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ABSTRACT

This research presents the design of a zero energy system (ZES) based on off-grid
photovoltaic (PV) system for small DC system whose load demand is less than 1 kWh/day.
This system consists of 3 parts: 300 W PV panel, energy conversion or solar charger, and
12 V 200 Ah energy storage. The used electrical utilizing system consists of 3 types: 20 W
LED lighting system, 35 W fan for air cooling system, and 100 W electrical boiler or heating
system, whose average load requirement is 0.795 kWh/day. This research defines 6 key
sustainability parameters and key performance indicators in order to evaluate the benefits
of ZES, which are design, energy security, efficiency, environment, system availability and
cost effectiveness. The result has been analyzed and it was found that ZES can achieve
more than 80% of the energy conversion efficiency and it can operate for 2 days without
charging the battery. The battery charging and discharging from PV are demonstrated to
confirm ZES energy security. The utilization ratio or the energy that required per one
square meter is less than 50 Wh/m? DC ZES and DC electric appliances are available,
affordable and easy to be maintained. ZES is designed in order to provide the electricity
for low-income people in remote areas, and its social benefits are more important than
the return on investment. It can be concluded that DC utilizing system is reliable for ZES
which can benefit to apply this system in remote area where it cannot connect to the

grid.
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wdunasoinowulanaandnuluuuilafandsnuneuen eswnuasenfineiiy
wasnuilufienlsnevesdomas wazillvluoensuauaunslefidediuauan

9 ndenuvnenuiinannlan mmiﬁiﬂgwé’wmﬂu@jué%gmﬁmimmmauG]af’i’u
szmnIAuneInIsnEInuluemsuasndsufiaunsondnlalue1nns seuuuuilufian
wEunuenfwuiy 9819l5AnN SEUUUUTlUR I NS s UAEUND ATV LANATANN
mmsﬁiﬁgwé’mmﬂu@uéagjﬁjw FisvaviSoanelud

SEUUUIUTLURININSUN8UDN LMD LULTDUABAUTEUUEIUDINIT I (Off-Grid

System) w3t uszuuLenifen (Stand-Alone System) fIfin1suIndssunyuIsuulylunis



nAnnFsnuifionavauasauresmIndanulueias wormsilendsnuduguonazssu
vuiilufisnndanunisusnifngusrasnesafenfufeanysunanunesnisndsuly
91073 uazatuayulvinsumdanunyuieuuilsluenas [15] varsauidelaatuayum
nruuasoringiiundanumadeniidfaaidesanuuisaauaseriingdsaiignas und
UseAvdnmlumsndendsnugatu Jamngiazunlvlussuuiildounetuniavesnislvin
V0ITUULENIAY [27)

szuvuwiilufisnndsnunsuenidenlameluladanndanuuaseniinoidudanan
nFanudiosndalvaglunisaniunuwasnisunssinwlugaiiedoutundsnunguiou
¥indu uennil ndsruuasfingdiinansenumeiinaouuos [33]

NuAnymaeiiszyn omsilmdsnudugusninesormsmidverialy wieuiusin
aﬁﬁ’ae‘?’fqﬁmgwag dielvanfismandaaalvdaiauiu muidediauen ssvuvudlufion
nFanunisuanazgaedlaluuiuinenderuainiiiiniwaesnisndseuluganiiy orasila
flamdsnunisuenigaesiimaumdsnuuasenfinesnfafafiondnnds g MBI
nslandanu Tneflenasilufionndinunisuenaznosdiauaesnisndsnuluiu 1 Alaton
lue/$u sumeyavesanuszedfisryn Usssnsuulanynauannsaendamdanulaesns
uay 500 Alatantaluy/d videifisuni 1.37 Alaten FalueSu lulwa. 2563 [34] Fsvefves
N33 1SR EReIMslivde aunsafndgunsnvesszuuuluflenndsnunisuen
18 wazsannsamuaualeladomnszuuiigunsalluiisie

TusAdenargatiuszyn EJ’]ﬂ’]i‘l?llﬁlsgw5&0WULﬂU@UE§ﬁ8N1%§$UU1WV§|}’Iﬂi%LLﬁﬁﬁ‘U
(Alternating Current-AC) tiasannfinslssuuagnmsuigadnuilnena aunsoasnseualisi
laluszaglnaninszuulalvinssuanss (Direct Current-DC) uanani gunsallnivrvasszuy
yvinszuaadudadufiunsnaisannnngunsallivvesszuulavinssuanss endlsfinn aly
izUUIWV:IJ’WﬂizLLﬁﬁﬁUﬁ]zgadaﬂgﬁLﬂ%l’elflLLU@QVLWV:IJ’]%\WHI%@GWDWNQEUWLﬁEJI‘LJiS“U“U [35] Tunns
ndufy svuuliwinszuanssannsnmendsnuindalelaglunesuadmdulrivnszuaady

nou ¥ ThanAugadsInnsuUasszuuliivi [36]
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2.2.1 uwdmdsudmiuszuudhuitlinanwdsnunieuen

nanalanunaandssnuresszuunuiilufonndsuneuendumiioutufuunas
n¥snuasormsilsndaudugus Flalvenua Fydundsnunawmiduesisann Wosn
nFsumaunuituuvaademadailudifunun waraunsounilslunisudandsuaniueins
[25] Faorarsilandsuduguerduuinnssuilvauadyresndsnunaunuaugfums
fiaunaluladinilnnsundsounaunululniaussansamgeaa [37) fofu waluladi
Aeresmeniamlundsnunaunuivssdniamanniigaislagnuianlyamduszuundls
flammdssuneuonivuiy

walulaBiwaauasefing (Photovoltaic-PV) tunidlumaluladiiuiunleluerasily
n¥ssudueue [26] Hoarnmsfindunseaauasofing lufinnudugeugsenilensuiioy
fundanunaunusiindug uenaini MAvosRITaALANDTing TlanamlnetaTsviatsuns
BumnnsAnRausIgaaLaeIfingileannuneINTNNILIINTEUUA [30] TavagaiauBue
vosgaauaserfing 1wy luiifuaiugUnsauiineandousis lufiiiss aquadnuinesiile
Wisuleufiundsnunaunueindue LLazmmsaam&gﬂﬁiwiunﬂ6‘]171 138] Tneranizluiuiiily
anunsaideumeszuulih andiulanimsfnsdosoimsilandsnuduauelusuunias fud
malnarueslunaeiiuiidosan luuiivuunitlufilile waluladwaduaeriing
ansaNauguAmIInvesUssansfiendsegluiiufivuuniini dlnamuaavadu [39)
Sty mﬂiuiagL%aéLLaﬂaﬁﬁméﬁaLLwéwawLLazLﬁuﬁﬁwam%’ummaﬁﬁwﬁﬂmmﬂu@ué i
p1ansiilandsnuduguedsdarudululaiomemumaluladuazmenumaiin [29]

Alrashed uag Asif [40] nan2la21 mﬂ’ﬁﬁiﬁz’fwé'amuﬂu@usj%éjaaﬁmﬁmmiwé’wu
naunuiiielfismeneaunninis fafu madenuvamdsrumawnudadudosadyuin
nFsnunaunLiinzasamiveasilendsnuduguilusmasuazuanmaty eedlsfinm
A. Scognamiglio laaueandasuainuasenfingdanannunseaduaseniing duuvasang
Wé’amuﬁmmzamﬁqmm%’ummiﬁi%wé’mmﬁuqusj fosninisfiadens Tudugeu Aua
SnunedeSoudleufundanumadondus [41]

penalsfionu M. Igbal [42] lanamalan orasilendsnuduguianusaduoiasil
idunendentunin femlniuneiasilendsnuduguelufinslandsnuaindomas
woada walsndsruainuuamdsnunaunuiidadslaluuiinueasitlendanudugus
WoNNE M. lgbal Felananalinszuuifundeauy (Energy Storage) yaso1msilandeaudu

Aueidudea "Aginafinnsandefinisfingsyuundanunauny Weswn Tuueiussuundsa
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NounuluaInnsonaanas Ul ieaNenaAURDINT AITURITIAINNINTUAIZUINEI9IURNN
sruuiundeuunly wazdinisuszgndsaugszuuiiundsnuluiuiissuundsunawnu

Y A
guan 'N']uvl?\lWﬁJVl

2.2.2 ABE19NTUANEI

Kaka Meah et al [43] lnaanwuuszuuduulaalandssnuannwaawasarineluinud
wlna wavlumeiuszuvas nunszuvtuuleglondsnuanaawasofinetiinuyu wazyse
P aa & 2 Y Yoo s a ‘o v Y a
avdwand wonanil szuuduu ledsnasuainweanaserinediluneluindymilazianieg
P19AInay Tunuwddedalananiliig szuuduu Nadendsnuannwaatasofineusainsy
n1surldlanunnielnannasgluvssmanidaimu ilesarnidunisamuilguenamsy
Jadeiiuguvssauguun ae1absinnu nsanauyuuisssnvvesssuuduwileglyndsenuain
waawase g wu Mslyianaunsaindnlulssma msiawaurwunlnilianuslun1sinng
wsednsatvayualyargueaInainniasy enaiminssvuduuilaglynduaineaa

a Sa ! Y Y d9Y o a o aAa ' a ¥

waenfinginisruuduy Mbndsuanesesdnshiwanilegidsla [44]

Abd El-Shafy A. Nafeh [45] laanuuueiasuluandunsadeuiunsaamsunseunsa
-'-NI -&J ‘:ll ! a a aa s y‘Q i
Wwedluiunmslnannusyusumuaynsieuy Yseinaddds ngladnsisvsuunasnaie
(Life-Cycle Cost Analysis) wazasuannislugaanasorfinvanivernsnluanduneudouns
fun3atununmsluaiienuauaasminzaud Wsmisamulussyze

Abdul Ghafoor et al [46] Taaaniuuaiaisituadunsadsuiunsaaimsuasounia
‘:‘I a ' ‘:"I yQJ L i a s al i U
Wwenlulssinauifaniu ermsumsillafundsnuaneaanatenfing dn1sauaunislyngsu
Tuv tnpazlulinsedlylivninnuneenisnasnugs wunsesusuamea unagiliesaunso
Trvhnandulaun vaeal sl wissdnun Muaziinay AUABINITNGINUTBIDIATUIGE

'Al a v ‘o o = a ~ ! ¥ s a ¢

ag# 5.90 Alatnadilueneiy uaziliolUToungualyagveeseuuIgaaLas I NINELALATS
Founefuninanunsaaguinnistuwaauaseiingavivenasiluanduseateuiuniafidnis
muaunstendsnuliviy Jwsnzauniniduaumeidauasuasugeans

Guda HA. et al [47] Tadaninsal@nwierfuaiaisituadunsadauiunsnainsu
asouadIvuInlnylulssnaludisey Inefionassenarndueians 3 vesusu dAunoIns
WANIU 6.5 Alatnatalusmeiu warasdnnsuigaauasonfineunlvamsvernisiluandunes

WeniunInlndszaunaania znesTusyiudadenie lawn anmenia A1uLuLYes

eIy ANABINITINNN wazniuszmaATiRnAveaauae1ing oenlsinu deafyainsu
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p1siluanduresdeutuninfeaznesiissuuifundsnuiifivszansnmgs engnslsaud
U TArdLarazaanlumsleny (48]

definsiSouiisuunasanendanua wivermsiiluandunesdeuiuninszceas
LEsenfinouarndrunadensun wueiasdnsiea sxiundionnisissuiisuailyaie
YBITYUUNS I TTaUAeTing warsruumIesinstwailenanndnua miulsadeuiinislna
muasalulssmeduie ssuunduuraauaenfineiinlaaneiin 11 waransandangany
nlneluiinansznunedawanaoy [49]

Lﬁaﬁmimﬁzuﬂvﬂﬂ’mzLLamiqiumﬁﬂiﬁh?wé’amuLﬂu@ué P. Kuar et al [50] Lo 173
Fouundrnaserfinoflyszuulriinsyuansaarlindoumnefuszuvasdlu Nilgirs District,
Tamil Nadu UsginaduLiey %qaﬂu%’mﬂaamw%ﬂL?i&NmiqzyL?ﬁﬁJMizUUﬁ]ﬂﬂﬂﬁuanlWﬁq
nsvuansaduliviinssuaadu Usenoumeunasaauaseinguuin 125 a0 LasuumASIvuIn
48 Tham 800 wouUdalus mumesntsndsnuluuiundsiusenaunie vaealivin LED wue 18
S Waauwua 32 a0 warviaoaliin LED auin 5 Fan wazfianselnsdwniede Feaanu
GTENﬂ’]iWé’ﬂﬂﬂuJﬂuﬁawuwamauauaamméjaqmiwé’qmumm%’u;‘Iﬁiwlgﬁaﬂuﬂimmawﬁa
Tneaideilaasun nmslessuulmhnssuanssannsnanUSuuaugandeluszuuliila

na1laan vaneussmnelalnaanua ﬁmmaqmmiﬁﬁwé’ﬂmmﬁu@ué WAZUINANNITVDY
aqmiﬁiﬁgwé’w}uLﬂu@usjmiﬁgt,ﬁuLmemﬁﬂiwé’@wé’Nm wu Tulssmaanigolsnn
Energy Independence and Security Act 2007 (EISA 2007) iéjauﬂmﬁﬁﬂﬁﬁﬁuauummi
Wﬁﬁ%&jﬁﬁaagwﬂwﬂﬁmLﬁumimwé’ﬂmwaqmﬂﬁﬁﬁwé’amuLﬁju@us—j TaeTud a.e. 2040
so8aY 50 Guaﬂmmimﬁﬁusﬁuﬂizmmu%’gaLm‘%mﬁ]w}ummLﬁumimwé’ﬂmimaqmmﬁﬁiﬁg
wuuaue wazermsmveTanunazno L dunsmundnnsTetetansi landsaudu
auelud am. 2050 [17]

Iua'wquiiﬂ Energy Performance of Buildings Directive (EPBD) Tagatd1mane9
91AN3AN5 TR AzApeiiunnslunsTAnTNE Iy TnsaraesABadnnsTesene
Wé“muujuqus] wazanelud .. 2020 e1AsEssaETineasltaraesdimsiansngany
mwé’ﬂmamaqmwé’ﬂmisuaqmmaﬁi%wé’amuﬂu@usj [51]

amdulsznelnety Sguralnglafivfiureuinueunundaau we. 2558 - 2579
(Energy Efficiency Plan (EEP) 2015-2036) U83& 1MINNUUBUISLAZUAUNGINIU NTENTNNGNY
fidmnevdnaenisanusuanislandau Enerey Intensity) Inlasosay 30 Tud w.a. 2579

(p.A1. 2036)diaLiisuiud w.a. 2553 (A.A. 2010) BauauoySnunasullanalninnisnseninis
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nslundsnunieyesnsa Hin sudeniseusnunasu [52] Inswnueysnundsnulanaiafienis
T¥NUgNUINIFINDIAT LYY Building Energy Code (BEC) @i5uaim1sasaluy saualuiingg

advayweAsilyndwuduauednnie [53]

2.2.3 gunsaivdndmiuszuuthuitliienwdsaunisuan
szwﬁmﬁlﬂﬁawwwé’amumﬂnmuaﬂmsgizwlwwywﬂizLLamaﬂisﬂanﬂc’;ﬂaqﬂﬂiaj
vdnaufiuanslunnd 2-1 fmelud

1) wnawanaefing Wionanndsnulniuanunesnisndaey (Load Demand)

2) Lﬂ'%laamm:u (Solar Charger Controller) muammﬁm%ﬂwé’ﬂmumm,l,mLﬁzjaé
LAIDIANGAINUALADT Imam%amuangmﬁwmmﬂﬂi’m‘%wﬁﬁ’uﬂ‘%mmwé’wuﬁmmn
LL&NL%aéLLaaa'}ﬁmélﬂajmema‘% [54] el Lﬂ‘%@ﬂﬂauamé’qawmimhaﬁaaﬁuiﬂﬁlﬁmmi
overcharged lusguu [55]

3)  LUAWES (Battery) undinuiinnawasudsonfinondnlaluainaieiu esan
wiaandsnuReLaeinsiiamzualunainasiy Sedlauaduneafundvaisesily
wunmediielrlunainansdy vieluiuiuravaauaioning luanunsandandsaula

4) Twaamslilvlh (DC Load) wdedlalivindilelussuuuudilufianndsuneuond

Wuduszuulnninszuansa

PV,

Charger & Controller
12V [

_ DC Load Pl!ﬂ.l‘l oC

Battery

AN 2.1 gUNIUNENTBITTUVUIUNITININS I U8 UDN
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2.2.4 yaiduvasszuuTuitlifanndenunanguan

szvvuuilafanndsunsuenansaanasulminiinn swauieg1adadu
(Sustainable Development) ManuNITAnIsngae iesanmswauiigduiu vaneds
msdnnisnineinsidegessuigaain ﬁmiauam%’wmﬂﬁlﬁsgaéwmumuwﬁmuéwé’q
aumslaninginaitensiauniidsdu azmuefe numiwenssssumulsiauiganim
FAaeludunsgruaunmdieitsy laglunluninensssauminioduinaoutunos
Uszansnmas FeuuillufenndanunisuenleiinsumSeninssssueniluiifunun vieuss
ﬁmsjmiszﬁumﬁmﬁmwﬁwmﬁawﬂﬁﬁgagﬁ’mlﬂammw%zy ﬁgﬁlﬁﬁlﬁ/\lﬁﬂ% ansaiilrvilyiled
AunmAiniiaula oy Suasandunanansiu viefwnaulilon tenmdudun

uonanil ndnn1svesuiluftenndiuasuen wzaesdinisanwazainnasly
wiauluorans wiodntonil Aemsussvdandsenilueinis [56] wu Sn1sdalaynadaiilad
n1slaeu wiedinsunededaliuuuusendalnviunly (Jusu Seaennassiundnnsves
m@mﬁiﬂ?wé’ammﬁu@ué Feazmesiinisananuseinislunislandseuluenns saumdinisy 1

PNAINUNALN UL TS RBNAANS I UR LT ua1AT

'
=

il sruvuuitlifonadsnunsusnazasaunisiauauamiinvesauiioy
Tuiluiimslnalufinuamdiniiatu Fadelanuuilufienndsnumeusnannsoanaiald
nslandseulaesswig Tnsfiniadglumesammuasnenin teasnseualiludsiiufividina
wu Auilluguin Finsasmuansszuvaedluguen defisuiuufinuenunenismdsnuly

& & A o aa O 'doa
WUNUUE L‘WEJ‘W%J‘LJ’]ﬂmﬂ’]W“U’JWUEN‘IJi%GU’]ﬂﬂUWUWMN‘/LﬂﬁEJEJNENEJ‘L!

2.3 szuulnAnlgluszuudunldnesninassuaiegusan
Tt luszuulavhuuady 2 ssuu un sruulinnnszuanse wagszuulnnsyuaadu

= o v o ¥ o = o ! &
Fadlanuwanansiunuaudnuazeaznisy Wl dseasdendmeluil

2.3.1 suulninszuanss (Direct Current)
duszuulwriddanisnisinavemdsnuiissiianiuien Tngluanndiaves
waanudialiivi eugunsallaivi anduaylnanduiitauanvesuvasnuialivindnasy usay
vosszuulrnszuansaasduaniave gunsallwwrvissiamy Trane S wiinn Sl
ndsenilvhnszuanseiifuummedidusaglnhnssuansaey

1V\IWﬁﬂigLLamQLLﬂqaamﬂu 2 Usgian [57] ”me'
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1) Tivnszuansessinnadae wielilvinnssuansiidvisnavastaye 1aain
LUAADS
2) TWwnszuanssUszinvluadaue violiinssuanssiduraseduluauiase
Tpanniedeslauily
oenslsfnu Tenssvesszullivinssuanssie niswasumusssulnvihenn Tuananse
USuasnsoifiuusssulilvinnsnseulasiwwmilounssuaadu
wanand wesedlsluvindlysufussuulnvinssuanssameadundedls v flvansu
svuulnnseuansavntiy Fsenamennninadedalinnszuunszuaadu nsziededds i
syuunseuaaduiuadedslwviilanuuudeurialy
genvesnslaliviinssuanseiie maammmgmtﬁaﬁLﬁ@ﬁ?’mumiuﬂmiﬁ/\lﬁ’] fonAdela
nanlan ssuuliwnszuamssummnglunmslanufuszuundnumudou Weaan azleaan

Augadunnsyuunesinduneswesiewlatinidunssuaadu (58] [59]

2.3.2 szuulninszuaadu (Alternating Current)

szuulnivinszuaady Fadunseuadifanislu-ndu aduiruinuazdraunasaiian
svuulwinssuansienauuinvideauiila esndlaegnmis unssuulwvnssuaaduasisaduly
15EMINTAUINLAYAU N1SWABUTIANIweInNISaaUTAEEenIT AuaveslinsTLaady
auavessyuUlnvinnssuaaduluwmazyssmaaiiauuananeiy 1wy Usenelneasl saanud
50 Hz %38 50 SoURBIWNT fati aznsneaudinssualnniiennumesnan nasnulnivinang
Uanemisli-ndu 50 ASanedundl

syuuliihnszugadudussuulnvinfiaumanzaunisu wlea miuatadewhlunse
gafvgeamnssuileliviuimamng Twvhilaaudewilufidussuulwinssuaady
osananunsaamdsnulatnaniiliiinseuanss 39 33UU1‘V\I'1/§|"1ﬂ33meﬂu'mmaiﬁt,mﬁuqq
unnlanadleasnseualiyvinunauansas %’aé{aaLﬁmﬂ%mamsmLa"LWﬁﬁQq%u flaziAnnsgeyde
Tuaneaanindy wponduszuulnwinssuaadu %ﬁmiLLUaQIﬁLﬂuIWﬁﬁLLiqqaﬁau iielnas
nszualinlameUiinanssualinnfiussnanszuulivinszuanss uaranansoannisgapdely

FTUUAINIY
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2.3.3 msseszuulniriussuuthuitlinenmwdsaunisuan
Tunuafeiladenlyssuulinssuansanidy imszeoenislnszuunudlafion
n¥sumeuaniinuUssUndsnuiidoiuunesiian Wesnnssuulivihnszuansedvefife
poInIAiowUadlin annsoifeunefuuamdungudsuiondandsuamiuszuy
vnilifenmdanuaeusnlaae Tunmanduiu adenlassuulnrinssuaady ssuvasiinig
qz:gl,?mﬁLﬁmmﬂmiLLanlwwym;’;sJLﬂ%aaLmaqlezljﬂ [35] fatunsidenlsszuulirinasuanseds

dunwmailsiilyannisgapdeluszuu [59] [60]

¢ ¢ =
2.4 \wAAUERINY WUALADT warlnannalui
¥ d‘ Id! £ a ¢ % d' % ' £ ¥ ! s
sruvvunlufisnndsnunigueniigunsamanilylunisagndenulawn unagas
a ° = & o Y ¥ Y - ‘
LE90T7Ing Uazuunmes saunslilunaanislininseanunein1sndanuy tngluaaifiuussas
uaseingainsonaanaula nasuazgnadluNAIUneINITNENIY karndsuTvieay
gnasndaunme’ Tunsdilunswaauadluausondandnula wuameiszdudnendanuy
Ny
2.4.1 \waduaINNY
¥ av et [ & o a v dl' ¥
sruvUUilufisnndsunieusn wWueimsvuadnfianusandandsnuiielyniely
91A15 WAWUNALNY (Renewable Energy) iuunaandsunuiuilufianindisunieuen
W HAanFu v wnuwamduusund (Primary Energy) Waaauvyuisunialuise
winlyaniundaliwamsuuiuilufienndsnuneuenivateyie waidunfdeuigade
[ waauaIeing WolTeufis uAuNasUNaAuNUIInduY kel WU NITAAAILNILYAE
wasofingludiaudugeuggnlunesdinisindeugisusy weanaInt Leaanasefineliunvey

U warsnveraakaefinglulagunnillewSeuiisuiundenunaunueindun

2.4.1.1 nszuaun1sinlalianidn (Photovoltaic)
waanaseineidugunsalnihianunsawfsundsuuadndundsulivilaensda
TngadunszuIunsinlalianidn (Photovoltaic) #911270A 171 Photo @9lUn1wnsnlkUaiwa
590U Volt ¥5ausssulani wWou 1wnsuiulaasninede nsinasuiveddidnnsoudasy Wiedl
s a A a ¥ & o ) A
WEAILAAANNIENULTAAWEIDARY Thieane Iaslyaisiesuiudusinaislunisiasuls au

