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Abstract

Project Code : MRG5680168

Project Title : Integrated Modeling of Community Management for Solar Home System
Investigator : Pimnapat lemsomboon, Rajamangala University of Technology Thanyaburi
E-mail Address : pimnapat_i@rmutt.ac.th, pimnapat_rmutt@hotmail.co.th

Project Period : 2 years 6 months

The objectives of this research are as follows: 1) To study the factors, problems,
and weakness relating to the management of power generation by the solar home system
(SHS) 2) To be able to deliver the knowledge from this study and to sustainably enhance
the manpower working in the SHS management using community involvement and
framework as a foundation and 3) To efficiently adapt the forms of SHS management with
an integrated administration in this study with future SHS management plans.

The samples selected to be in this research are 97 households whose homes were
equipped with the solar home systems (SHS) and 12 experts for important information. The
data were collected by both observation and interview. The use of computer was to process
the outcomes. The statistics variables used in this study were percentage, mean, and standard
deviation. The factor analysis technique was used to find out the factors relating the
sustainable management of SHS while the correlation analysis and multiple regression
analysis-enter were utilized to analyze the factors which have a correlation with SHS
sustainable management. Then, the factors were modeled by analytic hierarchy process (AHP).

The results show that Mae Sa long Nai community is lacked of understanding in
the limitation of power consumption from SHS. Neither did they receive the SHS maintenance
from the government sectors. The weakness of SHS management are the high frequency
of political transformation and unstable policies. These factors cause the delay of the
system development and the lack of manpower in SHS support and sales. Moreover, there
is an inadequate budget for SHS maintenance. There are 5 main factors effecting the SHS

management.



(4)

1) The policy and service: sub-district administrative organization (SAO) should be
involved in terms of the policy and service management.

2) Finance: SAO should distribute budgets for the SHS maintenance to each
community.

3) Personnel: There should be SHS management experts working with the SAO

4) Material: Government sectors should support, provide, and deal with a private
sector which is able to provide SHS support services or product replacements after a long-
term usage.

5) Management: Each community should have one representative for taking charge
in an internal communication about SHS.

The study found that the factors relating SHS maintenance issue and the age of
users have an effect on the success of the SHS management in a community. However,
the suggestions given by one of the interviewees are that people in the community should
be most responsible for the SHS management themselves. They should have a
representative who is proficient in this area of management and another one to cooperate
with the SAQO. Also, when a problem occurs with the product, the SAO of Mae Sa Long Nai
should provide materials and budget for maintenance while the government sector should
provide a budget of such management.

This study can be utilized as a model for any further decision makings of SHS
management in communities. It can be improvised according to the social context, the
type of power generation from renewable energy one prefers to use, and the time period

of application.

Key word : Community Energy Management, Integrated Modeling, Solar Home System
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2.1 #auUsznauvas AC load SHSUsZNaURIE 6 @ (1l 2) Feuszneudie
2.1.1 unswaauaseing (PV module)
2.1.2 LUAAES (Battery)
2.1.3 smuaumstiusardtendsuluil (Charge and discharge)
2.1.4 Wanlvliin (Load)
2.1.5 gunsaidasiunsdnieas (Circuit Breaker: CB)

2.1.6 fUasduiasmas (Inverter)

20VDC

Light

Control Panal
-1 -
70VDC
- Television

| |l g

Batery box

AN 2 1Aseas1aved SHS Alarfiunsanaalvnguyuiuiielng

fan: Purohit, P. (2009 81989bu Pimnapat lemsomboon, et.al. (2011: 47)

2.2 wihilvasgunsal SHS
LHawaduaseTindvmtinTsunasulamdsunaeiing (Radiation: W/m?)
JundanulniinszuansaDirect Current: DO) wumABIWTATLAUAzaUNg 1M1 sduly
sUramanuliih uddewdsnlirulnanlututisanasiusaznatsiu videluzaaitls]

findsuainuasondind famuaunsiiukardtendsuanuastiivimviinsavaunsiu
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AN 292 0.30 an
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Y

a <

dunwailidaiulunnsiegluszauinn (X = 2.92) TnsnanisAinerludsziiugesnuin g
dunmwaliianuAndiulussivinnviavun fe niisumesatvayusulszanasleiuiionts
§an15 SHS (X = 2.94) oun InasssuUszana@iuayun1stou/U133 SHS (X = 2.90) uay gy

finsdnnuduiiodadinawugton/Un3eseuy SHS (X = 2.88)

A15199 20 Ya389NTNanaN1SUIUNSIANITIEUUNAR INHN N NAINULEIDIRRE ILUNATL

Auiangunsnl
v [ ¢ 37U (N=97)
AuIEnaUNIal
f x SD. wilamu
mhgnunasginsalivayu/dnm/Aadeusenenyy 96  2.82 0.41 1

nilanuimunistenUrjavisetio-ugaUunsainauny
gunsal SHS Ndeweny
S Y dAu a @A 1
aun. T mihnTuiinveunidudenansseninaguu 96 2.85 0.38 1N
fuvs¥menuiianuiiunstentn javsete-ue
gunsainaunugUnsal SHS Ndeuene
YUY Tiunu/ahmivinussanunusening 97 2.85 0.44 hy
YUY BUe. INeITuNIItaNUnIzvsede- 1y

gunsainaunugUnsalssuy SHS Nideuane

AMNIIU 2.85 0.36 ann

a v aa ' a % a (Y a ¢ a

31115197 20 Yadeiilnasion1suimsdanisseuundaliihanndanuase1fingy

98U IuunauauTanaunsal wudn gidunvaiiifamlunmsiuegluseduin (X = 2.85)
lnsnanisAnelulssinugasnudn glidunvalinnuadulussdviniovun fe sun. &
Wnthasuiiageuidudenanseninsguauivuignienyuiliemiudiunsdeninsasede-11e
gunIainawnugUNIalsyuy SHS Mideueny wazyuvuilfmunu/diiviminiusea1unusening

Y a Y ' o o4 & ¢ ¢ A

YUIUTU aUs. 1NeITUAITTRNUIT n30T8-v18 aunsalnaunugUunsalszuy SHS Nideueny
(X = 2.85 wirriu) wagmiiganuniasgiinisatuayw/dan/Ansousdnionyuniainuinuns

denthgevizede-vregUunsalnaunugunsalsyuu SHS fdeweny (X = 2.82)
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AIUNITUINITIANTT
y o o 321 (N=97)
AIUNITUINITIANTS
f x SbD. wlaany

