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ARTICLE INFO  In response to the European Union’s policy requiring member states to take action aimed 

at reducing the negative impact of human activity on the natural environment, one of the 

key areas of focus is rail transport. This article presents the current level of railway line 

electrification in EU member states. Battery Electric Multiple Units (BEMU) are intro-

duced as a potential alternative to full railway electrification, with particular emphasis on 

modern designs being implemented or tested in Europe. Additionally, as a historical 

curiosity, an example of such a vehicle operating in the early 20th century is presented. 

The vehicles described in the article may serve as an alternative to the old and worn-out 

diesel-powered rolling stock currently in use in Poland. 
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1. Introduction 

As we enter the third decade of the 21
st
 century, 

the countries of the European Union are looking for 

new solutions and technologies that will promote de-

velopment and ecology in the transportation sector. 

The basic document setting the pillars for new think-

ing on the European transport area of the future is the 

White Paper on the Roadmap to a Single European 

Transport Area – Towards a Competitive and Re-

source-Efficient Transport System, issued in 2011 [4]. 

The paper, issued by the European Commission, out-

lines a number of issues that should be analyzed in 

depth and outlines the strategy that will be imple-

mented. One of the biggest challenges facing the Eu-

ropean community is the reduction of greenhouse gas 

emissions, with the goal of limiting temperature in-

creases to a maximum of 2ºC and slowing climate 

change. An overarching goal of reducing emissions 

from 80% to 95% in 2050 compared to 1990 levels 

has been defined. [4] In addition, the European Com-

mission identified the need to invest in new vehicle 

and traffic management technologies, which are key 

to lowering transportation emissions in the European 

Union and globally. 

The response to the plan outlined in the White Pa-

per [4] is the policy of the European Union through 

which, the modernization and transformation of the 

economies of the member countries to achieve climate 

neutrality has begun. Between 1990 and 2018, the 

European community reduced greenhouse gas emis-

sions by 23%, while its economy grew by 61% [10]. 

However, the policies in place, which were imple-

mented in the second decade of the 21
st
 century, pro-

vide only a 60 percent reduction in greenhouse gas 

emissions by 2050.The achievements to date and the 

actions carried out have not and are unlikely to bring 

the expected long-term benefits. In addition, the Paris 

Agreement, ratified by 181 countries, requires strong 

and rapid global action to reduce greenhouse gas 

emissions [11]. On the basis of past experience and 

concluded international agreements, it has been decid-

ed to accelerate the processes involved in achieving 

climate neutrality by 2050. One intermediate step is to 

reduce greenhouse gas emissions by at least 50%, and 

potentially up to 55% in 2030 from 1990 levels. 

It should be pointed out that transportation accounts 

for a quarter of the EU’s greenhouse gas emissions, and 

this figure continues to rise [10]. The goal of climate 
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neutrality can only be achieved if emissions in the 

transport sector are reduced by 90% by 2050 [10]. 

The European transport system should be sustaina-

ble, so that each branch of the economic sector is used 

in the most efficient way and places as little burden on 

the environment as possible. One of the pillars of the 

EU’s approach must be the immediate popularization 

of low-emission vehicles, zero-emission vehicles and 

renewable and low-carbon fuels for road, water, air 

and rail transport [12]. 

Rail belongs to the low-carbon form of transporta-

tion whether we are dealing with passenger or freight 

transportation. At the present time, rail vehicles oper-

ating on the routes rely primarily on overhead power 

or derive their energy from chemical carriers. The 

enacted climate policy of limiting, or basically exclud-

ing, the use of diesel engines poses a number of chal-

lenges for European Union countries. The main prob-

lem to be solved is finding alternative options for 

powering rail vehicles. The two main ways to move 

away from engines based on oil-based energy are to 

electrify rail lines or to replace rail traction vehicles 

with machines that use alternative energy sources. 

2. Progress of Electrification in European  

countries 

One solution is the targeted electrification of all 

rail lines and the adaptation of all rail vehicles to draw 

electricity from the road network. Electrification is  

a key component of modernizing rail networks, reduc-

ing the negative environmental impact of rail trans-

portation and making it a more favorable mode of 

transportation compared to road and other modes of 

transport heavily dependent on fossil fuels. 

With the presented path forward in mind, it is im-

portant to look at the data presented on the website of the 

statistical office of the European Union (Eurostat) [7]. 

