioxide stock of 20,452.56 kg/year
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or 56.034 kg/day. The amount of carbon dioxide stock of these trees in the park would offset the mount
carbon oxide were emitted by approximately 44 visitors per day. This study may provide a key element
to Smart City development plans for better quality of government services to help citizens in urban

communities transitioning to Low Carbon Society (LCS) in the future.

Keywords: Low Carbon Society (LSC), Carbon dioxide sequestration, Allometric equations
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4. Building Form jUnsewatarasasmidsneanimuindondrades lidnasduniau duld
wIeanmeInAlagseu deren1svyuleuYeInsian niwens ann1sliminensuaznasanuluens iy

Anuthegliuigld uaziianulaendey
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5. Good Design NM599NLUUNARDIATNEMATIAZAINNT 019 91ASNAMUANS $1URanISLY
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a
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Y
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5. nguinelinwifndinuasueu Ussneuldsendaniidrdey 3 Wde
1. msUaeeaniveulvitesiian Asannisuassimaseunszantunna1v uag YaesluuSunaian

soganaulalagsssuya (Zero emission)

I '

2. MsfinunniInNiSeuheuegatgy nanife nsUTulURsungRnssun1suslnavesdiauLial
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ddvnuannin Tenusszudndlunsifenvilaaduifiliduivivdwinden

3. MseyTiiuiusssued nneddideadeulasSnwsssuwall
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a
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THnudedumhilvesdgidesiiiiunmssiuenanuazmnlifulssrsilasnsmsiaulifnanudaeteslng
nslimaluladBumesidslunnds (0T : Intemet of Things) lel#luninusiurudeuaianniiuiisniians
annsaaeaunsnauiaalalunisiauiud uiiuies mslindsuazondliluiaredunden
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Energy) n1sldauanssusiluniesdolunisusenduiusteyadiansisgdweguszvivu Aledndusn
gosmnwmilafidanuddgiodunislininenslidedsduaiigainfissildidewindnvaznieneninues
aruanssauziulifulduaziugigdiuauninseaunis awnsaldidueiodeolunis@nuliiuenu was

Usgywuilulsigudesnisinfiuaisueu (Carbon Capture) Baduuleunenisiuasiivailantanslilulasinis
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Huiuilunmsmaaesnuiinunisgaduansueulneenleflumuadunssiesia seiuleu B Siufivome
997.2 msrauns Sennudulilngfivunuiuniituilsuy fidnvauznsUgniulifivatenain aan 11 ane
ftug davun 52 fu nszanedegluiuiidng SnfadeulvvesiuliifieranunsnianAnwldifu desiduseu
ilvangay ensAmnamauansalunsgeduasusulasenlas ievhmsiwIeudivuiumsudesfing

Asueulaeanledvagldnuluaiuluiiuild

Wiudaya
1. mydaanugeasiulfivasiudoya

1.1 m3fmszzineanyaiifuesufuislaudulil Saszepvindldlnemddinuiasses uas
Sudusosinszesimnadidunmsussudulivasmniilunisuosuiild iethdeyaildluumualuauniaiie
mANNgvenulyl

1.2 dwumsimpuitemanugavesiuliiazdoddueylaalufines (Clinometer application) 199
sonvesiulirueulnsimitazeglustiuasmuasiianed woundintuazusnguuiildainnisuesyen
sulsiuunmtheslnsdwidiofie fvsuyusenaszogmeiivinsnlausiliozanunsaduinmiugwesingse
aunisia

1.3 myTadurinugudnansseuan (Diameter at breast height: DBH) iun1sinduseuives

fagtal

= fuldifituegluiisy Iiadusouasiiseduaugs 1.30 wasaniuu

= fulsiftuoguuiianamn Iradusoutsiissiunnugs 1.30 wesanyednuuuiiuiiannm

= fulifiBeaviaiou Winduseuniissduaugs 1.30 wasmugmssesiuliiy

= fulsiffdufissiunnugs 1.30 wesriniuuindusouasiivilegndifuuazymeuiuly 5
LBURLUNT

* fuldnfimsasyivlauanduassisdaeuanisfiseauingn 1.30 was Trinduseuiissiu
geaafiuanialudn 1 wns
* dvuldillaulaveainasainiufuussann 1 westiiaduseuiiissauauganie 510

wauduludn 0.5 g

2. mynszvidayavasiulil

v
=

suliiwdariustuiusununisgadunisueulaeanlenfiuanieiy Fuegiuniuas uasidusaun

U U

Yo o =2

Lﬁ@iﬁdwwiamﬁ,ﬂiwﬁa;ga ﬁmdil‘-\]EJRNI‘?J'E‘ULL‘U‘Uﬁ&JﬂWi(ﬂ"l~‘1‘]‘171|Lﬁm‘ﬁ’aﬁLﬂi’]%ﬁma%mWﬂJméfﬂﬁ Tzt
Foyanaiuinvesiulilufuilsuiomn smaunatanmindefuiu sunsldaunsuesluusdnuas
Uspiliunasnatinin Tassuunmunguedaiuslifluiufiamefumssiosilaonaagudalibunguiuglide
yhlu
2.1 Yssifiusnafinmniefiuuiione
WS = 0.0396 (D2H)0.933. e (1)

