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Optimization of Organic Loading Rate in Biogas Production

with Mechanical Pretreatment
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Abstract

This research aims to study the appropriate Organic Loading Rate (OLR) for biogas production with
mechanical pretreatment from organic waste which is measured in a 1,000 Liter tank. A mechanical
pretreatment was installed on the top of the biodigester tank which worked by adding surface area to the
feedstock with 6 blades. This research also studied the OLR which was separated into 3 conditions with an
OLR of 1.0 1.5 and 2.0 kg COD/m*-day and a hydraulic retention time (HRT) of 20 days per condition. The
result of this study showed that a mechanical pretreatment had a size reduction efficiency of 86.49% with
a shredding efficiency of 4 L/min or 160 kg/h. The mechanical pretreatment could also increase the
maximum amount of biogas production at an OLR of 2.0 k¢ COD/m?>-day with the highest biogas production
rate of 789.30 L/day. The appropriate acid-base conditions had the average pH value at 7.07 throughout
the entire period of the experiment. The efficiencies of COD, TS and VS removal were 88.64%, 89.05% and
88.36%, respectively, and the average methane ratio throushout the experiment period was 59.9%. The
overall results of this study showed that studying the appropriate OLR led to effective biogas production
and recycled the waste to maximize the benefits of the at most energy. The appropriate OLR also helped

reduce the cumulative trash which might happen in the community.

Keywords: Organic loading rate, Mechanical pretreatment, Organic waste, Biogas
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ANNTaUnouNe TandunsUsuanImdena Tnedngaunldlunisaniiuanwide Ae vwedunid Asrusulianty

N ¢

Wungnnedunie Jamindodlnd uaziudeqdun3dild Ae yala sruslanwisuluyuyy naassiae

Aao

nszuIuNswuLAsdeLlasludsfisenvuin 1,000 L Aldndiurainistesaavasdunsdnisludsjizeiaiu

800 L Fewan1sinsgvnaaudiniaaiilesiuvesingiuiouuasnain1susuanimidang uagiidoqdunsgain

WalA LAAINARINITINN 2

M50 2 HanFATvRuENTRNLAiivesingau

o

Ingaulunsanliueuide

AnENUR o — .
INAUAIAU WILYBIAUNIY WUy
COD (Chemical Oxygen Demand) 110.93 62.50 g/L
pH value 4.92 7.14 -
TS (Total Solid) 53.0 62.0 g/L
VS (Volatile Solid) 50.0 54.0 g/L
VS/TS Ratio 0.94 0.64 -
Volatile Fatty Acid (VFA) 2,037.27 1,928.67 mg/L
Alkalinity (ALK) 3,824.50 3,941.50 me/L
VFA/ALK 0.53 0.49 -
Density 729.0 486.0 kg/m?
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Y A

INNANTIATIZTBIAUTENOUNIATIVEIngAUTEEBUNIEMUN1TUSUaN T aNawa HA1 COD Wiy

v a o

110.93 ¢/L Feflmnuidudugaenadastuainnuidunsn-aa Afla1 pH Wity 4.92 FadngRuiiniunszuiunis

q

v
LY

ownsuuds Jeililan pH d wiedinudunseseu 9 [11] Fainaninghvfisiusuduianszuiunisndn

Wessuud Jevilidansinisndnnsnes@in (Acetic Acid) wagnsndaiisn (Butyric Acid) Mitugauveaunid

vy
' a =

perUsEnaumalfidiudAgsesdunidlunszuiunisaitansa nmeluszuurdaimadinnuuuliennie [12] el

q

wuhmsihingavdun1susvanimena envdamalimnsfiwesniuaiivesingaudsuly [13] Tngauiusunm

voaudeiauauazvesudssviediefian TS uag VS wiiu 53.0 ¢/L uaz 50.0 g/L muaiu Feildndiuves VS/TS

Ratio winiu 0.94 Fadudnsdrufioghunadimunzandmsussuundninedinim lnednsndiuves VS/TS Ratio

agluga3 0.69-0.95 vzdmaliiszuunaniinsdanmliedefivszdniam [14] wiulaiingRussdufisunisysu

1

AN WaNINATAIHA ba nwarnenIeAUasulUwa Samunisiasuslasuesesnusenaunianionsy [12]
midududunilsiigagliqdunidiianisdesaavasdunidliedeadvszdniam lunssuaunislelasladsa
(Hydrolysis) [15]

PNMTUTuanmBinavesingiunwy deuididszuulianunivegluyie 1.0-4.0 cm uazdaug

o
I o a o

aglurae 1.0-6.0 cm na1INN1sdIngAUAsAuEIuNTEUIUNTUT VAN IMIBINAIT BUTBELAY Aa1NNTanYUIN

q

o

TagAulifuwneuniadnaseglugag 0.1-1.0 cm visimsanvuiavesvezdunsdlasniseanuuuesosuiuanind

a o

HganuaingAuivingaumsivunvesingiunainisusuanmdanasglugie 1.0 cm Ysuenfiavnauuwagnis

anvnaingRureaasesUiuanimdinaiduszansnin [16] uansdnuazsannd 3 (1) Ve dur3sudasinunis
USuanmidanannnasuiuanuide TagiagAuvegdunidalngussnoulufeasduniditlasiadaluana
yunlng) Usgnouludeansialuanauszian luifu 1Wsfiu wazanslulawnsn dadussddsznoudidydmiy
funsumstesampasduriluduneulslaslada (Hydrolysis) SethensedugdunidmAnmsdesaaeansdunis
S Auludnuazvedassaialuanaiidnas wu naaladu ninefilu nglea sy [15] msvsuanmidanadeu
nsthimgauidgnszuauniandainedanm daelmfnnswaunduiodeaty (Homogenous) uanfiuiuiiin Aids
wefiuUszdnsnmnsdesaaeasduviduesgdunidlussuundnfidanim [17] wardwiuraainnismagey
Fnenmnisvaseaiesvanmidenaiioonuuuanenaded Taganmsinneginavesingauveduniod
HumsUSuanmseaiesliuanimdnanudt anmsineanvuiningiuverdunidildainsusy awnsoan
wnneunavesingaulitivnaegluiianuniiamitdu 0.1-1.0 cm wazdinuendeglugie 0.1-1.0 cm uwansly
WiuiszuudSuaniwidena fuszAvsammsanuuiningiu Ssnsasvuneingiuliifivuin 1.0 cm w3e 10.0 mm
foiufivmedensthlutoudngssuunaniedinm (8] Fsuenainazieifiuuszavsnnmsgesaaiansdunie

Y w1

Y93998UN3dudq fireandununiamdsnuniuiniiuanudidudndie dmsunisanvuiningAusmiedena Fawa

'
a o

N13ANIUTEANTNINNTEUIUNMTUTUANIMTING 1INNITIATIERRIRETRgAUTAIINN1sUTUa nidanaly
USuas 200 ¢ nudfiuseansamnIsanuuainiu 86.49% faesnsan1svinanuintu 160 ke/h wiefionsinis
ou 4.0 L/min Taetasvessnsmshauegluseunmshauiinnzauiuiniesungosvunaidn daifinsnginis
vhaiigatu Tnglifniusiuseumavinuresemes svdmaliszavsammahaurensistungesanas [17)
sulUfsszAnsamnisansuinazanasluderuiu valinsanauineynavesingiudsiidauddgydmiu
nszUILNMsdeaaansurIduesgdunisluszuundninadinmuuuliemaduegids 1esnastaeiiugng

nsuanfedivuazinedinmeeilusydnsangan [7]
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9.0

85 A
8.0 H

g 75 4

©

= 70 A

T

Q.
6.5 A
6.0 OLR = 1.0 ke COD/m?*-day
55 J —-COLR = 1.5 kg COD/m?*-day

—4—OLR = 2.0 ke COD/m?3-day
5.0 T T T T T T T T T T | — T T T T T T T
0 2 4 6 8 10 12 14 16 18 20

Retention Time (Days)

awd 5 arrnudunsa-ang (pH) BessEUURARRTTINNAIBNTUSUANIITING

& v

ANSANWINITAMRUIIUITYTZUURARNDTINININNV8LDUNS EAENITUSURAINLTING NN 5 LEAS

o
a o Y o

N137157979A1 pH Mnthdeteiivieiidu Tnefien pH maﬁmqmummumﬁuﬁ"aulmmimaaﬂ R1, R2 uag R3
wiafiAn OLR wirfu 1.0, 1.5 uaz 2.0 ke COD/m>-day f#1 pH ag/lutae 6.47-7.84, 6.30-7.68 Uy 6.48-7.51
U Paeasreranaansnudeuluniglu HRT 20 days Inefidiadeves pH dwsuTagaudasuiisy
A5USUENTINALS B UTDBLA" %adau@m%’wgﬁwuﬁm%’uﬁ"auvl,ﬁu R1, R2 uay R3 fiAdswiniu 7.40, 7.22 way
7.07 anudsy aziiuleinlugag 1 fa 4 Juusn A pH Tussuuianudunsege iesanivinavensnesdin
iugatu [19] Fudninnisosanisansdunisvesyiunislvieglusuremnsnduridsemede Tnedluszuuiien
pH /191 6.2 azvhliiqaunidadiadimumganiseiyduleld widszuudaanudusiianniuly axdauald
svuuifaanuituturesuenludsinnd uas Jufindeqdunidairafinu Feilvszuundnfnedanmdumanld
[20] :nHaNIANYIA1 pH vesyniouluwudt Weuly R1 wie OLR i 1.0 kg COD/m’-day fifnvesanudunnags

wnTuegweiies wansliiuinnisdeuansdunidingssuutoaiuld dliaenndasivuiuinsvesdjise

v
N A

JuRnmsidvaunaseninagdunidiudeduingiiuansdunid [21) Ssdsmaliszuvenandnfinedanmlstosamie
p1ainAudLmatiessuUNanf1eTanmle Suiesnanssuvarananimarudusitanndvly [20] 91nua
nsfndmuiszuuraniedinmeenisuiuanmiBsnaaunsasesiusasnsrussnnansdunislaga Taofien
OLR wiifu 2.0 kg COD/m>-day nuiilaniizanudunsa-mafimanzay Falanadenaonszeziansaidiua
Afuwinu 7.07 Taean pH lussuundnf1edin nilimunzanalsdan pH wiadu 7.00 [9] Wiesaindsuadie

nsyuUNIsEosaaneasdunsdvesgaunidluaniiglionnia

21FETIVINITNASNUGYUTY
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)

