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The energy cost of a rail transport system is very big especially for the tractions of trains in its daily operation. Continual effort on
decreasing the traction energy cost intensities of various rail transport modes has been made by many researchers and practitioners
on different aspects for a long time. From the rail transport operation perspective, this study reviews such energy-saving research
mainly focusing on the optimizations of train coasting schemes, the rational designs and utilizations of track alignments, the
ameliorations of train attributes, and the improvements of system operations. According to the review work, it is confirmed that in
sound responses to distinct track alignments, dynamically optimizing control programs of trains with their reasonably improved
attributes ought to be further studied in view of the systematic transport operation of a rail line or network in an integrated manner
as much as possible in the future research on traction energy saving of rail transport.

1. Introduction
Although rail is commonly regarded as an energy-saving
travel pattern, the operation of a rail transport system
consumes in fact a huge amount of energy every day. For
example, the weekly electric cost of merely one railway station
of Hong Kong Mass Transit Railway Corporation reaches
230 megawatt hours [1]. Such huge energy consumption
sometimes may have a serious energy waste. For instance, it is
astonishing that the energy cost (EC) per passenger trip of a
transport completed by the metro system in New York is even
much higher than the EC of the same trip by car on average,
mainly due to the low utilizations of the passenger capacities
of the metro trains [2].
Therefore, only rationally utilizing a rail transport mode
is able to avoid unnecessary EC to achieve its sustainable
operation and development. For example, optimizing the
streamline design of a train [3], increasing its passenger
capacity utilization rate to some reasonable levels [4, 5],
coasting the train, that is, in other words, taking advantage of
its inertia motion, as much as possible in its transport process
[5, 6], and so on all in practice take much positive effect on
decreasing its EC per unit transport. In addition, traction
power innovations are also able to not only effectually

improve the EC efficiency of a train [7] but also substantially
reduce its emissions of NO𝑥 , CO, PM, and so forth [8].

2. Energy Cost Factors
The EC of a rail transport system for its daily operation
consists of two parts, that is, the traction EC (TEC) for the
tractions of its trains and the additional EC for, for example,
lightening in stations, repairing cars in depot(s), and so forth.
The share of the TEC is ordinarily much more than half of the
total EC of a rail transport system. As shown in Figure 1, the
TEC intensity (i.e., the TEC per unit transport) of a train for
its completion of a transport task is dynamically determined
by many factors on the aspects of driving tactics (i.e., mainly
the coasting program) of the train, alignments (e.g., the
slope gradients) of the track, attributes (e.g., the start-stop
frequency) of the train, operation management (e.g., the train
scheduling) of the rail transport system, natural environment
(e.g., the wind [9]) and others (e.g., the aerodynamic forces
especially in a tunnel [10]) in an integrated manner.
Focusing on the impacts of various factors, many
researchers and practitioners have been continually for a long
time making effort for the decrease of the TEC intensity of
a train or, afterwards in a further, multitrains operating on
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Figure 1: Influence on TEC intensity.

a rail transport line or network and have proposed many
valuable suggestions. This study reviews these works from
the transport operation perspective mainly with respect to
train coasting control optimization, reasonable track alignment design and utilization, train attribute amelioration, and
rail transport system operation management improvement.
Accordingly, the direction of our effort in future research is
indicated for radically decreasing the TEC intensity of the rail
transport system operation in an effective way.

3. Coasting Control
A train consumes energy in a relatively very slight intensity
when it coasts. Rational site choices of a train for the starts
of its coasting along a rail line are able to effectively decrease
the TEC of the train for its whole trip by avoiding its brakes
for changing its speed with much loss of its kinetic energy. As
illustrated in Figure 2, much importance in research has been
attached to the optimization of the coasting scheme of a train
for its energy saving in regard to transport time expenditure
(TTE), train traction performance, passenger ride comfort,
and so forth.
Based on train traction calculations [11, 12], a transport
simulation program following the principle of coasting vector
(i.e., coasting speed and coasting start point) to achieve the
optimum automatic train operation with the least TEC for
a trip in a certain travel time is developed by Chui et al.
[13] for Kowloon-Canton Railway (KCR). A train is given a
coasting vector data from the trackside so that whenever the
train has actually reached the coasting speeds or coasting start
points determined with a view to passenger travel demands
in different daily operation time of a rail line, its motoring
power will be shut off. In this way, about 3% of the TEC could
be saved for KCR.
For the sake of improving the application result veracity of
a train coasting program, Chang and Sim [14] newly propose
a genetic algorithm (GA) [15] applied in their rail transport
simulation study which takes moving block signals [16] to
insure the safe distance between two neighboring trains running on the same rail line. Different sites of a transport section
between neighboring stops and various control actions of a
train are respectively regarded as genes and chromosomes
in the GA to search for the optimal coasting start points
of the train. Decreasing TEC, ensuring on-time running,
and avoiding jerky actions (i.e., in other words, providing
comfortable transport service to the passengers) of a train are
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Figure 2: Coasting optimization for decreasing TEC intensity.

