Int. j. adv. multidisc. res. stud. 2026; 6(5):1581-1585

Received: 03-09-2026
Accepted: 13-10-2026

ISSN: 2583-049X

International Journal of Advanced Multidisciplinary

Research and Studies

Review on Smart Inverter Systems

'Emmanuel Favour Chukuma, > Ngbodin Joshua Chukwuemeke, > Nnaemeka Willingtine,  Nwazue Summer
Oluchi, * Okeke Christopher Chukwuemeka, ¢ Nnadozie Chinemerem, 7 Okeke Onyedikachi Jude, 3 Fatola
Ayodeji Israel, ° Ejinduaka Chukwuemeka Justice, '° Asogwa Chisom Vincent

1.2 Department of Computer Science, Madonna University, Elele, River State, Nigeria

3 Department of Industrial and Production Engineering, Nnamdi Azikiwe University Awka, Anambra State, Nigeria

4 Department of Architecture, Federal University of Technology, Owerri, Imo State, Nigeria

5 Department of Civil Engineering, Nnamdi Azikiwe University Awka, Anambra State, Nigeria

¢ Environmental Management, Federal University of Technology Owerri, Imo State, Nigeria

" Department of Pure and Industrial Chemistry, Nnamdi Azikiwe University Awka, Anambra State, Nigeria

8 Department of Mechanical Engineering, Faculty of Engineering, Kwara State University, Kwara State, Nigeria

? Department of Estate Management, University of Nigeria Nsukka Enugu Campus, Enugu State, Nigeria

10Science, Government Technical College, Nsukka, Enugu State, Nigeria

Corresponding Author: Emmanuel Favour Chukuma

Abstract

Smart inverter systems have emerged as important
technologies in modern electrical power systems,
particularly with the increasing integration of renewable
energy sources, such as solar and wind power. This review
examines the principles, components, applications, benefits,
and challenges associated with smart inverter systems.
Unlike conventional inverters, smart inverters incorporate
advanced control algorithms, communication technologies,
and monitoring capabilities that enable them to regulate
voltage, manage reactive power, improve power quality, and
support grid stability. Their applications extend to
residential, commercial, industrial, and utility-scale energy
systems, where they facilitate efficient energy conversion,
battery storage integration, and improved utilization of
renewable electricity. Furthermore, smart inverter systems
support advanced grid functions, including frequency

regulation, fault response, and coordination with distributed
energy resources. Despite these advantages, their
widespread implementation faces challenges related to high
initial costs, cybersecurity vulnerabilities, interoperability,
technical complexity, and the need for appropriate
regulatory standards. Addressing these limitations through
continuous research, technological innovation, and effective
policy development is essential for maximizing their
performance and reliability. Overall, smart inverter systems
represent a promising technological solution for enhancing
energy efficiency, improving grid resilience, and
accelerating the transition towards sustainable electricity
generation. Their continued development will play a crucial
role in supporting modern smart grids and achieving
reliable, flexible, and environmentally responsible energy
infrastructures.
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Introduction

In the current transition to renewable energy sources for global energy, solar power takes a pioneering role by providing eco-
friendly methods of power and energy generation. Photovoltaic (PV) systems are efficient energy generation systems that
convert directly, sunlight directly into electricity by photovoltaic effect 2. However, for photovoltaic systems to operate at
their highest efficiency, they require sophisticated management technologies that can handle the unique challenges of solar
energy generation, including fluctuations in sunlight and environmental conditions.

One of the key components of a photovoltaic system is the inverter, which converts the direct current (DC) generated by solar
panels into alternating current (AC), which can be used in households or fed into the grid. Traditional Inverters are functional,
but they operate at suboptimal efficiencies as a result of the dynamic nature of solar energy generation. This has increased the
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growing interest in smart inverters which can optimize the
performance of PV systems by adjusting to environmental
condition in real-time.

Smart Inverters offers optimized energy production by
intelligently managing power flow based on real-time grid
conditions, increased system efficiency through reactive
power control, advanced monitoring capabilities, improved
grid stability by maintaining power during disturbances, and
the ability to integrate with energy storage systems for
greater flexibility. Most African countries have the potential
to generate the energy requirement for their states by
harnessing the potential in solar energy, and Nigeria is not
left out in this quest .