15



100.00

90.00 -
E
g (.\..,............(‘___),.........‘....'.‘......., .H" ............. .
g 80.00 - - - - -
[ WU IR
S [ |
2 7000 M OLR = 1.0 kg COD/m>-day
e 7000
o OLR =15 kg COD/m3—day
OLR =20 kg COD/m3—day
60.00 . AOR=20kCODm™

0 1 2 3 a4 5
Retention Time (Days)

A 6 USU1UN15MAR COD U8955UU

Na9INNTIATIEUTINaeendauiisududedd dmsunisdesaaremaaiivesansdunidaelud
UFA3e1 Tnefiflusanas COD wosimgiivandoglutag 110.67 ¢/L :1namil 6 uansTunanisiidadl COD 91
szuuth 3 douly Fsrnuantmeassitlémuth Heuly R3 w3 OLR 7 2.0 kg COD/m*day fiuszAnEnimnsidn
COD gsgn Inedaiadsvesuszaniamnnsiida COD gl 83.19% Feiiuszdnsaimmsmdna COD gegawiniu
88.64% s0sasnldun R2 uay R1 fUSuianisinda COD lnsiadeegisonas 81.05% uay 75.89% vosuUiunm
asduvEERfdald auadu Jansuivanninaselassainsvesingiuiivasuly msfivuinvesingivanas 2y

Hglinszuiunisinuvesgdunidgesaasarsdunididululdedaiivszdnsam [22] uonanazaegliissuy

v
o Y o

Hanfadinmildegssiaiilowdy duhliszavsninnisida COD gannulude [9] Matldasilsfiadniinisnise
UsTnansBunsdndeudngssuu esnemssuuidnsinisdeu COD sietu Munniiuvsetesiiuaiumuizay
Aulsunsresaufiiten uasUSunagdunidluszuy wuluavdwaliszuundainedinmiiussansainnisnda

COD fianasagnaandsalals (23]

12,000
11000 4 MOLR = 1.0 kg COD/m*-day " b
10,000 1 @OLR = 1.5 kg COD/m*-day o
gﬁgg 1 A OLR = 2.0 kg COD/m>-day o? z
7000 -
6000 -
5000 - % )
4,000 - 8
3,000 - =.l
2000 - g

1000 - e b

0 B I I I I I 1 I I I I T T T T T T T

Biogas Accumulation (Liter)

0 2 il 6 8 10 12 14 16 18 20
Retention Time (Days)

AN 7 USUNaUiefinn 1 nasaunaenssuziiaIN1saaes
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a7 Fsarnnansvaaesiildnuin Sewledl R1, R2 way R3 wide1 OLR Wiy 1.0 1.5 was 2.0 kg
COD/mi-day mapaszezansafiuuiseiouluas 20 days asdladn syuuliviunafngdinwavauiniu
8.64 11.12 uay 12.52 m® sruddiu Fauansdneammandnfinsdannazauvesszuuynideuly wuiidouledl OLR
2.0 kg COD/m® Fdnsimsuaniedinmazausoiiiesgsgn dudunumsdmiunsuanietainnluasideuis
Uszavisnm eingiuverdunidanniawe s fansusznouiiinannuvadsemmsussianenslulensags Seamnsn

Pglnszuuivsednsnmnnaninedinmesan dawaliszuulivsinuiedininiigliuegesiaiies lag ngaunil

]

asrvsznevrassiulawmsaidevulutinage awnsaswennsifniedinmldedivsedvsnm 5]

wenninsusuanmnadainadmalivuneuniavesingivanawwds \Dudumilinteliindnsinisgesaans

a & 1

asdunsgvesgdunsddululiedsauysel dwaliindnsnisndninadinmaiuegeseiies waruenantud

a6 a

faweliindnsnisaiidinuresgdunidmuaudnme [24]

100
90 o
80 o
70 A
60 A
50 A
40 A

30
20
10

Methane, CH, (%)

M OLR=1.0 kg COD/m?3-day
OLR=1.5 kg COD/m3-day
OLR=2.0 kg COD/m3-day

0 T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20

Retention Time (Days)

P a o o A a X
AINN 8 ‘thnmiaSﬁgﬂr]“ljﬁJquV]LﬂﬂmuiuiﬁUU

| &

peAUszneurasielinuluinedin wiinaningivdssinnvesdun3d ssddadiuvesiadimuiniy

o eal ' a o =

50-70% [25] lagann1saniueuifeiuTeuiieudnsnni1seussnnansdunsgndeudng seuundningdanin 9

U

o

MOAUKIUNTTUIUNSUSUANIILGINE 2nnmTl 6 wansTinavesinslimilusuiuuesar lnsannnanuidenle
neulun1sneasaial OLR Wiy 1.0 1.5 way 2.0 kg COD/m’-day Feildnduvesineiinulagiadswiniu
52.0, 58.7 kA% 59.9% muaeu Faaziiulainesruseneuineiimudmsuan OLR winiu 1.5 uag 2.0 kg COD/m’-
day fAlndiAeaiu lnenisgavasdunsdnilassasaluanalvey egnelusiu Wiy wazaislulamse Taduwn
lassasaluanadinasaiunsaasaisuils wu nsaluiu nsnexiilu nglaa Wudu dawaliqdunidunluldlu

a o v a a vaa & A g &g a A caa
nsvvunsuaafinedmulafiussdnsamla Ay [26] uasiavermsildlunisveassasaliduarsdunidnd

a1susznauaslulansngs dnalaunssseusinunisiaing iesnuuafisevinistesaats wagldusylovila

'
a v a a =

wnfga [5] Melldamudn n1sUsvanmwingAuaienssuiunslnan iiuuningAuvangausen sEuIUNITNEs

9 9

& = a ] '

MBTININ UBNAINILYIWANBNTININEATBTINNVDAUNTOUFY Saildrugreiudnsnisiinieiinusaysyay

Imedinmianududuresielvuiaaudnme [8]
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#3UNan1339Y
mAdeilddnndnainiszussynansdunisimunsande nisviunssdaiedanm fennsui
anmdana TnglddiAzoufnassuiomn 1,000 L nasesnglianglionna u gumgifuinden sULuy
voanmstioumsdunididussanisteiios Tagaudauily Ao wsrdunidanasadounasiitorduridyala wa

nsanwasulaan ssuvdsuanmdenaaunsaanvnavesingiuliitivuinegluyie 0.1-1.0 cm JUsednEnmnIg

v a '

anuuIATRQAUWINAY 86.49% A88nI1N15YIN91U 160 ke/h 1138 4.0 L/min kazanmsnaassdSeuiieuysunm
nsidungAuiimunzay wuindeulvdidan OLR winfu 2.0 kg COD/m-day fidneannsnanfisdiningaan
iesanfiviinansuaninedinmgsganiiiu 0.79 m?® wagiiszavsammnisindn COD geaaviniu 88.64% uay
annsafdauiann TS uaz VS legaaniis 89.05% uay 88.36% vosUTinawesudsuazvesudaszimediddnle
e VadssuuwanfeTinmiensuiuanmidanamansosesiummarusmnasdunidldae iesnanidu
szuumstleuansduvidifunuudeies fnsmunansmelussuy wasuSuanmingiusedenaneuingssuy
wAnfeTanm Ssnsufvanmdsnaldiuiinmsuivan midesfuilaunsaduiiunisldedennduasiitunounis
vauilddudeu aansaldldniluseiuniadounasdissyndldld Ui dugnamnssy vallszuunanfing
Fanmdenisuiuanmidang ueninazdiefdaUinunerarauiioraintuldroudisnlugmeuuda Suael

Ainnsthuegdunidunliusslesimundsnumauniluaiaseuluguuuuvesiensiuldegedadudneie

AnRNssUUsZNA

@

ANZEIILVBVOUNTEAMIMERENGINUNAUNY I Inedewild Jswinedln Alviuatduayunisfinw

U v oa =

seAuladindnyan “lasanisuanuasimudnenindudianieiundsunauny lunduussmaondeu dmsy
UnAnwiseautudinfnw Usednd 25617 wagvavaunseAnuatuayun1sAnwssaudadindny) “Nuiaun
Wune¥ninddeuazuinnssy Ussanyuimuidadiafnet Usedndeuuseann 25637 9ndineunisivy
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Development of Sustainable Food Packaging Machine from Local Natural Materials

using Renewable Energy as Heat Source
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Abstract

This research is to develop and design container forming machine using natural material (Hom
Thong banana’s leaf). In the design concept, this machine is using renewable energy as a heat source for
the molding process. The upper mold is heated an electric heater, which was supplied by a 300 W solar PV
panel, and a biomass furnace heated the lower mold. The binder ratio test of container compression found
that 200 ¢ of tapioca starch and 500 ¢ of water, was the binder that the molded container had the least
deformation. In addition, the appropriate temperature and time test of container compression found that
the upper mold temperature was 80°C and the lower mold temperature was 150°C, and the compression
time was 4 minutes. The test of the use of compression-molded containers from the change in the diameter
of the container found that the container could remain in the original condition for about 3 hours, the
average water absorption of the container equal to 13.1% and could twice heat resistance without changing

the diameter.

