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Regenerative braking as a tool for improving energy efficiency and sustainable development
of rail transport

Mykhailo Babaiev, doctor of technical sciences, professor, Ukrainian state university of railway
transport, Ukraine

Regenerative braking makes it possible to return part of the kinetic energy of the rolling
stock to the traction network and thereby reduce the total electricity consumption of railway
transport. The use of recuperation on the railway is one of the key areas for improving energy
efficiency and sustainable development of modern railway transport.

Electricity recovery consists in converting the kinetic energy of a train during braking into
electrical energy, followed by its return to the catenary network or accumulation in energy storage
systems. In the process of regenerative braking, traction electric motors operate in generator
mode, which reduces the total power consumption and reduces heat loss characteristic of rheostat
braking.

Recuperation is most effectively used in electrified arecas with heavy train traffic, in
particular in subways, suburban and high-speed transportation. Under such conditions, the
restored electricity can be directly consumed by other trains in traction mode. According to
operational studies, the introduction of regenerative braking can reduce energy consumption by
20-30%, depending on the track profile, traffic schedule and type of rolling stock [1].

In cases where the return of energy to the contact network is limited (for example, in the
absence of a consumer or due to technical limitations of substations), stationary or on-board
energy storage systems are used. These include batteries, supercapacitors and hybrid storage
devices that provide temporary storage of recovered energy with its subsequent use to accelerate
trains or power infrastructure facilities. The use of recuperation also has a significant
environmental effect, as it reduces the need for electricity generation from fossil sources and,
accordingly, the volume of CO. emissions. In addition, the wear of brake equipment is reduced,
which has a positive effect on operating costs and reliability of rolling stock. In modern train
traffic control systems, in particular in the ERTMS/ETCS environment, regenerative braking can
be integrated with intelligent speed and schedule control algorithms. This allows for the most
efficient use of renewable energy and the transition from reactive to proactive energy
management on the railway.

Thus, power recovery is an important technological tool for improving the energy
efficiency, economic feasibility and environmental sustainability of rail transport [2].

Recuperation is an effective tool for reducing the energy consumption of railway traction. A
combination of measures: coordination of traffic schedules, reverse inverters and stationary
storage, increases the share of recyclable energy and relieves substations. Regenerative braking
makes it possible to return part of the kinetic energy of the rolling stock to the traction network
and thereby reduce the total electricity consumption of railway transport.
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