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ABSTRACT

The main objective of this research is to design suitable photovoltaic power
generation systems for government building case studies to reduce the maximum
demand from the Metropolitan Electricity Authority's erid system. A government
organization tends to use large amounts of electrical energy during official time and
pays electricity cost over the time of use rate (TOU). The research began with the
survey on the roof of the parking building for 830 square meters of solar cell installation
and measured the electricity consumption of the studied building over a period of 1
month. Total electricity consumption was 27,482.20 kWh. The average energy
consumptions for working days and holidays were 1,203.59 kWh per day and 285.20
kWh per day, respectively. The maximum demand during an On-Peak period was
155.30 kW. The results show that the maximum power of the solar cell system should
be higher than the maximum demand because the maximum demand has the greatest
impact on the TOU charge, reduces electrical consumption from the g¢rid, and
contributes to the highest accumulated saving over the lifespan of 25 years and the
net present value method is also the highest. However, installing solar panels on a
rooftop or roof often has space limitations. It is therefore recommended to install solar

panels to cover all the available area.
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§US 2.1 MsvinuveanLaseniing [11]

2.1.3 dUBNADI

a 6 3 a 6 1 Y = a 6 6
duneimeslussuuwaaas1ingaunsautisentadu 2 Ussinn A dul03ino3

LUUL 8UMBTEUUIINUIY (Grid-connected or Grid tied inverter) Wag dULIDITLADSI WUU

[ ¥ 1
= A =

da5¢ (Stand-alone inverter) Tut 98t 98 na 109N UFIUN AITNIIVVBITULIDI LABS LU
graaUszaa 20 U feusndenuideifsatudunedinesdmsunisnanlnfisasisad
wasefinduuuiinsidenseansds (Grid-connected PV inverters) 1uidewmanildumiagiu
uihsasviemadianisauesiluilg dusloordeanuimuiidmlsananmilisinmduly
1(51”%%%%@%@@%:%%’@ fusganiamas danulindale waziisiangnninausiely
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2.2 33UULYAALAIDINAYLLUUDATY
szuunaaliirusenoumeraanaseiadiduinasasnasnunanuas lulddeuse
fussuudmheglnin - anunseduunauUssanvesdygralwivSounaswdnluindu 3

Usean Ao szuulnihnszuanse ssuuluiinsenaaau wagszuunanlifluuNauNany

2.2.1 szuulifnssuanse (DC Power System)

wraLradkasefindandnlniinssuanseloulvuarnasininlagliiigunsaludas
Foynpalviiudenadigunsaimuauliinuszianduu winszuuiuunneddesiliani e
AUALNTUsEUUALAET (Battery Charge Controller) Fasluszuunioanafiaiasmuauay
Usuugegan i luszuuiiteufussduusstuliiiviadedestusunsefagiindiu

5ol vl Wudu InoeIesldinialussvudoudueIosldlnianseiansangu daans

1143@171' 2.2

[
N
’H
—t

v
g o1

S
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sUTl 2.2 lnogunsusguulalinseuans [11]

2.2.2 szuulifanssuaaau (AC Power System)

uwaduatefingazaniiiinnszuansadauliudguasaliuvasdygraluiian
nszuansaudunseuaadudasendt Sunesines (nverter) Tnodrulng vzvimdinfiuvas
Fyanalwimieuniiniuguuazuuussauninliiinge 1a3edldlwdlussvuandu
w3 osldlwilnszuaad unsoenadiias esldluiinnszuansssanegiagluduindulain

nszwanseiougnuuatlaeduianes Megulnesunsuvesseuudauandlugui 2.3
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charge
cootroller — Invertsy

accumelator

P

5UN 2.3 lnozunsuvessyuuliihassuaadu [11]

2.2.3 szuulnAwuuRaNaETY (Hybrid Power System)
5EUUNAR I L UURALN AT U 2UUNA NS 10U TN T L AU 2RI RSN A S UK A I LA
1$19991N5 LU UNHLaa ka0 a gL ULa 19 ena s uLNesa g1 hea lumunzann oz Iy
@ a 1 U 1 1 1 7 I3
Nuluszuundatiivwaing nszdesaamnugs dulvghlurlddnsvesunvadiaten
AnguazuunmaIanulvinniendn i lAiaanetun1senislifns e Inswinsyialuag

5 [ a ffsod o g 1 1 v & a = & A
NNAITULLFIDINAUIATUBYLYU szmq@tdu ﬂﬂuui%‘UUNﬁ@l‘W‘m’]LL‘UUNﬁlIN’d’]u‘\NL‘U‘Ll‘V]’NLaE]ﬂ

1%
Al e

PN L AN NIWRALANULT DD HATLAATUAUTEUULSAR KA1 AR tuN1SHAR IWA kU
NALNATY AB YUINVD9SEUVEBElasanTruaINanna sRlussuuanasdsnal A ldaely

QUERNVAVETLN

2.3 STUULLAA BEIDIN AL LUULY BUADTLUUIMUIY (Grid-Connected PV

System)
¢ A ¢ A = I3 A A a P
SEUULRALAIDINAT WUV DAL UUAD STUULAA ARSI NAR WA LT 158UY
Fminaliiiavie n3a (Grid) ussuufiaiuisasalniliainszuudmiiedngssuuwad
LEID1NSluUNS N NN Ye 95 UUWwAALEIDINgNAR AU ONAN LA LNEINDADANUABINTS
Tunnanduiui oszuuwadnaiannd nan i lauinauAuUS U UN F oINS tUSS UV

anunsadeliindriseuudmiela

2.3.1 STUUWaRLENInguUUaNRasTuUI e s mTuTiagende
SEUUWRRLAIRNTINg WU aNABTE UL Med S uTegenfe (Grid-connected PV

system for residences) S$UULTAALAIRITIRGLUULTBUABTEUUIINUIBEMSUBIANS (Grid-
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connected PV system for Building) wazlsslwigad iaseniing (PV Power Plant)szuu
Han i mewaduaseinduuuieusassuuimiiudmsunegedy (Grid connected PV
system for residences) 1uszuvvualdiiu 2 Alatndgean (kWp) uiesasusendn Grid
commutated inverter 58 synchronous inverter adun1siasulniinnszuanseninanle
3 a ¢ & o A [ N = 1Y o 1 1
nadnaseindildulninssuaaduiussiunazanudwiideddussuudmnglaes

Amas@e (debit) wazllwaswie (credit) Tl inusununasnuluinngensevnglrnsinia

2.3.2 STUULYAALEIDNIASLUULNABTZUUINMUIEFIINSUDIANS
SEUULYAR WAIDINAGWUULY BUABITEUUINNUILA1NTUDIAS (Grid-connected PV
system for Building) L4 N1AAAIAIUUULAYNITIUB991A15 (PV Cladding for the roofs

and walls of nondomestic building) kagn15A A s48 ud1unil 999991A15 (Building-

1%
]

Integrated PV System, BIPV) 1usiu szuumaniudndnvazuiweansldwaduasoniing
fuffuesiiogondy ssuudesiwaduasenfindannandnfavionsuuiiufinomdsamie
wif3we301A1 3919l Felutiagtudnumedna niddldsuanuadlafisdwiesan idof
srsuarasiminzaslunnilUldsueimsndrduazormsepamvnasy Matunaeed
wasenfindansnsnldunuiag nldairsnlmiatanairmdanld Ssazanminignivosszuu
wadLase fing uendinderrsmduduavarnigramnssuinmieudunfiangly

Y29na1Na1eTuIENs bt Uselevunansaaa i wazwasainandasundinglueins e

]
a

wasulnirAndelaainsruvdesiwaduatafingn g afnog TUNT NI ona 118 191A73
a & @ 1 Ao w 1 Y1 a o & P 1

wiglwdiludundfglunisanaldanessusenlunisgelniinainnisiai esainsimian
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AbusnanAsladn

2.4 NM5UTTUIUIUIAVDITZUUNAR MW LwaaLLE1917ine
A5UTEUUTUIATBITEUULTAE UAIDTIAS LT BNSIVIUIAVDILHITAS LTI R
SIUIUVDILH TS LE90TinE Ll aA L zauTuAudaansta i lunsas Tunas
Wl gINNUBITEUUVRNE I auvanIaInTsy a1y Sedvenieiing Usedns amves
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2.5 103 1UKALTRNNUATINTUNITOBNLUULAZNATDUNITYINNIY
Tunswasliliianndsnunaerfindvunalngduaisiniseanuuunasing oo
Bulumumnsgiuiigndesamdnianssy masenuuukagindedldldnsgiuiuens
dwademenunldlusuian san. wuindes “wassunsfasansliiidmiuuszma
ne : srvurdalnihanndsnuuaseniindifarsuundsan (Thailand Electrical Installation
Standard : Solar Rooftop Power Supply Installations)” daiudAyaon1salasuLay
afuayuulonienasglunisdaaiunmssdalifinnndsnuuaseniindidundanuazenn
Tnosmunuasgdelfiduuimiddunisesnuuuuasiings Jestuilorudasadelunis

19979 szUURpaIRY SIUTINITUDINUNANTENUVBIHILAZ LSRR UTASD19DS [11]

2.6 1a59a399nsA1lWHIaInsluiIuAsualwuy TOU

dasalnimurisaavesnisly wie TOU (Time of Use Rate - TOU) 3utanld
FaustTufl 1 unsnaw 2580 TnevniziusmuATas On Peak dausfufuns-fuans a1 09.00-
22.00 . ua¥123 Off Peak Aausfuduns-tans 1781 22.00-09.00 u. wagiuanfingvisiulag
Muuabidnsalnihiley dudasndendmsudldlnihsemuuidudasdadudmiugly
syl ildwdsmulaihdous 355,000 mhesaeutulunieldndsliiuiuni 2,000
Alar¥mdtuld Usingdn Turas 3 8 (auitsTuil 30 Ausrou 2543) FEFWATTSH A LW
Togviaau 562 118 @ndlvajfufldniiiadasladenldsnmelnihiloy

FaudTudl 1 anen 2543 Ssunalduszmia Tassasresasanlatitlnaluasldiun
Snaenluiiafiley Trifinag Off Peak 1ndiu e s fuians uaztumgaswnis (sniuiuvgn
one) Reludewas ivualidusnsden duudldlwihmedu uwidusnsdedu dmdy
Al Asnsiawizedna @antslsswsn) waedldlniselvel dldwdsonlni dau
250,000 minsdeiieutuly violdwdalninaunit 1,000 Alatasauly Hau31n4) 31 Tuseu
1 Yiikuan Euioutugteu 2504) SN 1E5a5aliRn Aoy sty 2,920 519
gl oy wienil davilug) Tarmiiawela fudnalnih filey (desan shleludh
yosnuanad ieiSsuiisuiusnaeluiuzy é’m’mﬁmLﬁUﬁﬂiWﬂwﬁﬁuagﬁuﬁaqL’Jmms
14 Tneutseonidu 2 129 Ao On Peak dausudums-Tuans 1an 09.00-22.00 w. Off Peak

(% § o s

Fousfudund-Tuand nan 22.00-09.00 u. uarTuiai-onfing JumgasanistlasTungs
YALe)iaTu (3]

dasenluinilegfitmualflutiagiu asvieufeuyulnihegrauviasananielutas
fifinnudeenslniings (On Peak) Anlwiinazgaiesninnisluiifosasmuaiislsdlaih

sruvaeds / angdmie Iiilsanedeainudesnisiiinluyael uagdedldiveindmnyiia
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(Hagnuazunsluniandnliuslugaeidanudosnislaiieh (Off Peak) Al ez
\losanmslniliddesatslsaluiimazszuvansds / apdimine (@$1slfudaluzae on
Peak) Falsifdunuailaiinludind fiftesfunuaidowddumsndslniihdenisluihauns
Bonldidomasignundaluil Soinliduyundsaulifiilugag Off Peak sndndas On
Peak 11nNINATIVTls

§as1 TOU annsadsendanliinadldidedinsuimsnislalainiduazivanzan
Wundnidsanisldgunsal ioin3esdns inelviAnaudosnisndaluingean (Peak
Demand) Tugd On Peak (09.00-22.00 .) wioanAnasluil (Demand Charge) lunséiii
Aamstuiinsyianu 2 ng farsaideusuiuniandn 1 ng 1luoglurag Off Peak (22.00-
09.00 u.) WieanArmudosn1sTdngsaulniirlugae On Peak daarndsaruluia(Energy
Charge) Tu13 Off Peak 98gnn31%3¢ On Peak N313esay 55 Mnwmiuansiveniinduas
Fuvgnsnums ogradiui unuiuinuunfidesainfusnd nlideadodmaslniuazen
ndseulwinagganirfuundlugag On Peak nirfavay 65 usnandiusznaunisnag
Ailafansiietmalulaglumsusgndandsnuiivmgauildaugiuiiowinu s ansam
5l

damenlnihdmdunisliliiiuileysznaussfa granvinssy wihosens dainau
viomiioaudulavesss esdnsUnasesiiesiu vinenusgiamng anudlvinnmsfendu
AamsvasinsmIAazanLIliNITTeseIANTIEIINIUTEIA RanIuUIRitAITes Fal
Aresnisndsnulniiiadely 15 uiifigeaaious 30 Fv 999 Alatnst wagUSunnsld

Inieds 3 wau Ly 250,000 vienawmey Ingnar1uAsstaInnlglndiaSawLRe

2.6.1 n1sAnAlWRwUY TOU
nsAnAIuanA i wuy TOU duaunsauuadu 2 929387 On peak, Off peak
ANUNTOUNEPAINGIFNNTTN 2.1 WAZAUNITA 2.2 fatl

Eon X Coppm——Don (2.1)

EOff X Coff = BOff (2.2)

E, feUimamdanulnihildlugiaaa on peak (umn)
Ey  AoUimnamdsemilnihildlugaaian off peak (u1n)
C,, remlihsdenilomihelugianan On peak (Wn/Alatns-Falug)

Copp  PoAlMTINFanRang Ui Off peak (UIW/Alaind-4lua)
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Bon Ao luinlutaia On peak (Uw)