MIBNUNIASTETTUUNM AN ULz UTEEUNENTT 97 288 0.39 1N
Fufluaures SHS ag1ereLiios
aun. Insiaviigiudeyanissu-Tiusnis 97 291 0.33 1N
Frumsdeaniigaviede-megunsainauny
guUnsal SHS Midoweng
vy Seunu/frhiivhnihiidgeansanelugavy 96 2.89 0.41 Tl
Ay SHS
ANFY 2.90 0.32 )

d‘ U d'd 1 a U o ¥ a
910715197 21 U998NUNanan1susSuIsINNIg SHS Iuﬁqmju ULUNFHIUATUNTITUING

Jan1s wud glidunwallifaiuluninsweglussduinn (X = 2.90) Inenanmsfinwiluuseiiu

goenuin Jlrdunvalianufadiulussduinnismn fe eua. fin1sdavingiutdeyanis

Su-lusnisanunisdentnge visedo-viegunsainaunugunsal SHS Mdaueie (X = 2.91)
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il

A157197 22 YOLAUBLULADNITUIUITINNITTLUUNAR NN 9N NI LA AR

STUUMTARMINLAEUSEUNANIIALTIUIUYDY SHS agn9naLiles (X =2.88)

uyy Aiunu/guirviminndeaisangluguvuiedtu SHS (X = 2.89) uagnmiigauniasy

g1

YDLAUDUL

MU (N=34) Saway

AsAnAIlNALUUANIS

[

39 aus. MUz lusuNIFeNUI3e5nYY SHS

5
Wiua SHS Talugdu ansnsaldlnihiueiesldlnindu
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sastiuleunensoilottazimun SHSINslgulafng
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29.41
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NNENTNN 22 Glidunualiideiausiugsian1susmsdants SHS ndsEulugusu laun ads
Anasluiiuuns Sogag 100.00 5838930 $31138 aUA. AN LWL lUAUNTYaNUN 395N
SHS $oeaz 85.29 Winuunszuu SHS Talugauanansaldlvirduniadalnigu o 1a Sevaz 50.00

wazsgensliuleuendeiiowasiiniu SHSWliMslHnulaaniluey Seeay 29.41

ABUN 4 N15NAFBUNIUILNANARBNISUSHITIANITITSUUNAANSEhEAINHIINNAI9U

U
[

a dad o
e INAENI8U

o ! io’ o/ (3 (Y U aa ! a Y Ao oA [
A1919% 23 AnlNeIAUTENaURaNUIUANLNAADNITUTAITIANTT SHS NEIBU AUnaY

N1IUYURAUKUY Orthogonal Rotation A5 Varimax

Factor Loadings

AauUs Factor Factor Factor Factor Factor
1 2 3 4 5
mhsnunasgiuleueiaugusy .908 219 131 067 -005

AUNNSIANTS SHS

BUAILNUNRIUITHIUAIUNTIANTT SHS .898 276 194 051 050
oun fihefisuiiaveusunsdans SHS 910 142 301 034 -018
mhsunasziuleue Ry 727 099 334 119 474

AUNN5IANTS SHS agnasaliles

Faviunuiagaumudants SHS lagl 712 -.063 440 096 437
EGATG TPt

nshiusnsUinuy/gua/deutise SHS 635 -118 387 172 389

MhignunAsgAIsIndiyaaInsdn 494 325 753 073 072

Anmurani1satiuau/eyninisly SHS

oun.msiyanansfisinmg anmdile 294 156 917 129 069
wazUsyaumIalmunNIInNg SHS

guumsHiuugmuiiaeg mnudile 362 109 859 082 201

wagUsraun1salnun1sIAnIg SHS

mhgnuMASFaTuayuIuUTTIN 254 862 116 051 277
Dowtudiion1sdnns sHS
aUn. INATTIVUTLIUNNTFOI/U15e 124 865 178 227 299

yuuiimsdaiviuiiedadinemugon/dng 099 822 152 356 207
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Factor Loadings

Ay Factor  Factor Factor Factor Factor
1 2 3 4 5
nhignunasginsaduau/nn/fnsie 076 146 .090 912 084
Uitenvuiifianuunmsdentige
vi3eto-1egunsainaurugUna SHS
fideneny
oun fidmihiisuisveuiidudenans 183 443 067 820 149
TenIguTUiuUTENeNYUiiAN ANy
nstoutgemIete-vegUnsainaiy
gunsal SHS Aidoweny
v fifunu/fhivihmihiussauny 010 080 100 867 341
spviegusuiy oum AAeiunsgou
1y videtienegUnsaimauny gunsal
SHS Tideuny
MNBNUNIASTETEUUNTAANULAE 179 516 028 273 .758
Usziflunanisaniiuny SHS ega
woiileg
aun.dn1sdnvigiudeyanisiu-lviuinig 106 404 196 171 773
Frunsgenthyaviete-vegunsal
vaunugUnsal SHST 1eneny
yuruidun/fihitinihiideansnely 110 400 111 367 774
guywAaiy SHS
Eigenvalue 9.167 3.373 1.469 1.130 1.093
Variance explained (%) 50.930 18.738 8.164 6.279 6.072
Cumulative Variance explained (%) 50.930 69.668 77.832 84.110 90.182

NANT99 23 WU Teyadrnwuudumualiunuaiseugldluiiain sHS legnian

NaaauANUNzanlun1sIATIZRUYY (Factor Analysis) Wu31 A1 Kaiser-Myer-Olkin Measure

(KMO) fA1ifu 0.720 wazNan1IvngeU Bartlett’s Test of Sphericity 3A1 P-value 198031 0.05

wandadematanunsaldunisusmsinns SHS Nfseuleagnestiuseansnm lnenansiasien
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Uaduaae38 PCA uazvinmsvyuunusemaila Varimax 3adumedaivinludiduudiulsntes

