PROBLEMY KOLEJNICTWA

RAILWAY REPORTS

Zeszyt/Issue 178 (marzec/March 2018)

ISSN 0552-2145 (print) ISSN 2544-9451 (on-line) 7

Reserves for Improving the Energy Efficiency of Traction
Power Systems

Peter V. HUBSKYT!

Summary

In the article, trends in the electric power industry were analyzed, namely, constant growth in energy resources and the
need to improve energy efliciency, the introduction of energy saving measures. Some methods of improving efficiency in

the railway transport industry are considered.
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1. Introduction

Today, the energy efficiency is seen as the main focus
of economic growth around the world. Active realiza-
tion of the potential of energy efficiency will contribute
to a significant reduction of energy costs. Problems in
improving energy efficiency require a comprehensive
approach and are very relevant in the transport sector in
general and especially in rail transport. Energy efficiency
is the most important indicator of the competitiveness
of railways in the domestic and foreign markets of trans-
port services. When determining the real picture of the
use of energy resources, each link in the traction power
supply system and the system as a whole requires energy
efficiency indicators that make it possible to assess the
efficiency of energy consumption and determine the ef-
fectiveness of energy saving measures.

2. Consumption of energy &Energy
efficiency system

The list of energy efficiency indicators of the equip-
ment contains more than 40 names. But it should be not-
ed that only some of them are real indicators of fuel or
energy efficiency. Indicators can be divided into 2 groups:
e Indicators of the type of factor of usefulness: ef-

ficiency, coefficient of useful energy use [%], coef-

ficient of electrification per useful energy [%].
o Indicators of specific losses of fuel or energy.

Calculation of energy efficiency is performed on
several indicators, we will consider the main ones:

o Cost-effectiveness of consumption of fuel and en-
ergy resources: for example, fuel consumption per
1 km of road when transporting 1 ton of cargo

e Energy transmission efficiency: for example, the per-
centage of energy losses in transmission networks.

e Energy intensity of production: characterizes the
amount of energy spent on the main and auxiliary
technological processes, and is expressed in the
amount of energy per unit of output.

e For rail transport, indicators such as: efficiency,
losses of electric energy, percentage of losses,
specific expenses of electric power for traction of
trains, electricity costs for substations’ own needs
are more relevant. Electricity consumption in rail
transport consists of several components, which
are shown in Fig 1.
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Fig. 1. Structure of electric energy consumption
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3. Methods of improving the energy
efficiency

Energy-saving activity of railways is expressed by
saving of fuel and energy resources, which are con-
nected with the process of transportation [8]. Since
the beginning of railways reform, the main point in
developing the stages of the implementation of the
energy saving strategy is to assess the potential of
increasing energy efficiency in the immediate and
long-term perspective. The part of the reserves (easily
achievable) was exhausted over the past period. On
existing traction power supply systems, there are sev-
eral ways to improve the efficiency of Figure 2. Let us
consider some of them.
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4. Application of recuperative inhibition

Recuperation in different systems of electric trans-
port gives the opportunity to reduce energy inten-
sity by 30—-50%, but the operating systems of trac-
tion power supply, the recovery rate does not exceed
5-10% [11]. The most effective braking is when all
the recovery energy is used by other electric locomo-
tives. The main disadvantage is the complication and
increase in the price of rolling stock equipment and
increased wear of the generator. There are several fac-
tors that do not allow full recovery potential [10].

e The appearance of excessive recovery energy due to
the absence of trains on the line in traction mode,
o Instability of recovery energy.

The problem of excessive energy recovery is
solved by reversing this energy into the external net-
work. For this purpose, traction substations are
equipped with direct current inverters, through
which excess energy is returned to the primary net-
work. But in this case there is a deterioration of its
regime [9]. In systems of traction power supply of al-
ternating current inverters for absorption of excess
energy of recovery are installed on a rolling stock
In addition, the return of energy to the primary system
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of electricity has a number of significant drawbacks:

1) the equipment of the traction substation is compli-
cated,

2) when the inverter is turned on, there are circulat-
ing currents in the circuit formed by rectifiers —
the energy transmitted to the primary network has
low quality;

3) the mode of feeding of non-empty consumers de-
teriorates,

4) the voltage in the traction network is significantly
increased.

In it was established that the energy of recovery
can reach 60% of the expenditure spent on traction.
The main problem of recuperative inhibition is the
ability of the network to receive additional energy.
This is possible with the use of this energy by another
electric drive in the mode of traction or transfer it to
a three-phase network. Equipping traction substa-
tions with capacitive drives, for the reception of ex-
cess energy with its subsequent return it is possible to
eliminate the disadvantages [5].

