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About technical and economic indicators of wind and photoelectric
stations use in the systems of network consumer railway supply
systems

Mema. [lNpoaHanizygamu mexHIKO-eKOHOMIYHI MOKa3HUKU 8UKOPUCMAaHHS 8impo- ma (bomoenekmpuyHUX cmaruit e
cucmemax XUsJeHHs HEMs208UX CrIOXUBaYie 3ai3HUYHUX efleKmpoMEPEX.

Memoduka docnidxeHHs rpyHmMyemsCs Ha cyYacHUx memodax ob4ucsioearnbHOI MamemMamuKku, cmamucmuKku ma aHa-
ni3y iHghopmauii 3 BUKOPUCMAaHHAM CyHaCHUX KOMITIOMepPHUX MexXHOsoail.

Pesynbmamu QocioxeHHs1. Aemopamu npoeedeHO aHarsli3 iCHyrYUX Ha cbo200HIi nepedyMo8 8UKOPUCMAaHHSI eflekm-
pu4HOI eHepeii, ska ompumaHa 6i0 8i0HO88anbHUX OXepen (8impo- ma ¢homoenekmpuYHUX cmaHuiti) Ons KuerneH-
HSl HemMsi208UX CrioXugsauyie 3aisHU4YHUX efleKmpomMepex. Aemopamu 3a3HavyaembCs, Wo 3adsns HadiliIHo20 efliekKmpo-
rnocmayvaHHsi Hemsi208UM CrioxkueayaM 3a Hasi8HOCMi 8Unadko8o20 xapakmepy 8imposo20o nomoky abo iHmeHCcU8HOoC-
mi COHSIYHO20 BUIMPOMIHIO8aHHSI, MOMYXHOCMI 8impo- ma ghomoenekmpu4yHUX cmaHuili HeobxioHo 6yde cymmeso 3a-
suuwjysamu, wo npu3sodums 00 3Ha4YHO20 3binblWeHHs KanimanbHUX 3ampam Ha 6ydisHUUMEOo 3a3Ha’yeHUx eeKkmpo-
cmamHujit. B pobomi HasedeHo npuknadu enposadxxeHHs1 eapiaHmie nobydosu sulyeska3aHUX 8impo- ma ¢homoenekm-
PUYHUX cmaHUuil Onsi 3MIHHO20 Xapakmepy weudkocmi eimpy ma iHMeHCU8HOCMI COHSYHO20 BUIMPOMIHIO8aHHS 07l
KOHKpemHux pezioHie YkpaiHu (micmo Bacunieka 3arnopisbkoi obnacmi). Aemopamu HagedeHO sapiaHmu npuHyUnosux
CXeMu 8impo- , COHSIYHOI ma KoMOIHO8aHOI eNeKmpUYHUX CUCMEM XXUBIIEHHS Hems208ux crioxueayis. HadaHo iHghop-
mauiro Wodo MexHiKo-eKOHOMIYHUX OKa3HUKI8 Halipo3rno8CrOXeHUX Ha PUHKY YKpaiHu eimyu3HsHux gpomomodyrie ma
8impoycmaHO80K.

Haykoea Hosu3Ha pobomu gidobpaxeHa 8 rpuknadax ernposadxeHHs1 8apiaHmie nobydosu 8impo- ma ¢ghomoenekmpu-
YHUX cmaHuit Onsi 3MiIHHO20 xapakmepy weudKkocmi 8impy ma iHmeHCU8HOCMI COHSIYHO20 8UNPOMIHI08aHHST 07t KOHK-
pemHux pezioHie YkpaiHu.

lMpakmuyHe 3HayeHHs. [pusedeHuli pospaxyHOK eapmocmi HeobXiOHOI KibKocmi OXepers XuseHHs Ha 8imposill, co-
HSAYHIl ma KombiHoBaHIl enekmpocmaHuisx doromazae obpamu HaliMeHW 3ampamHull 8apiaHm 8rpoeadKeHHs 8i0-
Hoe/8arnbHUX 0Xeper1 eflekmpoeHepeaii 0515 Hems208UX CIOXKUBaYi8 3asi3HUYHUX MepPeX.

