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Abstract- Electricity theft is a major challenge faced by power 

distribution networks worldwide. It leads to significant 

financial losses for utility companies and hampers efforts to 

promote sustainable energy usage. To tackle this problem, we 

propose an innovative Power Theft Detection and Alert 

System (PTDAS) that leverages advanced technology to detect 

and report electricity theft in real-time.Our solution combines 

smart metering, data analytics, and machine learning 

algorithms to accurately and efficiently identify suspicious 

activities related to power theft. Whenever the system detects 

unusual patterns or discrepancies that may suggest 

unauthorized electricity usage, it instantly alerts utility 

operators or relevant authorities. These alerts can be sent 

through various channels, such as email, SMS, or a dedicated 

web portal, ensuring a swift response and timely 

investigation.Additionally, the system is equipped with geo-

tagging features that help pinpoint the exact location of the 

suspected theft. This significantly reduces the time and effort 

required for on-site inspections, allowing authorities to take 

quick and targeted action.By integrating modern technologies, 

our PTDAS aims to strengthen the security of power 

distribution networks, reduce revenue losses, and contribute to 

a more efficient and sustainable energy system. 
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I. INTRODUCTION 

 

 Electricity theft is the illegal act of stealing electrical 

powerremains one of the most pressing challenges for power 

distribution networks globally. It leads to massive financial 

losses, with studies estimating annual global losses of around 

$89.3 billion. Countries like India, Brazil, and Russia are 

among the hardest hit, with India alone facing losses of $16.2 

billion. Transmission and distribution losses in several 

developing nations hover around 23%, with some regions 

witnessing losses exceeding 50%. Industries such as integrated 

steel plants, which require substantial amounts of power, 

further add to the strain, necessitating the establishment of 

additional high-capacity power plantssometimes up to 25,000 

MWto meet their demand. 

 

Despite persistent efforts, creating a completely theft-

proof electrical system is nearly impossible. Transparency 

International highlights that approximately 15% of the world’s 

generated electricity is lost due to theft. For example, in 

Bangladesh, around 22% of energy production was 

unaccounted for in the late 1990s, showcasing inefficiencies 

commonly seen in many developing countries, including 

Nigeria, where technological limitations hinder theft 

prevention efforts.To address these concerns, our project 

introduces a Smart Power Theft Detection and Alert System 

designed to tackle electricity theft efficiently and proactively. 

By integrating smart meters, real-time sensors, data analytics, 

and wireless communication, the system identifies irregular 

power consumption patterns and immediately alerts utility 

providers or authorized personnel. This not only reduces 

unauthorized usage but also promotes a more transparent, 

reliable, and sustainable energy network. 

     

So, we propose a web-based mobile application 

tailored for authorized utility officials, enabling them to 

monitor theft incidents in real-time, visualize theft-prone 

areas, and receive instant notifications. Complementing this is 

a centralized analytics website, which features interactive 

graphs, geographic mapping, and trend analysis tools to 

identify and predict potential theft hotspots, making future 

planning more effective.Our objectives focus on developing 

an affordable, automated solution that minimizes human 

intervention while providing utility authorities with powerful 

tools to monitor and manage theft. The system's 

implementation leverages advanced algorithms and 

microcontrollers to process live voltage and current data, 

detect anomalies like sudden spikes or load inconsistencies, 

and send immediate alerts via SMS, email, or dedicated 

dashboards. 

 

It even supports remote actions like restricting or 

cutting off supply to suspected areas. Additionally, secure data 

storage ensures accountability and facilitates future legal or 
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analytical use. By strengthening billing accuracy, safeguarding 

utility revenues, and ensuring the integrity of the grid, this 

smart solution ultimately benefits both providers and 

consumers, contributing to a fair and efficient power 

distribution ecosystem.Implementing a Smart Power Theft 

Detection System brings far-reaching benefits beyond just 

preventing electricity theft. Accurate, real-time data 

monitoring ensures transparent billing practices, builds 

consumer trust, and reduces discrepancies in power usage 

records. The data insights also assist utilities in forecasting 

demand more effectively and optimizing infrastructure 

planning. Overall, the approach promotes a healthier, more 

efficient, and sustainable energy ecosystem.Overcoming these 

hurdles is crucial for the successful, long-term operation of 

smart power theft detection solutions, ultimately benefiting 

both utilities and consumers. 

