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Abstract: Residential and industrial power systems are essential in the modern world, but traditional solutions often end
up being expensive and cumbersome to manage. Given below is a project that shows how to monitor and balance power
using Arduino for managing electrical load. The push buttons-based interface provides quick command and parameter
input for real-time monitoring, and control of the system. A voltage regulator and current sensors measure the power that
is consumed, with data being read by an Arduino Small Computer System Interface (SCSI) which displays it on a LCD.
This flexible and cost-effective system achieves balanced power distribution, prevents overloads, and maximizes energy
utilization with the ultimate objective of improving efficiency and availability in many types of applications.

Index Terms: Arduino Nano, Energy Monitoring, Current Transformer, LCD Display, Step-Down Transformer
I INTRODUCTION

Power management is one of the most important factors in today's modern day both for domestic and institutions. Given
the higher-power and complexity of electrical systems, demand for advanced facilities to monitor as well as control power
has also been increased. The problem is that traditional power management systems, which provide monitoring and
logging of all relevant parameters in a distributed environment, can be expensive to install operate leaving the market
open for more affordable alternatives. However, this need was supplemented by a mini project administered in 5th
semester against the implementation of power monitoring and balancing system for managing electrical loads using
Arduino. This system provides a flexible and cost-effective means for power monitoring using the Arduino
microcontroller. Push Buttons are provided for user to easily input commands as well as parameters, robust real-time
monitoring and control of power distribution is realized. High-level operation involves the ability to measure how much
power each load on one of these circuits is consuming using voltage and current sensors. Arduino processes this data and
calculates power usage; it displays the readings on a lcd screen. The control system may be manipulated by a user on the
keypad to enable load settings which are curated in such a way that prevents imbalances and overload conditions.

1. PROBLEM STATEMENT

. Characterized by the growing adoption of increased-power systems, as well as complexity and demanding
requirements for reliable power electrical in residential and industrial environments with stringent demands upon global
power monitoring ad load balancing.

. Existing power management systems are complex, expensive and lack flexibility to changing load conditions.
These problems can cause power to be delivered inefficiently, incurring unnecessary energy costs and the potential for
electrical overloads that could damage equipment or even lead to a loss of electricity.

. The solution is low-cost, end user friendly that can measure and balance electrical loads in real-time. This system
must be able to measure power for a number of loads, offer easy user input facilities and make changes rapidly all in order
that correct quantities could possibly get delivered.

. This project aims to overcome these limitations by using Arduino as the basis for a power monitoring and
balancing system which comes with Push Buttons, meant to control three separate electrical loads.

AIM AND OBJECTIVES OF ENERGY MONITORING SYSTEM:

The primary goal of an Energy Monitoring System (EMS) is to monitor, control, and optimize energy consumption in a
building or association. The system identifies areas where energy is being wasted and improves cost efficiency by
providing real-time data to better optimize generation plants. The EMS also provides continuous energy meter readings
for electricity, thermal, and renewables usage to form an aggregated profile of the managed kilowatt-hours, enabling an
in-depth review of power usage for better decision-making regarding energy management and conservation strategies.
The main objective of an EMS is to reduce costs for the company. Organizations can use data to act upon energy
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management strategies, such as upgrading technologies, realigning operations schedules, or tightening up processes,
resulting in significant efficiencies in operational costs and energy usage. An EMS also aids in achieving sustainability
goals by reducing energy consumption's carbon footprint and contributing to international efforts towards fighting climate
change with sustainable practices. Meeting energy regulations and standards is also a key aim of an EMS, critical for
audits, certifications, and regulatory compliance. It enables continuous data logging of energy use, offers transparency,
and promotes responsible energy management practices. An EMS is also critical in promoting user engagement by raising
awareness about energy conservation habits. Real-time feedback and alerts help in creating an energy-conscious culture
and supporting optimization of energy and sustainability programs at the organizational level, facilitating better decision-
making and continuous improvement in efficiency and environmental initiatives.