= Y

Naauazilan Factor loading inluudazlady anunsaasuladeniinasdanisusmsdnnis SHS 9

9

[V
A

gegu lansun 5 Y9de Tu 18 aru Neilfidulanswediudsiunlalming 5 Jady feiansanann
anumnglagTInvesiaziwUstes lnglihminduiiulsnien Factor Loading asgaludndny
gunsnesuIeANULUTUT TR WUSAY 18 duls lh5eway 90.812 uasimuangudadels 5 nau

[

N

=De

ngufl 1 anansaeAuseanuLdsUTITesudsiAy 16fesar 50930 Uszneulusie
FuUsiduiusiu 6 fuus finmsuimsdanig SHS Truddaannies Téun

- oun. TEheRfuRnveususEANTg SHS (1=.910)

- yheuASFHUlEUIETALNYUYUAUNITIANTS SHS (1=.908)

- 9UA. LUHUWAILIYUYUAIUNITIANTT SHS (1=.898)

- mhsnumadgiulsuieiauygusuiunsdans SHS egseiiles (1=.727)

- FarhuauRRNgTLA AN SHSIaglguvuiliausw (=.712)

- MsliusmMsUsny/aua/geut13e SHS (1=.635)

satiu F9ledeudadetiin daleaiuuleuignasnisusnig

n@:m“/'i 2 anunsaefiusieanuulsusiuvesituusiiulasesay 18.738 Usznaulunie
FauUsiduiusiu 3 fuus finsusmsdanig SHS Tienuddaanniles T

o

- BUA. INATTIVUTTINUATUAYUNITYRN/UIFISHS (1=.865)

- mhseunaisatuayuulszanaidesiuiion1sdnnis SHS (=.862)

- quruiimsdaiuduiiofadnosmuden/thg SHS (1=.822)

A9ty Falatenuiadtedin Jaseaiunisu

ngufl 3 ansneAuseauLUsUTINTesLUsIAuldYeray 8.164 Uszneulused
wUsTEURUSHY 3 duus Aiinsudmsdanis SHS Ianuddauntos Taun

- gun. mstiyaransidan anudile uazUszaunsaldumsdnnis SHS (=917)

- umsTiuwusianLg mudle wazdszaumsalsumsdans SHS (1=859)

- mhpnunaszmsdIndyanansidiianuranisaiunw/dyministy SHS (1=.753)

aatiy Faleflgnudadeili Yadeduyaains
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nguil 4 aunsneAUTIsAuLUTUTILYesILUnANlFTouay 6.279 Usznaulude
FuUsTiduiusiu 3 fuus fin1susmsdans sHS Tanuddaunnies Téun

- mhsaunaiginsatuayu/dan/AadeuTdnienvudiinuifunisdoutigmie
Fo-1egUnsnimaunugUnsalssuusHs ideuony (1=.912)

- vy Dfunu/firivhmihivszanuaussrisguvuiveus MAsafunisdentige
yietoregunsaiauny gUnsaisEUUSHS Tidexony (1=867)

- oun fdmihAsuRnveuRidudenansszninsyuruiuvuisnenvuianuifunisden

Unyvisedo-vngaunsainawnugunsal SHS Mdeueny (1=.820)

q

(%
v Y

i Jalatleutadeilin Uadeduiangunsal

nguil 5 a1u1saeAUIeANuRUTUTINVBTIUUSIANlFFesas 6.072 Usznauludie
FuUsiiduiusiu 3 fuus finsuimsdanig SHS Truddaannies T

- grudifuny/ i ideanseluguruAeaiu SHS (=.774)

- aun fn1sdaingrudeyanisiu-Wuinisfunisdeutisaviete-1egunsaimauny
gunsal SHS Mideueng (1=.773)

- yhenumaAssiissuunmsRnauLayUTsliunan i iuny SHS egwiellos (=.758)

et Feldienudadeii Jadedrunisudumssans

nMsnadeuiolnsefuauduTuSsEinsiauds Tneldisnsvsadfdaeisduyseans
ANFUNUSINSEFU (Pearson Correlation Coefficient (r) #5® Pearson’s Product Moment
Correlation Coefficient) fan151971 24

v ¢ a v

LNATINTNNTANANAMNFUNUGTE WIS Headl

AduUsyavsanduius (1 STAUANUANNUG
0.10 - 0.39 i
0.40 - 0.59 Uunang
0.60 ~0.80 Bl 2

1% Y a £ [y v

dy Y = 1 L% 5 =
YBNINANL DrAduUsEANTANEUNUS (N TnaLABa 1 #1580 -1 WamI3N ALUsSNaaD9d

ANNANTUSAUES waa1An r = 1 %38 -1 uaaedl fuwdsisaaslianuduiusiunuuauysal
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M990 24 ﬂ'ﬁ'ﬂLﬂiqzﬂﬂquaNWUﬁﬁgvnrmﬂﬂﬂSWNNam@ﬂqi‘Ui‘Vﬂ?‘U@ﬂ”ﬁ SHS nysgu

Ja9eiinanan1susnisann1sseuunanlninann SEAUNISUIUITIANISTEUUNAALNHRIN

o
[

[ % a Cy] S
NANNURFAIDINAYNY YU

o
[

(Y a ] IS
WA URFAIDINAYNYIBY

LA Pearson Correlation -0.082
Sig. (2-tailed) 0.432
FTAUAINAUINUS i
VRRRRGH Pearson Correlation -0.075
Sig. (2-tailed) 0.468
FTAUAINAUINUS i
ag Pearson Correlation 0.147
Sig. (2-tailed) 0.154
FTAUAINAUINUS i
N5ANYI Pearson Correlation -0.026
Sig. (2-tailed) 0.802
FTAUAINAUINUS i
anunndagiu Pearson Correlation -0.019
v83 SHS Tugawu Sig. (2-tailed) 0.858
FTAUAINAUINUS i
DNUVNYAN Pearson Correlation 0.063
Sig. (2-tailed) 0.542
FTAUAINAUINUS i
s1elanelsiou Pearson Correlation -0.087
Y99ATISoU Sig. (2-tailed) 0.401
FTAUAINAUINUS i
18s0LADY Pearson Correlation 0.008
YDIATATOU Sig. (2-tailed) 0.936
FEAUAINAUINUS i
Jaymnsqua/snwi SHS  Pearson Correlation 0.301**
Sig. (2-tailed) 0.003
FEAUAINAUINUS i
** ffuddun1eadanisediu 0.01
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ANHNTNN 24 WU SELAUANUAUNUSTE M990 NIANaABN1SUSUITIANTT SHS 9
Fafufunsuimsdans SHS Adsduliamdniusiulussdum 1 4o fe dadesuiymmagua/
$hwn SHS (r = 0.301) fiszdumauduwusaifun1susussanissevunanlniinannndesu

