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Executive Summary
In 2015, the Swedish freight train operators, transported 38.6 billion gross tonne-kilometres (tonne-km) of which
electric powered trains answered for the predominantly part while diesel powered trains accounted for only 2.2
billion gross tonne-km (6 %). In 2015 the Swedish freight operators had about 540 locomotives, of which about
200 were diesel powered. Diesel locomotives were commonly used when the first and/or last part of a transport
was operated on non-electrified tracks. If catenary was partially missing, diesel locomotives could be used the
whole distance, in other ways they were used to switch wagons to and from loading and unloading tracks.
In a previous study the conditions was investigated for a locomotive concept, that when hauling freight trains on
electrified lines was supplied with electricity from the catenary, and that could be powered from other sources
when it was used in switching and other service on non-electrified tracks. This was attempted to be possible with
a hybrid locomotive that can obtain propulsion energy, in two different ways, one of which is made up of electric
power from catenary. Energy could also be obtained from sources on board the locomotive such as batteries or
internal combustion engines. A concept for a hybrid locomotive with diesel powered generators was presented. A
specification for a concept for a 4-axle electro-diesel hybrid locomotive was in brief compiled. A draft concerned a
locomotive with a driver's cab, which was placed close to the middle of the framework, and two diesel engines
and generator sets with a power output of 0.5 MW each. An alternative approach was also to complete the
existing electric locomotive concepts from the manufacturer’s platforms, with diesel generator sets.
In this study a concept for a hybrid locomotive with a battery pack is presented, the solution is also called allelectric hybrid locomotive. When creating a concept for an all-electric hybrid locomotive some of the cases that
were presented in this report will be of a special interest. A concept for the hybrid locomotive also intends to
offer maximum performance regarding traction and speed when it is powered by electricity from catenary. The
scoop was that an all-electric hybrid locomotive concept that was based up on an electric main line locomotive
that is emanating from a standard platform. Those locomotive types are today possible to equip with sets of small
diesel engines and generators. The solutions are named Last-Mile by Bombardier and Extra-Mile by Siemens.
Case studies about the use of diesel powered and/or electric locomotives in Sweden were done. In 4 cases the
distance from the electrified line or catenary was not exceeding 15 km. In the first case logs and pulpwood were
transported at train gross weights of 1,500 tonnes on a non-electrified 3 km track. If an all-electric hybrid
locomotive was used it was indicated that the battery capacity needed, according to efficiency factors and
limitations of de-charging and charging cycles, was about 180 kWh. In the next case load carriers were hauled 24
km by electric locomotives and 15 km by diesel locomotives. With an all-electric hybrid locomotive the gross train
weight was assessed to 1,900 tonnes. In this case a battery capacity of 1,190 kWh was indicated to be needed. A
third case was a 33 km wagon load route that mostly consisted of an electrified main line but had a part of 5 km
non-electrified track. For an all-electric hybrid locomotive the train weight was assumed to 1,500 tonnes. In this
case a needed battery capacity was indicated to about 730 kWh. The final case was an intermodal train route in
which the gross weight of the wagons could reach 1,800 tonnes. At the ends diesel locomotives were switching
wagons to and from the terminals loading and unloading tracks. If an all-electric hybrid locomotive was used it
would in the first terminal on battery power haul wagons at loading and unloading tracks, in a distance of 600-700
metres. In the second terminal a diesel locomotive was used 2.5 hours a day. The battery capacity needed in this
terminal was calculated according to the present operations and was based on the energy consumption for the
diesel locomotive and it was indicated that a battery pack with a capacity of about 660 kWh was needed.
In the first case a limited amount of electric power, and also a quite small battery pack is indicated to be needed.
In this case also the transports are frequent with normally two daily trains most days of the week. That means
that the benefits of a solution of all-electric operations with battery locomotives could be considerable. Also the
third and fourth cases are typical cases where all-electric hybrid locomotives would be very usable. It will not
operate too far away from catenary and the benefits would be clear. The locomotives will also work quite close to
catenary, not more far away than 3 km, and also repetitively will return to catenary, during the handling cycle.
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1 Background and introduction
Most European railways have in the past usually carried both passenger traffic and freight transport with largely
coordinated production and traffic systems. Often, this has meant that a common locomotive fleet is used for
both passenger traffic and freights. In several countries, the former railway authorities and railway companies
have been split up. Mainly rail, the networks and the infrastructure has in a first step been separated from the
railway traffic and operations. Passenger traffic and freight transports have also been split in different companies
at the same time as new operators have entered the rail transport markets.
The split up of the former railway administrations, or state owned railway companies, in specific companies for
passenger traffic respectively for freight transport has meant that existing locomotive fleets have been divided
between different organizations. In 2015 the Swedish freight operators had about 540 locomotives, of which
about 200 locomotives (38 %) were diesel-powered and intended for switching and line operations on nonelectrified tracks (Trafikanalys, 2016). Despite the fact that a significant proportion of the locomotives were
diesel-powered freight is carried out mainly with electric locomotives.
In 2015, the Swedish freight train operators, transported 38.6 billion gross tonne-km (transport performance
measured in terms of total weight of wagons with loads, also named tonne-kilometres). Of this electric powered
trains answered for a predominantly part while diesel powered trains accounted for only 2.2 billion gross tonnekm (6 %). The majority of the locomotives used by Swedish rail operators for switching and shunting or other
terminal service activities are diesel-powered which means environmental and credibility problems for the rail
freight transport system. This is reinforced by the fact that diesel locomotives during a major part of the operating
time are used on tracks with catenary systems, also named over-head wires, where electric power supply, for
electric locomotives, are possible.
Rail freight can be rationalized through a more efficient use of the costly resources, in which locomotives are
included (Nelldal et al, 2005). In those arrangements the same locomotives are used for train hauling and
switching service. Because terminal tracks are essentially devoid of catenary would transition to new production
systems, where one type of locomotive is used, in most cases and with present technologies, lead to an increased
use of diesel locomotives.
Another problem for the rail freight is that the wagonload traffic costs of production to 50 % is made up of feeder,
or last-mile, transport services, namely local and regional train movements between different terminals and
between marshalling yards or regional terminals and stations or other junctions where the long-distance trains
are formed or broken up (Banverket, 2005). This cause a high initial cost of a rail transport and efforts to increase
the competitiveness of rail freight transport must be directed towards the streamlining of the feeder transports.
In a previous study the conditions for developing a concept for a locomotive, that when hauling freight trains, on
electrified lines or tracks, is supplied with electricity from the overhead wire or catenary, and which can be used
in switching as well as for service on the rail yards, tracks and terminals that are not electrified could be diesel
powered, was investigated (Bark et al, 2008). The intention was to develop a uniform concept for rail freight
transport locomotives that would contribute to decrease the number of types or classes of locomotives that were
used at the same time as the amount of the locomotive fleets of the rail operators could be reduced significantly.
This was attempted to be possible with a hybrid locomotive which is supplied with power from an overhead wire
or a catenary, and if a catenary is not available, could obtain energy from their own energy sources such as diesel
engines or batteries.
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2 Locomotives used in Sweden
A survey regarding the locomotive resources the Swedish operators 2016 used for the haulage of rail freights in
Sweden as well as to and from Sweden was carried out. The statements are based on the locomotives which,
according to official sources 2016 were among the operators whose activities mainly related to rail freight
transport (Trafikanalys, 2016). Excluded were the locomotives MTAB used for ore transports on the line Narvik –
Kiruna – Luleå.
A common arrangement for rail freights in Sweden is that the main part of the transport is hauled under catenary,
commonly by electric locomotives, but also that diesel locomotives are used because the first and/or last part of
the transport is operated on tracks that has no catenary. The absence of catenary thus represents an obstacle to
exclusively using electric locomotives for transport missions. If catenary is partially missing, a transport will be
added up as follows:
1. Diesel locomotives are used the whole distance. An advantage is that only one locomotive is needed while it
is often from an energy consumption or environmental point of view, a less favorable option. In addition, it
can be difficult to get slots on busy lines when a train is pulled by a diesel locomotive. That’s because diesel
locomotives generally offers lower performance according to power and running times than electric
locomotives.
2. Electric locomotives are used for line-hauling and diesel locomotives are used to shunt individual wagons or
wagon groups or train sets to and from loading and unloading tracks.
A problem in the latter case is that it requires access to diesel locomotives on both the places where trains are
loaded and on the places where they are unloaded. This entail a risk that locomotives get badly utilized. An option
is also to bring a diesel locomotive with the train for use at loading and unloading sites. In places where switching
between electric and diesel traction is performed also additional track capacity is required. Lack of side-tracks for
switching and set-up of diesel locomotives, and if diesel locomotives are not available at the current loading and
unloading tracks, causes that diesel locomotives instead will be used to haul the wagons under catenaries.

2.1

Electric propulsion

In Sweden electric locomotives have been used for the haulage of freights by the standard gauge railway network
since the 1910s. It was started in ore traffic between Kiruna and Riksgränsen. In the rest of Sweden electric
locomotives began to be used in freight traffic in connection to the electrification of the Western main line
(Stockholm-Gothenburg) which opened in 1925. Then came the electrification to proceed, and 25 years later the
main part bulk of the rail freight transports were performed by electric locomotives. The first generation of
electric locomotives were equipped with single phase alternating current (AC) motors which were fed with low
frequency AC with a frequency of 15 Hz, later changed to 16 ⅔ Hz (Bark et al, 2008).