 

II. LITERATURE REVIEW 

 

Aliasedet alto focused on power theft issues in 

residential energy consumption in Saudi Arabia, specifically 

in the Eastern Province. It highlights how illegal electricity 

usage negatively impacts the energy sector, leading to 

financial losses and reduced efficiency. The study analyzes the 

factors contributing to power theft, including socio-economic 

conditions and lack of strict regulations. It also discusses 

possible preventive measures, such as advanced metering 

infrastructure (AMI) and public awareness campaigns, to 

reduce unauthorized energy consumption [1]. 

 

Daset alto presented a study on the ‘Power-Theft 

Automatic Metering Interface’ aimed at detecting and 

preventing electricity theft. The paper introduces an automated 

system that integrates smart metering technology with real-

time monitoring to identify unauthorized power usage. It 

emphasizes how the interface improves accuracy in billing and 

reduces manual errors. Additionally, the system helps utility 

providers quickly detect tampering and illegal connections, 

ensuring efficient energy management and minimizing 

financial losses caused by power theft [2]. 

 

Dinesh Kumaret al to proposed an ARM processor-

based system for controlling electricity theft using GSM 

technology. The system continuously monitors power 

consumption and detects irregularities indicating theft or 

tampering. Upon detection, it sends real-time alerts to 

authorities via the GSM network, enabling immediate action. 

The use of ARM processors ensures efficient processing with 

low power consumption. This approach enhances security, 

reduces manual inspection efforts, and helps utility providers 

maintain reliable and accurate energy distribution [3]. 

Etukudoret alto examined the significant challenges 

faced by the Nigerian Electricity Supply Industry due to 

widespread power theft. The study highlights how illegal 

connections and meter tampering contribute to revenue losses, 

poor service delivery, and increased operational costs. It also 

explores the socio-economic factors driving power theft, such 

as poverty and lack of enforcement. The authors recommend 

implementing stricter regulations, modern metering 

technologies, and public awareness programs to address these 

challenges and improve the industry's sustainability [4]. 

 

Hashmi et al to presented an anti-theft energy 

metering solution designed for smart electrical distribution 

systems. Their approach integrates advanced metering 

infrastructure (AMI) with communication technologies to 

detect and prevent electricity theft. The system monitors real-

time energy consumption and identifies anomalies such as 

tampering or unauthorized usage. The authors emphasize the 

importance of combining smart meters with automated control 

to create an efficient, theft-resistant power distribution 

network [5]. 

 

Omijeh et al topresent a cost-effective electricity theft 

detection and prevention system utilizing IoT technology. 

Their system uses smart sensors and IoT modules to 

continuously monitor electrical parameters and detect unusual 

activities indicating theft or tampering. Real-time data is 

transmitted to utility providers, allowing immediate 

identification of unauthorized usage. The authors emphasize 

the affordability and scalability of the system, making it 

suitable for widespread deployment. This approach enhances 

grid security, reduces revenue losses, and promotes efficient 

energy management [9]. 

 

Saad et al to proposed a GSM-based prepaid 

electricity system integrated with theft detection capabilities. 

The system monitors electricity usage and detects irregular 

consumption patterns that may indicate power theft or meter 

tampering. Using GSM technology, it enables real-time 

communication between the meter and the utility provider, 

ensuring prompt alerts and quick action. This prepaid model 

not only helps in efficient billing but also reduces revenue 

losses by preventing unauthorized usage and promoting 

responsible energy consumption among users [11]. 

