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Application of alternative drive systems
in modern special-purpose rail vehicles
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Abstract: In response to the market demand for modern special-purpose rail vehicles, an
overview of the rolling stock available on the European and world markets was developed,
along with an analysis of the scope of works they performed. The need for new alternative
forms of propulsion in line with the development directions, taking into account EU and
national environmental goals was discussed. The paper presents a design of a proprietary
modern special-purpose vehicle with an alternative drive. It discusses it compared to other
special-purpose vehicles regarding their parameters and the viability of different drive
systems, including hydrogen fuel cells.
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1. Introduction

The development of alternative drive systems in means of transport is mainly observed
for road vehicles [1-3]. Knowledge, experience, and technological solutions developed for
the needs of new road vehicle drives often become a precursor to developing drives for Non-
Road vehicles [4], including rail vehicles. New solutions are already being introduced in the
form of alternative drives, adapted to alternative fuels [5], such as hydrogen or biofuels,
hybrid drives [6], and multi-drive systems for passenger and freight rail vehicles [7-9]. The
applied drive system solutions are selected based on the performance characteristics and the
tasks performed for a given type of vehicle [10-12]. Hence, it can be expected that alternative
drives would also be designed for use in special-purpose vehicles. In the case of vehicles of
this category, it is possible to apply various solutions, allowing for an increase in the utility,
range, or reduction of the environmental impact of these vehicles [13-14].

Changes introduced due to the adopted climate policies and sustainable development
goals result in the accelerated implementation of new propulsion technologies in various
transport sectors. Several innovative activities are under consideration where solutions with
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zero emissions or in line with the principles of a circular carbon dioxide economy are
considered the end goal [15]. Transitional solutions that are supposed to modernize the
vehicle fleets already in use, reducing their environmental impact, also exist in parallel [16].
Such solutions usually do not fully eliminate CO2 emissions involved with their operations.
For this reason, the currently proposed alternatives must combine environmental benefits
and other advantages such as lower cost, greater efficiency, longer lifespan, greater
versatility, greater safety, or greater range [17-19]. Any offered changes and modifications
to existing vehicles and powertrains [20] must be cheap, effective, and safe to implement to
make them competitive. Some solutions and vehicle options offered on the railway market
or still being developed meet these assumptions and can compete with conventional drive
systems based on internal combustion engines and electric motors.

2. Existing solutions for special-purpose rail vehicles

The solutions appearing in the rolling stock, using new alternative drive systems, are
considered mainly in terms of their applications for passenger and freight transport and
shunting vehicles. Hence, in the case of special-purpose vehicles, such solutions are
relatively rare and few. One example is the MG11 special rail milling vehicle (Fig. 1),
powered by hydrogen cells and fueled with hydrogen [21]. The vehicle is equipped with a
150 kW fuel cell system and an energy storage system enabling it to perform work of up to
60 kWh (Table 1).

Table 1. Technical specifications of the special-purpose vehicle MG11-H2 from Lisinger
(source: [21])

Parameter Value
Service mass 39t
Max. speed (self-propelled) 50 km/h
Tractive power 150 kW fuel cells; 60 kWh batteries
Max. track gradient 40%o
Gauge 1000 to 1668 mm
Max. track cant value (for 1435 mm) 150 mm
Driver's 1 Chip container 1,5 m® Battery Driver's cab 2

wonoess | unsinger ! [N
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Fig. 1. The MG11 vehicle from Lisinger (source: [21])

A similar solution was used in the PESA Bydgoszcz SM42 6Dn shunting locomotive
presented at TRAKO 2021 rolling stock trade fair (Fig. 2). The new version of the SM42
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locomotive is powered by hydrogen fuel cells with a total power output of 170 kW and an
on-board energy storage system, thus allowing for off-grid work. Refueling requires fuel in
the form of hydrogen and has a fuel tank with a hydrogen fuel capacity of 175 kg. The
locomotive data are listed in Table 2.