 

Fig. 1. Comparison of the length of electrified (blue) and non-electrified 
 (red) lines in each European Union country in 2023 

 

Analyzing the data presented in the chart above, it 

should be noted that the total length of electrified lines 

in the European Union is greater than the length of 

non-electrified lines. In the European Union countries 

with the most developed railroad infrastructure, elec-

trified lines constitute the majority, e.g. Italy, Germa-

ny, France, Spain or Poland, while in countries with 

less developed iron routes, e.g. Denmark, Latvia or 

Lithuania, non-electrified lines constitute the majority. 

The data depicted are quite general, so it is necessary 

to analyze the level of electrification in individual 

European Union countries, relying on resources made 

available on the website of the statistical office of the 

European Union (Eurostat) [7]. 

 

Fig. 2. Level of electrification of railroad lines in European Union coun-

 tries in 2023 

 

Taking the data to further analysis, it is necessary 

to look at the level of electrification in each country, 

taking as a criterion the electrification rate, which is 

the quotient between the length of electrified lines and 

the total length of railroad lines in a given country. 

The red line shown in Chart #2. indicates the average 

electrification rate in European Union countries, 

which is 57.45%. The countries with the highest elec-

trification rate are Luxembourg and Belgium. Howev-

er, it should be pointed out that the railroad infrastruc-

tures in the countries with the highest electrification 

rates are not very extensive. The total length of rail-

road lines in Luxembourg is about 271 km, and in 

Belgium approximately 3630 km. In contrast, the 

countries with the most extensive rail infrastructure, 

namely France and Germany, have only slightly more 

than half of their lines electrified, 61% and 55% re-

spectively. It is worth mentioning that this is not the 

rule. Analyzing the summary, it can be seen that coun-

tries that have an expanded rail infrastructure usually 

boast a fairly high level of electrification. An example 

of this is Sweden, which has about 10,906 kilometers 

of railroad lines with an electrification rate of about 

75%. Similarly, the Italians, whose total length of rail 

lines is about 16,830 kilometers with a ratio of ap-

proximately 73%. As for Poland, at the current mo-

ment the electrification rate is about 63% with a total 

infrastructure length of about 19,540 kilometers.  

A country oscillating close to the average is Finland, 
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whose electrification rate is about 58%. Below the 

average are countries with less developed rail infra-

structure. Exceptions to this rule are Germany (electri-

fication rate of 55% with a railroad length of about 

38,700 km), Romania (electrification rate of 38% with 

a railroad length of about 10,600) and the Czech Re-

public, whose total railroad length is about 9,520 km, 

with an electrification rate of about 35%. The coun-

tries with the lowest electrification rates are Estonia 

(electrification rate of 12% with a rail line length of 

about 1171 km), Lithuania (electrification rate of 8% 

with a rail line length of about 1924 km) and Ireland 

(electrification rate of 3% with a rail line length of 

about 2045 km). 

Considering the level of electrification of railroad 

lines in the various countries of the European Union, 

it is necessary to consider the current state of electrifi-

cation and look at the dynamics of change in this re-

gard based on data posted on the website of the statis-

tical office of the European Union (Eurostat) [7]. 

 

Fig. 3. Summary level of rail electrification in European countries (now in 

 the European Union) from 1990 to 2023 

 

A tool that can help in assessing the progress of 

electrification of rail routes is the electrification index 

used earlier. In this case, it will be the ratio of electri-

fied sections to the total length of railroads within the 

countries currently in the European Union. The data 

adopted for the analysis goes back to 1990, when the 

European Union did not yet exist; however, for the 

sake of a broader analysis, data from before the estab-

lishment of this international institution was taken into 

account. In 1990, the average rate of rail electrifica-

tion in future European Union member countries was 

about 40%. By 2023, this percentage had risen to 

about 57%. It is worth pointing out that throughout the 

33-year period the rate has been rising practically all 

the time. It is possible to note a slight weakening of 

the trend in 2002–2003. According to information on 

the website of the statistical office of the European 

Union (Eurostat), the length of electrified railroad 

lines in the member countries of the European Union 

reached 115,000 km, an increase of 31% compared to 

1990, when it was 88,000 km [6]. 

