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Abstract - The Smart Load Balancing using Load Sharing
Techniques project is developed to improve the efficiency and
reliability of electrical power distribution systems. The system
uses an Arduino microcontroller as the main control unit to
monitor and manage electrical loads automatically. A PZEM-
004T module is used to measure important electrical
parameters such as voltage, current, power, and energy
consumption in real time. Current sensors continuously
monitor the load conditions on different supply lines. For
demonstration, 100 W and 200 W bulbs are used as electrical
loads. Under normal conditions, power is supplied through the
primary line. When an overload condition is detected, the
controller automatically shifts a portion of the load to an
available line through relay switching. This helps maintain
balanced load distribution and prevents damage caused by
excessive loading. A temperature sensor is incorporated to
monitor overheating conditions and improve system safety. If
the temperature exceeds the preset limit, a buzzer alert is
generated to warn the user. An LCD display provides real-time
information about system parameters and operating status. The
integration of a NodeMCU module enables [oT-based remote
monitoring through the internet. The proposed system reduces
manual intervention, improves protection, and enhances the
overall performance of electrical distribution networks. It
provides a practical, reliable, and cost-effective solution for
intelligent load management applications.

Key Words: Load Balancing, Power Distribution,Arduino
Microcontroller, Real-Time Monitoring, IoT (Internet of
Things).

1.INTRODUCTION ( Size 11, Times New roman)

The increasing demand for electrical energy and the rapid
expansion of industrial, commercial, and residential power
systems have made efficient load management an essential
requirement for modern electrical distribution networks.
Uneven distribution of electrical loads among different supply
lines can lead to voltage imbalance, excessive power losses,
transformer overloading, reduced equipment life, and
deterioration of overall power quality. As electrical loads
continuously vary with consumer demand, maintaining
balanced load distribution has become a major challenge for
ensuring reliable and uninterrupted power supply [1], [3].

Recent advancements in embedded systems and Internet of
Things (IoT) technologies have enabled the development of
intelligent monitoring and automation solutions for power
distribution systems. Embedded controllers provide real-time
processing and automatic control capabilities, while IoT

platforms facilitate remote monitoring, data acquisition, and
system supervision through wireless communication. These
technologies improve operational efficiency by continuously
monitoring electrical parameters, enabling quick fault detection,
reducing manual intervention, and supporting -effective
decision-making [5], [6].

In this work, a smart load management system is developed
using an Arduino-based controller integrated with a NodeMCU
module for IoT-enabled monitoring. The system continuously
measures important electrical parameters such as voltage,
current, and temperature using appropriate sensors. Based on the
monitored conditions, the controller automatically distributes
the electrical load between multiple supply lines to prevent
overload conditions and ensure balanced operation. The
NodeMCU module enables real-time remote monitoring of
system parameters, allowing users to supervise the system from
any location. In addition, thermal protection and automatic load-
sharing mechanisms improve system safety, reliability, and
operational performance. The proposed system provides a
simple, economical, and practical solution for intelligent
electrical load management suitable for industrial, commercial,
and small-scale power distribution applications [3], [6], [10].
The remainder of this paper is organized as follows. Section 2
presents the literature review of existing load management
techniques. Section 3 describes the proposed methodology and
system design. Section 4 discusses the hardware and software
implementation. Section 5 presents the experimental results and
discussion, while Section 6 concludes the paper and outlines
future research directions.

2. LITERATURE REVIEW

Weckx et al. [1] proposed a smart load balancing technique
using electric vehicle (EV) chargers and photovoltaic (PV)
inverters in unbalanced distribution grids. Their system
dynamically transferred power between phases to reduce
voltage imbalance and feeder losses while improving voltage
regulation. The proposed controller also supported renewable
energy integration without requiring complex communication
infrastructure.

Czarnecki et al. [2] investigated unbalanced power conditions
in four-wire electrical systems and presented various reactive
power compensation techniques. Their study demonstrated that
proper compensation significantly reduces voltage fluctuations,
improves power quality, and enhances transmission efficiency
by minimizing reactive power losses.

Singh et al. [3] developed a three-phase load balancing system
using a Distribution Static Compensator (DSTATCOM). The
proposed method continuously monitored load conditions and
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dynamically compensated reactive power, resulting in
improved voltage regulation, harmonic reduction, enhanced
power factor, and balanced current distribution.