considered in a comprehensive way to optimize its driving
tactics for a transport mission.
Because of the computational complexities of GAs for the
exploration of the optimal coasting program in comparison
with, for example, gradient algorithms [17] especially when
the stop spacing of a train is comparatively very short
[18], Hwang [19] tries to simplify the process of optimizing
coasting controls of a high-speed railway (HSR) train for its
energy saving. The relationships between the economic speed
of a HSR train and its TEC and TTE for a passenger transport
work are built based on fuzzy clustering analyses [20, 21]. As a
result, it is possible to get the range of the economic speed of
a train according to expected TEC and TTE. Thereafter, the
coasting program of a train is resolved by taking advantage of
a hybrid scheme of GAs to optimize the speeds of the train at
different rail sites within its economic speed range.
Due to low efficiencies of classic numerical optimization
methods [22] and burdensome train traction calculations in
detailed simulations of the transport controls of a train [5],
it is difficult to truly realize the optimum on-board controls
for the minimal TEC. On the basis of existing studies, Bai et
al. [23] develop a set of train operation guidance equipments
to successively give suggestions to the driver of a train in
its transport process for optimizing the driving actions for
traction energy saving to some dynamically real-time extent.
Liu and Golovitcher [22] provide an analytical approach
solved by maximum principles [24, 25] for relatively efficient
decisions of optimal control change points of a train adopting
full or partial braking, coasting, or motoring with partial or
full power. Moreover, according to the statistical distribution
of the operating conditions described by the speeds and
accelerations of a train on the macrolevel, Lindgreen and
Sorenson [5] simplify the transport simulation work for the
versatile and flexible control strategy (including coasting start
points) optimization with an acceptable TEC computation
accuracy.
Based on previous research on the effect of optimizing
the coasting plan of a train on its TEC intensity, analyses of
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the additional impacts of traction acceleration and braking
capacity of a train are made by Bocharnikov et al. [26] in
simulation with utilizing dynamics theories [27], GAs, and
fuzzy mathematics (FM) [28]. Different coasting programs
of a train for the same transport work are comparatively
studied with focusing on the changes of its TTE as well as
TEC. The coasting scheme is finally determined to prevent
the unilateral optimization of the TEC at overmuch expense
of the TTE. The utilized GA is able to effectively avoid
improperly adopting local optimal solutions in searching for
the most energy-saving coasting start points for the whole
trip. Moreover, variables applied in the dynamic simulations
are well defined by FM methods.
With regard to transport time schedule adherence, Kim
and Chien [29] newly develop a train performance simulation
approach to optimize the controls of a train for distinct
types of track alignments to decrease its TEC for a certain
trip. Under some transport time constraints for a transport
distance between neighboring stops, the most energy-saving
control scheme of a train for the transport section is determined according to the optimal selection of its coasting start
points. In this respect, simulated annealing approach [30] is
utilized to analyze the TECs of different operations of the
train for various track alignments in the transport section
which is divided into many small subsections. Further, Kim
and Chien [31] improve their work with the additional
consideration of the formation of a train. The sensitivity
analyses of different factors such as track alignment, speed
limit and train formation of a train are also made for its
energy saving.

