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AN ECONOMIC ANALYSIS OF EIGHT MEGAWATTS SOLAR POWER
PLANTS BETWEEN THE FIXED SYSTEM
AND THE SUN TRACKING SYSTEM IN THAILAND
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2n3INTSSRULANINATYRTesUsEINAlve (GDP) 9 Whouusnvasy 2561
v Sovay 4.3 dwmadenmsunislindsnuduaainefiuiu Yevay 3.6 Andu
yafnIn 1,397,306 Suum Ssnsiasyiulamaasugiavessuimadaaliidngly
w¥sendlaiifinnndu nsudnlwihvesUssmelngldfesssusmidundn wiviina
frasssumilusnineidianasdosy Sgunadeinsaduayulviiinnsfuieluin
wEsuvUIBY WU wasefing au ¥ Fana AeTinm wasver ndudnlii
wnwy lnglsalnindsnuiaseiindanunsondaliils Sevas 25.79 a1nnsuEe
Iwindsnumyudsuiomns 1dsuanudsusenndanuiunawasndaeu
guelvg Isslufmdsouuasorfingfiveluladnisiosunseaduaening 2 Ussian
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(Tracking) auuuszuURnmunvarfindasndalniildunniuuszuunsd amdu
Soeaz 2.51

msleneimaassgmanivedsdlifimdsnuuaserfindisaesuuy fivrsan
nyartiagtiugns (NPY) ishAnaniosay 3 wuin Taesuwuuilyaiagtuans
Aduuin wansiiianuduaiavacmu uagsaswanouwnuResUY (B/C ratio) i
dasmanauuyunelu (RR) wui Tsslfmdsnuuaefinduuussuuasiidisuiu
LUUsEUURAMUn e ndlinnuduAlunsamuinnniintes nefidnsmaneuunu
AORUUWINAY 5.63 Uay 5.58 dnsranauwnunsluwiiu Seway 31.77 wag 31.39
sy drumstiesgieruseulmvinsdsiunu msasmuadilssdwihuuussuy
asfifamaiinrmduarlunsamuIInn I

AaAgy: 199l InasuLaTeNTing, AAFIUNILUUIZUUAIT, AAFIUNILUUTZUY
AAMIUAIDITRE, N1TIATISENAATYGAIERS

&3 Abstract

The economic growth rate of Thailand in the first 9 months in 2018
expanded for 4.3 percent. This influenced the final power use which increased
to 3.6 percent or 1,397,306 million baht. This economic growth in the country
results in increased use of electrical power. Electrical generating in Thailand
mainly uses natural gas but an amount of natural gas in the gulf siam decreases
successively. Thus, the government has to support on the purchase of renewable
energy such as sunlight, wind, water biomass, and garbage from private electrical
generating companies. The solar power plant can generate electricity for 25.79
percent from the whole electrical generating by renewable energy. This is popular
second behind biomass and waterpower. The solar power plant has 2 systems
of technology in panel installation: fixed and tracking systems. The latter can
generate electricity for more than the former for 2.51 percent.

The economic analysis of both systems of the solar power plant in this
study is based on net present value (NPV) which the rate decreases for 3 percent.
It is found that both systems have a positive net present value. This implies that

it is worthwhile for the investment. For the benefit-cost ratio (B/C ratio) and the

2 Uil 14 aliuil 2 (nsngIew-SurA 2562) ‘
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internal rate of returns (IRR), it is found that the fixed system is a little more
worthwhile than the tracking system. That is, benefit-cost ratio are 5.63 and 5.58
and the internal rate of returns are 31.77 and 31.39 percent, respectively.
Regarding the sensitivity of both costs and investment of the fixed system, it is

found to be more worthwhile for the investment.

Keywords: Solar Power Plant, Fixed System Installation, Tracking System Installation,

An Economic Analysis
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£ unuin

3n3IN1I3EAULANIBATEgRaveIUsEnAlne (GDP) 9 Wouwsnuesd 2561
vgnefiferay 4.3 dwarenmrunislindsnuduaninefisiuiesas 3.6 Andu
YaANd 1,397,306 A1UUM Femslimdsnusnafistumunmaidulamaasugia
Tneusfudidasudundenuildinniian Andusesar 49.4 vesnslimdsnutugaiing
favan sosaanldud ndsulidn ndsumuidoudiuiu/Aanlud fessund
wasndsrmudeudaiy Andudosar 20.1, 9.2, 8.2, 6.9 uar 6.2 AwEIRU
Mnnmsfssuiaiuleuneduaduliinslindsmumaunuluussmadizinndy wui
Tuthsd 2561 Ussmalneinislindsrufintudovas 8.8 (sufmumdsnunauy
uazouinunday, 2019) Tasnsaanliiiaindamna fusunasndusudunis
nmskAlrdenEsnunaug Wiy 3,197.68 wneTad sosaanlduinda
VUINLAGY WANULEIDITNG WANUAL ATININ VB wazndsnuiuaEn Wity
2,906.40, 2,697.27, 695.32, 483.24, 291.47 Uaz 187.66 UNEINA MU (N52NT2
s, 2561) Tnelsdlwihmdsnuuasenfindludsemelneiuultufindu fesen
L‘vmiuiaﬁLLazma@é]’Gﬁﬁiwmgﬂmﬂ’jmﬁmm Snvalsemelvedaldnnmifivawe
dmiunisuaaliiiannasnunateniing Lﬁ@ﬂﬁ]’lﬂgl’jﬁaEJU%L’JIZUQQEJ’]MFT%’EJU%ULLQU
Audgns (Tropical moist climate) warlud 2560 mmtussdaefindindosyiu
sotvasiuiivhlssnaviniu 17.6 LUNEIARDANTIUAT-TU (NTURRIUININUNAUNY
uaveusnEndany, 2561) uenaniiinisatuayudundsnunauny 1Inaasy
TunsufaumdsnunauuLasndsunadont 2558-2579 (AEDP 2015) Aifluleuis
dnatunisudandanulnihonndsnunauny Welsd wa. 2579 Snswdaliiiian
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WALLLATNSAAAILHILARLEIDARgaeNLUT 2 USeinn AB NSAARILKILDRR
WAL ARELUUIEUUA (Fixed) AULUUSEUURNMLAI99RE (Tracking) MaNN1SAARS
¢ A & A v a v a a ° ) a
wnagaduasenindiielianansandaliinlaussansnngegadmivusenalngde
viunthusalunnaiiels waganuaInBeaeuneinynNasAgnesanURnc
159NN SN UKD TIRELUUTEUUAIN WRaalasaRndasdafnnulasiasn
lafinsnyuidsufianunisiasuiunisvesnisenfindlunsiazdiaan snedu
Tsalfnasauiase1find seuuRnnIun19e19ing (Tracking) NuNsazdin1siUdeu
FMAUINU AL DS ULAID AR AU AN AR L URSUA LU L ULFAE AT
159NN I UKD TINETEUURANUA 1D AR daNLNTaLUILADN 2 Useeny fatl
1. SEUUAAAINAINDTIRSLUULNULAEY (Single axis tracking system) @13150
yuUSunLiusn e findlaiissnuiien (Mewile-1d viselirns Tusan-ngJunn)
Ferganunsandaliivhlaannniuuuasi uinsamulunisiinnsaeiinanginitiienin
aasldgunsallunisiansszuuaiuauiuinndt BnnsAnlddnenasingesnugandn
P = ~ ) a
WaSguiiguiuwuuaei
2. STUUAAMLANDTIRGWUUER LU (Double-axis tracking system) @1a150
AnnnuneriindaniieangfueangfidnzTunn uaswuivie-ld n1sAndunegad
a 3 dy a % d‘ a :’1 :’1 LY RN—1
waveindussinmilagndnliihlaunnfasluussanisinasmisanuuuusasdaduwuy
niialdanslunisindawazAitnesneasannie (Hyuna Kang, Taehoon Hong,
Seunghoon Jung, & Minhyun Lee, 2019)
ﬂﬁamuiwﬂiﬂwﬁwwé’wmmqmﬁmsﬁﬁqaaﬁzwﬁmmLLmﬂﬁhaﬁ’u L9990
PANNI15M191UV0 s WA NS 19 ULEID R T UURRAIUA19DI RN TANUT UL DU
1 d‘ = | o (% a 4 d‘ < d‘q
WNNTFULLUUAT 51138gen 3 v lilsalniimdsnusaseinduuunsiiuindey
Tulszmalneg sdmsguasnuninneuasysendaalddennnnd wilusunisamuus
FEUUAINILAIINITTLOENT WHaNIIWITBVIUAUNS LauIuun, AYItig newnm,
a % U é 1 a w a QI U
nua AsETeNsna, TuANT w3, w@suay Jaasy, war 89509 o330KUNa (2561)
Iovhnis@nwdeyalasenislsaliimdnuiasonfinduuuyuiuuamsi Jaminanys
a a & @ [ =l @ % a| g.J/ 1
WAzl UUAnmUAeNTing Yminaseys Usswalng inudeyansviglniinged daus
S U 1 a a 6 a P 1
WOUNNTIAU-SUINAL W.A. 2560 WUILUURAMIUA9D1ARga1LsaNan AN laRNI1
[ Qll a [~ ¥ 1 dycé (Y2 a Qlldy Y & 1 a
wuugusuuasean Aoy Sesar 2.51 mriliduAdavasangliiuinssuuineiy
msenfinddussavsamlunmsadandsnuliihinnniszuunsi lneg s wayanas,
fndwne $nnns, Unu dviends, uag ety Juaimue (2557) inmsanuanudululs
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Tunsaduladlimdsnuuasofing lneddvddinanumnyauduasugeaanslaun
yarUaqiugns (NPV) uazdnmanauuuniglu (RR) wuinlasanisien NPV iluuan
wage IRR 1NNIERTIEIUaRTlANIIINZANLANITAMU 507 118380 LAY B350
Wiivingna (2561) AnwiussanaainuazAnuAuNuYessEuURanlinauwad
L finSiAnseUUndIA1 Adannsuan 20 Alated Aeununsudalndin 60,000-
70,000 UWsoATatng ARRRaTIITasTUU 1,121,500 UM WuUsyUUsaR g
waduasofindlumAdoifiszesnanfuu 5 9 3 ou Shsmaneuunumelu Josay
17.73 wangaudmiun1samu Talavera, Munoz-Ceron, Ferrer-Rodriguez, & Perez-

