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ABSTRACT

This research aims to develop a system and intelligent electric power
management for aerators in aquaculture ponds. The designed animal farm uses three
power sources, namely: 1. Solar cell power 2. Basic electricity 3. Battery power. The
researchers designed an algorithmic system that controls the charging process. Battery
Discharging and Power Management in Aquaculture Ponds By being able to select an
electrical power supply that can charge the battery. Aeration in aquaculture ponds in
order to be in line with the daily routine of cultivators This can be controlled at the
Blynk application. Performance tests and determinations are as follows: 1. Testing the
electrical power of the aquaculture pond system. The efficiency of the 1st pond is
56.03%, the efficiency of the 2nd pond is 84.51%. The efficiency of the 1st pond was
76.48%, the efficiency of the 2nd pond was 91.42%. The efficiency of the 1st pond
was 87.61%, the efficiency of the 2nd pond was 97.97%. The efficiency of the 1st pond
was 64.99%, the efficiency of the 2nd pond was 78.81%. Economic analysis of the use
of electricity from solar cells to aerate in aquaculture ponds will be analyzed. The 1st
aquaculture pond can produce electricity 19,549.46 Baht/year for a payback period of
6.63 years. The 2nd aquaculture pond can produce electricity 28,479.80 Baht/year for
a 4.54 year payback period.

Keywords :  Solar Hybrid Inverter, Electrical energy administration system, Energy

management system
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NSANYINGUKATNITATIANBNANTTINLITRINU NITHAUITEUVUTINIIANITNG Y
InihdaasezdmivinIssinoiniFluvamizidesdn iyl uATedlawumguuazn1snge
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mAlulagnasukaing

1. wadwaseing (Solar Cell)

waduaseniing [HudsUszAusiiairstuiiedugunsaidmsunaudsundanuuas
Thdundanuladia Tnensihansisia wu aaey Adldmwininnuazsiagn thuwiy
nszvALNISInemans waeliduuiuunauians Tuiuifiiuasmnnssnuuuusuead¥ed
YpaLasTi daynAreandsulsznauifonin Tsnseu (Proton) axanewmmndsuliiiy
Sidnmsou (Electron) luansisia auiindsnuannwediaznselanesnunainuseiegaves
omoxl (Atom) annsnindeuiildedidasy dufudedidnaseudnmaadeuiinsuisas fash
TAnlifnszuansetu

3

1.1 sinvasvastkasafing

[ a

1.1.1 waauase1iindivinaindaneu wslananinel (Single Crystalline Silicon

Solar Cell) #3® Mono Crystalline Silicon Solar Cell wag ¥l ana N34 (Polycrystalline

3 a =

. [ 1 aa <@ 3 a aa
Silicon Solar Cell) FnwuztdunN ugaAnounLdILaz Uiy 988 LAt NAg YtaANANTAAe

=

Crystalline Silicon (c-Si) HARNUVNHANTAADY TLANIINNIITVIABUATABTAABUUTNT 7
gounnigedis 1,500 asengaided AIunszuIuNsANKENog1etn 9 wazthundaduwiuug
9 438071 Lles leediussansanlunisuUamasnulssunusoesas 13-15 laenauyuly

nswinunawadvilatreudiaduanslunmi 1



A 1 Monocrystalline Silicon Solar Cells
fin: (Solar CELL THAILAND, 2013)

1.1.2 weauasoingvinanezuesiladdneu (Amorphous Silicon Solar Cell)
waduaIeingviinesuesiladdneu Amorphous Silicon (a-Si) unsudnaduatonfing
= a = D aa o oA & & o =
anvfianils lngldarsdineu arsluseusazarsneanesaneglusuitanmun ihunaiisy
uilduuna (Thin Film) asunudunis uiunanain nie wiulans fuszdnsamlunis
Wigugunasusinitsiandndareu witdagdulalinnsuinelulagadelnidunldlunis
HAR MIAEI1T08AAUNUAITHERRS wastiiuUsEdniaingstu Foilndssdniangs

Us8110U508aY 6-8 AILARIIUAING 2

AN 2 Amorphous Silicon Solar Cell

o w

AU (WS ordvnda (Inewaus) 311m, 2018)

' '
o =

1.1.3 waauase1fingivinanansneiiiidu 9 waauaserinduiaaisusznau
vesneUilasdutfeulamialus (Copper Indium (Gallium) Di-Selenide) {ulwaduasefing
Idanswanves Copper Indium Gallium wag Selenium Taedyieiley Cadmium Sulphide

o '
= I~

waglald Cadmium Sulphide 1udviweslulwaduasofing Tvisvdandnifen (Single



Crystalline) kagniingau (Polycrystalline) waduasefindyiailiiusz@nsamgslnaifgaiy

yiananTaneU ogusEan 9-13 danandlunini 3

AT 3 Copper Indium (Gallium) Di-Selenide

‘17‘|I3J']: (Solar CELL THAILAND, 2013)
1.2 MSMUSEANS ANV ILNILTAALAIDTIAE

UsANSAINVDILHITAALAIDNNNEG AD 9RT1A@IUTENINNAINANTELENTIN

NAR LA NNTLUULNITRALAID1ARE (PV) ABn1a9kaIn1ind innsenuaIu1samuInlaann

AUNTAIN

n,, =—=x100 AnTsA 1
GA

Tneit v Ao Useavsnmusdusamaduaseniing (%)
Foc Ao MadAINIZLARTIANNTZUU PV (W)
1 ¥ = 2
G fp ASsdndnnnsenu (W/m )

o 9 2
A A9 NUNLRIYAR LA Nng5 (M )

1.3 guvuvesnsussenddma e finginldudana el
1.3.1 szuuwadiasofinduuudensaidtuanedsiluannil (PV Station) 1Ju
STUUVNA A AR UTTUNTAARILALY AR LA ARSI IUIUNNA Feszuuazdtanasulii

Iftugldlnihdnwiuann wanadaning 4



A 4 sdliigaduasenfinguues
i https://www.egat.co.th/index.php?option=com_content&view=article&id
=1991:art-

13.2 szuuwaduaseniinduuuidousaiinavdsiinndetundann (PV roof top)
dunsuszgndlivaduaseniinduuufndasufundsaiiondaliiildnelutuuastie
Uszundnarlndl a7 19 n1eludu drulsznaundnvesssuuazimioutuszuy PV grid

connected 971U WAAIAININA 5

Al 5 Solar PV roof top

i https://homeguru.homepro.co.th/solar-rooftop-how-good-is-it/

133 syuuwaduaefinduuuieusednansdsiifinaauuvasstn Ao aaud
wAsnEIuLasenfing vulasaiisjuaoseguuiiuii Wy with aaes viues T woudiey
Wianziaau Tnevindfisniiundsusasonding wodmsuldausazvreldsunisiih

drugliniansensiniinuasras Wukeatu Solar Farm uag Solar Roof Top fissuunufy

[ '
=] I

AsAnRaadlaseRngnuvassu T nuianalulad Aanuisatisluisesnsusendanug



VLRI ULAIDTNIUUUA INTIEH0INTISHAR LNTNINNE I ULEINIRgNINT W IS

NUTINILNITAR AR ARG AL DUADITUINTY LAAIFINING 6

a6 Floating Solar Power

i https://homeguru.homepro.co.th/solar-rooftop-how-good-is-it/

aunsalAluANNBLADS

1. S1ad (Relay)
1.1 #dnN1TYIeu
<) a = = o Y Ao 1 a [y a 4
Wugunsalluiviianils G naasne19shuuieInuaing lagniuaunig
aumglnil Sadiivaeuseinn dansiadvuaanaldlusnudidnnsedndialy auda
Siadvwnlngfldlunuliiiusas Tnedsusamdhanuandsiuesnly wilindnnisienui
¥ = o o U o a v o 1 gj dgld & = v
Aanemaeiy dmsunisiisadlulanu agldlunisdnrensas eliSiaddanunsadonldau

lvannvaneguuuy

ninduia Unfila

AvaalIn C
Coil V19934 Common
_.eeeeeeee) NC
nindudalniila

el' v @ ¢

A7 7 deudnwalvesiad

o

i http://primusthai-pm.blogspot.com/2018/11/solid-state-relay-relay.html



Woslnszualwihluaniuueadn azviliusainfnauiundivaniuf wuuntnduda

Tnsasun wasnthdusadnsurnluiinsewalvacuntindudalule

I $ A
AN = co;
o
I T T

= o a6
AN 8 dN1ILANTNINIUYDITLAEY

1" https://cgproject111.wordpress.com/2015/11/15/v%ann13v1197u-relay/
191eussnulduazioy 2 11910017 8 IeLiUdYANYAlUAAINKARIFIUNLUIYY
Coil 5 ovuseauldary 91 C nSov1AsuNauazITUABTENI1e NO way NC 91 NO
(Normally Opened %30 Uniln) Insunfnflazilaenl agsnaudiosndounssiuliiu
3188 91 NC (Normally Closed 130 Unditla) lnaundvtiazaenuen C lunsdliiisldlaaney
ussAUNTNaUREUes C Lay NC azfafaiu
Y o = v a & & ) v & v a o v s o 1Y
JoAtlsdslunsldanusiadyly ussauldeu niousemunvinlisiagyineula win
3995 aggsruan wssiuldauld mnldlunudidnnselnd dauunagldusediu
NITUANTIIUNNSIYY) WU 12VDC AoRadldussiuil 12 VDC witdumnlduinnind vnain
o 3 Y A v YR ' = ¢ ) | '
nelu MSadenaazanla Msemnldusswunniiunn sadazladineu d@ulunisnelsas
gj 1 5 M v v a 6 1 g.// 1 14 a a
Wuanansadetalails insgiisiadazhissyutadeld (Wendnyiniiay)
2. wunufnAauunALAas (Magnetic Contactor)
2.1 #ann1ININIU
Jugunsalfiendanisvinaulagldsiunawiman Tunsle-Taninduda e
¢ A a ' a ¢ | I3 . . = s
AIUANINATUBLABT T BLT8NTT @aTndualinan (Magnetic Switch) S eAauLNALABS