(Photon) ¥aendsauainuasafaeglmdundsnuluv aruninansfsduanuiunlyazidu



16

Faneu Wnouarnewmdsnulviudiineseudsdeyniavedluviaveyluasfisiun auniln
fidnnseungnainiilaasuesesneuuaraIITalAAoUTion1adasy n1slnavesdidnnsouay
Aeduiivdnaiuiavensauaseniing Lﬁawﬂﬂ;ﬁaﬁy’aam%ﬂwmL%éLLaqmﬁméﬁmiamqaﬁ’u
ndu usnidudszqlivhunuazay SanslwavesdidnaseudnilmAnndsluviidluiviy
vongaauatefing asfiunduitivdsugundusandulilasnedian Tnglunonadoud

Fuaulae lnenszualvilaazidunseualvvhnszuanse

= P = a
AN 2.2 NISLARDUNVDNBLANATDU

war Ul inasn laazidudnaiulnensafuAULLAI R AN UMS Danad WU a1
WALYAALEIDNNREANUNIFINNY 100 79 LaIANLLIULES 1,000 TRR/A1519UAS ALY 013

AULVILES 100 TMR/a1919As 9za1unsnaten 1divla 10 Tnan Wumu

2.4.1.2 vlakazUssnNUaLYaaLEIing

Tudagduiimsimuvalulagnisudniwaalae1fingiiieanauyun1nIuNSHEN AR
wasofinguaznilagaauasefinefiuszdndnmaintu lnsfiwaauasorfinauuisantadu 3

nauaunalulagnlalunisudndneluil
1) waduasaindviananiheadanau (Single Crystalline Silicon: c-Si) @sild

iy fdnwazdudmasudayuia 4 au waakaaefineydain 191nTananidanuusgndgs 15u
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MnmsumulaRdnnITRsINawenadaneunsInszUen antuuandaduwndindounay
AULAT 4 euneufioru nadauuua

2) Wwaduasanfinduiinlnddanau (Polycrystalline Silicon: p-Si) Feimuiiiie
anpuYLNIKARTeNTALAse TingrTakENALIEEneu dafu Fufansauinelulafvessaa
wasenfinorilalnddanou Tnsuddneumailaadluuy Rumdmdsunoufisswinsdaiduun
U9 WveTAALaeingvialnaaneudatuunugUuaimassilusinisdaygs wagussaziidun
Suualiionann

3) \waduaserfinduiafduuns (Thin Film) Aonisuneiasfiauisouas
wruuandulalvinle sedoududuunsg waneq du asianatilawn Amorphous Silicon
(a-Si) Cadmium Telluride (Cate) %58 Copper Indium Gallium Selenide (CIS/CIGS) Taevialy
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2.4.2.1 RANNISNI9IUYDILLUALADS

NEINNITNIUYDILUALADTADN1TUAsUNS 1T undsulnny nanfeLummes
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WJugunsandliniinesfinisazauuazaelnilagerdeufnsevnaedifiiau anwil 2.4
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3n Bidnasoudifianisnisinaanurudensaludununewns Jefiununewnsaziialalasiau
leooutAnuazudaadunelalnsiou wavdudidnnseudiintuainunudensdlnefisidnnsoud
Ta3uunaziiudnay esnuwudnydlnleseuluansazarevd eidunsaedidnasouniluia
Wutauan mﬂﬂﬁﬂ%mﬁlﬁmﬁu mMadedidnaseuistuitavin v WAnnisvadidnasey uaz
MsSUBInAseUARTLTItray 1 TWAnnsTTBEnmseY TAuinuavauiiussslivh v MnfAnaay
LANANSVBIFNA Ll u,azLﬁ@Lﬂuwé’aqquWﬂwluﬁq@

UfAseniiinslnuazsudidnaseutu Sunn Ufn3en3nend (Redox Reaction) wusdiu
Ufi5e130n?u (Reduction Reaction) AiAnlunuuelun Lﬁuﬂﬁﬁ‘%mﬁﬁmﬂﬁ&ﬁﬂmau Baans
flwdidnasouariiaveandnduiiiniy wazUfAzereandiadu (Oxidation Reaction) MiAslu

¥ aaa A Y a = Ao a & = a o
ATUATLNA Lﬂuﬂgﬂiﬁﬂ%ﬂﬂ?iiU@Lﬁﬂ@iau PIAN1INIUDLANFIDUISULAVDDNYLAYUAN AN

AN 2.3 VANNNTN ITUVDILUALADS

2.4.2.2 USTNNUDILUALADST

LLU@L@@%LLUQ@@M@H 2 Uszam laun

=

1) uuanasugundl (Primary Battery) Asuunina3Nu15aunad eunlulyau

X Y

[y

PUANSINY A luarunsau v lalng wu wuseesluany Wusu

a a

2) wunnaInfenil (Secondary Battery) AouuntiaINaunsaulUy15ana 91U

q Y

vy U LUALaiiete LUMMOITRUN LTUAUY

2.4.2.3 M35UapyUsrqUaULUALADT
n1sUapeUszaveIkunnesaziley 2 wuu Taun
1) Shallow Cycle Battery @1u1satUasenasaulnvilas nnsesay 10 - 20 89

nasUluanaunazn Msusaluvnluy nusenisnszanlinled auunnluiusaeus
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2) Deep Cycle Battery arursavassndsnulainlauszuiusesas 80 o
wsumne neufiazminiswsalivinlug nunisnszanlinlusesd dulnguiunleiv
szuumdaliningluuuinerfefifszuundsnunyudsu svuuliiianses wuameivinid
SIAgINIUULLIN wlveRfe fengnislrnuilemiuiu amsaaenssualiiilaasd @i

YIFINSIUNTUIBABNTEELNNTR 1

2.4.2.4 wunwasimanzaudwsuszuutuiilifsnandseunieuen
Tusyuuuuitlufanndanumeuen Faiinsuanlnvianeaauaefingazlsuunines
LUUNREnT Lﬁamema’%ﬁasﬂmswﬁwé’amuamm LuURmBI Rt R UNEsu YN AinannIan
weseiing wazlurisitszuuluansnsandaliinlaiiewinluiiuaunn wunmesavama iy
o lufiivan wommeidaduiifeslsinniignlunismewaauasorfinglaunuunineisiinasia-
N5 %aéauﬂizﬂaumﬁ’mﬂumiumﬁaﬁLﬂu%auaﬂLLazaU'«jmagujiumsazmaﬂm%avﬁﬂ Taed

WAHARINITIN 2.2
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- @unsaaeuszy (Discharge) lawnn wadl | - Hasiuasnsaduaiulsenaunan Faudu
N13A18U589AI8AILBY (Self-discharge) NOlAANANIENUADFAIWINABUIDN T3
M1 YOYHANY

- mFelnane

nanalauunmeItianeia-nseaziiangnislanuiie iy IANuuvIu kagaulse
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auq wenanil 1ileNaTUINIUTIAY LuAmeI¥danzA3-NTANTIANgNNILUANEITIABUNY
Y R~ VR @ g = ¢ a % 'a ¥ ¥
il viluianndsnunieueniy dnsyisawunmesnasniia v Wluliaus dunedly
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2.4.3 Inaanalwiln
InanlnAegunsaduv Gsgunsaduvimluladussuundenunguiou wu aans
NN TV USITUA WAL DD NWUUL T URLAEN s ULNLTaawaIn1finelaeeny I9dluannia

Trvhnszuanswagivaavislvinszuaadu sendlsinu lunisdenly aznesaiiafianmnin

1 v '
v A

wazauUasaioiduafy [61] Beuidedazunauelvanmslnvlaguusauszuulavila 2

UseLnn toawkn

2.4.3.1 Waamslniinszuanse

\fosnenudusiusveanseualivinuasnanvesnssualnviinssn nssualuvinlvaniu
alufianiadior TudagsulnaaniswrinszuansaSuunsvatstuinn wu vasal LED (Light
Emitting Diode) iilosannidumnasnlvirfiuszndandsaiu wenani Sainaenlnamsulvviy
nszuansalaulanie “3e DC Compact Fluorescent Lamps (DC CFL) Fauszndalruinnan
aonlauaziiongnisleeufisntuiu Tnvueaarenasnnzifiou aunsalalasuussiulisi
nseuanss 12 Taanude 24 Than 1umu Felatin1siUseuLfioUAINLULT B ILEIEIN LAY YLIATBY
vaenliidansad 2.3 [62] Tnvaiiurmasn LED Uszudandenulaunnninvasnlivinvia

U

A5199 2.3 WSHUIBUAINULILYDILEIIINADA b

aon
14 AN nasnala 700 laifien AEIEIN
“®adA e 3
o e AMUAUE
AZLYU LAY Loadn v TnaUszunn
(Incandescent) (High
(CFL) (Halogen) (LED) (Lumen Range)
w) Pressure
(W) (W) W) (tm)
Sodium)
W)
12-15 - - 1 - 90
25 5-6 25 3 - 270
30 7-9 - q - 360
40 9-13 50 5 - 450
60 13-15 60 7 - 630
75 18-23 - 9 - 810
100 25-30 - 13 - 1200
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aan
i JEITETEY : :
15{ aan nagnata Na9n A6
1isan o
a aa AINUAUEN
AzLEU LU Loasn v TneUszunn
(Incandescent) (High
(CFL) (Halogen) (LED) (Lumen Range)
W) Pressure
w) w) W) (Im)
Sodium)
w)
150 30-52 - 15 - 1300
- - 150 40 - 3600
- - - 50 150-250 4500
- - - 70 250-300 6300
- - - 90 300-400 8100
- - - 100 400-450 9000
- - - 120 450-550 11000

2.4.3.2 naanalwinssuaasu
wuul%h/:l/wﬂszLLaaﬁuLﬁmmﬂmim?iauﬁ%m@ﬁﬂmaumﬂLméﬂﬁmwé’wuwﬁﬂqﬂmzﬂ
yvilnefimaindouiivesdidnmsouaduituainuarauiusgmasanan vanliinseuaadufie
gunsnlililymuuiudouaiulng wu gibu fnau wide Wuau Wesanlurdlyany

viueumluiiduszuulivhnszuaady dalu gunsalnnnszaduianuiiulalaeiialy

2.4.3.3 Tnaamslnifimanzaudmdussuutufilifenwasunieuen
desnszuutudlufiemndsnunisuan 34:@Lﬁuﬁawizﬁw%mwmmizwLﬂumﬁgg
Lﬁ@ﬂﬁ]’]ﬂizUUiWﬁ’mi%LLﬂG]ix‘iﬂﬁiamﬂ?’]i@ﬁyLﬁﬁﬁLﬁﬂ%ﬂiumiLLﬂmiWﬁ’]LW?JWI?EILPW%IENLL‘U%N
Tiviluszuu Suszuuuudiluftanndanuniouen 3adenlvlnasmisliviinszuansafioan

msaydeninvulunisudadiih wasiinsudssundenunuesiign

2.5 unagd
LWIANARYBITEUULINT LRI INE 1 U8 uBNNIA Nk ARYaIN1sTana s u T
AUy Feuruiluianmdsuniguenaznaalnisaianislandsnu Ineiissuvuiunludion

NEIUNBUDNIEADIYTUUIURN DAV UNIALANNTAUR N ITNAsUlA Y 1 Alatnndaluy/
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Tuuniiazna1ninN1seaNkUULALASINTEUU UL MININI NG9 UNEUDN Ttonrluun
& ' =3 ) o a7 a ) ¥ Ay = Y] e ¥ it
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NILHANTY AUNAFIUAIUABINTTILNNT LazunaINa I UaInTUTTUUUIUNTIRININE 39U
NEUBN NTU LdUNITODNRUULAZATIUIUNIURININEIUNsUan tielulln1snagauln
YU tuianndsaunsuanlussuulnninszhanssaunsanndulnase lneazuaus 6

F%7n (criteria) wazaaldin (key performance indicator) Mg ILASIEWI sEUUINNA

NILLANTINAUMUNZANLNNUDELNELSE TS TLUUUIUN BRSNS U8 UDN

3.1 UavedrAgyiidesnansand msudnunlineswinassiunieuen

%
a [

JadeanAginasiansanamsuszuuuiuilufsnndsunisusn Ysenaunie Ay

WUUDILAIDINRNE DAUNNT NUNLALAANIIIUNISAAGILNLIRAREIDNNANE SIUNIAIUANUSAT

9 Y
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1NAVUUULNLTAALAIDINNY 18TS18aLLD8nRIL

3.1.1 AMUIUYBILEIDN RS

Useinalnessogusiumilaiauaueans mviuiifeumuavesssmalnelasy
Lo fingnatodaziiviaaniuaseingluunazfunmnaeansd aulnesinnislydselesu
ANWAIDIREUNTUTZHLIAIUIY LUU NITOUDBUDIMITIABNITNIDIMITUNS NITAINN UTDNT
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N WA Wy

nIuRINAsUaRIULarauSnundsy (W) [63] lasiulleduumine defauing
Tun1sAnwIkazIANILNUNANS A T NWEID1ARSTUUSZNALNE AInINT 3.1 Faluwnunsnala
LARIANVLVBIAIDTINEUT AR vasUsemelnglugUvesnadeseTuned Tumnewnny
38 M9 ANTINUATAY waznUaNNTFURETuandeanile wavauusaunzunnideslaanag
NIENUABANULVLVBINAIDITINY amalranuutvedwasefinglulsewalnelagndeeyi 18.2

! ) A o ! A v ! Y P o

UNNEIANBANTINUATIY NTBLIgUNT 5.05 Alatentilusmensiaunsiy laeiieuain 1 dnn
Pl fiaumiiu 3,600 98 edierdumiiguiiafeuiunateyssna
AIAILLUNTYDIADTINEEIENDEIUTINTENING 20-23 LUNNEIARBANTINNATIY USaulasy

ANNYBaIingasanienslesinang Jusenidoanile launfminuassvdun
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AN 3.1 ANuukasRnelulsemealne [63]
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szfiundnen nueInLLYB LA neluUsEmAlsaunsanEand Ul lalnaLRe sty
Usuimneganann [64] Snits Lﬁ@ﬁﬁ]’]im’]ﬁﬂm%ﬂm@ﬂLLE‘NEﬂﬁ@ETLUL‘EJG]ﬂE\‘iLVIWQJW]uﬂi Jsiulan
mwm%ma«,mmﬁméaQiummsﬁﬁhauﬁwqmaa@ﬁ%ﬂ TnofiuriraaLase1ingauIsanan
wasulwviladud 4.23 $lus/u Tulwangannumuas [65] yonani %a;gagawﬁq 5 Jvas
A5ENTINEuluaTed 3.2 mmLGzTusuaaLLaqmﬁmEﬁuLﬁumﬂ@amwwmm‘ImLa?isag'ﬁ 16.84
Lmﬂxgaﬁamﬁmumﬁu Fauanslsding m;qmwmmumtﬁuﬁuﬁﬁﬁﬁﬂmwwlumwémwé’wm
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wnstraakasefinsluluansaumnamuasasinaddunlas lulinsnaningiuadinistasy

LANDIVINEUDILLAR ARG

P = = Y oo a '
M99 3.1 L‘UiEJ‘ULVIEJUM’]?,JLsuuiﬂaﬂ’NleEJGU’e)\‘lﬂizLWﬂIVlEJLL@BUiBWIﬁG]Nﬂ

Uszine AMNLTNSIEA9TIndsams183U

wawdad (MJ/m? - day)
ANIIVOIUNINT 8.95
Toswaun 9.95
Ju 13.0
anigolsm 19.0
D9ANILAY 19.6
BuLAe 20.3
ne 18

A15199 3.2 ﬂ’J’]ﬂJL“UﬂJSUENLLﬂ\‘i@’]ﬁG}EJGLUL“UG]ﬂ?ﬂLVl‘WiJMTHﬂiIﬂEJLQ%EJiS‘WJ’N W.A. 2553 - 2557

100.518 E

anlinANUDNLEIRITING: NTANNINIUAT (AUUWSTEIINT 1) Latitude 13.749 N Longitude

D

AMutNLEsindRasluuAazian (M)/m>-day)

au.A.

.N.

ga. | we | we | 3o | na

d.0.

.8,

#.A.

NW.8.

§.A.

2553 | 14.01

18.52

20.70 | 22.37 | 19.16 | 20.74 | 17.02

15.56

15.48

13.31

14.72

14.85

2554 | 17.47

17.98

13.96 | 18.05 | 18.28 | 15.38 | 17.62

16.20

15.25

13.79

17.74

17.07

2555 | 13.84

16.60

18.36 | 21.30 | 18.89 | 16.91 | 16.34

16.25

14.27

14.34

12.03

14.64

2556 | 15.67

16.48

19.76 | 20.03 | 20.47 | 16.41 | 15.07

16.90

13.76

12.84

20.43

17.41

2557 | 17.14

17.98

19.47 | 19.70 | 20.37 | 16.79 | 17.06

16.44

17.45

13.86

14.29

15.78

3.1.2 gaunal

samalidudadeandgyfedduusednsamuesansndandanulin ana15199 3.1 92

wiulann Tursfeumwsuvewn iy 1urana o AseugnueInJuNMUMUATLAZY8Y

Useinalng Fegungiilngiadesy 40 asAndeaidea unAduuvauasenineluiyn

nyamnEMuAsiageigalunoutwiey 2555 lagagi 21.3 WNN3a/ms1uunsiu Lagaiy
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anasUszan 2.3 dadliandloguugiau 1 esrndeadea [67] Nl 3.2 wandlniiug

aal e ! a it v " ' o o ©
gaumiinuanaeiuamensivisulUasanseualinuazusaiu laglawansaininuduius
Yoanseualnuazusiulugamgiinuananeiu nunlansvfendanuindala naugega
wrargauuiindalafousnununlansmilugian wudunuanigumgll 63 ssrdualdoads
Lﬁuqquﬁqﬂq(ﬂumww ANAUIUMIAINENUEIEAAD 31.3 Taaauay 4.95 LaNlUTaN1TH
nAnnaulagean 154.93 dnn Tuvasiaudniuaniaumgll -22 serided 9afa1uIumIa
WAKUgIEafe 41.4 laanuay 4.83 wanwUsaunsandnndsulagsan 199.96 Jae fatu na1

1931 nsasgaumaiianunsan Tvdmndsnulinilagadu

a

MWN 3.2 puduiusvaanssualivuasusnuninansenunoguugll [68]
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3.1.3 NUNUNISANAILKILYAALEIDNRNE

LAgUNALAINIUMUTILEANTAATNIITAAAILNLIAALAIDTINE ADUTLIUNSIAIVBIUIY
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= v

WA lUUASI919T NS ANATRABEID MRS UUNUAY MIDKLIUIY TUNSINNAIAIUDIUILTILIN VDS
Auly M39L91U8997ANSUNTY FIsInaaINalUsEa NS A mvaInIsHannasulnianeaa
A A a

LAIDITINEANAY AIU NITAARIYAALAIRTINgNANgARDUSI N UTaIKAITIa1U15aTY

waao1nelaensale Iasnizlurianal 9:00 — 15:00 u.

3.1.4 fign9lun1shinnaaaasaning
eeanUsvimnalnefsegusiiaunieiauauegns Ganiveingagindauiiainiea
pziueanlufifirnsTunnlngazindounoauiiela f9u Wain1SRARILNILYAALEIDNNNY FLADY

¥ '3
U

fanaunagaanaseinelnieelunisiivinie LazAIsiANaIATUVBILNILTAALAID1NE

Usganas 15-20 sarniuiufuiievuaionfingandainiuusaawaofinglaunniiagn

3.1.5 AUENUINUULHIERALEIRIng
definmslownaraauasonfinedusseziiauu sxiiduazess AT1UWT W3aANANUIN
DU WNPUTIUA UL VDIRIATATRAIDTINY N TMuNswaaLasefineSukalnanas@sana
' a Y ¥ ' o ' & da - v !
nan1snaanasulnanas eg1slsiniu luunasundauazoasiunnaieiu sy lules

qmamﬂﬁu%ﬁmQuazaaqqqmﬂwmmwsmsu L‘ﬂumu

3.2 auufgiuanIzuaieindilinadaszuutiunlinamwanasunieuen
mui%’almﬁaamﬁgmiw anwarnaaziuseandu 3 wuu laun anmzuasefingfiuin
(Full-Day Sunshine) @nMzuasv1ineU1unans (Partial Sunshine) wavanmzlufiuasendfing (No

Sunshine) A9s18azLdunnInalUd

3.2.1 dn1zudea1iindfunn
TuanmernARudseingfunn mness wiaraaLaeindanunsondnndsauladud
WWTaaLaeAnsasnsanaandsulnvinlaede 6.23 $2lus [69] Auaailesnuusaa
Lasoinefiunanledetiununn 300 Sae annsandandsnulnnile 1,269 San WioUsvanm 1.3

Alaine
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3.2.2 dn13zuasfingUrunans
Tuan mernafiuasenfinguiunats tiesann sy usgu vienng RIS
wasefingannsondandsnululaud mui%’aﬁ&?&amagmiﬂ LKL AR UAETinEANLNTOHAR
wEulrsEanmTesas 50 Y0ENINEINIATILASITINORLNN UHLYAALAIDITINEAL1D
nasndsulinnlaeds 2.11 $alus A waidenauunawaauaseniingfiuulsdsdivung 300

Tom anunsandnnasulnnile 633 Yan useUszunm 0.63 Aladtan

3.2.3 anzlilinaeaniing
Tuanimeanenlulivaaoniing nu18f9r95EeEnNaIaRuTILraawaIaineluaiunse

HARNEIIY AU WUAWMETITQNU NN IUNEENS UL LKL AR AR TR

a Y 24
3.3 HUUATIUAINUADINTIINAINIY
AUNATILAIINABINITNGINUAMTUUIUT LU NG NI UNIBUBNNIINATINABINT
I tuiugiuvesdssanslulsenelng waganuneanistnriduiiugiuvesussyinslanas

nuazRenIna Ul

3.3.1 arnudesmslwituiugiuvestszunsludsamelne
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(PVeen)

anmnzuaeingd | nanetu: uaweriinglunans Ty T Load > PVeen
N naneYuLaseningdunn T a1 Load < PVee,

naneAY T3 1o PVeen = 0
anmzuaseing | naneiu: udwefinguiunans T T Load > PVgen
Junang naneiu: uaseniinguey Ty (viela) T Load > PVeen

naneAY T3 Ty PVeen = 0
annlud] nanetu: wasenfineyos T3y T PVgen = 0
wae7ing naneAY T3 Ty PVeen = 0
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A9 3.6 1dun1suaasluniu ssuvuiudlafisnindsuaisuen Usznounie
AuUTENOUNANLAKA 1) WHLEALAIITIAY 2) LATEIAIUAN 3) LUAMET ua 4) anniglinn
sruvuuluiannasunsueniilyliwrfiisaneneauanduiiugrumiiu Jlawn Waau
= o & ' a @ o A -
vaealvl waziAsonuul lagasiiuinfianinisinaveanasuliianun 3 nualawn uedt 1
LHSLYAAKAITINEANENTIUGLUALADT IAUAT 2 LHLIAARAIRIINEA1ENF1UaLnaANIa
Tovl wagluue? 3 n1sfanasuanuuanesuilvlunainunasaatasefineluaiuisonds

NAIUNgananalrnanniglun

3.6.1 uKALYARULAINAE (PV Panel)
uragaLaseine iy 1alsa wivuwilimonmdnumeusnasduunaeaauasenfing
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M1319% 3.4 AANURYDILNLYAALEIRITINY

Electrical Performance

Max. Power Pmax 300 W
Operating Voltage Vmp 36.7V
Operating Current Imp 8.17 A
Open Circuit Voltage Voc a4a.4v
Short Circuit Current Isc 8.99 A

Al rating at STC 1000 W/m2, AM 1.5 spectrum,

Temperature Characteristics

Nominal Operating Cell Temperature (NOCT) 45+2°C
Temperature Coefficient of Pmax -0.43%/ °C
Temperature Coefficient of Voc -0.33%/ °C
Temperature Coefficient of Isc -0.067%/ °C
P
%
(1) WHALERALENDIINYUUNAIAINTURAUN (2) WHALERALENDIINYUUNAIAINIUYIN

AR 3.7 NSANRAILNITAAREIRI AN IUSEUUUILT IITININE 19 uA8Yen

3.6.2 WUALAD3 (Battery)
Ao Y Az o ¥ 4 ¢ a © a ¥ oA ¥ a o d'
wustmesiuMAUNSsulnvhNunasaanaseinendnlaiioluiainaishiu vielaa
urawaauateingluansandandanulinile euideilouunnes 1 gn v 12 Taan 200
wauUdlus dnsiundanumiu 2,400 Saadalus tnewusnesaienlvansussuuuiuily
= o ~ PN > ' a
famnduniguaniinisa1eysequuu Deep Cycle Na1150A18U5ELANINNILUALADS

555U
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AN 3.8 LUALHIDS

3.6.3 Lﬂéaaﬂ%Uﬂiu (Solar Charger Controller)
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Fuau neganuvenaiasniuauguifed Micro Processor nsandumdnaiadlanidsgsan
YDUKUTAIUATD NS uazUszguuaneilnfunasniial aunsonansuafivunteveaie
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ﬂ’JUF’JlILL@%%UW"\]@@@M‘W’JLG]EJﬂ‘L!ﬂim‘Vlllﬂ’]ia\ﬂﬂﬂmﬁﬂ EPEver UUABUNILADT
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3.6.4 naanelu (Load Demand)
a v ng gj dl ! ¥ g s o dld ¥ % it !

