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Abstract—Energy consumption has become a major
concern for large institutions such as universities, where
multiple facilities including classrooms, laboratories,
hostels, libraries, and administrative buildings require
continuous electricity supply. Efficient energy
management is essential to reduce operational costs and
support sustainable campus development. However,
traditional energy forecasting methods rely on basic
statistical approaches and are unable to capture the
complex relationships between environmental factors
and energy usage. This project, titled “Climate Based
Energy Consumption Prediction,” proposes a machine
learning- based approach to accurately predict energy
consumption using historical data and environmental
parameters. The system considers key factors such as
temperature, humidity, wind speed, rainfall, solar
radiation, and time-based features to analyze energy
consumption patterns in a university environment.

The proposed system implements two machine learning
models to improve prediction accuracy. The Random
Forest Regressor is used for predicting hourly energy
consumption based on environmental conditions, while
the XGB Regressor is used for forecasting energy usage
over a selected future time period using historical time-
series data. The system is developed using Python and
Flask and includes a web-based dashboard that provides
graphical visualization of energy trends and prediction
results. The results demonstrate high prediction
accuracy, with strong performance metrics such as high
R? scores, indicating the effectiveness of the proposed
approach in capturing energy consumption patterns.
This system helps university administrators make
informed decisions regarding energy planning, reduces
electricity wastage, and supports sustainable energy
management.
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Overall, the proposed system shows how machine
learning and data analytics can be effectively applied to
develop intelligent energy prediction solutions for smart
university campuses.

Index  Terms—Assistive Technology, Voice-Input
Programming, Web Speech API, Large Language
Models, Python Code Generation, Digital Inclusion,
Software Accessibility, Flask Web Framework, Natural
Language Processing, Speech Recognition Systems, Al-
Assisted Programming.

I. INTRODUCTION

In the modern era, energy consumption has become a
critical concern for large institutions such as
universities. A university campus consists of multiple
facilities including classrooms, laboratories, hostels,
libraries, and administrative buildings, all of which
require a continuous and reliable supply of electricity.
Efficient management of this energy demand is
essential to reduce operational costs, improve resource
utilization, and promote sustainable development.

Energy consumption in universities is influenced by
various factors such as time of day, seasonal
variations, and environmental conditions. Parameters
such as temperature, humidity, wind speed, rainfall,
and solar radiation have a significant impact on
electricity usage. For example, higher temperatures
increase the use of cooling systems, while rainy or
cloudy weather may increase lighting and indoor
energy consumption. These dynamic and complex
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relationships make energy prediction a challenging
task. Traditional energy forecasting methods are
mainly based on statistical techniques and historical
averages. Although these methods provide basic
insights, they are not capable of capturing non-linear
patterns and complex dependencies between
environmental variables and energy consumption. As
a result, such approaches often lead to inaccurate
predictions and inefficient energy planning. With the
advancement of Machine Learning (ML) and data
analytics, it is now possible to develop intelligent
systems that can analyze large amounts of historical
data and predict future energy consumption with
higher accuracy. Machine learning models can learn
hidden patterns from data and adapt to changing
conditions, making them suitable for energy
forecasting applications.

This project, titled “Climate Based Energy
Consumption Prediction,” aims to develop a machine
learning-based  system that predicts energy
consumption using historical hourly data and
environmental parameters. The system uses two
models: Random Forest Regressor for predicting
hourly energy consumption and XGBRegressor for
forecasting energy usage over a selected time period.
In addition, the system provides a web-based
dashboard that allows users to visualize energy
consumption trends and prediction results through
interactive  graphs. This enables university
administrators and energy planners to make informed
decisions, optimize energy usage, and reduce
electricity wastage.

Overall, the proposed system demonstrates how
machine learning can be effectively applied to improve
energy management in university campuses and
support sustainable energy practices.

