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Abstract. As in the whole world, there are regions in Russia that experience heat supply
difficulties, mainly due to the high cost of fossil fuel as well as to growth of energy resources cost
and polluting emissions. In this regard, search for solutions which would provide energy saving
with an increase of energy, commercial and ecological efficiency of modern heat supply systems is
becoming vitally important today. One of them is the development and use of special types of
energy including renewable energy sources, wind energy in particular. Accordingly, the paper
presents one of the possible solutions to the heat supply problem which are directed at meeting the
whole region’s heat demand through the joint use of wind power plants with a boiler room
operating on fuel oil. The study assessed the efficiency of constructing of wind power plants with
a total capacity of 1.7 MW for the heat supply needs of a settlement, which is located on the
Barents Sea coast in Russia. The selected area is characterized by an average annual wind speed
of 7.0 m/s and a long heating period (9-10 months a year). The assessment showed that the wind
power plant construction is financially reasonable, as additional profit can be generated by the end
of the wind power plants scheduled service life that make up the half of primary investments.
The results obtained in the paper are expected to make up for the lack of information on the feasibility
of wind power plants construction for the heat supply needs, which is very useful for other countries
that have similar areas experiencing various heat supply difficulties.
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TOILUINBA, POCTOM Tapu(OB M 3arps3HEHHEM OKpYsKaromied cpeisl. B cBs3M ¢ 3TUM HOMCK ITyTeH,
CIOCOOCTBYIOIINX SHEPTrOCOEPEIKCHUIO U MOBLIIIEHHUIO YSHEPTeTUIECKOM, SKOHOMHYIECKOH 1 3KOJIO-
rudeckoit 3 GeKTUBHOCTU PabOThl COBPEMEHHBIX CHCTEM TEIIOCHAOXKEHMS, CTAHOBUTCS JKH3HEH-
HO Ba)XKHBIM. OZIMH M3 HUX 3aKJII0YAeTCs B OCBOGHHU U BOBJIECUYEHHU B TOIUTMBHO-3HEPTreTUUECKUI
OaxaHc OCOOBIX BHJIOB JHEPIHH, K YHCIY KOTOPHIX OTHOCSTCS BO30OHOBIISIEMBIE HCTOYHHKU
9HEPrHH, B YaCTHOCTH OJHEpPrust Berpa. B craThe paccMoTpeH crmoco0 penreHus NpoOiIeMbl
TemIocHa0KeHNs!, HallPaBJICHHbIH Ha YAOBIETBOPEHHE MOTPEOHOCTH B TEIIOBOM SHEPTUH LIENOTO
MOCETIKA, ITyTeM HCIIOIb30BAHHS BETPOIHEPTETHIECKUX YCTAHOBOK COBMECTHO C KOTENBHOI, pado-
Taromeld Ha MasyTte. BrimonHena oneHka 3(QQEKTHBHOCTH COOPYKEHHS BETPOIHEPreTHUECKUX
yCcTaHOBOK 001meit momHocteio 1,7 MBT Ha Hyxzasl TerutocHaOkeHusi mocenka TepuOepka,
pacnonoxeHnHoro Ha nobepexxse bapeniiea mops B Poccun. BeiOpanHblii paiion xapakrepu3yeTcs
CPEIHEroI0BOI CKOPOCTHIO BeTpa 7,0 M/C U JUIMTEIBHBIM OTOMHUTENBHBIM MepuooM (9—10 mecs-
1eB B roxay). Kak mokasanu nccienoBanus, ¢ GUHAHCOBOM TOUKH 3pEHUS COOPYKEHUE BETPOIHEP-
TeTHYECKUX YCTAaHOBOK SIBJISIETCSl OMPABIAHHBIM: K 3aBEPIICHUIO UX TJIAHOBOTO CPOKA CIYXKObI
MOJKeT OBITh CHOPMHUPOBAHA JOIOJIHUTENIbHAS NPHObLIb, JOCTUIAIOIIAs IOJIOBUHBI CYMMBI I1€PBO-
HaYaJIbHBIX WHBeCTHLUH. O’XKppaercsd, 4TO MOIyYEHHbIE PE3yJbTaThl BOCHOIHAT HEAOCTATOK
uHopMaIMu 0 LeNecooOpPa3HOCTH COOPYKEHUSI BETPOIHEPreTHUECKHX YCTAHOBOK Ha HYXKIBI
TeMJI0CHA0KEHNs, YTO BECHMA TOJIE3HO JUISl APYTHX CTPaH, B KOTOPBIX MMEIOTCS MOXOXKHE paiio-
HBI, UCIIBITHIBAIOIIHE PA3INIHbIE TIPOOIIEMBI C TEITIOCHA0KEHHEM.