5. Reduction losses and improving quality

Increasing the efficiency of the use of electricity is
associated with a reduction in its losses and improv-
ing quality. The indicator of electric power losses
is one of the most important indicators of the state
of the electricity supply system, accounting and ac-
tivities of energy supplying organizations. Electricity
losses of up to 10% are considered to be physically
feasible. As a result of a single-phase nonlinear trac-
tion load, the power quality indicators exceed the
permissible limits. All energy losses in the networks
can be divided into main (productive) and additional
(non-productive). The main losses — for the transfer
of active energy to the rolling stock and these losses
should be reduced to such a minimum that there were
no economically justifiable ways to reduce them fur-
ther. Unproductive losses include: low-quality energy
exchange between the traction substation and electro-
rolling stock, the flow of jet capacities, poor-quality
electricity, etc. [7]. The reduction of conditional losses
consists of two parts: reduction of calculation errors
and reduction of measurement errors [4]. Accord-
ing to [7], power losses in the traction substation and
network elements make up 5-20% of the active power
of the rolling stock (depending on the location of the
electric locomotive). Total losses make up 28-35%.
Electricity imbalances arise due to the lack of loading
of measuring transformers, in order to prevent this
necessitating the loading of measuring transformers
to meet the requirements of GOST 7746-2001 and
GOST 1983-2001 [6].
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6. Compensation of reactive power

The compensation of reactive power in traction
power systems is used to reduce electricity losses,
improve the voltage regime and reduce the charge
for the flow of reactive power. For compensation of
reactive power at traction substations of alternating
current devices devices of a transverse compensation
are used - a set of batteries of capacitors connected in
series with the reactor. The reactor reduces reactive
power but at the same time prevents the occurrence
of resonant phenomena and at a certain frequency
setting it reduces the harmonic component. Allows
you to change the direction of jet power flow from
the ,,energy source — consumer” circuit to the circuit,
~compensating device — consumer”, which removes
the load from the electrical network. But in the ab-
sence of a traction load, this device generates excess
reactive power, which leads to the imposition of sanc-
tions [1]. The main criterion for the effectiveness of
reactive power compensation measures is to achieve
the maximum economic effect of its implementation.
The basis for obtaining this effect is the reduction of
network losses.

7. Application of high voltage systems

The development of modern electronics enables
the introduction of high-voltage direct current sys-
tems that, by their characteristics, exceed the perfor-
mance of any AC system [12]. There are several ways
to increase the voltage in the DC contact network [3]:
e The constant voltage of 6—24 kV formed at the

traction substation is transferred to the rolling

stock through the traction network;

e Construction of the longitudinal line 6-24 kV,
power supply to the contact network is carried out
using transformation points 6 (24) / 3 kV.

An increase in the voltage up to 6 kV at an electric
power of 3000 kW reduces losses in 4,012 times also
eliminates the possibility of collapse of the contact
wire and reduces the effect of wandering currents. An
increase in voltage up to 12 kV for capital costs can be
compared to the cost of a line of 25kV of alternating
current. But for 12 kV there is a problem with rolling
stock equipment. In [4] the calculations were made
in which showed the level of energy losses at different
values of the live voltage of the contact network and
the various capacities of electric locomotives.

Analysis of these data showed that increasing the
voltage in the contact network from 3 to 6 kV will
reduce losses by 75%., Fig 3(a). Further increase up
to 12 kV gives an additional gain in loss reduction
by almost 19% — 18.73%, (b). With an increase of

24 kV, only 4.7%, (c). In connection with this, it was
concluded that increasing the voltage to 6-12 kV is
more appropriate, at the same time, raising to 24 kV
does not make sense, since the level of loss reduction
does not cover the cost of implementing this tech-
nology.
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Fig. 3. Changing the value of losses when switching from one
supply voltage to another
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8. Increase of train speed

According to the calculations carried out at the
DNUZT for the electric train Hyundai Rotem at
the implementation of a maximum speed of 160 km/h,
the following is obtained: for a light-type profile, energy
savings are 26—-39%, with an average of 22—47%, with
a complex type profile of 16-35%. But the value of the
train speed depends to a large extent on the voltage on
the current collector of the electric locomotive, which
is determined by the parameters of the power supply
system and the train situation. The increase in the vol-
ume of traffic and the organization of the movement
of high-speed and high-speed trains leads to the fact
that traction power supply devices limit the throughput
of the section of the electrified railway due to lowering
the voltage on the current collector of the electromotive
force below the normalized values. Improvement of the
voltage regime in the traction network by the means
currently used does not solve the existing problem in
full, due to increased power losses in the interconnec-
tor zone and the corresponding operating costs. The
use of recent enhancement means does not provide the
required energy indicators in many cases and is quite
expensive. The above factors create the preconditions
for replacing the centralized traction power supply sys-
tem with a decentralized one. The economic effect is
achieved by reducing the cross-section of the wires of
the contact network, reducing energy losses, maintain-
ing the necessary voltage level in the contact network
and increasing the utilization rate of the power of the
main power equipment with decreasing its installed
capacity. The gain on the basis of distributed power in-
volves the transition to a new circuitry of the traction
network (see Figure 4).
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In this case, the power consumption regulation is
carried out in a single system of distributed control
of active intelligent equipment capable adaptively to
change the characteristics of transmission, transfor-
mation and consumption of electric energy and to op-
timize the mode of functioning of the traction power
system in the given volumes of transportation work
and in conditions of high-speed traffic.

