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Abstract: 

The increased use of solar photovoltaic (PV) systems in industry has exposed the need for 

advanced energy monitoring solutions, as ordinary meters do not provide accurate measurements 

of energy consumption, surplus feedback to the grid, and the overall energy balance. To address 

the challenges, this study presents a smart net energy meter with IoT technology aimed at 

improving net metering for industrial solar PV. It is integrated into the system to allow live 

monitoring and hence accurate and continuous monitoring of energy consumption and 

production from both grid and solar systems. The monthly reports are automatically generated, 

giving a general overview of the net energy exchange, enhancing transparency, and allowing the 

users to assess energy performance. Additionally, the system enhances safety by automatically 

sending alerts to mobile devices or via SMS in the event of gas leaks, smoke detection, or any 

attempts at system tampering. The system has demonstrated using complete software 

simulations and extensive hardware testing under varied conditions to support industrial users 

in the management of energy, enhancing operations, and promoting sustainable energy. 

Keywords: IoT-based Smart Energy Meter, Real-Time Energy Monitoring, Solar Energy 

Optimization, Smart Grid Integration, Sustainable Energy Solutions 

1. Introduction 

The increase in solar PV installations 
in industrial contexts is sparking a significant 
shift in direction toward environmentally 
friendly energy-related alternatives. Energy 
demand is rapidly increasing, leading 
businesses to adopt renewable energy 
solutions, which in turn creates a greater 
reliance on advanced energy monitoring 

systems. While conventional energy meters 
have a purpose, they cannot provide an 
accurate indication of the complex energy 
dynamics in solar PVs, including usage, excess 
feeding to the grid, and overall energy balance. 
As a result of these limitations, it is no longer 
simple to maximize energy use and efficiency, 
which ends up increasing cost and the level of 
inefficiency in the manufacturing industry [1-
3]. 
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We propose a smart net energy meter with 
IoT capabilities recommended for use to 
optimize grid-connected solar PV in industrial 
setups. The proposed solution makes use of 
IoT to enable instant, continuous monitoring of 
some grid energy consumption and solar 
energy generation. This system promotes 
optimized management of energy in the form 
of insights into energy flow and consumption 
trends, as well as the export of surplus energy. 
With this high-level approach, industrial users 
can monitor their solar consumption and grid 
exports in real time, improving energy control 
and creating new opportunities for savings [4-
5]. 

The integration of IoT technology with 
standard energy meters addresses the 
shortcomings of current metering solutions, 
which typically fail to provide timely 
information on energy consumption, energy 
equalization, and grid connectivity. IoT-based 
meter capabilities for collecting and sharing 
real-time data enable industries to monitor 
their energy usage and generation at any time. 
Users are given automated, monthly 
summaries that describe the overall net energy 
interaction with the grid. At such a degree of 
openness, users are in a position to act upon the 
outcome of their energy efficiency, modify 
their usage patterns, and also chart progress 
toward realizing the sustainability goals. 

The other advantage of the system is that it 
makes workplace security more robust since it 
alerts the staff timely about the possible 
dangers, ranging from gas leaks to smoke or 
tampering. Once hazardous situations occur, 
alerts are immediately sent via SMS or a 
mobile app so that proactive measures can be 
taken as soon as possible to ensure 
preservation of the system and workplace 
safety. This function enhances safety by 
providing immediate alerts when risks arise, 
thereby transforming the system into an energy 
conservation tool and an industrial site 
protector [8-9]. 

Compliance with the United Nations 
Sustainable Development Goals (SDGs) 
makes the system even more important. The 
system contributes to SDG 7 (Affordable and 

Clean Energy) in that it enables the use of 
renewable solar energy in industries, helps to 
minimize carbon footprints under SDG 13 
(Climate Action), and facilitates SDG 8 
(Decent Work and Economic Growth). The 
system’s use of renewable energy reduces 
dependence on fossil fuels, supporting SDG 11 
(Sustainable Cities and Communities) by 
promoting efficient practices in industries, 
which in turn helps to create sustainable cities. 
In addition, the system promotes SDG 6 (Clean 
Water and Sanitation) because it facilitates 
energy management, which ensures continued 
operational efficiency of water treatment 
facilities and other energy-consuming 
industries [13-14]. 

