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Market-available BEMU

* BEMU Uprising Deployment:

 Battery electric multiple units (BEMU) are increasingly replacing
diesel units in regional services.

* BEMU operation projected to reach 60 million train-kilometres
annually in Germany by 2029.

» EU-wide adoption is expected to grow significantly

* Overhead catenary islands
+ Limited BEMU range requires additional recharging

* Overhead Catenary Islands (OCI) are commonly designed as
charging infrastructure at remote stations.
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» Challenges:

* Frequent and high power demands during recharging can create peak
loads in the power grid.

* OCls could be supplied by possibly weak rural electricity grids, not
equipped for high peak loads.
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Research Aim:

Develop a data-driven approach to forecast power
demand for OCI in regional rail networks.
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Case study: Pfalznetz - Regional Passenger Railway Network

* From 2025: Stepwise integration of 44 BEMU

 Five OCls are planned.

* OCI at Lauterecken-Grumbach and Kusel

are terminal stops.

* Pirmasens Nord, Landau and Winden are

junctions where several train lines
intersect.

* In Pirmasens Nord, an additional line
electrification is required.
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Data driven approach: Visualization of the model chain
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OCI-Model: Deriving requirements on BEMU recharging infrastructure
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Exemplary OLIA-demand profile

Key Observations: _ Power load curve of overhead catenary island Kusel
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OCI Location Impact
Power load curves of OCI in the railway network
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The location of an OCI within the network significantly influences the power load curve shape.
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Operational peak-shaving

OCI supplies power for: Power peaks during acceleration occur in:
Auxiliaries and recharging at standstill The traction battery
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What else you will find in our conference paper

= Vehicle specifications = A thorough description of the vehicle = A deeper description of the study area
energy model
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In our future publications

» Implementation of seasonal weather effects on hvac = An additional model implementing a stationary buffer storage for
technical peak-shaving
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Operational peak-shaving
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Vehicle Energy Model
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Generic Vehicle Specifications

* Vehicle for longitudinal simulation: generic 2-car BEMU

Mass (seated) 97.5t
Passenger seats 120
Maximum velocity 140 km/h
Max. de-/acceleration 1 m/s? Transformer, n=95%
Max. power at wheels 1000 kw

- — DC/DC converter, /| Line power converter,
Davis coefficients A,B,C 1956 N, 17.6 N/ms1, 2.59 N/ms-2 N=97 5% — n=97.5%
Maximal power rating of line power 2000 kw - DCHink
AC/DC converter | — Propulsion converter, n=97 5%
Maximal power rating of propulsion 1400 kW ~| HVAC, continuous k. Motor/Generator, n=95%
converter power load 76 kW O Gear, n=97 5%
Maximum force of electro-dynamic 60 kN -
brake AN

Battery dis-/charging, Simulation output:
Battery: installed energy 500 kWh n=95 % force at wheel level
[kN]

Maximum c-rate during recharging 1.2
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Vehicle Energy Model: Exemplary Trajectory
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