ANTNAILITZUUUTZAUNS LENA 9 U TuUawIziassdndunuuaaulayl

g ldwmalulag NB-loT

NIAU  8ZAU

U IAINTTUAIEATUNIU UGN
A1U7173U1IAINTTUNAITUNANY
UNIINY1FBLULRY

N.A. 2566



ANTNAILITZUUUTZAUNS LENA 9 U TuUawIziassdndunuuaaulayl

g ldwmalulag NB-loT

NIAU  8ZAU

[ '
1 =

Wendinusiiludruniiavasnnuauysalvaimsinuiaunangns
U1 3AINTSUAIEATUNI U
f19713U1AINITTUNIIUNAUNY

F1UNUSUITUATHRIUIAVINIG U1 INBaeudld

N.F. 2566

g o/ ]
AVANTVDIUNINY1ABULR



ANsHAIUISTUUYsEuNIs Idwasua g ludamnziagsdndunuuaaulail

Tneldwmalulag NB-loT
VAW UEFU

WendnusilasunsinnsaneydRlidudimiweruanysaiveinisng
AUVENEATUI QYYIAINTTUAERTUMTUNA

ANV NIAINTTUNAIUN AU

a < ¢l
NAsUNRUBDULAY 8191589U3nW

e’d‘ = £y
2191589NUsNWINAN

173 01V (L
el e ]
@SN .
(§Y38A1ERT191TE AT.A5198 NAIYAT)
173 2021V VL
el e ]
OIS
({eeansnanse as.sedy udiyng)
I WA L2021V (L

[

U581 SIHTURATOUNENGNS

AUNUSUITHASHAIUIABINGSUTOINAD

(399AEM519159 AT.0U TanaNaIuAR)

$9995N15UR



1%
o

Y1504 ASHAILITEUUUS LI UNNT WA IUI L luU BN L A eIER 1N
wuveaulallaegldwmalulad NB-loT

d' Y A a a

Vol Ugu YIEATBNIAY BERY

YauTeyayn AMINTTUANFATUNITUTAN A1V IAINTTUNSIUNALNY

919159NUSNWMAN  999F1aR519158 A9.27159U 1adu

Jeym1vesnisinigifesdnidiuuunuiwiuposendauazalsluin Jagdu

a1 P

v a I3 o o= Y o =~
Lﬂi‘f}miﬂiisﬁigUULG]@JE]’]ﬂ']ﬁLUu‘Waﬂ mizuuummm’iwaNWIV\IﬂN’lu PRI RN AL

v
v aAA v

wdgsnw mndeunRagyilidaiinvineendiaunasidemeld fdaluideliiingussasdiive
Wl szuuUseunsiandsnusmzluvamnsidsedniuiinuusaulatilngldimalulad

NB-loT wazuszifiumalunisiandsnulniismnessnanannidnistanaaanuludwuusiy

Tnsszuuidonlilugansiatandsnulniissdanssuaadunasnszuanss
(PZEMO16 uay PZEMO17) fieusaidnifuunasine i g uuagseuuumagaduatending
YUIA 2529Wp (F113U 9 WH9) ArudIy Tnsundsstendenulniiiiiaesazseliiu
Buefimes SIEMENS u SINAMICS V20 wunn 380-480V 3 tla fira 2.2kw Litednewdsany
ihsioludsluanesidueniauuin 3 hp Amdanululihiinsiadnld szgnuszananase
Mussanana (ESP-32) uagsnganunadayar1uinieyg NB sigdidedaya (Simcom 7020E)
U84 dashboard @mfusnsaunawazkeunadu LINE dmdunsdludadou nsandunis
naaosUioandu 4 szoy Tuszesmamnzded 1 Lifnsldssuuivenmaduluszoyns
WNBAEed 2 3 uay 4 nunsnsiinsinemelugisaananei 9.00 - 17.00U. warnaneiu

i Augilugasnm 23.00-9.00u,

nMInaassnuIdimgnisallian Gssdulniidesnda 205v) waslidu lu
SLELNITLRYIN 2 3 wazd NUINTINANTIUIU 40 163 has 20 ASIAINEIFU kazlnau
WU 1 A59 Fenulunsideauaszesi 2 17.29- 18.19 U. WaNa1sann1sagsuantuseesd
2 3 Ay 4 AN1THILFDUNINUA 15 27 bag 2 TU AMUAIAUSIUNIRUATNISHINFBDY 44
) X ~ ’~ | Y W ° | A Ao v
JU/50UNSNLLREUUENNITUSEEUMAT LN NI U N AN TN e R aNaNAR AT NS 1Y

N U UUTINIn s iEndsnu A Tun snzd sedn i lussesi 2 3 wag 4 wuin



a1

finslandsnulninfe 1,382.1 1,374.6 uay 1,407.6 kWh anuaisuuagziiarlgaienisluin
A 5980.6 5952.12 uay 6,095.1 UM ANa1dU felunsiaes 1 seuldndaeulnii
W 4,164.4 kWh/seu Sendenulnihildde 18,031.8 Uw/seu uazinunsnsasldna
wdnfe 5450kg/50vU aansnasuldinislindsnudunizlutemizidosdnfinfe

0.76kWh/kg visenanldininsléusunallvii 0.76 kwhslenisidesan 1 ke

v

maAey - walulad NB-loT, nMsiwglaesdniun, ssuuasiainnisiawasanulniiuy

poulal, sTuuLAneINe



Title DEVELOPMENT OF ONLINE SPECIFIC ENERGY
CONSUMPTION ASSESSMENT SYSTEM IN
AQUACULTURE POND USING NB-IOT

TECHNOLOGY

Author Miss Kewwalin Yatin

Degree Master of Engineering in Renewable Energy
Engineering

Advisory Committee Chairperson  Associate Professor Dr. Chawaroj Jaisin

ABSTRACT

The problem of intensive aquaculture is the level of dissolved oxygen in
the water. Currently, farmers rely mainly on aeration systems, which require
continuous and stable electrical power. Any abnormality in the power supply can
cause aquatic animals to suffer from oxygen deprivation and be harmed. Therefore,
this research aims to develop an online reporting and notification system for
aquaculture ponds using NB-loT technology and to evaluate the specific energy

consumption per product of the combined power consumption.

The system uses both AC and DC power measurement modules (PZEM016
and PZEMO17) connected to the main power supply and the system of 2529 Wp
solar panels (9 panels), respectively. The both of supply is connected to a Siemens
inverter model SINAMICS V20, rated at 2.2 kW, which supplies electrical power to a 3
hp aeration blower. The data from the power measurement modules will be
processed by the ESP-32 processor and the system reports the results via the NB
network using a data transmitter (Simcom 7020E) to the dashboard for reporting and
the LINE application for alerts. The experimental operation was divided into four
phases: In cultivation phase 1, no aeration system was used. In phases 2, 3, and 4,
farmers used aeration during the day from 9:00 to 17:00 and at night, with basic

electricity supplied from 23:00 to 9:00.



Results from the experiment revealed occurrences of power outages
(voltage less than 205V) and blackouts. In stages 2, 3, and 4, there were 40, 163, and
20 blackouts, respectively. Additionally, there was one blackout in fish farming phase
2 from 5:29 PM to 6:19 PM. When considering the fish farming phases 2, 3, and 4, a
total of 15, 27, and 2 days of warnings were issued, respectively, resulting in a total
of 44 days per culture cycle. During the estimation of specific energy consumption
per product with combined electricity consumption in phases 2, 3, and 4, it was
found that the electricity consumption was 1,382.1kWh, 1,374.6 kWh, and 1,407.6k
kWh , respectively, while the electricity costs were 5,984.6 baht, 5,952.12 baht, and
6,095.1 baht, respectively. Thus, for a round of cultivation, the total electricity
consumption was 4,164.4 kWh/cycle, with the energy cost totaling 18,031.8
baht/cycle and a yield of 5,450 kg/cycle. Based on these results, it can be concluded
that the specific energy consumption in the aquaculture pond is 0.76 kWh/kg,
meaning that 0.76 kWh of electricity was consumed per 1 kg of fish produced.

Keywords :  NB-loT technology, Aquaculture pond, Measurement system, Aeration

system
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2.1 wmalulag NB-loT

a PN

NB-IoT (Popli et al., 2019) iluwaluladataniilasunisssyuazadaunsgiulu

q

YIWIAHUY LTBNBUAUDIAIIUABINITVDIQNAMTBFLYUTNNT arunsasessunisnaianey
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v
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NAATUY 0T boageliuseansnin Nilnsduwesianduinedassiousany LTE T9band

!
TiudwaudoyaaiUnludaivua LTE Jaq0u a1u150m0Uaueenufon1sves mMTC

(massive Machine Type Communication, n13daa13UsenniAsasvuIntvg) lnaauauda

Fasteluil (Ui 1)

Mslinasum

(Low Power

Consumption) anulaannaszau LTE

(LTE level security)

a w A
Uill'lmqlaga'ﬂa'\&l'ﬁﬂ

i Suuazas
>200 kbps

519190
(Low cost ~5%)

\Fousal#fa50,0009Unsal/ 15
(High density)

AUAINTA

#anNnae
(Nomadic Mobility)

Ul 1 Aouaat® NB-loT

® N1509NKkUY NB loT Aanistinerensldnuuwunnes

o

WioegMsldanuwumnainenIuiy nmsldndsauanadiagly eDRX (N3fudyaiam
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sewpadunaiuu Tuvaeily PSM vesgunsaldregluaniusSudygy o



2.1.1 an1Unen3sua3edng NB loT (NB loT Network Architecture)

anUnenssu NB-loT wanssiaguin 2 NB-loT anmududeuvasaniingnssu EPC 1iesae3y
1Y & a o < o LY a v a

n1sdateyavuradnidndudmivueunfindu Tuguuuuves User Plane uagnisiity

Uszansn1w EPC w99 Control Plane

sever

@ (((( )))) Application
A e HTTPS/
G CoAP HTTPS [ ‘.:1

> 4
Q X \Z‘(" loT EPC loT Platform
e
g / | MME | | HSS | |
1 ]
1 ]
NB IoT Devices ~ cNodeB || sew | [Paw | |
i U
N o o e o 4

Ui 2 aailmenssa NB-loT

gunsal NB-loT inTegunsalvesyliasdeansiu eNodeB nasainiu eNodeB ag

'
1 b4

WourenY loT evolved packet core (EPC) N1UsznaunIe n1SIAUTAIT GW, LA

JouawnaLin GW, n153an1sniseasulm, WsWiias Home Subscriber 1d9a1nil eNodeB

Y

a1elou NAS (non-access stratum) n3edeamadsdygy1aluds EPC @mva5095uns

(Y] v

Jansfeyasdadiuszdnsam) Ineiiugiuwds NAS Wuluslaneanianeloudygyrailily
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a

soluagduiunmsUsvanana EPC udrdumibudeldssunanody loTuwanvledu oT d
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wandu Ineilaesislunisdadeyaseninegunsal NB-loT uasi@siesueundintu lae 14 1P
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2.1.2 Tyan15%1911983 NB loT (Modes of Operation of NB loT)

A1AUIN1S NBloT Hlnuaiisyuwuunisvinaiuaiulnua fe standalone, in-band, uag
guard band (gﬂﬁ 3)

® n5vaulnug standalone

Tulnuedaduarudfuenlidmsumaluladniadifeing wu GSM/UMTS udeniu
aruiiany TnsagUsulddmsugliuintg NB-oT egslsfnudsiagyinlialdineluns
Fudiunmaifiniu Wesndudufeainisdmnsnvonduifuazedauidmiunisuiuadu
RTIt

e n3vheulyug In Band

Tulvuail NBloT agnlddmsudliuinis LTE n1swysudennineinsazdanali
Us2ANSNINYe9RaNANNRLINTU (NSIIAAUAINURTUSEEANSAINLINTL) F9azvinlrilnigs
MsWARANTY LTE Tuvazidoaiuluuanisastu uplink 2gdin1sunsnueesening NB-loT waz
LTE (Goe5enIlIiUINI1ses 3.75 kHz) uildnaziinissuniutanunsaanaslalagnis
AMuALIANvelEU Aretaiinun SNR aa1giu lu NB-loT uag LTE PRBs lndlAes

o & aad o Th v P lo & Y oA ) a ¢ &
yonanddududsnuseudnaldanediasannludndudadinisusulasuansawis

® 3 uluue guard band

Tulvuadl flfu3ns NB IoT avegnisluuauiostuvesdliuinig LTE tilendnides
Fuarausunau muaidly downlink throughput #idnan ewfieuiu in band wilesani
n3nens downlink 11 Aneslderuds NB ves AIS Tdnvarnisiaulusduuy guard
band

GSM

Standalone In Band GaurdBand

gﬂﬁ 3 UANISY19U NB 10T

(https://www.link-labs.com/blog/nb-iot-vs-lora-vs-sigfox)


https://www.link-labs.com/blog/nb-iot-vs-lora-vs-sigfox

2.1.3 msldndausies NB loT (Low Power Consumption Using NB IoT)

maUsendandanuvesgunsaifilduunnesiduladudrdgydniunsiueundindu
LPWAN w114 &@adl 2 aauand@ndnfe nualsendandsaru (PSM mode , Power Saving
Mode) wagluuasudgiu RX lidsiliosluuaene (Extended Discontinuous reception

RX) wiadinergmsidauuwunneivesgunsallafsduinsennningud 4 (a) wansgunsailu

[

Inun PSM &eagidndlvun sleep wazldarunsasudyaiadag 1a Tulnuadl register voq

aUnsaldudausanuwAsate Tnafluun PSM andandsnulunisasianisitausaluilaelyl

9

[

<) o ¢ a [J v & 1A 1 b2 [ [ tw 1 [
Puduilogunsalisuhnu deuszlidesuddmaliusendandnuuidiisanainuwese
A a v eal o A= o w v v ]
Yo4iA3eYeINMUaldUnsalivina sty Famangdmsunisldaundesnisnmsdauy
Juszeze) (@u Juazasa) gunsalanuisaadulnun PSM Iaedaduan 2 fafe 13324 (57
Aanaldanu, active timer) Langegagunsalazdensegluaniugldanuegde 186 w1l uaz

T3412 (f3A9381MNN15189U, extended timer) L3a1iniaTesgegadmsugunsalde 413

Tu) NsionAU TAU (tracking area update) ABNUTINITVIIUNAINITONATN

173 f
AT LINAIIU

(Power Consumption) N
Tnuaussudanaseu

Idle Power Saving Mode

PTX

T3324 T3412

o

P RX

P Sleep

L&

(a) WuaUsEndnnasau (PSM mode)
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Y ar
15 LANAIY

(Power Consumption)

P TX
n1sdedoya
TPTW TPTW
Y T —>
P RX TvuawniAIoe
(Extended Sleep) Extended Sleep
———————— > ————————a >

P Sleep

L3817

(b) Extended DRX Tu Idle mode

g‘dﬁ 4 PSM and eDRX modes to save power

agalsAmuluun PSM %uagJJfTULﬂ'%@szhsJﬁmmsaaau%’u,saq%’uﬁﬁunm wenani
faii3nguassalunisléivun PsM Aegunsalliannsadfsnundldidunauiuiios
fvuamivnzaussninsnsneuaussuaznsligunsaioglulvun PSM titelsilaaunaiia
Tunmsvihauvesgunsal

U7 4 (b) wanspuaudAndndnegiafie eDRX Aonisiudeyauuuliseiles
(Extended Discontinuous Reception) azUszudandsaiuuinnindiedisufuivun PSM
\{losann eDRX Yavansvaziawesgunsaisisnisadulnualulnuniudeya (receiving
mode) wagn15ueneseun1sady nuaniswnia3es, Extended Speep) T idle 110071
Tvuansideuse Tutlgtu LTE anmnsavensnanld 10.24 3undt Tuvazdl eDRX finsueny
Paensadudmiufuniiuazdilus dafunisdadasiudseniineiedisuazgunsalild
amsausendandsulans 43% lagly eDRX A8 PTW (Paging Transmission Window)
yuadn nslindsnundsan PTW seninslnuanisiniadesassiiuin ey eDRX 2z

[

Usendandanuandudnanauaudinianududeutesatanmldineveaiodyyinnis

<

Touazdahannsldndsnuidaagnisidnuiunness
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2.2 gunsnlAuANLAZITUUATIAIN
szuunnialilugansainiiddyfelugansiataluifiinszuaadu PZEMO16 uas

lugansiainlufiinszuanss PZEMO17 dauaiunuldluga NB LUululasaoulnsaaes

199910539 ESP32 uananlugansraiaududrdelssuuudafeuivhausmiussuy

M50

2.2.1 Weaniaianasanulni PZEMO16

Tupamsdeans AC PZEMO16 andlugjaslddmiunistalifinszuaady lunuided
Tamatanslindanulnihiugiuiidelvifuunesfnesadsifugiualdsu vl
PAndsnuuaseing tnganunsaldinamisfivesine wu wseiuliih, nszua, wdaud
1919, A2ud, maalaily (Femn5199 1) 42901550 100A (nseudasininnieusn) wag

#@0aENSTPUABABAY RSA85

A5197 1 Qmamﬁ'ﬁmﬁmmwwawﬁma% PZEMO16

Function description Measuring range

Voltage 80-260V

Current 0-100A

Starting measure current 0.02

Active Power 0-23kW

Starting measure power 0.4W

Power factor 0.00-1.00

Frequency 45Hz-65Hz

Active energy 0-9999kWh
lWslnneadoas

1). Physical layer protocol

THBunedilanisieans RSas5 14 Baud rate Ao 9600, 8 data bits, 1 stop bit, no
parity
2). Application layer protocol