KnroueBble cji0Ba: BeTpOIHEPreTHKA, TEIUIOCHAOKEHHE, TEXHIUKO-9KOHOMHYECKasl OLCHKA, JHC-
THI JUCKOHTHPOBAHHBIA H0X0l, ApkTHueckas 30Ha Poccuiickoit ®enepanuu, BETpOIHEPreTU-
YyecKas yCTaHOBKa

Jns nutupoBanus: bexan, A. B. Ouenka 3¢)(h)eKTHBHOCTH COOPYKEHUSI BETPOIHEPTeTHUECKIX
YCTAaHOBOK Ha HY bl TeruocHaOkenust / A. B. bexan /| Dnepeemuxa. Hse. evicul. yueb. 3age-
Oenuti u snepe. obvedunenuit CHI'. 2022. T. 65, Ne 4. C. 366-380. https://doi.org/10.21122/1029-
7448-2022-65-4-366-380

Introduction

Due to the high cost of fossil fuel, growth of energy resources cost and
polluting emissions, the researches aimed at inquiries of the solutions, which
would provide energy saving with an increase of energy, commercial and
ecological efficiency of modern heat supply systems, are becoming more
relevant today. One of such solutions is the promotion and involvement in the
fuel and energy balance of particular kinds of energy, including renewable
energy sources (RES), and, specifically, wind energy [1-4]. It enables using
wind power plants (WPP) in the areas with enhanced wind potential and
extended heating season for generating thermal energy for the heat supply needs.
Joint operation of them with conventional heat supply facilities is able to reduce
expensive fossil fuel utilization and hence to reduce cash costs for its purchase
and make environmental improvements close to heat consumers [5-7].

WPP are primarily used throughout the world to produce electrical power for
power supply to consumers [8-12]. The electricity is either directly transferred
to a consumer, or first transferred to the Unified Energy System of Russia, where
it is further distributed to consumers. In these cases, power produced can be
partially used by consumers for heating needs through the use of electric heaters
(such as convectors, floor heating systems or oil heaters). It concerns group
of consumers who have been initially provided with the heaters installed inside
heated buildings and which accommodations are heated by them. It should be
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noted that additional equipment (for example, an inverter) is required to be
installed to maintain power supply systems using WPP in good working order,
along with carrying out extra measures providing the required quality of
WPP power output. This quality is determined by the external electrical net-
work [13-15].

This paper is related to such an operational technique of a WPP, which
allows one to abandon additional equipment and additional measures to ensure
the quality of the power output. The principle of this technique is to use all WPP
power output for the heat supply needs only. Thus, the power produced by WPP
comes straight to the heater, which heats the water (coolant) circulating through
the heat supply system. The heater here could be powered by electricity of any
quality, thereby possible fluctuations of WPP power become unimportant. Short-
term (second and minute) fluctuations will be smoothed out by the coolant itself,
together with the slow response of heat supply systems. Longer (hour)
fluctuations are flattened by the heat-retaining capacity of the heated buildings
and structures. Furthermore, that WPP operating technique enables saving
money on extra equipment purchase and reducing the operating costs associated
with the equipment maintenance.

The feasibility of constructing and using WPP for the heat supply needs
within particular zones and conditions should be confirmed by modern
feasibility studies and analysis of WPP performance indicators. A number
of international researches have dealt with these issues, but all of them are
basically concerned with the analysis of hybrid systems, normally composed
of photovoltaic cells and WPP, operating for the electric power supply needs
[16-18]. In so doing, some researches however deal the issues of heat supply
from WPP, but heat and electrical loads are considered together [19-22].

Thus, the analysis of these and other similar researches showed poor data on
technical and economic performances of WPP construction for the needs of heat
supply, which completeness could have indicated the possible WPP construction
feasibility for some regions. The paper accordingly presents one of the possible
solutions to the heat supply problem, directed at meeting the whole region’s heat
demand through the joint use of a WPP with a boiler room. The construction and
further use of WPP for the heat supply needs may not only be productive
for some regions, but also help to attract additional investment to them.
The results obtained in the paper are expected to make up for the lack of
information on the feasibility of WPP construction for the heat supply needs,
which is very useful for other countries, having similar areas with various heat
supply difficulties.

