) A o ' v T w ' ) @ - 1
mM3ieeilasims mysalilingimvinelna drandasunauns

unaata

=1 a ] 1 o
MmN IMazilasammsang Wl
wiitfwrinalnada ﬂwﬁomuﬂ@mnuﬁ’fmqﬂs:mﬁ

4 dszns fa (1) Ansdayamldluszay

- A o s 9 & 4 (4
m"aLsauua:sxﬂwgmuluwun (2) wenIok

aadaanisldnia (3) Anwinnadend
ANERUNIMMATHIAIRATUAZNTISY  (4)
- AahusuL LIS uLATgMaEaiLaznTGu
lunmsinmldfinsmszuvielu 4 szuu
ldun szuv Solar Home System (SHS), s=uy
Hydro Micro-Grid, 32Uy PV Micro-Grid waz
U PV/Hydro Micro-Grid &umsdsaadaya
luszduasaiFeu MEnsqudaiiuuuing
lasnisdunisoilszsron wiiuas 11
“aTTau TINNIEN 6,138 aifau nan1s
fnwwuifevieua: 90 mamgﬁquﬁv’mm
Usznaudagriineguningns g dssrinsias
8z 90.63 Usznavariwinuasnysy eldiade
#aATITaUAD 20,760 U ndall Tswdrwdn
wasmlasadotsanm 3 ,000 ymeall Lﬂum
Wiowly dhsdumeaussdnuwlwans
Lntummsmans:uumsai'm'lwﬁmm:au
HINTWIAIINANIAINAIUAII wazdasn
HaRaUUNUMUlUNMILATEgAaAS (EIRR) lay
Tuuruusiun uwyads 2 5:ﬂ:twamsaa\qu

1 a e v o ar . a
Q‘Iu'JQUﬁ‘lﬁmNquuauU a%u'ﬂ'\nn’]ivlwﬁ.la?uguﬂqﬂ

~ o
: amu UITUIU 2

@ A a 2
5 wanBnuuy
o 3
Iwsw ngyaunyo

« w o a o .

Wit unfinzuunudnoninuiannin 60%
Wungjriulwsad 1 VOIMIMN® Faunjiin
P =3 4 P o o ~ A o

nmaaa:ag‘lutway\ 2 fFmIuWeEn 1 Jduau
338 nyviu 113 unuiSuusndszunm
472,642,700 1 wytnuimInEsunuMIaaad

o v i o4

32UY SHS Jdwmau 287 wijthu Feannfiigaliia
Wisuifisunuszuudu g dmduiwad 2 vams

Suusnuszurm 310,097,100 U wyiiun ~
WMUNZFUNUMIAAAITTUY SHS T4 uiu 194

o A o Pz P [ P
wiihu snnigadianSoufisunuszunaug
BUN®

o ' R R .
nms@sInudmgtuiifiien 224
witiu udszupdnsldwavinduniadans

anutnuzaufatdudsziiniasay 9 inwu

mmqﬁnndwg&taﬁw;o%’nmsxun‘lww LazanIn
s o Qs (3 1 a
adddnvesadnsolszuudneldwdsau
g 1] U Q 5
naunuiidngs Jalinaauded EIRR  asuuly
mysaviunuun lavinnisienzfanudanlm
lunsrﬁﬁfi'lg‘mauazﬂ'qa%'nm AARINS0BA

15 (HuSauar 10 waz 5 avuda waclinsdln

aarImMEanasiesss 50 warlifaarnifiay

° ¥ 2 A’ ° @
navilAszuY Hydro 36 EIRR U uazvinli

° v o A { a &

Hwundinuniianumanzasnazfaasssuy
o &

Hydro U3 uiuuinauana

20, ° a Lo f
Atwmaniad dssdnoeamgmand sminmdudodlnsi

3 4 o . 'S a v A .
219738 ﬂ?&"\l'lﬂmxlﬁs‘lﬁﬂﬁ'lﬂﬂi um’mmam‘nmlﬁu

N

0:naitu uazldiIuasnu



oo

ygmans UmBnendoiduatig P
ABSTRACT

The objectives of feasibflity study on
renewable energy electrification for remote
villages are: (1) to review and examine
baseline socio-economic data in 558 remotes
villages, (2) to forecast electricity demand, (3)
to analyze financial and economic feasibility
study, and (4) to undertake and implement

master plan for renewable energy electrification

in'those remote villages.