4. Track Alignments
As previously-clarified from the viewpoint of optimizing the
coasting scheme of a train, various types of track alignments
have different influence upon the TEC intensity of the same
train control action. Therefore, by effectively transforming
potential energy of ramps along a rail line [32–34] and
increasing running straightness of a train in plane [35],
reasonable designs and/or utilizations of the track alignments
are much beneficial to reducing the TEC intensity of a train.
Valuable studies have been made on this aspect in view of, for
example, driving strategy of a train, headway of trains, and
ride comfort of passengers, as interpreted in Figure 3.
Focusing on updating the ramps in stations along a metro
line for different transport distances between neighboring
stops, Hoang et al. [36] first attempt to simultaneously optimize vertical track alignments and train operation control
for traction energy saving. Different patterns of the ramps
are defined according to realities. Heuristic algorithms [37]
and dynamic programming (DP) [38] are used to detect the
slope change points of each type of the ramps. Thereafter,
a simulation approach is applied in accordance with the
principles of train traction calculations to compute the TEC
of a train for its trip from one terminal station to another of a
rail line. The designs of the energy-saving slopes of the ramps
in each of the stations and the corresponding actions of a train
on different rail sites are able to be optimized rationally.
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Figure 3: Track alignment design and utilization for reducing TEC
waste.

From a unique viewpoint, Firpo and Savio [39] do
research on how to reduce the electric energy provided by
a transformer substation to a transport section of an HSR
line for the transports of a certain number of trains within
some time. The impacts of the track alignments together
with the site of the transformer substation along the rail
line and the headway of the trains in the transport section
on the electricity supplied by the transformer substation are
studied comprehensively. With the help of electromechanical
system modeling approach [40], the established nonlinear
optimization model is solved by both Simplex method [41]
and stochastic hill-climbing algorithm [42, 43] to explore the
optimal combination of target speed, acceleration, and time
in stop of a train for the transport section.
On the assumption that the climbing ability of a metro
train is capable of coping with all kinds of ramps, Kim and
Schonfeld [44] study simulation of the influence of various
types of vertical track alignments upon the intensities of both
TEC and TTE of the train in consideration of the ride comfort
requirements of the passengers. It is concluded that if a stop
spacing is shorter than about 2,400 meters, a rational slope
design of a ramp in station is able to take obviously positive
effect on saving the TEC of a train for this stop spacing mainly
because of its coasting after the ramp. Moreover, reducing the
acceleration of a train is of benefit to decrease its TEC for
the same transport work, but meanwhile, its TTE increases
in correspondence.
Regarding impacts of different radians of various types
of track curves in plane on the TEC intensity of a train, Liu
et al. [35] make simulation analyses with employing train
traction calculations. It is demonstrated that the increase
of the TEC intensity of a metro train with the decrease of
the track curve radius is obviously accelerated when the
curve radius becomes smaller than about 300 meters. In
contrast, if radiuses of track curves are over approximately
500 meters, their radians have almost no influence upon the
TEC intensity of a metro train.
It is true that the speed adjustment action of the driver is
lagged behind the change of the speed (control reminding)
code of a train when the track gradient, speed restriction,
and so forth are various between successive stops. As a result,
Ke et al. [45] propose a combinatorial optimization model
to minimize the TECs of a train for each of its transport
sections. A MAX-MIN ant system [46] is used to optimize
the train-speed trajectory for reducing the computational
burden on the block-layout design. Further, the optimal
speed codes of a train are also determinable for its transport in
different sections to provide an energy-saving, efficient, and
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comfortable service [47]. In order to insure the practicability
of corresponding driving strategies, the relationships between
the acceleration and speed of the train and the track gradient
are regulated with a fuzzy process [48, 49] to reflect the
correlations among track alignments, train actions, and
corresponding TECs.

5. Train Attributes
Besides the optimum driving controls of a train and the
rational designs and utilizations of track alignments, ameliorated attributes of a train also play important roles in
its traction energy saving. Different from the viewpoints of
aforementioned studies, many works pay much attention to
for example, motor flux, weight, mass distribution, electricity
supply effectiveness, traction power output, startup-stop
frequency, formation, carrying capacity utilization rate, and
so forth of a train for the improvement of its TEC efficiency.
As shown in Figure 4, such research involves different
fields including electrical control, rail car manufacturing, rail
transport operation management, mechanics, and electric
power supply.
From the perspective of regenerative braking of a train,
Kokotovic and Singh [50] as early as in the 1970s have
proposed an optimization approach to provide the basis for
the improvement of train control circuit through optimizing
the electric motor flux control to reduce the energy cost
intensity of the traction motor of a train. With referring
to the correlations between the speeds and traction forces
of a train for different track alignments [11], the energysaving transport objective of the train is achieved by utilizing
a Hamiltonian system [51] with adjoint analyses [52] to
rationally adjust the speed of the train through traction motor
flux control. In addition, the relationship between the TEC
and TTE of the train is also studied with the application of
Green’s theorem [53] for further optimization of the motor
flux control.
According to train traction calculations applied in simulations of the transport procedures of different types of
Chinese metro trains, it is empirically confirmed that the TEC
intensity of a metro train in China is increased with raising
its weight in an approximately linear way [35]. Reducing the
weight of a train is a direct means to decrease its TEC intensity
through reducing the resistances to the train in its trip. On the
basis of the detailed survey on various technical specifications
of different types of trains in Germany, IFEU [54] analyzes the
general energy-saving effect of reducing 10% of the weight of
each type of the trains. It is revealed that the vast majority
of the TEC of an urban or regional rail transit train for its
whole trip is used to accelerate the train in its startups because
of its comparatively very short stop spacing on average. As
a result, if the weight of such a train decreases by 10%, it is
able to save about 7% or 8% of its TEC for a trip in Germany.
In comparison, an intercity train with a relatively long stop
spacing needs to spend roughly half of its TEC in overcoming
the air resistance to its moving after a startup, and therefore,
the TEC saving by lighting the weight of the train is from 4%
to 5%.
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Figure 4: Attribute improvement for TEC intensity reduction.