By  Aoaluilugiaian Off peak (um)

msAnelniuuy TOU aggniseniiuantiilidusedieuainnisinihuasmans 3

aunsadnawua e aulafsaun1sn 2.3 IneisnsnA1usnIsAINITIaNn 2.2

(Eon + Eorp +S)+ (P Xc) + Ft+Vat =E, (2.3)

C AorUSusamaalniihasaalubion (um)
ApANUIMIsBLADY (UW)
Aerdtlihgeanlusiow Alatnd)

Ft feebwivhusiy (un)

Vat  Aem@yariii 7%

E, Aol daLnay

An579% 2.1 snsrAlnsiwuuUnd [3]

- 4 RGN AR ANIST G ATNEI9 11NN AUINS
TEAUUIINY N , -
(U/nladng) (UN/91U78) (V/L0B1)
w59 69 Alatmsaly 175.70 3,1355 312.24
WIAU 12-24 Alaing 196.26 3.1729 312.24
wsausnIn 12 Alatad 22150 3.2009 312.24

a19197 2.2 Saenlnlaaaaiannsld (Time of Use Tariff - TOU Tariff) Ussunnd 3 [3]

ANADINTISNAIU LN A1l ANUSNNS

FYAULTINU w/Alaing) (UN/%78) UM/ tow)

On Peak  Off Peak On Peak Off Peak

WS 69 Alasmsauly 74.14 0 41283  2.6107 312.24
WSIRU 12-24 Aladna 132.93 0 4.2097 2.6295 312.24
wsausnT 12 Alatad 210.00 0 4.3555 2.6627 312.24
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2.7 52ULIAAUNY
szezaAUNY (Payback period) Wudaviildainnisewaniieldidududenly
msdndulalunsasmulagandunsuoudisusening Ruamu LasnanouwIuIINIg

= ° ° Yo =]
aﬂnu%i@maﬂqls aqmqﬁﬂﬂquqmlﬂﬂﬂﬁﬂﬂqiw 2.4

Ruasu (vm)

= szughanauny (T (2.4)
naUszadnanlni (Uﬂﬂ) ! ( )

¥
a %4

2.8 99N AVUINTLUUN AN T INA 9 UREIDIMNATNAAAIUUNAIAMN AU

WaunanuszuulWi1vasn1siniIuasans

' [
& ala (Y (%

WBAUANKANTENUIINTEUURAR T WG WLaIeind NAnAUUnaIaT (Solar PV
Rooftop) Ne1adisiesiiuussaulniin aunmlni wazanuieiioldvasszuulnih nslnii
uATHA (NYlL) FININUATATITVUINANE INARARRITINYBY Solar PV Rooftop Nd1m198

[

Wandaiuszuulniives nny. tasadl

2.8.1 nstidousalussuulufinussnn (2307400 Thad)

wnuszuundnlifieiamaiesr fesfauinmdmisnaniadeliiiy 10 flatad
o318 TuIAtISNARAARTINTY Solar PV Rooftop (miserlunlatng) Mideuselunde
wUasdvuBes NHL. @Jﬂuﬁq%éfaahjlﬁu 15% wesiinnvuinviiowlassivuie (miiedu
Alalad-uouud$) mnudioutassiuied Solar PV Rooftop ieusawfiudndiia 15% udn

arlilanunsnsesunisieusiaves Solar PV Rooftop tisduvidewlasinminegniuladn

' '
IS =

Tunsdifigguvendnlwihvuimanuindansdmiuysyashazanglnind vl oulasdming
Tuiiuiitusessu Solar PV Rooftop wWin@indninuds fiuvesaunsaluveweusevialniily
SPUU 12 vi3e 24 Alalad lngiuve avdesinmuaginnwideulasdmmitenseug Unsal

UoaiumuinsgIuues nu.
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2.8.2 nsaideuraluszuulniiusenans (12 wse 24 Alallad)

szvunaaliirndvuinfdsnisuanfngs (Mursdunlaing) tiundn 15% veinn
YuavsiaUasdmviung (ireduilaliad-waunls) TuiiuntuazdeslU@eudevnglninlu

v
a o 4

sUU 12 vi3e 24 Alalad lngiuve ngdeiniuazing wsaulasdnmitgniougunsal

Joadumuuinsgiuves nu. Mawdainnesinvesaiasindalniangdudaliiygn

[
g

Uselan (119 Solar PV Rooftop wagiazesnilalniiussinnaus) Adansluaieteuineniu
AotlillAu 8 wnzina/anedou dmsuszuu 24 Alallad way 4 wnzind/anedou amsu

szuv 12 Alalad wasnaniuidmnisnananniannnaiedeudeslivilidnszualniilva

a ]

Foulum1uszuudswoans N 1 OREALAIUTLNALNY AINAIFINAARAR 957UVDILAT B4
Audalwihandrdalndmauszaniifessluaeleudunudadiindisiunds nu. ezl

Suga v iyiuluanetouiudn

2.9 32UUNITUTUITIANITNAS9I1UB 2382 (Building energy management
system, BEMS)

LUUNITUSMISTANSNA 11U ARToENTD BEMS 1JUSZUUNTUSHISIANITNEINUN LY
luaAaiiensiadn uazauaunslonasulii iz auiuanudesnslolnings
Usenauluaie 81595 kagsanmkIsNyinIus iy tneusenaunig 3 d@unanae

1) gunIninTiainuazAIuAl (Device) ANAIAILRUNTAINTIVIALAYATUANAIAY

9

2) nsiteslousyuumaluladansauma (Network) JudidenlestoyauayAds

= o

auauliredsiulussuy ludiuilasdszgndldlasaiiedunasidaveuiliuinisly
Viesnanadogunsvany

3) syuugIuteyauazilannaiady Andveglutaseudaneg (Server) vulaseyiy

N & v =

gumesida vimdinAviufinteyaidndudmsunisiaseivaraiuauiianun uaziiu

a v A« = = [ Yo w |
LLE]‘W‘WﬁLﬂ“ULWlL‘IJ‘HLﬂi@ﬂll@‘waﬂIUﬂ’]iWS’J%ﬁ@‘UﬂﬂWuzﬂ’JUﬂﬂJﬂ’]ﬂSUﬂ”lax‘ivLWﬂ’Fmﬂﬂ’JUﬂaN



Ui 3

A5N15NAa99

3.1 Asd1sIadeya

3.1.1 drsnadayaermsuasiuiifarasaduasaniing

dems 7 eesmuniduiiuilfaesnielusonas suaudu wasUssinnves
0113 drnduvesgUnsallwiuazanduiiniasluivesgunsalliinildnieluenans
7 tufinuansamadiomnislimddiihganuesensuasana afuiidndaead

LAIDNNE

PO & XN

JU#l 3.1 fundnnugaduaseiinduuniailieirsensa

gﬂﬁ 3.2915 7



19

3.1.2 g151angdnssunsidlniivesenns 7

avianslgUsinalnitazngAnssunslglniiveseins 7 Ineldwnesiimes
Fluke $u 1730 (3Uf1 3.3 n) asadnuaziufinuaiduszeziian 30 u ilethdeyaiitudinly
AT ATIERUNgANTINNTIT A uazeenuUUTEVUWad uaseind Iiaenad iy
Usunaunslalaiin

@)

gﬂﬁ 3.3 W1LI95HMe35 U 1730 Fluke, USA (n) w533 iausunanistaliin (v)

wesilnes Fluke gu 1730 Wugunsainldlunisnsaainaiaszmdlih anunse
ATIVIALINIMUY 1 ild wag 3 Lld Feaunsanansteyani1snivingdiuminee LED lng
wanswadunsinuassvavuuussalnduastuiinlaoeuneiuneuiamesvse USB &

naesilnuaudAmanalinfemsnedg 3.1

M19197 3.1 Aaudinianadavesniaiasiives Fluke u 1730

pHE TUazden
Frussulninazauazidn 1000 V: 0.1V
Pnsziabiiuazauazden iFlex1500-12 150 A: 0.1 A
1500 A: 1A
Prnseualniuazanuaziden iFlex3000-24 300A:1A

3000 A: 10 A
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drenseualiviuazanuaziden iFlex6000-36 600 A: 1A

6000 A: 10 A
ranszualniuazanuaziden i40s-EL Clamp 4A:1mA

40 A: 10 mA
FrAudnazAIa SN 42.5Hz 4 69Hz : 0.01Hz
Auxiliary Input Range and Resolution + 10V DC: 0.1 mV

3.2 szuundalwinanwasnuaseniing

3.2.1 \waduARINNE

\waduasoAngfllunns@nwuaresniuuszuUAe Waduae fingdvie JETION u
JT300Ag fidawdnlifinsouns 300 Snd dsildoganiamadafmisisil 3.2 viww 15 oamm

AULBUITIU

M15197 3.2 AnsanURvanAdavaYaaLaseind JETION Ju JT300Ag

Joya JuazBen
ABbNAEER (P 300 96
wssaubriihgega (V) 36.4 woul
nszualnihasan () 8.82 woud
wsaulnihildlagelnan (Vo) 44.9 1ias
ﬂixLLﬁlWﬁqﬂqmﬁlé’mﬂmwmaaué’mwa () 8.89 wout
Usgansnn 15.4 %
YUIALKS (ATIXB1IXNUN) 1956%922x40 UadlinT

Standard Test Conditions (STC) : air mass AM 1.5, irradiance 1000W/m?, cell temperature 25°C

3.2.2 duaines
gunsaludasdulniy nIeduiieines 8ve Growatt U Growatt 3000 5045UN(IA

Aaalnin 3.3 Aladne wsesrulninnszuanss 100 89 500 1aas wazdinseuhaliin 10 woud

é’fagﬂﬁ 3.4
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Growatt 3000 Girowart

5UTl 3.4 Funewneiivie Growattt fu Growatt 3000

3.2.3 nseanuuusglvl

nseennuuaeluililunsid enrogunsalsng 4 lussuundaliinainiead
waverindidulununingrureimnssuaaiuwiadszinealye lunszususigudus (an)
L%"aqu1msgmﬂwﬁmé?qmlw%ﬁm%’wssmﬁlwa W.A. 2556 (Thailand Electronic Code

2013)

3.3 STUVUSHISINNISNAIIUYD991AS

3.3.1 1AS995199715 A3 VB ITTUUUITUITIANITNAIIIUY

'
[

a o [ A a % ¢ s a =
VIALUIAANAINA T ﬁ']ll']iﬂ@aﬂLL‘U‘Ui%UUV]Niﬂiﬂaiqﬂgqﬁﬂuﬂﬁ \TE‘U‘W 3.5 99

Usenaunie

1) aunsalneufiumesdmsulunieutis (Computer server) vasgudayauay

9
v

u saisszuuieietiasuiiumesiitedenderiniugudeya tagmsnun

2) Modbus to BAC net gateway ﬁwwﬁwﬁ%amGia%auuaiwdwqﬂmaishq6] Tusguy
ﬁﬁamisﬁagaﬁadﬂﬂmaa Modbus LU WkIes Hiunisluslaaea BAC net

3) Power meter WUU 3 phase vhnihiiiausinanisldndsnulnihvosusassuly
91A13 7

4) Power meter 4UU 1 phase ¥191 19 Tausuimnisldndsaulni1veq
w3nsUTueMALsaTASeq

5) Temperature controller 4AAIUANNITHINIUVBLLAT BIUTUDINTA 8911119

1
o o

SuA@9anlUsHNSU BEMS Hnulusiaaaa Modbus i a1da We/Un 1e3e9Usuannie %58

Adassrgamall 1udu 21Nt YanIuANazas iy aBuNs IR BEULUUNISTIINIUYES

SlunAIaaUSUBINA WBAINTS IAASE9USUBINAYINTUANL AU LUSWATY BEMS
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6) Temperature Sensor @ wsuinegungiiaraururulusinnea Modbus

...........................................

Wels I o) 8

5UM 3.5 LWIANTLUUUIMTIANITNGY BEMS

3.3.2 TAS9E5 199N AKISVDITTUUUSUITINNITWA 99U

BoWALITVDITLUUUINITIANITNG 19U BEMS aggnesnuuulaeldssuuldanis
wuuleotwueed (Open source operating system) 719971 BEMOSS lagaa1Unenssuass

J¥UU BEMOSS 693U 3.6 axUsenausiglaseaianan 4 diuee

1) User Interface layer td uaau@anofug 19w 11 Web browser 158 Mobile

Application
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2) Application and data management layer {udiudnnisdeyalnedanaiiusiig
9 19U Demand response, price-based management, Energy consumption Analysis %58

Planning and scheduling LJusu

a 1

3) Operating System and Framework Jugiuveasszuuufjifnisnagyimififase
fugUnsalmuauiazaUnsalngiainmig 9 1Wu Device discovery dudunisszyuiinves

gunsalifimsdensodanluszuy Wudu

4) Connectivity layer \udauaes Device driver vimihiifnsiedeasiugunsalus

User interface layer

[ EE B

Planning and .
_ scheduliﬁg "

Alarm/
notifications

+ User profile
« Preference settings
« Device information

Application & data | . ;
management layer

sevncediiretivevefifeeccediereaiusee cotnot dre v b B o [ P —

3 3
) -
Operating system Resource  { Authentication & | Communication gﬁefie:fml such as:
Manager Authorization Services - Device status
and framework Ll AN Mo Ll ™ ¥, -V, 1, P, kW, etc....
- Room temperature
.......................... ~ = .. oo e e SN . = Real-time pricing
4 - Demand response signals

Communication Technologies (ZigBee, WiFI, Ethernet)
Data exchange protocols (BACnet, Modbus, SEP, ZigBee API, web)

sUTi 3.6 anUnenssuues BEMOSS

3.3.3 IULBNWAATUYDITZUUUIHITIANITNAITY

Wsunsudmsussuuuimsdnnisnisidnganu Tnendnudinzvihmihiddeyadiviu
Llugudeyanuanmaiveligldsunsiu sudsmnsaauauaunsaiunsidlussuula

