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Abstract - In recent years, data-driven insights have become 

essential in enhancing efficiency and reliability in power 

distribution and management. This paper presents APGA an 

“Automated Power Grid Analytics” Tool, a Django-based 

web application designed to automate data extraction, 

storage, and analysis for power plant performance 

monitoring. Utilizing data scraped from the Grid Controller 

of India Limited, the analytical framework leverages the 

Gemini model to enable real-time data querying and 

visualization, providing insights critical for power 

distribution entities. The application supports 

comprehensive analysis, including graphical representations 

and query-based insights, to facilitate informed decision-

making in power management. We further discuss the 

implications of such a tool in predictive maintenance, load 

forecasting, and fault detection, aiming to benchmark its 

performance against existing systems. 
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1. Introduction 

 

The demand for reliable and efficient energy management 

solutions has grown exponentially in recent years, driven by the 

increasing complexity of power grids and the critical need for 

uninterrupted energy supply. With advancements in data 

collection and analytics, power utilities are better positioned to 

monitor, analyze, and optimize power generation and 

distribution. However, conventional energy management 

systems (EMS), such as SCADA-based platforms, often fall 

short in offering dynamic and granular insights, especially in 

scenarios requiring real-time data analysis for numerous power 

plants across multiple time blocks. These systems typically 

focus on basic monitoring and historical trend analysis but may 

lack the advanced querying and visualization capabilities 

essential for proactive decision-making. 

 

  

This paper introduces APGA an “Automated Power Grid 

Analytics”, Django-based web application that enhances 

traditional energy management approaches by integrating 

automated data scraping, storage, and real-time analytics 

powered by the Gemini model. 

 

Our application APGA, collects 24-hour readings for 103 

power plants from Grid India, with data stored in MongoDB 

to enable rapid access and manipulation. By leveraging the 

Gemini model, this application provides superior analytical 

capabilities, enabling users to query the data with flexibility 

and visualize it effectively. Unlike standard EMS solutions, 

our system supports advanced natural language processing 

(NLP)-driven querying, allowing electricity suppliers to gain 

actionable insights without requiring extensive data 

engineering expertise. 

 

This approach contrasts with traditional machine learning 

models and pre-built dashboards used in energy analytics, 

which are often limited to pre-defined metrics and static 

reports. In addition, our application’s architecture enables 

dynamic querying and real-time graph generation, 

significantly enhancing the utility of the data for tasks such 

as predictive maintenance, anomaly detection, and load 

forecasting. 

 

 

        Figure 1. Features of Power Grid 

 

Figure 1. It highlights the data flow between power plants 

and grid control systems, enabling real-time monitoring and 

management of energy distribution. 
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2. Literature Review 

 

The integration of web scraping, machine learning, and energy 

analytics has seen significant advancements in recent years, 

especially in sectors like power management and smart grids. 

This section reviews key literature that informs the design and 

development of the web app for energy data analysis, focusing 

on web scraping techniques, OCR for CAPTCHA bypassing, 

machine learning applications in energy forecasting, and the 

use of databases for large-scale data management. 

 

Web Scraping Techniques for Data Extraction:                       

Web scraping is a powerful technique used to extract large 

volumes of data from websites in an automated manner. 

According to Da’as and Abu-Naser [1], web scraping has 

become an essential tool for gathering real-time data from 

various sources, including power plants, for further analysis. 

They compare different scraping techniques and their 

effectiveness in extracting data, emphasizing the importance of 

selecting an appropriate method based on the structure and 

security of the target website. The study highlights how 

automated scraping can benefit industries by providing access 

to crucial data without the need for manual collection. 

 

Singh and Goyal [2] address the challenges involved in scraping 

data from websites that implement CAPTCHA systems to 

prevent automated access. They propose a method for 

CAPTCHA bypassing using Optical Character Recognition 

(OCR) techniques, specifically focusing on Tesseract, an open-

source OCR tool, to enhance the automation of data extraction 

processes. This approach is particularly relevant for energy data 

scraping from sites like the Grid Controller of India, where 

CAPTCHA is often used to safeguard access. 

