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Background
FCEMU & BEMU BEMU and FCEMU are adressed by industry:

An regional railway transport, BEMU
and FCEMU
emerge as new drivetrain alternatives to
classic DMU and EMU for use on non-electrified lines

A Benefits of FCEMU/BEMU (against DMU / EMU):
A Less noise, no exhaust & CO, emissions at point of use

AHigh(er) drivetrain efficiency —_—— e e ormanees
Ano trackside electrification (costs, right-of-way issues) passenger railway service
A Drawbacks (to be solved): MU I

ANo broad operational experiences gained so far
Arange-constrained (right picture)
ALong refuelling (FCEMU) or recharging times (BEMU) MU
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Ranges of BEMU, FCEMU, DMU before
recharging or refueling (km)
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Aim
Assess BEMU and FCEMU suitability by means of a line analysis (for Germany)
AWhy line analyis? A A comprehensive BEMU/FCEMU Only about 60 % of

comparison requires to consider technical, economical ”aCkf i”t(_?_e:jma”y
. are electritie
and infrastructural aspects.

AThe concrete line and electrification profile largely

N/
determines the suitability of BEMU and FCEMU: N7al's
A Electrification degree o ;
Anumber of electrified start & terminus stations Adressed in this
Aposition and length of non-electrified sections presentation

ADwelling times at start/terminus stations

A Operational profile (timetable, trains per hour/direction)
A Local H, production potential

A Potential to equip further electrification islands/sections

 Electrified (AC 15 kV, 16.7 Hz)
" Electrified (DC, 3rd rail)
/" Non-electrified

Source: https://geovdbn.deutschebahn.com/isr
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Methods Example line:

Stations
ABCD EF G HI J K LMNO
. . . _l..l...J. ...... | I L..lL..... | L...l....... | I
AData on 469 German reg|0na| ra||Way lines Py — — T'|—'—'—|—|
which are diesel operated today were used 025 10 1821 26 3538 44 54 60646770 km

I [

/ electrified section non-electrified section

ALine definition: Train running once from start to
terminus station on a regional railway operated route

NETZE Infrastrukturregister

Abfragen & Auswerten | Drecken, Laden & Spelchern  Zetchmes ISR

ot - PACS () RO QALl

A Data derived from publicly available sources
(Streda.X Infrastrukturregister, railway atlas,
el ectronic timetable, publi

[ 8 BUREBNRUNNRNNNS + R oD
w

.........

[206 Wittenbserge - Neuruppin - Hennigsdar! {Derlin) - Dortin - Zl)ﬁ]

A Derived data:

Aftributes and characteristic values

Basic line and route data

Stations

fgderal_state in charge o - number of stations

diesel line subnetwork affiliation - average distance between stations (km)
route number (German: Kursbuchstrecke) )

number of RB (regional train) / RE (regional Timetable

express train) service - driving time {min)

name of start and terminus station, itinerary - dwell time at terminus station* (min) aserreich S
line length (km) : e 1108

- max. velocity (km/h) Operations (current)

L - railway operator
Electrification - railway class in service
- position of electrified line sections (km) - ftrain kilometer/a= (km/a)
D electrification degree by line s incomplete due to partly missing data

start or terminus station electrified S
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s = 450 - + 1 — — Upper Wh!sker ;F
Results (I) T General line patterns | |motovermsier sl
Attributes analysed and exemplary observations s} —o |
300 % + 0uet|i:aarr; 25+ +
ADiverse pattern in terms of 2801 : 20 ! { " @) Average station
_ Ezm_ i (a) Linelength (km) £ e
ALine length T e T T T B e
. N '150- - =
A Average station distances | I | stauend | 305 ] I | “itquant | 36
A Journey/(Driving time) time B | o | X | Team | 50
. rd quart : 3rd Quartil 8.0
A Average velocity | L i | a5 L e
Lire length Average station distance
A75 % of lines: T 1=
ALine lengths: shorter than 93 km S A |
. . 80
A Station distances: less than 8,0 km 250 $ I
A Driving times: less than 99,3 min PN ol |
- 2 c) Driving time = enl N d) Average velocity
A Average velocities: lower than 65,1 km/h Bl O Py E® O e
minimum 4.0 501 7 minimum 23.5
ooy 1st quartil 358 40 | i 1st quartil 454
50k | median 63.5 : median 352
T . 30F A .
L 3rd quartil 993 s 3rd quartil 65.1
oL . 1 maximum | 3400 20 A maximum | 954
Journey time h Average velocity

Exemplary results of diesel line analysis (469 lines)
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Results (II) T Electrification patterns

AOHC (overhead catenary) electrified sections (red)

are concentrated mainly around

start and terminus stations (top right figure)

A57 % of all lines (269) are electrified by less than 1/10

(bottom left figure) l
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enlarged cutout

[ section not electrified

RB 12

RB54 RB54 RB26 RB25

W section with OHC electrification

Railway Lines sorted by length in descending order
Electrification patterns of all 469 DMU operated lines

Berlin Ostkreuz — Lowenberg (Mark) - Templin stadt [ SR 52

Berlin Ostkreuz - Berlin-Lichtenberg - Werneuchen _

M section with OHC electrification
[ section not electrified

Berlin-Lichtenberg — Miincheberg — Kostrzyn _
Berlin-Lichtenberg - Léwenberg (Mark) — Rheinsberg (Mark) _
Léwenberg (Mark) - Rheinsberg (Mark) 0_

0 25 50 75 100 125
line length (km).

Example of a diesel sub-network (East Brandenburg Lot 2)
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Results (lI) T Electrification degree vs. length of longest non-electr.

A Line classification by number of start and
terminus stations equipped with overhead
catenary (OA,1+,2 %)

A77 % of lines have maximum non-
electrified sections lengths of < 80 km

[The falling red dot curve indicates cases
where a non-electrified secondary line leads
Into an electrified line at start/terminus
station (500 m electrified length assumed in
general)]
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Results (IV) - Implications to the suitability of BEMU and FCEMU

o T T ———— -y o T T ———— -y
' BEMU -optimal areaj . . ' 1
S Start- and terminus section
Electrification degree i e 1
| not electrified |
I A : | :
: 100% = 1 I + Start- or terminus section : i
: O I : ': : electrified : :
I + " 1 1 <> Start- and terminus section 1 1
: A J : : \_ electrified -/ : :
-
N\ [ - | J \ /
N o e e e e e e e _l_’ N o s’
I A« ___________________________
1 FCEMU-optimal area 'y /‘ -\\
+ P i | i
| - | | i
For FCEMU | R I I [
. possiblearea | 1 ¥4 | | I
< i T ‘_+9 | |
For BEMU [ | 1 I :
possiblearea 1 : ] + 1 | 1
<€ > L 1 1 I
| ¥ S / \ /
---------- T —— e —————

Length of longest not-
electrified line-section

A Lines with < 80 km non-electrified single section: generally suited to BEMU, but full battery recharging must be possible
A 26 % of lines have both start and terminus stations electrified (and offer therefore good premises for BEMU)

A FCEMU (currently 600 i 1000 km range) can be deployed on all investigated lines
(provided, the timetable allows refueling during daytime if required)

A Future outlook: BEMU-tailored new direct lines (EMU with battery operation on short non-electrified branches)