 

III. DESCRIPTION OFEXISTING SYSTEM 

 

The traditional methods used for detecting power 

theft in transmission lines are outdated and inefficient. Most of 

these systems still depend heavily on manual inspections, 

where field personnel physically check equipment and lines 

for any irregularities. This process is not only time-consuming 
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but also leaves room for human error, making it unreliable. 

Inspectors may overlook critical signs of tampering or 

unauthorized connections, and by the time the issue is 

identified, significant financial losses may have already 

occurred. Additionally, relying on past consumption data to 

spot anomalies can be helpful, but it lacks the ability to 

provide real-time insights or instant alerts. 

 

 
Figure.1. ExistingSystem ofpower theft Detection 

 

Because of these limitations, the current power theft 

detection methods offer only minimal security against modern 

tampering techniques and fraudulent practices. They fail to 

provide timely responses, allowing theft activities to continue 

unchecked for longer periods. This results in substantial 

revenue losses for utility companies and compromises the 

integrity of the power distribution network. To effectively 

safeguard against power theft, there's a clear need to adopt 

smarter, automated systems that offer real-time monitoring, 

quicker detection, and immediate alerts-ensuring better 

protection and efficiency in today’s power grids. Moreover, 

these conventional methods do not offer transparency to 

consumers, leading to trust issues between utility providers 

and end-users. Customers are often unaware of theft activities 

happening around them, which could impact their service 

reliability. By implementing advanced technologies, utilities 

can foster better communication and trust with consumers by 

ensuring fair billing and uninterrupted service. 

 

IV. COMPONENTS OFEXISTING SYSTEM 

 

 The existing power theft detection system is built 

using a simple yet effective setup to monitor and catch any 

unauthorized electricity usage. It mainly consists of a power 

supply, current sensor, relay board, two lamps (Lamp1 and 

Lamp2), an Arduino Uno, and a Real-Time Clock (RTC) 

module. The power supply keeps everything running smoothly 

by providing the necessary voltage to all the components. The 

current sensor plays an important role by constantly checking 

how much current is flowing through the line. If there’s any 

unusual spike in the current-like someone illegally tapping 

into the line-it sends this information directly to the Arduino 

Uno for further action. 

 

 At the heart of the system, the Arduino Uno acts as 

the decision-maker. It takes the data from the current sensor 

and compares it to a safe limit that’s already set. If the current 

suddenly shoots up beyond that limit, the Arduino 

immediately steps in by sending a command to the relay 

board. The relay board, in turn, cuts off the power supply to 

Lamp1 and Lamp2, which represent the electrical loads. To 

make sure the incident doesn’t go unnoticed, the RTC module 

records the exact time and date when the suspicious activity 

happened. This way, the system can not only detect theft but 

also provide a log of when it occurred, making it easier to 

track. 

 

 
Figure 2. Block Diagram of Existing System 

 

 It being said, this setup does have a few limitations. 

While it’s good at spotting when something isn’t right and 

stopping the power locally, it still depends on manual checks 

to reset everything and investigate the cause. For larger power 

distribution networks, this manual process can slow things 

down and make it harder to catch theft in real-time. It also 

lacks the ability to automatically alert utility companies or 

authorities, which means there's a delay in responding to any 

theft incidents. 

 

To make the system even better, it could be upgraded 

by adding wireless communication features like GSM or IoT 

modules. These additions would allow the system to send 

instant alerts to the control room or utility provider whenever 

theft is detected, saving valuable time. Also, connecting the 

system to a central database or cloud storage would help keep 

records organized and give insights into theft patterns over 

time. With these improvements, the system could offer 

quicker responses and stronger protection for the power 

grid.Moreover, incorporating user-friendly interfaces, such as 
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mobile apps or web dashboards, could make it easier for utility 

staff to monitor the system remotely. 

 

V. PROPOSED SYSTEM 

 

In this modern power theft detection system, the 

NodeMCU serves as the heart of the setup, functioning as the 

central hub with its built-in Wi-Fi connectivity. It works 

seamlessly with voltage and current sensors that are 

continuously monitoring the transmission lines. As the real-

time data flows in, smart algorithms inside the NodeMCU 

quickly analyze it, comparing the readings against pre-set safe 

consumption limits. If any unusual spike or drop suggests 

unauthorized usage, the system immediately triggers an alert. 

