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in Maharashtra, India. With the increasing demand for electricity driven
by population growth, industrialization, and infrastructural expansion, the

existing power distribution network faces significant challenges such as

load imbalance, voltage instability, and high energy losses. This project

Publication Issue : proposes the design of a Load Balancing Control System (LBCS) aimed at
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improving the operational efficiency and stability of Yavatmal’s electrical
distribution network. The system is designed to monitor real-time load

data, identify overloaded feeders or substations, and dynamically
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redistribute electrical loads to maintain balance across the grid. The
control strategy incorporates intelligent algorithms that ensure optimized
power flow, reduce transmission losses, and prevent equipment
overloading. Replicating the actual topology and load conditions of
Yavatmal’s distribution network. Results from the simulation demonstrate
that the LBCS significantly improves load uniformity, enhances voltage
profiles, and minimizes outage risks. The proposed solution not only
strengthens the existing infrastructure but also provides a scalable model
for smart grid integration and efficient energy management in similar
urban regions. analysis of a particular subject or discipline, and is often
used to help the reader quickly ascertain the paper's purpose. When used,
an abstract always appears at the beginning of a manuscript, acting as the
point-of-entry for any given scientific paper or patent application.
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INTRODUCTION
This project focuses on the design and simulation of a
load balancing control system tailored specifically for
Yavatmal City’s power distribution network. The
objective is to optimize the allocation and distribution
of electrical loads across various substations and
feeders to ensure a stable and efficient supply. By
integrating control algorithms with real-time
monitoring and simulation tools, the system aims to
automatically detect overload conditions, redistribute
power dynamically, and minimize energy losses.
Using software like MATLAB/Simulink or ETAP, the
behavior of the distribution network under varying
load conditions can be studied in a controlled
environment. This helps in identifying potential
improvements and fine-tuning control logic for real-
world deployment. In the modern era of rapid
urbanization and industrialization, the demand for
reliable and efficient electrical power has surged
like

India, are

significantly. Cities Yavatmal, located in

Maharashtra, experiencing increased
electrical load due to population growth, expanding
residential zones, industrial developments, and the
proliferation of electrical appliances and technologies.
This results in frequent power outages, voltage
instability, high transmission losses, and uneven load
distribution across substations and feeders. Efficient
power distribution is crucial for Yavatmal City, a
region experiencing rapid urbanization and industrial
growth. As the demand for electricity rises, ensuring a
reliable and stable power supply becomes essential for

the city's socio-economic development.
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One of the key infrastructures supporting this need is
the 33/11kV Substation in Lohara MIDC, operated by
the Maharashtra State Electricity Distribution Co. Ltd.
(MSEDCL). This substation plays a pivotal role in
transforming and distributing power to meet the
demands of industrial, commercial, and residential
consumers, thereby enhancing the quality of power
supply and contributing to the overall growth of
Yavatmal and its surrounding areas. Moreover,
Yavatmal is set to expand its renewable energy
capacity with projects like the Yavatmal Solar PV
Park, a 24MW ground-mounted

expected to

solar project
in 2025.

Yavatmal City faces several challenges in its power

commence construction
system, notably load imbalance and frequent outages,

which significantly.

REVIEW

Existing Load Balancing Techniques in Power

Systems :

Load balancing in power systems refers to the

dynamic allocation and redistribution of electrical

loads to ensure optimal operation, reduce losses, and

maintain grid stability. Several techniques and

strategies have evolved over time to address the

complexities introduced by growing demand,

renewable integration, and grid decentralization.

1. Conventional Load Balancing Techniques: Early
methods of load balancing primarily relied on

manual phase shifting and static load forecasting
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Phase In traditional

distribution networks, technicians manually shift

Manual Balancing.

consumer loads between phases to reduce
unbalance. While effective in small systems, this
is time-consuming and not scalable. Utilities
introduced TOU pricing to influence consumer
behavior, shifting non-essential loads to off-peak
hours. This indirectly aids in load balancing but
is limited by user compliance.

Automated and Smart Grid Techniques: With the
emergence of smart grid technologies, automated
and real-time techniques became more prevalent.
DSM programs use smart meters and appliances
to shift or reduce loads in response to real-time
signals. Studies like Gellings (1985) pioneered the
concept, which is now central to modern grid
design. Advanced Metering Infrastructure (AMI)
communication between

enables two-way

consumers and utilities. It allows utilities to
monitor real-time load profiles and balance loads
more effectively.