 

 

Machine Learning in Energy Data Analytics: 

Machine learning (ML) plays a crucial role in the analysis of 

large-scale energy consumption data, where predictive 

modeling can help optimize energy management systems. 

Sharma and Gupta [4] provide a comprehensive review of 

various ML models applied to energy systems.  

 

 

They discuss how these models can predict energy demand, 

optimize grid operations, and enhance overall system efficiency. 

The integration of ML models with energy data can also lead to 

smarter decision-making, particularly in large-scale operations 

such as power plants. 

 

Kumar and Singh [5] explore the use of machine learning for 

predictive analytics in energy management systems. They 

highlight how algorithms can be used to predict energy 

consumption patterns and improve forecasting accuracy, which 

is vital for balancing energy supply and demand. This has 

direct implications for the energy sector, where predictive 

models can help reduce energy wastage and improve the 

sustainability of power distribution systems. 

 

Kumar and Raj [7] further explore predictive analysis, 

focusing on power consumption using ML techniques. They 

emphasize the importance of analyzing historical energy 

usage data to forecast future demand. This aligns with the 

goals of the current research, where predictive analytics is 

applied to the 24-hour readings from power plants to forecast 

future energy consumption and optimize grid performance. 

 

Data Management with NoSQL Databases: 

The use of NoSQL databases, particularly MongoDB, is 

critical for managing the large and dynamic datasets 

associated with energy consumption readings. MongoDB's 

scalability and flexibility make it an ideal choice for storing 

energy data, which can be continuously updated with real-

time readings. Wang et al. [9] present a case study of 

MongoDB's application in big data scenarios, highlighting its 

effectiveness in handling unstructured data and its ability to 

scale horizontally. The ability to store vast amounts of 

energy-related data in a NoSQL database ensures that data 

retrieval is fast and efficient, which is crucial for time-

sensitive energy analysis. 

 

 

Enhancing Energy Forecasting with Hybrid Models: 

Energy forecasting is an essential aspect of smart grid 

operations, and hybrid models that combine machine 

learning techniques have shown promise in improving 

prediction accuracy. Dhillon and Singh [10] propose hybrid 

models for enhancing energy forecasting in smart grid 

applications. 

 

 

These models combine multiple algorithms to achieve better 

accuracy than single-method approaches, offering valuable 

insights into power consumption trends. Such hybrid models 

are relevant for the proposed research, where accurate 

forecasting of energy usage is a key objective for the energy 

companies. 

 

 

Applications of Deep Learning in Power Systems 

Deep learning techniques have also made significant strides in 

power system analytics. Chen et al. [8] explore the 

applications of deep learning in power system control and 

analytics, highlighting its potential in predicting faults, 

optimizing operations, and improving the overall stability of 

the power grid. The use of deep learning can significantly 

enhance the ability of power companies to make real-time 
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decisions based on predictive data, which is integral to the 

functionality of the web app being developed. 

 

 

3. Methodology 

 

The methodology for the Automated PowerGrid Analytics 

system is designed to integrate various software components to 

achieve robust data extraction, storage, analysis, and 

visualization capabilities. This section details the technical 

architecture, tools, and processes employed to meet the system’s 

functional requirements, enhancing energy management 

through data-driven insights. The methodology is divided into 

several stages: data scraping, CAPTCHA handling, data 

validation and storage, analysis with the Gemini model, and 

reporting and visualization. 

 

 

The data scraping component is fundamental to the system, 

responsible for retrieving power scheduling data from the 

"wbes.nrldc.in" website. Python, in conjunction with the 

Selenium framework, is employed for web scraping due to its 

flexibility and compatibility with dynamic web content. 

Selenium automates browser navigation, allowing the system to 

extract data across various web pages while handling interactive 

elements such as drop-downs and pagination. 

 

CAPTCHA mechanisms on the website present a significant 

challenge to automated data scraping. To bypass CAPTCHA, 

the system incorporates Tesseract OCR (Optical Character 

Recognition) to decode CAPTCHA images. This step requires 

pre-processing of CAPTCHA images to enhance recognition 

accuracy, utilizing image processing techniques such as 

grayscale conversion, binarization, and noise reduction. 