Moreover, this work examines the 
financial considerations behind the generation 
and consumption of energy. It is easier to 
achieve cost savings through the use of the 
smart net energy meter because it promotes 
energy efficiency, minimizes losses, and 
optimizes solar PV generation. In addition, this 
technology facilitates fair and transparent 
billing because it is capable of accurately 
recording the usage as well as the electricity 
surplus production, thus empowering the users 
with necessary financial information in the 
form of precise and reliable data [15-16]. 

All-inclusive software simulations and 
thorough hardware testing have confirmed the 
system’s potential to improve energy 
management for industrial consumers. The 
advanced analytics embedded in the system 
produce valuable insights about energy 
consumption that help users make data-driven 
decisions on their usage patterns. Through this 
methodology, industries can maximize their 
usage of energy while enhancing the greater 
purpose of sustainable and clean energy [17-
18]. 

Through the use of IoT technology, this 
intelligent net energy meter addresses 
shortcomings related to classic metering by 
supplying real-time energy information, 
increasing efficiency, increasing safety in 
industrial settings, and being able to be used in 
the pursuit of sustainable energy programs. 
The system serves as a valuable resource for 
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businesses aiming to improve their energy use, 
reduce costs, and contribute to more 
sustainable industry practices by integrating 
renewable energy into the electrical network 
and providing clear, transparent data. 
Enhancing the management and monitoring of 
energy enables systems to significantly 
contribute to the achievement of sustainability 
and efficiency objectives in industrial sectors 
[19-22]. 

2. Methodology and System 

Architecture 

The designed IoT-based solar power 
monitoring system is built to increase the 
effectiveness of managing and measuring 
energy consumption in grid-connected solar 
provisions. We use only the best components 
in development, including sensors, 
microcontrollers, wireless communication 
modules, and user-friendly interfaces for data 
visualization. Additionally, the design 
automatically reports such potential issues as 
system failures to encourage safety and system 
functionality. 

2.1. System Architecture Overview 

As indicated in Fig.1, the system’s 
structure then is established behind a solar PV 
panel connected to a battery and inverter and 
integrated with the grid network. The 
controller that converts DC power from the 
battery to AC power for distribution is the 
system's most important part. To satisfy 
specifications and to guarantee a constant 
supply of power between the solar source and 
battery and the grid, this step is essential. The 
architecture involves a two-way metering 
mechanism for constant data collection from 
the solar PV and grid to enable real-time 
monitoring. This metering mechanism enables 
the system to be aware of both the electricity 
imported from the grid and the power 
generated from the solar installation. At the 
same time, it logs the quantity of excess power 
that is returned to the grid. Under this 
connection to the grid, the system helps to 
facilitate the effective supply of energy to the 
load in the industry, meaning all requirements 
are fulfilled. The IoT cloud platform 

immediately forwards the energy meter data 
for the user's access and analysis. Users can 
obtain instant feedback on their energy 
consumption in addition to seeing detailed 
analytics on how much electricity they draw 
and how much electricity they produce beyond 
their needs. In essence, the platform affords 
users visibility in real time and provides 
reliable, up-to-date bills for all electricity 
consumed. 

2.2. Initialization and Data Collection 

The initiation phase consists of choosing 
reliable sensors that can measure important 
metrics, such as voltage and current from solar 
PV and the grid. The main microcontroller 
used in the system is ESP32, which controls 
the processing of data and communicates with 
the IoT platform. The ESP32 microcontroller 
takes control of the initialization of the sensors 
and also creates a Wi-Fi connection to the IoT 
cloud platform from the start of the system. In 
case of an initial failure in the connection, the 
system automatically attempts to reconnect 
itself until it attains a more reliable network 
connection. Such redundancy ensures the 
continuation of the system's operation without 
interruption and constant measurements of 
energy levels. 