2.1.1

Semi-conductors and direct current (DC) drive systems

In the late 1950s electric locomotives which were fed with high-voltage AC (15-25 kV), and operated with direct
current (DC) motors and were equipped with semiconductor systems (diodes) which converted the AC to DC
before the electric motors were fed was developed. Locomotives with controlled semiconductors, known as
thyristors were introduced in Sweden in 1967 (Nordin et al, 1998). This locomotive, known as class Rc, was
designed as a universal locomotive with a top speed of 135 km/h, and was used in freight and passenger trains.
366 locomotives were delivered to the former Swedish State Railways in 7 sub-variants, until 1988. 50
locomotives had been delivered with a gear ratio of 160 km/h (Rc3 and Rc6) which made them less suited for
freight trains. Further locomotives have then been adapted for this speed. The locomotives that are geared for
135 km/h is allowed on most of the lines in southern Sweden hauls train with wagon weights up to 1 600 tonnes.
FFL4E - H2020-730823
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Green Cargo has modernized 80 class Rc2-locomotives, which then are named class Rd2 (figure 1).

Figure 1

Green Cargo Class Rd2 (Green Cargo)

About 250 locomotives of the classes Rc, Rd2 and Rm were in 2016 used for rail freight transports in Sweden
(table 1). 17 locomotives of a more powerful version of the Rc locomotive, with an output of 4,440 kW, were also
delivered to the Norwegian State Railway (NSB) (Diehl et al, 2012). When NSB was split into a passenger and a
freight division, named CargoNet, the locomotive fleet was after a few years entirely in the hands of CargoNet.
Furthermore Hector Rail is using about 15 locomotives with DC propulsion systems acquired second-hand from
the ore line (Norway) and Austria (ÖBB).
Table 1

Compilation of class Rc locomotives used for freight hauling in Sweden

Class

Rc1

Owner and/or operator

Rc2

Tågåkeriet i Bergslagen AB
(Tågab)

Rc3 / 143

Rc4

Beacon Rail Leasing,
3
Hector Rail, Tågab

Green Cargo, Svensk Tågkraft, Nordic ReFinance

2

Rd2

Rm

Green Cargo

Power output (kW):

3,600

3,600/4,000

3,600

3,600

3,600

3,600

Axle configuration:

Bo’Bo’

Bo’Bo’

Bo’Bo’

Bo’Bo’

Bo’Bo’

Bo’Bo’

15.5

15.5 /15.6

15.5

15.5

15.5

15.5

Adhesion weight (tonnes):

80

1

76,8 /83

76.8

78

90

90

Tractive force (kN):

275

275

235

290

314

328

Top speed (km/h):

135

135

160

135

135

Length (m):

Manufacturing year:
Numbers in service 2016:

1967-1968
2

1

2

1969-1975
8

1969-1975
3

about 25

1

Former Swedish State Railway locomotives

2

5 former locomotives of the Austrian Federal State Railway (ÖBB)

3

Of which 5 locomotives are owned by TÅGAB and are also used for passenger traffic

4

Refers to rebuilding/modernization year

2.1.2

140
4

1975-1982

2009-2014

1977

about 125

80

6

Asynchronous drive locomotives

The electric locomotives that currently were manufactured are driven by three-phase cage induction motors and
are therefore usually called asynchronous locomotives. The traction motors are controlled by static inverters
through change in the supply current frequency. The major European locomotive manufacturers have developed
uniform platforms, from which electric locomotives, and in several classes even larger diesel locomotives can be
formed. A starting point is standardized subsystems, such as car bodies, bogies, traction motors and main circuits.
The locomotives are adopted for up to 4 different electric supply systems and includes locomotives that can be
fed with AC with a voltage of 15 kV and a frequency of 16 ⅔ Hz or 25 kV voltage and 50 Hz frequency, as well as
locomotives intended for DC at a voltage of 1.5 kV or 3.0 kV.
FFL4E - H2020-730823
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Bombardier has developed a platform, named TRAXX, which includes electric locomotives for freight and
passenger transport, diesel-electric locomotives for line operations as well as electric locomotives with a diesel
generator with limited power, known as the Last mile. In this case the power output, at the wheels, when the
locomotive is powered by diesel engine, is 180 kW. Furthermore, there is a lithium-ion battery in which energy
can be stored, with the intention that the locomotive should offer the same start tractive effort at diesel
operation as in electric mode. In Sweden and Norway, there were some 70 electric TRAXX locomotives in
operation in 2016, named class Re (Green Cargo) (figure 2), class 119, class 185 and class 241 (Hector Rail). This
locomotive class is used for cross-border freight transport between Sweden, Denmark and Germany. Those
locomotives are also equipped for different signal systems.
Siemens has supplied locomotives from a platform named Vectron to operators in Sweden (figure 3). In 2016
were 4 Vectron locomotives in operation in Sweden. One of them was the first in a series of 5 locomotives
ordered by Hector Rail for delivery during 2016-2017. 3 of them will be equipped with a diesel generator, with a
power output of 160 kW. They will thus be rendered as dual mode locomotives and be called Extra mile.

Figure 2

Green Cargo Class Re (Green Cargo)

Figure 3

Siemens Vectron (Siemens)

The locomotive platforms and types of platform locomotives used in Sweden have been compiled (table 2).
Table 2

Compilation of uniform platform locomotives in Sweden 2016

Platform

TRAXX / Bombardier

Vectron / Siemens

Classes

Re, BR 185, 119, 241

TRAXX Last Mile

193, 243

Vectron Extra Mile

Performance

Electric locomotives
for power supply
from one or two
systems

Hybrid locomotive with
diesel operation and
power supply from two
systems

Electric locomotives for
power supply from one,
two or more systems

Hybrid locomotive with
diesel operation and
power supply from two
systems

Users

CargoNet, CFL Cargo,
Green Cargo, Hector
Rail, DB Schenker, TX
Logistik

No locomotives in
operation in Sweden

CFL Cargo, Hector Rail,
Skandinaviska
Jernbanor

Hector Rail

Numbers in operation 2016
Electric power output (kW):

Ca 80
5,600

5,600

4 (1 in order)
6,400

3 in order
6,400

Diesel engine power (kW):
Axle configuration:
Length (m):
Adhesion weight (tonnes):
Tractive force (kN):
Top speed (km/h):
Year of manufacture:

Bo’Bo’
18.9
84
300
140
2006-2013

180
Bo’Bo’
18.9
88
300
140/160
-

Bo’Bo’
19.0
90 (class 243)
320
200
2010-2016

160
Bo’Bo’
19.0
90 (class 243)
320
200
(2017-2018)
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Also about 30 of Siemens-made 4- and 6-axled asynchronous locomotives are operated by DB Schenker
Scandinavia (6-axled locomotives) and Hector Rail (4-axled locomotives).

2.2

Diesel power

Within the concept of heavy diesel locomotive collected 4- and 6-axle diesel locomotive intended both for line
service and switching and/or shunting. In Sweden the most common types of diesel locomotive consists of the
class Td and T44. The first class T44 locomotive was delivered in 1968 and 123 locomotives were manufactured
until 1987. Most locomotives are operational and Green Cargo has modernized and re-engined 62 locomotives
which today are named class Td (figure 4).

Figure 4

Green Cargo Class Td (Green Cargo)

The class Td and T44 locomotives are generally allowed haul wagon weights of 900 tonnes in line operation. It is
often local circumstances that determine how heavy trains the locomotives are allowed to haul. It is mainly on
electrified lines with other traffic that a request is to hold down the wagon weights in favor of higher speeds and
faster running of the train. Most locomotives are equipped with remote controls and the main duty is local freight
trains and shunting and switching service. A few of them are used for regular services with freight trains on nonelectrified lines.
Furthermore a number of 6-axled diesel locomotives were used. All in all, there are nearly 200 diesel locomotives
in operation in Sweden including the dominant classes Td and T44 (table 3). Within the concept of light diesel
locomotives collected 2-and 3-axle diesel locomotive intended for switching and shunting (table 3). The most
common locomotive types are the classes Z65, Z70 and V5 that also have low power ratings of about 265-380 kW.
Tabell 3

Compilation of diesel locomotives in Sweden 2016

Class

T43

T44/Td

TMX/TMY

TMZ

Performance

Diesel-electric drive system
and a central cab

User

Tågab,
Green Cargo,
Railcare, Nordic Refinance,
Nordic
Inlandsbanan, Tågab and Rail-care, Tågab,
Refinance Rail-care and
others.
Inlandsbanan and
and others.
others.
others.

Numbers in service 2016:
Power (kW):
Axle configuration:
Length (m):
Adhesion weight (tonnes):
(Gross weight if other):
Tractive force (kN):
Top speed (km/h):
Year of manufacture:

FFL4E - H2020-730823

about 15
1,065
Bo’Bo’
14.2
72

> 100
1,235/1,350
Bo’Bo’
15.4
76

210
90
1961-1963

220
100
1968-1987

T66

Diesel-electric drive systems and two driver’s
cabs

about 20
1,047/1,433
(A1A)’(A1A)’
18.3/18.9
64/72
(89/102)
160/235
120
1956-1961

Z65/Z70

Diesel hydraulic drive systems
and a central driver´s cab

Beacon Rail Green Cargo, Nordic Refinance,
Nordic
Tågab, Hector Rail
Refinance
and others.
and others.

about 20
2,426/2,865
Co’Co’
20.8/21.0
116/123

about 5
2,238
Co’Co’
21.4
126

420
120
1967-1978

409
120
2000-2003
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about 25
380
C
10.6
48

15
265 - 333
B
9.4
28-34

140
70
1975-1978

90/102
60/70
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3.
3.1

Case studies
System trains Borlänge – Mora – Lomsmyren

A case study includes movements that Hector Rail carries out on behalf of Trätåg AB, which is a joint venture
between BillerudKorsnäs AB and Stora Enso for logs and pulpwood transports by rail. In this arrangement logs and
pulpwood are transported from the Lomsmyren terminal in Mora (figure 5). These transports are performed for
BillerudKorsnäs AB, Stora Enso and Setra Group and includes pulpwood for Kvarnsveden paper mill in Borlänge
and the pulp mills of Korsnäs and Skutskär, located on the East Coast in the Gävle area and to the Skoghall and
Gruvön mills in Värmland. Logs are transported to Kastets and Ala sawmills on the East Coast.

