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P1

CoBepilieHCTBOBaTh M pa3BUBaThb CBOW HWHTEIUIEKTYaJbHBI U OOLIEKYJBbTYPHBI YPOBEHb,
N0OMBATbCS HPABCTBEHHOIO M (PM3WYECKOIO COBEPLICHCTBOBAHUS CBOCH JIMYHOCTH, OOYUEHHUIO
HOBBIM METOJIaM HCCJIEIOBaHUS, K U3MEHEHUI0 Hay4HOI'0 U HayYHO-TIPOU3BOJICTBEHHOTO MPOQUIIs
cBOeH NpodecCuoHaIbHOM eI TETbHOCTH.

P2

CB060}IHO IIOJIB30BATLCA PYCCKUM M MHOCTPAHHBIM A3bIKAMH KaK CPCIACTBOM JCJIOBOIO 06III€HI/I$I,
CIIOCOOHOCTBHIO K AKTUBHOM COHH&HBHOﬁ MOOUILHOCTH

P3

Hcnonp30BaTh Ha MPAaKTUKE HABBIKM M YMEHHS B OpraHU3allMd HAy4YHO-HUCCJIENOBATENIbCKUX H
HOPOM3BOJICTBEHHBIX padOT, B YIPaBICHUM KOJUIEKTUBOM, HCIOJb30BATh 3HAHUSA IPABOBBIX U
STHUYECKUX HOPM IPHU OLICHKE MOCIEICTBUN CBOEH MpodeccuoHaIbHOM 1€ TeIbHOCTH.

P4

NMets mpepcTaBieHUE O METOJOJIOTUYSCKUX OCHOBAX HAYYHOTO TIO3HAHMS W TBOPYECTBA, POJIH
Hay4HOH wWH(QOpManuu B pPa3BUTHH OTPACIH, HABBIKM MPOBEJCHHUS pPAaOOT C TNPUBJICYCHUEM
COBPEMEHHBIX HWH(MOPMAIMOHHBIX TEXHOJOTUH, CHHTE3MPOBATh M KPHUTUYCCKH DPE3IOMUPOBATH
nH(bOpMaIHIO.

IIpogheccuonanvnvie KomnemeHyuu

P5

HpI/IMeHHTB er'Iy@]'IeHHI:Ie C€CTCCTBCHHOHAYYHBIC, MAaTEMATUYCCKHUE, COLUAIBHO-OKOHOMHWYCCKUC U
HpO(i)GCCI/IOHaJIbHBIe S3HaHUA B MCKIUCHUIUIMHAPHOM KOHTCKCTC B WHHOBAIMOHHOM HH)KeHepHOﬁ
JCATCIIbHOCTH B obnactu QJICKTPOSHEPI'CTUKHU U SJICKTPOTCXHUKH.
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CTaBuTh U peiraTb MHHOBAIMOHHBIC 3a/la4 MHXKCHCPHOI'O aHaJIn3a B obnactu QJICKTPOSHECPICTUKHU U
OJICKTPOTCXHUKHU C HCIIOJIb30BAHHUEM FHY60KI/IX (I)YH,Z[aMCHTaHLHBIX 1 CIICHHAJIbHBIX 3HaHI/II>'I,
AHAJIMTHYCCKUX MCTOJ0B 1 CIIOKHBIX MOHGHGI\/JI B YCJIOBUAX HCOMPECACICHHOCTH.

P7

BreimonHsTh HWHXXCHCPHBIC ITPOCKTHI C IPUMCHCHUCM OPUTHMHAJIbHBIX MCTOJO0B IIPOCKTUPOBAHUA IJIA
JOCTHIXCHUA HOBBIX PE3YIbTATOB, O6CCH€‘~II/IBaIOH_[I/IX KOHKYPCHTHBIC MNpEeuMynieCTBa
OJICKTPOIHCPICTHUYCCKOIO W JJICKTPOTCXHHUYCCKOI'0  IMMPOU3BOACTBA B  YCJIOBUAX  KCCTKHUX
OKOHOMHNYCCKHX M IKOJIOTMYCCKUX OFpaHHLIeHHfI.

P8

[IpoBOMT WHHOBAIMOHHBIE WH)KEHEPHbIE HCCIENOBaHUA B OO0JACTH AJIEKTPOIHEPIeTUKU U
EKTPOTEXHUKH, BKIIIOYAsi KPUTUUECKUI aHaIN3 TaHHBIX U3 MUPOBBIX HH()OPMAIIMOHHBIX PECYPCOB.

P9

[IpoBOUTh  TEXHMKO-?KOHOMHYECKOE  OOOCHOBaHME  MPOEKTHBIX  PEIICHHH;  BBIIOJIHATH
OpPraHM3aI[MOHHO IUJIAHOBBIE pAcyYeThl MO CO3JAHHMIO WM pPEOpraHU3alluu MPON3BOACTBEHHBIX
YUYacTKOB, TJIAHUPOBATh pabOTy mepcoHasia u (OHJOB OIJIAThI TPY/AA; ONpPENENATh U 00ecrednBaTh
3¢ eKTHBHBIE PEKUMBI TEXHOJIOTHYECKOI0 Mpolecca.

P10

HpOBOZ[I/ITI) MOHTA>XHBIC, PEryJIMpoOBOYHELIC, UCIBITATCIIBHBIC, HaJIagAOYHBIC pa6OTLI
QJICKTPOSHEPICTUUCCKOI'O M SJICKTPOTCXHUYCCKOT'O O60py,HOBaHI/I$I.

P11

OcBauBaTh HOBOE 3JIEKTPOIHEPreTUYECKOE U IIEKTPOTEXHUYECKOE OOOPYJOBAaHUE; IPOBEPATH
TEXHUYECKOE COCTOSHHE UM  OCTAaTOYHBI  pecypc 0OOpyIOBaHHMS U  OpPraHU30BBIBATH
npOopHIAKTHISCKUNA OCMOTP U TEKYIIHA PEMOHT.

P12

Pa3pabaTbiBaTh pabouyl0 NPOEKTHYIO U HAYYHO-TEXHUYECKYIO JOKYMEHTAIUI0 B COOTBETCTBUHU CO
CTaHJapTaMHM, TEXHUYECKMMM YCJIOBUAMM M  JIPyTUMH  HOPMATHUBHBIMH  JIOKyMEHTaMU;
OpPraHU30BBIBATH METPOJIOTHYECKOE 00ECTIEYEHNE FIEKTPOIHEPIETUUECKOT0 U 3JIEKTPOTEXHUYECKOTO
000pyZI0BaHUS; COCTABJIATH ONEPATUBHYIO JOKYMEHTAIMIO, NPEIyCMOTPEHHYIO IpaBUJIAMU
TEXHUYECKOH dKCIUTyaTalluu 000pY0BaHUS M OpraHU3alui paboThl.
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Abstract

Current research is focused on economic estimation of renewable energy
efficiency in regions with low wind potential. The problem is that in some regions, such
as Russian Federation, using of renewable energy sources are less than 1% and all
produced electricity are generating by fossil fuels, because of specific environment.
Because of this reason, there are few additional problems, such as exhaustibility of the
resources, electricity price strongly dependent on resources price and environmental
pollution.

The main purpose is to find an economically effective way to use renewable
energy sources in specific regions. My thesis is based on example of residential building
in Tomsk region, supplied with electricity using renewable energy.

In my diploma thesis | considered 5 different combination of electric supply and
their estimated balance of energy consumption and generation by different power
sources. In order to obtain the most relevant results, | these scenarios with different type
of financing and evaluated them from technical, economical and customer point of

View.

Keywords

Renewable energy sources, alternative energy, wind generator, PV cells, gasoline
generator, cottage power supply, wind potential, solar potential, energy balance,

economic evaluation, sensitivity analysis, managerial decision making
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Introduction

Nowadays one of the most urgent issues is electric power supply. In our modern
world dominates the use of exhaustible energy sources. They possess higher efficiency
than renewable sources, however electric power consumption increases on daily basis.
Problem of energy exhaustion is unavoidable and should be solved sooner or later,
because humanity cannot abandon use electrical power. Therefore, exhaustion problem
becomes more valuable. Especially this issue is relevant in the regions that unavailable
to supply with power network. Because only option to supply with electrical power
there is to use independent generators, however prices for the fuel are growing on daily
basis, but renewable energy become more and more accessible.

The main purpose is to find an economically effective way to use renewable
energy sources in specific regions. Experience of other countries shows that every year
the use of renewable energy sources become more efficient, and the energy they
generate become more accessible. In my research | will design and analyze wind and
solar power supply systems in the low wind regions on the Tomsk sample. Tomsk is a
significant pattern with low wind potential and average number of sunny days no more
than 150 per year. Additionally, renewable energy sources allow us decrease level of
environmental pollution and improve ecological situation due to the fact that
replacement of thermal power plants with renewable will reduce amount of carbon
dioxide that humanity produce.

My work consists of four main parts. The first one is analytic part, including
review of current condition in the field of renewables, environmental analysis for
creation of power supply systems, and analysis of current condition of the electric
power industry in Russia. It includes estimation of solar and wind potential in Tomsk
region, review of the electricity prices on the market, estimate and analyze all possible
options house electrical supply. The second part is descriptive, which is about

description of the consumer and equipment. There | have included typical equipment
1



that customer will use in his house and equipment that will supply these house and
detailed description of the equipment. The third part is a mathematical simulation and
economic estimation. The last part of my work is about final decision making and a
conclusion. These parts, that | provided here, are not the exact chapters, but it is the
way, that I tried to follow.



1. Analysis of current conditions in the field of renewable energy

sources

Renewable or "green" energy are produced from resources that are renewable, or
inexhaustible, on a human scale. The basic principle of using renewable energy is to
extract it from constantly occurring processes in the environment or renewable organic
resources and provide it for technical use. Renewable energy is obtained from natural
resources, such as sunlight, water flows, wind, tides, and geothermal heat, which are
renewable. In other words, can be replenished naturally, as well as from biofuels: wood,

vegetable oil, ethanol. [1]



1.1. The state of renewable energy all around the world

The development of renewable energy over the past 15-20 years has been going on
according to a very optimistic scenario with a constant increase in installed capacity
and share in the fuel and energy balance. The dynamics of the share of the use of

various energy sources in the production of electricity is given in the table.

Table 1 — The dynamics of electricity production in the world due to various types of
fuel in % of total production, based on data from [1]

Year 1990 | 1995 | 2000 | 2005 | 2010 | 2015
Coal 37.22% | 37.45% | 38.63% | 39.84% | 40.09% | 39.15%
Oil 11.13% | 9.27% | 7.78% | 6.18% | 4.52% | 4.00%
Natural gas 14.71% | 15.16% | 17.78% | 20.16% | 22.38% | 22.85%
Nuclear 16.91% | 17.49% | 16.69% | 15.06% | 12.75% | 10.53%
Hydro 18.42% | 19.10% | 17.37% | 16.43% | 16.33% | 16.35%
Renewable 160% | 152% | 1.75% | 2.33% | 3.92% | 7.11%
[ET'f/f/tr:;C'ty generation | 14 900 | 13329 | 15518 | 18377 | 21616 | 24 400

As you can see, in recent years there has been a positive growth trend in the use of
renewable energy sources. The increase in the installed capacity of renewable energy
plants is also characterized by a corresponding increase in investment in the renewable

energy industry.

Let us represent the amount of electricity generated by different sources for the last

period in the form of a diagram.
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Figure 1. Electricity generated by different energy sources in the 2015 year [1]

Monitoring the development of renewable energy shows a significant annual increase
in the installed capacity of power plants based on them. The total installed electric
capacity is more than 2500 GW, which is over 20% of the total installed capacity of

power plants in the world according to the source [2]
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Figure 2. Worldwide installed capacity of Renewable energy sources from 2010 to
2019 years [2]

The main volume of renewable energy commissioned capacities in the world is formed
by the commissioning of Small Hydraulics Power Plants, wind farms and solar power
plants (Figure. 2). Moreover, usually in developed countries there are more SHPPs and
solar power plants, and in the European Union - wind farms and, first of all, there are
many of them in Germany and Spain. Among the developing countries, China is the
leader, in which small hydropower is the most developed (although the "large"
hydropower is in the lead in terms of input; in the lead, in which the small hydropower

Is most developed (although the "large" hydropower is in the lead in the world).

Renewable energy sources are expected to have the fastest growth in the electricity

sector, providing nearly 30% of electricity demand in 2023 compared to 24% in 2017.
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The greatest influence will be exerted on the total amount of energy produced by solar
photovoltaic energy, then wind energy and bioenergy. It is not expected such a rapid
increase in the share of renewable thermal energy is possible since it is expected that a
steady increase in the total demand for heat will be caused by continuous economic

growth and population growth. [1]

1.2. The state of renewable energy in Russia

RES development in Russia is proceeding at a very modest pace. Our country is
seriously lagging behind in terms of both input and conversion technologies for various
types of renewable energy. The volumes of installed capacity are shown in the form of

a diagram in the figure below.

It can be noted that in Russia, existing energy systems were presented that use all the
main renewable energy sources. The problem is that their level of development did not
meet either the needs of the state or the real possibilities for the full use of renewable
energy sources. Despite their rather long application, all existing systems remained at
the stage of research and development, design development, testing, or repair after

testing.

However, in 2003, Russia adopted the “Energy Strategy of Russia for the Period until
2020 (approved by Decree of the Government of the Russian Federation of August 28,
2003 No. 1234-r), which focuses on “increasing per capita energy consumption and
energy potential countries, and the development of environmentally friendly power

plants with a combination of centralized and decentralized energy supply.”



Installed Capacity (MW)

mmm BB
50K m B EE [ ]
40K
. Marine
30K B Geothermal
[ | Bioenergy
Solar
B wind
20K
[ | Hydropower
10K
0K

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 3. Installed capacity of Renewable energy sources in Russia from 2010 to 2019
years [2]

The result of this is an increase in the installed capacity of renewable energy sources,

that you may see in figure 3.

Summary

All over the world, in recent years there has been an increase in installed capacity
and generated electricity through renewable sources of energy and there is a partial
replacement of fossil fuels. This reduces dependence on fossil energy resources and
improves the environmental situation. However, it is not possible to completely
abandon traditional energy in the nearest future due to a number of reasons, such as
dependence on uncontrolled natural conditions, the necessity to maintain stability in the

energy system, the inability to use renewable sources as backup sources, etc.