Optimization-Based Techniques: Several
researchers have explored optimization models to
enhance load balancing. Genetic Algorithms
(GA) and Particle Swarm Optimization These are
evolutionary algorithms used for phase balancing
A

demonstrated

and network reconfiguration. study by
al. (2012)

improved voltage profiles and reduced losses

Raghuwanshi et

using GA. Linear Programming (LP) and Mixed-
(MILP). These

mathematical tools are used to optimize power

Integer Linear Programming

flow and load scheduling. MILP is particularly
useful in handling binary variables like appliance
ON/OFF status in residential demand response
programs.

Artificial Intelligence and Machine Learning:
The incorporation of Al techniques has led to
predictive and adaptive load balancing systems.
Artificial Neural Networks (ANN). Used for load

forecasting and phase balancing. Studies have

shown ANNs can learn consumer patterns and
optimize phase allocation dynamically. Fuzzy
Logic Control 1is effective in handling
uncertainties in load behavior. It has been widely
used for real-time load switching in low-voltage
distribution systems. Reinforcement Learning
(RL) agents can be trained to learn optimal load

distribution policies in a dynamic environment,

adapting to changing grid conditions.
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Yavatmal district in Maharashtra is grappling with

several

challenges

related

to its

power grid

infrastructure, leading to frequent outages and

operational inefficiencies. Here's an overview of the

key

issues:

Aging

Thermal

Power

Plants:

Maharashtra's thermal power plants, many over 30

years old, are experiencing increased forced outages.

The integration of approximately 6,000 MW of solar

power into the grid during daytime hours necessitates
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frequent adjustments in thermal plant output. These
fluctuations stress aging boiler systems, leading to
joint failures and boiler tube leaks, thereby increasing
power generation costs and reducing grid reliability.
High Transmission Losses and Billing Recovery Issues:
In areas like Patipura, Indira Nagar, and Phukat Nagar,
transmission losses have reached up to 40%, with
electricity bill recovery rates being notably low. This
situation has led to extended load-shedding periods,
with residents experiencing up to 9.5 hours of power
daily. The staff

exacerbates these issues, hindering timely repairs and

cuts shortage of maintenance

efficient grid management. Despite collecting

the
Maharashtra State Electricity Distribution Company
Limited (MSEDCL) has been criticized for not

allocating sufficient funds toward infrastructure

maintenance charges from consumers,

upkeep. This underinvestment has contributed to an
overburdened and deteriorating power infrastructure,

resulting in frequent failures and prolonged outages.

Steps Toward Improvement To address these
challenges, MSEDCL has implemented several
initiatives.

Anti-Theft Drives: Regular operations to detect and
prevent electricity theft.
Meter Shifting: Relocating meters to more accessible
locations to deter tampering.
Mass

electromechanical meters with modern static ones to

Meter Replacement: Replacing outdated
improve billing accuracy and reduce losses.
Additionally, the Maharashtra State
Generation Company (MAHAGENCO) has initiated

projects to enhance renewable energy capacity,

Power

including a tender for two grid-connected solar
power projects totaling 50 MW and electrical supply
is 300 MW in Yavatmal.

Problems on Load Balancing in Yavatmal

1. Load Imbalance: The city's power distribution
load
This

imbalance can lead to voltage fluctuations,

network often experiences uneven

distribution across different

phases.

reduced efficiency, and increased wear on
electrical equipment. Such conditions not only
affect the quality of power supplied but also
increase the risk of equipment failures and
outages.

2. Frequent Outages: Residents and farmers in
Yavatmal frequently endure prolonged power
cuts, sometimes exceeding 10 hours daily. These
outages disrupt agricultural activities, hinder
industrial operations, and affect the overall
quality of life. The primary reasons include:

e  Aging Infrastructure: Many components of the
power distribution system are outdated and
prone to failures.

e High Transmission Losses: Significant energy
losses occur during transmission due to
inefficient infrastructure.

¢ Low Revenue Recovery: Challenges in collecting
electricity dues lead to financial constraints,
limiting maintenance and upgrades.

e  Staff Shortages: Insufficient technical personnel
hamper timely repairs and maintenance.

Addressing these challenges requires a multifaceted

approach, including infrastructure modernization,

implementation of advanced load management

systems, and community engagement to ensure a

reliable and efficient 300 MW power supply in

Yavatmal City.