2.3. Energy Flow Control and Switching 

Logic 

Solar energy consumption is on top of the 
advanced switching logic of the system. 
Initially, the system is run using the energy 
from the solar PV system to address the needs 
of the industrial load. Where the solar 
generation is inadequate, i.e., during cloudy 
days or during the night, the system will drop 
to saccade power to ensure that the industrial 
load is covered. On the other hand, when the 
solar PV system is producing sufficient 
energy, it will switch to a solar source. 
Dynamic control of power sources between the 
grid and the panels optimizes power use and 
favors solar power in available areas. 
Additionally, the system continues to monitor 
the PV voltage to assess whether the output 
from the solar panels surpasses the 
requirements of the industrial load. By-
products of energy production flow back to the 
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grid automatically, perhaps reducing energy 
bills.  

2.4. Wireless Communication and Real-

Time Monitoring 

Inter connection to the cloud enables real 
time transfer of data between the solar PV 
system, energy meter and wireless 
communication module. This communication 
module is designed to minimize the energy 
consumption, so that it can ensure reliability 
and stability in operation and maintain power 
for other system requirements. Wireless 
transmission enables remote access to the 
system’s data, and thus, user can view the 
energy production, consumption and surplus 
information via web-based or mobile 
platforms. System data that is collected is 
stored securely in the cloud which have the 
efficient and scalable data management. The 
microcontroller oversees this data so that 
energy usage information is easily updated and 
available for real-time evaluation. Moreover, 
the system can generate notifications for 
system abnormalities including energy 
discrepancies or malfunction sensors which 
helps users to address any issues immediately 
without being at risk of an overall effect on 
performance.  

2.5. Predictive Analytics and 

Optimization 

Predictive analytics are integrated into the 
system to increase its general performance, 
especially dealing with improving the energy 
output and predicting maintenance needs. The 
fusion of old data for the performance and real-
time metrics allows the system to forecast 
energy trends and identify any signs of 
inefficiency or service breakdowns. For 
example, predictive algorithms use historical 
performance data and today’s conditions to 
predict when things such as solar panels or 
even inverters are likely to require servicing. 
By utilizing this capability, energy 
management decisions can be more informed, 
which will help maintain the system's 
innovation and effectiveness in the long term. 
As well, by forecasting in advance, the system 
helps facilitate adjustments to the generation of 

energy, making it more sustainable in its 
overall nature.  

2.6. System Scalability and Reliability 

The methodology ensures that the system 
is not only functional but also scalable and 
reliable. Scalability is essential to 
accommodate future energy demands, 
especially as industrial facilities expand or 
adopt additional renewable energy sources. 
The system’s integration with the IoT cloud 
platform enables the addition of new devices 
and features without disrupting the existing 
infrastructure. 

Redundant communication pathways, 
continuous data collection, and real-time alerts 
ensure reliability. The system is tested for 
performance under various conditions to 
ensure it can withstand fluctuations in energy 
production or changes in industrial load. 

Fig. 1 shows the design of the IoT-based 
smart net energy meter, detailing how it 
integrates different components to properly 
manage energy flow in grid-connected solar 
configurations. The schematic outlines how 
system elements work together to monitor, 
control, and increase real-time energy 
consumption, with emphasis given to 
controlling the flow of energy in the grid-
connected solar system and its ultimate users.  
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Fig. 1. System Architecture of the IoT-based 
Smart Net Energy Meter 

 Grid 

This represents the grid of where 
electrical energy is produced and 
circulated to this system. Grid is 
integral to the system hence brings us 
to the important of movement of energy 
between the grid and the solar system 
based on generation and consumption. 

 Net Meter 

At the center is the Net meter forming 
part of the system. It also logs the 
energy that is received as an import 
from the grid; as well as the energy that 
is produced by the solar photovoltaic 
equipment. It measures both energy 
consumption and surplus energy 
generated by the solar panels that are 
sent back to the grid. 

 Home 

This represents the end-user or 
industrial user where the system is 
installed. The home or facility uses the 
energy generated from the solar panels 
and also draws from the grid if the solar 
energy is insufficient. 

