
Using electric trains as energy storage
systems

Can onboard energy storage systems be integrated in trains?

As a result, a high tendency for integrating onboard energy storage systems in trains is being observed

worldwide. This article provides a detailed review of onboard railway systems with energy storage devices.

In-service trains as well as relevant prototypes are presented, and their characteristics are analyzed.

 

Can energy storage be used in electrified railway?

Many researchers in the world have put a lot of attention on the application of energy storage in railway and

achieved fruitful results. According to the latest research progress of energy storage connected to electrified

railway, this paper will start with the key issues of energy storage medium selection.

 

Why are electric railways becoming a popular transport medium?

Electrified railways are becoming a popular transport medium and these consume a large amount of electrical

energy. Environmental concerns demand reduction in energy use and peak power demand of railway systems.

Furthermore,high transmission losses in DC railway systems make local storage of energy an increasingly

attractive option.

 

Does transenergy reduce energy consumption in DC electric railway systems?

Fletcher D, Harrison R, Nallaperuma S (2019) Transenergy--a tool for energy storage optimization, peak

power and energy consumption reduction in DC electric railway systems. J Energ Storage 30:101425 Matsuda

MMK, Ko H (2016) Train operation minimizing energy consumption in DC electric railway with on-board

energy storage device.

 

Should rail vehicles have onboard energy storage systems?

However, the last decade saw an increasing interest in rail vehicles with onboard energy storage systems

(OESSs) for improved energy efficiency and potential catenary-free operation. These vehicles can minimize

costs by reducing maintenance and installation requirements of the electrified infrastructure.

 

How do electric trains work?

Electrified railways generally use electric drives consisting of induction motorsfor their movement. There are

two modes of operation: as motors themselves,fed by the grid and consuming the energy needed to drive the

train,and in generator mode when the electric brake is used to reduce speed.

improving trains'' energy and environmental performance. A significant problem in vehicle hybridization is

determining the optimal size for the energy storage system, while incorporating an energy management

strategy as well as technical and operational requirements. With the primary requirement imposed by the

railway un-
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The optimization of the train speed trajectory and the traction power supply system (TPSS) with hybrid energy

storage devices (HESDs) has significant potential to reduce electrical energy consumption (EEC). However,

some existing studies have focused predominantly on optimizing these components independently and have

ignored the goal of achieving systematic optimality ...

Focus has been given to railway systems being globally considered as a tractor project for promoting the use

of green and renewable energy by helping build the required infrastructure. As a result, a high tendency for

integrating onboard energy storage systems in trains is being observed worldwide.

Consequently, a hybrid energy system that constitutes a hydrogen fuel cell (as the primary power source) with

super capacitors, batteries or flywheels for energy storage is necessary for a rail vehicle power system [100]. A

critical issue that needs to be addressed is finding an FC hybrid system that can work effectively with the

existing train ...

1.2 Railway Energy Storage Systems. Ideally, the most effective way to increase the global efficiency of

traction systems is to use the regenerative braking energy to feed another train in traction mode (and absorbing

the totality of the braking energy) [].However, this solution requires an excellent synchronism and a small

distance between "in traction mode" and "in ...

There are several types of train braking systems, including regenerative braking, resistive braking and air

braking. Regenerative braking energy can be effectively recuperated using wayside energy storage, reversible

substations, or hybrid storage/reversible substation systems. This chapter compares these recuperation

techniques.

This article provides a detailed review of onboard railway systems with energy storage devices. In-service

trains as well as relevant prototypes are presented, and their characteristics are ...

This paper proposes an approach for the optimal operation of electrified railways by balancing energy flows

among energy exchange with the traditional electrical grid, energy consumption by accelerating trains, energy

production from decelerating trains, energy from renewable energy resources (RERs) such as wind and solar

photovoltaic (PV) energy ...

In addition, using energy storage systems in diesel-electric trains is a great strategy to improve energy

performance. Therefore, it is helpful to study and analyze other techniques that depend on energy storage, such

as using PV solar panels on the train''s roof and storing the energy produced during the train''s journey.

At present, previous studies have shown that regenerative braking energy of urban rail transit trains can reach

30-40% of traction energy consumption [].If the energy storage system equipped on the train can recycle the

braking energy, the economical and environmental protection of urban rail transit systems will be greatly

improved.
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The proposed optimal energy management system balances the energy flows among the energy consumption

by accelerating trains, energy production from decelerating trains, energy from wind and solar photovoltaic

(PV) energy systems, energy storage systems, and the energy exchange with a traditional electrical grid. In this

paper, an AC optimal power flow (AC ...

DOI: 10.1049/itr2.12399 Corpus ID: 259429874; Optimal driving strategies for emergency operation of

high-speed trains using on-board energy storage systems @article{Zhu2023OptimalDS, title={Optimal

driving strategies for emergency operation of high-speed trains using on-board energy storage systems},

author={Yutong Zhu and Bo ...

Among railway systems, electric trains consume less energy than diesel and steam trains due to the light

weight resulting from not carrying energy sources on-board. The low energy consumption of trains in electric

railways results in releasing fewer carbon dioxide (CO 2) emissions compared to other transportation systems.