Materials and methods
There are regions in Russia, as in the world, experiencing heat supply

difficulties (problems with the delivery and storage of fossil fuels, the state subsidy
need, obsolescence and worn-out state of heat supply systems, etc.) [23-26].
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One of these areas is the Teriberka settlement, which is located in Russia within
the Arctic Circle, 120 km east of Murmansk (Fig. 1).

a b

Teriberka

P Barents Sea
Murmansk

Fig. 1. The situation of Teriberka (a) and the site for the wind power plants construction
on the settlement’s territory (b)

Teriberka has been supplied with district heating. The heating period
stretches about 9—10 months a year. The basic heat source in Teriberka is a boiler
room, with the installed capacity of 10001.8 kW, of which only 2095.73 kW
is used for heating load. The basic fuel type is fuel oil, with constantly growing
cost on the market, leading to heat power tariff increase, which keeps up in years
to come (Fig. 2). At the same time, fuel oil combustion at the boiler room is
accompanied by environmental discharge of harmful substances.

020 :
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0.16 :
0.14 A
0.12 1
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Heat power tariff, USD/kWh

Fig. 2. Heat power tariff increasing in Teriberka

To increase the efficiency of the heat supply system under consideration,
WPP are proposed to be used, jointly operating with a boiler room. In this case,
the WPP use will make it possible to reduce the boiler room participation in the
heat supply and thereby to reduce fuel oil consumption.

Seed funding will be required to carry out and implement the WPP
construction project into the heat supply system. The sooner the investments pay
off, the more economically attractive project is seen, where investors more likely
investing their money in.

The net present value (NPV) could be taken as a criterion for the
construction profitability of the WPP in question, which expresses the total
economic benefit or diseconomy of the object realization for the entire duration
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of its operation, adjusting for changes in the inflation and the heat power ta-
riff [27, 28].

In our case, the equation for calculating the NPV can be written as follows
n

B.

_ i 1
NPV ZI(Hr)' Iy, 1)

where i =1, 2, ..., n — the number of the WPP operational year; n — the WPP
service life, years; B; — current income from the WPP operation for the relevant
i-th year, USD; r — real discount rate, per unit; Iy — total investment in the WPP
construction, USD.

When using WPP for heat supply, the current income from their operation
for the relevant i-th year can be determined from the expression

Bi =Wfi _Cow (2)

where W — the total annual output of two wind turbines, kWh; f; — heat power
tariff in the i-th year, USD/kWh; C,; — total operating costs of the WPP for the
relevant i-th year, USD.

Annual operating costs Cy; generally include the expenses on overhaul and
repair, wages and others.

The major effect of the WPP implementation is to save fuel oil used in the
boiler room. Therefore, the boiler room’s owner, whose balance sheet it is on, as
well as regional and local authorities, having had to subsidize the fuel oil
purchase and delivery, are primarily interested in the WPP construction. If the
boiler room’s owner happens to have the seed funding for the WPP construction,
then he can make maximum or partially use of his own funds. The deficit can
accordingly be allocated from the national budget, for example, in the form of
subsidies.

In this case, when calculating NPV to determine the nominal discount rate
rcapm (the rate of return on equity), we can apply the capital assets pricing mo-
del (CAPM)

leapm =T +B(6, —1¢), (3)

where r; — the risk-free rate of return, per unit; § — the coefficient corresponding
to the change in the company’s share price from the change in the share price for
all companies in this market segment; (r,, — r) — market risk premium, per unit;
rn — the average market rate of return in the stock market, per unit.

The refinancing rate offered by the Central Bank of Russia (CBR) can
be used as r;, when placing the project under the Russian market conditions.
At the time that calculations being performed, the refinancing rate has been set
at 6.75 % per annum. In the Russian market, the calculating procedure for the
B coefficient is also determined by the CBR. Companies that do not trade their
shares on the stock markets do not have sufficient statistics to calculate their
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B coefficient. In this case, the average P Table 1
coefficient of the closest equivalent com- P coefficient of some closest
panies is used for calculations (Tab. 1). equivalent companies

The average market rate of return in Company name B coefficient
the stock market r, for Russia can be |Enel Russia 0.86
taken as either the average return on the |TGC-1 1.63
Moscow Interbank Currency Exchange |[TGc-2 0.66
(MICEX) index or the RTS index. The [RusHydro 0.69
indices of MICEX and RTS are the main | Yakutskenergo 0.28
indicators of the Russian stock market. |Mean 0.82

The average annual return of these indices
is at the level of 12.5 % per annum [29]. We use this value in further
calculations.