Fig. 2. The SM42 6Dn hydrogen locomotive presented at the TRAKO 2021 fair in
Gdansk (source: [22])

Table 2. Technical specifications of the SM42 6Dn shunting locomotive powered with
hydrogen fuel (source: [22])

Parameter Value
Service mass <70t

Max. speed (self-propelled) 90 km/h
Hydrogen fuel cells power 85 kW x2
Expected fuel consumption <0,08 kg/kwh
DC power supply voltage <800V
Intermediate battery capacity >160 kWh
Hydrogen fuel tanks capacity 175 kg

Fuel cells operating temperature -40 °C to +85 °C

Another special-purpose vehicle currently in development is the new proprietary 501EH
model with a hybrid propulsion system [27] supported by energy storage devices designed
for diagnostics and track analysis. The prototype of such a vehicle is being created as part of
the cooperation between ZPS Sp. z 0.0. and the Poznan Institute of Technology from the
Lukasiewicz Research Network, marked with the project number POIR.01.01.01-00-
1601/20. In its basic version, the vehicle is to act as a platform on which specialized
components for the construction, diagnostics, and measurements of railway infrastructure
will be installed (Fig. 3). The possible applications of such a vehicle can be adapted to the
operator's needs by installing the appropriate elements for the construction or diagnostics of
tracks, including elements such as basket crane (Fig. 4). This vehicle is designed to be able
to reach a maximum travel speed of 160 km/h. Its parameters are described in Table 3.

Using energy storage in the vehicle structure enables it to work in zero-emission mode,
which is necessary for the so-called "Green zones". It will lead to a general reduction of
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environmental impact from operating a specialized rail vehicle. This solution differs from a
hydrogen-powered solution in operational and environmental aspects. Hydrogen fueling is
more difficult to implement, and the fuel is more expensive. However, hydrogen can still
generate electricity in power generators for the utility grid during increased demand. This
application of hydrogen fuel could reduce the need to rely on power from dynamically
operating gas power plants. If a railway line is partially or fully electrified, using hydrogen
cells in the vehicle is a less economical solution than using a pantograph for power supply
from the network. Using an electric energy receiver from the overhead contact line reduces
costs and the difficulties resulting from hydrogen fuel distribution.

Table 3. The target technical specification of the proposed 501EH vehicle

Parameter Value
Service mass 65t

Max. speed (self-propelled) 160 km/h
Tractive power 65 KW electric motor;

340 kW combustion engine;
100 kWh batteries

Max. track gradient 30%o
Gauge 1435 mm
Max. track cant value 180 mm

Fig. 3. Basic version of a special hybrid vehicle with a loading platform

A similar example of using energy storage in rail vehicles is the new version of a vehicle
by the NEWAG company that is being tested. The Impuls EN63H-008 vehicle uses super-
capacitors to store energy instead of batteries [28]. These devices have very different current-
voltage characteristics [47]. Their power density is much higher, with lower capacity and
greater losses of stored electricity over time [29].

Another currently developed technology uses ammonia instead of hydrogen due to its
higher energy density (12.7 MJ/I compared to hydrogen with an energy density of 8.5 MJ/I)
and easier of meeting condensation conditions [26]. In the case of hydrogen, storage, and
transport requires special conditions such as high pressures of up to 700 bar (gaseous
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hydrogen) or low temperatures of down to -250°C (liquid hydrogen). The production of
ammonia and its further distribution is much easier. It only requires a temperature of -33°C
at atmospheric pressure or 10 bar pressure at a temperature of 25°C. The ammonia can then
be split back into hydrogen and nitrogen for use as a fuel, or even the use of ammonia alone
in solutions based on appropriate types of fuel cells [23] or directly in the internal
combustion engine [24-25]. The main challenge of using hydrogen as the primary fuel is the
energy cost of its liquefaction, which is even 40% of the energy contained in the fuel [26].
It means that for every 1J of hydrogen energy, at least 1.4) of energy is needed for
production, plus additional energy for its transport. The higher energy density of ammonia
avoids some of these costs. Unfortunately, ammonia is a toxic and corrosive substance,
significantly reducing the chances of its widespread commercial use. In addition,
transporting energy in the form of ammonia fuel requires several steps, which result in
numerous energy losses associated with the conversion of hydrogen to ammonia and then
back to hydrogen. The American Chemical Association estimated that because of these
losses, conversion to ammonia and back to hydrogen reduces the amount of usable energy
at the target point to 61.0-68.5% compared to using hydrogen fuel alone without conversion
[26].