(%
Y

Higueras (2019) yims@nwiauyuiazilsdmsulssliihmaanuuatofindnang
LRILEAA AIDNRATLUUAITLALLUURAAIUAI9D17RE YTnay 5 15aludln NRnaq
Tuusemaalu mﬂ%’aagamﬂmiﬁmmzmwgﬁawujwmmLmﬂmwaqﬁunumimﬁm
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@\i@ npuiiineodioo
NTIATIERANUMNIZELYRIATINIAUATYAEnIYadlsa N md ey
uafing wuin 8 wngdnd Tumsasmuaialsiilmdsnusaofindiassiuy
fio LUUsTUUANIfULUUSEUURRmNANeNTing 9zfiansanainyannalsylov
finninazlssuanlasssiieuifisuivyarinisamunaenszeianluniseiu
lasen1s lngagaualusudviindnniuasegiia fe
yaA1UagUugns (Net Present Value: NPV) lun1siSauiiiauyan
nsasuivnaUsglesifiuassghafinaitasifniunaentasseyinainisdiiu
lasams Inglddnsndiuan (Discount rate) Wuyardaglu (a5l yayue, 2549)
eanansodnalldfaunis
T —
NPV =—C, + > (B’—CI’)
=1 (L+7)
Amuald C Ae Ruasuizauuen
B Ao naneuunuiiAntuluusiasd
¢ fo dunuiinduluusiosd
r Ao 9nsIAnan (Discount rate)
T A9 Szeziia ¥5ee1glasans

gnsmanauLnusafuu (Benefit-Cost ratio: B/C ratio) wansliiliiugs
snndmvesyartigiuremalseleviivyartagduvesluamulasinis Inevin
fA1uNNI M kaneinlasansalinana uununANANIEa U Feanunsadwinla

AIAUNIT

T Bi
(i=1)

B T4

—ratio =

C T C/
(i=1)
T+

muuald B fe waneuwnuiintuluusasy
& v aa £ A
Ao sunuinduluusiasy
r  fo 9ns1Anan (Discount rate)
T A9 Seziia ¥5ee1glasans

o
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ansanauunun1ely (Internal Rate of Return: IRR) Ao dns1dIuan
A o v ! LY a a1 1w 3 [ | & Y @ =
Milviyaardaguansvedassnmisiiawinduaud wazdnsadiuiluanslviiiuge
HamauununvzlisuInnIsauIinaneuwuluiesasvinla
a ¢ DA ~a & =
HanTaTIziasLansliiuinlunsalinisamuidunisamuszezen audl
druvesiunuiaznasglerifivziatulusuian Wodnduyad1tagiuudiasd
ANUANATzamurIelil vnyar1lagdugnsiauinninauduansinnisasuiy
fifls uwazlumanduiumnyadtagdugvsiiandesndauduansiinisaayuiiuinnu
(Ryeuens WayanadN, Andye $nnns, Unu @vende, uay ey JuanTaiug, 2557)
waruenINinansiaszidnsmanauwnunelurenisamuazuandliiugng
HamauLnuIINNsa U Szludviglunisdndulaamululassnisiididaiansan
wsemniinisdeniunsamunatelasenis gamuazaiunsasnduladenlasinis
gnsmanauknunisluginign n1siesiesilasinisaiunisiuluasadazuus
a ¢ & ! \ & a ¢ A A a2 ¢
Hansingvieeniluaesdiu duusnilunsiasevinsiivanvisensalituaaunisel
MIAMUTANTUAI wazdniaewzlunsimszinnuseubmuesnsdwinlunsd
nruulunisneailuazAguadnninsfsuwlauiinuiazanas
a s 1'% . . A a 6 o
N139AT1EVYARUYNUY (Break-even Point Analysis) AB NI5ILATIEUAIIUIU
MNEYRINaNER o NTeTuviuTeTened vse o Indimlseiduaud lnem

T9RnaunIs

AVUAl N* Ao IMUIUMNETDINANEN 0 JARNYY
F o fio funuasiisi
P fd 91ANEsENUIE
VAo dunuulUsieniie

a 4 I . I a
N139LATITNILELIAAUNY (Payback Period) AD N1TWANTANNITAINU
TulasamsanBuamundeluiussesnanielisuysylovtinnRuasm uuupu A
lAa1naunis

Uy USULSA

JPgTIAAUNY = ——————
Wugaagnsnal
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LLaziuﬂiajﬁmamaULmumﬂmiamuhjwhﬁ’unﬂﬂ ILAINNTZELLIAAUYI
MnMsiasanfuamuiEILsniunsuaiuaninavsasansed

dayalasenslsaliimdsnuueaseniing

Aot lasansTssliimganunasefing 2 wis laun TnsansTsalasi
nEsULAeTINguUUNTULAsAsTany3 fifaRinsa 15.05296°N 100.88876°F waw
lasamslselniimdanuuaserfinduuufianuniserindaseys 2 fida 14.81771°N
100.99942°F §i588¢iN19581319@89lATIN1T 23.02 AlalUns ﬁQLLam‘Lugﬂﬁ 1 Wedos
TsslulihAndsusnamnlndifosty Tunisiua HIdedednlasunasenindiviniu
TneAssaeiindiadused 2560 Wiy 914.13 Sadsenisiauns

LTI

WUULNTULEIAINANYS

23.02 km.

=

“HuuRnnINANeindasEyT 2

UM 1 5281195 191ASIN5 L5 T A9 LA AR NYINN1SANEN

1. Tasannslsalwihwdsnunasenfinduuuysiunasasi anys

Tnssmslsdlyifimdsnuuaseding awy3 Wussuunuugufusasnsil fauang
Tuguit 2 (n) Tsdlrifdssvaunadnann (Very Small Power Plant: VSPP) #oe)
sanolandilss Savinany3 Atamunsinga 15.05206°N 100.88876°E fdsnssin
Ainda 9.506 wine¥ndt Meliunszuuaedsoamslaiindiugiinig 8 wne¥ad

gUnsaivdndwiusdeluihlulassnsd Tiud

1) wraduaseindviailauuns (Thin itm) Mdsnisuansouns 135 30
U 70,415 WK

2) Buesmes vum 1,663 Alatnd $1uu 5 Yn

3) widlowdasinihauin 2,000 Alabaduend F1uu 5 4n
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2. Tasanslssliwdsnuuasariinduuufinniundeeindassus 2

Tassmslaslnimdsnuwasenfindassy3 2 Wussuuiuufinnunieiing
GTQLLamﬂugﬂﬁ 2 () lsslihussunnauadnunn (VSPP) s?]gaagj guneiuig Jamia
GERAIR fifasumiafiage 14.81771°N 100.99942°F fdanisuanfnea 8.217 wing Tnd
gluunszuvanedwainisinihdmgiinig 8 wngdnd

gUnsaivdndwundalwihlulasansd (Hud

1) unsaduaseindvidanansiy (Polycrystalline) AMAINIINARABLLES
280 Fn6 911U 29,347 Wi