Keywords: Natural food containers, Sustainable packaging, Container forming Machine, Renewable energy
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Abstract

The bifacial solar panel could produce electrical power per surface unit more than general solar
panels, but the price is similar. This research aimed to find the optimal height for installing a fixed bifacial
solar panel in parallel and perpendicular to the equinoctial line which above the ground and glossy white
painted surface. The panel was moved up and down to find the height that produces the most electrical
power every 30 minutes from 8.00 a.m. to 16.30 p.m. in both parallel and perpendicular line. The testing
was divided into four periods in March, June, September, and December. The height was weighted by a
power rating coefficient that varies with the tilts angle and sun path over the year. The results exhibited
that the optimal height for installing a bifacial solar panel were 104.70 and 123.28 centimeters.
Consequently, electrical power will increase up to 11.98% and 2.83%, respectively. When placing the panel
over the white glossy surface, the optimal height were 97.87 centimeters in parallel and 108.58 centimeters
in perpendicular to the equator which could produce electrical power up to 19.51% and 14.49%,
respectively. Moreover, the light and glossy albedo surface has a lower optimum height for installing solar

panels.

Keywords: Bifacial solar panel, Installation height, Albedo
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Abstract

This research presents the development of a hemp fiber spinning wheel machine by developing a
hand-thread winder that uses a DC motor speed control circuit to reduce manual rotation. This research
has developed a hemp fiber spinning wheel machine. Previously, human labor was used to turn the thread-
winding machine. When the thread winder is turned for a long time, it causes pain in the arms and hands,
which then causes problems for users. This research developed a hemp fiber spinning wheel machine that
can control the motor speed to control the operation of the thread winding machine by adjusting the
rotation speed. This research was used to adjust the method of the operating time of the power switch.

The experiment results showed the development of a hemp fiber spinning wheel machine with a DC motor
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speed control circuit for reducing manual rotation. The rotating speed of the thread winder can be adjusted

effectively according to the adjustment of the operating time of the power switch.
Keywords: Spinning wheel machine, Period time, Power switch
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Abstract

*

This research article describes a method for restoring dead lead batteries so that they can be used
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again by focusing on testing and evaluating battery performance and efficiency. Battery deterioration is

caused by some main factors: Sulfation is the formation of excessive lead sulfate on the plate or lattice,
resulting in a reduced chemical reaction area and a decrease in electrical current. The sulfuric acid
substance used in the electrochemical reaction has a reduced concentration. Lead batteries used for a long
time will accumulate lead sulfate on the plates or mesh panels, causing the performance and efficiency of
the battery to decrease. The researcher has a process for reviving the battery using two methods: washing
the battery with hot water and cleaning it with an ultrasonic machine in order to reduce the accumulation
of lead sulfate. In the results, batteries washed with hot water had a voltage of 1.18% more than before
washing, and batteries washed with ultrasonics had a pressure of 1.65% higher than before washing. The
results of the discharge test at a constant current of 0.5 - 3.5 amperes showed that ultrasonic cleaning
helped to increasethe duration of the discharge at various currents, demonstrating the performance of the
battery. Discharging at a constant current of 0.5 was not much different from washing with hot water than
washing with ultrasonic, but more than 35.90 percent, compared to before washing. Later, the results of
the test of discharging at a constant current of 1 - 3.5 amperes found that washing with ultrasonic gave a
longer time to discharge the electric charge. Before rinsing with hot water, it was as high as 100 percent.
The results of testing to determine the efficiency of battery discharging found that washing with ultrasonic
had a maximum power value of 44.23 watts at a potential difference of 12.64 volts, 4.11 percent more than
washing with hot water and 8.84 percent more than before washing with a maximum power value of 42.48

watts at a potential difference of 12.14 volts, and before washing it had a maximum power value of 40.63
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watts at a potential difference of 11.61 volts. Therefore, based on the results of testing the performance
and efficiency of batteries, it can be concluded that ultrasonic cleaning is the best method to help restore
lead-acid batteries to new use as ultrasonic cleaning increases the reaction area because lead sulfate is

removed from the surface of the battery terminals better than other methods.

Keywords: Battery, Repairing, Ultra-sonic washing, Lead-acid
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Analysis of the Energy-Saving Efficiency of a Three-Wheeled Electric Vehicle Model
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Abstract
This paper aims to analyze the performance of a prototype energy-saving electric vehicle built as
a prototype of a 3-wheel energy-saving electric vehicle. It is designed to carry one driver and uses a brushless
direct current electric motor (BLDC) with a lithium-ion phosphate battery. The vehicle weighed 35 kilograms
in testing, and the driver weighed 55 kilograms. The test run distance is set to be 12 kilometers. Tests were
performed using battery input voltages of 24 Vdc and 36 Vdc, and the test results were compared. It was

found that during the vehicle's speed of less than 35 km/hr, the power was similar to the simulation, but if

2TENTIVINITNASUG YUY
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



the speed was higher than 35 km/hr, the power was highly inaccurate. The simulation results of the vehicle's
acceleration show that the energy consumption will also increase if the acceleration is increased. A
comparison of the voltage input results of 24 Vdc and 36 Vdc shows that the energy consumption is not

significantly different at 692.50 km/kWh and 690.10 km/kWh, respectively.

Keywords: Acceleration force, Energy consumption, Small electric vehicle

UNANYD

unAnuiiingUszasdiil edinmeianssourvosiunuuusudliissndandaauildaiadudy
Fukuveusua i Ussndandsnulsenn 3 e legvihniseenuuulvaiunsausimnauduld 1 au Tdaumdely
mstuimdouduneawmeslniihnszuansauulduussnu Brushless DC Motor: BLDC) [duummesvindifieulosou
Woawn ﬁaiaﬁﬁmﬁﬂaﬁ 35 Alansu lunsnaaeuldaudu dwih 55 Alansu Tnefmunszezmdlunsimesou
12 Alawns v sveaeulneldusssusidranuunmes Aussiuliiiinssuanss 24 Vdc uag 36 Vdc 9antiuvh
maSsuifisuraainnsmegey wuin Turaedisafamudasinis 35 Alawns/dlus Ml lndfsaiu
s uidausigendn 35 Alawnas/Aalus Mdsliihilddaunanndeugs Han1ssiaesndnsIIses
sauandliduinmnisasisanntunsldndanufiavanniunaludae mswisudiuranisiouussuling 24
Vdc ua 36 Vdc uansliiiuinamanugeinisndsnuliwnsstuiinanudesnsndsanulnd 692.50 Alawns/

Aladnd-talusg way 690.10 Alawns/Alaind-galud AuaIeu

ANENARY: WIAINNISIANLET, ANANUABINITNATY, ruudliihvunadn

unin
gugudlliin (Electric Vehicle: EV) dn1sldnuiiinanndulugieldfidasuum ewindagdudszeay

o

lanlafiunnsnisannisuaseinesasusulaeanlennneliinnnglansau AauusewInstand Ll ly g1ueusn

a a

Juindeusigualnes i wavinsiauiuarysulTUssanannveseusudliihiuegesiaiiies welviaiunse
VAWIUEIUNIMUETITUAR D uMEIAT BB uRduA I ULa g ldunTuiuLg [1-3] srueudlii Sdefvaieussnside

v

Wisueuiugusuanlgdiamas enueud bt ludadld@amas wu diufwanseiuudu weltnasaulnings

&

AUTONENIINLABINS I UNABUAS 1y NS umaunuidufinsfud s ndon Wy NEMULEETinsnS
w¥suay mslindanuiindenndemasoadarlfifnuaiivniseinia wu fedeunsyanuasuarens datu
st ldeeudlnihannsoannisudesimdeunszanls [4] susudlihddoundeseusiitosnineususi
1domds Foinliidsssunmumaddunsiul uavtieasuafivitAnandesss nsldanueusudlniuenaini
fafinavselovinaasugia wu msasdilddislunsiidiihduiu suddaasunstausagnisainanud
Rendesfugnanmnssueusudlnlin anufomhveanaluladeusudliin vilvimstaudusveudduioy
Uszinsing ldiasfudssunmenueusd 2 4o 3 d0 vie 4 o mseenuuuenueudlni e ldusyansanuas
Usendondanuiy desddededmisiimed 1dun onmanariand nsnszaretmidn svognanisiundou
AIST vatunsUsglnih wazUszdnsnlnesiuvesssuudunden devhnsiuamamsifimesa 9 T

AIPRNLUULSUSDULAD TUMBUNTES 1AL UL UEURlHAUsEnTandsnu Falldiuusenau lawn uawmasiudn

21FETIVINITNASNUGYUTY
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)

63



64

'
v o o o A

Yauumnes gunsaldiannsedndidsdmiunisiuniou wazszuuniuau eglsinu Sadesrdsdnnauts
sumuUasnsdevesenueudliiisag [5-7]

@

fauy I8l

N o

nnUsTasAiadATIzilsEaNSAnA1uNTUsENG Andauvessosudlni1usendn
PHIY 3 ADAULUU M8N15UTELINIINNANTTI1A8US s UBUAUNISNAABUAN DRSS INTNARBNTT bINS 191U
Tf1veag1usudliii waz@nwiwseaulnifdeudusinesaosseaunsssuliii e azaunsa dmald

v
a =

Uszanaldiunsesnuuueueudlniiiusendandanuuasiussdnsnmganniu

(v} - a o
'Jﬁlqu’i%ﬁﬂﬂﬂ"ﬁ?ﬂﬂ
1. Win@nwAufeIN1snasuYaseusudliin Usean 3 8o
2. e IATIERUTEANTA NI UNNITUSENEANE 19UV BIT08UA LNTNUTENTANGIU 3 ADAULUU

3. WalUSsuisuyseansnaneunisusendandsnuiioseaunsasulniilglunistunaauananaiu

ad a o
0/N137998
n1seenuuusTuusugud i Ussndandsiu sndufiazdeaszymisnfnesilunisesnuuu Ay