Fig. 4. A special-purpose diagnostic rail vehicle after the installation of a crane arm for
work at heights

3. Costs and applicability of hydrogen fuels for electric
vehicles

The use of electric drives powered using the overhead catenary is possible only in
countries where a sufficiently large portion of the railway lines is electrified. Currently,
around 60% of the length of railways in the EU is electrified, which accounts for around
80% of all conducted transport activities [30]. Nevertheless, infrastructure is not evenly
distributed, as there are areas with a high level of electrification, such as Luxembourg (97%),
and areas with a low level of electrification, such as Lithuania (8%). As a result, in some
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cases, the use of vehicles powered by electric traction may not be possible in most of the
country or may require expensive expansion of the railway infrastructure (modernization
and electrification). In these areas, hydrogen-fueled vehicles, despite the energy loss in
conversion, technological difficulties in storage, and higher distribution costs, can still be
considered the main alternative to rail vehicles powered by fossil fuels. In 2022 the
International Council on Clean Transportation (ICCT) estimated the at-the-pump price of
green hydrogen in Europe varying from 8.5€/kg in Germany down to 6€/kg in Poland. But
to make green hydrogen competitive as fuel for long-haul trucks, it must reach a Total Cost
of Ownership (TCO) parity with diesel fuel, which means an average price point of 4€/kg.
For this, the highest break-even price for hydrogen was 5€/kg in the UK (down 2.19€/kg
from the current price), and the lowest was 3.5€/kg in Poland (2.48€/kg lower than the
current price). It means that significant drops in green hydrogen costs are still necessary to
consider it competitive in the current transport sector of European countries. The rail
transport sector faces a similar problem, with green hydrogen fuel still being too expensive
to reach the break-even point with diesel fuel. Hence, using electrified lines wherever
possible proves generally more cost-effective for rail transport and is likely to be the primary
solution. Nevertheless, lines with partial or no electrification will require diesel-powered
locomotives or their replacement with either electric vehicles equipped with battery systems
or hydrogen-powered vehicles with fuel cells. This approach, however, runs into the problem
of economies of scale, where both hydrogen fuel and hydrogen fuel cells are unlikely to drop
in price to competitive levels without widespread adoption.
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Another significant challenge that still needs to be overcome is the differentiation of
electric traction voltage in the territory of the EU Member States. Electrified routes in the
European Union operate using multiple different voltages: 750 V, 1.5 kV, 3 kV, 15 kV, and
25 kV (Fig. 5) [31]. Due to the wide variation in the voltage supply of electric traction, using
electric rail vehicles to an EU-wide extent or on most lines crossing national borders is
currently not feasible. On the other hand, hydrogen fuel requires a distribution network
specific to that type of fuel to be created. There is currently only a residual amount of such
infrastructure, which the EC plans to use as a starting point in developing a full hydrogen
network. To this end, the FCH JU (Fuel Cells and Hydrogen Joint Undertaking) [32]
partnership has been established, bringing together state and private actors in the EU to
establish a common direction for developing hydrogen fuel in the EU. This program was
given a budget of € 1.3 trillion and runs alongside other national hydrogen development
programs in the EU. Despite the allocation of large funds and numerous planned
investments, the current state of hydrogen infrastructure development in Europe is still lower
than in the US. According to data [33], about 30 companies in Europe are currently dealing
with various aspects of hydrogen applications (production, distribution, hydrogen cells,
components, etc.). At the same time, in the US, there are more than twice as many (Fig. 6).
Hydrogen use strategies and plans for its implementation in transport are described in more
detail in the European Directives [34]. It can directly impact the rate of adoption and the
price point of hydrogen fuel and hydrogen fuel cell technology in the automotive industry.

It should be noted that, due to the different geography of the United States, the extent of
electrified railway lines is much smaller. As a result, hydrogen fuel is more competitive for
many of the operated rail lines. Green hydrogen was estimated to cost around $5/kg in the
USA, compared to 6-8€/kg in Europe, despite the currencies being nearly equal in value.
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4. Use of hydrogen in combustion engines

