o %% ¢ ISSN 1028-2335

JIleopis i npaKmuKg memarypeii Ne2, 2019

YOK 620.9 https://doi.org/10.34185/tpm.2.2019.07

Kachan Yu., Kuznetsov V.
Experimental wind power and photovoltaic plants as a basis for
researching to use renewable energy sources in the power supply

systems for non-traction consumers
Kauan 10.I'., Ky3Heyos B.B.

ExcnepuMeHnTabHi BITPO- Ta (DOTOECJIEKTPUYHI YCTAHOBKH AIK 0a3a
JJISL IOCJIIIPKEHHSI BUKOPUCTAHHSA BiIHOBJIIOBAJBbHMX JI’KepeJI eHeprii B
CHCTEMAX KMBJICHHS HETATOBHMX CIIOKUBAYiB 3aJIi3HUYHOT 0
TPAHCHOPTY

Mema. Onucamu 3acobu, siKi BUKOPUCMO8YOMLCA agmopamu 07151 eKcriepuMeHmarnbsHUX 00cnioxeHb Wod0 MOXIIU8o-
cmel suKopucmaHHsi 8iOHO8/II08arIbHUX dXepersl eHepeil 8 cucmeMax XXUBMEeHHS Hems208UX Crioxueayie 3ani3HU4Ho20
mpaHcropmy. Memoduka 00cnid)eHHs rpyHmMyembCs Ha CydacHUX memodax obyucsosanbHOI Mamemamuku, cmamu-
CmuKU ma aHarnisy iHghopmauii 3 8UKOpUCMaHHSIM Cy4acHUX KOMITIOMEepHUX mexHosoeil. Pesynbmamu AocioXeHHs .
Ha cb0200Hi Hemae KomnnekcHo20 nidxody ma KOHKpemHux obrpyHmosaHux 3axodie 00 ernposadxeHHs1 8i0HO8/108a-
TNibHUX OXKepern eHepeil 8 eHepao3abesneyeHHsI Hemsi208UX crioxueadig. Y cmammi HageO0eHO npuknadu 8rnpo8adKeHHs
8iOHOB/I08aHUX OXepesn eHepail 8 cucmemu enekmpornocmadyaHHs 3aisHuub 3aKopOOHOM. 3a3HadyeHo, WO Mpu 8UKO-
pucmanHi pi3Hux eiGHoeseaHuUx Oxepen eHepeii 8 cucmemax XUBMEHHS Hems208uUX crioxueayie, HeobxiOHO Mamu
obcsie cmamucmuyHOI iHgbopmauii Ors 8U3HaYeHHs1 IX MexHIKO-eKOHOMIYHUX roKa3HUKie. HasedeHo knacudbikayiro eim-
pOeHepaemMuYHUX yCmaHO80K 3 20pU30HMarbHO 8icclo. HadaHo npuHyunosy cxeMmy ma 3a2alnbHull 8uesnsd po3pob-
JIeHOI eKcriepuMeHmarbHOI 8impoeHep2emuyHoOi ycmaHosKu. HadaHo npuHyunosy cxemMy ma 3a2asnbHull 8uesnsd pos-
pobrneHoi ekcriepumeHmarbHOI ghomoenekmpuy4HoOi ycmaHoeku. Po3ansHymo obnadHaHHS, sike 8UKOpUCmOo8yembCs
0na 0ocnidxeHb 8iMpo8o20 MOMOKY ma iIHMEeHCUBHOCMI COHAYHO20 BUMNPOMIHIOBAHHS Y MICUSX MOXIIUBO20 3Haxo-
OXeHHS1 8impoeHep2emuYHUX YU ¢homoenneKmpuyHUX ycmaHo8oK. [lpusedeHi ekcriepumeHmarbHi 8impo- ma ¢pomoe-
TIEKMPUYHI yCmaHOo8KU, sKi criyayrompb 05 KOMIIIEKCHO20 8UBYEHHST MOXugocmel 8UKOpUCmaHHs1 8imposux ma co-
HAIYHUX OXKepes1 8 cucmemax XUGNeHHs Hems208UX Crioxusadis, Malome y3azarnbHeHul xapakmep i 0arome MOXIu-
8icmb ymoyH8amu HeobXiOHi O MpUlHAMMS pilueHb OaHHI.

