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Title THE PERFORMANCE EVALUATION OF A 8 MW
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ABSTRACT

Since Thailand is located near the equator so it has an effect on average
daily solar radiation intensity per year (17.6 MJ/ m%day). This has potential in
electricity generating from solar energy. It is consistent with the policy on the
development of renewable energy supported by the Thai government in terms of
the purchase of renewable energy such as sunlight, wind, water, biomass, biogas, and
garbage from private electricity producers. In addition, the solar power plant can
generate electricity for 25.79 percent of the whole renewable energy electricity
generating. The popularity of this electricity type is second to biomass and hydro
energy. In fact, there are two types of solar cell panel installation technology: fixed
and trace systems. The latter can generate more electricity than the former for 2.51
percent. According to economic analysis of both types based on NPV at 3% discount
rate, it is found that net present value (NPV) is worthwhile for the investment. For
the rate of returns (B/C ratio) and internal rate of returns (IRR), it is found that the
fixed system insignificant more worthwhile than the tracking one in terms of the
investment (B/C ratio = 5.63 and 5.58, IRR = 31.77 and 31.39%, respectively). For a
sensitivity analysis on the basis of costs and investment of electrical plant

construction, the fixed system is still more worthwhile.

Keywords :  solar power plant, fixed system, tracking system, economic analysis
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1.1 ANEARYaTNNIYaIUITY

dn31n1513 g ulanuaswgiavesUsewmealng (GDP) 9 wWauwsnvesl 2561
9887 4.3% dewasonwsunisldndanuduandiiefiaty 3.6% Aaduyasinid
1,397,306 &ruum Famslindanuseaistununisdulamaassgia Tnedfuduiagy
Fundenuiildanniian dadu 49.4% vesmslindanuduaaiietmun sosasanldun
w¥seulwih wasuvudoy drudiu/dnlud fesssud waewdsnuvsuioudady Aa
Du 20.1, 9.2, 8.2, 6.9 WAL 6.2% NuETU SeuandlunIwd 1 (MSUNAUINSIUVALIULEE
DYSNYWAINY, 2562)

n1slgndenuziuuuaieg ludszmdlng

60

Wy~ limdnu (%)

a 3
Uszavmd 3

ani 1 mslandanuguuuueng 9 ludssmelne

Pnnsiisguaiuloviedaaduliinsldndsnumawluussmadssnnty wuiy
Tugaed 2561 Uszwalnedinnsldndanuiiviudosas 8.8 Tnanisudalviieindauoa &
Vinasnnidususunisannnisudsluidendanumawny whiu 3,197.68 MW 58389
lﬁLdeﬁwuﬁwmﬂwzﬂ wuLaeing ndinuay MeTinw vur warnduteue
@n Wiy 2,906.40 2,697.27 695.32 483.24 291.47 ude 187.66 MW auasy ¢4
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v '
a v

wulindady Mesmmelulafuazenansiitsaignasnindunn Snfasavalng sl
Fnenmisanedmiunsndalwiinwdnuuaseing Lﬁaamnﬁ"’aagjﬁL’ngﬁmmﬂ%au
FuuauAuLans (Tropical moist climate) wagludl 2560 Arudussdnseiindiadesetu
setivesiuiivhussmeuintu 17.6 MJ/m*-day

dadruntslandsarunaunu U 2561

3.500 3.197.68

2.906.4C

5.000 2607.27
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ATUVRLYY (M)
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1.5C0

»
“MIUNG

1.000
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T AR

a

5C0

YSEL VN QLYY U

AT 2 FNFIUNITIENS T UNALNY

2
v = L 2

woNINUTEiNsatuayuiuna UL 31NNMASFIULEURRIVING I UVA LY
Lazndsunaient 2558-2579 (AEDP 2015) siulsuieduadunisnianaaulningin

L4

NAINUNALNY WD THT W.A. 2579 Jn1suAnlWH1 NN URER ARG 1 6,000 MW

v

(UAUNS LavAy, 2562)
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EBaned (MW)  —O— fndadzan (MW)

AT 3 MEINSHARRRAFLNLTAR LA AR luUSEwmAlve

anvanansalunsindedsslnfimdsnusasefindanani 3 wuirdllsslwidisy
PralwAngIszUUBIINYE (Commercial Operation Date, COD) Winffu 223 MW (Yaya
WeuAwnau 2560) fiesninddsnsndelul 2559 fAfinnsdneln 1,026 Mw Fediadndu
addgean ownnnnsennawdsnuifvuansendniasimslsdwiwdanunaseiingd
Felalleadraiomunniglud 2559

agelsfimu T 2560 Wuluhmsasuuladasenshsenisdaaiunisfing s
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ulgunefiagluAeunuain1saeRuuuy Feed-in tariff (FIT) Tnanisandsanuams (Net
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swanduauazsyifeutedeiu Ussnanisiinuegaziden dsmaitlasimsiawise
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Gesellschaft fur Internationale Zusammenarbeit (GIZ) GmbH, 2018)
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pENUUUSTULARGILANA1a Ul dmSulsemalnessuuasiiazoenwuulvunaieas
uasofimgiumilumedials desndszmalneegluwsdnlanmile aeefindazindoud

nnfenzTusanlunirnzYunnlnerdauiioaudals Fedesiuntvondtun1efials was
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A gllaniefeutuuauaudgns (Tropical moist climate) dhdau nauieuiiguvai
wdoganin 18 °C hiflgguuni Usznaudae pfiemiauuuthaudu (Rainforests) usguivn
39U (Monsoon) waryjaue/1ayiuun (Tropical savanna)

B pilen1Aunta (Dry Climate) dunq SnsImssTmevesiinnnitvemtdiinnas

o o= a ' N N ' v - P a6 ] A
11 NANIUNUNNUFINIT 38 °C (50 °C 'Lu‘mqqcﬂ'ﬁau) NANAUBIIITUGURNUNINITYALE DN

R

a L

Wi (-15 °C ludragauun) nantiulasnanduligauuglidnaduuin Yssneuse glienia
LUUMElaVTIEuAE I UURMELa N1

C giionrouguduuauazfiganans (Moist subtropical mid-lattitude climate) &
F1 gefeusnimougu gavunlivunuin guupiiadsveadouiivuniandinii 18 °C
waraIndn -3 °C Usgnaume QllanAkaullnesisiiiou (Mediterranean climate) uas

nllamAwauauau (Temperate climate)

I
o a v [

D gilanimrun1aunIU (Humid continental climate) & U3y gaseusiniAdy

4
qavunvunLiy gungiiedsvenieuiiouguitanlsininit 10 °C gungiiadsveudeud
wunfigasinit -3 °C

E gfioinadalan (Polar Climate) Fim gruvgfiadsvendoufiauguilaadinit 10
°C ﬁqqmunﬁﬂnuﬂu LLazﬁqmuqﬁﬁmiwm?Janw‘iq
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1. ﬁsﬂudumaunaw (Central valley)

JUaunaunany (Lower plain)

=b

b

Gl
FuquRauUU (Upper plain)
- IsugNUInameYeu (Marginal plain)
2. yeflenyiusenidudlivessilng (Southeast coast)
3. ﬁq&mwﬁuw%ﬂ (Continental highlands)
- i wagumanile (Northern hills and valleys)
- M ImMangIumnn (Western mountains)
4. muayniniale (Peninsula)
- qreilams Tumn (West coast)
- qreilamyTueen (East coast)

5. ﬁi’mqﬂﬂi’]‘d (Korat plain or Korat plateau)

2.23  dnwauz)iiuszne

Qivszvavelsemalne Ysemalvefananwndiugnanuilennlaussunu
1,620 km. druninaanaztusanludmeiunnuszana 780 km. wazwusaanidu 4 a1a Ao
MAWila NenzTusaNdawuila A1ANaTT wazAIALA

< ] < = fo) 4; = Y d' 1

nmawile agwileasiiyn 18°N Fulvauaansuuaumamileveslsung ffiuvise
WBIUINLUINANUBITIBNNIIANAN Yunan Knot AUUSHMUAILATINIALLFDId@aUNIa
peiusndsaniisuiaudws T usanideunis Usenoumenunniawvie 9 3l UIuNge

&

& oW = Y o v oa P
WWQﬂqﬂquauaﬂUmgLUUQL“U']?‘@UV!UL‘U']LUULLU?U']'Jﬂ']ﬂl,wuall'ﬂ,m uﬂ')']ui’,j\nﬂaﬂ 1,600 m

posBuvuLY uiensdewn iHuiigeiigaluvssvlvg egisnereumesimindedusl
qadia 2,876 m (8,450 ft) fuaidhaeddey fe with¥s 31 sy waviau druniamileagn
vnduiihhanasiu wazudihles Anvmneiuss funnvssmaiudundeesfiiiun
nanvagiluseweradeldsnsiusaniaedls IMuouusideveniienanuieailall
JuRABALMANIATY

nManzIuaanayunile U%nz:ul,muﬁlﬁuL?aﬂ’hﬁimqﬂﬂwu Lflué’ﬂwmxﬁsmqmw

JUuAN Uihannugadaseiignendidugaiunimusy uanuasnsailaniaiu duul

]
= =

Winsen Aeuuitenuiwesysal wasamgiiu g Tuanideaniefignssfsdadugn

gansingd 800 - 1,300 m diuniauld Ao wuwufioninrduiiume Laziuwiiieniu1niings
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Uszua 500 m Wudnsuzazioundudniluluiisudiens mnugeesiisugenin
nzusanisanile Ussana 200 m U811 2 W fie usalasy waziedanauns

AANaNs Vihadisudineunans wazneudsvesduushitianue anwauzniussine
WHuiisus seduRuiateufeusasfign 18°N 990 45 m awn 25 m AuAsEIsIA 18 m 7
Foum 4 m fieysen wazhifa 2 m Angame msdussfusnvesnaifinnzunes (de
Infinnauusede) SuadusudeuludeUing seangs 2,000 m Aisualafdauesd

Uihaeilmziussndedsivessnlne fdnwazglinanivaigegisaniiny
duniAna Ae T UIRIMIaRT IR FUNY3 sveed uazneulivesrayiitilicmilefany
fisrugalanalasiifienisuiuivusiihuiseng dsagnsldvesiminusiuyd we
nzTuanuazn1lasnadlng Tuuiiiw1dunys wasiiawiusse Guwsuuaulnsivus)
venafanagTusenidedlalunims Tuanidsanie fveandrAgde seawideags 800 m
\WIEe8A1IE 1,639 m 1Ww1dszUIUEe 933 m

neld giivszmadundidodosainidioniuinzfunn (ouussds) weiage
WWeafu uiuenesnundnnandansizuunguidseamiduununaiswesnvaymseuauiy
Sllusmasmsduide wavsnine faustazfign 12° 50' N asnaugansuuauiimmenan
wifloanlsiuszana 750 km n¥19 200-250 km Fianfidifaiiseainiiwinsunes ds i
gin Fegln umnwunguan wasdnuumiifie Arnuasrissius deaelumals
ARTduNMa s ssTunsiuaulne-uade ﬁama’au‘lmﬂﬁmmquaﬁ;a 1,000 m wazd