Thanks to its wireless connectivity, notifications are instantly 

sent via SMS or email, allowing utility providers to take swift 

action without delays. 

 

A. BLOCK DIAGRAM: 

 

 
Figure 3. Block Diagram of Proposed System 

 

To make detection even more precise, a GPS module 

is added to the system. This ensures that the exact location of 

any suspicious activity is identified, making it easier for 

technicians to investigate and resolve issues on the ground. All 

gathered data, including the consumption records, alert 

history, and location details, is securely stored-often with 

encryption-to protect against misuse. For easy access and real-

time visualization, the system is linked to platforms like Thing 

Speak, allowing operators to monitor everything remotely 

from their dashboards. Additionally, anti-tampering features 

are built-in to catch any physical interference or illegal 

connections, giving an extra layer of protection to the network. 

It truly makes this system effective is its ability to log and 

store historical data over time. 

Its valuable insight helps them make informed decisions, 

whether it's implementing preventive measures, upgrading 

infrastructure, or fine-tuning grid performance. Ultimately, 

this smart integration of sensors, wireless communication, and 

cloud analytics not only curbs power theft but also boosts the 

overall reliability and efficiency of the power supply for 

everyone. The integration of IoT technology into this power 

theft detection system adds a smart, user-friendly layer to its 

operation. By continuously monitoring real-time data and 

providing instant alerts, the system not only helps catch 

unauthorized electricity usage quickly but also minimizes the 

need for manual inspections.  

 

B. FLOW CHART: 

 

The flow of the advanced Power Theft Detection 

System begins by powering up and initializing all essential 

components like the NodeMCU, sensors, GPS module, and the 

ThingSpeak platform. The voltage and current sensors start 

monitoring real-time data from the transmission line, while the 

GPS module fetches the system’s location. This real-time 

dataincluding current, voltage, and locationis collected and 

sent to the NodeMCU for processing. Smart algorithms inside 

the NodeMCU compare the readings against predefined safe 

thresholds. If the data remains within normal limits, the 

system continues monitoring. 

 

However, if the readings exceed safe levels, possibly 

indicating theft or tampering, the system runs an additional 

check to detect any physical interference. Upon confirming 

abnormal activity, the NodeMCU triggers an immediate alert 

and transmits it via Wi-Fi as SMS or email notifications to the 

utility provider. Simultaneously, all power usage data, along 

with timestamps and location information, is securely stored in 

the cloud through ThingSpeak, allowing real-time and 

historical data access. Authorized personnel can log in 

anytime to view this information and take appropriate action, 

such as inspecting the location or disconnecting the supply. 

Once the alert is sent and data logged, the system loops back, 

continuing its monitoring cycle without interruption, ensuring 

constant vigilance and protection. 
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Figure 4. Flow Chart of Proposed System 

 

C.  PROPOSED SYSTEM METHODOLOGY: 

 

Planning 

 

 Gather data regarding the necessity of treating banana 

suckers with hot water.Gather detailed data regarding 

the current challenges in power theft, losses incurred, 

and existing detection methods. 

 Conduct surveys with utility providers and field 

engineers to understandtheft patterns, common 

tampering methods, and affected areas. 

 Develop a project plan including workforce needs 

(engineers, software developers, field technicians), 

funding requirements, and anticipated expenses such 

as hardware procurement and cloud platform 

subscriptions. 

 Identify necessary resourcesNodeMCUboards, 

sensors (voltage, current), GPS modules, Wi-Fi 

modules, and access to cloud platforms like 

ThingSpeak. 

 Perform a feasibility study to evaluate how well the 

system will work across various grid infrastructures 

(urban, rural) and climatic conditions. 

 Collaborate with electrical boards, smart grid experts, 

and IoT specialists to gain professional insights and 

validate the approach. 