Figure 5

Loading of logs and pulpwood at the Lomsmyren terminal (TFK)

In the studied transport arrangement is Borlänge a hub (figure 6), where loaded trains arrive from Mora and
Vansbro at least twice a day, Monday-Friday and during the weekend. In Borlänge loading and unloading of round
timber trains are done at the Tägten terminal, which is located close to the paper mill Kvarnsveden, that is owned
by Stora Enso. From Borlänge departs the incoming or locally loaded trains to forest industry and saw mills on the
East Coast, around Gävle and Söderhamn (Ala sawmill), or to Skoghall in Värmland.

Figure 6

Map of the routes between the Lomsmyren terminal and Borlänge and Grycksbo and
Borlänge (Trafikverket)
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Train sets, or wagons, that are loaded with logs and pulpwood at the terminal at Lomsmyren are hauled from the
terminal's loading tracks to Mora railway station, with a heavy diesel locomotive class T66 that normally is
stationed in Mora. The distance between the terminal and Mora railway station is 4 km. A part of the line, from
Mora railway station to Mora community Centre, also named Mora Strand (about 1 km), is equipped with
catenaries. The permitted maximum speed of the non-electrified branch line amounts to 40 km/h. The gross
weight of the wagons is usually about 1,440 tonnes. The terminal is normally operated with two trains a day.
The trains are hauled by electric locomotives, usually of the Vectron type (Class 243) or TRAXX type (Class 241)
between the railway stations in Mora and Borlänge. The electrified line has a single-track path with mixed
passenger and freight traffic. The distance is 120 km.
A rail transport, carried out in accordance with this approach, begin when a train that consists of an electric
locomotive and 16 empty bogie wagons (4-axled class Sgns-wagons) departs, from Borlänge and haul the wagons
to Mora, which takes about 90 minutes. The empty train arrives at Mora station and the electric locomotive is
detached from the train and parked on a side-track. Then the driver enters the local class T66 locomotive to
retrieve a loaded set of wagons at Lomsmyren terminal. When the locomotive and the loaded wagon arrive at
Mora station, the locomotive is shifted to the empty wagon-set that then are hauled to the terminal. The
locomotive then sets the wagons at the terminal and returns empty at Mora station where it is parked on a sidetrack. The train driver then enters the electric locomotive and connects it to the loaded wagons. The electric
locomotive and loaded wagons then returns to Borlänge.
During a field study it was noted that the time needed to load a train-set, with logs and pulpwood at the terminal
amounted to 4 hours if one loader is used (Bark et al 2008). The locomotive shifting took about 15 minutes.
Hauling trains 4 km, between the terminal and Mora station took 10-15 minutes. At the first field study of this
case (2007) the switch locomotive in Mora was staffed with a radio locomotive operator. In the timetable it was a
time frame of between 69 and 83 minutes, or just above one hour, from an electric locomotive hauled empty
train set arrived at Mora station until a loaded train departed to Borlänge. The time scheduled has since that been
increased to around 3 hours.
Trätåg AB and the Association train of operators, has earlier submitted a proposal to electrify the track, from the
Mora Strand stop to the Lomsmyren terminal, 3 km, in order to create more efficient rail transports and to
decrease the environmental impact in the central part of the Mora community (BTO, 2007). This would make it
possible to use electric locomotives directly to the terminal. Electrification will however be quite costly.
A more cost-efficient solution would instead probably be to use hybrid locomotives on the entire route between
Borlänge and the Lomsmyren terminal in Mora. In that case the diesel power mode should only be used between
Mora Strand and the Lomsmyren terminal, 3 km.

3.2

Wagonload trains Borlänge – Mora – Blyberg

In the Mora area, there is extensive wagonload traffic with two inbound and outbound trains per day, MondayFriday, between Borlänge marshalling yard and Mora railway station. The trains are hauled by Green Cargo class
Rc4 or Rd locomotives. Furthermore Monday-Friday local freight trains are scheduled to Blyberg, located 32 km
northwest of the Mora station. The time required for this is 5 hours and the traffic used a class Td locomotive that
was based in Mora. Further exchanged outbound trains are also shunted and split-up or assembled with the local
class Td locomotive. It is unknown how much time is needed for the local shunting in Mora.
An assumption is that the class Td locomotive during Monday-Friday will be staffed in a shift, when it is up and
running and has duties during most of the time. The locomotives also used for local shunting services. It has also
been noted that the class Td locomotive runs each week to Borlänge for maintenance and refueling, causing
diesel operation under catenary.
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3.3

Case study of system train Borlänge – Grycksbo

Stora Enso group has built up its own system for the export of forest industry products, mainly paper. From forest
industry plants in Sweden and abroad the products are transported in special large load carriers, or containers
known as SECU-boxes (Stora Enso Cargo Unit) which are built on tunnel cassettes used in ro-ro shipping. This
carrier is wider than a container of standard design (3.6 m instead of 2.44 m). It is also higher than an ISO
container (figure 7). The basic idea is that a SECU-box in an efficient manner exploits the potential of the Swedish
railway load gauge C offers. The payload in transport units amount to 67 tonnes and the gross weight of the load
carrier, amounting to 80 tonnes, which on rail transport requires a 4-axled special wagon to an axle load of 25
tonnes. Due to the large format SECU-boxes can’t be transported on land in other European countries. Instead
they are unloaded on their content in terminals, located in the ports where they arrive by ship. In the system
constitutes the Port of Gothenburg as a hub for transport to the United Kingdom and continental Europe.
As Grycksbo paper mill until March 2006 belonged to the Stora Enso group, there was previously a corporate
interest in the larger Enso, Grycksbo to subsume in the Base-port system, that is to say, directly at the industrial
plant to unload SECU-boxes. For this reason, a previously closed railway line between Falun and Grycksbo, with a
distance of 15 km, was upgraded and reopened. A facility for loading and unloading of SECU-boxes as well as
other intermodal transport units, such as semi-trailers, was built on the former station area in Grycksbo (figure 8).

Figure 7

SECU-box between ISOcontainers (Stora Enso)

Figure 8

Transshipment facility at Grycksbo with
the two V5-locomotives and a SECU-box
during reloading (TFK)

Between the industrial area and transshipment facility was displaced cargo carriers with a rise and a cargo carrier
trailer. Rail services to and from Grycksbo departed from the marshalling yard in Borlänge (figure 6). The trains
were hauled by electric locomotives, at that time class Rc2 or Rc4 locomotives, on the electrified line to Falun (24
km). One reason for this was that Stora Enso had an environmental policy under which diesel power should not
be present under catenary. From Falun to Grycksbo two multiple connected diesel locomotives of class V5 were
used. A reason for using those locomotives was environmental constraints on the stretch that runs through the
central parts of Falun and class V5 locomotives less pricey and delivered lower emissions than the class T44
locomotives. This was before the renovation of the class T44 locomotives to class Td just had begun. The diesel
locomotives were also used when switching loaded carriers to railway wagons and unloaded from rail wagons.
Eletrification of the track between Falun and Grycksbo was not up to date because it had been deemed to be too
costly. A reflection was that a single hybrid locomotive could handle all the traffic assignment, between Borlänge
and Grycksbo and replace three locomotives, an electric locomotive and two diesel locomotives in multiple
coupling.
In 2009 this transport system was ended in connection with a decision of the new owner, Arctic Paper, to leave
the Stora Enso's transportation and distribution system.
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3.4

Wagonload trains Gävle – Skutskär – Hallstavik

Between Gävle and Hallstavik the railway operator Green Cargo was engaged in wagonload traffic (figure 9). The
entire length of the route is 135 km of which 72 km, between Gävle and Örbyhus is an electrified today doubletracked main line, which was extensively served by fast passenger trains between Stockholm and Gävle and other
parts of the Northern Sweden. In the arrangement were used heavy diesel locomotives of the class T44 and the
wagon weight was for a single locomotive limited to 1,100 tonnes thanks to a path's of flat topography. The
train's first stop was in Skutskär where wagons were shifted and the train then continued on the electrified line.
In Örbyhus the electrified line was left and the train continued on a side line to Hallstavik with a maximum
permitted speed of 70 km/h.

Figure 9

Map of the routes between Gävle and Hallstavik and Gävle and Norrsundet (Trafikverket)

The time taken for a daily tour under this transport arrangement was calculated to 9 hours and 18 minutes. That
included, according to the timetable 3 hours and 35 minutes for running of the train, a 90-minute stop, with
shifting activities, in Skutskär. In Hallstavik wagons were also shunted to and from the paper mill, after which the
train returned to Gävle. If the train instead had been deducted an electric locomotive on the main line and
according to the current timetable it would have been allowed to have the same speed profile as other freight
trains hauled by electric locomotives a time reductions would have been achieved. Furthermore the wagon
weights could have been increased.
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This rail transport system has since the case study was done been dismantled because freight volumes from the
paper mill in Hallstavik have declined, due to closures of paper machines in Hallstavik. Instead the branch-line to
Hallstavik is today used for transports of paperwood.