In this study, Solar Home System (SHS),
Hydro  Micro-Grid, PV Micro-Grid, and

“PV/Hydro Micro-Grid systems are considered

as tne renewable "energy electrification in
remote villages. The baseline socio-economic
déta survey of 11 households in each village,
totally 6,138 observations are colleted by
Simple ' Random Sampling technique, and
conducted by mterwewmg method using
questlonnalre forms. The results reveal that
nearly 90% of those remote villages are hill
tribes. Most of them are farmers and have
income per capita of 20,760 Baht/year. Their
energy spending in candle, gasoline and dry
battery are about 3,000 Baht/year -

| The cntenon for choosing an appropnate

system to install the renewable electrification in

“each remote village is considered by the

available resources for producing electricity,
potential in operating and maintenance the

system, and the Economic Internal Rate of

R 10 alUR 2 -3 wnumAL - SusiAw 9549

Return (EIRR) in ‘th‘at village. Akyil,lagg_; with

score greater than 60% is classified in the first -

phase of the implementation plan. The rest are
grouped and implemented in phase 2. As for
the first phase, it covers 338 villages with the
approximately initial investment of 472,642,700
Baht. The SHS is an appropriate system for
287 villages, which have the hignest portion
relative to other systems. As for the second
phase, it covers 220 villages with‘l the
approximately initial investment of 310,097,100

Baht. The SHS is a proper system for 194

villages and" Stl" has the highest portion relatlve
to other-systems.

In addition, it is found that 224 villages
have waterfall but the Hydro system option is
selected for only 9%. The obstacle factors for
choosing Hydro -system are high cost of
operating and maintenance, and high Virnp_c.)r@
tax rate of ” renewable energy. system
equipments which affect on rate of return of
investment. As a result, the study of master
plan analyzes the project sensitivity to the‘

operating and maintenance cost by reducing

from 15% to 10% and’ 5% _.r‘esp_ec_;g_i_yely.;, Also,

the sensiﬁvity to import tax by reducing to 50%
of the previous and 0% tax rate are analyzed.
The results exhibit that the EIRR of Hydro
system is increased significantly and the
numbers of villages are feasible to install Hydro

system is also increased.
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1 L N 1 ' '
v awmsqﬂaﬂﬁ (Long Term Electricity Demand Forecasting) a4

Tasn

%AD, = a(%An )+ ﬂ(%Ait)+e;v (%Ayt)+ef (%Ap,) )

%ADt

sanmaasuiasasnnudesnslginih (Growth Rate of Electricity
Demand)

anubianguvesguasddainuiuiszanng (Population Elasticity)
aAIIMIANVaILTzTINT (Growth Rate of Population)

anwdanguasanunwinlumlsIWi (ntensity of Use Elasticity)
aarmudasuwdssvasanunmnuiinlunsld Wil (Growth Rate of

Intensity of Use)

arudangurasglaeddassld (ncome Elasticity)

o o v 4 1 o .
Aammaiuvaine lalafudens (Growth Rate of Per Capita Income)

anubanguvasglsddana (Price Elasticity)

Sammafinvamanlvih (Growth Rate of Price of Electricity)