IJIRT 195013

II. PROPOSED SYSTEM
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User Opens Energy Prediction Platform

User Login / Registration

Fetch / Input Weather Data

Analyze & Train Model

Predict Energy Consumption

Visualize Graphs & Reports

User Logout / Exit

End

The proposed system, Climate Based Energy
Consumption Prediction, is a web-based intelligent
platform designed to improve energy management in
university campuses. Universities consume a large
amount of electricity due to the operation of
classrooms, laboratories, hostels, libraries, and
administrative  buildings.  Traditional  energy
forecasting methods rely on basic statistical analysis
and are unable to capture complex relationships
between environmental factors and energy usage,
leading to inaccurate predictions and inefficient
planning. To overcome these limitations, the proposed
system adopts a  Machine Learning-based
Architecture, which enables accurate prediction of
energy consumption using historical data and
environmental parameters. Instead of relying only on
past averages, the system analyzes multiple factors
such as temperature, humidity, wind speed, rainfall,
solar radiation, and time-based features to generate
reliable forecasts
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The system consists of three primary layers:

1. User Interface Layer

The frontend interface is designed as a user-friendly
web dashboard that allows users to interact with the
system easily. It provides features such as data input,
selection of prediction parameters, and visualization of
results. The dashboard displays energy consumption
trends, prediction outputs, and  graphical
representations using charts, making it easier for users
to understand energy patterns.

2. Processing Layer

This layer is responsible for handling data
preprocessing and system operations. The backend is
implemented using the Flask framework, which
processes user inputs, performs data cleaning, feature
extraction, and prepares the dataset for prediction. It
also manages communication between the frontend
interface and the machine learning models.

3. Machine Learning Layer
The machine learning layer is the core component of
the system. It integrates two predictive models:

e Random Forest Regressor — Used to predict hourly
energy consumption based on environmental
parameters.

o XGBRegressor (Extreme Gradient Boosting) —
Used to forecast energy consumption over a
selected future time period using historical time-
series data.

These models analyze complex patterns in data and
generate accurate predictions, improving the reliability
of the system.

III. WORKING OF THE PROPOSED SYSTEM

The proposed system operates through a structured
workflow that connects the user interface, backend
processing system, and machine learning models. The
complete process involves multiple stages that work
together to collect data, process it, and generate
accurate energy consumption predictions for
university campuses.

A. Data collection

The system begins by collecting historical energy
consumption data along with environmental
parameters such as temperature, humidity, wind speed,
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rainfall, and solar radiation. This data may be obtained
from datasets, APIs, or stored databases. These
parameters play a crucial role in understanding energy
usage patterns in the university environment.

B. Data Preprocessing

Once the data is collected, it is processed to make it
suitable for machine learning models. This step
includes data cleaning, handling missing values,
normalization, and feature extraction. Time- based
features such as hour, day, and month are also
generated to capture usage patterns effectively.

C. Model Training
The preprocessed data is used to train machine
learning models. The system uses two models:

e Random Forest Regressor for predicting hourly
energy consumption.

o  XGB Regressor for predicting energy consumption
over a selected time period.

These models learn patterns and relationships between

environmental factors and energy usage.

D. User Input and Request Processing

The user interacts with the system through a web-
based dashboard. Users can input environmental
parameters or select a date range for prediction. The
request is sent to the Flask backend, which processes
the input and determines the type of prediction
required.

E. Prediction Generation

Based on the user request, the appropriate machine
learning model generates energy consumption
predictions. The Random Forest model produces
hourly predictions, while the XGB Regressor provides
time-range forecasts.

F. Visualization of Results

The predicted results are displayed on the dashboard
in the form of graphs and charts. Visualization tools
such as Chart.js or Plotly are used to represent energy
trends, making it easier for users to analyze and
interpret the results.

G. Output and Decision Support

The system provides final prediction outputs that helps
university administrators and users make informed
decisions regarding energy planning, resource
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allocation, and cost optimization. The results can be
used to identify peak consumption periods and
improve energy efficiency.

H. Continuous Improvement

The system allows updating of datasets and retraining
of models to improve prediction accuracy over time.
This ensures that the system adapts to changing energy
consumption patterns and environmental conditions.

IV. METHODOLOGIES AND MODELS

The proposed, Climate Based Energy Consumption
Prediction combines machine learning techniques with
web-based technologies to accurately forecast energy
consumption. The system follows a structured
methodology that includes data processing, model
training, prediction, and visualization.

