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Abstract

The energy meter is a device to measure energy utilities and is crucial to determine the daily
energy usage. However, the current energy meter can only record the amount of power
consumed but is still lacking in the monitoring system for power consumption. This paper
implemented the concept of an loT based energy meter using a simple low-cost NodeMCU
microcontroller, an esp8266 Wi-Fi chip module and Blynk application. This device was
constructed with an LED to represents the power consumption from the LED blinking with the
base value set at 1000 pulse for 30 minutes, proportional to the energy meter time. This loT
based device will count the pulse from LED blinking and store the energy reading to identify
the Maximum Demand (MD) in a residence based on the time and date of the reading taken.
We set a certain limit for the power consumption and once the limit is reached, this loT based
device will send the notification through a Blynk application to enable users to control their
energy consumption. This proposed design is beneficial in preventing any MD penalty to the
users due to an excessive energy usage.

Keywords: Energy Meter, Esp8266, LDR, Maximum Demand

Introduction

Energy usage in residential, commercials and industrial area can be measured by the energy
meter (Vendrusculo et al., 2007). Tenaga Nasional Berhad (TNB) is a typical energy supplierin
Malaysia and is currently in the replacement phase to replace its electromechanical meters
with an electronic meter for an upgrade and all the meters have been calibrated and tested
to meet Malaysian ISO / IEC 17025:2005 requirements (Mudaliar & Sivakumar, 2020). The
reading of the energy consumed is defined by the LCD (Abate et al., 2019) of the meter
provided the peak load from TNB whenever necessary. Because electricity cannot be stored,
there must be efficient generation, transmission, and distribution capacities available for the
highest demand (Abate et al., 2019). The Domestic Ordinary Power Consumers can be
categorized into two types, single-phase and three-phase and all the electrical services can be
measured in kilowatt-hours (kWh), referring to the kilowatt-hour energy consumption
(Muralidhara et al., 2020). This device implements the IoT concept to the energy meter that
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connects the device via the internet using a Wi-Fi module where the user can monitor their
consumption using only a mobile phone that can connect many user accesses from one device
to another. This device will monitor the consumption of load by counting the pulse of the
energy meter, where the user will be notified when the pulse reaches the base line.

Different technologies have been developed to measure the power consumption of
the consumer to measure the power consumption (Cebe & Akkaya, 2019) and one of the main
reasons for the breakthrough in the energy meter is that there is no software that notifies
users of their energy use (Rafsanjani et al., 2020). In addition, the industrial sector that uses
more power than the predestined level will be penalized. From the previous report, the loT
energy meter was designed to track electricity demand by offering a system that can alert
users when the peak demand occurs, where notification would be sent when excessive
charges are used (Fettermann et al., 2020). When the energy usage can be registered,
consumption can be reduced, which, in effect, considerably reduces costs. Energy demand
measurement using an loT applications is increasing, as both numbers and specifications
continue to rise for loT devices. Modernization of an loT based energy meter is new but a lot
of work can be done to apply the same concept to an energy meter with an loT installation
(Pocero et al., 2017).

The Internet of Things (IoT) technology enables a smooth and uncomplicated data
transferring between both the energy suppliers and consumers, resulting in an easy and
uninterrupted continuity of bill payments, and monitoring of energy usage (Pocero et al.,
2017). Using the Wi-Fi module that connects the device to the Internet, the IoT enables
machines and sensors to be interconnected through the web (Avancini et al., 2019). loT allows
users to communicate or interact with non-living objects and also has the ability to move data
through the internet without interaction between humans and humans or interaction
between humans and computers (Diamantoulakis et al., 2015). Commencement of a Wi-Fi
module will interrelate computer equipment, mechanical and digital devices, objects,
animals, or people provided with unique identifiers (UIDs) to come out with a favorable loT
device (Li et al., 2009). The consumer can track their consumption by using the loT energy
meter through the internet, enable users to control and limit the usage (Li et al., 2009). Many
devices can be interfaced using loT, and hence sensors and devices can be analyzed and
controlled at any moment in any place with the presence of Wi-Fi. Therefore, Internet of
Things (loT) is medium that recommended for transferring the data over a network as
upgrading the communication ability from a GSM or Bluetooth module which using mobile
communication network to WiFi module which using local internet connection (Aziz et al.,
2020). Internet connection can provide strong connection which it is needed to monitor the
power consumption regularly in real time (Bansal et al., 2011). loT also can save the data into
cloud-based application which it needed for analyzing the problem that transform into graph
or others way.