3.5

Wagonload trains Gävle – Norrsundet

One of the recipients of the logs and paperwood transported by Trätåg AB was a former pulp mill and sawmill in
Norrsundet. Transport between Gävle and Norrsundet were performed as wagonload traffic, which meant that
individual wagons, or wagon groups, to and from a larger number of senders and receivers uses the same train.
Also wagon groups with logs, from Trätåg, were connected to the trains. The distance from Gävle to Norrsundet
amounts to 33 km of which 5 km is a branch line that has no catenary (figure 9).
The route between Gävle and Norrsundet is a high density operated single track main line with a mixed traffic
that in addition to freight trains consists of high-speed trains (X 2000) and regional passenger trains. The line is
considered to be lacking in capacity, making it difficult to obtain train paths for slow freight trains. Electric
locomotives were judged to reduce the running time on the main line between Gävle and Hamrångefjärden with
a few minutes. The main advantage of this would have been opportunities for faster train paths, an easier train
scheduling on the main line that could create space for additional trains between Gävle and Hamrångefjärden.
Furthermore, the wagon weights could be increased on the non-electrified track between Hamrångefjärden and
Norrsundet where the speed is limited to 40 km/h. In addition to train hauling the class T44 locomotive was used
also for switching in Norrsundet.
The Norrsundet pulp-mill was closed down in 2008 and the saw-mill was phased out in 2011. The need for rail
transports to and from Norrsundet has therefore subsequently disappeared and the railway traffic between
Hamrångefjärden – Norrsundet has therefore been ceased.

3.6

Intermodal system train Gothenburg – Vaggeryd

The port of Gothenburg, together with among others a number of train operators as well as intermodal terminal
operators/owners have built up a system of intermodal trains, or port shuttles. In 2017, there were some 25
shuttles linking the port of Gothenburg with a number of places in Scandinavia. An example of such an
arrangement is made up of the shuttle that connects the port of Gothenburg with the Vaggeryd intermodal
terminal (figure 10).

Figure 10

Map of the shuttle between Gothenburg and Vaggeryd (Trafikverket)

The terminal is located along the main highway E4, 30 km south of Jönköping. The railway distance between the
Skandia harbor of Gothenburg and Vaggeryd is 214 km, where the line between Värnamo and Vaggeryd that
amounts to 30 km is not electrified. Train operator is today (2017), Green Cargo, which uses electric locomotives
(Rc4 or Rd2) on the electrified section between Skandia Harbour and Värnamo, a distance of 184 km, as well as
diesel locomotives (Td) between Värnamo and the terminal, a distance of 30 km. The trains will run 6 times a
week and has a capacity of 84 TEUs. This means a wagon gross weight of 970 tonnes and a train length of 635 m.
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3.7

Intermodal system train Malmö – Bro (Stockholm area)

The grocery retail chain Coop operates its own train system, named the Coop-train, between Malmö, in the
South part of Sweden and Bro, outside Stockholm (figure 11).

Figure 11

Map of the route of the intermodal train shuttle between Malmö and Bro (Trafikverket)

The Coop-train carrying in the northbound direction (to Bro) arrivals from southern Sweden, imported goods
arriving via the ports or border crossings in Skåne. The flow of goods in the northbound direction amounted
2015 to 150,000 tonnes while feed southbound amounted to 70,000 tonnes (2016).
The Coop-train did one trip per day in each direction 5 days a week. The rail transport distance was 670 km and
it took normally about 10 hours. Each train was made up by 18 trailer wagons (pocket-wagons) that were loaded
with a total number of 36 semi-trailers (trailers). The total weight of all the wagons of the train could reach 1,800
tonnes and the train was hauled by an electric locomotive of type TRAXX (BR 185). For shunting the intermodal
wagons to and from loading and unloading tracks at the terminals diesel locomotives were used (figure 12).
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Figure 12

Diesel powered switching locomotive at the terminal in Bro (TFK)

In Malmö the intermodal trains are calling at the public intermodal terminal that is owned and managed by the
State-owned real estate company Jernhusen. In Bro the non-public intermodal terminal is located within the
same warehouse and terminal facility area, as dry goods for Coop are handled. This is the largest storage facility
of Coop and together with the nearby facilities for frozen goods in Enköping and perishables in Västerås it
supplies most of the Coop´s stores in Sweden with the main part of their product mix.

3.7.1

Handling procedure at the terminal in Bro

The train arrives according to the time schedule to the station area in Bro at 2.50 a.m. The locomotive will then
be disconnected from the wagons and parked on a side track. A diesel powered switching locomotive is started
up at 02.45 a.m. at the intermodal terminal in Bro and moved about 2 km to the station area in Bro where the
intermodal pocket wagons will be reloaded and trailers unloaded and loaded to and from the wagons (figure
13). The diesel locomotive then hauls the wagons around 1 km to switching tracks, or a yard, that is located
between the railway station and the terminal in Bro.

Figure 13

Situation map of the terminal and yard facilities in Bro (Coop and TFK)

Because the loading and unloading tracks at the terminal in Bro have limited lengths the wagon set must be
divided into three parts which are unloaded and loaded separately, as well as during different time sections will
be pulled into the terminal area for transshipments, or loading and unloading of trailers (figure 14). The
switching of the first group of wagons, which includes hauling wagons to and from the local yard in Bro is
completed after 0.5 hour.
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Figure 14

Intermodal pocket rail wagons loaded with trailers at the terminal area in Bro (TFK)

Because the same personnel takes care of switching and reloading, with the help of a lift truck or reach-stacker
(figure 15). The diesel switching locomotive will not be in service during the time reloading is in progress.

Figure 15

Reach-stacker in action at the terminal area in Bro (TFK)

The first round of transshipment activities of trailers are taking about 2 hours. Then 0.5 hour is allocated for
switching out the reloaded wagons, to the yard, and to haul second group of wagons into the terminal area for
transshipment. The transfer of the second round of trailers, from and to railway pocket wagons, will also take
about 2 hours, after which the third round wagons exchanged at the terminal, which takes 0.5 hour.
The handling of the last wagon group also takes 2 hours and the reloading at the terminal ends around 10.30
a.m. The train is then switched together for departure on the switching tracks (Coop´s own yard) by the diesel
locomotive. This operation will take about 1 hour. Because a track section at the north ends of the yard, against
Bro railway station, is electrified the electric locomotive is coupled to the wagons in the rail yard, from where
the train therefore could departure. The train departs finally, according to the timetable, from Bro at 12.05 p.m.
The maximum time accounted for the two main activities at the terminal will be as follows:
 Train handling and shunting when diesel locomotives are used 2.5 hours a day
 Reloading of trailers to and from intermodal pocket rail wagons 6.0 hours a day

3.7.2

Handling procedure at the terminal in Malmö

The train arrives on schedule to Malmö freight yard at 10.10 p.m. and is then placed on a track of the
marshalling yard, under catenary wires, and parallel to the terminal tracks, where the electric locomotive is
disconnected. A diesel powered switching locomotive then will move the wagons into a terminal track (track 1 or
2) for later unloading operations.
During the night prioritized trailers are unloaded from the rail wagons by a reach-stacker. The wagons are then
often left until 5.00 a.m. when the remaining trailers are unloaded. If the terminal tracks are needed for other
trains, the wagons are pulled out on the freight marshalling yard during the night and are put into the terminal
again in the morning. When the wagons are emptied, they are again moved to the freight yard.
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In the afternoon, about 3.00 p.m. the wagons again are moved to the terminal track and arriving Coop-trailers
can be lifted on instantly when they arrive, towed by tractors. Typically at 5.00 p.m. the wagon set is moved or
switched to the freight yard again. The train leaves then, from the freight yard at 7.10 p.m.

3.8

Use of diesel locomotives

The use of heavy diesel locomotives in train operations have been identified in general terms. In this wagonload
traffic, system trains and all in Sweden active freight operators were included.

3.8.1

Train hauling on non-electrified lines

A survey showed that in 2016 heavy diesel locomotives were used, of the specified classes, T44, T66, Td, TMX,
TMY, TMZ and 941 in line service on a number of non-electrified tracks (table 4). Based on this survey the
assessed need for heavy diesel locomotive for line service on non-electrified lines in Sweden amounts about 2030 heavy diesel locomotives with performance equivalent to a class Td locomotive. Many operators are involved
and additional locomotives are also required for maintenance circulation among others. It is therefore estimated
that up to 40 or 50 locomotives, in the reality are used for these duties.
Table 4

Non-electrified lines where heavy diesel locomotives were used in 2016

Line

Distance (km)

Actual locomotive classes

Numbers

Storuman – Hällnäs – (Umeå) (Hällnäs – Umeå is electrified)

246

Td

Forsmo – Hoting – (Långsele)
Inlandsbanan: Arvidsjaur – Östersund – Mora

135
795

941
TMZ

2
4

Mora – Blyberg
Borlänge – Vansbro
Vansbro – Rågsveden

31
85
9

Td
Td, T66
Td

1

Kil – Sunne – Torsby
Nässjö – Oskarshamn

109
148

T44, TMY

3

Vimmerby – Hultsfred
Nässjö – Vetlanda – Pauliström
Kalmar – Mönsterås

22
73
53

(Halmstad) – Torup – Nässjö (different parts)
Halmstad – Torup – Hyltebruk
Älmhult – Olofström

197
51
42

Total amount:

1-2

2

Td, T44

1-2

Td, T44
Td, T44

1
1

Td, T44
Td, T44
Td

1-2
1-2
2-3
20-25

2.1 Diesel power on completely or partially electrified routes
Heavy diesel locomotives were in 2016, mainly used under catenary on electrified tracks, among other things, for
the hauling of wagonload or system trains which had its departure or destination points, or, where appropriate,
both, on non-electrified tracks or track without catenary.
The main parts of the transports were performed in these cases on the electrified lines and 10-20 locomotives are
deemed required for this (table 5). Heavy diesel locomotives, such as the class T44 and Td, or locomotives with
equivalent capacity, are often used on routes consisting of electrified lines or tracks and where switching, on nonelectrified tracks, occurs at one or more points along the line. 20-30 locomotives were judged to be required for
that. Heavy diesel locomotives are also used for shunting, shifting and marshaling on large and medium-sized rail
yards. In these cases they operate, during most of the time, under catenaries. However, diesel power is required
for the locomotives to switch wagons on non-electrified loading and unloading tracks. Surveys showed that 50-60
heavy diesel locomotives are used for shunting and shifting activities.
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Table 5 Heavy diesel locomotives used on partially electrified routes in 2016
Route

Distance (km) Non-electrified line/track

Borlänge – Mora – Lomsmyren
Borlänge – Mora – Blyberg
Borlänge – Grycksbo (closed)
Gothenburg – Vaggeryd
Gävle – Hallstavik
Gävle – Norrsundet (closed)
Kristinehamn – Filipstad
Kristinehamn – Bofors
Hallsberg – Mariestad
Norrköping – Finspång
Norrköping – Skärblacka
Sävenäs – Lilla Edet
Sävenäs – Billingsfors
Mean distance:

3.9

124
151
39
214
135
33
65
38
92
42
24
51
161
90

Distance (km)

Mora Strand – Lomsmyren
Mora Strand – Blyberg
Falun – Grycksbo
Värnamo – Vaggeryd
Örbyhus – Hallstavik
Hamrångefjärden – Norrsundet
Daglösen – Filipstad
Strömtorp – Bofors
Gårdsjö – Mariestad
Kimstad – Finspång
Kimstad – Skärblacka
Alvhem – Lilla Edet
Mellerud – Billingsfors
Mean distance:

3
31
15
30
63
5
9
15
39
23
6
15
38
22

Part

Locomotives used

Numbers

2%
21 %
38 %
14 %
47 %
15 %
14 %
39 %
42 %
55 %
25 %
29 %
24 %
25 %

241/243/T66
Rc4/Rd2/Td
Rc4/Rd2/Td
Rc4/Rd2/Td
Td/T44
T44
T43
T43
T44
T44
T44/T43
Td/T44
Td/T44
Total:

2
2
2
0-1
1-2
1
1
1
1
1
12-14

Diesel locomotive power requirements

The power needs for diesel locomotives were grouped in the following three classes (table 6):


High power – Represented by the heavy diesel locomotives with an engine power output of 1.2-1.4 MW for
the class Td and T44 locomotives and higher power outputs for major types of locomotives such as class TMY
and TMZ. The high power output is expected to be needed when freight hauling at speeds of 80-100 km/h.
 Medium power – By train attraction on the side courts with a maximum speed of 40-70 km/h are expected
to power requirements, at least for heavy 4-axled locomotives decrease, to less than 1 MW. At local
switching the power requirements are expected to be on the medium power for movement of a full train.
 Low power – When shifting and movement of wagon groups and single wagons are assessed power
requirements, referred to as low power, is less than 0.5 MW.

Table 6

Power requirements for diesel locomotives, or locomotives with the possibility of diesel power, in three
defined classes, regarding to diesel power output

Type of operation

Power requirement at:
Line hauling
on electrified
lines

Line operation on non-electrified line
Diesel power on partially electrified line (I)
Diesel power on partially electrified line (II)
Diesel power on electrified line – heavy shifting
Diesel power on electrified line – easy shifting
Heavy local switching

High
High
High
High
Medium

Non-electrified line
hauling at (km/h)
80-100
40-70
High
High
-

Medium
-

Switching/shunting
Full trains

Single wagons

Medium
Medium
Medium
Medium
Medium

Low
Low
Low
Low
Low
Low

Amount of
diesel power
needed

Number of
locomotives
needed

High
High
Medium
Medium
Low
Medium

20-30
5-10
5-10
10-15
10-15
50-60

Numbers of locomotives needed in service:
Reserves (about 30 %):

100-140
30-40

Total number of diesel locomotives needed when reserves are included:

130-180

It was indicated that Swedish freight operators used about 50-80 heavy diesel locomotives for hauling freights
trains on electrified and non-electrified lines (table 6). Of them only 20-30 locomotives were hauling freight trains
on non-electrified lines. About 50-60 locomotives were used for local switching. All in all 100-140 locomotives
were used. Only 25-40 high performance locomotives, equivalent to the class Td or T44 locomotives, were
needed. For most of the locomotives (65-85) medium performance were needed. It was finally indicated that
about 130-180 locomotives were needed to full-fill requirements of locomotives in service and reserves included.
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4.

Concepts for electro-diesel hybrid locomotives

A hybrid locomotive is a towing vehicle for railway operations that can obtain energy for propulsion, in two
different ways, one of which is made up of electric power via catenary or over-head wires or a contact rail. Energy
can also be obtained from energy sources on board the locomotive such as batteries, fuel cells or internal
combustion engine driven generators. In this case a concept for a hybrid locomotive with diesel powered
generators is presented. This solution is also called electro-diesel hybrid locomotive.
A concept for the hybrid locomotive intended to offer maximum performance regarding traction and speed when
it is powered by electricity from catenary. Any requirement that the locomotive should offer the same power
and/or performance in diesel and electric mode has not been set. A concept is to be designed so that it can be
developed further so that other than energy carriers than diesel fuel can be used. Options that can be considered
are renewable fuels, fuel cells and energy storage in batteries. The hybrid locomotive would be designed so that,
when catenary is not available, works as a diesel locomotive. The intention was to use diesel locomotives, internal
combustion engines manufactured in large series of trucks. Furthermore studies and comparisons are needed
about systems with one or two motors and generators, and which one the solutions that would be preferable.

4.1

Performance requirements

When electric power was available on the electrified line the approach was that hybrid locomotives could be used
to haul the majority of freight trains that existed on these lines. The size of trains is limited by several factors. In
Sweden, among others, train lengths at 630 m are generally allowed (Skoglund et al, 2007). Class Rc1, Rc2, Rc4
and Rd locomotives are allowed to haul wagon weights up to 1,600 tonnes on most of the lines in the southern
and the central parts of Sweden. Modern 4-axled locomotives, such as class BR 185 are permitted at 85-90 tonnes
adhesion weight to haul wagon weights of 1,800-2,500 tonnes at the same lines.
According to the speed requirements for the hybrid locomotives it was assessed that train hauling on nonelectrified lines at 90-100 km/h would be quite rare. On the other hand speeds of 40-70 km/h, on non-electrified
tracks, were assaulted to be common. When electric power was the approach that hybrid locomotives would be
able to haul freight trains of 120 km/h but they would primarily be used in train speeds of 100 km/h, an approach
was that a single locomotive would be designed for a maximum speed of 120 km/h, or alternatively 140 km/h.
In Sweden the power output of the most common heavy diesel locomotives, class Td and T44, extends 1,350
respectively 1,235 kW, which represents a power at rail of 1,080 respectively 990 kW. To install higher dieselpower than this in a hybrid locomotive was judged not to be of interest. Instead, the question is how much effect
can be reduced if it is done to sacrifice speed performance on non-electrified track. A survey showed that a diesel
power at 1 MW, or 0.8 MW power output at rail, often was sufficient when heavy diesel locomotives were used,
except when train hauling on non-electrified lines, at higher speeds of about 80-100 km/h. Even lower diesel
power outputs could be satisfying in many situations.

4.2

Running time simulation

Running time simulations ware carried out on 3 railway line sections in Sweden that exhibited different
characteristics with respect to capacity, traffic intensity, and topography (Bark et al, 2008). This included different
operation modes with the following types of locomotives:





Class Rc4, Rd2 – Today the most common freight locomotives on electrified Swedish lines.
Class BR 185 – Also referred to as class 241 and class Re.
4-axled hybrid locomotives – The locomotives were geared for 100, 120, 140 or 160 km/h.
Class T44 – The most common diesel locomotive in Sweden.
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62 of the locomotives class T44 locomotives have later been modernized and rebuilt to class Td, still with the
same main performance as the class T44 locomotives.
Furthermore the performance of hybrid locomotives at diesel operation and various effects, specified as power
output at rail was investigated (Bark et al, 2008). The following power outputs at rail at diesel operation were
investigated and then compared:
 Low power (400 kW) – Representing a truck diesel engine with a power of 500 kW.
 Medium power (800 kW) – Corresponding to a diesel engine for rail operation with a power of 1,000 kW, or
two truck diesels with a power of each 500 kW.
 High power (1,200 kW respectively 1,500 kW) – Corresponding to a diesel engine for rail operation with the
effects of 1,500 kW respectively 2,000 kW.
The most common electric locomotives commissioned (Rc2, Rc4 and Rd2) is allowable for wagon weights of 1,600
tonnes at a large part of the network (Bark et al, 2008). With the new 4-axle locomotive, wagon weights could be
increased, for instance to 1,800 tonnes, or 2,000 tonnes. The wagon weights studied were 800 tonnes, 1,200
tonnes, 1,600 tonnes, 1,800 tonnes and finally 2,000 tonnes.
Running time simulations indicated that a hybrid locomotive, with a power output at rail of 3.2 MW, exhibiting
the same time periods at different train weights as a class Rc4 or Rd2 on essentially flat routes (Bark et al, 2008).
On more hilly routes hybrid locomotives exhibited slightly better time performance than class Rc4 and Rd2
locomotives, mainly due to higher adhesion weights. Modern 4-axle electric locomotives, such as the BR 185,
offered at high train weights and on a flat route a reduction of time in service with 3-4 %. On hilly routes offered
BR 185 and hybrid locomotive equivalent performance, which was better than for class Rc4 and Rd2.
Hybrid locomotives with a power output of 3.2 MW are expected to be the option in the studied cases and could
also replace class Rc4 and Rd2. They can also replace modern electric locomotives, such as class BR185. On faster
routes with higher speed limits, however, the lower power output of the hybrid locomotive can results in longer
running times. This for the hybrid locomotive with a power output of 3.2 MW which is geared for a maximum
speed of 120 km/h. To maintain performance at the higher gear ratios, such as 140 km/h, the engine's torque and
power had to be increased. Of great importance, however, is to use the axle loads, and adhesion weight as the
lines allows. For example a 4-axled locomotive would have an adhesion weight of at least 90 tonnes. The
simulated operation cases indicated that an adequate continuous power for 4-axled electric locomotives intended
for freight trains was in the range 4.0-4.5 MW, when speed amounted to 100 km/h and axle load to 22.5 tonnes.