The use of hydrogen in conventional internal combustion engines is usually considered
to supply an already ignited mixture of hydrogen and air in the form of a burning stream into
the combustion chamber. The aim is to improve the combustion performance of conventional
hydrocarbon fuel. This experiment uses a modified combustion system with an additional
pre-chamber to prepare and ignite the stream, which ignites the fuel in the cylinder. The
studies available in the literature indicate such a technological solution can achieve more
favorable combustion process parameters. Indicators that were noted to achieve more
favorable values include faster flame front propagation, lower ignition delay, shorter
combustion time, higher maximum pressure in the cylinder, and lower emission of toxic
compounds [35] [36]. It should be emphasized that the most important observation resulting
from the research of hydrogen-burning engines with a pre-chamber is the increase in the
engine efficiency, which is confirmed by numerous publications, such as [37] and [38].
Despite the advantages of pre-chamber solutions, studies in the literature are mainly limited
to engines used in road vehicles. However, work is underway to introduce a solution for
more powerful engines for off-road use [39-40].

It can be assumed that despite some differences in high-power engines used in linear and
shunting locomotives or special-purpose rail vehicles, the discussed technical solution
should be feasible and enable similar results in improving the thermal efficiency of the drive
unit [41]. The main limitation of the wide application of such a combustion system in engines
is the need to modify the engine and add a pre-chamber to prepare and ignite the initial fuel
dose [42]. Therefore, pre-chamber engines do not gain an advantage over other new drive
systems. They are not backward compatible or cannot be retrofitted without replacing the
entire engine unit.

Another proposed solution is to supply internal combustion engines with hydrogen only,
without using conventional fuels. Many studies conducted to modify internal combustion
engines to run on pure hydrogen fuel have also resulted in several versions offering engine
conversion without replacing it with a new unit. Examples of such a concept are the works
of A. Boretti [43-44], although most research agrees that a new purpose-built engine is
necessary. The influence and possibilities of using hydrogen as a fuel in conventional
combustion engines without modification are described in [45]. The introduction of
hydrogen fuel into the combustion chamber can be done in different ways. Research is being
carried out on injecting hydrogen into the intake manifold in a gas or liquid form and on
direct injection into the hydrogen combustion chamber at a 15-30 MPa [46]. Despite this,
the possibility of using hydrogen to power existing internal combustion engines is
significantly limited by design requirements. Due to the differences in the hydrogen
combustion process, the hydrogen-powered engine must have greater stroke volume than its
equivalent fueled by diesel oil to maintain the same power output. In addition, component
changes necessary for the safe and efficient use of hydrogen in an internal combustion engine
must be considered. The main changes made as part of converting a conventional engine to
hydrogen combustion require the replacement of components such as valves with seats,
connecting rods, spark plugs and ignition coils, injectors, crankshaft damper, head gasket,
and intake manifold. Using original parts from regular combustion engines is not impossible,
but the engine lifespan can be significantly reduced. The lubricating oil may also need to be
changed to a more resistant version to higher temperatures.
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5. Conclusions

The paper presents various solutions through new drive systems and technologies. The
currently popular uses of hydrogen as a fuel were divided into two categories: based on
hydrogen combustion in a cylinder or on fuel cells. As the efficiency of the drive systems
based on hydrogen cells is higher at low loads, the cells have more useful operating
parameters for low-power vehicles. The high efficiency of the combustion engine powered
by hydrogen is obtained only at higher engine load values. Thus it is a solution more suited
to heavy vehicles and non-road mobile machinery (NRMM). Despite such operating
characteristics, hydrogen-powered combustion engines also require larger dimensions to
achieve nominal power comparable to their conventional counterparts. Hence, hydrogen as
a fuel for special-purpose rail vehicles would significantly affect the rolling stock’s
capabilities and performance. The applied hybrid, three-drive solution, together with energy
storage, enables the maximum use of power from the network in accordance with the
availability and level of electrification of a given section of the railway line. Coupled with
this, the 501EH also can run on conventional engine power. At some stage in the
development of the hydrogen fuel distribution network, it can be expected that modifying an
internal combustion engine to run on hydrogen fuel will become a cost-effective solution for
further converting a special purpose vehicle to a zero carbon emission vehicle.

Based on the presented data and comparisons, it was found that the numerous advantages
of new technologies of drive systems, including mainly hybrid drives combining three power
sources, make their introduction into operation lead to a significant reduction of the
environmental impact of vehicles performing special track works, to reduce exhaust
emissions, to reduce noise and improve safety during vehicle operation. This solution is in
line with the current efforts of zero-emission transport, assuming electricity production is
carried out using "green" sources (Green Energy). The proposed solution allows the vehicle
to work temporarily outside the power grid and does not require the expansion of the
hydrogen or ammonia distribution network.