Moreover, in a past few years, many recent studied and researched about the power
consumption pattern to get the profile load for demand response (Diamantoulakis et al.,
2015). However, in most studied and research, the power consumption pattern is not focus
on process of appliances on every cycling and operation. As for this study, the research is
more concern to the power consumption pattern on the operation mode of typical household
appliance to provide enough information to the user. The main reason underlying the home
appliance power consumption assumption is the lack of knowledge and information about
detailed home appliance operating characteristics, and the lack of openly available
measurement data (Hasanuzzaman et al., 2008). It is a difficult task to manually schedule the
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operation of appliances and would be almost impossible for any consumer. So a scheduling
algorithm supported by suitable supporting technologies is needed to carry out the
scheduling work each day (Kim et al, 2011). This project is therefore focusing on monitoring
the real time of power consumption by using Internet of Things (loT) based application.
Therefore, from the analyzed result, the power consumption pattern of the appliance can be
known in order to get power consumption algorithm or called as pattern of each different
appliance.

Materials and Methods

Flow Chart

Figure 1 shows the flow chart of loT based energy meter project. The system
started when the node MCU is uploaded to the board and after the code has been
uploaded, the Wi-Fi module will connect the project to the Wi-Fi and will start
initializing the RTC, LCD and SD card module. The LCD will show an initial value of
power and kWh andthe inputsensor whichin thiscase, isthe LDR module will runs by
detecting the blinking at the LED circuit. If there are any pulse reading, the LCD will
show the result of kWh, but ifthere isno pulse the sensor will read the pulse at energy
meter again. ESP8266 WIFI module will upload the output of energy consumption in
Blynk server. The data will be uploaded every 30 minutes and will be logged into an SD card.
If the demand limitis reached, an alert notification will be sentto the Blynk apps. In the
RTC (real time clock) coding, the time and date will be set for the first time when
the program uploaded. Then, it will continue to follow the normal time until itis upload
with an updated.
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Figure 1: Flow chart of loT based energy meter project

1oT based Electricity Meter

For this loT based electricity meter to function accurately, the LDR was installed next to the
LED circuit to detect the blinking pulse from the residency energy meter and following the
input from the LED blinking, the LDR will send necessary information accordingly to the Node
MCU. Data was collected every 30 minutes and was stored in the SD card. The RTC DS3231
serves as a device to incorporate the battery input and maintaining the time accuracy if the
main power input was interrupted. This loT based electricity meter also comprises of a Liquid
Crystal Display (LCD) to demonstrate the reading for power and kWh, and the ESP8266 Wi-
Fi module was connected to the internet to enable the data sending to mobile phone via
cloud. For as long as the loT based electricity meter is connected to the internet, monitoring
process of the energy usage can be done by consumers. To enable the monitoring directly
from the smart devices, Blynk apps will received the data from Blynk server and consumers
will be notified. Figure 2 shows the block diagram of the loT based electricity energy
meter.
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Figure 2: Block diagram of the lot Based Electricity Energy Meter

For Blynk connection the user need token to be used to login the app. Thus, the
token must be included so the user can use the Blynk app in their phone to monitor
the pulse count. To connect the Wi-Fi module to the internet the password and
network name must be included so the Wi-Fi module can connect to internet through
the Wi-Fi. For this device the notification alert will be sent to the user if the kWh reached its
limit as programmed. The limit of the kWh was set at 3 kWh for the testing, so if the power
exceeded 3 kWh the notification will be sent to the user by sending notification “Alert!! Reach
the limit!!” through the Blynk app. Attentively consumers will be alarmed of the total energy
consumption when the limit is reached. Figure 3 shows the baseline code of notification.

if {elapsedkWh > 3.000) ]
if{notify==1){
Blynk.notify("Alert!! Reach the limit !'!™);

