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Russia’s sources of electricity generation have been mainly from fossil fuels duel to the country’s abundant hydro-
carbon resources, and nuclear power plants. The country has huge renewable energy potentials which are yet to be
fully developed. This study evaluated the techno-economic potential of a PV/Wind/DG/Battery system for integration
in Yekaterinburg and other rural areas around that enclave. The Hybrid Optimization of Multiple Energy Resources
software was used in the simulation of the system, some financial metrics such as levelized cost of energy (LCOE)
and the net present cost (NPC) were used in the analysis. Results from the monthly electricity generation indicate that
a total of 75,469 kWh/year of electricity was produced from the hybrid system. The PV system produced 29,405
kWh/year representing 39% of the total electricity generated in a year. The wind system also produced 23,291
kWh/year which also represent 30.9% of the total electricity generated per annum, whiles the DG system produced
some 22,773 kWh/year representing 30.1% of the total electricity generated by the hybrid system. An excess electrici-
ty of 2,353 kWh/year was generated which represents about 3.12% of the entire annual generated electricity. The sys-
tem recorded an LCOE of 0.356 $/kWh, NPC of $255,478.80 and an operating cost (OC) of $9,409.72. The obtained
results will be too expensive if implemented using the selected financial conditions. However, a sensitivity analysis
conducted indicates that the cost of energy can be significantly reduced if some selected financial variables are
changed.

Keywords: Techno-economic analysis; cost of energy; Russia; renewable energy; HOMER.
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HcToyHMKaMy MPOU3BOJICTBA AJICKTPOIHEPTUH B Poccuu SIBIISIOTCS B OCHOBHOM MCKOIIA@MbIC BHJIBI TOILIHNBA, 00-

raTbIC YIJICBOAOPOAHBIMU peCypCaMU CTpaHbl U aTOMHBIC 3JICKTPOCTAHLINU. CTpaHa 06J1az[aeT OIrpOMHBIM ITOTCHIIUA-
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OLIEHHMBAJICSl TEXHUKO-IKOHOMHUUeCcKHi noteHnuan cucrembl PV/ Wind / DG / Battery mns unterpauuu B Exatepun-
Oypr M JOpyTHe CeJIbCKHE paiiOHbl BOKPYT ATOTO aHKIaBa. [Ipy MOIETMpOBaHMM CHCTEMbI HCIHOJIB30BaJOCh MPO-
rpaMMHOe obecrieueHue «[ MOpuIHAsS ONTHMH3ALH HECKOJIBKUX SHEPIeTHUECKNX PECYPCOBY», P aHAIHM3E HCIOIb-
30BaJIMCh HEKOTOPHIe (PHHAHCOBBIC MTOKA3aTENH, TaKue Kak mpuBeaeHHas cronmocts 3Hepruu (LCOE) u uncras npu-
BeaeHHass croumoctb (NPC). Pe3ynbTarhl exkxeMecsIHOro MpOU3BOACTBA IEKTPOIHEPTUH TTOKa3BIBAIOT, YTO B 00MIEH
citoxkHOCTH 75 469 kBT*4 / roj snekTposHeprin OBIIIO MPOM3BEICHO C MOMOLIBI0 THOPHIHOM crcTeMbl. DPoTodIIeK-
Tprueckas cuctema mpoussena 29 405 kBt / 4 B rox, uto coctaBusget 39% ot o0miero o0beMa 3IeKTPOIHEPTHH, TIPO-
M3BEICHHOI 3a roj. BerpoBas cucrema takxke npoussena 23 291 kBr*u / rop, uto taxke cocrasnser 30,9% ot 00-
mero 00beMa IIIEKTPOIHEPTUH, BEIpadaThIBaEMOM B TOJI, B TO BpeMs Kak cuctema JII" mpousBena okoso 22 773 kBr*u
/ rox, uro cocrasisier 30,1% ot oOrmiero odbemMa 3JIEKTPOIHEPTHHU, BhIpabaThIBaeMON THOPUIHON crcTeMON. Boiio
MPOU3BEICHO U30BITOYHOE KOJIMYECTBO JICKTPOIHEprHH B pazmepe 2353 kBt*u / rox, uto cocrasiser okoso 3,12%
OT Bcell TOfoBOM BhIpaObOTKH 3itekTposHeprun. Cucrema 3adpukcuposana LCOE B pasmepe 0,356 mommapa CIIA /
kB1*4, NPC B pasmepe 255 478,80 nommapos CIIA u sxcmmyatammonssie pacxons! (OC) B pasmepe 9 409,72 non-
nmapoB CIIIA. TTorydeHHBIH pe3ynbTaT OyAeT CIUIIKOM AOPOTHM, €CJId OyJeT peann3oBaH Ha BRIOPaHHBIX (PHHAHCO-
BBIX ycsioBHsX. OHaKO MPOBEACHHBIN aHATN3 YyBCTBUTEIFHOCTH MOKA3bIBAET, YTO CTOMMOCTD SHEPTHH MOXET OBITh
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Access to affordable, sustainable and reliable energy
is considered as a critical driving force in the lives of
people as it has a significant impact on the economy and
health of a country [1, 2]. Fossil fuel produces close to
80% of the world’s primary energy demand and con-
sumption is projected to grow by 2.3% per annum from
2015 to 2040, which is expected to increase the emission
of greenhouse gases (GHG) in the atmosphere. The re-
sult from the emissions of such gases is the increase in
average global temperature which has a dangerous effect
on global climatic conditions and can cause heat waves,
droughts and heavy rainfalls which comes with flooding
and destruction of properties [3]. The leadership of the
world are now moving towards a more sustainable and
reliable sources of energy generation to safeguard the
environment and the economies of the various countries
[4].