Statistics show that in Russia and in the rest of the world, with the exception of some
countries, the following sequence in terms of installed capacity is, in decreasing order,
respectively - Hydraulic power plants, Wind power plants, Solar power plants, and so
on.

Russia on average lags behind many developed countries in the use of renewable
sources. The reason is purely fuel energy inherited from the Soviet Union, with the
exception of several large hydraulic power plants. In addition, the current government
does not have a clear plan for the development of renewable energy. The installation of
any renewable sources in Russia by the private sector for personal use does not provide
for subsidies from the state, and there is also no possibility for individuals to sell
electricity to the network.

All of the above factors negatively affect the motivation for the use of renewable energy
sources in Russia by private individuals. Also, due to the low price of the electricity

market, renewables are rarely seen as an alternative to traditional ones.

2. Environmental analysis for the creation of power supply systems

Tomsk Oblast is located in the southeast of the West Siberian Plain; it occupies an
area of 316.9 thousand km?. The territory under the jurisdiction of the municipality of
Verticos rural settlement is 15.392 thousand ha. [3]

The climate in Tomsk region is sharply continental. Winter is harsh and long
(average January temperature from -19 ° C to -21 ° C); summers are warm and short
(average July temperature is+ 17 ° C ... + 18 ° C). The growing season is 135-140 days.
in the north, 150 days. on South.

Annual precipitation is 400-570 mm, of which 78-66% falls in liquid form, and the
rest in solid form. The average height of the snow cover is 60-80 cm, snow is held in
the north of 190-197, in the south - 176-182 days.



Seasonal permafrost spreads wide. The depth of soil freezing varies from 0.5-0.6 m

in peat bogs to 3.5 m in sand, an average of 1.0-2.0 m. [4]

On average, in more than half of all days of the year, conditions are created in the
city that facilitate the accumulation in the surface layer of exhaust gases from cars and
harmful emissions from factory pipes.

The duration of stable snow cover is an average of 170 days. The average snow
depth for winter is 60 cm. The severity of the climate in this period of the year is
determined not only by low air temperature, but also by the combination of low
temperature and significant wind speed, which leads to heat loss of people and rooms,
creates a strong climate discomfort, which must be taken into account when heat
engineering calculations. [5]

Gusty winds well ventilate the territory, but create additional dynamic loads on
buildings and structures. The repeatability of significant wind speeds with negative
temperatures reaches 28-35%, therefore, measures for wind protection of built-up areas
are necessary. [6]

The discomfort of the environment is aggravated by snow tolerance - snow
deposition can reach 350m? per 1 m running. lengths. The average number of days with
snowstorms is 51, with snowdrifts - 26 days. Snow carried during snowstorms and
snowdrifts endangers access roads, city streets, industrial sites and other facilities.
Special snow protection measures are required, carried out in conjunction with wind
protection, including a combination of appropriate building techniques and green
spaces.

For most of the year, air in terms of humidity is characterized as moderately dry and
moderately humid, which is favorable from the point of view of the human heat
perception. The average annual rainfall is 535 mm. In some years, precipitation may be
below normal, but the lack of precipitation is insignificant, not more than 10%. About

a quarter of the days in a year is kept uncomfortable relative humidity - 80% or more.
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[6]. The number of days with a thunderstorm (average 27, maximum 42) is significant,
which determines the need for lightning protection. [6]. The number of days with fogs,

as well as hail, is on average small. [6]

2.1. Wind potential analysis

When solving the problems of evaluating the wind energy potential, its contribution
to the energy supply system of a particular or other object and the ecology of the region,
there is a need for a large amount of information over the long-term conditions. Wind
Is the most volatile and unstable meteorological element.

The presence of various obstacles on the surface (topography, vegetation, water
spaces, man-made structures) has a very strong effect on the speed and direction of the
wind. The influence of these obstacles is characterized by the roughness parameter of
the underlying surface. The roughness of the underlying surface exerts influence not
only on the surface of the earth, but also on sufficiently high altitudes. This feature
makes it necessary to use information about the wind recorded in various points only
taking into account the uniformity of the territory. If the location of the points and the
weather stations under consideration is not different, then these weather stations can be
considered as suitable. Data from meteorological stations can be applied to points
located at a distance of up to 50 kilometers. [5] Under conditions of open terrain, the
indications of two stations close to each other may differ depending on the location of
the weather vane at the station, its degree of protection by trees and buildings located
in the station area.

Over time, the conditions around the stations are also subject to changes and they
must be taken into account when analyzing the wind regime and the degree of

protection of the weather vane [7].
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The average annual wind speed is defined as the arithmetic mean value obtained as
a result of speed measurements at regular intervals over a given period. [7]

Average monthly and annual wind speeds over long periods of time are the main
and initial data for compiling characteristics of the general level of wind intensity.
According to the characteristics, it is possible to preliminarily judge about the prospects
of placing wind energy equipment in the required area. When compiling the
characteristics, it is necessary to remember that the wind speeds strongly depend on the
surface roughness and that the data of weather stations may change over time with the
change in the surrounding territory. This should be taken into account when comparing

the average wind speeds and bring them to equal conditions [7].

In order to obtain reliable data on the average wind speeds of the territory, it is
necessary to use significant measurement volumes for a sufficiently long time.

In our case, we can use the data from the meteorological database [8]. Due to the
functionality of this service, we can use a pre-calculated average value for the period
from 1.01.2015 to 23.11.2019. Take the data on the wind speed at the Tomsk airport,

located in the village of Bogashovo.

To calculate wind speeds, observations from weather stations provided by site rp5.ru
will be used.

The average wind speed is determined as the mean value obtained as a result of
multiple measurements of wind speeds over equal time intervals for a given time

interval (day, month, year), is calculated by the formula [7]:

n

DV @

i=1

3| -

Vaw =

where Va, — average wind speed, [m/s];
n is the number of time periods;

Vi - wind speed in a certain period of time, [m/s];
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The calculated data is summarized in table 2.

Table 2 — Average monthly and annual wind speed, based on data from [8]

2015 | 2016 | 2017 2018 | 2019 | Average
Year -
Wind speed, m/s
January 0,67 2,21 4,60 4,27 4,47 3,25
February 4,42 3,33 4,83 2,94 4,35 3,97
March 4,18 3,75 4,03 4,55 4,40 4,18
April 3,90 3,09 4,95 4,94 4,38 4,25
May 3,54 3,52 4,82 4,13 4,38 4,08
June 2,99 2,90 3,05 3,63 3,20 3,15
July 3,05 2,98 2,34 3,03 2,90 2,86
August 3,66 2,74 2,54 2,71 2,69 2,87
September 3,04 2,56 3,25 3,45 3,82 3,22
October 4,65 2,64 3,58 5,00 4,57 4,09
November 3,73 3,76 4,12 5,25 4,80 4,33
December 5,16 471 3,97 3,28 - 4,28
For clarity, | present the data obtained on the figure 4.
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Figure 4. Average monthly and annual wind speed from 2015 to 2019 years
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According to the calculations, the average wind speed at an altitude of 10-12 meters
above the earth's surface, averaged over a 10-minute period, is Vay = 3,71 m/s.

For a numerical estimation of the dispersion of wind speeds from the average value,
the coefficient of variation of average speeds is used, which is determined by the
following expression [7]:

Sy
Cy, = V. (2)

where Sy is the standard deviation of the current wind speed from the average value.

Thus, from [8] Sy for the selected period, according to calculations, is 2,33 m/s.

Following the formula (2), the coefficient of variation of average speeds will be

C,=—2L= = 0,63

It is known that the wind speed increases with distance from the underlying surface
and the air flow becomes more stable. The degree of increase in wind speed with height
is highly dependent on the roughness of the underlying surface. Approximately the
wind speed at a height h can be estimated by the formula [15]:

h
Vg =Vy - (E “, (3)

Where VH — wind speed on the height H, [m/s]
Vwm — wind speed on the height of the mast, [m/s]
hm— height of the mast, [m]

a - coefficient related to the average wind speed at the height of the mast

14



Table 3 — Dependence of a on wind speed Vw [15]

Vi, [mis]] 0.3 [ 35.4 [ 45.5] 55 [6..11,5]12...12,5] 13...14

a 0,2 0,18 0,16 0,15 0,14 0,35 0,13

| take a height equal to H = 20m. Then, according to formula (3), the average
wind speed at a height of H will be

Table 4 — Recalculated wind speed at the height of 20m

Month 1 2 3 4

Averag

e wind

. 3,25|3,97 14,18 4,25 14,08 | 3,15|2,86 | 2,87 | 3,22 | 4,09 | 4,33 | 4,28
speed,

[m/s]
Wind

speed at

a height | 3,83 | 4,68 | 4,93 | 5,01 | 4,81
of 20m,

[m/s]

3,71113,37(3,38|3,80|4,82|5,11|5,05
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Figure 5. Wind speed at a height of 20m for 12 months

According to the obtained figure, I can conclude that the maximum wind speeds
correspond to winter, autumn and spring season, with a minimum in the summer period.
In addition to calculations, it is necessary to depict a wind rose for the study area in

order to know the prevailing wind direction.

Wind rose - is a graphical representation of the repeatability of wind directions. It is
of great practical importance when using large-capacity wind turbines, where instead
of slip rings, a power cable laid in a cable channel is used. In the process of operation,
the gondola of such a wind turbine rotates around its axis, thereby unwinding the cable.
The wind rose allows you to set the duration of the interservice period when

maintenance personnel need to unwind and lay the cable.
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Figure 6. Wind rose for the Tomsk region. [7]

Correct accounting of wind directions allows you to most effectively locate wind
turbines on the ground.

Analyzing wind repeatability, it must be remembered that from an energy point of
view, it is much more important to know the energy characteristic (maximum possible

output) of the wind in the selected directions than in which direction the wind prevails.

2.2. Solar insolation analysis

Since ancient times, main source of energy for our planet was the Sun. Solar energy
produces the energy of wind, water, heat, biomass, as well as the use of rough and hard
coal, oil and natural gas, but this is indirect energy and accumulated over thousands of
years and millions of years. The energy of the Sun can be used directly as a source of
electricity and heat.

“Insolation - is the quantity of potentially useful solar radiation, which falls on an
illuminated surface. Solar insolation varies greatly from one point of the earth's surface
to another. To calculate insolation of an area, several factors should be taken into

17



account: influence of seasons, for instance, in winter light level is lower and daylight
hours are shorter; characteristics of illuminated terrain (some relief features may
prevent illumination); local weather conditions (frequent cloudy weather, fogs and
rains), etc.” [10]

Russian federation. Insolation map

Quantity of potentially useful solar radiation

- — less than 1,700 hours per year
I 1700/2000 hours per year

I  — more than 2000 hours per year

SoLAR &
SYSTEMS

Figure 7. Russian Federation insolation map. [10]

Solar insolation is characterized by a wide spectral range - from radio waves to
gamma radiation. At a distance of 1 AU from the Sun, the density of its radiation flux
is 1360 W / m?.

Also often is used definition of the solar constant on the surface of the Earth, which
is equal to the value of insolation on the surface, located at the sea level and oriented
on the Sun. [11]

It is convenient to define a surface solar constant—that is, a value of insolation on a
surface that, at sea level, faces the vertical sun on a clear day. This “constant” has the

convenient value of about 1000W / m? or “one sun.” At other than vertical, owing to

18



the larger air mass through which the rays have to pass, the insolation is
correspondingly smaller. [12]

In order to assess the renewable energy potential of solar energy, it is necessary to
determine the energy potential of solar insolation in a given region. The assessment is
based on the data of the National Aeronautics and Space Administration (NASA).
NASA data is used in the processed form in the RETScreen software. The data provided
below is valid for facility located at coordinates latitude 56,5102, longitude 84,9546.

To determine the solar radiation incident on an oblique the investigated flat area in

cloudy conditions, | use the expression [7]:

Qsi = Qqgir + Qqis - [1 — (a+ bn) - nj, (4)

Where, Quir — direct solar energy incident on a sloped surface, [W/m?],
Quir — diffused solar energy incident on a sloped surface, [W/m?],
a — coefficient depending on the environment (land or sea) and the latitude
of the place, a = 0,383 for Tomsk [relative units], according to [7];
b — coefficient, which in this case can be considered constant and equal to
0,38 [relative units], according to [7];
n — relative cloudiness (0 for cloudless weather, 1 for fully cloud weather)

[relative units];

Qair = Qore - cOS 0, (5)
Where, Qort — direct solar energy incident on a surface orthogonal to beams of

light, [W/m?],

0 — direct sunglight incidence angle [degrees], figure 8.
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Qo - sina

Qort = (6)

sina+c’

Where, Qo — surface solar constant [W/m?], Qo= 1000 W/m?, according to [12],
sin a — the angle between the vertical axis and the incident beams of light
[relative units], figure 8

¢ — degree of transparency of the atmosphere [relative units], ¢ = 0,32 [7]

Qais = Quif hor * [0,55 + 0,434 - cos 6 + 0,313 (cos 6)?], @

Where, Quif nor — diffused solar energy incident on a horizontal surface, [W/m?],

Vertical
4

South

East

Figure 8. The coordinates of the Sun relative to a geographically oriented

coordinate system [7].

1-sin(35°)
sin(35°) + 0,32

Qair = 0,642 - cos45° = 0,4539 [kW/mZ],

20

Qort = = 0,642 [kW/m?],



Qair = 0,69 - [0,55 + 0,434 - cos(45°) + 0,313 (cos 4 5°)%] = 0,6992 [kW/m?],
Qs = 0,4539 + 0,6992 - [1 — (0,383 + 0,38 - 0) - 0] = 1,1531 [kW/m?]

Other months are provided in the table below. Data in table 5, column 2 provided

by NASA database in software RETScreen, next columns are calculated by formulas

above.
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Table 5 — Values of solar radiation in Tomsk. Based on data from RETScreen software.