Y] o w a

a fd A U L%
EIDNNAYNEIYU U IEAUVUYFIAYNINENS O 01

A13197 25 N15ILATIENRNNTaRnReNALUUUNA (Multiple Regression Analysis- Enter)

3mmaﬂa%mNamamsmmiammi SHS 91 UQ gu

Unstandardized Standardized
fraUswensal B Coefficients Coefficients t Sig F Sig
Std. Error Beta
(Constant) 2.235 .601 3.718 .000 1.670 0.097
LN -.010 .059 -.019 =172 .864
flaged -014 .030 -.060 -466 642
27 .058 .028 262 2.091 .040
ASANY -.032 .020 -.203 -1.568 121
anunmdagiu | 092 219 094 418 677
Tuguvy
DIUNUAN .060 .057 .241 1.059 293
eledepouves | -047 037 -194 -1.269 | .208
ATITOU
FNTEHOLADY 035 .055 .090 641 523
YIAFATOU
{]w’m’]ﬁ@l,l,a/ .203 .092 .290 2.212 .030
$nw1 SHS
R = .441 R Square =.195 Adjuster R Square = .078 Std. Error of the Estimate = .242
F=1670 Sig=0.097

v v o w a

syaUlpd Ay eatann 0.05

a1 v

Naﬂ’]flLﬂi’]%ﬁ%@iﬂﬁﬁ]’]ﬂ@ﬂi’mﬁ 25 wui1 fieduuszansnisdnaula (R Square) Wiy
195 videdlargrunalunsnensailéfosay 19.5 TAnuAIAAADUINATEIUTBINITHEINTE]
wiiu 242 asnsaesuglainduusmensalfe Uadudruyanavesniaseuslliiain shs lu
frnuduiudfufudsau fosedumsuimsdams SHS Wefinsandrdulszaninisonnosves

muUsnensalluguaziuuinnsgiu (Beta) wuin Jadeeueny (Beta = .262) uavdgymnisqua/
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« Julaungdinmn SHS od1edailias
3501 H + dulsvisfaniunsiagaeunsdnns SHS A1endinisanegs
- 3
[ = a = = o
& « fulguigativayuaudszanaiiienIsusnisinns SHS
f]
g
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& G Z « finsatvayuIulsEnaaiion1se U STan U5
@ =
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2% BE o ar Yo o 2 e d o oa \ a
€ - ddunw/ihdanuRuiiedndsnamugen/uiss SHS
~ ey H o« Jdunweihussamauiu oun. de SHS Iy
« dimunweihiianig anudhladunmsdnns sHs

dl L% L3 o U a = U a L 1 U U a
i 8 nseurluirinmsdaesuumssrdulad endademsus msdnms SHS YUV gaedly SminRee
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2. Wisuisumanminaud1AyvesladensuImsians SHS yuvuusliaaadly

Y] v < 1A o (% aal 1 ' Y o & o ] Y1
ININLVENINY L‘UUTWG;’] UNBNITATUIUNIYIT AHP WU ﬂqmﬂwammwmmmu 12 viu Tvian

[y

asuanudAgyluladenanauyuIuIInige (0.5962) 50989110 UBIANITUSMTAIUAUA

a

(aum.) (0.2157) kazausgua (0.881) muasu wazllafiansantutdadeseslaaningiy wuil

U U = ¥

ArarduadEAyInIntutey 5 dduusn loud 1) ddunu/guadanuianudiladiunis

Y
a o

3nn3 SHS (0.3279) 2) Sifaunu/fiiuszanuauiu sun. e SHS Tam (0.1641) 3) Tfaunu/

Yo v &

A daiutuiiedndinesugen/dise SHS (0.1042) 4) Iulguigaiuayuaulsyanauienis

e

UIMsdANIT SHS (0.0974) wag 5) Tnsanfuayuian/gunsaiilensgeutiizs (0.0778) muandu
Fauanslilunsed 26 Juiloviinsduiniauasandesvounana (Anw13snsdiuia
Wisdnldann quuens dume, 2549: 12-13) ilensavasunnuaenndosesiayanisinauled
Flel wuin fdmeuiigndes nanafe AAuaenAdesvBIMANa (CR) < 0.05 Fofivansuls

faanalilumisnai 27

A1519% 26 AasuAudEAglumslssuiisulatenanuazdadeseaiensuimsinnig SHS

guyuwiaaotly Jwindesenunanduieg

uutin i twtin
Uadgwdn  adwddny HERIIEG AudAY ANEIAYSIN  Ady
(1) (2 (1)X(2)
P1: flulunesiam SHS agrdaiiies 0.1680 0.0316 9
Z1: fudgura 01881 P2: HulbuiefinAnunsiaaaun1sinnis SHS mevdanisiinds  0.3144 0.0591 8
P3: ﬁu‘lﬂmaﬁﬁuaquwﬂsxmmLﬁan'ﬁu%mﬁﬂmi SHS 0.5177 0.0974 4
1.0000
P4: fimsatfuayuderviy/yransiifonsdoutige 0.2851 0.0615 7
Z2: iy aun. 0.2157  P5: ﬁmiﬁﬁuaqu'ﬁ'aq/qﬂn‘snil,ﬁam‘swiauﬁﬂga 0.3608 0.0778 5
Pé6: ﬁmiﬁﬁfuaquaUUizmmLﬁamiﬁ'ILﬁun'ﬁﬂﬁauﬂ'rga 0.3541 0.0764 6
1.0000

Funy/firdaiuiduiedadaneuden/iige SHS 0.1748 0.1042 3

fFumy/gfinszauauiu eun. e sHs flaun 0.2753 0.1641 2

PT:

o

o
i
z3: fugury 05962 Ps:
Heunmy/guatianud arnudiladaunisianas sHS 0.5499 0.3279 1

