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Abstract— In today’s time, people are much more aware of 
the fluctuations in electricity that occur & the pricing or to be 
precise the bill they receive from the electric power companies. 
According to our usage we might get a rough idea of how 
much energy are we consuming but in order to be accurate we 
need to keep a check on the usage and consumption of the 
energy. Hence, we have designed this circuit that we call as the 
“smart grid” which allows us to monitor the live data feed of 
our energy consumption. In this paper, we design and 
implement IoT based energy monitoring system that can be 
used in many applications, such as electricity billing system, 
energy management in smart grid and home automation. The 
experimental results showed that the system can successfully 
record the voltage, current, active power and accumulative 
power consumption. 
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1. INTRODUCTION 
 

As we know, IoT is being widely accepted & implemented in 
electronic devices & other technologies that help to connect 
& exchange data with other devices. IoT encompasses 
electronics, communication & computer science engineering. 
The increasing population & the economic development over 
the time has led to the growth in the consumption of electric 
energy. [1] Here, in our circuit we have used components 
like: ZMPT101B which is a voltage sensor to detect the 
single- phase AC voltage, ESP32 which is our Wi-Fi module, 

LCD display to display our data on the circuit, I2C module 
which is a serial interface for 16x2 character LCD that 
converts I2C serial data to parallel data, SCT-013 which is a 
non-invasive AC current sensor clamp & also few small 
components like resistors & capacitors. 
 
Our entire circuit has been printed on a PCB board in order 
to minimize the errors from open wires & interferences. Test 
readings of a few light bulbs of different ratings such as 
200W, 15W & 5W. The live data can we viewed on a 
spreadsheet. This spreadsheet displays live data & allows us 
to even store it as per our requirement for any future needs. 

 

2. METHOD 

Electromagnetic Induction 

It is the principle of production of an electromotive force 
(emf) across an electrical conductor in a changing magnetic 
field. In simple terms, the current produced because of 
voltage production due to changing magnetic field. So as the 
current flows through the wire magnetic field is produced 
around it. This magnetic field can be checked or studied to 
monitor the fluctuations., if any. 

Its application can be seen in current transformer theory. 
The current transformer theory is based on the principle of 
electromagnetic induction. The current transformer in an 
electrical device that measures electric current in a primary 
conductor & transforms the high current into a manageable 
value in order to be safely measured. 
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Fig.1: Current Transformer 

3. LITERATURE SURVEY 
 

Smart meters are increasingly being installed in homes 
around the world, largely due to government initiatives 
aimed at saving energy. This creates a large physical 
communication network consisting of millions of meters. 
These meters benefit energy distributors by simplifying 
transactions such as reading and billing. However, digital 
communication networks such as smart meters have the 
flexibility to offer new services. Smart meters can provide 
value-added services such as displaying energy consumption 
or managing loads to stay within contractual performance 
limits. They can also offer general functions such as 
optimizing heating or lighting based on energy tariffs that 
can be integrated into home automation systems. 
In addition, other gas, heat and water smart meters could be 
connected to this network, increasing its efficiency. This 
requires smart meters that can effectively communicate with 
both energy service providers and household systems [1]. 
Effective network management could be an alternative to a 
complete network overhaul. However, the integration of 
smart grid technology offers valuable benefits and 
operational improvements. However, implementing smart 
metering systems presents a number of challenges and 
issues, including significant costs in the billions of dollars [2]. 
The power adapter and the meter monitor the temperatures 
in the freezer and the refrigerator and send the data 
wirelessly using the ZigBee protocol to the monitoring and 
control device. This data can then be sent to a computer for 
analysis. Energy-Butler obtains the price information for the 
next day through the home network from the Internet. 
Adjusts energy consumption based on the set temperatures 
of the refrigerator and freezer. This helps shift energy 
consumption from high-price periods to low-price periods, 
improving economic efficiency and ensuring stable energy 
supplies [4]. 
Improving monitoring capabilities to monitor all critical 
components in key locations requires the collection of large 
amounts of data to accurately and quickly visualize the 
situation. It is very important to create and send alerts when 
predefined conditions are met and store these alerts in a 
database for later analysis. This enhances the SCADA system 