Several researches have conducted studies on the
techno-economic potential of different hybrid systems
for different countries to assess their ability to be inte-
grated into the various countries energy generation sys-

tems. Ansong et al. [5] assessed the techno-economic
potential of a hybrid system for a mine in an off-grid
community in Ghana. Agyekum and Nutakor [6] evalu-
ated the feasibility of a stand-alone hybrid system for the
southern part of Ghana. Elkadeem, et al. [7] also ana-
lyzed the feasibility of a hybrid renewable energy system
in Dongola, Sudan for providing electricity in agriculture
and irrigation areas.

Russia has several renewable energy potentials; how-
ever, the development of these resources is rather on a
slower side mainly due to the country’s huge fossil fuel
reserves [8]. This paper evaluated the techno-economic
potential of a hybrid energy system consisting of a pho-
tovoltaic (PV) wind, diesel generator and a battery for a
possible integration at Yekaterinburg in the Sverdlovsk
region in Russia. The objective of this study is to assess
the bankability of integrating hybrid systems in off-grid
areas in the Sverdlovsk region in Russia. The study has
four sections, section 2 presents the methodology and
materials adopted for the study, section 3 covers the re-
sults and discussions from the simulations and section 4
presents the conclusion.
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List of symbols
NPC Net Present Cost 1. Description of study area
oC Operation Cost
DG Diesel Generator Yekaterinburg is a Russian city in the east of the Ural
GHG Greenhouse Gases Mountains, it is located on latitude 56.8431° N and
PV Photovoltaic 60.6454° E [9], with a population of about 1.5 million as
LCOE Levelized Cost of Energy at 20.1.8 [10]. The city has a gene.ral.ly very cold Weather
- condition. The weather characteristics of the studied lo-
CRF Capital Recovery Factor cation is presented in Fig. 1 and Fig. 2
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Fig. 1. Solar irradiation characteristics of Yekaterinburg.
Puc. 1. ConHeuyHble xapakTepucTuku obnyyeHusi EkatepunHbypra.
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Fig. 2. Wind speed characteristics in Yekaterinburg.
Puc. 2. CkopocTHble xapakTepucTuku BeTpa B EkatepuHbypre.
2. Methodology military bases etc. [6]. The levelized cost of energy

The HOMER Pro” software was used in the simula-
tion of the techno-economic potential of a
PV/Wind/DG/Battery system. HOMER is a microgrid
software use globally to optimize and design power
plants for villages, island communities, campuses and

T[Investment+OPEX+Decommisioning+Fuel cost]

(LCOE) was used to evaluate the bankability of the
modelled system. The LCOE is the total sum of the cost
during the project’s lifetime divided by the unit electrici-
ty generated in the entire lifetime of the project [11]. The
mathematical relation for calculating the LCOE is indi-
cated in Eq. (1) [11].