Haykoea Hoeu3Ha rorisicae y ernposadxeHHi 8iOHO8M08aHUX OXXepes1 eHepeaii 8 cucmemy eflekmpornocmayaHHs Hemsi-
208UX Crioxueayie 3ani3HU4HO20 mpaHcropmy.

lpakmuyHe 3HaYeHHs. BukopucmaHHsi 0o0amkKosux 8i0HO81I08aHUX Oxeper eHepeail Ons XUBMeHHs Hems208ux cro-
JKueayie npu3sodums 00 MiHimi3ayii sumpam enekmpoeHepeii.

Knroyosi criosa: sidHosnoeaHi Oxxepena eHepeii, SKicmb enekmpu4yHoi eHepeaii, eimpoeHepeemuyHa ycmaHoska, pomo-
eflekmpuyYyHa ycmaHoeKa, MepeXi enekmpornocmayaHHs 3ai3HUYHO20 mpaHCcriopmy, ms2osi i Hemseoei crioxusadi,
8UPObHUUMEBO erlekmpoeHepail.

Purpose. Describe the tools used by the authors for experimental research on the possibilities of using renewable en-
ergy sources in the power supply systems of non-traction consumers of railway transport.

The methodology of research is based on modern methods of computational mathematics, statistics and information
analysis using modern computer technology.

Findings. To date, there is no comprehensive approach and specific reasonable measures for the introduction of re-
newable energy sources in the energy supply of non-traction consumers. The article presents examples of the introduc-
tion of renewable energy sources in the power supply systems of railways abroad. It is noted that when using different
renewable energy sources in the power supply systems of non-traction consumers, it is necessary to have a volume of
statistical information to determine their technical and economic indicators. The classification of wind power plants with
a horizontal axis is given. The schematic diagram and general view of the developed experimental wind power plant are
given. The schematic diagram and general view of the developed experimental photovoltaic plant are given. The equip-
ment used for research of wind flow and intensity of solar radiation in places of possible location of wind power or pho-
tovoltaic installations is considered. The presented experimental wind power and photovoltaic plants, which serve for a
comprehensive study of the possibilities of using wind and solar sources in the power supply systems of non-traction
consumers, are generalized and allow to clarify the necessary data for decision making.

The originality is the introduction of renewable energy sources in the power supply system of non-traction consumers
of railway transport.

Practical implications. The use of additional renewable energy sources to supply non-traction consumers minimizes
electricity consumption.

Keywords: renewable energy sources, quality of electric energy, wind power plant, photovoltaic plant, power supply
networks of railway transport, traction and non-traction consumers, electricity production

Introduction

As is known [1] in Ukraine at present 9926 kilome-
ters of railways are electrified. The total length of rail-
ways and today is 19.790 kilometers, which is almost
half of all railway lines [2]. Electrified railways receive
electricity from power systems, which are formed by a
set of large power plants connected by power lines
and jointly supplying consumers with electric and

thermal energy [3]. Since at present the railway is en-
ergy deficient, recently the issue of energy supply to
its individual objects, namely non-traction consumers,
with the possibility of using renewable energy sources
is being considered [3].

Analysis of literature sources and problem state-
ment

At present, the priority is the development of own
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generation of electricity for the supply of non-traction
consumers through the use of renewable energy
sources in order to reduce the cost of energy supply
of railway transport [4].

The solution to this problem is proposed by the au-
thors [5], who assess the potential of distributed solar
generation using a geographic information system
consisting of layers: solar radiation, railways, power
lines, power plants, reservoirs, land strips, alienated
for infrastructure in Russia. In [6] it is considered how
solar power plants can be integrated into the railway
power supply system. Renewable energy sources in
the power supply systems of railway transport have
been introduced in foreign countries, such as Belgium
[7], Germany [8] and Great Britain [9].

Thus, the use of renewable energy sources in rail
transport is an urgent need today from the standpoint
of energy efficiency. Improving the efficiency of the
use of renewable energy sources opens up great pro-
spects for the railway [10].

The purpose and objectives of research

It is understood that to make decisions as for the
use of some renewable energy source in the power
supply systems for non-traction consumers it is re-
quired to have enough information for determining
their technical and economic indices. Taking into ac-
count the random nature of input of energy resources,
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corresponding to the case, the specifications of
equipment to be used should be either clarified or
even identified independently. Thus, adequate exper-
imental base should be available.

While orienting only to wind and solar radiation,
analyze the possibilities of the development of exper-
imental plants simulating the operation of correspond-
ing equipment.

