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Oco0suBocTi ekcmiryaTanii GoToeJeKTPUIYHMX CTAHIIN K
JOMOMIKHOTO MOCTAYAJIbHUKA eJIEKTPUYHOI eHepril 1JIf HETATOBUX
CIO’KUBAYIB 3aJII3HUYHMX EJIEKTPOMeEPex

Mema. BusHa4umu ocobnueocmi ekcriiyamauii gpomoenekmpuyHux cmaHuil ik 00MoMiXXKHO20 rocmaydaribHUKa eslekK-
mpuYHOI eHepeil 0rss Hemsi208UX Crioxueayie 3anisHUYHUX e/1eKImMPOMEPEX.

Memoduka docnidxeHHs1 rpyHMyemsCs Ha cyyacHux mMemodax O06YUC/IH8aslbHOI MamemMamuku, cmamucmuku ma
aHarnidy iHghopmauii 3 8UKOPUCMaHHSIM CyHYacHUX KOMITIOmMepHUX mexHosoaill.

Pe3ynbsmamu docnidxeHHs1. Aemopamu nposedeHO aHari3 iCHyt4YUX Ha Cb0200HIi nepedymMo8 8UKOPUCMaHHSI — erle-
Kmpuy4HOI eHepeii, sika ompumaHa 8i0 HempaduuilHux Oxepers (homoenekmpuYHUX cmaHuyit) Ons XUBNeHHs Hemsi-
208UX CrioXueauyie 3ani3HUYHUX erniekmpomepex. 3'sicoeaHo xapakmep iHmeHcu8HOCmi CoHsIYHOT padiauii 3aedsiku da-
HUX MemeoporioeidHuUX criocmepexeHb 3a 2018 pik, wo peecmpysanucs 3a dorlomo2or nipaHomempa SMP ipmu
KIPP&ZONEN, sikuli crnieuianbHO po3pobneHuti 0ns ¢hikcayii momoKy COHSIYHOI eHepeaii, wo nadae Ha rniaocKy MoO8epXHIo
8i0 coHys i Hebocxurly y diana3oHi 0oexuH xsusnb 8i0 300 do 3000 HaHomempis (HM), AKkul mae iHmenekmyanbHUl iH-
mepgpetlic, no m. Bacunieka 3anopizskoi obracmi 3 iHmepeanom At =10 xeunuH. 3azanbHa Kibkicmb 3HayeHb cKila-
na 6nusbko 25000. OmpumaHi OaHi HacmyrHi: HaliMeHwa iHmeHcusHicmb coHsYHOI padiauii ernpodosx 2018 poky
cknana 400 Bm/M?, a Halibinbwa — 1000 Bm/m’. NposedeHo po3paxyHok wodo subopy ¢homoenekmpuyHuX naHenel
mury PV- MLV 250 HC makcumanbsHoto nomyxHicmio 250 Bm Onisi KOMneKmyeaHHsI KOHKpemHoi gpomoenekmpuyHor
cmaHuyii Orsi 8CmMaHOBIEHHST 8 3a3Ha4YeHOMY peeioHi. Aemopamu 3pobrieHO 8UCHOBOK, Wo 0715 HaldilIHO20 eHepaemuy-
HOo20 3abesnevyeHHs1 3abe3rnedyeHHss HEMS208UX CIIOXUBaYi8 3ari3HUYHUX erlekmpomepex ernpodosx 0obu ei0 asmo-
HOMHUX COHSIYHUX e/leKmpocmaHuyit, ocmarHi matoms 6ymu 3abesneyeHi Hakonuvysadyamu efeKmpu4yHoi eHepeii (aKy-
mynamopHumMu 6amapesimu) y obcsizax, siKi nepesuwyoms HeobxiOHy HagaHMaXeHH!Io KinbKicme rpubnusHo y 1,7 pa-
3u.

Haykoea Hoeu3Ha rosnisieae y momy, W0 rnporoHyemMbCs1 8UKOPUCMaHHS 8iOHO8IM08aHUX Axeper eHepaii 8 cucmemax
erflekmponocmayaHHsi Hems208UX CroXueayig 3ani3HuU4YHO20 mpaHcropmy, 30Kpema ¢homoeneKmpuYHUX yCmaHOBOK.
lpakmu4He 3Ha4eHHs1. BriposadxeHHs ¢homoenekmpuyYHUX cmaHuyilt sk G0MOMIXKHO20 nocmavasbHUKa ennekmpuyHoi
eHepzii 0519 Hems208UX CrioXueayie 3ani3HUYHUX efleKmpoMepex 3 MemMOro MiHimi3auii sumpam enekmpoeHepeii.
Knroyoei cnoea: sidHoenoeaHi Oxeperna eHepeii, sKicmb enekmpu4Hoi eHepeii, gpomoenekmpuyHa ycmaHoseka, Mmepe-
Xi enekmpornocmayvaHHs 3ani3HU4HO20 mpaHCrnopmy, Hemsi2o8i Ccrioxusayi 3ani3HU4YHUX e/1eKmpoMepex, UpPObHUY-
meo eniekmpoeHepzii, iHMEeHCUBHICMb COHSIYHO20 8UIMPOMIHIO8aHHS, aKyMynsamopHi 6amapei.