 

After extraction, data validation is conducted to ensure 

completeness, accuracy, and relevance. This includes checks for 

missing fields, data type conformity, and consistency across 

entries. Validated data is then stored in a MongoDB database, 

chosen for its scalability and support for flexible schemas. 

 

 

        Figure 2. Flow chart of APGA 

 

Figure 2. It highlights the flow of control between different 

components of grid control system. 

 

The system leverages the Gemini model to perform advanced 

data analysis on the stored information. The Gemini model, 

known for its strong performance in handling complex and 

large datasets, enables the extraction of insights related to 

power consumption patterns, anomaly detection, and 

predictive trends. Through pattern identification and 

predictive analysis, the model provides actionable insights to 

inform decision-making in power management, such as 

resource allocation and grid load balancing. 

 

 

 

To support user-centric data analysis, the system offers 

dynamic reporting and visualization features. Users can 

generate reports based on specific metrics, with options for 

visual representations, including graphs, charts, and tables. 

The reporting module includes customizable templates, 

allowing users to tailor reports to their unique needs. This 

feature empowers stakeholders, such as power distribution 

companies, to make data-driven decisions quickly and 

efficiently. 

. 

 

Robust error handling and logging mechanisms are integrated 

throughout the system to track and manage potential issues during 

data extraction, processing, and analysis. Each operation, including 

successful transactions and errors, is logged, creating a detailed 

audit trail. This functionality supports real-time monitoring, 

troubleshooting, and ensures system resilience in the face of data 
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extraction challenges or processing errors. 

 

 

This structured methodology ensured that the Automated 

PowerGrid Analytics (APGA) tool was developed using best 

practices in data scraping, validation, and advanced analytical 

modeling. By leveraging deep learning and data preprocessing 

techniques, APGA provides a robust and reliable solution for 

real-time power grid data analysis and predictive insights, 

enhancing decision-making for energy management. 

 

4.Experimental Results 

 

The evaluation of the Automated PowerGrid Analytics 

(APGA) tool focused on two primary metrics: response 

accuracy and response correctness. These metrics provide 

insight into the tool's ability to generate accurate predictions 

and correct outputs across multiple test queries. Each query 

response was assessed against actual values to determine the 

tool's reliability in real-world scenarios. 

 

To quantify response accuracy, we utilized the Mean Absolute 

Percentage Error (MAPE). This metric calculates the average 

deviation between predicted and actual values, providing a 

clear indication of the tool’s precision in percentage terms. The 

APGA tool achieved a MAPE of approximately 7.19%, 

suggesting that the predictions deviate from actual values by 

only 7.19% on average. Given that a MAPE below 10% is 

generally considered highly accurate in many predictive 

domains, this result indicates a high level of accuracy in 

APGA’s predictive capabilities. Such accuracy is crucial for 

energy management, where small deviations can significantly 

impact operational decisions. 

 

Response correctness was evaluated by comparing APGA’s 

predicted values with the actual values for each query to 

determine if the tool produced exact or near-exact results. Out 

of the five test queries, APGA achieved 100% correctness for 

four queries (Q1, Q2, Q3, and Q4), where predicted values 

matched the actual values precisely. This high correctness rate 

underscores the tool’s reliability in scenarios requiring precise 

outputs. 

 

 

For Query Q5, there was a deviation of 7.7191 between the 

actual value (-26.8291) and the predicted value (-19.11). 

Although this represents a slight error, it remains within an 

acceptable tolerance level for many energy management 

contexts, where near-exact estimates are often sufficient for 

decision-making. This minor deviation in Query Q5 suggests 

that while APGA is highly reliable, further model refinements 

could improve precision for certain boundary cases. 

 

 

1. Summary of Evaluation: The results demonstrate that 

APGA provides both high accuracy and correctness in power 

grid analytics: 

• Overall Response Accuracy: High, with a MAPE of 

~7.19%. 

• Overall Response Correctness: 100% exact match for 

four out of five queries, with a minor error in one query that 

remains within acceptable limits. 