Research results

It is known that wind is formed as a result of nonu-
niform heating of the Earth’s surface by the sun. The
air circulates as a result of its rotation around its axis
as well. In this context, in the northern hemisphere it
moves counterwise, while in the southern hemisphere
it moves clockwise. According to the expert estimation
[11], Ukraine has great resources of wind energy
which annual technical potential is almost 30 bln
kW-h. Unfortunately, regional distribution of that re-
source is not uniform.

Depending on the generator capacity, the available
wind plants are divided into the classes, which pa-
rameters are represented in Table 1. Nowadays,
plants with horizontal axis (Fig.1) are the most popular
ones. Their main elements are as follows: wind-
receiving device (blade), electric generator and re-
ducer to transmit torque to it (located in a nacelle),
and tower.

Table 1
Classification of wind power plants
Plant class Capacity, kW Wheel diameter, m | Number of | Purpose
blades
Low capacity 15-50 3-10 3-2 Battery charging, pow-
er supply for pumps,
household needs etc.
Medium capacity 100 - 600 25-44 3-2 Power generation
High capacity 1000 — 4000 > 45 2 Power generation

Coverage area

-Nacelle
Tower height Tower
Rotor
diameter Blade area
Foundation D
1
z& . =~ I

Fig. 1. Principle diagram of a wind power plant

A wind-receiving device together with the reducer
form so-called wind motor, which torque is generated
owing to the specially selected blade configuration. It
is clear that to use wind power plant (WPP) analyzed

in the paper only low-capacity plants may be suitable
(not more than 50 kW).

Gear set together with a wind turbine form so
called wind engine which torque originates owing to
specially selected configuration of blades. It is under-
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stood that only low power installations are acceptable
for WPP, considered by the research (i.e. no more
than 50 kW).

Experimental plant to study WPP, which scheme is
represented in Fig. 2, includes following basic compo-
nents:

— nacelle of the analyzed WPP;

—asynchronous motor driving the generator;

— frequency converter (FC) N4-2000 which helps
control AM rotating velocity simulating the wind flow
action;

skt ISSN 1028-2335 Ne2, 2019

— continuous power supply source (CPSS) OBX-
1.5/3C-BI' which produces in output the stabilized
constant and sinusoidal voltages with their digital indi-
cation;

— personal computer with software for correspond-
ing processing of the obtained data and SCPS and
FC matching; and

— storage battery with the voltage of 24 V.

7
o~
s 2
6 | -] 4 B 1 9 2
g _9,4\
s &g
S 3
I
ABC

Fig. 2 Principle diagram of the experimental wind power plant: 7 — nacelle with generator; 2 — AM with belt
drive; 3 — frequency converter (FC) FC-2000; 4 — continuous power supply source (CPSS) [b6)K — 1.5/3C-
Brl; 5 — personal computer; 6 — storage battery (SB); 7 — alternating current loading.

In the process of analysis, following data are obtained and transferred to the PC for their processing:
— magnitude of currents in circuits of the generator and the one coming in the inverter;
— voltage value on the SB terminals;
— degree of SB charge;
— temperature of FC radiator;
— state of regulator of the current entering from WPP;
— state of CPSS switches and voltage availability on CPSS; and
— rotating frequency of the generator shatft.
Fig 3 shows general view of the developed experimental wind power plant.
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Fig. 3. General view of the experimental wind power plant 1 — nacelle with generator; 2 — AM with belt drive;
3 — frequency converter (FC) 14-2000; 4 — continuous power supply source (CPSS) 6)K/— 1.5/3C-BI’; 5 —
personal computer; 6 — storage battery; 7 — alternating current loading.

Moving on to the analysis of the experimental solar
plant, it should be remembered that solar energy is
converted into electric one mostly by direct photovol-
taic conversion with the use of semiconducting ele-
ments. First, photovoltaic plants (PVP) were used as
the power source for space equipment as it was the
only way to provide electric energy for that kind of fa-
cilities. Thus, high specific cost of that production did
not prevent from application of that technology.

Use of photovoltaic converters to generate great
amount of electric energy on the Earth is still prob-
lematic not only due to its expensiveness but also due
to the necessity to cover huge areas for their location.
However, rational use of photovoltaic plants to supply
power for the consumers being scattered over the
large territories or located far from the centralized
power grids, may be the only (in some cases) expedi-
ent way for their power supply.

