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(C) 2025 PV Storage Systems

Keywords: Energy storage; urban trams; electric vehicle charging; electric
vehicles. 5 1. Introduction There is a growing interest in "green" energy,
prompted by both government regulations, and general interest amongst
the population in achieving a low carbon future through the adoption of
cleaner transportation (Rezvani et al., 2015

Implementation of energy storage system on-board a tram allow the
optimised recovery of braking energy and catenary free operation. Figure
3 shows the schematic which allows energy storage to be implemented
on-board a tram. The braking resistor is installed in case the energy
storage is unable to absorb braking energy. The energy flow

Vehicle-for-grid (VfG) is introduced as a mobile energy storage system
(ESS) in this study and its applications are investigated. Herein, VfG is
referred to a specific electric vehicle merely utilised by the system
operator to provide vehicle ??7?

There are a number of challenges for these mobile energy recovery and
storage technologies. Among main ones are - Thermal energy storage for
electric vehicles at low temperatures: concepts, systems, devices and
materials. Renew Sustain Energy Rev, 160 (2022), Article 112263,
10.1016/J.RSER.2022.112263.

The trams with the energy storage system have been assembled and
have completed the relative type tests. Jianguo C (2015) Development of
a new type vehicle energy storage system for urban rail transit. Res Urban
Rail Transit (7):18. Amin (2015) Energy storage system using battery and
ultracapacitor on mobile charging station for

Traditional trams mostly use overhead catenary and ground conductor rail
power supply, but there are problems such as affecting the urban
landscape and exclusive right-of-way [5].At present, new energy trams
mostly use an on-board energy storage power supply method, and by

1/9 Web: https://twojaelektryka.com.pl



-,

L

t“" SOLAR
PSSR PRO.

TRAM MOBILE ENERGY STORAGE VEHICLE

using a single energy storage component such as batteries, or
supercapacitors.
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The extreme weather and natural disasters will cause power grid outage.
In disaster relief, mobile emergency energy storage vehicle (MEESV) is
the significant tool for protecting critical loads from power grid outage.
However, the on-site online expansion of multiple MEESVs always faces
the challenges of hardware and software configurations through
communications. In order to ??7?

The basic model and typical application scenarios of a mobile power
supply system with battery energy storage as the platform are introduced,
and the input process and key technologies of mobile

A tram's hybrid power system mainly consists of an energy storage
system and a motor system. The motor system is connected to the DC
bus through the inverter, whose power is all from the hybrid

Based on the existing operating mode of a tram on a certain line, this
study examines the combination of ground-charging devices and energy
storage technology to form a vehicle (with a Li battery and a super
capacitor) and a ground (ground charging pile) power system.

Energy storage systems (ESSs) are enabling technologies for
well-established and new applications such as power peak shaving,
electric vehicles, integration of renewable energies, etc.
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The characteristics of the energy storage equipment of the tram, which is
the tram power supply system, will largely affect the performance of the
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whole vehicle. Since there is still a lack of a single energy storage element

with high power density and energy density to meet the vehicle operation
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requirements [6,7].

. Uneven heat dissipation will affect the reliability and performance
ﬂ i — attenuation of tram supercapacitor, and reducing the energy consumption
2 _ . |- ! ! of heat dissipation is also a problem that must be solved in supercapacitor
' | . engineering applications. This paper takes the vehicle supercapacitor
-—

energy storage power supply as the research object, and uses
computational ???

The storage system can be generally oriented directly to the tram as a
decentralized mobile solution [1, 2] for the trolley net system or can
concentrate all electrical energy flows to centralized solution inside the

! substation on the primary or on the secondary side of AC/DC converter
[3].
An alternative is catenary free trams, driven by on-board energy storage
system. Various energy storage solutions and trackside power delivery
technologies are explained in [4], [5]. Lithium-ion

Tram manufacturers have different ways of approaching the design of

INTEGRATED DESIGN

low-floor trams with compact and reliable running gears, and therefore
several tram architectures can still be found. A complete standardization
of trams is nearly impossible, and technical innovations can be more

easily introduced if compared to conventional railway vehicles, but the
trend towards ???
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A mobile (transportable) energy storage system (MESS) can provide
various services in distribution systems including load leveling, peak
shaving, reactive power support, renewable energy

This paper examines the possible placement of Energy Storage Systems
(ESS) on an urban tram system for the purpose of exploring potential
increases in operating efficiency through the ???