Daily average

Daily average

Monthly solar

Monthly solar

Season

solar radiation, | solar radiation, | ,radiation, radiation,

T horizontal | sloped | Tﬁrizﬁ /ntill’ [lf Io;;c/ed,z y
’ ; Wh/m Wh/m
2 2

[kWh/m¢/day] | [kKWh/m</day] month] B
December 0,46 0,92 14,26 28,52
January 0,69 1,15 21,39 35,75
Average value
per winter 0,91 1,38 26,72 40,70
season
March 2,94 3,43 91,14 106,43
April 4,29 4,80 128,7 144,04
May 5,48 6,01 169,88 186,22
Average value
per spring 4,24 4,75 129,91 145,56
season
June 5,79 6,32 173,7 189,64
July 58 6,33 179,8 196,28
August 4,55 5,06 141,05 157,01
Average value
per summer 5,38 5,91 164,85 180,98
season
September 2,83 3,32 84,9 99,65
October 1,58 2,06 48,98 63,71
November 0,83 1,29 24,9 38,85
Average value
per autumn 1,75 2,22 52,93 67,40
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As you can see in the table 5, the maximum values of solar energy correspond to
the spring and summer season. In order to plot the values of solar energy, it is necessary

to know daylight duration, which is provided in table 6.
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Table 6 — The average monthly daylight duration based on data from [13].

Season

Month Sunrise Sunset Daylength
December 9:29 16:48 7:19
January 9:54 16:52 6:58
February 9:17 17:50 8:33
Average per winter

9:33 17:10 7:36
season
March 8:13 18:52 10:39
April 6:51 19:58 13:07
May 5:35 21:00 15:25
Average per sprin

9% PETSPIING 6:53 19:56 13:03

season
June 4:39 21:57 17:18
July 4:34 22:12 17:38
August 5:21 21:30 16:09
Month Sunrise Sunset Daylength
Average per

4:51 21:53 17:01
summer season
September 6:22 20:16 13:54
October 7:22 18:56 11:34
November 8:28 17:38 9:10
Average per autumn

7:24 18:56 11:32
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It is necessary to build sinusoidal plot, in the range of angles from 0 ° to180 °
(sunrise = 0 °, sunset = 180 °), so for each hour of solar activity | have to calculate the

angle, in accordance with the number of hours of the day. To calculate the power of the

proposed photovoltaic installation (PMT), I use the formula:
Ppy =n-1-§, [kW] (8)

Where n — efficiency of PV installation [relative units], let assume = 0,15;

A — solar radiation, [kW/m?];
S — area of solar panel, [m?], let assume S = 1m?;

Average winter daylength is 7 hours 36 minutes, when divided into equal intervals,
| obtain that every minute the angle of the sun changes by 0,3939 degrees. The same

way | can calculate generated power for each season. Let us build the tables and provide

them in appendices.

According to the data in appendices 1 - 4, | build seasonal plots of the generated

active power, figure 9.
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Figure 9. Seasonal plots of the generated active power
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2.3. Other renewable sources analysis

Hydropower is the most used form of renewable energy in Russia, and there is
large potential in Russia for more use of hydropower. Russia has 102 hydropower
plants with capacities of over 100 MW, making it fifth in the world for hydropower
production. It is also second in the world for hydro potential, yet only 20% of this
potential is developed. Russia is home to 9% of the world's hydro resources, [16]
mostly in Siberia and the country's far east. At the end of 2005, the generating
capacity from hydroelectric sources in Russia was 45,700 MW, and an additional

5,648 MW was under construction.

The World Energy Council believes that Russia has much potential for using its
hydro resources, with a theoretical potential of about 2,295 TWh/yr, with 852 TWh

being economically feasible. [17]

Although hydropower is widespread in Russia and climatic condition suit to build
hydropower plant, but the main problem that this is not reasonable to construct whole
power plant in order to supply single house. Thus, I will not consider this option in

the future.
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3. Description of the consumer

3.1. Formulation of the problem

Bogashevo - the village where the considered cottage is located. It is inaccessible to
the central power supply from the electrical network. This is one of the main reasons
why land and houses here can cost up to 40% cheaper than similar ones in villages with
access to the electric network. | chose this particular village for consideration for a
number of reasons. Firstly, the price of land and houses. Thus, | do not need to optimize
consumption to the minimum possible and | can consider it as a house with similar
electrical appliances that could be in a cottage powered by an electric network, because
of saving on land and cottage cost. Secondly, this village is located in an area with low
wind and solar potential, which is the main issue of my work. And the last, but not least,
IS a personal intention to buy a cottage in this village. It is necessary to note that here |
tried to include not only the most necessary electrical appliances, but also some
elements of luxury, since this cottage is not considered as a refuge, but as a permanent

residence, with slight excesses.

In order to define exact structural scheme, | have to first describe the consumer. Let
assume that | supply cottage house with total area 150 m2. My cottage will consist of:
Kitchen, Living room, 2 Bedrooms, Children’s room and 2 Bathrooms. There are few
appliances that possess not so clear electricity consumption needs an additional

investigation.

3.2. Lighting

This part needs additional investigation because each room has its own area and its

own requirements to the lighting.
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Let us build table with required lighting according to sanitary standards of daylighting
and artificial lighting. [SP 52.13330.2016 Estestvennoe i iskusstvennoe osveshchenie.
Aktualizirovannaya redakciya SNiP 23-05-95* (s Izmeneniem N 1)] assuming LED
bulbs efficiency = 60 [Im/W] [40].

Table 7 — Lighting nominal power calculation

— Area Lighting Required light flux | Nominal
[m?] requirements [1x] [Im] power [W]
Kitchen 18 150 2700 45
Living room |48 150 7200 120
Bedroom1 |20 150 3000 50
Bedroom2 |20 150 3000 50
Children's
22 200 4400 75
room
Bathroom1 |14 100 1400 25
Bathroom2 |8 100 800 15
Total 380
3.3. Heating system

This part needs additional investigation because it is necessary not only for electric

supply problem, but also for general house description.

According to the standard [GOST R 51617-2000. Zhilishchno-kommunalnye uslugi.
Obshchie tekhnicheskie usloviya] allowable temperature values for residential

buildings are in the range of +18° C - 25° C depending on the type of room. In living
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rooms, the temperature should not be lower than +18° C, and in the bathroom - not

lower than plus 25 °C.

So, for heating of the house, | decided to install wood boiler because of due to a number

of advantages:

e Low cost

e Operational and environmental safety
e Small sizes

e Quick installation

e Noiselessness
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——p OUTTO
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REMOVEABLE
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Figure 10. Cottage heating system
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According to [41] we can find wood boiler heat power as follows:

S - W,
Whoiter = 1(;peC; 9)
Where W noiler — required boiler power,

S — cottage area,

W spec — Specific power of the device per 10 m2 which will be 1,5 kW for Siberia

So thus,

150-1,5
Wboile‘r‘ = T = 22,5 kW,

Also, | have to design table with installed electrical appliances and their nominal power

in order to find consumed power. To do that | use common appliances for such area.
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Table 8 — Appliances and their nominal powers installed in the cottage

Room ?rfz? Installed electrical appliances Nomlﬂj\l/vriower,
Electric stove 8
Fridge 0,5
Dishwasher 2,2
Kitchen 18 L_ighting 0,045
Microwave 1
Ventilation 0,2
Kettler 1,5
1 Socket x 16 A; 4 Sockets x 6 A 0,5
Electric fireplace 2
Air conditioning 4
Living room 48 TV 0,3
Lighting 0,12
10 Sockets x 6 A 1
Lighting 0,05
Bedroom 1 20 Computer 0,3
4 Sockets x 6 A 0,4
Lighting 0,05
Bedroom 2 20 Computer 0,3
4 Sockets x 6 A 0,4
Computer 0,4
Children's 99 Stereo system 0,2
room Lighting 0,075
4 Sockets x 6 A 0,4
Jacuzzi 2,5
Ventilation 0,15
Bathroom 1 14 Lighting 0.025
4 Sockets x 6 A 0,4
Washing machine 2,2
Ventilation 0,15
Bathroom 2 8 Lighting 0,015
4 Sockets x 6 A 0,4
Gas boiler 0,15
Other ] Water supply system 1,1
Total 150 - 31,03
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Now, when | defined total nominal power, | should define daily consumption for the

whole year. It is necessary because I cover all month’s load.

Table 9 — Monthly consumption for the whole year

Month Consumption [kKWh]
January 3254,93
February 2966,19
March 2944,93
April 2849,94
May 2944,93
June 2764,56
July 2856,71
August 2856,71
September 2849,94
October 294493
November 2849,94
December 3254,93

Detailed table with all type of appliances consumption are provided in appendix 6.
Difference between months are not significant because there are almost no seasonal
loads expect for air conditioning. Also, during winter months, | spend more for heating,

but it is not significant because | use gas boiler for heating my house.

During some hours the power supply system will be overloaded and underloaded

sometimes. This fact means that | need to consider variant with integrated battery
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storage system or backup power supply system, in order to cover all the graph with

energy.

4. Analysis of the possible configurations of hybrid power supply

Since the nearest electric power line is at a distance of about 30 km, the variant
of electric supply from grid is excluded, due to its high cost and landscape features.

So thus, there are several configurations of hybrid power supply with renewable
energy source. Most of them are a combination of renewable energy source and
gasoline generator. The gasoline generator provides consumers with energy when there
is lack of energy from RES (for example the wind is weak for wind power plant or at
night for photovoltaic power plant). Also, the configurations include storage battery. It

keeps energy in case when the power plant generates more power than consumer needs.
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4.1. Stand-alone wind generator

Wind generator is an installation that uses wind power to produce electrical

energy. Usually, wind generators are made of tower and blades.

= &= == % \\ S
{ \\v </////’/7
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Figure 11. Stand-alone wind generator [20]

Due to the climate characteristics of Western Siberia, and in particular the Tomsk
Region, it will be advisable to consider low-speed wind generators. Low-speed
generator is considered to be powered by wind if the blades rotate along the vertical
axis. Achieving low speed contributes to a high number of wings.

In order to operation of the rotor of a vertical windmill, the effect of magnetic
levitation is used, which allows it to actually soar in the air. The use of rare earth
magnets allows us to compensate the force of gravity, and special automated systems

hold the mechanism at the desired position. This approach makes it possible to start

35



spinning the rotor with very low wind gusts (from 0,17 m / s). Reducing the number of
mechanical parts significantly increases the reliability and durability of the entire
structure, and also positively affects acoustic comfort (noise level up to 20 dB). [20]

Vertical type wind turbines require almost no maintenance. In comparison with
the classic horizontal generator, which will require maintenance every six months, this
IS a significant advantage.

The requirements for installing a vertical wind turbine do not contain statements
on noise insulation or the minimum distance to residential buildings. Silent operation
is achieved through the use of the effect of magnetic levitation, which allows to nullify
almost all vibrations and achieve a noise load of less than 20 dB. The tower of the
windmill can even be installed on the roof of the house, as the generator is almost silent.

One of the main disadvantages of a vertical wind turbine is its low efficiency in
comparison with a horizontal wind generator. Efficiency is in the range 15-25%, but it
Is lower than horizontal wind turbines, which efficiency is 25-35%. [20]

The vertical wind generator is a rather complicated design, which negatively
affects the weight, and this, in turn, makes it difficult to lift the device to a great height.
Because of this, problems arise when it is catching the wind, since strong wind gusts

are most often observed at high altitudes.
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4.2. Hybrid wind and solar power supply

This type of generation is a hybrid system of accumulator inverter type, operating
in the complex as on renewable natural energy resources, which for mankind are wind
and solar radiation energy.

Combined power systems that use wind and solar energy at the same time have
several advantages over stand-alone wind or solar installations.

For conditions, for example, in Russia, and especially in its middle lane, wind
speed in summer is relatively small, but there is a lot of sun and long daylight hours.
While in winter, on the contrary, there are a lot of strong winds and less sunlight. Since
the peak of electricity generation in wind and solar systems occurs at different times of
the day and year, such a combined system, accordingly, produces more energy.

Such a hybrid electrical installation for generating electricity is capable of
ensuring the stability of its supply to the network of small cottage villages, country
houses and a small private business.

The main element in the system is a wind generator that produces electrical
energy and charges batteries. To avoid the dependence of the system on the absence or
availability of energy resources and to ensure its greatest efficiency and stability, we
supplemented the system with photovoltaic modules that generate solar energy and
charge its batteries.

This hybrid installation is able to function without an electrical network. In the
absence of sun and wind, the system will supply energy from the batteries.

The system should have several controllers - for PV modules, and for a wind
generator - electrical devices for monitoring and controlling the battery charge, and
inverters - for providing 220 VV AC for consumers of electric energy from direct current

batteries.

37



MPPT charge controller for PV modules increases by more than 30% the energy
flow from PV modules to the battery, and performs the tasks of 2 devices: battery

charge control and power amplifier of PV modules. [21]
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Figure 12. Wind and solar hybrid power supply system [22]
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4.3. Wind, solar and gasoline generator

This is also hybrid type of power supply, working almost the same way as
previous one, but at the time when there is no wind, sun and batteries are empty,
gasoline generator starts to operate. Such time calls “Deficit time”, when power I
need to consume are higher, than power the system can produce, without gasoline
generator. Period of time, when wind turbine and PV arrays can cover all the
consumption, calls “Normal time”. In this scheme specialized ATS controller is used,
that monitors under / over voltage, under / over frequency and voltage unbalance and

forward a start command on gasoline generator, if it is necessary.
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Figure 13. PV, wind and gasoline hybrid power supply system [23]
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Due to the load is residential house, with permanently working appliances (not all
of them, but part), it is very important to have backup generator, because in sharply
continental climate zone often occurs windless and cloudy weather and batteries could
not cover this period. It is obvious, that for this purpose the best option is third system,
since it is the most reliable one, but for completeness it is necessary to consider all these

options in simulation.
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5. Mathematical simulation

The effectiveness of the projected object directly depends on the correct choice
of equipment. Features of the facility location impose additional requirements for the
operation of equipment. Harsh climatic conditions, a large amount of precipitation,
and a significant temperature difference make the use of conventional equipment
ineffective and impossible. Thus, before make simulations, | have to select suitable

equipment, which can operate in such severe weather.

5.1. Wind generator

First of all, I choose wind generator. Since | have to cover load of 30,51 kW,
capacity of the generator must be higher or equal. Due to the low wind speed, the best
solution would be to use “Condor Air” 30 kW wind generator. The low starting speed
of wind of 2,5 m/s and the low nominal speed of wind of 8 m/s, the most fully
corresponds to the wind potential in the considered region.