NuITeFuRatoulydn 1) vuamsuylyndenu 2 au Adeeinislyliviluaann 2)
A ulvlgluvuiiiielylutunugiureinisnsedn lawn finay vaealvl Lazin3esnuy 1
wag 3) yorduluuiuageaniuniauuenuiuluriaaIng19iu auaInasfuIsndun ned
sruuUIUlLfianIngsuaeuenuaatineausau Wlsianslaase amudseansiondely
funmalnavseasatluauisaidle Inefissuulivhluuuilaionndanunisueniiy
sruulivnszuanse el AuneInIsndsnuesuuiluisnndsnuneuenimiaziivun
lafiu 1.00 Aladnatalusmaiu

Aunaansivhluuuilufiandsnunsusnunstiinangunsalwinlyuewasin

Ay lawn Waan gunsalivhilueasanslawn nasalwv LED uwazgunsasliwiiilnaaiy

v v

<

T9U bALNLASIRNU 1WUIAANTAgNs1wazdenmunaIns v lakanallun1s1en 3.5

A15199 3.5 ANuReININaUlTvesuuR LN suNeLen

aunsallwi 19U QUEN Paaanlumsldau
(A309) (Ind) A8199U (6:00-18:00) AA19AY (18:00-6:00) e

EHIH P! WAL EHIH LY WAIY (kwWh)
(Fala9) (kWh) (Falu9) (kwh)

1. wownos

finau 1 1 15 1 0.015 12 0.18 0.195

finaw 2 1 20 1 0.02 12 0.24 0.26

2. WA

LED 1 (mén) 2 5 1 0.01 12 0.12 0.13

LED 2 (W) | 1 5 1 0.005 10 0.05 0.055

LED 3 (eau ) | 1 5 1 0.005 10 0.05 0.055

3, pwseu

\3eeALL 7 1 100 1 0.1 0 0 0.1

521 0.155 0.64 0.795

MUELYR NAIUTIVUARD TU

3.7 addanietassuiigy
n1slandenungagy (Sustainable Energy) Aonistyndssunieglniinyuselovuian
lnafindanuazsiduvesnau wagynauaunsaunilala [73] nsiwunluiinislandinusens

[y

geguty Agmaanasulniinisannstaminginsnieg Tue1ans wu wasusngs U1 uwasdae
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A19 Ninanan15AnTYnIAWINe0N @9AAaRIAUNEANLUIAAYDI81AIINE8Y (Sustainable

(% (%

Building) @satiuayulvnisneasisuaznislyveiaisiug dnansenunedwinaeuussfign [74]

NANUUIANYRIDIANNSsBUIER TN (Sustainability) Tu 3 aruduarfty lawn a1
AUINADY AULATEFND waEAUEIAN [75]
YA ' 9 ' a Y o o a Y A
FEUUUIUR LTINS I unsuenaunsoanasunslandnundBulaiiosann u
nsanasulvglegvndlnanuasyaunsadlvviluiion1snsadn GennassiuingUseasn
Y o oA & Y oaw ' v = =
YBINTIINGNIUNGIEY [76] wena1ntl VARG IUNIEUNINSTUIUNTNINUNTNIT
auaSunsinwdwInaey saumsaasunisleninensiiey
MUITeBudlauiaus 6 #237a (Criteria) waraaidin (Key Performance Indicator) 7
a1130U 1103R1291 seuulirnszuansellieuminzauinnuesLieslsamsusTuuUIU Y

= o =~ a PN = ) a o =
PNINTIWANIUN1YUBN I@EJ@JiWEJazLaEJ@mwniNVI 3.6 bazda 1MUNITNAITUINIATINNS.10
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NN 3.10 AgLAUIINITRANTL ULy 2 nay Imﬂqw 1 ATNINTUILIDIN
\Nelvesnvansaug (Efficiency) 0I5EUUVILRLIRNINING s uneuen Ussneuluae 1) ns
DONLUU 2) AIUIUASUDINGIUY thag 3) Uszansan LLazﬂqmﬁ 2 L NTUNTDIANNTITUY

(Sustainability) U845 UUVIUANAINIWEIIUABUDN Lawn 4) @ulanasu 5) Anunseuleniu

¢ v
Y

NN Uag 6) UseAnSualiamsugaans a1sidinlaluniy ssnaamnin1susuusanly el
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a = a v dy
UazidenvesmIndinimnelull

3.7.1 n19@anuuy (Design)

v v [

91A1sTiNevesiuLuINendBuazluanuafyiuiaaneasiadusensnn davan

neassazpeaiuinsfuduinany warnoanasunsUseudandanulue1ns saunssoynis
noas9e1ANs Auien1sUiuUTens [77] ssuundsuiidduiiinnsualalueinsasneg
a'aLa'%mmia@msqzytﬁaiuizwwé’wm o QREFGTERT) vidoumunmapnuiiamieay ieszune
auseunglueaisiaglunedainay wieiniosusuennie iWunu senslsiniy lniin1sunen
weluladnne wnragluniseanwuue1as eanUSinannuneIn1sngany wu nslean
atfafupuseuiioannusouluenms wenslauasansenaslnesyuumumesUsendalumn
Fumy

pendlsfny ssuvuuilufanndsnunisusnasnemanndnulaesnaes 1 Aladnn
il Sumudimnamdsnutuaiinnauaunsalandanulaluwazfu venaind dasnisly
wEauReuR (Utilization Ratio) wiensissuiiisundssudilaneiui 1 ans1aunsaznesd
AR 50 Fandaluy/ansiauns Inedisasinislendsnuneiiufianuisoauialafeaunis

aoluil

Utilization ratio = Required energy (3.1)

Total area

1AENNTINUNADINITNUIYDINFIUNABINITNINUATY 1 Tu [TRAT2109] waziun
PIPUANUNDINUN LU UUIUA LN ININEINUNIEUDN [A151UAT]
o X = a I o X A o SJ
791 NS UTBUAUAINAIURBNUT 50 TPATLLL/A15IUUAT UIINNITATUIUANT
Tanaeuluuiudeains F9la8RasuudeeMsNdanwuenNsaIulnadganuAuILn luian
9 X Ad e . N v oy
nwasunsuenlazdiunlyanuyssunn 33 m1519uns [78] Lasiin1sAEuuAgIUIIUIULEE

25 ASULNHINT 50 Bure fatiu Tu 1 T 92TANUABINTITNEINUY 1.67 U1 kazilaulun
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TunsalfddTan1un1seonuuuluaIy seuvuIURluNIIndsIunIsuana1aulsuan
AMUABINTITNAINUIARAT WU N1sUSUaNINIAgsaUUSaUILIndauluiiuTunseduauiln

souviieananusauluue v Mhasnslandsauluuiy Wumu

3.7.2 A7 UIUAIVDINAIIIY (Energy Security)
nsumdsnumgudsuulylueiaisiu minerasidudasainnia fadumsaneady
mannuduamdiny uazasfiunenesiiumdsnumuisuslsausauseusaadomdad
Tluems Snvedadunsasdamawisaeuiiintuluszeseni [79)
AnusfuaIandauresssuvuuilufsnndsnunisuentu finnsuniudeiin
wansafiRaUnd 1wy Tursnauuilunnini v Mussiwaauasofing luannsnmendanula
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srUvaradnsaenaule 2 Ju lngfanasanud 1509 nLUnnoIuly
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3.7.3 Uszansnw (Efficiency)
maam%mmmig{iyLﬁsﬂuszwLﬁuﬁaqmé’fzyﬁﬂﬁaﬂﬁm%’umiv"mmwﬁﬂmuﬁé’qﬁu
seuulaiimsgadeluszuunnn muneauseuutudysednsaine ddy MYinlazuansn
¥ PR R o g ¥ it ~ a a a o
STUVUIUR BRI NN Iuneuanityszuuinninsswanssiuseansaindineals Tagaiuise
A alamEuN1sRe UL
Wguigunaa i fawa Nlnainn1suanannwaandsafing wazn 1aannifasluaiy

ABINISNAIUYDISEUU  eA MU NUTEAUSAmAnaun1saane Uil

Power , (3.2)

System Efficiency =
Power,

N9 Power,, W8y Power,, N84 NEIUNLHUTAaLEID1NneNanla LarnaIaIue
6 v ~

#9lUFIAUABINITNARIUAILANAU LABULEAINININT 3.11 Use@nSandinnuinunaznosdiag

lum 1msevay 80
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Tuns@lndmIFTan1uUseans A nlunIy 91991N15ASIABUINIUTEUUUIUA LA INA

wasuneueniinnsgadelussuunvida wien nsaanisagydslussuuiiniu
PV,

Charger & Controller

[ —
Power,, 12V ﬂ DC Load

Power,,

Battery

a o ¥ o YAy ' Y]
AN 3.11 Na99U1 (Power;,) Bag NANIUDBN (Power,,) V8958 UUUIUAIRINING 19U

AYULN

3.7.4 dawnaay (Environment)

ANUNNAINILAIINTEUVUIUA LUAININEI9IUN18UD NLUUNNITAAUS U UNSHAR N
ANsUaUlnpanlen FINANTENUADELINADL @9AAABINUNANNISUBINAIIUNEITY Faneney
PaganUsurunisvaseniaa1suaubneanlenlussuunISHAANS U TUATTadda 1150

a ~ ! ¥ v 't o ' & s i g a
WIHULBUI1 STUUUIUNILRINI NG 99IUa1u15aUanen1wasUaUlneanlonuae NIy aLnaa
AU @1115an 15T ULTsUlugUN TN TUTDIUIUR LU NS 19U 1B UBNTITAIINTT
Yassnigaisuaulasanlealussuvuausaidudmaialain ssuuiuszansaimuinusausy an

N v ! i s A ' ! ' & o a a PN
szuulaiansinisuasenignisueulneanlenfiaindi geunineANINsEUUTUIIUTEAEANT
ABENI NIU N159AIINISUABYNIIANSUDU LD YAl ULARZSEUUAINITOAIUININNAUNNS

saneluil [76]

(Etota) x CO2 emission per kWh (3.3)
n

CO:2 emission =
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Total cost of equipment = n(a x cost, )Fn(bx cost ... + (3.4)
(C X COStBattel‘y )+n(d X Cost g, )+
n(e X COStLED )+n(f X COStBoiler)

lnefian a s f unwergmsleauveaniodlulnmi (Warrantied Lifetime) unagailn (3)

P a % ¥ ! a av X ¥ s a o ¥
uag n Asauwasedlliviunazyila Ineawideiln viualuunagaaasofinedonglya 20
7 wnsesauaniionglysu 10 9 wumne3 sinay viaen LED waziAsesnuuieny 59 [81] an
anuAgIuYeITeiieny 20 Juiue1gnslunuveunigaawateIfing LATEIAIUANILABY
mnsidgunn 10 4 wuatned Wnau vaen LED uavinesnuuiieny 5 4 dey neanins
Wagunn 4 4

W33 IAIMeNaanuY (Life Time Cost Per Unit) a3 uliieuanlyatensviunane

NRUNHARlanaeneLYRsTEUL tnga MMINEUNTRIRE UL

Total cost of equipment (3.5)

Life time cost per unit = - ——
Annual load consumption x Life time

WONINL NIIA MWMMTEYZNAAUNU (payback period) a@3N50RINTANUTEEANTHALTS

NaYUUiY Inea1unsan 1unleasd

Total investment (3.6)

Payback period = -
Annual energy cost saving

(% (%

yiall MApendsnuiinganamiussuuuilifanndsnunisuenaznesasni’
6.85 uv/Alatnadalus audns ) Feed-in Tariff (FIT) voslasenisudnlaniainndsey
LAt TinELUURRR UL ANd ﬁﬁuﬂ/wuagjmﬁmmm 110 Alaton muudnmuenssinsuleus
WE LR eTudl 15 Famau 2557 [82] wazszarnaAUNLTINEaLTesTTULULT L
fammdanuneuenagmedluiiu 20 doruegmslsnuresikieaauasefing

Tunsdifisdaauuseavsradaasvgmanslinnu ssuvenassuuumdlufianndsny

meuanelsulygunsaniiengnislynune vy
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uAteilamnisinuuasvasouausiunsweandinuesszuuULTlufonndsany
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Tvan 539TUN 5 - 15 WeAIN1eU 2560 LAzl WIRASAIN1TNN 5.1

M15197 5.1 YaYARAUBINTNAABUANIUADINGINUTENTUN 5 - 15 WaAdnieu 2560

PV Load Battery
Time PV PV PV Load Load Load | Battery | Battery | Battery
(hr) | voltage | current | power | voltage | current | power | voltage | current | power
V) (A) W) V) (A) W) V) (A) W)

6:00 14.0 0.3 4.2 11.4 3.86 44.05 12.1 -3.32 -40.19
6:30 221 0.5 9.9 12.2 5.94 72.51 12.1 -5.24 -63.36
7:00 22.2 0.6 12.2 12.6 2.11 26.60 11.8 -1.30 -15.37
7:30 23.2 0.7 16.2 12.3 2.12 26.03 11.8 -0.94 -11.09
8:00 23.6 1.5 34.2 0.0 0.00 0.00 11.9 2.65 31.48
8:30 24.4 2.7 65.9 0.0 0.00 0.00 12.2 4.97 60.61
9:00 26.3 34 89.4 0.0 0.00 0.00 12.3 6.69 82.27
9:30 27.2 33 89.8 0.0 0.00 0.00 11.2 7.37 82.58
10:00 28.0 4.2 117.6 0.0 0.00 0.00 12.3 8.80 108.19
10:30 27.3 5.1 139.2 0.0 0.00 0.00 11.2 11.44 | 128.09
11:00 28.6 4.2 120.1 0.0 0.00 0.00 11.5 9.61 110.51
11:30 28.0 3.1 86.8 0.0 0.00 0.00 11.2 7.13 79.86
12:00 29.1 38 110.6 0.0 0.00 0.00 11.6 8.77 101.73
12:30 27.0 1.8 48.6 0.0 0.00 0.00 11.8 3.79 44.71




PV Load Battery
Time PV PV PV Load Load Load | Battery | Battery | Battery
(hr) | voltage | current | power | voltage | current | power | voltage | current | power
V) (A) W) V) (A) W) V) (A) W)
13:00 26.5 2.3 61.0 0.0 0.00 0.00 12 4.67 56.07
13:30 27.1 24 63.7 0.0 0.00 0.00 11.9 4.92 58.59
14:00 259 1.1 27.2 0.0 0.00 0.00 11.9 2.10 25.02
14:30 24.3 1.3 31.6 0.0 0.00 0.00 11.9 244 29.06
15:00 25.5 1.1 28.1 0.0 0.00 0.00 11.7 2.21 25.81
15:30 25.8 1.2 31.0 0.0 0.00 0.00 11.9 2.39 28.48
16:00 236 0.7 15.3 0.0 0.00 0.00 11.5 1.23 14.11
16:30 247 0.7 16.1 0.0 0.00 0.00 11.8 1.25 14.77
17:00 24.9 0.2 5.0 0.0 0.00 0.00 12.3 0.37 4.58
17:30 24.8 0.4 8.7 0.0 0.00 0.00 12.3 0.65 7.99
18:00 24.8 0.3 7.4 11.4 1.98 22.55 12.1 -1.30 -15.70
18:30 3.6 0.3 1.1 11.7 2.18 2551 12.2 -2.01 -24.52
19:00 3.6 0.3 1.1 11.4 1.93 22.02 11.9 =177 -21.03
19:30 3.6 0.3 1.1 11.9 2.07 24.63 12.4 -1.91 -23.64
20:00 3.5 0.3 1.1 12.6 2.12 26.66 12.1 -2.12 -25.70
20:30 3.5 0.3 1.1 11.7 1.98 23.14 11.7 -1.90 -22.18
21:00 3.6 0.3 1.1 12.4 2.21 27.38 11.7 -2.26 -26.39
21:30 3.5 0.3 1.1 13.4 2.12 28.35 11.9 -2.30 -27.39
22:00 3.5 0.3 1.1 12.2 2.12 25.82 12.2 -2.04 -24.85
22:30 3.2 0.3 1.0 124 2.07 25.67 12.1 -2.05 -24.78
23:00 3.2 0.3 1.0 11.7 2.02 23.68 12.1 -1.88 -22.80
23:30 3.4 0.3 1.0 13.2 2.12 27.93 12.6 -2.14 -26.99
0:00 33 0.3 1.0 13.1 2.16 28.32 12.2 -2.25 -27.41
0:30 3.2 0.3 1.0 12.2 2.02 24.69 12.3 -1.94 -23.81
1:00 3.3 0.3 1.0 124 2.07 25.67 12.2 -2.03 -24.76
1:30 3.4 0.3 1.0 12.5 2.02 25.30 12.2 -2.00 -24.36
2:00 33 0.3 1.0 12.7 2.12 26.87 12.8 -2.03 -25.96
2:30 3.1 0.3 0.9 124 2.02 25.10 12.2 -1.99 -24.24
3:00 3.0 0.3 0.9 11.6 2.07 24.01 12.3 -1.88 -23.18
3:30 3.3 0.3 1.0 12.1 2.07 25.05 11.9 -2.03 -24.14
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PV Load Battery
Time PV PV PV Load Load Load | Battery | Battery | Battery
(hr) | voltage | current | power | voltage | current | power | voltage | current | power
V) (A) W) V) (A) W) V) (A) W)

4:00 3.2 0.3 1.0 12.3 2.07 25.46 11.7 -2.10 -24.58
4:30 3.1 0.3 0.9 12.3 1.98 24.33 11.8 -1.99 -23.47
5:00 3.4 0.3 1.0 11.7 2.12 24.76 11.3 -2.11 -23.82
5:30 3.4 0.3 1.0 12.4 2.02 25.10 12.2 -1.98 -24.16
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AN 5.1 AUFLRUSTEUINNSIUVDILHATAALAIDNTNE LUALADTLALINAANI
T

1) nsAnwniuiunsainegauanuiuawemasuiioldszuuinfnszuasdu
useilannsAneianusiunseandsnuielyssuulnvinssuaadulunsdlfiiy
Tvaamdlulvin semanatuil 17 fueneu 2559 Sefuil 23 ganau 2559 gunsuiilsUsznoume
LHLYAALEIDTTAEIIUIY 2 LN YUIALRIAE 300 TAR LUAABIY 1B 2 an wwn 12 Tham 120
wouUdalus uasiadosulamdanulnvindielraninsosessuiulnanmsinninssuaaduiituin
1.262 Ala¥andalue/Su §1913199 5.2 uona1nd szuviinisUszananawuy Real Time 1184
szuuARNiunes uarinsdwniadeud danwil 5.2 Tnsfveyailuansdsil Tasfl 1) PV Voltage
Ao ITU NN YR IULHI9ITUAIRTRY 2) PV Current AonsvualinIveLkIIsasuLatefing 3)
PV1 AoAnonsdeUSinaaaaiinnasn 4) INV Current Aonseuanssituouniaseauuasinyii
5) DC Voltage Aousssulnvrvesluiinszuanss 6) DC Current Ao nsvualwveslvin
nsvLaRsIENINsaRnauaniin1sAdliriiunanuUmAes 7) Temperature ﬁaqmmﬁﬁmmwa

LAY Ay 8) Status WAAIINTTUUEIN 19U



= v ' o Y ~ Y oa X
A15199 5.2 A9 NNSNAdRUANNUADITTUUNaIUlun st lnanyaliw ANy

gunsallWin | F1uau nnas (W) 1281 WA
(1h309) (h) (kWh/day)
viaealn 1 1 12 1 0.012
viaanaln 2 1 12 1 0.012
viaaaln 3 1 12 12 0.144
Waau 1 58 18 1.044
ABURILADS 1 50 1 0.05
573 144 1.262

AN 5.2 N5USLUIANANITNAADUAIULUAIUDING I NUANIUTLUU N SANNLARDUN
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nsifvveyaiioumandinsznauiunswessruuUudluflonndsauniouen
UsEnoumeleulges (Sensor) CPU Ladesiiodoasifioifonnaszuu wagssuu Monitoring i3
At 5.3 (1) Fauaadlifiunssuuifvreyasrausafivroyavesussdulvimuasnszualyivin
YOIUNIDTUATDITNE usaduliwuaznszualnvivoslininszuanss QuUUNTvIUHINDS

Lae7ing JansiuveyarIusTUURDLTNES TnelgunIaiTtuaIuTessul Aan1mi 5.3 (2)

(1) 52UV System monitoring 2) %uéauqﬂmaj

AW 5.3 NMsiNUTayaLian 1NTIATIEAUIUAIUBINET

Wowrveyanlauingnsanislandeuluuiuiluisnnduatsuentu awnse

A MWIUINENNTAIREUT

Energy,, =Energy,,, +Energy, .. (5.1)

NHINUTLRILSAaULEI1TInENERLA (Energyce,) LAAUNIAUAIIUABINITHA LY
(ENergy, oag) UINWAIWUMAULIURUALADT (ENergysiormee) W8T ENergy| oo ENereyce, uas

ENErgysioragedN1T0A MIUINAUNITNS.2 5.3 Uy 5.4 fiil

(P X t)Gen - PPVpeak X timeAverage (52)

(Pxt),,..=n XZ(P1Xt1+Pth2+Pnth) (5.3)
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(P X t)Storage - (P X t)Gen - (P X t)Load (54)

VI9E tiMe  erage Y1509 MUTILURRSNRITAAUADTINBANNTONEANS 1WA Feluiwn

nsunnUILATITIALRfemAY 4.23 Filuwmety

NANISNAGBU
dlouwanisnaaeudaatuil 17 fugneu 2559 feTuit 23 RA1AN 2559 UIATUINN

ALRAURINNT1T 5.3 (A1AKLAN 1) %léjsﬂuagﬂaﬁﬁmwﬁ 5.4 Lﬁaammﬂuﬂmﬁwﬂaganﬂ 30 W19l
MUV ENLAR U7 %agamaﬁaamahiamgsaj s Tuga9981 23:00 U, — 5:00 W. oe9lsf
A1 szuaa;ljaﬁﬁulﬁiwdwnm 5:00 u. - 23:00 u. awnsouansniulunnazsiaiadlagd

1) Tuwaean 6:00 U, — 12:00 U, FadureiunasaauaeRnsuRaaNa s NULES
Triviuaznanlmduilunaiuszann 9:00 u. FaflgamononuAesn1svedlnan wHsaa
Lasefindaznanndanulivirasndidvan wasismediavfullulunnes

2) Tuaa919a1 12:00 U, — 18:00 U. WHILBAALAIDARoTn&lnHanas wnds
fiemenenuneenis lumsiusawaauaseiinonaandanulivirlauinnnlvan wasaulvi
mﬂL%aéLLaﬂmﬁméazgﬂéﬂﬂé’ﬂmm waviilounsmaanaseingndandesulnnlanosni
Tvian 2zinsAmdsnuanuunmesanly

