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ELECTRIC RAIL TRACTION IN CZECH REPUBLIC AND LEVEL OF
EFFECTIVENESS AND ENERGY SAVING MEASURES

This measure aims to reduce the peak usage of
energy for trams and trolley buses in order to limit
the contracted reserve capacity and the related
costs. As final result, in 2012 DPMB contracted
6.24% less of additional reserve capacity due to
new system. At the moment 380 electric vehicles
(240 trams and 140 trolleybuses) are equipped with
this system, which was certificated by Czech Rail-
ways Authority and can now be implemented by
all other public operators in Czech Republic.

Brief history of electric rail traction in Czech
Republic

Railway transport

The history of railway transport in Czech Re-
public began in 1827 when the first section of
horse railway Ceské Budg&jovice/Budweis — Linz
(Austria) was opened. The first railway route oper-
ated by steam locomotives was section Bieclav —
Brno (1839) of the Northern line from Vienna (first
section Vienna — Deutsch Wagram opened in
1837). In 1903 the first electric railway, the local
line Tabor — Bechyné went into operation (24 km
in standard gauge, traction 2x700 V DC, today
1500 V DC). In 1912 there followed a second local
line Rybnik — Lipno nad Vltavou (22 km in stand-
ard gauge, traction 1200 V DC, from 1955-2003
with 1500 V DC, since 2003 with 25 kV
AC/50Hz).

The next step was the electrification of the
railway ring in Prague 1926-1928 (about 30 km
standard gauge, traction 1500 V DC, since 1962
with 3000 V DC). Then it took nearly 20 years un-
til the next extension: In 1957 there went into op-
eration the first electrified long distance railway
line Praha — Ceska Ttebova with a length about
160 km and traction 3 kV DC. From this time most
of the main Czech (and also Slovak) railway routes
have been continuously electrified. An important
step has been made in 1965 with the electrification
of the line Kutnd Hora — Jihlava (90 km) with trac-
tion 25 kV AC/50 Hz. The existence of two trac-
tion systems in formerly Czechoslovakia, however,
in the 1970s caused problems in flexible operation
(there existed only locomotives or electrical units
with one of the two tractions). Therefore company
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Skoda in 1974 delivered the first dual-system
locomotives. Today, Czech Railways (CD) operate
even three-system electrical units (class 680
,Pendolino®) and locomotives (class 380) which
are able to operate also in Austria and Germany
(with traction 15 kV AC/16.7 Hz).

Very important for the development and
research on electric traction is the large test circuit
of VUZ (Railway Research Institute) in Velim near
Prague, which exists since 1963 and enables power
supply either AC or DC current system (25 kV
AC/50 Hz, 15 kV AC/16.7 Hz, 3 kV DC, 1.5 kV
DC) and therefore allows the testing of many rail
vehicles of European railway operators.

At the end of 2013 overall 3217 km of the 9468
km long railway network of SZDC (the state
owned Railway Infrastructure Administration of
Czech Republic) are electrified (these are 34%)
with the following traction systems:

e 1788 km with 3 kV DC (mainly in the
north);

e 1391 km with 25 kV AC/50 Hz (mainly in
the south);

e 24 km with 1.5 kV DC (local line Tabor —
Bechyng);

e 14 km with 15 kV AC/16.7 Hz (line
Satov/near Austrian border — Znojmo, operated by
trains of OBB/Austrian Federal Railways).

The allocation of today’s electric traction sys-
tems can be seen on the following map (fig. 1).

Public urban transport (tram, metro, trol-
leybus)

History of electric urban rail transport in Czech
Republic began in 1891 with the opening of the
first tram line in Prague. Today tram systems exist
in 7 cities (resp. agglomerations) with a total
length of 356 km (2012). All systems are operated
at voltages of approximately 600 V DC. The Czech
Republic is also well known for its production of
tramcars: Company CKD-Tatra manufactured with
tramcar T3 the most numerous type of tram in the
world (about 14.000 units).