(Contactor) WuUNUANADULNALADITLLASIAS19AINING 9
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Spiral kock-out
sping ] — Moving core
O | vz O
Codl m—0o_

O ©) @)

- Stationary
core

A9 9 AnvaglassasineluresiuniufinasuLnAmes
u: (menden1se1Tnaes, 2018)
I ' = | = I T Al . ~ & o
wauman wuseeniu 2 du Ae unumanediufl (Stationary core) AUMsaR U9
Yosunumanvzliaanewasdulvgsedney Wugliumu feegiimiivesnuy iiean

NSFUAZLT DUVDILNUNAN UL pINNINNITA Uz aUlNAINTEwaad U Senau Nt

=

. <@ a a . o v ] < v v [y )
shuddering WagnURANAABUN (Moving core) MMATLNUMANUINDAFDUN UL ULAY LU
yamhduanioun (Moving Contact) 8nfineg

Yna3n (Coil) unanaanesunsiueyseuleuluauegniinaisuiidvesiny

o A

widnTlegiuivnainvintiniiaseaunuudmvan

Y v v

wihduda (Contact) wuseanlu 2 drude nindudandn (Main Contacts) lngund
wamindunanand 3 du dwsudaumdslnin 3 wahlgusines vielvanild
wsssulnva 3 e wihdudandnvesnauLnAmeTHIUIALKGY AINITONULTIAULAZNTZLELR

[ <y a

gathdulavaniluviinunfiida (Normally open) uagntindunayde (Auxiliary Contacts)

v (% (%
Y a v (5% v Y £

Mﬁf’]é’mmﬁumﬁﬁmmaqmumqmammmmﬁmauLLWma%ﬁmmmﬁﬂmmmaﬁﬁw ik
NUIYIENITVNUVD935 Wi L Dunduianyinlireursulnamasinaulanasaian
%s0138n91 holding 58 maintaining contact nEhduNavetagiJumidudauuulenlaaes

4 1 gnAsu-a lﬂmu%’qmzmsam-‘ddamaaﬂauumma%mmmLLﬁ@ﬂlﬁﬁﬂﬂ'}Wﬁ 10

<P1 €3 \gs | ?13 97.3 ?3‘1 }4:
tz % % ' E14\&%4 2 %%
I, ol
YU TEHEVEN ADAY v TANAEY Y
{Main contacts) (Cotl) { Auxiliary contacts)

AN 10 MNAURALASNUNEUN A

737: (Mendun1senTNass, 2018)
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wmAlulagn1saTaUNaI9IU

1. wuAmos (Battery)
1.1 vannsyinau
UfAsenaiiiiAnanununziaguegluasazatensadanda msviauaznisane
Usrinnnuiaseuadifinanmsdensaualiinlifidauanuazay wiongnisléames
wummed Idgnitanliiongnsldnuuuiu msehlunisniasaeussquiazads i
pzirfitananagdnanien q naiiuuusgirlinutuiitauanveauunnedlusin Deep
Cycle
1.2 UsEnnueuunine’
1.2.1 wumaes Deep Cycle il w3o Flooded Type Deep Cycle Battery Ju
wuaaed nansldnunniaaluszuulsanvaduazssuundsnumadon msziile

a

Wisuiisusio Ah Wunusmeivliafiduainenisasvuiign wintuyiaiidoinisnis

9

U1395nwreg wadiane Wi NSANdINaunIe N15YANLEaE1ATRUANADS dIUN1TARAY

(% 1%
Y

@Y a & Aaa i o S X vy & | 4 a 7 44

ﬂm@QW@WQIUWUVW]N@']ﬂ']ﬁQ']EJW] LLaz’nﬂuaﬂ‘Hmwwu%L‘I/nuu FAULUALFDT VUAUT MUU
) a a a1y ° ) & I d a o v

ILUYU maintenance free Vﬁ@sﬁu@‘w‘lﬂm@QﬂqiﬂquqﬁqﬂiﬂUquu LUULWUQ%U@W@@ﬂLL‘UUﬂJWIV@J

91gnshtnuduasisandlunng 11

AT 11 wunmes Deep Cycle iinth
#i31: (KLC BRIGHT, 2018)
1.2.2 wumaa3 Deep Cycle vflnwiiansovdnindrusunsstuniely (Valve
Regulated Lead Acid:VRLA) Lunummediilassairaduszuudn lidesnisnistigednu
MUANLTIUYBIATaz AR eNdTuLssRuTieg n1elu wiseenifu 2 Ussian Ae vila

GEL uay ¥in AGM Wwanasan i 12
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AT 12 WURME3 Deep Cycle WUUWHITHN GEL wazhuutin AGM
3 (KLC BRIGHT, 2018)

LASDILANDINTA

7

1. A399ANDINIANRINYA (Surface Aerator)
indffussauAavulinsgnedudiagn § Junniedudaiueinidiiiasu
pon@au TuvaziRenfufazidunsniutlvnauiuiiensEae0anTLaL waslaansiuLEe

TvusuanmanIng 13

mwﬁl 13 Surface Aerator

17 (NFURAILINS AN ULaZUSNENEINY, 2552)

2. saufnanAmnasiuildui (Submerged Turbine Aerator)

TANWULATVINUNANAUTENINTEUULUIBINT A WATITUULAS 89NALAUDINA

navfe BINANS0RENTLAUAzIINeNlAluTARY A1nTueINIARzgnluA vaseil
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(%
a

WWena (Turbine) Avpsa1niAvuIalannIzanglumauineIna Lasedfuaineudaddl

[

ANNAHNIlUNTSI0RNTIAUEY UANTIATLIILAABINITNITUITITNININATIRUUBY A

LAASIUNINT 14

Al 14 Submerged Turbine Aerator

7 (NFURNRUWINGINUNAUN LA DUS NN, 2552)

a

3. 1ATBLANDINALALY (Submersible Aerator)

[

fanuaugnauiueniIInaIosguin (Pump) LAT839ABINTA (Air Blower) LazlAToIR

a1nelvinauiuin (Disperser) agluip3aafieniu uidtadninaIunIsnIuLT (Mixing) kans

AININT 15

m‘wﬁ 15 Submersible Aerator

137 (NFURAILINS R UNARNULaZUSNENEINY, 2552)
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4. 1AIBWANDINIARUUTIANUY (Jet Aerator)

2 wuu Ao wuuwsnldurannisvinauwes Venturi Ejector waghuufidasazidunis

a lol a 96’ (% a
GURAUIBIUUNIUT ERIAINTINT 16

e e i i

mW‘ﬁ 16 Jet Aerator

dl v v U L3 U
Nu": (ﬂﬁll‘W%Ju‘WWﬁN’]‘LW]WLLWULL@%@HﬁﬂHﬂNa\N’WU, 2552)

N13UEUAMNANAINIUATYFAENS

a 1% I s .
MIUTRUANNANAIMAUATEFANERS (Assessment of Economic Value) (851735 Wa
L ] v a ;% 1 13 1%
29863, 2558) ANUAIAYUBINTUTHEUANUANAIMNATYIAANSTUTENBUMIEY 1. N1TAY
dealdiiunudiuiunin 2. navesnisdndulaamueiainasennudiiavsedunaives

fAans 3. Mssnduleamuendiinadennudnsasedumaivesionis

lunsandulaidengunsaivsessutldnsiauinaeiiansan Inen1suseliuavig

WISEgANERT 1aun13ia1sNINNanauwun A suiIngans e liinesgans ossusIan

=

2 ad ' A a a 14 1
AUNILTINEn T5n139e 9 Nleuldlunsusediu loun
SregIa1AUU (Payback Period)
nsAuIngan1dagiugns (Net Present Value)

AsUseiuAns18U (Annual Cost Method)
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gnsmanauwnunigly (Internal Rate of Retum)
nMFATEiNaUsElevdsatiuamu (Benefit/Cost Analysis)
STYTLIANAUY

JeELIa1AUNY (Payback Period) Ao s¥egIanfinanaulnugniasay 31nn1s

(% '
v a

anlunuiiawiduyarlunsamunmun lasanslaniiszesiiaiasug duddianiig
v - o a A« a = 1% 2 a o
AoIN15g9 WanaunsaRuifuwulvamulufanisdu q 10 ssesnafunuiieulday
) aq A ' . . =% & ada '
Jusuudsseegauyuluud1e (Simple Payback Period: SPB) #a.luigfinie ¢ lngszeziian

AUYUENUTTAALININ

yarlunsayusm

& cs'
iz&JzL’Jﬁ’]ﬂUVJ‘U = aunIIn 2

HanauLnugvsaaused

HasuAdeiieadas
1n3eslng Tewau, 2549) lsvinseenuuussuunmaiineniauuusalut@iiosn
Uiinueendavluilieglussduiimnsauefisedy 6-8 fadn3usedns doniseuay
nstadinedonnoinia Tnemsldsammaasuutawendiavlu Viinaesndiauluih
faldanmansniadegunsaiiausnaeendiuuluiwazdnmnsiasunUaseendiauly
dwnldnmsduaiinueendiuuiialdifisutunm nismuausumaioadueoiniai
Deldanumldananuannsalunmafzenavesaisufueinaudazsiauazsninng

anaswesUsunaeondiauluiivneiy wanslunindg 19
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w