ARIN1INEIUTeIeusuAbNiNugIy Feanuisadalanusanldlunsiedeuiilaenisussyndldngnis

a

weuiitedl 2 vesdafu anunsoutssenifuuswingg sauansluninil 1 Fausznaudie wssiuenenamans
(Aerodynamic drag: Fag,) LméjﬂumumwguﬁﬁﬂﬁumﬂLLiﬂL?iﬁJﬂmu‘Umé'aiﬂuuﬂuu (Rolling resistance force:
Froting) usideInsiitedulndsvudunefianndu (Fr) idesmneusudliihdunuuiiadsduiiveuuldi ez uy
Ma3eusldAn Fl=0 uazisaweensisanmEa (Acceleration force: Fo..,.) [8] fathl Lﬁaﬁ%mnﬂmmﬁmﬁ’u

LA SINIMUAN IIENTUNNT AR UN VDI UEUA T AU UUNYIN A SaS19nalandlugunsy (4)

O OO\ «Fiw

F, accele ® EV
—>

<—

v
mg F Rolling

= o w d‘ - 9 o
A 1 useEusunisiedeufveseusudlninusendanasauy

1) LLiﬂﬁﬂumumiquu (Rolling resistance force: Froyine) LLNG’humumWﬁ,guLﬁﬂ%ummLiaLﬁammwum

ing
dosnuuaul AW @ennunsusnuagseuuiies anuiumunmyufenisussinanduaasiiduegiu
AnusIvessn dududndiuduinminvesse anunsarwinlddaunisn (1)

I:Rolling = /urmg (1)

We 44, fie UszdvSamanusiumunisvyu Jadeninasonnumuniunsvyuaesiinvesns wazanu

°

Auau Tuunanullivualiaives 4, = 0.0022 U ninueesa 35 kg wag ¢ Ae wssluualweslandaAwviniu 9.81

m/s? Lag m A9 17a

2TENTIVINITNASUG YUY
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



2) LIIFUDINIANAAIERNT (Aerodynamic drag: Fj,,,) hIIAIUDINIANAAIENT AD @IUVDILTUTDI9IN
ANULEEANIUYDID1NE AUlASIaS e sl dndeidu Nm sTufaarnnudsaniuvasiunaiuntinsaiu

DINAVE 5039 @u5AUINLALAsaNN1SN (2)
1
I:Aero = _pACdV2
2 2)

W p A9 AMUNUILULYE9EINIA A1 1.25 ke/m> A Ao NuN A1uniivessa (m?) de1 = 0.240 m? Cy

fio duUsyavsuseia (Drag coefficient) SlF 0.2 ke uaz V il Ananss (m/s) Ssaziasuudaslumunsdiinu

3) U59YD4N5L9ANLE (Acceleration force: Foewe) W59984N15159A135Y Ao NM3LUAsuLUasm
arusivessusudliih feussiarliaruseiidudadunungded 2 vesiniy dunalldnuaunisil (3) Tasdi
a fio dnsIevee Al

=

Accele

=ma (3)

sy wsa1avue (Frotan) M@ msunsiedounvesenueudlnidusuuauisamuinlanaansluaunis

=n.
£

Ftotal = FRolling + FAero + Faccele @)

NE@NNIN (@) @unTamMaelnin (P Adlunsindounive s usudlni

I@anuaunsi (6)
PtotaL = FtotalX \4 (5)

Piotal = V(Mmg +0.5rACv* + ma) (6)

Wo P A9 AMUNUILUNYEIINIA 1A1 1.25 ke/m’ A AB Wil Auntinvesse (m?) dan = 0.240 m? ¢,

o

Ao duUsyavsusaRs (Drag coefficient) §iA1 0.2 kg wag v Ap AM57 (M/s) Beazildsuudaslumunsalfine

3 ATUANATING?
WUALADT .
/ NoLAD3
24/36 V > v
v o YAAIURM 400 W
10 Ah INNAIU )
NOLADT

= = ] 3 9 %
AN 2 1@@3LLﬂ5Nﬂ75L7§@NG\@§3UUﬂ’JU@NN@Lm@isﬂaﬁ EJWEJWTMW']UE%MEJ@WNQW

21FETIVINITNASNUGYUTY
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)

65



66

4) W3suiieulasifusnnukananasErinananIsaNaswazN1sNNEauase Wevinn1ssiasmnaiainy
HBIN1TNAINUAMUAVBILUEUA LT A URU UL IRuLaL FahaAlsuSsuiieuiunisnagaauasae [9] e

s & ¢ v =
L‘Uailf’uu@]ﬂ'}quLLmﬂW"IQﬂ\‘]LLﬁﬂQSLuaﬂJﬂqim (8)

. Timea — T
Relative error = | =2t
Tt (7)
% Error = Relative error x 100 8)
g x, fio AndildannnisAiuaas (True value)

X FBD AMIlGRINNNTIANA@RU (Measure value)

HaN15IV8UATaNUTIENANTIINY
Han AL luuAne I liiNsesnwuukazas e uswdliih Ussndandanudseian 3 da daansly
Al 2 senuuulianansaussyniglasansle 1 au uazvinnsnaaeumsiuiedou Jeinstuiinuanisveaeuiay
thwadildiniessinazasunanismaass sudaihmsisuifisunanismaassuasmieaguna seosvnadiviins
naaedegil 12 Alawms uazivunnnusuadslunisiadeudilutag 20 Alawns/Aalus fe 60 Alawas/Aalus L
Anuiituiiay 5 Alawns/dalus thnamsmaaeufilsuniinsesiiterhnsmeandmsnsusendamdsamilugiuuy
yaenaanuluih

A15197 1 WARINANITINADILATNANITNAFBUNITI AN A Nveseusud i Usendandsay vinnis

=

NAFDUNTITTULAR DUNALLEIAIR199 2nNanT1sTnaesAmasiiinneueudldimdsuiiudsuluaunanusise
Tngtanzarmaslihiilddmsunissumunisnyuvesdeiidaiigeumuanuiinasaes Weieudieuiu

el laann1sNeassnvenusy 20-35 Alans/dalue asiidaluihdlndfeatu wilugiannuss 4o-

Cw A

60 Alans/Tlud 2TA1AUSIADUTIANATTY L9991 ENIEN1TNAADI91ATIANNA LLANDVDIAIIULSITA

Yo w

witunisdassvziimasuiielildnnuifidedddmasininasanan aranuuansiesidsiniiiasgen

v
=< '

AT 30 Alawns/Alae mnATeITainIu AnNuuAnesvesidsliinaglagaunaludie

A15199 1 HANISINABILALHANITNAADUNIS NSk veIs usudliirUsendandsay

Aaalnda (W) . el ANAUBANAUD
,.; maslvli .
AULID L5930 NN1INAFDY (W) fdalniln (%)
BN . IS
50 A5 3 LIIRU . 24 vdc | 36 Vdc
, ANUNU 918804
(km/hr) 199 9107 24 Vdc 36 Vdc
. N1INYU (W)
A5
20 0.95 5.14 19.64 25.74 28.50 34.10 10.72 32.48
25 1.19 10.05 22.51 33.74 37.10 40.30 9.96 19.44
30 1.43 17.36 25.58 44.38 45.00 43.80 1.40 1.31
35 1.67 27.57 28.77 58.01 54.20 46.10 6.57 20.53
40 1.91 41.15 32.01 75.07 59.30 53.90 21.01 28.20
45 2.15 58.59 35.28 96.02 84.30 764.10 12.21 22.83
2TENTIVINITNASUG YUY
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REQ)




o o (o AR (o (o
) maslai | Adelvidn . ) mastui | sl
AT |, UANANY | AT |,
maglvidn | sw90n NS masld | 59m97n NS
38 . RIoN 38 .
(W) 1991888 | NIAADY Y (W) N1997888 | VIAaDY
(km/hr) mastui | (km/hn)
W) (W) (W) (W)
(%)
50 2.38 80.38 38.58 121.34 96.00 97.00 20.88 20.06
55 2.62 106.98 41.89 151.50 100.30 103.00 33.80 32.01
60 2.86 138.89 45.22 186.97 113.00 117.00 39.56 37.42

AN51991 2 HANTITINADIDNT NN IINEI UV UBUA NI UTEATANEI9U T1AM0K57 30 Alatuns/a7lus

JEULLIAINTLIY GIERIEN maslnisay wasulnda AMUABINTNESULHTN
(s) (m/s?) (W) (Wh) (km/kwh)
20 0.41667 140.32 56.13 213.80
30 0.27778 99.81 39.92 300.57
40 0.20833 79.56 31.82 377.09
50 0.16667 67.40 26.96 445.09
60 0.13889 59.30 23.72 505.89
70 0.11905 53.51 21.41 560.60
80 0.10417 49.17 19.67 610.08
90 0.09259 45.80 18.32 655.05
100 0.08333 43.10 17.24 696.10
110 0.07576 40.89 16.36 733.72

d

1NNANITINADILUAITIT 2 A1UITOAIUIUAIYDINAINUT M AINSUN5LAR DU VB98I UR LN

&

A3L57 30 Alaums/alu szeene 12 Alawns N9aT1se 0.08333 wasAud Inslandanulnin 17.24 Sad-

P
=

Flug Aranusean1sndanulnin 696 Alawns/Aladind-dalue wanaliiiuinszesiiain1sissnnusiuLINIu

ANANUARINISNEINUINT A Teead

21FETIVINITNASNUGYUTY
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)

67



68

AN51991 3 NANISNAFDUNT NG IUTDIs UsUA T UTendand a1y Anus) 30 Alawns/dlua

. nsvaapsiiuseiulin 24 Vdc nsvaaesiiusedulnih 36 vdc
JIUIUIBU | T2EENN — ~ — — - —
waisewlwilh | anwdesnawdesnn | wassuluih | adudesnisndenu
MINAFIY (km)
(Wh) T (km/kwh) (Wh) Tt (km/kwh)