Tusunsuaggniiauluguwuy Web application gldanunsaidniialasiu Web browser &4
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anunsafnfslalaedienauy Windows waz Mobile devices wusdufnseiugldeandu

[

lugagey fiail

1) Ul-Visualization duuaninananiazuansualyigliviu lagdiilazgnesniuy
Traunsawananalunuaauduinelrirelunisyinanutila el fendunanlunisvinau

snlun1s uanwmanardanisdeyaaingudeya Wieanuansuauy Web browser

2) Ul-Control duuaninaiionuanaunsalluseuu wu wiesusueina dusiu

P '

dilagiuihnuansaiielgldansaiengunsalifesnisaunuainsienisgunsali

mualatuszuu TunsinsauaugUnsaliy svuuagdadayaniunaulun Gateway uaids

dwioludemunsnivaiens

U

3) Ul-Admin dufsrnseuusngeg dmsudauasyuy azdsznaulumelendumen

4) Authentication/Authorization dunsivaevdudusdlduazimunavslunisidins

5) Logging @uUUINN1TYININUYBITEUY @S UNISATIAABUTBURASLUNTUNLAN

Yeymunudausrig o lussuu

3.4 N13195EUUUTMTIANTISNENIUVRI@IAITIUNINTIINTaYA
13¥UUNTUTNSINNIINaSIUSRsesuildlunsasiaaey anivinuazduiindaya

nsliwdaenlndi Viinanissdaliihaneadasofingndsnnnsinsaged siudsnns

runuasaddineluioins eddoyadldlulinsginandminnisiadauaginn

(%
v A

NAVEIINNITANAULTAR LA ANS I AULAAINANIUNLIVUTIUDDS 9Tl

3.4.1 ASHEANINIS FINAI9IUTIUVDINGDIANS

TN LANIATNE N UAEANN 19 I USEUTUAINLIAT 00.00 - 24.00 WIRNT (U8 KWh)

1
=

wazASslniild (Load Profile) AegUN 3.7

3.4.2 msuansdayan1slindenuvasenns
Insuanernasuarauntglusauiuainial 00.00 — 24.00 w1RNN Anaalnddng

14 dnvasidunsimuis Wisuisunsldndinuvesusazdiwan wieldausadillg
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o
U v v L2

a ! [ a PN a v v
iWEJazL’eJEJMJmLLmaz"Uulm WQEU‘V] 3.8 E‘U‘V] 3.9 LLagﬁqﬁquﬂLﬁﬁﬂ@jﬂJaﬂJaU@u‘Viaﬂ‘lﬂﬁ']ll'ﬁu‘w

LY

MvuARagu? 3.14

Blue Energy

Map Overview 8 Home

Car park building E

Energy production 1268.20 K

3
Buliding No.7

Energy consumption 1268.20 kWh

i, -

3.7 MsanaanulnilisiuveweIns
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Status Overview ® v
Electrical Enginearing Profile

% Energy Today - e

- k
38343.31 &=
WH }‘W |
Thin manih 151200, 10 WWH - d [ ‘h‘l.n
[ MThitn
This i 15120010 kivH a0 0 o wx 1560 230 15:00 | 200 230
Time (hr}

FRILDINGS

2

5! 4th FlOOl' @ Home * building  Floor
Summary Energy
Thi ear
This Month SO
Today
Power Usage Chart

W Power

00:00 035:00 10:00 15:00 20:00

Time (hr)

3U# 3.9 doyansldluihvestun 4
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i 7th Floor @ Home ~ building - Floor
Summary Energy
This Year
This Month
Today
Power Usage Chart

v
0000 05.00 10:00 15:00 20:00

Time (hr)

Home

CaN
ca
=p.
W
—
o
(=43
®

e
)}
=
)
p
2
=t
e
)
2
©
F A
g&
=D
\‘

@ Home » building  Floor

Summary Energy

This Your

his Month

Today QD
Power Usage Chart

20|

W Power

g
00:00 05:00 10:00 15:00 20:00

Time (hr)

U 3.11 Feyansldliihvosdui 8
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@ Home  building  Floor

i 9th Floor

Summary Energy
This Year
This Month
Today
Power Usage Chart

20
15
g 10

5
o
00:00 035:00

Time (hr)

3‘1]17; 3.12 %@gam{h’flw«ﬂwm%uﬁ 9

@ Homé  building  Floor

i 10th Floor
il N T VI “7.\"  Summary Enerqy
4 Y a2 This Year [ 32836.32 kWH J
This Month
Today

Power Usage Chart

20
il.‘;
g 10

s

o 3
00:00 05:00

23 Lnan

sUTt 3.13 Fogamsldlnihvosdud 10



Devices Chart @ Home
Devices - Chart
44 G Floor 2018-10-18 10 2018-10-18 = m Reset Zoom v
& . M Floor
v 2nd Floor Power & Temperature

4 3rd Floor
.4 4th Floor
4J 5th Floor
44 6th Floor
.J 7th Fioor
.. 8th Floor
«J 9th Floor
L] 10th Floor
44 11st Floor

Serehl

I

U1 3.14 Jeyamslandanuveseinsdoundiniu iunniun

ean
e

3.5 Wsunsy PVsyst

TUsunsy PVsyst 1ulUsunsuilasuaudenlumsldaus ssvasnisesnuuuiay

(%
a (Y

N1SAAAUDAALAIDINAE LNDTIADINITODNLUY ANEIazAIuIUNIsHAR INHv9In5Ans

¢ o a{'

AR WEAIDNANY AISUN

3
Y
i
(Y

I
Y

3.15 lngAuaaianALduLasIniianiandenansvesiunfing

L3 & o o

UILLANVBINITAARIRALAIDIARNE NEINAR NI UD I UIARWEIDINALN ARG DIANYD

v [
£ a

LN AR WEID T AEN AN NANIAAR VD UYAALAIDINAY NAAVUIAVDIDLIBLADT Ay
wusaes Naawsiliarnnistusunsuazgnilyidunuimianisfing wazesnwuun1sAne

AR LAIDNNNY

12
=

nasanfisteuteyatlosulviulusunsuivy sllauwnseadiaioniing vunves

¥
=

\AALEIDITINY NUNAART RAANUNANAT DIAINTITANAL VUIAVBIBUIBLADT LaTAIDUS

e =D

6

TUSWASUILYININITDOALUUNISAAG YRR LAIDINAE WATWEAAINAFINNITINABIDIAINY

WLNEALUBINITAAN IVRAWAIDINAE 208194318 WAINUTNNARN A% 80U WA UNNAR a8

]
a

\Wow UsednSamuesszuu gumgivsnuinsugadiasaniindlagnisluusasiaeu fegu

3.17 wazansieAndsnuigaydelulussuy deguin 3.18



e Files Preferences Language Licence Help

Choose a section Content

Didactic and informative tools

- Solar geometry, orientation

System

Grid-Connected

optimization

- Electrical behaviour of PV-arrays
with shadings or mismatch

- Quick meteo calculations

Stand alone

Analysis and comparison of really
measured data on existing systems
(advanced feature)

Pumping

U 3.15 TUsun 3y PVsyst
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PVSYST V6.43 04/08/20 | Page 1/3
Grid-Connected System: Simulation parameters
Project : BKK
Geographical Site Bangkok Country Thailand
Situation Latitude 13.7°N Longitude 100.6°E
Time defined as Legal Time Time zone UT+7 Altitude 3m
Albedo 0.20
Meteo data: Bangkok MeteoNorm 7.1 station - Synthetic
Simulation variant:  New simulation variant
Simulation date  04/08/20 11h32
Simulation parameters
Collector Plane Orientation Tilt 15* Azimuth 0°
Models used Transposition Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings No Shadings
PV Array Characteristics
PV module Si-poly Model AxiPower AC-300P/156-72S8
Original FVsyt database Manufacturer Axitec USA
Number of PV modules In series = 7 modules In parallel 36 strings
Total number of PV modules Nb. modules 252 Unit Nom. Power 300 Wp
Array global power Nominal (STC) 75.6 kWp At operating cond. 67.4 kWp (50°C)
Array operating characteristics (50°C) Umpp 228V Impp 296 A
Total area Module area 489 m* Cellarea 442 m?
Inverter Model 3 kWac inverter
O Frtyst datadilp Manufacturer . Generic
Characteristics Operating Voltage 125-440 V Unit Nom. Power  3.00 kWac
Inverter pack Nb, of inverdiers 25 units Total Power 75kWac
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 Wim*K Uv(wind) 0.0 W/mK/m/s
Wiring Ohmic Loss Global array res. 13 mOhm Loss Fraction (1.5% atSTC
Module Quality Loss Loss Fraction  -04 %
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Incidence effect, ASHRAE parametrization IAM= 1-bo(lcosi-1) bo Param. 0.05
User's needs : Unlimited load (grid)

SUN
Y

3.16 APYNNANITODNLUUNNTANAWBIIUTUATY PVsyst
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PYSYST VB 43 04708120 | Page 273
Grid-Connected S}'ST.EITII Main results
Project : BKK
Simulation variant : Mew simulation variant
Main system parameters System type  Grid-Connected
PV Field Orientation 111 B arimuth 0"
PV modules Model AxiPower AC-300P/156-T25Fnom 300 Wp
PV Array Mb. of modules 252 Pnom total 75.6 kWp
Invarter Model 3 kWac inverter Prnom 3000 W ac
Imvarter pack Mb. of units 250 Pnom total 75.0 kW ac
User's needs Unlimited load {grid)
Main simulation results
System Production Produced Energy 109957 kWhiyear Specificprod. 14534 kKWhikWplyear
Parformance Ratio PR 79.1 %
Normalized productions [par insialied BWp): Mominal power T5.6 MWp Parformance Ratio PR

T,

T T
st ol S L

0 Gy Lnam (reesriar,
12 FI0duCe el anngy (nesner Guicad) 158

[T —

P Ty i

Mo Blwy  kn S kg Sep Do boe O

P, ! { . - loraands R (Y11 70 D76 |
[
bt 1

ki

Peafuarmmnrn Ml 19

Mew simulatlon warlant
Balances and main resulls

M T RS

Globhor T Amb Globing GiobER EAsray E_Grid EffArrR EffSysR
EWRm? "c kMVhim® EWhim? kR kWh % %
January 145.0 2753 1868 1605 10316 =858 1214 1230
February 1437 28,60 156.8 1521 SEET 8361 1263 1220
March 1744 20.82 18010 174.4 19004 10626 12.50 1207
April 1746 3026 7a 1564 1047 pLijh: ] 12.50 12.06
May 163.4 2097 153.4 147.7 B4ER Bize 12,82 1216
Jdunme 1620 28,16 1407 1354 8788 BATS 12.78 1232
duly 1488 2035 1367 1344 BTGE B444 i2.ad 1236
Auguest 138.7 29018 1348 129.8 B40d B0ES 12T 1230
September 130.0 2835 130.8 126.4 Bi55 Taag iz.r4 1226
October 1377 2B.7T 1452 140.6 S0 B8B3 12.68 1223
Howember 1398 2803 i56.8 151.0 2861 Bax iz.7o 1225
December 141.8 2763 164.9 160.2 10259 2301 1213 1228
Year 17801 28.91 18362 17790 114030 H098ET 12.68 1223
Legends:  Globbor Horimntal glaball rsdiation Edsray Effective =negy at the output of the aray
T Amb Ambiant Temperalus E_Grid Energy injected inlo grid
Glabine Global incident in coll. plares Effami Effic. Eout aray | rough area
GlabER Effectiwe Global, corr. for 1AM and shadings  EffSysR Effic. Eoul system { rough area

5UN 3.17 fegramansussliiundanuanlusunsy PVsyst
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PVSYST V6.43 04/08/20 | Page 3/3
Grid-Connected System: Loss diagram
Project : BKK
Simulation variant:  New simulation variant
Main system parameters System type  Grid-Connected
PV Field Orientation tit 15° azimuth 0°
PV modules Model AxiPower AC-300P/156-728Pnom 300 Wp
PV Array Nb. of modules 252 Pnom total 75.6 kWp
Inverter Model 3 kWac inverter Pnom 3000 W ac
Inverter pack Nb. of units 25.0 Prnom total  75.0 kW ac
User's needs Unlimited load (grid)
Loss diagram over the whole year
1790 kWhim? Morizontal global irradiation
+2.7% Global incident in coll. plane
<3.3% IAM factor on global

1778 KWhim® * 489 m coll.

eficiency at STC = 15.48%

134698 £Wh

Effective irradiance on collectors
PV conversion

Asray nominal energy (at STC effic)
PV loss due fo imadiance level

PV loss due 0 lemperature

Mocule quatity loss

Module array mismatch loss
Array virtual energy at MPP

lnverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to power threshald
Inverter Loss over nominal inv. voltage
Inverter Loss dus to voltage threshold
Available Energy at Inverter Output

Energy injected into grid

SUN
Y

3.18 fReEg1NANTEYIHLYDITEUUAINLUTUNTH PVsyst
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3.6 LUIMNENIFBNLUUNISAARILTAS LA TARG

Tun1500nNLUUNISAnRSwaduasefindayyinnisutseandy 3 wuanig tieAy
T ALUBINSARRAAd LA RS UUAATeIAS 7 HegvinsRnda %qaamwumﬂsﬁayﬁ
MsdsfiuRRassULaain warUTnamslandanulniingsl

1) pRnUUUTEUURAR T nwaduaseAindfuiud autn 830 msawns Ads
nas i 130 Alaing

2) ppALUUSEUUNAR T nwadLaseding mawmdnlnin 75 Aladna

3) ppAkUUsYUURAR T nwaduasefind laglmieanenunisiamaslniives
21A13 Maswantiiln 155 Alaina

Tngtinamsfnendilgena 3 wuanne Wisuiiou sy Peak demand Aoufnsauay
wdadnas Wigulsuailnfiaseowd suneuRndsuazudsinds @IA15 2.1 - 2.3) AUIKA
Usendasiaipion sreenamuny @ums 2.4) nausendaaganszuzina 25 U wasdnsen
AULANEANTBINSANG A Laseing i st uuuInaslunSANYILAE ANSERNLUUNS