 Wi-Fi Module 

The Wi-Fi module is the 
communication bridge that allows the 
system to send data to the IoT cloud 
platform. This enables remote 
monitoring and control of the energy 
system via the internet. 

 Data Processing 

The data processing component 
involves the microcontroller (like the 
ESP32 or another processing unit) that 
handles the incoming data from the 
various sensors and the energy meter. It 
processes this data to generate useful 
information, which can then be sent to 
the cloud platform for further analysis 
and reporting.  

 IoT (Internet of Things) 

The IoT platform is responsible for 
connecting all system components. It 
stores and manages the data from the 
energy meters, grid, solar panel, and 
home. It ensures communication 
between the grid, the home, and other 
components like the banking system 
and the distributor.  

 Distributor 

The distributor is an entity that handles 
the energy distribution, possibly related 
to the electricity provider or the grid 
operator. They are involved in the 
distribution of energy between the grid 
and the home, ensuring that power 
supply is consistent and managing 
excess energy injected into the grid.  

 Website 

The website is likely the interface 
where users can view detailed reports, 
manage energy consumption, check 
usage patterns, and adjust system 
settings. It interacts with the IoT system 
to provide real-time information to 
users.  

 App 
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The mobile app is another user 
interface through which users can 
monitor and manage their solar energy 
usage. It displays data such as energy 
consumption, surplus energy, energy 
generation from solar panels, and other 
alerts. 

 Banking System 

The banking system allows users to 
track their energy bill payments. It 
likely enables automatic billing based 
on the net energy exchanged between 
the grid and the solar system, 
simplifying the payment process. It 
also supports transactions related to 
energy credits if the user generates 
surplus energy.  

 Controller 

The controller manages the whole flow 
of energy distribution in the system. 
The controller deals with the 
management of the energy generation 
by solar panels, conversion 
therebetween (AC and DC), 
distribution or storage of energy, into 
the battery or grid. The controller takes 
charge of smooth energy interchange, 
which allows for smooth transitions 
from solar generation, storage in 
batteries, and grid supply. 

 Battery 

The battery serves as a reservoir that 
stores excess electricity generated from 
the solar panels and supplies it when 
insisting electricity is needed, such as 
during the night, or when it is overcast. 
This component is a must for enhanced 
energy management and reduced grid 
consumption.  

 AC/DC Inverter 

The inverter takes charge of converting 
the produced DC electricity from the 
solar panels into AC electricity of the 
same grid requirement for supplying 
power to the building. 

 EMS (Energy Management System) 

The EMS is used to optimize the use of 
energy in the system. It maximizes 
energy flows, manages battery controls 
and moderates energy efficiency as a 
whole. With cooperation from the grid, 
the battery, and the panel of the solar, 
the EMS maintains how power is 
distributed.  

 PV Panel 

The PV panel is the main contributor of 
the solar energy and forms an important 
part of the system. It absorbs sunlight 
and converts it to direct current (DC) 
electricity that the system will convert 
for home or facility use, or to be stored, 
in battery storage units. 
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Fig. 2. Flowchart of the IoT-Based Smart Net Energy Meter System 

 User 

The user is the final recipient of the data 
and services provided by the system. 
The user can interact with the system 
via the website or mobile app to 
monitor and adjust their energy 
consumption, energy production, and 
payment details. 

So, Fig. 1 outlines a comprehensive 
system where the energy generated by 
solar panels is carefully managed, 
processed, and monitored through IoT 
technology. The system integrates 
various components such as solar 
panels, a battery, an inverter, and a grid, 
while providing users with real-time 
insights into energy usage and 
consumption. The integration with a 
website and mobile ensures 
transparency, convenience, and 

efficiency in managing energy 
resources. 

 

Fig. 2 illustrates the initialization process for 

the IoT-based smart net energy meter system, 

with a step-by-step breakdown of how the 

system sets up and ensures proper functionality 

before running the main code. 

 Start 

The process begins with the Start point, 
where the system initialization process 
is triggered.  