References

1.  Gis, M., Gis, W. (2022). The current state and prospects for hydrogenisation of motor transport in
Northwestern Europe and Poland. Combustion Engines, 190(3), 61-71. https://doi.org/10.19206/CE-
144560

2. Menes, M. R. (2022). Program initiatives of public authorities in the field of hydrogenation of the
economy in a global perspective, as of the end of 2020. Combustion Engines, 189(2), 18-29.
https://doi.org/10.19206/CE-142170

3. Pielecha, I. (2021). Energy management system of the hybrid ultracapacitor-battery electric drive
vehicles. Archives of Transport, 58, 2, 47-62. https://doi.org/10.5604/01.3001.0014.8797

4. Kalocinski, T. (2022). Modern trends in development of alternative powertrain systems for non-road
machinery. Combustion Engines, 188(1), 42-54. https://doi.org/10.19206/CE-141358

5. Cisek, J., Borowski, A., Catkowska, J., Wichary, L. (2021). Effect of nitrON® cetane-detergent additive
to B7 fuel on energy parameters and exhaust gas composition of a 6Dg locomotive with a Caterpillar C27
engine. Combustion Engines, 186(3), 51-58. https://doi.org/10.19206/CE-140113

6. Far, M., Gallas, D., Urbanski, P., Woch, A., Miezowiec, K. (2022). Modern combustion-electric
PowerPack drive system design solutions for a hybrid two-unit rail vehicle. Combustion Engines, 190(3),
80-87. https://doi.org/10.19206/CE-144724

7. Durzynski, Z. (2021). Hydrogen-powered drives of the rail vehicles (part 1). Rail Vehicles/Pojazdy
Szynowe, (2), 29-40. https://doi.org/10.53502/RAIL-139980



https://doi.org/10.19206/CE-144560
https://doi.org/10.19206/CE-144560
https://doi.org/10.19206/CE-142170
https://doi.org/10.5604/01.3001.0014.8797
https://doi.org/10.19206/CE-141358
https://doi.org/10.19206/CE-140113
https://doi.org/10.19206/CE-144724
https://doi.org/10.53502/RAIL-139980

32

Dawid Gallas, Pawet Stobnicki, Wojciech Jakuszko, Patryk Urbanski, Justyna Kikut

10.

11.

12.

13.
14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Durzynski, Z. (2021). Hydrogen-powered drives of the rail vehicles (part 2). Rail Vehicles/Pojazdy
Szynowe, (3), 1-11. https://doi.org/10.53502/RAIL-142694

Karkosifiski, D., Stromski, P., Karkosinska Brzozowska, N. (2021). Hybrid energy storage for electric
multiple units to operate at the partially electrified line Gdynia-Hel. Rail Vehicles/Pojazdy Szynowe, (1),
18-32. https://doi.org/10.53502/RAIL-138488

Kuznetsov, V., Lyubarskyi, B., Kardas-Cinal, E., Yeritsyan, B., Riabov, I., Rubanik, I. (2020)
Recommendations for the selection of parameters for shunting locomotive. Archives of Transport, 56, 4,
119-133. https://doi.org/ 10.5604/01.3001.0014.5650

Kuznetsov, V., Kardas-Cinal, E., Gotebiowski, P., Liubarskyi, B., Gasanov, M., Riabov, I, ... & Opala,
M. (2022). Method of Selecting Energy-Efficient Parameters of an Electric Asynchronous Traction Motor
for Diesel Shunting Locomotives—Case Study on the Example of a Locomotive Series ChME3 (UM33,
CME3, CKD S200). Energies, 15(1), 317. https://doi.org/10.3390/en15010317

Szkoda, M., Satora, M., & Konieczek, Z. (2020). Effectiveness assessment of diesel locomotives
operation with the use of mobile maintenance points. Archives of Transport, 54, 2, 7-19.
https://doi.org/10.5604/01.3001.0014.2622

Kedra Z. (2017). Technologia robét torowych (pp. 1-261). Politechnika Gdanska.