It should be taken into account that the total length 

of railroad lines has decreased by 7.5% since 1990, 

when it was about 218,600 km. Decreases in the 

length of rail routes were recorded in Poland, Latvia, 

France and Germany. The decline in the declared 

lengths of railroads in the countries concerned may 

also have had an impact on raising the electrification 

rate. However, it is worth pointing out that the rail 

network has increased significantly in Spain, Estonia 

and the Netherlands, partly due to the construction of 

dedicated high-speed lines [6]. 

The above electrification progress does not warrant 

the conclusion that all railroads in Europe will be 

electrified by 2050. Moreover, it should be noted that 

not all rail lines can be retrofitted with a running net-

work for purely economic reasons or terrain con-

straints. First of all, electrification of rail lines requires 

the construction of new infrastructure in various geo-

graphic locations in mountains or swamps, among 

others. In addition, there are limitations associated 

with already existing parts of the infrastructure, such 

as narrow tunnels or viaducts. It’s worth mentioning 

that the costs of retrofitting a rail line with power in-

frastructure do not end with the investment itself. 

These types of rail lines must undergo constant 

maintenance activities that keep the infrastructure up 

to standard. This generates additional costs for low-

traffic lines and makes them unprofitable. Taking the 

above arguments into account, it should be pointed 

out that the electrification process cannot be the only 

solution for reducing the use of internal combustion 

engines in rail vehicles. 

3. Rolling stock of individual European Union 

countries 

The structure of the fleet in each country varies 

depending on the level of electrification, so it is nec-

essary to look at the available fleet in each country 

and determine what proportion of vehicles use internal 

combustion engines. 

Using data included on the website of the statistical 

office of the European Union (Eurostat) [7], a chart 

was drawn up showing the number of electric and 

combustion vehicles in each country of the European 

Union. 

Analyzing the data presented in the chart, we can 

identify two groups to be studied. The first set is made 

up of countries that have released full data, i.e. the 

number of electric locomotives, diesel locomotives 

and electric, diesel multiple units. The second set is 

made up of countries that have made available only 

the number of locomotives. The second group in-

cludes: Finland, Germany, Italy, the Netherlands, 

Poland and Slovakia. 

In the first group, the number of vehicles with  

a power system based on internal combustion engines 
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accounts for almost 34% of the declared fleet. This is 

about 11,550 vehicles. 

 

Fig. 4. Summary of electric (blue) and diesel (red) vehicles in European 
countries in 2023. Countries marked with “*” only have data on locomo-

 tives 

 

The highest percentage of electric vehicles has: 

Sweden, Belgium and Spain. The share of machines 

based on electric propulsion exceeds 80%. In contrast, 

the Baltic States, Romania and the Czech Republic are 

dominated by internal combustion vehicles. Estonia 

has the lowest percentage of electric vehicles. 

The second group, based only on locomotive data, 

is divided into two subsets. The elements of the first 

subset are countries with a high share of electric vehi-

cles in the rolling stock, while the second set groups 

together countries in which the percentage of electric 

vehicles fluctuates around 50%. The first group in-

cludes Germany and Italy. Italy has more than 80% 

electric vehicles among locomotives. The second set 

includes: Finland, the Netherlands, Poland and Slo-

vakia. The Netherlands has the smallest pool of elec-

tric machines in relation to its declared fleet. It is 

worth mentioning that the average level of electric 

machines in the declared fleet is about 65%. However, 

it should be pointed out that 4411 vehicles are still 

based on the use of fossil fuel combustion. 

Analyzing the above statistics, it should be pointed 

out that the number of rail vehicles based on low- or 

zero-emission systems is too small to meet demand 

and requirements. Displacing diesel engines by 2050 

from use in the rail industry from the point of view of 

the information presented will be a difficult challenge. 

The policy of moving away from traditional power 

systems based on fossil fuels and the development and 

introduction of modern propulsion systems, was also 

indicated in the European Parliament’s resolution of 

December 13, 2022 on an action plan for the devel-

opment of long-distance and cross-border rail passen-

ger services [13] where it was emphasized that rail 

vehicles based on hydrogen technology and battery-

powered rail vehicles could be a promising means of 

transportation. 

4. Battery-electric traction units (BEMU) 

The examples cited in the European Parliament’s 

resolution can provide a basis for exploring and im-

plementing new designs. However, it should be point-

ed out that the use of batteries as the only power 

source for a vehicle reduces its flexibility and range. 