Tuawesildlusinnea Modbus titedeassesiuianizsiailaidu (function code)

1 0x03 (Read Holding Register), 0x04 (Read Input Register), 0x41 (Calibration), 0x42
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(Reset energy) T¥dmSumeluwiniu (Address 1annz 0xF8 withy) wdean function code
Wiy 16 O saRIuSudufe 0x3721 934 address a9 slave o 0x01 ~ OxF7 address
0x00 gnl¥ilu broadcast address slave laigiludoanaundu master address 0xF8 14
d WU address WalU address Sldldamzluanmuandeunuy single-slave wazaunseld

a 4 o a a' Y
a@UW]EJ‘UWﬁ@@']Lu‘Uﬂ']ﬁaugﬂﬂ

3). N15871UNaTA (Read the measurement result)
sULUU command N1581UY84 master (8 lud) Adnwauedell drunissnu
ANNTIALADTLAYTIUALIBYAN1TEIUAIANSY @1u1Taidenld Input register address laann

AN 2

A5197 2 Input register address

Register Address Description Resolution
0x0000 Voltage value 1LSB correspond to 0.1V
0x0001 Current value low 16 bits
1LSB to correspond to 0.01A
0x0002 Current value high 16 bits
0x0003 Power value low 16 bits
1LSB to correspond to 0.1W
0x0004 Power value high 16 bits
0x0005 Energy value low 16 bits
1LSB correspond to 1Wh
0x0006 Energy value high 16 bits
0x0007 Frequency value 1LSB correspond to 0.1Hz
0x0008 Power factor value 1LSB correspond to 0.01
OxFFFF is alarm,
0x0009 Alarm status

0x0000is not alarm




sUMUU command N1581UY84 master

13

Register Number | Number CRC CRC
Register
Slave Address of of Check Check
0x04 Address
Address High Registers | Registers High Low
Low Byte
Byte High Byte | Low Byte Byte Byte
du3ULUU command N3ReuUNduTes slave utiveanitu 2 Ussundsil
nseunduiiondes
CRC CRC
Register 1 | Register 1
Slave Number Check Check
0x04 Data High | Data Low
Address of Bytes High Low
Byte Byte
Byte Byte
n3meuUNduT error
Slave Abnorma | CRC check | CRC check
0x84
address | code high byte low byte

Abnormal code AATIEFINTANUANURANAINLAZES code patinaunauly

0x01, Illegal function = N13A%A1 function liigneas

0x02, Illegal address = miéfﬂﬂlﬂ Slave Address higﬂéfaﬂ

0x03, Illegal data

0x04, Slave error

Aog9Yu master daindasaluil (CRC Check gnunuiiang OxHH wag OxLL ddnuazany

ANUA9)

0x01 + 0Ox04 + 0x00 + 0x00 + 0x00 + OxOA + OxHH + OxLL

Y31 master Ao381u 10 register 71 slave address 0x01 wa start address 71 0x0000
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M3ReUNEUTIgNABsaN slave fdnvnezdall
0x01 + O0x04 + 0x14 + 0x08 + 0x98 + 0x03 + OxE8+0x00 + 0x00 +0x08 + 0x98+
0x00 + 0x00 + 0x00 + 0x00 + 0x00 + 0x00 + 0x01 + OxF4 + 0x00 + Ox64 + 0x00 +
0x00 + OxHH + OxLL
mndeyaidesiunandlmiiui
wsanulaihAe 0x0898 Ansuvandunafion 2,200 wansandu 220.0v
nszwaR® 0x000003E8 Hnswlastdunaden 1,000 wansadu 1.000A
maslvidihAe 0x00000898 finsuuamaiiuy 2,200 wansualdu 220.0W
N&UAB 000000000 Hnsulamaion 0 wanswaidu Owh
AuAAe 0x01F4 finsulawmaiey 500 wanawasdiy 50.0Hz
Power factor @® 0x0064 fin1stuasnatien 100

A5, AD 0X0000 LEAAIITNITHILADUNTLWALNLAUNINLNN

4). M55\ 9ANa391%( Reset energy )
14 Software Reset JULUUANEI8Y master a3 ¥nn1sldnaaues slave Ao (Navin 4

Tug)

Slave CRC Check | CRC Check
0xd42
Address High Byte | Low Byte

drunsmeundugnABIIEian vaEAall

Slave CRC Check | CRC Check
0x42
Address Hich Byte | Low Byte

[y

PINANSABDUNSU error LAANYULAIL

Slave Abnormal CRC Check | CRC Check
0xC2
Address code Hich Byte | Low Byte

Functional block diagram PZEM016
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5Ui 5 laezunsy PZEMO16

A 4

RS485

Interface |+

+5v

Gnd

]
KeXeXele)

n3U7 5 vaennlasuwnasgliiaduunasaielnldusedul AC endnauen

Wy aesdmenideane 3.3V Infussuunsiain dnnianilededny 5V linul9asdeansass

LAZIINIBUBN FINAINIWRUADFDAT 485 AD (+5 V), LATaAINITNTIENTERALINARD

100mA uanniilugadianunsaiaulugumgiitas -20°C ~ +60°C tiloti PZEMO16 1

Uszgnaldausiuiuuesa NB In1sdnyasnisieusanil

L VCC

T
Converter Module

-
5v

A
/ \GND

r GND

Load

AC

PZEMO16

OC

NB Board

GND
vcc

(_GPIO2-21 5
GPIO2-19

5V
DC Supply
GND

U 6 M3t PZEMO16 unuszendldausiuiuuasa NB
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U7l 6 wansmsilenreveniasgunniniatn PZEMO16 fuueda NB lassueda
NB Huldidousiadu converter module vIeluganUasdyaaulasdygulaginisimun
MFU-dadnyayrudeyafie GPIO21 uag GPIO19 Feuse TX RX vaslugauUasdayayias RS485
filFsuan PZEMO16 fideansineans A+ B- d@sudnilaves PZEMO16 Aetlimsiatnainnisd
Ilihituguselilifvan as193a91nnsld CT coil wunm 100AndosTRanslWiide

Trnulnanwazdlnidgsvasnmaluinnsswaasu

2.2.2 WeanTiaiandsanulnin PZEMO17

Tugansiafamdssniliindsie PZEM fu PZEMO17 Wulugaitldnsiafamdssmilaii
nseuansslaptanldlunudseiiensiafnusnanislindanulniinaaldanunsead
wasenfindlnefifleddunisldaudamnsed 3 uazinnsdedeyasielusinasaModbus 14

[

RS485 BuLmasnasNsalIT JsUhuudanseail

A1519% 3 Heridunsfiwes PZEMO1T7

Function description Measuring range
Voltage 80-260V
Current 0-100A

Starting measure current 0.02

Active Power 0-23kW

Starting measure power 0.4W

Power factor 0.00-1.00
Frequency 45Hz-65Hz
Active energy 0-9999kWh
slnmoadeans

T¥n5dedumasineg UART tJu RS485 14Baud rate is 9600, 8 data bits, 2 stop
bit, no parity wilUslaaoa Application layer 3in1559395U function code (0x03 Read
Holding Register #58 0x04 Read Input Register) wWutdgafiufiuluga PZEMO16 sauluds
sULUUAIEaN155099884 master fUNTMOUNEUYDY slave uaynITTLEANEs1U ( Reset
energy ) 4 Software Reset wiilauff uananin1semuAwIsHimesuazsIvazdounis

9IUAIRNNY @unsalaenld Input register address laann15199 4



A51991 4 Input register address PZEM017
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Register Address Description Resolution
0x0000 Voltage value 1LSB to correspond to 0.01V
0x0001 Current value 1LSB to correspond to 0.01A
0x0002 Power value low 16 bits

1LSB to correspond to 0.1W
0x0003 Power value high 16 bits
0x0004 Energy value low 16 bits

1LSB to correspond to 1Wh
0x0005 Energy value high 16 bits
0x0006 High voltage alarm status ~ OxFFFF @usutau 81 0x0000
0x0007 Low voltage alarm status  azliifou

10819491 master derdsrialuil (CRC Check gnunuiiaig OxHH waz OxLL dnwugay

AUAN)

0x01 + Ox04 + 0Ox00 + 0x00 + 0x00 + 0x08 + OxHH + OxLL

éfaﬂ'ﬁz‘qdﬁ master 1191U 8 register‘ﬁ slave address 0x01 @ start address 7 0x0000

N13RABY

naUNgNABIAN slave Tanwagaall

0x01 + 0x04 + 0x10 + 0x27 + 0x10 + 0x00 + Ox64+0x03 + OxE8 +0x00 + 0x00+

0x00 + 0x00 + 0x00 + 0x00 + 0x00 + 0x00 + 0x00 + 0x00 + OxHH + OxLL

INVDY
Y

alodunangliiuI

wserulliinfe 0x2710 Tnswlaaduneden 2,200 wansadu 220.0v

nszwaRe 0x0064 fnisuuasduneden 1,000 wansAdy 1.000A

1Y

Adalliln@a 0x000003E8 finsulawadon 2,200 wanawaidy 220.0W

WEIUAD 0x00000000 Tin1sulasnadon 0 wansnaidu OWh

o a1 o

n134fiow High voltage Aa 0x0000 wanrawdufowduusnulnidagiuiiam

AILNUN

L3
LNEUN

M34iieu Low voltage fim 0x0000 wansnaududouluussiulnihlagiuiiangandn

Y



Functional block diagram PZEM017
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DC Power l

Supply
Test O —'O +5V
Voltage O Measurement Optocoupler RS485 4—’0 B

—>
Current O System Isolation Interface q—bo A
Input O b _,O Gnd
_|_—> Signal »

g‘Uﬁ 7 laezunsy PZEMO17

diansvegeudunmdu <7 V 1Usaldwesn USB 1luwnasdnal (iuldwesn USB

¥83 PC 9191194 PC Wdenele) ol PZEMO17 u1useyndldausiuduuesa NB in1s
anwuENILYeRenall

- m n{} o
Battery o0
S|
o
5v
DC Supply
GND
NB Board
vCcC 5V 1z
1D B -
Converter Module g PZEMO17
v : A 9
GND GND
vCC
GND
GPIO2-21
GPIO2-19

Shunt 300A

5UN 8 M3t PZEMO17 wnuszendldausiuiuussa NB

1NFUN 8 UARINISITRNADYD99TUNTAINTI9 TR PZEMOLT fuuasa NB lagda

'
1 [y

vasa NB tldideusesu converter module vsolugakUasdyaaulasdyanlaeinig
fvunv1§u-dedygadeyadie GPIO21 uaz GPIO19 1Wewsio TX RX veslugaudasdayqyn
RS485 Ml@sua1n PZEMO17 fideansiaeans A+ B- @9 PZEMOL7 fesillilidesuadndal
5V 91nunasinglnnszuanss (OC Supply) @rudnilsves PZEMO17A0in193A9 NN

wusassaelWliluan 1 Asnisealuulinainuummeassiuwradaneidinu PZEMO17 2.
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solnauanuummessidn PZEMO17 lagiu shunt Yu1A300A 21NNN5HOIATOUNTUAINNTA

as19AnsEha Wi laa1nAuA1edne L

2.2.3 \u9a NB-IoT (AIS)
Tusnidfeildiluga NB ves AIS (U 9) I8 ESP32-WROOM-32 1 Hudnluszanana

mdsazdaludinanadsniesdidiunannosufisessuluga NB e Magellan @11130

v .:4' v

wananadayalounenuiAauIsvesgluuInisuiasselavslnsdunuasnouiiines

Y

%
§ v a &

wanNUFIveTAG WG uLgoUAY aungiinazAuTuiedesan1swmuniluUszandld

U ngdinaaudRnwswelul (1s1995)

sU 9 Tuga NB loT
(i - https://store.ais.co.th/th/iot-devices/devio-nb-devkit-i.ntml)


https://store.ais.co.th/th/iot-devices/devio-nb-devkit-i.html
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M1519% 5 AnautAluga NB loT

(i : https://store.ais.co.th/th/iot-devices/devio-nb-devkit-i.html)

Microcontroller Unit Cellular Communication Sensors

Brand: Espressif Brand: SIMCOM

Model: ESP32 Modle: SIM7020E

Q cPU and Memory Q Network Technology Q Ambient Light

Specification ® | TE Cat. NB1 (NB Sensors:
® Xtensa single/dual- loT)

core-32bit LX6

® Brand: Vishay

Q Frequency Semiconductors

microprocessor, up to ® B1 (2100MH2) ® Model:
600 MIPS (200 MIPS for ® B5 (850MH2) TEMT6000X01
for ESP32-D2WD) ADC

® B20 (800MHz)

® ROM:448 KB
® B28 (7T00MHz)

. :
SRAM:520 KB (Q Data Transmission

® SRAM in RTC: 16KB ® Uplink: 62.5 kbps

® (lock Frequency: Up to
240 MHz

® Downlink: 26.15
kbps
Q WiFI 802.11 b/g/n Q Transmission Power Q Humidity Sensor

(Maximum): 23dBm & Temperature

® 302.11 n(2.4 GHz), up

to 150 Mbps (200mWw) Sensor
Q Bluetooth v4.2BR/EDR Q Protocol Stack: ® Brand: Texas
and BLE ® TCP/UDP Instrument

® | WM2M/CoAP*

® MQTT/FTP/HTTPHT
TPS*/SSL*/DTLS

Model: HDC1080

Interface Type:
12C



https://store.ais.co.th/th/iot-devices/devio-nb-devkit-i.html
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Microcontroller Unit
Brand: Espressif
Model: ESP32

Cellular Communication

Brand: SIMCOM

Modle: SIM7020E

Sensors

Q NB/IoT Module

Certification

CE/GCF
RoHS/REACH

Q Antenna Specification

Brand: FLEXAO13

Working Frequency: 820-
960/1710-2170 MHz

Bandwidth: 140/460 MHz
Connector type: IPEX 1
Gain (Maximum
Direction): 2dB
Polarization: Linear

Polarization

Q Power Supply: microUSB Battery Connector Pitch 1.25mm SMT Tpye

 Baud Rate 9600
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2.2.5 NMILAWADUANTUTEUUATIIIN
NSHAWABUAINSUTEUUNTITANS T NI Ul uUBmNzaeedn Il Tuauddedleaii
waUnaLaty Line unUszgndldlunsudafiouainuesa Nb #84W Esp32 a1u1sodeansniu

[y

Line Notify 1a Insfinsasins Line Notify ielaluntswaunlusunsussuunsiaingedl

- WdszuumetyTues LINE Wiseufesdiules https/notify-bot.line.me/my/ 9101y

T5manTi Generate Token (gﬂ‘ﬁ 10)

Connected services

Github  IFTTT AN

Generate access token (For developers)

ket can configure notifications without having to add a web service.

LINE Notify API Document
gllﬁ 10 Generate token

- AsvensiIndeulutemnglay 1 wieuviessynduilwangluningia 2 Inenlunuided

leszunisudaiouliiugideies (@usaasradunquuazudadoulunguld) antunadn

Generate token (gﬂﬁ 11)

Generate token

wiadauedu i

JUN 11 msimuanguidvnewasdenisuiaiou
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- 2z l#lniAn ypMYNTxXdUIBGOBFQTIXAyuStaBychesDsa06h9gbyb (3Uf 12) dmiuanld

Tulandnsuiauluswnsuniswaamoulutunoussalululuswnsy Arduino

Your token is:

ypMYnTxXdUIBGoBFQTJXAyuStaBvchesDs40€

If you leave this page, you will not be able to view your newly
generated token again. Please copy the token before leaving this
page.