! The Feasibility Study on Renewable Energy System for Island Electrification in Thailand, pp.71, PEA, 2001.
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1. | Investment Cost .
1.1 #a@u $1UIu SHSAAMLLLA1LLLf2 % 70:30
12107 1 eluny DG ... Taad A o
fgunsol ’ - 1w/ 7@ 17,000
(1) UKI PV 40 Wp 1 70 10,000 UM '
2) lawsaioum 1 70 1,500 U
(3) MmuguUszauuaLags 2,000 1
(4) wueiass 50Ah 1 gn 3,500 171
1.3 uuufi 2 n'luuy AC 220 Taad _
sgunsal o 11/ 7@ 37,250.
(1) WPV 100 Wp 1 3@ 25,0001 s
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2 ﬁﬂé’ﬂtﬂﬁuuqﬂnsnimmﬁ:
(1) u,umﬂa‘%‘ nng 41
(2) Buneiiaa¥ nng 101
(3) wanangaaLsELIUd nng 27
3. | fihyeinwdell (Annual Maintenance Cost) Al 0.5% V89
Investment Cost
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1. | Investment Cost
shaunsal
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| (1) WUALAES ' nng 41 - g4
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(3maaawgoalTmaus nn921 | nng21 | wnn921
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Cost - Cost tCost Cost
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il Muazidun oY) T
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idenasnunaunuafiusneivaaden)
21 uuufi 1 ‘ 1M/ Resident 2,000
2.2 uunil 2 11/ Resident 4,000
3 51U'lﬂ”snnﬁiﬂwWﬁﬁ’maﬂ’mﬁuﬁﬁazéw@ialﬁau
3.1 upuiit UMAReW Resident 50
3.2 uufi2 UMARaw Resident 100
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ii » . Tuazidun ' TS Y] JMININ
1 ﬁuqﬂv\gumnﬁammﬁadota%amsmﬁnﬁ um- 50% a3l
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glWdondinunaunuasusnfuaiaio) _
3 | neldnmsnonszualnihemuminefildas INKWh 2.50
4. | nwldanddaasiiinay M/Resident - 750
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TUULAN - . : o
) (e T Hydro Battery Charging
szuvlna DR
Truvpsnaaadming IWfwuudn 1 0.8 0.9
Solar Home System (SHS) 1 0.0 0.5
-PV Micro-Grid 1 0.0 0.5
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2,085,300

2,085,300

- & Tawjihu wy fua dwna | . dwin wane WaMT Financial Economic
# # i a5 e WMINU FNPV' FIRR UMY ENPV EIRR
, ‘ Gow | udszmalen () (1) (%) () (1) (%)
1| sugs 11 | thwiy wiudan | Boslnl 54 473,038 -437,553 | -10.68% | 946,075 -337,932
' HYDRO NP NP NP NP NP
PV/HYDRO NP NP NP NP NP
PV 1,701,000 | -3216927 | #DIV/O! | 3,402,000 | :3543,281 | -9.73%
v Grid 1,717,300 | -3417,336 | #DIV/O! | 1,717,300 | -1466,298 | -5.86%
2 | wdnewnms, | | thefiudu ualudw Fealwny 19 161,525 183,672 | -10.79% | 323,050 91,182
usinauites - ' HYDRO . NP ‘NP | NP NP NP NP
PV/HYDRO 0 | -2607,016 | #DIV/O! 0 NPV 14.79%
PV 1,029,000 | -2,312,208 | #DIV/O! | 2,058,000 | -2,521,020 | #DIV/O!
_ ‘Grid 9,077,300 | -20,282,866 | #DIV/O! | 9,077,300 | -17,486,977 | #DIV/O!
3 Tuwun 4 wuAgw aunay “igpelud 64 553,800 517,200 -10.51% | 1,107,600 - | - -314,003 -
. ; HYDRO NP NP NP | NP NP NP
PV/HYDRO NP NP NP NP . NP - NP
PV 1,874,500 | -3,407,435 | #DIV/O! | 3,749,000 | -3,778,676 | -9.25%
A _ Grid 9,997,300 | -21,725,188 | #DIV/O! | 9,997,300 | -18,605344 | #DIV/O!
4 Mo 5 thud wisei3e | widasman 117 1,015,300 -947,087 -10.84% | 2,030,600 | 13,800,660
HYDRO 1,764,000 | -5988,646 | #DIV/O! | 3,528,000 |- 13,103,810 | 51.20% -
PV/HYDRO \fHydro | ldHydro | ldHydro | 18Hydro- I¥Hydro | 18Hydro
PV | 2750000 | -4593433 | #DIV/O! | 5500000 | 10,159,006 | 34.19%
Grid 12,405,206