WA luTmInuATAIETINIIY 89 1,784 m

2.24  Anwuzgiand

Usemalnedsogluniiniamaiou fasiuiifeuiinuniigavessemalnglsif
dwoulniiiguugiiadssinit 18 °C et wmdninusinisutswagiionniauuy
ﬂawLﬂu%qﬁaLa'nﬁmmfwcJuLLasqmugﬁ‘uaqmmﬂtﬂuué’nlumsﬁm&m ety nienA
valsendlng Fednagluungiioniawuy A usiidesainnisnszasvesyiunmsy
fusngegluniaing 9 veslszmelneazuandaiusoniy Teansanvsngiennieuen
dovoanld 3 lum Gagfionieia 3 lwadlazegluimenniauuy A Yoy de

1. wagiionauuuhduiuniou (Tropical Rain Forest = Af)
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a =

lad & = o lol d‘ c' 1 . L 5
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leiFudninaretannsana 2 go lawn SmiauasAisssusy asvar Uaad usding uag
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2. wagilanialuunsauiieaiau (Tropical monsoon = Am)

anwazlurewwanieiniawuuilasiigguasduq unsnegedinios 1 weunil
Yunaniufinntiesnin 2.4 inc \Wudnwazgiieniadsnusguauuiinaelng Tuan
Y83A1uaLNINIAle Larnwwielanziueentesginguinawanwiiseivanu sy

s = ydu v 1 o s LY Y = dv a e :,’ )

nyiunnideslaninulenglaununaiminiunys uwazase watleliuunauiruiinnid

o 1 = v [ ) 1 ) d [l Ve =
TuwagiionniAwuy Af udesiidiuauninagdiuivgasusinglutirneglisvinavesau

o o ~ S W oa da a H o v e
usguaziueanideanile ueninuduluwaniviuiaiwuanuinigaveslssimnaegh
gnenasdlvg JarriansieiuTunauidunnnasnlais 4,709.9 mm 509839 TnTvUR s
fivsunauinly 4,183.7 mm (AnadifieiniAusydniuveinsuagioniveilugig 20 Yssnin
.. 2504-2533)

3. L?quﬁmﬂ’lmmijdj’lL‘uf»‘]%u (Tropical savana climate = Aw)

Taunusnafatuduuiauiinianae anamile waznianzusonileaniie
Usnaminaniiggruaduivgauas nanfeludnnaunusaunsiunnideslaianiiuaziini
fuaiu druludiiaussguasiusendsanileiniuazuwiugs fMedradu vianaidesln da
loindujamahaz fuiedianisiegluninnziuesnideanile uTaiunilluingguan
waauiln walugagarutnazueds Wudu (Eheviieinie wnunaduayunisiu neslu b,
1.4.4)

23 WANULEIRNRY

23.1 awnaiuisduasarfing (Solar radiation)

WEILUAI01TRS (nTuRALMEIUNALULaTaYFNENE191Y, 2559) AlAuNIs
udslaniu AaaruUIMgRINIA Milinsaiawamiouainatefinduidlanyinla
Fensuidsdviniy (nmsdrewmenufeusuulifidmnats) dewmindanuilanldiuanais
91ndAaagluguied Tneflvuianaudieiy suanslunmi 5 Sdanaseniingduimuey

o < tow LY | ]
g1Irauaonilu 3 nauMIENU lﬂLLﬂ
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A9l
2. §¢ 5¥a1e (Diffuse radiation) L@u%’aﬁmﬁmédauﬁgnasﬁauua:ﬁnisma lnefine
waw duavessimdaingdn q feglumafuvesuasiaunnnssnuiiuuas Yidnsyaril
nynfiansluviesihiddannsosunamislniasdnszaeld
3. 598573 (Total n3e Global radiation) \Wunasiuwesdsdnsuarsednszatads
Srimanizadudu (LA 4 um) ldsrundenuaiugniainnisud Sadvesiiulanuay
ussornd I nsdiindunaauiudes (ncline plane) S1dsamazdsznaudisedniain
vl Sadnszansannitesiianasfadnsraeainitulan e1astudeu FaAnanndiud
avviounduaniiulan lunsdli BSenin Total radiation uansaifadunanfuituwuisiu
(Horizontal plane) $s@saauuiiusiudszneusie Sadnsiuassidnszarefiinainasvsanas

o lfiTednszarenu1aniulan SenFids1uuuRNULLISIUIN Global radiation

2.3.3  uasoindunaanianasIuunIANa

ANTIREL  JULNEINIUHANFINULMIAIBVRITHULATB2INTIS Hesrdsenaudiu
Ing Asfinal  asiau lanananeindasiiaamaiivasusiiuainn auvinliinglalasiau
wasusdureavanas Adadundnuesnuediamidia L%'ﬂﬂﬂﬁﬁ%mﬁ’h “Ufnsen
Tuadesigu” wﬁamuﬁgna‘qmﬁﬂaﬂfﬂxL{‘JuLLaqa’mLLaxmm%fau Fadmaneddliinuy
Ton uardaduund wdsnunaunuiiddyuasfundsnuazoiaiuyedannsadanldlali
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lneilauazieal@ianun 3 x 3 km’ wlaanmdieaniiisudendtlvedlusu Cylindrical
projection Lagviin1sMIRARveEILULInIg 9 lunmareanitey Touureedaludu
v a :ﬁ v o 1 ] al vV o 1 [ a q‘

91984 31ntulariinIsulasAn Gray level assammateariisulmiduadudszdnsnig
AxyaUYIUTIEINIALAaZNURALan tneldnnsieaauiiau wetnanlalUldluluuinass nng

& (2

andufidniterindvadetazauinanisinalediluvssenadruiainteya

EA0)]

gamgiiuazAanudiuduimg dmiunisganiuveslelauszduiaainusunulalyunlaain

@ al =

TRPIRTI AURA/OMI Iuéhuﬂﬁamawadiqamdammélﬁawﬁﬂc'guasaaw:ﬁﬁmiﬁﬁmmmﬂ

'
a o s o v

%’agaﬁﬂuﬁé’ﬂ UFIINNITAIUIUFUUTEENTAIUSULVUIIE DLV TN A DUAUTIOULVDS

D

L4 =)

wuudiaed lngiinuudtassssnainlumuiaiaianuauidaieringnaniindadnis
aind 38 Wit wavihanuwisuiieuiu waiils uindannssunadlnaaenadaaiv
andildainnisin lawilaiuwangnaluguves Root mean square difference winfiu 8.4%
deduandneinginussmaiasimadlaludanandususuiinodouss
wanslunnit 7 wazseliuandunmi 8 Mnuauiine@ou nuin nsnsEarenuiive

fedenoriindlundasfeulsiudvinareauusauuardnuazgnngiimansvesiuilaeisiou

o Cs °

wwsududranniuniauingveslsemelaiuddnisendiadagn dmsunisnszareaiy

= L4

nunsidnseniindiadeded wulruinanlasuidnefindgagn (18-20 M)/m*-day) avey

(%
= &

Tutinananatuasnasyiusendsvuileveslsewmadadunuiiaulvave s windwiys

El

L4 1%

any3 819189 a3uns quas sl AMlasing U3suY uazienidn Wieviinisiade Auduied
P98 RE 58 TULea8 R0l VoINUNTIUIEWNA WUIELA WINAU 17.6 M)/mP-day A1fenans
anadanuauatulAy (18.0 MJ/m?-day) neflenaiunaannnisiasunladvesanin

UssEINFluUsEWAlng
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dmiunanizangvesisdefindsneiuasene - BauanduuunuiAngnmndeanu
a & o = = ' v v oo P & al
Laevindladenaentl a8UIIN1INIZA8BIALLTL S Ting vaannaANIUTEImA el

dnvuzAa1eAaIiy nanfeAImULTIde  addulvgnszatgegluyae 17-20 MJ/m’-day

(% '
< o

Tneusnumanatuazmans ussnidsuniievesussinaliiungaiainnumduidenfindgs

b4
[~ & A w o a & o

agflutiag 20-22 MJ/m’-day Usingegiduuinmr  naseumquitufidaniadaiys anys

q

s

8101 g3uUNs quas s il Alasing Yitud Seaidn wazusialndifiss 31nn1sALIMAN
audsedeniindlnasnasniied vesusamelvenuiniianviniu 17.6 MJ/mi-day

fen lulasinnsideflamifiunsdatiuauiidne nnndsnunasefingdimsu
Uszwelnelul w e 2542 wudnanuduiderfindseiuad jeeuvessindlny fian
18.2 MJ/m-day warlud) w.a.2553 nuienudusderiingsefuadesedeurasussme

Tve fA1 18.0 MJ/m*day duiuanudusideindsgiundsasinouseslszmvalvelu
s1891133848A 17.6 MJ/m-day ediuinadnenmagnssdenfindvesuseve  aaiien

v

anavisflilosndiundananawesliinaduazesdluusse  nanflaninduegasiolilos

91N 9N 3310 YL nIedlangu11NN1Is NSoundanalvaninzainialaniuulluy
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d v v al o
ANTNY 1 AnuuSadEenfiag

anudusidonding (MJ/m2-day)

= LY | ) ° =4
\nau e SN EATE Tandlse awys

(WNm 14.87° N, 101.16° E) (WN® 15.08° N, 100.72° E)

unsAY 17.050 17.050
nuAMUG 19.000 18.950
A 19.800 20.070
LY 20.580 21.120
WEYAIAYL 19.320 20.080
duwu 18.740 19.290
nIngIAY 17.990 18.430
Ay 17.040 17.590
Augnau 16.830 17.380
AaAY 17.380 17.710
WeFAINBU 16.750 16.900
suAY 16.280 16.260
Anade 18.060 18.400

F37: NIUNAUIWAIIUNALNUKEZ BYTNEWE 11U, (2560b: Tsuvaaulat)

2.5  @135n14a21

d1309R3U (Semiconductor) (us1nsal, 2560) Ae Taaniiautivenistiluirey

LY

senIniniuasauIu dunnasidlsenauressine sy (Germanium) 3dnau

(Siticon) Fadusmialany uazddillen (Selenium) lnsarwmatisalunisiilvivesansis

siazduedivaamni tufe
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ampfivilndaudinaiu arsfedniagliaunsadlviila
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b .0

v 1
= @ o [

iienn etannwihazlundnlaviaus Sidnaseuviuaegluiledanazgnaseylu
¢ = i

o & ER R <2 = 'Y o yv o ldda & =
wusslaviaus Jaduiussvinlieznauanunsadamiisregmeuls vinlalifisidnaseud

Judasveglundn Wiolliisldnasounaruisodounts 3ainliansnesiirliaiuisoun
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n1stiliwesasheinhdstiued fuguualissilantfnsaduiulane ewinlans
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aa a 1 Yy 1 a o g vo v Vo a
ziidldnnseudase (Free electron) uwaziadieudlsist1esdaszviiilwiled usileganal
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U3gvd wazasnematliiuians
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@ 4 o« o gV a " a ) v & o & o
Wusy Wedldinnseuvaaisinliiindesinedu Sundeyineiin Tea (Hole) asildidnasous

duipasufuuvuludiuwiddeadng fu nsiedeudidununvedianaseuludunss vild
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a1sneiainglda N (N-Type)
ilalagnisuanaisidavulawes (Donor) luasisidiuians ludnsidiud

wawine BsasievulauesasiwnialiBiannseudasy Wusomy v ldun Weanesa (P)

a

as o = @ - o ' < o o
anflwiln (As) uazneudlud (Sb) Fwmdsinnsidevulawes Musiamy v Wluaisissinh

a LA ) & ada & ] @ =t o Yoia o a a
uigmandusnluny IV Fadididnaseululsuengamies 4 61 Teviliiidlanmseudassifiuun