As for simulation research on rail transports, initially a
mass point or afterward a line with its mass evenly distributed
is commonly used to roughly represent a train. In contrast,
Chou and Xia [55] analyze the impact of the mass difference
of various parts of a freight train on the TEC and TTE
of its whole trip with regard to transport security. In their
simulation work, a heavy haul train is divided into a certain
number of units according to the traction power distribution
of the train. Every two neighboring units is separated with
protective equipments controlled by electric signals in an
associated way to dynamically adjust actions of different
units confronted with different track alignments. Optimal
control strategies to reduce the TEC and TTE of a transport
and improve its security are suggested on the basis of the
simulation analyses.
For the purpose of decreasing the TEC intensity of a
diesel multiple-unit train, Lu et al. [56] evaluate different
combinations of the traction power outputs from the multiengines of the train for a certain total traction power output.
DP has been applied to analyze the TECs produced by a
single-train motion simulator to identify the global optimal
program of the traction power distribution between different
engines of a train for a certain transport whose profile
must be obtained in advance. To realize the online power
management [57], an adaptive online strategy for the realtime optimization based on the results from the DP study
is put forward. It is indicated that the optimized solution
has a TEC reduction of around 7% in comparison with even
distribution of the total traction power output of a train to
each of its engines for the same transport mission.
A high startup stop or accelerating-braking frequency of
a train substantially increases its TEC for the same transport
task [5, 6]. For example, an express train running without any
stops from Copenhagen to Elsinore is able to save about 50%
of its TEC in comparison with its transport with every stop
for this trip [5]. Feng [58] and Feng et al. [59], respectively,
prove that the increase of the TEC intensity of an HSR or
metro train with shortening the stop spacing is apparently
accelerated when the stop spacing becomes shorter than
correspondingly around 100 kilometers or 1,800 meters, and
such a trend becomes more obvious if the target speed of the
train is improved. In consideration of short distances between
neighboring stations of most metro lines in reality, a relatively
low target speed of a metro train [35, 59] and its frequent
coasting operations are able to effectively decrease its TEC
intensity [6, 60] especially for relatively low boarding rates in
off-peak hours when the TEC intensity of the metro system
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is much further decreased if the trains extend their headways
[13].
As widely recognized, it is comparatively easier to make
the utilization rates of the passenger capacities of shortly
formed trains relatively high according to dynamically
changed travel demands of the passengers, which will obviously decrease the total TEC intensity of the trains running on
a rail line or network [31]. Moreover, the decrease of traction
power of a train is able to reduce its TEC intensity with more
TTE [26, 44]. In addition, Feng et al. [61] also reveal that
in comparison with the TEC of a short HSR train with the
same equipments, an HSR train with a long formation may
have more TEC for the same trip due to the speed restrictions
of the exit switches of the tracks in stations. All these facts
require systematically reasonable and flexible applications of
trains with different formation lengths and traction capacities
in view of detailed passenger travel demands in different
operation times or seasons of a rail transport system.