AnRuakaeinguunInie1nsniesg lnedesgnyaaitdaglugssaunisi 3.1
@AV W ANRY
NPV = (pi=1—=) =1 (3.1)

NPV - AeyaniUagduans

| ADRUATAIUATILIA
3 AonauszundnLaasl
t fodi 1 8909 n

n o 25 U

&

r ADENIINARBULNY (7.5%)



unil 4

NANISNAADILLAZNITILATIZI

Tuidemesuniaznaniedoyaildainnsding wamsnneiuasuisuieo
LA UINEaNAUIE NS denfinsaeaduasefinduuniatinenans Tnemsiaseid
zuvaeanidu 3 uwuu Useneulumenis 1) eanwuusruunanliinannuaduaseniing i
Hudl vurm 830 mrawns mdwasludn 130 Alatad 2) senuuuszuuRaalinanwad

LAIRRE AdeNanlun 75 Aladee war 3) pAwuUsTUUNAR TN NwadwaID1indlae

Teanatunsiemasliitvedeteis mawanludn 155 Alaina

4.1 Han1sa1sIadaya

v L4

4.1.1 msmswi’m%’aaﬂaﬁ"’ﬂﬂmammi 7 Y0INTURRIUING I UNARNULALOYSNY
WU AIUGL 12 Fu Auiildaosnelusiais 2,525 A1519As Lavii ui fngswad
LaID MR UUAIATIBIAISIDATATUIN 830 A1TILUAT

4.1.2 m3nsriauazdrunuaieddlniveteins 7 Tngsuundu w3esuueinmea
vaoalWihuasaing wazgunsalddnau fll

1) dessvannienanunifussamasesSuenALuuLEndIu aua
9,000 — 40,000 ﬁ'ﬂq/%’ﬂm Iidalnins 173.78 Alatnd Aadudngdiu 38.47% n1sly
mdsliiivesenns Tneduunmuuafisamaslniivesesosd Suaneldsmisei 4.1
wazgUT 4.1 Taeil in3esuFueinae aunn 9,000 - 15,000 Tiig/lus Sy 6 1A3es vuin
15,001 - 25,000 Jiig/7las F1uau 35 1A3e8 WU 25,001 - 35,000 Fitg/dlaa S1uau 17
\A309 YUIA 35,001 - 40,000 ﬁﬂQ/ﬂ?ﬁIMQ $IUIU 22 1A309 G99uIR 15,001 — 25,000 Une/

Falus Tdndruunnigadu 43.75%

7.50%
| 9,000 - 15,000 BTU/h

27.50%

W 15,001 - 25,000
43.75%
BTU/h

5UN 4.1 InnuaieslliveniAvesenans 7
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A1519% 4.1 51982L08MLATRIUSUBINIFAYD9D1ANT 7

PUAeSeIUSUINIA 11U Anamalain  Adamasiuii
(g dla9) (1A309) (T0) 5 (Aladnd)
1 9,384 1 780 0.78
1 31,686 1 2,700 2.70
1 18,835 2 1,500 3.00
M 36,518 3 3,000 9.00
M 24,514 1 2,000 2.00
M 18,159 1 1,500 1.50
M 12,861 1 1,000 1.00
2 18,159 6 1,500 9.00
2 24,514 2 2,000 4.00
3 38,000 5 3,000 15.00
3 20,000 1 1,700 1.70
4 38,000 5 3,000 15.00
5 28,264 6 2,300 13.80
6 38,000 2 3,000 6.00
6 20,000 2 1,700 3.40
6 36,158 2 3,000 6.00
7 12,866 3 1,000 3.00
7 28,264 S 2,300 11.50
7 17,439 1 1,400 1.40
8 12,866 1 1,000 1.00
8 28,268 5 2,300 11.50
9 24,000 7 2,000 14.00
9 18,159 1 1,500 1.50
9 24,514 1 2,000 2.00
10 36,518 5 3,000 15.00
10 18,159 1 1,500 1.50
10 24,514 1 2,000 2.00
11 19,000 1 1,500 1.50
11 25,000 7 2,000 14.00
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YULATIUSUBINNA 91U Aaraalndin

(Oig/Aala) (4P309) 5 (Aladnd)

Ry 80 - 173.78

2) viaealiiluasaing Ussneusieviaengeaisaisud (FL) T8 uag T5 wag

viaanneuunArigeaisalrus (CFL) T3u31u3u 808 viaen diifaddsluiisiu 32.31 Aladnd

Yo w

Anludndau 7.15% nsldmaalniiveseins awnsouvsmueidalafgui 4.2 uazagy

Toyanuwln 31U arinemasliiifiinnsen 4.2 lnevaeangoslsaud T8 YU 36

LY 6

Tod 91U 169 viaen viaenangeslsalgud T8 vu1A 18 10M J1UIU 59 aen Naennges

(3

LSELEUA T5 UUIR 28 T8 91U 247 vaen ﬂﬁ@ﬂﬂ@ﬂLLWﬁWQ@@LiﬂL%uﬁ YUIA 14 1A

U 15 viaon Uay viaannsllnAngaalsalud vu1a 24 ad 91U 318 viaena Fadl

(%)

dndrundunnniigailu 39.36%

A19199 4.2 Seazidunrasn lNiLaaEiN98901AS 7

U Anamaslnih  AdeAaelni
viavaon il
(aen) (36) 591 (Aladng)
1 | vi@aa Tube T5 (28 W) 8 62 0.50
1 | viaan Tube T8 (18 W) 2 48 0.10
1 | viaan Tube T8 (36 W) 6 48 0.29
1 | waen CFL (14 W) 15 14 0.21
M | ¥aen Tube T5 (28 W) 22 62 1.36
M | 1aen Tube T8 (18 W) 2 30 0.06
M | viaen Tube T8 (36 W) 6 48 0.29
2 | viaen Tube T5 (28 W) 58 32 1.86
2 | viaam Tube T8 (18 W) 8 36 0.29
2 | wasn CFL (24 W) 29 24 0.70
3 | waen Tube T5 (28 W) a4 62 0.25
3 | waen Tube T8 (18 W) 1 48 0.05
3 | vaen Tube T8 (36 W) 1 48 0.05
3 aen CFL (24 W) 27 24 0.65
4 | viaem Tube T5 (28 W) 33 62 2.05
4 | vaen Tube T8 (18 W) 2 48 0.10
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Aaraalndin

571 (Alatme)

4 | vaan Tube T8 (36 W) 2 48 0.10
4 | wasn CFL (24 W) 30 24 0.72
5 | viaan Tube T5 (28 W) 33 62 2.05
5 aen Tube T8 (18 W) a 18 0.07
5 | viaan Tube T8 (36 W) 1 48 0.05
5 | viaen CFL (24 W) 26 24 0.62
6 aan Tube T5 (28 W) 18 62 1.12
6 | viaan Tube T8 (18 W) 2 48 0.10
6 aon Tube T8 (36 W) 8 48 0.38
6 | vasa CFL (24 W) 18 24 0.43
7 aen Tube T5 (28 W) 35 62 2.17
7 | viaan Tube T8 (18 W) 2 30 0.06
7 | vaen Tube T8 (36 W) l 48 0.05
7 | viaan CFL (24 W) 35 24 0.84
8 | waan Tube T5 (28 W) 35 62 2.17
8 | vaen Tube T8 (18 W) 2 30 0.06
8 | waen Tube T8 (36 W) 2 a8 0.10
8 | uasm CFL (24 W) 37 24 0.89
9 | ween Tube T8 (36 W) 70 48 3.36
9 aan CFL (24 W) 38 28 1.06
10 | vaen Tube T8 (36 W) 70 48 3.36
10 | waon CFL (24 W) 38 28 1.06
11 | waen Tube T5 (28 W) 1 31 0.03
11 | viaen Tube T8 (18 W) 34 48 1.63
11 | a8 Tube T8 (36 W) 2 a8 0.10
11 | waen CFL (24 W) 40 24 0.96

33U 808 - 32.31
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20.92%
I FL Tube T8 (36 W)
39.36% = | FL Tube T8 (18 W)
o (0]
I FL Tube T5 (28 W)
W CFL (14 W)
30.57%
m CFL (24 W)

5UN 4.2 Iuaunaenlnihuasainweenans 7

3) gUnsalddnau Ysznauganeuiianes 1n3eaU3u qiiu Waau way

aa v & a

Ingiied 1Wudy 39031 658 1AT0Y TRAnAISIWH 58 245.6 Aladtad Andudadiu

[ [

54.37% nasldigalnihvesenis Ingagudayanuziln vuiauagiinfalninfinised

Y

4.3 Fypmouiawas uazalmddnnuunign Al

- YAABNNINOS UavaIlng d1uau 288 Ledes
- Sesduving U 10 1p50q
- p3esUSuendns T 86 R3804
- eSedeelenans U 7 pdeq
- eSewhanuLendns AU 3 1pSeq
L eSesaAnny U 1 1309
- pdeninindu AU 14 w509
- pszRnihdeu U 7 1p3eq
- lUsnmes MUY 3 1pSeq

- WPAY (WUUAILAYWLAYSYUIRINNA) UL 78 LASBY

- lalasn U 7 1A599
Y @ o d'
- fdu U 14 1A509
- Teulumalde U 1 1A599
- Insvie U 6 LR399
- llaslWuesUseyy W 80 1ATBY

- alnavinaUsey I 113 1389
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M19197 4.3 TeazdendnuiugunIaidinnureseras 7

Aamasludn  Adennaalniia

571 (Alaine)

1 | yeroufiames uavailng 228 550 125.40
2 | wSesduning 10 200 2.00
3 | desUSuenans 86 700 60.20
4 | w3sseneienans 7 1800 12.60
5 Lﬂ%@ﬂﬁ’]ﬁ’]&@ﬂﬁ’ﬁ 3 440 1.32
6 | \A3nsauny 1 200 0.20
7 | wiewiniudu 14 650 9.10
8 | nswinthfeu 7 650 4.55
9 | lusiemmas 3 400 1.20
Waay (woudilfsuayseune
10 78 60 4.68
91N1#)
11 | lulasiaw 7 1000 7.00
12 | didu 14 180 2.52
13 | Tulwidalse 1 40 0.04
14 | lnsvie 6 190 1.14
15 | lulastwuviossyay 80 100 8.00
16 | Alnaviosuszy 113 50 5.65
521 658 - 245.60

4.2 a5299aUsuns g lndvese1ans 7

Usuaunsigluitaesetans 7 19’1’97'1Lﬁumsﬂ’uﬁﬂmﬂﬁma'ﬁﬂlw%’]ﬁﬁm&y’qasﬁﬁm
MDB Fu 1 ¥9981A15 7 ﬂ”agﬂﬁl 4.3 Tnenaauavduiinuuaduurasdu shuau 12 9y
Useneudieg 4u 1, T M, wavdu 2 - 11 Wunan 30 Su GudinAldmniu 91w 2 ads
1781 8.30 . uay 16.30 . sausduil 28 fquneu 2560 — 27 nangAu 2560 lFUsinamsld
Tihandwesinihsmnsed 4.4

NANTNUTUIUNSIINFIUVDDIANT 7 NUINADATLEELIAT 30 TU Y8901ANS 7
finnsldndanuionun 27,482.20 Alasnddalus Tasedes 1,203.59 Alataddaluwofu

dmsuTwieu uay 285.20 Alatndtalus dwiutunga dusinanslliideTuunnige



a1

u 1,480 Aladnddalus Tutuns? 28 figuiew 2560 waztevandu 224 Aladnddalug Tu
Fuefind?l 1 nsngan 2560 wazilloRnsaidusetuues 30 Ju wui1 Tu 5 SU3uans
Tl sausniigadu 4,176 Aladndgalug wazdu 2 dusmnanistdluiudesiigadu

611.2 Alatnsdalus

A15199 4.4 USUNaUnSnasaUTe9e1As 7

USuunslonasauuesans 7 (kwh)

4 5 6 7 8
28 1.6, 160 60 20 160 140 180 40 100 60 160 220 180 | 1,480.0
29 1.9, 140 60 20 140 120 180 40 100 40 140 140 140 | 1,260.0
30 3.6, 114 72 26 166 158 151 38 104 44 125 151 33 1,182.0
1n.A. 26 48 4 26 5 34 2 8 4 5 55 7 224.0
2 n.A. a4 53 8 32 20 95 9 20 10 21 22 aa 378.0
3 n.A. 136 69 53 160 145 180 51 108 55 170 185 123 | 1,435.0
4n.A. 148.4 | 65.8 | 22.6 149 | 124.4 | 189.8 | 57.2 | 1172 | 65 148 134.2 | 90.8 | 1,3124
5n.A. 126.4 | 66.6 | 26.6 | 137.6 | 112.6 182 48.6 | 119.8 | 54.8 | 138.8 144 | 106.2 | 1,264.0
6 N.A. 1352 | 63.6 | 48.6 | 146.4 | 122 1722 | 49.2 | 1074 | 56.2 | 1458 | 143.8 | 115.6 | 1,306.0
7.0, 101 55 46 131.4 | 129.2 | 154.8 24 95.6 50 138.2 104 16.4 | 1,045.6

8 N.A. 27 a4 7.4 28.6 17.8 46.2 5 6 5 8.2 8 24 227.2
9 n.A. 24 ar 8.2 19 12 33 4 9.8 5 38 8 59.8 267.8
10 n.A. 38 a7 54 294 21 86 6 6 7 9 19.8 19 6.4 300.2

11 n.A. 146 58 248 | 159.6 | 159 216 30 114 61 155.2 149 358 | 1,308.4
12nA. | 1372 | 52.6 | 14.6 112 | 1104 | 1922 | 26.8 90 53 1178 | 1298 | 112.2 | 1,148.6
13n.A | 1198 | 514 | 104 135 | 112.6 | 179.8 | 53.2 95 50 1272 | 138.2 | 94.8 | 1,167.4