by displaying network status on geographic maps, helping 
operators respond more quickly. Implementing robust data 
processing capabilities and gathering data from multiple 
locations more frequently enables better decision-making to 
improve efficiency and reliability. Analyzing this data and 
visually presenting the results helps to identify potential 
problems, take preventive measures and create accurate 
forecasts and investment plans. 
This ultimately increases reliability while reducing operating 
costs [5]. Electricity consumption (KWH) in India was 
689,537,000,000 in 2011 and earlier it was 156,400,000,000 
in 1990. The main reason is the increase in electronic and 
electrical appliances in the home network (HAN). When we 
compare the energy consumption between 1990 and 2011, 
we can hardly find a home without a television, washing 
machine, refrigerator, etc. Among household appliances, the 
largest electricity consumption is lighting equipment, which 
consumes about 30 percent of electricity, followed by 
refrigerators, fans and electric water heaters, etc. [6] 
Intelligent infrastructure includes the intelligent energy 
subsystem, the intelligent information subsystem, and the 
intelligent communication subsystem. The smart energy 
subsystem controls the mechanism of production, 
distribution and consumption of electrical energy. The 
intelligent information subsystem is responsible for 
managing the exchange of information related to the 
measurement, monitoring and operation control of the smart 
grid system. Meanwhile, the intelligent communication 
subsystem solves the problems of the communication 
infrastructure for exchanging data between smart grid 
systems, devices and applications connected to the smart 
grid. The intelligent management system is implemented by 
using smart infrastructure devices to achieve goals related to 
improving energy efficiency, balancing supply and demand, 
regulating emissions, reducing operating costs, and 
maximizing utility value. An intelligent protection system is a 
subsystem in the intelligent grid that provides advanced 
network reliability analysis, failure protection, and security 
and privacy services [7]. 
The power grid is like a complex adaptive system (CAS) with 
many parts distributed geographically. It can change quickly 
as a whole as a result of actions in specific areas. EPRI used 
CAS to develop modeling, simulation, and analysis tools for 
adaptive and reconfigurable grid control. 
The idea of self-healing distributed power system control 
involves treating each component as an intelligent agent. 
These agents cooperate and sometimes compete to optimize 
the entire system. This approach includes modeling, 
computation, sensing and control. EPRI began by modeling a 
bulk energy market where artificial agents represent buyers 
and sellers. Using this and other projects, EPRI has 
developed a model with multiple adaptive agents 
representing the grid and its interconnected organizations. 
The parameters to be measured in this proposal include 
consumption rates of electrical equipment, energy 
production rates of various energy sources, interactive 
connection of energy sources to the grid, etc. 
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In addition, the experiment will monitor real-time energy 
billing and analyze consumer energy consumption habits 
and also the energy demand forecast. To this end, it will 
monitor how the consumer monitors energy consumption 
and track back energy consumption rates [4][9]. 
The energy provider requests automatic readings of 
electricity meters monthly via SMS. The SMS gateway sends 
requests to all GSM electricity meters. Each electricity meter 
responds by reading its consumption in kWh via SMS. The 
SMS gateway collects and stores these readings. It may take 
some time to load all the readings due to network traffic and 
weather conditions. Once the measured values are collected, 
the application terminal updates the database. The e-billing 
system calculates bills based on tariff rates and sends 
notifications via email, SMS or hard copy. A web portal 
allows owners to check and pay bills online. Payment 
options include online banking or cash at energy provider 
outlets. Owners can also get meter readings via SMS and 
monitor usage from anywhere [10]. 
The implemented USEM is perfectly calibrated for its normal 
operating range. Measurement accuracy and all features of 
the USEM are tested under various loads with a wide range 
of voltage and current. All quantities are compared with a 
standard Fluke 5502A calibration meter. We measured 
voltages from 150 to 300 V with the USEM 
and compared with the Fluke 5502A. It shows that the USEM 
gives a small error when the operating voltage is <180 and 
>240 V. We also compared the current measurements 
between the implemented USEM and a standard Fluke 
5502A calibration meter. The result is shown in Fig. 7b. It 
shows that the current measurement gives a small error 
when the operating current is <0.2A and >15A [10]. 
Grid computing can be described as a world in which 
computing power is as readily available as electricity and 
other utilities. According to Irving et al. in "Plug into Grid 
Computing", Grid computing could offer participants an 
inexpensive and efficient means to compete (but also 
cooperate) in providing reliable, cheap and sustainable 
electricity supplies. Furthermore, potential applications for 
future energy systems include all aspects that involve 
computation and are interconnected, such as monitoring and 
control, market entry and participation, regulation and 
planning. Grid computing holds the promise of solving the 
design, management and protection of electric power 
infrastructure as CAS. That Mentioned in S. M. Amin and B. F. 
Wollenberg, “Toward a smart grid: power delivery [9]. 
Finally, in terms of end-user benefits, a number of issues 
need to be addressed to be effective. The requirement of a 
good efficient economic interface is again mandatory. This is 
especially true wherever meter placement is typical in 
locations that are remote from everyday living spaces, such 
as basements, cellars or dedicated utility rooms. However, 
once an effective interface is enabled, a number of services 
can be implemented that can run and be integrated within 
the functions and services that fall under the category of 
home automation and which have so far expanded 
significantly at the national level. basis. Home automation is 

