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ABSTRACT

This research aims to 1. Design and develop a system to measure the use of electricity to
show the voltage (Voltage: V), the electric current (Ampere: A), the electric power (KW), the
electric power per unit (Kilowatt hour: Kwh.) in real time 2. Analyze the factors related to and
affect the use of electricity during the Off-Peak period and 3. Plan for the management of the Oft-
Peak electricity consumption.

Implementation of the development of a building's electricity consumption monitoring
system on the Internet of Things platform. Case Study of Sriwittaya Building Faculty of
Engineering Rajamangala University of Technology Srivijaya have studied the operation procedure
by collecting Information on the use of electricity during the Off- Peak. Retrieved from the
document. and study the relevant documents and analyze them using the principles of the system
development cycle. To develop the system to meet the needs of users as much as possible The
results showed that System for measuring electricity consumption with developed programs It can
measure electrical quantities such as electric power (Kw), current (A), voltage (V), frequency (Hz)
and electric power (Kwh). (Kw) has an error of 2.05%, a current (A), an error of 1.25%, a voltage
(V), an error of 0.26%, a frequency (Hz), an error of 2.00%, and Electrical energy value (Kwh),

error value 0.00%. Factors related to and affecting the use of electricity during the Off-Peak period
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are lighting system 58.56%, air conditioning system 23.62% and the Off-Peak Power Management
Plan. Peak according to the energy conservation guidelines of the Ministry of Energy consists of 3
strategies as follows: Strategy 1. Optimizing energy consumption Strategy 2. Public relations
campaign and create awareness among the personnel of the Faculty of Engineering Rajamangala
University of Technology Srivijaya Strategy 3. Monitoring, evaluating and reporting results of

implementation of the economical measures. reduce energy consumption
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Abstract

The objectives of this article are: To design and develop a system to measure the use of electricity. and create a database of electricity
consumption in Sriwittaya Building. Faculty of Engineering Rajamangala University of Technology Sriwichai by designing to work through the
Node-RED program installed on the SIEMENS SIMATIC I0T2050 device, it acts as a gateway to connect hardware devices to APls (Application
Programming Interface) through a web browser. There are three main working principles: 1. Protocol Modbus RTU for data transmission 2. Node-
RED program for design and control of data processing 3. Influx DB and Grafana database system for data collection. Display the data in a
graphical format via Dashboard.The results showed that Development of a system to measure the use of electricity Can display electric power
(Kw), current (A), voltage (V), frequency (Hz) and electric power (Kwh) in real time Let's plan to manage the use of electricity efficiently.
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21A13A3IAVINGT ANIMINTIUMERT unTinendomaluladsy
wpamiITy
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4, wqwﬁuaznuﬁé’uﬁtﬁmﬁm
4.1 uwnAamsuimsiansanlih
4.1.1 TassaddmsaAluia
alihiinsliihGendvandldlvih dwnnged
TluaSasudualriluidazifeusssznauluieduysenau
sine 9 dieluil
Amdsauliia (Energy Charge) Anmuudunaunisldy
i (numieviderlatag -Halas) Mdluudaziou nudsann
wpsdasalisihild
Arnudean1sAtaslyliln (Demand Charge) Anaan
audeanisidalniinduilatadiadelu 15 uniiigegaly

4291981 On Peak luseuiiou iwvasiladng dlids 0.5 Aladnd
Faadaust 0.5 Alatnsuly Andu 1 flatad

Annesunawes lidmivgliliiuszanianis
yuanans Aamsvunalug wazismsianizedne Tunsdiigly
¥hdiAndausenaunids (Power Factor) d1as (Lag) laedlu
seuideufinudesnisniddliiudnaviodely 15 unfifigean
dleAmduilaniiiunindesay 61.97 vesanudosnismdslnh
udnitshadely 15 wiifigaaaileAnduilaindiamzdiiiu
wdendeAmneiiamesludnsilansas 14.02 um