- 23,054,720

#DIV/0!

73.41%
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A1INN 9 (da) |
feu %am‘jﬁ’m ny Ay gune Anda U HANTS Financial Economic . B
fl fi ’ ¥ Aarad auRINU FNPV FIRR | suamu ENPV EIRR
] ' , o Gau | udasmaden () (Ln) (%) () (W) (%)
5. | vaney 5 WAAs | wislas | uddasmew | 28 242,288 | 227,139 | -11.36% | 484,575 -81,453 ,
g HYDRO . NP N | wp NP NP NP
PV/HYDRO 0 -2,792,420 | #DIV/O! 0 NPV [ -10.71%
PV 1,200,500 | -2,500,731 | #DIV/O! | 2,401,000 | -2,751,784 | #DIv/o!
- Grid 4,661,300 | 10,155,150 | #DIV/O! | 4,661,300 | -8533,096 | #DIV/O!-
6 | wonila 6 | suam suiy | wisowmau | 67 SHS 576,875 | -542,605 | -10.93% | 1,153,750 | -618,048 1.14%
| (Fondle) ) HYDRO ‘NP NP NP NP NP NP
] 0 -3,781,023 | #DIV/O! 0 -2,276,338 | [{i57%
1,892,500 | -3.482,045 | #DIV/O! | 3,785,000 | -3,795792 | -8.28%
, : Grid 4,845,300 | -10,016232 | #DIV/O! | 4,845,300 | -7,408,435 | #DIVIO!
7| ualunnade 2 nasriay GHIE] uldasmew | 201 SHS 1,742,163 | 1625483 | -10.61% | 3,484,325 | -2,027,268 0.14%
NP NP NP NP NP - NP
0 -7,707,910 #DIV/0! 0 - -1,948,012
PV 4,285,500 | -6,994,549 | #DIV/O! | 8,571,000 | -6,675,995 | -2.35%
, Grid 1,901,300 | 1441004 | 145% | 1901,300 | 3201,670 | 31.48%
8 | wwhowime | 5 | vises e an 35 SH 299,975 -282,337 | -1046% | 599,950 - | 465,172
. HYDRO 714000 | -2,787,124 | #DIV/OI | 1,428,000 | -806,567 | 2.76%
PV/HYDRO 1¥Hydro IgHydro | lfHydro | 1¥Hydro IHydro | 18Hydro
PV 1,366,000 | -2,739,144 | #DIVIOI | 2,732,000 | -2,401,239 | -4.66%
Grid 7,973,300 | -17,556,565 | #DIV/O! | 7,973,300 | -14,419,862 | #DIV/O!
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a597 9 (GR) §
fay Fonythu wy fua gune S min Fuam HAN3 Financial - _Economic g
A i D AaTed AWAINU " FNPV FIRR | Jusanu ENPV EIRR .§
_ _ Gau | udazmadan (1) () (%) (1) ) (%) B
9 | ulmas 1 wiges | viheesnne an 95 - SHS | 819,163 -768,169 | -10.65% | 1,638,325 | -901,393 060% | o
1,464,000 | 5375020 | #Divior | 2,928,000 | -1,424,501 | 5
PVHYDRO | ldHydro dHydro | ldHydro | 1dfHydro I$Hydro | 8Hydro §'
PV | 2,397,000 | -4,349,087 | #DIV/O! | 4,794,000 | -4203,621 | -5.77% |- Br
_ Grid 1,901,300 | -2951,672 | #DIV/O! | 1,901,300 | -143,682 | 1091% | &
10 | udnanslng | 4 Talns | dwwne an 170 | 1476,800 | -1,375621 | -10.64% | 2953,600 | -5511942 §°
' ‘ | 12,414,000 | -9,645176 | #DIV/O! | 4,828,000 | -2,010,473 - .
PV/HYDRO" | 1fHydro IoHydro | Hydro | 1dHydro IdHydro | 1Hydro
BV 3,623,500 | -7465605 | #DIV/O! | 7,247,000 | -9,494,697 | #DIV/O!
Grid 17,173,300 | -36,461,780 | #DIV/O! | 17,173,300 | -28,179,936 | #DIv/o! | 2 v
i : INMINTIV UREMIRIMITE v ‘ S
HUHING WS

