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Abstract— This paper introduces a comprehensive platform for enhancing energy access through predictive modeling. Featuring
power consumption and generation prediction models, alongside visualization tools, it offers insights into future trends and facilitates
informed decision-making. The inclusion of a chatbot feature enables interactive knowledge exchange within the energy domain. By
integrating predictive modeling, visualization, and interactive communication, our platform provides a holistic solution to advance

energy access and sustainability initiatives.

Index Terms— Predictive Modeling, Energy Access, Power Consumption Prediction, Power Generation Prediction.

I. INTRODUCTION

Access to energy is fundamental for socioeconomic
progress and human welfare. Studies underscore its pivotal
role in improving health services, education, gender equality,
and daily activities like lighting and cooking. Despite its
benefits, 840 million people globally lack electricity, with
challenges exacerbated in developing countries like India due
to funding constraints, inadequate data infrastructure, and
regulatory hurdles. This scarcity hampers policymakers'
ability to make informed decisions, hindering energy
planning accuracy. India, a burgeoning economy, faces
escalating energy demand, yet millions remain without
reliable electricity, particularly in rural areas. Energy access
is pivotal for essential services, economic growth, and
poverty alleviation, yet inadequate access exacerbates
environmental challenges and perpetuates reliance on
polluting energy sources. Addressing these challenges
necessitates innovative solutions leveraging technology and
data-driven insights to optimize energy production,
distribution, and consumption, fostering sustainable
development and societal advancement.

Il. MOTIVATION

The motivation behind this project is rooted in the critical
need to address the challenges surrounding energy access,
particularly within the context of India’s dynamic
socio-economic landscape. With a rapidly growing
population and a developing economy, the demand for
energy continues to increase, putting significant pressure on
existing energy infrastructure. Despite progress in energy
production and distribution, many people in India still lack
reliable access to electricity, especially in rural and
under-served areas. This not only hampers socio-economic
development but also worsens environmental issues due to

the continued use of inefficient and polluting energy sources.
As a result, the project aims to leverage innovative
technologies and data-driven approaches to develop solutions
that optimize energy production, distribution, and
consumption. The goal is to bridge the gap between energy
supply and demand, ultimately promoting sustainable
development. Through predictive modeling and analysis, the
project seeks to provide actionable insights and tools to
empower stakeholders in the energy sector to enhance energy
access, drive economic growth, and support India’s
development objectives.

I11. OBJECTIVE

The objective of this project is to develop a comprehensive
platform for enhancing energy access through predictive
modeling and data analytics. By utilizing advanced machine
learning algorithms and visualization techniques, the project
aims to achieve several key goals. Firstly, it aims to predict
power consumption and generation trends, enabling
stakeholders to anticipate energy demands and optimize
resource allocation. Additionally, the platform will facilitate
the analysis of energy consumption and generation patterns
through  easy-to-understand  visualizations, providing
stakeholders with practical insights to guide decision-making
processes. Furthermore, the platform will include a
question-and-answer chatbot feature to enhance user
engagement and provide timely assistance in addressing
energy-related queries and challenges. Through these
objectives, the project strives to empower stakeholders in the
energy sector with the tools and knowledge needed to tackle
energy access issues, drive socio-economic development, and
contribute to India’s sustainable energy future.
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IV. LITERATURE REVIEW

Several papers contribute to the discourse on renewable
energy, sustainability, and energy optimization, offering
valuable insights and perspectives. Paper [1] underscores the
importance of transitioning to clean energy sources,
particularly in Indian states like Karnataka, Gujarat, and
Tamil Nadu, as part of the global effort to achieve
Sustainable Development Goals (SDGs). It emphasizes the
urgency of addressing global warming, energy costs, and
crises through cleaner energy generation methods, drawing
inspiration from leading countries like China, the USA,
Germany, and Sweden. Paper [2] delves into the analysis of
hybrid microgrids and their optimization, highlighting their
integration into both on- and off-grid operations driven by the
need for cleaner energy sources amid rising fuel prices and
climate change concerns. This resonates with our project's
objective of enhancing energy access in underserved regions
by promoting sustainable energy systems.