Figure 3: Baseline code of notification

Figure 4 shows the hardware loT based energy meter project connected to a residency
energy meter. The working principle for this whole device starts from the LED blinking which
indicates the consumption. The LED on the meter will blink as an indicator4when counting
pulses and the LED placed next to the LDR sensor circuit caught the blinking pulses from the
energy4meter. In addition, this loT energy meter was also equipped with an LCD to display
the power counting in kWh which was translated from the total pulses count in 30 minutes
duration. The LDR was also adjusted to the lowest sensitivity to prevent miscounting of pulse
blinking and since the LDR was made of a high resistance semiconductor, it4can have4a
resistance as low as several megaohms (Alahakoon & Yu, 2016). Wi-Fi modem was installed
to allow the device to be connected to the Wi-Fi internet connection via a Wi-Fi module as it
is crucial to have a very high-speed internet for an accurate reading (Kishore et al., 2010). For
monitoring purpose, Blynk application as the graphicinterface forthis project was used and
this platform is available for installation in iOS and Android devices. From the observation
during the data collection of the testing device, the time between one pulses from another
pulse was about 4 seconds. Hence for a duration of 1 minute (60 seconds), 15 pulses were
obtained resulting in 900 pulses per hour.
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Results and Discussion

This section was divided into three sections, section A and section B were the hardware
testing at residency energy meter and household appliances respectively, and section C for
the monitoring through Blynk apps.

Section A: Result for hardware testing at residency energy meter

The testing was taken in the morning, evening and at nighttime at a terrace house. The loT
based energy meter hardware was connected to the house’s energy meter for 30 minutes
data collection and was summarized for the final 2 minutes for tabulation process. Table 1
shows the data power usage during testing for last two minute in the morning, evening and
at night.

Table 1 shows the data during testing at a terrace house from 9am until 9.30am. This
data shows the last 2 minutes of the data. It shows that the reading of the data maintained
at 0.00 to 0.45 kWh since there was less power usage at home in the morning. The data were
also taken during testing at a terrace house from 12.51 pm until 1.21 pm and it shows the last
2 minutes of the data with the reading maintained at 0.00 to 2.548 kWh and for night, data
were taken from 8.51 pm until 9.16 pm. For the last 2 minutes, the data maintained at 0.00
to 4.614 kWh.
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Table 1

Data of power usage during testing
Morning Evening Night
TIME kWh TIME kWh TIME kWh
9:28:18 0.0392020 13:19:27 2.4372020 21:14:27 4.3262020
9:28:28 0.1332020 13:19:36 2.4482020 21:14:36 4.3582020
9:28:37 0.2052020  13:19:45 2.4602020 21:14:46 4.3892020
9:28:47 0.2952020 13:19:55 2.4712020 21:14:55 4.4192020
9:28:56 0.2952020 13:20:4 2.4812020 21:15:4 4.4452020
9:29:5 0.3062020 13:20:14 2.4882020 21:15:14 4.4742020
9:29:15 0.3282020 13:20:23 2.4942020 21:15:23 4.5022020
9:29:24 0.3282020 13:20:33 2.5002020 21:15:33 4.5342020
9:29:34 0.3342100 13:20:42 2.5092020 21:15:42 4.5652020
9:30:25 0.3353890  13:20:52 2.5182020 21:15:52 4.5942020
9:30:34 0.4214000 13:21:1 2.5272020 21:16:1 4.6192020
9:30:50 0.4512679  13:21:7 2.5402020 21:16:7 4.6412020

The average results for data collection in four days were summarized in table 4 and
figure 5. In figure 5, the x-axis shows the kWh value and the y-axis consists of the collected
data in four days in morning, afternoon, and night. From the bar chart, the energy
consumption shows highest usage at night while the energy consumed in the morning, least
energy usage was tabulated. The power usage at night is high because the household use the
air conditioner and light (Li et al, 2009). For these four days data, the power usage in the
morning maintain at an average of 0.90 kWh while in the evening the power usage maintained
at 2.0 kWh and at night the power usage maintained at 4.0 kWh.

