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Abstract: An Energy Monitoring and Control System (EMCS) is a system designed to monitor and
control energy consumption in various applications. It is often used as a retrofit to existing systems
to improve energy efficiency and reduce costs.In the face of growing energy demands and the
urgent need for sustainable energy consumption, the development of intelligent energy monitoring
and control systems has become critical. This project presents a comprehensive Energy Monitoring
and Control System designed to track, analyze, and optimize energy usage in real-time. By
integrating sensors, microcontrollers (such as Arduino or Raspberry Pi), and communication
modules (like Wi-Fi or Zigbee), the system collects data on electrical parameters such as voltage,
current, power, and energy consumption. The collected data is then transmitted to a central
monitoring unit or cloud platform where it can be visualized through a user-friendly dashboard.
Advanced analytics and threshold-based controls are employed to detect anomalies, enable
predictive maintenance, and automate the control of connected appliances to reduce unnecessary
energy consumption. This system is scalable, cost-effective, and applicable in residential,
commercial, and industrial settings. Ultimately, it promotes energy efficiency, cost savings, and
contributes to environmental sustainability by encouraging more responsible energy use.
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L. INTRODUCTION
The “Energy Monitoring and Control System” project aims to develop a comprehensive solution for monitoring and
managing energy consumption in residential and commercial environments. This system leverages modern technology
to provide real-time insights and control capabilities, contributing to energy efficiency and cost savings. The energy
meter is an electrical measuring device, which is used to record Electrical Energy Consumed over a specified period of
time in terms of units. Here we have an energy meter using the current sensing concept. This energy meter is prepaid
that is recharged and used. The recharge can be done by sending a simple SMS from your mobile phone. There Energy
Monitoring and Control System is a recharge tag to be sent by the mobile which will act as the recharge code as a
prototype.
In today’s rapidly developing world, the demand for energy is growing exponentially, driven by population growth,
industrial expansion, and increasing reliance on electronic devices. As energy consumption continues to rise, so does
the need for efficient energy management solutions that not only reduce operational costs but also contribute to
environmental sustainability. Traditional methods of monitoring energy usage often lack real-time insights, automation,
and remote accessibility, making them insufficient for modern energy conservation goals.
An Energy Monitoring and Control System (EMCS) is an innovative solution that leverages technology to monitor,
analyze, and control energy usage in a more intelligent and efficient way. By integrating sensors, microcontrollers,
communication modules, and data analytics platforms, such systems provide real-time visibility into power
consumption patterns. This enables users to make informed decisions, detect irregularities, and automatically control or
schedule appliances to minimize wastage.
The primary aim of this system is to promote energy efficiency, reduce unnecessary power consumption, and ultimately
support sustainable energy practices. EMCS can be implemented across a wide range of applications including homes,
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offices, industries, and smart cities. With the incorporation of Internet of Things (IoT) technologies, these systems can
also offer remote access, mobile notifications, and smart automation capabilities.

This paper/project explores the design, implementation, and benefits of an Energy Monitoring and Control System,
highlighting its role in enabling smarter energy usage and contributing to a more sustainable future.

Key aspects of an EMCS include:

1. Monitoring: The system continuously monitors energy consumption and usage patterns to identify areas of
improvement and potential energy savings.

2. Control: The system can control various electrical appliances and devices to optimize energy usage and reduce
waste.

3. Analysis: EMCS can analyze energy consumption data to identify trends, patterns, and areas of improvement.

4. Integration: EMCS can be integrated with other systems, such as Building Management Systems (BMS) or
Supervisory Control and Data Acquisition (SCADA) systems, to provide a comprehensive energy management
solution. ENERGY MONITORING AND CONTROL SYSTEM Department of Electrical Engineering New
Polytechnic, Kolhapur 2023-24 Page 3 5. Cost-effectiveness: EMCS can help reduce energy costs by optimizing energy
usage and identifying areas of improvement

6. Real-time monitoring: Some EMCS can provide real-time monitoring and control, allowing for immediate
adjustments to energy usage

Block Diagram:

AC POWER
SUPPLY DC POWER
RELAY ULN2803 LM7805 SUPPLY 24V
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G5SM MODULE CURRENT MICROCONTROLLER
— ——
SIM900A SERCLE ATMEGA328
LOAD SYSTEM

II. COMPONENTS
LCD (Liquid crystal display):
LCD (Liquid Crystal Display) screen is an electronic display module and find a wide range of applications. A 16x2
LCD display is very basic module and is very commonly used in various devices and circuits. These modules are
preferred over seven segments and other multi segment LEDs. The reasons being LCDs are economical, easily
programmable, have no limitations of displaying special and even custom characters (unlike in 7 segments), animations
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and so on. A 16*2 LCD means it can display 16 characters per line and there are two such lines. In this LCD each
character is display in 5*7pixel matrix. This LCD has two resistors, namely, Command and Data.