Condor Air is a high-tech horizontal type wind generator developed by the
“Energy Decision” company and adapted to work in Russian climatic conditions.
Operational temperature range: from -40 to +50 degrees in the normal version and up
to -55 in the version for low temperatures. The price of the wind generator includes a
charge controller and a mast. [24]

Short description of the generator is provided in table below; full description is

in the Appendix 7.
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Table 10 — Short description of the wind generator [24].

Wind wheel diameter 13 m

Blade height 6m
Nominal RPM 35-40
Output voltage 170-240 V
Nominal power 30 kW
Maximum power 32 kW
Starting wind speed 2,5 ml/s
Nominal wind speed 9 m/s
Operational wind speed 3-20m/s
Generator type 'ggr:g?ai)gfse permanent-magnet
Generator frequency 0-50 Hz
Output current Alternating
Nominal current 100 A
Maximum current 110 A

Cost 26000 EUR
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Figure 14. Dependence of active power on wind speed [5]

P=f'7T'R2'0;5'V3'P'nrg'ﬂgen

Where £ — wind energy using coefficient,
R — rotor radius, [m]

V — wind speed, [m/s]

p — air density, [kg/m?]

Nrg — reduction gear efficiency
TNgen — generator efficiency

(10)

Let's calculate the amount of energy generated by a single wind generator over a

period of months to a month, using formula 12 [7].
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Table 11 — Amount of generated energy per month for the whole year

Month W, [kWh/month]
January 980,35
February 1786,91
March 2085,73
April 2192,28
May 1939,59
June 892,61
July 668,08
August 675,11
September 953,45
October 1953,89
November 2318,43
December 2239,04
Total 18685,48

| present the obtained results as a histogram to visualize them.
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Figure 15. Amount of generated energy per month for the whole year

Let’s calculate the balance of generated and consumed energy for the whole year

using formula (13) in order to determine deficiency of energy in system.
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AW =W, — W, (11)
Where, W, — Generated energy, [kKWh/month]
W:. — Consumed energy [kKWh/month]

Table 12 — Balance of generated and consumed energy for the whole year

Month Wg, Wc, Wng, AW,
[kKWh/month] | [KWh/month] | [kKWh/month] | [kKWh/month]

January 980,35 3254,938 4901,74 1646,80
February 1786,91 2966,1935 8934,53 5968,34
March 2085,73 2944,938 10428,67 7483,73
April 2192,28 2849,94 10961,42 8111,48
May 1939,59 2944,938 9697,97 6753,03
June 892,61 2764,56 4463,05 1698,49
July 668,08 2856,712 3340,40 483,69
August 675,11 2856,712 3375,56 518,85
September 953,45 2849,94 4767,25 1917,31
October 1953,89 2944,938 9769,45 6824,51
November 2318,43 2849,94 11592,15 874221
December 2239,04 3254,938 11195,19 7940,25
Total 18685,48 35338,6875 93427,38 58088,69

Let’s build the graph to visualize the deficiency of energy in system.

45




& Wind generator production & Consumption

3500.00

3000.00

2500.00

(I

i

|

2000.00

1500.00

Energy, kWh/month

i

A
i
(AR A AR

1000.00

I

IO

IR

500.00

I

0.00

_
Q
E
-
o
o
<
Q
3
>

]
=
<
2

<

Jun Jul Aug

7
o)

©
o
(o]
=}
=
[}
<
|w)
0]
(]

Figure 16. Balance of the energy per month for the whole year
As you may see from the figure 16, not all months’ loads are covered by wind
generator. Deficiency of energy is especially high in summer months. In case with

stand-alone wind generators to cover this deficiency, | have to install at least 5x 30 kW

wind generators.

5.2. Solar modules

As PV modules, I choose “Exmork FSM-300M”. Main characteristics are provided

in table below.
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Table 13 — Solar module “Exmork FSM-300M” main characteristics [25]

Electrical parameters

Maximum power, W 300
Nominal voltage, V 24V

On-load voltage, V 36
Off-load voltage, V 43,15
On-load current, V 8,33
Short circuit current, A 9,14
Maximum off-load voltage of PV 1000

array, V
Efficiency, % 17,4
Cost 256 EUR

Also, PV charge controllers are included. The full specification provided in appendix

8.
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Figure 17. Current and voltage dependences on the intensity of solar radiation

Now | calculate amount of energy generated by one solar module during one-

year month by month using methodic from [7]
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Solar module with nominal power Pg), generates such amount of energy:
Pspr - A

SM = "1000

where, A - insolation during the chosen period, [kKWh/m?];

[KWh]; (13)

Example of calculations for January:

300 - 28,52

WSM = W = 8,556 [kWh]

Table 14 — Amount of energy generated by solar module “Exmork FSM-300M”

Ener
Energy Energy Nece§sary generategéll by

Month generated by 1 consumptions, quantity of 70 solar
solar module, We, [kWh] solar modules, modules
Wasw, [kWh] - Nsu .

70SM

January 8,556 3254,938 380 598,92
February 10,725 2966,1935 277 750,75
March 17,346 2944,938 170 1214,22
April 31,929 2849,94 89 2235,03
May 43,212 2944,938 68 3024,84
June 55,866 2764,56 49 3910,62
July 56,892 2856,712 50 3982,44
August 58,884 2856,712 49 4121,88
September 47,103 2849,94 61 3297,21
October 29,895 2944938 99 2092,65
November 19,113 2849,94 149 1337,91
December 11,655 3254,938 279 815,85
Total 391,176 35338,6875 - 27382,32

As you can note from the table 12, in order to cover energy consumptions, we
need to install more than 300 solar modules, that is literally impossible. Furthermore,

all we need is to cover deficiency. The highest deficiency of energy is in winter season.
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The most reasonable quantity of solar modules is 70, it allows us to cover summer

season, May and June.

Let us build the plot of energy generated by solar modules.
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Figure 18. PV power plant energy balance per month for the whole year

Two solutions are possible to cover the current energy deficit. First is to install
additional gasoline generator, the second is to install wind generators. From the
previous calculation, | can note that to cover all the load | have to install at least

3x30kW wind generators and 70 solar cells.
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Table 15 — Amount of energy generated by hybrid wind-solar power plant

Energy Energy
Energy generated by | generated by | Total energy
Month consumption, 70 solar 3x30kW wind generated,
[kKWh] modules, generators, [kKWh]
[kWh] [KWh]
January 3254.938 598.92 2941.044 3539.964
February 2966.1935 750.75 5360.718 6111.468
March 2944.938 1214.22 6257.204 7471.424
April 2849.94 2235.03 6576.854 8811.884
May 2944.938 3024.84 5818.780 8843.620
June 2764.56 3910.62 2677.831 6588.451
July 2856.712 3982.44 2004.239 5986.679
August 2856.712 4121.88 2025.336 6147.216
September 2849.94 3297.21 2860.349 6157.559
October 2944.938 2092.65 5861.670 7954.320
November 2849.94 1337.91 6955.288 8293.198
December 3254.938 815.85 6717.114 7532.964
Total 35338.6875 27382.32 56056.428 83438.748
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Figure 19. Wind-solar power plant monthly energy balance for the whole year

50




5.3. Gasoline generator

As gasoline generator I choose “EUROPOWER EP20000TE”. Brief description of

main characteristics is provided in table below.

Table 16 — “EUROPOWER EP20000TE”

generator main characteristics [26]

Nominal power, kW 16

Frequency, Hz 50

Dimensions | x w x h 100 x 64 x 72cm
Maximum apparent power, KVA 20

Nominal voltage, V 380/220

Cost 6000 EUR

The cost also includes ATS controller and AC/DC converter. The full specification is

provided in the appendix 9.

Table 17 — approximate calculation of
structures of power plant

annual gasoline consumption for different

Gasoline consumption, I/h

ST 1WT + GG 70PV + GG LWT géo PV
January 1327 1549 977
February 688 1292 250
March 501 1010 0
April 384 359 0
May 586 0 0
June 1092 0 0
July 1277 0 0
August 1273 0 0
September 1106 0 0
October 578 497 0
November 310 882 0
December 593 1423 117
Total 9714 7012 1344
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*1WT + GG — Combination of 30 kW “Condor Air” wind generator + Gasoline
generator “EUROPOWER EP20000TE”

* 70 PV + GG — Combination of 70 x 0.3 kW “Exmork FSM-300M” solar cells +
Gasoline generator “EUROPOWER EP20000TE

*1WT + 70 PV + GG — Combination of 70 x 0.3kW “Exmork FSM-300M” solar
cells + 30 kW “Condor Air” wind generator + Gasoline generator “EUROPOWER
EP20000TE”

5.4. Inverter

The next device | have to install is inverter. Inverter is a device which converts DC
voltage to AC voltage. The form of voltage can be sinusoidal, close to sinusoidal or
pulsed. Inverters are used as stand-alone devices and as a part of uninterruptible power
supply systems.

As inverter I choose “GoodWe DT series 25 kW inverter”. Brief description of

main characteristics is provided in table below.

GoodWe smart DT series inverter is typically designed for the home solar systems,
covering 4kW/5kW/6kW. By adopting cutting-edge technology of photovoltaic field,
it provides three phase AC output, making home system connection well balanced, safer
and more convenient. The integrated two MPPTs allow two-array inputs from different
roof orientations. And the combination of both RS485 and Wi-Fi communication makes

the system well interactive and extremely easy to monitor. [27]

52



Table 18 — Brief description of main characteristics of the inverter [27]

Input Data(DC

Max. DC Power 32.5 kW
Max. DC Voltage 1000 V
Nominal DC Voltage 620 V
Min. DC Voltage to Start Feed In 250 V
Output Data (AC

Max. AC Power 25 kW
Nominal AC Power 25 kw
Nominal AC Voltage 400V
Max. AC Current 37 A

Frequenc 50, 60 Hz
Cost 3500 EUR

The full specification is provided in the appendix 10.

5.5. Batteries

The battery is a consumable item in an autonomous or backup power system. The
better you pick up the battery for your system, the longer it will work and the less will
ultimately be the cost of electricity generated by your system.

The main parameter of any battery is its capacity. Depending on which system it
will be used in, it is necessary to choose the required face value. In our case, batteries
are going to use as backup for the main power sources. It means, that battery will be
discharged quite rarely (in case of fault of the main source of electricity). | will
consider the required capacity based on a 100% discharge cycle. | will design backup
system for 1 day of normal house operating.

Maximum daily consumption according to figure 10 is 105 kWh in winter. To
supply house with energy during the whole this day we need to 8,75 kA*h capacity. |



will install “Delta DTM 12250 L (12V / 250Ah)” in the amount of 35 batteries.

Description of technical characteristics is provided in table below.

Table 19 — Technical characteristics of battery “Delta DTM 12250 L (12V / 250Ah)”
[28]

Technical characteristics:

Voltage, V 12

Capacity, Ah 250
Length, mm 520
Width, mm 269
Heigth, mm 222
Height with terminal, mm 225
Weigth, kg 71.2
Lifetime, age 12

Cost, EUR 500

Summary

After calculation of energy balance, | decided to consider a few additional hybrid
combinations of power plant structure and complement them. | provide all the

considered structures below:

e 5x30 kW “Condor Air” wind generator

e 30 kW “Condor Air” wind generator + Gasoline generator “EUROPOWER
EP20000TE”

e 70x0.3kW “Exmork FSM-300M” solar cells + 3x30 kW “Condor Air” wind
generator

e 70x0.3kW “Exmork FSM-300M” solar cells + Gasoline generator
“EUROPOWER EP20000TE”
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e 70x0.3kW “Exmork FSM-300M” solar cells + 30 kW “Condor Air” wind
generator + Gasoline generator “EUROPOWER EP20000TE”
All other equipment is the same for all these options.

6. Financial management, resource efficiency and resource saving

6.1. Project initiation

Initiation processes define initial goals and content and fix initial financial resources.
The internal and external stakeholders of the project are determined, which will interact
and influence the overall result of the scientific project.

6.1.1. Project goals and results

Information about the stakeholders of the project, the hierarchy of project goals and
criteria for achieving goals is presented in table below.

Table 20 — Stakeholders of the project

Stakeholders of the project
expectations
Reliable source of power supply;
Extractive industry, houses and cottages Low electrical energy cost;
isolated from electrical network. Convenient in usage;

High efficiency of the equipment

Stakeholders of the project

Information about the hierarchy of project goals and criteria for achieving goals is
given in the table below.
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Table 21 — Project goals and results

Provide the facility with a reliable source of electricity, reduce

criteria of the
project result

ganI)sr oect gnvironmental po_llution, reQuce the cost of _paying for electricity,
increase the efficiency of using existing equipment
Expected Based on the conducted research, analyze the sensitivity, find
results of the | shortcomings, suggest the necessary measures to improve these
project indicators.
Acceptance | Efficiency in relation to the proposed measures to improve the

quality of electrical energy and maintain the stable operation of the
equipment.

Requirements
to the project
results

Project completion on time

Stability of technological equipment

The efficiency of the equipment used

Convenience in usage

6.1.2. Organizational structure of the project

The organizational structure of the project is presented in the table below.

Table 22 — Project Working Group

Ne Name Position Functions Hours
spent
1 Makarov A.M. Project Work on_ project 750
Executor implementation
Coordination of work
5 Muravlev 1.0. Project actl_wtles _ gnd 100
Manager assistance in project
implementation
Total: 850
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6.1.3. Assumptions and constraints

Limitations and assumptions are summarized in table below.

Table 23 — Limitations and assumptions

Factor Limitations/assumptions
1. Project pudget 685 000 RUB
- for design
1.1 Source of budgeting Own funds / bank loan
2. Project timeline: 21 January 2020 — 10 August 2020
2.1 Date of approval of the project 25 January 2020
management plan
2.2 Project completion date 10 August 2020

3. Other -

As a result of the initialization of the project, the goals and expected results were
formulated, the stakeholders of the project and the financial framework were identified,
which is very important for the successful completion of the project and its

implementation.