2) duesnes vu1n 500 Aladnd 91U 16 40

3) wieuastniihauin 1,000 Alabwadueny $1uu 8 90

Tneflaldansvedasenstsdniihndruamifindie 2 wuu duandy
A59T 1

A15199 1 AlgIneveslasansisalndndsnuwaseniing

Tsalu Areade  Algquadhwn  AwdaiiAu  AdldAuRug
NA9U (L) (U mad) (U meiad) 5UIATS
uasfing (Umeiad)
yuFuLaInsdl 326,805,000 3,570,000 4,800,000 38,311,516
AnRINANeITRg 371,665,000 3,570,000 4,800,000 43,570,476

5UN 2 Tsalwii (n) wuunnSunasnsi uag (1) wuullssuuiinnuniiending
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3. naan1sHan WA lselnNIna s uLaIanfing

dansudniniied

ddensudaliiiy Fudl 9 wquniau 2560

fdansundnlniseduav
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ot —Tied B Tracking B Fixed i konid

Bl Tracking [ Fixed

(n) () (A)

UM 3 mdanswdnlnihlsednimdanuiasenfinduuussuunsiuag
a a 6 o U '3 !
LUUTZUURARNUA9DINAE (N) 518791 (V) s18dUA1 wag () s1eU

Snwaznsuanliihanlssluimdanuiiiinsindusauussuuasitasuuy
SEUURAAMIUAINDINNE NUINSEUURARMIUAINTIndanusanan i launnninsyuy
Aafl gﬂﬁ 3 Lanansuan s Tu 1edUn warsed TesruUATiLaE ST UURRLY
A9ing Tasunu x Wuwnunaivesnssukasoiing wny y Wuauaiunse
Tunsudalni :rnuansiiudeyalud w.a. 2560 veanisudntiihanlsslnihndsnu
AT RARILAILUUTEUUAITLAZ LU UURRAUR90 IR dnuUINssuuaansonan
Invila 13,915,384 way 15,601,440 wirenel mua1iu

MFAATRAATINTMUNITRUVBINMESLs T hwasundsindnsainan

GﬁagaﬁiﬂumﬁLﬂiwﬁ%am{]wﬁ’uqm%l,l,azé’mwamuLmumsﬂmaﬂmqmi
asdlsaliimdinuasenindisaesuudiisvezanlumsandulasenig 25 9
Us2NaumigdinuyeIn l9evsadunu LagnanauwuaIniasanIg

Alganelasanislselninndsaunaseniing

aldanevaslasinslssnihuuussuumsiivazlassmstsslndhuuussuufoay
Aending Usenausig Aineadie Aguasnw Anaiin wazAnlYALRLIsUIATS
fefivwanidonfe Arnaiwieduawuibuusndunainnisisuinisian Tae
Tssluuussuunsdifanneadne 326,805,000 UM @IULUUSEUURARINAEITARE
fA1npass 371,665,000 U féh(g]LLa%'ﬂmLLawhLﬁﬂﬁﬁ%@ﬂiﬂﬂﬂﬁﬁgﬂamLLUU
Sty fio Aquadnu vty 3,570,000 vdel wasifindudosay 3 Tuyne
a09d uazAlddglumsiiiiiiu wiidu 4,800,000 el drudldAuGuisuS
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Fnwoniludesas 3 o) Wuszezinan 10 U vealssludnuuszuuns? windu
38,311,516 UAal WazkuUUSEUURANILAINDITAE Winnu 43,570,476 UNHDY

& wamsss
¥ Wans39y

nauszlevditldFuanlasanislsslniiwdenuussanding

waUslowifilddu Aemgldannisuelnih ansansiinszsilumsei 2
ways19il 3 Tsdlilihuuussuunsindnluin L Gudui 13,915,384 wihesied uaz
LUUsEUURAMNANDI IR agnan i lfFudud 15,601,440 wuhedel uazias
nsudslaihedlsdlaiinisaesuuuazanasiosay 1.5 el Fslsdluiivisansuuy
y1gliiTlusian 11.15 vwstoniie vilflssmulnihuuussuuai wiiu 155,156,526
UWHOY WazuuUsTUURR Mo TindTneldFus whifu 173,956,056 vmised

HanTiasegamdagugvansdindn IidnsAnaniosas 3 Wiiudnm

maﬂﬁsﬁuﬁmmﬁmmi Tsdluihmgsnuuaseniinduuuszuuasiislyasiiag tugns
Winfu 1,513,132,114 U9 8ATIHANBULNUABAWNU AU 5.63 LagdnITWanauwny
nelu Wiy Segag 31.77 duuussuufnniunieindiiyadUagduans wiiu
1,700,984,186 UM §RTIHARDURNUABALYL WU 5.58 Wagdnsmanauknunigly
Wity $osay 3139 Fudefinrsunainuanisiesgidnan Tsdifiiaesuuy
Transuumuiidumionsamuuarlslwihuuuszuuaslane @A

N153LATILHYAANN

Tasamslufindanuuaseriing uuussuuasidGuasyuiduusn widy
326,805,000 U AUVUEULUTTINARRATEELILATINTS WU 604,468,545.14 U
wazannsondnliildiomn 291,908,103.55 wiae Tasvewdsuludilusian
igar 11.15 vm uumheromaanulnii o geaunu (V9 aunsafiuIn

[
=]

1At

* 326,805,000
604,468,545.14

11.15—
291,908,103.55

=135,994,711.04
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diulaseans i IndsnuKaI 1 ing huusEUURAAINAI IR TR uamN Y
Suusn Wi 371,665,000 U funuiulssIunaanszeslIaIlasanis Wiy
662,125819.81 U uazannsanasluildiemmn 327,277,128.97 wihe agwne
wasulnilusiamieag 11.15 v Iwumevenasn Ui o AUyl (V)

(%

AN1150AUULAeaT
o 371,665,000
662,125,819.81
11.15—
327,277,128.97

=40,722,088.11

PNNaNIIAIUAANNY lasanisiiimdanunaseiinduuussuunsiiuas
SPUUARMUANETInglduIunitsveandsnulninidewdn o 9aAuny Wiy
35,994,711.04 g Uay 40,722,088.11 wg AME WY

A15197 2 AlgInswarNausElevuN e suaNlATINS AN uLEIR ARg hUU

STUUAY]
alddne (um) nauslonilazu
Areade  Aiguasnen  Andiidu TdAuEug wasuli  seldannms  wauszlewd
5UANS gz w1l qs
() (um)

0 326,805,000 - - - 326,805,000 - - -326,805,000
1 3,400,000 4,800,000 38,311,516 46,511,516 13,915,384 155,156,526 108,645,010
2 3,400,000 4,800,000 38,311,516 46,511,516 13,706,653 152,829,178 106,317,663
3 3,502,000 4,800,000 38,311,516 46,613,516 13,501,053 150,536,741 103,923,225
4 3,502,000 4,800,000 38,311,516 46,613,516 13,298,537 148,278,689 101,665,174
5 3,607,060 4,800,000 38,311,516 46,718,576 13,099,059 146,054,509 99,335,933
6 3,607,060 4,800,000 38,311,516 46,718,576 12,902,573 143,863,691 97,145,116
7 3715272 4,800,000 38311516 46,826,788 12709035 141705736 94,878,949
8 3715272 4,800,000 38311516 46,826,788 12518399 139,580,150 92,753,363
9 3,826,730 4,800,000 38311516 46938246 12330623 137,486,448 90,508,202
10 3,826,730 4,800,000 38311516 46938246 12145664 135424151 88,485,905
11 3,941,532 4,800,000 - 8,741,532 11,963,479 133,392,789 124,651,257
12 3,941,532 4,800,000 - 8,741,532 11,784,027 131,391,897 122,650,365
13 4,059,778 4,800,000 - 8,859,778 11,607,266 129,421,019 120,561,241
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Anlddne (um) nausloniilazu
Arfeadne  Aiquasnwn  Andndinn TdRuRug wasuli  seldannms  wauszlevd
5UIANS EEY gl qns
(Mnae) (um)

14 4,059,778 4,800,000 - 8,859,778 11,433,157 127,479,703 118,619,925
15 4,181,571 4,800,000 - 8,981,571 11,261,660 125,567,508 116,585,937
16 4,181,571 4,800,000 - 8,981,571 11,092,735 123,683,995 114,702,424
17 4,307,018 4,800,000 - 9,107,018 10,926,344 121,828,735 112,721,717
18 4,307,018 4,800,000 - 9,107,018 10,762,449 120,001,304 110,894,286
19 4,436,229 4,800,000 - 9,236,229 10,601,012 118,201,285 108,965,056
20 4,436,229 4,800,000 - 9,236,229 10,441,997 116,428,265 107,192,036
21 4,569,316 4,800,000 - 9,369,316  10,285367 114,681,841 105312526
22 4,569,316 4,800,000 - 9,369,316 10,131,086 112,961,614 103,592,298
23 4,706,395 4,800,000 - 9,506,395 9,979,120 111,267,189 101,760,794
24 4,706,395 4,800,000 - 9,506,395 9,829,433 109,598,182 100,091,786
25 4,847,587 4,800,000 - 9,647,587 9,681,992 107,950,209 98,306,622