Paper [3] discusses the future grid and the role of
renewable energy in achieving sustainability, emphasizing
the challenges posed by the high penetration of renewable
energy sources and the importance of smart grids in
addressing them. It invites contributions related to renewable
energy technologies and smart grid architecture, aligning
with our focus on utilizing advanced forecasting techniques
for energy management. Paper [4] provides a comprehensive
survey of Artificial Neural Networks (ANNS) in building
energy prediction, acknowledging their significance in
improving energy efficiency in building management
systems. While not explicitly mentioning our project, it
resonates with our goal of optimizing energy use and
efficiency through data-driven methods.

Furthermore, Paper [5] addresses short-term forecasting
challenges in energy consumption prediction, proposing a
deep learning approach based on LSTM, CNN, and
auto-encoder to improve forecasting performance. It
complements our project's focus on utilizing various
techniques for energy prediction and handling time series
data efficiently.

V. EXISTING DATA SOURCES

The literature survey identified several potential data
sources for power consumption and generation data,
including government reports, energy regulatory bodies,
research publications, and open data platforms. However, we
encountered limitations such as incomplete coverage, lack of
granularity, and inconsistencies across datasets. Government
reports typically provide aggregated data on national energy
consumption and generation but may lack granularity at the
state level. Similarly, data from energy regulatory bodies
offer detailed insights into energy infrastructure but may not
be readily accessible for analysis. Research publications
often focus on specific research questions or regions, limiting
their applicability to broader analyses. Open data platforms
offer a wide range of datasets, but finding relevant and

reliable energy-related datasets can be challenging due to
data quality and availability issues.

Table I: Summary of the existing data sources
Data Source Description
Government Aggregated data on national
Reports energy consumption and
generation, lacking granularity
at the state level.
Detailed insights into energy

Energy Regulatory

Bodies infrastructure, but not readily
accessible for analysis.

Research Focused on specific research

Publications questions or regions, limiting
applicability to broader analyses.

Open Data Wide range of datasets across

Platforms domains but finding relevant and

reliable energy-related datasets
can be challenging.

Despite the wealth of information available from these
sources, obtaining comprehensive and up-to-date data
suitable for our analysis proved challenging. Therefore, our
own datasets have been curated to ensure accuracy and
relevance.

VI. DATASETS DESCRIPTION

The datasets utilized in this project were curated from
multiple sources, including energy distribution agencies,
government reports, and energy research organizations. This
comprehensive approach ensured the inclusion of diverse
sources to capture a holistic view of power consumption and
generation patterns. The datasets provide insights into
electricity usage and production dynamics, facilitating
thorough analyses of consumption and generation trends.

Here’s a brief overview of the datasets used:

i. State-wise Power Consumption Dataset
ii.  State-wise Power Generation Dataset

Both datasets share the same structure, consisting of
records categorized by year, month, and state names in India.
The State-wise Power Consumption Dataset provides
detailed information on electricity usage patterns sourced
from energy distribution agencies, government reports, and
energy research organizations. Similarly, the State-wise
Power Generation Dataset offers insights into power
generation capacities across various states, curated from
energy generation agencies and authoritative reports. Both
datasets, provided in CSV format, facilitate easy analysis and
comparison of consumption and generation trends,
contributing to informed decision-making in the energy
sector.

VIl. METHODOLOGY

The methodology employed in the project endeavors to
provide a comprehensive framework for implementing
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predictive models to forecast energy consumption and
generation patterns. As presented in Fig 1., the project
encompasses a diverse set of features aimed at providing
insights into energy dynamics and facilitating informed
decision-making. These features include Power Consumption
Prediction, Power Generation Prediction, Visualization of
Power Consumption and Generation Trends, and a Chatbot
for interactive engagement with the platform. Central to this
methodology are the Long Short-Term Memory (LSTM) and
Prophet models, chosen for their distinct advantages in
capturing temporal dependencies and handling multiple
seasonalities, respectively.

(et moseres

Fig. 1. Proposed Methodology

VIIl. MODELS USED AND TRAINING PROCESSS

The LSTM model, a type of recurrent neural network
architecture, is adept at capturing complex temporal
dependencies in sequential data, making it suitable for
predicting energy consumption and generation patterns. Its
architecture includes a single LSTM layer followed by a
dense output layer, with hyperparameters tuned through
empirical testing and domain knowledge. Conversely, the
Prophet model, developed by Facebook's Core Data Science
team, excels in handling multiple seasonalities and holiday
effects automatically. Its additive regression model
incorporates components for trend, seasonality, and holiday
effects, simplifying the modeling process and allowing for a
focus on result interpretation.