3) Tuaan 18:00 . — 24:00 U. UNIwaaLEIeTngaNsaluaNsaNEANS 191U

nvle feti F9Anua wduiazy 9MeIua 1PInNwUaLaeIIN L

‘:‘ ¥ dl QIJ o ! U dl o =
713190 5.3 VOHALRAYVDINTTINAFBUAITUNUAIVDINGINTIU J8NINIUN 17 Aug8u 2559 a9

Fuil 23 anAy 2559

Time PV PV1 | Conversion DC DC Temperature PV Load | Battery

current | (V) current | voltage | current | (Degree C) | Power | Power | Power

(A) (A) V) (A) W) W) W)

6:00 0.6 1.6 2.1 24.7 2.6 234 096 | 64.22 -63.26
6:30 0.9 18.1 2.1 24.8 2.4 24 16.29 | 59.52 -43.23
7:00 1.1 18.6 2.2 24.8 2.2 24.3 20.46 | 54.56 -34.1
7:30 1.4 19.1 2.1 24.9 1.9 24.9 26.74 | 47.31 -20.57
8:00 2.9 19.9 4.6 24.7 2.6 27.7 57.71 64.22 -6.51
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Time PV PV1 | Conversion DC DC Temperature PV Load | Battery

current | (V) current | voltage | current | (Degree C) | Power | Power | Power

(A) (A) V) (A) (W) (W) (W)

8:30 7.9 19.8 4.3 26.7 2.9 37.9 156.42 | 77.43 78.99
9:00 10 19.4 2 27.3 7.3 44.4 194 | 199.29 -5.29
9:30 11.1 19.3 2 27.5 8.4 46.9 214.23 231 -16.77
10:00 11.9 19.1 1.9 28.4 9.4 51.3 227.29 | 266.96 -39.67
10:30 11.6 19.1 1.9 28.5 9 514 221.56 | 256.5 -34.94
11:00 10.8 18.9 1.9 28.5 8 52.6 204.12 228 -23.88
11:30 8.5 18.8 1.9 28.5 5.8 50.6 159.8 | 165.3 -5.5
12:00 7.6 18.9 1.9 28.6 4.9 56.7 143.64 | 140.14 3.5
12:30 3.6 17.9 2 27.5 0.7 524 64.44 | 19.25 45.19
13:00 5.4 18.6 2 28.6 2.6 511 100.44 | 74.36 26.08
13:30 4.7 19.3 2 28.7 1.9 38.6 90.71 | 54.53 36.18
14:00 2.1 18.6 2.1 26.4 0.9 34.9 39.06 | 23.76 15.3
14:30 2.6 19.2 2.1 26.2 0.4 33.7 4992 | 10.48 39.44
15:00 2.2 19 2 26 0.8 32.2 41.8 20.8 21
15:30 24 19.1 2 27 0.6 40.1 45.84 16.2 29.64
16:00 1.3 18.3 2.1 25.6 1.8 32.7 2379 | 46.08 -22.29
16:30 1.3 18.1 2 255 1.9 32 2353 | 48.45 -24.92
17:00 1.2 18.1 2.1 25.5 1.9 31 21.72 | 48.45 -26.73
17:30 0.7 16.1 2.1 254 2.5 29.4 11.27 63.5 -52.23
18:00 0.6 13.2 2.1 254 2.5 28.8 7.92 63.5 -55.58
18:30 0.6 0 2.1 254 2.6 28.3 0| 66.04| -66.04
19:00 0.6 0 2.1 253 2.6 27.8 0| 6578 -65.78
19:30 0.6 0 2.1 251 2.5 27.7 0| 6275 -62.75
20:00 0.6 0 2.1 25.2 2.5 27.5 0 63 -63
20:30 0.6 0 2.1 25.2 2.6 27.4 0| 6552 -65.52
21:00 0.6 0 2.1 253 2.6 26.9 0| 6578 -65.78
21:30 0.6 0 2.1 25.2 2.5 26.7 0 63 -63
22:00 0.6 0 2.1 25.1 2.5 26.8 0| 6275 -62.75
22:30 0.6 0 2.1 25.1 2.5 26.4 0| 6275 -62.75
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A1519% 5.5 WSUUEUTIALAZIUIATDILUSLADS [83]

VUIAVDILUALADS 31A7 YU Wisugu AslYeu

(Ah) (V) (Wh) (Wh/u) ()
12V 65Ah 3,850 780 0.20 0.98
12V 100Ah 5,600 1,200 0.21 1.51
12V 120Ah 5,200 1,440 0.27 1.81
12V 150Ah 7,000 1,800 0.26 2.26
12V 160Ah 8,200 1,920 0.23 2.42
12V 200Ah 12,700 2,400 0.19 3.02




A15199 5.6 VUIALALIIANVDILNLTAALEIDNREINAINATANY [84]

VUIAUNILBAUEIDITNG 51A7 Wisuiigy NWaeugegaly 1
YUAIWE (W) (U ) (W/u) U (kWh/day)
120 3,000 0.04 0.51
335 5,400 0.06 1.42
50 1,380 0.03 0.21
80 1,968 0.04 0.34
100 2,376 0.04 0.42
120 2,760 0.04 0.51
140 3,264 0.03 0.59
150 3,300 0.04 0.63
265 4,040 0.06 1.12
270 5,220 0.05 1.14
300 6,100 0.04 1.27
310 7,200 0.04 1.31
320 7,500 0.04 1.35
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(W) U (Wh) (RN #1994
(Wh) v v

(Wh) (3u) ()

265 1120.95 325.95 12V 150Ah 1800 5.52 2.26

12V 160Ah 1920 5.89 2.42

12V 200Ah 2400 7.36 3.02

270 1142.1 347.1 12V 150Ah 1800 5.19 2.26

12V 160Ah 1920 5.53 2.42

12V 200Ah 2400 6.91 3.02

300 1269 474 12V 150Ah 1800 3.80 2.26

12V 160Ah 1920 4.05 2.42

12V 200Ah 2400 5.06 3.02

310 13113 516.3 12V 150Ah 1800 3.49 2.26

12V 160Ah 1920 3.72 2.42

12V 200Ah 2400 4.65 3.02

320 1353.6 558.6 12V 150Ah 1800 3.22 2.26

12V 160Ah 1920 3.44 2.42

12V 200Ah 2400 4.30 3.02
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5.1.4 Aauandan
mﬂsgauuamaqmuﬁmmwé’mumLLmuLLazay%’m;Wé’mu dm31n1sUansnie
asuaulaeanlan (CO, emission) neAlataadalus [gCOeq/kWh] vasungaALaID1neTiA
11U 54.8 gCOeq/kWh Fem15197 5.8 [85] dewssuiflsudnsinislasenia

AsuaulneanlenveILNIgaaLEIa IR AULTALTDING D UNTINERNa s UL

a =) a (% ' i M ¢ dy a ' PN ¥ a (%
19149 5.8 L‘UiEJ‘UL‘VlEJ‘U’fWﬁWﬂ'ﬁ'UaE]EJﬂ’]G?JF"I']iU@‘N‘lﬂE]E]ﬂ‘l"'UWUE]\‘llei’e)Lwaﬂmﬂ6] NVNAANEI9U
T

CO, Emission (gCO,eq/kWh)
Sources Structure & Fuels Fuel Total
Components combustion
Solar cell 0.0548 - - 0.0548
Natural gas 0.0003 0.11 0.53 0.6403
Coal 0.0019 0.15 0.93 1.0819
Lignite 0.0019 0.16 1.07 1.2319
Fuel oil 0.0015 0.10 0.77 0.8715

13 ATURAU NG UNALNULAL YT NYNAII, 2017
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A15799 5.9 LWSguiigusnsin1svassniea1suaulaeanlenvaessuuuun luianIng ey
MeuenlumeszezaIneg wazilssufisusnsinislasunigasuoulneenlenvesseuuuiud
TURIINAIUAEUBNAULRBLNA IR

ZECH CO2 Emission (gCO2eq/kWh)

ITYSLIAN CO, Emission (gCO2eq/kWh)
19 0.0436
1 1hou 1.3070
14 15.6838

Wisuisunuwamassiadulusseziian 1 Ju

Natural Gas 0.5090
Coal 0.8601
Lignite 0.9794
Fuel Oil 0.6928
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ZES: IRR

Revenue
Operating cost [/

Depreciation
EBIT

Tax

CAPEX

Change in W/C

FCF
IRR
Subsidy of CAPEX

Back-up Calculation

Start
End
No. of days
Weekday
Weekend
kwh per day
Weekday
Weekend
Total kWh
Weekday
Weekend
Total Kwh
Revenue

5.00
Total Revenue

Depreciation

CAPEX

1 68500

49.855

(483,000)

2290

13%

136,500
42,000
266,700
21,000
8,400
8,400

483,000

136,500
44,000
304,800
24,000
9,600
9,600

528,500

2018

2373

(23,000)
(20.628)

(68,500)

(3.793)

62,335

2018
1/1/2018
31/12/2018

23,000

6,500
4,000
50,800
4,000
1,600
1,600

68,500

1
2019

2373

(23,000)
(20.628)

(6,500)

1788

5,915

2019
1/1/2019
31/12/2019

365
261
104

1.300
1.300

339
135
475

1,697

2,373

23,000

6,500

6,500

2020

2379

(23,000)
(20.621)

(10,500)

9,555

2020
1/1/2020
31/12/2020

366
262
104

1.300
1.300

341
135
476

1,703

2379

23,000

6,500
4,000

10,500

2021

2373

(23,000)
(20.628)

(6,500)

1.788

5,915

2021
1/1/2021
31/12/2021

365

104

1.300
1.300

339
135
475

1,697

2,373

23,000

6,500

6,500

2022

2373

(23,000)
(20.628)

(68,500)

(3.793)

62,335

2022
1/1/2022
31/12/2022

365
260
105

1.300
1.300

338
137

1,690

2373

6,500
4,000
50,800
4,000
1,600
1,600

68,500

2023

2373

(23,000)
(20.628)

(6,500)

1788

5,915

2023
1/1/2023
31/12/2023

365
260
105

1.300
1.300

338
137
475

1,690

2,373

23,000

6,500

6,500

2024

2379

(23,000)
(20.621)

(10,500)

9,555

2024
1/1/2024
31/12/2024

366
262
104

1.300
1.300

341
135
476

1,703

2,379

23,000

6,500
4,000

10,500

7
2025

2373

(23,000)
(20.628)

(6,500)

1.788

5,915

2025
1/1/2025
31/12/2025

365
261
104

1.300
1.300

339
135
475

1,697

2,373

6,500
2,000
12,700
1,000
400
400

23,000

6,500

6,500

8
2026

2373

(23,000)
(20.628)

(68,500)

(3.793)

62,335

2026
1/1/2026
31/12/2026

365
261
104

1.300
1.300

339
135
475

1,697

2373

23,000

6,500
4,000
50,800
4,000
1,600
1,600

68,500

9
2027

2373

(23,000)
(20.628)

(6,500)

1788

5,915

2027
1/1/2027
31/12/2027

261
104

1.300
1.300

339
135
475

1,697

2,373

6,500
2,000
12,700
1,000
400
400

23,000

6,500

6,500

10
2028

2379

(23,000)
(20.621)

(10,500)

1434

9,555

2028
1/1/2028

11
2029

2373

(23,000)
(20.628)

(6,500)

1788

5,915

2029
1/1/2029

12
2030

2373

(23,000)
(20.628)

(68,500)

(3.793)

62,335

2030
1/1/2030

13
2031

2373

(23,000)
(20.628)

(6,500)

1.788

5,915

2031
1/1/2031

2379

(23,000)
(20.621)

(10,500)

1434

9,555

2032
1/1/2032

2373

(23,000)
(20,628

(6,500)

1.788

5,915

2033
1/1/2033

2373

(23,000)
(20.628)

(68,500)

(3.793)

62,335

2034
1/1/2034

2373

(23,000)
(20.628)

(6,500)

1.788

5,915

2035
1/1/2035

2379

(23,000)
(20.621)

(10,500)

1434

9,555

2036
1/1/2036

19
2037

2373

(23,000)
(20.628)

(6,500)

1.788

5,915

2037
1/1/2037

20
038

2373

(23,000)
(20.628)

(68,500)

(3.793)

62,335

2038
1/1/2038

31/12/2028 31/12/2029 31/12/2030 31/12/2031 31/12/2032 31/12/2033 31/12/2034 31/12/2035 31/12/2036 31/12/2037 31/12/2038

366
260
106

1.300
1.300

338

138

1,690

2379

23,000

6,500
4,000

10,500

365
261
104

1.300
1.300

339
135
475

1,697
676
2,373

6,500
2,000
12,700
1,000
400
400

23,000

6,500

6,500

365
261
104

1.300
1.300

339
135
475

1,697

2373

12,700
1,000
400
400

23,000

6,500
4,000
50,800
4,000
1,600
1,600

68,500

365
261
104

1.300
1.300

339
135
475

1,697

2,373

6,500
2,000
12,700
1,000
400
400

23,000

6,500

6,500

366
262
104

1.300
1.300

341
135
476

1,703

2,379

6,500
2,000
12,700
1,000
400
400

23,000

6,500
4,000

10,500

365
260
105

1.300
1.300

1,690
683
2,373

6,500
2,000
12,700
1,000
400

23,000

6,500

6,500

365
260
105

1.300
1.300

338
137
475

1,690

2,373

12,700
1,000
400
400

23,000

6,500
4,000
50,800
4,000
1,600
1,600

68,500

365
261

1.300
1.300

339
135
475

1,697
676
2,373

6,500
2,000
12,700
1,000
400

23,000

6,500

6,500

366
262
104

1.300
1.300

341
135
476

1,703

2,379

23,000

6,500
4,000

10,500

365
261
104

1.300
1.300

339
135
475

1,697

2,373

6,500
2,000
12,700
1,000
400

23,000

6,500

6,500

365

104

1.300
1.300

339
135
475

1,697

2,373

12,700
1,000
400
400

23,000

6,500
4,000
50,800
4,000
1,600
1,600

68,500
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Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)

11/9/2016 16:00 26.23 23 1.3 26.9 0.4 354 60.329 10.76 49.569
16:39 253 1.3 1.2 259 -0.7 32.5 32.89 -18.13 51.02
17:30 25.1 1 1.3 25.7 -1 30.5 25.1 -25.7 50.8
17:46 25.1 0.8 1.3 25.7 -1.1 30.3 20.08 -28.27 48.35
18:00 25 0.6 1.3 25.6 -1.3 29.9 15 -33.28 48.28
18:15 24.9 0.5 13 255 -1.4 29.3 12.45 -35.7 48.15
18:30 79 0.5 1.3 255 -1.4 28.8 3.95 -35.7 39.65
18:45 3.4 0.5 1.3 255 -1.4 28.5 1.7 -35.7 37.4
19:00 3.4 0.5 1.3 255 -1.4 28.4 1.7 -35.7 37.4
19:15 34 0.5 13 255 -1.4 28.2 1.7 -35.7 37.4
19:30 34 0.5 13 254 -1.4 28.1 1.7 -35.56 37.26
20:05 35 0.5 1.3 254 -1.4 28.3 1.75 -35.56 37.31
22:30 3.1 0.5 1.3 253 -1.4 26.9 1.55 -35.42 36.97
23:00 3.1 0.5 1.3 253 -1.4 254 1.55 -35.42 36.97
23:30 3 0.5 1.3 253 -1.4 243 1.5 -35.42 36.92

18/9/2016 0:00 3 0.5 1.3 252 -1.4 24 1.5 -35.28 36.78
0:30 29 0.5 1.3 252 -1.4 23.7 1.45 -35.28 36.73

1:00 2.8 0.5 1.3 252 -1.4 239 1.4 -35.28 36.68
1:20 2.8 0.5 1.4 252 -1.4 239 1.4 -35.28 36.68
5:00 24 0.5 1.3 25.1 -1.4 24 1.2 -35.14 36.34
5:20 24 1.5 1.3 25.1 -1.4 239 3.6 -35.14 38.74
6:00 20.6 0.5 1.3 25.1 -1.4 239 10.3 -35.14 45.44
6:28 24.6 0.8 1.3 252 -1.1 24.4 19.68 -27.72 47.4
9:24 27.1 7.4 1.3 27.5 57 4a2.7 200.54 156.75 43.79
10:00 29.3 8.2 1.2 28.6 6.4 a8 240.26 183.04 57.22
10:30 26.6 3.1 1.2 27.1 1.2 42.8 82.46 32.52 49.94
11:05 31.3 54 1.2 28.7 3.4 51.7 169.02 97.58 71.44
11:35 28.1 45 1.2 28.7 2.7 45.4 126.45 77.49 48.96
12:00 26.9 2.8 1.2 27.4 1 36.6 75.32 27.4 47.92
12:30 29.1 4 1.2 28.8 2.1 455 116.4 60.48 55.92
13:00 30.4 3.8 1.3 28.8 2 53.9 11552 57.6 57.92
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Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)
13:30 26.5 1.9 1.3 27.1 0.1 38.7 50.35 271 47.64
14:00 30 35 1.2 28.8 1.7 40.9 105 48.96 56.04
14:30 28.4 35 1.2 28.7 1.6 47.9 99.4 45.92 53.48
15:00 32.7 35 1.3 28.8 1.4 47.8 114.45 40.32 74.13
15:30 32 33 1.2 28.8 1.5 46.9 105.6 43.2 62.4
16:00 26.9 2.2 1.3 27.6 0.3 39.7 59.18 8.28 50.9
16:30 27 2.1 1.3 27.6 0.2 37.7 56.7 552 51.18
17:00 26.6 1.8 1.3 27.2 -0.1 35.2 47.88 -2.72 50.6
17:30 25.1 0.9 1.3 25.7 -1.1 31.6 22.59 -28.27 50.86
18:00 24.5 0.7 1.3 255 -1.3 30.2 17.15 -33.15 50.3
18:30 9.6 0.5 1.3 255 -1.4 28.8 a3 -35.7 40.5
19:00 33 0.5 1.3 254 -1.4 28 1.65 -35.56 37.21
19:30 3.4 0.5 1.3 254 -1.4 27.6 1.7 -35.56 37.26
20:00 34 0.5 1.3 254 -1.4 27.6 1.7 -35.56 37.26
20:30 34 0.5 1.3 254 -1.4 278 1.7 -35.56 37.26
21:00 34 0.5 13 254 -1.4 27.3 1.7 -35.56 37.26
21:30 35 0.5 1.3 253 -1.4 25.7 1.75 -35.42 37.17
22:00 35 0.5 1.3 253 -1.4 24.3 1.75 -35.42 37.17
22:30 34 0.5 1.2 253 -1.4 24.4 1.7 -35.42 37.12
23:00 34 0.5 1.3 253 -1.4 243 1.7 -35.42 37.12
19/9/2016 5:00 25 0.5 1.2 25.1 -1.4 23.7 1.25 -35.14 36.39
5:30 25 0.5 1.2 25.1 -1.4 23.7 1.25 -35.14 36.39
6:00 15.8 0.5 1.2 25.1 -1.4 23.8 79 -35.14 43.04
6:30 24.6 0.6 1.2 252 -1.3 24 14.76 -32.76 4752
7:00 24.8 1.1 1.2 253 -0.8 24.9 27.28 -20.24 4752
7:30 24.8 1.3 1.2 254 -0.5 253 32.24 -12.7 44.94
8:00 25.1 1.8 1.2 25.7 -0.1 26.7 45.18 -2.57 47.75
8:30 25.6 23 1.2 26.1 0.4 28.5 58.88 10.44 48.44
9:00 26 3 1.2 26.5 1.2 31.8 78 318 46.2
9:30 26.5 4.6 1.1 27 2.8 34.7 121.9 75.6 46.3
10:00 26.8 4.8 1.1 27.3 3 40.7 128.64 81.9 46.74
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Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)
10:30 27.1 6 25 27.5 29 433 162.6 79.75 82.85
11:00 26.7 6 3.6 27.1 1.9 50.7 160.2 51.49 108.71
11:30 32.4 6.1 2.1 28.7 33 57.8 197.64 94.71 102.93
12:00 27.8 52 2.1 28.3 23 49 144.56 65.09 79.47
12:30 27.2 39 2.2 27.8 1.1 40.9 106.08 30.58 75.5
13:00 325 4.4 21 28.7 1.6 40.6 143 45.92 97.08
13:30 32.1 4.3 2.1 28.7 1.5 52.7 138.03 43.05 94.98
14:00 333 39 2.1 28.7 1.3 49.1 129.87 37.31 92.56
14:30 31.9 39 2.1 28.7 1.1 41.8 124.41 31.57 92.84
15:00 26.4 2.7 21 269 -0.3 37.4 71.28 -8.07 79.35
15:30 25.1 1.7 22 25.6 -1.4 33.7 42.67 -35.84 78.51
16:00 24.8 0.9 2.2 253 -2.2 29.3 22.32 -55.66 77.98
16:30 24.7 0.8 2.2 253 -2.3 28.1 19.76 -58.19 77.95
17:00 24.7 0.7 23 252 -2.5 258 17.29 -63 80.29
17:30 24.6 0.6 23 252 -2.5 258 14.76 -63 T7.76
18:00 224 0.6 23 252 -2.5 258 13.44 -63 76.44
18:30 5.6 0.5 23 25.1 -2.6 239 2.8 -65.26 68.06
19:00 3.4 0.5 23 25.1 -2.6 23.8 1.7 -65.26 66.96
19:30 34 0.5 2.3 25.1 -25 239 1.7 -62.75 64.45
20:00 33 0.5 2.3 25 -25 24.1 1.65 -62.5 64.15
20:30 3.2 0.5 23 25 -2.6 24.1 1.6 -65 66.6
21:00 32 0.5 23 25 -2.6 24.1 1.6 -65 66.6
21:30 3 0.5 23 25 -2.6 24 1.5 -65 66.5
22:00 3 0.5 23 25 -2.6 24.1 1.5 -65 66.5
22:30 28 0.5 23 24.9 -2.5 24.1 1.4 -62.25 63.65
23:30 2.7 0.5 23 24.9 -2.5 243 1.35 -62.25 63.6
20/9/2016 0:30 2.6 0.5 23 24.9 -2.6 24 1.3 -64.74 66.04
1:00 25 0.5 23 24.9 -2.6 24.2 1.25 -64.74 65.99
5:30 2.1 0.5 23 24.8 -2.6 24.5 1.05 -64.48 65.53
6:00 15.2 0.5 23 24.8 -2.6 24.5 7.6 -64.48 72.08
6:30 24.2 0.6 23 24.8 -2.5 24.8 14.52 -62 76.52
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Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)

7:00 24.2 0.8 23 24.8 -2.3 254 19.36 -57.04 76.4
7:30 24.3 1.5 23 24.9 -1.7 26.7 36.45 -42.33 78.78
8:00 24.4 1.9 23 25 -1.2 27.3 46.36 -30 76.36
9:00 252 3 1.1 25.7 1 34.3 75.6 25.7 49.9
9:30 253 2.1 1.1 259 0.1 323 53.13 2.59 50.54
10:30 26.1 4.5 1.1 26.5 25 35.8 117.45 66.25 51.2
11:00 25.7 2.8 1.1 26.2 0.8 36.5 71.96 20.96 51
11:30 25 1.2 1.1 25.6 -0.9 30.2 30 -23.04 53.04
12:00 24.8 0.7 1.1 253 -1.5 25.7 17.36 -37.95 55.31
12:30 24.8 0.9 1.1 253 -1.2 24.7 2232 -30.36 52.68
13:00 24.8 1 1.1 253 -1.2 249 24.8 -30.36 55.16
13:30 24.8 1.3 1.1 253 -0.8 255 32.24 -20.24 52.48
14:00 24.8 1.5 1.1 254 -0.5 26.1 37.2 -12.7 49.9
16:00 24.9 15 1.1 255 -0.6 28.3 37.35 -15.3 52.65
16:30 24.9 1.4 1.1 254 -0.6 28.2 34.86 -15.24 50.1
17:00 24.7 1.2 1.1 253 -0.9 275 29.64 -22.77 52.41
17:30 24.7 1.1 1.1 252 -1 27.4 27.17 -25.2 52.37