39 326,805,000 101,353,388 120,000,000 383,115,157 931,273,545 291,908,104 3,254,775355 2,323,501,809

yarUaqtugns (NPV) 1513132114

SnsdHanaULNUsER N (B/C-ratio) 5.63

dnsmanauwnunielu (RR) Sovay 31.77

A15199 3 AlEIneuazkaUsElevUNlASUAINIATING TN NS ULEDARSWUUTEUL

ARRUA9R1TIRE
Anlddne (um) naUsloniilasu
Areade  Aiguasnen  Andiinu TdAuEug wasnuli  seldannms  wauszlevd
5UIANT azu gl qns
(Muqe) (um)

- 371,665,000 - - - 371,665,000 - - -371,665,000
1 3,570,000 4,800,000 43,570,476 51,940,476 15,601,440 173,956,056 122,015,580
2 3,570,000 4,800,000 43,570,476 51,940,476 15,367,418 171,346,715 119,406,239
3 3,677,100 4,800,000 43,570,476 52,047,576 15,136,907 168,776,514 116,728,938
4 3,677,100 4,800,000 43,570,476 52,047,576 14,909,854 166,244,867 114,197,290
5 3,787,413 4,800,000 43,570,476 52,157,889 14,686,206 163,751,194 111,593,304
6 3,787,413 4,800,000 43,570,476 52,157,889 14,465,913 161,294,926 109,137,037
7 3,901,035 4,800,000 43570476 52271512 14248924 158875502 106,603,990
8 3,901,035 4,800,000 43570476 52271512 14035190 156,492,369 104,220,858
9 4018066 4,800,000 43570476 52388543 13824662  154,144984 101,756,441
10 4018066 4,800,000  43570,476 52388543 13617292 151,832,809 99,444,266
11 4,138,608 4,800,000 - 8,938,608 13,413,033  149,555317 140,616,709
12 4,138,608 4,800,000 - 8,938,608 13,211,837 147,311,987 138,373,379
13 4,262,767 4,800,000 - 9,062,767 13,013,660 145102307 136,039,541
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anlddne (um) nausloniilazu
Aieadne  Aiguasnen  Andiinu TdAuEug 571 wasulai  seldannms  wauszlewd
5UIANS gz gl qns
(Mnae) (um)

14 4,262,767 4,800,000 - 9,062,767 12,818,455 142,925,773 133,863,006
15 4,390,650 4,800,000 - 9,190,650 12,626,178 140,781,886 131,591,236
16 4,390,650 4,800,000 - 9,190,650 12,436,785 138,670,158 129,479,508
17 4,522,369 4,800,000 - 9,322,369 12,250,234 136,590,106 127,267,736
18 4,522,369 4,800,000 - 9,322,369 12,066,480 134,541,254 125,218,885
19 4,658,040 4,800,000 - 9,458,040 11,885,483 132,523,135 123,065,095
20 4,658,040 4,800,000 - 9,458,040 11,707,201 130,535,288 121,077,248
21 4,797,781 4,800,000 - 9,597,781 11,531,593 128577259 118,979,477
22 4,797,781 4,800,000 - 9,507,781 11,358,619 126,648,600 117,050,818
23 4,941,715 4,800,000 - 9,741,715  11,188240 124748871 115,007,156
24 4,941,715 4,800,000 - 9741715 11,020,416 122,877,638 113,135923
25 5,089,966 4,800,000 - 9,889,966 10,855,110 121,034,473 111,144,507

9 371,665000 106,421,057 120,000,000 435,704,762 1,033,790,820 327,277,129 3,649,139,988 2,615,349,168

yarUaqtugns (NPV) 1,700,984,186

SnsdHanaULNUsER N (B/C-ratio) 5.58

dnsmanauwnunielu (RR) Sovay 31.39

N153LATITATZELIAIAUNU

Tasams b ndanuuaseinguuussuuasiuasAamuniseniing fRuamu
SUUSN WU 326,805,000 UM WAy 371,665,000 UM ANEISU dugartagiu
vosnszuaiuan EnmAnaniiudasnenidedosay 3) vesisandlasinisuans
flapnanafl 4 Fsndeyadsnanannsadmnuszezaaunule il

Tasanslifihmdsnuuasefinduuussuuasi fszoznanfunu fe

326,805,000 — 168,667,374.76

161,510,712.75
=223 9

Tasanshivhndsnuasoinduuussuufnauaio1iing Issesnapuyu Ao

371,665,000 — 330,400,087.51

154,454,419.48
=227
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IMNNANITIATIBRAINGTI WU SegIaAuyuvemisaastasansuuliiny
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M13199 4 yarUagduvenseuatuaninneluasnssualuanidiayauvad el
NAIURAIDITING

<

Tasensininasuuasaniing

TasensinAnassuuasaniing

WUUSZUUAST HUUSZUUAAAINAISDTINE
yarrdagtuves nITUARUER yarrdagtuves nITUARUER
nszuaRuaa1318d inazau nszuaRuaa1s1el nazau
1 150,637,404.00 150,637,404.00 168,889,374.76 168,889,374.76
2 144,056,158.19 294,693,562.19 161,510,712.75 330,400,087.51
3 137,762,442.54 432,456,004.73 154,454,419.48 484,854,506.99
a4 131,743,695.05 564,199,699.78 147,706,410.86 632,560,917.85
5 125,987,902.55 690,187,602.33 141,253,218.15 773,814,136.00
6 120,483,576.71 810,671,179.04 135,081,961.05 908,896,097.05
7 115,219,731.12 925,890,910.16 129,180,321.97 1,038,076,419.02
8 110,185,859.38 1,036,076,769.54 123,536,521.50 1,161,612,940.52
9 105,371,914.06 1,141,448,683.60 118,139,294.83 1,279,752,235.35
10 100,768,286.75 1,242,216,970.35 112,977,869.33 1,392,730,104.68
11 96,365,788.79 1,338,582,759.14 108,041,943.00 1,500,772,047.68
12 92,155,632.97 1,430,738,392.10 103,321,663.94 1,604,093,711.62
13 88,129,415.99 1,518,867,808.09 98,807,610.66 1,702,901,322.28
14 84,279,101.70 1,603,146,909.79 94,490,773.30 1,797,392,095.57
15 80,597,005.02 1,683,743,914.82 90,362,535.63 1,887,754,631.20
16 77,075,776.65 1,760,819,691.47 86,414,657.86 1,974,169,289.06
17 73,708,388.35 1,834,528,079.82 82,639,260.19 2,056,808,549.25
18 70,488,118.95 1,905,016,198.77 79,028,807.07 2,135,837,356.32
19 67,408,540.94 1,972,424,739.71 75,576,092.20 2,211,413,448.52
20 64,463,507.60 2,036,888,247.31 72,274,224.09 2,283,687,672.62
21 61,647,140.76 2,098,535,388.08 69,116,612.36 2,352,804,284.98
22 58,953,819.08 2,157,489,207.16 66,096,954.54 2,418,901,239.52
23 56,378,166.79 2,213,867,373.95 63,209,223.52 2,482,110,463.03
24 53,915,043.00 2,267,782,416.94 60,447,655.50 2,542,558,118.53
25 51,559,531.41 2,319,341,948.35 57,806,738.51 2,600,364,857.04

Uil 14 atiuil 2 (SR PY-SuAN 2562) 15



mMyleseiasegaanslsaliihndanuuaiending 8 wnzind

SENINNIAAGILUUSTUUATITULUUSEUURRMNA N0 TIng luUszmdlneg URAUNS LEUTLUI Lazaudus

mMsaaszianugaulnvedlasimsinunisuvasnsadalselniimasanu
uaeeing

Msmsianuseulmviennulirensiasundamweslassnisislugy
FunuuaznaneuuuiielfUszneunsfiansanimniinisasunlasiuyunio
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fiasuudadl (Abol Ardalan, 1999) nsinszviauseulmueslassnisadislsalih

(%
Y

Meaeawuudunsiiasizieuseulmiudunuy tnsaunAliinisuasunawes

2V 1

Funuuisoonidu 3 nsdl fe dunuatoaieinisasunlas AunuAguainu
fnswasundas uagnsdifunumnoaisuazaguasnwiinsuasunias Taglums
AnmeiaugeulmusaznsdlazauFliinBouasaeames sty fevas 3
Joway 5 uazievay 7 anudau

uam AT e ugeulyit 3 ndl wuh ieauilitunuiininuasuuag
Fanasuazifiuy yarUagiuans snsHanauunueRuNU LagdnTINaRBULNY
el Guaaﬂgqaaﬂmqﬂﬂiﬁué’Qﬂqﬁmmﬁ’umsamuuazLLUUiguumﬁé‘J’mﬂﬁé’m’]
NaneULUR oAU ULAL SR WanoULUNeluTIgInITUUTEUUARA LRI 7RG