——|3

1

8000 m

13

L

11

= v a :j = 4 1 dy ¥
ann 17 aﬂ'@m%ﬂ'ﬁ(ﬂﬂ@]ﬂLﬂi@ﬂ‘ﬁ@?ﬂﬁﬂsﬂaﬂUaLaﬁNQQ

flan: (in3eslng lvwau, 2509)

(oufnd Useiainl, 2552) leeanuuutaueszuunsraaeuisunaeendnuluiilagly
w3evedueslsaty Inednludfdmsunisuds Maunsalliane Tmote Sky Tnsuin
YSurueendiauazargdiuagssuuuuinig TinyOS Han1SIIENUINYANSITAUTU
pandauazatsiiaunsaldnulduaziiunisiieudisualagldizinareandiauluuiein
arsaraelafien Falwaniivsinaeendiauuandieiu lnediangeigai 20 ppm. Yeyaild
NnMsinansatufinAagiuteyanulouluideinsle Nweunsananunaeendiay
Ao < el' 2 a v [ ¥ &

AR IumaniosnwuukazkansUsinueengudeunainguteyamivllusduuy

YDINFIWEUAIUTINAINADINISLE wanalunIngd 18
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AN 18 299552UUNSITAUS I uenBaululn

= o

N: (@Hﬂﬂé Usenai, 2552)

(auwa laes, 2554) lAviNI1TE@UBITUUAIVANKATTANITNEINUALISNNTAFIUSY
syuunanllihuuutenfsranndsnunauny TnessuufiladusuunamauUsznousie
LS BITAUTASUAIDITNE LUMLADS wazganasulnihd1ses wanslunindi 19

mﬂmsaaﬂqusswéhamiﬁmammﬂﬁugquﬁﬂisumﬂﬂw%uazmﬁfd’wam
aoumsalelusunsy Homer luidosdudoniifnuasonfindAanaaunszifioss 80 nese

[

5 §uaAw 2550 unnInerdemaluladsvusrasyus unisdiaeannnisalinisiuAivig

p|

6 = (% 1

uasaTaiievinaIuAuLAg ssdaBuTad Lt Tind uaziinsmuauyadason Ssau L
GUPRR

NHANT TN TP LALATL I U AD9ANL 08B U8 NS LTBT UURBANE Y
Ilfhuuuueniissaduasenfing uunmeddses gandanulwiidsesdu q W de
Tnanaunsadunszualniinledann Source Backup uazanym PV wusmo3 azviinisiiu
wianuan PV lurrsifinaserfinddedanaldaniinszualvaann inverter vasyn PV Tunan
nansfudnlunounasfutuyganunnedazdnenseualii i iulnaniiuge Inverter uaz

Wendanulununweignateluaumdendsnuaumielussauniivualiganiuaua gviinis

A9935 Source Backup unlussuuivednslvaniazs1sakunmneinely
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o 1A

fuaNauIlansauIaANTAn

A1y MeileunanA1IAuanaInvewas elladanazgunsalluszuu Tudiuves

wsasrulnATalansA kA

Pyranometer

Sunny Island

Sunny Remote Control

Sunny Data Control

Source Backup
Plug In

Battery

Load Controllable

PV-Simulator

Sunny boy

PC - Monitor

AT 19 STUUAUALLAEIANITNAN AN IINSAd M USEUURARLTuUULE LAY

fan: (auwa Tae3, 2554)

INNSIUNALNY

(Bayrak & Lebeli, 2011) lavinn1s@nsimuiszuunisiinenidsnluslifannsuue

wziasadan 1ngld Programmable Logic Controller (PLC) Tngluszuuasld CPU 57-200

diuvegngeundenazld EM-235 luga RTD diuwugesnldlunmsingungiivesnsivaife

EM235 Tunsmiuauanusivesuewmesuardu Insagvhausiududs Sensor 9nkan1s3de

wuhanunsasnwafiosnmvesgamgiluvsimeitediligamginuiideanisle deeunse

Pelrlaransaasyivlaliogensiiomasanst asuandlunIwi 20
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d‘ a o wva o g 1 &J
A9 20 SEUUNSANDINASRlURaMSUUBLINEABIUan

fiun: (Bayrak & Lebeli, 2011)

(E-Nemr & El Nemr, 2013) 19’1"1/‘1’1mﬁﬁﬂmszwmu@mmﬁmmmﬂiuﬁamwLﬁym
Uanlagldndsuanlunisndanszualuiinieviminszsuuifneinaiaulagasfissuy
Controller TunismuaunIsneINIA nwan1s@nenud §ideldusyauninudnsalunis
aaﬂLLUULLazﬁwu’lLﬁaa%"]qiz‘uumuqmﬁaﬂhs;fLUﬂﬁ@fmﬁu% (Decision support systems,

aa

DSS) Tag DSS Bvinnudugfidgfdnsunisdnnisdmsunsinnisiuananeiy Jnguszad

J
YBITLUUAD Lﬁuezjaw&hn%l,mwﬁmm%ﬁgﬂaaﬂLLuumLﬁaL#’f’]ﬁ’ulé'ﬁuamwumﬁamm
Uszinnuanila Yandadnduazlatasn szuu DSS Taulauszauninudiusalunisuugi
nsnsrareiufivhsumui e Taguszasdlunsvvhdudiuandsiuededaidos nadii
ﬁwmsﬁﬂmﬁgugﬂé’uﬁwgmLﬁammaaummmmstaasxwmuﬂﬂumﬂﬁﬁmum?aaLau

21MALanTINIEYin e U astenauin 3 wd 1 wsEneaanslunIng 21



20

Generator

Wind
turbine
Diesel
Control generator
unit
= g
oooo
Fol.!
Aerator HHEB 1 —f 7
LI/ 77777777777

AT 21 szuunsiivennalagldng s uay
fan: (EL-Nemr & EL Nemr, 2013)

(Prasetyaningsari et al.,, 2013) 19%1015@N¥1N1580ALUUTLUUII@DITEUULAY
omandeuudseiinglagldiusunsy Homer lunissiaes svunduvedssavuinidn
Alnangsgainldenlunsiaziu 1.692 kwh/day naannmseenuuuldunssaduaseiinduie
Photovoltaic ¥ua 1 kW Iuunmesiavun 8 Aoy auin 200 Ah 149 Inverter 9u1m 0.2 kw
4@ COE 71 0.679 $/kWh fauandlunimil 22



21

Equipment to consider Add/Remove... I
— ]
Primary Load Py
2 kwh/d
221 W peak
«—> >
Converter Battery
AC DC
Resources Other
@ Solar resource @ Economics
1| Emissions
@ Constraints
Document

AN 22 EULLU‘Uﬂ'ﬁ@@ﬂLL‘U‘U’N"ﬂ’i

fian: (Prasetyaningsari et al., 2013)

(W3 umlsl, 2014) Idinauesyuuasiainsunaeenduuiiazarulutwuylgansy
wuusaluAveanieaiuemeafiinund viuusiasslandietosiunsuineondLaunuy
Boundu lurawainansdu Tnefiszuvanunsaiausuiaeendiauiiazanslutingo
753279 (DO Sensors) laluyad 0-10 FadnSUADANT LATAINITANUUALIAINITINEITUNS

a

US10ueanBauiuunanasald n15viaueesssu Wedunaesndiausiiniiainvuall
yamuAuIzdsdygulviaIoayuludeiu iielAneendiauasgiiaui aundnasduTunm
9onTLauiiifisananuiininuaas seazngan1syinuiuitioidunsussndandsanu
AT DILINSRUNENIINYAUNALTAAUAIDINGVUIN 60 06 HIUYAUTEA8I9TWURIHY
v (% Q{' (3 Iz 1

LSPULUUNBUSEAU UTEuumnasuuinl2 13as 32 wouwdstilus nan1snaaaunuinssuy
anunsavihnudusuudnludfansaiaauiuuesndiauiiazatgluinuunanasaudids
AINFUNLERINad RN oS UUNNINIngrWATaRBwUU LAY UsednSamuasnusey
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Abstract:

The main objective of this work is to design and evaluate a prototype of a solar hybrid
aerator system for supporting to an animal pond which the prototype has already been used
in Thong-Yao community, San-Sai, Chiang-Mai, Thailand. The optimum solar power is
designed for three phase motor 3hp that is used to rotate the paddles in order to move up
the water into the air. The aerator working is scheduled by agriculturist. The solar system
evaluation is tested for 7 days to determine the efficiency of system. The experimental
results show that 9 panels of solar panels connected in serial panels to increase the voltage
for supplying to the solar hybrid inverter resulting in the average efficiency of the solar
system is 14.2% for 7 days. While, the predicted efficiency of this system is evaluated with
the solar Irradiance of NASA over the year on this location. Hence, this system can reduce
the electrical energy from utility grid as 49.6% in the day time. Moreover, 4 hours of solar
radiation remaining in the day time is storage in the battery to return for maintaining the
stability the electrical energy and supplied for aerator working in the night time. This can
be also saved electrical energy as 1-2 hours.

Keywords: solar aerator system, solar hybrid system, animal pond

82



1. Introduction

Currently, energy consumption on agricultural sector in Thailand tends to increase.
In 2016, the proportion of energy consumption on agricultural is 386.68 GWh/year (Energy
Balance of Thailand, 2016) that indicates to important role in the economy and the society
in Thailand. The agricultural sector where the major consumption lies in the irrigation, the
aerator in fish farming, the cooling system for animal and plant cultivation. Unfortunately,
the trend of electricity cost is high as well as the power stability in some area of Thailand is
relatively low. Therefore, these are reasonable to explore other sources of energy that can be
converted to electrical energy and can be applied to the agricultural sector. Thailand is
located relatively close to the equator leading to receive an intense solar radiation
throughout the year or average as 4.94 kWh/m? (Ali A. 2017 and Igib P. 2013).
Consequently, the solar source attracts a wide attention from farmers as this might
eventually be the solution to the energy crisis.