The only city with metro system in the Czech
Republic is Prague. The first section opened in
1974 and today 3 lines with a total length of 59 km
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are in operation. The traction is performed at
voltage 750 V DC by third rail. For the future there
are planned extensions of the existing lines as well
as the construction of a fourth line.

Another speciality of electric urban rail
transport in Czech Republic is the trolleybus which
is considered here as railway (because of his
overhead wire). The first trolleybus line was

Railway network in the Czech Republic

opened in 1936 in Prague. Today trolleybus
systems exist in 13 cities (resp. agglomerations)
with a total length of 393 km (2012). Most systems
are operated at voltages of 600 V DC, two of
750 V DC.

The allocation of today’s electric urban rail
transport can be seen on the following map (fig. 2).

5 Fig. 1. Railway network in the Czech Republic
Source: SZDC (Railway Infrastructure Administration of Czech Republic, state organization)
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Source: Wikimedia Commons
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Level of effectiveness and energy saving
measures on electric rail traction

Use of multi-system electric locomotives and
units

Because the existence of two traction systems
in formerly Czechoslovakia caused problems in
flexible operation in the year 1974 there were
delivered the first dual-system locomotives. Today,
Czech Railways (CD and CD Cargo) operate the
following multi-system electric rail vehicles:

Two-system vehicles 3 kV DC and 25 kV
AC/50Hz: 163 locomotives class 340 and 362/363.

Two-system vehicles 3 kV DC and 15 kV
AC/16.7Hz: 16 locomotives class 371/372.

Three-system vehicles 3 kV DC, 25 kV
AC/50Hz and 15 kV AC/16.7Hz: 20 locomotives
class 380, 7 units class 680 (,,Pendolino®), 7 units
class 640/650 (,,RegioPanter®).

Furthermore,  locomotives  from  ZSSK
(Slovakia) class 350 (3 kV DC, 25 kV AC/50Hz)
and OBB (Austria) class 1116 (15 kV AC/16.7Hz,
25 kV AC/50Hz) and 1216 (3 kV DC, 15 kV
AC/16.7Hz, 25 kV AC/50Hz) are running with
international trains also in Czech Republic.

Regenerative braking and recovery of elec-
tricity

Today regenerative braking and recovery of
electricity in the electric railway network in Czech
Republic is usual, but often in a limited form. The
reasons for these limitations are:

Relatively small amount of electric locomotives
and units capable for regenerative braking: Until
now, these are 50 locomotives (class 363.5 and
380) as well as 97 units (class 440, 471, 640/650
and 680). Furthermore some locomotives of the
OBB Taurus class (1116 and 1216) are runnig with
international trains from and to Austria.

DC power supply system is a subject to re-
strictions on the maximum voltage: While Europe-
an standards allow peak voltage of 3.9 kV, the lo-
comotives of CD and CD Cargo have been only
designed for a limit voltage of 3.6 kV.

Regarding the AC system the supplier of elec-
tricity (company CEZ — Czech energy plants) ini-
tially was not very interested in regenerative brak-
ing and recovery of electricity due to the stochastic
occurrence of these energy source (in case of older
vehicles combined with additional problems like
higher harmonics and worse power factors); all
these problems increase the requirements on regu-
lation of the entire supply network. Therefore,
originally, regenerative braking was banned in the
AC railway network. Because of newer technolo-
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gies regenerative braking and recovery of electrici-
ty now continuously is allowed on more and more
lines.

It is a goal of SZDC and CD to solve these
problems and increase the amount of regenerative
braking and recovery of electricity in the next
years.

A different situation can be found in electric
urban rail transport: The Prague Metro with a large
number of simultaneously circulating units with
frequent acceleration and deceleration has ideal
conditions for regenerative braking. Also the
Czech tram and trolleybus systems have made sig-
nificant efforts in the recent years: A wide range of
new vehicles put into service have regenerative
braking. In addition in older vehicles the expired
electromechanical equipment has been replaced by
new electronic one which also enables regenerative
braking.