31]17; 12 token Line Notify

2.2.6 maduadeuLisuaTesiioln

nesifuda1AuianaInveaunsalngiate (Muiey wasuadvsi, 2555)
Annlaglirmiunndnsseninsnfietuldaniaiesdedafuafiuiaie (gunsalédnads)
Benimmnuiiawaiaduysaiidothunguse 100

- ANYNABINTBAIANUIUEN (Accuracy) Aoffivauaniannuaunsaves
\3esilodn (instrument) lumssuavieuansaiiialdidilndaazalasnssualdain

AUNNSN 1

X e — X

% Acc= | 1—|Lma 2 tl w100 Ans7 1

X

=

Taefl %Acc Ao WasidudanuuwluguaIni1sIin

A I

Xinean AD AN9INQUNTAINTIAIN

X, fi® A19ngunsaldneBansgu
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~ . & I A = A A o
- LTRSS (Precision) Ao LuAILaRsdImNaNTaveLATasliainlunis
LAAIALANLIDVINNTINYA ) ATINEOANAINTATUNITUAAIAD (repeatability) D4
A4 A o v A o a ° vy s & &1 a'
wIssiloinneldteulunmsiauuuipnlaeanunsamunaa il osigudainu s mnss

RANAIAFIL

Xox
X

% Pre = | 1 X 100 AN 2

=

1987 %Pre Ao WS HuURANLLNIRMTIVDINITIA

I~ 1

X, AD AINITIALARZATY

x, f? ALadeveInTin

2.3 1UslnAaa Modbus

MODBUS Protocol ulassadenisdstoninildiuagaunsvans Tunsdoansuuy
Master-Slave 5¥13149Uns0i99a58e Ynvoya MODBUS d931n Master LU g slave
Usznaumle address slave ‘Qﬂﬁ?ﬁljﬂ (19U read register %38 write register) sﬁlaﬂﬂa hay CRC
check sum lUslnaaa Modbus Wuliieslassasrensdedennulaeunidld RS232, RS422,
ey RS485

sUsUUnnsastiaya Modbus (Popli et al, 2019) (5U 13) figndoyaluslnaea
Modbus §apsldnisdeansiaiotiouuy Master-Slave #a833uuUU peer—to-peer gunsal
Master 9¥AIUANNITATINYAUDAINN UazTaNIInaUNGUves aunsal Slave iile controller

(Slave) lasuyntaninuaznevauamaradinduludwaniunususy (Master)
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Query message from Master

Device Address Device Address

Function Code Function Code

8 Bit Data Bytes 8 Bit Data Bytes
Error Check Error Check

Response message from Slave

SUN 13 1995A158998-1OUSUVBY Master-Slave

v

The Query (f583v0)

Function code Tudiudiniunseils¥osve fin5158n address gunsal slave 7
dosmsandunuldan) data bytes avussashedeyareilsidui slave Fosnsduiuny
1w Wil code 03 59998 slave §14 read holding registers wagmaunauly (Wendu code
03 A8 read holding registers) data field L’%ﬂﬂﬁff@;ﬂa slave &9 start register LAZIIUIU
register M1#99n15814 Uazerror check LilensiadoumuaNysalvestoya

The Response (Hanausu)

i1 slave mausudayaund function code lun1snauiuagmaundu function code
lu query data bytes ﬁﬁﬁa;ﬂaﬁi’wmﬂm slave L¥U ATNIDADIULVDY register #1N
MOUAUBIRANAIA function code zmavausalunisnausulinnainuay data byte 9z35y

code NBSUNUMINURANAIR error check AEATIVFBUANURANAIA LN UYDUATAZ AU

Y
[

master (NTIVABUAURANAALY master Buduaiugnisavesteyaududuinienly

S RNGARRN)
U Y
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2.3.1 Modbus Message Framing

(w3591, 2562) lulnuanisdsdayauuuaynsy (RTU) Modbus message 989n1dlag
pUnsaldsdyaalugadeyaanisuduauiugn gunsaineuiuasSusiudoyaiiog Address
wazmua Address vesgunsafltauiidnvarnsidensoiduidnifauazidstoyaldly
szorlna wenaniinisdeansuuulusiannea Modbus RSA85 fisuuuugndeya 3 sUnuudy
msuyadeyaneuntinsiusetundiedeninu (message) FsgUtuu message uuaduils

J09U9 (query) Wazilinausu (response)

sULUUT 1 Start bit + Data byte + Parity bit + Stop bit = 11Jnsiayndeya

Start 1 2 3 al 5 6 7 8 Par | Stop

sULUUT 2 Start bit + Data byte + 2 Stop bit = 119mseyndeya

Start 1 2 3 4 5 6 7 8 | Stop | Stop

5ULUUT 3 Start bit + Data byte + Stop bit = 10dnseyadeya

Start 1 2 3 4 5 6 7 8 | Stop

@ Cyclic Redundancy Checksum (CRC) tJuiSnsiadudenanainainnisSunseds
Joyauuiazetny wn1siannsansiadudeianaialauingds 99% amiu CRC-32 Un CRC
4101500 573@0UvoYae19418 lagldnannisilSeuiieuae Exclusive-OR Aanis

~ ~ o a @ A a o v a | 2 a
Wiguleusenindnulnnsges mniduaednidediuazlaaniuasin 0 uimniduasin
Asiuaglinadnsiluaedn 1 A9n135199 6 wenanddeauisadiuins CRC liarnnig

a@ulaﬁ%ﬂ%nmi’mL%’mfjwéﬁ’qgﬂﬁ 14

A1519% 6 NsUSeULNEUVRY Exclusive-OR

First logic Second logic XOR output

0 0 0
0 1 1
1 0 1
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C' @& lammertbies.nl/comm/info/cre-calculation

Interfacing

Software

About

s

2 Specifications
rial UART

2 Cables

bles

s Interface

verview

Ads by Google

Send feedback

Sitemap

On-line CRC calculation and free library

About the Author: Lammert Bies is 3 dad, husband and
in interconnecting computers, robots and humans. Was a G
on Mapmaker in 2017. Bughunter with Google. Currently sp.

A-Nel N1

» Introduction on CRC calculations
« Free CRC calculation routines for download

1 byte checksum 1

CRC-16 oxcoc1
CRC-16 (Modbus) 0x70C0
CRC-16 (Sick) 0x0100
CRC-CCITT (XModem) ~ 0x1021
CRC-CCITT (OxFFFF) ~ 0xOD2E
CRC-CCITT (0x1DOF)  Ox94E1
CRC-CCITT (Kermit) 0xg911
CRC-DNP 0xA1C9
CRC-32 0x36DE2269

[00 01 || calculate CRC |

Input type:: O ASCIT @ Hex

Introduction on CRC calculations

JUN 14 mMaruwinm CRC meaiuledesulatl

2.3.2 Modbus Poll

TUsunsu Modbus Poll iulusunsulddmsunisdrassniseurivesgunsalnig

lUslnnea Modbus lnglunuifeilainisiunldiienaasinissrudeyavedduna

PZEMO16 wag PZEMO17 Beildunaunaaauniseiuaisail

v
v

- a9NANManLazAnAalUsHNSU Modbus Poll Wiaalusknsulying Connection L@an

Connect WL BUAB

(U7 15)

ﬂ Medbus Pell - [Mbpoll1]

File Edit Connection Setup Functions Display View Window Help - & x
D i_-S@uesf-:_____F-"__[g 15 16 22 23 | 101| B N2

Tx =163: Err isconnec F4 rrms [DISABLED)

No Connectio e N

A

|w | |~ o m]h\w[ml—-?l_

Connect

Quick Connect

- (m] X

F5

 Port 7: 9600-8-N-1

311‘17; 15 Connection Modbus Poll



- YAINHUANMNUANIIALMRTENNSUNSIWoNsD RSA85 (Connection Setup)

(U7 16)

118LaY 1 Connection waanidu Serial Port

PUNELEY 2 Port L@anuunesay Com Port Mbihaausa RS485 fuuasa Ly

MUELaY 3 Baud rate @i 9600 Baud

U1eLaY 4 Data vaanwu 8 Bit Data bits

NEa 5 Parity l@enidu None Parity

WNNBLaY 6 Stop Bit 1denidu 1 Stop Bit

y1eLaY 7 Mode tdanidu RTU

2N

28

[

il

@ Response Timeout Avuailu 3000mS waz Delay Between Poll fivuatdu 500mS

CaN

w0
de M:QConnedronSdup x RPN 1S
Ded K2
Tx=163: Err = e e e e |
No Connection| |SeidPot LT s " 1
2 |« === M,\“./M-i“l-i—p;7_ = _Val | Mode !
0 sy JOATY OASOL  |Miosossnmenr £
| —— F1%00Bad V| _ _ _ _ _ _ _ Ao N — Loyl 7
1 Lo T s e
3 e F r50%ab VI 00 Jime
I ~None Party 1 Delay Between Pots
= B o Bl s [ms)
4 |q------- :5 - s 1L LA - |
8 Remote Server '
7 IP Address Port Connect Timeout
; 0000 502 3000 [ms]
5 faereftee
For Help, pres:kFI. Port 7: 9600-8-N-1
R

Uil 16 madeusieluga PZEM Aulusunsu Modbus Poll




- 9ntusaAlUsunsy Modous Poll dmiusmiluga PZEM §Ufl 17

2% Modbus Poll - [Mbpoll1]
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- a X
File Edit Connection Setup Functions Display View Window Help - & %
D& @&|X|™ | ReadWiieDefintion.. PN
Tx=163:Err=0:1D =1:| _ Read/Write Once  F6
Read/Write Enabled Shift+F6
’J Alias Log... Alt+L
0 [ Logging Off Alt+0
1
3 Reset Counters F12
? Use as Default
P 0
5| 85
6 0
l 500
8| 100
9 0
Read/write definition Port 7: 9600-8-N-1
5U# 17 flaAn Read/Write Definition
- MvuanEnesdmIuNITeuALAzLARING JUN 18
o [ =) a v dy o
nuYLaY 8 NIRUAKRUYLaY Slave ID SUEJQUE]'iﬂ‘VﬁE]IlIQa 1‘1‘!\‘17‘1{3 YU

Slave ID= 1 Way PZEMO017 Slave ID=

2

WNNeLaY 9 1den Function 10w 4 Read Input Registers

MUELEY 10 Anua Address Tuniseuisududu 0

1MUAL PZEMO16

WUIELEY 11 A19UA Quantity (F1uau3dawedluniseu Tnefl PZEMO16 = 10 uaw

PZEMO17= 8

PUILLAY 12 ANUUAAT Scan Rate = 1000mS

LAY 13 L@an Read/Write Enable

w1 14 1denn1senuandy Signed
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" p— S E
@Fde Ed:tr Connection Setup Functions Display View Window Help é_ L
8 |le....] 0.0 B dresaee e ‘ < B
Tx = 39: Err e !
SlavelD: 1 i OK
} P {04Readirpu Regwes 30 71 Canca
° Address: e S o -» 10
1 Quantity: i10 e S N
2 A
13 (a8 (EResdnVite Enbed e ) L » 11
4 View E
B Rows : H
5 Hide Alias Columds
= @1 Q2 O O100 - :
14 9 [[JAddress inCell |
B R - T _
D R ) {m L 1Y ) » 12
8 : !
j § o ST (- i
|For Help, press F1. Port 7: 9600-8-N-1

JUN 18 AmuamiiwesdniumsetuALazLandNa

Wenaaaun1seudeyavedluna PZEM aglimuaninadulun

v

v

aUAISUN 19 wazda

Y

2 o 1 v v | v | Ay
a1u1sannissudadoyalaain Test Center lusunuunisldyateyarifdesnisnivly
JULUY hex number
Modbus Poll - Mbpaoll2

Edit Connection Setup Functions Display View Window Help

BEHE | X|F|= 2| |o506151617 22 23 |1¢7 :

Mbpoll2 | Enter hex numbers separated by "," "." or space

TX=431:Ermr=1:1D=1:F = 04: SR = 1000ms | WSEROEVREP

No connection

Alias 00000 Open list Save list Clear Add to list Send

o I 1192

. %8 @ Add check ©CRC (OLRC

2] 116 000-Tx:01 04 00 00 00 01 31 CA

3 0 001-Rx:01 04 02 04 AS 7B 8E

l . 002-Tx:01 04 00 01 00 01 &0 OA

— 003-Rx:01 04 02 00 63 F9 19

El 0 004-Tx:01 04 00 02 00 02 DO OB

6 0 005-Rx:01 04 04 00 74 00 00 BB 9E

E 0 006-Tx:01 04 00 03 00 02 81 CB

= 007-Rx:01 04 04 00 00 00 OD 34 41

8 008-Tx:01 04 00 04 00 02 30 0A

9 009-Rx:01 04 04 00 OD 00 00 6A 47

- 010-Tx:01 04 00 05 00 02 €1 CA
011-Rx:01 04 04 00 00 00 00 FB 84

31Jﬁ 19 WawdanIul Modbus Poll



31

2.4 walulagwasauuasanfing

(Mslihehendnuisdseinalng, 2564) waduaseniindnisloarsivad (Solar Cell)
Jugunsalndandsnulvinvisundsnunasorindidundsnuliihlilaenss dadudu
wasnunliviliiauaiivuaugldnu waduatorfindviunainaishsinihiauisagandu

wasuasfindudnldsuiundsnulniinszsuanss wazdiaunsaihuuszgndldlunis

[

HanlwihlavainranesukuulneInannsvinuLas Al

2.4.1 NMSYNUVDLRALAIDINNE

nseudlwvh |

p— mslvavas 3
fiinnsou

| SR

Ao niiimdu
n"l'a‘l“ﬂ

¥ vaslea sausafidu

d v s e -
HATINIRIUTIUAN

5U#1 20 MsvnanureuYaduaseIing

(i - http://www.leonics.co.th)

a

sUN 20 Wisdlkaso1fngannsenuiuwadiasafiag Mmduasnediin asvinlmannis

Y

nzAuveIdianasou adnmeiliiiuszgau Bidnmseu) uavuszquan (lea) lassade
Wwanuawefinduuusosrafilouavyuinfiassauulnineluwadiiionsndidnnsoul
Tnaruashsmhadadu (n-type) lundraunsedalninaiumi wagyililealnaniuans

v o

Asivliail (p-type) lunTauanuIedalnindungs drawmegivilifawssiulniiuuy

[ 1Yy '
a o A

NILLANTITUNTINGED 1WiBLsialwaduataindidnfuLTasldiniAazi nseualnirlualu

N9
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2.4.2 AsuaR TN NWAIULEID1 RS

1. szuundnliimesaduasenfinduuudasy (Photovoltaic Stand Alone System)

w3 asldlndi

a L3 3
ULIDILABDY

LATBIAUANNIT

153529

WHILYadLEIN

¢l
LUALADIT

5UN 21 syuundnlinimegaduase1inghuudasy

o W o o 1% [

(@ HAUIMINGINTYARAATUNENIY, 2558) NA17INTEUUNENLNTAIEadLaIe
finsuuudasy (sUi21) Iéfunisesnuuudmiulvailuiiufivuunilsifszuusuieln
Mnndserlwihitugilasindnnsvhanuudldidu 2 gaae1 nanfe wenanasiu
waduasenfingldSunasanaiunsondaliviideluuninaansoniel seqndasulun
drAullunummesinsougiu arvluvinarsiuwaduaseniineldldfunaiwanaly
ansananlnldandisnadingn ndanuiiazauanuumeesimiulluranaisiuae
gningluunlvan Feanansanardladissuundalniihdigigaduasefineuuusaseaiunses
renszudlilvivanldianansfulaznanaiu gunsaiszuuiiddauszneude uawaduas
917iny gunsalmuANNTUTEILUALNMBST Wumwedd uardunesinesgunsniuasszuulim

nszuansaduluiinssuaadu Stand alone Wumu
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2. S2UUNAR TN LaI iR ead LaI AR gL UURBNUSTUUI1YUNe (Photovoltaic (PV)

Grid Connected System)

130919l

i =~

T ugy

U503
LHSLY AR NG

5UN 22 szuundnlilinigwaduaeiinewuusiefussuudming

Ul 22 1uszuuiignesnuuudmiundslniinsiiugunsalduesinesuvasivi
nszuansadulyvinssuaadugszuudmiteliiugnlaenssdudnnisvauuuadu 2
are luysananiuwaduasafingldsulawanaunsandnlnidgluunlvanle
lnense lned1ugunsaldunesimeswlasiininszuansadulviinssuaadu waznindl
nFauliidniiiuaggnitessuudmineliviugiu aaulurienansduleaduasen
finglalanansandalnild nszualwianszuulriviiugiuasaeliuninanlaenseiaiu
szuuRAalivdeaduasenineuuudeiuszuudmigasilunislynuwaduaseiing
wasluvlusfowiefuiifszuusmie vt gunsalssuuiiddyusznoudeuns
waduaseinggunsalivdsuszuuliinszuansudulwinszuaaduedasofuszuy

mthelvihiugrududiu
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3. szuukanlniAwadlase AindwuuNaLNaIY (Photovoltaic (PV) Hybrid System)

fyiuay
o) LATB4AIUANNITYISIUTY
WALULFR TR
LHALad a9 ng
LATBIAIUANNIS
Qs —
y5aUsTandenuan ' DC load
e - om = N __=
| e s
= T
. 145 s — | .
|| [ e et dupsiAes
- AC load
LURALABTS [
:'

JUN 23 szuundnlifsiewaauaIinduuUNAsINENY

sUfl 23 Aeszuugnesnuuudmiuliiausiudugunsaludsluvidus wu szuy
waduasenfind fundsnuauuaziedoseudfiva nieszuuwaduaIefingfundsanuanLay
Ilmdsanui Hudu TnesUuuuszuvagiuegiunisesnuuumuingussasadunsd
WYY STUWadLAsefinefundsnuaNtaziniessuAfiwaindnnsienu nafe
lurraainansiugaduaseindlasuuasnnaunsondnlniinladienssualuiliniiugunsal
Wasuszuulwnszuansaduliiiinszuaaduia Multi-function visusaiulniann
wisruay Menseualiilnunlvaansousishnuussihdniitublumned lunsd
wdsuansliannsondnliimsonanandulidiiihmneaduaeriing yauuaimes

zunsewa W luwnlan
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2.5 S3UULANDINA
sendauazasinlutomnzidssdasininannisuniveserniaasiuluinnnnig
FupseiuaseInasinouily amsouasiivi dadnfiiegldoendiauiteraslunismela
Tnganzlunainanduesndiauidinnusiduegrannmnsendiousiuldazyiligns
un3en soune Indn Anlsalddne nioeraazylidaiiinionuaelold deUsunm

pandaulutwiazusazwanasnulumusuinustasUsunadaiinineduts n1saealan

[
=
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2.6 dULIBSMBS (inverter)
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- risen solar technology

- 34 RSM 144-7-445MDG

- Monocrystalline 166x83 mm.