This article focuses on the optimization of energy management strategy
(EMS) for the tram equipped with on-board battery-supercapacitor hybrid
energy storage system. The purposes of ???

From a system-level perspective, the integration of alternative energy
sources on board rail vehicles has become a popular solution among
rolling stock manufacturers. Surveys are made of many recent realizations
of multimodal rail vehicles with onboard electrochemical batteries,
supercapacitors, and hydrogen fuel cell systems.

This paper investigates the benefits of using the on-board energy storage
devices (OESD) and wayside energy storage devices (WESD) in light ralil
transportation (metro and tram) systems.

In the current era of energy conservation and emission reduction, the
development of electric and other new energy vehicles is booming. With
their various attributes, lithium batteries have become the ideal power
source for new energy vehicles. However, lithium-ion batteries are highly
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sensitive to temperature changes. Excessive temperatures, either high
2?7
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The core subsystems of ART tram vehicle structure, electrical system, and
energy storage system are designed respectively, which complies with the
technical standards of rail transportation and feature enhanced
performance and advantages inherited from light rail transit and electric
buses. In a typical three-unit ART tram, the energy

This paper presents the recent developments and applications of energy
storage devices used in electrified railways, including both metro trains
and trams. The term "energy storage devices" refers to batteries,
flywheels, ???

Modern tram and mixed energy storage tram. Its adventure fills the gap in
the application of hydrogen energy in the global tram field and also makes
China the first country in the world to master the hydrogen energy rail tram
technology [6]. This article takes the Gaoming Corridor tram opened in
2019 as an example to introduce the

[1] S. M. G Dumlao and K. N Ishihara 2022 Impact assessment of electric
vehicles as curtailment mitigating mobile storage in high PV penetration
grid Energy Reports 8 736-744 Google Scholar [2] Stefan E, Kareem A.
G., Benedikt T., Michael S., Andreas J. and Holger H 2021 Electric vehicle
multi-use: Optimizing multiple value streams using mobile ??7?

Abstract: Vehicle-for-grid (VfG) is introduced as a mobile energy storage
system (ESS) in this study and its applications are investigated. Herein,
VIG is referred to a specific electric vehicle merely utilised by the system
operator to provide vehicle ??7?

Jia, Z.D.: A real-time MPC-based energy management of hybrid energy
storage system in urban rail vehicles. Energy Procedia 152(1), 5267?7531
(2018). (in Chinese) Article Google Scholar Zhu, F.Q.: Research on
acceleration-time-prediction-based energy management and optimal

719 Web: https://twojaelektryka.com.pl



-,

L

t“" SOLAR
PSSR PRO.

TRAM MOBILE ENERGY STORAGE VEHICLE

sizing of onboard energy storage system for modern trams.
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The T3 line was a short line (7.9 km) and a long tram car (40 m) running
frequently every 4 min. There were 16 trams running for the rush hour,
which meant a ratio of service which was more than 2 trams per km. As
the T3 line had very high receptivity, the energy storage did not prove its
efficacy much. (mobile energy storage) module based

To date, various energy storage technologies have been developed,
including pumped storage hydropower, compressed air, flywheels,
batteries, fuel cells, electrochemical capacitors (ECs), traditional
capacitors, and so on (Figure 1 C). 5 Among them, pumped storage
hydropower and compressed air currently dominate global energy storage,
but they have ???

renewable energy generation [3,4]. However, the high investment and
construction costs of energy storage devices will increase the cost of the
energy storage system (ESS). The application of electric vehicles (EVs) as
mobile energy storage units (MESUS) has drawn widespread attention
under this circumstance [5,6].

Therefore, the use of energy-storage traction power supply technology
can achieve good results in urban construction [[3], [4], [5]]. Tram with
energy storage is the application of energy storage power supply
technology, the vehicle itself is equipped with energy storage equipment
as the power source of the whole vehicle.
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