6.1.4. Project planning

The main way to develop a design implementation schedule is called a Gantt chart.
A Gantt chart is a horizontal graph that depicts work on a topic in long time periods,

described by completion dates and start dates for the assigned work.
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Table 24 — Design and research timing

The laboriousness of the task

Duration of the task in Duration of the task in

fin fmax Lomi working daysT,,; .
Task person-days person-days person-days g daysly; calendar daysTy;

Supervisor Engineer | Supervisor | Engineer | Supervisor | Engineer | Supervisor | Engineer | Supervisor | Engineer

Drawing up the
technical 3 8 5 5 7
assignment

Literature review 4 9 6 6 9

Selection of the
research field

Calendar

. 10 15 12 6 9
planning

Preliminary
calculations and 5 10 7 7 10
justifications

Step load curves 1 2 1 1 1

Environment
potential analysis

Equipment
research

Balance of
generation and
consumption of
electrical energy

Mathematical
simulation

Choosing a price
category

Evaluation of the
effectiveness of 6 10 8 4 6
the results

Drawing up a
final report
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Table 25 — Schedule of the project design

59

T da Duration of the task
Ne Task Executors Kls January February March April May
Y 31411234 |1/2[|3|4[|1]2|3]|4 2|3
1 Drawing up the technical Supervisor
assignment

2 Literature review Engineer

Selection of the research .
3 . Engineer

field

4 Calendar planning Supervisor

Preliminary calculations .
5 AP Engineer

and justifications
6 Step load curves Engineer
Environment potential .
7 : Engineer
analysis

8 Equipment research Engineer

Balance of generation and
9 | consumption of electrical Engineer

energy

10 | Mathematical simulation Engineer
11 | Choosing a price category | Engineer
12 Evaluation of the Supervisor

effectiveness of the results P
13 | Drawing up a final report | Engineer

. — Engineer — Supervisor




Thus, the duration of the task performed by the engineer and the supervisor. In

general, the duration of work in calendar days for an engineer is 82 days, and for a

supervisor is 8 days.

6.2. Project budgeting

The project budget must display reliable values for all types of costs associated

with its implementation. The costs of this project include:

* Costs of purchasing equipment;

* Costs for materials and other products;

* Expenses for the main and additional salaries of the theme performers;

* Costs for special equipment;
* Costs of social security contributions;

* Overhead costs.

6.2.1. Costs of purchasing equipment

Table 26 — Calculation of the cost of basic equipment

Equipment cost,

Name of equipment Number thousand RUB

Switching module 1 72

Switcher 1 38

Relay protection block 1 20

Overvoltage controller 1 34

Cutout box 1 55

Control cabinet 1 47

Total 266

Taking into account transportation costs (kt=5 %o) 279,3

6.2.2. Costs for materials and other products

These costs include office supplies, printing costs, and various equipment

required for paperwork.
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Table 27 — Costs for materials for the project

Unit of Price per unit, | Expenses (Ey),

Name measurement Number RUB RUB
Paper Pack 1 250 250
Pens Unit 2 50 100
Pencils Unit 1 50 50
Ruler Unit 1 40 40
Printing Page 200 2 400
Folder Unit 2 5 10
Stapler Unit 1 150 150
Staples Pack 1 40 40
Hole puncher Unit 1 250 250

Total 1290

6.2.3. Costs for specialized equipment

This item includes all costs that are associated with the purchase of special
equipment (for example, instruments, instrumentation, stands, devices and

mechanisms) necessary for the project.

Table 28 — Costs for specialized equipment

o Name Numb Price per unit, thal price of
er RUB equipment, RUB
1 Laptop 1 30 000 30 000
Microsoft Windows
2 10 Professional RU 1 4000 4000
xX64
3 | Kaspersky Anti-Virus 1 1320 1320
Microsoft Office
4 2019 Home and 1 2 500 2 500
Student
Total, RUB 37 820

The cost of specialized equipment is recorded in the form of depreciation charges.
Depreciation is the gradual transfer of costs incurred to purchase or build

property, plant and equipment to the cost of the finished product. With its help,
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money spent on the construction or purchase of property is compensated.
Depreciation deductions are paid during the entire period of property exploitation.
Let's calculate the amount of monthly depreciation deductions in a linear way.
Equipment costs are 37 820 RUB. The operating life of the computer is 7 years, the
Microsoft Windows 10 license is 4 years, the rest of the software is a year. Then the

annual depreciation rate for them, respectively:

1
Np = 100% = 14,29%,
1
Np = 100% = 25%,

1
Np ==+ 100% = 100%

Academic year depreciation (9 months) for Laptop, Microsoft Windows 10 License,

and Supporting Software:

D, = 30000 - Mo T _ 30000 2222%. 20 _ 1057 RUB
100% 365 100% 365 ’
N, T 25% 90
Diinto = 4000 Tor - =om = 4000 - e o = 2. 46,6 RUB,
Dgs = 3820 - No T _ 3g00.209% 90 _ o419rUB
100% 365 100% 365 ’ ;

Where T — number of working days

Total depreciation for a year:

D =22455RUB
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6.2.4. Basic salary

The amount of expenses for wages of employees is determined based on the labor

intensity of the work performed and the current system of salaries and tariff rates.

The calculation of the basic salary of the head of a scientific project is based on
the sectoral wage system. The branch system of remuneration at TPU assumes the

following composition of wages:

1) Salary - determined by the enterprise. In TPU, salaries are distributed in
accordance with the positions held, for example, assistant, art. lecturer,
associate professor, professor (see "Regulations on remuneration” given on

the website of the Planning and Finance Department of TPU).

2) Incentive payments - set by the head of departments for effective work,

performance of additional duties, etc.

3) Other payments; district coefficient.

Since incentive bonuses, other payments and incentives depend on the activities
of the manager in particular, we will take the coefficient of incentive bonuses equal
to 30%, and the coefficient of incentives for the manager for conscientious work

activity is 25%.

The basic salary of a manager is determined by the formula:

Sp = Sy * Ty, (11)

Where S, — worker’s regular salary;
T,- duration of work, work days.

Additional salary:
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Sadd = 0,15 Sb

(12)
Average daily salary for a 5-day working week:
SuM
d
where Sm — worker's monthly salary, RUB;
F; — number of working days in a month, days,
M — number of months of work without vacation during the year
Full salary can be defined as:
Sr = Sp + Saaa
(14)

Taking into account the document "Regulations on wages", associate
professor, candidate of technical sciences, working at TPU has a salary equal to
26,300 rubles. A design engineer with no experience in Tomsk has an average salary
of 18,000 rubles. With this in mind, we calculate the size of the total salary of the

project manager and design engineer during the study.

Monthly salaries:
e  For project supervisor:
Sp =S, (1 +ky +kg) -k, = 26300 (1 40,3+ 0,25) - 1,3 = 52 995 RUB
Sp =Sy + Sgaq = 52995 + 0,15 - 52 995 = 60 944 RUB
e  For engineer developer:

Sp =S, (1+ky+ky) k. =18000-(1+03+0,25) 13 =
36 270 RUB
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Se =S, + Syqq = 36270 + 0,15 - 36270 = 41 711 RUB

Average daily salary:

Sosw. = Tpot = 055 = 2 5751 RUB
SD.eng. = St;::g. = 3;:5;: =1 762,4 RUB
where the average number of working days in a month was determined as:
Fy=%=20=2058.

Let's assume that the project manager spent 8 working days on it, then the
design engineer was engaged in the rest of the time (82 days). Salaries of project

participants for the period of work:

Ssup = Sp.sup. * taup = 2575,1 - 8 = 23 175,9 RUB,
Seng = Sbeng. * teng = 1762,4 - 82 = 14 2754,4 RUB

Additional salaries of project participants:
Saad.sup. = 0,15 - 52995 = 7 949,3 RUB,
Sadd.eng. = 0,15-36270 = 5 440,5 RUB

Daily additional salaries:
7949,3

20,58

5440,5
SD.add.eng. = m = 264,4 RUB

Additional salary for the entire project period:

SD.add.sup. = = 386,3 RUB,

Sadd.sup. = SD.add.sup. “lsup = 386,39 = 3476,7 RUB,
Sadd.eng. = SpD.add.eng. * teng = 264,4 - 81 = 21 416,4 RUB
Full salary for the period of the project:

Sk.sup. = Sp + Saqq = 23175,9 + 3476,7 = 26 652,6 RUB,
Sreng. = Sp + Saga = 142754,4 + 21416,4 = 164 170,8 RUB

65



6.2.5. Contributions to social funds

Here 1 will consider the obligatory contributions according to the norms
established by the legislation of the Russian Federation to the state social insurance
bodies (FSS), the pension fund (PF) and medical insurance (FFOMS) from the costs
of wages of employees. The amount of contributions to extra-budgetary funds is

determined by the formula:
Sexb = Kexo(So + Saaa), (15)

where k.,,— contribution rate to extrabudgetary funds.

To date, the following contributions must be made from the amount provided as
payment for labor:

* 229% towards the accrual of future pension;

* 5,1% to the Mandatory Health Insurance Fund;

* 2,9% to the Social Insurance Fund;

« from 0,2 to 8,5% for insurance against accidents that may occur at work (the
exact amount depends on the risk class, which includes the profession and position
of the employee).

The work of a manager and a design engineer belongs to the 1 risk class. Thus,

the total deductions amount to 30,2%.

Sexp = 0,302 - (23175,94+3476,7 + 142 754,4 + 21 416,4) = 57 629 RUB

6.2.6. Organization of research costs budget

In the previous subchapters, the values of the main costs of the research were
calculated. Let us take them all in one table.
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Table 29 — Research cost budgeting

Name Cost, RUB. Cost, %
Costs of purchasing equipment 279 300 0,41
Costs for materials and other products 1290 0,01
Costs for specialized equipment 2 245,5 0,01
Supervisor salary costs 26 652,6 0,03
Design engineer salary costs 164 170,8 0,24
Contributions to social funds 57 629 0,08
Overheads 152 659 0,22
Research budget 683 947,9 100

6.3. Economic model development

6.3.1. Primary project analysis

Current research is focused on economic estimation of renewable energy
efficiency in regions with low wind potential. The main purpose is to find an
economically effective way to use renewable energy sources in specific regions.
Bogashevo - the village where the considered cottage is located. It is inaccessible to
the central power supply from the electrical network. In my diploma thesis |
considered 5 different combination of electric supply and their estimated balance of
energy consumption and generation by different power sources. In order to obtain
the most relevant results, | analyze these scenarios with different type of financing
and evaluated them from technical, economical and customer point of view.

To make the final decision, it is very important to assess the not only technical,
but also economic component of the project. In this chapter | will evaluate all the
structures of electric supply from previous chapter with different types of financing.
In particular I will consider financing with own funds and with bank loan.

It is necessary to note, that all considered power supply structures do not have
any opportunity to sell electricity, since they are off-grid. Also, | do not consider
selling equipment and other sources of revenues. Hence, it will be “expenses-only”
project. Also, since net cash flow always will be negative, it is not necessary to
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calculate depreciation, because | will not pay any taxes. For such projects it is
impossible to calculate IRR or Payback period, thus, to evaluate the structures, | will

use the NPV investment decision criteria, calculated by formula from [29]:

NPV = zT: CF INV
B Li(1+1) ’ (16)

where CF; — net cash flow during t-period;
r — discount rate;
t — number of time period;
T — project lifetime;
INV — initial investments.

6.3.2. Focus group of research results
In order to conduct research on the most suitable equipment, you need to consider

the target market and segment it. Segmentation is the division of a product into a
homogeneous group that has a function.
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Table 30 — Segmentation of the power supply services market

Consumers
Extractive | ~\partment
: building Houses and cottages
industry _
and offices
Central power s . :
> supply
S Completed . _ +
> solutions
g Solutions of
o own
a ) ' ) _ )
implementatio
n

As you can see, | have considered three main types of power supply. Since | am
interested in cottage power supply, all these options could satisfy me, but according
to initial assumption, it is inaccessible to electrical network. Thus, I will consider
only completed solutions of power supply and solutions of own implementation.
Main consumer of this project expected to be houses and cottages and partially for

extractive industry, isolated from central electric power supply.

6.3.3. SWOT-analysis

SWOT analysis is used to determine the strengths and weaknesses of the project.
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Table 31 — SWOT analysis

Strengths:

S1. Electric power supply of objects,
isolated from electrical network.
S2.  Electricity  generation
environment pollution.

S3. Low variable cost.

without

Weaknesses:

W1. No subsidies from government
W2. No market tools to sell energy
WS3. High dependence on
uncontrolled natural conditions

Opportunities:

O1. Make contribution in development of
energy industry.

02. Store energy for 24 hours

03. Work with modern equipment

Threats:

T1. The emergence of new and more
profitable technologies before it pays
off

T2. Weather anomalies

In addition, you need to identify the strengths and weaknesses of the research

project to the external environmental conditions to determine the need for strategic

changes. For this it is necessary to build the project matrices.

Table 32 - Strengths and Opportunities Project Matrix

S1 S2 S3
01 + + -
02 - + +
03 + - i

Analysis of this interactive spreadsheet showed correlated strengths and

opportunities: 015152, 0252S3, O3S1.

Table 33 - Weaknesses and Opportunities Project Matrix

W1 W2 W3
o1 - + -
02 - + -
03 + - .

The correlations of weaknesses and opportunities are as follows: O1W?2,

0O2W2W3, O3W1. The next step in project analysis is to identify the correlation of

strengths and threats.
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Table 34 - Strengths and Threats Project Matrix

S1

S2

S3

T1

T2

The correlations of threats and strengths are as follows: T1S1, T2S2S3. The

next step in project analysis is to identify the correlation of weaknesses and threats.

