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Abstract. Problem. Development and implementation of green technologies is both an urgent and a
cost-effective scientific and engineering task. Therefore, the issues related to the study of renewable
energy sources, which are used as the main sources of energy for electric vehicles, are quite relevant
and promising. At the same time, an equally important question is how profitable is building solar
charging stations in terms of both ecology and economy. Goal. The aim is calculation and analysis of
technical and economic indicators of a solar charging station for electric vehicles (EV). Methodology.
The analytical methods of studying the development and application of the ways and devices to
transform the energy of the sun into electricity are used, as well as the methods of experimental
research and mathematical methods of processing and modulation of the received results; methods of
calculating technical and economic indicators. Results. The review of the literature on the
development of renewable energy sources, in particular, solar power plants, and the spread of electric
vehicles with the gradual displacement (replacement) of traditional cars working on internal
combustion engines with electric vehicles (BEV and PHEV) was made. The main parameters and
technical characteristics of the solar-powered charging station (SPCS) were studied. For the analysis
and calculation of technical and economic indicators of SPCS for EV it is offered to take a SPP with a
capacity of 20 kW as a basis. The calculation of SPCS electricity generation both for own
consumption and for power supply of EV and the sale of surplus electricity to the general network at
the “green tariff” was carried out. Originality. The technical and economic calculation of SCS was
made taking into account the rise of electricity prices in Kharkiv region (Ukraine). Practical value.
According to the analysis of the obtained results, it can be said that the payback period of SPCS for
EV is about 7.9 years. If we consider the constant increase in the cost of electricity (approximately
15% per year), we can expect the payback after 6.8 years of operation.

Key words: solar-powered charging station, green energy, green tariff, solar energy, solar power
plant, electric car, energy-efficient technologies, solar panels.

Introduction atomic generation of electricity, due to low emis-
sions of carbon, refers to renewable. It is difficult
to disagree with this, but we should take into ac-
count the fact that uranium is needed to generate
electricity by nuclear technology. This metal is
heavy, and its reserves on Earth may eventually
be depleted. Although, it should be added that
this, with the current consumption of uranium
fuel in nuclear power plants can happen in hun-
dreds, if not thousands of years. But progress is
not standing still, including the one in electricity
generation technologies. Thus, it is possible to
say with a great probability that by this time new
technologies of electricity generation will be cre-
ated, and they will not have the disadvantages
inherent in the existing ones [3 - 5].

Solar energy is one of the most common branches
of renewable energy, which is rapidly developing
in Ukraine. This is not surprising, because after
the notorious events at the Chernobyl nuclear
power plant (Ukraine, 1986) and the Fukushima-
1 nuclear power plant (Japan, 2011), the world
has changed. Along with the desire to abandon
the production of electricity from hydrocarbon
fuels, humanity has begun to be very wary of nu-
clear technologies for generating electricity [1, 2].
Although the generation of electricity at nuclear
power plants (NPPs) is caused by the fission of
uranium isotope atoms and then by steam and
steam turbines, much of the energy generated is
converted into electricity, but it is thought that
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At the same time, renewable energy is ob-
tained from natural sources that do not cause the
release of carbon and are recovered fairly quick-
ly. When it comes to protecting the environment,
renewable energy sources are much more effi-
cient than traditional ones, as this way of produc-
ing energy leads to reduced greenhouse gas emis-
sions and air pollution. Therefore, in various
countries, including Ukraine, various incentives
are introduced, such as targeted subsidies, aboli-
tion or reduction of the tax burden, etc. [6-8]. Ac-
cording to the Law of Ukraine on Electricity
Ne 575/97-BP of 16.10.1997: “green tariff” is a
tariff at which the wholesale electricity market of
Ukraine is obliged to purchase electricity pro-
duced at electricity facilities from alternative en-
ergy sources. In accordance with this law, power
which is generated using solar power plants
(SPP), wind power plants and hydroelectric pow-
er plants is accepted by the general network and
paid for by the wholesale electricity market at a
“green tariff”.

Along with the trend of development and dis-
tribution of renewable energy sources, there is a
growing interest in new transport, which uses
these sources for its operation. This is electric
transport, as well as the so-called hydrogen
transport, using hydrogen to generate electricity
and supply it to its power plant [5, 8, 9]. There-
fore, the issues related to the study of renewable
energy sources, which are used as the main en-
ergy sources for electric vehicles are quite rele-
vant and promising.

