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Abstract

This research aimed to develop the centralized photovoltaic-based power
generation system (CPBP) for use in a community without access to electricity. Ban Pha
Dan Community in Lamphun Province was selected as the studied area. The community
context, physical features, number of households, energy demand, income, available
technology, budget and community participation were acquired. They were used to
establish the community-based model suitable for the management of the developed
CPBP system. It was found that the appropriate model should include the following
requirements. There should be a sufficient demand for installation of the system. The
limitation of the CPBP system should be well understood by the community. The
population density with at least 50 households, located within the radius of 1,500 meters
was necessary. In terms of income and budget, the community fund should be
established for financial security. In addition, 70% of the fix cost for initial CPBP system
installation should be subsidized by the sovernment. Individual house should also be

responsible for the cost of electrical wiring from the system to the house.

Keywords: Photovoltaic, Power generation system, Energy storage system, Economics
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1) 4ar19duans (net present value: NPV) mangiie HAR195EINaYaAT

Tagtuvesnauseloviuaviunuraslasenistuleing q

q

NPV = Z(B ():)

1ng N = PuruUnltusedulasanis
B, = wausylowudluln t

C, = Aunululn t

ro= 9mSIEIUAN
2) ensmanauknunelulasinig (internal rate of return: IRR)
(1 + r)

3) é’fmswdauswdwq;gaﬂ'wﬂaﬂﬁumaamaﬁiﬂwﬁﬁaﬁunu (benefit cost ratio:
BCR) vngfis dnsdvesyarlagiuvemalsslovideyartagiuvesiunuvedasnis
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S
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4) srewlIanAumU (payback period: PP)

. Algaelunisamu
JPEEMAU =

HaRoUWUEYITRAeal

5) fuvusenteNEsu (cost of electricity: COE)

Aldienaeneenisidanu
COE =
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Ban Pa lao school

Figure 1 Network laying guideline of Ban Pha Dan Community, Lamphun Province
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waduatenfing suramdsings 100 Alatadndenszuufnifundsu waneiaiien
yu1aAI11g 300 Aladnd-Halus lesessunisldavludiagtuuarlusuinn Jauunine’
wiln Afley Jorgmsldanuunnndy 4,000 seu viseUsyanm 10 U wazdumeluladianunsone
Useqlae $oway 100 Feflnmunmganiuummedvdafuinndy waruuuieaitorgnislda
231

szuundnlwiivhewaduaseniindsuiuszuudnAundsnuiiesnuuuiaiond
IFinIsleTsinmsiuessruLTioanuuuseTUsunsy PVsyst litesnasan1smaiidanis
AR NS Ul UN T TS ANE A NU095EUU (Iwan et al,  2015) Tnedivoyatng
feil anuiinads UYWAY A1UANINA BUNBUAINT JInTnayu ey azAgn
18.36° N ans3gn 99.04° E ganirszdutimeia 427 was daalsunan UT+7 wan1ss1aninis
Ansaivhllddsnsnangeaniiudes 15° mauumdnilunadiedd luduromssiaes
sruumandnfdmdsliinfiusenoudegunsal feil 1) unagaduasorfinduliadanoundn
333U TD660M-300 Y119 300 Wp 313U 340 wid LagsiaduuaunIudnuiu 20 WHIse 1 dn3
UATHOLUTLNUSILIY 17 anFa uandlunmmd 2 (Figure 2) 2) Bulieflaos Ju GSEO100T useiu

AN 450 - 850 V um 100 kW

Figure 2 Installation area at Ban Pa Lao school

nansnassmandnluuaazipoulu 1 U uanslunind 3 (Figure 3) Fsluusay

= Y o L% a 1 1 U é’ Y 1 lﬂl a o 1 o
wauarliidsnsuanliwiniuduegfuanineinia tneaeaslunisudaluinly 1 u wiidu

Y

9 = a

4.06 kWh/kWp/day ﬁwﬁﬂadmﬁngLasJLaaaﬁl,mmjaél,t.ma']ﬁmﬂu 1 Ju w1 0.89
KWh/kWp/day uazeningdanmsgaydeiadeidunesineslu 1 Su winfu 0.17 kWh/kWp/day ¥ils
Adanisudandsnulniiiluseu 1 U 16wy 151.2 MWh/year  Tasfiszuunisudnd

ULANTNIN 79.29%
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7 T T T T T T T T T T T
Lc : Collection Loss (PV-array losses) 0.89 kWh/kWp/day
Ls : System Loss (inverter, ...) 0.17 kWh/kWp/day
Yf : Produced useful y (inverter output) 4.06 KWh/kWp/day