The training process for both models involved data
partitioning, parameter tuning, and validation strategies to
optimize performance and ensure robustness. Data
partitioning entailed splitting the dataset into training and
testing subsets, with a majority portion allocated for training
to capture underlying patterns. Parameter tuning involved
adjusting hyperparameters such as the number of LSTM units
and changepoint prior scale in Prophet through systematic
experimentation. Validation strategies included k-fold
cross-validation for the LSTM model and holdout validation
for the Prophet model, enabling assessment of generalization
capabilities.

Throughout the training process, iterative optimization
steps were undertaken to fine-tune the models based on
performance metrics evaluated on validation sets. Sensitivity
analyses were conducted to identify influential

hyperparameters and prioritize their optimization. By
employing these methodologies, the project aimed to develop
accurate predictive models capable of forecasting energy
consumption and generation trends, thereby contributing to
informed decision-making in the energy sector.

IX. EVALUATION METRICS

Evaluation metrics play a crucial role in assessing the
performance of predictive models in accurately forecasting
power consumption and generation patterns. Mean Absolute
Error (MAE) measures the average magnitude of errors
between predicted and actual values, providing a
straightforward indicator of prediction accuracy. Mean
Squared Error (MSE) quantifies the average squared
differences between predicted and actual values, with higher
values indicating larger errors, particularly sensitive to
outliers. Root Mean Squared Error (RMSE) is the square root
of MSE, reflecting the average magnitude of prediction errors
in the same units as the original data, offering an intuitive
interpretation of error magnitude.

The Coefficient of Determination (R2 Score) evaluates the
goodness of fit by measuring the proportion of variance in the
dependent variable explained by the independent variable,
ranging from 0 to 1. A higher R2 score indicates a better fit of
the model to the data, indicating its predictive capability.
These metrics collectively provide quantitative insights into
the reliability and effectiveness of the models, enabling
informed comparisons and guiding decision-making
processes. By analyzing these metrics, stakeholders can gain
a comprehensive understanding of the models' performance
and make informed decisions regarding their deployment and
utilization in real-world scenarios.

X. COMPARISON OF PROPHET AND LSTM
MODELS

In comparing LSTM and Prophet models for power
consumption prediction, notable differences emerged in key
metrics. The LSTM model showed a MAE of 2697.96, MSE
of 1023.587, RMSE of 24.850, and an R2 score of 0.40,
influenced by data variability and outliers. Conversely, the
Prophet model demonstrated significant improvements, with
a substantially lower MAE of 3.029, along with lower MSE
(1.876) and RMSE (1.006) values. Moreover, the Prophet
model achieved a higher R2 score of 0.438, indicating its
superior ability to explain approximately 44% of the variance
in power consumption data as presented in Table 8.1. These
results affirm the Prophet model's enhanced accuracy and
predictive capability over LSTM for energy forecasting.

Table I1: Comparison of LSTM and Prophet Models for
Power Consumption Prediction

Model | MAE MSE | RMSE | R?
LSTM | 2697.96 | 1023.59 | 24.850 | 0.40
Prophet | 3.029 1.876 1.006 | 0.438
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Fig. 2. Barchart representation for the comparison of LSTM
and Prophet

Fig 2, provides a comparative analysis of key performance
metrics between the LSTM and Prophet models, using the
barchart visualization.

For power generation prediction, LSTM achieves a MAE
of 0.0255 and a high MSE of 43,686,489.43, while Prophet
has a higher MAE of 3.2565 and lower MSE of 1.8760.
LSTM's RMSE is 4,985.09, Prophet's is 3.2574. Prophet
surpasses LSTM with an R2 score of 0.5895, indicating 59%
variance explanation, while LSTM's R2 score is negative
(-1821.53), suggesting poor fit.