Aaandlum1s19n 5

A15199 5 N15AS129IAUE U Ve IlATINS IS A NS s ULEIR AR

s18n15
I ER o
ANgaulna

yaArdaglugns
(NPV)

ay N ] a
NTEUAUNUAINDETINUNTIUABULUAY

an1EU
NANBULNUAD

a

fumu (B/C ratio)

o}

DNTINANDULNY

aelu (IRR)
(Sowaz)

b

anad Sevay 3 1,532,740,414.04  1,723,284,086.46 5.84 5.78 33.12 32.72
anay 5e8az 5 1,545,812,614.04  1,738,150,686.46 5.98 592 34.07 33.66
anad Sesay 7 1,558,884,814.04  1,753,017,286.46 6.13 6.07 35.06 34.64
anad Sovay 3 1,493523,814.04  1,678,684,286.46 5.44 5.39 30.51 30.14
anad sepaz 5 1,480,451,614.04  1,663,817,686.46 531 5.26 29.711 29.35
anad Sesay 7 1,467,379,414.04  1,648,951,086.46 5.20 5.15 28.95 28.59
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%\Q;%) Abstract

Bhutan’s electricity access rate has increased from 61 percent in 2006
to 100 percent in 2016, ahead of the country’s initial 2020 goal. On-grid
hydropower is Bhutan’s main energy source and the main driver behind its rapid
expansion of electricity access. The country’s mountainous terrain makes erid
extension difficult in the remote rural areas where around 4,000 households are
located. In order to explore the prospects and policies of the power sector in
Bhutan, this paper discusses the responsibility organizations, electricity demand,
and supply, laws, and policies as well as the power sector development strategy
in Bhutan. The interview data was from related organizations. The secondary
was collected from relevant government and public agencies and published
reports. As a result, the government has made off-grid renewable energy projects
a significant development effort under the nation’s five-year plans, providing
around 2,000 rural households with solar home systems and repairing an
additional 1,000. Related donor-assisted grant projects have filled the rest of
the country’s electricity gap. Although the government of Bhutan achieved the
remarkable feat of 100 percent electricity access, it lacks the resources and
workforce to sustain these projects on its own. The country’s mountainous
terrain makes remote areas difficult for government workers to access.
Communities will ultimately need the training to install and repair systems

themselves, a strategy that would also lead to more jobs in remote, off-grid
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areas. A few pilot community-based projects exist, but Bhutan’s remote rural

areas need more.

Keywords: Renewable Energy, Electrification, Decentralization, Off-grid PV Systems,

Remote Settlement

%?gs“ Introduction

Bhutan is a small, landlocked and mostly mountainous kingdom in the
eastern Himalayas, bordered by China and India. It has an area of 38,394 km?,
71% of which is covered by forests and it is presently a net carbon sink, with
the forests absorbing more CO, than that released by the greenhouse gas
producing activities. The 2017 Population and Housing Census of Bhutan indicate
that 62.2% of the total population of 727,147 is rural and there are 163,001
regular households in Bhutan. The economic data of Bhutan is as the following
Table 1.

Table 1 Economic data of Bhutan in the year 2017

Economic indicator Value

GDP per Capita US$ 3,438.16
GDP Growth rate 4.63%
Population Poverty Rate 8.2%
General Literacy Rate 71.4%

Youth Literacy Rate 93.1%
Household with Improved Sanitation Facilities 74.8%
Disability Prevalence Rate 2.1%
Population Access to Improved Water Sources 98.6%

Source: Ministry of Economic Affairs, 2019
Over 99.97% of Bhutanese households have access to electricity, and it

is the primary energy source of lighting in 96.6% of the households. About 1.2%

of the rural households use solar energy and another 1.2% use kerosene for
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their lighting. While the nation has almost achieved its goal to provide electricity
access to all, more than 30% of its rural population continues to depend on
firewood for either cooking or heating or both. 95.2% of households use electricity,
and 69.0% of households use LPG for cooking.

Bhutan has significant natural energy resources, including hydropower,
solar, wind, vast forest cover and mineral resources. So far only about 6% of
techno-economically feasible hydropower potential of 23,769 MW is developed,
with an additional 3,658 MW under construction. As domestic electricity
consumption is around 30% only, the surplus power is exported to India. However,
from late November to March, hydropower output is low in contrast to domestic
energy demand which is at its peak due to the requirement for constant heating
during these cold winter months. Therefore, during the lean season for
hydropower production, electricity is imported from India to meet the increased
demand. Bhutan recognizes the risks involved in total dependence on hydropower
resource for electricity generation and the vulnerability from an adverse change
in the hydrological regime fueled by impending impacts of climate change. In
addition, driven by population and economic growth, domestic energy demand
is steadily rising. Thus, it is important to pursue and develop alternative energy
resources such as the solar, biomass, biogas and wind energy, mainly to meet
primary energy requirements of the off-grid villages, to address the energy security
concerns and to improve the livelihood of the rural population.

Owing to the remoteness of the villages and highly dispersed nature of
settlements, grid connection to provide reliable electricity to some of these
far-flung villages is found to be impracticable and expensive as huge investment
in long transmission lines, poles, transformers, and other infrastructure are
required. Transportation of heavy materials and equipment in the mountainous
terrains becomes inconvenient and difficult. Furthermore, some of these villages
lie in the protected areas and obtaining forestry, and environmental clearances
is another major bottleneck to connect them to the electricity grid. Most of
these village households have been provided with solar home lighting systems

but still, lack electricity for cooking or any other income generating activities.
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Thus, these rural populations do not have clean cooking energy, and they rely
on firewood and fossil fuel (kerosene, liquefied petroleum gas), which consume
much of their time in collecting firewood and other chores related to cooking
with firewood. Apart from the adverse effects of fossil fuel usage on the climatic
conditions and environment, Bhutan does not have oil refineries and import
fossil fuels which are subject to market volatility. Application of electric cooking
has a huge added value as it saves many hours in biomass/firewood collection
and also does away with the negative effect of smoke on health. The study
aims to explore the prospects and policies of the power sector to supply

electricity to remote off-grid areas in Bhutan.

@;@ Methodology

The objective of this paper is to observe the various organizations and
policies in the power sector for rural electrification point of view in Bhutan. The
methodology of this research consists of a literature review which primary and
secondary data are collected. The authors interviewed 20 people related officers
in related power sector organizations in Bhutan. The secondary data were collected
from relevant government and public agencies and published reports. By using the
qualitative method, all data were analyzed by the Context Analysis Method in order

to indicate the possible scenarios for 100% rural electrification of Bhutan.

@;@ Results and Discussion

The rate of electrification in Bhutan is above 99.97%. Electricity is used
in 96.6% of households for lighting and 95% for cooking, while 69.0% of
households also extensively use LPG for cooking (PHCB, 2017). Electricity
generation is almost entirely sourced from hydropower plants which are
run-of-the-river types, with marginal generation from diesel generators power.
The total installed capacity of 1,622.74MW includes 1,614.1MW of hydropower
plants, 8MW of diesel generators and 0.6MW of the wind power plant. Solar
power system deployment is also negligible with an estimated installation of
less than 0.5MW.
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According to the World Bank, Afghanistan, Nepal, and Bhutan are the three
countries with the highest increases in national electricity access rates from 2006
to 2016. While grid-connected renewables have played a significant role in
increasing access in these three countries, off-grid renewables have been pivotal
in electrifying rural, remote areas where grid extension is not feasible.

1. Key Institutions and Organizations in Bhutanese Power Sector

The power sector in Bhutan saw a significant reform in 2002 when it
was restructured to remove the conflict of interest and reconcile commercial,
social and policy objectives by separating commercial management from the
ownership of the government. Since then the Ministry of Economic Affairs (MoEA)
is the policy-making body on power in Bhutan. It is responsible for policy
formulation, planning, coordination and implementation of both conventional
and renewable energy generation, consumption and exports as well as the
import of fossil fuel. The agencies responsible for planning, coordination,
and implementation of electricity-related policies and programmes in Bhutan

(in Figure 1) are as follows:

Power Sector

Regulatory
Authority

Planning & .

Department of Department of
Hydropower & Renewable
Power Systems Energy

Bhutan Electricity Bhutan Power Druk Green Power
Authority Corporation Ltd. Corporation Ltd.

Figure 1 Key Institutions & Organizations related

to Power Sector in Bhutan
1.1 Department of Hydropower and Power Systems (DHPS)

The DHPS is mainly responsible for policy and planning of

hydropower generation, and the various roles of the department are to:
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1) Obtain approval from the Royal Government of Bhutan
(RGoB) for the hydropower projects being planned.

