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Abstract

Nowadays, transportation becomes a significant source, apart from factories and power plants, of air pollution.
Therefore, due to legal restrictions on the emission of noxious gases, other power sources for vehicles are necessary.
Some of these power sources allow replacement of the internal combustion engine completely, whereas the other ones
only support the engine operation. Hence, a hybrid powertrain — alternative to the drivetrain equipped with an internal
combustion engine only — is increasingly being used. The hybrid powertrain was mostly applied in cars and buses but
recently it has been also used in railway vehicles such as locomotives and multiple units. The paper presents a shortened
and brief overview of construction solutions of selected hybrid locomotives. A list of the applied hybrid drive systems as
well as the basic data and properties are provided. The most important variants of vehicles are compared. The presented
material allows identification of the development trends in the considered area. The hybrid locomotive usually uses an
onboard rechargeable energy storage system, placed between the power source and the traction transmission system
connected to the wheelsets. Modification of a classic diesel-electric locomotives is a relatively simple procedure since
they have all the components of a series hybrid transmission except the storage battery. Therefore, the existing and operated
diesel-electric locomotives can be modified to increase their efficiency and reduce operating costs and emissions.
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1. Introduction

The increasing environmental pollution and the depletion of energy sources are the main problems
faced by the entire world. Nowadays, transportation becomes a significant source, apart from factories
and power plants, of air pollution. There is a huge number of vehicles (e.g. cars, trucks, locomotives)
with an internal combustion engine, which produces pollutants into the environment. Therefore,
vehicles with the internal combustion engines are considered to be one of the major air polluters
due to the emission of unburned hydrocarbons (HC), carbon monoxide (CO), carbon dioxides (CO,)
and nitrogen oxides (NOy). Hence, other power sources for vehicles are necessary due to legal
restrictions on the emission of noxious gases. Some of these power sources allow replacement of
the internal combustion engine completely, whereas the other ones only support the engine operation.

A hybrid powertrain — alternative to the drivetrain equipped with an internal combustion engine
only — is increasingly being used. The hybrid powertrain was mostly applied in cars and buses but
recently it has been also used in railway vehicles such as locomotives, multiple units and trams.
The most common hybrid powertrain in vehicles is a combination of the internal combustion engine
with an electric motor. The general characteristics of such system can be summarized as follows:
the internal combustion engine is connected to a power generator; the electric motor is not only the
engine but also acts as a generator used to charge the batteries that power it during operation.

Both motors can work together during the high demand for torque (e.g. acceleration or driving
uphill) or separately. The internal combustion engine usually does not work during stops. It works
and charges the batteries mostly while the vehicle drives at the constant speed.
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2. Hybrid locomotives

At present, many railway companies — especially those, which operate at the railway sidings —
deliberate whether, still bear significant costs related with locomotives with old internal combustion
engine or purchase modern locomotives. Modernization of existing locomotives can be also one of
the possible solutions. More and more often railway companies are interested in modernization
of locomotives to meet the latest environmental requirements and to eliminate the exhaust gases
from human environment. It is mostly related with shunting locomotives, which are usually
equipped with the internal combustion engines.

The hybrid locomotives usually use an onboard rechargeable energy storage system placed
between the power source and the traction transmission system connected to the wheelsets.
Modification of classic diesel-electric locomotives is a relatively simple procedure since they have
all the components of a series hybrid transmission except the storage battery. Therefore, the existing
and operated diesel-electric locomotives can be modified to increase their efficiency and reduce
operating costs and emissions.

The paper presents a shortened and brief overview of construction solutions of selected hybrid
shunting locomotives. The presented material gives the opportunity to identify the development
trends in the considered area.

2.1. Toshiba HD300 Series (Japan)

The HD300 series locomotive depicted in Fig. 1 is a type of hybrid diesel — battery Bo-Bo
wheel arrangement shunting locomotive operated by Japan Freight Railway Co. Ltd. A prototype
was built by Toshiba Logistics and delivered in March 2010. The main aims in development of this
locomotive were to reduce toxic exhaust gases, lower the exterior noise level, and reduce CO;
emissions, based on the concept of an ECO-friendly, clean locomotive [1].

Fig. 1. Prototype of the Toshiba HD300 shunting locomotive [2]

A modular concept was adopted in the Toshiba locomotive. It means that each device was
modularized to make it easier to introduce future new technologies, e.g. replacing the internal
combustion engine with a fuel cell without considerable changes in vehicle body. The general
structure of the locomotive is shown in Fig. 2.