Analysis of publications

As of the end of 2020, 9.9 million electric vehi-
cles (BEV and PHEV) were registered in the
world, of which 4.2 million were in China [10].
It is almost 46% of all Electric Vehicles (EV) in
the world. China has held the lead on this indi-
cator since 2010, but it should be said that the
gap between the EV market in China and other
countries is gradually narrowing. Thus, accord-
ing to IAA Mobility, the European market,
which includes members of the European Free
Trade Association (EFTA), in addition to the
European Union, accounts for a total of 3.2 mil-
lion EV. The third place is occupied by the
United States with a rate of 1.7 million EV [11].
If we consider European countries separately,
Germany ranks the third with a score of 702981
EV. Next are the United Kingdom (447,486
EV), Norway (433,609 EV) and France
(413,212 EV).

In Ukraine, the market of electric vehicles, as
well as the market of renewable (green) energy

is only approaching the stage of intensive devel-
opment. Thus, as of the end of 2020, the Ukrain-
ian market numbered 55051 EV, of which there
are 25853 BEVs and 29198 PHEVs [12]. Ac-
cording to the Ministry of Internal Affairs of
Ukraine, for the period of January-October
2021, the Ukrainian fleet of EV was replenished
by 6751 units. This is 11.3% more than in the
same ten months of 2020. So, as with renewable
energy, we can see a steady growth of these
trends and these technologies. It is quite logical
to combine them into a single system, where
renewable energy sources are power sources for
EV. That is, it is considered relevant and prom-
ising to make the charging infrastructure for EV,
for example, on the basis of solar power plants,
as proposed in [6, 13 - 18].

The authors of article [14] investigate the
possibility of charging the batteries of electric
vehicles from SPP. At the same time, the SPP
operation system is designed in such a way that
the charging station always has enough electrici-
ty to charge electric vehicles during the day. In
[15], similar issues are considered for the territo-
ry of India, with an emphasis on the fact that the
solar power plant is the main source of electrici-
ty for the EV charge. The SPP itself allows you
to connect to its electricity storage devices as an
alternative source that compensates for the
shortage or excess of electricity in the general
network. The authors of [16] went further on the
path of introducing renewable energy sources
into the EV infrastructure. They proposed to
combine a solar power plant with a wind tur-
bine. Thus, the generation of electricity for the
EV charge occurs simultaneously in two green
ways. Also, it should be noted that such a tech-
nical solution will ensure the generation of elec-
tricity in the dark (provided there is wind). Simi-
lar studies are presented in works [8, 17]. Only
here the authors proposed to use low-power
sources of electricity together with SPP, which
convert kinetic energy from pressure into elec-
tricity. This approach is quite relevant and
promising for the organization of EV charging
infrastructure in large cities. The authors of [18]
proposed to make a solar charging station for
two types of EV at once — BEV and EV, running
on hydrogen fuel. One part of the generated
electricity is used to charge EV, and the other
part works in aqueous electrolysis to form hy-
drogen. This provides power to both BEVs and
cars, where the main element for the formation
of electricity is hydrogen.

So, as was already mentioned, the develop-
ment of SPP for EV charging infrastructure is an
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urgent issue. And quite naturally there is a need
to calculate the economic effect of its implemen-
tation. For how long is such a solar charging
station able to pass the payback period and reach
a net income? Building such power plants that
accelerate the transition of transport from inter-
nal combustion engines to EV is expedient not
only from the ecological point of view, but also
in terms of economy.

The study in this paper is aimed at finding
the answers to the questions.

Purpose and Tasks

The purpose of the work is to calculate and ana-
lyze the technical and economic indicators of the
solar-powered charging station for electric vehi-
cles.

To achieve this goal, there is a need to solve
the following tasks:

— to investigate the basic parameters and
technical characteristics of the solar-powered
charging station (SPCS);

— to calculate the generation of SPCS elec-
tricity both for own consumption and for power
supply of EV and the sale to the general network
at the “green tariff”;

— to carry out technical and economic calcu-
lation of SPCS taking into account the rising
price of electricity in Ukraine.

Basic parameters and technical
characteristics of SPCS

For the analysis and calculation of technical and
economic indicators of SPCS for EV we will
take the SPP with a capacity of 20 kW as a ba-
sis. Such capacity, in our opinion, will allow not
only to generate enough electricity to charge EV
on the territory of Ukraine (Kharkiv region), but
also to sell its balance at a “green tariff” to the
general network.