2) Facilitate support to consultants involved in the preparation
of Detailed Project Reports (DPRs) for hydropower projects.

3) Coordinate all activities about registering hydropower
projects under the CDM mechanism and also follow up on
obtaining carbon credits for the RGoB.

4) Liaise with the National Environmental Commission Secretariat
(NEC) until the formation of an independent Hydropower
Authority on matters related to obtaining environmental
clearance from NEC.

5) Organize a stakeholder discussion on the draft EIA with all
the relevant line departments in order to collect inputs prior
to its finalization.

6) Advise on environmental and social (E&S) issues in the
context of policy formulation and coordination as and
when required.

7) Support the hydropower authorities on any issues that
may require resolution at higher levels within the RGoB.

1.2 Department of Renewable Energy (DRE)

This department is responsible for policy, planning, and assessment
of renewable energy in Bhutan. DRE was established in December 2011 with the
mandate to serve as the central coordination agency and the focal point of
RGoB on all matters related to Renewable Energy (RE) development and Energy
Efficiency and Conservation (EE&C) initiatives in the country. Functions of DRE
are as follows:

1) To implement policy regulations related to RE and is
responsible for the investigation, identification, design, and
planning of RE systems covering solar, wind, biofuels, fuel
cells, geothermal and small hydropower plants. It also

implements pilot/demonstration RE projects and manages

26 Uil 14 aliuil 2 (nsngIew-SurA 2562) ‘



Power Sector Prospects and Policies of Rural Electrification in Bhutan Kezang Lhazom and Prapita Thanarak

the tendering of all reconnaissance, pre-feasibility, feasibility
and DPR studies for RE projects.

2) To plan and coordinate programmes and initiatives for
RE projects and Energy Efficiency measures; to administer
and implement subsidy programmes and initiatives on
RE projects and EE&C measures.

3) To collect and analyze energy data; provide techno-economic
clearances and technical sanctions for RE projects.

4) To carry out applied research and development in RE & EE
technologies and promote the use of energy efficient
processes, equipment, devices, and systems; to promote
innovative financing of EE projects and prepare educational
contents on efficient use of energy and energy conservation.

5) To develop testing and certification procedures and testing
facilities, including the development of minimum energy
performance standards and labeling design for equipment
and appliances.

1.3 Bhutan Electricity Authority (BEA)

BEA oversees the regulation of electricity generation and
distribution in the country and is the power sector regulator responsible for
setting tariffs, establishing and enforcing technical, safety, and operational
standards, issuing licenses and monitoring other regulatory functions. While the
BEA regulates the electricity prices on a cost-reflective tariff structure, actual
retail prices are cross-subsidized in the value chain of the power sector. Prior
to exporting power to India, DGPC provides 15% of its power generation as an
energy royalty to the government, which sells it to BPC at subsidized prices.
BPC distributes electricity to domestic consumers at reasonable tariffs that are
substantially cross-subsidized by power exports.

1.4 Bhutan Power Corporation Limited (BPC)
BPC was launched as a public utility in July 2002 with the

mandates to distribute electricity throughout the country and to provide
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transmission access for generating stations for domestic supply as well as export.
It was formed so that the corporatization of the utility functions would lead to
greater efficiency and better delivery of electricity supply services in the power
sector. Since the establishment of Druk Holding and Investment Limited (DHI),
the commercial arm of the Royal Government of Bhutan in 2007, BPC and DGPC
are under the ownership of DHI.
1.5 Druk Green Power Corporation Limited (DGPC)

DGPC was established in 2008 by merging the three hydropower
corporations of Bashochhu Chhukha and Kurichhu with the vision to promote,
harness and sustain Bhutan’s hydropower resources. It operates and maintain

all the existing large hydropower assets in Bhutan and is responsible for power
generation.

2. Electricity demand and supply
Bhutan has net surplus electricity as the installed generation capacity
is more than the total domestic demand and therefore surplus electricity is
exported to India. In 2017, the domestic peak demand was 362.09MW only, and

the surplus power of about 69% of the electricity generated was exported to
India that year.

@ Total Generation @ Domestic Sales @@ Export to India

Figure 2 Generation from large hydropower plants (in MU)

(Bhutan Power Corporation, 2018)
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Bhutan has an enormous hydropower potential of nearly 30,000MW
but presently only 5% of the total potential has been developed, and 3,658MW
of large hydropower projects are under various stages of construction. As all of
the existing hydropower plants are run-of-the-river types, due to low water
levels in the rivers during dry winter months from December to March, the whole
generation drops considerably to below 20%. The power generation during the
winter season is not able to meet peak system demand, and thus in addition
to curtailing industrial loads, power has to be imported from India during the
lean, dry season. The government planned to develop at least 10,000MW of
hydropower capacity by 2020, mainly for exports to earn revenues and also
help meet its domestic demand in winter months.

Due to the abundance of relatively low-cost hydropower, subsidized
energy tariffs and the relatively high cost of renewable energy (RE) technologies,
development of solar and wind energy systems in Bhutan has been marginal.
Notwithstanding these challenges, Bhutan recognizes the risks involved in total
dependence on hydropower for electricity generation, the vulnerability from an
adverse change in hydrological regime fueled by impending impacts of climate
change and the seasonal availability of sufficient water flows in the rivers. Thus,
the importance to promote and develop alternative energy resources such as
solar, biomass, biogas and wind energy is already realized.

2.1 Hydropower development

Bhutan exports around 70% of the total annual hydropower
generated to India and the earnings from hydropower constitutes about 27% of
revenues to the exchequer and contributes about 13% of Bhutan’s gross domestic
product. Therefore, hydropower development and its exports have contributed
to the economy’s rapid growth and generated government resources for social
and other investments. Clean energy development for power exports will improve
energy efficiency and foster economic cooperation in the region. Currently, five

hydropower projects, as shown in Table 2 below, are under construction.
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Table 2 Details of hydropower projects under construction

Parameter PHEP | PHEP I MHEP KHEP NHPP
Installed Capacity (MW) 6 x 200 6 x 170 4 x 180 4 x 150 2x59
= 1,200 = 1,020 =720 = 600 =118
Annual Generation (GWh) 5,670 4,357 2,923 2,568.88 516.40
Type Run-of-the-river
Scheduled Completion 2023 2021 2019

PHEP | — Punatsangchhu-I Hydroelectric Project
PHEP Il - Punatsangchhu-I Hydroelectric Project
MHEP — Mangdechhu Hydroelectric Project
KHEP — Kholongchhu Hydroelectric Project
NHPP — Nikachhu Hydropower Project

Hydropower and renewable energy development are realized
to be very important to stimulate economic growth and to mitigate climate
change by increasing hydropower exports. The clean power Bhutan exports help
reduce greenhouse gas emissions as electricity generation using fossil fuels in
India can be reduced. Policies have been formulated to attract investments to
the hydropower sector in environmentally sustainable energy development.
Apart from the hydropower projects under development through bilateral
arrangements with India, a few are developed or being developed with financing
mechanisms for HP development through public-private partnerships (PPP),
particularly for medium-sized and small projects. The 126MW Dagachhu
hydropower project was the first PPP infrastructure project in Bhutan and was
financed by ADB. The project involved a joint venture between DGPC and
India’s Tata Power Company, and it was the first cross-border project registered
under the United Nations Clean Development Mechanism. As the next step
in hydropower development, DHPS intends to promote investments by
independent power producers (IPPs) as well as PPP after the formulation of the

necessary IPP rules and guidelines.
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“ N . aﬂ*‘é\. “«
Figure 4 Dam site of 720MW MHEP
(DrukGreen, 2019)

2.2 Transmission
To evacuate power from new power plants to India and to connect
them to BPC’s national transmission network, huge investments will be needed
in high-voltage power transmission. BPC will also need to improve its operational
control to ensure system reliability.
2.3 Rural electrification
Despite having surplus electricity and being net power exporter,
Bhutan has faced difficulties in extending grid electricity to remote settlements

in mountainous terrain and thus limit access to clean energy in the rural areas
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where 62.2% of Bhutanese people live. Traditional fuels such as firewood
and kerosene are still used which cause indoor pollution and negatively affect
health of rural population, particularly women and children. Since the late
1980s, the government launched large scale rural electrification projects and
made it a key development effort to alleviate poverty and stimulate economic
development. As of 2017 end, Bhutan had provided electricity to 99.97% of
its households. This figure is expected to reach 100% marginally on completion
of ongoing projects supported by ADB and the Japan International Cooperation
Agency, scheduled for 2019. Households in remote villages where on-grid rural
electrification is not technically or economically feasible are provided with

electricity from other clean sources, mainly stand-alone home solar systems.