associated not only with functions such as security, 
entertainment and comfort, and care for the sick, elderly and 
disabled, but also with energy savings. Unfortunately, so far, 
the more common energy-saving home automation devices 
ignore the official smart meter mainly due to the lack or 
complexity of the local interface in favor of other 
independent and cheap devices to measure consumption, 
which in turn would be difficult. be integrated into programs 
for DR policies. 

 

Fig.2: Circuit Diagram 

4. METHODOLOGY 
 

As seen in the circuit diagram, we have used SCT-013 (a non- 
invasive current sensor clamp) that is clamped around the 
input wire in order to detect the electric current flowing 
through it. The ZMPT101B is a voltage sensor that detects 
the AC voltage flowing through & is connected to ESP-32 that 
acts as Wi-Fi module. 
All the components are connected together first through 
jumper wires onto a breadboard & in order to minimize the 
errors produced due to the open wires the circuit has been 
printed on PCB. Allowing us to create a compact system 
circuit & also minimize the errors or fluctuations produced 
earlier. The schematic diagram of the PCB can be seen below. 

 

Fig.3: Schematic Diagram (PCB) 
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Fig.4: Printed Circuit Board Design 

 

5. EXPERIMENTAL RESULTS 

Through our system we have successfully managed to 
monitor the voltage, current & power consumption as seen 
in Fig.4. Here we can see that the values are shown for when 
the appliance is running & as and when we turn off the 
appliances all the ‘values return to zero’. In this way we have 
managed to do the test run on light bulbs of different Watts. 
The circuit is capable of monitoring heavy appliances also 
such as juice mixer or grinder, hair dryer, etc. In this section, 
the operation of the developed IoT energy meter is 
demonstrated. 
The implementation took place experimentally at our 
laboratory. Comprising gauges indicating the active values of 
voltage, current, and power, the dashboard also featured 
graphs representing the measured energy data over time. 
Energy data was collected from the energy sensor node and 
transmitted to the server. Each sensor possessed a unique ID 
and transmitted data every 20 seconds throughout the day. 
This design allows for the deployment of multiple sensor 
nodes, with data from each node simultaneously displayed 
on the dashboard. 
Fig.5 (a, b, c) respectively show the results obtained while 
monitoring the appliances, since the data obtained is in large 
amounts, it is not possible to show entire data but an 
instance of each can be seen. 

 

Fig.5a: Results for a hair dryer 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.5b: Results for 3 different light bulbs connected in 

serial connection 
 

Fig.5c: Results for a mobile charger 

6. CONCLUSION 

A low-cost energy monitoring system is designed for 
monitoring the energy & tracking applications. The results of 
the project bespeaks the system's ability to successfully 
monitor voltage, current, active power. In subsequent work, 
system can be further developed to gain more insight into 
the energy usage profile and learn to automatically detect 
the appliances in use. 
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