14 n.A. | 1482 53 26 131 122 138 28 80 49 114 119 31 1,039.2
15 n.A. 271.8 46 8 22 18 68 3 10 6 9 7 26 252.8
16 n.A. 99 46 8.4 16.2 16 34 4.8 154 | 114 22 18.6 25 316.8
17n.A. | 1628 | 732 | 244 | 151.4 | 131.8 | 198.2 | 27.6 | 108.6 | 58 1526 | 1514 | 31.6 | 1,271.6
18 n.A. | 136.2 58 248 | 1456 | 128.2 | 181.2 | 55.6 | 101.6 | 57 139 1478 | 43.8 | 1,218.8
19 n.A. 125 64 274 131 | 120.8 | 197.2 | 442 | 1064 | 64.4 | 142.2 | 130.6 | 72.8 | 1,226.0
20 n.A. 126 66.8 | 17.8 | 137.6 | 105.2 175 578 | 95.6 | 522 | 103.2 | 86.2 76.4 | 1,099.8
21 n.A. 126 57 19.8 | 122.2 94 142 21 90.8 50 125 78.4 28 954.2
22 N.A. 27 45 7 33 9 46.4 58 12.6 5 22 8 24.4 245.2
23 N.A. a4 50 12 38 13.8 86.4 4.2 14 31 17.4 16 28 354.8
24 n.A. 156 68 21 153 | 143.2 174 a4 | 1274 | 42 147.6 142 133 | 1,351.2
25 n.A. 141 7 27 142 133 187.6 | 35.8 | 69.6 52 151 128 48.6 | 1,192.6




a2

USuaunslanasaurese1ns 7 (kwh)

4 5 6 7 8

26 N.A. 133 67 24 133 116 159 38.2 92 ar 119 133 924 | 1,153.6
27 n.A. 91 31 18 124 110 117 32 80 40 108 96 12 859.0
U 3,166 1,715 | 6112 | 3,212 | 2,770 4,176 888 2212 | 1,187 3,030 3,013 1,862 |27,842.20
LQ%EJ/’?JJH 105.53 | 57.17 | 20.37 | 107.07 92.33 [ 139.20 | 29.60 | 73.73 | 39.57 | 101.00 | 100.43 | 62.07 928.07
Sovay 11.37% | 6.16% | 2.20% |11.54% | 9.95% | 15.00% | 3.19% | 7.94% | 4.26% | 10.88% | 10.82% | 6.69% 100%

wuewe: Tufl 1-2, 8-9, 15-16, 22-23 n.a. WuTunga w3

| INCOMMING

JU# 4.4 msandudinfiwesininviesasuaulniennis 7
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4.3 wgAnssunslglninvesenans 7

nsnsafanganssunisldlniinvesernts 7 dudunisnsiatadieias esinen
nas il Power meter (Ju 1730, Fluke, USA) Pfimoslnihsiuweserns 7 lutusens
i 25 n3ngIAm 2560 - 26 nsnAN 2560 Lunan 24 Falus IfawduiussErinanani
Usuaunslg i ﬁqguﬁ 4.5 PUIANITNNTRILA 8.30 - 16.30 u. warWnLfissdaaaan
12.00 - 13.00 w.91nnkanslfuinnsldnuresenas 7 dnsldnusudud swdnan
6.00 u. wardinmsllwiifudusgreroidiomazsaiinuianan 9.00 u. fdiddluigee
399979 9.00 - 12.00 u. +Ju 138 Alatnd uazanasmouiniiodlugiaaan 12.00 - 13.00 u,
W 81.6 Alatad uasiiintudnefslurasie 13.00 - 16.30 u. farfdslniingeanidu

155.3 Alatnd wavamidos 4 auiimasiilugaenan 21.00 = 5.00 w.

160 -
140 |
)
< 120 -
-
~
—
2 100
o
[a
80 -
60 -
40
ZOT
0 L Wl v oI T T T 1 Wl ! 1 [ T T =l % tgrliagl 1 1T 1 T 1 1
O O O O O O O O O O O O O O O O O O O o o O O o
S & O & & & & & O O O S O O & DD o O O S © S oS o
O = N & < 10 O >~ 0 00 O —+F N OO0 I 1 0O M~ 0O O O —F N ™M

ime
JUN 4.5 AaduiusserintaandudSinaunsleliiivesenais 7

Tutusannsii 25 nsnnAn 2560 - 26 NsNIAN 2560



a4q

JU# 4.6 nsasivianginssunslaliiinviesesuaulninetsis 7

4.4 NaN1SINADIUUINIINTTAATIZHRINTUSUATY PVsyst

4.4.1 namss1aesanlusunsy PVsyst Mdeuluduiuil 830 asrauns lneilead
waeeingvinydes 15 99ANINI ARSI TIngRARLR 432 UWNY @15
Mdwmanlihanwaduasenfindldiomn 130 Alatnd wasndsnulnihiinanldiamaned

& 1

Wiy 185.70 wingindsied duLiawmasinAsianun 34 10389 A3UN 4.8(n) uag 4.8(2)
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PVsyst V7.1.5

VCO0, Simulation date:
03/03/21 17:52

Project: BKK 830 m2

Variant: New simulation variant

nlUTUATY PVsyst (n)

with v7.1.5
General parameters

Grid-Connected System No 3D scene defined, no shadings
PV Field Orientation
Orientation Sheds configuration Models used
Fixed plane No 3D scene defined Transposition Perez
Tilt/Azimuth 15/0° Diffuse Perez, Meteonorm

Circumsolar separate
Horizon Near Shadings User's needs
Free Horizon No Shadings Unlimited load (grid)

PV Array Characteristics
PV module Inverter
Manufacturer Generic Manufacturer Generic
Model JT300PMe Model Growatt 3000MTL
(Original PVsyst database) (Original PVsyst database)
Unit Nom. Power 300 Wp Unit Nom. Power 3.00 kWac
Number of PV modules 432 units Number of inverters 34 units
Nominal (STC) 130 kWp Total power 102 kWac
Modules 48 Strings x 9 In series Operating voltage 120-500 V
At operating cond. (50°C) Pnom ratio (DC:AC) w27
Pmpp 116 kWp
U mpp 292V
| mpp 397 A
Total PV power Total inverter power
Nominal (STC) 130 kWp Total power 102 kWac
Total 432 modules Nb. of inverters 34 units
Module area 829 m* Pnom ratio 127
Array losses
Thermal Loss factor DC wiring losses Module Quality Loss
Module temperature according to irradiance Global array res. 12 mQ Loss Fraction -13%
Uc (const) 20.0 WimK Loss Fraction 1.5 % at STC
Uv (wind) 0.0 W/m?K/m/s
Module mismatch losses IAM loss factor
Loss Fraction 1.0 % at MPP ASHRAE Param: IAM = 1 - bo(1/cosi -1)
bo Param. 0.05
03/03/21 PVsyst Evaluation mode Page 3/6
1 ¥ H ! E 4 1
=1 v o a o I3 a Al 1 |
E‘Lh'l a.7 %@Hﬁﬂ’]i‘ﬂ’m@ﬂﬂ’ﬁ@]ﬂ@]ﬂwaaLL?NE]’WIG]EJ‘VIL\‘IE]U ANUN 830 ANFTIUURT
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Project: BKK 830 m2

Variant: New simulation variant

PVsyst V7.1.5

VCO0, Simulation date:
03/03/21 17:52

with v7.1.5
Main results
System Production
Produced Energy 185.7 MWhlyear Specific production 1433 kWh/kWplyear
Performance Ratio PR 7794 %
Normalized productions (per installed kWp) Performance Ratio PR
7 T T T T T T T T T T T 12 T T T T T T T T T T
Lc: Collection Loss (PV-array losses) 0.99 kWh/kWp/day 11 - PR: Performance Ratio (Yf/ Yr): 0.779

m Loss (inverter, ...) 0.12 KWh/kWp/day
eful energy (inverter output) 3.93 kWh/kWp/day

Performance Ratio PR

Mar “Apr May Jun  Jul . Aug Sep Oct Nov Dec Feb Mar  Apr May Jun Jul Aug Sep Oct

Balances and main results

GlobHor DiffHor T_Amb Globinc GlobEff EArray E_Grid PR

kWh/m? kWh/m? °¢ kWh/m? kWh/m? MWh MWh ratio
January 145.0 64 .80 27.53 165.8 161.5 1724 16.75 0.780
February 1437 68.90 28.69 156.9 158.1 16.11 15.66 0.770
March 1744 85.30 29.82 1799 1755 18.30 17.78 0.763
April 1746 8260 30.46 1717 167.4 17.52 17.02 0.765
May 1634 84 80 29.92 1534 148.4 1593 15.46 0.778
June 152.0 8140 29.16 140.7 136.0 14.96 14.52 0.797
July 1489 90.30 29.35 1397 135.2 15.00 14.56 0.804
August 1387 79.60 29.18 1346 130.7 14.26 13.84 0.793
September 130.0 82.30 28.35 130.9 1271 135 13.36 0.788
October 1377 78 60 28.77 1451 1414 15.07 14.63 0.778
November 1398 66.70 28.03 1555 151.8 16.02 15.56 0.772
December 1419 55.20 27.63 164.8 160.8 17.08 16.60 0.777
Year 1790.1 920.50 2891 1838.9 1788.9 191.29 185.74 0.779
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into gnid
T_Amb Ambient Temperature PR Performance Ratio

Globlnc Global incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings
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4.4.2 §an1591a9991nlUsUATY PVsyst dauluiawan 75 Aladnd lnediwas

A o a & ¢ A fa O O & da O
LLﬁQ’E‘)']‘V]G]EJ‘V]']HﬂJL@EN 15 99A1INNUY LYAALFAIDINHYAAFININUA 252 LU NUNAARY 484

AN51995 taznasulndnednlansuasnetivinnu 108.40 Wwnzinansl duoLmasAnAa

Waviain 20 LASD4 é’qgﬂﬁ 4.9(n) wag 4.9()

PVsyst V7.1.5
VCQO, Simulation date:
03/03/21 17:49

with v7.1.5

Project: BKK 75 kW

Variant: New simulation variant

Grid-Connected System
PV Field Orientation

General parameters

No 3D scene defined, no shadings

Orientation Sheds configuration Models used
Fixed plane No 3D scene defined Transposition Perez
TiltVAzimuth 1570 ° Diffuse Perez, Meteonorm

Circumsolar separate
Horizon Near Shadings User's needs
Free Horizon No Shadings Unlimited load (grid)

PV Array Characteristics
PV module Inverter
Manufacturer Generic Manufacturer Generic
Model JT300PMe Model Growatt 3000MTL
(Original PVsyst database) (Original PVsyst database)

Unit Nom. Power 300 Wp Unit Nom. Power 3.00 kWac
Number of PV modules 252 units Number of inverters 20 units
Nominal (STC) 75.6 kWp Total power 60.0 kWac
Modules 28 Strings x 9 In series Operating voltage 120-500 V
At operating cond. (50°C) Pnom ratio (DC:AC) 1.26
Pmpp 67.5 kWp
U mpp 292V
I mpp 231 A
Total PV power Total inverter power
Nominal (STC) 76 kWp Total power 60 kWac
Total 252 modules Nb. of inverters 20 units
Module area 484 m* Pnom ratio 1.26

Thermal Loss factor

Array losses

DC wiring losses

Module Quality Loss

Module temperature according to irradiance Global array res. 21 mQ Loss Fraction -1.3%
Uc (const) 20.0 Wim?K Loss Fraction 1.5 % atSTC
Uv (wind) 0.0 Wim?K/m/s
Module mismatch losses IAM loss factor
Loss Fraction 1.0 % at MPP ASHRAE Param: IAM = 1 - bo(1/cosi -1)
bo Param. 0.05
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Project: BKK 75 kW

Variant: New simulation variant

PVsyst V7.1.5
VCO, Simulation date:
03/03/21 17:49

with v7.1.5

System Production

Produced Energy 108.4 MWh/year

Normalized productions (per installed kWp)

Main results

Specific production

Performance Ratio PR 78.00 %

Performance Ratio PR

T T T T T T T T T T T
Le: Collection Loss (PV-array losses) 0.99 KWh/kWpiday
m Loss (inverter, ...) 0.12 KWh/kWp/day

leful energy (inverter output) 3.93 KWh/kWp/day

Normalized Encrgy [kWhikWp/day

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

Dec

1434 kWh/kWplyear

T T T T T T T T

T
] 11F [l PR Performance Ratio (v1/Yr) - 0.780

x
S
=

Mar Jun  Jul Oct

Apr

May Aug  Sep

Balances and main results

| GlobHor | DiffHor

Nov  Dec

TAmb | Globinc | GlobEff | EArray E_Grid PR

kWh/m? kWh/m? °G | kWh/m? kWh/m? i MWh MWh ratio
January 145.0 64.80 27.53 | 165.8 161.5 i 10.07 9.78 0.780
February ! 143.7 68.90 28.69 l 156.9 153.1 : 9.41 9.14 0.771
March 174.4 85.30 29.82 | 179.9 175.5 | 10.68 10.38 0.763
April 174.6 82.60 30.46 | 171.7 1674 | 10.23 9.94 0.766
May 163.4 84.80 29.92 | 153.4 148.4 | 9.30 9.03 0.778
June ; 152.0 81.40 29.16 | 140.7 136.0 | 8.73 8.47 0.797
July 148.9 90.30 2935 | 139.7 135.2 1 8.76 8.50 0.804
August ‘ 138.7 79.60 29.18 | 134.6 130.7 8.32 8.07 0.794
September 130.0 82.30 28.35 | 130.9 1271 { 8.04 7.80 0.788
October 137.7 78.60 28.77 145.1 141.4 | 8.80 8.54 0.779
November 139.8 66.70 28.03 155.5 151.8 | 9.36 9.09 0.773
December 144957 5520 | | 27,63_‘_ 1648 | 1608 | 9.98 /889 4 |§ 0778
Year 1790.1 920.50 2891 1838.9 1788.9 111.67 108.44 0.780

| |
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globinc Global incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings
03/03/21 PVsyst Evaluation mode Page 4/6
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4.4.3 #an1591a093101U5UN5N PVsyst Nidaulandnliinesnenaninudeannsg
maeliingegan 155 Aladnd laei
WENBINIRNANINUA 518 WY NUNAAAS