- Voltage at Pmax 41.25V

- Current at Pmax 10.08A

- Open circuit Voltage (Voc) 49.60
- Short circuit Current (Isc) 11.40
- Efficiency 75%
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Input DC
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- Max. Input voltage 600V
Output AC
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- Nominal frequency 50/60Hz
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(%

a9

711 commercial scale

commercial scale

gunsal AnELUR U ARG
- 34 CHSM6612P-325
- Polycrystalline
- Voltage at Pmax 37.11V
UNILDREUESRINS - Current at Pmax 8.77A
ASTRONERGY - Open circuit Voltage nuELRaY 1
YU 325W (Voc) 45.67V (#a1 : https://unbound
- Short circuit Current solar.com/1977425/astr
(Isc) 9.48A onergy-solar/solar-
panels/)
- 3 SINAMICS V20 .
q el
louindunesmes - 3 phase 5.6A '
L, PMNNUILLEY 1
gv1e SIEMENS - Power 2.2 kW, 3hp 3
~ Voltage 380-480V w2
- 3 phase YomasTSU

11DLADSLANDINA

§770 Norvax

- 50 Hz 1.6 kW 2890/min

T9#1 3 phase

- 60 Hz 2.05 kW NBUNIDS
3450/min LS
- 3 phase TWihiieanain
Digital Power R ..
. - 173-500Vac BUDTNBS
Meter Ju SDM630
- Modbus RS485 NUYLAY 3
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3.2 2ONWUULATNAILITSUUNTIDIALAZHILADUNIINA 91U INRAY

N1T9RNLUULAT WAL TZUURULTY 3 d2u Usenaumie 1.) N1590nwUuUIsuUnTIata
n1slgnasaulniisnlulamizidesfonasnuliiinugiusasndsulnianwad
WEIDNANY 2.) NNSHAILISEUUSIwUNalaeltnalulad NB IoT 3.) Walu1SEUUNISHIdFau

MULAUNAATU LINE Taea 3 @1 H51uastdeneall

1%
13

3.2.1 99NWUUTEUUATITANSIanas Ul Tnlulamngdesdmun

4%

Grid Solar PV module
® PZEMO17  |e—
» PZEMO16 ) 7%
h Y
Inverter
(\ Digital Power Meter
v (SDM120 & SDM630)

Aerator

NB IoT === o
I‘ "
— Re4gs ——» : : N ; RS485 ————
0 I
: ; HTTP - D
: Esp32 :
| ! LINE Notify
: lnszzz !
: |
; ; CoAP to HTTP —
! i »
' !
: SIM7020E ! Cloud Server

/ (Magellan Platform)

UM 39 n1sdeanswensesruunTIvianaanulnh

NS ANINATUUBNZ R EIARIUNLA UanadauTianwaen1s 1o luH1an
wiasdeunmiloufenslglnihanunasaduasefingsaudulniiugiudieluddan

1 a s 5=t 1 o aa ¢ A Y] A X o e qu
N']u@um@iLmai‘fNLLG]ﬂm'Nﬂu‘Vl@un@ﬁLm@ﬂWﬁqWQWUIUENIVT@W I@EJV]UE]LW']%L@EN?{@'JUWQLGU
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lausadunedmesiulnii 3 phase lWilnanluvneiivonaasulddunesines on-erd
dmfuanglniin 1 single phase lUdslnan Tneifiswazidonainguil 39 uaniniseonuuy
szuuaTeinduvasngliiuvusinudad 2 dw Ae Tiihnszuansefildanainseuunan
n¥swlnihanurssaduasenfing (0C) luduiidenldgunsainmainfio PZEMO17 Fad
AuandATlannsaTausaiulnialai 0.05-300v nszualiiin 0.2-300A Adslnirgaan
90kW 1= wmuziiszuulniiifugu (AO) IHdenld PZEM-016 FeflquandRidaruisnd

ussulnli1F7 80-260V nszualyifin 0-100A Adslwiingaan 23kwaa doyanialuding

guldanlugarivaesasgnudasdayayianin RS4ss tnslugauUasdygondudyayio TTL

¥

Wedloyalulszananadiuesauszuiana (NB loT) Alduszananalu ESP32 uazudas

'
o ¥ =

wadeansia3otng NB faedn SIM7020E Husyuy RS232 wazdoyanussaanalaain
szuungIiemdsannliin azgndsluds Platform fisessumsdeansruiaietne NB I uay
ﬁ’guqmﬁ’]amaf\ﬁmﬁﬁ’nmmmﬂ%una%maﬂ‘dE“J’qm%m@umﬂ’m@ha digital power meter
Faluvsimnzdssdniunld SOM630 dmsunsaaialud 3 phase 91nleusadulioiinesd
Trelnialudsluan wazvenagauld SDM120 dnsunsiainluila single phase a1n

dunesnes on-grid Nnelwinludluan

1. MSARITEUUATIVIN

nsdaeieninernielugasnarsfuiuanunsoannisldlniiniugiu (grid) Teaan
TWihiindaldannwaduasending Tneunfudununsnsdnlngasiverndlugisiainasiu
doinusinaeenduiilulededdyiidmanenisldiinvesdaiun (Summerfelt, 1998)
Tugrsnanansiududrinardmsuindeuresnunsnsmniiatymdadesiussuulnii
yeaiaTeainoMAlutnadinaneafamsuilitagmiatuasiianisgydenananls
Fefuluanuafeidldeenuuuszuuamatadmsliiiuasiaunszuundafouansouds
waulidaunwasnsildnuunledgymlaiuil Ineldeunsaingiata PZEMO16 asiainssuy
Inlfhitugnu salufefmundaneifiussuunsintauasidaiou (Uil 40) uenaniddsld
fiauiszuUkansHavy cloud server faunsagdoyanisldndsarunialadalesiiu
dumesilnuuveeulall Fagunsalmuauluszuunsaialidnuuedinised 9 Aldlunis

ASIIAVIUDNAADULAZUDMNNELASIEN WIS
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v

Time Function «——

l request l
PZEMO16 / PZEMO17 /

response

Read

Message and

convert

Magellan Volt, Current, /
Power, Energy /'

100<=Vac<=205

5U# 40 daneifiusyuunsIvin

5UN 40 wansdanasnuvessruunsiainlaglvlimdusunisvinauniels Time

[

Function Afin1sAvualidsdayann 5 w1 iilegunsal NB NNTnUseuIana ESP32

Y 9

[

(master) awamm%awa%agamnﬁ?u PZEMO16 way PZEMO17 (slave) finsa¥abuliin
nszuaaduLagllinazuanss 91ntu NB ageunazuasadoailasfudeulsnissiu
ynlanansnswld NB awSudiidosateyadnads mnenildassuaidudmsfines
(usaslndih nszualui dslaiuazndenulnin mnduiidounisuduiounseiulviiig
as1aialdann PZEMO16 Tnefiteulvvedianuaziidunindrdeulonsudnfiouazuds
Foulud Line Notify mnlsiidirieulvaziirgmsmsiniauvuidy sauludsnisudadeunis
Tondsaulunmazuazuduiouluds Line Notify Lazainn1581uAINISIHMoTLAE A9

Toyaluuaninads Magellan
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gunsnl AoaNR U s lulgenu
- gansPeusadulndg 3.0v-30v dadait 33v
Tugaudas - Tolddudayan 3.3V uag 5.0V . - UaVAdDUIEUY
dryeyou - fanuansalunistesiunissuniu AIIVIAAULUY
RS 485 - flnuansaniuz RXD, TXD vilwauise
weafunssularadldannideulanissu
- Voltage 80~260V, Current 0~100A,
Active power 0~23kW, Power factor: - UaNaaausLuy
PZEMO16 o
N 0.00~1.00, Frequency 45Hz~65Hz, B vy
8910 - v .
Active energy 0~9999.99kWh il ] - UBLWIZLAYNERT
PEACEFAIR . .
- Communication RS485 interface UNINUYE
»51azideniuiunandluiite2.2.1
- Voltage 0.05-300V, Current: 0.02-300A ,
- UannaauTsuy
PZEMO17  (shunt 300A), Power 0.2-90 kW, Energy " s
L, HIIVIAAULUY
370 Consumption 0-9999kwWh . 2o .
- UBtWzLaesdn
PEACEFAIR -Communication Interface RS485 Interface v .
G &I o U alve
** srgazduaLiuAnsulaluide 2.2.2
- giianueUsELIaNg ingle-/dual-core 32-bit
. LX6 microprocessor(s),up to 600 MIPS
UDin NB , ) . ,
} - MUIBAINTIAILATOY 448 KB, RAM 520 KB - UaVNEBUIEUY
AULUU y
- Wi-Fi 802.11 b/g/n 2.4GHz, up to 150 Mbps A3 TAULUY
- Bluetooth V4.2 BR
Uplink : 62.5 kbps; Downlink: 26.15 kbps
vasn NB gniiaiunsiuiuiugunsalussianuuy
. aeenldlulaseeulvisaaes ESP8266-12F 1u | v ..
U NB 1N _ . - e - - UBLWIZLAENER
. TUszInaNaanuazAnRaNUTNYBY Quectel v o .
Wou UNTINe)

iieFosveluniseunazdsdayatuluds cloud

server

*eR FuUs V Aowsanulniin
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2. MIRLITLUULTUIDY

mnnslinuresadondueinmalutomigidssderithil 2 9aena1fe 9.00-17.00u.
Tudrananansiudednnsldlihiugusuivunasaduaserfindmnifaliduanunsald
Iihanuasgaduasofindlawsyiaiainalshu 23.00-9.004. mnlNAUNEATNIADILA
uilodtuiivnandinensdaalsiantontuierasendiaumelflasnfudoendiauazanas
Tudhananansdudeiiaestisnaferafalianlfituientu ssvuudafouaisouds
Feulugunwnsnaiieannsgadedaithainmmmsnilidy vieudadioulran Aduame
ibigunsallusyuulianunsaviaulddiuussdniamwinlimnsaglufansdem suay
p1gmslinuresgunsaiduas nmaudadounumsnsanansaudlodywléviuried dams
faszuudafoudmiutemnzidssdaiirazasatansldliiuguidundneed 2
sUuuy Ao 1) msudadouusfuliinlunsdfifinglnihdadesdonisudauiouanuylyify
Tan uazdinsudadoulu Line fuililloanunisainsluiiinduanund 2.) nmsudaieu
wdsulniildseninedu lnaziimsudafounny esduvesudayfu Jedaneaiiuvos

(Y]

=l a ‘;’
SEUULADULAIT
2.1 NsuALAaULSIAUlNAN

sUsuulniinau

U

£
v A

fdeulussil 1) V<=0 uag notify==0 Aowmamsailndulatimsimuausefluiig
Heeniusainiu oV Jaauvidulndulaenisiinunsiuds notify Wiy 0 2.) V>=210V
way notify==1 Aawanisalli@nladnisiinuansenulniadiuinnimsewindu 210V &
an g dulnanudilngnismvuadiuds notify Windu 1 finsvinausied

suwuuluien

Tudemnsidesainnsnsiadalnili 3 phase feenandunedinedddludivan (nsu
WG UALULazoUI YN, 2553) Anusaiuliinssuaadurig 220-240V Lag
Asussdulatiingt 230v Aaulwnnd 10% 207v TutadFudadou 205V dowgnsally
anlndiAesiu 207y Sdoulassil 1) 100<=V<=205 uax flag==0 Aawmnsallianlading
Aruawssnuliinunnin 100V wastiseniwsewindu 205V Jaanuzdulinnlnenisiivun
A3 flag Winiu 0 2.) V>=210V uae flag ==1 Aowpnisalussnulniinndusnunilaiinns
muuanssulnidwinnIuseindu 210V Jaarugissnulninduindndlaenisaiivun

s flag WinAu 1 An19vineuasil
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wsaAulnin wsaaulna
(AQ) (AC)

Und 100<=V<=205

V >=210V

flag==1

laudn ussnulusia

:

e

navunUnAuda

UATTNIUY AUNITNI9TU

(a) lnsiu (b) Trlan
JUN 41 N1508NKUUNTINUTBITEUULIRFABULS IR UL

JUN 41 (@) wamanisvihnugduuulnduiuainnisasindaussiulnihiiugiuwdiay

3
iihdteulausnfodranuzveussiuliindiadesndvdewittu ov nielidlidteuls
uansiussiuliihganddey vnidrdeulvasduaniuglriduiuinesudafeuluds Line
waglifuantug notify == 1 anntuaziinisidadoulaiiaes Wosaniaauzes notify ==
1 Miduvesantugliidnsoog vnussiuladiddunnisSewindu 210V sginsudaiouls
1 wd e Line viutuazinaaug notify == 0 semniiaussiulniiiusnadaasndoy
iadoulnduiiud druguiisuil a1 (b) wananisviauguuuulianiEuainnisnsinde

Y

wsenulninuguudrssddtouluwsnfolnanruzeswsaiuliihiaunniviewiiu

Y

100V waztauninnsovindu 205V nislddldaulukansinnseaulndruni winign
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Roulvasluanuglvduaniuiinazudaiouluds Line ussiulwildosnin 205V wagliifia
& & = % A = = a A @
anuzidu flag == 1 Mntuaziinsdatoulvfasuilesaindaniuzves flag == 1 MIuves
anugvasaiuliihnduinuniisesd ynuseiuliihiAminndmsemindu 210V aeiinis
wdnfeunssaulninduLLnALaaalUds Line iuiinazhnaniuy flag== 0 115911nLAn

w5anulNAImndNATIE NSk IwAD UL NANITLT
2.2 MsuAaauUnIsindsnulnii

nnstlniiiiugulussas Tuineasnsaunsadnsizianldaenislninlaeinnis

o

wdniouyTamsldndsulniluudaziu lnenmuaainisdadeyaainnisnsiain

[ '
a

Ysuraumslandsanulnihluvemizidesdniuniag 23:59:59 u. 2Inn15AnnIungfnssu

Astanasnulnidivesnuens

A5 lgwasulnia
(AQ)

181
23:59:59

QUANSHIU

JUN 42 n1seeniuuMsinurassruukILisundsuliin

NNFUN 42 uansdane3fiunsnmainnisldndsnulniluisasfuainnisnsiainves
PZEMO16 Hin1snviumiaulavesananfe 23:59:59 u. winlukeulalinsiainnisiy

nasulnisall vndteulvdsdnsudasauluda Line
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3.2.2 N3N Platform WaRINANTIATIVIAFIUATEUY NB

MIWAUNTTUUTIBITUNARNLLAS DY NB 983 AIS Fafuuasnusvananalunisnnass
151 Magellan Platform @1915usasiunisuanina dadunsunannesuiisesuuuy
ipev18ves AIS nsdadayanieg azld UDP Protocol Aifludnandunisiudstamanzdia
thinvszgndldlunmsiu-dedeyavunadn Jsflnrmmnzaniviedoris NB wazdiaiuinng
lunsunnlii Tnefdunounislinuessazdealuniauuan n. sugfinisiu-dedoya
Amnsrdimeinislnihannisnneia inseenuuulassadenisdsfoyantemeidss

v
o

dndnduluds platform fdnwealzasil

DATA HISTORY
Nb_Smart Energy

BROWSE

Ar not set heartbeat

COMPARE DATA

gﬂ‘ﬁ 43 Magellan Platform

a

SUN

Y
(%

NAgdRn NN TvNNgeY 1 ABAIMNTENeIABINISLARITRYATIRAMNI TN TaU7IlY

43 uanwtvesaunsal NB Nasisdmiulusiaansiviadndsnunslnilue

' [
a1 =

gunsal NB vaneavtuglun1ssuteya vuneay 2 wanatondugluuuansaidaduunds

cloud server
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3.2.3 MINAUITUIUNINIZUUATIVIALAL TIB9TUNE
Tudurssmsiaunlusunsuszuunnainlazsneauna wiseenidu 2 dwuddgyde
1). MIITZUUNTIVIN
N1581UA191NgUNI0IN5II9TA (PZEMO16 Uag PZEMO17) lagrivun Amwisiiines
ﬁé]’amﬁ%’ayjae‘z’iqwﬁﬁhwwmﬁma%ﬁgq AC taz DC Ap ussnulnin nszualuiy Adslaiuas
wdanulni Aeuimudaneifiuiuannisadamdnssuisadsgud 44 (Framework

instruction) ¥4 PZEM ¥4 2 Aifllassairaddadunuy MODBUS RTU fidunisthandeya

NauNtINTINABiUARIEIaAINL (message) B9iN153ALTEIFULUY message (3U7 45) &

U

o o & = Y a= =
ANYIUTAIU 65\‘13']8@3[@8@LLagiﬂiﬂai'N@aﬂai‘V]llLLﬁﬂQIuEU‘V] 46

sketch_mar05a §

l int ac_command([] =!{0x01, 0x04, 0x00, 0x00, 0x00, 0x07, [0xBl, OxC8j;!
! int dc_command([] =: {0x01, OxO04, 0x00, O0x00, O0x00, Ox06, |0x70, O0xO08}; :
3 | i
! \ CRC J

——— Framework instruction - — — — — — — — — —.—. —

Ul 44 idamsuisauesluga PZEM

=i = o o

JUT 44 AoypAdunsulsAveAInnslnesangunsalingdainie PZEMOL6 wag

9

PZEMO017 Falgannisdnsesrndansuiisadsgun 45 mhluiammundanesiiy
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@ Slave 00 Register Address  Register Address Number of Number of CRC Check CRC Check
X
Address High Byte Low Byte Registers High Byte Registers Low Byte High Byte Low Byte
A A A A A A I I
| 01 | | 0x04 | | 00 00 | | 00 01 | | 31 cA |
A 3 A
: ! 1

e i)
i
CRC
:@ Register s B
| Description e
| ___address _ "010400000001" (hex)
1 T T

