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Environmental sustainability and innovation in rail transport

Ananieva Olha, doctor of technical sciences, professor, Ukrainian state university of railway
transport, Ukraine

Rail transport is recognized as one of the most energy-efficient and environmentally
friendly modes of transport. However, in the context of the global fight against climate change,
the industry continues to evolve, introducing innovative technologies to minimize its
environmental impact. Sustainable development at Ukrainian Railways is a comprehensive
railway transport management strategy aimed at achieving a balance between economic
efficiency, environmental responsibility, and social sustainability, taking into account current
challenges. As the country's largest carrier, Ukrainian Railways plays a key role in shaping a
sustainable transport environment, as rail transport is one of the most energy-efficient and
environmentally friendly modes of transport. One of the main trends in the railway industry is the
expansion of electrification. Electric locomotives significantly outperform diesel locomotives in
terms of energy efficiency and do not produce direct CO2 emissions.

Modern railway systems are actively implementing energy recovery technologies, which
return electrical energy during braking. This technology is already widely used in subways and
high-speed trains, reducing energy consumption by 20-30%.

In addition, intelligent traffic management systems are being developed to help reduce fuel
and electricity consumption. These systems take into account route profiles, network congestion,
and weather conditions to optimize speed and braking. In addition to the trains themselves, the
railway industry is focusing on sustainable infrastructure development.

Railway companies in India, the Netherlands, and the UK are installing solar panels along
tracks and at stations to provide trains and stations with clean energy.

Wind energy — in some regions (e.g., Denmark), some trains already run on energy
generated by wind turbines.

Eco-friendly materials — using recycled materials for sleepers and track beds, as well as
reducing pollution from the construction of new railway facilities.

Rail transport plays a key role in the sustainable development strategy for global logistics.
Combined with electrification, hydrogen technologies, batteries, and renewable energy sources,
railways can become virtually carbon neutral.

Government decarbonization programs, investments in innovative technologies, and the
development of a sustainable transport ecosystem make railways not only environmentally
friendly but also economically viable for the future.
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