P9:
1.0000 1.0000
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AULEAIANTDAARDY Y Y o — — ”
UL ﬁ’llﬂHﬁ{j‘iJ‘ilﬁl‘ﬂﬁﬂ ATUTIUA AU BUA. AUYNYY
A A 3.053 3.040 3.029 3.026
AnUERNARDIYIMAHA (CR) 0.045 0.034 0.025 0.023
Anvliauaenndastoya (C.L) 0.026 0.020 0.014 0.013
Advilanuaenndaadegu (R1) 0.58 0.58 0.58 0.58
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Abstract

The purpose of this paper is to examine the state of Solar Home System (SHE) project meanegement in remote areas of Thailand
and to identify problems and obstacles of community SHSs mensgement. The proposed methodology is composed of a
combination of qualitative and gquantitative research that can improve the quality of life of community. The data are collected by
using questionnairzs with 94 peoples in four rural villages that used SHSs installation households in Mae Salong Nai sub-district
in Chiang Rai Province. In-depth interview with 12 leaders of communities and community energy management experts is used
to assess analysis of problems and barriers on SHS Management. Data are analyzed by descriptive statistics and presented in the
form of percentage, average values and standard deviation. The survey results show that the major problem associated with Mae
Salong Mal community is the knowledge of 3HS including systematic operation and maintenance. The second problem is the
policy on sustainable SHSs development on the central government. Therzfore, this study is useful and able to verify that the
study can be applicd to design both the questionnaire and constraints in optimization technique for the further research in the
topic of integrated modeling community management for SH3s.

Keypwords: Soler Home Systern, SWOT Analysis, Evergy Managemen |

1. Introduction

Nowadays, the energy is at the heart of everybody's guality of life and a crucial factor for economic growth and
employment. For example, Thailand’s Ministry of Energy has announced plans to develop renewable ensrgy and
alternative enengy by 25% in 10 vears (2012-2022). Therefora, this policy has developad the renewable energy and
reduced dependence seriously, there is imported fuel from abroad. Currently, Thailand has been recognized as a
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E-mail address: pimnapat_rmutt@hotmail.co.th

| B76-6102 © 2014 Elsevier Ltd. This is an open access aricle under the COC BY-NC-MND license
wicreativecommons.orgilicensesby-ne-nd/3.00.

Peer-review under responsibility of COE of Sustainalble Energy System, Rajamangala University of Technology Thanyabuei (EMUTT}
doiz 101016/ .egypro. 2014.07.198




Pimnapar lemsomboon and Mpon Tangrham ¢ Energy Procedla 56 (2014 398 - 603

national leader in rengwable energy development in ASEAN. WNevertheless, off grid in remote areas and restricted
areas installad by solar home system (SHS) are o be the implementation plan for the installation of 5HS in those
230,000 unelectrified households [1], has been initiated by the provincial electricity authority (PEA) in 2006, The
percentage of SHS nstalled as show in Fig 1 [2]. [t will be unsustainable because of problems and barriers on SH3s
managements and maintenances. Following the survey of rural households, it has been found that the SHS users
nead o use electricity from transmission ling of PEA [3]. To enable the sustainability of SHS, the good management
gyatem will be required as well as the responsibility villagers have to understand well how the system is operated for
evary day.

North: 48.36%

Northeasi: 22.37%

K

Central aﬁd East: 9.37%

South: 19.90%

Fig.1. Aress and percentage of Sh'% installed in 2004,

The importance of this research work focuses on identifving problems and obstacles of community SHSs
management in remote areas of Thailand. Therefore, the good SHS project managament should target at villagars by
offering them the opporfunity o initially participate in the project so as to create the feelings of system ownership
and system acceptance. The structure of this study 15 organized as follows: section 2 describes the term of SHS
praject environment in Thailand, SWOT analysis is presented in section 3. Section 4 shows the maethodology of the
sludy as invalving survey method and interview questionnaire. The results and discussion that showed the
application of 3WOT analysis in a proup discussion system are given in section 3. Finally, the conclusion is
exprassed in section b,

2, Simation of SHS Project in THAILAND

In accordance with the gpovernment policy to encourage people w access news and participate in the
administrative and political affairs, the people in every household throughowt the country should be equalized the
servica of public utility system aspacially on electricity. To grant and support the equal opportunity to Thai people,
it is targeted that every household of the country will be provided with electricity supply by the year 2006, The
targetad households are divided into 2 groups. The first group can be provided with electricity supply by
conventional grid of PEA. The second group is households located in remote areas and restricted areas. PEA will
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provide electricity supply to this group by the installation of SHS [4]. According to the result of evaluation of an
electrical service acceleration project by SHS in Thailand, the actual use of electricity per 515 is on average at
16%.66 watt-hour/day. The cost of electricity per unit equals 31.15 baht. The guality of life (QOL) changed in various
aspects as education, financial family, better mental health, pood relationship among users at night time and the
users nead a facility of electricity more than in the past. The average satisfaction of SHS user was satisfied with SHS
application as a moderate level. A SHE could reduce CO» 26.63 kg'vear comparing to the electrical power plant
from fossil [5]. However SHS project can improve the QOL for the rural areas community that without electricity
from transmission line in 6-7 years ago, the end-users in those areas are unsatisfied with SHS project management.
Consequently, it made the most of energy end-users nead to install the grid connected svatem more then SHS stand-
alene system. Thus, 515 was not sustained in Thailand community.

3. 5WOT Analysis

The SWOT analysis is an extremaly useful tool for understanding and reviewing the company”s posiion priar 1o making
dacisions ghout future company direction or the implementation of a new business idea. A SWOT analysis can be complated
by an individual within the orgamization but 8 often best cormpletad m a team or proup. The discussion itsel§ 15 informative,
and the quality of the output 15 better if perceptions are gathered from a number of people.

A SWOT analysis 15 a subjective assessment of information ebout the business that 18 orgamized using the SWOT
format into a logical order that helps understanding, presentation, discussion and decision making. The four
dimensions are a useful extension of a basic two heading lists of pro's and con's. The SWOT analvsis template is
normally presented as a grid, comprising four sections, one for each of the 8WOT headings: Strengths, Weaknesses,
Opportunities, and Threats. The SWOT emplate below includes sample questions, whose answers are insertad into
the relevant section of the 3WOT grid as the shown template with some examples in Table | [6]. The guestions are
examples, or discussion points, and obviously can be altered depending on the subject of the SWOT analysis. Note
that many of the 8WOT questions are also talking peints for other experts as the experts find most helpful, and make
up their own decision on the issue being analvzed.