"--1n___0x0000 ;| Voltage value 1 byte checksum 6
0x0001 Current value CRC-16 oxD131
OHO002 Power value low 16 CRC-16 (Modbus) OxCA31
bits . CRC-16 (Sick) 0x6130
0x0003 SRR PR ey CRC-CCITT (XModem) — 0xDC87
éb bits T CRC-CCITT (OXFFFF) 0xD297
0x0004 12911 qz vacie mol CRC-CCITT (0x1DOF)  OXEDB9
p1ECS
= . CRC-CCITT (Kermit) 0xB238
_ Energy value high
0x0005 o CRC-DNP OXSEFO
16 bits
: - CRC-32 OxF819E450
. High voltage alarm
0x0006 e [010400000001 |[ Calculate CRC
Low voltage alarm Input type:: O ASCII @ Hex

0x0007
status

UM 45 Msdnseerdunisuisea

1N3U7 45 uansnsinzealasiaiiwesgamdsteyaluniserudmisiinosvesluga
PZEM Tne8nguiuuresdoyavres MODBUS RTU uman (nuneaa 1) 91nan51auneiay 1
nsairsyamdsUsznaulusie
1) Slave address #i® 0x01 1w address wosluga PZEMO17 1ilafinislugalunis
n19Tn 2 FTuluSeainssmualildlddiuazdy PZEMO16 Feldfmun Slave
address fig 0x02
2) Function code 14 0x04 %ﬂmg}a PZEM ladinsivualmduilsiduniseiuaiain
N15M5I990
3) Register address f® adress U89 Register 91nA519LUNNBLAY 2 ﬁawmamzuﬁ’]
foan15e1uAteglsU1e 21nn1stEene U voltage value 0x0000 00 wsnLdu high

byte 00 fiau1A® low byte 118U current value 0x0001 @v4fausn (00) A

high byte @0462%d41 (01) Ao low byte

(%
N A

4) Number of register Aasuau register Nda9n15814 Tuawifeilidonsruduus

ag register lilAsusiuiuiaiuailiien 8 register (0x08) Fse1udu 0x01
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5) CRC check laainn1sinyadaavaindunau 1.) 89 4.) Yru1a1uIum CRC
online 910 https://www.lammertbies.nl/comm/info/crc-calculation Tununaiay
3 Ygpiaaunsenlutes Ccalculate CRC @anilulnun Hex a1ntuazle CRC-16

(Modbus) 0xCA31 CA @8 high byte 31 Ao low byte Lﬁ@ﬁﬁﬂﬁﬂ%%ﬁmﬁﬁqaﬂﬁ

YAAFUNTIITA AagUN 44

Y

1%
o [ Y

N§91NIASBgaAFE MU lguwdzhuldiaunludanesiusnivunaunis

Autluauiegun 46
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i

N -

6LELLUNNALIRABRULE Of WNE

i {(peojAed)odalasew _

_ L, + (OOETER)BULIS +

|
dlIH

] 2148 + 952 « [£]234G = op ASI0UB U™
01/ [¥] 9348 + 9GZ » [€]934g = op Jamod Jul
001/ [¢] 9349 + 952 « [€]°34g = dp dwie jul
00T/ [] 2348 + 992 « [£]3348 = 2P 1OA U

[b] @149 + 95Z  [£]23Ag = D& A81aUDd Ul
01/ [¥] @38 + 952 « [£]934g = de Jamod 3ul
001/ [¥] @149 + 962 « [€]914g = de dwe jul
01/ [¥7] @149 + 952 « [€]914g = 2 oA JUI

-

(NIXOL INMUSHOLISSINIT |
(QHOMSSYd ‘QISS)UBSTIIIM |

(ZN8 IVIYISMS 0096)UIBRq Z01RURSAW |
(INS TYI4ISMS 0096)UIBSq T01BUSSAW |
(Quidagiesew |

ASTOEIER \}, = peoyed |

|
dvod

(30204) WODWIS

uopag

wia)sAs Suojuop

A

ceesy

A819u3 ‘1amod

“UaLIND ‘NOA

peay

aJF

S)Npo 191aAU0D

asuodsal G81SH

||||||||||||||||||| |_
Hln ‘(TeASTaHeR) AJOUANIT |

[ WHIELWHYLNINXID2Z0, NIYOL NI Suysp#
4968.951¢21, QHOMSSVd Sulesp#

«LOFISSL, QISS sulsp#

<YA3oNBUIT LIUSPUL> SPMIULH

f95ew 30Z0LWIS™ Uey5e
‘peojked Suns

L P6v-52J2-€L644829,, = [YIne teyo

“JJ0C0LWIS UETS2EW,, SPNPUR

| {NId XL ‘NId ZX¥)201eHasAw 1euagaiemyos

L10W3Zd \\ 910W3Zd \ _
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7y

61 Nid ZXL 2uuep#
8T NId Xy 2uyap#

| YNId TXL ‘Nid IX4)I0)eUaSAW elasaI1emyos

(00ZGTT)UIBRgRMIS |
e — - dnjes — i — -

1apesH

61 Nid TXL duysp#
81 NIid IXd duysp#
<YeUa521eMYOS> IpNPUlH
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91N3UT 46 uansdaneiiunsinnuvesiusunsuludiunsiaia (monitoring system
section) 151311 lulasreulnsaians ESP32 (master) dafn¥asvadoyaluds PZEM (slave)
Mnduazmeundu(dstoyn) ludluganlasdyaruiideudedy master udn master awe1y
ToyaA1m15dwes Wssiuluiy nszualuily AMddlniuasndsulnin) wazwanmaluds
Magellan minfinsudaiiouazdstoyaluds Line TngludaneifudiniaFenldionmn 3
Library A®

'
[

1) EspSoftwareSerial Library dmiuneasneynsuiiieslddeanstoya Tnsflddusonld
uUfe #include <SoftwareSerial.h> ﬁ]’mﬁuﬁmumm%’Uﬁaﬁé’fayjaﬁwﬁﬁa #define
RX1_PIN 18 #define TX1 PIN 19 uagn1nualiyinaiusisdds SoftwareSerial
mySerial01(RX1 PIN, TX1_PIN); @dldamnun 2 Ynd MU PZEMO16 wag PZEMO17

2.) AIS_SIM7020F_AIP Library a"m%’udﬁamﬂasﬁu cloud server Inededadeonld
Library Ae #include "Magellan_SIM7020E.h" &3 Token v83gunsal NB o
char authl] = "638ff973-cfcd-49d"; MAIN15dedoyan1ugUuuUves NB (String
payload;)) LasAIEINSIIUe Library (Magellan SIM7020E magel;))

3.) TridentTD Linenotify Library d@1115uni1sudaiieuldudaufiouluss Line fdnds
Funldarufe #include <TridentTD LineNotify.h> wagfinsfvunddsesde Wifi
fa #define SSID "Test-IOT" s¥ar1u #define PASSWORD "123456789b" sauluaia
Line token ¢#nef1&a #define LINE_TOKEN "02cQJXmTosjHuVYi3LR"

nauailogludiuues Header uanainsenldenu Library waaludiuues set up GallaAngs

Y

a v

AYNNINUANITULENAUVDISaN03TINT A9l buard rate ¥83U85A NB (115200bps)

N,

A1EIN1591N15991189 NB Aa magelbegin(; N1569A1 buard rate U8 PZEM 19
mySerial01.begin (9600,SWSERIAL 8N1); TaulUfian193unld Line token d1msutmTesuas

ewulneldFds LINE.setToken(LINE_TOKEN);
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L= PZEMO16 (AC) — — — .
/ Volt Current Power \

byte 3 + byte 4 byte 5 + byte 6 byte 9 + byte 10

|

|

|

: 0x01 + 0x04 + 0x14 +{0x08 + 0x98}+{0x03 + 0xE8}-0x00 + 0x00 {0x08 + 0x98}+ 0x00 +

| 0x00 +{0x00 + 0x00]+ 0x00 + 0x00 + 0x01 + 0xF4 + 0x00 + 0x64 + 0x00 + 0x00 + OxHH + OxLL
|
|

Energy = byte 13 + byte 14

! » Volt Current Power Energy
byte 3 + byte 4 byte 5 + byte 6 byte 7 + byte 8 byte 11 + byte 12

|
|
!
: 0x01 + 0x04 + 0x10 +[0x27 + 0x10}+{0x00 + 0x64 }+[0x03 + 0XE8)+ 0x00 + 0x00 +
| (0x00}+ 0x00 + 0x00 + 0x00 + 0x00 + 0x00 + 0x00 + OxHH + 0xLL

UM 47 n1sudas byte 1uAmMNISiwes

NFIRINTANBINUIUYIIY Master azTosvatayainnsiadalaain Slave dag
o = o o Y 1 ! a saa v A o W
Request Message 931U3U 8 bytes szNL‘lJusqmmaﬂMmumWﬁmLmaiwmiﬁ]mimmm

frame work Tugu# 40 wie Slave lasuA1¥esvevvnaundulagdedoyanduly Master

v %

NUU Master glasugndauanaunay (RX) Ingn1581uAIv89nIs1imaswaasfiag a1ui

9 Y
byte @19 UIEU N1581UAMLSIRULNHI909 PZEM 017 81uf1 byte 3 way 4 d@runsyualniin
81uil byte 5 war 6 “av YallswazBennagn 47 Feresuasdayaniuzuuuuved Slave lag
A7laun /10139/100 Fuagiiudngruamisdiinesaile anduiiisladeyaannnisuuas

v N

wnazddluduiunanina Magellan Ingldguuuunisdadeyade payload = "(\“Variable\""
+ String (Variable) + "}"; g magel.report (payload); ﬁLﬁugﬂLLUUﬂ’]i‘i’]EN’]u%E];JUa‘?Ja\? NB
Taganie yndinisudufouniudaulunisudasion (FUN46) Fanisududauldrds

LINE.notify (Varible,val); findaiioudusnusensadnuiumiay
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2). MTWAIUITEUURIUADY
n13518UNaluN1531891URAUY Magellan Platform M15035uni1sdidoyasae

TUslnAoa CoAP v89U3n NB (https://magellan.ais.co.th/) MelasNHAIEIN1TO1UIINNI

Magellan mgluslamea HTTP Felldano3iuuedn1I51891uNanddl

Time Function

F Y

RS485 request
¥

Y
PZEMO16 / PZEMO17 /

RS485 l response

Converter Module

Read

Message and

convert

v Report Data Section
Volt, Current,
/ Power, Energy /
RS232 \ CoAP

Cloud HTTP
SIMCOM (7020E) > Magellan End
Server

5UM 48 maimunlusunsuszuundindiunenuna

N3V 48 uanssazidenavesnsdstieya (report data section) Ye18ANLYBISa
neafiureuwth (3U46) Fsdaneifuvesszuuanaiatuldfinmasuhaunelfiieulvves
1181 (Time Function) iile ESP32 (Master) dsAn¥osualuss PZEM (Slave) iloldsurFosve
%mamé’uéwwﬁa;ﬂaﬂé’ﬂﬂﬁ Master lnulugaudasdyaralnsudasdyyin RS485TY
TTL winnlilanansasualaaziians no data Ul serial monitor Mine UAIlAATILAAINALAY

dedoya (AmM1918wme U@ SIMCOM AU cloud server sglusinaaa CoAP N

cloud server dstayaunaninauy Magellan platfotm faglusinpea HTTP


https://magellan.ais.co.th/
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3.3 gaulfisuszuunTvdamendenulnii uasnagaunisiudevasdaya iuasadig
U294 NB loT
3.3.1 gauifisuladesilotn (Calibration)
AensveaeuinIosilofilgimuntuunUisuidisuiuiniodiosnsds tennasuainy
Udedeindarlndidsstuinsgiuiegluinusiivensuldniols lnsutsnsmaaeude 1.
nsneaeugunsalnTIvinliiinszuaadu (PZEMO16) 2. n1svaaeugunsaingiainlii

nseuaadu (PZEMO017) afigunsaldmsunisvaaeunall

1. Variac

A3psilad msuUTuLsIRulNd AC A%Uhun 220 VAC THlEvuiawsasu 0-250V

[

museinsiamungdmsuldauiulnaniogunsallwihdnuaudfasl

E 2

gﬂﬁ 49 Variac

¥

~ §a viva iq'u TDGC2 - Phase:single

- Input voltage 110/220V - A3M750/60Hz
- Output voltage 0-250V - AuLNUgIvBILsIUlNAN 220V+3%, 110V+6%

2. DC POWER SUPPLY UNI-T UTP1306S

7
i
"
; ”w o
‘ 7
= 7
/

(z

5Ufl 50 DC POWER SUPPLY
- Output current 0-6A

- Output Power 192W - A2ukaiugn wssauluin<o.5% + 5mV nszualnin<0.2% + 3mA



3. Clamp power meter

sUT 51 Sfadiimes UNI-T UT204+

- AC current (A) 600A+(2.5%+5) - AC voltage (V) 600V +(0.8%-+5)
- DC current (A) 600A +(2.5%+5) - DC voltage (V) 600V +(0.5%+2)

- Resistance (Q) 60MQ) +(0.8%+2)

4. Waanaaaulniinnszuaadyu (PZEMO16)

Ui 52 Inasmaaeulliinszuaadu (PZEMO16)

_ viaoal AC ¥U1a 100W - ninfeuvuinuunn fdsli 600W 220V 50Hz
WAaUUUIR 50W 0.2A - 13JIﬂiL’JW LG 220V 800W

5. lnaanaaaulWiinnszwansa (PZEMO17)

’ S|

gﬂﬁ 53 Tnaanaaaulninnszwansa (PZEMO17)

- Judndnuss 150psi 12V 3A (Fu A) - Ju SEAFLO 12v 0.7A (Ju B)
- L Geared DC Motor 12V 0.85A

66
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1. mnageveUnsalnsivinliihnszuaady (PZEMO16)
#a19InNseenwuUgUnsainaTandsnuliiaidslainsiiumeasuiisusiu
gunsainIimnasgufiogaaiissmssazanuwiudlunsudsteyaneuiiaziluld
nulaasdinmaaoudsl
1) uwssiulninlae Anuausadulnin 5 szAunsetuusazseauaziinisiivdoya
$117U 5 A%1 MIMNURLNTINAAEULARITISUT 54
2) nasudliliuasidsinihmageulpsmafiusiunulvandous 1-3 ¢ Feguil 55

[

dugunsaiitlglumnaasuiisail

—
o
(=}
<
-
N
153
<
—
15
(=]
<
-
~
w
<

|_ ______ .I_ ______ -1
|
h 4
Grid > Variac Load
> Q >
l yv
l Yy
Multimeter

PZEMO16

IUSB / \
Measure @ > g
Collect data -

Uil 54 apuifisuusssulaidih PZEMO16

Grid | Load -———

|

|

............ I
i [T 1
l | Control load as |
—ry v ! A Load |
|
PZEMO16 Multimeter : A+B Load I
|  A+B+C Load :
e ™ L ____ 4

USB \ o
[ - ! A = Waay

Measure 5 B = nmir¥ou
Collect data S ¢ = lulasian

Ui 55 apuifisunszudluiiuag il PZEMO16
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N3V 54 apuifisumsnsainAussiuliweseunsaingIntn PZEMOL6 Tned
uwiastglnEeluihitug i (grd) lussinandsluanfenasalil AC 1uIn 100W 1 viaen 1ng
W1 variac anunsauFuusssulwialdlaglunismaassazysunsadulaiiagd 100V 125v
150V 175V uaz200V anduiivieyalagldgunsainsaata PzZEM016 14 CT coil 100A
pdostnanglnuagliidssanliihfiugiu warlddadiimes UNT UT20a+ (307 51) iile
nrvfaussiuliih druguil 55 Tdnvastuieriuleaeuiisunszualuiiwazidslnin
Tnogelwihitugnilifvan 3 deuly euluusn A Load fie nan 1 1 (Tnaw) Seulvsiely
79 A+B Load fip vian 2 1 (finaw+niinfew) uazitouledl 3 A+B+C Load Aelvianduau
3 1 (Wnau+n1thdou+lalasian) nduifvieyadmisivesvousassiniidoulvay 5

A59

2. maneaevgunsainTIvialnihnssuanse (PZEMO17)
gunsalnsadn PZEMO17 ugunsalnsiatandanulwinnszuansefianansansa
nEanulnihiidaldanurasaduasorfindldluaeuisuiiaranataauuiudiwagai
fivanssvesguasallduifentu PZEMO16 33 1). finisusuuseiulni DC 7 5 sefuusasiu
sefuLssiuag 5 asaniutuiindeyaussiuliidnsaouiloudagudl 56 uaz 2). nsaey
Wgunszualnfiwazidslnfiinnssnelii e IkAulnanuazifindwiulvandeguil 57