21/9/2016 6:00 24.6 0.7 1.2 25.1 -1.4 24.7 17.22 -35.14 52.36
6:30 24.6 0.9 1.2 252 -1.2 24.8 22.14 -30.24 52.38
7:00 24.6 1.1 1.2 252 -1 254 27.06 -25.2 52.26
7:30 24.7 1.1 0.2 252 -1 25.6 27.17 -25.2 52.37
8:00 24.7 1.3 1.2 252 -0.8 25.7 32.11 -20.16 52.27
8:30 26.5 6.1 1.2 27 43 38.9 161.65 116.1 45.55
9:00 27.5 8.1 1.2 279 6.4 429 222.75 178.56 44.19
9:30 30.1 8 1.2 28.7 6.2 49.2 240.8 177.94 62.86
10:00 28.1 6.7 1.2 28.6 4.9 49.9 188.27 140.14 48.13
11:00 333 53 1.2 28.7 35 48.5 176.49 100.45 76.04
11:30 29.1 5 1.2 28.7 3 452 1455 86.1 59.4
12:00 33.8 4.8 1.2 28.8 29 53.4 162.24 83.52 78.72
12:30 26.7 2.6 1.2 273 0.7 48.3 69.42 19.11 50.31
13:30 28 3.7 1.2 28.6 1.9 48.4 103.6 54.34 49.26
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Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)

14:00 26.8 23 1.2 27.4 0.4 40.9 61.64 10.96 50.68
14:30 27.9 34 1.2 28.6 1.5 43.8 94.86 429 51.96
14:30 27 25 1.2 27.6 0.6 38.8 67.5 16.56 50.94
15:00 26.6 1.8 1.2 27.2 -0.2 34.6 47.88 -5.44 53.32
16:00 25.7 1.5 1.2 26.3 -0.5 30.1 38.55 -13.15 51.7
16:30 25.1 0.9 1.2 257 -1.1 28.2 22.59 -28.27 50.86
17:00 25 0.8 1.1 25.6 -1.3 25.7 20 -33.28 53.28
17:30 24.9 0.7 1.1 255 -1.4 254 17.43 -35.7 53.13
18:00 24.9 0.6 1.1 254 -1.5 24.8 14.94 -38.1 53.04
18:30 35 0.6 1.1 254 -1.5 24.7 2.1 -38.1 40.2
19:00 34 0.6 1.1 254 -1.5 24.7 2.04 -38.1 40.14
19:30 3.4 0.6 1.1 254 -1.5 25 2.04 -38.1 40.14
20:00 33 0.6 1.1 253 -1.5 254 1.98 -37.95 39.93
21:00 3.2 0.6 1.1 253 -1.5 255 1.92 -37.95 39.87
21:30 3.1 0.6 1.1 253 -1.5 252 1.86 -37.95 39.81
22:00 3 0.6 1.1 253 -1.5 24.9 1.8 -37.95 39.75
22:30 29 0.6 1.1 253 -1.5 25 1.74 -37.95 39.69
23:00 2.7 0.6 1.1 252 -1.5 24.9 1.62 -37.8 39.42
23:30 2.7 0.6 1.1 252 -1.5 249 1.62 -37.8 39.42

28/9/2016 5:00 2.1 0.6 1.1 25.1 -1.5 24.2 1.26 -37.65 3891
5:30 2.2 0.6 1.1 25.1 -1.5 24.3 1.32 -37.65 38.97
6:00 16.4 0.6 1.2 25.1 -1.5 24.2 9.84 -37.65 47.49
6:30 24.6 0.9 1.2 25.1 -1.2 24.6 22.14 -30.12 52.26
7:00 24.7 1.3 1.1 253 -0.8 255 32.11 -20.24 52.35
7:30 24.8 1.5 1.1 254 -0.5 26.1 37.2 -12.7 49.9
8:30 26.6 6 1.2 27.1 4.1 37.7 159.6 111.11 48.49
9:00 27.1 7 1.1 27.6 5.1 41.8 189.7 140.76 48.94
9:30 27.6 9 3.7 28 4.8 44 248.4 134.4 114
10:00 26.1 35 3.7 26.7 -1 424 91.35 -26.7 118.05
10:30 26.8 3.8 1.1 273 1.9 39.1 101.84 51.87 49.97
11:00 26.5 25 1.2 27.1 0.6 41.2 66.25 16.26 49.99
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Date Time PV PV Conversion DC DC Temp Power PV Power Storage

voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)

11:30 26.7 3.1 1.1 27.3 1.2 36.7 82.77 32.76 50.01
12:00 28 4.8 1.2 28.6 29 37.3 134.4 82.94 51.46
12:30 33.2 4.8 1.1 28.7 2.4 42.6 159.36 68.88 90.48
13:00 28 3.8 1.2 28.6 1.9 36.6 106.4 54.34 52.06
13:30 30.4 3.4 1.1 28.8 1.5 37 103.36 43.2 60.16
14:00 29.8 3.4 1.1 28.8 15 44.5 101.32 43.2 58.12
14:30 31.2 33 1.2 28.8 1.2 46.2 102.96 34.56 68.4
15:00 32.2 3.1 1.1 28.7 1.3 40.3 99.82 37.31 62.51
16:00 26.1 1.5 1.2 26.7 -0.5 33.9 39.15 -13.35 52.5
16:30 27.1 2 1.1 21.7 0.1 333 54.2 277 51.43
17:00 249 0.8 1.1 255 -1.3 289 19.92 -33.15 53.07
17:30 25.1 1 1.2 25.7 -1 29.7 25.1 -25.7 50.8
18:00 19.7 0.6 1.1 254 -1.5 28.2 11.82 -38.1 49.92
18:30 34 0.6 1.1 254 -1.5 278 2.04 -38.1 40.14
19:00 34 0.6 1.1 254 -1.5 27.6 2.04 -38.1 40.14
19:30 34 0.6 1.1 254 -1.5 27.4 2.04 -38.1 40.14
20:30 3.4 0.6 1.1 253 -1.5 26.8 2.04 -37.95 39.99
21:00 3.4 0.6 1.1 253 -1.5 26.7 2.04 -37.95 39.99
21:30 33 0.6 1.1 253 -1.5 26.5 1.98 -37.95 39.93
22:00 33 0.6 1.1 253 -1.5 26.7 1.98 -37.95 39.93
22:30 3.2 0.6 1.1 252 -1.5 26.3 1.92 -37.8 39.72
29/9/2016 6:30 24.6 0.8 1.2 25.1 -1.3 252 19.68 -32.63 52.31
7:00 24.7 1.2 1.2 252 -0.9 26.1 29.64 -22.68 52.32
8:00 253 2.2 1.2 258 0.2 29.8 55.66 5.16 50.5
8:30 26.8 6.1 1.1 273 43 39.9 163.48 117.39 46.09
9:00 28 8.5 1.2 28.5 6.7 46.2 238 190.95 47.05
10:00 30.6 8.1 3.7 28.6 3.9 51.9 247.86 111.54 136.32
10:30 32.2 7 3.7 28.7 2.7 55.9 225.4 77.49 14791
11:00 34.3 3.6 1.1 28.7 1.7 53.9 123.48 48.79 74.69
11:30 35 2.8 1.1 28.7 0.9 59.9 98 25.83 7217
12:00 34.8 2.8 1.2 28.7 0.9 59.3 97.44 25.83 71.61

101



Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)
12:30 35 3.1 1.2 28.8 1.2 56.4 108.5 34.56 73.94
14:30 34.5 1.9 1.2 27.6 0 429 65.55 0 65.55
15:00 28.2 2 1.2 27.6 0 37.9 56.4 0 56.4
16:30 25 1.2 1.1 25.6 -0.8 29.3 30 -20.48 50.48
17:00 25 1.3 1.1 25.6 -0.8 29.3 325 -20.48 52.98
17:30 25 1.2 1.1 255 -0.9 29.2 30 -22.95 52.95
1/1072016 7:00 24.7 1.4 1.1 253 -0.7 26.5 34.58 -17.71 52.29
7:30 25 1.8 1.1 255 -0.2 28.3 45 -5.1 50.1
8:00 26.2 3.6 1.1 26.7 1.7 31.8 94.32 45.39 48.93
9:00 26.2 38 1.1 26.8 1.9 33.6 99.56 50.92 48.64
9:30 273 8 1.1 27.8 6.2 41 218.4 172.36 46.04
10:00 27.4 58 1.1 27.9 4 38.4 158.92 111.6 47.32
10:30 31.3 6.3 1.1 28.7 45 42.2 197.19 129.15 68.04
11:00 31.7 7.8 3.8 28.7 2.7 50.8 247.26 77.49 169.77
12:00 33.4 5.8 3.7 28.6 0.9 522 193.72 25.74 167.98
12:30 31.8 5.2 3.7 287 0.8 51 165.36 22.96 142.4
13:00 33.6 4 3.8 27.4 0.4 57.8 134.4 10.96 123.44
14:00 26.7 2.7 2.2 27.3 -0.2 46.9 72.09 -5.46 77.55
14:30 31.4 32 22 27.6 0.1 52.4 100.48 2.76 97.72
15:00 329 2.9 2.3 27.6 -0.1 49.9 95.41 -2.76 98.17
15:30 28.5 29 23 27.6 -0.1 40.3 82.65 -2.76 85.41
16:00 26.9 29 23 27.5 -0.1 39.5 78.01 -2.75 80.76
16:30 26.3 24 2.2 26.8 -0.5 36.7 63.12 -13.4 76.52
17:00 24.7 13.4 23 253 -1.8 33 330.98 -45.54 376.52
17:30 24.7 1 2.3 252 -2.1 31.6 24.7 -52.92 77.62
18:00 20.7 0.6 23 252 -2.5 29.6 12.42 -63 75.42
18:30 37 0.6 23 252 -2.6 29.2 222 -65.52 67.74
19:00 37 0.6 23 25.1 -2.5 28.6 222 -62.75 64.97
19:30 3.6 0.6 23 25.1 -2.5 28.6 2.16 -62.75 64.91
20:00 3.6 0.6 23 25.1 -2.5 28.6 2.16 -62.75 64.91
21:00 3.6 0.6 23 25.1 -2.6 28.5 2.16 -65.26 67.42
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Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)
22:30 3.6 0.6 23 25 -2.6 27.5 2.16 -65 67.16
23:00 3.6 0.6 23 24.9 -2.6 27.2 2.16 -64.74 66.9
/1072016 6:30 24.3 0.9 23 24.8 -2.3 253 21.87 -57.04 78.91
7:00 24.3 1 23 24.8 -2.1 25.7 24.3 -52.08 76.38
7:30 24.4 1.2 23 24.8 -2 26.7 29.28 -49.6 78.88
8:00 24.4 13 23 24.9 -1.9 27 31.72 -47.31 79.03
9:00 26.8 8.9 2.2 27.1 6.1 48.3 238.52 165.31 73.21
12:30 26.9 33 1.2 27.4 1.4 50.6 88.77 38.36 50.41
13:00 28 4.2 1.2 28.6 23 55.6 117.6 65.78 51.82
13:30 259 1.7 1.2 26.4 -0.3 36.2 44.03 -71.92 51.95
14:30 254 1.2 1.1 259 -0.9 29.4 30.48 -23.31 53.79
3/10/2016 5:30 5 0.6 1.1 25.1 -1.5 23.8 3 -37.65 40.65
6:00 24.6 0.7 1.1 25.1 -1.4 239 17.22 -35.14 52.36
6:30 24.7 1.1 1.1 252 -1 24.8 27.17 -25.2 52.37
7:00 24.9 15 1.1 254 -0.5 26.2 37.35 -12.7 50.05
7:30 25 1.6 1.1 255 -0.5 269 40 -12.75 52.75
8:00 25 1.8 1.1 255 -0.3 27.4 45 -7.65 52.65
8:30 26.7 7 1.1 27.1 52 35 186.9 140.92 45.98
9:30 271 10.5 24 213 7.5 34.3 284.55 204.75 79.8
10:00 26.5 59 4.1 27 1.1 44.5 156.35 29.7 126.65
11:00 29.8 6.1 2.1 28.7 33 55.7 181.78 94.71 87.07
11:30 33.7 52 2.1 28.6 2.4 56.7 175.24 68.64 106.6
12:00 32.9 52 2.1 28.7 23 56.3 171.08 66.01 105.07
12:30 335 4.8 2.2 28.7 2 54.5 160.8 57.4 103.4
13:00 33.7 4.1 2.1 28.7 1.2 55.8 138.17 34.44 103.73
13:30 33.6 3.4 2.2 27.5 0.5 54.7 114.24 13.75 100.49
14:00 334 3.4 2.2 27.5 0 54.9 113.56 0 113.56
15:00 26.2 29 2.2 26.7 -0.1 37.7 75.98 -2.67 78.65
16:00 24.9 14 2.2 255 -1.7 33.9 34.86 -43.35 78.21
16:30 24.8 0.9 2.2 253 -2.2 27.9 22.32 -55.66 77.98
17:00 24.9 0.8 1.1 254 -1.3 26.2 19.92 -33.02 52.94

103



Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)

17:30 24.9 0.8 1.1 254 -1.3 25.6 19.92 -33.02 52.94
18:00 24.8 0.6 1.1 254 -1.5 25.6 #VALUE! -38.1 #VALUE!
18:30 4.9 0.6 1.1 253 -1.5 254 294 -37.95 40.89
19:00 3.7 0.6 1.1 253 -1.5 25.7 222 -37.95 40.17
20:30 35 0.6 1.1 253 -1.5 259 2.1 -37.95 40.05
21:30 34 0.6 1.1 252 -1.5 24.1 2.04 -37.8 39.84

/1072016 5:30 29 0.6 1.1 25.1 -1.5 24.2 1.74 -37.65 39.39
6:00 24.6 0.6 1.1 25.1 -1.5 24.2 14.76 -37.65 52.41
6:30 24.6 0.8 1.1 25.1 -1.3 24.5 19.68 -32.63 52.31
7:00 24.8 1.5 1.1 253 -0.6 257 37.2 -15.18 52.38
8:00 26.1 4.1 1.1 26.6 2.1 30.7 107.01 55.86 51.15
8:30 258 29 1.1 26.3 0.9 33.6 74.82 23.67 51.15
10:00 29.1 11 1.1 28.5 9.3 50.3 320.1 265.05 55.05
10:30 30.6 9.7 1.1 28.6 8 49.8 296.82 228.8 68.02
11:00 33.6 5.7 1.1 28.6 a3 58.6 191.52 122.98 68.54
11:30 27.4 33 1.1 28 1.4 46.3 90.42 39.2 51.22
12:00 28 3.4 1.1 28.6 1.5 42.1 95.2 42.9 52.3
12:30 34.3 3.2 1.1 28.7 1.2 455 109.76 34.44 75.32
13:30 35 2.6 1.1 287 0.6 54.8 91 17.22 73.78
15:00 30.2 2 1.1 27.6 0 39 60.4 0 60.4

6/10/2016 6:00 53 0.6 1.2 25.1 -1.5 24.5 3.18 -37.65 40.83
6:30 18.4 0.6 1.2 25.1 -1.5 24.5 11.04 -37.65 48.69
7:30 24.6 0.7 1.2 25.1 -1.3 24.9 17.22 -32.63 49.85
8:30 24.6 0.7 1.2 25.1 -1.1 24.9 17.22 -27.61 44.83
9:00 24.6 1 1.2 25.1 -1 25.1 24.6 -25.1 49.7
10:00 25.1 1.9 1.2 25.6 -0.1 26.5 47.69 -2.56 50.25
12:30 26.8 35 1.2 27.3 1.6 41.4 93.8 43.68 50.12
14:30 31.3 3.2 1.1 28.7 1.2 39.8 100.16 34.44 65.72
16:30 252 1.3 1.1 258 -0.7 29.9 32.76 -18.06 50.82
17:30 23 0.6 1.1 25.1 -1.5 23.7 1.38 -37.65 39.03
18:00 21.9 0.6 1.1 25.1 -1.5 23.7 13.14 -37.65 50.79
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Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)

18:30 24.6 0.9 1.1 25.1 -1.2 24.2 22.14 -30.12 52.26
19:00 24.8 1.3 1.1 253 -0.7 253 32.24 -17.71 49.95
19:30 252 2 1.1 25.6 -0.1 27.5 50.4 -2.56 52.96
20:30 24.6 3.1 4.1 25 -1.7 31.6 76.26 -42.5 118.76

7/10/2016 10:00 26.7 52 1.2 27.1 3.4 38.9 138.84 92.14 46.7
10:30 26.8 5.1 1.2 273 33 36.1 136.68 90.09 46.59
11:00 31.6 7 1.1 28.6 52 53.5 221.2 148.72 72.48
11:30 335 6 1.2 28.6 4.2 54.3 201 120.12 80.88
12:00 34.4 4.4 1.2 28.6 25 53.9 151.36 715 79.86
14:00 339 2.9 1.2 28.8 0.6 39.9 98.31 17.28 81.03
14:30 34.4 29 1.2 28.8 0.9 41.6 99.76 25.92 73.84
15:00 31.6 2.8 1.2 28.8 0.8 37.1 88.48 23.04 65.44
16:00 27.6 2.2 1.2 28.2 0.2 34.3 60.72 5.64 55.08
17:30 24.9 1 1,2 254 -1.1 29.9 24.9 -27.94 52.84
18:30 34 0.6 1.2 253 -1.5 27.6 2.04 -37.95 39.99
19:00 3.6 0.6 1.2 253 -1.5 213 2.16 -37.95 40.11
19:30 3.6 0.6 1.2 253 -1.5 27 2.16 -37.95 40.11
21:30 3.6 0.6 1.2 253 -1.5 26.9 2.16 -37.95 40.11
22:00 3.6 0.6 1.2 252 -1.5 271 2.16 -37.8 39.96
22:30 3.6 0.6 1.2 252 -1.5 26.5 2.16 -37.8 39.96

9/10/2016 6:00 33 0.6 1.2 25 -1.5 24.9 1.98 -37.5 39.48
6:30 24.5 0.7 1.2 25 -1.4 25 17.15 -35 52.15
7:30 24.9 1.7 1.2 254 -04 27.9 42.33 -10.16 52.49
10:00 26.4 4.6 1.2 26.9 2.7 355 121.44 72.63 48.81
10:30 27.1 6.4 1.2 27.5 4.5 413 173.44 123.75 49.69
12:00 26.8 4.7 1.1 27.3 2.8 40.5 125.96 76.44 49.52
12:30 32.7 7.4 1.2 28.6 5.7 4a8.7 241.98 163.02 78.96
14:00 26.4 1.8 1.1 27 -0.2 35.9 47.52 -5.4 52.92
15:30 26.1 1.8 1.1 26.7 -0.2 31.2 46.98 -5.34 52.32

1071072016 6:30 24.6 0.9 1.1 25.1 -1.2 24.4 22.14 -30.12 52.26
7:00 24.6 1 1.2 252 -1.1 24.5 24.6 -27.72 52.32
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Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)
7:30 24.8 1.4 1.1 253 -0.7 25.1 34.72 -17.71 52.43
8:00 254 24 1.1 259 0.4 27.4 60.96 10.36 50.6
9:00 26.9 85 3.7 27.3 43 39.9 228.65 117.39 111.26
9:30 27.8 10.3 35 28 6.4 4a71.7 286.34 179.2 107.14
10:30 324 6.8 23 28.6 35 55.1 220.32 100.1 120.22
11:30 27.1 33 2.1 21.7 0.4 45.1 89.43 11.08 78.35
12:00 34.5 4.1 2.1 28.7 0.5 58.4 141.45 14.35 127.1
13:30 33.7 3.7 2 28.7 0.5 54 124.69 14.35 110.34
14:00 26.4 2.8 2.1 27 -0.1 41.9 73.92 -2.7 76.62
15:00 24.9 1.5 22 254 -1.5 34.7 37.35 -38.1 75.45
17:30 24.7 0.7 2.2 252 -2.4 27.6 17.29 -60.48 7777
19:00 3.6 0.6 2.2 25.1 -2.5 26.9 2.16 -62.75 64.91
18/10/2016 7:30 252 1.9 1 25.8 -0.2 28 47.88 -5.16 53.04
8:00 26 3.2 1 26.6 1.2 30.7 83.2 31.92 51.28
8:30 26.6 5.4 1 271 3.6 36.6 143.64 97.56 46.08
11:30 35.1 2.7 1 287 0.88 49.8 94.77 25.256 69.514
16:30 259 1.4 1 16.6 -0.6 335 36.26 -9.96 46.22
17:00 259 1.4 1 26.5 -0.6 335 36.26 -15.9 52.16
2071/2016 6:30 24.6 1 1 252 -1.1 26.2 24.6 -21.72 52.32
7:30 24.8 1.6 1 253 -0.4 274 39.68 -10.12 49.8
8:30 273 7.8 1 21.7 6 32.6 212.94 166.2 46.74
10:00 33.1 7.1 1 28.6 53 40.2 235.01 1515.8 -1280.79
11:00 30.7 29 1 28.7 1 433 89.03 28.7 60.33
12:30 35.1 25 1 28.8 0.5 515 87.75 14.4 73.35
16:00 27 1.9 1 27.6 -0.1 32 513 -2.76 54.06
17:30 24.8 0.7 1 254 -1.3 29.1 17.36 -33.02 50.38
18:30 34 0.6 1 254 -1.5 28.2 2.04 -38.1 40.14
21/10/2016 6:00 5.8 0.6 1 25 -1.5 24.5 3.48 -37.5 40.98
6:30 24.5 0.7 1 25.1 -1.4 24.8 17.15 -35.14 52.29
7:00 24.7 14 1 253 -0.7 26.9 34.58 -17.71 52.29
8:30 26.4 2.8 0.9 27 0.8 40.9 73.92 21.6 52.32
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Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)
10:00 26.7 3.2 1 27.3 1.3 44.9 85.44 35.49 49.95
11:00 33.6 58 1 28.7 39 44.5 194.88 111.93 82.95
13:30 35.4 2.1 0.9 27.6 0.2 413 74.34 552 68.82
22/10/2016 6:00 10 0.6 0.9 25.1 -1.5 26.1 6 -37.65 43.65
6:30 24.5 0.8 1 25.1 -1.3 26.2 19.6 -32.63 52.23
8:00 254 1.8 1 259 -0.2 30.3 4572 -5.18 50.9
8:30 27.4 8.7 1 21.7 6.9 40.7 238.38 191.13 47.25
9:00 21.7 9.3 1 28.1 75 43.7 257.61 210.75 46.86
9:30 31.1 73 1 28.6 5.6 48.2 227.03 160.16 66.87
10:00 32.6 52 1 28.7 33 52.7 169.52 94.71 74.81
10:30 34.3 38 1 287 1.2 55.4 130.34 34.44 95.9
11:00 34.3 4.3 2 28.7 0.8 52.7 147.49 22.96 124.53
11:30 33.6 3.7 2 28.7 0.7 48.4 124.32 20.09 104.23
12:00 34.7 3 2 275 0.1 46.4 104.1 2.75 101.35
12:30 26.3 24 21 269 -0.5 413 63.12 -13.45 76.57
13:00 289 2.8 2 215 -0.1 39.6 80.92 -2.75 83.67
13:30 259 2.7 2 26.4 -0.3 355 69.93 -7.92 77.85
14:00 26.9 2.8 2 27.5 -0.1 36.4 75.32 -2.75 78.07
14:30 253 1.4 21 259 -1.6 352 35.42 -41.44 76.86
15:00 33.6 34 2 215 0.3 36 114.24 8.25 105.99
15:30 259 24 2 26.5 -0.5 36.8 62.16 -13.25 75.41
16:00 25 2 2 25.6 -1.1 34.9 50 -28.16 78.16
16:30 24.9 1.8 2.1 254 -1.3 33.7 44.82 -33.02 77.84
17:00 24.7 1.2 2.1 253 -1.9 28.3 29.64 -48.07 T7.71
17:30 24.7 0.7 2.1 252 -2.4 27.8 17.29 -60.48 a7
18:00 7.6 0.6 2 252 -2.6 24.4 4.56 -65.52 70.08
18:30 34 0.6 2.1 252 -2.6 24.7 2.04 -65.52 67.56
19:00 34 0.6 2.1 25.1 -2.6 25 2.04 -65.26 67.3
19:30 34 0.6 2.1 25.1 -2.6 252 2.04 -65.26 67.3
20:00 33 0.6 2.1 25.1 -2.6 253 1.98 -65.26 67.24
20:30 33 0.6 22 25.1 -2.6 253 1.98 -65.26 67.24
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Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
) (A) (A) v) (A) (@) W)
21:00 32 0.6 2.2 25.1 -2.6 25.7 1.92 -65.26 67.18
21:30 3.2 0.6 2.1 25 -2.6 25.7 1.92 -65 66.92
22:00 3.2 0.6 2.1 25 -2.6 25.7 1.92 -65 66.92
22:30 3.1 0.6 2.1 24.9 -2.6 25.6 1.86 -64.74 66.6
23:00 3.1 0.6 2.1 24.8 -2.6 253 1.86 -64.48 66.34
23/10/2016 6:00 23.6 0.6 21 24.8 -2.6 24.1 14.16 -64.48 78.64
6:30 24.3 0.8 2.1 24.8 -2.4 24.3 19.44 -59.52 78.96
8:30 25.7 4 2 26.2 1 37.1 102.8 26.2 76.6
9:00 259 52 2 26.4 23 36.8 134.68 60.72 73.96
9:30 27.1 11 2 27.4 8.3 a5.7 298.1 227.42 70.68
10:00 21.7 12.2 2 279 9.6 50.7 337.94 267.84 70.1
10:30 28.1 11.9 1.9 28.3 8.9 54 334.39 251.87 82.52
11:00 27.8 8.8 2 28.2 6.1 54.3 244.64 172.02 72.62
11:30 31.8 9.2 2 28.6 6.5 57 292.56 185.9 106.66
12:00 32.1 7.3 1.9 28.6 a6 513 234.33 131.56 102.77
12:30 27.6 5.8 2 28.1 3 433 160.08 84.3 75.78
13:00 26.2 3 2 26.8 0 41.9 78.6 0 78.6
13:30 32.6 52 1.9 28.7 2.4 39.3 169.52 68.88 100.64
14:00 26.9 35 2 275 0.6 371.7 94.15 16.5 77.65
15:30 25.1 15 2 257 -1.6 30.6 37.65 -41.12 78.77
16:00 252 1.9 2.1 258 -1.1 29 47.88 -28.38 76.26
16:30 25 1.4 2.1 25.6 -1.8 30 35 -46.08 81.08
17:00 24.9 1 2.1 255 -2.2 29.4 24.9 -56.1 81
18:00 153 0.6 2.1 253 -2.5 28.1 9.18 -63.25 72.43
18:30 3.7 0.6 2.1 252 -2.5 27.8 222 -63 65.22
19:00 3.6 0.6 2.1 253 -2.6 27.2 2.16 -65.78 67.94
19:30 3.6 0.6 1 254 -1.5 27.3 2.16 -38.1 40.26
20:00 3.6 0.6 1 254 -1.5 26.5 2.16 -38.1 40.26
20:30 35 0.6 1 254 -1.5 26.6 2.1 -38.1 40.2
21:00 34 0.6 1 254 -1.5 27 2.04 -38.1 40.14
21:30 32 0.6 1 253 -1.5 27 1.92 -37.95 39.87
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Date Time PV PV Conversion DC DC Temp Power PV Power Storage
voltage current current voltage | current | (Degree (W) Load W)
V) (A) (A) v) (A) (@) w)
22:00 3.1 0.6 1 254 -1.5 26.7 1.86 -38.1 39.96
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Design of zero energy consumption system for small DC residential
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home based on off-grid PV system

Nidchabendha Chandanachulaka', Werachet Khan-ngern?

