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The transition toward low-carbon energy systems has become one of the main strategic priorities of

the European Union. Policies such as the European Green Deal and the Fit-for-55 package aim to

accelerate decarbonization, increase renewable energy integration, and improve energy efficiency across

member states.

Portugal has demonstrated significant progress in renewable electricity generation and carbon
emission reduction during the last decades. However, the country continues to face structural challenges
related to external energy dependence, energy market vulnerability, and long-term sustainability.

This study aims to analyse the relationship between renewable energy expansion, energy efficiency,

and carbon intensity reduction in Portugal within the European Union context. Using a comparative panel-

data approach, the research evaluates the evolution of key energy and environmental indicators between

1990 and 2025 and examines the role of technological modernization and policy integration in supporting

decarbonization performance.

Figure 1. Renewable Energy Share in Portugal vs EU (1990–2023)

Key Insight
Portugal demonstrates a substantial increase in renewable energy integration
during the analysed period, significantly outperforming the EU average after
2015 and strengthening its decarbonization trajectory.

Figure 2. Carbon Intensity Reduction in Portugal (1990–2023)

Key Insight
Portugal demonstrates a substantial reduction in carbon intensity during the
analysed period, reflecting the positive impact of renewable energy expansion
and improvements in energy efficiency.

Table 1. Comparative Energy Transition Indicators

The study confirms that effective energy transition strategies require the combined interaction of renewable
energy integration, technological modernisation, and efficiency improvements. However, external energy
dependence remains an important structural challenge for long-term energy resilience and sustainability.
Overall, the findings highlight the importance of integrated climate policies in supporting sustainable
economic development and strengthening decarbonization pathways within the European Union context.

Further research is recommended to evaluate causal
relationships between renewable energy expansion and carbon
intensity reduction using advanced econometric models.
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