WB = 0.00349 (D2H)1.030
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WL= (28/ (WS+ WB+0.025))-1. ] (3)
WT = WS + WB + WL (@)

¥
A a

efi WS = matanwnieiufuluduidudduamanienu @lansu)
WB = et mmdefiuiulugiuiiduis (Rlanty)
WL = watanmmieiunuludiuiduly [lant)
WT = madanmmdefiuiutmun (Rlansw)
2.2 Jpswriansnsaiusywinanatanldnuiazinatanmvilefumiu fedl
WT = WA + (WA B) e (5)
Togt  WT = mafanmmileiuiu fowa Flandu/du)
WA = shatamwwiofiuiu (Rlansu/é)
B = dasndusznnanatinmldaulazinadinmvieiunuds
Tnfmunsasausswinanatinwlifuuasinadanmmiefiufu (root/ shoot ratio) vemssallsi
Ugnluwndles v 0.28 wasiugled ssdrdu wiiv 0.41
2.3 Ussiliumsinifiuansusunioiuiunasléfuvosiulsinmueluloy B Tngldadnduves

asuaulneanleflulIaTININ Winiu 0.47 fail
nsiniuAsuay (Alandy) = wadinmvesruld Rlandy) x dmdrumsuavluiiadinineds (0.47) (6)

2.4 Jpszinnuiinyunsiniuesueuvesiuldusazaiia fsil
Anunyusednsiniuasuey [Alansu/smwd) = Ysnamsinifuansueu [lansu/swd)

= @ w.A. 2559 — U W 2554)/5 o 7

2.5 Ansgvinisaeduiingaisveulaeenlenvesiulisazsiingin
dnenmlunisgeduaisusulaeenled [lansu/sud) = 3.67 x Anuiiununsindueiuen @laniu/du/d)
(8)

an v a ¢
Nﬁ‘l/l‘lﬂ"i]']ﬂxﬂ’]iﬂllﬂi']z‘]ﬂ

M197197 1 wadinseilasindeyadulivinaley B duunniuvla 319w Al

Yovugld Yonaingnmans dna 1A YSuunisgadu
asuaulaoanlan
(Alansw)
fulaan Lagerstroemia loudonii Lagerstroemia 8 2397.13
Teijsm. & Binn
AULAL Dolichandrone serrulata Bignoniaceae 3 620.39
FUIN Barringtonia acutangula Barringtonia 6 923.93
Gaertn
FiuL Antidesma ghaesembilla Euphorbiaceae 2 3388.46
Gaertn.
ﬁu%mﬁﬂ Senna siamea Leguminosae 6 3323.64

TRAUNAIN M14-202302230001



M3UsEYUENLUIIYINTT “Thailand Smart City Conference %391 2” 144

157199 1 (5ip)

Foriuglsl Fomaingmans ana TG YSuaunisgadu
A1suaulaeanlys (Alansw)

éfu%mﬁﬂ Senna siamea Leguminosae 6 3323.64
AUAZLAN Azadirachta indica Azadirachta 4 797.76

i Swietenia macrophylla King Swietenia 9 2077.25
uzgannIll
é’uﬂixﬂ' Pterocarpus macrocarpus Pterocarpus 6 168.93
éfwgﬂizﬁm Terminalia ivorensis Chev Terminalia 6 4829.55
Funseit 5 1541.72

Futly Millingtonia hortensis Millingtonia 2 383.8

37U 63 20,452.56

N13ATUNANISIRY
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arsvaulaeanlefvand ldauasisuslaslou B fuiumnisgaduiisaisveulasenladimunsiniy
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msueulneenledliszan 44 au wunAaiti Srdesnmsvensiiuiiaaumsisa Iaunsasessusuaugidun
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unsidenanesiug vieidondrurudulifazugn darwduiiugrousinunsgaduinsaiveulnoenled
Az wé’ﬂmsmsaaﬂLLUUmummsmzﬁﬁwé’ﬂmiazamﬂmsﬂLﬁaaiQLaéummwhLﬁauﬁummﬂu“lusqmuuﬁaﬁ?u
msfinsanmudoinsddnveiiiunldnuaenadesiuiiueinmaiiazenn msuszandlimguiuuain
aningfidibu Fadmnemssenuuuiu Fesmansenudedundeutionian adanimuindeuihinogdman
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