MusnTnedeuuinsifisafueiesin uaznisi
Tua§asuiiu

ArdhuszneunsUiusasalninlaesalud® wied
Goniudug G0 FSusiliihiviudsudiuiuieanasmy
Anzfununsean msdads wazmssmungliihiwasuuas
Tiilesnniladeiaguoniniianmsauasvasmslsifiniedendn
waztheamie Iduinswisuuas vesildsedomduare
Folwihnswisuulasessnsuaniioutuasissynan
msasuuasassasidudie nsiwisuulaasaudents
Tvivh

Ft iy muneile Fuel Adjustment Charge w3an15u3u
Anlimusandomas Ailnansenudedununisudnlaii
ﬂwﬁumwuﬂw'ﬁmmwman’Tw‘t’Tu @© Energy Adjustment
Charge ﬁaiﬁa'lﬁﬂiauaquﬁaﬂﬁvéu 9 ﬁﬁwanszwwiaﬁuvgu
ASHAR N1599de wazn1samunglaily dausa t (Subscript)
wueily nswdsuwlasmusvezinan Gulidudd 2535 Tu
szozusniinisusunnifieu Jegdussmnisuiu 4 ieusiends

miyariilushsiiosas Tvaselwiliomn

B
Al = [audesnmsliihgagn + Amdsnuliih on
Peak + Anasauluv Off Peak + A1USN5+ ANILIBSUNA
wes + Alaliinduuys (FO) x (nnSyarudia (VAT) [1]

4.2 wwaAnsvuudumesiinvesasindvialolod
(Internet of Things: loT)

Internet of Things w38 loT Wunsauuundavesssuy
Tassteisassunisidendeny gunssl varnvanevia daus
poudiained InsAnviindoud gunssilassine gunsel
Sdnnseiind wuiwed uaziagan 9 Wideiu Sulunaliszuy
fing qamnsn fndedeans avhanusauiuldedaiusalutiv
ﬁqtﬁuua‘lﬁuquémmsnL’il'wﬁﬁa:g)a‘lé’wmnuawﬁlq%u AIUAN
gunsaliarsruuing 4 deguiiuseansam [2]

4.2.1 Node-RED ¥1¢1uuu Node js #a18u Platform
Fawilsiifoude Javascript dmduiiiu Web Serve finsidou
TUsunsuviuuuy Flow-based programming for the Internet
of Things #uiadasiiodmiunmalieuregunsaieniaunasidaiu
APIs (Application Programming Interface) Lavanunsaeaniuy
APl lumsiud A wiastieya iudeya viodoudeiu
usn3du q Tusunsu Node-RED axfudnwmruas Browser-
based Flow Editor i1 Browser Inpdnwauznindsulusunsuuuy