Table 35 - Strengths and Threats Project Matrix

w1 W2 W3
T1 + + +
T2 - - +

The correlations of threats and strengths are as follows: TIW1W2W3,

T2S2S3.
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6.4. Economic comparison of possible option of electric supply

Table 36 — Asset prices and lifetime

Cost [EUR] Lifetime [years]
Wind generator 26000 20
PV Cell 256 20
Gasoline generator 6000 20
Inverter 3500 20
Battery 500 10
Delivery 500 -
Maintenance 1000 -
Installation Optional -
Other 3000 -
Gasoline fuel (1 liter) 0.55 -

* All the prices provided in the table have shown per unit of the equipment or
product

Maintenance will be held every year
* Other — all the expenses, that was not included in previous paragraphs,
including wiring, gearboxes, project expenses

As you can note from table 18, lifetime of batteries twice lower than other
equipment, thus, | have to buy new batteries after 10" year.
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Table 37 — Scenarios description

Wind PV Cells FLel Batteries Bank Investme
generator consumpt nt cost,
number : number loan
s number ion EUR
Sceriarlo 5 ) ; 35 No 157 000
Scerzlarlo 5 ) - 35 Yes 0
Scegarlo 1 i 9714 35 No 57 500
Scer;arlo 1 i 9714 35 Yes 0
Scegarlo 3 70 ) 35 No 122 420
Sceréarlo 3 70 ; 35 Yes 0
Scer71ar|o i 70 7012 35 No 49 420
Scegarlo - 70 7012 35 Yes 0
Scegarlo 1 70 1344 35 No 76 420
Scelngrlo 1 70 1344 35 Yes 0

* Scenarios without fuel consumption do not include gasoline generator
In order to calculate annuity payment for bank loan I will use formula [29]:

1-(1+7r)T
PMT = PVAF - PV = . - PV, (15)

where  PMT — annual loan payment,
PVAF — Present VValue Annuity Factor,
PV — present value,
r — interest rate,
T — number of periods

Economic characteristics

73



Inflation rate — a quantitative measure of the rate at which the average price level
of a basket of selected goods and services in an economy increases over some period
of time. It is the rise in the general level of prices where a unit of currency effectively

buys less than it did in prior periods. [30]

Table 38 — Inflation data [31]

Year Inflation, % Average value, %
2019 3

2018 4,3

2017 2,5

2016 5,4

2015 12,9 6.7
2014 11,36

2013 6,45

2012 6,58

2011 6,1

2010 8,78

So, as inflation rate, | will use average value for last 10 years.

Inflation rate = 6,7 %

Cost escalation can be defined as changes in the cost or price of specific goods
or services in a given economy over a period. This is similar to the concepts of
inflation and deflation except that escalation is specific to an item or class of items
(not as general in nature), it is often not primarily driven by changes in the money
supply, and it tends to be less sustained. While escalation includes general inflation
related to the money supply, it is also driven by changes in technology, practices,
and particularly supply-demand imbalances that are specific to a good or service in

a given economy. [29]
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Table 39 — Gasoline price growth data [32]

Year Gasoline price growth, % Average value
2017 6,58

2016 6,10

2015 6,83

2014 5,23

2013 7,75 7,76%
2012 5,97

2011 6,77

2010 12,56

2009 12,06

Gasoline escalation = 7,76 %

Batteries escalation should be less than inflation due to obsolescence of this

technology, but not zero, | assume

Batteries escalation = 2 %

Escalation for maintenance | assume to be equal to average inflation rate.

Maintenance escalation = 7,76 %

The interest rate is the amount a lender charges for the use of assets expressed as a
percentage of the principal. The interest rate is typically noted on an annual basis
known as the annual percentage rate. The assets borrowed could include cash,

consumer goods, or large assets such as a vehicle or building. [33]

According to database [34] long term loans interest rates are from 8 to 19%. So, let

us assume

Interest rate = 11 %
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Discount rate is used in discounted cash flow analysis. DCF is a commonly followed
valuation method used to estimate the value of an investment based on its expected
future cash flows. Based on the concept of time value of money, the DCF analysis
helps assess the viability of a project or an investment by calculating the present

value of expected future cash flows using a discount rate. [35]

Also, | assume a discount rate to be a risk-free asset. It is can be taken at the level of

governmental bonds [36]
Discount rate = 8 %

Table 40 — Obtained results

NPV, EUR
Scenario 1 -183 427
Scenario 2 -218 928
Scenario 3 -174 628
Scenario 4 -188 021
Scenario 5 -148 847
Scenario 6 -177 361
Scenario 7 -141 319
Scenario 8 -152 830
Scenario 9 -115 396
Scenario 10 -133 196

As you can see from the table, the best scenario according to economic evaluation
is 9™, but I will not rush to conclusions as this is not the only factor important for
me. In order to make a final decision, | have to take into account cost of initial

investment and technical parameters.

The full tables with calculations provided in appendices 11, 12 and 13.
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6.5. Sensitivity analysis

Sensitivity analysis of an investment project (sensitivity analysis) is an
assessment of the impact of changes in the initial parameters of an investment project
(investment costs, cash inflows, discount rate, operating expenses, etc.) on its final

characteristics, which are usually used as IRR or NPV.

To analyze the sensitivity of an investment project, the main thing is to assess
the degree of influence of each (or a combination of) changes from the initial
parameters in order to provide for the worst development of the situation in the

investment project. [37]

In this part | will analyze sensitivity of all the scenarios to discount rate,
interest rate, fuel escalation and fuel price in order to evaluate how input parameters

affect the project.
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Figure 20. Sensitivity of NPV to discount rate

As you can see from the figure 20, the higher discount rate, the higher will be
NPV for these scenarios. It can be explained by type of the projects, due to there are

no cash inflows, increase of discounting leads to increase of NPV.

If you compare two best scenarios, 9 and 10, you can note, that scenario with
bank loan become more advantageous when discount rate becomes higher than

interest rate.
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Figure 21. Sensitivity of NPV to interest rate

On this figure | have shown only these scenarios, which include bank loan. As
you can see here, the higher loan amount of the scenario, the more sensitive NPV
will be to interest rate. In any case, scenario 10 has the best NPV comparing with

other scenarios, financed by bank loan.
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Figure 23. Sensitivity of NPV to gasoline price

| include to both this and previous figure only scenarios, including gasoline
generator. As you can see, dependence for same project, but with different initial
financing are same. However, it is necessary to note, projects with higher

consumption of fuel more sensitive to fuel price/escalation.



6.6.

Final decision making

Now, as rational decision maker, | should make the most suitable decision for

me. Almost everything is ready for a final decision, however, to make a decision, it

Is only necessary to introduce criteria for evaluation and evaluate each scenario

according to the entered criteria so that the solution is the most suitable for me.

Among the criteria, one should take into account not only the NPV of each

scenario, but also other aspects, such as Investment cost and Reliability, etc. The

final list of criteria will be given in the table below, with explanations.

Table 41 — Scenarios evaluation according to specified criteria

N . Fuel
Reliability | Convenienc Investment
[C1] erc] | PVIC | eostica depﬁg‘éﬁnce
Type max max max min min
Scale ordinal [1 | ordinal [1 interval interval ordinal [0
to 5] to 5] to 3]
Scenario 1 2.000 3.000 -1.834 1.57 0.000
Scenario 2 2.000 3.000 -2.189 0 0.000
Scenario 3 4.000 5.000 -1.746 0.575 3.000
Scenario 4 4.000 5.000 -1.880 0 3.000
Scenario 5 1.000 4.000 -1.488 1.2242 0.000
Scenario 6 1.000 4.000 -1.774 0 0.000
Scenario 7 3.000 2.000 -1.413 0.4942 2.000
Scenario 8 3.000 2.000 -1.528 0 2.000
Scenario 9 5.000 1.000 -1.154 0.7642 1.000
Scenario 10 5.000 1.000 -1.332 0 1.000
Weight 0.200 0.150 0.300 0.250 0.100

Here | would like to clarify that from customer point of view, the value of the

initial investment has almost the same value as NPV. Since we are talking about

large amounts of money, an individual may simply not have that kind of money. As

for the other scales, they are intuitively arranged and displays what interests me more

among these scenarios.
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There are two types of scale — ordinal and inverval. An ordinal scale is one
where the order matters but not the difference between values. An interval scale is

one where there is order and the difference between two values is meaningful. [38]

In order to find the optimal solution, | use Global Criterion Method. [39]
According to this method, | have to recalculate values from initial scale, to relative

scale. In order to do that I should use formulas (16) for “min” and (17) for “max:

fotwt 16
fur = f (16)
f= Ji = Jw 17
fo— ' a7

Where fw — the worst scenario rating of the criteria,

fs — the best scenario rating of the criteria,
fi — current scenario rating of the criteria,

f — relative rating of the criteria
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Table 42 — Results of calculation according to global criterion method

Reliabilit | Convenie | NPV | Investmen deI;:ilde Y wif
y[C1] | nce[C2] | [C3] | tcost[C4] nce [C5]

Scenario 1 0.250 0.500 0.343 0.000 1.000 0.328
Scenario 2 0.250 0.500 0.000 1.000 1.000 0.475
Scenario 3 0.750 1.000 0.428 0.634 0.000 0.587
Scenario 4 0.750 1.000 0.299 1.000 0.000 0.640
Scenario 5 0.000 0.750 0.677 0.220 1.000 0.471
Scenario 6 0.000 0.750 0.401 1.000 1.000 0.583
Scenario 7 0.500 0.250 0.750 0.685 0.333 0.567
Scenario 8 0.500 0.250 0.638 1.000 0.333 0.612
Scenario 9 1.000 0.000 1.000 0.513 0.667 0.695
Scenario 10 |  1.000 0.000 0.828 1.000 0.667 0.765

According to global criterion methodic, the obtained value the better solution

will be.

So, as you can see, from the table 23, the best solution will be “Scenario 10”.
This scenario includes hybrid power supply, financing by bank loan. More precisely,

there will be installed 70 PV Cells, 1 Gasoline generator and 1 Wind generator.

It is necessary to note, although scenario 10 has close value to scenario 9,
obtained scenario is more suitable decision. Since the value of initial investment is
significant factor, especially from customer point view, although as a result | choose

scenario with lower NPV. Between these two scenarios this criterion is decisive.
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/. ConnajbHasl OTBETCTBEHHOCTh

be3onacHOCTb )KU3HEIESITENIbHOCTH — 3TO CUCTEMA 3aKOHOIATENIbHBIX AKTOB U
COOTBETCTBYIOIIMX UM TEXHUYECKUX, COLMAIBHO-3KOHOMUYECKHX, TUTUCHUYECKUX,
OpraHU3alMOHHBIX MEPONPUITUH, O0O0ECIEeUnBAIONIUX OE30MaCHOCTh, COXPAaHCHUE
3JI0pPOBbs M pabOTOCIIOCOOHOCTH YeNIOBEKA B MPOIIECCE TPyAa.

ConpanbHasi OTBETCTBEHHOCTh BBIpAXKaeT XapakTep B3aMMOOTHOIICHUM
JUYHOCTH C OKpYXalmumu ee JroapMu. OOIIecTBeHHas NPUpOaa TOBEICHUS
YeJIOBeKa SIBJISIETCS. OCHOBOM COIMAIbHOM OTBETCTBEHHOCTH [42, c.4].

B nanHOM pasnene paccMaTpHUBaIOTCA BOIPOCHI 0€30MACHOCTH U OXPAaHbI TPY/1a
IIpU IPOBEJACHUU UCCIEIOBAHUM B paMKax MaruCTEPCKON qUCCEepPTallUU, a TOUHEE MPU
pabote ¢  SIEKTpoPU3MUECKON  yCTAaHOBKOM  —  BETPO-COJHIE-AU3IBHON
SHEPreTUYECKOM  YCTAaHOBKOM  (majee  «yCTaHOBKOW»). MopenbHbI  CTEH],
UMUTUPYIOIIMK  pabOTy THOPHUIHOM  AJIEKTPOCTAHLUU, HUMHUTHPYET paboTy
BETPODHEPTETUUECKON YCTAaHOBKU, KOTOpas TMpeoOpa3yeT »dHEpPruro BeTpa B
MEXaHUYECKYI0, a TMOTOM 3a CYeT paboThl TEHepaTopa, HEMOCPEJACTBEHHO, B
AJIEKTPUYECKYI0. A Tak k€ OCH3WHOBBIM T'E€HEpPATOpP, MCIOJIB3YIOIIUA SHEPTHUIO
CropaHusi TOIINBA, MPEOOPa3YIOIIYIOCS B JIEKTPOIHEPTUIO U COJTHEUHBIE YCTAHOBKH,
npeoOpa3arolre COJIHEYHYIO YHEPTUIO B DJIEKTPUUECKYIO,

OO6nacTei0 MPUMEHEHUsI JTAaHHOW pa3pabOTKH SIBIAETCS YACTHBIM CEKTOp M
OPEANPUATUS C YCTAHOBIEHHONW MOITHOCTHIO 110 50 kBT, moaToMy naHHas pa3paboTka
HallelleHa Ha TpOoQWIbHBIE KOMIIAHWU, KOTOPHIE HCIBITHIBAET MOTPEOHOCTH B
AJEKTPOCHAOKEHUN ABTOHOMHBIX, HW30JIMPOBAHHBIX OT IIEHTPAJIM30BAHHOUN CETH,
00BEKTaX.

VYcnoBus MpoBeNeHUsT TEXHOJOTMYECKOro Ipoliecca  COMPOBOXKIAIOTCS
OMacHbIMU U BpeAHBIMU (aKTOpaMH, IMOSITOMY HEOOXOAMMO YYECTh BOIPOCHI
MOKapHON 0€30MacHOCTH, OXpPaHbl OKPY’KAIOIIEW Cpejbl, MOBEJIECHHE OOBEKTa B
YpE3BbIYAMHBIX CHUTYallUSIX W MEphl, KOTOpbIE€ HEOOXOAMMBI [JIsl TOBBIIICHUS

ycronunBocTty pu YC.
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7.1. IIpaBoBble W  OpPraHM3alMOHHBIE BONPOCHI  o0ecrnevYeHHUs

0€30MacHOCTH

Cornmacio TK P® ot 30.12.2001 N 197-®3 (pen. ot 24.04.2020) xaslii

paboTHUK UMeeT npaBo Ha [43]:

paboyee MECTO, COOTBETCTBYIOIIEE TPEOOBAHUSAM OXPaHbI TPYIa;
00s13aTeNIbHOE COLIMAJIbHOE CTPAaXOBAaHUE OT HECYACTHBIX CIy4aeB Ha
MPOU3BOJICTBE U TPOGECCHOHAIBHBIX 3a00JICBAaHUM B COOTBETCTBUU C
benepaibHbIM 3aKOHOM;

OTKa3 OT BBIMOJHEHUs pabOT B Cllydae BOSHUKHOBEHMSI OMACHOCTH JJIA €T0
JKU3HU U 370POBbs BCIEJCTBHE HAPYIICHUS TpeOOBaHUN OXpaHBI Tpyla, 3a
UCKJIIOYEHUEM CJIy4aeB, MPETyCMOTPEHHBIX (eepalbHbIMU 3aKOHAMH, 0
YCTPaHEHUSI TAKOM OMAaCHOCTH;

oOecrieyeHue CpeACTBaMU WMHJUBHUAYaJIbHOM W KOJUICKTUBHOW 3allUTHl B
COOTBETCTBUM C TpeOOBaHUSIMU OXpaHbl TpyJa 3a CUET CPEICTB
paboromarens;

BHEOUYEPEIHON MEIUIMHCKHI OCMOTP B COOTBETCTBUU C MEIULIUHCKUMHU
PEKOMEHAIUSIMHU C COXPAHEHHEM 3a HUM MecTa paldoThl (JOJDKHOCTH) U
CpeIHero 3apaboTKa BO BpPEMs MPOXOXKIACHUS YKa3aHHOTO MEIUIIMHCKOIO

OCMOTpaA.