2 ]

&4 w o Y a a d a i - i a =3
Tuanshesid 1 6 lneBidnnseudassMaunituy aunsardsunlaegsdasylundnvesans
&4 o e a o o v a ' % o o Aa & a ° ey
Aemingted lmdanssualnirluanule wagvidssanluadniisidnnseuiuun Ba v

¥ e 5 d! e o o e o e A
UsgRauunnniszauan Aty ansisiatheie N Jaiussqiliuau daanslunmi 9

N-Type
W
;! ; p Donor impurity
‘. SE L4 ﬁ contributes
s Ny . ',..Q.fffs electrons
¢ Si iSi e
Antimony £ e
added as ’ Sf ’
impurity ne
e

2NN 9 ATANU (Si) MiavumewauRlutl (Sb) vinlmAndiannseudaseiiuu 1 ¢

Wuarsisineda N-Type
N1 UsINSAl AAUiBTing (2560: seuusaulall)

a1snenungila P (P-Type)
lalagnswanasdevunenudunes (Acceptor) Tuansisiuians lusnsau

5 A [ 3 o Y du oa a [ [} 1Y ¢
NWOLUUIE #1909 UULDALIULABTISINUINTUDLENATOUDATY L‘UUﬁ'W!'VTi,Iu [l \LQLLﬂ I‘Ui'é]u

a a o a

(B) wnadey (Ga) safifisy (A wazdulfsu (In) Fardsannisidovunenusuines Mldusa

Y 9

'
< v

] :5 s o a a @ 1 :5 aa o Y o
wy Il WluanshedduTansiidusiglumy v Saidianaseulurauends 4 i agsiale
ianasauluaisfssidmnely 1 ¢ vinlwiAseesing wse lea auluanstemitheided way
d' ada & = o v 17 [ Y 5 a! Y o a =3
Wesnniidbdnaseulundnuigly vililsegautlesnitUszauan dely arsisiadiuia P 3

fiuszgduuan duansluniwi 10
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Acceptor
impunty
creates a

. .
g W g
Boron : H -
added as . S' ’
impurity B
-..,-'

A 10 Muddneu (Si) Adevusmeluseu (B) vlvuedianasou 1 &
Juarsieidwia P-Type

a L4

F91: USINT Pavvieding (2560: seuusoulay)

[

AIBANENL.. 1098130 Uans T vildaunsaatuaun s Ao sansis
farhle Weovanshaihundudiulsynauvesgunsaididnnselind azanunsaniuaunis
Wilwiwesgunsadlaiguiu wu lalen Wugunsalddnnseindfilaiinarnnisiiansiesi

wiln P-Type wrsofuarsnsidrelia N-Type naneiduisie PN Usnafiduiisie PN qg

WUs086DIenINaNEnasnwnuIstn P wazndnansneitivia N dakaasluniwd 11

space charge

AW 1196 N Jusesraseninawdnansnasitiede P wagndnalsnesiuiiyds N

fian: Klaus Jager et al. (2014)
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gt 1usdedvilanUasanive (Depletion region) LﬁadwaLLiaﬁuIWQnﬁﬂ"’ﬂﬁ
Talon w3ed  wsesulvuanliduidu P uinawadasanvraruau talenaziianiig
fumusuazeeslinszualviitlnanuld Fonnmeiin lusanss (Forward bias) uadnsne
wsaulrinduialiivlalen viessusssulnuaniieuidu N usnawalasanivyazning
au lalonayilaan numugazligenlinszualuiluadule Ge Al Yandu

(Reverse bia  AILEAILUAIWA 12
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- P , e o A
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7
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\
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=
SN ¥ ¢
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e
B
w
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=
Y
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nszudialan vy misuah ive Vi
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(m) $wludanna (1) wludandy

AR 1207 howwedlalen lnedyanwal A nuvilelus waz K Luusiualng
M wsnsal Sauieiing (2560: szuvsaulatl)

2.6  Unngnisal IWlalaawdn (Photovoltaic Effect)

Usngnisal Tulalawmdn (EnereyGury, 11.31.4.) fa Usingnisaifiaduusind i

'
o =] P

Tu19AUEIIPAULAIANNTZTNUAIULAITNIHIUT NTAANAULEILUYIAIINEIIAFULAEIAY

u

= @

b YVa @ 5 ;( v
nszfqulvsianasauluiaurnaud (Valence band) IWa191U890U kazuananlaseasng
axmawﬁm*ﬁaainawiwLmuwé’qmwﬁumagﬂ.uuauﬁwlw% (Conduction band) Silanasay
madeunliegradastlunauihlnivinliansissinhidagaueand Aluihls

Wlelhawdnd  Sudanseualw LAENTIINNENUREIDITINEAIBNTNTEAUATINY
a1 seedundmantiilugirnueedusadesardeusingnisaillnlaliamsn Wy

a P o @ o @ a ¢ & P o
mudenuilandunuwdidylunislasundinuuaserindduliiigaznawunisuda
nszuabiianaiuiu Pesidey wazufasssuend iwesnniuwmeluladfiazetn [Wuiingae

Fanday warldleluifunue
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2.7 waawasan 18 (Solar cell), waalwlnliawman (Photovoltaic (PV) cell)

waduaweinduazigad laliawdn (nsuimumdunuvawnusaroyinendaa,
2557) Hugunsnididnvsedndiivivihiiasundsunasefindidundsnulndilagedy
Usingnaaillaliamdn dnidenwuudadn “unsi-Tiad” wio “Solar PV cell” fiwad
wesafindlduasnnnundsduneniuiiaainuasering 1wy vaesivvieuauiiouioniiead

Wlalawmdn waduain1iadivaiesin Auandluning 3 uay 14

YURVBNVAANFIDINY

[mﬁﬂwﬁn%ﬁﬂau] ‘ FRRRAUUNS l

PUAALAY

4 A « aa 3 4 w0
nans azuosWaTRAau A130UINEY
(Poly-crystailine) ) (a-Si) (1%u GaAs-based)
NaniRey LUUgaUNU
(Mono-crystalline) a-Si/Microcrystalline
. .y

aGs j

(Copper Indium

Gallium Selenide)

o oW ¢ cd s

NAAAMTNL

CdTe e .

— Tmielunswmaia
(Cadmium Telluride)

Y,

S 2y TEWIN
ddouliuas NMTIToUAzAIUA

(Ti0,)

AN 13 laaznsuetinue  1aduaseving
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< a

srarhsnadnaseindudnlaslduiudfnouiiusenausmaniniunsusen

& o v

(Monocrystalline) Bsfisununisudngaususeaniniwen sauilesuniswauiundundn
Wa183UNTe (Polycrystalline) vilisununsuaniaduasniingansellagiueaduaseiing
Famouliusravsnmgafian uaziimsudeldluBandvduniigaluussaivaduaseiing

Ve weduato1findddnoudailuwaduaceniingqunin (First generation)

'3

2.7.2 wwai @98 INGWANUIY ¢ 1in-d T solar cell)

]

waduaeIingiusenavulaensugnildnuve®@anausdugiu (Amorphous
silicon) A ununsEaululaswesidamesigweanada (P) uarluseu (B) Waluansis

]

faihade n uagein P auddy assuisiusesiuvinanlane nszan viewedmesimiin
wazDaseliviflsfuunsndasas uagldsulivmannaenitwaduasonfinddanau 19

ndsduraduasorfinduuniulrsensausenauiniulaswad1sweseimsthuseu Wusy
uan N saldasiiandinde n wu &nydoanlen (Zno) Ugndeuiivadiuuuturas
arshadinda P vy lanewanvosuandlonmiaslse (CdTe) #3anosuns-duiio-
unadeson 1a (CIGS) Wuku Tnefiturasendioudalin (CdS) Muagseminenansdumaes

langnanitntnidusigandundenuainuasefiag (Absorber) wazinieniliAnnis

‘ADSX |/ sTISS2Ud TTOTOPST8SG STISOULT NIKW

] a & a &£ v ¢ a fa s v & ¢ a e
ﬂ']EJLW‘U@Q@Lﬁﬂmﬁa‘ULﬂ@LﬂUﬂﬁgLLa\LW‘Wq‘UU\L@LsfjﬁﬁLLaqaqmeJWﬁll‘quu‘ULUUL%ﬁﬁLLaqaqmmﬂﬁu

9

g3 (Second generation)

— Viauleeiutind: 2a
— BpA iR
— Rdupanlarinit ac

] o
— FUAITNIFILIUAR wheee e Pt -250 wilurs

:bos / €0:69:80 €£9525050

o —%naaw‘:’?q&";&ﬁqwf PEeudalng aruwee 70 Laluurs
pAR £l -
LT — duansie i utiag,
= g 55 At
— dInf
— i'uﬂkﬁiﬁ“f:allm‘:' TVEQLLET D909 AYELRL.VMILW

G5 Auivee 128 Bilesaums

44

w051 Tulesums

— Waudlasdutiaduda

e

A 16 lassaiawesaaduasendinerlinnauunswasmddnsuedugutaslavenay CIGS

&3

Vi NsuRmIWSIUnALVILLaEeuSNYRSI. (2557)
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AT 2 UsE@nsaminisulamanniuteava  ladweduasevingeng o

weluladigaduaseniing O UssavEam
FAnoUNANLHE? 12.5-15%
FamouNaNTIL 11-14%
CIGS 10-13%
CdTe 9-12%
avieiHadanau 5-7%

7111: Klaus Jager et al. (2014)

28  Uszanadlseluninasaungasafing

[
=9

AULzanlun15An s N Ind s uLaIa g uRazUs L JusgiualN

U
(% (2 v

reanslduasinguizasAvesgrosnisinaialdiomiediniig nviediTuiuiunag
153lWdn AnaninAnudusadsiy seezuidesaeds Usunalniinaredesuls Tagluwidaale
[ =y & < a [ [ v
naatasevingazidulidinssuansanazarnisondnlalugdianainarasiu vindeanig
alvihlniuadnsallinszuaaduazesdgunsaludasliainnssuansuiunssuaady
Bunosaed) wazninaeinisnenseualidl  dranainatsdu sndudaslduuneas i

azaulviin Ia  Jsznvvadlselviwdsnulasoiieg  wisonusls sesaluil

2.8.1 szuunaalnA@aguasafinduuudase (PV Standalone systc 1)

s ulnihildSumseenuuudini Yeuluftudvuunitlaissuuansdslaeia
1213@LLUUR}'WalWWﬁquﬂizﬂWﬁmizmeﬂmmq LazkUUNST oL Und IS ELURLADS
QUﬂiCﬁiSUU‘ﬁ'ﬁ’lﬁm UI2NaUAIY LHILTAALAI017InE E;‘Uﬂiiﬂﬂ?Uﬂuﬂ’liUizﬁ;LLU@L@@é
RICCE LLaSEgUﬂiCﬁLUSEJui:iUUIWW’miSLLami\iL‘fJiJIWﬁ’]ﬂizLLﬁﬂﬁULﬁiﬁﬁit faanaluniw
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AN 18 SEUUNAR WAL wad LA AR WU UR A USZUUI LN
#7: Klaus Jager et al. (2014)