The main technical characteristics of SPCS
are:

— power of solar panels: 20.72 kW,

— power of the hybrid inverter: 10 kW;

— number of hybrid inverters: 2 pcs.;

— panel power: 280 W;

— number of panels: 74 pcs.;

number of used Nissan Leaf batteries,

24 kWh 4 pcs.;

— type of panels: polycrystalline;

— location: pitched roof;

— angle of inclination: 34°;

— orientation: south;

— additional load on the roof: 20 kg/m?;

— area of the solar panels: 126 m2.

Calculation of electricity generation

The average values of electricity generation by
SPCS with a capacity of 20 kW for the Kharkiv
region are given in Table 1. These data were
obtained during the experimental studies of the
SPP, which was developed in KhNADU [6].

Table 1. Average values of electricity generation by
SPCS with a capacity of 20 kW

Month Generation, kWh
January 1020
February 1280
March 1920
April 2380
May 3080
June 3100
July 3020
August 2900
September 2280
October 1580
November 760
December 620
Together for a year 23940

Based on the results of electricity generation,
the generation schedule is built, Fig. 1, kWh.

Generation (kWh)

3500
3000
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Fig. 1. Schedule of SPCS electricity generation by
months

For a more accurate and correct analysis of
technical and economic indicators of the pro-
posed SPCS it is necessary to indicate the cost
of its main components and the cost of design-
installation and commissioning works.

The cost of the main components of the
SPCS is:

— solar battery JA Solar
280/SC — 193,866 UAH;

— hybrid inverter Infini Solar 10 kW -

JAP60S01-
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104,246 UAH;

— AKB Axioma AX-GEL-100, 100 A-h
12 W - 236,000 UAH;

— mounting structure for solar modules —
43,665 UAH.

Total (basic equipment): 577,777 UAH.

Additional and consumables: 10,650 UAH.

Design-installation and  commissioning
works: 43,000 UAH.

The total cost of the solar-powered charging
station is 631,427 UAH.

The extended structural scheme of SPCS is
given in Fig. 2.

Solar battery
o Mains
Hybrid inverter inverter
Entrance
(AC)

Mains connection &2 & Control

oo panel
®

Remote
monitoring

Fig. 2. Structural scheme of SPCS

The service life of the station is the follow-
ing.

Warranty on solar panels: 10 years. Service
life: unlimited.

Warranty on inverter equipment: 5 years.
Service life: from 20 to 25 years.

Warranty for installation work: 2 years.

Technical and economic calculation of SPCS

The main parameters of the SPCS, with a capac-
ity of 20 kW for technical and economic calcu-
lation are given in Table 2.

In accordance with the specified parameters
of the SPCS operation (see Table 2), the tech-
nical and economic calculation was carried out
in accordance with each month of its operation.
The main indicators of technical and economic
calculation are summarized in Table 3.

Table 2. Parameters of SPCS operation for technical
and economic calculation

Parameter / characteris- Quantit Dimen-

tic Y sionality
Own consumption per 150 KWh/month
month

The cost of electricity

per 1 kwWh 168 kop

Green tariff rate 420 kopecks/kWh

The amount of electrici-
ty to be sold to charge
electric vehicles per
month

300 kWh/month

Electric vehicle charge

rate for 1 kwWh 600 kop

The “green tariff” in Ukraine is:

— until December 31,
499.27 kopiykas;

— from January 1, 2020 to December 31,
2024 — 420 kopiykas;

— from January 1, 2025 to December 31,
2029 — 368 kopiykas.

Taking into account the change in the “green
tariff’, we will calculate the financial perfor-
mance of SPCS for the first 15 years of its oper-
ation, Table 4.

When calculating, we assume that, on aver-
age, 300 kWh of generated electricity each
month will be spent on charging electric vehi-
cles at a rate of 600 kopiykas for 1 kWh, Ta-
ble 2.

2019 -

Table 3. The main indicators of technical and economic calculation of SPCS operation for 2020