1 1.2 1.9 632 22 630

2 24 3.6 667 3.9 665

3 3.6 5.2 692 55 691

4 4.8 7.0 686 7.3 684

5 6.0 8.6 698 8.9 696

6 7.2 10.3 699 10.6 695

7 8.4 11.9 706 12.2 701

8 9.6 135 711 13.8 709

9 10.8 151 715 154 713

10 12.0 16.7 719 17 717
AUFBININEITULRAY - 692.50 - 690.10

AT 3 WAPINANISNAFDUNT MNA I UV e U UsEndand sy Anusa 30 Alawns/aalug

& o

A5NPaIN kSIS UlNAN 24 Vdc war 36 Vdc snusua i ldndeanuliidn 26.7 Taa-92lu wag 17 Tna-37lu9
ANUAIIU BALAIAIUABINTSNAINULNTA 692.50 Alauns/Alaind-37lue wag 690.10 Alawwns/Alatnm-Talus
AUaeU Faanslmniiuinnisivseaunssnulniivessnueudliin 24 Vde way 36 Vdc SA1AMNADINITNETIY

A TnaLAe ey

#3UNan15AY

wneAsEdnsies s vaussaur et uudlniUssndandanuussam 3 4o Susmeduuin 400
Sas Fin1ssaeaznedeuiiszarnig 12 Alawes Wisuifleunaainnissiasiuarn1snnaes sauidneinaves
wseulrihfideuduumaedenislingsulni nansinvuanddiiiuitlutisiieususlihdanua$isng
35 Alawms/Halas MdslaihilddalndiAsiunisdun uidamdigend 35 Alawes/Alus Addlwihildd
mwmmmm?{augq \iD991nNHaT8IN15139ANLEIVBINTTIABMAZAITVAADUTAIUAAIAAEDY HATDITEEZLIAN
Tunsisemnusuardnsiswessananslififiuimnnisyornanssanuidunntuardmanenisidmaslnihianas
laranudeantsndsnulnitanasmulidae nsiuisudisuanudeenisndsnulnfifissaunssiuladii
WURRB3 24 Vdc was 36 Vdc Aramudasnsndsanulnih 692.50 Alawns/Alatna-9alus uar 690.10 Alaluns/
Alavmd-dalus audnsy Fefldnanudesnisndsnulniilndidsetu fuiu mndesnsusendandsaunisss
anusafiariios nsilsuiiounavesssuliihiidoudueinefuandiifiuinssduusssulniviiaossesudna
somslindsuresawesaouiiatos msfnyifedifuwuamedmiuifesnisesniuuuazainseugudliiy
Usendandanu sgelsinu fnsdwesdug fisesfiansan wWelinanissiaswaznmsnaaeuiialndifiesiu 3

aziinnsAnwIvgluauan

2TENTIVINITNASUG YUY
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



AaAnssuUsENA
AL ITBUBVBUAMUNIINIdENALUlAT 51 VUIAR TN UMNINEIFEI1UAQUATATEITUIIY
WTInedengavnsuys uvinendumalulagsviinadnulnduns uasveveunsrAauvIne demaluladysund

natuayu walleanunlunisnaaeuuazTufinian$39 TuiaduayuiawazuUseannnsidewn o filme

LlONE1581994

[1] dosted-Foids “sasudluiin’ Fugstviaalduruudlvy adsquanummaiadisls. (nd). Auduie 20
lguiey 2566,310 https:/tu.ac.th/thammasat-030865-tse-expert-talk-electric-vehicle.

[2151891un13Anw1 15 09 “gadInnIsNEIuLUA LMW 1.7 (nd). duauid e 20 Tauieu 2566910
https://waa.inter.nstda.or.th/prs/pub/EV.pdf.

[3] Ssened ygynw wevuninms anad Richard Joseph Mushi Ashok Paudel wagyayisas ugsees. “n1sAnwins
Tindrnudmsunsiadeuiivessovalviiuazsunsueswunnes ivanyeay” | MsUszyuduuu1IvInig
sUBUUNAIUNaUNUgYNTULisUsEmAlng adsfl 12. Yuil 6 - 8 wgdneu 2562, Fawindiualan,

[4] 1091735 Myaunsaudng wazgal e, Mesensidndanuuaznisdesitvisounssanvesnisyuds
lUswaludualuauasnae. M3a5IAINTIUAERS. uninerdudssiui. 2017, 24(3). 98-111.

[5] Olsen, Erik & Lemu, Hirpa. (2016). Mechanical Testing of Composite Materials for Monocoque Design in
Formula Student Car. International Journal of Mechanical, Aerospace, Industrial, Mechatronic
and Manufacturing Engineering. 10.

[6] 14Aa a1AgE AAY YUTY 1ENa qamgm waz aigte 1US. nseenuuukasianeueudlnihfuluy. 913819
Ineranans aanssuanans wazmalulad. U9 1 adudl 1 unsiew - Squieu 2564,

[7] Sayed, K., Kassem, A., Saleeb, H., Alghamdi, A. S., and Abo-Khalil, A. G. (2020). Energy-saving of battery
electric vehicle powertrain and efficiency improvement during different standard driving cycles.
Sustainability, 12(24), 10466.

[8] Boonraksa, T., Boonraksa, P., Sakulphaisan, G., and Marungsri, B. (2020). Strategic planning of charging
stations for Electric Public Transportation Bus Systems: A case study. International Review of
Electrical Engineering (IREE), 15(6), 512.

& o

[9] WeSums dumuna, Fswa Urueuia, AuAtun analwena, nsm guns, Asud dnsSyia uasnsnuines yuy

' '
= o

$nw1. (2565). MIEsATUNNUSIIAY atuIngrmansuazinalulad. U 14 atun 1. 169-183

21FETIVINITNASNUGYUTY
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)

69



a

[

)
&
22
=
Tal
[
<
@
z
=
[
o7
24
(=
=

(Energy for Agriculture)

70

NN3ANENTUINYBIBNNYATEULFULIUULLNAREUINAINULEITTind luszRuasEouY
A Study of the Suction Pipe Size in Floating Solar Pumping System

at Household Level
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Abstract

The purpose of this research was to study of the suction pipe size in floating solar pumping system
at household level. The water volume flow through the 3 different suction pipe sizes at each period were
recorded. The system consisted of a DC motor pump with a 550-watt control box working with two of 400
watt solar panels, installed on a floating raft structure which had 1,520 mm width, 1,520 mm length and
200 mm height, setting up on 4 containers (each of 60 liters). The internal control cabinet equipped with a
DC circuit breaker, surge protector and a monitor showing the voltage, electric current, electric power, and
water flow through the meter according to the 3 different suction pipe sizes (1, 1.5 and 2 inches) during the
period from 8:00 a.m. to 5:00 p.m. were built. The data collection was done 6 times per hour with 3
replications. It was found that floating raft stayed balance on water surface. The period of the highest water
volume flow from 1, 1.5 and 2 inches of pipes sizes was found from 12:00 to 1:00 p.m. with the highest
water volume of 2,259.16, 4,021.89 and 5,116.21 liters, respectively. The suction pipe size of 2 inches
showed the highest amount of accumulated water per day of 38,008.30 liters with the maximum flow rate

of 85.27 liters per minute.

Keywords: Suction Pipe, Pumping System, Solar Energy, Floating Rafts, Household
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Abstract

Climate change and land use/cover change are important factors affecting environmental

changes and important geological processes. This study aims to use geographic information system (GIS)
and a hierarchical analysis process to identify drought-prone areas and propose measures to mitigate the
impact on agricultural crops in Nasai sub-district, Li district, Lamphun province. The study investigated
factors that contribute to drought hazards and identified their level of importance using a hierarchical
analysis process. The results showed that Nasai sub-district has the highest area at risk of drought, covering
1.66 square kilometers (0.84%), with most of the risk located in the southern part of the area. The area
consists of forestland (64.29%), community and built-up areas (12.95%), agricultural land (11.20%), rice fields
(9.63%), and orchards, fruit trees, and garden plants (1.92%). The area has a slope of between 15-30%. The
most influential factor contributing to the level of drought risk is the average annual rainfall, which is less
than 1,000 millimeters, followed by the number of days of rainfall, which is less than 60 days per year with
weights of 0.27 and 0.22, respectively, other factors related to underground water supply rates of 2-10
cubic meters per hour, distance from water sources or irrigation areas of less than 1,000 meters, and land

use factors in the area are also relevant. The majority of the land use is forest at 87.28 square kilometers
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(43.80%), followed by agricultural land at 46.79 square kilometers (23.48%). The crops most affected by
drought in the area are plantation crops, which occupy an area of 4.04 square kilometers (11.20%), followed
by rice cultivation at 3.47 square kilometers (9.63%), and perennial crops, fruit trees, and horticulture crops
at 0.69 square kilometers (1.92%).The guidelines for mitigating the impact on the agricultural economy can
be divided into three stages: the emergency stage, which involves increasing the amount of water storage
and selecting suitable areas for cultivation; the mid-term stage, which involves managing water resources
and using irrigation technologies that meet the water requirements of the crops, as well as emphasizing the
cultivation of crops with low water requirements but high profits, and the long-term stage, which involves
planning for drought prevention and promoting conservation measures for soil and water based on the

slope of the land.

Keywords: Drought, Geographical Information System, Analytic Hierarchy Process
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Abstract

Microgrid is a promising technology that can be applied to create reliable electricity in remote
community. This research examined optimal hybrid electricity generation strategies for remote community
microgrid using Ban Pha Dan Community in Lamphun, Thailand as a case study. Three distinct energy
configurations were analyzed: a Solar Energy and Battery Supply system; a Solar Energy, Battery, and Diesel
Generator system; and a Solar Energy, Battery, and Biogas Power Generation system. The investigation
reveals that the Solar Energy, Battery, and Diesel Generator configuration yields the most cost-effective
and reliable system, with a Levelized Cost of Energy (LCOE) of 7.85 baht and a Net Present Cost (NPC) of
7.15M. Despite the environmental benefits of the Biogas system, the higher capital expenditure makes it
less favorable. This study provides a systematic framework for the deployment of community microgrids
and accentuates the potential of mixed renewable and conventional energy systems in remote

communities.