Aoty 230.90 winTnddilussiel BulamesAnAswiann 52 1A3ed Aegun 4.10(n) wag

4.10(%)

PVsyst V7.1.5
VCO, Simulation date:
03/03/21 17:45

]
a

LwaALAIITAg Iy

1 %
Y

Project: BKK 155 kW

Variant: New simulation variant

1589 15 9IANINT U LYAA

994 A1519105 waznasnulndrAndalananun

with v7.1.5
General par ters

Grid-Connected System No 3D scene defined, no shadings
PV Field Orientation
Orientation Sheds configuration Models used
Fixed plane No 3D scene defined Transposition Perez
Tilt/Azimuth 15/0° Diffuse Perez, Meteonorm

Circumsolar separate
Horizon Near Shadings User's needs
Free Horizon No Shadings Unlimited load (grid)

PV Array Characteristics
PV module Inverter
Manufacturer Generic Manufacturer Generic
Model JT300PMe Model Growatt 3000MTL
(Original PVsyst database) (Original PVsyst database)
Unit Nom. Power 300 Wp Unit Nom. Power 3.00 kWac
Number of PV modules 518 units Number of inverters 52 units
Nominal (STC) 155 kWp Total power 156 kWac
Modules 74 Strings x 7 In series Operating voltage 120-500 V.
At operating cond. (50°C) Pnom ratio (DC:AC) 1.00
Pmpp 139 kWp
U mpp 27TV
| mpp 611 A
Total PV power Total inverter power
Nominal (STC) 155 kWp Total power 156 kWac
Total 518 modules Nb. of inverters 52 units
Module area 994 m* Pnom ratio 1.00
Array losses
Thermal Loss factor DC wiring losses Module Quality Loss
Module temperature according to irradiance Global array res. 62 mO Loss Fraction 13 %
Uc (const) 20.0 W/m?K Loss Fraction 1.5 %at STC
Uv (wind) 0.0 Wim*Kim/s
Module mismatch losses IAM loss factor
Loss Fraction 1.0 % at MPP ASHRAE Param: |AM = 1 - bo(1/cosi -1)
bo Param 0.05
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Project: BKK 155 kW

Variant: New simulation variant

PVsyst V7.1.5
VCO, Simulation date:
03/03/21 17:45

with v7.1.5

Main results

System Production

Produced Energy 230.9 MWh/year Specific production

Performance Ratio PR

Normalized productions (per installed kWp)

1486 kWh/kWplyear
80.79 %

Performance Ratio PR

T T T T T T T T T T T
Le: Collection Loss (PV-array losses) 0.84 KWh/kWpiday 14

m Loss (inverter, ...) 0.12 KWh/kWp/day 10

leful energy (inverter output) 4.07 KWh/kWp/day

T T

x
S
=

Normalized Encrgy [kWhikWp/day

Jan Feb Mar Apr

May ' Jun~Jul Aug. Sep Oct  Nov Dec Mar

Balances and main results

| GlobHor | DiffHor ~ Globlnc |  GlobEff

T T T T T T T T

T
I PR Pertomance Ratio (Y1 Yr) - 0.808

Apr  May Jun  Jul

Aug Sep Oct Nov Dec

T Amb | | EArray | E_rid PR

kWh/m? kWh/m? °G | kWh/m? kWh/m? i MWh MWh ratio
January 145.0 64.80 27.53 | 165.8 161.5 i 21.54 20.92 0.812
February ! 143.7 68.90 28.69 l 156.9 153.1 : 20.22 19.64 0.806
March 174.4 85.30 29.82 | 179.9 175.5 | 22.96 22.30 0.798
April 174.6 82.60 30.46 | 171.7 1674 | 21.92 21.28 0.798
May 163.4 84.80 29.92 | 153.4 148.4 | 19.74 19.15 0.803
June ; 152.0 8140 2916 l 140.7 136.0 | 18.35 17.79 0.814
July 148.9 90.30 2935 | 139.7 135.2 1 18.31 17.74 0.817
August ‘ 138.7 79.60 29.18 | 134.6 130.7 17.56 17.01 0.813
September 130.0 82.30 28.35 | 130.9 1271 { 17.02 16.49 0.811
October 137.7 78.60 28.77 145.1 141.4 | 18.80 18.23 0.809
November 139.8 66.70 28.03 155.5 151.8 | 20.16 19.57 0.810
December 144957 5520 | 2763 4 164.8C-| 1608 N 21.38 2076 | 0810
Year 1790.1 920.50 2891 | 1838.9 17889 | 237.96 230.88 0.808
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globinc Global incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings
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High conversion efficiency

High module conversion efficiency, through innovative manufacturing technology.

Low-light Performance
Excellent module efficiency evenin the weak light conditions, such as morning or cloudy.

g Severe Weather Resilience
Certified to withstand : wind load (2400 Pascal) and snow load (5400 Pascal).

Durability against extreme environmental conditions
High salt:mist and PID certified by TUV SUD(Optional).

Linear Performance Warranty

10 Year Product Warranty / 25 Year Linear Power Warranty
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Industry Standard
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All specified Parameters are at STC25 C Ambient, 1000W/m? irradiance and AM1.5

JT335PAg ]JT340PAg ]JT345PAg JT350PAg

STC Electrical Characteristics
Tape JT305PAg  JT310PAg JT315PAg JT320PAg JT325PAg  JT330PAg
Module Power Range W) 305sPm<310 310sPm<315 315sPm<320 320sPm<325 325sPm<330 330sPm<335 335sPm<340 340<Pm<345 345sPm<350 350<Pm
Max-Power PmW) 305 310 315 320 325 330
Max-Power Voltage vm(V) 36.5 36.6 36.7 369 371 373
Max-Power Current Im(A) 8.40 851 8.63 8.72 8.81 8.89
Open-Circuit Voltage Voc(V) 450 451 452 454 456 457
Short-Circuit Current Isc(A) 8.96 9.05 9.14 9.23 9.27 935

Module Efficiency (%) 157 16.0 162 165 167 17.0

Pm Temperature Coefficients  (%/C) 041

Voc Temperature Coefficients  (%/C) 031

Isc Temperature Coefficients ~ (%/C) 0.05

Class AAA solar simulator (IEC 60904-4), power.or current measurement uncertainty.is within +3%,voltage iswithin £2%.

Varied Irradiation Efficiencies

Irradiance(W/m2) 200 400 600 800 1000
Efficiency (%) 16.7 171 173 1ALL” 173
IV Curves at different Irradiances
10.00 350.00
|—L000W/m?
9.00
300.00
8.00 -
B00W/m’
7.00 / 250.00
< 40 sown 20000
E 5.00
3 0 200W/m? 150.00
3.00 100.00
200 200W/m*
\ 50.00
1.00
0.00 0.00
0.00 5.00 10.00 1500 20.00 25.00 30.00 35.00 40.00 45.00 50.00
Voltage(V)
942
84914
1 T
4442 _
. — ~0|
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Power(w)

NOCT

Max-Power Pm(W)
Max-Power Voltage vm(V)
Max-Power Current Im(A)
Open-Gircuit Voltage Voc(V)
Short-Circuit Current Isc(A)

NOCT Nominal Operating Cell Temperature

33 340 345 350
375 377 379 382
8.97 9.06 913 919
459 461 463 466
9.42 950 957 963
173 175 178 180

JT325PAg JT330PAg

2408 2444

344 345

701 7.08

222 423

7.48 754

4582 C

NOCT: Irradiance 800W/m?, ambient temperature20 C, AM=1.5, wind speed 1Im/s.

Absolute Ratings

DielectricInsulation Voltage

Operating Temperature (c)
Max-System Voltage (VDQ
Max Series Fuse A

Maximum load rating

6000/8000V
-40~+85

100071500

15
5400Pa(112.78Ibf/ft?)

Mechanical Parameters

Cable type,Diameterand Length
Type of Connector

Number,type and arrangement of cells

Cell Size (mm)
Dimension (mm)
Weight (Ka)

No.of Draining Holes in Frame

Glass, Type and Thickness

4mma,TUV certified,1000mm
Compatible with M(4 plug

72pcs Multi-Crystalline Silicon(6x12)
156.75x156.75

1956x992x40

255

16

Low Iron,High Transmission, Tempered Glass 4.0mm

Packing Configuration
Quantity/Pallet
Loading Capacity

Packaging Configuration
27pcs/box

54 pcs/pallet

648 pes/40ft(H)

Specifications included in this datasheet are subject to change without prior notice.



Growatt 750~3000-S

« Maximum efficiency of 97.6%
+ Optional DC switch

« Max.DC voltage up to 5§50V
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Input Data

Max. recommended PV power 970W 1300W 1950W 2600W 3250W 3900w
(for module STC)

Max. DC voltage 450V 450V 450V 450V 550V 550V
Start voltage 50V 80V 80V 8ov 80V 80V
MPP work voltage range 50V-450V 70V-450V 70V-450V 70V-450V 70V-500V 70V-550V
Nominal voltage 120V 180V 250V 360V 360V 360V
Max. input current 10A 10A 10A 11A 12A 13A
Max. input current per string 10A 10A 10A 11A 12A 13A

Number of independent MPP

trackers/stings per MPP tracker Ll n mn n 171 171

Output (AC)

Rated AC output power 750W 1000W 1600W 2000W 2500W 3000W

Max. AC power 750W 1000W 1650W 2000W 2500W 3000W

Max. output current 3.3A 4.7A 7.8A 9.5A 11.9A 14.3A

AC nominal voltage 220V/230V/240V 220V/230V/240V- 220V/230V/240V 220V/230V/240V 220V/230V/240V 220V/230V/240V
AC grid frequency; range 50Hz60Hz /+ 5Hz B50Hz60Hz /+5Hz 50Hz60Hz /+ 5Hz 50Hz 60Hz / + 5Hz 50Hz60Hz /+5Hz 50Hz,60Hz / + 5Hz
Adjustable power factor 0.8leading...0.8lagging 0.8leading...0.8lagging 0.8leading...0.8lagging 0.8leading...0.8lagging 0.8leading...0.8lagging 0.8leading...0.8lagging
THDI <3% <3% 3% <3% <3% <3%

AC connection Single phase Single phase Single phase: Single phase Single phase Single phase

Efficiency

Max. efficiency 97.2% 97.4% 97.4% 97.4% 97.6% 97.6%
Euro weighted efficiency 96% 96.5% 97% 97% 97.3% 97.3%
MPPT efficiency 99.5% 99.5% 99.5% 99.5% 99.5% 99.5%

Protection Devices

DC reverse polarity protection yes yes yes yes yes yes
DC switch yes yes yes yes yes yes
Output over current protection yes yes yes yes yes yes
Ou’rp!.n AC overvoltage Protection yes ves ves ves ves ves
- Varistor

Ground fault monitoring yes yes yes yes yes yes
Grid monitoring yes yes yes yes yes yes
Intfegrated all-pole sensitive ves ves ves 24 ves ves

leakage current monitoring unit

General Data

Dimensions (W /H /D) in mm 2711299141 271/299141 271/299/141 271/299/141 271/3589/141 271/359/141
Weight 6.4KG 6.4KG 6.4KG 6.4KG 9.1KG 9.1KG
Operating femperature range b 28§C ... @80°C - 25°C .+60°C gD C , pa- GUEC -25°C ... +60°C - 25°C ... +60°C -25°C ... +60°C
Noise emission (typical) <25dB(A) <25 dB(A) <265 dB(A) <25 dB(A) <25 dB(A) <25 dB(A)
Self-Consumption night <0.5W <0.5W <0.5W <05W <0.5W <0.5W
Topology Transformerless Transformerless Transformerless Transformerless Transformerless Transformerless
Cooling concept Natural Natural Natural Natural Natural Natural
Environmental Protection Rating IP65 IP65 IP65 IP65 IP65 IP65

Altitude 2000m without derating  2000m without derating  2000m without derating 2000m without derating  2000m without derating 2000m without derating
Relative humidity 100% 100% 100% 100% 100% 100%

DC connection H4/MC4(opt) H4/MC4(opt) H4/MC4(opt) H4/MC4(opt) H4/MC4(opt) H4/MC4(opt)
AC connection Connector Connector Connector Connector Connector Connector
Display LCD LCD LCD LCD LCD LCD
'erﬁ;fggrfss (RS AHAY yesiopfiopi/opt/opt  yes/opi/optioptiopt  yesiopf/opi/optiopt  yes/optioptioptiopt  yes/opi/optfoptiopt  yes/optioptiopt/opt

Warranty:5 years/10 years yes/opt yes/opt yes/opt yes/opt yes/opt yes/opt

CE, VDE 0126-1-1, IEC 62109, G83, AS4777, AS/NZS 3100, CEIO-21, VDE-AR-N4105, EN50438, CQC, UTE C 15-712, [EC 61683, IEC 60068, IEC 61727, IEC 62116, INMETRO

GROWATT NEW ENERGY TECHNOLOGY Co.,LTD A: No.28 Guangmming Road, Longteng Community, Shiyan, Baoan Disfrict, Shenzhen, PR.China.
T. + 86 7552747 1900 F. + 867552749 1460 E: info@ginverter.com



SRR v e SHENZHEN GROWATT NEW ENERGY TECHNOLOGY CO.,LTD
rowa[t Add:#28,GuangMing Road,Shiyan,Baoan District,Shenzhen, China
TEL: 0086 755 2951 5888  FAX: 0086 755 2747 2131

Email:info@ginverter.com
Web:www.ginverter.com

Declaration Of Compliance

We, The Manufacturer
SHENZHEN GROWATT NEW ENERGY TECHNOLOGY CO.,LTD

Declare The Products:

Growatt 1500-S, Growatt 2000-S, Growatt 3000-S

Growatt 3600MTL-S, Growatt 4200MTL-S, Growatt 5500MTL-S

Growatt 18000UE, Growatt 20000UE,

Growatt 7000TL3-S, Growatt 8000TL3-S, Growatt 9000TL3-S,

Growatt 10000TL3-S, Growatt 11000TL3-S,

Growatt 12000TL3-S, Growatt 15000TL3-S,

Growatt 17000TL3-S, Growatt 20000TL3-S, Growatt 25000TL3-S,

Growatt 30000TL3-S, Growatt 33000TL3-S, Growatt 40000TL3-NS

MAX 50KTL3 LV, MAX 60KTL3 LV, MAX 70KTL3 LV, MAX 75KTL3 LV, MAX 80KTL3 LV
MAX 60KTL3 MV, MAX 70KTL3 MV, MAX 80KTL3 MV

The Growatt inverters listed above comply with the relevant requirements of the Brazilian
standard:

ABNT NBR 16149:2013 Sistemas fotovoltaicos (FV) — Caracteristicas da interface de
conexdo com a rede elétrica de distribuicdo — Primeira edi¢éo (01.03.2013)
[Photovoltaic (PV) systems — Characteristics of the utility interface — first edition, March
01-2013]

As results after internal testing made in accordance to the applicable conformance test
protocol:

ABNT NBR 16150:2013 Sistemas fotovoltaicos (FV) — Caracteristicas da interface de
conexdo com a rede elétrica de distribuicdo — Procedimento de ensaio de conformida -
Primeira edicéo (04.03.2013)

[Photovoltaic (PV) systems — Characteristics of the utility interface — Conformity test
procedure. First edition, March 04-2013]

ABNT NBR 62116-2012 Procedimento de ensaio de anti-ilhamento para inversores de
sistemas fotovoltaico conectados a rede.