 Interaction with the 
Microcontroller 

The first action in the flow is the 
interaction between the system and the 
microcontroller (e.g., ESP32). The 
microcontroller is the heart of the 
system, managing data processing and 
communication with other components 
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like the sensors, display, and Android 
application.  

 Set the Parameters with ESP 

The next step is setting up parameters 
for the ESP microcontroller, such as 
configuring its communication settings 
(Wi-Fi, sensor interface) and ensuring 
it's ready to function with the necessary 
system settings.  

 Initialize Display 

The display is initialized, which could 
be an LCD or LED screen. This allows 
for user interface elements to appear on 
the display, providing real-time data 
such as energy consumption, 
generation, and system status.  

 Android Application Data 
Synchronization with the 
Microcontroller 

The system synchronizes data between 
the Android application and the 
microcontroller. The mobile app is 
used for real-time monitoring, so it's 
essential that the data from the sensors, 
energy meter, and the IoT platform is 
synced with the app for accurate 
reporting and control.  

 Interaction with the 
Microcontroller (Again) 

Once synchronization with the app is 
complete, the system re-interacts with 
the microcontroller to ensure all 
components are functioning correctly 
and the data flow between the sensors, 
cloud platform, and the app is properly 
established.  

 Stability of the Device (Decision 
Point) 

A decision is made to check the 
stability of the device. At this point, the 
system checks if everything is stable 
and functioning as expected. If the 
system is stable and properly 
configured, the process moves forward; 
if not, error recognition will take place.  

 If No (Error Recognition) 

If the device is unstable, error 
recognition is triggered to identify issues 
such as poor Wi-Fi connection, 
misconfigured parameters, or problems 
with synchronization. The system then 
reverts to troubleshooting and 
reconfiguring until these issues are 
resolved. 

 If Yes (Stability Confirmed) 

If the device is stable, the system 
proceeds to the next step and prepares to 
run the main code. This confirms that the 
initialization process has been 
successful and the system is ready for 
normal operation. 

 Running the Main Code 

The After confirming the stability of 
the device, the main code is executed. 
This involves the system entering full 
operational mode, where the energy 
monitoring, control, and reporting 
features are activated and ready to 
function in real-time. 

So, Fig. 2 outlines the step-by-step 
process of ensuring that the system 
components (microcontroller, display, 
app synchronization, etc.) are properly 
initialized, stable, and ready to start the 
main operational tasks. The flowchart 
helps ensure that the system is error-
free and stable before it begins 
monitoring and managing energy 
usage.  
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Fig. 3.  Flowchart for Switching Conditions Between Solar Power and Grid

Fig. 3 outlines the flowchart that manages the 

switching between solar power and grid power 

based on energy generation and consumption. 

It helps determine when the system should use 

energy from the solar panels, the grid, or 

export excess solar energy back to the grid. 

Below is a detailed explanation of the 

flowchart: 

 

 

 Start 

The process begins when the system is 
initialized and ready to begin 
monitoring and managing energy 
usage. 

 Measuring Inverted PV Voltage, 
Current, and Power Factor (PF) 

The system starts by measuring the 
inverted PV voltage, current, and 
power factor (PF) from the solar panels. 
These metrics are essential for 
calculating the energy generation from 

the solar panels and the efficiency of 
the system. 

 If Power = 0 

The system checks if the power 
generation is zero. This means it checks 
if the solar panels are generating any 
power at all. 

 If Yes (Power = 0) 

The system assumes that there is no 
energy generation from the solar panels. 
In this case, the Grid Line is connected 
to the load, meaning the system will 
draw energy from the grid to meet the 
energy demand of the load (e.g., the 
industrial or home load). 

 If No (Power > 0) 

If the solar panels are generating power 
(i.e., Power > 0), the system proceeds to 
evaluate whether the energy generation 
is greater than, equal to, or less than the 
energy consumption. 

 Generation = Consumption 
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The system checks if the generation 
from the solar panels is equal to the 
consumption (i.e., the energy demand of 
the load. 