Sround
+5W
Contrast control
Register select
Readfwrite
Enable
Cata Pin O
Crata Pin 1
Data Pin 2
Data Fin 3
Drata Pin 4

o Drata Pin &
Crata Pin &
Data Fin 7
LED+ 5V
LED- Ground

Capacitor:

The Capacitor is an electrical device that stores energy in the form of an electric field. It consists of two metal
plates separated by a dielectric or non-conducting substance. The capacitor types broadly divided based on fixed
capacitance and variable capacitance. The most important are the fixed capacitance capacitors, but capacitors with
variable capacitance also exist. These include rotary or trimmer capacitors. Capacitors with fixed capacitance are
divided into film capacitors, ceramic capacitors, electrolytic, and superconductor capacitors.

Relay :

A relay is an electrically operated switch. Relay is special switch designed to allow a small circuit to control a
large circuit. These devices use a solenoid to control a heavy-duty switch. The wiring for the solenoid may require
only 0.5amp to activate, while the switch it controls carries 10 to 30 amps. This device allows the high-current
devices to keep localized in one place; this is good for added fire safety and keeping dangerous voltage current as
far away from people as possible. Many relay use an electromagnet to operate a switching mechanism
mechanically, but other operating principles are also used. Relay are used where it is necessary to control a circuit
by a low-powerl4signal or where several circuits must be controlled by one signal.

ATmega328 Microcontroller:

The Atmel ATmega328 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced RISC
architecture. By executing powerful instructions in a single clock cycle, the ATmega48/88/328 achieves
throughputs approaching 1 MIPS per MHz allowing the system designed to optimize power consumption versus
processing speed. The Atmel ATmega48/88/328 provides the following features: 4K/8K/16K bytes of In-System
Programmable Flash with Read-While-Write capabilities, 256/512/512 bytes EEPROM, 512/1K/1K bytes SRAM,
23 general purpose I/O lines, 32 general purpose working registers, three flexible Timer/Counters with compare
modes, internal and external interrupts, a serial programmable USART, a byte-oriented 2-wire Serial Interface, an
SPI serial port, a 6-channel 10-bit ADC (8 channels in TQFP and QFN/MLF packages), a programmable
Watchdog Timer with internal Oscillator, and five software selectable power saving modes.
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Analog to Digital Converter:

ADC is the Analog to Digital converter, which converts analog data into digital format; usually it is used to
convert analog voltage into digital format. Analog signal has infinite no of values like a sine wave or our speech,
ADC converts them into particular levels or states, which can be measured in numbers as a physical quantity.
Instead of continuous conversion, ADC converts data periodically, which is usually known as sampling rate. The
major advantage, of using ADC is that, we noise can be efficiently eliminated from the original signal and digital
signal can travel more efficiently than analog one.

Printed Circuit Board (PCB):

Printed circuit board (PCB) mechanically supports and electrically connects electronic components or electrical
components using conductive tracks, pads and other features etched from one or more sheet layers of copper
laminated onto and/or between sheet layers of a non-conductive substrate. Components are generally soldered
onto the PCB to both electrically connect and mechanically fasten them to it. Printed circuit boards are used in all
but the simplest electronic products. They are also used in some electrical products, such as passive switch boxes.

Crystal oscillator :

A crystal oscillator is an electronic oscillator circuit that uses the mechanical resonance of a vibrating crystal of
piezoelectric material to create an electrical signal with a precise frequency. This frequency is often used to keep
track of time, as in quartz wristwatches, to provide a stable clock signal for digital integrated circuits, and to
stabilize frequencies for radio transmitters and receivers. The most common type of piezoelectric resonator used is
the quartz crystal, so oscillator circuits incorporating them became known as crystal oscillators, but other
piezoelectric materials including polycrystalline ceramics are used in similar circuits.

Circuit Diagram
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III. WORKING PRINCIPLE OF PROJECT

An Energy Monitoring and Control System (EMCS) is designed to track, analyze, and optimize energy consumption
in buildings, industrial settings, or any facility using energy. Its working principle is based on continuous
measurement, real-time data analysis, and automated control to improve energy efficiency and reduce waste.

1. Data Acquisition (Monitoring Phase)

Sensors & Meters are installed on electrical circuits, HVAC systems, lighting, machinery, etc.
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These devices measure parameters like:

e Voltage
e Current
e Power (kW)

e Energy consumption (kWh)
Power factor

e Frequency
e Temperature (for HVAC or thermal systems)

2. Data Transmission
e Collected data is sent to a centralized processing unit or cloud platform using:
e  Wired protocols (Modbus, BACnet)
e  Wireless communication (Wi-Fi, Zigbee, LORaWAN, NB-IoT)

3. Data Processing and Visualization
e A software platform processes the incoming data.
e Generates:
e Real-time dashboards
e Historical trends
e  Energy usage reports
e  Alerts for unusual consumption
e Enables benchmarking and identification of inefficiencies.