Jan Feb Mar Apr  May Jun Jul  Aug Sep Oct Nov Dec

Figure 3 Monthly production capacity

3. MTUATIBANIIAULATUFAEAT (economic  analysis) veIszuuRdnbnfingie
waduaefinduuuTngudTiussuuinfundsny siedifiey nsdfnw: Trunis Jmin
dmu Tnevhmsiiesiesiduyunalfvedasenis (cost - benefit analysis) lnefissaziBeondal

MTAATIEVINTAMU (investment cost) YesszuunAnlnimelwaduaeinguuy
s wunfidsiae 100 Alatadt Saufussuuinfundsnueiindifion ainaug 300
Alatad-dalus seozlassinglwigusy 1,900 wns MAsesiFuyuvosszuunanliice
lwaduAI IR duuUTIAUd danandlunined 1 (Table 1) uwdadu 2 Useian Ao dunuasi
(fixed cost) WuRunuiamsavszifiurduyasiulfidusunuiliasundadlunmunmsld

U wazsWUAULUS (variable cost) Wusiunuiiduuusnunsldnu lnediseasideadal

Table 1 Investment cost of centralized photovoltaic power generation system

Cost type List Price (Baht) Data source
Fixed Cost Installing a 100-kW solar cell 3,800,000 Market price
Inverter 100-kW 1,200,000  Market price
300 kWh lithium battery 8,000,000  Market price
Electrical network distance 1,900 meters 1,900,000  Estimated price
Control building 500,000  Estimated price
Total amount 15,500,000
Variable System maintenance cost per year 100,000  Estimated price
Cost Personnel (1 Technician: 5,000 baht per 60,000  Estimated price
month)
Replace lithium batteries in year 12. 4,000,000  Estimated price

(Discounted price in

the next 10 years)
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MIAATIINaRDULNY (benefit analysis) vasszuuNdnlvimesadiaiaingLuy
suAud Aapnszozailasans 25 U duaadlunnsisil 2 (Table 2) NanEULUTLANT LN
n1svreliihldduguou anasesnuuuszuundalniimeigaduaseninduuusiugud
aunsananbiiinle 400 misesiaiu 146,000 wilusad

NTIATIEINUATEANERSVRITTVUNAR T waduatefinduuuTineud
nsdiAnw: Srumney Saingmu fdofmundll

- ix‘uumﬁmlﬂﬂwé’haL%aﬁLLma’lﬁm&TLLUUi’guquéﬁuumﬁﬁqam@?ﬁ 100 Alaind
aunsandnlnilavay 146,000 nulw wazudnlnilaanas Uaz 1%

- $h31n1580-v1e Tlih 4 vindeag (SreBsmudnsidnluiindruginie)

- fmun discount rate (1) Wiy 7% (Anedsaenids Minimum Loan Rate v84
sUIASMUSEWALNY AB 6.9984%) (Bank of Thailand, 2019)

- Muuasrezanlasanis 25 U

¥
@

1AYIINTIATIANNAULATEFAERNT (economic  analysis) Usenauaie 5 faain

Usenaumie NPV IRR BCR PP way COE

Table 2 Cost and retum analysis of centralized photovoltaic power generation system

Project Indicators Index Analysis results
Net Present Value: NPV -12,245,858.57 Baht
Benefit/Cost Ratio: BCR 0.34
Internal Rate of Return: IRR -11.95 %
Payback period: PP - Year
Cost of Energy (COE) /Unit 17.16  Baht

nMsUsEansFuuLazianouwnuameuludneiy Woynsududamuies
Sovar 100 uagldruundnsnisto-neluilusnsmaeas 4 um vilken Nev - danduay
A1 BCR Weenin 1 uawen IRR Hoendn Sewae 7 vililasanis aenam Lifianuwmngaulunisasu
iAot muadoulinminrsifuiuieianesianusoulmuedasims feil
myTzieuesulvedlasang (project sensitivity analysis) AMNMIAATIZANNA
LATHIAIAATLATING WUT1 A1RSgAIsEnIsalvaYuLaEd LA NN1TUINS I UNARNY
wldivgnsuludnuagnisatvayudaasusutssanauisdin lneideladivuimslunisfinw
6 il fatl
n3difl 1 Wlenasgaduayusulszanuasuasi Yesay 100 (liisamorasriunm)

nTaif 2 Weaniasgatvayuivyssuiaamuan fesar 70 (ldsiweiaisaiunu) Nl 3
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Wanasgatuayuaulssinaamuas Sesaz 50 (LWiswwemsaiuaw) nsdiil 4 Wieyuwu
amuULet Sovar 100 LarIATIeiAn IRR = 7% lnedsudasalnisienis N5l 5 Wennsy
alvayusuUsTInuamuAs Sevay 70 (lWsamermsaiuay) waglaseian IRR=7% lneluaeu
dnsenlniinsieniie nsdln 6 WenasgatuayusuUsvinuamuai Sesas 50 (Wisue1ans