29 walul JlunsAensupasoning

wealuladnsinsaragastaofinglaavinlull 2 Useiay Ao n1sRassuNdwas

W8N LUUTEUUASH (Fixed) AUkUUsEUURARINA298 %08 (Tracking)

29.1 Tselwiwdsnusasonfinduuuszuunsd

n138 WUUsTUUlselnindsnuasefieduuussuuasidmiuUsene e Qg
sonuuUlFinamaduasaniinduninlumeials onusmalnsagluednlanude
ssfindasndoufionnfanz usenlumsfidny YunnlaaweSauiidoufield Sadaarumin
voundlUnafials Lazeainua1adwo sk eIsinuuUsyann 10-20 aamfuiufy

TuiupeRgaanuiifinss iieldunefuuaeiindfunnnsenuuasndsmdsnuldasge
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/ T E
AN 19 NSAAFILNITARLEIDI NN LUUTTUUAT
u: Hyuna Kang et al. (2019)

19 19 weswaduasoingasiafaiulaseaine Wnsvyudeuianiunis

a L3

WUABUA WAL 99990 AR Tl ULFAaLY1981 NSRS UNS I ULEID AR UNS I U LA T

N5l afluN1P AP IWNINTITULEID MR ADUTIUNN LaeLlaNs panN1SRaRIlTuas U

v

Y31 UNA9U WA PR DIN1TWAZUTLENS NNV DIMLEINS I U LA ARE

2.9.2 lsslWiwassunaseindseuufnnnunisaning

Laeazdin1sasuduntmtunai oSunaseingsnudisiandiniefinguas u
sumislunsiazass asnsauddldsn 2 Ussiom &l

1. SEUURARINATIRITIRG LUULNULEYT (Single axis tracking system) @313 07y
USusumunian e findldieanuiien @awmilo 18 wiefarzTuoan-neiunn) F99z
anunsande i ldnn I wuUAd Lm'm'ﬁaaﬁquium'ﬁa@ﬁv’wzﬁamwqamhLﬁ'aamﬂﬁaﬂ%’
gUnsallumsiings szuumuaufiinnnds Snfelieuarihednnganidonieude
Aunuunsd

2. S3UURRARILAI9DTIRELUVADINY (Double-axis tracking system) &u130RAnR"M
Aeeindaniieny Tusengfane usn uagiwimilo-1el NIRRT LA AR USELNN
dagndnluihldunnfigaluussmnsisdaiauuusasfaduuuuidaldelunsinds

LA nwgsERsie (Hyuna Kang et al., 2019)
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fldnuaiznisuan Wi uansluning 21 3900599 wnu x Wulnuiia1vesnIssulaseing

[
v W

vty wnu y Wuanuaunsalunsada iy wuliszuufamuniseindaunsaaanlniin
'Y ' | a Y do v = a a o« ' o
TPUINNINTLUUAMN RINTAUNINHUNANTIHNTZUURARINAIDIRRHLNNATITEUUAN LAy

) P I‘J’ a LY a L a (Y 1 4 L
Tugiaaiies 3 2 ssuusdalwihainwdsnuuasefindasudandulauinanvesiy

2.10 Uszansamlselniwaseundsaiing

MInadauLarUsEaninnveuwaduasaning (Anasse aeio, 2552) agly -V
Characteristic w3 IV Curve titatariialaluduiamafadunnines (Fill Factor; FF)
wazUszandNINNITUUAINA1U (Energy conversion efficiency, 77) Yaugaduasa1fing
nM3A8199sIaTR 1V Curve 31 2 uuu fadl

LWUUR 1 n15RBtasieTe 1V Curve sawansluniwd 22 (n) Usenaudioisad
waseinsfivinn1sie wenfiwes 1idaiwed uasdsumuuiuails Lﬁasimaﬁauuuicﬁ%
annsainAnssualnid (Current, 1) wazmuaadndgiin (Voltage, V) vaugaduaaniing

19 Wathanszualwiazanussdnd@aunsanazle 1V Curve danasaluning 22 (1)

(-
\

r—

4

Light

"

N

- K,.) (/\D Variable
Solar celi \:—— B T.oad (R)

[ACITLICIS REVEYS

| SRSERN——Y VY VPV S —

Voktage, Vimy)

(n) ()

AINA 22 (1) N15FB9SINDIA -V Curve

way (1) N5 -V Curve Y949aalaia1ingwuun 1
N HWI5504 anefey (2552)

WUUT 2 N156192935Wa39 -V Curve aawanslunind 23 (n) Wu99sild Bias waa

a I o w A ¢ a 6 a [V o o 4 A A9y a a
LﬂUﬂ'l'lﬂ'la\'l'V]LﬁuaaLLa\']a'WlWEINamlm LUU?QQ‘@‘V]N@%HLULﬂia\'lllam‘UWﬂaaULLa%‘W'\UigaV\ﬁﬂ'\W



ZL098LV1LE

zz b9 / €0:65:80 €95750G0 4ad3x / §T88Y] TTQTOPST8S STSSYLT OLW |l|||||||||||||||||||||||

32

Yosaauaseindnlaunsgiu 1o Wedanssualuiwazaiuaed ndieunsivazld 1-v

Curve AILaRILUNTNN 23 (1)

Light
N\ ¥ =

N {/3—\:\;
> \,\é_/: s

Sutar celt

Cuarrent. | (mA)

RIS (R ] 84 X 12 (X

Valtage, ¥ im\}

()

o ' i o
AN 23 (N) N15FBIAILNDARA |-V Curve

way () N3 -V Curve U288 ka1 ingLuun 2

fan: Ainnssas anefins (2552)

91T 22 waz AW 23 gannsviaaunuessdiulii Ao usedulniniesla
[ (Y - 14 S P & P @
Wuussiulidleaiusiuniuvesinsgegasasnszualniiadwiiuaud gafinvén

wnunsehaludrdenszualii1dn93s (Short circuit current, feo) Wunszualdduilioninu

L2

fun1ueeInsIIaaniaminiuauduazussiuliidiawindugud lunisldauwad

]

watafindiasluiiasdn (Maximum power, Prg,) il nigaduasamadaziviniuiu

AwdpuRuinlngiganielunsv ansosuauniim 1 lassll

Pmax =X /)max dunian 1

[

ffadunnwasidusnstdiuves (V1) seRufives Vo Xlor AT YU
1

AUNTN 2
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P (VX1 o
FF=—M&_ — max aunsvn 2

VOC X /SC VOC X /SC

=

At UszAnSn1mnswdaandeanu annsafnnangnsduvesiaeliiigge

YPATARUAIDNNIA DA AIVDIENANNIENULLAAUAIDNE fanansluannisn 3

P 29
n =-T2X100% = ——2 X 100%

Plight Plight

V. Xl XFF
n=-2—C"  x100% aunnsil 3

'Dl/'ght

e P

Jene 18 MAWBAMANNSEIUWARLAIRANG Tihe Yad (W)

2.11 auduAlunisamu

N153LATITRAIIUNNILAUVDILATINTITATULATUFAEn SY0 s WA wd sy
waserfing aun 8 Mw lunsasmuadislsslwimdsnuuaeniingisaouuu fe wuussuu
AR ULUUTTUURRAINA9 TS avutamanisiasisieeniduassdiu dauusnifunis
Awaeinsdudnuiansdiduaniuniscinsauiideduate wasdiufiassandunis
Jinsizimnuseulwivesnsdudnlunsdaduulunisieaireuazaiguainuiiinig
Wasuwauistuiaranas lasasiunnlugudvindnmansugia Ae

yaA1agUugnd (Net present value: NPV) llumsiusuiisuyarinisamuiu
waUszloriduasughafinininnsiaiunaentisszey nanissidulasinis leeldsns
dan (Discount rate) Wuyamdagu (Abol Ardalan, 2000)

FBilazdummmanssniyadidegiuremansumuiinininezldsulueuan
LT WanDUIIUTUMTIRB MU R IR U UAUF LW WS aunsaduaals
INAuNsT 4

n C

NPV =| D ——— |-I auns9 4
t=1 (1+7)
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e NPV = yariagiugws

EN

RuIgamuATILIn

p _
i 1

= nIsladuanlasuansluunavn

Un 1 8909 n

—+
1l

>
]

NUILNARBNUL/AN UL

ﬁ
"

ansmenile/dnsmanauunu (eusny, 1.Uy)

dNIINANBUUNUABAUYNY (Benefit-cost ratio: B/C ratio) wansliiiudiadnsnaiu
voyarragiuvewalssloviiuyaddagduvesduamulasinis laamindannnimils

uansilasainsaslinansuununAuAMazamu awsadwinleaInaunisi 5

B/C = yartyluvesnalszlugians

yarrtagduvesmunu
n Bt
(1+)'
=0 =
w39 B/C:tn—E— aunnsf 5

t

o (1+i)

do B, = navsrlwiavdaldsuanmsamululi ¢
G = dunulunsamuludi ¢
i = BRTINAABULYIUNIBDNIIARAR
t = Yovodlasan1s 0,1, 2, ., n
n = Fnuliiviinisfine

wnginisandulanadula

B/C > 1 dndulaasu frlasmsiilidnadiuesmansuuuuasiunusiniunie
snndmily

B/C < 1 ldawu dlasansilisnndiuremansuunuuasfunuiiosniinils

(M591d, 2549)
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ansnanauunungly (Internal rate of return: IRR) Ag §ns1duannvinliyan
Uaytugvsveslasamsfiavinduaud wazdnsdiuiuandiiiuimansuwvuiiozlasuain
b v 1 o 2/ A
nsawuIniinaneuunuduiosaziile awisadiwaldainaunisi 6
n C

n B .
RR =) —— =2 ——
t=0 (141)° =0 (141)

w0 IRR =), t =0 aun1sn 6
t=0 (14r)
We 1 = SATINANBULVUUIDORSARAR (ANSHY, 2549)

sraelunsiadulalunisamulasanislssiihndsnuuaefindwuuszuunaiiiy
LuusTUURnA A finglusided annsalinanisinszianyailagtugns hew
AmduAfiazasuniolil vnyarragiuaniiannnnitguduansiinisanuiug ls
wazlumnduiumnyaaifagtuavsinndosninAuduanainnsamuuInnu (aevs uas
ALY, 2557) LLazuamnmjwaﬂ153Lﬂswﬁa"mmamammuma‘lumaamiamu%LLam‘lﬁLﬁu
dnsmansuununnsanuimlsindudesasvitleneaiuasuiame wndimade n

< v o A

lunsamunanelasanis gasunazdedulafenlasinimidnsmansuwnunialugeiign

n133As1zAugaulunlvaslaTiniITiun1TiueeIntsadelaslilandenu
uav@1¥ing

m3Aasizianusaulnvioruilidenisidsundasmedasinsidludusunuias
wanauLuiieliUszneunsiiatsudninisudsuulasiuyunienanouunu uiava
Funuuaznaneuuny tasansdasfinnududiizamueguieli Tnofinsunainyas
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371N51891UB3 St. Johns Abbey. (2009). TsslaAndsunasefindauin 181.72
kWoc lusgiuilean deegnoumilovesaniganini Afavnaniaans 43.05 N, 89.48 “w
Susifunsudalwiilud 2552 muddeivinsiuiouiiouiulsiiimduiaeingly
finnas TnawSoudisunseaniiihanmeluladnsassusgaduaefindssuuinniy
A9 TARE WUITEUURAMLTENEANS 1 uINnA T SEUUAST 13.9%