. Own Charge of Income Saleina | Sales Profit

Month Genke\;at]lon, consumption, electric c;;Orme network, | revenue, 1;’a5>(<) % 2321

kWh cars, kWh | ] A%’ KWh UAH ' OAH
January 1020 150 300 1800 570 2394 817.83 3376.17
February 1280 150 400 2400 730 3066 1065.87 | 4400.13
March 1920 150 400 2400 1370 5754 1590.03 | 6563.97
April 2380 150 400 2400 1830 7686 | 1966.77 | 8119.23
May 3080 150 400 2400 2530 10626 2540.07 | 10485.93
June 3100 150 480 2880 2470 10374 | 2584.53 | 10669.47
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Income . Profit
. Own Charge of Saleina Sales
Generation, . . from Tax from
Month KWh consumption, electric charge network, | revenue, 19.5% sale

kWh cars, kWh UAH kwh UAH UAH
July 3020 150 480 2880 2390 10038 2519.01 | 10398.99
August 2900 150 480 2880 2270 9534 2420.73 | 9993.27
September 2280 150 400 2400 1730 7266 188487 | 7781.13
October 1580 150 400 2400 1030 4326 1311.57 | 5414.43
November 760 150 400 2400 210 882 639.99 2642.01
December 620 150 300 1800 170 714 490.23 | 2023.77
fTOgether 23940 1800 4840 29040 | 17300 | 72660 | 19831.5 | 81868.5

or a year

In accordance with the calculations, it can be electricity (approximately 15% per year), we can
noted that the payback period of SPCS for elec- expect the payback somewhere in 6.8 years of
tric vehicles is about 7.9 years, Fig. 3. If we take its operation.
into account the constant increase in the cost of

Table 4. Financial indicators of SPCS by years

Profit, UAH Payback, UAH | Profit, UAH Payback taking into account the
rise in price of electricity, UAH
1 year 81868.5 -549558.5 94148.775 -537278
2 years 81868.5 -467690 94148.775 -443129
3 years 81868.5 -385821.5 94148.775 -348981
4 years 81868.5 -303953 94148.775 -254832
5 years 81868.5 -222084.5 94148.775 -160683
6 years 74626.72 -147457.78 85820.728 -74862.4
7 years 74626.72 -72831.06 85820.728 10958.33
8 years 74626.72 1795.66 85820.728 96779.06
9 years 74626.72 76422.38 85820.728 182599.8
10 years 74626.72 151049.1 85820.728 268420.5
11 years 48242.2 199291.3 55478.53 323899
12 years 08242.2 297533.5 112978.53 436877.6
13 years 08242.2 395775.7 112978.53 549856.1
14 years 08242.2 494017.9 112978.53 662834.6
15 years 98242.2 592260.1 112978.53 775813.2
UAH

600000
400000
200000 l |
= l l
l gv s year
-200000

o

-400000

-600000

Fig. 3 Efficiency of SPP without taking into account the rise of electricity prices
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Fig. 4. The efficiency of SPP taking into account the rise of electricity prices

Every year the number of electric cars in
Ukraine will increase, as is noted in sources
[11 -13]. Therefore, along with this growth,
there will be a demand for electricity for their
charge and for the corresponding charging infra-
structure. So, it is possible to predict with high
probability that in the year of termination of the
“green tariff” (11 years on schedule, Fig. 4) an-
other charging station for electric vehicles worth
50,000 UAH will be purchased, Fig. 2. This will
allow all the generated electricity to be spent on
the EV charge. Thus, the cost of purchasing an-
other charger stipulates the payback downfall
this year.

Conclusion

In the course of work, a review of literature
sources on the development of renewable energy
sources, in particular, solar power plants, was
conducted. The trends in the proliferation of
electric vehicles with the gradual displacement
(replacement) of traditional ICE cars with elec-
tric vehicles (BEV and PHEV) were also stud-
ied. It is obvious that electric transport requires
the development of appropriate charging infra-
structure for its operation. Therefore, the devel-
opment of SPCS for EV is an urgent issue. Quite
naturally there is a need to calculate the eco-
nomic effect of the introduction of SPCS for
EV, the benefit of constructing such SPCSs not
only in ecology terms, but also in terms of econ-
omy. Their development, in its turn, accelerates
the transition from traditional transport with in-
ternal combustion engines to EVs.

In the framework of this paper, the main pa-
rameters and technical characteristics of the
SPCS were studied. For the analysis and calcu-
lation of technical and economic indicators of
SPCS for EV it was offered to take the SPP with
a capacity of 20 kW as a basis.

The calculation of SPCS electricity genera-

tion for both own consumption and for EV sup-
ply and sale of surplus electricity to the general
grid at the “green tariff” was made.