Principle of the photovoltaic converter work is
based on the phenomenon of internal photoeffect in
semiconductors and effect of division of charge carri-
ers (electrons, holes) by electron-hole transfer or po-
tential barrier of the metal — dielectric — semiconductor
(MDS) type. Nowadays, silicon is the most promising
material for that use; it is characterized by high mobili-
ty of charge carriers, producibility, and sufficient
amounts in the earth’s interior.

The simplest device to collect a lot of solar energy
is a flat battery with many photo elements connected
in the successive and parallel groups for reaching the
required output capacity and voltage. Despite the fact
that it differs with spectral selectivity, the battery does
not react to the infrared band of spectrum which re-
sults in its considerable heating and distinct decrease
in the conversion efficiency.
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Experimental plant to study PVP is developed on
the basis of the principle diagram represented in Fig.
4. It consists of solar panel 1, simulator of solar radia-
tion 2, sensor of the radiation density 3, unit of energy
conversions and accumulation of the necessary in-
formation 4, storage battery 5, and personal computer
6. During the study, following information is recorded
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and collected in unit 4: voltage on the photopanel out-

put, U

V; loading current of a photopanel,

f.p.?
|f.p.,A; radiation density G,W / m?; and panel
temperature T, ,°C.

f.p.?

-
6 *
Ton. | —
2
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Fig.4. Principle diagram of the experimental photovoltaic plant: 1 — solar electric panel; 2 — simulator of solar
radiation; 3 — sensor of radiation flow density; 4 — unit of energy and information conversions; 5 — storage bat-
tery; 6 — PC.

Simulator of solar radiation is made in the form of a
mobile panel with specially selected electric bulbs
mounted on it; the bulb light is close to the one of so-
lar spectrum (PHILIPS crypton bulbs). The simulator
capacity may be varied by regulator; it also moves to-

wards or backwards from the photovoltaic panel by
means of a mechanical device. Fig. 5 shows general
view of the experimental plant based on the repre-
sented principle diagram.

Fig. 5 General view of the experimental photovoltaic plant: 1 — photopanel; 2 — simulator of solar radiation; 3
— sensor of radiation flow density; 4 — unit of energy and information conversions; 5 — storage battery; 6 — PC.
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Finally, consider the equipment for studying wind
flow or solar radiation intensity within the places of
possible location of WPP or PVP. In terms of the first
case, today there are a lot of compact converters
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the required level by the additional pipe. It has follow-
ing technical characteristics:
— measuring range is from 0.5 to 50 m/s;

—accuracy is +3% of real value;

used for construction, production, operating wind
power plants — everywhere where it is necessary to
record accurate meteorological data to meet the spec-
ified conditions. Our research involves compact sen-
sor of wind velocity made by “Micro-Step-MIS” Ltd
(Russia), which general view is given in Fig. 6.

— dimensions are: 135%225 mm; and

—weight is 0.75 kg.

The obtained values of wind velocity are recorded
and shown digitally. More details about the device can
be found on the company site. The number of the
product we use is 4.3518.00.700.

To measure solar radiation intensity, pyranometer
SMP made by KIPP&ZONEN was used. The device is
specially designed to record the solar energy flow fall-
ing on a flat surface from the sun and horizon within
the wavelength range from 300 to 3000 nanometers
(Nm). The device has intellectual interface; it is made
in two modifications: with voltage analogue output
(from 0 to 1 V) and with signal current (from 4 to 20
mA). We have used the first variant.

Fig. 7 demonstrates general view and scheme of
signal passing in the pyranometer. It involves two-
conductor successive interface RS-485. All the tech-
nical characteristics of the applied device as well as
other modifications can be found on the site of com-
pany representative in Ukraine: http://data-luff.com, e-
mail:luff@ukr.net.

Fig. 6 General view of the applied device to meas-
ure wind velocity made by “Micro-Step-MIS” Ltd (Rus-
sia)

The device is easy to mount on any available sup-
ports (posts, roofs of buildings etc.) after its raising at

r A

Voltage 0-1 V.
Analogue signal

Voltmeter
to record data

w—
N

i
-hii.

SMP-V
System to collect Accumulation
and process of the solar
the obtained data | = | radiation data,
W/m?

Fig. 7. General view and sequence of the information passing in the pyrometer SMP-V
Conclusions sumers are of multipurpose nature. Moreover, they
The experimental plants, designed for the integrat- make it possible to specify the required values and
ed analysis of use of wind sources and solar sources dependences as for their engineering and power pa-
within the power supply systems for non-traction con- rameters to make correct decisions.
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