The Smart Solar Power Inverter design involves two key
areas:

1. Power Electronics — Solar panels generate DC electricity,
which is converted into AC power by an inverter, making it
suitable for home appliances.
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Fig 1a: Flowchart representing basic power Inverter

2. 10T Integration — Components like Arduino, ESP8266
WiFi module, and sensors help monitor and transmit real-
time data about power levels, battery usage, and load
consumption, allowing users to track performance remotely.
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Fig 1b: IoT-based solar power Inverter
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The working process ensures that when sunlight is strong,
power is supplied directly to appliances and excess energy is
stored in batteries. If sunlight is insufficient, the system
automatically switches to battery backup. Sensors measure
voltage, current, temperature, and solar intensity, sending
updates via WiFi to a user-friendly monitoring system.

The paper also discusses the use of MATLAB/SIMULINK
simulations to analyze the inverter’s performance, showing
how it efficiently converts DC to AC and maintains a steady
power supply. Additionally, a solar tracking system using
LDR sensors optimizes solar panel efficiency by adjusting
its angle based on sunlight intensity.
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Fig 1c: Single-phase solar power inverter using
MATLAB/SIMULINK

Overall, this smart solar inverter enhances energy efficiency,
ensures uninterrupted power supply, and makes solar energy
management easier with IoT connectivity. It represents a
step forward in sustainable energy solutions, making clean
power more accessible and reliable for homes and
businesses.

The Additional Functions of Smart Inverters

In this article, Lulbadda and Hemapala [ explore how smart
inverters improve traditional inverter technology by offering
advanced features that enhance energy system reliability and
efficiency. These inverters are particularly beneficial in
renewable energy setups, as they help stabilize the grid
while improving overall power quality.
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Fig 2a: Remote Monitoring System

What Makes Smart Inverters Special?

1. Voltage & Frequency Control — They help maintain
grid stability by adjusting power flow as needed.

2. Grid Support Features — Unlike traditional inverters,
smart inverters remain connected during grid
disturbances, provide reactive power, and even assist in
grid restoration.
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3. Two-Way Communication — Smart inverters can send
and receive data, enabling better coordination with
utilities and other energy systems.

4. Better Power Quality — They reduce voltage
fluctuations and power losses, ensuring a more stable
and reliable electricity supply.

5. Seamless Integration with Renewables — They
enhance the performance of solar panels, wind turbines,
and batteries, leading to more efficient energy use.

Smart Inverter Functions
+

1. Connect/Disconnect from Grid 1. Plug and Play

2. Power Output Adjustment 2. Self-Awareness
3. VAR Management 3. Adaptability
4. Storage Management 4. Autonomy

(Charging/Discharging) 5. Cooperativeness
5. Event/History Logging o

6. Status Reporting/Reading

7. Time Adjustment

Fig 2b: Two Main Categories of Smart Inverter Functions

Why Are Smart Inverters Important?

= They make power grids smarter and more stable by
responding to changes in real-time.

= They enable greater adoption of renewable energy
without causing instability.

= They improve energy efficiency and reduce costs by
optimizing energy management and minimizing
maintenance needs.
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Fig 2¢: General Block diagram of smart PV inverter

Challenges & Future Developments

While smart inverters offer many advantages, challenges
like high costs, cyber security risks, and regulatory
limitations still exist. However, with advancements in Al,
security, and micro grid applications, smart inverters are
expected to become even more powerful and widely adopted
in the future.

www.multiresearchjournal.com

Design and Implementation of Three-Phase Smart
Inverter of the Photovoltaic Power Generation Systems
In this article, Huang et al. ) explore the development of a
three-phase smart inverter designed to enhance both the
efficiency and stability of photovoltaic (PV) power systems.
As the demand for renewable energy grows, maintaining a
stable power grid while maximizing solar energy output is
crucial. This smart inverter aims to address these challenges
by managing both real and reactive power effectively.

A key feature of the inverter is Maximum Power Point
Tracking (MPPT), implemented using the Perturbation and
Observation (P&O) method. This allows the system to
optimize energy output by adjusting to changing sunlight
and temperature conditions. Additionally, the inverter is
equipped with voltage and power control mechanisms that
help regulate grid stability. If the grid voltage rises too high,
the inverter reduces real power output and absorbs reactive
power to bring it back to normal. Conversely, if the voltage
drops too low, it supplies reactive power to restore balance,
ensuring a more stable and reliable power supply.