S o v A ]
f\]’lﬂuuuusu@;ﬁamﬂaulﬁuaz 5 A9

DC Power
supply 12 V

Multimeter [
[«

Control as 5V

l 6V 7V 8V 10V
L
Pump
DC Pump Shunt 300A
12V 3.0A [o |€§ M @| O]
ol 9 vaneay 1 lWinszuauanainunassnglwluds PZEM

vaeae 2 luihannnszuaavarnuvassnelneioy
shunt U PZEM

| : E3 l Use vieae 3 liinssudauann shunt W PZEM

v

Measure vanoay 4 lWinszuaaveeanain PZEM T shunt

Pzem017
Collect data

sUTl 56 aeuifisuussiulwily PZEMO17
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903U 56 1TunsaouiisuusefulnilnAlyd PZEMO17 uaz adausznaudie
wraadlnilinszwanss (UNIT UTP1306s) Snelnliiiulnanfieuainas DC auia 12V 3A
Tngunasingliignimualidnewssiulnii 5V 6V 7v 8V uaz10V Ivunlvank1u shunt
Yu1A300A WUSegUnsaingaa¥a PZEMO17 Famuneiay 1 Aelifanszuavandildain
wias91elvl DC wneiay 2 WWulwihnssuaauainumasanelvl DC s shunt gy PZEM
ey 3 Allanvauzdwieiufedeaialiain shunt 18 PZEM uasnaneias 4 faluih
nszuaaufioonain PZEM LUt shunt uazdeddbunaaeuainnistensaseynsuansa
arafanszualntinldainanusnsdn sl shunt 300A e PZEM asiainldazuans

Foyar1ulusunsy Modbuspoll vumeuiawasWeNsaiu USB v9aPZEMO17 1ntiuLfiu

Joyarnnsiinesveusazyinnteulvas 5 ae

Control load as
A Load
A+B Load
A+B+C Load

DC Power

supply 12 V

I

I

I

| Multimeter

I

I s o

I ! A = du 12V 3A

e B = U 12v 0.7A

l ( C = DC Motor 12V 0.85A
Y

Pump
DC Pump

12V 3.0A

[y

vianoay 1 Ifinszuauananunasanglwluds PzZEm
visnoay 2 lnannnszuaavainunassnglumiu
shunt T PZEM

visnoay 3 Iihinszuaauain shunt T PZEM

UsSs T visneav 4 Indinszudavesnain PZEM U shunt
PzemO017 >
Nect data

g‘dﬁ 57 @aauLfeunsesabiiiwaziaslnin PZEMO17

Ul 57 Wumsasuifisunszualiiiuaziidsliiives PZEM017 Sdnvazivuiendy
fuguiise Aflundadnoliiingzuanss (UNIT UTP1306s) Srelwliiulnandessines DC
{1u shunt ¥u1n300A TUSsgUnsalagiadn PZEMO17 Gesneian 1 Aelwiinszuauandils
numrasdnglil DC muneae 2 Wulwinszuaauainunasdngl DC Wy shunt 1Wds

A

PZEM %un8La% 3 Nlanuwusiulienufonoaslnain shunt 4189 PZEM wasuuiewa 4
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Aolwilinszuaauiioonain PZEM LUSs shunt wagdnewdngdumaaey issusinisdegld
nszua DC Tilnanils Weuly Suarndoulonsn A Load e Tnan 1§ (Hu A 12V 3A) dely
Ao A+B Load e Tnam 2 ¢ (JuA 12v 3A +TuB 12V 0.7A) uaz A+B+C Load Aeluan
$auU 3 6 (JuA 12V 3A + 4B 12V 0.7A + L Geared DC Motor 12V 0.85A) 4019

a5 Ialdvia PZEMO17 wasldiaffinesiiodouiiisulasnmsiiudoyarinisiinesvousiay

A aa &
sfiandoulvay 5 A9

3.3.2 NMINAARUMISUdsUayaveuasn NB

nsnnaeuuedn NB Tiiinisfudsdoyatuuu web server Tnsimualidinisdadoya
7NN 9 2 u17lU8e cloud sever 989 Magellan vl https://magellan.ais.co.th/ 1ag
vualvidaiaausaud 0-30 v 2 wifiEuINEY 0 Iudsay 30 udrereluides 9 e
2 U

3.3.3 NsnadeuNsTudttalansulussuslglaunaady Line

NMINAABUTEUURINFBUIENANTVAdRUNT STy AL I ol uLeUndaty Line lag
JzmadeunswsnAeusulaiu 2 daudel 1) useilwihanuseiulnihnssuaaduainnis

MuuAAILSIAUINA LA 180980 UN S INA UL NDALATIZAAINUFUNUS TLAININTHIHADU

a

Tukaunaaty Line (gﬂ‘ﬁSS) 2.) Mslindanulnfirludawsunfndu Line (FUN59) Fail

ANWULNITNAADINIRD UL



| 100<=V<=205
i V=0V, V>=210V
L WV>=210V L
SR A S
r __________ Jd
Grid *|  variac "l Load
vV vov wUOLEY 1 waz wueae 2 IWWinszuaaduain
1]z2]3]4 |- > 5l AC
—y undesne )
5v [A B ]GND RUYLAY 3 WAT UNIBLAY 4 A CT coil
DC Power f—
supply
vce
TX A
RX Converter Module B
GND
RX
NB i
TX i Line
. (Magellan) Notify
GND

UM 58 2433M15VadaUsEULLILARU NN LGy

71

NSNAOUNITHIAABUIINUN 58 Aziin1sdalniindiugiu (grid) Wiy variac 1ive

gl lilvan Inednisusunsesudu 2 nsalael.) nagsundaulalngn 10 ase 2.)

NageuNaulylau 10 A9 InenadauinNaaINNIT kLA U lUgIaUNAWTY Line Tng

NB 910139539 3nussiulninues PZEMO16 nfllWidesvesafelninugiu (oamuneaul

waz2) neld CT coil adnainaelniaeludalvan (WoanuneLas 3 wasd) dnilevas

PZEMO16 azieusarivlugauuasdayayins (converter module) meeany A+ B- detioyalud

U859 NB /18 91 TX RX 21nn15uaausadazisiauluduaundmdu Line



—_————— e e . — o,

: Energy consumption (ac) at 2 hr :
Il Notify every 10 min |

|
| »
Grid l - Load
v v v yuMeEY 1 waz vunea 2 iinssugaduain
1234 > eyl AC
Pzerm0le [ GERRE] )
5 [A]B[GND NUYLAY 3 WAL AUBLEY 4 Ad CT coil
DC Power
supply
VCC
X A
RX Converter Module B
GND
RX
TX NB Line
o vee (Magellan) Notify
GND

5UN 59 NsnadeuTzUURIRiaunsidnasuluih

JUT 59 wansnsnageunisudsisunisidndnulnilagnaassdvlvan (Waay

1A 50W 0.234) finslaluifugu (erid) Wuszezing 2 $alus 9aniduld PZEMO16

nadanmsldndsnuvesinauiavdinmsuduseuludueunaiadu Line iy ESP32 fiaguy
Uin NB Fan siewsollanuaiziedfiuiugui 58

p2A
a 4 (% C =

3.4 ANAIITUUNTIIALASUUNNNE

(%
a o

AnsanarnadeuszuunTIvinuaztuiindeyauuesnidunisnsaaianisnisldndaanu

A1 luvanageuszuUnTI19Tn (laboratory scale) WagUslniglagsdniunadanialeye

(commercial scale) IagTaa1ni1s1imasn1andsaulndfonsasulnidn nszualnia

maalrifuazndsaulnih dunsudassusassenunaegludiures commercial scale

72
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NIANRAITEUUATIVIALUSEAU Laboratory scale (Uannaau)

nstanasulninluvamizidesdaiinilwasiglvivsasswistielviniiuguias

=

i1 nasnlaanwastase findduduannaeansiain (Yatin and Jaisin, 2022) Ingszuy

q

N1 IALYNANAILAZEIIARTIVIARIFUN 60

Y

U 60 M3finssszuunTIinlusedu Laboratory scale

SUT 60 vaneia 1 Aen1smsratadmisliilnitugiulas PZEM 016 14 CT coil vunn

100A paasiansewalilin wazdausesulninainnisi@eusaduaie L N a1nuwrasane vy

yangnglviriugiunaudidunesines nunea 2 Asniswendeaintuilinszuanse (+)

'
a1

1ndfa PZEMO17 wagzdnenszualnih () s shunt 300 Tisdunefinesdegailifiugaiidne

TAAINTZHEANTIINLNLIARLAIDNNATADUYIDUIBSLADS NAIINTUDUNBSHMDIIZINY
I ludameinyansiadianuieay 3 teyangnduiinusznaumed1misiinesse

wsanulni nsznalwin Maslnindsnuluidfauisaanuluanlanain cloud server
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N3ANATIEUUATIIIALUIEAY Commerdial scale (Uainnzideadanaive)
sruunTIadntuseau Commercial scale 13ans1adnnanuaeiAeliufiy Laboratory

scale uaginsfndafagui 61

5UN 61 N1sAnRAsszuunTIRdnlusedu Commerdial scale

wa  wilhusn uwsn 1 laseminnszae aes @
[ & da Calibri

B I U-

B C D =

24.2 243 25.1 252

B B B

27.2 273 27.1042 28

DateTime Sensors

4/11/2022 0:41){"Volt_AC":228.7}
4/11/2022 0:41{"Amp_AC":0.15}
4/11/2022 0:41){"Watt_AC":338.48}

4/11/2022 0:41}{"Energy_AC":0.21}
4/11/2022 0:41 {"Volt_DC":0.74}
4/11/2022 0:41 {"Amp_DC":0.15}
4/11/2022 0:41 {"Watt_DC":21.9}
4/11/2022 0:41 {"Energy_DC":0.21}
| 4/11/2022 0:42 {"Volt_AC":228.5}
11 | 4/11/2022 0:42 {"Amp_AC":0.15}
12 4/11/2022 0:42 {"Watt_AC":338.18}
13 | 4/11/2022 0:42 {"Energy_AC":0.21}
14 | 4/11/2022 0:42 {"Volt_DC":0.74}

1

A111/30220-42 1A nevn 181

BowNaubhwNR

=]

5UN 62 W& Excel annmsanilvandeyauuunanilosy Magellan

[
] o

NSANRAITEUUATIIRLUTUTN 61 HnsinRsssuunsivintutamisidesdniundmg
arvdandsnulninluvamizidesdniunesiinswenseaslninie Tad1nnsTmesania
Inhnwaduasorfindneuingliiusunesinesuasinnstdluihiugiuaienisin CT coil

pdosaglninfidnsludilnan Wevesa NB lsudayavzdidoyaluduivi@sniesuu
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wnanosu Magellan wazanuisanniuluandeyasinnisnsaainidulngd Excel comma
separated values files lafagu#l 62 dudremslndnanilnantoyanislondsmnulniiug
nuled https://magellan.ais.co.th/ @usuridelnafiailnanunasiiventuioud

LaglIan (ManelaYuayed sensors lumingiay 2 AoA1nsdneinnen1stoya

[
Y

FINTANAITEUUATIIANSERIMUUTARAluUBI Iz B8 1asligaRn Al uilauiuve 3
n9dnfe Linfhainunsgaduasonfing 2. I iugiuneudidunesines way 3 lniih

a 4 s 1 = a a v
NnduesnesnInglilnandalineazidennagy

NB Board 3
GND @ -y i
A @ i AC
PZEMO16 ol i
—T | '
—| B Vot
5v O L Nt
J 1ty T
e WA ' @
GND
GPIO-RX A
GPIO-TX — v Y
vCC VCC AC ._®ﬂ
[ A ® Inverter
) )] ™ TTL to RS485 B Aerator [* a
- RX A ®
GND
® |
|
B e o |
i 2 4 £ Solar :
\¢ PZEMO17 El !
Al @ w Panels H
v 7 5 @ o S
i [
| o

5UT 63 AAARITEUUATIVIN

v
¢ o A o

NFUTN 63 uanegansIvinivileuiuvesuenaaeulazUainizidesdmiurianyu

ee

v a

findlouitusia 3 9afe 1. yaRndsszuunmialifanusssaduasefinddly 2.9afnde
szuuaTaialwihiugiudeudidunesines 3 enmatalnihanndunedinesiivieluss
Tnan lnofinaneias 1 #o gaiinsiataliihitugiunsaatndis PZEMO16 Tasld CT coil
yuIn 100A Adasinaelnl dauvanelay 2 uagnineiay 3 Wugansataluiiinszuansed
wAnlFNusTadLaseindnsaiade PZEMO17 lnsfinaneiay 2 Tnfnseuaauvesund
WaALAIIAREN183189 shunt YU 300A IWeusounds PZEMO17 wazvanelay 2 fe
nlfhnssnauinveunLeaduateingineuds PZEMO17 ainfivevaaeuuasaimiziies
fnfihigunsnBunesineiuazuamesifiuorniafivhetiu lumneas 4 Sslimsnsaindld

digital power meter 76119AUAYL WU 4 TuUaNAdOUTEUUNTIVIALY digital power


https://magellan.ais.co.th/
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s 1

meter 3u SDM120 lunmsasiadaluiiandunesinesninglviiulvaniiiesninduniesines

o L3

Juwiia on-grid Naelufirvuna single Toitunenes d@uniieas 4 lutainiziaesdndun
14 digital power meter 1 SDM630 (a9 ndunaswesidursialau3nduiiosinesfiane
Twihaunn 3 phase Tifunewes waannseasiaudrsndudunisddeyaniinisedune

1ka3lunauntng

3.5 nMsAaazinan1slanasnulniuazyssfiuaviinasldnassudnnie (Specific
Ennergy Consumption : SEC)

N9ATIERNANITIENE I UINA IR ILEI1098717151F 9 UVDITEUULRL DN AV DS
nuasnsAdansoninenniaian 9.00 - 17.00u. Tugiaiainansiuuay 23.00 - 9.00u. Tu
nanasiu Sednsliuvastneiihfugusuiussuundaliieaduasorfingildlunis
Nz EsER It 1 SoUMTINBAEY 4 SEEYnTIanTEe W.A.62 - 8.0.62 TivawsAsERTh
ogfluirnuinamytinuen o.dunse 2.5ed0mi Tngasiinistieseidd

1). szuuaTIviannaanulii Ainseianugndesveinisiudioya, Ay
Hawana (Error) veanssudeyanugnasdlunisianwauy Platform saulutianisuds
Wour U LINE Notify

2). grumslindeanuliii-lneyssdunsldndanuliiuuunlutemnsdodns
ihiidundsendanulifmnuagaduaseniindsauiuliihfiugiu :1nnsnsninsziua
laboratory scale (UanA@auszuUATIVIAAULUY) Uag commercial scale (Uamwémﬁmi
1$1939)
3). myleTzimsldndsnuliiihvesemnzdssdn i Atlnslawdsnulniuoy

i UsEiuNSIEndsNUlNAI s aNaNER



14

undi 4
NANT5IUUAZIATIZINE
4.1 NANNTBDNUUULATRAILNTTUUATITAsEUUATIa SN STH A Uz A sdn fuin
MnMseRNLULTEUULargUnsainTaa Tl ldalddaindussuuanaiaduuuy
T¥ns19¥elusedu laboratory scale Fanesmiludszneulusogunsairneg Ui 64 Tsleid
msaunduvedavesa NB fifliunanaiielddmiunsiaiasssu commercial scale &

U7l 65

E‘Uﬁ 64 SLUUNTIVIARULUY

Ay 1 Ae lugaudasdyyio

NUNBLAaY 2 M. switching power supply ¥u1a 5V 4A wlaslinseuaadudunssuanss
5V ilednelitugunsaiBidnysedindnglundos

nuelaY 3 Ae Wwsnnestesiu Wansasaunsalneasiaonludd adinseualvanuiiu
aedidviuanszualdde 30A I 200-240V 50/60Hz

nuBLaY 4 Ao Wesiuea nunsuala 25 A wseaulni 600 V sessuangly 0.5-2.5 ns.al.
mneLan 5 fo gunsaingrataluilinszuaadu PZEMO16 Faluiharnludhitugiudie cT
coil

WINBLaY 6 Ae UasA NB dedeyaainnisnsaataiiinunisuvasdeyaain RSa8s u HTTP
dslufaiudsnesliuaning

weLay 7 e gUnsalngaaia PZEMO17 waz shunt dmfumsaainliiiindaldanues

LHAALEIDTINY
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gﬂﬁ 65 U9sA NB 715123R58AU commercial scale

MUEY 1 An ABULLAMBDIE1881N1AYEY NB Board

vineiaY 2 Ao Indsvanana NB 8% Quectel U BC95

WUNBLAY 3 Av Tact @Ind

nUULaY 4 Ao INUSEUIaNE ESP8266-12F

vaneLay 5 e luga Rectifier 220 VAC to 5 VDC

MUNBLAY 6 AB 29TTUSLAE

nULaY 7 A %aﬂLﬂmLﬂ?iawiaqﬂﬂiiﬁt,mﬁwmmauaﬂLLaz RS485
LONIINNITIONUUUTZUUATIT AL STl AILSEUUTI89IUNE Vs TiNaN1SN158DNLUY

LASIRIUNTEUUTISNURATEUUATIIALARIRIFUN 66

13 Fish pond (AC) o ( ADD WIDGET

‘.{ &:

0 1.52A 353.25 W

Current Power

(a) Dashboard sruunsIvIRAMIelNugIY
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Favorite Dashboard
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U 124 v a d' o Y Y A 1 1 v Y A v
NsTLaaay nasedanesiuimuualiLdusfiounn 10 wiridernasnulniudanauluds

Line 1Wuszeziian 2 9y, finsudafioudsgui 83

D

()
¥ =2 -2

uduiauvalan: energy : 3233.00

udvifiauvialan: energy : 3241.00

O

udisiauviadan: energy : 3250.00

al

uduiauvatan: energy : 3258.00

=
=2

Q

udvifiautiadan: energy : 3269.000

=
=2

Q
udifiauviadan: energy : 3273.00
Wh

uduidauvalan: energy : 3281.000
Wh

uduiauvatan: energy : 3289.000
Wh

5U# 83 nagounsudnssundsulniiiuy Line
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Energy consumption Notify