X
LCOE =

(1+nt 1. (1)

TElectricity ’
Yt

(1+m)t
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where, T is the expected lifetime of the plant and 7" is
the discount rate.

The net present cost (NPC) is the system’s present
value of the entire cost which include the installation and
operation cost during the lifetime of the project minus
the present value of the entire income accrued during the
lifetime of the project. HOMER calculates the NPC us-
ing Eq. (2) and Eq. (3) [12].

Cann, tot .

NPC = : ;
CRF (i,Rproj)

(2)
where, CRF (i, N) denotes the capital recovery factor,

Cann, tot is the total annualized cost, i is the annual

real interest rate, N is the number of years and Ry is
the lifetime of the project.

Diesel generator

Wind Turbine

165.29 kWh/d
24.57 KW peak

Inverter

. . N
CRFginy = i(14+10)

A+DV-1) ©

The following are the financial parameters of the var-
ious components used in the analysis: the Schneider
Conext CL25000 E kW PV module was selected for the
simulation, using a capital cost of 2000 $/kW, replace-
ment cost of 2000 $/kW and O&M cost of 40 $/kW [6].
The Eocycle EO25 Class IIA wind turbine was used,
using a capital cost of 1500 $/kW, replacement cost of
1500 $/kW and O&M cost of 0.030 $/year [13]. Surrette
4KS 25P battery was used at a capital cost of 200 $/kWh
[6]. A discount rate of 10% was used. A diesel cost of
0.75 $/L was used since that was the cost of diesel in
Russia as at the time of the simulation [14]. Fig. 3 shows
the proposed hybrid power plant for the community.

Electric Load

B3

Battery

Fig. 3. Proposed hybrid system.
Puc. 3. Mpegnaraemas rubpuaHas cuctema.

3. Results and Discussions

This section provides the techno-economic analysis
on the simulated power plant as well as a sensitivity
analysis on some technical and economic parameters
used for the modelling.

3.1. Electricity production
The peak load demand for the community as sug-

gested by the HOMER software is 24.57 kW and a daily
electricity demand of 165.29 kWh/d. Data from the sim-

ulation indicates that, the winter periods has the highest
load demand, mainly because of the need to provide
electricity for heating during that period. The months of
May to September has a relatively low load because of
the summer period. The results also indicated that most
load demand is between 18 and 21 hours when every-
body is at home and electricity is needed for lighting and
other electronic gadgets. Demand falls after 21 hours
through to 7 hours when people retire to bed, it however
increases to about 10 kW during the day when people are
at work and therefore need power at work.
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Fig. 4 shows the monthly electricity generation from
the various components of the hybrid system. Results
from the monthly electricity generation indicates that a
total of 75,469 kWh/year of electricity was produced
from the hybrid system. The PV system produced 29,405
kWh/year representing 39% of the total electricity gen-
erated in a year. The wind system also produced 23,291
kWh/year which also represent 30.9% of the total elec-
tricity generated per annum, whiles the DG system pro-
duced some 22,773 kWh/year representing 30.1% of the
total electricity generated by the hybrid system. An ex-
cess electricity of 2,353 kWh/year was generated which

I Gener30 8
WE0251IA
-
M Conext CL25000E £ 31 ‘
3 4
2 3 . |

2_
‘I-

represents about 3.12% of the entire annual generated
electricity. A renewable fraction of 62.3% was achieved,
which is good for the system and reduction of GHG
emissions. The generator worked most during the winter
seasons which is expected because there is virtually no
sunshine during that period of the year.