AVERAGE KWH IN FOUR DAYS
g E
¥ g
= = < ‘
E: g 5 2
3 U ' Y
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Figure 5: The bar chart result in four days
Table 4
The average result kWh for four days
Day 1 Day 2 Day 3 Day 4
Morning 0.923kWh 0.912kWh 0.892kWh 0.941kWh
Evening 2.312kWh 2.411kWh 2.132kWh 2.598kWh
Night 4.891kWh 4.921kWh 3.981kWh 4.211kWh
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Section B: Result for hardware testing at household appliances

The power consumption pattern was observed on three different appliances for three
different categories which are motor load for refrigerator, heating element load for electric
oven and electronic load for LCD television at single phase 230V. The power consumption of
each appliance was recorded for every 15 second interval for a period.

Refrigerator

Toshiba brand was used as tested appliance for refrigerator. Figure 6 illustrates the graph of
refrigerator power consumption against time for interval of 90 minutes. From the graph in
Figure 6, there was a long duration spark of power at the region marked as ‘compressor on’
indicated that compressor and the fan motor started working at average of 200W for 55
minutes. Then the compressor stops working after the refrigerator achieves the desired
temperature. From the graph in Figure 6, at the red marked region of ‘compressor off’, the
average refrigerator power usage run was 110W. During data collection process, the door of
refrigerator was opened randomly to act as a normal daily life. As a result, the short spark of
power aligns with the door opened. This condition was due to the increase of convection heat
transfer inside refrigerator. Warm and moist air transferred from the outside surrounding
mixes with the cabinet cool air. Hence, energy required to cool down again since the
temperature inside of refrigerator dropped due to mix of warm air (Lu et al, 2019). The
average power consumption during the door opened was between 100W to 130W. The result
show that the compressor turned on and the door opened required power consumption. The
average power consumption was compared with the refrigerator wattage specification as
stated in Figure 7. The result was the average power consumption during the normal
condition was still in below of the rated power.

Refrigerator Consumption
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Figure 6: Refrigerator consumption

TOSHIBA REFRIGERATOR-FREEZER
MODEL : GR-R43MD
Rated voltage ° 230-240V~
Rated frequency g 50 Hz
Rated Input 140 W
Rated current 12 A
Rated input 148 W
Deftrosting Input 148 W
Climatic class 1§
Refrigerant HFC-134a
Charging volume 135 g
Waeight 66 kg

TOSHIBA CONSUMER PRODUCTS (THAILAND) Co, LTD. &

Figure 7: Refrigerator wattage specification
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Electric Oven

Pensonic brand was used as tested appliance for electric oven. Figure 8 illustrates the graph
of electric oven power consumption against time for a certain period. The total time interval
for electric oven data collection was 15 minutes. From the graph in Figure 8, the sudden
power increased when the temperature and the timer was turned on. The temperature was
set at 70° C origin and slowly increased until 190° C for 10 minutes. The result of the graph at
the red marked region of ‘temperature ON’ does not show the noticeable of sudden increased
of power. The average power consumption was 1140W. After 10 minutes, as the temperature
has been decreased until 70° C, the power was decreased until at a constant 40W as show in
Figure 4.5 at the red marked region of ‘temperature OFF’. The average power consumption
was compared with the electric oven wattage specification as stated in Figure 9. The result
was the average power consumption was still below of the rated power.
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Figure 8: Electric oven consumption

AUTOMA OVEN

MODEL : AE - 18N VOLTAGE : 240V AC %0 2
POWER . 1350 WATT

DILULUSKAN OLEW
DIEDAR OUDE

PENSONC SALES & BEFCE SN 8D DS
PLOT 30 PERUSAHAAN WAL 8

BUNT TENDAH INDUSTRIAL PaAx
12000 PRAL PEMANG, MALSO A

NO AXLULUTAN B80SE3/00

MADE IN MALAYSIA

Figure 9: Electric oven wattage specification

LCD Television

LG brand was used as tested appliance for LCD television. Figure 10 illustrates the graph of
LCD television power consumption against time for a certain period. The total time interval
for LCD television data collection was 15 minutes. From the graph in Figure 10, at the red
marked region of ‘standby mode’ was the situation when the television was opened in
standby mode operation. There was power consume during the standby mode which at
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average of 33W. This is because standby mode allows the television using a little electricity to
constantly read the signal from the remote control so that the television was ready to be
turned on (Mitra et al, 2016). The power increased as the television was turned on as shown
in Figure 10 at the red marked region of ‘turn ON’. The average power consumption during
the television turned on was at 93W. The average power consumption was compared with
the electric iron wattage specification as stated in Figure 11. The result was the average power
consumption was still below of the rated power.
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Figure 10: Television consumption
MODE
MODELNO 32LH20R-TA