-,
H

- Numnwn'mmu Fmanc:al “fll‘ﬂ%ﬂ’\?’llﬂi’lwﬁﬂﬂﬂ 50 %wanowumnu‘luﬂusnnmm maomnmauummu‘h‘n a'“"lmumsauuauumommumnnamu
Lwamtasumsamnwwmem 50%

- -
T

- fefidandinan (Discount Rate) 12% uasfiszziamlasems 20 T
- TuanBuaadnyite

FNPV  Financial Net Present Value EIRR = Economic Intemal Rate of Return -
FIRR Financial Internal Rate of Return NP No Potential (‘thlﬁ'mew')
ENPV  Economic Net Present Value .- 0 sovior - Tdeansnfemsimd IRR e
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Hamsdnmlunisdarhumuusiund iy
10 nyiu mmsnagﬁwa‘lﬁﬁamﬁaﬁ 10
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o

ﬂy:muﬁmumzag'lu@rmqﬁ 1-13

4414 MNTIN o
dniumsfaains 2 stoziians
AU I'ELGuaanuL‘éuLtsntﬁuﬁimmﬁuﬁoéu
szanm 782,739,800 Un ATBUARNIIMIN
ﬂsusaumauﬂs mm 35,496 aN3au T@mwa

i1 VAINTTINY fidruau 338 wiu (saua. "

60.6) l’ntounutsuLLsnﬂ's,mm 472,642,700
um (Fazaz 60.4) uazAIauARITIMIUATITEU
21,729 aTeu (Fouar 61.2) Mwsuinad 2
18IN1IAINU Ad1uu 220 wiiu (Fauas
39.4) 1 3uaanusuusnilszanm 310,097,100
win (Fouaz 39.6) ua:mauaqué‘hmuﬁ?ﬁau
13,767 aaTeu (Gouaz 38.8) (M3519A 1)

4.4.2 Wafi 1 289M5a9N W (Phase
1)

e 32Uy SHS

vmmunmsammsmﬂms:nu SHS
fidmau 287 mijtu (Fonas 84.9) ‘lmauamu :
" Bausnuszanm 285,576,200 1N (saaaw 60. 4)'
uaznraunguitIuaATITon 16,442 aidau
(Fasar 75.7) f‘fﬁ'mnﬁqmﬁmﬂ‘%ﬂmﬁﬂuﬁu .
*UY Hydro, PV/Hydro uaz PV Micro Grid

mnﬁm'sm'ufﬁ'lmumgﬁ"mﬁﬁm
EIRR
LATHIMEAT) NINN 12%, 8%, WAz 4% Hu

(Namammumnnﬁao'quma

s o v P o
J¢UY SHS %3&!%’]%’21&“%1‘U1%3J’1n1’l§ﬂ tya
Wisuifisunuszuu Hydro, PV/Hydro uaz PV
Micro Grid (@1519%1 12)
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® 32UY Hydro Micro Grid'