Load shedding:

As of today, May 17, 2025, the Maharashtra State

Electricity Distribution Company Limited (MSEDCL)

has not published a specific load shedding schedule

for Yavatmal district. However, general guidelines
and schedules for agricultural consumers under the

Agriculture Load Management (AgLM) scheme are

available. Load Shedding for Agricultural Consumers

MSEDCL provides time schedules for 3-phase power

availability to AgLM feeders. For the period from

April to June 2025, the schedule was published on

March 29, 2025, with an addendum issued on April 2,

2025. These schedules are primarily for agricultural

International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 12 | Issue 3



Shriya P. Kundankar et al Int J Sci Res Sci Eng Technol, May-June-2025, 12 (3) : 637-645

consumers and may not directly apply to residential

areas. For real-time updates on scheduled outages,

MSEDCL offers an online portal where consumers

can check the latest information.

Gaps in Current Load Balancing and Power

Distribution Systems in Medium-Sized Cities:

1. Infrastructure and Technology Gaps: Outdated
Distribution Infrastructure: Many medium-sized

aging

infrastructure. Studies (e.g., Singh et al., 2018)

cities still operate on electrical

indicate high technical losses in distribution lines

due to overloaded transformers, undersized
conductors, and inadequate phase balancing.

2. Load Imbalance and Outages: Unbalanced Phases
in Distribution Networks: Literature indicates
that phase imbalance is a persistent problem in
medium-load zones, causing voltage fluctuations
and increased system losses. Yavatmal, with both
agricultural and residential users, struggles with
uneven load patterns throughout the day.

3. Integration of Renewable Energy and Storage:
Poor Renewable Grid Integration: While solar
and wind projects are increasing, literature
identifies a lack of proper grid integration
frameworks and load-following mechanisms in
smaller cities. In Yavatmal’s context, solar power
is underutilized due to the absence of hybrid
systems or smart inverters that can dynamically
balance loads.

4. Data, Analytics, and Control Systems: Scarcity of
Load Data Without high-

resolution data, cannot implement

and Analytics:
utilities
advanced algorithms for dynamic load balancing.
Many DISCOMs in Tier-2 cities still rely on
manual metering

and billing, with poor

consumer profiling (Kumar & Sinha, 2021)
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Figure 2 : Common Load Prediction Algorithms:

1. Statistical Methods

Linear Regression: Models load as a linear function of
time, temperature, etc. ARIMA

AutoRegressive Integrated Moving Average: Captures
time-series data patterns and Good for stationary data
with seasonal trends.

2. Machine Learning Methods

Decision Trees / Random Forests: Handle non-linear
dependencies. Can model categorical and continuous
features.

Support Vector Machines (SVM): Effective for smaller
datasets. Sensitive to kernel and parameter selection.
Neural Networks (e.g., MLP, RNN, LSTM): Especially
good at capturing complex temporal relationships.
LSTM is great for long-range dependencies in time
series.

Load Scheduling in Yavatmal: MSEDCL implements
scheduled power outages to manage peak demand and
ensure grid stability. These schedules are periodically
updated and published on MSEDCL's official website,
detailing specific time slots for different areas within
Yavatmal. For instance, a time schedule released on
December 31, 2024, outlines the 3-phase power
availability for Agricultural
(AGLM) feeders in Yavatmal.

Load Management
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Agricultural Load Management (AGLM): Under the
AGLM scheme, MSEDCL provides daytime 3-phase
supply This
initiative aims to support farmers by ensuring reliable
The

schedules specify the exact timings when power will

power to agricultural consumers.

electricity during crucial farming hours.
be available to agricultural feeders, helping farmers
plan their activities accordingly.

Load Shedding Protocols: In cases of electricity
MSEDCL

enforces load shedding protocols. These protocols are

shortfalls or maintenance activities,
designed to distribute power outages equitably across
different regions and consumer categories. The
guidelines and circulars detailing these protocols are
accessible on MSEDCL's website.
Solar Energy Initiatives: To enhance power
availability and reduce dependency on traditional
energy sources, Yavatmal has been selected for a solar
energy project aimed at generating 125 MW of
electricity. This project is part of a broader effort to
integrate renewable energy into the local grid,
potentially improving load management and reducing
the frequency of load shedding in the long term.