Imran Ali Shah wazagg (2017) 83UN831UTEEANTNNVBITTUUNAR WA ARSI
waserfindfasidaiauseninunseaduatending (PV) Auniiefing wasainmsendfingd
nsvnuuuliga PV Taonss thlugauanunsalunisadandanulwitdifiudy dufuunased
warefinduuuIE LR Ine iRd SegnimilHiieusul s AvEamassszuundalii
Mnwduuaseording suddeddnulsdrimdsnuuasefingiidioglunanms deognis
Hrldvosuniiaaiu 71 33.8503 ° N 72.8522 ° E 91nn1591aaUssdnsamnsndalniiein
szuvAunsnaa WS aissuuREalaTiALLANene 4%-5% uarn1srantniivesszuy

AanuAIeind tuNINNIIsTUULNAT 7% og13lsinnluiusuuYeIsEuURanIuAIg

]
lw =l

91ind Yoy allauyuigs

U L]

SN Simelane way M Basappa Ayanna. (2017). ¥i1n1531A31¢MUT@N50 MU0

3 o

T5al R INE 1 UL ARG LA NTNEALTUNITIUNTNOLSE wanSnle Afan1andiFans

1%
@

25.7333° S 28.1833° E MAININANAARY 558 kW, Usznaunlgunsigasatatfing 1,800

W4, BULBSIABS 8 0 wag DC Combiner 8 NABY IMUIUARTINAULA 90 ARSI wWAaLEn3Id
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20 WA 1oy CSIR Uszauaudnsatunisaealsalidindeuunase find wuussuuinaiu
AINDMALLNULAYY TITZUUTLEAT PR ©84 94.3%

URAUNS L@UIUUN Lavauy (2560) wasnulndnlaanlseludndsnudaseiing

£ ] v
@

LUUSEUURAMINAI981 7R E AuagiudnUINAnnasTUAULAIIANNTENUUULNUYAS

v
4 3 v

uaeiing Bianunfinnminainiduaudansuinuinle ndwuliiindalinisselas

v o w < { P ' a d -
deyawmudsiu ganianldsuwlasiinasienisudalviirvedlselu iewinuamunese

'
v a

Ifutuguivdaandey wu we sulsd gungll au Wusy Tumenduiuieansafiansan
danan1uid msuneaadalseaiilind 1 uwass1indlaa1nnINsIuYDIFIINE DY LWS2

anmgilenniAvetuaviuidsasiedunndeuiug

naisuiisulsslwimdsnuusanfindaudnenznisians

Tsalnimdsnuuaseiindlutlagtu fdnvarmfnsuneaduaseindfiuansig
i lauA msc?mé?mmLLUU's:UUgu%'ULLamqﬁLLazLLUU'iswammumamﬁm‘ Favaanauuuil
fiuszansnmlunsudnlwihiiuaneaiu dseluil

Giorgio Belluardo wagamue (2012) MnsinmasEUUadLatafindwuy FTS wuu
STS wdial WnuMYY UassEULIBARLATETIRgUUU STS 1ila 2 unuviy Assmadend e
Wigudszaninmvasszuunsdaziuy wuitludsgauunissuugaduasenvinduuy STS
viin 2 wnumsuidussuuildenlFign sesmnduiuy STS ofia 1 wnumyu wazkuy FTS
AUAAY

Mostafa mehrtash uavae (2012) vin1591aedsvuuBaduLaseIinguuy FTS a1
WUIT1U kasyisulaee Wuu STS 9ila 1 ununyulas 2 wnuuyu meldsunsu PVSOL Pro
Tnoliteyadeuindenvouiioeunia Ussmanauun wuitlufuiivesihanla lifius
JEUUadLAseMIRduLUY STS atia 2 wnuuyu dadiuaiuisalunisiuaiideriingleuin
fign udluiuiiiisann ssuumaduaseiindynuuuliiuaiideniindldlndifeeiu

AfIua 1elnT wazAmy (2559) an1suseiliuaussausnisudnliiiainigad
LasefindiinndssruukuURanunteiing uaswuunniuLawnd IWuniraduaseriing
ylinseusauvutamelsuugusomanfoddae iudeyameliannznisldnuaiddy
Usznelng sveziaan 1 9 wudissuuiifinsfiedauuianuaefindaiunsafurmany
uaseinglFinn I ULatAT 12.68% waedldwandanialiiuiindu 15.39% vili

ANEALITOULVRITLUURUUAAAUAIDTREHAININNTIMUULNTULEIAST 1.87%
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UAUMS l@uuuv uazauy (2561) Anwideyalasinislsalwimdanuuaseiinduuuy

1%

USULAIAITILASLUURARIUAI9e1Rng asEUs thudeuanisuielnsiasied aeusidou

3 ] U

UNTIAN-5UAN WA 2560 wudwuuRaa A iada i sandaliialadndnuuyuiu

LA AalU 2.51%

N5IATIERIwATEgAER e IR WEsuuasading

uanIINNIIANIDsanuNAnRILasinAluladnsAnfunIad LA ingwan a9

drdynasusasadedslunsamulsslwimdnuwasaindiufsanuduealunisam

a 1

»
1% Ve w

Tuatell {AdelavinnisfnwinisiinsizdanuAuAtnuesygatanslsalWiing ey

U
o & = = L + du
waaoiing leedisruazidendanalul
QNS Waganale wavamy (2557) vinnsdnwianudululalunisadielsdlin
s a & o as dduu 1% v U 1 a a
wasueaefing logfiaviiyinanuminsausuasegmanslonn yartagtuans (NPY)
wazdnsiuansuinunisly (IRR) wuinlasanisiian NPV Wuuan wagal IRR 110071
gnsduanidsfianumvizaunAnsamu

L g

Vin¥na (2561) AnwUseanEnmLasANANLYEY

9

) a

4509 99dn uar 8350Wa LN

¢ el & o J

SEUUNEALNT N EasLaI0TIng NRAAIUUNAIAT NEINIHER 20 KW Tsuvunisudnluii

60,000-70,000 Baht/kW Anindasausieszuy 1,121,500 Baht wuinsyuusanlniingeisad
uasofindlusifeiiszoznarfuyu 5 U 3 Weu Shymanauununisly wihiu 17.73%
wzaudmiuniTamu

Onur Ozcan wag Filiz Ersoz (2019) vitn1sUszifiulasenisuasdununiy
Uszansnmmdsunasenfindlulszmansififles Saduya dwidled wazdania wuin
lasamsilszeziaainisaunu (Payback period) Wiy 7.03 6.07 uag 13.6 U smudiu uay
WINAAHARBULNUARBATEEEIAILATINGG 25 U nudn Waedasuya dnanaununisa s
Winfiu 153% wiededies 161% waziliesdanisn 61%

D.L. Talavera uazaaiz (2019) virnsAnwinuvuuasilsdmivlsswdlang sy
LA findfiRnR s TadLasDITindwuUAsTaTLUURAM LAt 1TNg aTinaz 5 Tssludh 7
Aamslutszmaaily INTBYANNNITIULALLATHFATNUIIAIUUANFIIVBIAUNUNTHER
il (Rauddfadeszuy ang1iinu nasnsuaiquadnuilsdlwiln) vesuuuasiiiay
uAneay 15% @runuufineuniseingiauuaneng 19.5% Snvsfununisamuiiudy
sio kWp waslaslniimdunasoiindwuunaiiiien 1,388 US/AKWp Tursisiiwuufianiunis

g findiiAn 1,794 US/kWp Antluminusinstassiununisav wihiu 29.25%
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UAUNS l@uuuY wazamey (2562) ¥1n153As1sinnaasegatansvaalsalui
wauLae WRd LUy ULaALaTIUUAALAe Tind Rarsananyarilagtuau’
fdnsAnan 3%>ﬁﬁaaauuuﬁgaﬁwﬂmqﬁﬂqw%ﬁlﬂuuaﬂ finnuduATazamu Fudns
naneULUsBf U Ui USI T Wans LU gy wud LuusEUUALILBURULUUSTUURRANY
aefingdanuAuAlunisamuuinninanies lasfidnsnansuunusessuyuiniy 5.63
way 5.58 gnswanauuwvunelumiafu 31.77% wag 31.39% Mud1au d1un1TIATIEY
amnugeulminsdiunu miamuaslsiwiwuuszuuasidsnsiamiudualumsam
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1) Fixed Tilt Systems

2) "~ infilm PV modules 135 W.

3) Inverter 1663 KW 5 Sets

4) Inverter Transformer 2,000 KVA 5 Sets
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15199 4 (519)

wassu WA inaala (MWh)

oy
anIgaLam Unfany ng wawinla

figueu 1,424.50 1,099.85 1,354.30 76392
nsnNNAL 1,624.82 1,010.¢ 1,350.39 1,067.94
ey 1,411.84 1,096.97 1,361.70  1,182.78
AugneU 1,164.42 1,177.09 1,308.38 1,285.68
ARl 763.50 1,071.09 1,289.83 1,520.48
woAdIngu 423.19 942 ) 1,241.36 1,704.35
Suna 276.73 906.34 1,320.76 1,605.91

594 11,837.96 12,711.70 16,276.56 15,575.56

§15199 4 kasdnasnseAandsnuliimendulaseiagnet 1Seea1auann
wnlumteslann e weninils Unfiaaiu wazanigewin nduluiingels windu
16,276.56, 15,575.56, 12,711.70 way 11,837.96 MWh a1ua1au

[

Tuggeu Uszmalvondalviliade igeqe Ao 1,526.17 MWh sesasuldun
worsnila & fgowusnn wazUifanu fie 1,521.5 Mwh, 1,487.05 MWh uaz 1,138.77
MWh s 3 Tugauun Uiuwﬂlmmamlw%m?{aqqqm A9 1,320.76 MWh 5998931
laun wansnila Unfaau wavansgewsng Ao 1,182.78 MWh, 1,030.00 MWh waz 676 28
MWh auday

devdmdsnulniiindaldvedlssld 1 4 90 faudideuunsiau-ieusuaina
afunsmlanuduiusserinadnisdal  Iiiuszesia sadwduansianind 33 81 a1
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299N NIzAA8EaInay LWuauduwusnesetiusuy nMsAnwteyalun1seg 3

=

wuilssinAanigawsniiasussmauenimlsdgan ,mugﬁmiaﬁmﬁumaamﬂ"’aﬂ Ag
- PeufuniAu-isunun WG
Uszmaanigoiniaglurigguund Ysunaueninilaegluiiigaiou
- ifsudiunAu-LABUNgYAAY
Uszimmanigaiusiniegluriggluliing Uszimaweninileaglugisgalulisag
- ihsuliquisu-lhsudaay
Usziranigaininiegludnngiou Ysunauewinilaegludisgauun
- PBunugIU-liBunNgAINIaY
Ussmanigaiuinieglurnggluliisns Yseinauensnilieglursgaluliing
dwmalingdidantandn e duedsdlwiimduiaerfind deaaswviadl

v o w a

L A v L 1
anuwaizdayaidinisndnliinassiuiuniudiiaivesggnia

A1)

A A o e =) e @ s
DI 35 LazNINY 36 LL’s‘lC’Nﬂqa\‘iﬂ?’iNam‘lWﬁW’i’]EJTJ‘UadliQIWﬁﬂwaddﬂuLLadaﬂﬂmEl

