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Abstract

This work seeks to identify, understand, and analyze laws and regulations from different European
Union countries that focus on emissions of greenhouse gases and other atmospheric pollutants by the
rail transport sector, both freight and passenger. The search to identify legislation was carried out
through the use of artificial intelligence and, subsequently, an active search for documents relevant to
the topic was carried out. During the research, data on the topic defined in some European countries
were identified, namely — Germany, Spain, France, Holland, Portugal, Switzerland, and finally, also
from Brazil. The results of this study highlight the importance and need for a regulatory framework that
establishes actions aligned with international environmental policies, especially in response to the
growing global emergency related to increased emissions in the transport sector. The analysis
reinforces the need for measures that promote rail transport as a sustainable alternative, contributing
significantly to reducing emissions and combating climate change on the global stage. Additionally, the
study highlights the pivotal role of rail transport in reducing emissions compared to more polluting
transport modes, such as road and air transport. It stresses the need for continuous innovation in rail
technologies, such as electrification and the adoption of hydrogen-powered trains, which are being
explored in countries like Germany and the Netherlands. The research also draws attention to Brazil’s
emerging efforts in the rail sector, illustrating a global shift towards more sustainable transport
solutions in response to the growing urgency of climate change.

Keywords: Rail transport, greenhouse gas emissions, laws, sustainability

INTRODUCTION

Since the beginning of the pre-industrial era, planet earth has experienced drastic climate changes, largely
caused by human activities. industrialization, accompanied by the intensive burning of fossil fuels, in
addition to deforestation, significantly increased the concentration of greenhouse gas (GHG) emissions and
other pollutants in the atmosphere. these emissions

;’?b“e‘;‘gUgsr‘é‘l’ggegs;:girr‘f:a are intensifying, resulting in global warming at an
E-mail: albertomauricio@discente.ufg.br alarming rate. the rapid rise in global temperatures

represents an immense challenge, putting entire
IStudent (Research Scholar), Federal University of Goias — ecosystems at risk and making it difficult for species

Faculty of Science and Technology, Brazil. .
2professor, Federal University of Goias — Faculty of Science and human societies to adapt [1’ 2]-
and Technology, Brazil.

: The main responsibility for global warming is
Received Date: September 03, 2024 GHG .. inl b dioxid coO
Accepted Date: September 16, 2024 emissions, mainly car_ on dioxide ( g 2)-
Published Date: September 21, 2024 Furthermore, other atmospheric pollutants emitted

o . X by transport systems, such as carbon monoxide
Citation: Alberto Mauricio Souza Corréa, Carlos Eduardo CO d ni id NO h ianifi
Sanches de Andrade, Cintia Campos. Policies on Emissions of ( )_an ! nitrogen oxides (NOXx), have signi Icant
Greenhouse Gases and Other Atmospheric Pollutants by the | negative impacts on human health and the existence
Railway Transport Sector. Trends in Transport Engineering of other Iiving beings in the environment. in
and Applications. 2024; 11(3): 14-18p. .

response to these concerns, there is a global effort
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by countries, through the 2030 agenda, to reduce emissions, aiming to combat global warming and
improve efficiency and sustainability [3-6].

The implementation of new technologies in railway operations results in significant improvements
and allows the adoption of actions that mitigate emissions produced by railway systems, such as the use
of “platform screen doors” and “regenerative braking.” furthermore, these innovations contribute to
reducing emissions produced by railway systems, supporting more sustainable transport [7—14].

Despite the advantages of electrifying the railway system, there are several challenges, such as the
adoption of alternative fuels and the use of renewable energy for electrical supply. replacing part of the
operations carried out by road or air transport with rail can have a significant impact on reducing
emissions. modal substitution results in lower emissions [15].

Therefore, the objective of this work is to identify, understand, and analyze the main legislation, from
some European countries and Brazil, in relation to emissions produced by rail transport, passengers, or
cargo. given the context of climate urgency, this analysis may be relevant with the growth of rail
transport as a sustainable alternative to road and air transport [16].

After this brief introduction and definition of the objective of this work in the first section, the work
is divided into three more sections. The next section presents the methodology used in this research.
Then, in the third section, the results and discussion of the work are presented, carrying out a critical
analysis. Finally, the fourth section is dedicated to the conclusions of this work [17-19].

METHODOLOGY

To carry out this research, artificial intelligence (Al) was used to search for a list of legislations and
regulations on the subject of emissions from rail transport in different European countries, identifying
relevant data for the preparation of this work [20].

Further, as this is a tool that can make mistakes, we sought to identify the respective legislation specified
by the Al in each selected country. Next, the search for publications relating to energy emissions in the
selected countries began. For this stage, searches were carried out on Google Scholar, Capes Periodicals,
Springer Link, BASE system and Refseek, using the following keywords: “emissions”, “sustainability”,
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“carbon reduction”, “sustainable technologies”, “emissions in rail transport in Europe and Brazil”.

RESULTS AND DISCUSSION

Concern about emissions from the transport sector has increased significantly in recent years. In the
European Union (EU), energy consumed by the transport sector represents around 28% of total energy.
In response, different countries have implemented legislation and regulations to reduce the
environmental impact of the transport sector, including rail. These specific measures for the railway
mode of transport seek to promote energy efficiency and sustainability, aiming to mitigate GHG
emissions and other atmospheric pollutants produced by railway systems, whether from passengers or
cargo. Global efforts to promote sustainability in passenger and freight rail transport have been
highlighted, showcasing the increasing focus on these areas [21, 22].