4. Control Mechanism
e Based on pre-defined rules or Al-based algorithms, the system can:
e  Automatically turn off/on devices
e Adjust HVAC settings
e Control lighting based on occupancy or daylight
e Manage load shifting during peak hours

Optimization and Decision-Making
e Facility managers or automated systems use insights to:
e Optimize energy schedules
e Perform predictive maintenance
e Identify faulty equipment
e Reduce overall energy costs

Components of an EMCS:
e  Smart Energy Meters
e Data Loggers / Gateways
e Communication Network
e  Central Server or Cloud
e HMI/ Dashboard Interface
e  Controllers (e.g., PLCs, BMS)
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Example Use Case

In an office building:

Lights and ACs are automatically dimmed or turned off when rooms are unoccupied.
Peak energy usage is monitored, and heavy equipment is scheduled during off-peak times.
Facility manager gets alerted if a particular floor is consuming abnormal power.

Advantages And Limitations of the system

e Energy Efficiency: Helps identify and reduce energy wastage, leading to increased overall energy efficiency

e Cost Savings: Allows for precise tracking of energy usage, enabling organizations to implement cost-saving
measures.

e Environmental Impact: Aids in reducing carbon footprint by optimizing energy consumption and promoting
sustainability.

e Real-time Monitoring: Provides real-time data for immediate response to abnormal energy usage or equipment
malfunctions.

e Data Analysis: Enables detailed analysis of energy patterns, helping businesses make informed decisions for
energy management

o Initial Cost: Implementation can be expensive, including the cost of sensors, hardware, and software.

e Complexity: Managing and interpreting the data can be complex, requiring skilled personnel and training.

IV. FUTURE SCOPE

As there are plenty of ideas and innovation that one could implement, there are also many innovative ideas that can be
processed further or extended further in our project. Since here we are concentrating on the provider side, i.e. at the
ELECTRICITY BOARD. One can also include the features related to the customer side, i.e. making the fixed usage
manual, thus by making the recharge of a particular amount, customer will be allowed to use the supply depending
upon the plan selected as similar to the PREPAID sim card systems, which would enhance the experience of the
economic consumer with modern digital utility meter. One can also include the feature of INSTANT BILL, at any
instant of the time. By this feature consumer can know his/her bill at any interval of the month, so that an economical
consumer can vary his/her consumption. Also a timer control can be provided, which would automatic cut down the
system supply, if the payment of bill is not done in the specified time limit.

V. CONCLUSION
In conclusion, the implementation of an Energy Monitoring and Control System (EMCS) plays a critical role in
enhancing energy efficiency, reducing operational costs, and promoting environmental sustainability. By continuously
tracking energy consumption and enabling real-time control of systems, EMCS empowers organizations to make
informed decisions, identify inefficiencies, and optimize energy use.
The integration of smart sensors, data analytics, and automation allows for proactive energy management, helping
industries and buildings not only meet regulatory standards but also achieve long-term sustainability goals. As energy
demands continue to rise and climate concerns grow, investing in intelligent monitoring and control systems is no
longer optional—it is a strategic necessity.
Moving forward, advancements in [oT, Al, and cloud computing will further expand the capabilities of EMCS, making
them more accessible, efficient, and adaptable across various sectors. Therefore, energy monitoring and control systems
are not just tools for energy savings—they are key enablers for a smarter, greener future.

REFERENCES
[1]. A K Shawhney , “Electrical and Electronics Measurements and Instrumentation” by Dhanpat Roy & Sons, 4th
Edition 2007.

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/IJARSCT-25790 586

7 1sSN

| 2581-9429 |}
R\ UARSCT /7




705 IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology \

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal y
ISSN: 2581-9429 Volume 5, Issue 9, April 2025 Impact Factor: 7.67

[2]. Vairaperumal K, Dinesh M, Senthilkumar P, Mubeena S, 2018, “Effective Energy Measurement and Billing
System Using Arduino GSM Shield”, IRJET journal, vol: 05, no: 11, pp: 836-840
[3]. Syed Khizar Ali Zaidi I, HuraMasroor I, Syed Rehan Ashraf I and Ahmed Hassan, “Design and

Implementation of Low Cost Electronic Prepaid Energy Meter”, NED University of Engineering and
Technology.

[4]. The 8051 Microcontroller and Embedded system using Assembly and C by Muhammad Ali Mazidi.

Copyright to IJARSCT

587
www.ijarsct.co.in ReTr 7 1ssN_ %

| 2581-9429 |}