Abstract - This research presents the design of a zero energy consumption system (ZECS) based on
off-grid photovoltaic (PV) system for small DC system whose load demand is less than 1 kWh/day.
This system consists of 3 parts: 300 W PV panel, energy conversion or solar charger, and 12 V 200
Ah energy storage. The used electrical utilizing system consists of 3 types: 20 W LED lighting
system, 35 W fan for air cooling system, and 100 W electrical boiler or heating system, whose
average load requirement is 0.795 kWh/day. This research defines 6 key sustainability parameters
and key performance indicators in order to evaluate the benefits of ZECS, which are design, energy
security, system availability, efficiency, environment and investment. The result has been analyzed
and it was found that ZECS can achieve more than 80% of the energy conversion efficiency and it
can operate for 2 days without charging the battery. The battery charging and discharging from
PV are demonstrated to confirm ZECS energy security. The utilization ratio or the energy that
required per one square meter is less than 50 Wh/m?>. DC ZECS and DC electric appliances are
available, affordable and easy to be maintained. ZECS is designed in order to provide the electricity
for low-income people in remote areas, and its social benefits are more important than the return
on investment. It can be concluded that DC utilizing system is reliable for ZECS which can benefit
to apply this system in remote area where it cannot connect to the grid.

Keywords: PV, Off-grid, Zero energy, Small residential home, DC system

Poweri, Power Input [kW]

Nomenclature
Powero, Power Output [kW]

Alternate current Ppy Power that generated from PV panels [kW]
Building energy code PV Photovoltaic
Carbon dioxide THB Thai Baht
Direct current UsD United States Dollar
Department of Alternative Energy Vinp Maximum power-point voltage [V]
Development and Efficiency Voe Open circuit voltage [V]
Energy Efficiency Plan ZEB Zero energy building
Energy Independence and Security Act ZECS Zero energy consumption system
Energy Performance of Buildings Directive n Efficiency
Energy Policy and Planning office, Ministry of
Energy
The required Energy for each component L Introduction

during the lifetime [kWh]

Greenhouse gas

Maximum power-point current [A]

Short circuit current [A]

Net zero energy building

The Organization for Economic Co-operation
and Development

Power that required from battery [kW

Power that required from load demand [kW]
Maximum Power [W]

Electricity demand is increasing

increased approximately 1.9% per year.
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every year.
Electricity generation in non-OECD countries has been
It has been
estimated that the required energy will increase in both
residential and commercial buildings over the period of
2015-40 as a result of personal incomes rise and as urban
migration will continue in non-OECD countries. [1].
Moreover, most people presently spend approximately
90% of their daily lives indoors and they rely on their
electric appliances such as air conditioning or washing



machine, leading the energy consumption in buildings to
become a large share of the world’s total end use of energy
[2]. In OECD countries, both residential and commercial
buildings require approximately 35 % of the end use of
energy and buildings also require approximately 40% of
total end use of energy in the world [3].

People have concerned about using a large amount of
fossil fuels to generate the electricity. Carbon dioxide
(CO») emitted from the combustion of fossil fuels can
change the composition of atmosphere, causing many
environmental problems such as global warming, waste or
air pollutions. This uncontrolled use of fossil fuels leads
to the depletion of reserve of primary energy resources [4].
Therefore, it is necessary to find out some alternative
sources of energy.

Since 1970s, the terms ‘net energy’ and ‘zero energy’
have been used in many different fields. In the building
sectors, they could be used to describe a balance between
energy consumption and produced energy by their
renewable energy system [5] [6]. Additionally, there are
some different terms that have been applied to name
different building concepts such as ‘net zero energy
building’, ‘zero energy building’, ‘zero carbon building’,
or ‘zero energy housing’. These terms are used to
represent the building with zero carbon emission, which
can minimize the daily energy requirements and
generating energy by using renewable resources [7]. In
other words, they could be used to describe any building
that can provide equal energy generation to usage, with
energy costs equaling zero or net zero GHG emissions [8].

This research aims to propose the design of a zero
energy consumption system based on off-grid
photovoltaic system for small DC system whose load
demand is less than 1 kWh/day. In Section 2, this research
is going to review the scope of zero energy building (ZEB)
which has been applied to contribute the concept of zero
energy consumption system (ZECS). Some examples of
ZEB projects will be presented in order to state that the
concept of ZEB has been intensely emerged and it has
gained attention during the last decades. The direct
current (DC) system performance in ZECS and 6 key
sustainability parameters which are design, energy
security, system availability, efficiency, environment and
investment that used to evaluate ZECS will be proposed in
Section 3. The experiment analysis and evaluation will be
presented in Section 4. At the end, conclusion and
recommendation will be presented in Section 5.

II. Zero Energy Consumption Building
II.1. Literature Review

In 2006, the first country that provided the original
definition of ‘zero carbon home’ was the United Kingdom.

121

Zero carbon home has zero net emission of CO; from all
energy appliances used in any house such as lighting,
heating, etc. [9]. On the same year, the definition of zero
energy building (ZEB) appeared in the USA, related to any
residential or commercial building that can reduce
required energy through efficiency grains, for example,
the balance between required energy and renewable
technology [10].

Comparing the difference between net zero energy
building (NZEB) and ZEB, both NZEB and ZEB refer to
a building with zero net energy consumption and zero
carbon emissions [11]. In other words, both NZEB and
ZEB comprise energy-efficient buildings which can
control the actual annual delivered energy to be less than
or equal to the on-site renewable exported energy [12].
Significantly, they have low energy demand and the
balance of required energy can be supplied by renewable
energy technologies [13]. NZEB is often used to perform
the annual energy balance of grid connected building and
its components [6], and it could be used to describe the
building connected with the energy infrastructure that has
a balance between energy demand and energy supply over
a period of time; on the other hand, ZEB is simpler and it
includes an autonomous building [5] [14].

ZEB can be defined in several ways. According to P.
Torcellini, ZEB produces energy as it uses in the building
in a year [10]. According to T. Samarji et al [15], it is
necessary to calculate a balance between energy demand
and energy supply in a year because weather conditions in
a year can effect on-site renewable energy generation.
However, if it can produce energy more than the demand,
it can export the excess energy to other utilities, such as
electricity grid or other energy distribution system [16].

According to D. Crawley et al [17], ZEB can define
both residential and commercial buildings that can reduce
the amount of energy demand as well generate energy in
order to meet the energy demand from on-site renewable
energy technologies. ZEB often relies on renewable
energy technology in order to meet the required energy in
the buildings [18]. Having considered the source of
energy for ZEB, there are several choices of renewable
energy that can be used in ZEB in particular solar panels
(both thermal and electric), hydro electrical generator, and
small wind, photovoltaic or PV system seem to be ones of
the most sustainable technologies used in ZEB [19] [20].
Solar energy systems have become alternative to fossil
energy systems. In comparison with other conventional
alternative systems, PV system is the best with the lowest
cost option, even under unfavorable economic conditions
[21]. Since the cost of solar electricity production or PV
system has been dropped in price, the number of buildings
using the PV system has become gradually practicable,
therefore, ZEB has become economically and technically
feasible because of PV technologies implementation [22]
[23] [24]. Geography represents another important
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parameter used to determine the sources of renewable
energy, for example, Middle-east countries and some
southern countries of the EU often use solar panel in ZEB
because of high solar radiation [25] [26]. The application
of PV system on ZEB has become gradually attractive and
it should be placed on the rooftops of both residential and
commercial buildings [27] as PV installations on rooftops
are able to generate more electricity in order to balance the
required energy [28]. In other words, ZEB is the
innovative model of high performance building because it
combines both renewable energy utilization and
technologies that support energy efficiently [29].

ZEB may or may not be grid connected, however, no
fossils are used to generate energy on the site [30]. Off-
grid ZEB can give access to electricity in remote areas or
rural places whereas they cannot connect to the grid [31].
As it does not connect to any utility grid, it is important to
arrange the appropriate size of energy storage system for
the periods of peak energy requirements [14]. However,
the most important requirements for a storage for off-grid
PV system are low cost, long life time with low
maintenance, high energy efficiency, self-discharging and
easy operation [32].

ZEBs have attracted much attention in many countries
because they are considered as an important strategy to
achieve the energy conservation and to reduce emissions
of greenhouse gases [11]. Furthermore, because the main
objective of ZEB is to reduce some heavy consumptions
in the buildings, some sustainable policies have promoted
the construction of ZEB and many countries around the
world have established ZEB as the national target [33]. In
the USA, the 2007 Energy Independence and Security Act
(EISA) has authorized the Net-Zero Energy Commercial
Building Initiative in order to support the zero energy
target for all new commercial buildings by the end of
2030, then it should be reached a zero energy goal for 50%
of U.S. commercial buildings by 2040 and net zero for all
U.S. commercial buildings by 2050 [17]. In the EU
countries, the Energy Performance of Buildings Directive
(EPBD) has targeted a nearly ZEB goal for all the existing
public buildings by 2018 and for all new buildings by 2020
[34]. In the United Kingdom, the target has been set at net
zero carbon for new dwellings by 2016. Theses polices
have focused on energy savings, or on emission reductions
or on economic efficiencies [35]. Further in some Asia-
Pacific countries such as Hong Kong, the government also
has established the target to reduce the carbon intensity,
which should be minimized by 50-60% by 2020,
compared with 2005 baseline [29]. In Thailand, the
government approved the Energy Efficiency Plan (EEP)
2015-2036 proposed by the Energy Policy and Planning
office (EPPO). It aims to minimize the energy intensity
by 30% in 2036, compared with 2010 baseline. This plan
creates the energy awareness that can influence people to
be concerned about energy preservation [36]. It aims also
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to promote the use of building energy code (BEC) for new
buildings and the implementation of ZEB [37]. Some
examples of researches on ZEB for residential houses
using PV to generate energy are presented in Table I.

TABLE 1
RESEARCH ON ZEB FOR RESIDENTIAL HOUSES

City Ref. Type of Required energy Source  System
/Country building of
energy
Altiplanic, [38]  Household 665 Wh/day PV AC
Bolivia School 1.946 kWh/day

Health center  4.912 kWh/day
Faisalabad, [39] Residential 5.90 kWh/day PV AC
Pakistan house

Sinai [40] Residential 5.5 kWh/day PV AC

Peninsula, house

Egypt

Bauchi, [41] Residential 6.5 kWh/day PV AC

Nigeria house and
DC

F. Benavente-Araoz et al [38] have studied some
electrical power consumption profiles estimated for a
household, school and health center in the rural Altiplanic
region of Bolivia, evaluating the use of energy storage
technologies. The authors agreed that an increase of
battery size can prevent the risk of electricity blackouts,
which is important for off-grid ZEB in rural areas.

A. Ghafoor and A. Munir [39] designed an off-grid PV
system for the electrification of a single residential
household in Pakistan. Their design was applied on the
residential house with the lowest energy demand without
any high energy consumptions such as air conditioner. The
required energy demand consisted of 5 lamps, 1
refrigerator, 1 washing machine, 1 TV and 2 fans with the
average daily energy demand of 5.90 kWh/day. At the
end, the authors concluded that the unit cost of electricity
produced from an off-grid system is lower than the unit
cost charged from the electric supply. Therefore, the
authors stated that an off-grid PV system is both
economically and technically feasible for low energy
demand users in Pakistan.

A. E.-S. A. Nafeh [40] designed an off-grid PV system
to provide the electricity for a single residential household
in a remote site of Sinai Peninsula in Egypt. The required
energy demand consisted of of 5 lamps, 1 washing
machine, 1 refrigerator, 1 water pump, and 1 TV. The
average required energy demand of this house was 5.50
kWh/day. As a result of their life cycle cost analysis, the
author demonstrated that using off-grid PV system in
remote area is suitable for long-term investment if the
initial prices of PV systems are decreased.

H.A. Guda and U. O. Aliyu ]41[ provided a case study
of an off-grid PV system for a 3 bedroom bungalow in
Bauchi, Nigeria, with a residential daily energy demand
was 6.5 kWh/day. The authors concluded that the success
of each off-grid PV system depend on different factors
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such as weather condition, solar irradiance, load profile,
and geographical location.

Graca et al [42] conducted a feasibility study on solar
stand-alone system for single residential house in mild
southern Europe climate zone suggesting that it is
necessary to use some natural lights and ventilations in
order to minimize energy requirements. ZEB or stand-
alone should have high efficiency energy appliance and
appropriate size of renewable energy system. Also, they
should concern on some environmental conditions such as
site location, solar radiation, or climate.

11.2. Zero Energy Consumption System Concept

From the above ZEB definition, this research
concludes that ZEB refers to buildings that can balance
between the total amount of required energy in an annual
basis and the amount of renewable energy generated on
this site [43]. Zero energy consumption system or ZECS
refers also to the balance between the required energy and
the energy generated on the site. However, there are some
necessary aspects which should be discussed in this
section.

Many researches agreed that a decrease in the cost of
PV panels and an improvement in their energy conversion
efficiencies will help to promote the use of PV panels in
off-grid or stand-alone system [20]. Therefore, ZECS
must be a stand-alone or an off-grid system and it is
preferable to use PV technology because it has low
operating costs, minimal service requirements, and low
environmental effect [44].

Secondly, many researches mentioned that ZEB can
define either residential or office buildings, which is still
board. To narrow this topic, this research suggests that
ZECS must comprise residential buildings with a small
amount of required energy. ZECS focuses on small scale
of ZEB that can implement renewable energy to support
the demand in small buildings such as small homes in the
rural villages with a low electricity load demand. In rural
areas without grid connection, PV systems can play an
important role to provide the electricity needed for
improving the living quality standards [45].

Furthermore, the required energy for ZECS is less than
1 kWh/day in order to meet the world’s minimum
requirement of electricity in 2020 [46], hence everyone
should be able to access at least 500 kWh per year or 1.37
kWh/day of electricity. Additionally, a small amount of
required energy is positive because it must be comfortable
to install all equipments in ZECS and it must be able to
control the investment cost.

Power system is another parameter that must be
considered. Many researches about ZEB have often used
Alternating Current (AC) system because it is easier to
maintain and to distribute at long distance with less losses
than Direct Current (DC) system. Additionally, AC
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electric appliance is more common used than DC electric
appliance. When choosing AC system, it is essential to
have a power inverter in order to convert DC power to AC
power. On the other hand, choosing DC system is a good
solution because the energy can flow from PV generation
to the end use without converting to AC system.
Therefore, choosing AC system can save the energy from
some conversion losses [47].

P. Kuar et al [48] focused on an off-grid DC solar home
using DC system to avoid AC/DC conversions in Nilgiris
District, Tamil Nadu, India. Load requirements consisted
of 125 W PV panel, 800Ah, 48V battery, one 18W LED
tube-light, one 32W fan, one 5SW LED bulb and one
mobile phone charger, which could be considered as the
minimum requirement of low-income households. Solar
DC power is connected directly to feed the load
requirement. They concluded that connecting solar panels
and batteries directly to DC line avoiding convertor losses.
Compared to the existing solar system, PV panel and
battery size are reduced by 2 to 2.5 times and the cost to
power a house is reduced to nearly half the cost of the
existing solutions.

Hence, it can be stated that using DC system can
minimize the energy losses occurring when converting
power from energy conversions.  Without energy
conversions, it is cost effective to the off-grid power [49].
Additionally, some researches asserted that DC system is
useful to integrate some sources of renewable energy [50]
and it can be used directly from renewable energy system
[51].

Therefore, this research is going to demonstrate that
ZECS requires DC system in order to minimize some
converter losses.

ITII. Proposed ZECS

II1.1. ZECS and subsystem components

PV,

Charger & Controller

-E_ 12V Load DC | Poypc
Battery

Fig. 1. Proposed ZECS system

ZECS mainly consists of PV panel, charger controller,
and battery as presented in Fig. 1 and it can be operated by
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the priority flow as presented in Fig. 2. This research
assumes that there are 3 conditions of sunshine which are
full-day sunshine, half-day or partial sunshine, and no
sunshine, and the required energy in the weekdays is equal
to the required energy in the weekends. ZECS has been
designed according to the load on demand, which means
ZECS will operate when load demand requires energy.
First, if PV power is more than the load demand, PV power
will generate the energy and deliver it to load demand. If
PV power is less than the load demand, a battery is
required for supporting PV to generate energy and to
deliver to the load demand. In this case, if PV power and
battery power are more than the load demand, power will
generate the energy to load demand. If not, battery will be

charged.

Conditions:

1. Full-day sunshine
2. Half-day sunshine
3. No sunshine

DC Load

Py + Pau
>DC Load

DC Load

No
1 Only charge to
battery

Fig. 2. Proposed ZECS model
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Fig. 3. Timing diagram of energy source in ZECS system

Fig. 3 presents the timing diagram of energy source
and load demand in ZECS for full-day sunshine. Energy
sources in ZECS are PV panel and battery. Each phase
can be explained as follows:

Phase ab: if during the night time up to the early
morning, there us no sunshine, and therefore PV cannot
generate energy, then a battery is required to generate
energy.

Phase bc: if during the early morning, there is partial
sunshine and PV power is equal to load demand, therefore,
a battery is required to support PV to generate energy.

Phase cd: if during the late morning, there is fully
sunshine and PV power is more than the load demand,
therefore, PV power will generate and deliver to load
demand while the battery will be charged.

Phase de: if during the daytime, there is fully sunshine
but the load demand is off, the battery will be charged and
will stop when it is fully charged.

Phase ef: if during the afternoon, there is fully sunshine
and PV power is more than the load demand, therefore, PV
power will generate and deliver the energy to load demand
and the battery will be charged.

Phase fg: if during the late afternoon, there is partial
sunshine and PV power is equal to the load demand,
therefore, the battery is required to generate energy.

Phase gh: if during the evening and night time, there is
no sunshine, and PV cannot generate energy, therefore, the
battery is required to generate energy.

TABLE II
ZECS ENERGY MATRIX
Conditions Sources of energy to Note
the load
PVien Battery

Full-day Day time: few  Yes Yes Load >
Sunshine sunshine PVGen

Day time: full ~ Yes No Load <

sunshine PVgen

Night time No Yes PVGen =0
Half-day Day time: Yes Yes Load >
sunshine partial PVGen

sunshine

Day time: No (or Yes Load >

very few yes) PVen

sunshine

Night time No Yes PVgen =0
No Day time: no No Yes PVGen =0
Sunshine sunshine

Night time No Yes PVGen =0

ZECS energy matrix presents the sources of energy
depending to different conditions of load on demand as
presented on Table II. In the best-case condition, PV
power can generate enough energy to the load demand
during the day time and it is required the battery to
generate energy during the night time. In half-day
sunshine condition, whereas there is partial sunshine, the
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battery is required to support PV power when PV panel
cannot generate much energy. In the last condition or no
sunshine, PV panel cannot generate energy, therefore,
ZECS requires the battery.

11.1.1. PV panel

This is the most essential part in the system because it
generates the electricity from the daylight. This research
selects polycrystalline silicon for ZECS because it is the
most common PV in the market. The -electrical
performance of the selected PV panel is presented on
Table III.

TABLE III
ELECTRICAL PERFORMANCES OF SELECTED PV PANEL
Electrical Performance (PV panel)

Maximum Power Pmax 300 W
Maximum power-point voltage Vmp 36.7V
Maximum power-point current Imp 8.17 A
Open circuit voltage Voc 444V
Short circuit voltage ISC 8.99 A

I1I1.1.2. Charger controller

It manages the power that generated from PV panel to
battery that is needed to prevent the battery from being
overcharged [52]. This research selects a 12V 20A
charger controller with an efficiency equal to 92%. In
addition, the charger controller operates in order to control
the energy source that presented in Fig. 3.

1II.1.3. Battery

It is charged during the daytime and it is used to supply
the load requirements during the night or during the day
time when load power level is higher than PV power. This
research selects a 12V 200 Ah battery, whose storage
energy is 2.4 kWh which can cover for 2 days with 1 kWh
load demand. A deep cycle battery has been chosen
because it can be discharged using most of its capacity and
because of its low costs.

11.1.4. Load

Because the proposed research has chosen for its
demonstration a site in Thailand, therefore, it is necessary
to consider the average minimum load demand in this
country. According to the number of electricity meters in
2014, there were 21.1 million customers in Thailand. The
major group of electricity customers in this country was in
the residential sectors, which was 89% of total electricity
customers. There is approximately 50% of residential
sector with energy needs less than 50 kWh per month [53].
According to the Major Findings of 2013 Nation Energy
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Consumption in Thailand [54], households in Bangkok
and in the surroundings spent on electricity more than the
households in other regions. The price of electricity in this
country is 5 THB per unit. If the average expenditure on
electricity of households in Bangkok and surroundings
was 1,133 THB per month, the average required energy in
Bangkok and surroundings should be approximately 226.6
kWh per month. Compared to other regions, it was 3.1
times of the households in Northeast, which spent
approximately 367 THB per month on electricity or 73.4
kWh per month.