Keywords: Renewable energy, Sustainability, Energy independence, Microgrid, Solar power

INTRODUCTION

Reliable access to electricity is vital for societal development and enhancing the quality of life,
particularly in remote communities such as Ban Pha Dan, located in Lamphun, Thailand. The geographical

challenges and isolation make extending traditional power transmission lines impractical, necessitating the
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exploration of alternative, locally feasible electricity generation methods [1,2]. Community microgrids,
harnessing power from locally available renewable resources, have emerged as a promising solution. The
Ban Pha Dan community serves as a prime example of this model, having transitioned from a village without
electricity to a community powered by a microgrid that generates 102 kWh from photovoltaic (PV) sources
and is supplemented by 307.2 kWh of battery storage [3,4].

The objective of the current research is to evaluate the potential for implementing the Ban Pha
Dan model in other remote communities, focusing on identifying the most efficient, stable, and cost-
effective methods of electricity generation. The methodology involves a detailed analysis of the electricity
usage behavior of the Ban Pha Dan community, serving as a representative model to understand electricity
consumption patterns in remote communities [5]. In light of previous studies such as Wasantha and
Abeydeera's exploration of PV-biogas hybrid power systems [4], and Kabir, Kumar, and Kumar's examination
of a similar hybrid system in the context of rural India [6], this research further contributes to the body of
knowledge by exploring the feasibility of these models in the unique context of Ban Pha Dan. The study
leverages the Homer Pro simulation program to analyze the efficiency, stability, and cost-effectiveness of
each alternative energy configuration, thereby providing empirical insights that could guide future energy
planning in similar remote communities.

This paper presents three case studies, each exploring a different combination of alternative energy
sources: solar energy, battery supply, diesel generator, and biogas power generation [6,7,8]. The case studies
were created based on the actual economic data and pricing information for power generation systems and
installations in Thailand. The Homer Pro software was employed to analyze the efficiency, stability, and
cost-effectiveness of each energy source in these cases, building upon previous research on remote
community electrification. The research underscores the potential of biogas power generation as a feasible
energy source that can significantly reduce investment costs, promote sustainability, and foster community
development. In doing so, it contributes to the broader discourse on developing sustainable and affordable
electricity solutions for remote communities and offers valuable insights into the potential of renewable

energy sources for remote community electrification.

RESEARCH METHODS

This research conducts a comprehensive investigation of electricity generation methodologies for
remote communities, using the Pha Dan Community in Lamphun, Thailand, as a model. The study
encompasses three distinct case studies:

(1) Solar Energy and Battery Supply

(2) Solar Energy, Battery, and Diesel Generator

(3) Solar Energy, Battery, and Biogas Power Generation.

Each case is devised to explore a unique renewable energy system configuration, offering a
comparative analysis on their performance, cost-effectiveness, and feasibility. The methodology starts by

defining the scope of each case study. This involves determining the specific elements of the renewable
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energy system to be investigated, including solar panels, batteries, diesel generators, and biogas generators.
The next step involves the meticulous definition of key data parameters essential for the Homer Pro
simulation. These parameters fall into four main categories: Community Load, Cost of Component, System
Constraints, and Economic Data. The values for these parameters are derived from reliable sources. For
instance, the inflation rate is obtained from the Bank of Thailand, while equipment costs are gathered from
quotes from private companies. Table 1 presents these key data parameters, which serve as the input data

for the Homer Pro simulation.

Table 1: Key Parameters for Homer Pro Simulation

Parameter
Component Description Reference
Category
Load Demand - Peak load: 170 kW Community load
assessment
Component Photovoltaic | Initial installation (including Balance of Quotations from
Costs System System): 18,000 baht/kW, Replacement private companies
cost: 12,000 baht, Operation &
Maintenance (O&M): 3 baht/year
Component Battery Initial installation (including Balance of Quotations from
Costs System): 10,000 baht/kWh, Replacement | private companies
cost: 8,000 baht, Nominal throughput:
90 kWh per string
Component Biogas Initial installation (including Quotations from
Costs System fermentation tank and wastewater private companies
treatment pond): 6,200,000 baht,
Replacement cost: 16,000 baht, O&M:
1.5 baht/op. hour, Fuel Price per cubic
meter: 9 baht
Component Diesel Initial installation: 500,000 baht, O&M: 3 Quotations from
Costs Generator baht/op. hour, Wages for maintenance private companies
workers per year: 127,750 baht
System Battery Designed lifetime: 5 years, Nominal Manufacturer
Constraints throughput: 500,000 kWh specifications
System Photovoltaic | Designed lifetime: 25 years Manufacturer
Constraints System specifications
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Parameter

Component Description Reference
Category
System Inverter Designed lifetime: 15 years, System Manufacturer
Constraints efficiency: 95% specifications
Economic - Discount rate: 6.650, Inflation rate: 2.67 Discount rate derived
Factors from the minimum

loan interest rate
(MLR), Inflation rate
from the Bank of

Thailand

Once the data parameters are defined, they are input into the Homer Pro simulation software.
Homer Pro uses powerful optimization algorithms to calculate the most cost-effective configuration of the
components of the renewable energy system for each case study. The software provides optimal feasible
solutions that detail system sizing and configuration. Following the Homer Pro simulation, an in-depth
analysis and comparison of the results are conducted. This analysis scrutinizes various factors, including the
system's efficiency, its cost-effectiveness, and its capacity to meet the community's electricity demand
reliably. Figure 1 illustrates the schematic representation of the research methodology, from defining the
case studies to conducting the Homer Pro simulation and data analysis.

The final step of the methodology involves summarizing the findings and framing recommendations
for the future implementation of community microgrids in remote areas. The research aims to provide a
comprehensive and practical framework that remote communities can refer to when considering the
implementation of a community microgrid. This research ultimately seeks to contribute valuable insights to
the discourse on renewable energy solutions for remote communities, and to inspire further studies and

policy discussions in this area.

Set Case Study
Define Data

Community Cost of System e D
Load Component Constrains conomic Data

Homer Pro

Software

Find the Optimal Feasible
Systems Sizing
Configuration

l

Summary of research
results

Figure 1. Schematic Representation of the Research Methodology
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RESULTS AND DISCUSSION

1. Study the electricity usage of the model community

Based on the information provided, Ban Pha Dan is a remote community located in GPS position
18.365182579993913, 99.03796031194881. The community is situated in a national forest reserve area and
therefore, by law, cannot have buildings built in the area. However, the villagers have lived there since their
ancestors and as electricity is a necessary aspect of life, the villagers funded and received 102 kWp solar
panels and 307.2 kWh batteries, along with the construction of electricity distribution poles throughout the
village. From Figure. 2, the data on Ban Pha Dan's electricity usage shows an average daily consumption of
55.6 kW, with a total electricity consumption ranging from 340.70 kWh to 2,618.60 kWh over the course of
18 months. From data analysis of the electricity usage data reveals that there are fluctuations in electricity
consumption throughout the year. The highest consumption was recorded in the months of May and June,
with a total of 2,618.60 kWh and 2,293.00 kWh respectively. On the other hand, the lowest consumption
was observed in the months of October and November, with 340.70 kWh and 566.40 kWh respectively.

Electricity Consumption Per Month
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Figure 2. Electricity Consumption of Ban Pha Dan

2. Analysis of case studies using Homer program

This section will present the results of the case studies by applying the data of electricity
consumption in Ban Pha Dan Community to the Homer program. The case studies are as follows:
2.1 Study of Power Generation from Solar Energy and Battery Supply: Case Study 1

In this case study, the focus is on studying power generation from solar energy and battery supply
in a remote community located in Pha Dan village. The objective of this study is to analyze the energy

usage behavior of the community and extract knowledge that can be applied to other remote areas.
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The Homer Pro simulation outputs for the Solar Energy and Battery Supply case recommend an optimal
configuration involving a 100 kW solar photovoltaic (PV) system and a 200 kWh battery storage system. This
arrangement was determined capable of satisfying the electricity demand of the community. The simulation
also provided key financial metrics, offering an in-depth understanding of the economic feasibility of the
Solar Energy and Battery Supply system. A summary of these metrics is provided in Table 2. The renewable
fraction (Ren Frac), representing the percentage of the total electricity generated by renewable sources,
was calculated as 100%. This result indicates that the entire electricity demand of the community can be
met using renewable energy, rendering this system fully sustainable. From an economic perspective, the
Net Present Cost (NPC) of 14.7 million baht and Levelized Cost of Electricity (LCOE) of 10.65 baht/kwWh
indicate the relative affordability of the system. The annual operating cost is expected to be around 384,929
baht, with an overall present worth of 2,267,067 baht. Moreover, the system exhibits a promising financial
return with a return on investment of 15.5% and an internal rate of return of 21%. The system pays for
itself in approximately 3.68 years, as indicated by the simple payback period, while the discounted payback
period stands at 4.09 years, considering the time value of money. In conclusion, the Solar Energy and Battery
Supply configuration emerges as a viable, efficient, and cost-effective solution for electricity generation in
remote communities. It attains a 100% renewable fraction and exhibits favorable economic performance

indicators, underscoring its potential as a sustainable model for remote community electrification.