Moreover, electricity ...

The company says its system is scalable and can be configured to provide grid-frequency regulation systems

from 10 to 200 MW power and grid scale energy storage systems from 200 MW power with 1 ...

Existing EV batteries are given a secondary use rather than producing and maintaining specialized energy

storage systems for electric trains systems. The combined EV population can either be discharged to help

adjacent accelerating trains, decreasing peak power demand of substation, or charged by absorbing power

from RBE.

To improve the energy-efficiency of transport systems, it is necessary to investigate electric trains with

on-board hybrid energy storage devices (HESDs), which are applied to assist the traction ...

evaluated including onboard energy storage, trackside energy storage, operational enhancements such as

start/stop synchronization, and software modifications for train cars to better utilize regenerated energy. To

evaluate these new techniques and technologies, and to develop the associated benefit cost

Batteries 2022, 8, 167 2 of 29 range of electric trains. Li-ion BATs-driven light rail has been applied in the

West Japan railway [8] and Ni-MH BATs-driven was installed in France tramway [9].

This paper proposes an approach for the optimal operation of electrified railways by balancing energy flows

among energy exchange with the traditional electrical grid, ...

To improve the energy-efficiency of transport systems, it is necessary to investigate electric trains with

on-board hybrid energy storage devices (HESDs), which are applied to assist the traction and recover the

regenerative energy. In this paper, a time-based mixed-integer linear programming (MILP) model is proposed
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to obtain the energy-saving ...

The breadth and depth of BESS use cases are expanding all the time. Developing a 100-megawatt BESS is

critical to the wide-scale adoption of this new energy source and maintaining a secure and reliable electrical

grid (Adekoya et al., 2021)  smart distribution network management of renewable energy power resources and

intelligent mobility, ...

At near-future battery prices (US$100 kWh -1), battery-electric trains can achieve parity with diesel-electric

trains if environmental costs are included or if rail companies can access ...

Pe r-review u er responsibility of the sci ntific committee of the 8th International Conference on Applied

Energy. 4562 Nima Ghaviha et al. / Energy Procedia 105 ( 2017 ) 4561 &#226;EUR" 4568 Nomenclature

EMU Electric Multiple Unit DMU Diesel Multiple Unit ESS Energy Storage System SESS Stationary Energy

Storage System OESS On-board Energy ...

This paper presents a cutting-edge Sustainable Power Management System for Light Electric Vehicles (LEVs)

using a Hybrid Energy Storage Solution (HESS) integrated with Machine Learning (ML ...

A problem of peak power in DC-electrified railway systems is mainly caused by train power demand during

acceleration. If this power is reduced, substation peak power will be significantly decreased. This paper

presents a study on optimal energy saving in DC-electrified railway with on-board energy storage system

(OBESS) by using peak demand cutting strategy ...

The electric energy storage systems used in diesel - electric trains are onboard (OESS) and stationary (SESS)

energy storage systems. The p ower and energy capacities required

An optimisation framework based on genetic algorithms is developed to optimise a DC electric rail network in

terms of a comprehensive set of decision variables including ...

With the increasing penetration of renewable energy sources (RES), a battery energy storage (BES) Train

supply system with flexibility and high cost-effectiveness is urgently needed. In this context, the mobile

battery energy storage (BES) Train, as an efficient media of wind energy transfer to the load center with a

time-space network (TSN), is proposed to assist ...

Electric drive system can convert power in two directions. When the train is in traction mode, electric drive

system absorbs energy from on-board ESS. Part of this power is lost on the internal resistance of the battery

and electric drive system, and the remaining power P t is used to drive trains. When the train is in braking

mode, electric ...

For hydrogen fuel cell electric trains, a high volumetric storage capacity is more appealing for a long-haul
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operation. Therefore, in some cases, e.g., a hydrogen train project in South Korea, ... For example, a good

energy management and control system (EMCS) ensures the state of charge of the battery at the end of an

operational cycle close ...

This chapter tackles the application of energy storage systems in railways to maximise the use of regenerated

energy and the influence in train efficient-driving. The main ...

Battery Electric Trains. Battery electric trains are another alternative power source that is gaining popularity in

the railway industry. These trains are powered by rechargeable batteries, which provide the necessary energy

for propulsion. One of the main advantages of battery electric trains is their zero-emission operation. Since

they do not ...

Emerging automotive powertrain technologies for electric vehicles (EVs) are considered as a viable solution in

reducing environmental footprints from the predominant road transport sector [5] ntinuous advancements on

propulsion systems for EVs offer flexible design, improved vehicle performance and safety [6].For the railway

sector, synergetic electrification of ...

V.T. Cheremisin, V.L. Nezevak, A.P. Shatokhin, Improving the DC traction power supply system with

electrical energy storage devices at heavy train circulation areas (Omsk State University of ...

Here we examine the potential to use the US rail system as a nationwide backup transmission grid over which

containerized batteries, or rail-based mobile energy storage ...

He, G. et al. Utility-scale portable energy storage systems. ... environmental, and grid resilience benefits of

converting diesel trains to battery-electric. Nat. Energy 6, 1017-1025 (2021).
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