AIUAL) KALIATIEVAT IRR = 7% lnelUdsudasianlnisdeniy

Table 3 Economic analysis of centralized photovoltaic power generation system for

Case 1, Case 2 and Case 3

Analyze project sensitivity

Project Indicators Index

Case 1 Case 2 Case 3
NPV (Baht) 2,754,141 -1,745,859 -4,745,859
BCR 1.79 0.78 0.57
IRR (%) 81.60 -4.61 -8.15
PP (Years) 1 15 -
COE (Baht/Unit) 2.20 3.58 4.51

1nnsUsEufunuuaznalselovinnnmsei 3 (Table 3) mudouly n3dlil 1
nsdlfl 2 wag n3dld 3 Wunsiasizilunsdiiniasgatuayusuussanalunisamuy
$owaz 100, 70 way 50 awau nud Tunsalimasgasmu Sevas 100 uazdmusliiisng
nsde-1e T Tunngay 4 vm Tassmsfianumngaulunisdnduns uazlunsdld 2
wagnsdii 3 Wenafzatuayuanas ililasenisdenanlifennhaulaussivanzauly
MyaeU

nmsUseiiudunuuaznaysgloniannaissil 4 (Table ) aandouly nsdil 4
n3dil 5 waz nsdiil 6 Taonsdif 4 yuvuazPudasuies Fevay 100 LilelnsUseliumady
wisugmansdieuvvan guaIsdostmundnsnste-neliilusnsmineas 18.50 v
Tunsdlfl 5 uaznsdiil 6 e munteulalviniaszamuiesas 70 wazdesas 50 ilolmuly
pudeuleumngaumsiuasygmanigusuiosdinisto-ne i lusasmiaeas 7.07

UM bag 10.35 U SNNAGU
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Table 4 Economic analysis of centralized photovoltaic power generation system for

Case 4, Case 5 and Case 6

Analyze project sensitivity

Project Indicators Index

Case 4 Case 5 Case 6
NPV (Baht) 10,424,223 3,053,945 5,182,074
BCR 1.56 1.38 1.47
IRR (%) 7.00 7.00 7.00
PP (Years) 8 7 7
COE (Baht/Unit) 6.82 3.58 4.51
purchase-sale rate per unit 18.50 7.07 10.35

TUNITIATIEANNIIUATYIANAAS WUIIANUNUIZANN A TULATUFAIANTUBING
anfiulasinisaends atpsgarsatvayusuysvanalunisasmulitdesndt Sesay 70
vossuusznalumsamu ielisnsnsde-vgliihegfiviteas 4-7 v (Aldded il
250-500 UnFiBLiaUsaAIITE)

4. sUwvumsmsRaugeuildflinldie seuunaslnihdowaduaeiing
wuusImAus nsdifne : gty Ssrdndmu Sauandunind 3 (Figure 3) Uszneusie
NTIATIAUTUNYNBY TATIERA1NABINITNTING U wagAnenInndanunaunuves
yuy wazthdoyafananiiinssiuasdauaszismivyuruudoyagyuey iednse
dneamlaseeliihvesgumu TasTesginnudululéf 3 du usenoudae madnsed
fumaia fuATegaans uagdunisdnduns iethlugunuunsimunguwuie
lasanglniiguou Taansdo-ne Tfhnelugwy WelmAnnsuyudsuasugianiely
gy MAamMsvaugasulunanvatgniu 81wy A1UNSANY AUNISUTENBURAN
Augvauily AMudinulasiasugia Wusu

nan535e7lalunnit 4 (Figure  4) duiudfunans3sedilasisaulidounthi
1y Ketjoy (2003) ‘L‘hLauaLLmﬁmiuma%’@mlﬂﬁﬂﬁﬁwgﬁmﬁé'fa"l,a,jﬁlw%ﬂuﬂszmﬂl‘mima
Tindsunyuidou ssovlwibildlufiuiimardasidussvulihauiadn @dnga)
Faduszuulwihansdaussiusin sl liiunytunienduilivuindn fegrndlnaain

sruvangdslnihvesnsiihdiugiiniavsensiniuasvais
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Community context
Return information to
L q >
Electricity demand > > the community. [

Energy production

A

potential

|Community electricity network potentiall

| Analyze the feasibility of the project |

v v v
| Technical | | Economics | | Operation |
Y i v

|Community development model with community electricity project'—

| development of communities |

Educational development,

Career development,

| Community electricity network |
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Figure 4 Model for community development without electricity
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