 

These results indicate that APGA is well-suited for power grid 

analytics, with robust predictive performance that can reliably 

support operational and strategic decisions in energy 

management. The combination of high accuracy and correctness 

in this evaluation validates APGA as a valuable tool for real-time 

power grid analysis and predictive insight generation. Further 

research may focus on refining the model to minimize the small 

deviations observed in cases like Query Q5, enhancing the tool's 

precision in all scenarios. 

 

 

 

Figure 3. Actual vs Predicted Values 

 

 

5.Conclusion 

 

The Automated PowerGrid Analytics (APGA) tool 

demonstrates significant potential for enhancing energy 

management through real-time data scraping, advanced 

analytics, and predictive insights. The tool successfully 

addresses several challenges inherent to the field, including 

dynamic data extraction, CAPTCHA bypassing, and 

scalability in data storage. Leveraging Python’s Selenium 

library for web scraping and the Gemini model for predictive 

analysis, APGA effectively captures and processes 24-hour, 

97-block readings from multiple power plants, delivering 

accurate analytics for stakeholders in the energy sector. 
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Evaluation metrics underscore APGA’s robustness and 

reliability, with a Mean Absolute Percentage Error (MAPE) of 

approximately 7.19%, indicating high prediction accuracy. The 

APGA tool achieved a 100% correctness for most test queries, 

underscoring its capability to meet high standards for exact 

matches in energy data analysis.  

 

Compared to existing tools in energy analytics, APGA offers 

notable advancements. Traditional tools may rely on 

predefined datasets or lack the flexibility to handle 

dynamically sourced data from various online sources. 

APGA’s use of Gemini modeling for data-driven insights sets 

it apart from previous solutions, particularly in handling 

extensive, variable datasets relevant to energy providers. 

Moreover, APGA’s approach to CAPTCHA bypassing with 

Tesseract OCR adds a level of sophistication, ensuring data 

accessibility even in cases where automated extraction is 

typically hindered. 

. 

While APGA exhibits strong accuracy and reliability, there are 

areas for improvement. One limitation observed in the 

evaluation phase was a slight deviation in a subset of queries, 

indicating the need for additional model fine-tuning to ensure 

consistency across all cases. Additionally, reliance on 

CAPTCHA bypass mechanisms may present a bottleneck 

under varying CAPTCHA designs, and OCR’s accuracy may 

be affected by factors like image quality and complexity. These 

factors could influence the efficiency and scalability of APGA 

in large-scale applications.  

 

In conclusion, APGA marks a meaningful advancement in 

energy management and analytics, delivering accurate, 

actionable insights for power grid stakeholders. By addressing 

both technical challenges and future research avenues, APGA 

positions itself as a versatile tool with the potential to reshape 

predictive analytics in energy management. With ongoing 

improvements and adaptations, APGA could serve as a 

cornerstone for data-driven energy optimization and resource 

planning. 

 

 

 

6.  Limitation and Future Work 

 

While the Automated PowerGrid Analytics (APGA) tool shows 

promising results in data extraction, predictive analytics, and 

user-centric reporting, it does face a few limitations that could 

impact its scalability and performance in certain scenarios: 

 

The Gemini model integrated within APGA performs well 

overall, there are instances where minor deviations were 

observed in specific predictions (e.g., Query Q5). These 

deviations suggest that additional model optimization may be 

needed to handle edge cases, potentially affecting prediction 

reliability in high-stakes or sensitive applications. 

 

APGA is currently optimized for 103 power plants and 97 

data blocks. Scaling to larger datasets or additional data 

sources may necessitate further optimization in data 

processing, storage, and computational requirements to avoid 

latency or performance bottlenecks. 

 

Further research will focus on refining the Gemini model, 

including fine-tuning with additional historical and contextual 

data to improve its accuracy for all query types. Considering 

ensemble techniques or hybrid models could also enhance 

prediction reliability, especially for edge cases. 

 

In summary, addressing these limitations and implementing 

the proposed future work will strengthen APGA’s role in 

predictive analytics for energy management. With these 

enhancements, APGA can offer even greater value as a 

scalable, adaptable, and robust tool for data-driven decision-

making in the power sector. 
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