The answer, to the above basic limitations of bat-

tery power supply and providing an alternative to 

diesel traction units in passenger traffic, is a hybrid 

rail vehicle, which can use energy drawn from the 

catenary network or energy sources built on board in 

the form of batteries. The machine outlined above is 

referred to as a battery-electric multiple unit (BEMU) 

[2].The main advantage of these vehicles is that they 

do not use fossil fuels such as diesel, do not emit ex-

haust fumes and do not require the railroad to have 

expensive infrastructure in the form of catenary over 

certain distances. The disadvantages are the weight of 

the batteries, which adds to the weight of the vehicle, 

and the vehicle range associated with the battery ca-

pacity, which is about 200 kilometers. 

The solution in the form of the BEMU, increases 

the flexibility of electric vehicles based primarily on 

drawing energy from the overhead line. Such a solu-

tion allows the vehicle to travel through a non-

electrified section. 

An additional advantage is the ability to store the 

energy produced during electrodynamic braking in 

case there is no possibility of recuperating energy into 

the overhead line, and the only solution in this situa-

tion is to expel energy in resistors. 

A graph showing the level of charge (SOC) of the 

energy storage reservoirs during vehicle operation is 

shown in the following graphic. 

 

Fig. 5. Control strategy of onboard battery: (I) rolling and battery charging 
under catenary; (II) rolling in non-electrified sections; (III) battery charg-

ing through regenerative braking; (IV) fast-charging at stations with a 
 pantograph [5] 
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Battery-electric multiple units (BEMUs) are be-

coming an increasingly considered solution by carri-

ers, so leading companies in the rail industry, in re-

sponse to market interest, have already prepared ma-

chines based on power supply from the catenary as 

well as from built-in batteries on board the vehicle. 

5. Description of selected battery-powered  

and battery-networked vehicles 

Stadler FLIRT Akku 

The FLIRT Akku battery-grid traction unit from 

Swiss rail vehicle manufacturer Stadler is a develop-

ment of the FLIRT electric traction unit concept. 

FLIRT is a platform that is widely known to European 

passenger carriers. With the development of this plat-

form, the FLIRT Akku is a lightweight, single-level 

vehicle using aluminum alloys in its construction. The 

vehicle’s design allows for a modular construction of 

the vehicle in the range of two to four members. The 

manufacturer of the vehicle allows individual configu-

ration of the vehicle, tailored to the needs of the cus-

tomer. The BEMU concept of the FLIRT Akku type 

also makes it possible to ride in multiple traction with 

all-electric vehicles of one- and two-story construc-

tion. The vehicle, according to the manufacturer’s 

declaration, can travel at a maximum speed of 160 

km/h. The declared range of the vehicle in battery 

driving mode is 150 km, while the charging time us-

ing pantograph charging is 15 min [9, 10]. 

Figure 6 shows a view of a two-member battery-

network trainset of the FLIRT Akku type manufac-

tured for the carrier Deutsche Bahn AG. 

 

Fig. 6. General view of a BEMU of the FLIRT Akku type manufactured 

 by Stadler for the carrier Deutsche Bahn AG [8] 

Table 1. The basic data of a battery-network traction unit of the 

FLIRT Akku type configured for the German carrier Deutsche 

 Bahn AG 

No. Parameter Value 

1. Type FLIRT Akku BEMU 2-4/8 

2. Rail spacing 1435 mm 

3. Supply voltage 15 kV/16.7 Hz 

4. Axle arrangement Bo’Bo’2’2’ 

5. Number of seats 172 

6. Vehicle width 2820 mm 

7. Vehicle height 4275 mm 

8. Vehicle length 55,5 m 

9. Wheelbase of the truck 2700 mm 

10. Max speed. 140 km/h 

Figure 7 shows the energy transmission in the ve-

hicle. 

 

Fig. 7. Energy flow in a battery-grid traction unit of the FLIRT Akku  
 1 type [8] 

 

FLIRT Akku allows the vehicle to drive by draw-

ing energy from the catenary network. When driving 

in this mode, it is possible to charge the batteries at 

the same time, which greatly improves the use of the 

vehicle on railroad lines that are partially electrified. 

In addition, the FILTR Akku-type BEMU allows the 

recuperation of electricity, which can be used to 

charge the batteries or return it to the grid to reduce 

the cost of trips. 