UszmanidounayUszwdlng vaaesUssmaiiggniaiilndidssiuluusazdiadiou duwals
dnunzdayaridnisadaluihvesiasssumandrondaiuluusasifon

nsfadalsli mdsuuasefinguuussuuinnuansenfing Sadauiiaaging
Nnduguignsuniile ndanulwihiindsldadenedestosamudu dilundazggnia
Uimnalwifindaldazliviniy Tufudaandeuvosaniuiifnge fetisiionun W Tugg
$ou UstanerEnldazliidanndnedogeanlufiousuanay fe 1,605.91 MWh uatly

garun Yszimaanigainaglamdinisudalniiasanluifoununiius fie 676.28 MWh

4.2 nInaaiRI LR INE LA TRTRUURNTULAIATILAZ LU URARIUAD
avindludszmelny

dayan1sviglnsietu
Ueyan15ue s uvedsalwihmdinunatofinduu s iukainfianyiuasuuy
a a & a W o [ v v A o 1
Aneun9eTindaseys dandlumniinen 5 iivteyaluiun 8 wguwaial w.A.2560 au
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AIILATUUURARINAINBTIRY

LUUTULEIAH wuuRamunsafing
87 aaduuas W Aedald  avuduuas  IWRniinaeld
(W/m?2) (MWh) (W/m?2) (MWh)
0:00 -1.05 -0.03 0.00 -0.02
1:00 -0.52 -0.03 0.00 -0.02
2:00 -0.82 -0.03 0.00 -0.02
3:00 -0.61 -0.03 0.00 -0.02
4:00 -0.46 -0.03 0.00 -0.02
5:00 1.11 -0.03 1.12 -0.02
6:00 120.7S 0.49 81.12 0.51
7:00 386.71 2.26 286.21 2.17
8:00 782.05 5.26 511.68 4.26
9:00 885.95 6.27 555.28 5.00
10:00 73522 543 725.39 6.01
11:00 720.82 5.08 833.30 6.50
12:00 527.75 4.03 998.32 7.51
13:00 702.61 5.60 802.82 6.45
14:00 321.31 2.65 684.90 5.35
15:00 421.07 3.27 729.86 598
16:00 725.15 5.90 505.38 3.96
17:00 228.75 2.50 160.09 1.10
18:00 8.91 0.19 10.15 0.03
19:00 -1.02 -0.03 0.00 -0.02
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e '
AN 5 ()

WUULUTULEAIAL WUURnAA9B1Ting

A =3 A =3
ehl auduuas WA NEald  eduduuas WA AnEala

(W/m?) (MWh) (W/m?2) (MWh)
20:00 -0.43 -0.03 0.00 -0.02
21:00 -0.05 -0.03 0.00 -0.02
22:00 -0.05 -0.03 0.00 -0.02
23:00 -0.16 -0.03 0.00 -0.02
374U - 48.61 - 54.61

4 o v w o v = € o
disihayaluiun 8 woun1au w.e. 2560 sadlsslwindnuuasevinduuuyuiy
o o V) =S, a o« o v
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@d) v e 1 s §idudenldvisiuiitillesnnilugicfuidmssdalndiliuniige

99U W.A. 2560 sanandl 115199 6

Al 6 Teyi  dwnulnihfsdeldneduanvivedlsdwiwdsuuaeinduuuyniu

LAIAIVILAY LUUR AR LA D TRE

Idieids
l WUUSZUUAST WUUAnAUN299 g

01791¢) 30.31 33.89

H 48.61 54.61
§9A13 45.34 49.41
WS 31.86 39.26
ngaUR 42.48 54.55
An3 29.97 39.26
s 26.72 30.25
5 255.30 301.23

masntsudnlids e

TN ATicAnld (MWH)

o
)
i
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. s : .
173 W9 AL a3 v

Lnred cone Feene iy
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Lﬁ'aﬁvﬁagamaé’ﬂmﬁé’uwﬁuﬁ 73 WWAIAY WA.2560 (FUDiRd-TuULans) vas
Tnalwinds  waserfinduuuamiunasasiiany’ uaglsdladhwdsnunaefinduuufinny
AN IATaTEUT 2 wasans S suisulinfindaldluusasiu wanianind 39 lagi
WY x Ao Tudl Kaud Jueiind-Suans unu y Aefidinisuan 5nwmx°uaaﬂ51WQz§a—e?wmﬂu
Anuasnsalunsuaaln  wesudasiu wunmasniseaalidvedsswiluufeniunig

gngasiiannniils  AwuunnSukaaad

tayanisuielnsel
‘ﬁauﬂam’i‘SZJ’]EJlW’ﬂEJ%°ZJSGINIWWWWT;{NW‘L!LLE‘NQWﬁméLLUUQN%IULLmﬂd‘ﬁawq%‘LLaSLLUU
Aneuneen 8assys Lﬁu%’agamaamﬂ HILALABUNNIIAL-LABUSUINAL W.A. 2560 AILERS

Tuansed 7

A9l 7 deyanasnulninfndaleseUuedls i maanunaemaduuuluiunand

LasLUURAMLAIINTIRE

A nEale (MWh)

WRau : - —

LUUIEUURIN LUUITUUARARATUAIIDTIVINY
4N 1,019.86 1,200.02
nuAWuS 1,172.85 1,358.26
sl 1,273.26 1,526.17
LW 1,250.24 1,490.14
WOy 1Ay 1,132.40 1,475.22
dguieu 1,245.05 1,354.34
nsNAAY 1,106.36 1,350.39
daunaal 1,120.58 1,361.70
U8 1,045.27 1,308.38
Aa1A 1,074.21 1,289.83
WeAINIEU 945.90 1,241.36

F1AY 1,099.93 1,320.76
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Vo o =

33‘U‘Ua¢mmmamﬁméﬁmﬁamuqq N’JR]Ui]dlé])ﬁﬁﬂ’]ﬁ%Lﬂﬁ’]:ﬁ‘V‘Tﬂ’JWiJé:iJFhIUﬂ’]ﬁﬁdﬂUﬁ:ﬁﬂ’j’N

U

&

Lsalnindanunasofinduuuyssusainiiuasuuuiinniuanefing laslduanisiagy
dovdu laun

N =

a & N W o ¢ oA o X = v
1. ﬂ'\i’lLﬂ'ﬁqgﬂﬂimﬂaﬂ‘ﬂi@ﬂimmLUuaﬂjuﬂjﬁmﬂjiaﬁwuV]Lﬂﬂmuﬂiﬂ ‘LWLLﬂﬂ']ﬁ

EN

AnsgviAgarlagiuans (Net present value: NPV) 8031 inouunusefuyu (Benefit-
cost ratio: B/C ra ) wazdnsmanauwnuniely (Internal rate of return: IRR)
2. N53ATIEUALEaUlNIYIlASINITAIUNISEUTD N 1TaS 1l s Ty

w19 ee lasaznanlumdedn

4.3.1  NITAATISHAIUNITRUVDINTAS 1S WIS 19 IULa s ngnsivan

LY a s

doyanlilunisiinsizvyanlarduavsves dnsmanesuununieluveddasinisaiig

el ndsnunasefingnsaasnuuddlszesiialunisaniulasinig 25 U Usenoumie

@I lgeeVIant 1 LaTkanauwWIuIINLATINIG

A ldnelasinslsalWiwasaunasaiing

Ald91870. 15915 lselMA L UUSEULUARAILA9eTiRg Fanandlumisned 8 way
Tasanslsalifiuuuszuuasi sandunissit 9 Uszneudie Aneaing AIUATNY A
Wiy wazAldi Hudsuiasg Failswavion Ao ﬂ'wﬂ'aa"iﬁw%aL3uaanuL§uLLiﬂﬁT§amwa1ﬂ

mﬁfjﬁmmaﬁﬁwm 8lsalaNLuUsTUURRNLAI9eITing A N aas19 371,665,000 Baht
drunuUIEUUAidiAInoasne 326,805,000 Bant ﬂ'wgLLa%’ﬂMLLam'wL‘ﬁwﬁauﬁuaﬂiﬂlw%ﬁy’a
assuuild1wingu Ae Arauasnwy Wiy 3,570,000 Baht/y wariiuiuiosas 3 Tuvn 9
097 waraldtiglunisiifiau Wiy 4,800,000 Baht/y drualdAutulsuinis (§ne
naniledeway 3 ded) 1uszezian 10 U veslselifiuuuszuufinnuaitefiod Wity

43,570,476 Baht/y ULagWUUIEUUAL WU 38,311,516 Baht/y

nauszlovr  lesuainlasenisiselWiiwdsunasaving
navUselavuilasu Aesrelaannisuieluy Teelsslwiuuussuufnaunisarfing
azuaalwvlaldudun 15,601,440 kWh/y wagwuuszuuasindawdlasudud 13,915,384

kwh/y tazmainisuanlwiiveslssliiisassuuvazanasiosay 1.5 dal Falsalnsine



AL

zz bes / €0:6G:80 €95250G0 A0S / STSSYI TTOTOYST8S STSSULT NLW || _ "l“

61

asauuiel  I7lusian 11.15 Baht/kWh virlnlssrulvwidiuuszuufaniunise1anesl
S18lSUGY WS 173,956,056 Baht/y WAZLUUSZUUAST WINRU 155,156,526 Baht/y

[
i s s =

HanTiwszvyadilagiu  Snsdndn ld8nsiAnaniesay 3 wiriusnsinenide
Hufressuins laslwimdsnunaseniinduuussuufnaiuaiieiiindiiyanidagduans
Wity 1,700,984,186 Baht §R5IMANDULVLABAUNY LMY 5.58 LAYSRIIHARBULIY
aelu winiu Sesay 31.39 d’;mwmzwmﬁﬁgadwﬁaﬁgﬁuqm% WinAU 1,513,132,114 Baht
gaseanauLnus Uy AU 5.63 wardnsmansuunuaiely windu Seuag 31.77 Fuile
finsnaneanisiiesgiding Lssdilwisaosuul  ansuunuiidudisions amuuas

INIWW’ILL‘U‘Ui$UUﬂﬂmﬁNamammuﬁﬁuﬁ’lﬂ’jﬂ
N153LATIZHYA AN Y
Iﬂsaﬂﬁlw%wé’amuuaamﬁméu‘umzwmﬁﬁﬁuawluﬁmLLﬁﬂ WINAY 326,805,000
Baht funuiuuUssunaenszavliallasinis Wiy 604,468,545 14 Baht wazawisondn
T Lef e 291,908,103.55 kwh Tagnewdanuluitlusiawqeay 11.15 Baht s1uau

wdpvaanasnulii & 3eRuvu (N awnsaaiuinlanal

x 326,805,000

604,468,545.14

11—
291,908,103.55

=35,994,711.04

£l e

a"miﬂ’idﬂ’lﬂWﬁ’lWﬁN’luLLada’lﬁO‘IEJ‘LL‘U‘U’W‘U‘U(?](ﬂGl’llIﬂ’NE]’]‘ﬁGIEJZJL\‘iuadﬂquﬁmﬁﬂ
Wiy 371,665,000 Baht SAuvubuwUs5Iunaanszesiiailasnis winnu 662,125,819.81
Baht waraunsandnlwdizlaviavun 327,277,128.97 kwh Teguienasnulwirlusiaimuie

ay 11.15 Baht S1unumnibigveanasnulwin as ndunu (N awnsaawiulsne

\ 371,665,000

662,125,819.81

11.15—
327,277,128.97

=40,722,088.11
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91ANANITAIAAALNUY LATINITIMA NG W IUREIR AR LUV TZUUATIRAZIZUY
Aneunsefinglidundlsvesna N ulWinnfewdn w 9eRuvu windu 35,994,7 1.04