RODUCT coDE 32LH20R-TA STSVLJK
OWER 100-240V ~ 50/60Hz 1.5A
SERIAL NO. -905ML02500

MANUFACTURED

MADE BY LG ELECTRONICS

Figure 11: Television wattage specification

Based on the three categories of appliances, the highest power consumption was the
heating element type appliances which is the electric oven with an average power
consumption of 1140W as compared to the refrigerator and LCD television with an average
power of 200W and 33W respectively. This is due to the current flows in the heating elements
encounter resistance to convert the electrical energy into heat energy. Basically, it requires
more current as compared to resistance in order to produce maximum heat energy
(Pipattanasomporn et al, 2014)

Section C: Notification through Blynk

In this section, the result of power and energy reading notification from the Blynk apps will
be explained. Blynk apps can be downloaded at an Android play store or I0S apple store.
During the testing the device baseline was set to 3 kWh and hence when the power reached
the baseline the device will send notification to notify the user to the mobile phone via Blynk
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apps as shownin Figure 6. A strong internet connection is needed to collect the power reading
from the residency energy meter as well as to monitor the live reading. From figure 6, as the
power exceeded the set limit, the Blynk app will send notification through mobile phone by
displaying “Alert!!Reach the limit!!” to notify and alert the users about their consumption.
Figure 8 shows the result of power and energy reading from Blynk apps defined from every
second detected from the pulse reading.

Figure 7: The result from Blynk apps

This data was taken during the Movement Control Order (MCO) in Malaysia due to
pandemic Covid-19 situation worldwide. From the first wave of the disease in Malaysia from
25™ January 2020 to 27t February 2020 (Naderipour et al., 2020) only 22 total cases were
reported with 20 patients were from the imported cases and only 2 cases were local
transmission. All the patients were discharged well after a handful treatment. Soon after the
first Covid-19 wave and following 11 days of zero reported case, the second wave hit Malaysia
tremendously on 27t February 2020 (Shah et al., 2020) and most of the cases came from a
Tabligh gathering in Seri Petaling. When the total number of positive cases hit 553 cases on
16™ March 2020 (DG of Health, 2020), the Prime Minister announced the first phase of
Movement Control Order (MCO) for 14 days from 18th till 31st March 2020 (Ashley Tang,
2020). Malaysia has the total number of 7 MCO phases which are Phase 1 - Movement Control
Order (MCO) from 18th till 31st March 2020 (14 days), Phase 2 - Movement Control Order
(MCO) from 01st till 14th April 2020 (14 days), Phase 3 - Movement Control Order (MCO)
from 15th till 28th April 2020 (14 days), Phase 4 - Movement Control Order (MCO) from 29th
till 3rd May 2020 (5 days), Phase 5 - Conditional Movement Control Order (CMCO) from 4th
till 11th May 2020 (8 days), Phase 6 - Conditional Movement Control Order (CMCO) from 12th
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May 2020 till 9t June 2020 (29 days), Phase 7 - Recovery Movement Control Order (RMCO)
from 10th June till 31th August 2020. Hence this project can help in giving an average value
for energy consumption during MCO and thus preventing the spike in the monthly electricity
bill.

Conclusion

Implementing this project helps users focusing more on how by using the loT could
assist in building a smart energy meter to supervise their energy consumption. Other than
that, during the peak and off-peak hours, consumer will be able to monitor their electricity
availability in the easiest way which is by using the mobile phone. Consumers can be more
aware of their energy usage anywhere and anytime. Thus, can help saving the monthly bill of
the electricity. This project also able to detect the reading of the energy meter of the Power
and Energy through the pulses number in every 30 minutes which they can log in and monitor
their energy usage. Moreover, it helps to notify the users when the power is surpassing the
limit that has been set by the user as well as the involvement of loT delivers a huge
improvement to the users’ daily life in handling the energy consumptions. Consumers will
receive the notifications through mobile phone via the Blynk app when the power limit is
exceeded.
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