The technical and economic calculation of
SPCS was performed taking into account the
rise of electricity prices in Ukraine. According
to the analysis of the obtained results, it can be
noted that the payback period of SPCS for EV is
about 7.9 years. If we consider the constant in-
crease in the cost of electricity (approximately
15% per year), we can expect the payback after
about 6.8 years of its operation.
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TexHiko-eKOHOMIYHHI1 PO3PaAXyHOK COHAYHOI
3apsAHOI CTaHIIl ISl e1eKTPOMOOLIiB

Anomauin. Ilpoonema. Pospobrka ma enposao-
JICEHHs  3eNleHUX  MEXHONOo2il € He  MilbKu
AKMYanvbHol, a U eKOHOMIYHO 6UCIOHOI0 HAYKOBOIO
ma indcenepHoio 3adaueio. Tomy numaHnHsa nos sa3ami
3 00CHI0HCeHHAM POOOMU NOHOBIIOBANLHUX OJiCepeil
enepeii, AKI  BUKOPUCOBYIOMbCA — AK  OCHOBHI
Oocepena  emepeii  0nA  eNeKMPOMPAHCHOPMY €
00CMamHub0  AKMYATbHUMU A NePCHeKMUBHUMIL.
Pasom 3 yum, He memws axmyanbHUM NUMAHHAM €
HACKINbKU BU2IOHO He Jjuule 3 eKOJO02IYHOI MOoyKu
30py, a U 3 eKOHOMIUHOI p030y008y8amu COHAUHI
sapsoni cmanyii? Mema. Pospaxynox ma awnaniz
MEeXHIKO-eKOHOMIYHUX NOKAZHUKIE COHAUHOI 3apsiOHOT
cmanyii ons enexkmpomo6inis (EV). Memoodonozisn.
Bukxopucmani ananimuuni memoou 0ocniodcenns 3
PO3DOOKU Ma 3aCMOCYBAHHS Memo0ie ma NPUCmpois
01 nepemeopeHHsi eHepeii COHYs HA eNeKmpuuny.
Buxopucmano Memoou eKCHepUMEeHMATbHUX
00Ci0NCEHb A MaAMeMamuyHi Memoou oopooKu ma
MOOYNIOBAHHA OMPUMAHUX pe3yrbmamis. Memoou
PDO3DAXYHKY  MEXHIKO-eKOHOMIYHUX  NOKA3HUKIG.
Pesynomamu. Ilposedeno oensad  nimepamypHux
odrcepen Wooo po3BUMKY NOHOBIIOBANbHUX Odicepe
eHepeii, 30Kpemda, COHAYHUX eNeKMpOCmanyil, ma
NOWUPEHHIO  eNleKMpoMobinie 3 NOCMYNOBUM
BUMICHEHHAM (3AMIHOI0) MPAOUYIUHUX ABMOMOOINIE
3 JIB3 enexmpomobinamu (BEV and PHEYV).
Ilposedero 0ocniddceHHss OCHOBHUX napamempie ma
MEeXHIYHUX XAPAKMEePUCMUKU COHAYHOI  3apsOHOT
cmanyii (C3C). [na  nposedenns awnanisy ma
PO3PAXYHKY MEXHIKO-eKoHoMiuHux nokasnukie C3C
ona EV szanpononosano e3amu 3a ocnogy CEC
nomyacuicmio 20 kBm. [lpogedeno pospaxyHok
eenepayii enexmpoenepeii C3C sk 0 61acHo2o

cnodcusants, max i 0na sxcusnenus EV ma npoodaoscy
HAONUWIKY el1eKMpOeHep2ii y 3a2anvhy mepexcy 3d
«3zenenum mapugomy. Opuzinansuicms. Ilposedero
MEXHIKO-eKOHOMIYHULL ~ PO3PAXYHOK c3C s
VPaxy8anHAM NOOOPOACHAHHA —eleKmpoenep2ii Ha
mepumopii  Xapkiecvkoi  obnacmi  (Vkpaina).
Ilpakmuune 3nauenna. 3a ananizom OMPUMAHUX
Pe3yIbmamie  MOMCHA — 3A3HAYUMY, WO MePMIH
oxynnocmi C3C ona EV cknadae 6nusvko 7,9 pokis.
Axwo epaxyeamu nocmiiine 3poCmanHs 6apmocmi
enekmpoenepeii (npubnusno na 15 % 6 pik), mo
MOJKCHA OHIKY8amu, wjo oKynuicmv Hacmaue Ha 6,8
poyi it ekcnayamayii.

Kntouogi cnosa: consuna 3apsaoua eiexmpocma-
HYis, 3eleHa eHepeemuKa, 3eieHull mapug, co-
HAYHA eHepeemuKa, COHAYHA eNIeKMmPOCMAaHyis,
eneKmpomMoobinG, eHepeoeheKmugHi mexHoaoeii,
COHAYHI nameii.
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