Table I. SWOT matrix

» Paolitlcal support » Project is very complex

#® Funding available o Likely w be costly

® Markel experience ® May have anvirommental impact

- S:n:urii Iearie-rshii #  Siaff resources are alreaﬂ_i tretched
= Project may improve local econamy » Environmental consirainis

= Wi improve safery » Time dalays

= Project will boost company's public image = (ppositon 1o change

A SWOT analysis can also be used to examine different aspects of the business, in our case examining the
businesses solutions, customers, capabilities and organizational capebiliies. Each represents a different element of the
business, and reguires a separate assessment. In the template provided we sugpest that specific questions nead 1o be
angwered regarding to each aspect of the business. As the experts work with this framework, they may add guestions
that are relevant to the specific context of vour business. Imporiantly, the SWOT analysis can include many
different ideas that make it difficult to process decisions. [t is therefore useful to define the relevant level of
significance you will consider when including a factor before completing the analysis. As a conseguence, il i
important that the experts identify at least one factor o go in each box, even if the experts cannot determing the
relative importance of a factor. At the evaluation stage they will be better able to determine this, and will have o do
this when they use the summary sheet to incorporate the most important elements and prioritize the outcomes. The
first time the experts perform a SWOT analysis it can be challenging, but like most things, the more they do it, the
easier it gets[7].
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4. Methodology

To study the problems and barriers on SHSs management in Thailand’s rural areas based on SWOT analysis.
Under the SWOT Analysis condition, this study found the solution to develop the SHS system. The methedology
can be classified into 3 steps as follows: first step is the survey process of currently SHS situation. Secend step is
the interview process by using questionnaire. Finally, in-depth interview process is proposed by interviewing the
experts in that community and using SWOT analysis to analyze the data. The consultancy from SWOT analysis may
decide to specialize in rapid response, goed value services to local community and government in the future.

5. Results and Discussion

The study area under consideration has been installed SHS and located in remote areas. Then, Mae Salong Nai
community is a case of study, the survey was conducted in November 2013 in four rural villages (Ar-Do, Sam-Sung, Ar-
Lae and Hoi-Mak) of Mae Salong Nai sub-district, Chaing Rai province in northern Thailand, it belongs o 127
households without grid connections because they are in remote and difficult areas such as forests, hill, and
inconvenient transportation. Then, SHS was selected by PEA to alleviate end-user community poverty as shown in
Fig 2. Fig.3 shows the interview process from the interviewer to people who live in the rural area via the local
interpreter (Ar-Kha language).

I

) 00 Utk Aks AL

» ﬁfé

)

Fig3 Survey questionnaire of rural SHS users.
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This study classifies the strueture of questionnaire on the following issuss:
= Houzehold structure
= Current status and problems of 315
= Sugeestion o develop SHS in the future.

Three types of question were used consisting of open text, three-choice and open ended questions. The open text
questions are used to ask for household structure of focus area. The three-choice questions are used to ask the
opinion on the current status of SHS in Mae Salong Nai that identifies problems of SHS with threa-choice quastions,
high level {2.33< ¥ =3.00), moderate level {1.67< X £2.33) and low level {1.00< X £1.67). The open
ended guestions are the problems that the researcher would like to know the suppestion of 5HS development in the
future.

The rasult of survey showed that the villages comprise
ghout 30-60 households. It was engoing 5HS operation for 8 vears. So, the rest of the villages are beacoming on the
national grid within the near future, especially Ar-Do and Ar-Lag. The income level of households is about guiets
poor and difficult to pay them for the SHS equipment replacement. Another two villages cannot install the grid
because the villages are in sensitive and forest areas that 15 controlled by the regulation of nation. The result of
evaluated SHS using in Mae Salong Nai community by 54 households showed that the solar elactrification 18 active at a

low level { X =1.33, 5D = 0.57). The meaning of low level of community opinion 18 the SHS syatem can operate
ghout 2-3 hra/day under the reasons as follows, the battery expired (about 43.30% of whole opinien), charger nat
function (19.59%), inverter not function {23.31%), and other case about {13.8%). As well as, a survey of remota
household enengy wse in rural Thailand [2], found that the problems from system and implementation such as those
communities that mnstalled SHS have currently warranties from supervisory agencies on paris of some system
equipment, which are expired. Most SHS equipment does not functionally work because it is of expirad. In addition,
the majority of wsers, though, pointed ouwt that they face difficultizs paving for the system eguipment have
replacement such as batteries wsed for power storages in the villages in northern Thailand since they are low-income
villagars.

The interviewees sugpested sustainable SHS development with high level of opinion score as follows: the
government officers and peoples in community must have more communication and co-cperation for SHS with
X =289, 5D = 041, then, the people would like to have fix-it center or service center in community with
Y= 28R, 3D = 0.41, finally, the government officers should increase the SHS budget for syetem maintengnce with

X =284, 5D = 040, From above information, the researcher can gynthasis the data based on the workshop by
using SWOT analysis technigue as shown in Fig.4 and Tabla 2.