Figure 5 A remote off-grid village in Bhutan

2.4 Alternative renewable energy development

The Alternative Renewable Energy Policy (AREP) 2013 was
formulated to improve national energy security by promoting alternative
renewable energy sources other than large hydropower and diversifying the
energy supply base through the use of wind, solar, biomass, and small and
micro-hydropower systems. Wind power technologies have the potential to
generate clean energy in the dry winters, thereby augmenting the reduced
hydropower supply during these months and relieving seasonal power shortages.
In 2016, a pilot wind power project of 600kW was successfully commissioned.

Bhutan also has the potential to develop and promote the use of biogas as an

o
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alternative to wood for cooking fuel in the rural households which rely heavily

on fuelwood for cooking and heating and suffer from the indoor air pollutants

and health hazards as a result.

Figure 6 The 600kW Wind Power
Plant at Rubesa, Wangdue

3. Laws and Policies Pertaining to Power Sector
The key laws and policies related to the development of the power

sector in Bhutan are:

1) Electricity Act of Bhutan 2001

2) Bhutan Sustainable Hydropower Development Policy 2008

3) Foreign Direct Investment Policy 2010

4) The Economic Development Policy of the Kingdom of Bhutan

2010

5) Alternative Renewable Energy Policy 2013

The Electricity Act of Bhutan 2001 provides the framework for the
institutional governance of the electricity sector in the country. Some of
the provisions of the Act have been superseded by the creation of new
institutions.

The Bhutan Sustainable Hydropower Development Policy provides
the framework and guidelines for accelerated hydropower development in

Bhutan; and it permits the RGoB to develop hydropower projects with public,
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private or public-private-participation further and in collaboration with other
development partner countries, mainly India. The policy acknowledges the need
to have RE policy to advance the exploration and exploitation of RE sources
thereby ensuring national energy security through a diversified energy mix.

The Foreign Direct Investment Policy also supports private sector
participation in the development of medium and large hydropower projects
and other RE projects. It also provides incentives for foreign entities to invest in
Bhutan’s energy sector.

The Alternative Renewable Energy Policy (AREP) is formulated to
promote and develop the RE sector in Bhutan to help meet its objectives to
remain a net carbon sink, improve energy security, reduce dependence on
imported fuels, and be prepared to meet possible adverse environmental
conditions which may impact the country’s hydroelectric generation capacity.
The Policy provides the framework to address critical issues relating to the
promotion of RE systems and public and private sector participation in the
development of RE projects. The policy recognizes the growing energy sector
challenges of Bhutan, in the form of increased reliance on a single source of
electric power, dependence on imported fossil fuels for transport facilities against
the threat of climate change, and proposes the exploration of untapped and
salient Renewable Energy resources of Bhutan to increase the nation’s energy
security. This policy aims to promote the following clean Renewable Energy
technologies: solar (both PV and thermal), wind, pico/micro/mini/small, bio-
energy and geothermal, hydro, and waste to energy (WTE).

The Policy sives indicative target figures to be achieved by 2025 and
includes

1) electricity generation from solar (5SMW), wind (5MW), biomass

(5MW);

2) energy generation from biomass energy system (3MW equivalent),

solar thermal system (3MW equivalent) and

3) fossil fuel energy substitution in transport sector worth 1,000 kl of

oil equivalent to be replaced by 111MU and 20% of the state-
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owned and 10% of the private vehicle fleet to be encouraged
to run on clean and green fuels.

The AREP also recommends the formulation of a Renewable Energy
Master Plan by 2016, which shall direct the actual renewable energy target

fisures. However, presently, the master plan is still being drafted.

4. Power Sector Development Strategy

Bhutan’s development strategy aims for power sector development
to be a key player in increasing (i) all-encompassing economic development,
with geographically balanced growth through electrification of rural communities;
(i) fiscal revenues though power exports; and (i) industrial investments, based
on a reliable supply of electricity. Rural electrification has long been a vital part
of Bhutan’s development strategy since 1988, as it helps poverty alleviation
and improves the quality of life for the rural population. It has also been the
government’s strategy to use a mix of renewable energy including large
hydropower/micro/mini hydro plants, solar energy, and wind power to electrify
rural households. The solar home lighting systems have been used for remote
rural households. In order to sustain economic growth, export-oriented
hydropower development is essential. Therefore, a memorandum of
understanding for cooperation was signed between the governments of Bhutan
and India in 2006 to promote hydropower exports to India, and therein it was
agreed to develop 10GW of generation capacity through 10 large hydropower
projects under bilateral financing from the government and joint ventures with
Indian public sector enterprises. The main objectives the AREP 2013 are to
diversify the energy resource mix to enhance long-term energy security, reduce
the need for fossil fuel imports, reduce greenhouse gas emissions, and stimulate
social and economic development through effective renewable energy
interventions and private sector participation for renewable energy resource

development.
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@\i@ Conclusion and Way Forward

Some important issues should be strongly emphasized in for rural
electrification in Bhutan, i.e., good governance, standard technical specifications,
strong regulatory environment including penalties, reducing the subsidies and
organizational structure to develop the market. It was observed that the majority
of the economic viability studies carried out about the small solar home system
of PV size between 40-120 Wp or to larger microgrid systems which served
densely populated settlements or villages. Bhutan has restricted development
solar and wind power potentials of 12.02GW and 0.761GW respectively. While
the policies on the renewable energy are already in place, only 600kW wind
and less than 500kW of solar home lighting systems are implemented so far. So
there is a need for Bhutan has to prioritize and focus on the development of
its other alternative renewable energy resources if the indicative targets set in
AREP 2013 are to be met by 2025. The renewable energy produced by grid-
connected solar, wind, and biomass generation may be used either domestically
or exported.

Bhutan is excellent examples of how renewable energy potential
combined with government support can result in successful electricity solutions.
While they still face some financial, regulatory and technical challenges to long-
term sustainability, their approaches so far can serve as models for other countries
with a high elevation and mountainous terrains, such as Rwanda, Burundi,
Lesotho, Peru, and Mongolia, are all places where off-grid renewables could be
a more viable way of improving energy access than extending the electricity

grid.
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&3 Abstract

The purposes of this research are 1) to study the operational efficiency
of the saving groups for production 2) to study the factors affecting the operational
efficiency of the saving groups. And 3) to study the guidelines for the development
of savings groups to be strong in accordance with the sufficiency economy.
The samples in this study are 282 groups of the savings group for production
in Phetchabun Province. Data were collected using a questionnaire and were
analyzed by using Data Envelopment Analysis (DEA) and SWOT Analysis.

The results show that most of saving groups have low operational
efficiency level. In term of factors affecting the operational efficiency of the
saving groups, the finding reveal that the capacity development of the savings
group, structure and working process of the group executive committee and
rights and duties of members of savings groups. Moreover, the approach that
can improve the efficiency of the savings group for production, the finding reveal
that the group committee have to vision and do not have disrespectful behavior,
received training about sufficiency economy village to develop a model for
management, establishment of a marketing demonstration center to sell products
at cheap prices and providing various welfare to solve the needs of members

such as emergency loans and financial aid in case of illness or death.

Keywords: Saving Groups for Production, Efficiency Development, Sufficiency

Economic
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&3 Abstract

The purposes of this research were to construct and assess the Area-
based Strategies for the prevention of Laos immigrant workers by the Community
Participation in Thai-Laos Community Economic border Area in Phu Doo
International Point of Entry, Uttaradit province. The method used was a mixture
of quantitative and qualitative research. The samples were 360 people living in
Muang Jet Ton Tambon Administrative Organization of Ban Kok District, Uttaradit
Province, chosen by stratified random sampling. The data for quantitative research
were collected using questionnaires and analyzed through frequency, percentage,
mean, and standard deviation. The data for qualitative research were collected
by In-depth Interview of four groups of 59 key persons/informants, i.e.
administrators and government officials involving in the prevention of Lao illegal
migrant workers, entrepreneurs, community leaders, laborers/immigrant workers
representatives, chosen by purposive sampling. The construction of area-based
strategies was a workshop. The appropriateness of the strategies was assessed
by specialists on the prevention of immigrant workers. The data were analyzed

using content analysis.
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The impacts of Lao immigrant workers in the Economic Border Area at
Phu Doo International Point of Entry, Uttaradit Province at the all moderate
level (X =3.12,S.D. = 0.70) and it was found that the community public health
at the highest level (X = 3.85, S.D. = 0.38). The area-based strategies for the
prevention of Lao immigrant workers with the participation of Thai-Lao community
in the Economic Border Area at Phu Doo International Point of Entry, Uttaradit
Province consisted of four main factors focusing on strategies related to the
notion of “construct, enhance, develop, follow up and assess”. For the Policy
suggestions were focusing on the integrated operation of various sectors, covering

policy suggestions at specific area, province and government levels.