Table 111: Comparison of LSTM and Prophet Models for
Power Generation Prediction

Model | MAE MSE RMSE R?
LSTM | 0.0255 | 43,686,489.43 | 4,985.09 | -1821.53
Prophet | 3.2565 1.8760 3.2574 0.5895
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Fig. 3. Barchart représentation for the compafison of
LSTM and Prophet Models for Power Generation Prediction

Fig 3 provides a comparative analysis of key performance
metrics between the LSTM and Prophet models for power
generation prediction. Each bar represents a different metric,
including Mean Absolute Error (MAE), Mean Squared Error
(MSE), Root Mean Squared Error (RMSE), and R2 score.
The height of each bar corresponds to the numerical value of
the respective metric, allowing for easy comparison between
the two models.

Xl. OVERVIEW OF USER-END WORKFLOW

L2

Fig. 4. User-end workflow of the platform

The user-end workflow depicted in Fig 4 outlines the
seamless journey users undertake when interacting with the
platform. Beginning with accessing the platform interface,
users are greeted with a comprehensive range of features
numbered from 1 to 6 in the flowchart. These features are
strategically designed to provide holistic insights into energy
dynamics, catering to various aspects of energy consumption
and generation.

Central to the workflow are the predictive models for
Power Consumption and Generation Prediction, which
leverage historical data and advanced machine learning
algorithms to generate accurate forecasts. These models serve
as the foundation for informed decision-making by offering
insights into future energy trends.

Complementing the predictive models are analysis
features that visualize historical data, enabling users to
identify consumption and generation trends effectively.
These visualizations aid in uncovering patterns and
anomalies within the data, facilitating deeper insights and
understanding.

Furthermore, the platform offers projection features that
allow users to anticipate future energy dynamics based on
historical trends and predictive models. This forward-looking
approach empowers decision-makers to proactively plan and
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strategize for future energy needs.

The Question and Answers feature, facilitated by a chatbot,
enhances user interaction by providing an intuitive means of
accessing energy-related information. Through the
integration of diverse tools and techniques such as machine
learning algorithms, data visualization tools, and natural
language processing, the platform ensures a seamless and
enriching user experience, ultimately facilitating informed
decision-making in the energy sector.

XIl. RESULTS AND DISCUSSIONS

The platform's interface, designed for user-friendliness,
ensures intuitive access to its array of features through a sleek
and visually appealing design, as depicted in Fig 5. Upon
accessing the platform deployed via Streamlit, users are
greeted with a well-organized dashboard that prominently
showcases various functionalities. The focal points of the
platform are the power consumption and generation
prediction models, presented in a clear and accessible manner.
Interactive  visualizations accompany these models,
illustrating historical consumption and generation patterns in
a visually engaging format. These visualizations enable users
to explore trends and anomalies effortlessly, facilitating
insightful analyses of the data. Moreover, the chatbot feature
enhances user engagement by providing real-time assistance
and facilitating interactive Q&A sessions. This feature adds
an interactive element to the platform, allowing users to
interact with it dynamically, seek clarification on specific
points, and obtain immediate responses to their queries. The
platform's user-friendly interface, coupled with its interactive
features and visually appealing design, enhances user
experience, and ensures seamless navigation, empowering
users to derive valuable insights from the data with ease.
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Fig 5. Power Consumption Prediction feature of the platform

As shown in the above figure 5, the power consumption for
Gujarat in 2031 in the month of June (06) is predicted. Power
Consumption Prediction feature allows users to forecast
power consumption for a specific state, month, and year.
Through intuitive drop-down menus and a timeline slider,
users can easily select the desired parameters. Upon selection,
the platform generates a prediction for the power
consumption of the chosen state for the specified month and
year. The predicted value is displayed prominently.

XIIl. CONCLUSION

In conclusion, this project signifies a significant
advancement in enhancing energy access and sustainability
in India through predictive modeling and data analytics. By
utilizing historical data and sophisticated forecasting models
like LSTM and Prophet, the platform offers valuable insights
for energy sector decision-making. Intuitive visualizations
aid in interpreting complex energy trends, facilitated by the
user-friendly Streamlit application. Future directions include
integrating additional data sources, exploring advanced
machine learning techniques, and implementing real-time
monitoring for proactive energy management. The project's
impact extends beyond the energy sector, potentially
influencing policy planning and sustainable development. By
fostering collaboration among stakeholders, it contributes to
broader initiatives promoting sustainable energy access.
Ultimately, this project accelerates innovation towards a
resilient and equitable energy future.
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