 If Yes (Generation = 
Consumption) 

The system connects the PV Line to the 
load without exporting energy. This 
means the energy generated by the 
solar panels is exactly meeting the 
energy needs of the load, and no surplus 
energy is available to be sent back to 
the grid. 

 If No (Generation ≠ 
Consumption) 

The system then evaluates whether the 
generation is less than or greater than 
the energy consumption. 

 Else if Generation < 
Consumption 

If the generation from the solar panels 
is less than the energy consumption, the 
system connects both the Grid and PV 
Line to the load, allowing energy to be 
drawn from both the solar panels and 
the grid to meet the energy demand of 
the load. In this case, no surplus energy 
is exported back to the grid. 

 Else if Generation > 
Consumption 

If the generation from the solar panels is 
greater than the consumption (i.e., there 
is excess energy), the system connects 
the PV Line to the load and exports the 
excess energy to the grid. This means the 
surplus energy generated by the solar 
system will be sent back to the grid. 

 Continuous Measurement and 
Adjustment 

The Throughout the process, the 
continuous energy generation and 
consumption data are captured, and the 
system reacts by making the necessary 
corrections. Such mechanism enables 
the system to adapt to change in solar 

power generation as well as change in 
usage patterns. 

Fig. 3 explains that the system 
maximizes the use of solar power 
where feasible, draws from the grid to 
meet shortages and also exports power 
back to the grid where there is excess 
generation over consumption. This 
method maximizes the energy 
distribution, improves the use of solar 
power and reduces the necessity of 
grid-supported electricity in the system. 

3. Smart Iot-Driven Solar Energy 

Management: Seamless 

Integration of Hardware and 

Software 

The IoT-Based Solar Monitoring System is 
designed with effective solar energy 
supervision in mind, by incorporating 
sophisticated hardware together with 
intelligent software applications for seamless 
integration [24-25]. The system offers instant 
insight and flexibility to achieve maximum 
control for solar energy usage for suitable 
efficiency and conservation of the 
environment. The following main 
functionalities and features define the system. 

3.1 System Architecture Overview 

Advanced Hardware Integration for 

Optimal Energy Production 
As At the heart of the system is the ESP32 

microcontroller, which serves as the central 
hub for gathering data from multiple sensors. 
It enables real-time monitoring through web 
and mobile platforms and allows for remote 
control. The system is equipped with a 710kW 
solar array consisting of 974 LONGi 545W 
modules and 295 Jinko 610W modules. This 
array, totaling 1,155 solar panels, utilizes high-
efficiency monocrystalline PERC technology 
to optimize power generation, adjusting for 
varying environmental conditions. 

The system employs a Huawei 100 kW on-
grid inverter to convert the direct current (DC) 
generated by the solar panels into usable 
alternating current (AC) for industrial use. The 
IoT integration allows for real-time 
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performance tracking of the inverter, ensuring 
it operates efficiently [26]. 

Essential sensors measuring temperature, 
current, voltage, and light monitor key 
parameters such as energy production, panel 
temperature, voltage levels, and solar 
irradiance. These sensors ensure that the 
efficiency level of the system is maximized. 
Additionally, voltage regulators in the system 
protect against inconsistent voltage to maintain 
the reliability of the power delivery system. 
The system, which requires 470 KW of energy 
over 9 hours, elevates solar energy uses and 
accesses the grid for energy supply. 

3.2 Software Integration for Real-Time 

Monitoring and Control 
The software element of the IoT-Based 

Solar Monitoring System plays a crucial role 
in the ability to ensure the effective 
performance of the system and friendly 
usability [27]. In real time, data from numerous 
sensors goes to a cloud platform where 
information on energy production, 
environmental, and system efficiency details is 
available to the users. Web and mobile 
applications provide flexible management of 
energy systems, enabling users to monitor 
performance anytime, anywhere. 