4.3

Diesel engines and generators

For the hybrid locomotive a power output at rail of 0.8 MW was assessed to be sufficient at diesel operation
which means a diesel engine power of 1 MW. One question was whether the hybrid locomotive would be
equipped with a diesel engine of 1 MW with the associated generator, or if the requested effect could be
obtained from two units with half the size effect, that mean 0.5 MW each. A survey indicated that diesel engines
with up to 0.5 MW extensively are used in heavy trucks and are produced in large series. A cost comparison
indicated that a diesel engine with a power of 1 MW, which was suitable for railway operations that dictated a
price that was four times higher than the price of a truck engine at 0.5 MW. Consequently, indicated the cost of
an engine at 1 MW to be twice that of the two engines on 0.5 MW each. The environmental requirements for
these engines are also harder than for railway engines.
The cost for a generator was assumed to be proportional to its power, which meant that the cost for a 1 MW was
about the same level as for two generators with a capacity of 0.5 MW each. An advantage of using two generator
sets was considered to be the ability to regulate diesel power on the nature of the mission. For example, retrieval
of individual wagons from non-electrified tracks was supposed to be enough to start up a single diesel engine.
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4.4

Idea concept

On the basis of evidences that was collected during the project with regard to operational requirements and a
specification for a concept for a 4-axle hybrid locomotive was in brief compiled. In view of the fact that the truck
engines were considered less costly in the acquisition and that they were judged to provide a more flexible
solution advocated a solution with two diesel engines essentially used in road trucks, with a power of 0.5 MW
each, with associated generators.

4.4.1

Conceptual locomotive with a central drivers cab

A first draft of concepts (A) concerned a hybrid locomotive which was developed on a framework and equipped
with a driver's cab, which is placed close to the vehicle in the middle, between the bogies, and was based on the
following conditions:
 The electrical equipment and diesel engines, including generators and inductors, would be placed on the
framework and are protected from the elements by opening hoods.
 The main transformer is hung up in the frame between the bogies.
 Bogies of the standard design for electric locomotives would be used where drawings were supplied by an
engine manufacturer that participated in the project.
 Two diesel engines, with a power of 0.5 MW, and associated generators would be installed.
Design work resulted in a locomotive, with a length over buffers of 18.2 m (figure 16). Calculations have indicated
a total weight of 83 tonnes when supply was excluded. The weight of fuel was estimated to 900 kg. A goal was
that a locomotive of this type must have an adhesion weight of 90 tonnes. A comparison between the current
locomotive concept and a traditional electric locomotive, such as the class BR 185, showed that the propulsion
system is cheaper because it could be based on components and subsystems for electric multiple units. The
solution with a framework and a single driver’s cab was more cost effective than using a car-body, with two cabs
(Bark et al, 2008). It was estimated that this concept for a hybrid locomotive could be cheaper to manufacture
than a traditional freight locomotive made up of the major vehicle manufacturers platforms. Cost comparisons
indicated that the hybrid locomotive concept that was presented could offer manufacturing costs that was about
10-15 % lower than the cost for a traditional electric locomotive, such as class BR 185.

Figure 16
4.4.2

Concept for a hybrid locomotive with a central driver’s cab
Hybrid locomotive with a car-body for electric locomotives

One approach (B) was to design a hybrid locomotive in a car-body intended for an electric locomotive (Bark et al,
2008). The cost of a framework with a cab was assed to be 2/3 of the cost of a car-body with two cabs. This
locomotive concept was expected to cost in the range of 90-95 % of what an electric locomotive (BR 185) costs.
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A possible approach to a concept for the hybrid locomotive (C) can also be to complete the existing concepts for
electric locomotives, from the locomotive manufacturers platforms, with diesel generator sets with the effects so
far have been treated, that is to say, a total of 1 MW.
One advantage of a solution of this kind is that existing electric standard equipment for electric locomotives can
be used (Bark et al, 2008). A limitation is that the electrical equipment that has so far been used in these
locomotives, which is dimensioned for the effects in the order of 5.6-6.4 MW, is costly and bulky and thus fills up
the locomotives machine rooms. The production costs of the generator equipment, consisting of two truck diesel
engines, two generators and coolers, was estimated to be less than 10 % of the locomotive's manufacturing price.

4.4.3

Comparison of options for the hybrid locomotive concept

The current options for the hybrid locomotive concept were regarding equivalent traction efforts, both in electric
and diesel power modes (table 7). As mentioned earlier, however, it is an open question whether the high level
electricity power arrangements could be combined with diesel engines that offer a power output at the desired
amount. That’s because it is unclear if, electric propulsion equipment, diesel engines and generators of the
required dimensions, according to space limitations at the same time could be installed in a standardized carbody platform for electric locomotives.
Table 7

Compilation of proposals for the design of a concept for a hybrid locomotive

Proposal for a solution

Electric power
(MW)

Diesel power
(MW)

Current wagon
weight (tonnes)

Relative price

A.

A new vehicle concept – hybrid locomotive with a centered
cab

3.2

1,0

1,800

85 %

B.

New concepts built into car-body for electric locomotives, in
a "standard platform"

3.2

1,0

1,800

90 - 95%

C.

Electric locomotive from the locomotive manufacturers of
locomotive platforms complemented by diesel generators

5.6 - 6.4

1,0

1,800

< 110 %

5.6 - 6.4

-

1,800

100 %

Reference electric locomotives from manufacturers locomotive
platforms

4.5

Use of hybrid locomotives in the Gävle – Norrsundet case

A case where hybrid locomotives would be considered to be appropriate was at the 33 km route Gävle –
Norrsundet (section 3.5). Most of the route consisted of an electrified main line, but the final part was a 5 km
non-electrified branch-line, that required diesel power. A diesel locomotive, class T44, was then used for traffic on
this route, as well as for shunting duty in Norrsundet (Skoglund, 2005).
There were time constraints on train movements dictated by high traffic density, and train weights were limited
to 900 tonnes for a single class T44 locomotive. A hybrid locomotive would allow a substantial increase in wagon
weights. Because speed was limited to 40 km/h and there was no other rail traffic on the non-electrified branchline a diesel engine output of 1 MW was considered adequate with a hybrid locomotive, and with high wagon
weights of up to 1,600 tonnes. In train hauling between Gävle and Norrsundet and for shunting activities in
Norrsundet the class T44 locomotive is estimated to consume 190 litres of diesel fuel, which can be re-accounted
to 1,900 kWh (Skoglund, 2005).
The operation was divided into 23 minutes train operation under catenary, a 9-minute train operation on nonelectrified tracks as well as some shunting activities and idling for 60 minutes in Norrsundet. If a hybrid
locomotive is used instead, the energy consumption is estimated to be decreased to 840 kWh, 620 kWh of which
would be electric power fed from the catenary and the remaining 220 kWh from diesel fuel (22 litres).
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Accordingly, the energy consumption would decrease by 56 %, or be more than halved. The emissions of carbondioxide (CO2) were calculated to decrease by about 80 %, compared to using a class T44 diesel locomotive, and
according to calculating models for production of electric power (NTM, 2008). The estimates of particle and other
greenhouse gas emissions than CO2 showed a considerable difference between using only diesel locomotives and
using electric power combined with diesel power in a hybrid locomotive (figure 17).

(kg)

Figure 17

Particle and greenhouse gas emissions on the Gävle – Norrsundet route

Emission levels were calculated for using two diesel truck engines to give a total diesel power output of 1 MW,
and for a single engine designed for railway use. The figures showed that the emissions produced by two Euro4
standard truck engines were lower than a single Tier 2 railway engine. The duration of the various stages was
assumed to be the same except that the time for train traction on the electrified line was judged to decrease by
4.5 minutes (20 %) to 18.5 minutes. The effects of the emissions associated with the generation of electricity for
the power grid had been calculated according to the Swedish electricity mix 1995 (Skoglund, 2005). Emission
levels have been calculated for the options at a total power output of 1 MW using two diesel 0.5 MW engines by
truck type or one 1.0 MW engine for railway use.

4.6

Conclusions about concept development

The study has indicated that using hybrid locomotives would be preferable according to decreased energy
consumption and decreased emissions of greenhouse gases. It was also indicated that an electric drive system
with a continuous power output of 3.2 MW could be manufactured cost-effectively (Bark et al, 2008). If a hybrid
locomotive with this system was geared for 120 km/h, it would have the same performance as the electric
locomotives classes Rc2, Rc4 and Rd2 used on the Swedish freight railways. At the higher gear ratio the traction
effort would however be reduced. Simulations indicated that an ideal continuous power output at electric mode
should be on 4.2-4.5 MW for a 4-axled hybrid locomotive with 90 tons adhesion weight (22.5 tonnes axle load)
and a maximum speed of 140 km/h.