The vehicle holds the world record officially con-

firmed by the Guinness Book of World Records for 

the longest trip – over 224 kilometers – by a battery 

train in battery mode. The record was set in December 

2021 on the Berlin-Gesundbrunnen – Warnemünde 

route in Germany. 

Siemens The Mireo Plus B 

The Mireo Plus B battery-grid traction unit, which 

is manufactured by Siemens Mobility, comes from the 

Mireo family of traction units presented by the manu-

facturer in 2016. The vehicle manufacturer declares 

the possibility of any vehicle configuration according 

to the individual needs of the customer. The Mireo 

Plus B-type BEMU is produced in two variants –  

a two-unit and a three-unit. The driving range of the 

vehicle using battery power is up to 80 km for the 

two-unit variant and up to 120 km for the three-unit 

variant. The vehicle reaches a maximum speed of 140 

km/h in both mains-powered and battery-powered 

driving modes [13]. 

 

 Fig. 8. Siemens The Mireo Plus B in the colors of Westerland [3] 
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Table 2. The basic data of the Mireo Plus B battery-grid traction 

 unit [13] 

No. Parameter Value 

1. Type Mireo Plus B 

2. Rail spacing 1435 mm 

3. Supply voltage 15 kV/25 kV 

4. Axle arrangement Bo‘ 2 Bo‘ (two-unit), Bo‘ 2‘ 2‘ Bo‘ 
(three-unit) 

5. Number of seats 120 (two-unit), 160 (three-unit) 

6. Maximum speed 140 km/h 

7. Vehicle entry height 600/800 mm 

8. Vehicle length 47 m (two-unit), 63 m (three-unit) 

9. Power 1700 kW 

10. Range from 80 to 120 km 

 

Fig. 9. Layout of Siemens The Mireo Plus B vehicle in two-body configu-
 rations [13] 

Hitachi Masaccio 

The Masaccio trainset platform manufactured by 

Hitachi Rail comes in three different power options: 

 fully battery-powered 

 battery-network power, in which the battery power 

acts as a commuter module 

 battery-grid power, in which the vehicle can travel 

on electrified rail lines using mains power, on non-

electrified lines through the use of a diesel engine, 

and during station stops and starts from stations us-

ing battery power. 

The vehicle can travel at speeds from 144 to 162 

km/h achieving a range of up to 150 km on a single 

charge. Charging of the Masaccio battery trainset is 

carried out from the catenary using a single panto-

graph while driving or two pantographs, the use of 

which is possible at the vehicle’s terminal station. The 

declared charging time for the vehicle is about 10 

minutes at 15 kV AC and 80 A current. The BEMU 

Masaccio comes in a three-car option and a four-car 

option [2]. 

 

 Fig. 10. Distribution of the Hitachi Rail Masaccio vehicle [2] 

PESA Bydgoszcz S.A. REGIO 160 BEMU 

The new REGIO 160 platform represents a family 

of rail vehicles for suburban and regional passenger 

transport. Trainsets from the REGIO 160 platform can 

develop speeds of up to 160 km/h, depending on con-

figuration and power supply. As the manufacturer 

declares, the vehicles can be fully battery-powered or 

battery-grid hybrid [15, 16]. As part of the PESA 

2025+ strategy, PESA has presented a concept for  

a modular REGIO 160 platform, featuring vehicles: 

● single-deck 

 REGIO 160 standard – vehicle based on inter-

mediate Jacobs bogies, shorter, one- or two-

door sections 

 REGIO 160 XL – vehicle based on two classic 

bogies, providing better weight distribution and 

greater capacity 

● double-deckers 

 REGIO 160 XXL d-deck – a concept based on 

a mix of single and double-deck members 

 REGIO 160 EMU d-deck – the entire vehicle is 

double-deck including the drive section 

 REGIO 160 push-pull. 

 

Fig. 11. Modular concept of the REGIO 160 platform presented by PESA Bydgoszcz S.A. [16] 
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Alstom X’trapolis 

Figure 12 shows a visualization of the X’Trapolis 

vehicle to be produced for Irish Rail. The vehicle is 

expected to have a range of about 80 km in battery-

driven mode with the ability to recharge in about 20 

minutes using special super chargers. The manufac-

turer is also working on the possibility of charging the 

batteries from the catenary while stationary [1, 14]. 