Knrouosi crniosa: gidHoesosaHi dxepenia eHepeil, pomoenekmpuyHa ycmaHo8Ka, Mepexi efleKmporiocmaJyaHHsi 3aris-
HUYHO20 mpaHCcropmy, Hems2o08i croxueadi 3ani3HU4HUX e1eKMpoMepeX, 8UPObHUYMEO erlekmpoeHepeii, iHmeHcus-
HiCMb COHSIYHO20 8UMNPOMIHI08aHHSI, WEUOKICMb 8imMpo8020 NOMOKY, KanimarbHi aumpamu.

Purpose. To analyze the technical and economic indicators of the use of wind and photovoltaic stations in the power
supply systems of non-traction consumers of railway power grids.

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

Findings. The authors analyze the current prerequisites for the use of electricity generated from renewable sources
(wind and photovoltaic stations) to supply non-traction consumers of railway power grids. The authors note that for reli-
able power supply to non-traction consumers in the presence of accidental wind flow or intensity of solar radiation, the
capacity of wind and photovoltaic plants will need to be significantly overestimated, which leads to a significant increase
in capital costs for construction. The paper presents examples of implementation of options for the construction of the
above wind and photovoltaic stations for the variable nature of wind speed and intensity of solar radiation for specific re-
gions of Ukraine (Vasylivka, Zaporizhia region). The authors present variants of the basic schemes of wind, solar and
combined electric power supply systems for non-traction consumers. Information on technical and economic indicators
of the most common domestic photo modules and wind turbines on the Ukrainian market is provided.

The originality of the work is reflected in the examples of the introduction of options for the construction of wind and pho-
tovoltaic stations for the variable nature of wind speed and intensity of solar radiation for specific regions of Ukraine.
Practical implications. The above calculation of the cost of the required number of power sources at wind, solar and
combined power plants helps to choose the least expensive option for the introduction of renewable energy sources for
non-traction consumers of railway networks.

Keywords: renewable energy sources, photovoltaic installation, railway power supply networks, non-traction consumers
of railway power grids, electricity production, solar radiation intensity, wind flow rate, capital expenditures.

Introduction

As is known [1], at present, advanced world tech-
nologies are being introduced into the power supply
systems of railway transport, namely the integration of
additional renewable energy sources into the existing
electrical network. At the same time, a systematic ap-
proach is used, aimed at using the potential of wind
and solar energy in the railway infrastructure.
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The main task of the railway transport of Ukraine is
its high-quality and efficient functioning to meet the
needs of industry and citizens of the country in safe
transportation. At present, in the conditions of con-
stant growth of the cost of electric energy and fuels
and lubricants, traditional energy sources do not meet
the growing needs. Ukraine is creating various pro-
grams for the introduction of energy-saving technolo-
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gies, the main purpose of which is to save energy re-
sources, reduce the necessary investment in the fuel
and energy sector, as well as reduce the harmful ef-
fects of energy production on the environment. There-
fore, the introduction of alternative energy in the pow-
er supply systems of railway transport is a topical is-
sue [2].

Analysis of literature sources and problem state-
ment

The world experience in the introduction of renew-
able energy sources into the power supply system of
railway transport includes the use of wind and solar
energy, but in some cases it is also possible to use
the mass of air moved during the movement of the
train along the railway track to produce electrical en-
ergy [3], the authors were the optimal arrangement of
mini-wind turbines with a vertical axis (VAWT) was se-
lected, taking into account the speed of the train, the
railway, the sections without obstacles and the speed
and direction of the wind. However, such develop-
ments are not unique [4]. Traditional wind power
plants proposed in [5] are also used, the authors give
a diagram of a traction power supply system with dis-
tributed energy generation based on wind power
plants.

There is also known foreign experience in the full
use of the solar resource along with high-speed rail-
ways, which can become a potential solution to re-
duce energy costs, get more profit for railway compa-
nies [6]. Another example is the fact that the Indian
Railways Modernization Expert Group has proposed
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significant investments in renewable energy projects
such as solar and wind power through a private and
public participation initiative [7].

The purpose and objectives of research

Use of renewable energy sources within the supply
systems for non-traction consumers of railway mains
has proper significant features which should be taken
into consideration while making relevant decisions.
The key feature is as follows: such consumers con-
nect the mains since they are far from other electric
power supply networks. Hence, it will be impossible to
sell the excess of the generated energy.