Keywords: Area-based Strategies, Lao Immigrant Workers, Community Participation
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314U (n=360)

B 107 29.7
‘VmJ:\‘l 253 70.3
2. 91y
w3 20 U 38 10.6
20-30 U 44 12.2
31-40 U 97 26.9
41-50 ¥ 111 30.8
51-60 U 56 15.6
111N21 60 U 14 3.9
3. SEAUMTANEN
UszauAnuw 83 23.1
JseuAnwInaUAY 120 33.3
dsufnwineulany 85 23.6
U1%. 23 6.4
Ud. 11 3.1
USeyyes 36 10.0
Buq 2 0.6
4. @UNINENTH
Tan 118 32.8
ausd 194 539
18 40 11.1
7181579 7 1.9
Bug 1 0.3
5. 91N
NEATNITY 147 40.8
JUT1¥NTS 16 4.4
S7iEuia 12 3.3
Sudahly 82 22.8
AV8/5NAEIUMN 42 11.7
vy 52 14.4
Buq 9 2.5

68 Uil 14 aliuil 2 (nsngIew-SurA 2562)



gysenaniidsiiuiilunstesiudymussnussindymiaiaenisidiusiu
vosgusuluaniiufirsygivgurueowaulne-an garuuauasgg Smingasing Aviand uungled

Hoyavialy 311U (n=360)

6. s¢lpraLpou
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&3 Abstract

Innovation research unit for society and community was established
by target supporting area based research from upstream, midstream and
downstream. In order to know the operation outcome was performed to
evaluation research for analysis on system and protocol of research unit.
The objectives were 1) to evaluate the system and protocol of research proposal
consideration, 2) to evaluate system and protocol of research supporting, and
3) to evaluate the performance of innovation research unit for society and
community (Phase lll). The key informants came from 4 groups totaling 177
people. The results revealed that regarding the system and protocol of research
proposal consideration and research supporting were all having appropriate
between level high to highest, all KPIs were passed the evaluation criteria.
In term of the performance of innovation research unit for society and community,

it was found that 8 out of 10 KPI were passed the evaluation criteria.

Keywords: Evaluation, System and Mechanism, Research Management, Innovation

Research Unit for Society and Community
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This article is part of a research project in titled “The Mechanisms for Strengthening and
The Need of Urban Community Welfare for the Elderly”
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%\é@ Abstract

The main objective of this research is to study the mechanisms and
process on strengthening urban community welfare for the elderly and the
actual needs of the elderly in Tha Nam Samsen Community, Suan Aoi Community
and Soi Soda community in Dusit District by studying documents related to the
needs of the elderly community welfare and by means of observation, group
interview and in-depth interview to formal and informal community leaders,
community committee, networking within the community such as public health
volunteers, Civil Protection Volunteer and 45 elderly people. In addition, with
in-depth interviews with the community development officer of Dusit District

are significant tools in this research. Then analyzed and described.
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From The research points out that essential mechanisms of the three
communities have similar characteristics which are; 1) Mechanism of the leader
of each community who has strength and vision in developing the community.
2) The inside mechanism of relationship in the community such as Kinship
system, Public Health Volunteers (P.H.V.), Civil Protection Volunteers (C.P.V.)
or volunteer groups within the three urban communities. 3) The outside
mechanism of relationship in the community is government sector, Educational
sector, and private sector. 4) Animportant day of the community allows members
of the community to participate in many activities that help promote unity
among the elderly and members.

The study found that the elderly in all three communities have important
needs in the aspect of health, psychological, environmental, and financial
aspects. From this research, it is suggested that community plays an important
role to support the elderly since it being very close to the elderly and by using
many mechanisms to make the community stronger.

Since most of the elderly in urban areas are unemployed or traded
a little within the community, they have much time in their hands, volunteers
should be encouraged to be an important tool in creating useful activities for
each community. Therefore, if useful activities are created for the community,

the elderly will self-worth and become happier.

Keywords: Mechanisms for Strengthening, Self-Reliance of the Elderly, the Need
of Urban Community Welfare for the Elderly
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&3 Abstract

This research was conducted to search for sources of Nam Phi iron ore
found in Uttaradit Province and sources of iron ore of Bu Hom Sub-District,
Chiang Khan District, Loei Province by surveying mining. Obtained ore was tested
to find chemical percentage of iron (Fe), it was found that Nam Phi iron ore
contained iron (Fe) of 68.40% while iron ore of Bu Hom Sub-District, Chiang Khan
District contained iron (Fe) of 67.10%. Mined ore was crushed and smelted by
using an integrated furnace based on an ancient method and bar forging. It was
found that the weight of Nam Phi iron was 0.95 kilogram and the weight of iron
of Bu Hom Sub-District, Chiang Khan District was 1.4 kilogram. Test pieces of iron
from both sources were tested to find the content of alloying element. It was
found that the content of Carbon (C) of Nam Phi iron was 0.0358% therefore
Nam Phi iron was ductile and formable for producing appliances but it still
lacked of good property on hardening. Similarly, iron of Bu Hom Sub-District,
Chiang Khan District, contained similar content of Carbon. For content of Silicon
(Si), Manganese (Mn), and Chromium (Cr) of Nam Phi iron that was higher than
that of iron of Bu Hom Sub-District, Chiang Khan District, Nam Phi iron had better
efficiency on mechanical property. Importantly, Nam Phi iron had higher content
of Copper (Cu) than that of Nam Phi by 0.102% averagely therefore Nam Phi
iron could resist corrosion properly. The results obtained from this calculation
of alloying element of these 2 sources revealed that iron from both sources

had good capability on mechanical operation of iron.

Keywords: Iron Ore, Hematite, Iron Content, Carbon Content
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Al Fe,0, (Peters & Hoffmann, 2016; anad Wndumns, 2561) Feaennaadiu
g 8 &
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3. Ms0quuswian nsageazldiiegansfiniunisgesusuvasas 20 Alandu
Idasesdiauauin 1 wsed (Hp) 31w 1 63 n1saaeldnismivauuwsenuaudl
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(%
o

A13197 2 UARINANTIATIEHUTINAE R umaN U

ﬂ%\i Fe% C% Si% Mn% Cr% Mo% Ni% Al% Co% Cu% V% W%
1 99.503 0.0358 0.142 0.0351 0.0084 0.0051 0.0264 0.0151 0.0303 0.101 0.00092 0.0002
2 99503 0.0418 0.121 0.0246 0.0080 0.0053 0.0270 0.0135 0.0294 0.105 0.00069 0.0002
3 99503 0.0298 0.112 0.0224 0.0077 0.0051 0.0263 0.0092 0.0289 0.098 0.00063 0.0002

Aady 99.503 0.0358 0.125 0.0262 0.0081 0.0051 0.0266 0.0126 0.0299 0.102 0.00075 0.0002

1NN 2 wanskan AT eEalundntf nuh SUsna
sAWEN (Fe) tdnwinifu 99.503 fUSuaisimaniueu () laaswiniu 0.0358 vl
Fanou (S iAoy 0.125 SUTnusiguasniila (Mn) wasiinfu 0.0262 fusinu
slasidlen (C) wdewintu 0.0081 fUSaswlududti (Mo) aswifu 0.0051
fUsaswinia (N) waswiiu 00266 TUinasmergiilen (A) waswiniy
0.0126 TUFaslavead (Co) WwAswiniu 0.0299 TUTumswMesas (Cu) Lae
Wi 0.102 FUSnassnsuien (V) dswinfu 0.00075 waziivasigiany
(W) 1By 0.0002

2.2 wan1siassiUsnasignanlumandivaysy suneieaniu
Wiedunsumsliasgiuiinasaman (Fe) Usinausinaiueu (O Uinusinianey
(Si) USunausnsuaeniila (Mn) USanausielasiilen (Cr) USunassslududitu (Mo) Usuna
swilniAa (N) Usinasmeszgiiiiley (A) Ysunasinlaueadn (Co) Usunasameduns
(Cw) VBanmusmgaiuden (V) wagdSmnasiaisanu (W) fnadlumdniuaysu
SUNBLTBIAL WARINAFINNTAT 3

A13197 3 UARINANITIATIZIUSINS IARaNlumANFvaYsY SneLTeanu

ﬂ%\i Fe% C% Si% Mn% Cr% Mo% Ni% Al% Co% Cu% V% W%
1 99.7 0.0218 0.954 0.0065 0.0039 0.0056 0.0054 0.0209 0.0069 0.0472 0.00036 0.0012
2 99.7 0.128 0.151 0.0088 0.0035 0.0047 0.0033 0.0296 0.0047 0.0398 0.00087 0.0024
3 99.7 0.0188 0.119 0.0053 0.0026 0.0043 0.0016 0.0244 0.0043 0.0385 0.00050 0.0031

Aads 99.70 0.0178 0.122 0.0066 0.0033 0.0049 0.0035 0.0249 0.0053 0.0418 0.00058 0.0022
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