Daszkiewicz P., Andrzejewski M., Urbanski P., Woch A., Stefanska N. (2021) Analysis of the exhaust
emissions of toxic compounds from a special purpose rail machine PLT-500 during profiling the ballast
cess. Journal of Ecological Engineering, 22(7). https://doi.org/10.12911/22998993/139214

Szymanski, P., Ciuffo, B., Fontaras, G., Martini, G., Pekar, F. (2021). The future of road transport in
Europe. Environmental implications of automated, connected and low-carbon mobility. Combustion
Engines, 186(3), 3-10. https://doi.org/10.19206/CE-141605

Giechaskiel, B., Suarez-Bertoa, R., Melas, A., Selleri, T., Maggiore, M. (2022). Assessment of retrofit
devices for the Horizon 2020 Cleanest Engine and Vehicle Retrofit Prizes. Combustion Engines, 190(3),
27-34. https://doi.org/10.19206/CE-147158

Zeiner M., Landgraf M., Knabl D., Antony B., Barrena Cardenas V., Koczwara C. (2021) Assessment
and Recommendations for a Fossil Free Future for Track Work Machinery. Sustainability; 13(20):11444.
https://doi.org/10.3390/su132011444

Sobkowiak, A., Swiechowicz, R. (2020). Energy balance of the passenger rail vehicles. Rail
Vehicles/Pojazdy Szynowe, (1), 49-56. https://doi.org/10.53502/RAIL-138500

Wasiak, M., Zdanowicz, P., & Nivette, M. (2021). Research on the effectiveness of alternative propulsion
sources in high-tonnage cargo transport. Archives of Transport, 60, 4, 259-273.
https://doi.org/10.5604/01.3001.0015.6934.

Michalak, P., Merkisz, J., Stawecki, W., Andrzejewski, M., Daszkiewicz, P. (2020). The selection of the
engine unit - main engine generator during the modernization of the 19D/TEM2 locomotive. Combustion
Engines, 182(3), 38-46. https://doi.org/10.19206/CE-2020-307

Materiaty firmy Lisinger https://www.linsinger.com/wp-content/uploads/2020/11/MG11-H2_ Folder-
ENG.pdf

Stobnicki, P., & Gallas, D. (2022). Adoption of Modern Hydrogen Technologies in Rail Transport.
Journal of Ecological Engineering, 23(3). https://doi.org/10.12911/22998993/145291

Zhao, Y., Setzler, B. P., Wang, J., Nash, J., Wang, T., Xu, B., & Yan, Y. (2019). An efficient direct
ammonia fuel cell for affordable carbon-neutral transportation. Joule, 3(10), 2472-2484.
https://doi.org/10.1016/j.fuproc.2022.107380

Cardoso, J. S., Silva, V., Rocha, R. C., Hall, M. J., Costa, M., & Eusébio, D. (2021). Ammonia as an
energy vector: Current and future prospects for low-carbon fuel applications in internal combustion
engines. Journal of Cleaner Production, 296, 126562. https://doi.org/10.1016/j.jclepro.2021.126562
Chiong, M. C., Chong, C. T., Ng, J. H., Mashruk, S., Chong, W. W. F., Samiran, N. A,, ... & Valera-
Medina, A. (2021). Advancements of combustion technologies in the ammonia-fuelled engines. Energy
Conversion and Management, 244, 114460. https://doi.org/10.1016/j.enconman.2021.114460

Chatterjee S., Parsapur R.K., Huang K-W. (2021) Limitations of Ammonia as a Hydrogen Energy Carrier
for the Transportation Sector. ACS Energy Letters 2021 6 (12), 4390-4394, DOI:
10.1021/acsenergylett.1c02189

Urbanski, P., Gallas, D., Stachowicz, A., Jakuszko, W., Stobnicki, P. (2022). Analysis of the selection of
the auxiliary drive system for a special purpose hybrid rail vehicle. Rail Vehicles/Pojazdy Szynowe, (1),
30-39. https://doi.org/10.53502/RAIL-149405