Fig 4 Meeting of experis at focus area,
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Tuble 2. SWOT analysis for SHSs mansgement

+ Elecidcity from RE anergy = 5HS kaow ledge less
Ma-cosl fram electriciy = Power Limitation

+ Strong an quality of lfe = Mg mainlendnce syslem

+ Everyone can wse electriciy = Moefixil or servics center

+ Matonal palicy plan = Mg=cormmurication syslen

o+ PV plant from wility = Moebudget for maintesance

6. Conclusion

The proposed study showed the problem and barrier on S5HSs management in Thailand’s rural areas based on
SWOT analysis. The data are revealad by using questionnaires with 94 peoples in four rural villages that used SHSs
installation households and in-depth interview with 12 leaders of communities and community energy managament
experts. Data are analyzed by descriptive satistics and presented in the form of percentage, average values and
standard deviation. The survey results revealed that the major problem associated with Mae Salong Nai community
is the knowladge of SHS including systematic operation and maintenance. The second problem is the policy on
sustainable 5HSs development on the central government. Therefore, this study is useful and able 1o verify that the
study can be applied to design both the questionnaire and constraints in oplimization technique.
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“Understanding, Reaching and Development to Sustainability”

From policies of the Ministry of Interior, which aimed that all households in Thailand
must have electricity by the year 2005, at least they should have televisions or radios for news
and information receiving. Most of these areas located in conserved forests, reserved and remote
areas along with hill slopes. Extension for electricity services by traditional methods or by using
electricity poles was very difficult, resulted from long duration for area allowance permission
processing and it was not economy. Therefore, in areas where people consumed a little
electricity, solar cell system was an alternative method of the government-supplied electricity
for those. Because this method could easily install in all areas, wherever had only sunlight, in
addition, it was friendly to environments, free from energy expense and sufficiently fulfil users’
basic requirement such as lighting and information receiving. In present days, electricity service
extension projects with solar electricity (Solar Home System: SHS) achieved for 203,000
households. Project operation’s investigation from initial project to July 2007 found that SHS
installations and management did not meet the project’s objectives that affected to
sustainability of the projects, unworthy and losing opportunity for the annual government
expenditures, and loss of opportunity to accumulate incomes from fees for administration’s
expenses. (Office of the Auditor General of Thailand, 2008)

Mae Salong Nai subdistrict, Chiang Rai Province had some communities locating along
hill slopes, on decadent conserved forests (Forest zone C), without conventional electricity but
only SHS installations by the Provincial Electricity Authority for 127 households (Civil engineering
division of Mae Salong Nai Subdistrict Administrative Organization, 2008). Now this project
encountered with inefficiency of SHS and ignorance from government sectors, which resulted in

negative attitude to SHS (lemsomboon, 2012: 147-150). Poojinda (2012) had studied the renewable
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energy management for energy generation in commmunity and household levels which found that
the energy management system of renewable energy in remote community had not been success
enough. The main problems and barriers of the generation were lack of raw materials and
resources analysis on community energy generation and demands. Resulted in inappropriate
technology selections for energy generation. People in the community lacked of knowledge, no
perception in renewable energy generation and were familiar to comforts. Moreover, Kongthong,
et al. (2014) studied community energy volunteers’ participations in community energy planning
project of Nakhon Si Thammarat Province. Resulted in that there were deficiency of
communication and publicity, cooperation, knowledge, energy perception in those participants.
The participants also observed energy as being inaccessible. Directions for development of
competent and sustainable renewable energy depended on successful management of
community SHS in appropriate ways. Related developers and government sectors should
intensively understand priorities of objectives or problems on SHS management of community
electricity users.

One key factor, which leaded to success or unsuccessful of SHS development in Thailand
was integration of energy management between all related sectors such as government sector
who was the SHS project initiator, Subdistrict Administrative Organization who descended SHS
maintenance and community electricity users. Community electricity users should have ability
to maintain and restore basic problems by themselves. Their attempts to do by themselves
meant that they accepted SHS technology, recognized to the values and benefits from

renewable electricity. These were background concepts for this research.

Brainstorming and Cooperation as Alliances and Partnerships

Development of managing methods for integrated community solar cell electricity
generation was the objective of this research. By following to His Majesty King Bhumipol
Adulyadej’s principle of “Understanding, Reaching and Development” and applied for this
research, conducted in Mae Salong Nai subdistrict, Mae Fah Luang district, Chiang Rai Province.
The “understanding” meant SHS overview management analysis (Macro views) by jointed
cooperation between scholars, Subdistrict Administrative Organization, and solar cell electricity
users. Which leaded to alliance cooperation, conflict reduction, initiation of objectives and
policies of SHS development which corresponding to community’s needs. This analysis

demonstrated understanding of community’s problems from SHS electricity using in the present
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days (Micro views). As researchers summarized overall solutions based on the community
potential (Holistic), which leaded to guide lines for sustainable SHS development, using research
methodology by Participatory Rural Appraisal (PRA) from alliances as following:

= Personnel, including of researchers, electric engineering scholars, forestry scholars,
government officers (representatives from Subdistrict Administrative Organization), SHS
supervisors (civil engineering department officers), representatives of community SHS
electricity users (village headman or assistant, village committee members, members of
Subdistrict Administrative Organization, and household representatives).

» Knowledge from universities, this research used integrated knowledge from 1) electric
engineering sciences which transferred SHS supervising and maintenance knowledge to the
community. 2) socio-environmental sciences which developed management methods for
community solar cell electricity generation by integration of necessary concepts and
theories, such as concepts for internal and external environmental analyses (SWOT
Analysis), concepts for modelling by Analysis Hierarchy Process (AHP) and concepts of
community participation, to simulate management factors diagram of SHS in Mae Salong

Nai subdistrict, Chiang Rai Province as shown in Fig. 1.

Objectives Primary factors Secondary factors.

= Having Continuous SHS development policies.

F Government =] - Having supporting budgets for SHS

management.

= Having supporting experts /maintenance

personnel.
Subdistrict L1 . Having supporting materials /maintenance
Administrative equipment.

= Having supporting budgets for maintenance.

= Having representatives/leaders to coordinate

with Subdistrict Administrative Organization

1 Community when facing problems.

SHS anagement factors, Mae Salong Nai community,
Chiang Rai Province community, Chiang Rai Province

= Having representatives/leaders who know and

understand SHS management.

Fig. 1: Pictorial Model for management factors of SHS community in Mae Salong Nai Community, Chiang Rai.
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= Budgets, supported by capital for developing new potential researcher projects from The
Thailand Research Fund (TRF), annual financial statement for the year 2013, contract no.

MRG 5680168.

Occurrence of Participating Learning Which Leaded to Academic Accomplishment
(Knowledge Sharing and Scholarship).

Management format for community solar cell electricity generation integrated from
researcher surveying data, public hearings to situational conditions and factors for community
SHS management in Mae Salong Nai community, Chiang Rai Province. Then fed back information
to the community and the Subdistrict Administrative Organization with conclusion that
community should have knowledge and understanding about limitation of electricity generation
power, in kilowatts, generated from SHS, SHS maintenance and SHS management which mostly
done by themselves. The community did not require money collection for fund raising to SHS
maintenance by representatives/leaders nor monitoring policy for investigation of SHS
management by Subdistrict Administrative Organization after installations. Since, it was difficult
to operate, together with disregard from electricity users to take care on SHS by leaving as a
duty of maintenance fund. They also thought that investigation did not perform problem
solutions at theirs origins.