Please refer to the conditions and restriction of use specified in the table, as well as in the
following notes.



SRR W e SHENZHEN GROWATT NEW ENERGY TECHNOLOGY CO.,LTD
rowatt Add:#28,GuangMing Road,Shiyan,Baoan District,Shenzhen, China
TEL: 0086 755 2951 5888  FAX: 0086 755 2747 2131

Email:info@ginverter.com
Web:www.ginverter.com

Reactive
Inverter Model Nominal voltage/frequency Cos(phi)=f(p) Power FRT
No. of phase Capability capability

Growatt 1500-S 1.5kw | 220V/230V/240V/60Hz,1-phase No No Yes
Growatt 2000-S 2kw 220V/230V/240V/60Hz,1-phase No No Yes
Growatt 3000-S 3kw 220V/230V/240V/60Hz,1-phase No No Yes
Growatt 3600MTL-S 3.6kw | 220V/230V/240V/60Hz,1-phase Yes Yes Yes
Growatt 4200MTL-S 4.2kw | 220V/230V/240V/60Hz,1-phase Yes Yes Yes
Growatt 5500MTL-S 5kw 220V/230V/240V/60Hz,1-phase Yes Yes Yes
Growatt 18000UE 18kw  380V/60Hz,3-phase —e,_ Yes Yes Yes
Growatt 20000UE 20kw | 3&)V/&)Hz,3-phase TR Yes Yes Yes
Growatt 7000TL3-S  7kw  380V/60Hz,3-phase Yes Yes Yes
Growatt 8000TL3-S  8kw  380V/60Hz,3-phase ~ Yes  Yes Yes
Growatt 9000TL3-S | 9kw  380V/60Hz3-phase Yes  Yes Yes
Growatt 10000TL3-S | 10kw 380V/60Hz,3-phase ‘ Yes Yes Yes
Growatt 11000TL3-S ~ 1lkw 3E)V/607Hz,?3-bﬁésgﬁ SN T Vg ‘ " Yes Yes
Growatt 12000TL3-787 ‘712kwi j%V/Ga-Izi,é-Bhésrem \ 2/ 7Yesi f 7\7(es Yes
Growatt 15000TL3-S ~ 15kw . 380V/60Hz3-phase ~ Yes Yes Yes
Growatt 17000TL3-S ~ 17kw | 380V/60Hz,3-phase ! Yes Yes Yes
Growatt 20000TL3-S | 20kw  380V/6OMz3-phase | Yes - Yes Yes
Growatt 25000TL3-S 25kw  380V/60Hz,3-phase > 1 Yes = Yes Yes
Growatt 30000TL3-S  30kw | 380V/60Hz,3-phase Yes Yes Yes
Growatt 33000TLS 33w | 3OVIEOHzIphase | Yes | Yes ves
Growatt 40000TL3-NS  40kw 380V/60Hz,3-phase ‘ Yes ‘ Yes Yes
MAX50KTL3LV ~ 50kw  380V/60Hz3-phase Yes —  Yes Yes
MAX 60KTL3 LV . 60kw  380V/60Hz,3-phase i Yes | Yes Yes
MAX 70KTL3 LV 70kw | 380V/60Hz,3-phase Yes = | Yes Yes
MAX 75KTL3 LV 75kw | 380V/60Hz,3-phase N7 4 Yes Yes
MAX 80KTL3 LV 80kw ' 380V/60Hz,3-phase ~  ~ Yes Yes Yes
MAX 60KTL3 MV 60kw  480V/60Hz,3-phase " Yes Yes Yes
MAX 70KTL3 MV 70kw  480V/60Hz,3-phase o Yes Yes Yes
MAX 80KTL3 MV 80kw 480V/60Hz,3-phase Yes Yes Yes
Manufacturer

Shenzhen Growatt New Energy Technology CO., LTD

R&D Director

W 0o d&g



ﬂ Registro 005810/2016 Data Concessao 06/10/2016 Validade 06/10/2020

Razéao Social NuUmero de certificado
INOVACARE TECNOLOGIA EM ENERGIAS RENOVAVEIS LTDA - EPP - 24.114.056/0001-35 N&o aplicavel
Endereco Telefone

AV. JOAO XXIIl, 1160 BL.B, S 1 Cep:08830000 | CEZAR DE SOUZA - MOGI DAS CRUZES - SP (11) 2610.4004

E-mail
atendimento@inovacare.solar

Objeto/Produto

Programa de Avaliagdo da Conformidade: Sistemas e equipamentos para energia fotovoltaica (mddulo, controlador de carga,
inversor e bateria)

Portaria: 4 de 04/01/2011

Nome de Familia: INVERSOR MONOFASICO ON-GRID GROWATT

Data ||Alteragdo|| Marca | Modelol| Descricdo || Codigo de barras

06/10/2016|[ Incluido |[Growatt || 3000 S || Inversor Solar Fotovoltaico Monofasico conectado a rede
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Optimal design of solar rooftop for Thai government building
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Abstract

This research depicts the solar cells installation guide which
is connected to the deck of prototype government building in Thailand
to compensate the building's electricity consumption cost which is
calculated by TOU. Including the saving result calculation designing

after a year of solar cells installation, solar cells decay and electrical

loss excluded. The research also compare between 2 installation
methods, install over the deck up to usage which could be full of the
deck or just install them up to the usage behavior, aiming to as store
least as the researchers can manage. This research also compare
between before and after installation of solar cells to use the comparing
result as a decision factor. The result of this research say that installing
solar cells all over the deck of the building can cut down the electrical

cost for around and save us 550,000 THB per year.

Keywords: solar cell, TOU, government building, saving energy

1. Ui

Tuiagiunisaaar ldd1uuy Time-ofuse (TOU) gnld
A lumsaatSuiannudeanis1y iihgega (On Peak)
wail 185 uAensTrsandunulunisnda ldfhlugaean on peak
1az 39 Off Peak 110z U1 gAT 1M [2] TBNTHA0E U INABNTI
Wszuulddmadesnin[i] vazaawaliinans 1% Wi ed19h
UszAniam Famizsnveaniadgludszmalnognimualils
uamamsaaa Tiuny Tou feiuuuanenisaaausad
uasefinduumdsnmuuFesenus Ui asuiuuuamaniiely

mspreanliuansldndsnu Tdihgegavesernslusiaan

v X

fdanan aeandeeduraiimsvesntesaluniagy aeling

a9

@ A A a 2 7 A @
TFndenu Iliun Faliuurfaisnisfadaaduaaeifinduy

A g v Yo ' o
mﬂﬂwmmmimmﬂumm‘mmmﬂwﬂnwumﬁummigiums

a & s

a ¢
Wﬂﬂﬂ!%ﬁﬁl!ﬁﬁ@WﬂﬂﬂUuﬂWﬂﬂW

a 7 o v v
15-17 WOENAN W.A. 2562 Iiﬁ!!iﬂﬂ?ﬁﬁ%in@i f’]"l!ﬂE]Wiﬁﬁuﬂiﬂdiﬁ]t‘lﬁU'l mmvnwazumﬂ?aqﬁm

193




UNANVIY
msdszuinmsaievioirangsu Wi asad 11

11" Conference of Electrical Engineering Network 2019 (EENET2019)

o

A o A
NUNIUITTIUNTIUNINYIVUDI Wang et al.[3] UUAUDID

' A v
A A Ao o &

Y a & s A 2q YA
untlgrmnmsninunnnalumsdasusadnaseriad 1iaans
o A o o Y o A a Y o
waauasamaduundinaz ldwdanu i inda ldimnannis
Tdndaaru Tddrgegaveae1a1s Chaianong et al.[4] W nauenis
A ¢ @ s a 2 g A o &
psizin s yenaasveamsaadusaduasofinduumdanlu
' o { o a o 1
Uszna'lng TasnFeuauamasuinialdnnimesuazair 1
Ay ' 9 a ¢ A @ )
ndeene uazldwalunisinsiziieselumswannuazasivayu
a ¥ o =
asaanaraduateiaduuaiailulszmalne Johnson et al[5]

oda &

MNSUATIEHIZ VLTS UAID AT NAAAIU UK AIA19I1A1TVB
o aa o o A a o A o A
fyvnaludlsemaluite mdwwaavuia 145.5 0 ladad ieiiuiin
nazilsuimlszansammsranveszuunazlsuamsnan 1
= 1 A o
aaonll aranisnaasuaaslififiudnisnaa liliveuwad
P ' o {
nasoiadunannaNnudens 14 Iihlueias sahiihnmae

nnnskanaeas IMAuszuran gl Ina

as A
2. 350137398
o v

2.1 MIATIVVOYAD N

o 5 &4 o o A Ada & ¢

drsdeyaiuiiens mnstaviaiunnaadusad

P o - XA %

nasomaduuaaiiens tazdisrvusnanuinsva e
9 o { g
dsrvdeyaginyal dihnldntelueints Tasuiaiy 3 1lsznn

o ' 4 o '
vosgUnsal Tl Tdun nseslSveima naoa liduasadig

s o @ 4 o o s
ginsaidnina iennisldmdasIdhgegaveseinis d1329
: Y o Y I a L,
doyansldndsan ldifhweserns Taeldwnesiimes ju 1730,
2
o o v a @ 4 a
Fluke, USA asavianagziiuiinnanounisaadusadidieiingiilu
@ A @ Y o A
szeznal 30 Su memidnyazmsldudenu Tdd Taunfoves
& 1 a4 o ma &

91713 TagoonIusiaiusins vazdungasynms Taaamiden
o A " g o~ a ¥ ¢ ~ oz &
dmuanuafamiailu 2 3% FFmsAaauwaduasoriadidui

®R o

U
an a & % a o o =
ﬂ'lﬂVB‘I'FUTEN@'lﬂ']il!ﬁgflﬁﬂ']i@]ﬂ@NL“]fﬁﬁ!Lﬁ\iﬂWﬂ@]ﬂTﬂﬂﬂ']uﬂﬂﬂﬁﬂng

I FJ
@

b3
msla e 1 llmdewdaan I dwnde 1y Tagiunandan

P
A o

¥
ﬂ1ﬂ‘ﬁ1ﬁﬁu MIHNA 830 AT NINAT

v
=) U
2.2 NFIDINUUUNIIANGN
a 4 = o <
mseenuuuszuurda ldduraduaserinad Tngna lal
1] ' ) Y
Guduanmsdisreiunfaas dssiundenuuaieiiaduay
- @ m g w A e
anuamsalumsedanszua llfhveasaduasoinddmiunui
2 2 Pl 4 o o o
1M m1miudns 1z nsgnid ldduiedmuavuaside ldihves
9 @ o ]
sruutazveuadmiumsidenglnsallszneuszuua1eg ns
panuuUszUlszaauA 18 msilszuavuiavesszuunaa Wil

wadguaarmaganualsanmsldudsnn Wi luudazu

v
(g

¥ Aa A o a s @ % e
HuNAadveITz Uy ANUITUUAIRAdnAsT 1 Y HaIINTum
Y 9 a o ¥ Ay Yo Ao
mMsasniaanuduudlaomas uaziiweyai ldmuiuning
s 2 ¢ A oa A A w & s
YuemMsfndusaduasenadduiunaiad tazmfaaasad
a o o o
naraonad lagmiladeams 19 Ivlhwesas nasanlddwmaels as
£
ponuuusruunsAnalszaonlide ginsaindandaau i
s a2 & { a 2 5 {
IAUAIDINAGF Y IT300Pag AIA15 191 1 Aagaammsaui e

¥ 1
uamﬂmqﬂﬂm‘fuﬂmwuwﬂw (Inverter) tounon U Traanielu

¥
@

o o & ~ X da o o
RRGEE Tﬂﬂ‘ﬂmuﬂuwuﬁm 15 9aen U3naiiufaaas luTinai

Tumsdnna lifamgadevesszun nazgmmgi

{ g A 1% a g1
a3 1N 1 Yeyaginsaindn liiuaaduaseniind ju IT300Pag

a

eantsznen e
e 1 (Pmax) 300 Sad
usaullihgege (Vinm) 36.4 Taad
nszud llvhgaga (mm) 5.82 toud]
Ay i 1 189 Tiaa (oc) 44.9 Taad
Az lihgegaildnnnsnadoudaies (Is) 5.89 tei]
5zannmn 15.4%

VUIALLAN (ﬂ’SIN XY1IXHU)

1956x922x40 iJ.