https://doi.org/10.53502/RAIL-142694
https://doi.org/10.53502/RAIL-138488
https://doi.org/10.3390/en15010317
https://doi.org/10.5604/01.3001.0014.2622
https://doi.org/10.12911/22998993/139214
https://doi.org/10.19206/CE-141605
https://doi.org/10.19206/CE-147158
https://doi.org/10.3390/su132011444
https://doi.org/10.53502/RAIL-138500
https://doi.org/10.5604/01.3001.0015.6934
https://doi.org/10.19206/CE-2020-307
https://www.linsinger.com/wp-content/uploads/2020/11/MG11-H2_Folder-ENG.pdf
https://www.linsinger.com/wp-content/uploads/2020/11/MG11-H2_Folder-ENG.pdf
https://doi.org/10.12911/22998993/145291
https://doi.org/10.1016/j.fuproc.2022.107380
https://doi.org/10.1016/j.jclepro.2021.126562
https://doi.org/10.1016/j.enconman.2021.114460
https://doi.org/10.53502/RAIL-149405

Application of alternative drive systems in modern special-purpose rail vehicles 33

28.

29.

30.
3L
32.

33.
34.
35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

Rynek Kolejowy (2022). Jest pierwsza hybryda z superkondensatorem! Innowacja Newagu na skale
Europy. https://www.rynek-kolejowy.pl/wiadomosci/jest-pierwsza-hybryda-z-superkondensatorem-
innowacja-newagu-na-skale-europy-
109117.htmi?fbelid=IwAR2mFXDmuPFAFouUA4SeZZMSJIv8pl4430SyeOv0IBDWp6-
UImtEMIsoS5jc

Pielecha, 1., Merkisz, J., Andrzejewski, M., Daszkiewicz, P., Swiechowicz, R., Nowak, M. (2019).
Ultracapacitors and fuel cells in rail vehicle drive systems. Rail Vehicles/Pojazdy Szynowe, (2), 9-19.
https://doi.org/10.53502/RAIL-138526

European Commission - Electrification of the Transport System — Studies and reports (2017)

Railway electrification map of the EU (https://openrailwaymap.org/)

COUNCIL REGULATION (EU) No 559/2014 of 6 May 2014 establishing the Fuel Cells and Hydrogen
2 Joint Undertaking

Fuel Cells 2000

EU Directive on Gas and Hydrogen Networks PE 729.303

Wu H., Wang L., Wang X., Sun B., Zhao Z., Lee C., Liu F. (2018) The effect of turbulent jet induced by
pre-chamber sparkplug on combustion characteristics of hydrogen-air pre-mixture. International Journal
of Hydrogen Energy Volume 43, Issue 16, pg: 8116-8126.
https://doi.org/10.1016/j.ijhydene.2018.02.155

Pielecha I., Merkisz J., Urbanski P., Gallas D., Andrych-Zalewska M. (2022) A Numerical Study of the
Effect of Hydrogen Fuelled Turbulent Jet Ignition Engine. SAE Powertrains, Fuels & Lubricants
Conference & Exhibition

Benajes J., Novella R., Gomez-Soriano J., Barbery |., Libert C. (2021) Advantages of hydrogen addition
in a passive pre-chamber ignited Sl engine for passenger car applications. Int J Energy Res.; 45: pg:
13219- 13237. https://doi.org/10.1002/er.6648

Pielecha I., Wislocki K., Cieslik W., Fiedkiewicz L. (2018) Prechamber selection for a two stage turbulent
jet ignition of lean air-gas mixtures for better economy and emission. E3S Web Conf., 70 03010, DOI:
https://doi.org/10.1051/e3sconf/20187003010

Bunce, M., Peters, N., Weiss, U., Seba, B. (2021). Jet Ignition as an Enabling Technology for Stable,
Highly Dilute Hydrogen Combustion in Off-Road and Heavy Duty Engines. In: Liebl, J., Beidl, C., Maus,
W. (eds) Internationaler Motorenkongress 2021. Proceedings. Springer Vieweg, Wiesbaden.
https://doi.org/10.1007/978-3-658-35588-3_14

Korn, T. (2019). The new highly efficient hydrogen internal combustion engine as ideal powertrain for
the heavy-duty sector. In: Liebl, J., Beidl, C., Maus, W. (eds) Internationaler Motorenkongress 2019.
Proceedings. Springer Vieweg, Wiesbaden. https://doi.org/10.1007/978-3-658-26528-1 23
Kapetanovi¢, M., Nufiez, A., van Oort, N., & Goverde, R. M. (2022). Analysis of hydrogen-powered
propulsion system alternatives for diesel-electric regional trains. Journal of Rail Transport Planning &
Management, 23, 100338. https://doi.org/10.1016/j.jrtpm.2022.100338