Much electricity will be lost even despite the fact
that the guaranteed power supply of consumers, be-
ing considered, requires that the capacity of corre-
sponding generating plants should be increased sig-
nificantly under the conditions of random nature of a
wind flow of solar radiation intensity. Hence, in such a
case both capital costs and operational costs may in-
crease considerably making the implementation eco-
nomically impractical.

Consider some possible alternatives to use re-
newable energy sources in terms of the mode. First of
all, determine expedience of such, in fact autono-
mous, application of WPPs in the context of Ukrainian
regions, considered before. Making use of the de-
pendence of a wind turbine of ZH5KW type upon the
wind speed (Fig. 1) and averaged over the
month annual distribution of the latter in the neigh-
bourhood of Zaporizhzhia (Fig. 2), obtain indices of
electric capacity of the plant for a year (Fig. 3).
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Fig. 1. Dependence of WPP capacity of ZH5KW type upon the wind speed
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Fig. 2. Annual distribution of the monthly averaged wind velocity characteristic for the areas under consider-

ation
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Fig. 3. Distribution of the annual electric capacity by WPP of ZH5KW type during a year in terms of its use in
the neighbourhood of town of Vasylivka, Zaporizhzhia Oblast.

The obtained dependence explains that in summer
WPP capacity experiences almost 25 times decrease
to compare with the winter season. Thus, to provide
the required capacity of such an extra source (for in-
stance, 60 kW), 12 turbines are needed in winter and
300 ones are needed in summer. It is understood that
construction of WPPs with such number of facilities,
being unnecessary during the most favourable sea-
son, is a bad idea.

It goes without saying that the situation may be
improved while using facilities of different types for the
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WPPs. Some of them will have low critical wind speed
to operate in summer with greater efficiency. They
will be often disconnected in winter and energy will be
generated by more powerful WPPs meant for winds
being of maximum force within the area.

Krasnodon WPS can support the idea since it in-
volves ten different installations of FL 2500 type [8].
Fig. 4 demonstrates its annual electric energy genera-
tion [9].
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Fig. 4 Dynamics of the electric energy generation by Krasnodon WPS in 2018

However, operation in almost autonomous mode
with no possibility to sell the excess of electricity in the
energy market according to so-called “green” tariff is
hardly expedient as well as the WPP use as a source
for non-traction consumers of railway mains. Then in-
dependent use of wind turbines for the needs in the
context of the considered Ukrainian regions may be
regarded as impractical.

The possibility to apply photovoltaic plants looks
much better. If one pays attention to the electric

70

power distribution by PVPs of PV-MLU250HC type,
generated as it has been described in Fig. 5, it be-
comes obvious that it is only 3-4 times greater than in
winter. Consequently, capital costs and operational
costs will not be so heavy in November-February to
compare with May-August if the number of PVPs is
used to generate the required amount of electric en-

ergy.
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Fig. 5. Annual electric power distribution by PVPs of PV-MLU250HC type in the neighbourhood of town of

Vasylivka, Zaporizhzhia Oblast.

However, use of photovoltaic plants will result in
triple-quadruple excess of the electricity generated
specifically in summer. Thus, such huge amount of
electricity will be lost. It is inacceptable from the eco-
nomic viewpoint even if loss, resulting from noisy elec-
tricity within traction railway mains, to which non-
traction consumers under consideration are connect-
ed, is taken into account.

It is interesting fact that the most favourable sea-
sons as for the use of wind and photovoltaic facilities
do not coincide. Actually, they are opposite: when

WPPs are of the maximum capacity, solar panels
demonstrate minimum value and vice versa. Hence,
it is worth considering an alternative of the combined
use of such renewable energy sources.

If the goal is set to construct such autonomous
electric power station with similar 60 kW capacity
generated by wind turbines in winter, then it will re-
quire 12 pieces of them. Fig. 6 (a) demonstrates an-
nual distribution of the total average monthly capacity
of the WPPs located within the territory.

Year months

Fig. 6. Annual power distribution of wind (a), solar (b), and combined (c) generating capacities if they are
constructed in the neighbourhood of town of Vasylivka, Zaporizhzhia Oblast

To cover the capacity by means of solar panels of
PV-MLU250HC type in summer, they will be required
255 pieces in total. Fig. 6 (b) also demonstrates an-
nual distribution of the total average monthly capacity
by PVP. As a result of the combined use of WPP and
PVP, being minimal for the case, annual capacity dis-
tribution of the power plant will look like in Fig 6 (c).