o 1) e = w,
MUUATUABUNUFIUAIUANLUY Tun1s51den Node 11719ud2
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wousaiianaunu /O s 9 16 1ag Node-RED 2zl Node T
- v - o 8V a v_ .o o, . o
denldeudazviliiie Flow udavhinisdmusdinisiau
Mntufianais (pipe) dmiuidonlosdoyatmuadunis
- ' 3 av .
Wausanisinavesdoya Flow-Based Programminglaeiilsl
Fuluiandoudos Code Tumsifmulusunsy
4.2.2 Modbus RTU Protocol fieluslnnpaniaguuuy
- an s - U
msdearsfeyaidneauvueunsuguuuunil Jagninsunsass
usnlud .. 1979 Tae Modicon Felagiufiouitn Schneider
Electric tieldifuiu PLC (Programmable Logic Controllers) &4
maus el MoDBUS i Open Protocol wisfiferaula
annsmhlUslnreaiilvliiewanlilaghifidldsmeln q dus
Hulusiuan MoDBUS Jsnaeidulusineeailldsummisuuay
grldiluluslareauinsgrulussuudidnnseindgnaivnssy
v
udslagiu
v e =
4.2.3 Influx DB tluszuugnudoyafiduzeniuaiiln
(Open source) gnesnuuusndmiunsifiuieyaluguuuy Time
Series @4 Influx DB gnWaiuusien 1w Go wwzdmiuns
v & v s a = v g
Jafivtoyaniuszdninmguarniasendudeyayatayauvy
- ¢ o v da v s v, - v -
Goalnd Fsegldiduiifvioyadmiunsdnisldeule q 9
« w. - _ 3 ! v
Weatesiuteyaiiins Timestamp Wudwaunn wu ns¥a
fasnssuiles maiuvesdeya nsiruvesdeyas
1§uLwes Internet of Things (IoT) waznIsitasIEviuvUsEalml
° Qv o & o o &
m3ld Influx DB Tunsifiudeyassiliusendmiien Idnngatu
v o 3 a4 < v v & o
femsimuaa Influx DB taiuteyaliilusserimiinivun
Tnednludd Wonuaegavarunsaavtoyaiilidesniseenain
szuuldl
4.2.4 Grafana \JulUsunsu open source Dashboard
- - o
tool tn3aaiialunisasne Dashboard 1y Grafana 9e¥i191u
iU Data source %4 9 1 Graphite, Influx DB, Open TSDB
30 Elastic search a1 98lilY (Users) ansnsnaiauazudly
Dashboard ldag1singq AsouAguIULUUNTIIMANEUsTLIAT (3]

aw o d
4.3 yAdeiieades

vo aw o

funna uevvlin wazany (2559) leviiideEes ms
) = a v v &
finusruunsreinuariemudayanislindanuliiiniionts
ausndndrnusslusunsuuavia Idhinavenisimunsyuy
anviauazinmudeyanislindinulii dldanuazainuay
wudszaninmlunisiausudanisnisldndanului Tusunsy
. s
dldfueanuuuuagimuinnanlusunsauauis anduriinis
nadaulUIeufieuiu inseslodnumsgruneufiasysudiuannu
v oo a v ' R &
wanzaulasgiiorrguaniside wudn Wsunsufiimundu
ansalidadimamliuazassasuianudeyadu
svuuia3edneld lnsfiaudanarnlunisiaussdulaiuag
nszualiilogludae -0.05 s +0.20 uay -0.55 fis +3.75
o w oo gl o
Ay Failaugndeiugigs wasiaumnsasluseiy
a & v o o Y
wnfiganuaiuresfiiervig awnsairluldlunisin
Ymnamalwihldegnaiivsyansam [4)
1IugT VsgNSUaTAnY (2559) lvin1siduises n1s
Uszgnaltinalulad Intemet of Things Tun1sarvauszuvdes

aldmiuinudaaioy InoWmuTrUUALLUUNMIAIUANTEUY

dosaindluaiafouninasniniviu ssuudsnanusenausisay
duldun upUnaiadu Android, U3n13 NETPIE uay MiEAIUAN
lulasneulvsaaed dléannsanivaugunsal Twihnneludiu
' £, v A v e - £ 8
thuaninluldanyaiifiansadndsssuudumesida ns
i 5
AruANAINTTe i ldvaszuuiivaniunaznisdenudioides
Sk di T T
uasnAfetuiludiuuuuidiodilugnmsiann wdadusidmsy
Py A
Yudrnissaniienaulamdanusaanmsiugalnenaus 4.0 (5]
- - O - -
#3250 Bandadin (2557) lavinsddeides ssuu
TR g R
dudaseznuauemalulad insetielime e uasweu
e a W v a_a g & 9 o w
aseedueUndindunieldundadumesidaiiennds Tnerhin
v a 0 . o v o
asnduduiTusmntiglumsaTsiuaadoulmnseuiuti
P P . v
sruuinsewliameuay ausvivuindislunisaiunu gunsel
Iihaeluieainerde Feszuuvasinisiasmdanu fgunsal
Il dudnimanislindsnuliinildluaniuiiineadeun
. - . awu . 0 a
Uszinanaiduanlnii fiestne :mmsidenuiiannsataeliidia
Y Y - . - e o
msUsEndamdinudsiion fussdntnimuay annsavmailaly
Aesziumdlumahluldlunmsusendandsnuliiheiely (6]