A series hybrid system was applied in the HD300 series. Energy flows at powering and the
breaking modes are presented in Fig. 2a and 2b, respectively. The internal combustion engine works
as the power source only and it is used for generating the electric power. Therefore, it is quite easy
to take preventive action against the exhaust and noise [1]. NOy emission is about 62% lower whereas
the fuel consumption is reduced of 36% in comparison to the conventional diesel locomotive. The
noise reduction is about 22 dB for the engine running with high speed rotation [2].
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Fig. 2. Energy flows at powering (a) and breaking (b) mode for the HD300 hybrid locomotive [3]

The HD300 locomotive is equipped with high-performance and high-capacity lithium-ion
LIM30H-8A batteries manufactured by GS Yuasa. The main battery output capacity is high enough
to start driving even in cold regions and regardless of deterioration of the modules over time.
Moreover, the main battery is endowed with some redundancy by forming multiple banks, so that
operation can be continued by cutting out the defective bank in the event of a fault [1].

Technical parameters of the HD300 hybrid locomotive are provided in Tab. 1 in chapter 3.

2.2. TEMO9H Sinara Hybrid (Russian Federation)

TEMO9H Sinara Hybrid (Fig. 3) is the first Russian hybrid locomotive developed on the basis of
the TEMO diesel locomotive. It is built by Ludinovsky locomotive plant (LudTZ) [3]. The locomotive
is Bo-Bo wheel arrangement shunting locomotive. It has an electric transmission with a variable
alternating current individual drive to each wheelset and a total output power of 1,200 KM. It will be
equipped with lithium-ion batteries and super condensers. Technical specifications of this locomotive
are enigmatic but the manufacturer ensures that diesel fuel consumption will fall by 40% and exhaust
emissions reduced to 55%, which corresponds to European rolling stock standards. The TEM9H
Sinara Hybrid is able to work 4 hours using battery only [4].

Technical parameters of the locomotive are provided in Tab. 1 in chapter 3.

Fig. 3. The TEM9H Sinara Hybrid shunting locomotive [5]
2.3. Railpower GG20B Green Goat (Canada)

The Railpower GG20B Green Goat is a diesel hybrid shunting locomotive built by Railpower
Technologies Co. The prototype numbered RPRX 2001 was built in 2001 and it was identified as
GGS2000D (Fig. 4). Consecutive versions of locomotives were slightly different in outward
appearance — hoods sizes, louvers, number of air vents, exhaust stack, etc. — and equipment — e.g.
90 KM diesel generator mounted in the prototype was successively replaced by 130 KM, and even
670 KM gen-set in Canadian Pacific version (Fig. 5) in 2006 [6].
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Fig. 4. The Railpower GGS2000D — a prototype of the GG20B Green Goat locomotive [6]

Fig. 5. The Railpower GG20B Green Goat shunting locomotive operated by Canadian Pacific [6]

A scheme of the hybrid technology applied in this locomotive is depicted in Fig. 6. The internal
combustion engine is used only to charge the batteries. It allows avoiding major losses in fuel
consumption when running at idle [7]. Large savings in fuel consumption (40-70%) and significant
reduced emissions (80—90%) are possible due to reduction of the idling time. The internal combustion
engine is turned off during the operating stops and the restart is done from the batteries [7]. Green
Goats are usually equipped with Caterpilar C9 four-stroke diesel turbocharged engines.

In 2007, it was attempted to converse one locomotive to hydrogen fuel cell hybrid. It was planned
to place the hydrogen storage tanks on top of the long hood, whereas the fuel cell were located
where the gen-set was normally found. To date, 55 locomotives of this type have been produced.
They are used by both private railroad companies and the US Army as well.

Technical parameters of the Railpower GG20B locomotive are provided in Tab. 1 in chapter 3.

Fig. 6. A scheme of the hybrid technology applied in the Railpower GG20B Green Goat shunting locomotive [8]
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2.4. GE Evolution Hybrid (United States)

The GE Evolution Hybrid locomotive was presented in 2007 under ecomagination strategy. It
was built by GE Transportation and designed to reduce fuel consumption and emissions over its
extended lifetime [9]. The GE Evolution Hybrid is Co-Co wheel arrangement locomotive. It is
equipped with the GEVO four-stroke diesel engine. The energy dissipated during braking is captured
and stored it in a series of sophisticated batteries. The sodium metal-chloride (lead-free) rechargeable
batteries are able to provide superior performance by allowing operators to draw an additional
2000 KM when needed [10]. Therefore the total power output is about 4,400 KM. The GE Evolution
Hybrid was being developed with the goal of creating the cleanest, most fuel-efficient high-horsepower
diesel locomotive ever built. It is assumed that fuel consumption can be reduced by as much as 15%
and emissions by as much as 50% compared to most of the freight locomotives in use today [11].