In the following NPV calculation to determine the real discount rate,
the expression can be used [30]

feapm —J
r = Toom =< 4
1+J @

where J — inflation rate in the current and expected time period, per unit.

If the boiler room’s owner and public authorities do not have funds for
the WPP construction, the funding can be obtained in terms of a bank loan.
When this occurs, the discount rate depends not only on inflationary
development, but also on loan conditions for the WPP construction. When
calculating the NPV, the nominal discount rate can be defined as the weighted
average cost of capital (WACC):

Wwacc = Tcapm (E/V)+ Thd (D/V)(l_t)' (5)

where rcapm — the rate of return on equity, resulted using the CAPM model,
per unit; E — market value of equity, per unit; D — market cost of debt, per unit;
V = E + D - total market cost of debt and equity, per unit; t — profit tax rate
(makes up 20 % in Russia), per unit; r,q — the rate of return on debt (cost of
borrowing of the loan), per unit.

In this case, such costs are the nominal interest rate, set by the bank on the
loan.

The real interest rate rq imposed by the bank on the loan, can be found
similarly with formula (4) from the expression

r
1+

hy=d ©)

Iy =

When calculating the NPV accordingly to the formula (5), the following
expression can be used to determine the real discount rate

e GO e IR U

1+J
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Wind speed, m/s bines transportation, laying of a foun-

Fig. 3.Vestas V52-850 KW dation, etc. Considering the requi-

wind turbine power curve rements mentioned, the site was

selected on the Barents Sea coast,
at a distance of 1.5 km from Teriberka, where an average annual wind speed
is of 7.0 m/s (Fig. 1b).

The annual power output of each wind turbine depends on the average
annual wind speed and to a large extent on the wind distribution at the hub
height. The average annual wind speed at the height of 10 m aboveground level
for Teriberka is mentioned earlier to be 7 m/s. Wind speed increases with height.
The issue concerning wind profile particularized in [31, 32], where a formula
was resulted from researches, determining the transition from one high level, for
example, 10 m, to the height H

H m
Vi =V (E) ) (8)

where Vi, — the average annual wind speed at the height of 10 m above ground
level, m/s; H — hub height, m; m — coefficient that depends on the surface
roughness of a particular area and is usually in the range of 0.05-0.50 [33].

The value of m can be determined by the logarithmic equation solution (8),

as shown in [34]
log [\LHJ
VlO (9)

Using the formula (8) and taking into account that for Teriberka m takes on
the value of 0.134, the average annual wind speed at the height of 65 m appeared
to be 9 m/s.

Fig. 4 shows the wind distribution view when the average annual wind speed
is of 9 m/s at the height of 65 m above ground level. If we now take into account
Vestas V52-850 kW wind turbine power curve shown in Fig. 3, then the pos-
sible annual power output of the two wind turbines will be about 6.78 mil-
lion kWh, and the installed capacity utilization hours for each wind turbine per
year is 3985.

m=
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Fig. 4. Wind distribution at an average annual wind speed of 9 m/s

For the correctness of the calculations, we can take into account the
particular heating-load curve, provided with the operation of the WPP and the
boiler room. Previously, the study [35] has considered such a curve. The curve
given by Fig. 5 shows which part of it is covered by the WPP, and which part
is covered by the boiler room. A part of the wind energy appears to be
apparently non-demanded (excessive). The share of this energy in the WPP total
annual output is about 25 %. Given this, the share of useful power annual output
generated by the two wind turbines is reduced to 5.09 million kwh and the WPP
installed capacity utilization hours per year — to 2989.

Having data presented, we can proceed to efficiency estimation of const-
ructing WPP for heat supply needs.

WPP construction and their further operation imply income. The income
from the WPP operation depends on the heat power tariff. As of the end of 2022,
the average heat power tariff in Teriberka is approximately 0.089 USD/kWh.

2.1

o e = =
© N w; ©

Thermal output, MW
o
>

|

1 I i \% \% | VI Vil IX X X1 Xl
Months

Fig. 5. Heating-load curve for the Teriberka’s settlement, provided with the operation
of wind power plants (green area) and boiler room (red area); WPP’s surplus power — blue area

According to the Ministry of Economic Development of Russia, in 2014-2021
inflation rate ranged from 2.5 to 12.9 % per annum. As far as inflation in 2022
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and beyond is concerned, that very Ministry gave the following data: 7.0 % in
2022 and then about 4 % in subsequent years (Fig. 6).
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Fig. 6. Inflation rate change in Russia

If we assume that the further annual increase in the heat power tariff is not to
be lower than the inflation rate, eventually throughout the wind turbine service
life (20 years), the tariff will on average increase from 0.089 USD/kWh in 2022
to 0.1928 USD/kWh in 2041, according to Fig. 2.