 Obtain legal and regulatory clearances for installing 

monitoring equipment in sensitive areas. 

 

Development 

 

 Determine optimal sensor specifications and 

calibration settings suitable for various transmission 

line voltages and currents. 

 Design and assemble prototype hardware setup 

including NodeMCU, voltage and current sensors, 

GPS module, and Wi-Fi module. 

  Develop and fine-tune embedded code to handle 

real-time data acquisition, threshold logic, alert 

triggering, and data transmission. 

 Create clear Standard Operating Procedures (SOPs) 

outlining sensor placement, threshold setting, and 

system calibration.  

 Conduct pilot testing in a controlled environment to 

analyse system behaviour, focusing on false positives 

and negatives.  

 Develop a monitoring dashboard through ThingSpeak 

to visualize live data, analyse trends, and store 

historical records securely. 

 Establish protocols to ensure stable internet 

connectivity and data encryption for secure 

transmission. 

 

Implementation 

 

 Procure and install all required hardware components 

at target locations, ensuring proper alignment, safety, 

and calibration of sensors.  

 Integrate the system seamlessly with the existing 

power distribution infrastructure without disrupting 

service. 

 Provide in-depth training to field technicians and 

operators on how to operate, monitor, and maintain 

the system, including sensor handling. 

 Set up communication modules for real-time alerts 

via SMS and email to reach utility personnel quickly 

in case of suspicious activity.  

 Deploy the system to actively monitor power usage, 

comparing live readings to safe consumption 

thresholds. 

 Ensure that all location data, alerts, and usage 

patterns are logged in the ThingSpeak platform, 

providing accessible, real-time monitoring. 

 

Evaluation 

 

 Collect post-deployment data on power theft 

incidents detected, false alarms, and system response 

times. 
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 Compare power usage patterns and theft rates before 

and after implementation to measure effectiveness. 

 Continuously test and inspect sensor accuracy, data 

transmission reliability, and alert mechanisms. 

 Analyze the system's long-term impact on reducing 

power theft, improving grid efficiency, and 

minimizing revenue losses. 

 Gather feedback from field technicians, utility 

providers, and cybersecurity experts to identify areas 

for improvement. 

 Update algorithms and thresholds periodically based 

on collected data and evolving theft techniques to 

keep the system effective. 

 Publish reports or case studies showcasing the 

project's success and efficiency for scalability across 

broader regions. 

 

D. WORKING OF PROPOSED SYSTEM 

 

The Sensors installed along the transmission line 

continuously measure electrical current and voltage 

parameters, collecting real-time data to monitor the system's 

health. This raw sensor data is sent to the Node MCU, where it 

undergoes preprocessing steps like calibration and noise 

filtering to ensure accuracy and consistency. The system also 

sets predefined thresholds based on typical power usage 

patterns, which serve as a benchmark for detecting 

irregularities. 

 

As the real-time data flows in, the Node MCU’s 

advanced algorithms continuously analyse power parameters, 

scanning for unusual voltage fluctuations, unexpected high 

loads, or any anomalies that might indicate power theft. If the 

system detects data exceeding the set thresholds or identifies 

suspicious patterns, it immediately triggers an alert.These 

alerts are transmitted via the Node MCU's Wi-Fi module to 

designated recipients, such as utility operators or security 

personnel, through email notifications or SMS messages, 

ensuring a quick response. 

 

To further safeguard the system, extra sensors or 

devices are deployed to detect physical tampering or 

unauthorized connections. In critical situations, the technology 

even offers the ability to remotely disconnect power supply to 

the suspected location, enabling a proactive approach to 

handling power theft. Altogether, this integrated system 

ensures that transmission lines remain secure, utility revenues 

are protected, and potential theft incidents are addressed 

swiftly through real-time monitoring, timely alerts, and 

preventive measures. 