Automatic train leading by using magnetic
information points

For purposes of automatic train leading (in
Czech AVV) are on the track situated installations
for identifying position, so-called magnetic infor-
mation points. Magnetic information points are
located in rails designed at the moment mainly for
rides of local trains (with many stops). Description
of the line (“route map””) must be contained in the
vehicle part of AVV (“on-board”). Based on the
train position identification, the route map and in-
formation transferred though the train control de-
vice and/or input by the driver the vehicle part of
AVYV ensures a continuous and economical train
ride. With AVYV local trains can achieve savings of
7-9% of traction energy. Currently, about 350 km
of tracks and about 250 locomotives and units are
completely equipped with ATL.

Planned conversion of 3 kV DC to 25 kV
AC/50 Hz

SZDC, the state owned Railway Infrastructure
Administration of Czech Republic, plans the
conversion of its lines elctrified with 3 kV DC to
25 kV AC/50 Hz during the next 30-40 years.
Traction 25 kV AC/50 Hz is more efficient not
only in investment but also operationally, e.g.
eliminating damage by stray currents.

Optimized Energy Consumption in Tram
and Trolley Bus Network — A project of Brno
Public Transport Company (DPMB)

This measure was realized within the EU-
project CIVITAS-ELAN in the years 2009/2010. It
aimed to reduce the peak usage of energy for trams
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and trolley buses in order to limit the contracted
reserve capacity and the related costs. Brno Public
Transport Company (DPMB) has to contract its
annual expected amount of electricity to ensure the
electric vehicles operation. To obtain a balanced
energy distribution, there is also a requirement for
DPMB to book monthly a reserve capacity for each
15-minute interval. The costs related to reserve
capacity have a negative influence on the cost of
electricity because unused capacity still needs to be
paid and exceeding the contracted reserve capacity
is heavily penalised.

To achieve these objectives a remote heating
control was installed in 380 electric vehicles (240
trams and 140 trolleybuses). This includes also an
automatic warning system which in case of reach-
ing the level of reserve capacity will generate the
message to be transferred to the on-board computer
in the electric vehicle and switch off the heating
automatically for 5 minutes.

As final result, in 2012 DPMB contracted
6.24% less of additional reserve capacity due to
new system and the total savings due to the opera-
tion of the system reached almost 132.000 EUR.

The whole system was certificated by Czech
Railways Authority and can now be implemented
by all other public operators in Czech Republic.
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Czech Railways currently operate 163 two-system locomotives for 3 kV DC and 25 kV AC/50Hz, 16 two-
system locomotives for 3 kV DC and 15 kV AC/16.7Hz, 20 locomotives and 14 units for three-systems (3 kV
DC, 25 kV AC/50Hz, 15 kV AC/16.7Hz. Furthermore, some multi-system locomotives from Austria and Slovakia
are running with international trains also in Czech Republic.

Regenerative braking and recovery of electricity in the electric railway network in Czech Republic is usual,
but often in a limited form. Reasons are relatively small amount of electric locomotives and units capable for
regenerative braking, restrictions on the maximum voltage in DC power supply system and restrictions because
of requirements for the regulation of the overall network in AC power supply system.

With automatic train leading local trains can achieve savings of 7-9% of traction energy. Currently, about
350 km of tracks and about 250 locomotives and units are completely equipped with this system.