Pabouas 30Ha pAo0mKHA OBITH O00S3aTENBHO OrOPOXKEHA CIEUHUATbHBIMU

OapbepaMy C 3aKpeIUICHHBIMM Ha HHX NpeaynpexaarmuMmu riakatamu «Croit!

Hanpsokenune», «He Bnesait, yober» wim «lcnbiTaHue, omacHO s Ku3Hm» [44].

Taxxe psaAaOM C YCTaHOBKOﬁ HC AO0JIZKHO OBITH IMOCTOPOHHUX IIPCAMCTOB, KOTOPLIC

MOTYT OCJIOKHHUTB JOCTYII K paboueMy MecTy.

7.2 IIpousBoacTBeHHas1 0€30M1ACHOCTD

Ioct

Jlisg uaeHTuduKaum noTeHIUalIbHbIX (PAKTOPOB HEOOXOAMMO UCIOJIb30BATh

12.0.003-2015 CCBT. OmacHble U BpeaHBIE TMPOU3BOACTBEHHBIC (DAKTOPHI.
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Knaccudukanusa. ITlepeuenb omacHbIX W BpeAHBIX (DAKTOPOB, XaPAKTEPHBIX JUIS

IPOEKTUPYEMOI MPOU3BOJICTBEHHON Cpeibl, MPE/ICTaBIeH B Tabuuie 43.

Tabnuua 43 — Bo3MoxHbIE ONTaCHbIE U BpeJIHbIE (PaKTOPbI

Oramnbl paboT

DaKkTOpsI Q S S
(TOCT 12.0 6303_2015) Lc’é 3 g E’ 5 E HopMaTHBHEIE TOKYMEHTHI
L
Canllun 2.2.4.548-96
| OTKIIOHEHME HokasaTeneit «['uruennyeckue TpeOOBaHUS K
M'HK OKITHMATA B B B MHUKPOKJIMMATY IIPOU3BOACTBEHHEIX
P nomenienui» (1 okradps 1996 r. N
21) [4]
CH 2.2.4/2.1.8.562-96, TOCT
12.1.003-2014 «CCBT. Ilym.
2. IIpeBbllIeHNE yPOBHS IIyMa ) - + y
OO6mmue TpeboBaHUs
0€30MacHOCTI
3. OTcyTCTBHME WM HEIOCTATOK + + + CHulI 23-05-95 «EcTtectBernHOE 1
€CTECTBEHHOI'O CBETa HCKYCCTBEHHOE OCBEILICHUEY
4. HenoctaTouHas OCBENICHHOCTE i ) i CHulI 23-05-95 «EcTtectBeHHOE U
paboueii 30HbI HCKYCCTBEHHOE OCBEIIICHUE)
5 BoselcTie Canllun 2.2.4.1191-03
3J.'IeKT OMATHITHONO HOJ‘ISIII - - + «NEeKTpOMarHuTHBIE TOJIS B
p MIPOU3BOJICTBEHHBIX YCIOBHSIX» [6]
6. [ToBbIIEHHOE 3HAUYEHHE baBIIa VerDoRCTEa
HalpsDKEHUsT B DJIEKTPUYECKOH | - + + P yerp
. anekTpoyctaHoBok (ITY D)
7. OcTpble KPOMKH, 3ayCEHIIBI U I'OCT 12.2.003-91
IIEPOXOBATOCTh HA MOBEPXHOCTAX | + + «O06opynoBanue
3aroTOBOK,  MHCTPYMEHTOB U pou3BoJcTBeHHOE. O01IMe
o0opyIoBaHUs TpeOoBaHMA O€30TTaCHOCTH
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7.2.1. AHaJu3 BpeaHbIX NPOU3BOJICTBEHHBIX (PAKTOPOB

OTkJIOHEeHHE ToKa3aTeNeil MUKPOKJIMMATA.

[Toq MHKpOKIMMATOM HPOU3BOJACTBEHHON CpeAbl MOHUMAETCS COYETaHUE
TEMIIepaTypbl, OTHOCUTEIIbHOW BIIAXXHOCTH, CKOPOCTH JBUXEHUS HWHTEHCHUBHOTO
TeroBoro usnydeHus [45]. IlepeuncneHHble mapameTpbl OKa3bIBAIOT OTPOMHOE
BIUSIHUE Ha (QYHKUUOHAIBHYIO JESATEIBHOCTh YENIOBEKa, €ro CaMO4YyBCTBUE U
3J10pPOBbE.

[ToMelieHre JOMKHO B TMEPBYKO OYEpPEAb COOTBETCTBOBATH KOJUYECTBY
paboTaImux U pa3MeniaeMoMy B HEM 00OPYIOBAaHUIO U KOMILUIEKCY TEXHHUYECKHUX
cpeacTB. B HEM mpeaycMmaTpuBalOT COOTBETCTBYIOIIUE MAapaMeTpbl TEMIEPATYpHI,
OCBEIICHHS, YHUCTOTHI Bo3ayxa. [l obOecrnedeHuss HOPMaIbHBIX YCIOBUN Tpyna
CaHWUTapHbBIC HOPMBI YCTAaHABIMBAIOT HA OJIHOTO paOOTAIOIIETO TIJIOIIA b TOMEIICHHUS,
BBITOPOYKEHHOTO CTEHAMH WIIM TTyXMMH IIEPErOPOJKAMH, HE MeHee 6 M2,

OaHuM U3 HEOOXOAUMBIX YCIOBUHN 3I0POBOTO U BBHICOKOTPOU3BOIUTEIHLHOTO
Tpy/Ja SIBJISIETCSl 00ECIIEUeHNE YUCTOThI BO3/IyXa U HOPMAIbHBIX METEOPOJIOTHYECKUX
YCJIOBUH B MOMEIICHUH. B KaXJI0M MpPOU3BOACTBEHHOM IMOMEIICHUU COAEPIKATCS
BpEAHBIEC BelIeCcTBa, KoTopbie kiaccuduimpytores cormacao 'OCT 12.1005-88. B
JAHHOM CJIyyae YCTaHOBKA SIBJISIETCS WCTOYHUKOM TOBBIIIEHHON 3ara30BaHHOCTH
yriekuciasiM razom (CO2). IlpemenbHo gomyctumass Hopma coaepxkanuss CO2 B
Bosayxe — 20 mr/m3. TIpobGnemy cHmxenus cogepxkanus CO2 B BO3AyXe MOMKHO
peluTh TyTEM NPUMEHEHHSI €CTECTBEHHOM M HCKYCCTBEHHOW BEHTWISIIUU
MOMEIICHHS, a TAK)KE O3eJICHCHUE MoMelieHus [46].

OnTuMalibHbIC YCIOBUS MUKPOKIIMMATA.

Xonoauslii 1 eTHUH nepuoj roja — (t Hke +10 °C) Ha TOCTOSHHBIX paboUnX
MeCTax.

XapakTepucTrka Mpou3BOICTBEHHBIX TOMEIIICHUI:

— TIOMEUIEHUS, XapaKTepu3yemble HE3HAYUTEIbHBIMU HW30BITKAMH SIBHOUN
teroThl (23 B1/M? 1 MmeHee). KaTeropust paboT: cpeaneit Tsoxectu - 116 (233-290) Br;

TemmepaTtypa Bo3ayxa — 17,0-19,0 °C; oTHOcuTenbHas BIaXHOCTh Bo3ayxa — 60-40%);
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CKOpOCTb JBIJKEHUS Bozayxa: He Oonee 0,2 wm/c; TemmepaTypa BO3JyXa BHE
NOCTOSIHHBIX padouux mecT: 13-20 °C.

T&mmerit nepuon roga — (t +10 °C u BbIIIe) HA TOCTOSHHBIX pA00YUX MECTaX.

XapakTepuCTUKa IIPOU3BOICTBEHHBIX IIOMEIEHUMN:

— TMOMEILEHUs, XapaKTepu3yeMble HE3HAUUTEIbHBIMU H30BITKAMHU SIBHOM
Ter1oThl (6osee 23 B1/m?). Kareropus pabot: cpeaneit Tsxectu - 116 (233-290) Br;
TemrepaTypa Bozayxa- 19,0-21,0 °C; oTHocuTenbHAS BIAXKHOCTH Bo3ayxa — 60-40 %;
CKOpOCTh JBWXeHHs Bo3zayxa: 0,2 m/c; TeMmmeparypa BO3QyXa BHE IOCTOSHHBIX
pabouux Mect: He Oosiee ueM Ha 3 °C BbIllIe CpelHEH TeMmepaTypbl HApyKHOTO
BO3yXa.

JlomycTuMble yCI0BHUSI MUKPOKIMMATA.

Xon0aHbIH 1 teTHu nepuoj roaa — (t vrke +10 °C) Ha TOCTOSHHBIX paboYnX
MECTax.

XapakTepucTUKa MPOU3BOJCTBEHHBIX MOMEIICHUH:

— TIOMEIIEHUs, XapaKTepu3yeMble HE3HAUMTEIbHBIMUA HW30BITKAMHU SIBHOM
terioThl (23 B1/mM? u menee). Kateropus padot: cpenneit tsxectu — 116 (233-290) Br;
TemiepaTtypa Bo3ayxa — 15,0-22,0 °C; oTHOocUTenbHas BIAXHOCTh Bo3ayxa — 15-75%);
ckopocTh ABmxkeHHUs Bo3ayxa: 0,2-0,4 m/c; TemmepaTypa BO3ayXa BHE MOCTOSHHBIX
pabouux mect: 14-23 °C.

Ténnwiit nepuon rona — (t +10 °C u BeIlIe) HA MOCTOSHHBIX PAOOUYUX MECTaX.

XapakTepuCTHUKa MPOU3BOICTBEHHBIX IOMENICHUM:

— TIOMEIIEHUs, XapaKTepH3yeMble HE3HAYUTEIbHBIMH W30BITKAMU SBHOM
TeroThl (6onee 23 Bt/m?). Kateropust pabot: cpeaneit tskectu — 116 (233-290) Br;
TemrepaTtypa Bo3ayxa — 16,0-27,0 °C; oTHOocuTenbHas BIaXHOCTh Bo3ayxa — 15-75%);
CKOpOCTh JBWkKeHHs Bo3ayxa: 0,2-0,5 m/c; TemmepaTypa BO3IyXa BHE MOCTOSHHBIX
pabounx MectT: He Oosee yeM Ha 5 °C BbIIE CpelHEN TeMIepaTypbl HAPYKHOTO
BO3/yXa.

HcTounnkom TETUIOBOTO SIBIISICTCS OCHOBHOE o0opy0oBaHuE

QJICKTPOYCTAHOBKHU: IOIMYCTHUMBIC BCIVMYUMHBI MHTCHCUBHOCTU TCIIJIOBOT'O O6J'Iy‘-I€HI/I$I
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paboTaromMX OT UICTOYHUKOB M3JIy4E€HUs, HAarPEThIX 1O 0€JI0ro U KpacHOro CBEUYECHHUS
(packaJieHHbI WM PACIJIABJIECHHBIM MeTal, CTEKJO, IUlaMsi U Jp.), HEe JOJDKHBI
npesbimars 140 Br/m2. [Ipu 5ToM 06Iy4eHHIO HE TOJDKHO TIOABEprathes Gonee 25%
INOBEPXHOCTH Tela M  00s3aTENbHBIM  SIBISIETCS  WCIIOJIb30BAHHUE  CPEJICTB
UHAMBUYAJIbHOM 3aIIUThI, B TOM YHCII€ CPEACTB 3alIUThI JIUIA U Ii1a3.

B coorBerctBun ¢ CaunlluH 2.2.4.548-96 Temmneparypa HapyKHBIX
IOBEPXHOCTEH TEXHOJOTNYECKOr0 000pYI0BaHMsI U OTpakJIeHUM Ha paboyem Mmecte
HE J0JDKHA npeBsimath 45 °C.

[IpeBbllIeHHE YPOBHS IIyMa.

C ¢usmomornyeckod TOUYKM 3pEHHs] IIyM pacCMAaTPpUBAIOT Kak 3BYK,
MEIIAINN Pa3sTOBOPHONM PEYM M HETATUBHO BIMAIONIMN HA 3I0POBBE YEIOBEKA.
Hlymbl B paccMaTpyUBacMOM IOMEIEHUU BO3HUKAIOT OT JBUTATesi OCH3MHOBOI'O
reHeparopa.

IIpu paGoTe yCcTaHOBKM BO BpeMsl IIPOBEIACHUS HCIIBITAHWM, YKBHUBAJCHTHBIN
ypoBeHb myma He jqoipkeH npessimath 50 1bA. Cornacuo ¢ CH 2.2.4/2.1.8.562-96,
I'OCT 12.1.003-2014 «CCBT. Ulym. Obmue TpedboBanus 0€30MacHOCTHY», B pabodyeM
MOMEIIEHUH 3Ta HOpMa CO0JII01aeTCsl.

JlJis u3MepeHust mryma NpuMeHsIoT ryMmoMephl. Bee u3mepenus mpou3BosT B
cootBetcTBUM ¢ [OCT 12.1050-86 u 'OCT 23941-79.