4.7

Further development of single cab hybrid locomotives

A concept development for a hybrid locomotive with a single cab has been done by Alstom for the Swiss Federal
Railway (SBB). 47 locomotives of class Aem 940 has been ordered and will enter commercial service in 2018.
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The locomotives will be 4-axled and based on the Alstom PRIMA H4 platform for shunting and works (Alstom,
2016). It will be a medium diesel power concept with a lower electric power output than the idea concept
locomotive above. The main data are:
 Weight:
80 tonnes
 Electrification system:
5 kV (16,7 Hz)
 Nominal electric power:
1,600 kW
 Nominal diesel power
895 kW
 Maximum speed
120 km/h
 Tractive effort:
300 kN
The locomotives will mainly be used for shunting and railway work and maintenance activities.

4.8

Low diesel power concepts – Last-Mile or Extra-Mile concepts

Also concepts for hybrid locomotives with small diesel engines with a limited diesel power output have been
developed. An example is the Bombardier Last-Mile solution based on the TRAXX-locomotive platform (figure 18).
This solution is a combination of a low power diesel engine that drives a generator and a battery pack. Also
Siemens has developed a similar concept named Extra-Mile based up-on their Vectron locomotive platform.
About 80 Vectron Extra-mile locomotives have been ordered to the state railways of Finland (figure 19).

Figure 18

Bombardier TRAXX Last-Mile locomotive
(TFK)

Figure 19

Siemens Vectron Extra-Mile locomotive for
Finland – VR Sr3 (Siemens)

A disadvantage with the present Bombardier and Siemens locomotive designs is that the rated power outputs are
quite limited at diesel mode with the following outputs:
 Bombardier TRAXX Last-Mile:

Diesel power at wheel 170 kW (230 kW rated engine
power output)
An additional lead-acid battery pack with an energy
quantity of 50 kWh and a power output of about 40
kW will guarantee that the rated tractive effort in
electric mode, of 300 kN, also is possible reach in
diesel mode.

 Siemens Vectron (European standard application):

The diesel power at wheel is 130 kW (180 kW rated
diesel engine power output)

 Sr3 (Siemens Vectron application for Finland):

The diesel power at wheel is 260 kW (2x180 kW rated
diesel engine power output)
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5.

Conceptual ideas for all-electric hybrid locomotives

Hybrid locomotives for railway operations can obtain energy for propulsion, in two different ways. One is made
up of electric power fed by catenary or over-head wires. Energy can also be obtained from energy stores on board
the locomotive such as batteries, fuel cells or combustion engine driven generators. In this case a concept for a
hybrid locomotive with a battery pack is presented, the solution is also called all-electric hybrid locomotive. When
creating a concept for an all-electric hybrid locomotive some of the cases that were presented in the previous
chapter are of special interest. At the same time others will be of limited interest, mainly because the distances of
today diesel service are too long for an all-electric hybrid locomotive.

5.1

Scoop for an all-electric hybrid locomotive concept

The scoop of this study is that an all-electric hybrid locomotive concept is assessed to be based up on an electric
main line locomotive that is emanating from a standard platform such as Bombardier TRAXX or Siemens Vectron.
The idea is to install a battery pack, probably consisting of lithium-ion battery cells, in that kind of locomotive.
Those locomotive types are also, as has been described (see section 4.8), possible to equip with small sets of
diesel engines and generators. The solutions are named Last-Mile by Bombardier and Extra-Mile by Siemens. The
Bombardier TRAXX Last-Mile locomotives are also equipped with a pack of lead-acid batteries. A disadvantage
with the present Bombardier and Siemens locomotive designs are however that the rated power outputs are
quite limited at the diesel mode. An idea is to further develop the present solution with a battery pack that today
is used at the Bombardier TRAXX Last-Mile concept. That by installing bigger battery-packs than today in order to
make it possible to avoid the diesel-generator sets. If diesel-generator sets could be avoided also machine-room
space would be released which would make it possible to house bigger battery-pack than today is possible.

5.2

Prerequisites

A main issue according to this scoop is the action radius, or action time, needed for service on battery power for a
hybrid locomotive that combines power supply from over-head catenary with energy storage in battery packs.
The next important issue is how big battery packs that is possible to install in the locomotives both according to
economic aspects and physical aspects, i.e. how big battery packs are possible to install in the locomotives
without extensions or redesigns of the car-bodies. It has been expected to install a capacity of up to 1.5 MWh.

5.2.1

Actual case studies

Case studies according to the use of diesel powered locomotives in Sweden indicated that the following cases
were of interest for comparing all-electric hybrid locomotives with solutions that involved diesel locomotives:
 System trains Borlänge – Mora – Lomsmyren (see section 3.1)
 System trains Borlänge – Grycksbo (see section 3.3)
 Wagonload trains Gävle – Norrsundet (see section 3.5)
 Intermodal system train Malmö – Bro (see section 3.7)
In none of those cases is the distance from the electrified line or catenary extending 15 km and in most cases the
operations are very close to catenary. In the other cases described in chapter 3 the distances on non-electrified
tracks are 30 km in two cases and in one of the cases it is about 72 km (Örbyhus – Hallstavik).

5.2.2

Energy consumption factors

An energy consumption factor according to the work-load of 0.034 kWh/tonne-km is basically assumed (Anderson
et al, 2016). This is a general level for rail freight and is accounted well to wheel which means that also that losses
in the electric power feeding system, catenary included, are accounted.
FFL4E - H2020-730823

Page 29 of 34

29.10.2017

Contract Nr H2020-730823

The losses in power feeding systems are counted to about 23 % in older systems and to about 10 % in modern
feeding systems. The assumed energy consumption in this study is based on studies in a former EU project that
showed that the energy consumption at the train intake, or the pantograph, at the same time were about 0.0311
kWh/tonne-km (Anderson et al, 2011). That’s because studies were done at a modern system with low losses. The
maximum operating speeds in those studies were 90 km/h and the average speed was about 65 km/h.
The energy consumption is also dependent of the running resistance of the train that consists of running gear and
aerodynamic resistance (air drag resistance). Also the vertical gradients are important but in a longer train
journey the resistance of upward slopes normally equals with energy-saving when rolling downwards (Andersson,
2017). In a case with a freight train with a gross weight of 1,600 tonnes running at a speed of 100 km/h on a
horizontal line with no curves with a radius of less than 1,000 m the running resistance mainly consists of a
mechanical rolling resistance (55 %) and the air drag resistance (45 %) (Andersson et al, 2001). When the speed is
reduced running resistance will be reduced especially the air drag resistance. At a speed of 70 km/h the running
resistance is about 78 % of the resistance at 90 km/h. The consumption of energy is also assumed to have
proportionality to the running resistance what has been calculated for a number of actual speeds (table 8).
In electric locomotives a lot of sub-systems are using an essential part of the electric power that is supplied to the
locomotive by catenary. Examples are fans and other cooling equipment and also the braking equipment. Losses
also occur in the transformer, inverters and electric motors. Electric locomotive has an energy efficiency factor of
about 80-85 % (Andersson et al, 2016). The efficiency factor of an electric battery powered traction system
normally varies in the range of 80-90 %. In this study the energy efficiency factor is assumed to 85 %.
Table 8

Energy consumption factors at different train speeds (Andersson et al, 2001)

Speed (km/h)

90

Running resistance index
Energy consumption factor according to the work load at locomotive (kWh/tonne-km)

5.2.3

70

40

30

20

100 %

78 %

59 %

52 %

44 %

0.0311

0.0243

0.0183

0.0161

0.0138

Case 1: System trains Borlänge – Mora – Lomsmyren

In this case an empty train will be hauled from Borlänge to Mora when the locomotive is directly fed by electric
power from the catenary system at the same way the electric locomotives are powered today. At Mora railway
station the locomotive will drop the wagon-set and run to the log terminal at Lomsmyren (operation 1). The
distance is about 4 km of which the first km is electrified. At the Lomsmyren terminal the locomotive will pick up a
set of loaded wagons and haul them into the railway station in Mora (operation 2).
When an all-electric hybrid locomotive is used it will during a period of about an hour run the distance between
Mora railway station and the Lomsmyren log terminal at 4 times with different loads (table 9).
Table 9

Defined operations and energy consumption when train handling in the Mora area

Operation description

Locomotive alone

1 km run under catenary
3 km non-electrified run

Locomotive with
loaded wagons
Locomotive with
unloaded wagons

Gross Speed Operation
weight (km/h)
(tonnes)
90
90

< 40
30

1 km hauling under catenary
3 km non-electrified hauling

1,530
1,530

< 40
30

1 km hauling under catenary
3 km non-electrified hauling

440
440

30
30

1
X
X

2

X
X

Total
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NonElectri- Work-load on
electrified fied run non-electrified
run in
(km)
section
(tonne-km)
4 Mora (km)
X
2x1
X
6
540

Energy
consumption
(kWh)
9

3

1
-

4,590

74

3

1
-

1,320

21

12

4

6,450

104
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The locomotive then will return to the terminal with the empty trainset (operation 3). Finally the locomotive will
run to Mora railway station and pick up the loaded trainset and then return to Borlänge (operation 4). The
maximum allowed speed is 40 km/h but an average speed of 30 km/h is assumed for those runs.
However that means that the energy needed for a transport-work of about 6,450 tonne-km is about the energy
needed from the battery pack is about 104 kWh. That means with an efficiency factor of 85 % that a real power of
122 kWh is needed. If a limitation is that 70 % of the total capacity of a battery is allowed to be used during a decharging and charging cycle the total battery capacity needed will be 180 kWh. If the used capacity range is
further limited a bigger battery pack is required.