Y ~ o a € .
wPtuiialsiziinas@aadsiuy
Hydro fid1uau 38 vt (Fawaz 11.2) 1lu
AUAL 2 589N TTUY SHS 1'1?L3uamm‘%mwn
Uszunme 120,964,000 1 (S8 8as 25.6) WAz

) ° a A o A 9/

ﬂsaUﬂaummuﬂﬂuau 3,972 aeu (3ae

: G" 18.3) uanmnu 92UY Hydro ummmumu

Afén EIRR  3Annin 12%, 8% uaz 4% 1w

| SUAU 2 399NTTUY SHS (ﬂﬁjjon 12)

® 32UV PVHydro Micro Grid
ngiﬁwuﬁmm:ﬁms%é‘?n:uu
PVHydro 42 10 withu (Fawa: 3.0) 19
Laaammsmwnﬂswmm 45,264,500 111 (3
) 6) AvaunguduIuaIITau 831 afaSou
(Fawaz 3.8) 1IUSUAY 3 3899INTTUU SHS uaz
Hydro wananiiszuy PV/Hydro a:fidnuamn
miﬂ"mﬁﬁm EIRR 3100 8% uas 4% ifu
dudy 3 J999MIZVY SHS Uaz Hydro Ui
(@rmm 12)
. s.,m.l PV Mlcro Gl’ld
‘ uyﬁmﬁmsﬁmsﬁ@é’as:ﬂu PV @
R 3 wiiriu (Favaz 0.9) lHGuaimu
Suusnyszanos 20,838,000 17N (Souaz 4.4)

' o YR ] A
ua”ﬂsanﬂaumu’mﬂﬂwamw N 484 AINIDU

(sazxa,, 2.2) uaawamwammnnmmu SHS‘
Hydro uaz PV/Hydro uanﬁl’musw‘un PV 2l
mmuwmuwum EIRR #0801 4% (1715197}
12) I

443 \laf 2 289013891 (Phase
2)

® 3¥UY SHS

mmu‘nmsa HnsaaaIsiuy SHS
fidman 194 wyjiiu (Saas 88.2) ldiiuaanu
Suusniszanm 174,354,600 1nn (Fasas 56.2)
LLa:ﬂsanﬂqué"\mu'ﬂ%”u'%au 10,046 a3215a%
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s 1

a ° K% P '
ﬂﬂnw%’lim’l%1u’auﬂywluﬂflﬂ’l

EIRR 1001 12%, 8%, Was 4% W szuu _

SHS a:ﬁa‘wmwgﬁmmnﬁqm Weubsuifisy
fUsEUY Hydro, PV uas PV/Hydro (anv19fi 13)
. ® 52u1 Hydro Micro Grid
nithufiaasezfinasfadeszuy
Hydro §d113u 15 nijtiu (Faza 6.8) 1913
: mv‘méumnﬂs:aﬂm 53,820,000 U (Sauas

17.4) uazATaUANIIUIUATILTON 1,814

as5au (Fouas 13.2)
g Ao
STUU SHS  uananfi szuy Hydro F31uau

vy Ay ' ) .
ﬂﬂuquﬂwﬂq EIRR 31171 12%, 8% Was 4%

Huauay 2 3899IN320Y SHS LEUAYU (@1957190
13) »
® 5211 PV Micro Grid
U
dwan 7 it (Fawas 3.2) 16i3usinu
BuuInyszunm 65,159,500 1nn (Fewas 21.0)
° s A -

waznsauAguITMIUATITAU 1,609 AATaU
(Sovaz 12) 1Iuduay 3 7899 INTTUY SHS uas
Hydro anudau agalsfianussuy PV Nidaas

'R o & @ ° '
o 7 myjtudananauu e:lden EIRR Wewndn

4% Nnwaiiiw (M3an 13)

® 5211 PV/Hydro Micro Grid
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Wuaudy 2 89970
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UR 10 aluR 2 - 3 ‘wnumAU - SudIAU 2549
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e % | o 3
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