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Abstract

The present Master's thesis investigates the design and development of a modeiinased
application that enables the geospatial and statistical analysis of elecirt#tied data across

the member states of the European Union. Against the backdrommahtnsifying global
energy crisis, the work aims to bridge the gap between complex datasets andpaliyg

by offering an interactive and intuitive digital platform through which users can explore key
energy indicators in both visual and spatial cotie

The motivation for this research stems from the increasing complexity of the European energy
landscape in recent years, driven by disruptive events such as the economic downturn of the
late 2000s, the COVAD® pandemic, and geopolitical tensions exemptifiy the ongoing war

in Ukraine. These crises have exposed the structural weaknesses of energy systems and
highlighted the urgent need for coordinated energy policies at a European level. As energy is
inextricably linked to national security, environmentaustainability, and economic
development, it is crucial to provide polioyakers, analysts, and researchers with tools that
allow for clear, evidencbased comparisons and insights.

At the core of the thesis lies the development of an op&gess, modular, and scalable web
application that integrates multiple technologies and visualization techniques. The application
architecture is based on a folmyer design: (1) the presentatioayer, which handles the user
interface and interactive visualizations; (2) the logic layer, implemented using Node.js and
Express.js, which processes requests and connects to the database; (3) the data layer, built on
PostgreSQL with PostGIS extensiorsgiaport spatial queries and storage; and (4) the hosting
layer, deployed via Render.com and verstamtrolled through GitHub for ease of
collaboration and scalability.

The platform supports three core types of visual analytics:

1 Thematic Maps built with Leaflet.js, which depict spatial variations in energy intensity
and other indicators across the EU.

i Statistical Charts implemented via Chart.js, including bar graphs and line charts
showing trends in energy production and consumption by sector.

1 Ternary Diagrams created with Plotly.js, which allow for simultaneous comparison of
three key energy production sources (e.g., coal, natural gas, renewables) in a
normalized triangle plot per country and year.

The system allows users to filter data dynamically by year, country, or energy metric and
compare countries sidby-side. Interactive features such as drdpwn menus, tooltips, and
popups enhance usability, while the responsive design ensures accessibiliss devices.

The application draws data from harmonized EU datasets and supports-yeaiti
comparisons, highlighting temporal evolution and spatial disparities in energy usage.

Beyond visualization, the research also discusses the methodological approach to indicator
selection, normalization of values, and data structuring for geospatial analysis. Emphasis is
placed on how statistical indicators can be translated into meanirggfatial insights when
supported by the right visualization models. The process of linking raw numerical data to
cartographic outputs is carefully documented, with a focus on reproducibility and extensibility
of the approach for future datasets or geograplévels (e.g., regional, subnational).

The final chapter of the thesis synthesizes the results and evaluates the performance of the
application. It outlines potential directions for enhancement, including integration of real
time energy feeds via APIs (e.g., ENEgQncorporation of machinearning models for
demand and production forecasting, mdllinguage user support, export tools for generating

16



automated reports, and downscaling the analysis to regional or municipal levels wherever
data availability permits.

In conclusion, the application serves as a prototype of a -gereration geospatial
information system for energy analysis in the European Union. It addresses both technical and
usability challenges, making complex datasets accessible through a sinnpéduretd, and
spatiallyaware interface. The thesis contributes to the field of geoinformatics, energy policy,
and open data utilization, offering a digital solution that can evolve into a strategic tool for
energy planning, monitoring, and governance atHbEU and national levels.

Keywords: Electricity, Geospatial Analysis, Energy Intensity, Renewable Energy, Ternary
Diagram, Thematic Mapping, PostgreSQL/PostGIS, Web GIS, European Union, Energy
Visualization, Interactive Data Platform, Energy Policy.
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