Form Research to Lessons. Applications of research experiences to subject curriculum,
code 01110004 Societies and Environments, by assigned students to attend/ analyze the
research results and to participate in bag’s design for reduction on global warming which was a
part of the research. The lessons needed innovative knowledge and then we applied two
research project titles for supporting fund, i.e. 1) Lesson development for Societies and
Environments Subject curriculum, by integration with research processes and 2) Social Innovation
for Learning Skill Development in Renewable Energy in the 21" Century.

From Research to Academic Services. Seminars and knowledge transferring project
about integrated community solar cell electricity seneration management invented at Mae Fah
Luang’s Learning Center for Thai Hill Tribe Community, Bann Huy Makk village, Mae Salong Nai
subdistrict, Mae Fah Luang district, Chiang Rai province as shown in Fig. 2. Enhanced solar cell
electricity household users potential in SHS management, especially knowledge in basic monitoring
and maintenance, leading to good attitude in Mae Salong Nai community for efficient and sustainable

management planning of renewable energy.
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Fig.2: Knowledge transfer activity in study area.

For researchers, this research presented in many panels, such as article in “Problems
and Barriers on SHSs Management in Thailand’s Rural Areas based on SWOT Analysis” presented
in “The 11" EMSES International Conference” on December 18-21, 2013 at Phuket Province,
Thailand. Which selected being the best paper award on Environmental and Social Impact
Session and published in the Journal of Energy Procedia: Volume 56, 2014, Pages 598 — 603. The
article “Pictorial Model of Management Factors for Solar Home System in Masalong Nai
Community, Chang Rai Province” presented in “The 1* RMUTL Chiang Rai Conference, RCCON
20157, between March 23-24, 2015 at Wiang Inn Hotel, Chaing Rai province, and be awarded as

a the best oral presentation award.

Mutual Benefits for All Related Sectors.

= Mae Salong Nai community, gained accurate leaming and understanding on SHS electricity usage.

= Government sectors, such as Highland Agriculture Developing Stations According to His Majesty’s
initiative, Baan Hui Yuak Pah So, Mae Salong Nai subdistrict, Mae Fah Luang district, Chiang Rai
province. Which adopted operation methods to apply for quality of life development in people
located in responsive areas. The personnel in the station also had an opportunity to leam and
coordinate with the researchers in the research processes.

= Mae Salong Nai Subdistrict Administrative Organization, gained accurate knowledge and

understanding on SHS management.
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= Universities, 1) Integrated researches into education, applied research knowledge to
education. 2) Seminar inventions and knowledge transfers about management guidelines of
integrated community solar cell electricity generation system resulted in new visions that
sustainable development must depend on simplicity and feasibility. 3) Our two more new

researches are on proceeding.

Measurable Social Impact.

Resulted in economic development on Mae Salong Nai subdistrict area. Mae Salong Nai
community solar cell electricity generation system helped reduce lighting expenses and increase
additional incomes from night working. In social aspects, electricity from the community solar
cells resulted in receiving news and information from televisions by the people. Lighting made
lives easier at night and provided more alternative recreations such as meetings within families
or between neighbors and villagers at night. In environmental aspects, Mae Salong Nai
community solar cell electricity promoted routine using electric generating technology which

being environmentally friendly and reduction of greenhouse effects.
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Reliability
RELIABILITY ANALYSIS - SCALE (ALPHA)
Mean Std Dev Cases

1. Al 2.6667 4795 30.0
2. A2 2.1667 5921 30.0
3. A3 2.6000 6215 30.0
4. A4 2.2667 .4498 30.0
5. Bl 2.3333 .8442 30.0
6. B2 2.2667 9072 30.0
7. B3 2.3667 7184 30.0
8. 2.4333 5040 30.0
9. (2 2.7000 4661 30.0
10.  C3 2.7333 .4498 30.0
11. D1 2.5000 5724 30.0
12. D2 2.7667 .5040 30.0
13. D3 2.6000 .4983 30.0
14. E1 2.7333 4498 30.0
15.  E2 2.5000 1.1671 30.0
16. E3 2.5333 .6288 30.0
17.  F1 2.5667 6261 30.0
18. F2 2.6333 5561 30.0
19. F3 2.5333 6288 30.0
20. @1 2.5333 1303 30.0
2. G2 2.5000 .6823 30.0
22. G3 2.71333 6397 30.0
N of
Statistics for Mean Variance Std Dev Variables

SCALE 55.6667 41.6092  6.4505 22
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RELIABILITY ANALYSIS - SCALE (ALPHA

[tem-total Statistics

Scale Scale Corrected
Mean Variance ltem- Alpha
if Item if ltem Total if Item

Deleted Deleted Correlation  Deleted

Al 53.0000 39.0345 3914 .8090
A2 53.5000 41.5000 -.0316 8264
A3 53.0667 37.4437 4969 .8032
Ad 53.4000 40.0414 2399 8144
Bl 53.3333 38.0230 2760 8159
B2 53.4000 36.5241 .3887 .8095
B3 53.3000 37.1828 .4463 .8051
c1 53.2333 38.7368 4174 8078
c2 52.9667 38.5161 4971 .8054
C3 52.9333 38.8230 4610 8070
D1 53.1667 36.6954 6614 71965
D2 52.9000 37.2655 6646 .71983
D3 53.0667 38.5471 .4548 .8065
El 52.9333 39.2368 .3851 .8095
E2 53.1667 36.8333 2410 8269
E3 53.1333 38.2575 .3801 .8087
F1 53.1000 38.0931 .4043 8075
F2 53.0333 37.6195 5396 .8022
F3 53.1333 38.2575 .3801 .8087
Gl 53.1333 36.4644 5229 .8008
G2 53.1667 39.1782 2301 8162
G3 52.9333 39.0989 2627 .8142

Reliability Coefficients
N of Cases = 30.0 N of Items = 22
Alpha = .8163
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