3.3 Remote control functionality 
Adaptive changes of inverter 

configurations, energy levels, and load 
management in real time are feasible for 
optimal control of the system. The system's 
flexibility in adapting to operational changes 
maximizes energy outputs and minimizes 
wastage. Predictive analytics integrated into 
the system can anticipate potential problems, 
i.e., faults and inefficiencies, based on the real-
time and historical data, take corrective action 
before the downtime happens, and assure the 
system runs at maximum efficiency. Real-time 
fault detection and calibration capability are 
present in the system to ensure a prompt 
notification and action regarding abnormalities 
such as voltage fluctuations, excess currents, 
or temperature spikes. Warnings are provided 
in advance to regulators to resolve any faults or 
inefficiencies, thus ensuring system efficiency 

continues regularly by way of preventative 
maintenance. 

3.4 Scalability and Future-Proof Design 
Using IoT, the system improves the ability 

to store and analyze data and easily transitions 
to accommodate higher capacity in the future. 
The system is built to support increasing 
energy needs and the introduction of other 
sources of renewable energy while ensuring 
continuous adaptability. By keeping this 
system scalable, it can respond to changing 
energy needs and enhance the efficiency of 
solar energy production and use over time. 
With the combination of hardware, software, 
and sophisticated analytics, this system is a 
reliable way to handle solar energy. It carries 
more efficiency, reduces dependency on off-
site energy, provides continuous, immediate 
performance data, and possesses growth 
potential in meeting future needs. 

4. Results and Discussion 

With renewable energy becoming a norm, 
IoT-enabled smart net energy meters alongside 
data analysis and their smooth alignment into 
the smart grid will be expected to cause 
substantial development. On board, the 
incorporation of modern wireless technologies 
such as 6G and 6GE will help increase system 
efficiency and strengthen security measures. 
These technologies will facilitate an 
accelerated data exchange velocity and 
enhanced security considerations thereby, 
which will enable real-time updates and highly 
efficient assessments of system performance. 
Customers will be increasingly active 
participants in the energy market and will be 
able to feed their excess power back into the 
grid assisting with lower electricity prices and 
the encouragement of renewables. This study 
is focused on developing a mobile app for 
Towellers Limited in collaboration with K-
Electric’s energy consumers, Beyond Green’s 
Solar Solutions to help in tracking energy 
exported to K-Electric. Towellers Limited 
currently lacks detailed information regarding 
exported energy in their bills and that is what 
this project seeks to fill and correct. The app 
provides a full and open system for monitoring 
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the production and usage of solar energy, with 
real-time data of power consumption. This 

enables improved energy management and 
helps for identifying cost-saving options. 

Inverter Setup
(c)

Display of the Hardware
(a) (b)

Top View of Solar Panel

 
Fig. 4. (a) Top View of Solar Panel (b) Display of the Hardware Setup (c) Inverter 

4.1 Hardware Setup and Results 
Fig. 4 illustrates the dynamics of the 

system’s major elements using an elaborate 
illustration that exposes their collective efforts 
towards better energy generation and usage. 

 Top View of Solar Panel 

The Fig. 4 (a) provides the top view of 
the solar panel installation on the top of 
Towellers Limited’s rooftop. The 
design of the solar panels in a grid 
design maximizes the exposure to 
sunlight, which promotes an effective 
operation of the whole system. The 
solar panels convert the food from 
sunlight into DC power that will then 
be converted by the inverter into AC 
power for the system. 

 Display of the Hardware Setup 

The Fig. 4 (b) controls how power 
yielded from the solar panels is 
distributed. Protection switches and 
circuit breakers are installed in the 
distribution board to make safe power 
managing. Power obtained through the 
array is shunted to either power the 
direct load or stored in batteries for 
later use, courtesy of the distribution 
board. Building the system with circuit 
breakers provides immunity against 
electricity faults or excess current. 

 Inverter Setup 

The third Fig. 4 (c) provides a focus on 
the inverters which are essential in 
changing the DC electricity produced 
by the solar panels to AC power which 
fires the system. In addition to turning 
power, the inverters also monitor the 
system performance and ensure the 
maximization of efficiency of energy 
use. Several inverter units are used to 
control the high output of the solar 
array, thus making the system work 
smoothly in any load imbalance. 