Optimized Energy Consumption in Tram and Trolley Bus Network is a project of Brno Public Transport Com-
pany. This measure aims to reduce the peak usage of energy for trams and trolley buses in order to limit the

Keywords: electric traction, effectiveness, energy saving.
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X. CUIMAH (TEXHOJIOTTYHUI YHIBEPCUTET, M. BPHO)

TexHonoriyHui yHisepcuteT M. BpHo, dakynbTeT umBinbHoro 6yaiBHMUTBa, IHCTUTYT 3ani3HUYHMX crnopya Ta 6y-
Aaisenb, Byn. Besepi 331/95, 602 00 bpHo, Yexisa, en. nowTa: seelmann.h@fce.vutbr.cz

EJEKTPUYHA TST'A Y YECHKIV PECITYBJIIIII, PIBEHD
E®PEKTUBHOCTI TA 3AXO/JU EHEPI'O3BEPEKEHHSA

Yecbki 3anizHmui ob6cnyrosyoTbcs 163 ABOCUCTEMHUMW eNeKTpoBo3aMn Ans cucteMm 3 KB nocTiiHoro ctpymy
Ta 25 kB 3MiHHOro ctpymy 4dactototo 50 Iy, 16 ABOCMCTEMHUMM enekTpoBo3aMu Ans cuctem 3 KB nocTiliHoro
cTpyMy Ta 15 kB 3MiHHOro ctpymy yactotot 16.7 'u, 20 enekTpoBo3iB i 14 oAMHWLbL PyXOMOro CKnaay npusHa-
yeHi Ans poboTn Ha TPpbOX cMCTeMax enekTponocTavyaHHsa. Kpim Toro, aesiki baraTocMcTeMHi enekTpoBo3n 3 ABCT-
pii Ta CnoBaYyyMHM TakoX NpaLoTb Ha 3ani3HMUAX Yexii y cknaai MbkHapoAHUX Noi3Ais.

PekynepaTvBHe ranbMyBaHHS Ta BifHOBNEHHS eNeKTpoeHeprii B eNekTpuYHMX Mepexax Yexii 3asBuyali Bu-
KOPWUCTOBYETbCS, ane AOCUTb 4acTo B obMexeHOoMy Burnaai. NMpUYMHOIO TOMY € BIAHOCHO HeBenuKa KiNbKiCTb
€NeKTPOoBO3iB Ta OAMHWULb PYyXOMOro CKnaay npuaaTHUX ANS peKynepaTMBHOrO rajibMyBaHHS, 0BMeXeHHs CToCco-
BHO MaKCMMasbHOi Hanpyrn B CUCTEMi TArOBOr0 e€1eKTPONoCTayaHHA NOCTINHOro CTpyMy Ta 06MeXeHHS CTOCOBHO
BUMOI ANS peryntoBaHHA B 3arajlbHUX Mepexax CUCTEMU eNeKTPOonocTayaHHs 3MiHHOro CTpyMy.

3a AONOMOroK TeXHONOorii aBTOMaTUYHOro BeAEHHSA Moi3Ay NpUMICLKI NOi3An AOCAralTb €KOHOMIi enekTpoe-
Heprii 8o 7-9 %. Ha pgaHui yac maiixe 350 kM konii Ta 65m3bko 250 enekTpoBO3iB Ta OAWMHWULL PYXOMOro CKia-
Ay obnagHaHi Ui€o cncTemoto.

OnTuMi3oBaHe CMoXMBaHHA eHeprii B Mepexax TpamBaiB Ta TponenbyciB — NpoeKkT KoMMaHii rpoMagcbKoro
TpaHcnopTy BpHo. Llel 3axia cnpsaMoBaHUI Ha 3HMXKEHHS MIKOBOrO HaBaHTaXeHHs AN TpaMBaiB Ta Tponenbycis
3 METOH 06MeXEeHHS A0roBipHOI pe3epBHOI MOTYXHOCTI Ta NOB’I3aHUX 3 UMM BUTpaT.

KnrouoBi cnoBa: enektpuyHa Tara, edeKTUBHICTb, eHepro3bepexeHHs.