Having considered on the socio-economic issues, there
is an enormous number of migrations in Bangkok. People
from countryside have migrated to Bangkok to get better
living standards, therefore, they have moved to work as
labors or basic workers in industries. It has been observed
that 99.2% of households of labors and basic workers had
electricity. The average monthly expenditure of each
household spent on energy for 1,301 THB. However, if
any households consume electricity less than 50 kWh per
month, they will receive free electricity for that month. In
2016, there were approximately 93,620 households in
Bangkok that received free electricity [55].

Electrification rate of population without access to
electricity has been decreased gradually in this country. It
was approximately 0.05% of population without
electricity assessment in 2015. This group of population
was living in remote areas whereas they cannot connect to
the grid.

TABLE IV
PROPOSED LOAD DEMAND
— Weekdays/weekends
E Day time Night time
E E (6:00-18:00)  (18:00-6:00)
I T O SR T
A% § F 7 3F 3 5F I3
) < = g g2 § g2 &%
= O‘ ‘05 = - = = - = =
s 5 & Ez ¥ @z <
$ F 5= F 5=
o = =
&~ = =
1. Motor
Fan 1 1 15 1 0.015 12 0.18 0.195
Fan 2 1 20 1 0.02 12 024 0.26
2.
Lighting
LED 1 2 5 1 0.01 12 0.12 0.13
(main)
LED 2 1 5 1 0.005 10 0.05 0.055
(reading)
LED 3 1 5 1 0.005 10 0.05 0.055
(toilet)
3. Heating
Cartridge 2 50 1 0.1 0 0 0.1
Heaters
Total 0.155 0.64 0.795

The sample used in this research is a small-living home
for a very low load demand, that is less than 1kWh/day in
order to meet the minimum requirement of electricity in
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2020. The conditions of this small-living home are 1)
there are two people in this home, and 2) they access
electricity just for the basic needs, for examples, lighting
system, fan for air cooling system, and electrical boiler or
heating system. According to their routine lifestyle, they
work during the daytime and they stay at home at night
and in the weekends. They do not have any high energy
consumption machines in their households such as
washing machine or air conditioner. This home has 3
basic types of electrical appliances, which are 35 W fan
for air cooling with motor operating, 20 W LED lighting,
and 100 W electric boiler as presented on Table IV. It can
be assumed that the load demand during the weekdays is
equal to the load demand in the weekends.

III.1.5. Site location

Since this research has chosen as sample a home in
Bangkok, it is necessary to ensure that daylight hour,
temperature and solar radiance are good enough for PV
panel to generate energy. First, Thailand locates slightly
above the equator, therefore the daylight hour is constant
during a year. Having considered the temperature which
directly effects on PV panel, Bangkok has a huge climate
with always the sunlight and the peak temperature is
approximately 39.9°C while the lowest temperature is
approximately 14.8°C [56]. According to DEDE [57], the
average solar radiance in Bangkok has been about 5.84
kW/m?-day during 2010-2014 as presented in Fig. 4. It
has been found that the daily solar radiation had a peak in
April 2012, while the temperature reached 40°C, therefore,
this research can conclude that high temperature during
summer season does not much effect on the solar
radiation.

Fig. 4. Monthly average solar radiation in Bangkok

1I1.2. Six sustainability parameters for ZECS system

In order to evaluate the success of ZECS, it is
necessary to indicate the key parameters to measure ZECS
reliability. If ZECS follows the sustainability concept or
promotes the concept of sustainable energy, all activities
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in ZECS must provide energy-related sustainability
challenges, for example, minimizing the required energy
in the buildings [58]. In general, the concept of
sustainable energy is about how to develop energy
services to be available, reliable, and affordable for
everyone [59], in particular sustainable building must
promote the sustainability in terms of efficiency, resource
use, cost effectiveness, environment, energy security, and
design and analysis [60]. If ZECS focuses on the
sustainability, it is important to consider these two
designed strategies— (i) to reduce the energy requirements
in the building, and (ii) to implement renewable energy
and other technologies to support the energy requirement
in the building [5]. Moreover, ZECS must reachable to
generate energy for everyone, especially people who are
not able to connect to the grid because they cannot afford
the related expenses. This research defines the key
sustainability parameters and the key performance

indicators as illustrated in Table V to evaluate ZECS.

TABLE V
SIX PARAMETERS AND KEY PERFORMANCE INDICATORS
Parameters Definition KPI
Design - The system can Capacity:
generate energy at 1kWh/day
least 1kWh/day Utilization ratio: <
- Utilization ratio or 50 Wh/m?
comparison between
required energy and
area
Energy - The system can The system can
security operate under critical operate for 2 days
situations without charging
the battery
System - The system equipment Google search
availability and DC electric engine will be used
appliances should be to evaluate the
available and availability. In each
affordable for appliance, if 10
everyone websites appear on
- Maintenance is the result page and
convenience only 5 websites are
related to
accessibility, 5
points will be
counted
Efficiency - The losses that occur System efficiency:

in the system can be
minimized

> 80%

Environment

The system is less
polluting if compared
with other energy
sources

CO, emission is less
than 0.1 gCO2eq/kWh

Investment

- Life time cost per unit

compared to the total
cost and the load

Life time energy
generating and
storage system is 10

consumption is less THB/kWh

than 10 THB/kWh Payback period in
- Payback period is less 20 years (as PV

than 20 years (without lifecycle)

concerning any
maintenance cost,
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construction cost and
other miscellaneous)

11.2.1. Design

A sustainable building must apply environmental-
friendly materials and minimize energy requirement
needed in the construction, operation, and maintenance of
a building structure [61]. The sustainable energy system
has been designed to minimize some losses that occurred
in the sample home and its design must minimize the
required energy in the building. Moreover, it is necessary
to ensure that ZECS can generate at least 1 kWh/day, equal
to the proposed minimum requirement of electricity in
2020, and the utilization ratio or energy required per one
square meter of home utilization should be less than 50
kWh/m?. Ultilization ratio can be calculated by following
equation:

i 1
Utilization ratio = ReqLdenergy ey
Total area

Whereas the required energy is the energy requirement
in one day [Wh] and the total area is the utilizing area in
the sample home [m?]

1I1.2.2. Energy Security

Another criterion is to ensure that using ZECS is
reliable and can operate under critical situations. In some
critical situations such as in raining seasons, it is necessary
to ensure that the system will be able to operate without
charging the battery for 2 days.

111.2.3.  System availability

Since the concept of sustainable energy concerns on
resource, equipment, and DC electric appliances available
and affordable for everyone, it is necessary to consider
how to maintain them and how difficult would be to
acquire certain components for the system. Google search
engine is used to evaluate the availability of equipment
and DC appliances. If 10 websites appear on the result
page and only 5 websites are related to accessibility, it
means that each equipment and DC appliance is
convenient and 5 points will be counted.

1I1.2.4. Efficiency

In sustainable energy issue, it also requires to consider
on efficiency improvement in order to minimize losses in
the system. In this criterion, the losses that occur in the
system can be minimized. Power generated from PV
panel will be compared with the power generated to the
load center by using this following equation:
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P 2
System efficiency = ZOWCTou @
Power,,

Whereas n [%] is the efficiency of each component,
calculated from output power [W] divided by input power.

11.2.5. Environment

Sustainable energy also targets to zero or almost zero
emission from the energy chain. CO» emission rate is used
to evaluate the effectiveness of each system. The total
CO, emission in each system has been calculated from
CO; emission rate in each ZECS system component as in
the following equation:

(Etotal) x CO2 emission per kWh ~ (3)

n

CO2 emission =

Whereas Eiowl [kWh] is the required Energy for each
component during the lifetime.

According to DEDE, CO, emission per kWh
[gCO2eq/kWh] from PV structure and material is equal to
54.8 gCO2eq/kWh, as presented in Table VI [62].

TABLE VI
CAMPARING DIFFERENT SOURCES OF CO, EMISSION

COz Emission (gCO2eq/kWh)

Structure & Fuel

Sources Components Fuels combustion Total
Solar cell 0.0548 - - 0.0548
Natural gas 0.0003 0.11 0.53 0.6403
Coal 0.0019 0.15 0.93 1.0819
Lignite 0.0019 0.16 1.07 1.2319
Fuel oil 0.0015 0.10 0.77 0.8715

(Source: DEDE, 2017)

1I1.2.6. Investment

Life time cost per unit is used to compare the
effectiveness of competing interventions. This ratio
between total cost and load consumption over the PV

lifetime measures the expenditure per 1 kWh
Total cost of equipment 4)
Annual load consumption x Life time

Life time cost per unit =

Whereas the annual load consumption is the total
required energy annually [kWh] and the total cost of
equipment can be calculated from this following equation:

Total cost of equipment = n(a x cost,,, )+ (5)
)yn(d xcost, )+

n(excost, ., +n(f xcost,,,.)

n(b x COStCharger) + (C X COStBattery Fan
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Whereas a to f are the warrantied lifetime of each
equipment [year], and n is the number of each
equipment. This research specifies that PV panel have a
warrantied life time of 20 years. Solar charger has a
warrantied life time of 10 years, so it is necessary to
change it every 10 years or 2 times in 20 years. Battery,
fan, LED, and electric boiler have a lifetime of 5 years, so
it is required to change them 4 times in 20 years [63].

In addition, the payback period in capital budgeting
[year] can be used as an indicator to determine whether to
undertake the project. It represents the length of time
required to recover the investment cost and it can be
illustrated through the following equation:

Total cost of equipment (6)

Payback period =
Annual outcome

IV. Experimented setup and analysis

1V.1. Experimental setup

The experiment setup is presented in Figs. 5. The
system monitoring sets are presented in Fig. 5 (a). PV
parameters of DC voltage, DC current, and PV
temperature will be monitored by the solar charger
controller as presented in Fig. 5 (b). The data can be
monitored by using EPEver data application as presented
in Fig. 5 (c). Solar irradiation is measured by the solar
power meter ST-1307 as presented in Fig. 5 (d).

Fig. 5. ZECS data analysis system

1V.2. Result
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Each round of the experiment was 10 minutes. Load
demand was activated first for 4 minutes, and then it had
2 minutes break. After that, load demand was reactivated
again for the remaining 4 minutes. EPEver data
application recorded all experiment results as presented in
Fig. 6, where the battery charging and discharging from
PV are demonstrated in order to confirm the energy
security. This research selected the most appropriate
record, which solar radiation was 810 W/m? in the full-day
sunshine condition.

Fig. 6. Record from EPEver data application

(a) DC Voltage real time curve
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(b) DC Current real time curve

(c) DC Power real time curve

Fig. 7. ZECS system performance

The experimental performance is presented in Figs. 7
in 3 curves: voltage, current and power curves. In Fig. 7
(a) or voltage real time curve, ZECS is reliable because
solar and load voltages were stable during the experiment.
Focusing on Fig. 7 (b) or DC current real time curve, load
current is stable during the first 4 minutes then drops in for
the next 2 minutes and goes back to the same level again
in the remaining 4 minutes. Battery is also fully charged
and it does not generate energy to the load demand. PV
panel also generates energy directly to the load demand.
If load demand is not activated and battery is also fully
charged, PV panel does not generate energy to the system
as shown in Fig. 7 (c) or DC power real time curve.

1V.3. Experimented analysis

1V.3.1. Design

The sample home with the size of 7.5 m x 3 m
presented in Figs. 8 has only one bedroom and one
restroom for two persons. Further the PV panel is attached
at the south-north direction with a slope of 14 degree. In
this home, doors and windows have been constructed by
considering the wind direction. They can be opened to
cool off the room temperature. White color is used in
every rooms in order to reflect the natural light that comes
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in during the day-time. In addition, thermal insulation is
used in this home in order to reduce heat gain.

If this system can generate energy more than
1kWh/day, it means that this parameter can achieve this
indicator. Having considered ZECS full capacity, 300 W
PV panel can generate energy for 1.3 kWh/day, which can
cover the minimum requirement of electricity. Also,
utilization ratio or the comparison between required
energy per day and the utilization area is equal to 795
Wh/22.5 m?> = 35.33 Wh/m?, which is lower than the
target.  Therefore, this parameter can achieve the
performance indicator.

Fig. 8. The demonstrated home

1V.3.2.  Energy Security

Energy security concerns about how reliable energy is.
From the study about PV system in Thailand, daylight
hour, temperature and solar radiance are good enough for
PV system to generate energy. This research selected 12V
200 Ah battery, whose storage energy is 2.4 kWh so it can
cover 1 kWh load demand. If some critical situations
occur, for example, some days in raining season with no
sunshine, the system can operate by discharged the battery
for 2 days at the regular load demand. Therefore, this
parameter can achieve the performance indicator.

1V.3.3.  System availability

When Google search engine is used to find ZECS
components which are PV panel, charger controller, and
battery, the result page area will show all the websites
containing each searched component. This can confirm
that all system components are convenient. For DC
electric appliances, when Google search engine is used,
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the points are relevant to the result as presented on Table
VII. For example, by searching the terms ‘15W DC fan’,
if 10 websites appear on the result page and only 5
websites are related to accessibility of 35W DC fan, 5
points will be counted. However, 100 W DC electric
boiler is proposed even if it is not available on Google
search engine. As the sample home is limited in its
expenses, it is crucial to replace 100W DC electric boiler
with cartridge heater, which is cheaper than other types of
electric boiler. Therefore, it can be said that system
components and DC electric appliances are available and
affordable for everyone. Further, each system component
has its warranties so it can be concluded that it is
convenient in terms of maintenance.

TABLE VII
RESOURCES ACCESSIBILITY SCORE
- . .5 B 2 2 e
<1 = =1 o £ =
£ 52 5% £3% 2 g2 JE 3
m 151 E_ 2 \% n 15} =
1. Motor
Fan 1 1 15 Yes available 4 1 4
on 4
websites
Fan 2 1 20 Yes available 3 1 3
on3
websites
2. Lighting
LED 1 2 5 Yes available 3 1 3
(main) on3
websites
LED 2 1 5 Yes available 3 1 3
(main) on3
websites
LED 3 1 5 Yes available 3 1 3
(toilet) on3
websites
3. Heating
Electric 1 100 No Replaced 2 0 0
Boiler by
cartridge
heater
available
on?2
websites

1V.3.4. Efficiency

As the performance indicator states that system
efficiency should not be lower than 80%. In the
experiment, ZECS efficiency has been calculated from the
best scenario of full-day sunshine with efficiency equal to
57/61 or 93% which is higher than the performance
indicator. Therefore, this parameter can achieve the
performance indicator.

1V.3.5. Environment

From Table VI, when PV system generates energy, just
only its structure and components pollute CO, emission.
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However, PV system does not use any fuel to generate
energy, so there is no CO, emission from fuel and fuel
combustion. Compared with other energy sources, PV
system has the lowest CO, emission rate. Therefore, this
parameter can achieve the performance indicator.

1V.3.6. Investment

ZECS cost effective ratio has been calculated based on
PV life time or 20 years. Table VIII presents the estimated
total cost of equipment. Each equipment already includes
the time of replacement in 20 years. The total cost of
equipment is 65,800 THB and the average cost of
equipment per year is equal to 3,290 THB/year.

TABLE VIII
ESTIMATED TOTAL COST OF EQUIPMENT

Equipment DC utilizing system (THB)
PV 1 x 1 x6500=6,500
Charger 1 x 2 x 2000 = 4,000
Battery 1 x4 x 5200 = 20,800
Fan 2 x4 x500=4,000
LED 4x4x100=1,600

Electric boiler 1 x4 x400=1,600
Total cost of equipment 38,500 THB
(1 USD = 33.00 THB as of September 2017)

This research assumes that PV panel can generate
energy for 4.23 hours/day [ 64], so 300 W PV panel can
generate energy for 1.3 kWh; ZECS energy generating and
storage system is 38,500/(1.3 x 365 x 20) = 4.05
THB/kWh or $0.128/kWh. Further, it can be calculated
that ZECS system can generate 6.5 THB per day or
2,372.5 THB per year (1 electricity energy unit = 5 THB).
Therefore, the payback period of this system should be
approximately equal to 16.2 years, which means that this
output meets the expectation set by KPI. It should be
noted that this calculation excludes the construction cost
and maintenance cost; moreover IRR calculations have
not been calculated. The reason is that this research aims
to a social responsibility and sustainability, so that it seems
to be difficult to get any return from the investment on this
system.

V. Conclusion and Recommendation

The stand-alone photovoltaic system whose load
demand is less than 1kWh/day, based on the concept of
zero energy consumption system has been presented. This
research has set up the sample home in DC utilizing
system with low-energy demand. DC utilizing system has
been chosen for ZECS because it is able to flow from PV
panel to the end use without having to be converted to or
from AC system, so it can save energy from conversion
loss. ZECS has been tested and operated successfully
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under the condition of load on demand. When load
demand requires energy, PV panel can generate energy
and send it to the load during the day time. If the energy
is not enough because of the night time or for some bad
weather conditions, it can use the preserved energy from
the battery. Having analyzed the experimented data from
EPEver data application, the load demand in ZECS is very
low, confirming that PV panel can be used to generate the
energy during the day time while battery can be used to
generate the energy during the night time. Further, the
battery charging and discharging from PV are
demonstrated to confirm ZECS energy security.

This home has 3 basic types of electrical appliances,
which are 35 W fan for air cooling with motor operating,
20 W LED lighting, and 100 W electric boiler because this
home is designed for low-income people who require to
access electricity just for the basic needs.

Having evaluated ZECS with key sustainability
parameters, this research can prove by the achievement of
key performance indicators that ZECS can operate
successfully. Having considered ZECS full capacity, it
can generate energy for 1.3 kWh/day, more than proposed
by the performance indicator. The utilization ratio or
energy required per one square meter of home utilization
is equal to 35.33 Wh/m?, which is lower than the target.

In terms of energy security, it can ensure that the
system can operate under some critical situations, for
example, heavy raining day in which PV panel cannot
generate energy. The system can operate at least 2 days
without charging the battery. In terms of availability, DC
ZEC system and DC electric appliances are available,
affordable and easy to be maintained. System efficiency
is more than 80% of the energy conversion efficiency, so
the losses that occur in the system can be minimized. By
the point of view of environment, this system produces
less CO, emission, compared with other energy sources.
Life time of ZECS energy generating and storage system
is equal to 4.05 THB/kWh or $0.128/kWh, and the length
of time required to recover the investment cost or the
payback period is 16.2 years. It should be noted that this
calculation excludes both the construction cost and
maintenance cost. Because ZECS aim is to provide the
electricity for low-income people in remote areas, social
benefits are more important that its return on investment.

In terms of ZECS benefits, it should be said that it can
be used in remote areas where people cannot connect with
the electricity grid or for other purposes such as knock-
down emergency homes. However, the types of load
demand can be adjusted depending on the users. As ZECS
has been designed for low load demand for low-income
people, therefore some DC electronic appliances such as
television or refrigerator are still expensive and not
necessary for them. In addition, ZECS can adjust the
energy storage size, depending on the load demand and the
energy security consideration. Normally, a 12 V battery
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seems to be convenient for low-energy consumption
which requires only basic appliances, such as LED
lighting system, fan for air cooling system, and electrical
boiler or heating system. If energy consumption is
increased, 24 V battery are recommended.

Moreover, this research confirms that 12 V 200 Ah
battery can be convenient for low load demand. ZECS can
have until 2 days backup time without charging the
battery, therefore this system is reliable and it can be used
in some critical situations such as rainy seasons when PV
cannot generate energy for 2 days.

It can be said that ZECS is good and applicable for low
load demand in DC utilizing system. The organizations,
such as the United Nations or the governments can apply
this system in order to provide the electricity for people
who live in remote areas because ZECS has only 3
components, which is convenient to setup the system.
However, ZECS is still expensive even though the cost of
PV technology has gradually dropped. Moreover, DC
electronic appliances are not much popular, and they seem
to be more expensive than AC electronic appliances.
Setting ZECS for low-income people in remote areas
requires some supports from the government. In other
words, ZECS has a low return, hence a government
subsidy which could reduce the capital cost, is necessary
to make this project feasible and bankable. The subsidy
can be in form of adder or grant for ZECS investment.
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Design of Zero Energy Consumption Home System in
Bangkok for Energy Efficient Plan 2015

Nidchabendha Chandanachulaka
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Bangkok, Thailand
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Abstract - This paper focuses on the design of zero energy
consumption for small building system that can support the
government energy efficiency plan (EEP 2015). The design suits
for small residential home in Bangkok that the energy
consumption is up to 1,500 Wh/day. This paper designs the off-
grid photovoltaic (PV) system which its structure consists of 3
main parts: generation, storage, and load. Experimental results
can be the real-time observed via a web server. The appropriate
proportion of PV energy : load energy : battery energy becomes 7:5:2
using the most PV energy collection scenario. The storage and
generation ratio is 1/3.5, is tested for 38 days and sustained to serve
during the ending of raining season in Thailand.

Keywords — off-grid system, zero energy consumption for small
building, EEP 2015

I. INTRODUCTION

People are aware that the amount of fossil fuel usage has
increased dramatically which lead many environmental
problems. These problems include greenhouse gas,
wastewater, or air pollution, therefore, people are concerned
about the ways to preserve or minimize the use of fossil fuels.
Alternative energy such as photovoltaic has become popular at
the moment because it can protect some environmental
pollutions that cause from the use of fossil fuel [1]. Installing
PV panel is considered more economical than other kinds of
energy generations. An off-grid PV system mainly consist of
few equipments, which are PV panel, energy conversions and
battery as used as a energy storage. It can be seen that an off-
grid PV system has been used to generate the electricity in many
rural areas around the world. Another reason is solar energy
from PV system cannot run out, so solar energy can be accessed
as long as sunlight is available.

The concept of zero energy home has become emerged, it is
about the building that can minimize energy requirements and
use renewable technologies in order to provide the electricity
for the buildings and must equal to the amount of energy
requirements in the buildings [2]. Many US architectures
design a new home with PV system that can generate electricity
as it consumes on annual basis because it can reduce the total
energy bill, including gas and electricity, by at least 60% [3].
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The concept of zero energy building has been implemented
for energy policy in many countries [4]. In Thailand, the
Government approved the Energy Efficiency Plan 2015-2036
in August 2015 which targets to reduce the energy intensity by
30% in 2036, comparing to the level in 2010. This plan
identifies mobilization of energy conversion under 3 strategies,
10 measures, and 4 economic clusters. The uses of high energy
efficiency equipment and buildings will be promoted as well as
Clean Development Mechanism (CDM) will be applied in order
to minimize global warming and greenhouse emission.
Moreover, this plan creates the energy awareness that effects
the efficient use of energy such as saving energy in the
manufacturing, transport and household sectors [5]. One of 10
measures is to promote the building energy code (BEC) for new
buildings, for example, it is required to calculate the energy use
per area for construction of new buildings, to support reduction
of energy consumption, plus to promote net zero energy
buildings [6].

Next, Section II will propose the zero energy consumption
small building concept. Experimental result will be presented
in Section III. At the end, the analysis and the conclusion will
be available in Section IV and Section V respectively.

II. THE ZERO ENERGY CONSUMPTION SMALL
BUILDING SYSTEM CONCEPPT

The off-grid PV system has been founded dramatically in
many rural areas and some remote location around the world
because of low maintenance and low operation cost as well as
it provides the long-life expectancy [7]. It is possible to define
zero energy consumption home as zero energy consumption
small building as it consumes only small amount of energy
requirements. This paper focus on the off-grid system in the
small size of building that required low energy demand so, this
paper uses the term ‘zero energy consumption small building’
to define the way to minimize the use of fossil fuel which
mainly generates the electricity implementing renewable
energy in the building, together with to minimize the energy
requirements in this demonstrated small building.



A. Load Requirements

Having concerned on solar radiance in Bangkok, it is
possible to state that its location is fine for PV installation.
According to DEDE solar radiance record during 2010 — 2014,
the average solar radiance is approximately 5.84kW/m?-day
[8]. The highest average solar radiation is during April — May
and it has declined in July — October annually as in the raining
seasons. However, this paper has not focused on the
temperature issue since it does not much effect on solar
radiation.