KWh way 40,722,088.11 kWh anugiau
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10
11
12
13
14
15
16

Aldidne (Baht) wauselopiilasy
WAIIY s1glaannns
. daudun . naUszlawy
Afanig AQuasnyl AR ; T TwAflesu elWin R
FUIATT #vs (Baht)
(kWh) (Baht)
371,665,000 = - Y -
371,665,000 - - 371,665,000
3,570,000 4,800,000 43,570,476 51,940,476 15,601,440 173,956,056 122,015,580
3,570,000 4,800,000 43,570,476 51,940,476 15,367,418 171,346,715 119,406,239
3,677,100 4,800,000 43,570,476 52,047,576 15,136,907 168,776,514 116,728,938
3,677,100 4,800,000 43,570,476 52,047,576 14,909,854 166,244 867 114,197,290
3,787.413 4,800,000 43,570,476 52,157,889 14,686,206 163,751,194 111,593,304
3,787,413 4,800,000 43,570,476 52,157,889 14,465,913 161,294,926 109,137,037
3,901,035 4,800,000 43,570,476 52,271,512 14,248,924 158,875,502 106,603,990
3,901,035 4,800,000 43,570,476 52,271,512 14,035,190 156,492,369 104,220,858
4,018,066 4,800,000 43,570,476 52,388,543 13,824,662 154,144 984 101,756,441
4,018,066 4,800,000 43,570,476 52,388,543 13,617,292 151,832,809 99,444,266
4,138,608 4,800,000 - 8,938,608 13,413,033 149,555,317 140,616,709
4,138,608 4,800,000 - 8,938,608 13,211,837 147,311,987 138,373,379
4,262,767 4,800,000 - 9,062,767 13,013,660 145,102,307 136,039,541
4,262,767 4,800,000 - 9,062,767 12,818,455 142,925773 133,863,006
4,390,650 4,800,000 - 9,190,650 12,626,178 140,781,886 131,591,236
4,390,650 4,800,000 - 9,190,650 12,436,785 138,670,158 129,479,508

RYLALELLYIETLIYYY
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Arlddne (Baht nausTouiAldsy
Ui o L i TfAuRug wasalwin swidanmsuie  wausslovidans
frnoasne ArgUATHY Angiifu 59
: 5WIA1S 165U (kwh) W1 (Baht) (Baht)
17 4,522,369 4,300,000 = 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 E 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 11,531,593 128,577,259 118,979,477
22 4,797,781 4.800,000 - 9,597,781 11,358,619 126,648,600 117,050,818
23 4,941,715 4,800.000 - 9,741,715 11,188,240 124,748,871 115,007,156
24 4,941,715 4,800,000 - 9,741,715 11,020,416 122,877,638 113,135,923
25 5,089,966 4,800,000 2 9,889,966 10,855,110 121,034,473 111,144,507
39U 371,665,000 106,421,057 120,000,000 435,704,762 1,033,790,820 327277129 3,649,139,988 2,615,349,168

-

yamUagiuans (NPY)

Al

SnsIAIUNARDURUADAUYY (B/C-ratio)

dnsanaubunely (RR)

1,700,984,186
5.58

31.39%

(@¥) 8 usLeLs

1%
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Aldine (Baht) wauszlovilitlésy
o4 . o . 1¥AuRug wasewlwihd  seldenmsve waussTewians
Aneaie  Aguainm AR 323
? 5UNANS 195U (kwh) Wi (Baht) (Baht)
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 3,715,272 4,800,000 38,311,516 46,826,788 12,709,035 141,705,736 94,878,949
3,715,272 4,800,000 38,311,516 46,826,788 12,518,399 139,580,150 92,753,363
9 3,826,730 4,800,000 38,311,516 46,938,246 12,330,623 137,486,448 90,548,202
10 3,826,730 4,800,000 38,311,516 46,938,246 12,145,664 135,424,151 88,485,905
11 3,941,532 4,800,000 3 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
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

Wb

WUeLELY
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Al¥ew (Baht) wauszlowiilasy 3
oy L . 2 TAuGug wasewlwind  swldannisvi wadstlewd én_
Arriaas1e Arguasny Agaidu 32

? 5UA13 1#5v (kwh) W (Baht) a5 (Baht 0
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 7 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 10,285,367 114,681,841 105,312,526
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 s 9,506,395 9,829,433 109,598,182 100,091,786
25 4,847,587 4,800,000 > 9,647,587 9,681,992 107,954,209 98,306,622
Rt 326,805,000 101,353,388 120,000,000 383,115,157 931,273,545 291,908,104 3,254,775,355 2,323,501,809

yamagUuans (NPV)  1,513,132,114
PNTIAIUNANBULNURDAUYU (B/Cratio) 5.63

dasmanauununiely (RR) 31.77%

99
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g = < o s U J = a Ve
ﬂLLaiﬂ‘UWNﬂ"ﬁLUaHULLUaG IﬂEJIUﬂ’Wi'}]LﬂiW%VIﬂ'NNE]E]‘UI‘W)LLﬂazﬂiﬂJﬂ%ﬂNNﬂlViNﬂﬂi

WasuWUa1a9aauasinsdu 3%, 5% lay 7% AUFINU

a < ' & - 1 o af vy P < t
Han19itAseRANgaulwIv 3 n3dl wui Weanudlisuuinisiudsuudaia

anastastiiniy yaalagtugns dnsmanauunurenumu uazdnsmanauununigly ves

MaadlasintudiaduAiunITauLasiuUTEUUALTgIAd SR Hane L UGB YU
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wazdnsHanaununelufignIuuusEuUAnnINAteng fuanddumnined 10 uag

AN 11

< i @ ad o = = v o &5
A5 10 Yardagtugvdiileduyuiinisidisuulanitanasuaziiuiiy

. , / yar1agUugns (NPV)
sensiaTeianugauln

a o o
WUUSZUURARINAIDARE WUUISUUAIN

= vV 1 U v ] dl
nIflAUUAINDAS 1NN SIURLULUAS
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a @ o o
nIfUAPHAThYINNSUABULUAS

anag 3%
anas 5%
PRI 7%
Lﬁuﬁu 3%
Wity 5%

VALY 7%

ane 3%
anag 5%
anas 7%
Lﬁu“ﬁu 3%
Lﬁu“ﬁyu 5%

VALY 7%

1,723,284,086.46
1,738,150,686.46
1,753,017,286.46
1,678,684,286.46
1,663,817,686.46
1,648,951,086.46

1,703,158,213.31
1,704,607,564.55
1,706,056,915.78
1,698,810,159.61
1,697,360,808.38
1,695,911,457.15

1,532,740,414.04
1,545,812,614.04
1,558,884,814.04
1,493,523,814.04
1,480,451,614.04
1,467,379,414.04

1,515,202,615.80
1,516,582,950.31
1,517,963,284.82
1,511,061,612.28
1,509,681,277.77
1,508,300,943.26
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$18M153AS1ZRAINBUlUY

yad1Uaq
U L]

o

Uuans (NPV)

LUUSSUUARAIUA29RY

=
LUUTTUUAIN

nstlAfeaiuazAIguainwiingg
WasuuUas

- anal 3%

- anas 5%

- anas 7%

- i 3%

- i 5%

- WuTu 7%

1,725,458,113.31
1,741,774,064.55
1,758,090,015.78
1,676,510,259.61
1,660,194,308.38
1,643,878,357.15

1,534,810,915.80
1,549,263,450.31
1,563,715,984.82
1,491,453,312.28
1,477,000,777.77
1,462,548,243.26

= v W v { v
M1914Nn 11 ami’mamaUmemamu‘\qu LLazamiwaﬂaULmuﬂﬂﬂlu Lﬁaﬁunu;]ﬂqﬁ

WasunUasianasiasinuiu

dnTdiunanauunuAaiunY

ansuanauununialy (RR)

$18A15IASIZNAN (B/C ratio)
doulun WUUSSUURAAIY  LWUUSZUU  WUUSSUURAAIN  WUUSSUU
A991%ng A f2991%R8 A

nsdsunuAnoaselinig

Wasuwlas
- anad 3% 5.78 5.84 32.72% 33.12%
- anas 5% 5.92 598 33.66% 34.07%
- AnaY 7% 6.07 6.13 34.64% 35.06%
- G 3% 5.39 5.44 30.14% 30.51%
- 5% 5.26 5.31 29.35% 29.71%
- i 7% 5.15 5.20 28.59% 28.95%




a51efl 11 (@)

dnsduNanauLUADAUYU .
dnsmanauununielu (IRR)

F18N15ATITRAY (B/C ratio)
doulun WUUSSUURARIY  WUUSSUU WUUSSUURARNY  WUUSSUU
a o = a ¢ =
f2997%R¢d AN f29977ing AN

a @ P o
nstlANguasnwinisiUasulUas

3 - amae 3% 5.58 5.64 31.42% 31.81%
" - anas 5% 5.59 5.64 31.44% 31.83%
- anad 7% 5.59 5.64 31.46% 31.85%
- il 3% 557 562 31.36% 31.74%
- il 5% 557 562 31.30% 31.72%
- il 7% 5.56 5.62 31,320 31.70%

o v ' @ = o
ﬂimﬂ’lﬂaai’NLLazﬂ’lﬂLLaimﬁmmiLUaU‘ULLUm

- anaa 3% 5.79 5.84 32.75% 33.15%
- anag 5% 593 599 33.71% 34.12%
- anad 7% 6.09 6.15 30.71% 35.14%
- iuay 3% 5.38 5.43 30.11% 30.48%
- udy 5% 5.25 530 29.30% 29.66%
- il 7% 513 5.18 28.52% 28.88%
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ABSTRACT

The current PV power plant in Thatfand has solar eell
panc! installation technology of 2 tvpes: fined s

and tracking system The former tecen os suntigm wn
some tme or about 3.6 hours per day. lThis 1s
because the sun always moves which results 1
decreased patential in clectneity generating The
lanter aims to make the solar cell pancl astomatically
moves following the sun in order to Tully recene the
sunlight, Tracking system iy a 2 tvpes: horizontal’
verticul smglhe axis tracking and dual axis tracking.
The sunlight miensity striking against the solar panel
will alter in accordance with the carth latitude
Henee, countries in the tropical zone will get more
solar eneryry than thase m the temperate zone aed
frigid  zone.  Consequently. the  approp
technofogy on solar cell panel installation in caun
country s different dependimg on the chmate 7one in
cach henusphere. The solar cell panel design and
instatlation needs o perceive the climate zone and
latitude of the installanon arca in order 10 obtain an
appropriate locaton for the construction of the PV
power plant. Thus, this rescarch proposes  the
capactty of the clectricity generating vertical single
anis tracking  system (location T4R177194 SN,
1009994219 "E - Tropical zone). generating power
(8 MWy duning January-December. 2017 The

clectricity generating power ts compared with that of

other countries in the ditferent latitude for compa
the efficiency in eleciniciry generating of the rv
power plant using the same installation technology