In this context, minimum excess of the generated
electric energy will be available (i.e. almost 10%) in
late winter-in early spring, and its deficit in the late
summer-in the late autumn (i.e. no more than 25%). It
is understood that the fluctuations of electricity gener-
ation amounts may be reduced drastically by means

of complete elimination of the 25% while using rea-
sonably different types of wind turbines as it has been
mentioned or with the help of minor quantity increase
of one or another supply source relying upon econom-
ic considerations.

We considered three possible alternatives to use
RES within the supply systems for non-traction con-
sumers. It has been determined that their guaranteed
60 kW/h power supply will need:

— to apply only wind turbines (since their capacity
is 5 kW, the number should be 300 pieces);

—to install only solar modules (since their capacity
is 250 W, the number should be 800 pieces); and
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—use simultaneously 12 wind turbines and 225 Fig. 7 demonstrates schematic diagrams of the
photovoltaic modules of the mentioned capacities. proposed power supply alternatives.
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Fig. 7. Schematic diagrams of wind (a), solar (b), and combined (c) electric power supply systems. APS is
automated power switch for the power source

As the diagrams explain, the system will use al- Dbatteries, and switches in addition to supply sources.
most similar controllers, power converters, storage It is understood that a hybrid alternative can use mul-
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tipurpose controllers with power converter functions
both for wind turbines and for solar plants [10]. How-
ever, their current price still exceeds the total cost of
the components taken separately. Hence, to define
relative economic attractiveness of the proposed al-
ternatives, it is quite sufficient to compare expendi-
tures connected with the purchase of wind turbines
and solar photovoltaic modules in one case or an-
other.

Table 1
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Tables 1 and 2 demonstrate technical and eco-
nomic indicators of the most popular home-produced
solar photovoltaic modules and wind turbines being of
the mentioned capacities. It is obvious that if a tender
to purchase the equipment is held then solar photo-
voltaic modules Solar KD— 250P by EKO-ST Compa-
ny (Ukraine) at the cost of UAH 5400 per unit and
wind turbines Euro-Wind-5 by Eko—Raduga Itd at the
cost of UAH 125.000 per unit would be used.

Technical-and-economic indicators of solar photovoltaic modules by EKO-ST Company (Ukraine,

eco.st.lv@gmail.com)

Model Nominal capacity, | Nominal voltage, V | Voltage x. x., V Price, UAH
w

KVAZAR KV 250P | 250 30.7 37.3 10500

ALTEK ACS-250D | 250 314 37.2 8100

SOLAR KD-250P | 250 30.8 37.43 5400

Relying upon the abovementioned, cost of the
power stations in terms of alternative one of WPP im-
plementation would be UAH 37500 thousand under
the conditions of nonavailability of electric energy by
traction mains. The price would be UAH 4320 thou-

sand in terms of alternative two. If the combined alter-
native is used (i.e. when the number of wind turbines
and solar photovoltaic modules is quite less to com-
pare with the previous cases) then the total cost of the
required quantity is UAH 2877 thousand only.

Table 2
Technical and economic indicators of the current WPP
Manufacturer Model Capacity | Voltage, V | Wind  speed, | Tower, | Price, UAH
, KW m/s m thous.
initial rated
MikroART Itd, | 5/7 KW-480 | 5 48 3 8 12 215
Ukraine LOW WIND 7 (max)
Vetrogenerator.ru
FDV-5KW 5 48 2,5 10 8 549
7 (max)
Energo-Star Itd, | Euro Wind 5 5 240 2 8 12 330
Ukraine 7 (max)
Www.energostar.co
m.ua
Eko—-Raduga  Itd, | Euro-Wind-5 6 240 25 12 12 125
Ukraine 7 (max)
www.ecoraduga.co
m
ALTAL GrupSrl, | ALTAL -5 5 240 2 10 12 170
Moldova 6 (max)
http://www.
altalgrup.com

Conclusion

Consequently, the use of wind turbines only is the
worst alternative from the economic viewpoint; more-
over, it is almost unacceptable. The combined alterna-
tive is the cheapest one; however, it is still too expen-
sive to be implemented. It is understood that tradi-

tional supply sources should also be applied in the
case. Nevertheless, the problem concerning the ratio
between electric power supply using them and RES,
and how the mains of non-traction consumers should
be constructed needs further consideration.
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