Key Fault Detection Techniques in Load Balancing:

1. Health Monitoring and Proactive Checks: Load
balancers perform regular health checks on
backend servers to detect issues like high latency,
errors, or downtime. Upon detecting a fault, the
load balancer can reroute traffic to healthy
servers, maintaining service availability. Amazon
‘Web Services, Inc.+1LinkedIn+1

2. Statistical Anomaly Detection: By analyzing
metrics like response times and error rates, load
balancers can identify deviations from normal
behavior, indicating possible faults. For instance,
a significant increase in response time on a server
compared to others may trigger an alert and
traffic rerouting. Google Patents

3. Integration with Software-Defined Networking
(SDN):  SDN-enabled

dynamically adjust traffic flows

load balancers can

based on

network conditions and server statuses,
enhancing fault detection and response
capabilities. Kemp Technologies

Advanced Strategies for Fault Detection:

e  Machine Learning-Based Detection:

Implementing machine learning models can

enhance fault detection by identifying complex

patterns and predicting failures. These models

learn from historical data to improve accuracy

over time. Centralized Monitoring Systems:
Utilizing centralized logging and monitoring
tools allows for real-time visibility into system
health, facilitating quicker fault detection and
resolution.

Types of Load Balancing Control Actions:

1. Primary Control (Immediate Response:

Action: Automatic response by generators (e.g.,

governor action).

Purpose: Stabilizes frequency deviations immediately

after a disturbance.

2. Secondary Control (Automatic Generation Control)

Action: Centralized control to bring frequency and

tie-line power flow back to desired values.

Method: Adjusts setpoints of power plants via control

centers.

3. Tertiary Control (Manual Dispatch):

Action: Operator intervention to restore reserves, re-

dispatch generation, or curtail load. Purpose: Long-

term balancing and economic optimization.

SYSTEM DESIGN AND METHODOLOGY

A three-phase load-balancing system has been
explored. This automated load monitoring and control
system comprises three components a three-phase
voltage monitoring unit, a load management decision
device, and a load current monitoring unit. The
Arduino Uno, programmed in C++, will connect to a
personal computer via the RS232 interface. VB is used
for GUI interaction in this proposed system. Phase

voltage measurements for R, Y, and B are taken using
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three potential transformers connected to voltage
divider circuits and the Arduino's analog pins. The
three distinct phase currents of the low-tension
distribution feeder network are measured using three
current transformers, whose outputs are connected to
additional Arduino analog input ports. The voltage
and current sensor outputs will provide the six analog
inputs for the Arduino Uno. After processing these
inputs, the Arduino Uno produces the necessary
control signals. All input parameters are displayed on

a PC using a GUI system developed with VB.

- - B

) /—’-1 -I ot
—_— -l -
-._

1!

Relay
_, | (Switch)
Arduino Uno

- 4

Peak Load

Figure 3: Block diagram of proposed system

Load demand distribution in yavatmal :

Agricultural Demand: Agriculture is a major
consumer of electricity in Yavatmal. MSEDCL has
10,000

agricultural pumps, indicating a substantial load

provided over electric connections for
dedicated to irrigation and farming activities. To
support this, MSEDCL has implemented schemes like
the Agriculture Load Management (AGLM) and the
Mukhyamantri Saur Krushi Vahini Yojana (MSKVY),
aiming to provide 8 hours of daytime 3-phase power
supply to agricultural consumers. Residential and
Urban Demand: Approximately 21.58% of Yavatmal's

population resides in urban areas. These areas

contribute to the residential load demand,
encompassing  household electricity ~ usage,
commercial establishments, and public services.

Industrial Demand: Yavatmal hosts several industrial
zones, including MIDC areas, which contribute to the
While

consumption figures are not publicly detailed, these

industrial electricity demand. specific

zones are integral to the district's overall load profile.

Infrastructure and Load Management: MSEDCL has
undertaken various projects to strengthen the power
distribution infrastructure in Yavatmal. Initiatives
like load

management by distinguishing between agricultural

feeder separation help in efficient
and non-agricultural consumers, thereby reducing

technical losses and improving supply reliability

RESULT AND CONCLUSION

Smart Meter Installation for Improved Load
Management:

Under the Revamped Distribution Sector Scheme
(RDSS), MSEDCL is installing approximately 5 lakh
Time of Day (ToD) smart meters in Yavatmal district.
These meters provide real-time consumption data,
aiding in efficient load management and reducing
power theft. The initiative is part of a larger plan to
install 51.95 lakh smart meters across 11 districts in
Vidarbha,

beneficiary. The project aims to modernize the power

with Yavatmal being a significant
distribution sector by improving efficiency and
accountability. Yavatmal, being a part of the Vidarbha
region, has had a history of power supply issues due
to agricultural demand, old infrastructure, and
distribution challenges. Rural areas often experience
load shedding during peak seasons, particularly when
irrigation needs spike. Maharashtra State Electricity
Distribution Company Limited (MSEDCL) manages
power distribution in the region. Yavatmal relies
heavily on electrical power for irrigation, household
needs, small industries, and growing urban areas.
Uneven demand causes stress on transformers and
transmission lines, leading to power cuts or
equipment failure.

Agricultural dominance Irrigation pumps operate
mostly during peak hours (evening/night), spiking
demand. Old infrastructure Many transformers are
outdated, with poor capacity or protection. Limited
automation: Power distribution is still mostly manual

or semi-automated. Load shedding culture Load is
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often manually reduced during peak hours by cutting
supply to villages or alternating feeder shutdowns.

In this paper we studied the load balancing strategies
lucidly in detail. Load balancing in distributed
systems is the most thrust area in research today as
the demand of heterogeneous computing due to the
wide use of internet. More efficient load balancing
algorithm more is the performance of the computing
system. We made a comparison between SLB and
DLB introducing some new parameters. We have
enumerated the facilities provided by load balancing
algorithms. Finally, we studied some important
dynamic load balancing algorithms and made their
comparison to focus their importance in different
situations. The comparative study not only provides
an insight view of the load balancing algorithms, but
also offers practical guidelines to researchers in
designing efficient load balancing algorithms for
distributed computing systems.

Load unbalancing can lead to issues with phase
load

equalization offers a solution. This study describes a

unbalancing. Automated three-phase
load balancing model for a smart low-tension feeder.
The proposed model utilizes an Arduino to make
decisions and operate according to specified
preferences. Currently, load shifting is done manually,
but the proposed system, which balances the three
phases by monitoring electrical components, using
control panels, and switching matrices, aims to
eliminate labour and enhance precision. This benefits
the electricity grid. To address this issue, the
distribution system must equalize the load across each
phase. Achieving equitable sharing reduces energy
losses, overload situations, and return current flow in
the neutral of a three-phase system. The proposed
technology, which involves a microcontroller and
relay-based hardware, enables the implementation of
an automated three-phase load-balancing system.
Fast-switching relays are employed to shift the
domestic. By switching the relay ON/OFF, the entire

home load is connected to the phase with the least

load. Hardware and simulation results demonstrate
the

switching in reducing unbalancing in three-phase

effectiveness of microcontroller and relay

lines.

FUTURE SCOPE

The future scope of load balancing is vast and growing,

especially with the rapid evolution of technology,

networks, and data systems. Here's an overview of
where load balancing is headed and its emerging
significance:

1. Cloud Computing and Hybrid Environments:
Scalability & Flexibility Load balancing will
continue to evolve as a critical component in
cloud infrastructures (e.g., AWS, Azure, GCP).
Multi-cloud and Hybrid Load Balancing: Future
systems will need to handle traffic across
multiple cloud providers or between on-premise
and cloud systems.

2. Edge Computing & IoT: Distributed Load
Management With data being processed closer to
the source (edge), load balancing will extend
beyond centralized data centers. Real-time

balancing at edge nodes will reduce latency and

bandwidth wuse, crucial for IoT and 5G
applications.

3. Al & ML Integration: Predictive Load Balancing
Al algorithms can predict traffic spikes and
preemptively reallocate resources. Self-learning
Systems: Machine learning will enable adaptive
load balancers that evolve based on wusage
patterns and failures.

4. Software-Defined Networking

Network

(SDN)
Virtualization

and

(NFV):

Centralized Control SDN will allow more

Function

dynamic and programmable load balancing. NFV
will eliminate the need for physical appliances,
making balancing more scalable and flexible.

5. Security Integration: DDoS Mitigation Load
balancers will play a greater role in identifying

and mitigating distributed denial-of-service
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attacks. Future load balancers may include built-

in firewalls, SSL offloading, and anomaly
detection.
Load

Microservices and Containers with Kubernetes

Application-Aware Balancing:
and containerized apps, intelligent load balancing
at the service level becomes essential. Content-
based Routing: Decisions based not just on traffic

volume but on the nature of the request.
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