For the solar energy applications in agricultural sector, some researchers have
demonstrated the feasibility of using solar energy for agricultural irrigation with the detail
described as follows: Babkir has investigated the cost-effective of solar water pumping
system for irrigation in Sudan and has found that the levelized energy cost is 0.33$/kWh
which is relatively lower compared to that of other method (Babkir A., 2018). Ail et al.
designed and evaluated the optimum solar water pumping system for rural areas (Ali A.,
2017(Ali A., 2017). Various research groups have applied the solar energy with the
traditional AC aerator (Domimic et al., 2014). Igib et al. designed the optimum sizing of
electrical power to support the electricity demand of fish pond aeration system. This is the
most economically feasible and the cost of energy (COE) is about 0.769 $/kWh. Several
works on the application of solar energy for aquatic ponds have also been reported.
Domimic et al. developed the solar powered for field server and aerator that tested at Lake
Palakpakin (Igib et al, 2013). Gokay and Mehmet studied concerning a PV based automation
system for fish farms (Gokay et al., 2011). Igib et al. designed optimization of solar powered
aeration system for fish pond in Sleman Regency, Yogykarta by HOMER software (Igib et
al, 2013). In the energy management applications, Moataz and Mohamed designed the fish
farm management system based on the microcontroller for aeration control system (Moataz
K. and Mohamed K., 2013).

As mentioned above, although the solar power has been received widespread
attention from farmers and private sectors. Several researchers have studied and applied in
various job. But, a few researcher realizes in power stability and power storage. Hence, it is
desirable to develop a model to be able to implement on animal pond. The model, which is
properly designed for animal pond, will satisfy the need of using the electrical system in the
animal pond with a reasonable price. The operation of the model relies on the combination
of solar power source and utility grid power source. In addition, the model also relies on
power storage to reserve the energy in emergency case as well as to maintain the stability of
the energy level in case of low energy. The details of this system are demonstrated in the
below section.

2. Materials and methods or Theory
The electrical devices in animal pond consist of a floating aerator and the electrical
devices in agriculture storage room as shown in Figure 1.
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Figure 1. Electrical devices in animal pond and agriculture storage room

The energy loads of aerator depend on the amount of paddles that are installed on
the shaft coupling with a 3 phase AC motor (3hp) as shown in Figure 1(a). The motor is
placed on the center of aerator set to drive the left and right paddles that rotate to lift the
water into the air and down into water again. On the one hand, the energy loads of
agriculture storage room is lighting and ventilation devices that are smaller than the energy
loads of aerator. Hence, this section has abandoned the latter and determined only on the
energy loads of aerator that has the power around 2200 W.

2.1. Design and configurations

As mentioned above, the 2200 W of the aerator power consumption are evaluated the
optimum solar power as well as time periods of floating aerator working and stopping are
also determined for power management system of this animal pond. In this work, the
researcher has designed the hybrid load sharing system that can support the activities of
animal pond. In the daytime, this system can reduce the electrical power from utility grid.
In addition, it can be used as the storage power for emergency case in the night using to
reduce the electrical power from utility grid. Configuration of the hybrid solar system and
storage system can be shown in Figure 2.
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Figure 2. Configurations of a hybrid power supply system and storage system

The system consists of 2 separate power sources. The first one is solar power where
2,835 W (315W 9 panels) of Polycrystalline Si solar panels are used to generate electricity.
The electricity from the utility grid (220 VAC 50 Hz single line) is added to the system to
ensure that the electrical power is enough for load requirement. The two power sources are
fed into the hybrid inverter (SINAMICS V20 Inverter, Siemens AG) that requires the
minimum input voltage as 280 V. On the one hand, each solar panel has the maximum
voltage as 35.4 V and maximum current as 8.35 A. Thus, 9 solar panels are serial installation
to supply into this system.

2.2. Energy analysis

In this case, the main energy consumption in animal pond depends on the floating
aerator set. In general, time periods of floating aerator working are scheduled by the owner
or farmer. In demonstrated animal pond where locates in Mae-gad-noi community in San-
sai Chiang-mai, the aerator is run on 10:00 a.m-06:00 p.m. in the daytime. In the night, the
aerator is run all the time since 06:00 p.m. until 06:00 a.m. fortunately, the solar radiation in
the daytime has 4 hours left that doesn’t use in any activities that it can be returned to store
and use during the night. Thus, there are generally two analyses of energy analysis. The first
one is the day time analysis that includes decreasing the energy consumption as well as
compensation of the AC utility grid that is fed to this system. The second is the night time
analysis that consists of decreasing the AC utility grid usage.
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First of all, the efficiency of solar hybrid system will be estimated from experimental
testing for 7 days. The voltage, current, and power of solar system are recorded as well as
the voltage, current, and power of AC utility grid. The efficiency of solar system can be
analyzed as demonstrated in the following equations (Klaus J. et al., 2014.)

Ppe -
Myand™ Ty ¥100% 1)

Ppc is the all-day amount of power generated by the solar panels (Wh). Hinc is the all-
day amount of incident solar radiation (Wh/m?) on the PV panels and A is the area that
receives sunlight (m?).

The computed efficiency is used to estimate the amount of power generated over the
year. The monthly solar radiation data refers from surface meteorology and solar energy
database of NASA in HOMER software (Ali A., 2017 and Igib P., 2013). As shown in Figure
3.

& Remow
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Choose Data Source: ® Enter monthly averages () import from a time series data file or the brary
Library:
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7 1
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| Month |\ e | (Whymiday) -

anuary 0647 4950
[February 0656 5650
[March 0620 6030

(Aol 0589 6210
IMay 0503 547
|lune 0430 46%
|y 0401 4350

lAugust 0399 4230
|September 0440 4380
|October 0491 4370

e i i A AR A A A A A 4
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CeliNumber: 108279
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Figure 3. Monthly solar radiation data

3. Results and discussions
The experimental results are divided into 2 parts as follows:

3.1. Configurations of hybrid solar system in animal pond

The prototype of the hybrid solar system can be shown in Fig.4. The system consists
of 2 separate power sources. The first one is solar power where 9 panels of Polycrystalline
Si solar panels are used to generate electricity. The electricity from the utility grid (220 VAC
50 Hz single line) is added to the system to compensate that the electrical power is enough
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for load requirement. Two power sources are fed into the solar hybrid inverter to manage
the two power source becoming to 3 phase AC for supplying to the 3 hp motor of aerator.
The solar hybrid inverter works in dynamic sharing characteristic. If the solar hybrid
inverter receives a voltage signal from the solar energy source decreasing, the solar hybrid
inverter will automatically power up the electricity from the utility grid. On the other hand,
if the solar voltage signal increases, the solar hybrid inverter will automatically power down
the electricity from the utility grid.

(a)

Figure 4. Prototype of the hybrid solar system

3.2. Experimental testing solar system

All of 7 days, the incident solar radiation and solar power generated are recorded
every 15 minute and then are average as the hour data between 10:00 a.m. until 06:00 p.m.
as well as utility grid consumption is also recorded. All parameters are measured and
recorded by an energy and power meter (C.A 8335, Chauvin) as shown the details in Table
1. The parameters are estimated the efficiency by the equation 1 and shown in Table 1. The
average efficiency of solar power is generated to the system as 14.2%.

Table 1. Amount of solar all-day power generated and all-day utility grid consumption

Day All-day All-day solar All-day Efficiency
incident solar power utility grid (%)
radiation generated consumption
(kWh/m2) (kWh) (kWh)
1 3.57 8.98 8.50 14.5
2 3.46 8.28 9.11 13.8
3 3.63 8.89 9.48 14.1
4 3.67 8.67 7.81 13.6
5 3.29 8.12 9.74 14.2
6 3.51 9.20 8.91 15.1
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Day All-day All-day solar All-day Efficiency
incident solar power utility grid (%)
radiation generated consumption
(kWh/m?) (kWh) (kWh)
7 4.07 9.69 8.36 13.7

3.3. Experimental estimating of energy analysis

The efficiency of this system from above experimental testing are used to predict the
solar power generated over the year with the solar energy database of NASA. The amount
of solar power generated relates to the amount of incident solar radiation. The more incident
solar radiation and the more solar power generated as demonstrated in Figure 5.
500.00
450.00
400.00
350.00
300.00

250.00

kWh/month

200.00

150.00

100.00

50.00

0.00

month

. Solar power @ Utility grid

Figure 5 Solar power and utility grid prediction

Figure 5 shows the predicting of power consumption of the aerator between solar
power energy and utility grid energy throughout the year. predicting of power
consumption for this system can be decreased the utility grid power around as 49.6% when
is compared with only the utility grid using that indicates to an appropriate technology for
Thailand and other countries where are a high level of solar energy and an available
throughout the year.

Since, the farmer schedule timing of the aerator between 10:00 a.m. until 06:00 p.m.
Hence, it still has 4 hours left between 6:00 a.m. until 10:00 a.m. The solar power of this
periods will returned and converted becoming to energy to store on the battery set. Table 2
is the estimation the amount of solar power generated from the 4 hours incident solar
radiation left. If, it is returned to supply in the night time, it will be decreased the utility grid
consumption around 1-2 hours.
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Table 2. Estimation the amount of solar power generated

Day 4 hours solar power
incident solar generated
radiation estimation
(kWh/m2) (KWh)
1 0.892 2.20
2 0.864 213
3 0.907 224
4 0.917 2.27
5 0.823 2.03
6 0.877 217
7 1.018 2,51

4. Conclusions

A study of the design and evaluation of solar aerator system for animal pond found
that the aerator power consumption required 2200 W of solar panels and 315 W of 9 panels
are interfaced in serial to level up the voltage up to 280V for feeding to the solar hybrid
inverter. On the one hand, other source (the utility grid) is also fed to the solar hybrid
inverter.