 

E.  APPLICATIONS OF PROPOSED SYSTEM 

 

Power theft detection in transmission lines plays a 

crucial role in ensuring the reliability and stability of the 

electrical grid, especially as these lines are responsible for 

carrying electricity over long distances. By identifying and 

addressing unauthorized consumption, the system helps 

safeguard the integrity of the grid, minimize power losses, and 

protect revenue streams for utility providers.  

     

It not only prevents financial strain on the utilities but 

also ensures that energy reaches consumers fairly and without 

disruption. Additionally, such systems contribute to the 

longevity of transmission infrastructure by reducing 

unnecessary load and wear caused by illegal connections. 

They also enhance operational efficiency by allowing real-

time monitoring and faster decision-making, cutting down on 

manual inspections and improving overall grid performance. 

Ultimately, power theft detection in transmission lines is 

essential for maintaining a reliable, efficient, and financially 

sustainable power distribution system over extended distances. 

 

VI. RESULTS AND DISCUSSIONS 

 

 
Figure 5[i].With Load 

 

 Power theft isn’t just about lost electricityit has a 

ripple effect that impacts everyone.When individuals 

illegally tap into transmission lines, especially during 

high-demand load conditions, it puts immense stress 

on the entire power grid.  

 This not only leads to voltage drops and unstable 

supply but also forces utility companies to spend 

extra resources fixing these issues.  

 As a result, honest consumers often face higher bills 

to cover these hidden losses. T 

 o tackle this, utility providers are turning to advanced 

solutions like smart meters that detect unusual 

patterns, real-time monitoring systems, and better 

security measures.  
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 The goal is to ensure a stable, fair, and efficient 

power supply for everyone while cracking down on 

those who misuse it.  

 Funds that could be invested in upgrading equipment, 

expanding services, or integrating renewable energy 

sources often get diverted toward damage control and 

theft prevention efforts. 

  This creates a cycle where the growth of the grid is 

slowed down, affecting not just current users but also 

future access to reliable electricity. 

 By addressing power theft proactively through 

technology and strict enforcement, utility companies 

can focus on building a more resilient, efficient, and 

sustainable energy network that benefits the entire 

community. 

 

 
Figure 5[ii]. Without Load 

 

 Power theft in transmission lines isn’t limited to just 

high-demand periods-it can also occur during load-

free or idle times when the grid seems quiet and less 

monitored. Some individuals exploit these off-peak 

hours to illegally tap into the high-voltage lines, 

thinking there’s less chance of getting caught.  

 However, this sneaky practice doesn’t just affect the 

power company’s revenue; it introduces serious 

safety hazards like electrical shocks, equipment 

damage, and even fire risks. 

 To counteract this, utility providers rely on advanced 

monitoring systems that keep a constant watch on 

power flow, no matter the time of day.  

 Enhanced security measures, such as automated alerts 

and real-time data tracking, help detect suspicious 

activity early. At the same time, spreading public 

awareness about the dangers and consequences of 

power theft is equally important.  

 By combining technology with community 

engagement, the goal is to protect the grid, ensure fair 

access to electricity, and create a safer environment 

for everyone. 

 

VII. CONCLUSIONS 

 

At last,implementing a Power Theft Detection and 

Alert System in transmission lines brings significant benefits 

to the management of electricity networks. These systems play 

a vital role in preventing unauthorized electricity usage, 

ensuring fair distribution of power, and maintaining the 

stability of the grid. Through real-time monitoring and instant 

alerts, they allow utility providers to quickly identify and 

address any suspicious activities, reducing revenue losses 

while improving service reliability. 

 

In addition, they contribute to creating a more 

sustainable and transparent energy environment by promoting 

responsible energy consumption and fair billing practices. The 

system also helps reduce operational costs by minimizing the 

need for manual inspections and accelerates the resolution of 

theft incidents. 

 

Moreover, it builds public trust by ensuring the 

integrity of the power supply and reinforcing confidence in 

utility services. Overall, deploying such systems is a crucial 

step toward enhancing grid security, improving resource 

management, and fostering an efficient, future-ready energy 

infrastructure. 
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