6. System Operation
The sustainable as well as efficient operation of a rail transport
system is supported by not only superior performance of
its equipment and facilities but also rational system operation management. However, because of, for example, spatially uneven transport demands as a whole, only aggregate
statistics on the overall TEC intensity is unable to reflect
the demand variety at different parts of a rail transport
system [62] and certainly hard to provide adequately effective
energy-saving approaches in systematic concepts. Taking
into account interactions, timetable adherences, and so forth
of multitrains operating on the same rail line or network,
research on minimizing their total TEC, especially in recent
years, makes much effort to get solutions from the perspective
of systematic operation, as explained in Figure 5. This kind
of research is able to reasonably contribute to decreasing the
overall TEC intensity of a rail transport system.
Kraay et al. [63] and Higgins et al. [64] have tried to
optimize the train operation diagram by utilizing mathematical programming to adjust the speeds and priorities of
trains in an integrated manner for reducing their delays and
total TEC. In view of the transport characteristics of the
trains operating on the railway network of China in reality,
Peng et al. [65] establish a schedule optimization model
with the multiobjectives of optimal or near optimum total
TTE and TEC of trains. The practicability and adaptability
of the proposed model for complex network structure are
guaranteed, and a decomposition algorithm is put forward
to solve this model. In consideration of both structure
complexity of a rail network and difference of passenger
carrying capacities of different types of trains, Ghoseiri et
al. [66] propose a new train scheduling model with more
objectives besides decreasing the total TEC and TTE of trains,
and the Pareto optimality [67] is suggested to be used to solve
the model.
To reduce the TEC of a rail transport system and
meanwhile maintain a certain service quality, dwell times of
trains at stations or/and their interstop TTEs need dynamic
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Figure 5: Rationally systematic operation for TEC saving.

adjustments to match time-varying travel demand. The dwell
time adjustment is commonly utilized owing to its simplicity
in practice [68]. For instance, a Heuristic-based train operation controller has been developed by Sansò and Girard
[69] to reduce the power demand of a metro system in
peak hours by introducing optimal dwell times for trains at
successive stations. Because adjusting the interstop TTEs of a
train with coasting controls can easily realize the exchange
between its TEC and TTE for a whole trip [70], Wong
and Ho [68] apply DP based on an event-based model
to rationally optimize the interstop TTEs of metro trains
according to dynamically changed passenger travel demand
over a regional level especially in off-peak hours for energy
saving under the premise of ensuring a certain level of the
transport service.
If trains running on different rail lines are approaching
the same transport section, the green wave strategy [71]
for reducing their brakes and stops before entering the
conflicting section is able to effectively decrease the TECs of
these trains for their transports [72]. In order to make trains
run through a conflicting transport section in the smoothest
way, Bai et al. [73] apply golden section search method
[74] to determine the most suitable speeds of trains when
they are approaching a conflicting section. In comparison
with the maximum traction strategy with the principle
of improving the speed of a train before running into a
conflicting transport section to its target speeds as much as
possible, the proposed approach may save about 6% of the
TEC of such a train. Moreover, Fu et al. [75] make use of a
GA with changeable lengths of chromosomes to analyze the
interimpacts of different trains passing through the same stop
from different directions at nearly the same time. According
to the analyzed inter-impacts, corresponding energy-saving
train control rules are suggested.
In an integrated electricity supply viewpoint, Falvo et al.
[76] study the energy-saving effect of regenerative braking
[77] of metro trains running on a rail network. The utilizations of the electricity provided by the traction electric power
supply system and the electric energy from the regenerative
braking of metro trains for the tractions of trains on the
same metro network are recorded in the simulation study of
the transport operations of these trains. Regenerative braking
enables much energy saving by not only injecting part of the
braking kinetic energy of a train into the electrical grid to be
consumed by nearby powering trains or returned to the AC
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transmission system through a reversible substation [78] but
also preventing the tunnel temperature rising in underground
railways [79] to minimize the energy consumption in air
conditioning or ventilating. The average utilization rate of the
regenerative electric power for train tractions decreases with
increasing the headways of multitrains even if all of them are
equipped with electrical energy storage devices such as the
flywheel system [80], and a train must activate the rheostatic
braking to burn some regenerated power when the catenary
voltage has reached its top limit [78]. The unused regenerative
electric power for train traction is suggested to serve other
electricity consumption systems, for example, electric vehicle
charging stations in urban area, especially when the headways
of the trains are relatively big.
In consideration of the interactions of trains in their
following transports on the same rail line, Ding et al.
[81] establish a dynamics model to optimize the energysaving driving controls of following trains influenced by the
dynamically changes of rail transport signals, according to
their previously proposed simulation algorithm [82] for the
energy-saving control of a single train under its fixed travel
time constraint for a certain transport. The corresponding
Heuristic algorithm is also proposed to estimate the dynamics
model. Based on this model, the computer-aided simulation system is developed to get the optimal TEC of train
following operation under the automatic block system [16].
This dynamics modeling research is capable of optimizing
the controls of following trains according to the signals to
avoid unnecessary brakes for adjusting their speeds. As a
result, the TEC of such trains is decreased. Additionally,
taking into account the energy saving effect of regenerative
braking, Acikbas and Soylemez [83] make use of artificial
neural networks [84, 85] to develop the simulation system
taking a GA to search for systematically rational coasting
start points of different trains. In a different manner, Yang
et al. [86] first establish the penalty function to evaluate
the influence of the interactions of trains upon their TTEs
and TECs. Afterwards, the weight values of the overall TTE
and TEC for an integrated cost evaluation are obtained by
spreadsheet analyses. At last, a GA is accordingly utilized to
explore the optimal control program in a systematic way.
Because of the uncertain delays of trains due to the interinfluence of their transports on the same rail line or network,
Ding et al. [87] and Cucala et al. [88] combine coasting
program optimization and transport schedule modeling [89,
90] to minimize the TEC of multitrains. In the transport
simulation study, a GA is applied to explore energy-saving
coasting schemes of the trains and obtain the relationship
between the corresponding TEC and TTE of each scheme.
In order to realize the least TEC for the trains resuming a
transport time schedule in case of an uncertain delay, Ding et
al. [87] distribute the slack travel time of the rail line to each
of its transport sections simply according to the previously
obtained relationship between the TEC and the TTE mainly
in view of the track alignments in all the transport sections
and the length of every stopspacing. In contrast, based on the
relationship between the TEC and the TTE, the fuzzy linear
programming [91] is utilized by Cucala et al. [88] to rationally
make use of the slack time of a rail line for the delays which
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are modeled as fuzzy numbers and punctuality constraints
and capable of getting reasonable behavioral responses of the
drivers for the most effective decrease of the general TEC.
Such an approach is also applied to some Spanish HSR lines
to evaluate the energy-saving potential of its commercial
transport service.
In view of the TECs and carbon emissions of trains and
the TTEs of their passengers, Li et al. [92] recently develop
a green train scheduling model to optimize the transport
timetable of multitrains in the operation of a rail transport
system for the reduction of the system cost. The TEC of each
train is determined according to the correlations between its
running resistance, speed, and TTE for a transport work. The
carbon emission cost of all the trains is computed based on
their allowed and actual emission volumes. The total TTE of
the passengers is used to describe the travel demand in a certain time period. This multiobjective nonlinear optimization
problem is solved with the utilization of fuzzy mathematical
programming [91]. It is proved that taking into account the
TTE of all the passengers of multitrains operating on the
same rail line or network, the newly developed model is able
to effectively decrease the TEC and carbon emission of the
systematic transport operation.