BuyTpinHiit peuensent Kysueyos B. I'. 3oBHINIHIN penieH3eHT Tankesuy €. M.
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TexXHONOrMYyecKnii YyHMBEepCUTET . BpHO, aKkynbTeT rpaXxaaHCKOro CTPOUTENbCTBa, MHCTUTYT XXene3HOAOPOXKHbIX
COOpYXeHun n 3aaHnin, yn. Besepn 331/95, 602 00 BpHo, Yexus, an. nouta: seelmann.h@fce.vutbr.cz

SJEKTPUYECKAS TATA B UEHICKOM PECITYBJIUKE, YPOBEHB
IOOEKTUBHOCTHU U DQHEPI'OCBEPEI'AIOHIUE MEPOIIPUATHUSA

Yewckme xenesHble goporn obcnyxuBaTcs 163 ABYXCUCTEMHbIMUK 3N1EKTPOBO3aMn ana cuctem 3 kB nocro-
SIHHOro Toka u 25 kB nepemMeHHoro 4actototo 50 'y, 16 ABYXCUCTEMHbIMU 3/1€KTpOBO3aMn Ang cucteMm 3 kB no-
CTOSIHHOro Toka n 15 kB nepemeHHoro Toka 4acrotow 16.7 'y, 20 3nekTpoBo30B 1 14 eAMHUL NOABUMXHOMO CO-
CTaBa npeAHa3HauyeHbl AN paboTbl Ha Tpex cucTeMax 3NeKTpPocHabxeHus. Kpome 3TOro, HEKOTOpble MHOrOCU-
CTEMHble 31eKTpoBO3bl 3 ABCTpuKM 1M CrnoBakumn Takxe paboTaloT Ha Xene3HblX Aoporax Yexmu B cocTaBe Mex-
AYHapoAHbIX Noe3aoB.

PekynepaTuBHOe TOPMOXEHME WU BO30OHOBMIEHWE 3NEKTPOIHEPrUU B 3SN1EKTPUYECKUX ceTsax Yexmm obblvHO
NCNONb3yeTCs, HO OYEeHb YacTO B OrpaHNYeHHOM Buae. [MpUUYNHON 3TOMY eCTb OTHOCUMTENbHO Hebonblioe Konnye-
CTBO 3/1€KTPOBO30B U €AMHUL, NOABUXHOIO COCTaBa CrOCOBHbIX NMPUMEHATbL peKynepaTMBHOE TOPMOXEHWe, orpa-
HUYEHMS OTHOCUTENIbHO MaKCMManibHOIrO HarnpsXeHUs B CUCTEME TAroBOro 3/71eKTPOCHabXeHUs NOCTOSAHHOro ToKa
W OrpaHUYeHns B OTHOLIEHUW TpeboBaHU AN perynnpoBaHusa B 06LLMX CETAX CUCTEMbl 3NeKTPOCHabxeHns ne-
pEMEHHOro Toka.

C noMouwbl TEXHOMIOMMM aBTOMATMYECKOro BeAeHUs noesja npuropogHble noesga AOCTUratT 3KOHOMWUKU
3NeKTpo3aHeprumn Ao 7-9 %. Ha Tekywnit MoMeHT noyTtn 350 KM nyTen n okoso 250 aneKTpoBO30B M eauHUL No-
ABWXHOro coctaBa obopyaoBaHbl 3TON CUCTEMOMN.

OnTuMu3nMpoBaHHoe noTpebneHne 3Heprun B CeTAX TpaMBaeB WM TponnendbycoB — nMpoekT KomnaHum obuie-
CTBEHHOro TpaHcrnopTta BpHo. 3To MeponpusaTUE HanpaB/eHO Ha CHUXXEHWE MUKOBbIX Harpys3oK Afs TpaMBaeB U
Tponnenbycos C Lenblo oOrpaHNYeHns 4OroBOPHON pe3epBHOM MOLLHOCTM M CBA3aHHbIX C 3TUM 3aTpar.

KnroueBble cnoBa: snektpuyeckas Tara, apPeKTMBHOCTb, 3HeprocbepexxeHume.

BuyTtpennuii peuenszent Kysneyog B. I'. Buewnuii peuensenrt Tanxeeuu E. M.
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