To carry out the WPP construction project, the seed funding lwpp will be
required. Such funding is determined by the specific capital investments in the
wind turbine purchase kypp and its capacity Nypp, USD:

lwep = Kypp Nupp- (10)

The specific capital investment in modern wind turbines is
about 1.150 USD/KW, the subsequent costs associated with the WPP construction
and commissioning (transportation, customs duties, creating the access roads,
installation and assembling of wind turbines, constructing the power trans-
mission line and the transforming substation followed by its connection
to WPP, etc.), will lead to cost increase of WPP by about 50 %. Specific capital
investments in wind turbines will result an increase approximately up to kypp =
= 1.715 USD/kW, which meets the world level [27, 36]. Then construction
investments in the wind turbines will be 1, =1.715-1.700 = 2.915 mil-

lion USD.

In order to convert the electrical energy generated by WPP into heat, it is
necessary to provide for the installation of an electric boiler room, for the
purpose of heat water to supply it to the heating network. At the time of weak or
no wind, when the water has no time or cannot be heated to the proper
temperature, it first enters the boiler room, running on fuel oil, where it is heated
up, and after that it is supplied to the heating network.

Modern electrical boiler rooms can be made as ready-made heat-insulated
block-modular prefabricated containers, which include a full range of equipment
for generating and supplying heat. This significantly reduces the installation time
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of such a boiler room, as well as simplifies assembling and connection to
external systems.

When selecting an electric boiler room, first things first, its optimal power
is determined. In our particular instance, the optimal power of the electric boiler
room should be taken so as to all the WPP power can be used in the required
amount. Assuming that the total power of the WPP considered is 1.7 MW,
the power of the electric boiler room should not be less than this value.

Supply analysis of some companies engaged in the manufacturing and
sailing block-modular electric boiler rooms showed that the cost of constructing
1.7 MW electric boiler room is about 143000-285000 USD, which includes
the purchase, transportation and connection of an electric boiler room on-site.
Thus, to the investments for the wind turbine construction (2.915 million USD),
one also need to add the electric boiler room construction costs (on average, this
is 215000 USD). The total investment will appropriately be 1, = 3.130 million
USD. This value is used in the calculations further.

To service the WPP, one technician working at half pay with a salary
of 430 USD a month is required. Then, salary presumably changes likewise
the inflation rate assumption (Fig. 7, curve 4). The calculation results of other
annual operating costs of the WPP considered are also presented in Fig. 7.

16
§ 14 A 5
> 12 4
(3]
o
% 10
o 8 4
©
w
3 67
Fig. 7. The annual operating costs E=
structure of the wind turbines g 4 3
. . @
considered: 1 mlscellane(_)us S 2 1 5
costs; 2, 3 — costs for repairs
and overhauls respectively; 0 F VT T 7T
4 — salary; 5 — total operating costs 12345678 91011121314151617181920
Years

Results and discussion

The feasibility of the construction and the use of the given wind turbines for
the heat supply needs, feasibility studies of the WPP efficiency with the
following analysis were carried out for different possible scenarios.

Scenario 1. Unleveraged WPP construction. In this scenario, WPP can be
purchased and constructed using the funds of a future owner, state subsidies and
project co-founders investments. Then, in accordance with formulas (3), (4),
the discount rate is r = 0.04 (4 % per annum). The NPV calculating results for
this the WPP construction scenario are shown in Fig. 8, curve 1. There only
investments |, are apparent that at the beginning, right after the WPP const-
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ruction (zero year in the Fig. 8). The investments equal to 3.130 million USD are
on the lower part of the Y-axis. As the WPP operates, income is generated,
determined by the heat power tariff and the amount of energy generated by
the WPP. Due to the income, investments are progressively amortized, and the
discounted payback period (DPP) of the project is about 7 years. After that,
the NPV curve goes up, 5.66 million USD profit can be consequently generated
by the end of the scheduled service life of the wind turbines (20 years), which
corresponds to 180 % of the seed funding. This means that for each US dollar
invested, the WPP owner can make 180 US cents profit, taking into account the
repayment of a US dollar invested.