To validate the effectiveness of their design, the researchers
conducted simulations using Piecewise Linear Electrical
Circuit Simulation (PLECS). They modeled a 1600 W PV
system incorporating KC200GT PV modules to analyze the
inverter’s performance under real-world conditions. The
results demonstrated that the smart inverter successfully
regulated power flow, improved voltage stability, and
enhanced the overall efficiency of grid-connected PV
systems.

This research highlights the growing role of smart inverters
in modern power systems. By improving energy efficiency
and grid stability, these advanced inverters can help
integrate more renewable energy into the power grid,
making solar energy a more viable and dependable source of
electricity. The study provides valuable insights into the
future of smart grid technology and its potential to enhance
the sustainability of global energy systems.

Design and Implementation of Smart Inverter

In this article, Ajibola et al.,®! discuss the development of a
smart inverter that can automatically regulate voltage and
improve power efficiency. The inverter uses a
microcontroller-based system that adjusts the output voltage
to ensure a stable power supply for home appliances. The
key technique used is Sinusoidal Pulse Width Modulation
(SPWM), which helps produce a smooth and reliable AC
output.

A major feature of the smart inverter is its Automatic
Voltage Regulation (AVR) circuit, which prevents voltage
fluctuations and protects appliances from damage. The
system also includes an Arduino-based smart switching
mechanism, allowing users to control it remotely over the
internet. With the ESP8266 Wi-Fi module, users can switch
between power sources (such as the battery or main grid)
and schedule power usage to optimize energy consumption.
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Fig 3a: Flow diagram of Arduino functional system
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Fig 3b: Flow diagram for control software
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Fig 3c: Block diagram for receiver at node two

The hardware components used in the design include
MOSFETs, a PIC microcontroller, an H-bridge circuit, an
Arduino Uno, relays, and a Wi-Fi module. These
components work together to ensure smooth power
conversion and reliable operation.

The study also highlights Nigeria’s power supply
challenges, including frequent outages, poor energy

www.multiresearchjournal.com

management, and high transmission losses. The smart
inverter aims to solve these issues by offering a more
efficient and stable alternative for power backup systems.
Testing of the system confirmed its ability to regulate
voltage, manage power switching, and support remote
control features, making it a useful solution for improving
energy efficiency and appliance protection.

Developing an Automated Inverter for Efficient Energy
Usage Based on Internet of Things Technology

In this article, Ajibola et al. 1 developed an loT-powered
inverter system designed to help manage electricity more
efficiently. The system is built around a 5kVA solar-
powered inverter and uses an Arduino Uno microcontroller
to monitor and control energy usage in real time. Users can
access and control the system remotely through a Wi-Fi-
connected Android app.
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130 Watts *6 CONTROLLER 12V, 100Ah*4
SERVICE BOX o ;
| ACLOAD |, (MAIN BREAKER | 'N::c:“
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Fig 4: Block diagram for solar energy system

The study focuses on Nigeria’s electricity challenges and
highlights the need for renewable energy solutions like solar
power. The IoT system allows users to track their energy
consumption, prevent battery overuse, and improve
efficiency.

The setup includes solar panels, batteries, charge controllers,
relays, and sensors, all connected to an IoT module that
sends data to an online platform. This enables users to
monitor key information such as battery voltage, current,
and power status from anywhere.

Tests showed that without smart energy management,
battery power could run out in just four hours. This proves
how useful the system is in preventing energy waste and
ensuring a more sustainable power supply.

Conclusion

Smart inverter systems represent a significant advancement
in modern power conversion and energy management. Their
ability to improve energy efficiency, integrate renewable
energy sources, support battery storage, and enhance grid
stability makes them essential for sustainable electricity
generation and distribution. Their intelligent monitoring and
control capabilities also promote reliable operation, reduced
energy losses, and improved power quality. However,
challenges such as high installation costs, cybersecurity
risks, and technical compatibility require attention.
Continued research, technological innovation, and
supportive policies will accelerate their adoption.
Ultimately, smart inverter systems offer promising solutions
for developing resilient, efficient, and sustainable energy
infrastructures worldwide.
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