Abstract.

Purpose. To determine the features of operation of photovoltaic stations as a supplementary source of electricity for
non-traction consumers of railway power grids.

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

Findings. The authors analyze the current prerequisites for the use of electricity obtained from non-traditional sources
(photovoltaic stations) to supply non-traction consumers of railway power grids. The nature of the intensity of solar ra-
diation was clarified due to meteorological observations for 2018, recorded using a SMIR pyranometer from KIRP &
ZONEN, which is specially designed to record the flow of solar energy falling on a flat surface from the sun and sky in
the wavelength range from 300 to 3000 nanometers (Nm), which has an intelligent interface, in the city of Vasylivka, Za-
porizhia region with an interval of minutes. The total number of values was about 25,000. The data obtained are as fol-
lows: the lowest intensity of solar radiation during 2018 was 400 W / m?, and the highest - 1000 W / m?. The calculation
of the choice of photovoltaic panels type PV-MLV 250 NS with a maximum power of 250 W for the completion of a spe-
cific photovoltaic station for installation in the specified region. The authors conclude that in order to provide reliable en-
ergy supply to non-traction consumers of railway power grids during the day from autonomous solar power plants, the
latter must be provided with electricity (storage batteries) in quantities exceeding the required load by about 1.7 times.
The originality is that the use of renewable energy sources in the power supply systems of non-traction consumers of
railway transport, in particular photovoltaic installations, is proposed.

Practical implications. Introduction of photovoltaic stations as a supplementary source of electricity for non-traction
consumers of railway power grids in order to minimize electricity costs.

Keywords: renewable energy sources, quality of electric energy, photovoltaic plant, power supply networks of railway
transport, non-traction consumers of railway electric networks, electricity production, solar radiation intensity, storage
batteries.

Introduction

Currently, non-traditional power sources occupy an
increasing volume in the energy market in Ukraine,
namely bioenergy, heat pumps, geothermal heat, so-
lar energy, small hydropower. Now renewable energy
sources are developing rapidly, the number of suppli-
ers is increasing and the conditions for providing elec-
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tricity supply services are changing [1, 2]. Over the
past few years, Ukraine has made significant progress
in the development of renewable energy sources,
namely solar and wind power plants. Regarding the
possibilities of using unconventional energy in the
power supply systems of non-traction consumers of
railway power grids shows several possible areas: 1)
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power supply system from the external power system,
which, along with traditional, operate in parallel and
renewable energy sources; 2) use of renewable ener-
gy to supply infrastructure [3] and consumers' own
needs [4]. Particular attention is paid to areas where
the external electricity supply of railways is unstable,
so the use of renewable energy sources to meet the
needs of non-traction consumers is an important task.

Analysis of literature sources and problem state-
ment

Scientific and practical developments on the intro-
duction of renewable energy systems in the railway
power grid have been studied in many works of
Ukrainian [5-7] and foreign [8-11] scientists. Areas of
application of renewable energy sources in railway
power grids can be autonomous objects of railway
transport infrastructure, sources of external lighting
and other non-traction consumers.

The purpose and objectives of research

In each specific case, efficiency of PVP use in the

power supply systems of non-traction consumers is
350
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identified by means of climatic and meteorological
conditions of the area where they are planned to be
mounted. Hence, PV plants should follow after previ-
ous energy evaluation of solar radiation which helps
support expediency of such an extra source.

Solar radiation intensity, which defines energy
amount falling on a measurement unit of land surface
area for a single time period, is of random nature like
wind flow energy. Thus, the electric energy, generated
by photovoltaic plants at any time is of unpredictable
amount too.