The results of the solar system for 7 days found that the average efficiency of the solar
power system is 14.2% and then the average efficiency is used to predict the solar power
generated over the year with the solar energy database of NASA. The predicting power
consumption of this system found that could be decreased the utility grid power around as
49.6%. Moreover, if the remaining time about 4 hours between 6:00 a.m. until 10:00 a.m.
could be converted into energy reserve and then used in the night time leading to decrease
the utility grid consumption around 1-2 hours.
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Abstract

The main objective of this paper is to design and develop the electrical energy administration
and energy management system to apply in a Nile Tilapia fish pond. The solar hybrid system has
already been used in the fish pond and works with three electrical energy sources. The controller is used
to administrate and manage the electrical energy sources for supplying to the aerator. The new operational
plan is improved and replaced with the previous operational plan, and it is embedded on the MCU core to
evaluate and display via an online server. The administrator can adjust the events on a smart device to
test each function and check the responses of the system. The reserve energy source is focused on the
battery module, and it is tested to determine the feasibility and potentiality. The experimental results are
divided into three parts; the first result shows the aeration system that uses three-phase blowers with the
solar hybrid system and three electrical energy sources. The second result demonstrates a relatively good
reaction to the new operation plan in each event in the fish pond. Finally, the system shows the
feasibility and potentiality of the battery module under various operation and upon the variation of the
electrical energy source.

Keywords: Electrical energy administration system, Energy management system, Nile Tilapia fish pond, Solar

hybrid inverter
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Abstract

This paper presents the results of Study of electrical power consumption in aquaculture ponds and
notification for the aquaculture pond via NB-loT network. The electrical power measurement system in aquaculture
ponds uses a digital power analyzer for measurement that is connected with the processor board via RS485
communication to read the electrical energy data and send data to the cloud server via the NB-loT network. The
system measures electrical energy in terms of voltage, current, power factor, electrical power and total electrical
energy. There are 2 types of study of electricity usage from solar cell system, which is the use of electrical energy
from solar power system alone and the use of electrical energy from solar power system together with utility grid. The
results show that the former use of solar panels system for aerator system to fill the air to the aquaculture ponds
using the electrical energy consumption as 534.51 kWh per month, while the latter system use electrical energy
consumption as 1351.69 kWh per month. Calculating the electricity cost, the former type can be saved 7,032.8 baht
per month. The latter type can be saved 3,764.08 baht per month that compared with the system that use only utility
grid. The both systems have payback periods as 3.17 years and 5.92 years respectively.

Keyword: Electrical power management system, Electrical energy measurement system, NB-loT network
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Figure 1 Aquaculture pond (a) Air Stone aeration system (b) Turbine aeration system
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Figure 2 Electrical energy measurement system in aquaculture ponds with the NB-loT network
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Figure 3 Aquaculture ponds (a) Solar panel in aquaculture ponds

(b) Solar Hybrid Invertor in aquaculture ponds
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Figure 7 The electricity usage of aquaculture ponds that use electrical energy

from solar cells with utility grid during the day time (a) voltage (b) current
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in Nile Tilapia fish pond: A Case Study of the Nile Tilapia
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ABSTRACT

Dissolved oxygen (DO) is an important factor for the cultivation of Nile Tilapia fish.
Traditional cultivation utilizes the utility grid to supply the air blower motor to manage the
DO level in the pond. However, common issues include dropping voltages or utility grid
failure. Hence, the main objective of the present study is to design and develop an electrical
energy administration and energy management system which can be applied in a Nile Tilapia
fishpond. Solar hybrid system has already been implemented in the fishpond and functions
using three electrical energy sources, including solar panels (10 panels, 325 W
polycrystalline), the utility grid, and battery modules (24 pieces, 20 Ah 12 V). The controller
administers and manages the electrical energy sources to supply the aerator. The new
operational plan is an improvement and replacement for the previous operational plan and is
embedded into the MCU core (ESP8266) to evaluate and display parameters via an online
server (Blynk). The administrator can adjust the events using a smart device to test each
function and check the system’s responses. The reserve energy source is focused on the
battery module and is tested to determine its feasibility and potential. The experimental
results are divided into three sections. The first result showed that the acration system is able
to usc a threc-phasec air blower motor using the solar hybrid system and three clectrical
energy sources. The second result demonstrated a relatively good reaction to the new
operation plan in each event in the fishpond. The third results showed the feasibility and
potential of the battery module component of the system under various operations and
varying electrical energy sources. The battery module can store up to 5,509.4 Whr of reserve
energy and supply the air blower motor for 2.4 hours. Finally, this system had an investment
budget of 127,575 Thai baht and a payback period at 10.48 years.
Keywords: Electrical energy administration system, energy management system,

Nile Tilapia fishpond, solar hybrid inverter.

1. INTRODUCTION

In Thailand, Nile Tilapia are
cultivated intensively which requires the
use of electrical energy for fishpond
aeration systems to increase or maintain
dissolved oxygen (DO) levels. Most
farmers prefer to use the utility grid, but

this often encounters problems. The first
issue is the lack of an electrical energy
backup to supply electricity in the event of
an aquaculture emergency or a utility grid
failure. The second issue was the lack of
administration and management for both
the use of the electrical energy for aeration
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system and maintaining the DO level.
Agriculturists had no exact plans or
schedules to switch the aeration system on
or off, or to solve problems in the event of
utility grid failures or a DO level.

The appropriate DO and pH for Nile
Tilapia fish cultivation is 4 mg/L and 6.8-
8.0, respectively [1]. However, this paper
focuses on DO as an important factor since
it clearly affects Nile Tilapia fish in
fishponds more than pH. The use of solar
cells within the agricultural and
aquaculture sectors is increasing. In
particular, these scctors use solar cells as a
supplementary clectrical energy source duc
to increcasing clectricity costs, pollution
from mechanical engines, and high
production costs. It is therefore reasonable
to apply solar energy in the agricultural and
aquaculture sectors. Several researchers
have demonstrated the feasibility of using
solar energy for aquaculture which are
described as follows. Gokay [2] used solar
panels as an electrical energy source to
supply the electrical motor of a water pump
and charge the battery. This system
maintained the aquatic pond temperature at
17°C to support the survival, growth, and
increase productivity of the fish in the pond
over the course of the year. Meanwhile,
Tamal et al. [3] designed a solar energy
system for a small aquatic pond in
Bangladesh using HOMER Pro software.
The system consisted of a 2kW of solar
panel, a 400 Ah decp-cycle battery, a 0.2
kW of solar inverter, with the cost of energy
(COE) of this system being 0.463 $/kWh.
Furthermore, Ail et al. [4] designed and
cvaluated an optimum solar water pumping
system for rural arcas using a PV-powered
water pumping system (PVWPS) to study
the cconomics of both PV and dicsel
pumping solutions. The PVWPS was
shown to be more cost-effective than the
diesel generator over the lifetime.

Research on the management and
control system for aquatic ponds will now

P 20 Dl 14 atiuil 2 nsngrau - SunAu 2563

be discussed. Moataz and Mohamed [5]
designed a fish farm management system
based on the microcontroller for an aeration
control system that operates a lhp-3 phase
induction motor with a time schedule. Igib
et al. [6] designed an optimum sizing of
clectrical power to support the electricity
demand of a fishpond acration system. This
was the most economically feasible and the
COE was about 0.769 $/kWh. Similarly,
Qorry and Sri Endah [7] studied the energy
consumption of the Tilapia fish culture
system. A preliminary audit result showed
that to produce onc a live-weight ton of
tilapia consumed 4,821.08 MJ which
consisted of clectricity (4,576.74 MJ),
labor (180.33 MJ), diesel (49.33 MJ), and
gasoline (14.68 MJ). Therefore, the primary
goal of utilizing solar energy is to reduce
fossil fuel dependence, lower the electrical
costs, as well as to maintain good electrical
supply stability in the system and DO
level. Hence, it is desirable to develop an
clectrical energy administration and
management system in a Nile Tilapia
fishpond. This system device relies on the
combination of three power sources, in
which electricity supplied by the utility grid
is used in combination with a renewable
energy power source (electrical energy
from solar panels), and an electrical energy
backup (battery module). The operation of
the system uses a hybrid energy sharing
module to distribute energy to the acrator,
while the solar charger module is used to
store energy in the battery module. The
working situations are divided into three
events, Situation 1 - in the case of daytime
and normal clectricity, the system will
provide clectrical energy where it is used in
combination with solar cnergy and the
utility grid to the acrator, but if the acrator
stops working the system will bypass the
solar energy to a battery to storage.
Situation 2 - at night under normal
clectrical and DO conditions, the system
will pay the utility grid to the aerator.
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Meanwhile, the electricity will charge the
battery until the early morning hours, the
system will bring energy from the battery
in combination with the utility grid to
reduce energy consumption and discharge
at the same time. Situation 3 - at night
under a utility grid failure and with the DO
level entering a crisis event, the control
system commands the controller to pay the
energy from the battery backup to the
hybrid inverter and pass to the aerator to fill
air in the Nile Tilapia fishpond. This system
acts as a substitute for the farmer, thus
enabling the farmer to save time and
precisely control the aerator. In addition, it
also helps to reduce energy consumption
and cultivation costs.