Scenario 2. WPP construction funded by bank loan. The scenario under
consideration of wind turbines construction and their further use is a business
project that can be classified as small and medium-sized businesses. The state
variously supports such businesses, providing favorable conditions for existence
and facilitating the subsidy and exemptions, for example, a preferential tax
treatment and lending can be offered. For their part, commercial banks offer
more and more favorable credit facilities for the small and medium-sized
businesses development, trying to make them more attractive to potential
entrepreneurs. Regarding that business funding amount is several times higher
than, for example, ordinary commercial loan, it is a low interest rate and a long-
term repayment period which becoming pivotal here. In view of this, banks
develop new business lending programs. Tab. 2 presents a review of the
principal lending conditions for small and medium-sized businesses, which are
imposed by some of the leading banks in Russia at the time of calculating.
As it is shown in the table, the repayment period established by banks for
business is quite long and it basically ranges up to 10-15 years with an interest
rate from 6-13 % per annum.
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Fig. 8. The net present value formation over the years of wind power plants operation

In that regard, based on the credit drawing facility at a nominal interest ra-
te rng = 0.15 (15 % per annum) and an inflation rate J = 0.07 (7.0 % per annum),
in accordance with formula (6) the real interest rate imposed by a bank on
the loan is ry = 0.07 (7.0 % per annum). If only a bank loan is used for
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the WPP construction, formula (7) for determining the discount rate is as fol-
lows r=r, (1-t). Asa result, the discount rate is r = 0.06 (6.0 % per annum).

Let’s address to curve 2 at Fig. 8, which shows the result of calculating the
NPV for this WPP construction scenario. The curve shows that the DPP of the
WPP construction project is about 8 years, the NPV is about 4.1 million USD
(130 % of the seed funding) for the calculation period of 20 years. It follows that
for each US dollar invested, the WPP owner can make 130 US cents profit,
taking into account the repayment of a US dollar invested.

Table 2
Principal lending conditions for small and medium-sized businesses imposed
by some Russian banks
Lending conditions
Bank name Amount of the loan, Interest rate, Repayment
million USD % per annum period

Sherbank from 0.002 from 11 to 10 years
VTB Bank to 2.15 from 6-10 to 10-12 years
Otkritie FC Bank from 0.004 to 14.3 from 9 to 10-15 years
Russian Agricultural Bank from 0.007 to 14.3 from 10 to 10 years
Credit Bank of Moscow determined by an agreement from 10 to 10 years
Promsvyazhank to 1.45 from9 to 5 years
Raiffeisenbank from 0.06 to 2.2 from 10 to 10 years
Uralsib Bank to 1.45 from 10 to 10 years
Russian National
Commercial Bank t0 2.9 from 13 to 10 years

Scenario 3. WPP construction financed by an owner and a bank loan. World
experience [37-39] shows that one loan is not enough to implement projects
based on RES, since when granting a loan, a bank takes into account not only the
total investment into the project, but also the funds invested by project
participants (owner, investors and the state). Therefore, the project imple-
mentation scenario is more realistic when the WPP construction is financed by
an owner and a bank loan. When implementing this scenario for the WPP
constructing, the project’s DPP is between 7 and 8 years, and the NPV is in the
range from 4.1 to 5.66 million USD, which is illustrated in Fig. 8 (fill area).

The analysis of the financial indicators of the project generally shows that
the project is financially reasonable, since for any WPP constructing scenario,
the repayment period is quite acceptable, and the funds accumulated is in the
positive quantity area, the project can therefore be recommended for practical
implementation.

CONCLUSIONS

1. There can be implemented the project for the construction of wind turbines
with a total capacity of 1.7 MW on the Barents Sea coast, in the area with the
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average annual wind speed of 7.0 m/s, which are intended to be jointly used with
a boiler room for heating needs. In this context, the use of wind turbines can
be regarded as a saving technology for expensive fuel oil used at the boiler
room, with tangible economic, energy and environmental effects.

2. A feasibility study of the wind power plants construction has been carried
out, that showed the project can be beneficial for all possible participants:
an owner, investors, a bank and the state. Three wind power plants construction
scenarios were considered, which calculation results showed the project’s
discounted payback period is quite acceptable and is approximately 7-8 years
under either scenario, and the accumulated funds in the positive quantity area
and by the end of the wind power plants scheduled service life (20 years) make
up 130-180 % of the seed funding. In other words, for each US dollar invested,
the wind power plants owner can make 130-180 US cents profit, taking into
account the repayment of a US dollar invested.

3. Practical application of the results obtained, through their disseminating
to other heat and power facilities in the future may encourage the large-scale use
of wind energy for the heat supply needs.
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