EXISTING ENERGY MONITORING SYSTEM TECHNOLOGY IN INDIA:

In India, the technology for energy monitoring systems has made significant progress to meet the growing demand for
efficient power management. These systems utilize a combination of hardware and software to monitor energy
consumption in various sectors, such as industrial, commercial, and residential areas. They incorporate advanced
technologies like smart meters, Internet of Things (10T) devices, and cloud-based energy management platforms. Smart
meters enable the transfer of consumption information in near real-time. For example, residential electrical usage is
collected every 15 minutes, providing detailed metrics for both consumers and utility companies. 10T devices and sensors
offer even more detailed data on equipment energy usage, performance, and environmental conditions. This data is then
sent to the cloud for analysis. Cloud-based energy management platforms offer robust data analytics and visualization
capabilities. They help users monitor energy consumption, identify waste efficiently, and implement strategies to reduce
the energy usage of wasteful devices. Interoperability allows for predictive maintenance, demand response, and load
management, resulting in improved energy efficiency and cost savings. Leading companies such as Tata Power, Schneider
Electric, and Siemens are at the forefront of developing and deploying these technologies in India. Additionally,
government initiatives like the Smart Grid Mission and UJALA schemes are promoting advanced energy monitoring
practices, leading to increased adoption and contributing to a more sustainable energy landscape in India.

1. HARDWARE EQUIPMENTS

1. Arduino Nano:

Figl . Arduino Nano

The Arduino Nano, as shown in Figure 1.1, is a small and very adaptable microcontroller board that is based on the
ATmega328P microcontroller. Here are some of its specifications:

1. Dimensions: The board has precise dimensions of approximately 18 x 45 mm, making it perfect for projects
requiring small space.

2. Power Supply: It can be powered through the Mini-B USB, 6-12V unregulated, or 5V regulated external power
pins.

3. Digital 1/0 Pins: The board consists of 14 digital 1/O pins, 6 of which support PWM.

4. Analog Input Pins: It has 8 analog input pins.

5. Memory: Flash Memory: 32 KB

SRAM: 2 KB

EEPROM: 1 KB
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6. Interface: The device features a Mini-B USB interface for programming and communication.
7. Programming: It uses the Arduino IDE to upload and install code easily

2. 20x4 LCD Display

FEHEE+++

Fig2. 20x4 LCD Display

The 20x4 LCD, as shown in Figure 1.2, is a common module in electronics for clear visible output. Here are some of its
specifications:

Display: The module has 20 columns and 4 rows, allowing for a total of 80 characters.
Dimensions: The display dimensions are roughly 98 x 60 mm.

Applications: It can be used in many different applications.

Interface:

Parallel Interface: 4-bit or 8-bit

12C Interface: Also supported

Operating Voltage: The operating voltage is 5 V.

Backlight: It has a backlight for visibility.

Contrast Control: A potentiometer is included for controlling the contrast.

NoGio o AP

3. 7812 Regulator:

Fig3. 7812 Regulator

The 7812 regulator is a voltage regulator that outputs 12V of stable DC power from an AC or higher voltage power
supply. Here are some of its specifications:

1. Output Voltage: The regulator outputs a stable 12V DC.

2. Input Voltage: It accepts an AC or higher voltage power supply.

3. Stabilization: The output voltage is stabilized to the set voltage for powering components within an electronic
circuit.
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4. BC547 Regulator

Fig4. BC547 Regulator

BC547 transistors are general-purpose NPN transistors that can be used in amplification circuits, switching circuits, and
a wide range of applications. Here are some of their specifications:

1. Type: General-purpose NPN transistors.
2. Applications: Suitable for amplification circuits, switching circuits, and a wide range of applications.
3. Usage: Ideal for both analog and digital circuits and general usage in electronic projects.
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Fig5. IN4007 Diodes

1N4007 diodes are very good for rectification and power protection, such as ESD protection. Here are some of their
specifications:

1. Current Rating: Each diode can handle up to 1 A (ampere) of current.
2. Voltage Rating: They can withstand up to 1000 V (volt).
3. Applications: Very widely used in most power application stages, including rectification and power protection.

6. 12V Transformer

Fig6. 12V Transformer

© IARJSET This work is licensed under a Creative Commons Attribution 4.0 International License 642


https://iarjset.com/
https://iarjset.com/

IARJSET ISSN (0O) 2393-8021, ISSN (P) 2394-1588

@ International Advanced Research Journal in Science, Engineering and Technology
Impact Factor 8.066 :: Peer-reviewed & Refereed journal ::< Vol. 11, Issue 7, July 2024
DOI: 10.17148/IARJSET.2024.117108

A 12V transformer is used to step down or step up voltage levels to 12V AC. Here are some of its specifications:

1. Voltage Output: Provides 12V AC.

2. Usage: Commonly used in power supplies to convert mains voltage to a usable level for electronic devices and
circuits.