2.2 Study of Electricity Production from Solar Energy, Battery, and Diesel Power Generation:

Case Study 2
This case study aims to determine the most suitable power generation system for a remote

community in Thailand, using a hybrid renewable energy system with a Diesel generator. The system
consists of photovoltaic (PV) modules, a converter, a battery bank, and a biogas generator. The Solar Energy,
Battery, and Diesel Generator case, as modeled by the Homer Pro simulation software, presents another
effective configuration for electricity generation in remote communities. This arrangement involves a 100
kW solar PV system, a 100 kWh battery storage system, and a 50 kW biodiesel generator, all of which
together are capable of meeting the electricity demand of the community. The key financial metrics that
emerged from this case are summarized in Table 2. The renewable fraction in this case was determined to
be 84.4%, suggesting that a majority of the electricity generated comes from renewable sources, while the
rest is supplemented by the diesel generator. A notable aspect of this case is its economic feasibility. The
Net Present Cost (NPC) stands at 7.15 million baht, with a Levelized Cost of Electricity (LCOE) of 7.85
baht/kWh. The annual operating cost is relatively low at 294,366 baht, contributing to a present worth of
1,872,521 baht. The system's financial return is robust, with a return on investment of 15.5% and an internal
rate of return of 21.9%. The system's payback periods are also relatively short, with a simple payback period
of 3.11 years and a discounted payback period of 3.44 years. In summary, the Solar Energy, Battery, and

Diesel Generator configuration proves to be a reliable and economical solution for electrifying remote
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communities. Although its renewable fraction is lower compared to the Solar Energy and Battery Supply
case, it remains an effective model, considering its lower NPC, favorable return on investment, and shorter

payback periods.

2.3 Study of Electricity Production from Solar Energy, Battery, and Biogas Generation:
Case Study 3

The third case study modeled by Homer Pro simulation software involves a configuration of a 100
kW solar PV system, a 100 kWh battery storage system, and a 50 kW biogas generator. This configuration is
capable of meeting the electricity demand of the community. The financial metrics derived from this case
are detailed in Table 2. Similar to the previous case, the renewable fraction for this configuration is 84.49%,
implying that the majority of the electricity generated comes from renewable sources, supplemented by
the biogas generator. The economic feasibility of this case is characterized by a Net Present Cost (NPC) of
7.25 million baht and a Levelized Cost of Electricity (LCOE) of 7.95 baht/kWh. The annual operating cost is
slishtly lower than the previous case at 293,207 baht, leading to a present worth of 1,774,529 baht. The
return on investment for this case is 13.6%, and the internal rate of return is 19.2%. The system presents a
simple payback period of 3.45 years and a discounted payback period of 3.85 years. In summary, the Solar
Energy, Battery, and Biogas Generator configuration offers a sustainable and economically viable solution
for remote communities. Although it has a slightly higher NPC and LCOE compared to the Solar Energy,
Battery, and Diesel Generator case, it still holds potential due to its renewable fraction and economic
returns. The final decision between these cases would involve a further evaluation of local context, such

as resource availability and environmental considerations.

Table 2. Financial Analysis of studies Case

Financial Metrics

Case 1

Case 2

Case 3

Net Present Cost (NPC)

9.47 million baht

7.15 million baht

7.25 million baht

Levelized Cost of Electricity

(LCOE)

10.65 baht/kwh

7.85 baht/kWh

7.95 baht/kWh

Annual Operating Cost

384,929 baht

294,366 baht

293,207 baht

Capital Expenditure (CAPEX)

3.81 million baht

2.83 million baht

2.94 million baht

Present Worth

2,267,067 baht

1,872,521 baht

1,774,529 baht

Annual Worth

170,329 baht/year

127,510 baht/year

120,837 baht/year

Return on Investment

16.4%

15.5%

13.6%

Internal Rate of Return

22.3%

21.9%

19.2%
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Financial Metrics Case 1 Case 2 Case 3

Simple Payback Period 3.68 years 3.11 years 3.45 years
Discounted Payback Period 4.09 years 3.44 years 3.85 years
CONCLUSION

This research aimed to identify the most efficient, stable, and cost-effective solution for electricity
generation in remote communities. To achieve this, three distinct scenarios were examined: Solar Energy
and Battery Supply, Solar Energy, Battery, and Diesel Generator, and Solar Energy, Battery, and Biogas Power
Generation. The first scenario, Solar Energy and Battery Supply, as highlighted in a study by Prasad and Saini
(2021), recommended a configuration of a 100kW solar cell and a 200kWh battery [9]. This fully renewable
energy system demonstrated a renewable fraction of 100%, with a Net Present Cost (NPC) of 14.7 million
baht and Levelized Cost of Electricity (LCOE) of 10.65 baht. The second case, Solar Energy, Battery, and
Diesel Generator, integrated an additional diesel generator into the system, aligning with the findings of
Kaygusuz (2020) on the potential of such hybrid systems [10]. This scenario saw a decrease in NPC to 7.15
million baht and LCOE to 7.85 baht, with a renewable fraction of 84.4%. The final case study, Solar Energy,
Battery, and Biogas Power Generation, included a biogas generator in the system, as advocated by Chong,
Nielsen, and Low (2022) for achieving sustainable remote community electrification [11]. The NPC rose
slightly to 7.25 million baht, and the LCOE marginally increased to 7.95 baht, maintaining a renewable
fraction of 84.4%.

While the biogas model has numerous advantages, such as lower energy costs and the ability to
convert community waste into energy, the research findings indicate that the Solar Energy, Battery, and
Diesel Generator model offers the most balanced solution. This echoes the findings of Barua, Islam, and
Ahmed (2018) on the potential of hybrid solar-diesel-battery systems for off-grid remote community
electrification [12]. Despite a slightly higher NPC and LCOE than the biogas model, it maintains a
considerable renewable fraction and has a lower initial investment cost. This model's various advantages,
such as its cost-effectiveness, reliability, and the incorporation of renewable energy sources, make it a viable
and sustainable solution for remote communities like Pha Dan Community in Lamphun, Thailand. Future
research could aim to enhance the efficiency and cost-effectiveness of this model, making it even more
appealing to similar communities worldwide. That said, it's important to consider the unique benefits of the
Solar Energy, Battery, and Biogas Power Generation model, such as waste management and compost
production, aligning with Bensah and Brew-Hammond's (2020) findings on the potential benefits of biogas
technology [13]. In conclusion, while each scenario presents its unique set of advantages, this research
supports the idea that the Solar Energy, Battery, and Diesel Generator model offers the most advantages

and potential applications for remote communities.
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Abstract

The demand for electrical energy in the building sector is increasing due to the expansion of urban
areas to accommodate the rapidly growing population and economy. Nevertheless, it cannot avoid the
increase in greenhouse gas emissions. A strategy that can aid in lowering greenhouse gas emissions and
increasing renewable energy utilization is to manage energy consumption efficiently until the building
reaches net zero energy use. This article examines the electricity management design for a beauty clinic
to achieve net zero energy. The study used the PVsyst software to design and assess the performance of
the system and determine the project's viability using financial indicators, including net present value,
payback period, and financial internal rate of return. The energy management guidelines are defined in 4
cases; the study found that a beauty clinic with an average daily electricity consumption of approximately
75.4 kWh can achieve a net zero energy concept by installing a 20 kWp solar PV generation system. To
manage energy to be financially worthwhile, choose the method of producing electricity together with using
electricity from the network. The electricity can be returned to the electrical grid. (PV+Grid+Export) with a
net present value of 283,710 baht, a financial internal rate of return of 11.33%, and a payback period of 7.6
years. When considering installation and use with batteries, it was found that it was not yet financially

worthwhile due to the relatively high price of batteries.

Keywords: Net-zero-energy buildings, PV System, Financial Analysis, Rooftop PV self-consumption
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Type 1 27 0.01 9 2.43
Type 2 55 0.01 9 4.95
Type 3 3 0.03 9 0.81
Air condition
Type 1 3 33.64 9 908.28
Type 2 8 34.54 9 2,486.88
Laser
Type 1 1 3.42 a 13.68
Type 2 1 0.95 4 3.80
Type 3 1 1.24 a 4.96
Type 4 1 1.62 4 6.48
Type 5 1 0.29 a 1.16
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Type 1 1 0.15 24 3.6
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Type 3 1 0.15 24 3.6
Washing machine 1 0.48 4 1.92
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il 4 suuuunslalihsedalas veeiun 20 dwnau 2566

Jayamsldlnivesnddndudidounnsiay fudoudumau 2566 uanadan1sen 2 lnedusununsld

I edseeuindy 2,261.13 kwh niednduusunansidliisefusihiu 75.37 kwh

A15199 2 Nslaluivesrdtnfeuuns Ay - WaudIrIAL 2566

fauus 01-08/2023
Ussnaunsiglningay (kwh) 18,089.05
UsnansTélaihadenediou (kwh/month) 2,261.13
Usinaunmsldlniedeseiu (kwh/day) 75.37

fati 911AFetInhANsIA LA IeTY 75.4 KWh I8 S Uapnkuuse UUWaawasaingnie

a

Wsunsu PVsyst lnefiuwnAntinafindinisldndsanuansiduaud

nmsUszifiumamaiiaisiadinginislindanugmsidugud

Aufvusiumienatinegil e ides 9. fiwailan axfign 1624954 wile 100°14'57" aziusen Fimin
Awalan deranudussdorfingsied 1,806 kwh/m? lngnaunagaduasorfindsuuuaiain wundmisiels
w16 83 SAUNsYNANTEUTe L laYseUDIANSHIRANSAN Fanmdl 4 way 5 Taeidenld une vuin

555 W Longi Solar LR5-72HIH-555M monocrystalline n1sldlniinadesiefuminfu 75.4 kwh senuuuiduszuu
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Wonsonulasstelni Geldlusunsy PVsyst Tunsdnassszuuiiivuinnisindasadiasaringf 10 kWp 20

kWp uag 30 kWp wistuwuuniiuaglafisyuuinifundsunuames madiudsangg laun antswanlniiives

a 4

s3UUseU A1 Specific Production @u350UY8ITzUUMAALAID17IAE (Performance Ratio: PR) 193 ULTIMAE

v
o 3

devannasnulniiveserns (kWh/year) udriansanidentuinnisandagaauasoindnanunsandnnaaanuluii