Like in case with WPP, capacity of photovoltaic
battery (PVB) is limited by a specific value, so-called

FVB . .
Pom Which remains con-

stant after solar radiation intensity achieves its nomi-
nal values. To support the fact, Fig. 1 demonstrates
the experimental dependences of a photomodule ca-
pacity upon the mentioned intensity in terms of volt-
age invariance on its clamps.

nominal (rated) capacity
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Fig. 1. Experimental dependences of the photomodule capacity dependence upon the solar radiation intensi-
ty when voltage on clamps is 12V (a), 24V (b), and 36V (c)

Paper [12] determines a dependence of photovol-
taic battery capacity within 0+G,, interval using the

equation

Pe =Tk Fevp * G =1, ey 1= B (Te =T )] A -G, (D)
where G is solar radiation intensity, w/m?;
Neyp is battery efficiency factor;

17, is rated photomodule efficiency;

Ny is capacity use efficiency;

ﬂ is temperature efficiency coefficient;

TRT is the rated temperature of photocells, °C; and

Tc is the current photocell temperature, °C.
The latter is identified as follows:

T
T. =T (-m).G , 2
C AT (S(X)) T

where TAT is ambient temperature, °C; and

. . 0
Tnom is nominal photocell temperature, "C.

62

Efficiency of the use of capacity, when it achieves
the last maximum value, is Moy =1 As for the tem-

perature efficiency coefficient, it is considered as the
virtually unchanged one for the specific semiconduc-

tor type. For instance, it is 4 =0.004+0.006 °C*for

silicon photocells.
Taking into consideration the fact that

News By Ton@nd Fo, are technical parameters of

PVP, specified by their manufacturer, temperature
and solar radiation intensity remain independent ran-
dom values in terms of equation (1). The abovemen-
tioned verifies linear nature of the obtained depend-
ences of the output capacity upon intensity of the lat-
ter within G = 200-+1000W/m? interval.

Advantages of model (1) are as follows: it takes in-
to consideration influence of environmental tempera-
ture and photomodule temperature making it possible
to simulate PVB-based generating stations. However,
it cannot demonstrate dependence of the plant capac-
ity upon the voltage on its clamps, and intensity of cur-
rent consumption despite the fact that the last ones
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are among the key parameters of any photovoltaic
panel.

Thus, solution of relevant practical problems more
often applies a dependence, although simplified one,
named as a model of ideal photocell [13,14]. It corre-
sponds to the most popular and easy to implement
one-diode photocell replacement circuit (Fig. 2) con-

sisting of photocurrent source ( |FC), diode (D), shunt
resistor (RSh ), and resistor simulating internal series

cell resistance (R,gg).

R
=+

YD []Ra U

D

o -
=

Fig. 2 Equivalent circuit of a photocell replacement

The mentioned, more widely used dependence of
a photocell capacity is

PFVB :UFVB{G '[Isc + K| (T _TRT)]

where U ryg IS Voltage across a photocell, B;
e is short circuit current of a photocell, A;
K, is temperature coefficient of short circuit current;

q- UFVB ,(3)
o @0 )= I}

Tis operating temperature of a photoceII,OK;
TRT is rated temperature of photocells, oK;

I p IS reverse saturation current of a diode, A;
g=1.6 -107*° Coulomb is electron charge;

K =1.38-10"2J/°K is Boltzmann constant:

A is coefficient of the photocell ideality deter-
mined by means of its manufacturing method; and

| is current consumed, A.
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Despite the fact that the equivalent models and (3)
dependence are considered as the ideal one, they
should be related to a load value and nature to evalu-
ate the photocell influence on the operation of the
whole energy power supply system. That will make it
possible to calculate the amount of the generated
electric energy and evaluate efficiency of its use.

It is possible to identify the amount of electric en-
ergy, generated by means of photovoltaic conversion,
with (3) dependence using the expression

Weve =Tep *Upp {G '[Isc +K, (T =Tep)]-1,- (exp 0U TFVBA) } 1}-(4)

where 7p,,is period of photovoltaic device opera-

tion, hours.

The equation describes a process of electric ener-
gy generation by means of a photovoltaic device un-
der the specific conditions: solar radiation intensity
(G), photocell temperature (T), and period of solar en-

ergy transformation into electric one (7p )-

Identify the intensity nature of solar intensity rely-
ing upon the meteorological observation data of 2018.
They were recorded with the help of a sensor, men-
tioned in Chapter 4.3, in the town of Vasylivka, Za-

porizhzhia Oblast, with At =10 min interval. The to-
tal amount of values is almost 25000. It has been de-
termined that in terms of the terrain, length of day var-
ies from 7 hours in December to 15 hours in June, i.e.
3.5 and 7.5 hours respectively on either side relative
to the current value being 11.5 hours.

During the mentioned year, minimum solar radia-
tion mtensﬂy was 400 W/m?, and maximum value was
1000 W/m?. In this context, |f intensity fluctuations are
considered within 8-10% from the last value, then
such its value is available during April-August. Unfor-
tunately, it depends heavily upon cloudiness, and may
decrease down to the same 400 W/m” or even less.
Fig. 3 demonstrates fragments of the fluctuations.