7. Summary
There is no doubt that as to the driving strategy optimization
on the microlevel, a rational control program, especially a
valid coasting scheme, of a train enables an evident decrease
of its TEC for the same transport work. As a result, many
studies have been made to explore reasonable approaches
that are able to efficiently determine in particular the optimal
coasting start points of a train in detail for its certain trip to
ultimately realize dynamic optimization of its driving tactics
on board for energy saving. Meanwhile, impacts of various
types of track alignments on the TEC intensity of a train
need adequate analyses in its operating control optimization.
Moreover, it is also clarified on the mesolevel that the ameliorative attributes such as reduced weight, improved power
output efficiency, decreased accelerating-braking frequency,
and so forth of a train all play important roles in decreasing
the TEC of the whole transport operation process of the train.
Furthermore, from the perspective of the transport organization on the macrolevel, the interinfluence of multitrains in
their coordinate operations requires systematic solutions to
radically decrease the overall TEC intensity of a rail transport
system in an effective manner.
In view of both instability of a system when its behavior
influenced by multifactors changes seriously [93] and the
systematic characteristics of the transport operation of a rail
line or network, dynamically systematical optimization of
the control programs of trains with reasonably amendatory
attributes in sound responses to track alignments is necessary
to be further studied in an integrated way as much as possible
in future research on traction energy saving of rail transport.
This is also much beneficial to the improvement of rail
transport safety [94, 95]. Of course, utilizing new energy, for
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example, hydrogen against electrification [96, 97], deserves
our continual effort as well.
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