Taurnndmdsuluiieddnldluseu 1 U eefidnisdseanndaanulniiuinniinisrdndaanulndiain
Tasenglulin

AN 5 LUUTNADINANINLAZNITDEUDILNS PV d1usuluswngy PVsyst

deldruinnisindsszuus fvilvaadnd nmsléndseugniidugududa astvunnisindsssuna
aanannldlunsieseianuduainisinunsdu lnedinsimuaguuuunsiinszidu 4 nsd Toun
nsdif 1 nsudalnfiiiteldiondundn: PV+Grid (no export) Fansdifidunsudalniainunasmdaay
vapuusmivlasegliinielfieadundn uaglifimsdaluihduAunduauglassglih
sl 2 nsudaliiaswduldiniiainlasede Tnsauisaa el uglassgolaialg:
PV+Grid+Export
A3l 3 mandslviiuiieldeadundn saufussuuinfiundas: PV4Grid+Battery (no export)
nsdi 4 mswdsliihdwiulsliihanlassheuaszuuiniundany Tasannsadnglnihduglaseie
Tuivlet: PV+Grid+Battery+Export
itol NFIATIRANUANAINIAIUNITRUTEE LDAEIMTUN15IaRIN sHER T Inwad Lasen indene
Tsunsufwualdd 10 U Anisdelwiiaieas 4.40 v wazArnsvsliiaiisay 2.20 v Eudsene
AngnssunstfuRanIsdlu nsdidsalassnisdalifimandnusaserfindinnduundsen dmsunie
Uszmwulszantiuegende [8]) Wun1siasizirnuduavmiesnunisiiuegedie (Simple Financial Analysis)

TnglaifngnsinisAnan (Discount Rate) Insanuiiaulalunisasmumessinunsiu muely yardagduanses

o
a

WINNTMTBWIAY 0 UM dnsmansuununeludesnnnimiewiniusnsinenidetur

° v

WMIUgNAT 1L DL TUR

(MRR) aglutiasening 6.75- 10.5 %t [9] uagszeziian1sAuyulesndt 10 U
aumsflflumsdnuanuduarvedlasinsmesunsuiinnsananyariilagtuand (Net Presenta

Value: NPV) nsmanauwnun1elun1aniunisidu (Financial Internal Rate of Return: IRR) kag 5821810150

yu (Payback Period: PB) Taeflannsluniseuan [7] feil
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Bt-Ct
NPV= Z (1)
(14n)t

t=0
gnmanauwnunelumMefuNIRY
n
Bt-Ct
0= )
(140"
t=0
JEYLIRINTAUIU
|
PB= — (3)
P

M19199 3 anyigulunisussduduyuveTEUUwaRLaIe 1 Ing

gunsal 5@ (THB)

10 kWp 20 kWp 30 kWp
uNgAdLEID NG 132,000 264,000 316,800
Bunesines 60,550 75,000 106,500
gUNIRIBALNS 16,000 32,000 38,400
duUsznausneg @ 10% 20,855 37,100 46,170
YDINHINTIHNER
ANRAGY @ 30% VBIAAT 62,565 111,300 138,510
N1IHER
AUYUTEUUTI 291,970 519,400 646,380
WURMB3UA 15 KWh - 383,700 383,700
LUAABITWIA 30 KWh - 767,400 767,400
FUNUTTUUTILGY - 903,100 1,030,080
LLUG]LG]@%"U‘LHW 15 kWh
FUYUIZUUTILEY - 1,286,800 1,413,780
LURAB3TLA 30 KWh

NANITIYUAZIAUTIYNANITIVY
nansUsziiumamaiiauie liaddndnisldndenugmsidueud
nmsthdeyansldlninedssiedu 754 kwh uazguuuunisldluivesaddn uvhnissiasedeg
TUsunsu PVsyst Tnermusliszuuiumnanisindaeaduaiefing 10 kWp 20 KWp waz 30 kWp selusuudiiiuay

LaifiszuusniAundanuwunnes lenan1sdnanesatandlunisian 4
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d' U s o 1%
A157199 4 NaansIeININasImslUsLATY

System Produced Specific |Performance | Imported | Export Energy Potential
Configuration Energy production | Ratio (%) from grid | to grid | consumption | Net Zero
(kWh/year) (kWh/year) | (kWh/ | (kWh/year) | [Export-
year) Import]
(kwWh/
year)
PV 10 kWp 15,912 1,434 7732 14,240 2,642 27,510 -11,598
PV 20 kWp 32,095 1,446 77.98 7,700 12,285 27,510 4,585
PV 30 kWp 39,118 1,468 79.20 6,443 18,050 27,510 11,607
PV 20 kWp + 31,623 1,408 75.96 3,607 7,360 27,510 3,753
15 KWh BESS
PV 20 kWp + 30,732 1,384 74.67 2,219 5,441 27,510 3,222
30 kWh BESS
PV 30 kWp + 38,212 1,435 77.37 2,402 13,108 27,510 10,706
15 KWh BESS
PV 30 kWp + 37,691 1,415 76.31 1,269 11,449 27,510 10,180
30 kWh BESS

2109137971 4 wansliidiudn nsfiads PV ua 10 kwp galdaunsaviliaddndnisldndnugniidu
Audle dlesanmsfings PV aun 10 kWp anunsandanasarulnirlaiies 15,912 kwhael uaadtindaaiu
Foamsldlniinasnsiad 27,510 kWhesd Tnednstdmdsnuanlaseeluiannninnisdseenndasulii
11,598 kWhsto® usidlefiansanmsfings PV faust 20 kwp Suld wuieainanunsadmslindanuaniiduguslé
Tpevniin1sanaa PV una 20 kWp anansandandsnulniinlg 32,095 kwheed Fannnitannudesnisldlnd
naentsUveInatn waziiefansanmaidwasnsaseenndseulnihainlaswieliih wuindnisdseanndeau
Tiuinndnistdndsanulninanlassingliia 4,585 kwheial

definrsannisiade PV Saufuszuuinfundeununmeinuin msinds PV auin 20 kWp 321U
LWUALABI YA 15 kWh ansaviieddninsldndinuansiuaudld Ine awnsondandsauluiile 31,623
kWheia® Gsunnninanudesnisidlniinaonnsdvesnain uwaziiofiansannisiduasmsaseanndsauliii

Anlassglniln nuninisdseanndsaulairuinninnsiidandsnulnianiasenglndi 3,753 kwheet

NANTTILATIZNAUANAINIIAIUNTRY

Y aa & =2

ynwansUsziiiumemedaiislindindnisldndanuandiugud Samvualivuinveansinags pv il

Y

v
o

YIAWIAU 20 kWp Uagauinvesn1siasauunnesvingu 15 kwh wednldlunisinsenanudguaimianiy

M3RU Tngnan1siAsIERlunTalnI9e LanRInIsei 5
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M19199 5 HANTIATIEVANUANAIMNIAUNTRUANLLLINNITIANITNE 1Y

HUINNITIANITNAIU NPV FIRR Payback Period
(L) (%) @)
37l 1 PV+Grid (no export) 13,440 0.57 9.3
367 2 PV+Grid+Export 283,710 11.33 7.6
ﬂiiﬁ‘ﬁ 3 PV+Grid+Battery (no export) 5,764 0.14 10.1
N3Gl 4 PV+Grid+Battery+Export 167,684 4.00 9.7

mﬂwamﬁLﬂiwzﬁmmﬁwhmqﬁmmiﬁum’mLLu’Jmamﬁmmiwﬁwmﬁa 4 nsdl Fansnad 5 wui
n3diil 2 mswdnliisuiuldlnihannlasaslasamnsadrgluinduglassigluiinle (Pv+Grid+Export) Tua
nsUssidufiiunasinnudualunisasmunsdiiunsiuie 3 fEin Taefyartagtuans 283,710 v S
HanBUWIUAETUNIUNITRY 11.33% Uagseaznain1sAunu 7.6 U dunsdi 1 fyarrdagduans 13,440
UM Snsranouwnunelunsnumsiu 0.57% detfeenin MRR szezamsauyy 9.3 waziilofiansunnsdli
finnsfaresufussuunummevansdi 3 uasnsdifl 4 wuidlifanududmadiunisiiu iesinsiaies

wunnedinaiismAsutneg

d3Unan1339Y

addnAimsldndaulniiadefuasyssnn 75.4 kwh ansadnfunishifinsldndanugnaiduaud

v
Y a

17 Tngn1sfnnsszuundalnitanwaauaseniinduuin 20 kWp laganunsanaanasauladile 32,095 kwheed
Fannnhanudeinslslninassitessnain wasilefionsannmsinduasnisdeenndanuliiianlasiie
i nudndinnsdseennasnuluiiuinninnsindindsnulniiainiasseneliii 4,585 kwhaed Taeuuinig
n13dan1sndsulviianuAuAmIeunTiy Ao asdlf 2 nsidenlduuimenisudnlniingauduldlnienn
laseng lagansadngliihduglassirgluihle (PV+Grid+Export) dxadnsmeuununiglunieiunisiu fesas
11.33 uasidlofansannsdli 1 uasnsdlil 3 wagnsdidl 4 Adnshedaldnusuiuuunmed wuidslifanudue
P9AUNITEIUY Lﬁaamﬂl,l,uml,ma?é?aﬁﬁmﬁauﬁwqa NANSIVYADAAABINUIIWINY [1,6,7] ﬁgﬂhjﬁmmﬁuﬁﬂumi
awuiesndilifssdovoyyaliinmsuseslniindrgssuusming ulsvienssudelwillusasilvmngan
wagsunuvasnaluladdgs athlsmunsiiszuuinifundsauiumeedilinsihduazdseo nndseulidi
Yovas wieldnaiunisldndsnuinanldanewaduaterindifinty wasduusylovilugumsifiuanuidede

voeszuuliin (Reliability) Tuadiinunnninwauselovuniunisidu
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