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Introduction – Uprising BEMU Deployment

• 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 autonomies requires additional recharging

• Overhead Catenary Islands (OCI) are commonly designed as 

charging infrastructure at  remote stations.

• Challenges:

• Frequent and high power demands during recharging can create 

peak loads in the power grid.

• OCIs often connected to weak rural electricity grids, not equipped 

for high peak loads.

Sebastian Herwartz-Polster, Institute of Vehicle Concepts, DLR, 20.09.243

Research Aim:

Develop a data-driven approach to forecast power 

demand for OCI in regional rail networks.

Market-available BEMU

Coradia Continental
© Alstom AG

Civity BEMU
© CAF

Flirt Akku
© Stadler

Talent 3 BEMU
© Alstom AG

Mireo Plus B
© Siemens

RS Zero
© Stadler
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Overhead Catenary Islands – Recent designs

Sebastian Herwartz-Polster, Institute of Vehicle Concepts, DLR, 20.09.24
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https://www.radioerzgebirge.de/beitrag/annaberg-buchholz-ladestation-

fuer-akkuzuege-besteht-test-794290/ https://www.swtue.de/fileadmin/user_upload/2Geschaeftskunden/VO

LTAP/ETR-Artikel_VOLTAP_2203.pdf

• BEMU Recharging Stations

• Transformer and power electronics are housed in a container close to the track

• Two masts per recharging point

• Vehicle needs to come to standstill before recharging

RCS BEMU Charging Station: 1.2 -2 MW VOLTTAP BEMU: 1.2 – 2.4 MW
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Overhead Catenary Islands – Recent designs

Sebastian Herwartz-Polster, Institute of Vehicle Concepts, DLR, 20.09.245

Source: https://www.electricandhybridrail.com/content/news/deutsche-bahn-

begins-construction-of-overhead-contact-line-islands-in-schleswig-holstein/

• Section electrification, i.e.

• Short electrified sections with standard catenary voltage system (15 kV/16.7 Hz or 25 kV/50 Hz)

• Catenary over all station plattforms, catenary can also be built in the station entrance area

• Additional trackside-electrification on station-adjacent sections possible (comparable to existing line catenary, often proposed

for steep sections)

• Vehicle can recharge during acceleration

DB OLIA: 5 MW
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Case study: BEMU Pfalznetz - Regional Passenger Railway 
Network

• From 2025: Stepwise integration of 44 BEMU

• Five OCIs will be realised. 

• 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.

Sebastian Herwartz-Polster, Institute of Vehicle Concepts, DLR, 20.09.24

OCI at 

terminal 

stops

OCI at line

junctions
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Map Source: Author; Basemap: OpenStreetMap
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Data driven approach: Visualization of the model chain

Results:
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Vehicle Energy Model
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OCI-Model: Deriving requirements on BEMU recharging infrastructure

Representation of OCI 

as polygons in the

geospatial data model

Case study area

For each location: Query 

vehicle power consumption at 

catenary 

Aggregation and time-

matched for all trains in 

the circulation

Sections under OCI Landau
Sebastian Herwartz-Polster, Institute of Vehicle Concepts, DLR, 20.09.24
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Generic Vehicle Specifications

Sebastian Herwartz-Polster, Institute of Vehicle Concepts, DLR, 20.09.24

• Vehicle for longitudinal simulation: generic 2-car BEMU

Length 42 m

Mass (seated) 97.5 t

Passenger seats 120

Maximum velocity 140 km/h

Max. de-/acceleration 1 m/s²

Max. power at wheels 1000 kW

Davis coefficients A,B,C 1956 N, 17.6 N/ms-1, 2.59 N/ms-2

Max. power rating of line power 

AC/DC converter

2000 kW

Max. power rating of propulsion

converter

1400 kW

Max. force of electro-dynamic brake 60 kN

Battery: installed energy 500 kWh

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

Trajectory of a demanding circulation day:

▪ Daily mileage: 487 km

▪ Operating time: 13.5 hours

▪ Stations called: 127

▪ Average station distance: 3.8 km

▪ Energy consumed: 2329 kWh

▪ Max power peak at catenary: 900 kW

▪ Recuperated energy to battery: 600 kWh

▪ Lowest DoD: 25.1 %

▪ Equivalent full cycles: 3.93

Sebastian Herwartz-Polster, Institute of Vehicle Concepts, DLR, 20.09.24
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Exemplary OLIA-demand profile

Key Observations:

• Power peaks occur when multiple 

trains recharge simultaneously under 

an OCI.

• Maximum power load observed at OCI 

Kusel is 2.6 MW.

Peak Characteristics:

• Prominent peaks are short-lived, 

lasting above 30 seconds (from 

multiple acceleration)

Power Demand Smoothing:

• Averaging over a 15-minute window 

reduces peak power demand to 1.24 

MW (marked by the dark red line).

Power load curve of overhead catenary island Kusel

Sebastian Herwartz-Polster, Institute of Vehicle Concepts, DLR, 20.09.24
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OCI at line junctions

• Characteristics:

• Short and dense recharging periods.

• Increased frequency of power peaks.

OCI at terminal stops

• Characteristics:

• Continuous and consistent recharging.

• Homogeneous & even load patterns.

• Modest power peaks.

The location of an OCI within the network significantly influences the power load curve shape.

OCI Location Impact
Power load curves of OCI in the railway network

Sebastian Herwartz-Polster, Institute of Vehicle Concepts, DLR, 20.09.24
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Operational peak-shaving

Sebastian Herwartz-Polster, Institute of Vehicle Concepts, DLR, 20.09.24

OCI supplies power for: Power peaks during acceleration occur in:

Traction, auxiliaries and recharging during driving The grid

Auxiliaries and recharging at standstill The traction battery
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Operational peak-shaving

Sebastian Herwartz-Polster, Institute of Vehicle Concepts, DLR, 20.09.24

Descending sorted power charges recharging

while driving Descending sorted power charges recharging at standstill
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Technical Peak Shaving – Stationary buffer storage

Sebastian Herwartz-Polster, Institute of Vehicle Concepts, DLR, 20.09.24
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Thank your for your attention.
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