5. 3853

mamuszuURsIvianslindinulnitlusnaisuu
unamosBuneiinvasasnds iensuimstansndanu
Tan nsdlinwieiansaiiaaing) auziaanssuaians
Usznaudredumeusniusu 3 funeuiie 1. n1soenuuy
giawdsuareenauIsAmIusEuURTIvIantsldwdaulnih
2. msfadslusunsa 3. nadsuszuunsananisldndeanluii

5.1 MIRNRUUISANITLaETaNRI TS UTEUY
asvianslindsauluia

5.1.1 nseanuULaIiaRIsdmiussuuRsInianisly
wisaulnlaeiigunsal Multi-Function Digital Power Meter
wietarmdsenlnihluoimsadimineuasdedoyanisly
wsnulsifugUnsal SIEMENS SIMATIC I0T2050 Saviwtiit
uinand (Gateway) tiensogunscisninuasidniu Apis
(Application Programming Interface) H1utiulusiges (Web
Browser) Tnsn1sluunanrasussinannisinaunis 3 dau
wdng Ao

1. Protocol Modbus RTU dwmiumsiudsdeya

2. TUsunsu Node-RED dmsun1seaniuuiazaiupy
mivsznanadoya miwansdeyaseninegluguuvunaiiin
#uN Dashboard

3. szuugudeya Influx DB way Grafana dmiuns
Wiudaya senuuukazmuauMsUsznanateya saufauans

doyavanmnagluguuuunsifindumie Dashboard faguii 1
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Process Output

__lnput__

- 3 Ty - I
21]1/\ 1 ﬂﬂiﬂaﬂLLUUﬁ'ﬁﬂLl’}itlﬁzﬂﬂﬂ‘bi}hﬂﬁﬂﬂ@ﬂﬂiﬁj

5.1.2 spnuuuyensuaidmivizuuasniansly
wdaanulwih vugUnsel SIEMENS SIMATIC I0T2050 davinntiil
Wunand (Gateway) Wuiasesiledmiunsideudesiauasidn
U APIs (Application Programming Interface) aa8lUsunsy
Node-RED, TUsunsu Influx DB, uazlusunsy Grafana fidnwae
MslsulusunsunsyineuLuy Flow-based programming for
the Internet of Things Waza@1u1sneanuuy APl Tun1ssuan
fwn wastoya iudeya wisideudaruuinisdu q wmune
dwmiumsiafivioyaiiiiussdvdnmgaazmsiondudeyata
deyauvuidvalnl G20l (Users) arunsnairsuazudly
Dashboard léagndeq AseuaguzULuunsvatsysunn lagy

Twazidun fagui 2

| Node-RED | | Influx DB ‘ I Grafana |
SIEMENS SIMATIC I0T2050
L] L]
v
Wamsldnu adugndoya asugwdoya
v
web browser Voltage
- Amp 7 i
‘ - web browser
- Power
e S - Energy
v

3Uii 2 mseenuuulusunsuuazMsYUYE SIMATIC I0T2050

5.2 fnmalusunsy

5.2.1 n1sAadelusunsy Node-RED ua Node-RED
Dashboard d1miunisldaiuuu SEMENS SIMATIC 1072050 161
yimsinda Node js waw image file Tagvinis login daeTusuns
Putty ma IP address 1Y dazui 3 iilodly Enable D

nsldaru “Auto Start Node-red” 674311171 4

$8 puTTY Configuration 2 X
Category:
Session Basic optons for your PuTTY session
Logging
Teaminal Specity the destination you want to connectto
Keyboard HostName (or IP address) Port
Bell 1721619620 ||22
0 :;:Luws Connection type
8 ORaw  OTeinet ORlogin @SSH O Serial
Appeatance
Behaviour Load, save or delete a stored session
Translation
& Sateiton Saved Sessions
Colours
Connecton
Default Setings Toud
‘p"" Default 0T
roxy
Telnet Save
Riogin
e
5 SSH Delete
Senal
Close window on exit
OAways  ONever @ Only on clean ext
ot || o o oo