Siti et al. [4] introduced a fuzzy logic-based load balancing
technique combined with Newton—Raphson optimization for
secondary distribution networks. Their intelligent optimization
algorithm redistributed electrical loads automatically,
minimized phase imbalance, improved power quality, and
enhanced system reliability.

Tsikalakis et al. [5] proposed a centralized control strategy for
optimizing microgrid operation under varying load conditions.
Their controller effectively coordinated distributed energy
resources, improved load sharing, maintained voltage stability,
and reduced operational losses in smart microgrids.

Bollen et al. [6] presented advanced signal processing
techniques for detecting power quality disturbances such as
harmonics, voltage sags, interruptions, and load imbalance.
Their research demonstrated that intelligent monitoring
significantly improves fault diagnosis, protection capability,
and real-time system performance.

Lopes et al. [7] proposed coordinated control strategies for
islanded microgrids to improve voltage regulation, load
sharing, renewable energy integration, and operational
stability. Their framework enhanced system reliability while
reducing power interruptions and improving
management.

Akagi et al. [8] introduced instantancous power theory for

energy

power conditioning applications. Their work focused on
harmonic compensation, reactive power control, and active
power filtering to improve power quality under unbalanced and
nonlinear loading conditions.

Loh et al. [9] proposed advanced control strategies for grid-
connected inverters operating under unbalanced voltage
conditions. Their approach ensured stable power injection,
reduced harmonic distortion, improved inverter efficiency, and
enhanced renewable energy integration into modern electrical
networks.

Abu-Siada ef al. [10] developed a transformer condition
monitoring system for unbalanced loading conditions. Their
intelligent monitoring technique continuously analyzed
transformer operating parameters to detect abnormal
conditions, thereby improving reliability, reducing
maintenance costs, and extending transformer life.

From the literature survey, it is evident that most existing
approaches focus on power quality improvement, reactive
power compensation, and sophisticated control strategies using
advanced power electronic devices. However, many of these
systems involve complex algorithms, expensive hardware, and
high implementation costs. The proposed Arduino and
NodeMCU-based smart load management system provides a
simple, economical, and IoT-enabled solution that offers
automatic load balancing, continuous monitoring, remote
supervision, and improved operational reliability, making it
suitable for practical industrial and commercial applications.

3.METHODOLOGY

The proposed smart load management system is designed to
monitor electrical parameters continuously and automatically
distribute electrical loads between multiple supply lines to
ensure safe and efficient operation. The system integrates an
Arduino Uno microcontroller, sensing modules, relay-based
load control, and NodeMCU for IoT-based remote monitoring.
The overall methodology consists of five major stages: data
acquisition, parameter processing, decision making, load
control, and remote monitoring.
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Fig 1: Block diagram

3.1 System Architecture

The proposed system consists of a regulated power supply,
Arduino Uno, PZEM-004T voltage and power monitoring
module, ACS712 current sensor, DS18B20 temperature sensor,
relay module, LCD display, buzzer, and NodeMCU
communication module. The sensors continuously measure
voltage, current, power, and temperature of the connected
electrical loads. These measurements are transmitted to the
Arduino controller, which processes the sensor data according
to the programmed control algorithm.

The Arduino compares the measured values with predefined
threshold limits. If all parameters remain within the safe
operating range, the connected loads continue to operate
normally. When an overload or excessive temperature
condition is detected, the controller automatically disconnects
or transfers the load through the relay module to maintain
balanced load distribution and protect the electrical system.
Simultaneously, the LCD displays the measured electrical
parameters, while the buzzer provides an audible warning to
notify the user of abnormal operating conditions.

The NodeMCU module receives processed data from the
Arduino through serial communication and transmits the
information to the IoT platform (ThingSpeak) using Wi-Fi
connectivity. This enables users to remotely monitor the
operating status of the system in real time.
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3.2 Working Procedure

The operation of the proposed system is carried out in the
following sequence:

Step 1: The power supply unit converts the AC mains voltage
into a regulated 5 V DC supply required by the Arduino
controller, sensors, NodeMCU, LCD, and relay module.

Step 2: The PZEM-004T module continuously measures the
supply voltage, current, power, and energy consumption, while
the ACS712 current sensor provides additional current
measurement for overload detection. Simultaneously, the
DS18B20 sensor monitors the operating temperature of the
system.