1. Data-Driven Approach: Uses historical energy data
and environmental parameters (temperature,
humidity, wind speed, rainfall, solar radiation)

2. Data Preprocessing: Includes data cleaning,
handling missing values, normalization, and
feature extraction.

3. Random Forest Regressor: Used for hourly energy
consumption prediction

4. XGB Regressor: Used for time-range energy
forecasting.

5. Model Evaluation Metrics: Uses MAE, MSE,
RMSE, and R? Score to measure accuracy.

6. REST API (Flask): Connects frontend and machine
learning models.

7. Data Visualization: Uses Chart.js / Plotly to display
graphs and trends.

V. ADVANTAGES OF THE PROPOSED SYSTEM

1. Improved Prediction Accuracy

The system uses advanced machine learning models
such as Random Forest Regressor and XGBRegressor,
which are capable of capturing complex and non-
linear relationships between environmental factors and
energy consumption. This results in more accurate
predictions compared to traditional statistical
methods.
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2. Dual Model Approach
Unlike many existing systems that rely on a single
model, the proposed system uses two models:

e Random Forest for hourly prediction

e XGBoost for time-range forecasting

This dual approach increases flexibility and allows the
system to handle different prediction scenarios
effectively.

3. Consideration of Environmental Factors

The system incorporates important environmental
parameters such as temperature, humidity, wind speed,
rainfall, and solar radiation. This improves prediction
reliability, as energy consumption is highly influenced
by these factors.

4. Interactive Web-Based Dashboard

The system provides a user-friendly web interface that
displays predictions and energy trends using graphs
and charts. This makes it easier for users to understand
and analyze energy consumption patterns.

5. Efficient Energy Management

By providing accurate forecasts, the system helps
university —administrators plan energy usage
efficiently, reduce electricity wastage, and optimize
resource allocation.

6. Cost Reduction

Better energy planning leads to reduced electricity
costs by identifying peak usage periods and enabling
better load management.

7. Scalability and Flexibility

The system can be easily extended to multiple
universities or larger datasets. It can also be integrated
with future technologies such as IoT-based smart
energy systems.

8. Support for Sustainable Development

The system promotes energy efficiency and supports
environmentally sustainable practices by reducing
unnecessary energy consumption.

VI. FUTURE WORK

Although the proposed Climate Based Energy
Consumption Prediction provides accurate and
efficient energy forecasting, several enhancements can
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be implemented in future to improve its performance,
usability, and real-world applicability.

1. Integration with IoT Sensors

The system can be enhanced by integrating real-time
data from IoT devices such as smart meters and
sensors. This will allow continuous monitoring of
energy consumption and improve prediction accuracy
using live data.

2. Real-Time Weather Data Integration

Currently, the system uses historical environmental
data. In the future, real-time weather APIs can be
integrated to provide dynamic and up-to-date
predictions based on current weather conditions.

3. Advanced Deep Learning Models

The prediction accuracy can be further improved by
implementing advanced models such as LSTM (Long
Short-Term Memory) or Transformer-based time-
series forecasting techniques, which are more effective
for sequential data analysis.

4. Multi-University Analysis

The system can be expanded to support multiple
universities, allowing comparative analysis of energy
consumption patterns across different campuses and
improving large-scale energy management.

5. Mobile Application Development

A mobile application can be developed to provide easy
access to predictions and dashboards, enabling
administrators to monitor energy usage anytime and
anywhere.

VII. CONCLUSION

The proposed Climate Based Energy Consumption
Prediction presents an effective solution for predicting
energy usage using machine learning techniques. The
system utilizes historical energy data along with
environmental parameters such as temperature,
humidity, wind speed, rainfall, and solar radiation to
analyze and forecast energy consumption patterns.

By implementing two models, Random Forest
Regressor for hourly prediction and XGB Regressor
for time- range forecasting, the system achieves high
accuracy and reliability. The performance results,
including strong R? scores, indicate that the models
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can effectively capture the relationship between
environmental conditions and energy usage. The
integration of a web-based dashboard enhances the
usability of the system by providing clear graphical
visualizations of energy trends and prediction results.
This enables university administrators and users to
easily understand energy patterns and make informed
decisions.

Overall, the proposed system improves energy
planning, reduces electricity wastage, and supports
cost optimization. It also contributes to sustainable
energy management by promoting efficient use of
resources. This project demonstrates the practical
application of machine learning in developing
intelligent systems for smart university campuses.
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