3Uf 3 M3 login SIMATIC 10T2050 shatlusunsu Putty

b [*] 380 Server Enabled
fx {1 Auto Start Mosquitto Broker

5U# 4 ms Enable #ada Auto Start node-red

5.2.2 n1shndalusunsy Influx DB Tagnasidouse
Internet 111U 10T SIEMENS 2050 uazilalusunsu Putty lag

finssuiumsuarsazdenmdaianiaed 1
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3N 1 nszuIumsinaslusunsy Influx DB

dfiu nITUUMI Twanduamay

sudo apt update

11517 1 aglinadnsgiudeya Database lu internal i
Databases f1ud1dun1sas1aaeil Power, Amp, Voltage,

Frequency, Energy, KwD, Factor ﬁagdifi 5

| @ma o x

U7 5 msadgudeya Influx DB

5.2.3 n13AnealUsunsy Grafana lussuudfdanas
asufiamasuuuranady AMR64 LagiTause internet fiu
1072050 TaoLUn web browser st d1 ul TUd
https://grafana.com/grafana/download?platform=arm 113
damendndilugas “Ubuntu and Debian (ARM64)” fa3Ufl 6 Tae
finsrurumsuazswandonddaiiniai 2 Wedns wasite

MTIVADUAN ULV Grafana waizﬂﬁ 7

E‘Jﬁ 6 MsfindeszuuUuRnisuuuanviaiy AMR64

£ 19216811190 ATTY o

[Lines 1-20/20 (eND)S ¥

U 7 avedevanugmsyhaulusunsy Grafana

M5 2 NTEUIUNSARRLLUSUNTY Grafana

ddu nsTUUMT Teandunfiie

[Usunsu Putty

grafana-server

317

111



6. NAN1INAADY

6.1 TUsunsu Node-RED 1un1sidsulusunsuuuy
fvuadunauiiildaumiuauuuy block shuiutusess uay
favuaiduniaidousdonisluavesdoya Flow-Based
Programming Inedunsunsidenlusunsu Node-RED anunsavh
16laen15.0a web browser inaufaiaasuayiivuadi P
Address Tunsyuaunsiiléfadn 1P Address 172.16.196.20 Tag
Port 783 SIEMENS SIMATIC I0T2050 A8 :1880 fiaguil 8

g'd‘?i 8 Wsunsu Node-RED web browser

Modbus Read Ao Node Input 1§unisideusiagunsal
g15AU351U SIEMENS SIMATIC 1072050 TnsfigUnsal Multi-
Function Digital Power Meter Taf1anuiiouvasluiy vuin
1,000KVA 33,000/400/240V/50Hz Lﬁauﬁmf’hﬁ’ﬁﬂﬂﬂ’\(l(w),
Arnszualiiin(a), ussduludiagy), Araaud(e,) wavAmdaau
Ti(kwh) uazdeansdedayalififu SIEMENS SIMATIC I0T2050
H1uN1aNa§N Serial RS-485 Protocol Modbus RTU a11140
Woudelnolidsieyavingunsaiuariioudludagunsed
Modbus Server Tas il Tusunsu Node-RED 1¥u Modbus
Client (fefidou-s1daya) Taeil SIEMENS SIMATIC 10T2050 12
#1015 Request A1l Register Address wansfan151it 3 990
Multi-Function Digital Power Meter warndeantiuia Multi-
Function Digital Power Meterfinsnauauasarmaslvifiiikw), A
nasualni(a), ussduliigg, Aanad(Hz) wazAmdsanulain
(Kwh) ndusinit SIEMENS SIMATIC 2050 #13U7 9 was 5udt 10