129 days

6 days

19 24

Course of a day, hours

Fig. 3. Intake of solar radiation during a day in May (a) and a day in January (b) in 2018 (town of Vasylivka,

Zaporizhzhia Oblast)

Thus, cloudiness complicates considerably electric
energy generation by FVP. The matter is that average

daily intensity may expenence more than twofold de-
crease from 1000 W/m? on sunny days down to the
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same 400 W/m®. As for the distribution of the experi-
mental data being considered, their histogram (Fig. 4)
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stores almost constant 300900 W/m? intensity val-
ue.
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Fig. 4. Histogram of experimental data distribution as for the solar intensity distribution in 2018 (town of
Vasylivka, Zaporizhzhia Region)

The analysis supports the idea that while using
FVP as the autonomous supply source of the specific
non-traction consumers (i.e. their disconnection from
the mains), it is required to select capacity of a photo-
voltaic station in terms of the solar radiation intensity
in November-January. In this context, summer will
demonstrate significant excess of the generated elec-
tricity which should be lost or used in some way. Like
in the case with WPP application, a buffer SB has to
be available. The battery will smooth out fluctuations
in energy generation or even its lack at night, within
24 hours.

As it has been determined in the previous chapter,
the energy, accumulated by SB, excess in the amount
of daily consumption should be more than 1.7 times.
Consequently, 60 kW-h consumption should involve

such storage battery which can accumulate 104 kW-h
of electric energy. For instance, if voltage is 12V, its
energy intensity should be 8708 33 A-h.

It is also important to bear in mind that it is possi-
ble to charge the SB (as it is known by [15]) if only
output capacity of a power source, being PVS in this
case, is more than the mentioned 12 V. That is why,
selection of the type of photopanels, their amount, and
connection diagrams should involve the nuances as
well.

Consider use of photovoltaic panel of PV- MLV
250 HC type which specifications are listed in Table 1
[16]. Dependences of output voltage of the photovol-
taic panel upon the solar radiation intensity, obtained
with the help of the abovementioned experimental
setup, are in Fig. 5.

Table 1
Specifications of photovoltaic panel of PV- MLU250HC type
Parameter Value
1 Cell type Monocrystalline silicon
2 Cell dimensions, mm 78%156
3 Number of cells within one panel, pieces 120
4 Maximum capacity, W 250
5 Guaranteed minimum value of maximum power, W 242.5
6 Idle voltage, V 37.6
7 Short circuit current, A 8.79
8 Voltage in terms of maximum capacity, V 31
9 Current in terms of maximum capacity, A 8.08
10 | Efficiency, % 15.1
11 | Tolerable deviations of maximum capacity, % +3
12 | Normal operating cell temperature, °C 45.7
13 | Maximum voltage of the system, V 600
14 Cut out current, A 15
15 | Overall dimensions, mm 1625x1019%46
16 | Weight, kg 20

64




N4, 2019 ISSN 1028-2335  # % s sohemisrision: JITeopis i NPaKMuUKg Memarypeii

32 In terms of the considered example, the last condi-

tions will be met since output PVS voltage is not less

31 than 12 V required for SB. Hence, at radiation intensi-

> 30 ty, corresponding to April-August (almost 1000 W/m?)

g 29 when output voltage of the panels is 31 V it will be-

i come possible to connect in series no more than two

g 28 storage batteries. That is quite sufficient even in win-

‘g 27 ter since in terms of 29 V voltage of one panel the

= mentioned number of batteries will provide the total 24
S 2 V value.

0 >00 1000 1500 As for the total number of PV panels within a pho-

G, W/m? tovoltaic station, required to supply consumer with 60

Fig. 5. Dependence of the output voltage of PV-
MLU250HC photovoltaic panel upon solar radiation

kW capacity in summer, it is quite understood that in
terms of 235 W (Fig. 6) by one panel, there will be
necessary to connect in parallel 255 pieces. In winter,
when unit capacity of PV panel drops down to 75 W,
the station should involve 800 mentioned panels.

intensity

300

200
=
=
100 I
oII II
1 2 3 4 5 6 7 8 9 10 11 12

Year months

Fig. 6. Distribution of the average monthly capacity of PV panel of PV-MLU250HC type located in town of

Conclusion

Vasylivka, Zaporizhzhia Oblast during 2018

400 W/m? value. The fact complicates considerably

Minimum and maximum solar radiation intensity
has been identified within the mentioned Ukrainian
regions in terms of seasons. The values are almost
400 W/m? and 1000 W/m? respectively. Unfortunately,
they depend heavily upon the cloudiness thus de-
creasing even during a summer day down to a winter

the electricity generation by PVP.

To guarantee power supply of non-traction con-
sumers during 24 hours, the electricity, generated by
the autonomous wind turbines and solar power plants,
should be accumulated in the amounts, 1.7 times ex-
ceeding the amount corresponding to load.
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