3350

—~ 3300 +

:

= 3250 +
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o

@ 3200 |
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3150
c o o o o o o OO o o o o
- 8§ ® & ®H & = «§ ® w @\ o
T 2T T T T L 09 48 L5 8 408

Time (min)

[l Energy consumption

5UN 84 HANTUILADY

JUT 84 wansmansudufieuAfinmuualideoyadundanulaiinn 10 wiiiu
SPEELIAT 2 YU, WUEnTdstayan s AnuaInn T Ul ludIur e WALl

dane3fuNTeUTeYAgNABILALLTIEINTY 100%

b4

4.5 namsuszdiunsidnssnulnfuvusanluvamnziaednsin

nsUszdunsldndunuressuuduenalulemnzissdnfiinlnedundesreladih
Safusgrisliihfiugiutuszuundslniimdsnuiaceding Jeldfinsmageunatanuy
Laboratory Scale Tuiluiinendondsnunauny deuilunsa3nase (commercial scale
lab)

4.5.1 mslndsnuruuusmluvennaau (Laboratory Scale Lab)

Hunmsnmaialasfundsinglnihdudufelyifihfuguiussuundsliiainisaduns
TiNSTITILNITLIR 2800Wp 7 Wia (WgazauIn 445W) 91elUsaneinasaunl. Skw nazua
9.5A H1UBULIBFLADS SOFAR Ju 5KTLM-G2 119 5500W 3111159533 Tnuseduliln

1%
v

nszualnin Adalndnasndsnulniidneue s
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(b) nszualwil Laboratory scale
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00°L1
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4%
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(c) Masludin Laboratory scale
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20.00

15.00 |

10.00 |

Energy (kWh)

5.00

0.00 L=

8.00

8.20

8.40

9.00

9.20

9.40
10.00
10.20
10.40
11.00
11.20
11.40
12.00
12.20
12.40
13.00
13.20
13.40
14.00
14.20
14.40
15.00
15.20
15.40
16.00
16.20
16.40
17.00

Time (min)

—=— Utility Grid PV Load

(d) wassuldin Laboratory scale

U 85 Amnsnilimes Laboratory scale

mﬂgﬂﬁ 85 uansmm1sfiimesnigliinvestenaasy (Laboratory scale lab) 311
nslfunasdnetieliiniugiusausulnianuaseaduasenfingdnsliii single phase
rudunesinosludsivan Gewmes 2 hp) wuin 3UT 85 (a) Faaan 8.00-9.20u. Sautasd
Tusssulwihannladhanlwdhitug (Utility Grid) Useanm 230V saugiuussduluiihnin
uia (PV) fleusganas 280-290V Gedislaifinsfsliianuasluldnuilosinaanuduas
Lifisanesdenisnannszualiiin aandugasian 9.20-15.20 unugaduasefindisundn
nszudlnihanaanudunadiisturinlidunefinesfduihanuuslddelviuinan
Ausaduliia (PV) daulugjazanasnoglutag 250-260V drunssiulwiiiiugiu (Utility

arid) falutas 232-238v Fdnvazuietuiuwsaiulniivesivan (Load) fifianlugag

a

231-239V Faussrulriimsaesyiiadidussiulnihndeuinsamnaoanisldoulu 1 Ju 5U

85 (b) uansnsldnseualniianurasdgliinugiunudulnihanneaduatefinglaey

Cs

nszualviiannluinnugivszudsundudunssualiiiindalaannunasaduasoing
= ! d‘ (3 a 1 a ¥ ! ¥ 4 =
\Hesnngraaaniuraaduaseindliaunsondanseualuihlamneinnuduuaniosasd
n1saanseualiinanliiniugiudrelidulvan 91n¥190a1 8.001.-9.20u. 1n15l4
nszwaliianluiiiugiu (Utility Grid) 5.84A iSuanassay 9 Ui 3.1A 73a1 9.204.
LazniAUBNASINNGT 15.40u. lunaifidanuduiaasunualudainisianszualii
Hugrunauanlgdnass annsinszualniiugiulianasiis 0 szduesinesaclnili

(%

fugrunlddulvidesdmniuiiues vuzderiunssudliineaduaseniing (PV) 5u
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1N 1.4A WNTUIUDS 3.3A Ma1 9.20U. EoA1ANUTULaLRNTUIITN1sAInTEwalian
wagkasfingunldunuliiniugiuiavasiinssuanninlaaanluyisiewssJundaag
1% a & | < & I3 a A
WULAIUINLALANAIDNATILUYIBTUIUNTENAIAN 15.40U. nsewalninannwadwaseingd
AN 2.9A assiududulninugiunsugnasnseualinludnglilvamindy diu
nszwalniivadlvan (Load) dn1stanszwalniliinandszuna 7A Metdnsewalnidnann

wraadesInsaesindnlaiiisnesienisidauvesiuan U 85 (o) wansmasluiinng

o

a

ngAnssuNIsuRa1eiunszialnil Adnstuinugiusuiuliihaneaduatoniing

LY o w

lagiiaalnianluiiugiuasudsunduiumaslniinnds laanursgaduaseniing
\Hesanngranaiiuaaaduasenfinglianunsandalvilamnaanudunasiosazinighi
Iniharnluidiugiuarelidiuivan 9anganan 8.00u.-9.20u. dmaslvirainluiiiugiu

(Utility Grid) 1.36KW 3uanaaides 9 audle 0.72kW Avaan 9.20u. wazasfintudnadafiig

(%
[

15.40u. Wunaifarenudueassunualudafinasfdidafugiundvunlddnasy
vuziAgInuAadbiiIAnNwadLaseIing (PV) 154310 0.35KW LWNTIUAUAL 1.28kW #iLaan

9.20u. WA ANUTNLARANTUMALNT I nwadLaseindinTuLasNEn lageanluga

a0 14 a

= o A o 1 I @ a v
W189989TUNTAIAIULTNLEININLAZANRIBNASI U UIUNTEAWIA 15.40U. Hnnsla

[y

maalndiies 0.72kw asedudruduiasdninugiunsugnlddneliivaniniiy diu

a o w

frdslwilhvasivan (Load) dfdsluiiasiivssanm 1.6-1.7kw seindsludlninenn
uidede923vaana (Sum PV + Utility Grid) fndnléifisanesionisldauvedivan 3Uf 85
(d) #nsldndenulnihfiazanintusosainnsldssuuiinonnadsndsauliinnan
(Load) finmsldndssulimniign sesaunfondsnuliinanwaduasending (PV) uaz

isendlaiihnlaiindiugiu (Utility Grid) Ae 15.45 12.22 wag 6.50kWh

4.5.2 MW ULUUTITUUB I Ag9dM I UNLTINN e (Commercial Scale Lab)

v ¢

Hunsasraiamslindanulnitlulsmnzdosdniihlnefiunasdnelwiingusude
Il flugrususzuusdaliianeadunsorfindAdunsauin 325W 9 ung 918l 3
phase ludawanasauin 3 hp liulausaduliasines Siemen 1 SINAMICS V20 vu1a
2.2kW Faununsnsinisldszuuiineinianuusaalugienansiu 9.00 — 17.00u. Tuausd

A ¥ v d” IS 1 a
nansruldngsnulnihfiugruiiesegiaien
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15.00

-
-§ 10.00 |
&
X
>
5 500 L
=
w
0.00
o [Ta] o [T} o [l o L o wn o wn [=] wn o wn o wn o w0
[+, [} )} o o - - - [aY] o~ [32] [\2] A~ < A= wn wn 0 0 \'e]
i -~ - - i - - i -~ - - i - - i -~ —l
Time (min)
—a—PV Utility Grid —Load

v
13

(d) was Ul luUamnzAsdm 1N

v
'3

U 86 Amsilimesluvainnzifesdn i

1%

3UT 86 wamsAmfimeivesaimeiiisditn (Commerdial scale lab) 970
nslfundssnedreliinitugiusausulniianueasaduaseniinddeluia 3 phase o
leusndunesimesludluan (uatmes) wuin U 86 (a) ussiulwinanluiinaniad
Lase1ing (PV) fA1Uszann 280-300V Turaeiaan 9.00-14.00u. ussdulwilndeudnansd
nFsniimandalihanusasaduaendindlidesiiadosnmanamudunaniuunly
alslannsondaliiile vazdertunssuliianlihiugiu Utility Grid) Aewdneasil
Uszanas 218V wuiefufuussiulwiihwedivan (Load) AillAnasi 192V 5U7 86 (b) uans
nsldnseualifianuvasiislifiiugiususulnihnneeduaeindlaeiinsuald
i ueszuUsenfufunsaualnih indaldnunaeaduatefindifosandiaandi
wagankaseinglianunsandansenalnihlavneianudusasdayasinisnanssualui
Mnlwiuguaeliduinan 99ngana 9.00u dnnslénszualuiianlaiifugu
(Utility Grid) 3.64A Suanasdos 5 AUDY 1.14A finan 10.40u. wazaziiuTusnadsiiian
14.00u. Wunafidanuduiasiununluisdnnsfanszualnifiug wndualddnads
vumfirtunspualwihansaduatending (PV) i3uain 5.3A Wutuauis 6A fnan 10.40u.
dormmuduuanfiniuisdinsianseualianeaduasefinduldunulwifiugiuanndy

' v

a A a 1% | c{' v aa a & |
LLagﬁlgmﬂﬁgLLﬁ%Nami@%ﬁﬂq@Iu%'ﬂﬂW]ENSU@Q'JUVIN?\I'W\I'J']NLSUlILLa\clll']ﬂLLagaﬂaQ@ﬂﬂiﬂiusﬁﬁﬂnaq

a &

14.40u. nszuabnihanaduatoinddaianasauda 4A assiutudulnifiugunsugn

Y

fanszaalwinluanelilvaniudu drunsewalninveddvan (Load) dnslanseualninined

Uszanay 6A Nslinseualiihainunasdnesunsaesindnlaiiesadonisldauvedivan su



114

7l 86 (0) uansrdalwindiingfnssunisieuadiefunsyualidy Afdnslifiugiu
sufuliihaneaduaseriindlasfiddsluihannliiiugiuasuusanfusumdslniing
wAnlFNuITadLaseAndLlesntnaunseaduatefingliannsandaluilinin
Aanuduuasiosazinisisliihanliihuguselftulnanandasaa 9.00u.-10.40u.
firndslnihannlaihfiug g (Utility Grid) 0.8KW Buanaades 9 aufls 0.7kW e 11.20u.
uaraziivtudnadsiina 14.20u. WunaniimanuduuasSunuelufadimsislifafiugiu
ndualiBnaswnsiefumdsiniiamnwaduasendiag (PV) Gua1n 157kW dfistuauds
2.18KW 1381 10.40u. iledrmnuduuaadiuduidsifianeaduaeriind fiutuuay
wanldgsaaluraaismesiuiifidaudunasinuaranasdnadsluraanduaunseitaaan
14.40u. fn1sTEmdalwiudies 1kw assfudmsumdsinifugiuiisugnldanelninan
iy drufdslifimesivan (Load) Siadslwiiasiivszanns 1.7kw et idsludinlaih
NUNAITIBIITIERS (Sumn PV + Utility Grid) indnldiiie mesenisldaureduanuas
dudusunmananldanunaeaduaserfing sUfl 85 (d) Snsliwdsnulnihdazauiindy
Fewqanmsldszuuifnenmadandsnulniiluan (Load) Insldndanulniunnian
sesasnfondsulwihanisaduaseniing (PV) wagndsaulrifianludhitugiu (Utility

Grid) @ 13.82 13.65 way 6.53kWh
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9A15199 12 9nnsudaieulureslemiziasdnsuiainnisinuniiouls
wsanulnnAe 1).ussaulninuinnin 100V wartieanin 205V (Wan) wag 2).usenulndin
Heuninudowiatu ov (Ansv) Ssluszesd 1 lifinnsldndsaulnidalussesd 2 szosd 3
warszosd 4 Afnasldlniimuinitlnansiuay 40 163 way 20 adinuadu waylsu
$10u 1 e Fesulunnsdesanszesd 2 17.29- 18.19 u. Wefiansannisidssarlussesi
2 3 uay 4 fmsudafioutmun 15 27 way 2 Ju auddusisisuaiinnsusaiieu 44 Su/

SRUMNTHNNZLAL

4.7 autinislanasuinnisnnisdananan (SEC)

Y
& o A

Tumamzdesdn i ffinsldnihanundsdelniiiugiusuiussuusdalid
nwasuaseindluszesd 1 ldinsldndesivennie szesil 2 3 uwas 4 Tudanan
naneTulap3eafiuenieiat 9.00-17.004. a'auﬂawaﬁui%lWWwﬁuﬁwumMﬁzstmsLﬁym
Uandl 2 szdainieafinenid 23.00- 17.00u. szosit 3 uas 4 Tuldiaieufinenieian

23.00-9.00 U. FANNSIENAIUIUNITINNZLEALS 1 SOUAIN

Energy (kWh) Energy Cost (Baht)
5,000 25,000
4,000 - 20,000
3,000 - 15,000
2,000 - - 10,000
1,000 4 - 5,000
0 0
5289 1 seegfia 190U
szgEmsiRaUan
Energy Consumption Energy Cost

sUfl 88 mslddasuluihly 1 souniamzdes
n3U7 88 Enslimdsnulnitlunsmnsdssdniivioun 4 svosfessesii 12 3
waz 4 Fafinslandsnulniinde 0 1,382.1 1,374.6 waz 1,407.6kWh (mudsulaeiinsls
wdsu s Yudinnsedt 13 wazdialnfinlunsiasszognsiasade 0 5,984.6 5.952.12

WAz 6,095.1 UM Auarsudslunisiaes 1 seuldndaaulnisinun 4,164.4 kwh/sou i
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Andanuliifldde 18,031.8 vin/seu (WIsyw, 2565) (Arlifarnszuuiiugiu 4.33
UIN/kWh)

v v v
o av

YNz g8 IU a1 LITu T LAT NS INNLLaE9Ua B UANNTLELHINADINIUIU 9,290

£%
a

i Tussegnisaneidstan 4 svee Saszaedl 1 lfinsldndsnulii szeed 2 3 wava 14
nuATouftenAvetnursNILUIandu 2 Faeaiie 9.00-17.00u. wag 23.00- 17.00U.
Fonunduszey 18 $alue/Su Idnanande 5,450ke/s0U Waitveimzidesdnunldlnd
fugruduundmdseu Sfednsldndsnudinig e 0.76 kWhikg detunagad
wasaindunldsutulnihiiugiuuundsinel ffednmsldndanulifhfugusinzie
0.53 kWh/kg (4wl fugiunanatusnansiu) wazddsdnnsldndsnuliianuuasad
LaIAngSUNIZAe 0.23 kWh/ke Fslugasannatsiu (Faenafe 9.00-17.00u.) Sewuinis

TgwasaulaiifugIud iz 0.11 kWh/kg Wintiu FUaaLgaaka1findaunsagie

an b luganadainanlauszann 70% waginsldndsnulnidiiugiuiies 30% winu

A15199 13 YSunaunstaludnluvemngiaesdniun

Usunaumstanadauludily (kwh)

FYYLLIAINTTG NANIIU NaNNAU y
P FINVINLUA
GENMIGE PV Grid Grid only

- : : : :
| 13.65/day 6.53/day 25.89/day 46.07/day
(409.59/month) (195.83/month) (776.7/month) (1382.12/month)

ol
ee
™
ee
=)

ol
ee
™
ee
=)

speEdl 3 14.19/day 6.53/day 25.10/day 45.82/day
(425.61/month) (196.01/month)  (753/month)  (1374.62/month)

Sved 4 14.84/day 6.53/day 25.55/day 46.93/day
(445.31/month) (195.83/month) (766.5/month)  (1407.64/month)
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unis
#3UNan15Y

AsNEIUNTEUUUsERUNSIEnd U sluvamngdssdndinuusauladlagldimalulad

NB-loT &nsaasunan1idesuvitentafnuisieil

1) AruwdugnazeInsavesaIoileiniuaunsalonadwinsgiu ((aAiimes UNKT
UT204+) nauthunlgeanu wunA1auwkiug1999PZEMO16 Sidasidudaininuuwiiugiiade
Aa 96.03% Wlaasuisuiuiaftinesiiuasidudmuiusadefe 91.86% wag PZEMO17 i
§ @ 6 1 1 ) a:l' = d' a [ U aa & & @ & 1
WoSIEUAAIANULLUTRAYAD 96.17% LHodpUsNaunulanlnesiUastuna1AIy
WU 96.03% AIUAIULNEINTI PZEMO16 H1UastdufA1AnuLiesnsiaasne 99.67%
uwaz PZEMO17 filesidudmanuiiiosnsandefio 98.98% aunsalndatn PZEMO16 was

L3

PZEMO017 fiwesidudainiuaainnioutiosnsluainuuiugiuaziiemsoglunaeii

gausulaluiu 10%

a 44'

2) Msnageumsdeioyaves NB nudssezaitunsdsdoyainnupainndewaniion i
AoansdetoyanauamduTiuig 1440 ASY uadwiuNiinisdeloyadsefie 1429 A3 &
AnuAataAaeu 11 asadndu 0.76% lusuzieriunisudafiouluds Line gniasuay