V. SOFTWARE REQUIREMENT

Arduino Nano:

The Arduino Nano is an excellent choice for integration into an energy monitoring system due to its compact size,
versatility, and ease of use. The Nano, based on the ATmega328P microcontroller, provides sufficient processing power
and memory for handling the data collection and processing required in energy monitoring applications. Its small footprint
(approximately 18 x 45 mm) allows it to be easily embedded into existing electrical systems without requiring significant
space.

In an energy monitoring system, the Arduino Nano can be interfaced with current transformers (like the SC-013) to
measure AC currents flowing through electrical circuits. By using the analog input pins, the Nano can read the voltage
output from these sensors, convert it to digital data, and process it to calculate power consumption. Additionally, the
Nano can utilize its digital 1/0 pins to interface with other components such as relays, display modules (like the 20x4
LCD for real-time data display), and communication modules for data transmission.

The Arduino IDE makes programming the Nano straightforward, allowing for the implementation of various algorithms
for accurate energy measurement and data logging. Furthermore, the availability of libraries and community support
ensures that integrating the Arduino Nano into an energy monitoring system is both efficient and cost-effective, making
it a popular choice for DIY projects and professional applications alike.

Working:

Fig7.1. Circuit Diagram of Energy Monitoring System
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Fig7.2. Circuit Diagram of Energy Monitoring System
Arduino Based Power Monitoring and Balancing System works on the principle where it combines a few main

characteristics in order to manage loads smartly. The first phase consists of real-time sensors - voltage and current sensors
collecting data on the power consumption at various loads.
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The Arduino microcontroller processes this data and uses it to calculate power usage, then assesses load conditions.
Processed information is then relayed onto an LCD screen for live user feedback on system functionality.

It uses load balancing techniques to spread the current loads evenly so that it will not saturate and overload Arduino due
excess of overloads. If an overload or fault is detected, the system will fire relays (or switches) offline for immediate load
disconnect and protect all downstream devices. In addition, a real-time fault analysis identifies and diagnoses it with alerts
as well as diagnostic information sent to deliver fast response.

In addition, the system uses EEPROM memory for user settings and thresholds that are saved when power cycled which
helps maintain consistent operation. It also monitors and analyses energy usage patterns to detect peak-hour requirements
that help users in their power consumption planning, ultimately cost reduction. The system provisions the real-time
monitoring, data processing and control mechanisms necessary for power management as well as load balancing in an
integrated solution.

Working Model:

Fig8. Energy Monitoring System
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Fig8.1 Energy Monitoring System Result Displayed
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ADVANTAGES:

Energy monitoring systems offer several advantages, including:

1. Cost Savings: By identifying and reducing energy wastage, these systems help lower utility bills.

2. Improved Efficiency: They provide insights into energy usage patterns, enabling better management and
optimization of energy consumption.

3. Real-Time Monitoring: Allows for continuous tracking of energy use, making it easier to detect and address
issues promptly.

4. Environmental Benefits: Reducing energy consumption helps lower carbon footprints, contributing to
environmental sustainability.

5. Predictive Maintenance: Helps in identifying potential equipment failures before they occur, reducing
downtime and maintenance costs.

6. Data-Driven Decisions: Provides detailed reports and analytics that support informed decision-making for

energy management strategies.

V. CONCLUSION

No one could have expected the transformation of an ordinary system into an efficient Arduino-Based Power Monitoring
& Balancing System. Combining features like real-time monitoring, load balancing, fault detection, and user interaction,
this system employs voltage and current sensors to collect data, which the Arduino uses to calculate and display power
consumption on an LCD screen. It balances electrical loads to prevent overloads, offers real-time fault analysis with load
cut-off mechanisms for safety, and allows user interaction via push buttons. Settings are stored in EEPROM, ensuring
persistence and reliability even after power cycles. This system enhances stability, efficiency, and user control in power
management.
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