 

Fig. 12. Visualization of BEMU type X’Trapolis made by ALSTOM for 

 Irish Rail carrier. [1, 14] 

Škoda Transportation – RegioPanter BEMU 

The presented concept of the RegioPanter BEMU-

type traction unit made by Škoda Transportation 

shows the interest of Europe’s largest rolling stock 

manufacturers in producing mains-battery powered 

vehicles. This vehicle will be able to operate railroad 

lines that are partially electrified [17, 18]. Figure 13 

shows the RegioPanter BEMU vehicle. 

 

 Fig. 13. RegioPanter BEMU manufactured by Škoda Transportation [17] 

 Table 3. Basic technical parameters of the RegioPanter BEMU 

No. Parameter Value 

1. Type RegioPanter BEMU 

2. Rail spacing 1435 mm 

3. Power 4340 kW 

4. Number of passengers 323 

5. Maximum speed 160 km/h 

6. Vehicle height 4260 mm 

7. Vehicle length 52 900 mm 

8. Vehicle width 2820 mm 

9. Driving range in battery mode to 80 km 

10. Number of bicycles/carriages 9/4 

 

Table 3 shows the basic technical parameters of the 

RegioPanter BEMU vehicle made available by its 

manufacturer. 

 “Wittfeld” type battery unit 

Between 1908 and 1913, battery trains were built 

on behalf of the Prussian railroads KPEV. The origi-

nal order was for 57 units of newly developed battery 

vehicles, which was realized by three factories within 

two years (1908-1909). A further 114 units were pro-

duced between 1910 and 1914. KPEV commissioned 

the vehicles because of the rapid development of rail-

roads, which involved the construction of railroads in 

areas running through economically undeveloped 

parts of the country that did not have transportation 

needs with a view to arousing them and causing eco-

nomic growth from the excluded areas of Prussia at 

the time. For this reason, it was uneconomic to oper-

ate traditional train sets consisting of steam locomo-

tives and a few passenger cars, and it was necessary to 

develop a design to provide economically viable ser-

vice on such rail routes. 

 

 Fig. 14. Battery cart of the “Wittfeld” type [20] 

 Table 4. Basic technical parameters of Wittfeld 

No. Parameter Value 

1. Type Wittfeld 

2. Axle arrangement 2A+A2 (firstly 57 pcs, 
1A+A1) 

3. Overall length 25,610–25,650 mm 

4. Wheelbase  1500 + 7650 mm 

5. Service weight 53.2–68.3 t 

6. Maximum speed 60 km/h 

7. Range 100–300 km 

8. Number of seats 82/90 

9. Battery battery voltage 350 V DC 

10. Number and power of motors 259/66 kW 

11. Type of batteries lead-acid 

12. Weight of the batteries 17–25.5 t 

13. Charging time (nomin.) 2.5–3 h 

 

The “Wittfeld” battery units were able to travel at 

60 km/h with a range of 100, 130, 180 and even 300 

km. Such a long range was achieved by using batteries 

with capacities of 368, 443, 562 and 921/1088 Ah, 

respectively. Charging the batteries with stationary 
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rectifiers took from 2 to 3 h. Achieving such perfor-

mance was achieved by minimizing as much as possi-

ble the weight of the vehicles, which ranged from 53.2 

to 68.3 t, depending on the battery capacities used, 

and minimizing the need for electricity while the ve-

hicle was running, for example, by installing heating 

with briquette stoves inserted under the seats [9]. 

6. Summary 

In accordance with the climate policy adopted by 

the European Union Parliament, it is necessary to take 

measures to bring member countries closer to achiev-

ing climate neutrality. The statistics presented relating 

to the level of electrification of railroad lines in the 

European Union member states show that about 43% 

of the lines are not electrified. These lines are mainly 

served by diesel-powered vehicles, the average age of 

which in Poland is about 42 years for diesel locomo-

tives and about 16 years for diesel multiple units [21]. 

Thus, it is necessary to introduce rolling stock chang-

es and replace the old rolling stock with a new one 

that can operate non-electrified lines as low-emission 

as possible. One solution is for carriers to purchase 

plug-in or battery-powered vehicles. This approach is 

in line with the climate policy adopted by the EU and 

confirms the increasing awareness of citizens regard-

ing environmental protection. The range of mains- or 

battery-powered vehicles presented in the article 

shows that rolling stock manufacturers are prepared to 

offer customers low-emission passenger transport 

vehicles. 

 

Nomenclature

BEMU Battery Electric Multiple Unit SOC  state of charge 
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