4.2 Focus on Towellers Limited: Solution 

for Energy Tracking 
The main intent of this research is to 

develop a solution for Towellers Limited that 
provides further details on energy exported for 
K-Electric. Currently, the inadequate reporting 
capabilities prevent Towellers from assessing 
energy performance and improving energy 
consumption efficiency. The development of a 
customized mobile app solves this problem 
and simplifies and clarifies the process of 
managing energy use and performance. The 
app includes live monitoring of critical power 
use indicators, such as that from solar panels, 
that from the grid, and excess that is reinjected 
into the grid. This provides Towellers with the 
ability to understand what energy they are 
producing and consuming in real-time. With 
the provision of updated information, they can 
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also control their energy habits better, thus 
increasing efficiency and cost control. 

4.3 Development of the Mobile 

Application for Real-Time Data 
The study rolled out a mobile app to allow 

customers to check real-time data on their 
machines and provide instant feedback on how 
the system is performing. In contrast, the 
preceding systems only show monthly data, 
but this app provides data in real time. With 
this app in their hands, Towellers are in a 
position to change their energy habits in the 
field and increase solar generation, reducing 
their reliance on the grid while saving 
financially. The app offers a unique 
mechanism for presenting real-time data on 
users’ devices that allows people to view the 
consumption of power and solar electricity 
export numbers in real time and understand 
their patterns easily at a glance. The app's 
enhanced visibility allows users to monitor 
their energy habits and improve their cost-
saving strategies. 

4.4 Successful Implementation at 

Towellers Limited 
Fig. 4 the solar energy installation at 

Towellers limited has been operationally 
successful. Rooftop solar panels tap renewable 
energy to the national grid, helping with the 
regulation of grid load and simplifying the cost 
of energy. The energy produced on these 
panels is used on site or sent back to the power 
network. 

The system's implementation has been 

successful, though there are minor issues 

related to sensor calibration that may result 

in small errors in voltage and current 

measurements. However, these 

discrepancies do not significantly affect the 

system’s operation. The primary focus 

remains on the mobile app development, 

which empowers Towellers to efficiently 

monitor and track their solar energy exports 

to K-Electric. The app is built using an open-

source platform, which offers flexibility for 

future updates and adjustments. 

4.5 Future Research and Improvements 

While the system has been successfully 
implemented, several areas are identified for 
future improvement: 

  Communication Lag: 

Future research will focus on reducing 
communication lag between the 
hardware and mobile app, allowing for 
real-time, seamless data updates. 

 LAN Interface Integration: 

The development of a LAN interface 
could further enhance communication 
speed and system performance, 
offering more reliable connections and 
reducing data transfer delays. 

 App Functionality and Design: 

There is also room for improving the 
aesthetic appeal and user interface of 
the mobile app, ensuring that it remains 
user-friendly while offering more 
advanced functionalities. 

 Meter Design: 

As electrical components shrink, future 
designs may address the physical size 
of the meters to accommodate the trend 
of miniaturization, ensuring the system 
remains compact without 
compromising on performance. 

5. Conclusion and Future Work 

This paper presents an IoT-based smart net 
energy meter designed to optimize solar 
energy management by tracking energy 
production, consumption, and export to the 
grid in real-time. The system enhances energy 
efficiency and provides greater transparency 
for businesses like Towellers Limited, 
enabling effective monitoring of renewable 
energy performance. It integrates solar energy 
into the national grid, reducing grid 
dependency and power costs.  

The use of real-time data and predictive 
analytics optimizes energy flow, improves 
system performance, and minimizes downtime 
through continuous monitoring and alerts. 
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While minor calibration errors exist, the 
system remains reliable. 

Future work will focus on improving 

communication efficiency, enhancing the 

mobile app interface, and optimizing 

hardware scalability. The ongoing 

development of 6G and 6GE technologies 

will further enhance the system's 

performance, security, and adaptability. This 

research contributes to the shift towards 

smart grids, consumer empowerment, and 

sustainable energy, demonstrating the 

potential of IoT-driven solar energy systems 

in reducing reliance on fossil fuels and 

promoting energy independence.  
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