Key words: vertical trackmg, Phiotovolaie systems,
P\ power plant. Performance, Tropical zone

INTRODUCTION

Solar encigy is renewable energy occuring by nature
ftis ¢lean without pallution and high potential which
is benefictal o organism in erms of heat. light,
buldding hfc of plants and amimals, cte. Tt cun be

found cvery where and eveny day Regaons ol the
world can be classified into S proups based on
average monthly  temperature and  an amount of
precipitation as shown in Figure 1 {A) is rropical
moist chimate - an average monthiy temperature is
higher than 1R "C and there s oo winter scason
comprising rainforests, monsoom  and  tropical
savannas: tB) is dry chmate - the evaporation rate is
mote  than  the  falling  preciptation and  the
temperature o day and might tme s ligher than
A8 C (50 C oan summer) and lower than freczing
point (=15 C o winter), respeciively. il comprises
desert and sami-desert: {C) 15 moist subtropical nud -
{attitude chimate - it is warm in summer and not so
cold in winter with an average temperature of the
coldest month at fower than |X “C" and higher than
-3 G, it comprises Mediterranean climate and
temperate clunate, (D1 s humid continental chmate -
it cold s summer and an average temperature of
the wanmest nwmth is not lower than 10 °C' and that
of the coldest manth s Jower than -3 1 Cand (F) s
polar climate - an average femperature of the
warmest month 1> fower than 10 °C and winter is
long which the temprature s lower thun frecsing

peint [1]. [2]

FIGIE |G RIS AT Of Fegons Pused on citmate
nd lannude 2]

According o the afore menuon, it imphes  that
Thailand s included i proup (A} which can be
classified based on climate and 1opograpbic condition
as follows:
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Northern region mountainous area and it 1s cool in
cold scason and hot in summer with moderate
ramnfall

Northcastern region - platcau arca. discontinual
rainfail. cool in cold season. hot and arid in summer.

Central plain region - not so cold in cold scason and
not so hot in summer since it is ncar the sca.

Eastern region - flat plain and some mountains with
many islands, heavy min in rainy scason, not so cold
in cold scason and not 0 hot in summer.

Southern region = at s a peninsular with many
islands. maost of the area are forest and mountans,
and heavy rainfalt [3].

Radiation on the carth surfuce iy divided into 2
directions: beam or direct radiation it is direct from
the sun which is perpendicular with light acceptance
angle on the carth surface: high concentration of
radiation  appropriate with  various  kinds  of
cincentrator and diffusc radiation - arised from
reflection and ditfusion from gas on dust in the air as
well as vamous  objects and  earth  surface:  the
concentration of this kind of radiation is much less
than beam or direct radiation: appropriate with
cquipment which do not reguire high concentration
such as solar call panel: proportion of beam or direct
radiation and difTuse radiation in cach day and area is
uncentain. depending on c¢himate condibon of cach
day and area: aggregation of the radiation of both
direction 1s called “global radiation™ [4]. 5]

Solar cell panel 18 an equipment transforming sofar
encrgy into clectricity. To design a solar energy
plant. an engincer needs to investigate data on
radiation value and location latitude so as to be data
for the selection of an appropriate area. Aside from
cfficiency in clectnicity generating from solar energy
of cach place, solar ccll panel installation technology
is one factor cflecting cfficiency m  clectnieity
generating. This technology consists of two types:

1) fixed system - gets radiation in some periods of’

ume {5-6 hours day) and 2) tracking system - aimed
to make solar cell panels automatically move to the
same direction of the sun to fully get radiation: this
system has two types: honzontal:vertical single axis
tracking and dual anis tracking.

Therefure, knowledge about climate regions of the
world ts a basis for the selection of a place and
appropriate  technology.  Data on  temperan
topographic condition, and sunlight of each place are
initial indicators that countries n differemt climate
regions have different  efficiency in  electricity
generating by using sofar energy. This study reviews
the past rescarches related to the technology on solar
cell panel installation with the same type but
different in location for a comparison as follows:

Smart City and Urban Resiliency
2018

wngkok, May 21-2

FINAL REPORT Project St. Johns Abbey Solar
Addition. (2009). [6] the cxisting 181.72 kW, St
John's Solar Farm in Collegeville, Minnesota 15 a
northern region of the United States. at 43.05 °N,
K948 W that was commissoned in 2009. It
incorporates an on-site side-by-side comparison of’
competing solar technologies in the Midwest: lincar
axis tracker technalogy currently in place. Based ona
PV Watts simulation. along with weather experience
at the cxisting site. we have found that the tracking
system will produce approximately  13.9% more
energy on o calendar basis than the fixed ruck tha
was designed for maximuin annual production.

Imran Ali Shah et al. (2017} {7] The efliciency of the
solar system is affected by the angle between a
photovoltaic (PV) panel and sun. More direct sun
hght on PV modules feads to enhanced energy yield.
Theretore, tracking  systems are implemented to
unprove the performance of PV system by tracking
sun tryjectory. The actual site of systems installation
1 Jovated i Hattar, Hattar is one of the 44 umion
councils, administrative subdivisions. of Hanpur
District in the Khyber Pakhtunkhwa province of
Pakistan. It is located south of the district capital,
Hartpur, ar 33.8503 N 728822 'L and borders
Taxila Tehsil of Punjab province. Pakistan. In this
study there is 4% to 5% difference between
simulated and practical energy generations, however
actual reseb for are considered for further analysts
and conch that the energy generation of tracker
controlled system was 7% greater than the fixed
angle system however, the cost of tracker based
system s high.

SN Simelane and M Basappa Avanna. (2017). [¥]
This paper focuses on performance analysts of the
first solar PV plant to be implemented on Pretoria.
South Africa. at 25,7333 “S 2R 1833 “E. The capucity
of the plant is $58 KWp. The plant consists of 1800
maodules, 8 inverters and 8 DC combiner boxes. It has
a to1al of 90 strings and each has 20 modules. The
CSIR successfully implemented 558 kWp ground
mounted single axis tracker PV system. This system
achicved a PR 0f 94.3%

This rescarch presents the performance of a vertical
single axis tracking system in the central part of
Thailand (14.8177 “N, 100.9994 “E. Tropcal sonc).
It has 8 MW clectricity  generating  (January-
December, 2017). Comparison electricity generating
with other countries in different place and the
ctficiency of solar power plants with the same
installation technology
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plant in Saraburi province (8.217 MW, ) as shown in
Table 2.

Tuble 2 Electrical energy after the compuation

Exp Meter (MWh)

Month . . N P

| USA Pakistan | Thailand o M
ans 9 0000 .-1.98 L 19RS 1.SOK.78
Feb 67628 1.030 G 1.356.84 144993
Mur 1.080.71 1.200.91 1.473.00 1.311.17
Apr N R 1.122.03 1446 36 1.193.34
May 1304 18 113230 1,310 04 98128
Jun 1.424.50 1.099 85 1.440.36 763,92
Jul 1.624.82 1.010.69 1.279.92 1.067.94
Aug 1411 %4 1.096.97 1.296.36 1 AR2.T8
Scp 114442 1.177.09 1.209.24 1.2K5.68
Oct 763.50 10710y 1.242.72 1.5204%
Non 423.19 94239 109428 1.704.38
Dec 2368 Y0634 1272 4% [GHAKCE]
Total | 11.837.96 | 12.711.70 | 15.601.44 | 15575.56

According to data in the table, 1t can be seen that the
electrical encrgy yicld throughout the vear. Thailand
cun generate the electrical energy most (15.601.44
MWh). followed by South Atrica (15,575,536 MW h).
Mcanwhile. USA can generate clectricity most in
July.

Table 3 Seasons of cach counoy

Month I ERA | Pukistan ] Thailand South l

Oct

Nuoy

Pec

According to Table 3, USA and South Africa have 4
Scasons:  winter. spring. summer. and  autumn

Smart City and Urban Resiliency
Bangkok. May 21-22. 201§

whereas Thailand and Pakistan have 3 scasons: cold
hot, and rainy. Column | shows data of months in
one vear. - from Japuary to December. The top row
present name of the four countries having vertical
single axis tracking system and the rest present
scasons of cach country,

The aggregation of electneity gencrating by using
solar energy per year trom most to feast is Thailand,
Sauth Africa. Pakistan. and USA. respectinely. In hot
scason or summer, South Africa produccs clectricity
most (1.521.54. MWh). This is followed by USA
(1.487.05 MWh), Thailand (1.409.80 MWh), and
Pakistan (1.138.77 MWh), respectively. In cool
seasun or winter, Thailand produces clectnicity most
(1.225.86 MWh). This is followed by South Africa
(1.004.88 MWh). Pakistan (950.59 M\Wh), and USA
(458.21 MWh). respectively. Obtained electricity
energy of the 4 countries (January December} is
used for making a graph showing rclationships
between electricity generating power and time span
us shown 1n Figure 4.

Figure 4 Electrical power produced
bv the 4 countrics

According to Figure 4, 1t can be scen that there s
uncqual clectneity since the weather in cach country
at the same day is different as shown in Table 3.

The installation of a solar cell eleciricity plant having
tracking system far from the equator gencrates less
clectricity than that of pear the equator. An amount
of clectneity generating in cach season is unequal
depending on environment around the location of the
instailation. For example, South Africa produces
clectricity most in hot scason or summer (December)
(1.605.91 MWh} and 1U.SA produces clectricity most
m winter (February) 1676.28 MWh).

Eleetrical power obtained  from the solar coll
electricity plant having tracking system depends on
location and sunhght on solar cell panel. Besides.
scasons have an effect on clectricity generating of the
plant because an amount of sunlight which the solar
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@ Abstract

The economic growth rate of Thailand in the first 3 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 U9 14 oA 2 (nangw-furir 2962) l
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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

. unth

dannaaigiulamaasegisesdszimalng (GDP) 9 Wouusmasl 2561
veeiiierar 43 dwaremwsaumslindunutuaaiaiuiuiosas 3.6 Andu
¥oRINT1 1,397,306 utv Fanslémdinudaitiuaumsdulanaesesde
Tasiaiududegudumdsrmuitlinniian Andhusosas 49.4 vaamsliwdauuamin
vavua sasaanldun wdsnulwia wasrumudsuduiu/Anlud fesssuma
uazwﬁanuuguﬁﬂuﬁuﬁu Amilusopar 20.1, 9.2, 8.2, 69 usr 62 muady
Vnnsiigueiulovisduaiuliinsldndammeuniludssmaiunniu wui
Tutael 2561 Usznalvefinisléwdiruiutuiovas 8.8 (MiuRRuME N TUNALNY
wazeyin¥mdy, 2019) leunsedalnimindane fviuanmlususumis
INNRARINFhA IS YA WU 3,157.68 winyind sesaarlduimdamai
vunlng ndsrmuaoriag ndiuan fedanm aor uasndimalhmnmdn iy
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dmiunisudalniisinndinuuanndiad LﬁiJWmv'?qagu'%nmgﬁmmn%’au%uunu
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sethasRuiviussnayiniy 17.6 BINTYAFDMITIIAT-TU (NI AR IUNAUNY
uazayinmda, 2561) 'uarmnﬁﬁaﬁmmﬁ’uaquﬁmnﬁmumwu NNARIY
TuwRaumdrunaunmuuazndanumadent 2558-2579 (AEDP 2015) fiuluune
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