Electricity production from the PV system was high-
est in the middle of the year when sunshine is high. The
turbine operated mostly below its capacity, it generated
more power in the afternoons when wind speed is high
and falls to 6 kW and below during the evenings and
nights.

0

7_
6-
J
Mar

Jan Feb

Apr May

Jun Jul Aug

Fig. 4. Monthly electricity generation from the various components.
Puc. 4. Exxemecsa4Hoe Npou3BOACTBO ANEKTPOIHEPTUN M3 PaA3NNYHBIX KOMMOHEHTOB.

3.2. Economic Analysis

The system recorded an LCOE of 0.356 $/kWh, NPC
of $255,478.80 and an operating cost (OC) of $9,409.72.
Data from the analysis indicates that the renewables con-
stituted 46.13% of the total NPC whiles the DG, Battery
and converter took 53.87% of the NPC. In comparing the
current case (PV/Wind/DG/Battery) system with a base
case (diesel generator) to ascertain the optimal system
for electricity generation, the base system recorded an
NPC of $521,683 and an initial capital of $30,000 whiles
the current case scenario recorded an NPC of $255,479
and an initial capital of $143,778. From this data, it

shows clearly that whereas the base case may be cheaper
in terms of initial cost, its cost of operation and mainte-
nance is expensive. The NPC of the base case is about
49% more than the cost of running and maintaining the
current system, indicating that the current case will be a
better option for power generation at the selected site.
Table 1 shows the financial analysis for the current sys-
tem. Data from the financial analysis shows that such a
project will be viable but very expensive to the consumer
considering the obtained LCOE. An investor will recoup
all the invested capital within a short period of 3.68
years, the discounted payback of 4.34 years is still good
for an investment.

Table 1

Financial analysis of the current system

Ta6numa 1

DuHAHCOBBIM aHAJIN3 JEHCTBYIOIEH CUCTEMBI

Description Value
Present worth, $ 266,204
Annual worth, $/year 22.425
Return on investment, % 23.8
Internal rate of return, % 27.3
Simple payback, years 3.68
Discounted payback, years 4.34

3.3. Sensitivity analysis

A sensitivity analysis was conducted to verify the
possible effect of certain parameters on the bankability
of the project. This is a very critical step in feasibility
study since it offers policymakers and investors the op-

portunity to know the factors that they need to pay close
attention to in order to make the investment a success.
The cost of diesel, discount rate and wind speed are
some of the parameters varied to ascertain their impact
on the cost-effectiveness of the modelled project. Data
from the analysis shows that the cost of fuel and discount
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rate has a significant effect on the LCOE of the
PV/Wind/DG/Battery system, decreasing the discount
rate to about 5% at a fuel cost of 0.44 $/L could decrease
the LCOE to about 0.26 $/kWh. Wind speed has proven
to have a significant effect on the cost effectiveness of
the system, increasing the hub height of the turbine in-
creases the wind speed. For instance, increasing the wind
speed to 7 m/s at a fuel cost of about 0.40 $/L could
positively reduce the LCOE to about 0.16 $/kWh which
is a significant reduction from the LCOE obtained from
the original simulation. The discount rate also affects the
NPC very significantly, as increasing discount rate de-
creases the NPC.

Conclusion

This paper evaluated the techno-economic potential
of a PV/Wind/DG/Battery system in Yekaterinburg, a
city in Russia, for a possible integration into the elec-
tricity generation mix for the area. The results obtained
from the simulation using some current economic factors
in the Russia territory such as inflation rate of 3%, diesel
fuel cost of 0.75 $/L and weather conditions at the se-
lected site indicates that, such a project will be too ex-
pensive for the electricity consumer should it be imple-
mented under the selected conditions. An LCOE of
0.356 $/kWh was obtained, however, results from the
sensitivity analysis conducted shows that, the project
could be bankable and relatively cheaper if certain pa-
rameters used for the analysis are changed. The results
obtained from the study indicates that both policymakers
and investors have a crucial role in making such a pro-
ject viable, i.e. cheaper for the consumer. Several inter-
ventions such as subsidies on fuel from government and
the creation of a conducive economic environment can
make such project bankable.
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