Step 3: The Arduino Uno collects sensor data through its
analog and digital input pins and processes the measurements
using the embedded control program developed in the Arduino
IDE.

Step 4: The controller compares the measured values with
predefined threshold limits. During normal operating
conditions, the loads remain connected and the measured
parameters are displayed on the LCD.

Step 5: If the measured current exceeds the allowable limit or
the temperature rises beyond the safe operating range, the
Arduino activates the relay module to disconnect or redistribute
the electrical load. At the same time, the buzzer generates an
audible warning indicating the fault condition.

Step 6: The processed electrical parameters are transmitted
from the Arduino to the NodeMCU through UART serial
communication. The NodeMCU uploads the data to the
ThingSpeak cloud platform via Wi-Fi, enabling real-time
remote monitoring and analysis.

Step 7: The monitoring process repeats continuously, ensuring
automatic load balancing, overload protection, temperature
monitoring, and uninterrupted supervision of the electrical
distribution system.

3.3 Control Algorithm

The proposed control algorithm operates according to the
following logic:

1. Initialize the Arduino controller, sensors, LCD, relay
module, buzzer, and NodeMCU.

2. Continuously acquire voltage, current, power, energy,
and temperature measurements.

3. Display all measured parameters on the LCD screen.
Compare sensor values with predefined threshold
limits.

5. If all parameters remain within safe limits, continue
normal operation.

6. If overload or overheating is detected, activate the
relay module to disconnect or shift the load and
activate the buzzer for fault indication.

7. Transmit all measured parameters to the ThingSpeak
cloud using the NodeMCU for remote monitoring.

8. Repeat the monitoring and control cycle continuously
until the system is switched off.

The proposed methodology provides an intelligent, low-cost,
and IoT-enabled solution for automatic load management. By
combining continuous parameter monitoring, automatic relay

control, thermal protection, and cloud-based remote
supervision, the system improves power distribution reliability,
enhances electrical safety, minimizes manual intervention, and
ensures efficient utilization of available electrical resources.

4. Results and Discussion

The proposed smart load management system was successfully
designed and implemented using an Arduino Uno, NodeMCU,
relay module, and sensing circuits. Experimental testing
confirmed that the system continuously monitored voltage,
current, and temperature, and automatically controlled the
connected loads based on the measured operating conditions.

Fig 3 :Implementation
Figure 2 and Figure 3 show the developed hardware prototype
and its implementation. The relay module successfully
switched the electrical loads, ensuring balanced load
distribution and preventing overload conditions.

Fig 4: Load Balance Display
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Fig 5.: Voltage display
Figure 4 and Figure Sdemonstrate the real-time monitoring of
load status and supply voltage through the LCD display. The
measured voltage was approximately 220.7 V, indicating
accurate sensing and stable system performance.

Fig 6 remote monitoring
Figure 6 shows the IoT dashboard used for remote monitoring.
The NodeMCU successfully transmitted real-time electrical
parameters, including voltage, current, power, and temperature,
to the cloud platform. The dashboard also enabled remote
monitoring of the system, improving accessibility and
operational efficiency.
Overall, the experimental results demonstrate that the proposed
system provides effective automatic load balancing, real-time
parameter monitoring, overload protection, and IoT-based
remote supervision. The developed prototype offers a reliable
and cost-effective solution for intelligent electrical load
management.
5. Conclusion and Future Scope
The proposed Arduino-based smart load management system
was successfully designed, implemented, and tested. The
system effectively integrates the Arduino Uno, NodeMCU,
current and temperature sensors, relay modules, and IoT
technology to achieve automatic load balancing and system
protection. Real-time monitoring of voltage, current, power,
and temperature enables efficient load management, while
relay-based switching prevents overload conditions and
improves system reliability. The IoT integration facilitates
remote monitoring, enhancing user accessibility and overall
operational efficiency. The experimental results demonstrate
that the proposed system is a reliable and cost-effective solution
for intelligent electrical load management.

In the future, the system can be enhanced by integrating
Artificial Intelligence (AI) and Machine Learning (ML)
techniques for load prediction and intelligent decision-making.
The proposed model can also be extended to three-phase power
distribution and smart grid applications. Furthermore, the
development of a dedicated mobile application and advanced
cloud-based monitoring platform can provide remote control,
real-time notifications, and improved system management.
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