Siadkowska, K., Baranski, G., Sochaczewski, R., Wendeker, M. (2022). Experimental Investigation on
Indicated Pressure and Heat Release for Direct Hydrogen Injection in a Dual Fuel Diesel Engine.
Advances in Science and Technology Research Journal, 16(3), 54-66.
https://doi.org/10.12913/22998624/149300

Boretti A. (2011) Advances in hydrogen compression ignition internal combustion engines. International
Journal of Hydrogen Energy, Volume 36, Issue 19, pg: 12601-12606,
https://doi.org/10.1016/j.ijhydene.2011.06.148

A. Boretti. (2011) Diesel-like and HCCI-like operation of a truck engine converted to hydrogen.
International Journal of Hydrogen Energy, Volume 36, Issue 23, pg: 15382-15391,
https://doi.org/10.1016/j.ijhydene.2011.09.005

Sun Y., Anwar M., Hassan N.M.S. et al. (2021) A review of hydrogen technologies and engineering
solutions for railway wvehicle design and operations. Rail. Eng. Science 29, pg: 212-232.
https://doi.org/10.1007/s40534-021-00257-8

Pielecha 1., Engelmann D., Czerwinski J., Merkisz M. (2022) Use of hydrogen fuel in drive systems of
rail vehicles. Rail Vehicles, 1, pg: 10-19, https://doi.org/10.53502/RAIL-147725

Satpathy S., Das S., Bhattacharyya B.K. (2020). How and where to use super-capacitors effectively, an
integration of review of past and new characterization works on super-capacitors. Journal of Energy
Storage, Volume 27, 101044, ISSN 2352-152X, https://doi.org/10.1016/j.est.2019.101044

@ @ Copyright © 2023 D. Gallas, P. Stobnicki, W. Jakuszko, P. Urbafski & J. Kikut
This is an open access article distributed under the Creative Commons Attribution License



http://creativecommons.org/licenses/by/4.0/
https://www.rynek-kolejowy.pl/wiadomosci/jest-pierwsza-hybryda-z-superkondensatorem-innowacja-newagu-na-skale-europy-109117.html?fbclid=IwAR2mFxDmuPFAFouUA4SeZZMSJv8pl443OSyeOv0JBDWp6-U9mtEMlsoS5jc
https://www.rynek-kolejowy.pl/wiadomosci/jest-pierwsza-hybryda-z-superkondensatorem-innowacja-newagu-na-skale-europy-109117.html?fbclid=IwAR2mFxDmuPFAFouUA4SeZZMSJv8pl443OSyeOv0JBDWp6-U9mtEMlsoS5jc
https://www.rynek-kolejowy.pl/wiadomosci/jest-pierwsza-hybryda-z-superkondensatorem-innowacja-newagu-na-skale-europy-109117.html?fbclid=IwAR2mFxDmuPFAFouUA4SeZZMSJv8pl443OSyeOv0JBDWp6-U9mtEMlsoS5jc
https://www.rynek-kolejowy.pl/wiadomosci/jest-pierwsza-hybryda-z-superkondensatorem-innowacja-newagu-na-skale-europy-109117.html?fbclid=IwAR2mFxDmuPFAFouUA4SeZZMSJv8pl443OSyeOv0JBDWp6-U9mtEMlsoS5jc
https://doi.org/10.53502/RAIL-138526
https://openrailwaymap.org/
https://doi.org/10.1016/j.ijhydene.2018.02.155
https://doi.org/10.1002/er.6648
https://doi.org/10.1051/e3sconf/20187003010
https://doi.org/10.1007/978-3-658-35588-3_14
https://doi.org/10.1007/978-3-658-26528-1_23
https://doi.org/10.1016/j.jrtpm.2022.100338
https://doi.org/10.12913/22998624/149300
https://doi.org/10.1016/j.ijhydene.2011.06.148
https://doi.org/10.1016/j.ijhydene.2011.09.005
https://doi.org/10.1007/s40534-021-00257-8
https://doi.org/10.53502/RAIL-147725
https://doi.org/10.1016/j.est.2019.101044

