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Energy Balance of Temperature Management in
Passenger Compartments, Drive Systems, and Batteries
in Trains: A Closer Look is Worth It

The drive system of a rail vehicle is the largest energy consumer in operation,
followed by the systems for temperature management of the passenger
compartment and the drive system—regardless of the type of train propulsion.
Batteries or fuel cells must be maintained at an optimal operating temperature
in electrically powered trains without energy supply via overhead lines or third
rails. Many rail operators are considering such trains for the nearly 40 percent
of non-electrified tracks in Germany. The overall energy consumption in these
trains significantly impacts range and potential operating times.

The most suitable strategy for temperature management of the drive system, interior,
and any onboard energy storage depends on the drive concept, climate, and operating
conditions. The master thesis of Marcos Escamilla Sdnchez on the potential of
integrated thermal management, which received the Excellent Thesis 2024 award at
Fraunhofer IWU, concludes that the DB class 490, used in the S-Bahn (suburban train)
operation of Hamburg, has such an efficient thermal management system, thanks to its
heat pump and waste heat recovery from traction and auxiliary operations, that
continuous development appears most reasonable. This model is a purely electric train
without an additional battery. The system's efficiency (Coefficient of Performance) is
high throughout the year thanks to the energy-efficient air conditioning and heating.

Sanchez currently works as a systems engineer at the rail vehicle manufacturer Alstom.
Together with the climate technology specialist and equipment provider for battery-
powered commercial vehicles, Wolfle GmbH, he investigated under which operating
conditions an integrated thermal management system could offer efficiency
advantages. The idea is to design a total system that connects the drive system and,
where present, the batteries and power electronics in a water circuit coupled with a
heat pump or chilled water air conditioning system. Such an approach should cover all
temperature scenarios: the passenger compartment and battery need to be heated in
winter and cooled in summer; while the waste heat from the drive can be utilized in
winter, it must be dissipated from the system in summer. The result: a chilled water air
conditioning system provides little efficiency gain on average in Hamburg; however, it
could demonstrate its advantages in icy regions—where heating is often required
throughout the year, whereas cooling is relatively rare. Operators will see the best
Coefficient of Performance in a vehicle operation characterized by frequent
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acceleration and braking, short distances, and frequent stops, which aligns particularly
well with the operating profiles of S-Bahn and U-Bahn (subway) systems. An integrated
thermal management system could also save weight and require fewer HVAC (Heating,
Ventilation, Air Conditioning) components.

Sanchez is confident that the impact of an integrated thermal management system on
the energy balance and usability of battery-electric train systems or trains with
hydrogen fuel cell propulsion would be substantial, as in such systems, the energy

storage requires nearly constant cooling or heating.
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Fig. 1  The drive system, passenger
compartment, and—depending on the
propulsion system—the energy storage
of a train always requires an ideal
temperature range. The air
conditioning system and battery are
heat sinks in winter, otherwise they
are heat sources. The drive system is a
heat source year-round.
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Abb. 2 DB Class 490 in service with
the Hamburg S-Bahn
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The Fraunhofer Institute for Machine Tools and Forming Technology IWU is a driver for innovations in the research and development of
production engineering. Around 670 highly qualified employees work at our locations in Chemnitz, Dresden, Leipzig, Wolfsburg, and Zittau. We
open up the potential for competitive manufacturing in automotive and mechanical engineering, aerospace technology, medical engineering,

electrical engineering, and precision and microengineering. We focus on scientific developments and contract research regarding components,
processes, methods, and the associated complex machine systems and their interaction with humans — the entire factory. As the leading institute
for resource-efficient manufacturing, we bank on highly flexible, scalable cognitive production systems using nature as an example. We consider

the entire process chain using regenerative systems and circular economy in this context. We develop technologies and intelligent production plants

and optimize forming, cutting, and joining manufacturing steps. Our range of services includes the development of innovative lightweight
structures and technologies for processing new materials, functional transfer to assembly groups, and the latest technologies of additive

manufacturing (3D printing). We present approaches for large-scale production of essential hydrogen systems, thus contributing to the transition to

renewable energies.