2. MATERIALS AND METHODS

The experimental designs are divided
into four parts, as follows:

2.1 Project assumption of the
electrical energy administration and
management system in Nile Tilapia fish
pond

The design hypothesis is largely
based on the farmer’s previous operational
plan. The previous system is improved with
the addition of a solar cell system and a new
operational plan to manage the acration
system, which is the main part and
consumes most of the electricity in the
fishpond. The aerator schedule study found
that the operation of aerators depended on
the age of fish [8]. In the first month of
cultivation the aerator was not turned on.
Then, from the second to the final month of
cultivation, the aerator was turned on during
the day between 9.00 am.-11.00 am., and
then 1.00 p.m. - 6.00 p.m. At night, the
acrator was turned on between 8.00 p.m. -
6.00 a.m. The total operational time of the
aerator was 17 hours per day. If carefully
considered, DO crises typically occur at
4.00 a.m. - 6.00 a.m. On some days, the DO
levels at night were below 2.0 mg/L [9].
Hence, the main idea of this system is
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focused on the operational time of the
aerator by developing an electrical energy
administration and management system to
manage and stabilize the electrical energy
sources for the aerator, maintain DO levels,
in addition to accumulating solar energy in
the battery module.

2.2 Design and development of the
electrical energy administration and
energy management system in Nile
Tilapia fishpond

The conceptual framework of the
electrical energy administration and energy
management system is shown in Figure 1.
The system consists of three separate
clectrical energy sources, the utility grid,
solar cells, and the battery module. The
controller is the main part which selects the
appropriate clectrical energy source to
supply the acrator. Furthermore, the
electrical energy remaining during the day
will also charge the battery module. A solar
hybrid inverter is an automatic load sharing
device that combines utility grid electricity
with the solar cell or battery module
(depending on the controller selection). A
powered electronic switch automatically
switches the aerator on or off. The AC
power analyzer is connected to the utility
grid linc to measurc and record cnergy
consumption data. The Blynk server is an
online server to display and exchange data
between the controller and the AC power
analyzer to predict and analyze the aerator
controller and battery charging. The DO
level is sent from the DO measuring system
[10]. In the present study, the main
controller is the ESP8266 and is used to
analyze and manage the system. It is
interfaced with the AC power analyzer via
MODBUS RTU protocol to receive the
energy parameters and send data to cloud
servers for recording and monitoring
purposes, as well as to verify the electrical
stability to support the aerator system in the
case of a utility grid failure (Figure 2).
Meanwhile, the DO value is also read by the

Vol.14 No.2 July - December 2020 21 44
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ESP8266 from the same cloud server to
monitor the DO value. The final side of the
ESP8266 is connected to the ATmega 328p
via the 12C protocol which is the second

controller. It functions to control the control
circuit. The communication network in the
fishpond is based on a 4G cellular network
to connect it to the cloud server.

sotar cett Y 19y /" Buymk server
220 VAC T
o Power Motor

Controller Hybrid Electronic 3 Phase
Inverter Switch 2200 W

L AC Power

Analyzer

ah N
Battery

Figure 1. Configurations of the electrical energy administration and energy management system
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Figure 2. Main controller interfacing

The control circuit
configurations consist of the four
control circuits, in which each circuit is
commanded using the real fishpond

environment as a decision-maker. The
controller is programmed to receive certain
parameters, such as DO level, AC and DC
energy consumption, and time. These
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parameters are evaluated to generate the
output control signal for each control
circuit. The M1 controls DC energy that is
converted from the utility grid with a
variac transformer and bridge rectifier with
a filter via the DC charger. The M2 controls
the DC energy from the battery module
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which passes to the solar hybrid inverter.
The M3 manages DC energy from the solar
cell passing to the DC charger, and the M4
manages the DC energy from the solar cell
to pass to the solar hybrid inverter, as
shown in Figure 3.

ATmeg

SOLAR
CELL

220VAC to
DC converter
L N + - +

BATTERY

a328p

A 12vo¢| 12vod 12v0(]

‘[ M3

M1 M2
ey N = = N = = R

Lwal |
2 R

I DC Charger l

Hybrid
DC Charger
Invertor

Figure 3. Control circuit diagram

In this system, ten 325 Wp solar
panels were connected in a series mode to
generate the power at 3.2 kWp and voltage
at 340-380 V (depending on solar intensity).
This solar panel connects to the controller
on the M2 and M3 to distribute to either the
DC charger (SC-MH, SC-MH 20A model)
or the solar hybrid inverter (Siemens,
Sinamics V20 model 2.2kW). After the
solar hybrid inverter, the air stone type
acrator is connected with an air blower
motor that consumes the power by 2.2 kW
depending on connected load. Next, the DC
charger is the battery module (Chilwee, 6-
DZF-22, 12V 20Ah 24 pieces) that is
connected in a series mode and has a 5,760
Wh capacity.

Hybrid

New operational plan: Daytime
and normal electricity:

The aerator mainly uses electrical
energy from the solar cell (M4 turned on)
unless electrical energy from the solar cell
is insufficient, in which case it will be
supplemented by the utility grid. However,
if electrical energy from the solar cell is
over demand, it will be bypassed to the DC
charger to pass to the battery module (M3
turned on). At night under normal
clectricity and DO conditions, the acrator
largely uses electrical energy from the
utility grid until the early morning hours
(4.00 am.), after that it will be
supplemented by the battery module (M2
turned on) to discharge the battery and
decrease the electrical energy consumption
from the utility grid. The off-peak period

Vol.14 No.2 July - December 2020 23 44
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begins at 10.00 p.m., and the M1 is turned
on for additional battery module charging.
If the battery module is full, the charger
automatically turns off.
Utility grid failure at night and DO
levels enter a critical event:
The DO measuring system is
designed as a floating buoy [11] and is
movable on the water. The fishpond has

55M

four specific measurement points, with each
point having a distance of 10 meters. The
floating buoy moves to the next point every
30 minutes. The direction of movement of
the floating buoy is shown in Figure 4, in
which it moves from position 1 to 4, before
returning from position 4 to 1. Figure 5
depicts the Nile Tilapia fishpond studied in
this research.

]

Measurement buoy

60 M

Home

Figure 4. Nile Tilapia fish pond layout

Motor
Blower

IXI Solar cell and
measurement

Figure 5. The direction of movement of floating buoy in the fish pond
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The DO and energy data is
recorded and exchanged on the cloud
server, they are the indicators that indicate
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entering the critical event. The controller

will play in the roles as shown in Table 1.

Tablel The role base determination of the events in Nile Tilapia fish pond

6.00 a.m.-8.59 900 2.m.-10.59 a.m. 11.00 a.m.-12.59 1.00 p.m.-5.59
a.m. a.m. p.m.
. B(off)+S2H B(off+S2H) B(off)+S2Ba B(on)+S2H
Daytime
- IfPo< 100W = S2Ba
6.00 p.m.-7.59 8.00 p.m.-9.59 pm.  10.00 p.m.-3.59 am. 4.00 a.m.-5.59
p.m. am.
o All off B(on)+G2H B(on)+G2HBa B(on)+GBc2H
Nighttime
< s G2Ba =
6.00 p.m.-9.59 10.00 p.m.-5.59 a.m.
p.m.
critical DO>=3.00 DO<3.00
event
- Bc2H

Note: B = Blower, S2Ba= Solar to
battery charging, S2H = Solar to hybrid
inverter, G2H=Grid to hybrid inverter,
G2Ba= Grid to battery charging, G2ZHBa=
Grid to hybrid inverter and battery
charging, GBc2H= Grid and battery
discharge to hybrid inverter and Bc2H=
battery discharge to hybrid inverter.

The designed flowchart procedure
consists of reading the energy parameters,
including voltage (V), current (I), power
(P), and energy (W). The flowchart

procedure is developed as a program and
run on the ESP-8266 that acts as reader the
energy parameters and waits for the
command from ATMega328P (Figure 6). It
also stores environmental data, such as the
DO, critical events, and UNIX time.
Meanwhile, the administration and energy
management system flowchart is shown in
Figures 7 and 8 and are run on
ATMega328P that request data from ESP-
8266 to analyze and manage the system
following the role base.
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Figure 7. Administration and energy management system page
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Figure 8. Administration and energy management system page (cont.)

Design of electrical power
systems for using in Nile Tilapia fish pond
can be designed as follows [12]:

Electrical energy reserve for an
aerator system requires 1 hour at power as
2.2 kW and the minimal DC voltage for the
solar hybrid inverter needs 288V. While,
the specification of the solar panel is 315
Wp, 37.4 V of Vmp and 8.4. A of Imp.

In summary, the solar system is
designed by connecting in series with 10
panels that provides the maximum power at
3,150Wp. The solar hybrid inverter is
selected by the capacity of the blower at
2.2kW. In the part of the energy backup, the
battery module is employed by the local
market as 12V and 20Ah that is connected
in serics amount 24 picces and provides the
maximum cnergy reserve as 5,760 Wh.
While, the battery charger can charge the

power at 288 V and 10 Ah (special design
for this job).

2.3 Electrical energy adminis-
tration and energy management system
software in the Nile Tilapia fishpond

Software was developed to manage
the activities or events in the fishpond and
to  monitor the control system
responsiveness. The software runs on the
ESP8266 and ATMega328P which are
built into the controller system. The
monitoring system runs on the online
Blynk server. Figure 9 provides details of
the monitoring system, as shown on a
smartphone. The monitoring system
consists of: (1) real-time DO level; (2)
date and time; (3) status of control circuits
on LED indicator type (M1-M4); (4) rcal-
time graphs of the DO level, AC voltage,
and AC power consumption; (5)
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temperature and humidity; (6) AC voltage
level; (7) AC power consumption; (8)
status of control circuits on a real-time
graph (M1-M4); and (9) the parameters for
critical events, i.e. DO level, AC voltage
level, and AC power consumption. The

METER! METER2

Figure 9. Monitoring on Blynk application

software is always run by the roles of
daytime and nighttime (Table. 1) unless
the administrator adjusts the parameters
for critical events. It will use adjusted
parameters for decision together with the
previous role.