Standard Test Conditions (STC) : air mass AM 1.5, irradiance
1000W/m2, cell temperature 25°C

2.3 manam vy Tou
msaadnnum hilihdeniteuun Tou 1y gautiadlu 2
%141381 On-peak, Off-peak 1115841 1da a1 W idenileay

' Yo a =
“])”Nl’mﬂﬂﬂiﬁllﬂﬁﬂ 1 UagaunNIIn 2

Enx Cn=~8n (0
Ef X Cf = Bf @
Taoii
Bn Aamlgaea lilihaeniiteluagiaian On-peak (THB)
Bf AaarlFmea liihaenitelugianan Off-peak (THB)
Cn Ao 1ihaorniaeluaanal On-peak (THB/KWh)
ct Aaa Ilhaeniseluaianar Off-peak (THB/KWh)
En Sumisendan Tih A1 uame on-peak (kWh)
Ef SlunongannTihi1sugae Off-peak (kWh)

] 1 =1 v ' =
msem iy Tou sgnizonmnualdnailusiefenninnms
Tfhuasvane Tagdsaadlulawaumsi 3 tagdasianiznisaa

&
ATNN 2

(En+Ef+F)+(PxC)+Ft+Vat.=Eb (3

a 7 o v v
15-17 WOENAN W.A. 2562 Iiﬁ!ﬁﬂﬂ?ﬁﬁ%in@i f’]"l!ﬂE]Wiﬁﬁuﬂiﬂdiﬁ]t‘lﬁHT ﬂﬂﬂ]ﬂWiguﬂiﬂEGQﬁHT



Taeh
D AeanlSuaemiad ldihgagaludou ()
Eb Aasemea lilihaeimeu madeu)
[ 1 =Y ' A A

F AeAMsusMsaedou (UmAdeN)
Ft foa lelfunlsdu

1 o w a @
P Aemms 1ahaa ldihigegaludiou (RTadad)
Vat. Aemiiyan Ny 7%

3199 2 s Idvhuuy Tou @szan® 3 fansvinanan)

e e Anwanans T AmasanyTulih
seauusstunsionlas i L .
(vm/ATatad) (1mnina)
On Peak Off Peak | On Peak Off Peak
e 69 AlaTandiwly 74.14 0 4.1283 2.6107
nsad 1224 Al Taad il 132,93 0 42097 | | 2.6295
nsedudnd 12 AlaTaad iy 210.00 0 4.3555 2.6627

*FATANIMITfoU 312.24 WN/Afou

W
2.4 padszvida
{ NLY
muramsnieuisunalszndaa lineufadaiasy
@ e & A A A
nasdaauraanaIaImadluszezial 1 1@eu szazinaauny o
- ) o — SV ] SAkaey
szazna 13 Fan1lannaunisi 4. ¥e93d 2 35m3 eI A

Y 1o

o a B e ~ d :
ﬁ]11ﬂ1ﬁ11’ii‘]Jﬂ']iﬂﬂﬂ\?l,“])’ﬁﬁ!,L’ENf]'m@lgﬂuﬂWﬂﬁWﬂ1ﬂ1‘iﬂ1ﬂi§N1ﬂ‘ﬁq@]

¥
Ao

dmsulunsiven

Ay (um)
madszndan v 13 (um)

= szazaraunu (1) ()

3. HaNINAae

3.1 ﬂ1§ﬁ'1§3§]%03&ﬂ61ﬂ15

£l v
o A A

o 3 R &
nsdrsraveyaiiuiiaadsuuaiaiiveseinisinui
% 1m XA % y g
Warna 830 a1s1awas hiiiuiuaifseine eantsldudenilas
Tdhiidaving 12-24 AlaTiad
nsdsavveyaginsal e luerasidiudeglii 1. o
: 9
wsestlfuemiananuaitinanisldddddigega 173,79
9
Aladnd vaea lihuaeanaiinueiivsuamsldmhadiihgega
4
32.3 nladad guasaidninenmuailiuamsldmaa i
1 4
79g 245.6 D ladnd svemisiliSuamsldma ihgegasy
a51.68 Aladad USuamsldmdsauhiihvesnsaaldnnns
» H k3
asrniannnsesiiefanmasnu llihidadaseimes ldihwes

3| @ N @ o o
omsitluszoza 30 3 wunluduiinis 21 7 vesernrs Ims

UNANWITY
msilszyuinmainievieinanssu v ased 11

11" Conference of Electrical Engineering Network 2019 (EENET2019)

9 ] v
Tgndaau lddianua 25,275 Alatad-¥1Tua aundsde Judlu

1,203.59 1 Tadnd-1 Tue nazilFnamdsnu lddlusunga o Ju

' oA Y o Z Ay o o &
AUNLM5 IFNAINUNINUA 2,566.80 N TaTaa-9 Tua

Air conditioners
39%

Office equipments
54%

Lighting
7%

M Air conditioners Lighting Office equipments

30 1 dadaums1dmasTddhmeluerns

e == A\ EIE AT
AAINTHaR TridY

==—--AadtWilnasnsdass

FW‘WM H‘i‘*’f\k’m

e': W

< o o A 3 as o o
g1 2. ddshlhaeaina 75 fiTadad

3.2 MI0DNUVUNMIAAANI
vinmaieyanisdsraiinaiad mslduFua i

T = P} Ao gy = 1A a & g
AgnaY L!ﬁgﬂ'ﬂill"’ullLLE‘NV]'Jﬂllﬂiﬂﬂ!ﬂﬁﬂW“]J’N‘VIﬂ']i@]ﬂﬁ\i!“]fﬁﬁ

a S =

¥ ’
ueefiadiduiunaiai aunsondadiddlddr1dgega 75

o

Aladad da31li 2. wagwundwdsanu Ildumas 15 uuesanan

Y o o A Ao a & e A d9 Y A
!LazVlﬂ1/]1ﬂ']§‘t”111!’Jﬂ!!W€]1’i1Wﬂﬂfﬂiiﬂﬂﬂil‘ﬂfﬁauﬁﬁﬁ]'mﬂﬂslﬁmﬁa

waau hldhidesiigauaziidids Iidufisanesenis1difinavinae
asy o & o {
60 Nladaa Aagilh 3.
o 8 ~ 2 aa a 2 s
vnnisAannl/Teuiiouns 2 Fn1sAaduvad
a @ ' A a 2 g A odao
uagerinduuaIaiinyI AAnsAadusadudIeIRAdNANA 75

asy o 2% Aaw AYy o I o =
nlatadiu uazinnavig 60 Alataadludnisiei 3

A ~ a & 4 a Jd o o
13197 3 WSoueumsaaausaauaienaduaaz inauua

= 4 = v d = o o
WITINADS 75 nladae 60 N 1aae

Aunu 3,000,000 1111 2,400,000 1M
walszvdasedou | 45,910.69 1M 39,626.06 UM

s k]
wallsendasel) 550,928.22 VN 475,512.75 UM

=y ~ =y =~
FZOLANUNU 59l 51@eu 57

a 7 o v v
15-17 WOENAN W.A. 2562 Iiﬁ!ﬁﬂﬂ?ﬁﬁ%in@i f’]"l!ﬂﬁ]‘l/‘liguﬂi?ﬁﬁ]q}iﬂ'l ﬂﬂﬂ]ﬂﬂiguﬂi?ﬁﬁ]ﬂ“ﬁﬂT

195




UNANVIY
msilszyuinmansevieinanssulilvh asen 11

11" Conference of Electrical Engineering Network 2019 (EENET2019)

—dvlviihzasanans

Ardamsudatvvy

===-mas T mainmsiaey

S o o a 3 as o o
317 3. Mdallihdadavia 60 Aladadd

4. 3958mazaywanisnaans

~

v ! £
INAIT NN 3 ﬁ]WﬂﬂWS’Jﬁ]ﬂﬁW‘U'ﬂﬁﬂWSGIﬂGNL‘]iﬂﬁi
2 ¥

A J3 A da I Aao a
l!ﬁ\ii’)ﬂﬂﬂﬂmNWHWQﬂWQUuﬂWﬂW"I"UHWﬂ 830 ATINIUNT NUNANAAN

] v
" AAw a o

a o & o 1 =
YU 75 fladad nwaﬂiwﬂﬂﬂ1"11A|17\fmmﬂmmwmmmﬂmm 60

) o o 1 1 1
Aladad dszunar 75,000 1 mael BszeznaIAungindn s Ao uai
[ A 9 1
namaes l¥uinn
9
o % 4 =

=~ ¢ a a ¢
WUAIIEN WﬁﬁgﬂﬁﬂﬂﬂWi’ﬁ]ﬂﬂWiﬂﬂﬁﬂ!%ﬁﬁLL’EN@TVW]EJ‘]JL!
¥

¥ . ' '
A A A A Ao o @ =

E2 ¥
Aufinathveseimsiiu lunsdinlinunsda azd1eIns NIzAnna
a Y 12 o Yt a g’» s A 79 ¥
1319 W IS uamnn vuzihldlinsaaaasaduaioiad 11

s & A AL ANy ame S @ s 1]
Bufiui uazlunsd AR luiina uazdeiaisaanalings 14
9
WnalihlulBuades suzih i linsAeaasaduasoiagay
£ 1
NuiTen Tagnldgunisaiviraniseaaniasdfveawaa
nasofiad laeandeanuifsuians 1 lWdwesorns Taginan
uaawaiad Iidhiedald aseunqunswhismansgsadddd
¥
v8991013 nazaapalinslamae i ldamdinmsaadatnlag

o { a o2& o ' ' ' <
guanniga msinz ez Idar 1910 lihaedeutfesasiiu

A
a  w oA

o 'y 2 :
$ruwn uadwwalddununisdeasngavu szoznainunu

]
=

2 " o ¥ '
1IUTUVU LLﬁﬂﬂ1Wﬁﬂ‘§$‘1’iﬂﬂuuﬁ}Uﬂ1ﬂﬁﬂslui%ﬂgﬂn

a

=y =\
5. paanssudszma

P o

mamauamniuﬁ@lmwﬁﬂamﬂmmmm:au‘a‘”ﬂywamu1/1

2

Aa

] H S
HANUAATITY ﬁuﬂﬁuuﬁﬂWﬂﬁl!ﬂ%ﬁﬂﬂﬂiﬂi\iﬂ15¢’]}u!L‘UU1uﬂ1§

a ¥ 7

a o ' Y
ﬂﬂﬂﬁl%’ﬂm!ﬁﬁ@?‘ﬂ?‘lﬂﬂuﬂ?ﬂﬁ'lf]']ﬂ']iﬂ']ﬂﬁj “])”Jflﬁﬂﬂ']iclﬁlf"h\l‘ﬂ'] ag

Jd o 1

' o : o . A g
‘ﬂ'lllwﬁnlazlﬂulLUUE]EJ‘NTI«!ﬂ15@13‘!5ﬂHWﬁQQ‘]ulLﬂWquN‘]u@u”] 11

luauvessgunanaziensu

PNAN5D1909

13

[1] Yudong Tang Investigation on TOU pricing principles”

Metropolitan ~ Electricity ~ Authority (THAILAND).Medium

[4]

GeneralService.Availableat:http://www.mea.or.th/en/profile/109/1
13. [Accessed 14 august 2018].

Yu Wang, Haiyang Lin, Luyao Liu, Ronald Wennersten, Qie Sun.
“High-rise building peak load shaving using rooftop attached PV”,
Energy Procedia,Volume 152, 2018, Pages 484-489,ISSN 1876-
6102.

2

Aksornchan Chaianong,” Bill saving analysis of rooftop PV
customers and policy implications for Thailand”, Renewable
Energy,Volume 131,2019,Pages 422-434,ISSN 0960-1481.

D. O. Johnson, “GRID-CONNECTED PHOTOVOLTAIC
SYSTEM DESIGN FOR LOCAL GOVERNMENT OFFICES IN
NIGERIA” Nigerian Journal of Technology (NIJOTECH), Vol.
36, No. 2, April 2017, pp. 571 — 581.

M. Tripathy, “A critical

review on building integrated

photovoltaic products and their applications”, Renewable and
Sustainable Energy Reviews,Vol 61, 2016, Pages 451-465, ISSN
1364-0321.

CSSKMUTT, “Solar Cells and Applications”, Available at:

http://www.cssckmutt.in.th/cssc/classroom.php.

sz iRguanunanu

WYEINYS FIa Tanu

9.1, Qaangsn i) amfuma TuTadnszeeunduin
AUNINTANANTZAI, 2560

faefin 29y, Aranssumsinan) aontiuma TuTas

WszvaNAA IR NITAIANTZIIT

3. a3.3na dodnd

.. (Grangsumsianw) aaniumaluladnszeound
BIAMNMITAIANTIIT, 2538

w3 Grnngsu 1) aontiuma TuTaBnsyeeunduda
AUNWITAIANTZIN, 2541

2.9, (Mont-Institute for Automation) University of

Leoben, Austria, 2551

¢
£

wel. A3, 1INBSAANA JunIZIA
9.1, AAINTINAEAT) aa1tiuma Tu Tadnszaounausd
AUNNITANANTLI, 2540

5 N .
.. (na TuTaggannin) unrinerdoma la Tugnse
VOUNAITUIS, 2544
2#.9. (Processing Machine and Processing Technology)

Technische Universitit Dresden, Germany, 2551

a 7 o v v
15-17 WOENAN W.A. 2562 Iiﬁ!!.illﬂ?ﬁﬁdiinﬁ]i @1!5\@]1/‘!531!1’15?{%9&‘!1381 i]\iﬂ]ﬂWiZHﬂiﬂ%@ﬂﬁﬁﬂT



Yo-WANa

o a

Y eeu U win

=b

a8
Y

UseIRn1sAny

=

seaudIyane

ALY

72

ua

Usengiaeu

UBLONNYST FInladnad

10 NUAIWUG 2538

100/92 aUUNAINUIT 0.ATYEATUT0Y B.U1EN5E 2. A4NTUTINT
10540

IEINTTUAANS A1V1IAINTIUNAINUINAT dardumaluladnse

o

FDUNAUINAUNYNT A1MNTET

WAKUNLRDN, LWwaduasa1ing, N15euSNENANY



	Titlepage
	Abstract
	Acknowledgements
	Contents
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Appendix
	Profile