Lugn 100%

3) S1B9TUHALAELSLFE LRI LEUNELATY Line Taufunsnsiaesdnith dellszeznainis
Wiaes 4 szoy Tnefiszevd 1 Lifnnsldsyuuivemadinlussoznisiaesd 2 3 uas 4
funuasiinisliiedenfuenmelutisnatsiu 9.00 - 17.00u. uaznansduldlwiiuguly
13781 23.00-9.004. FelunaonszeazaINISIEIass 1 59U (4 Sepznsnzians) wuing
wansalliian Wssulwiidesndn 205v) waglidu Tuszeznindesd 2 3 uaza Tlaien
$1170l 40 163 uaz 20 ASsmudEy wazlndusiuau 1 ads Sesulumsidpslansvesd 2
17.29- 18.19 u. Wlofiansanmsdssanluszesd 2 3 way 4 Snnsudafousisnun 15 27
LaE 2 Fu AudduTIauaSnsus aiieu 44 Yu/seunisinzides

4) nsldndsnulniirlunismnzidssdniinlussesd 2 3 way 4 dnsldndanulnide
1,382.1 1,374.6 Uay 1,407.6kWh auaisuuaziiarlganenisluiife 5,984.6 5,952.12 uay
6,095.1 U auadu warlunsides 1 seuldndsnulniiiaun 4,164.4 kWh/seu fien
wdsalihildde 18,031.8 uv/sou inunsnsdslinandnfe 5,450ke/50U Fatungle

nasudzluvamglaesdnitunde 0.76kWh/ke senanilaininislausunaluia 0.76
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kWh sianasiaesdan 1 kg annisiiunagaduasorfingunlgsauduladaniugiudu

[y

uwiasteli dvdinmslindnuliihfiugiuduneie 0.53 kwh/ke (dlaihitugiunansiu+
nanediu) wazfidainsldndinulnihanuragaduaseindsunizie 0.23 kWh/kg @
Tugaananansiu (Banaife 9.00-17.00u) Sdwinslindsnulnihitugudimnaiies
0.11 kWh/kg Wity Geunswaduasoriindannsatonanlniitlugicaandenalddsyan

70% wazdinislanasauluiinugiuiies 30% winlu
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Development of a Tribrid Power Supply System for
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Abstract. Agriculturists always use aerators for maintaining the oxygen level in fishponds because dissolved oxygen (DO)
is an important factor in the cultivation of Nile Tilapia fish. Traditional cultivation utilizes a utility grid to supply a turbine
motor to manage the DO level in the pond. Most of the electrical power consumption of an aerator affects electricity cost.
Hence, the main objective of the research was to design a tribrid power system and manage the electrical energy in a
fishpond. Solar power systems (10 panels, 445 W), electrical utilities, and battery modules (2 pieces, 200 Ah 12 V) have
already been implemented in fishponds as the three electrical energy sources for aerators. The new operational plan is an
improvement in the usage time of an aerator to reduce the energy consumption of the utility grid. The experimental results
of this system show that the acration system can use the tribrid power system effectively. The results of testing the system
are divided into three sections. On a sunny day, the solar power system for the on-grid side can support more than 77.76%
of the power usage for the acration system and the efficiency on-grid system is 89.94 %, while the battery module side can
store energy at up to 3,541.3 Wh. The reserve energy can supply the aerator for 2 hours in a crisis event and the efficiency
of the system is 89.17%. Finally, this system has an investment budget of 147,000 Thai baht and a payback period of 23
times the production cycles.

INTRODUCTION

Maintaining the dissolved oxygen (DO) levels in aquaculture is an important factor [1] since it clearly affects the
Nile Tilapia fish in a pond. This requires the use of electrical energy. Energy management plays an important role
because it solves problems concerning electricity costs [2].

Nowadays, most farmers prefer to use a utility grid to maintain the dissolved oxygen (DO), which presents certain
issues such as the lack of an electrical energy backup to supply the elecmcny in the event of an aquaculture emergency
or a utility grid failure. Some researchers presented the possibility of using energy 2 including the p
and operation of energy production and energy distribution as well as energy storage to save energy [3] Thc details
are described as follows. The rescarchers studied about the red of energy ption and power generation
with solar energy technology and applied it to reduce electrical energy for agriculture.

Prasetyaningsari Igib and Ahmad Agus [4] presented information about renewable energy technology, practice
guidelines maintenance, safety and improving the aeration system for aquaculture communities. A 1000W solar power
system applied to an aerator system can save 60kWh/month and reduce greenhouse gas emissions by about 720

kg/year.
Mohamed A. Eltawil and Atef M. ElSbaay [5] used a solar power system with pumping for acration in a fishpond
and estimated ec ically with a stand-alone photovoltaic system. The condition is under the water surface, at the

surface, above the surface. The results revealed 0.844 kWh/d energy output, 9.87% PV efficiency on daily averages
at 65 L/min, and 42.7 °C temperature of a PV.

Kusakana Kanzumba presented an electricity cost reduction model for activity in small agriculture of a borchole
for water supply with a hybrid system by a pumped storage system. Optimization can solve using linear programming
to investigate the effects and benefits of the proposed model on the electricity cost reduction in the farming sector [6].
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Sharma Paritosh, et.al. presented the parameters of the floating platform and the effects of panel shade on the
ccosystem. It was found that (a) the panels are heated because the air source is very humid. Thus, the problem of heat
loss that occurs during operation is automatically solved (b) evaporation is reduced by 70%, and (c) the amount of
steel structure in the factory is reduced, and therefore being more environmentally friendly [7].

D. Mittal, et al. studied some floating solar plants for st ble energy production by the | MW floating plant at
Kota barrage could produce 1,838,519 kWh energy per year and save 37 million liters of water [8].

Previous rescarch papers have shown that solar power g ion is only produced during the daytime, while
nighttime requires storage in batteries. Furthermore, some research uses floating solar power plants, which is a new
innovation of electricity g using PV modules on the water surface to reduce the problem of the insufficient
area. Hence, it should develop an electrical management system with the floating solar power generation technology
in the fishpond.

The tribrid system relies on three power sources (utility grid, solar power system and battery). The operation of
the tribrid system uses a sharing system of energy sources for an aerator. Tribrid system is an appropriate design for
farmers and satisfies the need to use the electrical system in aquaculture at an economical and reasonable price. This
system helps to reduce energy consumption as well as production cost. Which, a solar acration system is important to
control dissolved oxygen to appropriate levels for the aq; imals in e ponds. Most solar power
generation technology is used, but it works only during the daytime when there is sunlight while using a battery as a
power reserve remains limited.

From previous information, it was found that power sources must be sufficient and have good reliability to protect
in the case of an emergency to prevent a lack of dissolved oxygen for aquatic animals [9]. This problem leads to
revenue loss for farmers. Hence, the researchers designed and developed a tribrid power generation system for aerators
to solve this problem with power generation sources as follows: 1) A power generation system from solar panels, 2)
a grid clectrical system, and 3) an energy storage system from batteries. Besides, the management of the power supply
is scheduled by following the appropriate situation for maintaining the dissolved oxygen and working time of the
aerator as well as the assessment of benefits from investment in aquaculture ponds.

MATERIALS AND METHODS

Design and Management
System Design

The tribrid load sharing system is shown in Fig.1. This system consists of three power sources to drive the 2 hp
motor (1500W approximately) and store electrical power for at least 2 hours. The first source is a solar power system
where 2800Wp of 7 solar pancls (Bi-facial type) for electricity generation. The electrical power from a utility grid
(220 Vac) is added to the tribrid system to ensure the acrator requirement. The last source is a battery module (100Ah
24V) which harvests the electrical power from another solar power system (1200Wp of 3 panels). They are selected
by an automatic transfer switch (ATS), which selects the first solar power system and utility grid in a normal situation.
In a crisis event (clectricity failure), the reserve clectrical power from the battery is selected to run the motor and
maintain the DO level. Furthermore, the user can set the plan to usc the reserve electrical power from the battery
before the sun rises the next normal day to save the cost from the aerator system. The experimental designs are divided
into two parts, as shown in the below section.

In this work, the concept of the tribrid g it ins is designed for a normal event and crisis event. In a
normal event, the energy usage of the acrator relies on the combination of two power sources combined between the
solar cell (no.1) and the utility grid (no.2) into the 3kW on-grid solar hybrid inverter type (SOFAR 3 KTLM) and pay
electrical energy to load (no.6).

In a crisis event, the system is always inactive if the event appears in the daytime because the DO remains at a
high level or above the standard value. However, if appearing at nighttime, the system will check the DO as the
priority. In the case of DO above the standard value, the system takes no action. On the other hand, for DO under the
standard value, the electrical power from the battery module will supply to the aerator immediately. This system
consists of the solar power system charging through the 3-kW hybrid inverter (INVT 3024 model (no.3)) and into the
battery module (no.4), and then the hybrid inverter inverses DC electric from the battery module as AC electric (no.4)
to supply the aerator (no.6). The i ity of solar infl battery charging. If the battery cannot charge fully in the
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daytime duc to the low intensity of solar, the battery is charged by the utility grid as an alternative energy source to
prepare the battery for an accidental situation.

Charge
Solar PV 3 panels

Solar PV 7 panels Gnd 5 l
1

Inverter

6 f
Inverter 1 : 4
:

2

Battery

FIGURE 1. Solar power generation system of the tribnd.
System Management

Normally, the traditional cultivation of agriculturists always consumes the energy resource from the utility grid
between 9.00 am. — 11.00 a.m., 1.00 p.m. - 6.00 p.m., and 8.00 p.m. - 6.00 a.m. that become to increase the energy
cost .So, the researchers have developed the tribrid energy source and set the initial time as the new schedule to manage
the acration system as shown in Fig.2. The on-grid system starts with the sun rising until sunsct at 8.00 a.m. — 5.00
p.m. replacing than the old plan. While, in the night, the on-grid system starts at the real-time DO below the reference
value, they usually start at 11.00 p.m. because the reference value starts to decline after 11.00 p.m. then, the aerator
runs on an on-grid system until 4.00 a.m. and then the off-grid system run instead of the on-grid by using the energy
from the battery module to save the electricity from the utility grid.

| Pprofotype system

new system

«——— solar system +~ grid ——» «— grd — ¢ bart —

b & & BTl b P > d & N
5 .&.o\“a\\«\\.}&‘g_’o»\a\wav‘ﬂs\o@@a‘&y_o"&

FEF S

T
A

T
" am

FIGURE 2. Traditional and new schedule of the

system.
System Performance Testing

The aeration depends on the age of the fish [10]. The aerator was turned off in the first month of culture. Then, the
aerator was turned on from the second to the final month.

The acrator is not turned on in the first month, but it is turned on from the second to the last day of cultivation; the

acrator is turned on during the day between 8.00 a.m.-5.00 p.m., 11.00 p.m. ~ 6.00 a.m. at night. The time of total
aeration is 16 hours per day.
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System efficiency is tested to find the efficiency of both normal events and crisis events, following Table 1. For
normal event testing:

The situation I: The aerator system is turned on between 8.00 am.-5.00 p.m. (runs on the solar power system and
utility grid).

Situation II: The aerator system is turned on between 11.00 p.m.-4.00 a.m. (runs on the utility grid).

Situation III: The acrator system is turned on between 4.00 a.m. - 6.00 a.m. (runs on battery module).

The parameters (voltage (V), current (I), power (W), energy (Wh) and solar intensity (W/m2)) from three locations
(2800Wp of solar PV Io inverter, the utility grid to inverter and inverter to aerator) for situations I, Il and IIl was
in d and ded every 10 minutes for 3 days. The analysis of system cfﬂcncncy is shown in
Equatlon (1). The output parameter is the power output of the acrator, while the input parameter is the power input for
cach of the three power resources.

output
Efficiency(situationl —11I) = Tput x 100
(1)
TABLE 1. Test composition for normal event and crisis event
Working System Devices Measurement Point Parameters Collected
Situation | [ - Voltage (V)
(run on the solar power system and utility - 7 solar pancls Grid to mveiter 1 - Current (I)
3 : - Solar PV 7 panels
grid) -Grd to inverter | - Power (W)
- Inverter | - Energy Consumption
- Inverter | to
- Acrator aerati (Wh)
-1 ity of light (W/m2)
- \éoltagc (\I’)
PO - Current (I)
S“x"?}." d - Grid - Grid to acrator - Power (W)
(nun'on the utlity grid) - Energy Consumption
(Wh)
- Inverter 2 - Battery to inverter = Voltage (V)
s - Current (I)
Situation II1 - Battery 2 - Power (W)
(run on a battery module) module - Inverter 2 to 2
- Energy Consumption
- Aerator aerator
(Wh)
Economic Assessment
The payback period [11] is estimated to analyze the inv for the aq Iture pond power generation
system and to decide the criteria for system installation as follows in Equation (2).
Ic
Ph= = (2)

Where, IC is Investment Capital (Thai Baht)
P is profit (Baht/cycles)

RESULT AND DISCUSSION
Design Results of The Tribrid Power System

The Nile Tilapia fishpond is located in Sansai District, Chiang Mai Province, Thailand. The structure of the
tribrid power system is shown in Fig.3. The ten solar panels are installed on a floating solar platform as shown in Fig
3(a). Seven solar panels are connected in a series circuit to supply the clectricity to the on-grid inverter (see Fig. 3(c)
no.2.) for supplying to the acrator as shown in Fig. 3(b) together with the utility grid power, while three solar panels
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are connected in parallel circuit to supply the electricity to the off-grid inverter (¢ no4.) via ATS (see Fig. 3(c) no. 3.)
for charging the battery module (see Fig. 3(c) no. 1.).

(a) Solar panels

(b) Acrator and motor (c) Tribrid control system

FIGURE 3. The solar aerator with the tribrid power system.
Testing System Results
On-Grid System

The acrator running on the on-grid system has four parameters that have to investigate as shown in Fig. 4 (a-
d). The first one is the voltage level that is quite stable on the output of the on-grid system Fig. 4 (a). While input or
from solar power system is slightly swing depending on solar i ity. The d and third are the current level and
power that have similar characteristics divided as follows, the current and power of solar power system directly vary
with solar intensity Fig. 4 (b-c). Higher intensity higher volume. But the current and power of the utility grid inverse
them because the acrator consumes the energy from the former more than the latter if there is still solar intensity. The
last parameter is energy consumption. Fig. 4 (d) shows that the energy from the solar power system can subsidize the
energy from the utility grid more than 77.76% on the sunshine day .The efficiency of the on-grid system is 89.94 %.
40000
35000
Y

e LTS

Voltage (V)

Vg eV wlar Viosd Intensty of ght
(a) Voltage
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(c) Power

(d) Energy consumption

FIGURE 4. The parameter results of power generation with an on-grid system.

Utility Grid System

The utility grid is supplied to the aerator from 11.00 p.m.-4.00 a.m. The ch. istic of the voltage, current,
power, as well as energy consumption, are similar to the on-grid system on a daytime (Fig.5) because it’s the same
system. The efficiency of the utility grid system is 90.61%.
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FIGURE 5. The parameter results of power generation with a grid system.
Battery System

The off-grid system is supplied to the acrator system in the case of the DO becoming a crisis and discharging
before the sun rising of next day. Fig. 6 (a) and (b) show the relationship between the voltage and current of the battery
module and acrator (load). The de voltage and current of the battery are converted into ac voltage and current. The ac
voltage and current are quite stable all the time. While the dc side is quite stable in the first half period after that the
dc voltage begins dropping but the dc current begins shooting because the energy of the battery is less. The case of
power and energy are shown in Fig. 6 (c) which is indicated that clectrical power from the battery and the acrator
usage have a proportional relationship and the efficiency of this system is 89.17%. The energy consumption of acrator
and battery discharging have a ratio of 3,541.82: 4,000.62 Wh by average.

000 12850
i 1000 p—
£ S ke
i Jos
1o -
an
20 %00
o e S P79 ot R s S VLY
R ERER B E =0 et 2k EEEEEERE &
H T $ 3 Tiost L
—via Vout et o tid
(a) Voltage (b) Current

b
|
o I , i
T EEEEEEEEEEE
g
§

3
600 AM

Tomee
e=mEbt c=mEleed Pl + Pload

(c) Power and Energy consumption
FIGURE 6. The parameter results of a power generation with battery storage.
Economic Analysis Results

Economic of the tribrid system analyze payback period from cycles of fish-farming is described as follows:
the investment capital and electrical power saving in Equation (1), found that a capital investment of the tribrid system
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consists of the main devices as follows I: solar panel 1I: off-grid inverter III: on-grid inverter IV: battery module V:
clectronic control and safety devices. All of them have a value of 147,000 Thai baht. This system is operated in fish
farming for 1 production cycle (3-4 hs) that saves the electrical power is 6,390 Baht/cycles. Hence, the payback
period of production cycles is approximately 23 cycles.

CONCLUSIONS

This system reveals an electrical energy and administration energy ystem to be dtoa
Nile Tilapia fishpond. The tribrid system is properly designed for farmers which consnsl of three clcclrlcal energy
sources, including the solar panel (10 panels, 445 W), the utility grid, and the battery module (2 pieces, 200 Ah 12 V).
The experimental testing demonstrates a relatively good response to the new schedule to manage the aeration system
in each event in the fishpond. The potential of the system is responsible under various operations and under varying
clectrical energy sources. The performance of tribrid system divided into three sections is 89.94 % of the on-grid
system, 90.61% of the utility grid system, 89.17% of the battery system and store up to 3.541.3 Wh of reserve energy
to supply the acrator in crisis even for approximately 2 hours. Finally, this system had an investment budget of 147,000
Thai Baht and a payback period of 23, production cycles.
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