CONTROLTEMP
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Figure 9. Monitoring on Blynk application (Continue)

2.4 Laboratory-scale testing of the
electrical energy administration and
energy management system in the Nile
Tilapia fishpond

The laboratory-scale was
undertaken to test the feasibility and
potentiality of the devices used in this
system prior to onsite installation. The
testing largely focused on battery charging
using the solar cell and utility grid, as well
as how the battery discharged to the acrator.

3. RESULTS AND DISCUSSION
3.1 Design and development results
The Nile Tilapia fishpond is
located in a 5 rai area in Sansai District,
Chiang Mai Province, Thailand. Ten solar
panels are built as a roof and the solar
hybrid inverter and controller were
installed underneath it, as show in Figures
10 (a) and (b)
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Figure 10. (a) Nile Tilapia fishpond and (b) solar hybrid inverter

The aeration system uses a three-
phase air blower motor (Norvax, NVT-160)
which provides the power as three
horsepower and are connected to 12 air
stone nozzles and are arranged in the pond

as shown in Figures 11 (a) and (b),
respectively. The battery module (Chilwee,
6- DZF-22) is wired in series mode and
connected to the DC charger, as shown in
Figures 10 (¢) and (d), respectively.

(©)

(d)

Figure 11 (a) and (b) Aeration system with air stone type, (c) Battery module and (d) MPPT

solar charger
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3.2 Administration and energy and events in the fishpond consist of

management system results measuring the voltage from the utility grid

The results of the activities or (1), measuring the power of the air stone

events in the fish pond that run by the role acrator in event that always occur in the

based in Table 1 as shown in Figure 12. and fishpond such as regular event (2), utility
Figure 13. The parameters in the activities grid failure (3) and power sharing (4).
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Figure 12. An clectrical status in fishpond
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Figure 13. The activities or events in the fishpond run by the role base
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Figure 14. The activities or events in the fishpond run by the role base from solar cell

In the case of the critical period,
(5) the utility grid fails close to midnight
while the DO level is also below 3.00 mg/L.
The controller supplies electrical energy
from the battery module to the hybrid
inverter suddenly (6:M2BATT2H). Yet if
the utility grid fails and the DO level is not
lower than 3.00 mg/L, the controller will
not supply electrical energy to the hybrid
inverter. For normal conditions at night,
the battery module is charged by the DC
charger after 10.00 p.m. which is the off-
peak period (7:M1GRID2C), while the
electrical energy from the battery module
supplements the hybrid inverter in the
carly morning hours (8: M2BATT2H).

For normal conditions during the
day, the clectrical energy from the solar
cell is supplied to the hybrid inverter
(9:M4SOLAR2H), but if the solar
intensity during the afternoon is relatively
high and the electrical energy from the
solar cell is over demand, less electricity
form the utility grid will be used. The
remaining electrical energy is charged into
the battery module (10:M3SOLA2C). All
the roles show relatively good responses to
the new operational plan in each event in
the fishpond.

M 32 Tl 14 atuil 2 nsngia - Sunau 2563

3.3  Laboratory-scale
results
The study of the feasibility and
potential of a battery module charged by the
utility grid shows that it uses an average
current at 4.3 A for 3.5 hours, as shown in
Figurc 15a. A total of 5,509.4 Whr (Fig 15b)
of energy was accumulated, which is less than
the battery capacity since the efficiency of the
DC charger is around 92-97 %. Together, this
means that if the battery module is empty, it
charges for 3.5 hours. However, if the battery
is partially charged with the solar cell during
the daytime, the battery will be charged less by
the utility grid during the night. The current of
the solar cell charging tended to continuously
increase, depending on the solar intensity. The
time to full charge was almost 6 hours which
is about twice as long as the utility grid
charging time, as shown in Figures 16 (a) and
(b), since the solar intensity is not constant. If
considering the possibility to store power
during the day, the peak solar hour (PSH) of
Chiang Mai province is 4.5 hours [13]. This
means that the battery module will be charged
by the solar cell and will last for 4-5 hours per
day, or about 4.0 - 4.5 kWh. At night this is
fulfilled by utility grid charging.

testing
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Figure 15. The parameters on utility grid charging
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Figure 16 The parameters on utility grid charging

In the case of the battery module
discharging as shown in Figure 17, the
battery module can supply the acrator with
clectricity for 2.4 hour. The linc graph in
Figure 17a shows that the electrical energy
still exists, but the voltage of the middle cell
of the battery module is lower than the
safety zone, or 9 V which risks resulting in
a dead battery cell. This issue can be
resolved by dividing the battery into three

M 34 Uil 14 atuil 2 nsngrau - Fuanau 2563

modules, with each module made up of
cight pieces. The agriculturist should rotate
the battery module a few times per month
by rotating the first module with the last
module, the second module with the first
module, and the last module with the
second module.

A total of 2.2 kWh of electricity
used to supply the aerator throughout the
working time, as shown in Figure 17b.
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Figure 17 The parameters on battery module discharging

34 Return on investment
estimation

The present paper focuses on the
return on investment (ROI) benefits by
estimating the resulting decreased energy
consumption and solar panel system costs.
The solar panel system cost 94,500 Thai
baht (30 Thai baht per watt of solar power).
Meanwhile, the energy consumption
decreasc over the course of one year equates
to 9,015.5 Thai baht (3.8 baht per unit of
utility grid electricity and 6.5 hours per day,
including discharging in the early morning).
The solar panel system has a lifetime of 15

years. Hence, the ROI is 43.10%. If
considered in terms of the simple payback
period, this project will have a payback
period of 10.48 years. It appears that this
would not be worth the investment, but
when considering it carefully, utility grid
failures can occur at any time which can
affect the fish. A backup energy system is
subscquently necessary to limit  the
potential impacts of a utility grid failure.

4. CONCLUSIONS

This paper designed and developed
an electrical energy administration and
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energy management system to be applied to
a Nile Tilapia fishpond. The solar hybrid
system was already in use with the fishpond
and functions using three electrical energy
sources, including the solar panel (10
panels, 325 W polycrystalline), the utility
erid, and the battery module (24 picces, 20
Ah 12 V). The experimental results are
divided into three parts. The first result
shows the acration system which uses a
three- phase air blower motor with the solar
hybrid system and three electrical energy
sources. The second result demonstrates a
relatively good response to the new
operation plan in each event in the
fishpond. The third results evidences the
feasibility and potential of the battery
module under various operations and under
varying electrical energy sources. The ROI
is 43.10%, while the battery module can
accumulate an energy reserve of up to
5,509.4 Whr and can supply the blower for
2.4 hours. Finally, this system has an
investment budget of 127,575 Thai baht
and a payback period of 10.48 years.
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ANSATUIUNAUTENIANAIUUBINIZLALERN

LD 1NTIAY
Twdsaulnlfisiaan = 990 kWh/month
annsananluildvmun = 444.41 KWh/month
100x2.09 = 209 v
(990-100) x 3.24 = 2,883.60 U
SN 3,092.60 U
990-444.41 = 545.59
100x2.09 = 209 v

(545.59-100) x 3.24 = 1,443.71 UM

14 1
o =

UIUUN 1

NaUSENIn = A lnAfeudenanus - Alndaunsauszudala

=3,092.60 - 1,443.71 U™
= 1,648.89 U
DU NUATNUG
Twdalviiiviavan = 990 kwh/month
annsawanlnliilgvaun = 458.17 kWh/month
100x2.09 = 209 U
(990-100) x 3.24 = 2,883.60 U
FaTiavIA 3,092.60 UM
990-458.17 = 531.83
100x2.09 = 209 U
(531.83-100) x 3.24 = 1,399.12 UM

NaUsENdn = A lnAfeudenanus - AlndAaunsauszudala

3,092.60 — 1,399.12 U

1,693.48 U
DU AuIALl
Tngenulniivivun = 990 kwh/month

anansanaalniinlgvhaun = 541.38 kWh/month
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100x2.09 = 209 U
(990-100) x 3.24 = 2,883.60 U
SN 3,092.60 U
990-541.38 = 448.62
100x2.09 = 209 un
(448.62-100) x 3.24 = 1,129.52 UM
nalszvdn = enliiigeaderionn - mlwiiaansaussndald
= 3,092.60 - 1,129.52 um
= 1,963.08 U
RO LIYINY
Tmdalviivianaa = 990 kwh/month
annsawanliildnaan = 539.55 kWh/month
100x2.09 = 209 U
(990-100) x 3.24 = 2,883.60 U
SaTiavIA 3,092.60 UM
990-539.55 = 450.45
100x2.09 = 209 U
(450.45-100) x 3.24 = 1,135.45 U
naUszudn = Anlwiideadestanun - alwdlanansausendals
= 3,092.60 - 1,135.45 U
= 1,957.15 um
LAOU WOBAIAY
Tmdanulviiiiavas = 990 kWh/month
annsawanlilfilgRaun = 491.10 kWh/month
100x2.09 = 209 U
(990-100) x 3.24 = 2,883.60 U
syuTaviLe 3,092.60 UM

990-491.10 = 498.90
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100x2.09 = 209 v