The GE Evolution Hybrid locomotive shown in Fig. 7 whereas its technical parameters are
provided in Tab. 1 in chapter 3.

Fig. 7. The GE Evolution Hybrid locomotive [10]
2.7. Alstom BR 203H (Germany)

Alstom launched its prototype hybrid shunting locomotive (Fig. 8) at InnoTrans 2006. The Alstom
BR203H is based on the German shunting locomotive BR203. The prototype was equipped with
200 kW gen-set and 350 kW battery module. The hybrid system is parallel, hence the locomotive
can be powered either by the generator or by the energy stored in the batteries, or the use of both
power sources simultaneously. Energy flows in different modes of hybrid system working are
presented in Fig. 9.

Fig. 8. The prototype of the Alstom BR203H shunting locomotive [12]
According to Alstom [13], advantages of the hybrid concept in this locomotive are as follows:

approximate 40% fuel saving, approximate 50% reduction of emission, 10dB decrease of noise while
the generator runs.

131



M. Konarzewski, T. Niezgoda, M. Stankiewicz, P. Szurgott

The Alstom BR203H technical parameters are provided in Tab. 1 in chapter 3.

a) b)

c) d)

Fig. 9. Energy flows in different modes of hybrid system working: basic mode as diesel-electric shunter (a), hybrid mode
for power peak (b), battery refilled during traction off (c), battery mode while generator module is off (d) [13]

2.6. Rada 718 (Czechoslovakia)

The Rada 718 hybrid shunting locomotive was build by CKD Praha in 1986 [14]. It was equipped with
189 KW LIAZ M 637 diesel engine. Additional energy of 360 kW was received from the Ni-Cd
batteries. Energy dissipated during braking was captured and stored in batteries. It was also
possible to recharge batteries during stops using diesel generator or from the 3 x 380 V network.

The locomotive was tested in CKD sidings and later in the test circuit in Cerhenice. Finally, it
was operated in Olomouc since October 1986. The circuit test results revealed about 20-30%
lower fuel consumption in comparison to the standard diesel-electric shunters [14].

The Rada 718 locomotive presented in Fig. 10 whereas its technical parameters are provided in
Tab. 1 in chapter 3.

Fig. 10. The Rada 718 locomotive hybrid locomotive [15]

2.7. Rdba Mk 48 Hybrid (Hungary)
A Raba Mk 48 Hybrid is a rebuilt diesel-hydraulic narrow-gauge locomotive Raba Mk 48.

Modification was carried out to reduce emission since the Mk 48 Hybrid was planned to operate for
Szilvasvarad Forest Railway and carried tourist traffic mostly [15]. The loco was rebuilt by MAV
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Vasjarmu. It is equipped with Cummins QSB6.7 diesel engine and Lithium-lron-Phosphate batteries.
The batteries are charged when the locomotive is running down the line’s steep gradients. The
stored energy is used to power the locomotive in electric mode for shunting at stations. In hybrid
mode, the locomotive can operate parallel using diesel gen-set and the batteries [16].

The Raba Mk 48 Hybrid locomotive presented in Fig. 11 whereas its technical parameters are
provided in Tab. 1 in chapter 3.

Fig. 11. Szilvasvarad Forest Railway Raba Mk 48 battery-hybrid locomotive [16]

3. Summary

Selected technical parameter, e.g. locomotive weight, axle arrangement, hybrid system, maximum
power of the diesel engine, the total output power, and types of batteries for considered hybrid
locomotives are provided in Tab. 1.

Tab. 1. Summary of the technical parameters of considered hybrid locomotives

Locomotive Weight g)r(rl.e ':y)gt;;g Die;e(z)lvsgrgine To'gyllljtgz\;ver Battery types
Toshiba HD300 60t |Bo-Bo series (222‘2 tx) (?;Z)% EVMV) lithium-ion
TEMO9H Sinara Hybrid 90t | Bo-Bo | not specified (86‘22 ':VI\\A/) %8%050;\(/\/'\;' lithium-ion
Railpower GG20B 130t | Bo-Bo series éi% ':VI\\A/) (21?13(()) }IEVMV) lithium-ion
GE Evolution Hybrid 207t | Co-Co parallel ég%% I:V'\\/I/) Soﬂlﬁ]r::)ﬂqdeéal'
Alstom BR 203H 80t |Bo-Bo parallel ég% Evl\c) (75352 llf\%l) -cr;idcxtm
Rada 718.5 64t |Bo-Bo parallel (i%g Evl\c) gi‘é llf\%l) _Cr;idcrl:ﬁ:;m
Raba Mk 48 Hybrid [17] | 17.6t |Bo-Bo|  parallel (%i tv'\c) é%i ';VMV) "tgﬁﬂ?péﬁg
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