9. Conclusions

1. The state of the equipment of traction power sup-
ply systems in Ukraine leaves much to be desired.
Available methods to improve the energy efficien-
cy of existing systems do not meet the require-
ments of world trends in energy consumption and
energy conservation. The basic equipment funds
are obsolete and require modernization. There is
a need for a transition to non-traditional traction
power systems that will bring Ukrainian railways
to a new level.

2. It is necessary to replace the worn-out equipment
fleet, reduce aerodynamic drag, reduce mass, use
recuperation during braking, more efficient trac-
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tion through modern engine management tech-
nologies, modernization of dispatching, repair of
roads and highways.

3. The level of energy consumption and economi-
cal use of electric energy to date is one of the de-
termining factors in introducing high-speed and
heavy traffic on electrified railways. This requires,
along with the introduction of new technology,
the development of new approaches to the trac-
tion network circuitry. Estimate calculations show
that when applying a traction power supply system
of a distributed type of power loss and voltage in
the traction network, it is much smaller (54.7 and
32.7%, respectively) at significantly lower trac-
tion substation power. This provides the basis for
further research with the aim of technical imple-
mentation of the distributed power system on DC
railways.
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Results of simulation of comparative analysis of power schemes

Centralized power supply

Characteristic without taking into

taking into account

Distributed power supply

without taking into o
taking into account

account hi.gher higher harmonics account hi‘gher higher harmonics
harmonics harmonics
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quar AQ | 1,102138 AQ 0,5012
The share of losses from B 0.18 B 0.15

higher harmonics [%]



Reserves for Improving the Energy Efficiency of Traction Power Systems 11

// Energy saving. Power engineering. Energy audit. ~ 10. Sablin O.L.: Analysis of the quality of recovered elec-

2012. No. 8 (102). tric energy in the system of electric transport // Bul-
5. Kolb K.Yu., Kolb A.A.: Improving the energy effi- letin of the National Technical University. 2013.

ciency of empty accessories in electrified transport No. 38. P. 187-190.

systems. 2010]. 11. Sopov V.I.: Ways to increase the efficiency of using
6. Kuznetsov V.G. et al.: Research of electric energy electric energy of electric braking of rolling stock

imbalances at traction substations. 2011. [Electronic resource] / V. I. Sopov // Online Elec-
7. Petrov A.V. etal.: Unproductive power losses in trac- trician: Power industry. New technologies. 2012.

tion power supply system of a direct current. 2010. Access mode: www/URL: http://www.online-elec-
8. Potential of energy saving of railways and innova- tric.ru/articles.php?id=43.

tive directions of development of its implementa-  12. Sychenko V.G., Bosey D.O., Kosarev Y.M.: Im-

tion / I.V.Domansky // Lokomotiv-inform. 2013. provement of methodology of calculation of distrib-

Ne 9. pp. 53-55. uted system of type electrical supply with grounding
9. Sablin O.I., Kuznetsov V.G., Artemchuk V.V.: Prob- point.

lems and Prospects of Efficient Use of Electricity Re-  13. Sychenko V.G., Kosarev E.M., Hubskyi P.V., Rogo-

cuperation in the Electric Transport System // Opto- zha A.V.: Assessment of additional loss of power in

Electronic Information and Energy Technologies. electrical supply systems of speed movement // Elec-

2013. No. 2. P. 126-130. trification of transport. 2016. No. 12. P. 59-63.

Rezerwy poprawienia wydajnosci energetycznej systemow zasilania trakcyjnego

Streszczenie

W artykule zanalizowano trendy w przemysle elektroenergetycznym, tzn. ciaggly wzrost zasobéw energetycz-
nych i koniecznos$¢ poprawienia wydajnosci energetycznej przez wprowadzenie energooszczednych srodkow.
Rozwazono réowniez niektore metody poprawy wydajnosci transportu kolejowego.

Slowa kluczowe: wydajnos¢ energetyczna, wskazniki wydajnosci, energooszczednosé, trakeja elektryczna, ko-
leje zelektryfikowane, prad staly, rozproszone zasilanie

Pe3epBbI s ynyuimeHns sHeprosppekTMBHOCTH CHCTeM 3TeKTPOCHAOKeHU

Pe3rome

B craTbe mpoaHanmM3MpOBaHbl TPEH DI B 3JIEKTPOIHEPreTUKe, T.€. IOCTOAHHBIN POCT SHEpPTreTU4eCcKNil pecyp-
COB 1 IIOTPEOHOCTD YIy4IlIeHNUs 9HEProapeKTUBHOCTU U BBEIEHNS CPEACTB COXpaHeHMs aHeprun. Paccma-
TPUBAIOTCS TAK)Ke HEKOTOPbIE METO/BI yIyullieHNs: 9P GeKTUBHOCTH >KeJIe3HOJOPOXXHOTO TPAaHCIOPTA.

KiroueBsie cnoBa: sHeproagpGeKTMBHOCTD, MHAVKATOPDI 9HEProadHeKTMBHOCTY, COXpaHEeHe SHEPTUM, JJIeK-
TpOCHabXeHe, MeKTpUPUIMPOBAHHbIE JKe/le3HbIe JOPOIH, IOCTOSHHBII TOK, PACIIPOCTPOHEHHOE IUTaHNe