(498.90-100) x 3.24 = 1,292.43 UM

naUszndn = aliiidesdenonun - Anlwiianansaussudale
= 3,092.60 - 1,292.43 U
= 1,800.17 um

oUW SguIu

Twdsaulnlfiiaun = 990 kWh/month

annsawanlilfilgnaun = 421.07 kwh/month

100x2.09 = 209 v

(990-100) x 3.24 = 2,883.60 U

SaTavIA 3,092.60 U

990-421.07 = 568.93

100x2.09 = 209 U

(568.93-100) x 3.24 = 1,519.33 UM

naUszudn = Anlwiideadestinun - alwdlaansausendals
= 3,092.60 - 1,519.33 U
= 1,573.27 um

&

Hau n3ngIAy
Tngenulniivievun = 990 kWh/month

annsawanliliildRaun = 377.95 kWh/month
100x2.09 = 209 U
(990-100) x 3.24 = 2,883.60 U
syuTaviLe 3,092.60 UM
990-377.95 = 612.05
100x2.09 = 209 U
(612.05-100) x 3.24 = 1,659.04 UM
naUszudn = Adlwiideadetanun - alwdlanansausendald

= 3,092.60 - 1,659.04 un
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= 1,433.56 U
oW F9riAl
Twdsaulnlfisiaan = 990 kWh/month
annsananluildfamun = 379.77 KWh/month
100x2.09 = 209 v
(990-100) x 3.24 = 2,883.60 U
SN 3,092.60 U
990-379.77 = 610.23
100x2.09 = 209 v
(610.23-100) x 3.24 = 1,653.14 UM
naUszudn = Adlwiideadestinun - alwflaansausendals
= 3,092.60 - 1,653.14 U
= 1,439.46 U
Aol AusIBY
Twdalviiiviavan = 990 kwh/month
annsawanlnliilgnaun = 380.55 kWh/month
100x2.09 = 209 U
(990-100) x 3.24 = 2,883.60 U
FaTiavIA 3,092.60 UM
990-380.55 = 609.45
100x2.09 = 209 U
(609.45-100) x 3.24 = 1,650.61 UM
naUszudn = Anlwiideadetanun - alwdlaansausendald

3,092.60 - 1,650.61 U

1,441.99 v
LADU MNA1AI
Tngenulniivivun = 990 kwh/month

anansanaalniinlghaun = 392,34 kWh/month
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100x2.09 = 209 U
(990-100) x 3.24 = 2,883.60 U
Saaviaa 3,092.60 U
990-392.34 = 597.66
100x2.09 = 209 un
(597.66-100) x 3.24 = 1,612.41 UM
waUszndn = aliiideadenoun - AnlWiianansaussudnle
= 3,092.60 - 1,480.19 um
=1,612.41 v

LAOU NOPARANIEU

Tmdalviivianaa = 990 kwh/month
annsawanlnliildnaun = 382.29 kWh/month
100x2.09 = 209 U
(990-100) x 3.24 = 2,883.60 U
SaTiavIA 3,092.60 UM
990-382.29 = 607.71
100x2.09 = 209 U
(607.71-100) x 3.24 = 1,644.98 UM
naUszudn = Anlwiideadestanun - alwdlanansausendals
= 3,092.60 - 1,644.98 U
= 1,447.62 U
RO 511AL
Tmdanulviiiiavas = 990 kWh/month
annsawanlilfilgRaun = 410.30 kWh/month
100x2.09 = 209 U
(990-100) x 3.24 = 2,883.60 U
syuTaviLe 3,092.60 UM

990-410.30 = 579.70
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100x2.09 = 209 v

(579.70-100) x 3.24 = 1,554.22 UM

naUszndn = aliiidesdenonun - Anlwiianansaussudale
= 3,092.60 - 1,554.22 U
= 1,5638.38 umn

mMsAuaanaUszdandsulamnziiesdnsiuuud 2
LAOY UNTIAL

Twdsaulnlfisianaa = 990 kWh/month
annsananlnildfamun = 242.45 KWh/month
100x2.09 = 209 UM
(990-100) x 3.24 = 2,883.60 U

SauTavA 3,092.60 U
990-682.60 = 307.4
100x2.09 = 209 UM
(307.40-100) x 3.24 = 671.97 U
naUszndn = miliiigesdenonn - AnlWiianansaussudale

= 3,092.60 - 671.97 U
= 2,420.63 U
oW NUAINUG

Twdsaulalfisianua = 990 kWh/month
annsananluilévamun = 242.45 KWh/month
100x2.09 = 209 U
(990-100) x 3.24 = 2,883.60 U

SR 3,092.60 U
990-703.73 = 286.27
100x2.09 = 209 U

(286.07-100) x 3.24 = 603.51 UM
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naUszndn = mliiideadenonn - Avlwiieunsauseudald
= 3,092.60 - 603.51 U
= 2,489.09 U

o JuAw

Twdsaulalfhsianua = 990 kWh/month

annsananlnihlédamun = 242.45 KWh/month

100x2.09 = 209 um

(990-100) x 3.24 = 2,883.60 U

SaTiava 3,092.60 U

990-831.53 = 158.47

100x2.09 = 209 UM

(158.47-100) x 3.24 = 189.44 U

naUszndn = mliiigeadenomn - Alwiiaansaussudale
= 3,092.60 — 189.44 u
= 2,903.16 U

RO LB

Twdsanlnlfistana = 990 kWh/month

annsananluildfanun = 242.45 KWh/month

100x2.09 = 209 UM

(990-100) x 3.24 = 2,883.60 U

SR 3,092.60 U

990-828.73 = 161.27

100x2.09 = 209 U

(161.27-100) x 3.24 = 198.51 U

waUszndn = Aliiideadenonun - Anlwiiaansaussudale
= 3,092.60 — 198.51 un

= 2,894.09 U

DY NOWAIAL



132

Twdsaulalfisiaua = 990 kWh/month
annsananliilddamun = 242.45 KWh/month
100x2.09 = 209 um
(990-100) x 3.24 = 2,883.60 UM
SaTavaA 3,092.60 U
990-754.31 = 235.69
100x2.09 = 209 um
(235.69-100) x 3.24 = 439.63 UM
naUszndn = mlwiideadenomn - AnlWiaansaussudale
= 3,092.60 — 439.63 U
= 2,652.97 U
o QU
Twdsaulnlfhsianua = 990 kWh/month
annsananlwiléfamun = 242.45 KWh/month
100x2.09 = 209 UM
(990-100) x 3.24 = 2,883.60 U
SR 3,092.60 U
990-646.74 = 343.26
100x2.09 = 209 UM
(343.26-100-100) x 3.24 = 788.16 UM
naUszndn = mliiigeadenomn - Anlwiiaansaussudale
= 3,092.60 — 788.16 U
- 2,304.44 U

=

Pau N3ngIAL
Tengaeulniivanun = 990 KWh/month

anunsonanliinldvaun = 242.45 KWh/month
100x2.09 = 209 U

(990-100) x 3.24 = 2,883.60 U
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SaTavIA 3,092.60 U
990-580.51 = 409.49
100x2.09 = 209 um
(409.49-100) x 3.24 = 1,002.74 U
naUszndn = mliiigeadenomn - AnlWiaansaussudale
= 3,092.60 - 1,002.74 U
= 2,089.86 U
o dnnau
Twdsaulnlfisianaa = 990 kWh/month
annsananlnildfamun = 242.45 KWh/month
100x2.09 = 209 UM
(990-100) x 3.24 = 2,883.60 U
SauTavA 3,092.60 U
990-583.31 = 406.69
100x2.09 = 209 UM
(406.69-100) x 3.24 = 993.67 UM
naUszndn = miliiigesdenonn - AnlWiianansaussudale
= 3,092.60 — 993.67 U
= 2,098.93 U
oy AuIeY
Twdsaulalfisianua = 990 kWh/month
annsananluilévamun = 242.45 KWh/month
100x2.09 = 209 U
(990-100) x 3.24 = 2,883.60 U
SR 3,092.60 U
990-584.51 = 405.49
100x2.09 = 209 U

(405.49-100) x 3.24 = 989.78 UM
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naUszndn = mliiigeadenomn - AnlWiaansaussudale
= 3,092.60 — 989.78 U
= 2,102.82 U

LAOU HAIAL

Twdsaulalfhsianua = 990 kWh/month

annsananlnihlédamun = 242.45 KWh/month

100x2.09 = 209 um

(990-100) x 3.24 = 2,883.60 U

SaTiava 3,092.60 U

990-602.62 = 387.38

100x2.09 = 209 UM

(387.38-100) x 3.24 = 931.11 UMW

naUszndn = mliiigeadenomn - Alwiiaansaussudale
= 3,092.60 — 931.11 U™
= 2,161.49 U

AR N ATNIEY

Twdsanlnlfistana = 990 kWh/month
annsananluildfanun = 242.45 KWh/month
100x2.09 = 209 UM
(990-100) x 3.24 = 2,883.60 U
SR 3,092.60 U
990-587.18 = 402.82
100x2.09 = 209 UM
(402.82-100) x 3.24 = 981.13 U
waUszndn = Aliiideadenonun - Anlwiiaansaussudale
= 3,092.60 — 981.13 U
- 2,111.47 UM

LD SWIAL
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Twdsaulalfisiaua = 990 kWh/month
annsananliilddamun = 242.45 KWh/month
100x2.09 = 209 um
(990-100) x 3.24 = 2,883.60 UM
SR 3,092.60 U
990-630.20 = 359.80
100x2.09 = 209 um
(359.80-100) x 3.24 = 841.75 U
naUszndn = mlwiideadenomn - AnlWiaansaussudale
= 3,092.60 — 841.75 U
= 2,250.85 umn
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