97 3 Register Address Multi-Function Digital Power
Meter

[1140] 1Second Metering — Power

Reg Name Size

1140 (Reai Pover. Phase A 7

T141 JRes Power, Phape B 7

1143 WReal Pover, Prase & T I Tnteger L3 "n ¥ ‘nws«- ‘

Power meter SEMENS SIMATIC 1OT]

gﬂ‘ﬁ 9 mil“i’iauﬁiaqUﬂifﬁ Multi-Function Digital Power Meter
U SIEMENS SIMATIC I0T2050 #ituvnanas Serial RS-485
Protocol Modbus RTU

ST ]

Uil 10 msfnidensiogunse] 10T2050 dunawedn Serial
RS-485 Protocol Modbus RTU

mﬂgﬂﬁ 10 Node Calculator Li‘luvTvumau'lumﬁﬁmm
mandinmans lnedoya dediauvionniisd uavnadnsuens
Annuesiivdsyaeyldlu msg.payload 1du Input = (1,2, 3,
4] => Output = 2.5 Node Change afinmsaer Wabuuas au
iathonmantiAvesioninu wisazyinisdagavaiisusenieu
si1lUuansua Node Debug %358 Node Output agi¥u
doya timestamp, string, number, json niedu q A
aunsouansnasnslusioutput Tnedunauain Node
Debug 11i¥eusaudana Deploy tiielilusunsuiia
Yianw fagud 11

3Uf 11 Node Output
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6.2 WWsunsu Influx 0B Faidussuugiudeyadgn
A i, ! )
sanuuuindmdunisiiuteyaluguuuu Time Series waznts
Gendudeyayadeyanuuiisalnl Tnsdeyanzgnindissuy
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udeyaveslusunay Influx DB axdudeyaildvin Output ves
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msWalusunsudionriigniudinliuuaunsal SIEMENS
SIMATIC 1072050 faelusunss Influx Db Tasnisidnlusunsy
Putty feddsinandliluasni 1 Teuansiegisnislimi

Select *From Amp L3engiayanssudlnlin dsgui 13

6.3 Wsunsu Grafana Imaa%*qﬁmiayaua:msﬁm
Dashboard selusunsa Grafana Menisila web browser fis
IP Address 984 SIEMENS SIMATIC 10T2050 m13isi38 :3000 14u
http://172.16.196.20:3000/ waviin1s Login ii1ld4u Grafana

AU 14

X +

- C A lLivaoasu | 172.16.196.20: logi

Ui 14 N15@3A1 Dashboard U Grafana Ul web browser

mw?:fhLﬁaﬁ'jama%zyaﬁﬁﬂiﬂw Influx DB laeidien
Add data source http://localhost: 8086 waziand Data source
is working uamsnsilensedi§slnsssuanamimanveslusunsy
Grafana uarmiUsvananateayamelusunsy Grafana asuans

deyasaninaglugunuuns1inEune Dashboard fagud 15
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Pyl B =] X
Ut 13 eniigniufinlilu Databases uugunsal SIEMENS -
SIMATIC 1072050

Ui

“

5 dpyaguuuunsTFinduMg Dashboard
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myinssianugndesvestusunsulaenisinainisld
PuvessruuaTIviamslindsniliihdaeTusunsuiiauniy
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57 4 Wisudisunamsinnniusunsuivauniu Auwanis

3A9n Multi-Function Digital Power Meter

Twmsinmia | senmiesnivuend wamiiAn fomrianmn
Vi Multi-Function Digital (ovnz)
Power Meter
wsulyivh (volt) 394 395 026
L average
mzuali () 159 161 125
hase average
Aviadalati (kw) 9% 98 205

3hase average

el (z) a9 50 200

amdsruliih (Kwh 1.729630 (Gud) 1729630 (Gh) 000
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VTN 4 HanaUieuiisuansiauazagouan
TWsunsaitiauniuiuiadasiiela Multi-Function Digital Power
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(kwh)  nmsiSeudiounamsianudt  arfildenTuswnsad
ity firuaiugr TaesesRanaevesifmdeiiiiow)
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