In the EU, regulations set requirements for air emissions from new railway vehicles, aiming to
reduce the environmental impact of rail transport by imposing strict limits on emissions such as
nitrogen oxides (NOx) in diesel and gasoline engines. This encourages the adoption of more efficient
and cleaner technologies, improving air quality and public health. The regulation also fosters
innovation and the development of more sustainable rail transport solutions in line with the EU's
environmental and climate objectives.

When examining the legislation of countries like Germany, Spain, France, the Netherlands, Portugal,
Switzerland, and Brazil, various trends, differences, and similarities in the regulation of emissions in
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the railway sector emerge, offering insights into policies and strategies for promoting more sustainable
practices in rail transport:

e Germany demonstrates commitment to reducing emissions in the railway sector and promoting
environmental sustainability. Its federal law regulates air emissions and other pollution forms,
aiming to minimize emissions through advanced technologies and sustainable practices. The law
encourages rail transport as the most environmentally friendly alternative, continuously
improving the efficiency and sustainability of the rail system.

e Spain focuses on reducing emissions in its transport sector, encouraging the integration of
multimodal transport systems for a more efficient distribution of goods and the promotion of rail
and maritime infrastructure. The responsible agency ensures compliance with environmental
standards, fostering sustainability in the rail sector.

e France prioritizes reducing emissions through its legislation on energy transition and green
growth. The law promotes a modal shift from road to rail transport, reducing road traffic and its
associated emissions. Investments in railway infrastructure for freight transport further reinforce
the country's commitment to sustainability and energy efficiency.

e The Netherlands stands out for its near-total electrification of the railway network, largely
powered by renewable energy sources like wind energy. This initiative aims to reduce emissions
from railway transportation and overall greenhouse gas emissions, with additional support for
innovative technologies such as hydrogen-powered trains.

o Portugal is heavily investing in railway electrification to reduce reliance on fossil fuels and lower
CO, emissions. The national transport policy integrates goals for cleaner technologies,
emphasizing sustainable practices in rail transport.

o Switzerland has implemented a regulatory framework to reduce carbon emissions, including a
system of emissions taxes and incentives to achieve climate neutrality by 2050. The law promotes
sustainable rail transport and the integration of different modes of transportation to meet
ambitious climate goals.

o Brazil is increasingly focusing on railway transportation as a sustainable alternative for long-
distance goods transport, contributing indirectly to emissions reduction. Although Brazil lacks
specific legislation focused solely on emissions in the railway sector, progress is being made
through national logistics and environmental policies.

The alignment of EU countries with emissions reduction regulations represents a valid commitment
to improving air quality and reducing reliance on polluting transport modes. Each country adapts its
laws to meet its specific needs and environmental goals, benefitting from the promotion of cleaner
technologies and sustainable development. While Brazil still approaches the issue of emissions more
generally, its growing focus on railway transport could significantly contribute to reducing
environmental impacts, particularly in logistics.

FINAL CONSIDERATIONS AND CONCLUSION

The approach adopted by various European countries, as detailed in this context, offers a solid
foundation for developing a valuable model that could be adapted and implemented in Brazil. The
European experience, which combines well-structured public policies with consistent investments in
cutting-edge technologies, demonstrates unequivocally that it is entirely feasible to achieve a more
sustainable and efficient transport system. This example shows that with the formulation and execution
of adequate public policies, combined with a firm commitment to strict environmental standards and
the promotion of advanced technologies, Brazil has the potential to bring about a significant
transformation in its railway sector. This transformation would not only contribute to a significant
reduction in GHG emissions and other atmospheric pollutants from freight and passenger rail transport
but also position Brazil as a leader in the global fight for sustainability.

The integration of European best practices can, therefore, not only ensure a more sustainable future
for transportation in Brazil but also ensure that the country remains competitive and relevant on the

© STM Journals 2024. All Rights Reserved 16



Policies on Emissions of Greenhouse Gases and Other Atmospheric Pollutants Corréaetal.

international stage. Thus, the exchange of knowledge and international cooperation emerges as essential
components for Brazil to establish itself as one of the world's leaders in sustainability in the transport sector.

The search for environmental legislation and standards in the international context presented
considerable challenges. These challenges manifested themselves both in locating and accessing
relevant information, and in the appropriate and contextualized interpretation of such legislation, given
the intrinsic complexity of the technical terms involved and the specificities of each language. The
linguistic and technical complexity that permeates these standards became a significant obstacle in
conducting this work. Although artificial intelligence was explored as a tool to assist in the logical
understanding and interpretation of these laws, it is important to recognize that the Al technologies
currently available still lack a sufficiently robust theoretical basis and specialized support to perform
this task with the necessary effectiveness.

Given this scenario, it is clear that, for future work, it will be crucial to foster interdisciplinary
collaboration, involving both environmental law specialists and computer scientists. This collaboration
has the potential to enhance the applicability and effectiveness of Al technologies in this context,
ensuring they become more reliable, accurate, and accessible tools for interpreting complex
environmental regulations.
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