TABLE 1. AVERAGE SOLAR RADIATION IN BANGKOK (2010 —2014)

Month Average
Solar
Radiation
(kW/m?-
day)
January 542
February 6.08
March 6.41
April 7.05
May 6.74
June 5.99
July 5.77
August 5.65
September 5.29
October 4.73
November 5.50
December 5.53

This paper focuses on any small building that energy
consumption is lower than 1,500 Wh. Note that this small
building does not have any high energy consumption usage, for
example, washing machine. The demonstrated small building
is located in Meanburi District, Bangkok, Thailand. Its size is
less than 25m? and it uses AC system. The main propose of this
small building is for mediation. The owner stays alone in this
mediation building with approximately 1.26 kWh/day load
energy requirement as presented in Fig.1.

Fig. 1. Total load requirements.

B. Setting up the system
The main components of zero energy consumption for small
building system consists of 4 parts as presented in Fig. 2.

1) PV panel: this paper selects polycrystalline silicon for
the design system. Each PV array has Puax is 300W, with the

operating voltage and operating current are 36.7 V and 8.17 A
respectively.

2)  Solar charger controller: to manage power flow from
PV panel to battery and to prevent the battery from
overcharged.

PV Panel
! 5
Sf:;;ﬁi‘iﬂ Battery Power inverter ;
2 -
(bepO) 2,880 Wh (DC-AC) g
i3]

Fig. 2. The main components of zero energy consumption for small building
system.

3) Battery: to supply load requirement when no sunshine.
This paper selects the 2,880 Wh deep cycle battery.

4) Power inverter: this paper selects pure sine wave
power inverter in order to convert the direct current (DC) into
the alternating current (AC) at 220 Volt.

C. System analysis

The data analysis system consists of sensor, CPU,
communication and monitoring as shown in Fig. 3(a). This
system can analyze PV parameters of DC current, DC voltage,
AC current, AC voltage, PV current, PV voltage and its
temperature in CPU using DSP33F. Experimental result can be
real-time monitored via connecting the internet as in Fig. 3(b).

According to the previous study [9], authors proposed 3
scenarios depending on the situations of sunlight. Equation
models that used in this system are presented as follow:

Enerngeneration = Energymad + EnergYStorage (1)
nx Z(PIth + Poxty + Pnth) = (Pt)load (2)

Since PV generates the electricity from the sunlight in order
to support load requirement and to reserve the remaining
electricity in form of battery. The equation for energy from PV
generation is in (1). Whereas Energyi..d has been calculated
from the load profile of n loads including their n efficiency as
in (2).

Energygencration comes from the peak power (Ppvpeak)
multiplied by the average time (tag) that PV can produce the
electricity as in (3). According to [10], the average time that
PV can produce the electricity in Bangkok is approximately
4.23 hours/day.

PPVpeak X tavg = (pt)gen (3)

Energysiorage has been calculated from Energygencration minus
Energyioad, however, some losses such as Ohmic loss is included
in those energy components.



(a) Data analysis system.

(b) real-time monitored result.
Fig. 3. Zero energy consumption for small building system.

III. EXPERIMENTAL RESULT

This paper monitored all key parameters, which are DC
current, DC voltage, AC current, AC voltage, PV current, PV
voltage and its temperature, during September 17 — October 24,
2016. The monitoring system could not record all information
automatically, so all parameters were monitored manually. In
addition, this paper could not monitor the data during the late
nights. From these reasons, this paper proposes the selected
sample the record, which is the most completed data, then
analyzes the result from the average monitored data.

Figure 4 presents the one day load profile, the area under
each curve represents the energy from each parameter in the
system. All key parameters have been monitored and recorded
in every 30 minutes. Having considered the energy balance, the
efficiency of charger and inverter are required to calculate
energy balance of this system to support Energyeen to equal to
Energyioads plus Energysiorage-

Figure 4a presents generated energy, load energy and
storage energy, which are 1,394 Wh, 991 Wh, and 403 Wh
respectively.  On another day, Figure 4b shows that it is

necessary to use the backup mode to support load demand in
the daytime.

IV. ANALYSIS

According to the previous study, the proportion of PV
energy : load energy : battery energy had been forecasted at 2:1:1
on the full-day sunshine. However, the result from the previous
part shows that the proportion becomes 7:5:2, which totally
different from the previous study. This means this system can
generate the sufficient electricity to support load requirement.
After delivered the electricity to support load demand,
remaining electricity can be preserved in form of battery.

Although, this system can be monitored via a web server
application, it is necessary to check the monitoring result
manually. The calculation would be more accurate if this
system has been monitored automatically.

(a) the most PVenergy collection scenario load profile.

(b) back up mode is required to support load profile.

Fig. 4. Load profile.



V. CONCLUSION

Zero energy consumption for small building system is
presented, which energy consumption is up to 1,500 kW/day in
Bangkok. According to the result, this system can generated
the electricity to support the load requirement and can preserve
the remaining electricity in battery.

After the zero energy consumption small building system
concept has been proposed, this paper presents the experimental
results that come from the real time monitoring system. Having
considered on the energy balance from the best sample, the
proportion of PV energy : load energy : battery energy becomes
7:5:2, which means this system can preserve the electricity in
the battery.

ACKNOWLDGMENT

Authors would like to thank Sa-ard Chit Mediation Home
that permit all installations and permit to collect all valuable
data.

REFERENCES

[1] K. Meah, S. Ula and S. Barrett, "Solar photovoltaic water pumping -
opportunities and challanges," Renewable & Sustainable Energy
Reviews, vol. 12, pp. 1162-1175, 2008.

(2]

[3]

(4]

(3]

(6]
(7

(8]

[9]

[10]

F. Alrashed, M. Asif, "Analysis of critical climate related factors for
the application of zero-energy homes in Saudi Arabia," Renewable and
Sustainable Energy Reviews, vol. 41, pp. 1395-1403, 2015.

M. Keesee, "Setting a new standards zero energy home in the US," RE
Focus, vol. July/August, pp. 26-28, 2005.

1. Satori, A. Napolitano and K. Voss, "Net zero energy buildings: A
consistent definition framework," Energy and Buildings, vol. 48, pp.
220-232,2012.

J. Kijjanuluck, "Success factors in achieving Energy Efficiency Goals
and Targets: Energy Efficiency Strategy for Thailand for the next 20
years," Ministry of Energy, 2015.

EPPO, "Energy Efficiency Plan; EEP 2015," 2015. [Online].

D. Fong, "Sustainable Energy Solutions for Rural Areas and
Application for Groundwater Extraction," Global Energy Network
Institute, 2014.

DEDE, 2015.

N. Chandanachulaka, W. Khan-ngern, "Zero Energy Consumption
Home Based on Utilization — Pricing Ratio, Using Solar System in
Bangkok," in /3th ECTI-CON, Chiangmai, Thailand, 2016.

"Time to use the resources we have in abundance," 2 5 2013. [Online].
Auvailable: http://www.nationmultimedia.com/opinion/Time-to-use-
the-resources-we-have-in-abundance-30205228.html. [Accessed
2015].



6¢1



Zero Energy Consumption Home Based on
Utilization — Pricing Ratio, Using Solar System
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Abstract—This paper presents the design of zero energy
consumption on a stand-alone photovoltaic (PV) system for a small
residential house. The load requirement which is less than 1,500
Wh per day located in Bangkok. System structure composes of
three main parts: 600 W PV system, 2880 Wh energy storage of
battery and charging system, and the 1 kW inverter for AC use.
The proposed design process starts with the 3 scenarios of load
requirement on full sunshine, half day sunshine and no sunshine
conditions including the proposed model on the appropriate
proportion of generated energy : load energy : storage energy
which becomes 2:1:1 while using the best scenario. Experimental
results are remote monitored via a Web server application in real-
time. The analysis of the zero energy consumption has been done
all the solar conditions. The result from proposed model has been
tested and found that it can be used successfully in stand-alone PV
system for a small residential house in Bangkok.

Keywords—Photovoltaic; stand-alone system; zero energy
consumption; utilization — pricing Ratio

I. INTRODUCTION

Since the concept of zero energy buildings has gained world
wild attention and now become a target for many designs of
buildings [1]. The term ‘zero energy buildings’, also
recognized as net zero energy buildings are about the buildings
that have zero carbon emissions on annual basis. They must
minimize the daily energy requirements and generate energy by
using renewable resources [2]. According to P. Torcellini et al
[3], there are several definitions of zero energy buildings with
a difference in usage between Europe and North America. In
North America, zero energy buildings usually refer to the
building that can provide the amount of energy by on-site
renewable energy sources and must equal to the amount of
energy used in the building. On the other hand, the term zero
energy building that used in Europe can be defined as zero net
energy emission, zero carbon building, or zero emission
buildings. This means the carbon emissions that generated
from fossil fuel are balanced by the amount of on-suite
renewable production.

The concept of zero energy buildings is completely about
minimizing the required energy use, particularly energy that
generated from fossil fuel and implementing the use of
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renewable energy resource to meet the energy demand.
Supported by Danny H.W. Li et al [4], zero energy buildings
have two design strategies — (i) minimizing the needs for energy
use in the buildings, and (ii) adopting renewable energy and
other technologies to meet the minimal energy needs.

It could be stated that there are many ways to minimize the
use of energy in the building. Energy consumption can be
minimized by applying new technologies in the buildings such
as wall materials, insulation materials, high efficient air
conditioning system or solar lighting which lead to meet zero
energy building designs [5].

Farajallah Alrashed [6] mentioned that zero energy
buildings actually rely on renewable energy to meet their
energy needs, therefore, it sounds important to have sufficient
and appropriate renewable resources to sustain the energy
demands and Photovoltaic or PV seems to be one of the most
sustainable energy generation technologies for zero energy
building [7].

Next, Section II introduces zero energy home reviews. The
design concept of zero energy consumption home is proposed
in Section III. The system setup and testing result are presented
in Section IV. Lastly, the conclusion is in Section V.

II. ZERO ENERGY CONSUMPTION HOME REVIEW

Since M. Igbal [8] expressed that zero energy buildings
may or may not be grid connect, it is possible to state that zero
energy consumption home could be an off-grid buildings which
do not consume any fossil fuels and renewable energy must be
used in zero energy consumption home in order to replace the
use of fossil. In addition, the appropriate size of energy storage
is required to preserve the energy that generated from
renewable resources. However, there are many studies have
presented that an off-grid PV system is viable in rural areas and
remote locations.

Kaka Meabh et al [9] designed PV water pumping for remote
areas and found that solar water pumping has a cost effective as
well as it is an environmental friendly method to pump water in
remote areas. It can stated that solar water pumping system has
challenges in terms of technology, economic, and environment



particularly in developing countries. To minimize the
investment cost, it is possible to use the local resources such as
materials, skills, and finances, therefore, an off-grid PV system
can be competed with the conventional diesel water pumping
system [10].

Abd El-Shafy A. Nafeh [11] designed an off-grid PV system
to provide the electricity for a single residential household in a
remote site of Sinai Peninsula in Egypt. As a result of life cycle
cost analysis, the author presented that electrifying a remote
household using PV system could benefit and proper for long-
term investments.

Abdul Ghafoor et al [12] designed an off-grid PV system
for electrification of a single residential household in Pakistan.
Their design based on the residential house which is the low
energy demand without any high energy consumptions such as
air conditions. The electrical load requirement in this design
consisted of 5 lamps, 1 refrigerator, 1 washing machine, 1 TV
and 2 fans and the average daily energy demand of this house
was 5.90 kWh per day. At the end, the authors concluded that
the unit cost of electricity that produced from an off-grid system
is lower than the unit cost that charged from the electric supply.
Therefore, the authors stated that an off-grid PV system is both
economically and technically feasible for low energy demand
users in Pakistan.

Guda H.A. et al [13] provided a case study of an off-grid PV
system for the 3 bedroom bungalow in Bauchi, Nigeria, and the
residential daily energy demand was 6.5 kWh per day. The
authors concluded that the success of each off-grid PV system
depended on different factors such as weather condition, solar
irradiance, load profile, and geographical location. However,
the most important requirements for a storage for off-grid PV
system are low cost, long life time with low maintenance, high
energy efficiency, self-discharging and easy operation [14].

Comparing an off-grid PV system with other conventional
alternative systems such as diesel-powered system, Kolhe et al
[15] analyzed the energy demand from PV and diesel
generators for a school through the sensitivity analysis by using
life cycle cost and concluded that an off-grid PV system is the
most feasible powered system because it could provide the
lowest cost option for minimal power using in the school.

III. PROPOSED ZERO ENERGY CONSUMPTION HOME
SYSTEM

The main components of zero energy consumption home
system consists of PV arrays, solar charger controller, battery,
and inverter as presented in Figure 1.

A. PV arrays

Photovoltaic power generation is the process that directly
generates the electricity from the daylight, therefore, PV arrays
is the most important component in the system. Polycrystalline
Silicon has been selected for this designed system. The
electrical performances of selected PV array is shown in Table 1.

Solar Cell
Cabinet

-
!

Controller Battery Inverter
Fig. 1. The zero energy consumption home system components.

TABLE I. ELECTRICAL PERFORMANCE OF PV ARRAYS

Electrical Performance

Max. Power Pmax 300 W
Operating Voltage Vmp 36.7V
Operating Current Imp 8.17 A
Open Circuit Voltage Voc 444V
Short Circuit Current Isc 8.99 A

B. Solar charger controller

The solar charger controller manages the power flow from
the PV arrays to battery and to prevent the battery from being
overcharged [13].

C. Battery

The battery is charged during the sunshine hours and used
to supply the load during the night time and no daylight hours.
It is necessary to have the appropriate size of energy storage
that used in the of-grid or stand-alone side.

D. Power inverter

The main activity of the power inverter is to convert the
direct current (DC) into the alternating current (AC) at 220 volt.
Pure sine wave power inverter is selected to use because it
suites for the continuous load and could generate AC load
directly. Table 2 provides the information of selected power
inverter.

TABLE II. INVERTER PERFORMANCES

Inverter Performance

Inverter Mode

Related Power 1000 W

DC Input 24 VDC

AC Output 220VAC+-35%, 50Hz
AC Charger Mode

AC Input 220VAC+-35%, 50Hz
AC Output 220VAC+-5%, 50Hz

AC Charge Current (optional) 0A 5A 10A 15A 20A 30A

Working Mode (optional)
Solar First, Mains First, Save Mode

E. Energy demand for a residential house

During 2010-2014, Bangkok has the average solar radiance
of 5.84 kW/m?-day as shown in Figure 2 [16]. It can be



observed that the daily solar radiation in Bangkok has a peak in
April 2012, while the daily temperature reached 40 degree
Celsius. Also, the daily solar radiation has slightly dropped
during the rainy reason, July — October. Therefore, the high
temperature does not much affect on solar radiation.
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Fig. 2. The average solar radiation in Bangkok during 2010-2014.

TABLE IIL LOAD REQUIREMENTS

Equipment No. of Power of Daily Energy

equipment Equipment (W) use (h) required

(kWh/d)
Light 1 1 12 1 0.012
Light 2 1 12 1 0.012
Light 3 1 12 12 0.144
Fan 1 58 18 1.044
Computer 1 50 1 0.05
Total 1.262

In many households in Thailand, energy demand is small.
People just need electricity for their basic needs such as lights,
TV for news, such as a fan during hot weather. They use
electricity just a few hours at night. Not only people who are
living in rural areas, low income people in Bangkok also
concern about how to minimize the use of energy in their
household.

Therefore, this paper focuses on a small residential house
with less than 1,500 Wh energy demand and without any high
energy consumption usages such as air condition or washing
machine. The proposed residential house is an off-grid PV
system for electrification, located in Meanburi district,
Bangkok. Its size is 3m x 7.5 m with AC supply system. In
addition, this paper targets that the break-even must be reached
within 15 year. The load requirement for this residential house
is 1.262 kWh/day as indicated in Table 3.

In addition, this zero energy consumption home system also
concerns the utilization-pricing ratio. The result from this paper
will be used in the small residential house that require the
electricity for basic needs and this system must be worth for
investment as this paper targets that the break-even must be
reached within 15 year. There are 3 scenarios, depending on the
situations of sunlight, which are 1) full-day sunlight, 2) half-
day sunlight and 3) no sunlight.

IV.THE ZERO ENERGY CONSUMPTION HOME
SYSTEM SETEUP AND RESULTS

(a) Pilot project home. (b) system monitoring.

(c) data analysis system.

(d) hardware of data analysis system.

(e) example of data monitoring.
Fig. 3. Zero energy consumption home system.

The data analysis system of zero energy consumption home
composes of sensors, CPU, communication and monitoring are
shown in Figure 3. The zero energy consumption home size of
22.5 m? shown in Figure 3a where the PV is attached at the
south-north direction with a slope of 14 degree. The energy and
temperature parameter are monitoring in Figure 3b. The
diagram and prototype of data analysis system are shown in
Figure 3c and 3d respectively where the PV parameters of DC
voltage, DC current, PV temperature, AC voltage and AC
current from inverter will be calculated in CPU using DSP33F.



The monitoring of key information of energy is shown in Figure
3e. The dada can be monitoring at any location via the internet
system. The remote data can be nearly real-time analyzed.

The zero energy consumption model are expressed as
follows:

A. Equations

As the concept of off-grid PV system, the electricity that
generated from PV power generation must be sufficient to
support the energy demand and must be able to preserve in the
battery in order to use the electricity when the PV system cannot
generate the electricity because of no sunshine. The equation
for the generated energy is shown in (1)

Energygen = Energyioad + Energysiorage (1)

Energyicad has been calculated from the load profile as
shown in (2)

nx Z(Plxtl + Pyxt; + Pnth) = (Pt)load (2)

Energy,.. has been calculated from peak power multiplied
by voltage and time that PV arrays could generate the electricity
from the sunshine hour as shown in (3)

PVpeak X tavg = (Pt)gen 3)

This paper assumes that PV arrays can generate the
electricity for 4.23 hours/day [17]. Energysormg has been
calculated from Energyge, minused by Energyioad as shown in (4)

(Pt)gen - (Pt)load = (Pt)storage (4)

Noted that, losses in the system such as Ohmic loss has not
been calculated yet.

B. Scenario 1: full-day sunshine

Having calculated Energygen on the sunshine day, there are
2 PV arrays, each array can generate 300 W. It is observed that
PV array can generate the electricity for 4.23 hours/day in
Bangkok [18]. Basically, PV arrays could generate 2,538 Wh.
After the electricity passes the controller, with 95% efficiency,
the remaining electricity becomes 2,411 Wh. Next, Energysorage
is calculated by deduct required load, which is 1,086 Wh as
shown in Figure 4a and the forecasted load profile is shown in
Figure 4b.

C. Scenario 2: limited or half-day sunshine

In this scenario, PV arrays are supposed to generate
electricity for 2.115 hours day, so PV could generate 1,272 Wh.
After electricity passes the controller, the remaining electricity
becomes 1,208 Wh which is not enough for the 1,262 Wh load
requirement. It is necessary to use 117 Wh from the save
energy in battery. Therefore, it can conclude that if battery is

full charged and sunlight is available only few hours, it can use
save energy in the battery to support load requirement for 19.4
days as shown in Figure 5a and the forecasted load profile is
shown in Figure 5b.

D. Scenario 3: no sunshine

In the raining day that PV array cannot generate electricity,
it is necessary to use the energy that saved in battery. If the
battery is full charged, it is possible to use the energy for 1.7
days as shown in Figure 6a and the forecasted load profile is
shown in Figure 6b.
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(a) Calculation.

(b) Forecasted load profile.

Fig. 4. Full-day sunlight.

E. Energy ratio

Full-day sunlight is the best case that used to find the energy
ratio. This system can generate electricity 2,538 Wh with 1,262
Wh load requirement and the remaining 1,086 Wh is saved in
the battery. Without concerning other losses in the system, such
as Ohmic loss, Energygen : Energyioad : Energysiorage will become
2:1:1.

F. Utilization-pricing analysis

The cost summary is presented on Table 4. If the energy
costs 4 THB per unit, it can calculated that the energy cost for
2,538 Whis 10.152 THB/day or 3,705.48 THB/year. The break
even for this system is 16.39 years, without other factors
concerns such as government subsidies or carbon footprint.



TABLE IV. SYSTEM COST SUMMARY
Solar Controll ( Inverter Total
59 pE.DC 7 DC-AC 5 Equipment Unit | THB/Unit | (THB) | USD* %
Wh 1\’)%/(1)18 117 Wh W 1. Generation
- PV Arrays 2 6,500 13,000 360.11 21.40
Battery 2. Storage
64 Wh W Battery (12 x 120Ah) | 2 5,200 10,400 | 28809 | 17.12
(a) Calculation. Charger (20A) 1 1,040 1,040 28.81 1.71
3. Inverter DC-AC
Inverter DC-AC 1 7,400 7,400 204.99 12.18
4. Installation
19 inch cabinet 1 7,500 7,500 207.76 12.35
Roof structure 1 7,000 7,000 19391 11.52
5. Expenses
Electric installation 6,400 6,400 177.29 10.54
Labor cost 8,000 8,000 221.61 13.17
Total 60,740 1,682.55 | 100.00

*Currency exchange 1 USD = 36.01 THB as of 4 December 2015

TABLE V. COMPARING COST OF DIFFERENT BATTERY

(b) Forecasted load profile. SIZES
Fig. 5. Half-day sunlight. Case 1 Case 2 Case 3
Equipment Unit THB/unit (THB) (THB) (THB)
™ s
Controll Inverter 1. Generate
: o
0Wh Pene Lo Wh PV arrays (300 W) 2 6,500 | 13,000 | 13,000 | 13,000
.
1,325 2. Storage
B
Loss 2880 Loss Battery (12 x 120Ah) 2 5,200 | 10,400
0 Wh Wh b
W 4 5,200 20,800
(a) Calculation. Battery (12 x 80Ah) 2 3,600 7,400
Charger (20A) 1 1,040 | 1,040 1,040 1,040
3. Inverter DC-AC
Inverter DC-AC 1 7,400 | 7,400 7,400 7,400
4. Installation
19 inch cabinet 1 7,500 | 7,500 7,500 7,500
Roof structure 1 7,000 | 7,000 7,000 7,000
5. Expenses
Electric installation 6,400 6,400 6,400 6,400
(b)  Forecasted load profile. Labor cost 8,000 | 8,000 8,000 8,000
Fig. 6. No sunlight.
Total cost 60,740 | 71,140 | 57,740

Having considered on utilization by changing battery size;
1) standard: 2 batteries (12V 120Ah), 2) long-storage time: 4
batteries (12V 120 Ah), and short-storage time: 2 batteries (12V
80Ah), the system cost will be changed as presented on Table 5.

Table 6 compares cost of different battery sizes and their
capacities and could be stated that Case 1 suits for the area in
the central of Thailand or Bangkok because they have the stable
solar radiation. Case 2 suits for South of Thailand, which has



long rainy season and Case 3 suits for the North and the
Northeastern of Thailand because of less raining day with high
solar radiation, when comparing to different regions of
Thailand.

TABLE VI COMPARING COST OF DIFFERENT BATTERY

SIZES AND CAPACITIES
Case Battery Cost Day
capacity (Wh) (THB)

1 2,880 60,740 228
2 5,760 71,140 4.56
3 1,920 57,740 1.52

V. CONCLUSION

The stand-alone photovoltaic (PV) system for a small
residential home, which load requirement is less than 1,500 Wh
per day in Bangkok, based on the concept of zero energy
consumption was presented. This design system shows that the
possibility of the stand-alone PV system for a small residential
home can be done successfully in all weather conditions. The
model of appropriate proportion of generated energy: load
energy: storage energy of 2:1:1 ratio is proposed. In case of a
full day sunshine is operated, battery is run on the storage mode.
In a half day sunshine, the battery can be run either storage
mode or discharge mode depended on the load condition. The
real situation of no sunshine occurs for two days, the battery
discharges up to 1,800 Wh. This storage energy system can be
sustainability operated. It is confirmed that three scenario of
sunshine, the proposed model can be exactly run in the real
situation. The utilization-pricing ratio is analyzed. This ratio is
one of key parameter to make a decision on the investment by
using break even for this system is 16.39 years, without any
government subsidies or carbon footprint.

However, having considered on utilization-pricing ratio, it
could be suggested that battery size also depends on the user
requirements. Although this study presents that PV arrays can
generate enough electricity for the residential house that require
low energy demand, if the user requires to secure on electricity,
it is possible to use the large size of battery.

In addition, this paper will use a graphical user interface or
GUI for the data monitoring and logging system which
enhances a user friendly approach. The result will be published
in a future publication.
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