5.2.4

Case 2: System trains Borlänge – Grycksbo

Until 2009 a system train service existed on the route Borlänge – Falun – Grycksbo. The system trains consisted
mainly of 4-axled wagons that were loaded with a special load unit, named SECU-box. The gross weight of each
wagon loaded with a SECU-unit is about 100 tonnes.
In this case the trains consist of 18 wagons, which mean that the gross wagon weight exceeds 1,800 tonnes.
Including the locomotive the weight of the whole train is about 1,900 tonnes. The weight of an empty wagon
train-set is 600 tonnes an empty train is about 690 tonnes.
The locomotive is also used for moving the wagons, or train sets, in position for unloading and loading activities.
Because this activity is just a movement of the train-set of about 15 m, for each wagon at each time, a solution
that are using electric battery power would save a lot of energy compared to the earlier solution where diesel
locomotives that were idling most of the time were used. The time for unloading and loading each wagon is
assumed to not exceed 10 minutes which mean that a loading and unloading procedure of a train-set will take
about 3 hours. At that time the locomotive and the train will be moved back and forth between 600 and 1,000 m,
which mean that a distance of 1 km is assumed during this procedure.
A schedule with a train operation pattern with a hybrid locomotive in this operation is compiled (table 10). The
compilation shows that the work-load would exceed 39,090 tonne-km.
According to the further assumed energy consumption due to the work-load the total energy consumption is
calculated to 707 kWh (table 8). According to efficiency factor of 85 % and real usable capacity 70 % when
charging a battery power-pack with a capacity of about 1,190 kWh is needed.
Table 10

Operation pattern for a system train service between Borlänge and Grycksbo

Operation description

Gross Speed Operation
weight (km/h)
(tonnes)
1

Empty train runs from Borlänge to Falun

590

100

90

< 20

590

40

Shunting and loading activities in Grycksbo

<
1,890

< 20

Hauling of loaded train from Grycksbo to Falun

1,890

40

Hauling of loaded train from Grycksbo to Falun

1,890

100

Changing of direction of the train and moving
the locomotive from one end of the train to
the another in Falun
Empty train runs from Falun to Grycksbo

2

3

5

6

X
X

X

X

Total
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X
X
X

-

24

-

-

-

2x1

-

-

15

-

8,850

162

<1

-

1,890

26

15

-

28,350

519

-

24

-

-

31

50

39,090

707

29.10.2017

Contract Nr H2020-730823

5.2.5

Case 3: Wagon load trains Gävle – Norrsundet

In this case a wagon load train runs from Gävle to Norrsundet, where the locomotive also is used for shunting
service during an hour. Because it is a wagon load train the weight of the wagons is assumed på to be 70-80 % of
the allowed maximum weight of 1,800 tonnes, which means a train weight of 1,500 tonnes, locomotive included.
A schedule with a train operation pattern with an all-electric hybrid locomotive in this operation is compiled
(table 11). The energy consumption when shunting in Norrsundet has been calculated on the basis that a shunting
locomotive will do shunting operations during an hour and that it will consume about 64 litres of diesel fuel per
hour (Håkansson, 2017). According efficiency of a diesel powered traction system (25 %) this indicates that an
energy amount of about 160 kWh is needed for the shunting activities. According to an energy consumption
factor of the work-load of 0.0183 kWh/tonne-km (table 8).
It is assumed that 274 kWh is calculated for the train hauling on non-electrified tracks. The energy consumption
for activities on non-electrified tracks is then summed up to 434 kWh, which mean that a battery power-pack
according the efficiency factors and charging cycles need a capacity of about 730 kWh.
Table 11

Operations pattern for a wagonload service between Gävle and Norrsundet

Operation description

Train runs from Gävle
to Norrsundet

Run under catenary
Non-electrified track

Gross
Speed Operation
NonElectri- Work-load on nonweight (km/h)
electrified fied run electrified section
(tonnes)
(km)
(tonne-km)
1 2 3 run (km)
1,500
100 X
28
1,500
40 X
5
7,500

Shunting activities at Norrsundet

1,500

< 20

Train runs from
Norrsundet to Gävle

1,500
1,500

40
100

Non-electrified track
Run under catenary

X

Total

5.2.6

X
X

-

-

5
10

Energy consumption
(kWh)
137

-

160

28

7,500
-

137
-

56

15,000

434

Case 4: Intermodal system train Malmö – Bro

In this case an intermodal system train is running between Malmö and Bro, in the Stockholm area. Hybrid
locomotive will be used for shunting the trains at the terminals. The shunting at the Malmö terminal will be quite
simple and is just about of using power from batteries to haul the train against the loading and unloading tracks, a
distance of about 600-700 metres. Instead the capacity of battery power needed will be calculated according to
the terminal operations in Bro.
The present energy consumption for the local switching locomotives is about 160 litres diesel fuel a day.
According to an efficiency factor in a diesel-hydraulic traction system of 25 % and an energy content of 9.8
kWh/m3 (SPBI, 2017). This is equivalent to an energy consumption of 390 kWh. Assuming an energy efficiency
factor for a battery electric system of 85 % and an assumed charging capacity of 70 % in a charging cycle a battery
capacity of about 660 kWh will be needed. It could also be possible to charge the pack of batteries between the
intermittent switching activities that occur in 4 times during a period of about 8 hours.
The savings of diesel fuel will in Bro amount 42,000 litres a year.

5.2.7

Comparison of cases

The 4 cases are compiled (table 12). It has to be remarked that the battery capacity is based on a de-charging and
charging cycle when 70 % of capacity of the batteries will be used which is a normal case for lead-acid batteries.
Lihtium-ion batteries can be used at de-charging and charging cycles when up to 80 % of the capacity is used. In
order to extend the life cycle of the batteries lower capacity spans are used. For hybrid road vehicles, as an
example, about 40-50 % of the capacity of a lithium-ion battery pack is used in a de-charging and charging cycle.
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Table 12

Comparison between 4 case studies
Distance or part of
route with electric
power supply (km)

Case

1. Borlänge – Lomsmyren
2. Borlänge – Grycksbo
3. Gävle – Norrsundet
4. Malmö – Bro

Distance without Part of the
electric power
distance without
supply (km)
electric supply

Shunting time
without electric
supply (h)

Battery power capacity
needed with a 70 % recharging level (kWh)

2 x 120 + 4 = 244*
50

12
31

4,7 %
38 %

< 1.0
3.0

180
1,190

56
2 x 670 = 1,340

11
<1

14 %
-

1.0
2.5

730
660

* The distance between Borlänge and Mora is included

In the first case a quite limited amount of electric power, and also a quite small battery pack is indicated to be
needed for operations on non-electrified tracks. In this case also the transports are frequent with normally two
daily trains most days of the week. That means that the benefits of a solution of all-electric operations with
battery locomotives could be considerable. The locomotives are also working quite close to the catenary, not
more far away than 3 km. Locomotives then repetitively returns to catenary, during the handling cycle. That mean
that the risk, that a locomotive will run out of electricity is when it is away from catenary, is quite low.
In the second case quite a lot of battery capacity is needed. Shunting activities are also achieved about 15 km
from catenary. The heavy hauling of the loaded train is on the way back to Falun from Grycksbo which means that
it is important to ensure that the locomotive has enough electric energy stored for that haul. However this route
has to be further investigated because the vertical line gradients could be in favor which means that loaded trains
can partly be rolled to Falun that is lower situated than Grycksbo. That may decrease the battery capacity needed.
The third case is just a typical case in which an all-electric hybrid locomotive would be very usable. Only a short
part of the whole journey is on a non-electrified side-track. The locomotive will also not operate too far away
from catenary, in this case about 5 km. The benefits of using electric power when shunting would also give an allelectric hybrid locomotive an advantage compared to the solution with diesel locomotive operations in Grycksbo.
In the fourth case an all-electric hybrid locomotive would have benefits compared to the present solution with
local shunting locomotives. At the terminal in Bro a shunting locomotive is only used 2.5 hours a day. Also at the
terminal in Malmö benefits will be earned with a locomotive that can tow the wagons directly to the loading and
un-loading tracks at the terminal without changing to shunting locomotive in the freight yard beside the terminal.

5.3

Conclusions

A conclusion is that an all-electric hybrid locomotive concept probably could offer a lot of benefits for the train
operation and service in at least 3 of the analyzed 4 cases. The remaining question is how much an all-electric
hybrid locomotive will cost. According to that, the next question is if it will be possible to save money when using
all-electric locomotives instead of electric standard locomotives in combination with diesel locomotives for
switching and/or short distance train hauling. The costs for operating all-electric hybrid locomotives will probably
to a major extent depend of the battery capacity needed and the installed battery capacity. An important issue
according to that is the used capacity of the battery during a de-charging and charging cycle. In the case studies it
has been assumed that a capacity of 70 % (instead of maximum 80 %) is used for lithium-ion battery pack. If a
lower capacity will be used in order to extend the life cycle of the batteries, instead a higher capacity is needed.
A scoop for this project has been to install a lithium-ion battery pack with a capacity of up to 1.5 MWh which
would be quite expensive and also very bulky. The survey indicated that a lower battery power than 1.5 MWh
could be useful in most cases. However seems a capacity of at least 200 kWh to be needed in all investigated
situations. That mean battery capacities of between 200 kWh and 1,000 kWh are of interest for further analysis. If
a stored equivalent power capacity that exceed 1 MWh is needed other solutions than all-electric hybrid locomotives would be a better option. Perhaps electro-diesel hybrid locomotives could be appropriate in those cases.
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