HaubGonee mnepcneKkTUBHBIM  CHOCOOOM  CHMXKEHMSI IlIlymMa  SIBJISIETCS
UCIIOJIb30BAaHUE MAJIOIIYMHOTO OOOpYIOBaHUS, MPU 3TOM BBOJMTCS TEXHHUYECKOE
HOPMHpOBaHME IOymMa MallMH. B macnmopre MamuHbBl YKa3bIBaeTCs LIyMOBAas
xapakrepuctuka. B coorBerctBun ¢ I'OCTom 12.1.003-2014 3ammra oT myma,
CO37JaBaeMOro Ha pado4yMX MecTax BHYTPEHHHMMHM M BHEIIHMMHM MCTOYHUKAMH,
OCYLIECTBJISIETCS YMEHBIIEHMEM IlIyMa B HCTOYHHMKE, NPHUMEHEHUEM CpEJICTB
koiuiektuBHOM (COCT 12.1.029-80) u wunamBuayansHoit (COCT 12.4.011-89)
3anuThl. Kmaccudukanus cpecTB KOJIEKTUBHOM 3alIMThI OT IIyMa MpeACTaBieHa Ha

puc. 23.
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Cpeactea
KOJIIEKTUBHOM
3aWMTbI OT WyMma

ApXUTEKTYPHO- OpraHu13auMOoHHO-
NJ1aHMPOBOYHbIE TEXHUYeCcKne

3ByKOM30NALUMK 3BYKOMOrN0OLWeHUA Fnywurenu

OrpaxgeHus 06MLoBKM Ab6copbumOHHbIEe

LTy4HbIE
3BYKOMNOrNOTUTENN

KabuHbl, nynbThbl PeaKkTnBHbIie

KombuHUpOBaHHbIe

DKpaHbl

Pucynok 23 — CpencTBa KOJJIEKTUBHOM 3aIIUTHI OT IIyMa.

CpencrBa nnauBuayanbHoi 3amuthsl (CHU3) — nporusonryMmsl. [IpoTuBonIyMsl
o 'OCT 12.4.011-89 nonpa3zaensiroTca Ha TPU THUIIA:

- HAYIIHUKH, 3aKpBIBAIOLIUE YIIHYIO PaKOBHUHY. B 3aBUCMMOCTH OT 4acCTOTHI
OHUM 00eCreunBarOT CHUKeHUe myMa Ha 7-47 nb. Haubonee a3 pekTMBHO HAyITHUKH
00ecneurBaroT 3alIUTy Ha BBICOKHX YaCTOTaX;

- BKJIQJBIIIN, MEPEKpPHIBAIOIIUE Hapy>KHbIN CiIyXoBoil kaHan (Gepymm). B
3aBUCUMOCTH OT YaCTOThI OHM 00€CTIEUNBAIOT CHUYKEHUE YpOoBHS myma Ha 5-20 nb. Mx
M3rOTaBIMBAIOT U3 CIEHHUAIBHOTO YJIBTPATOHKOIO BOJIOKHA, @ TAK)XKE U3 PE3HHbI WIH
»00HUTA;

- IUIEMBI, 3aKPbIBAOIINE YaCTh I'OJIOBBI M YIIHYIO pakoBUHY. [IpumenstoT mpu
OUYEHb BBHICOKUX YpOBHsX 1myMma (6omee 120 nb).

Bce BhilieynoMsiHyThIE CpeACTBAa WHAMBUIYATbHON 3allUThl UCIOJIB3YIOTCS

npu paboTe ¢ yCTaHOBKOM.
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OCHOBHBIM UCTOYHUKOM IITyMa MpU paboTe OCH3NHOBIO reHepaTopa CYUTACTCS
JBUTATENIb BHYTpPeHHEro cropanus. IIpakThka mokasajia, 4To €cClid YpOBEHb Iyma
O0eH3MHOBro reHeparopa mpesbimaer 96 nbA, to yxe uepe3 20 ner Gomee 34%
00CTy’>KHUBAIOIIETO TIEpPCOHAaa, padOTaIOIIEr0 B HEMOCPEACTBEHHOM OJIM30CTH OT
YCTaHOBKH, CTPaJatoT 3a00J€BaHUSIMU, CBSI3aHHBIMU C TIOTEPEH Ciryxa.

OCHOBHBIC TEXHHYECKHE TEXHHYECKHE CIIOCOOBI OOpHOBI C IIyMOM OT
OCH3MHOBOM JIEKTPOCTAHITUU:

1) ¥YcranoBka OCH3MHOBBIX TE€HEPATOPOB Ha aMOPTU3AIMOHHBIE
YCTPOMCTBA, MO3BOJIIONIME CHHU3UTHh BUOPAIMOHHYIO COCTAaBJISIIOLILYIO
ryma.

2) ['nmymmTenu, MOHTUPYEMbIE HA CUCTEMY BBINYCKa BBIXJIOMHBIX Ta30B,
KOTOpasi CYNTAETCS OJTHUM U3 OCHOBHBIX HCTOYHUKOB 3BYKa.

3) BeHTunsiuonHbie penieTk, o0eceunBaloie CHUKEHHE CKOPOCTH
BO3/IyXa M PAaCCEHUBAIOIINE SHEPIUIO0 3BYKOB, CO3JaBAEMBIX BO3IYLIHBIMU
MacCaMH.

Henocrarounas ocBelieHHOCTh paboyeil 30HbI

O BaXHOCTHU BOMPOCOB MPOU3BOJCTBEHHOTO OCBEIICHUS TOBOPHUT TOT (DaKT,
YTO YCJIOBUSI I€ATEIbHOCTH UCCIIEIOBATENSl B CUCTEME «YEJIOBEK-MAIlIMHA» CBS3aHBI
SIBHBIM MpeobaaHueM 3puTenbHoi nHpopmarmu - 10 90 % obmiero oobema.

Brimonnsiemast paboTa OTHOCUTCSI K KJIACCy «TOYHBIX». [[JIs1 HCKYyCCTBEHHOTO
ocemenuss CHull 23-05-95 «EcTtecTBeHHOE H HMCKYCCTBEHHOE OCBEIICHHE)
periaMeHTHPOBaHa HAUMEHbIIIas TOMyCTUMast OCBEIEHHOCTh pabouunx mect — 300 Jlk,
pexomenayemas — 400 JIk.

OcHoBHBIE TpeOOBaHUs K pabodyeMy ocBereHuro [46]:

- OCBEIIIEHHOCTh Ha paboueM MecTe JO0HKHAa COOTBETCTBOBATH XapaKTepy
3pUTENIBHBIX PadoT;

- HE00XO0IMMO 00ECTIEYUTH JIOCTATOYHO PABHOMEPHOE pacIpeieieHue SpKOCTH
Ha paboyeil MOBEPXHOCTHU U B MIPEIeNIaX OKPYKAIOIIEro MPOCTPAHCTBA;

- Ha paboyel MOBEPXHOCTH JI0J>KHBI OTCYTCTBOBATh PE3KUE TEHH;
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- B MOJIE 3pEHHUS JOHKHA OTCYTCTBOBATH MpsiMasi U OTpakeHHasi OJIMKOCTH -
MOBBIIIEHHAS SIPKOCTh CBETSIINXCS TOBEPXHOCTEH;

- BEJIMYMHA OCBELIEHHOCTHU JIOJKHA OBITh MOCTOSIHHON BO BPEMEHU;

- CIIeZlyeT BHIOMPATh HEOOXOJUMBIN CIIEKTPAIbHBIN COCTAB CBETA;

- clielyeT BhIOMpaTh ONTUMAJIbHYIO HAITPaBJIEHHOCTh CBETOBOTO MOTOKA;

- BCE DJIEMEHTHI OCBETUTEIHHBIX YCTAHOBOK JOJIKHBI OBITH JOCTATOYHO
JIOJITOBEYHBI, DJIEKTPOOE30MacHbl, a TaKXe HE JOJDKHBI OBITh MPUYHHOMN
BO3HUKHOBEHUS MOXKapa WU B3PbIBA;

- YCTaHOBKa JOJKHA OBITh YJOOHOW M MPOCTOW B IKCILTyaTallid, OTBEUYATh
TpeOOBAHUAM ICTETUKH.

Jlnst obecnieyeHrss HOPMAaTUBHOW OCBEIIEHHOCTH HEOOXOJMMO HUCIOIb30BaTh
COBMENIEHHOE  OCBEIIEHWE, TMPU  KOTOPOM  €CTECTBEHHOE  JOMOJHSETCS
UCKYCCTBEHHBIM. EcTecTBEeHHOE OCBelleHHE SIBIsETCSI OOKOBBIM, a HCKYCCTBEHHOE —
oOmuM. B yCloBHSIX HETOCTATOYHOUN OCBEIIEHHOCTH B YTPEHHEE U BeUepHEEe BpeMs
UCIIOJIb3YETCSI HICKYCCTBEHHOE OCBEIIIEHHE.

Bo3zgaelicTBue 351€KTPOMarHuTHOTO OIS

W cTOYHUKOM 3JIEKTPOMArHUTHOTO TOJI B pacCMaTpUBAEMOM paboueM MecTe
SIBJISIFOTCSL YCTPOMCTBA, HE TpEeAHA3HAUYCHHBIC ISl U3JIYUYEHHs IJIEKTPOMarHUTHOU
SHEPTUU B MIPOCTPAHCTBO, HO B KOTOPBIX MPHU pabOTE MPOTEKAET IICKTPUICCKUN TOK:
CUCTEMbl NEpeayu W PaCHpEeleieHUsl AIEKTPOIHEPTUH (JUHUU 3JIEKTpOINEpeaadH,
TpaHcOopMaTopHble W paclpeleauTeIbHble  MOJCTAHLIMH) W TPUOOPHI,
noTpeOsIone AIEKTPOIHEPTUIO (2JIEKTPOJIBUTATEIIH, AIEKTPOILIUTHI,
XOJIOMUIBHUKH, TEJIEBU30pbl W T.I.). HemocpeACTBEHHO B OJIM3KOM KOHTAKTE C
pabouYrMU HAXOSITCSI KOMITBIOTEPHI U AJIEKTPOABUTATEIBbHBIE YCTAHOBKH.

HopmupyempiMu  mapaMeTpaMH  3JIEKTPOMArHUTHBIX — IOJEH  SIBIAETCS
HaIpPsDKEHHOCTh. [IpenenbHo 1omycTuMasi HanpsiKEHHOCTD AJIEKTPOMArHUTHOTO TIOJIS
Ha pabo4ynmx MecTax HEe JOJDKHA TMPEBBINIATh B TEUYCHHE pabdodero MHSA 110
AIEKTPUUYECKON U MATHUTHOM cocTaiisitolieid HopmatuBoB coriacHo 'OCT 12.1.006-

84. IlpenenbHO OMyCTUMAsI HATPSIAKEHHOCTh AJIEKTPOMAarHUTHOTO MOJISI Ha pabodymux
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MeCTaX He€ [I0JDKHA TMPEeBHIIATh HOPMATHUBOB B TeYeHHE paboyero mHA IO
AJIEKTPUUYECKOM COCTaBIISIONICH corjacHo Tabuuile 44

Tabnuua 44 — HanpsikeHHOCTD 3J1€KTPOMArHUTHOTO MOJIS

HanmenoBanue napameTpos BY
Hanpst>xeHHOCTB i HHa?Sa-g;)HISL? o 25 B/m
snekTpuueckoro 1o (E) B HPI(;ITZ?)%})IeK ;iCTOT 2.5 B/
IInoTHOCTH MAarHUTHOTO i I[I/Ia?g-SZO)HlEI;l o 250 T
IIOTOKAa B I[H(azr.IZ(S)(())})IeK ltiicTOT 25 4T
HampsokeHHOCTh nekTpocTaTideckoro nost (H) 15 kB/m

I[J'IS[ 3alllUThI OT I/IBJIy‘IeHI/Iﬁ INPUMCHAIOT 3allIMTHBIC SKPaHbl U OrPaHUYUBAIOT

BpeMsl pa0OTHI 32 yCTaHOBKOM [47].

[ToBbIlIEHHOE 3HAYECHUE HAMPSHKEHUS B 3JIEKTPUYECKOM LENH

B nponiecce cOOpkH YyCTaHOBKH JIJIsl MCCIEIOBAHUS M MPOBEACHUS OIBITOB,
UCCIEN0BATENb IOJBEPracTcsl OMACHOCTU MOPAXKEHUSI AIEKTPUUYECKUM TOKOM,
pe3yJIbTaTOM KOTOPOTO MOTYT CTaTh 3JIEKTPOTPABMA, 0KOT HJIM CMEPTh.

Cpeny OCHOBHBIX TPUYHMH, MPUBOSIIHNX K TOPAKEHUIO AIEKTPUUECKUM TOKOM
BBIJICIISAIOT:

- cllydailHO€ MPUKOCHOBEHHME WJIM MPUOMKEHUE Ha OMACHOE PACCTOSIHUE K
TOKOBEYIIMM YaCTSM, HAXOISIIMMCS IO HANIPSKEHUEM;

- TIOSIBJICHUE HANpsDKEHUST Ha MEXAHWYECKUX KOHCTPYKTHBHBIX YaCTSIX
31eKTpooOOpyAOBaHUs (KOpIyce, KOXKyXe M T.II.) B pe3yjibTaTe MOBPEKIACHUS
U30JISIUMHA, KOPOTKUX 3aMBIKaHUW U APYTUX [IPUYHH;

- TOSIBJICHUE HANpXKEHUS Ha OTKIIOYEHHBIX YacTAX, HA KOTOPBIX
IPOU3BOUTCS KaKasi-TuOo paboTa n3-3a OMMOOYHOTO BKIIFOUCHHS YCTAaHOBKH;

- BO3HUKHOBEHHE 1ar0OBOI0 HAIIPSKEHUSI HA IOBEPXHOCTH 3EMJIU B PE3YJIbTATE
3aMBIKaHHS Ha 3€MJIIO.

Cornacno ITYD B OTHOIIEHNHU OMACHOCTH MOPAKEHUS JIOJIEH 3JIEKTPUUECKUM

TOKOM TCPPUTOPUA J'Ia60paTOpI/II/I IMPUPABHUBACTCA K 0e301acHBIM IIOMCIHICHUAM.
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[TonHOCTRIO O€30MacHBIMU JIJIs1 PAOOTHUKA SIBISIOTCS MOMEIIEHHUS, B KOTOPBIX
BO3MOKHOCTh MOPAYKEHUS DJIEKTPUIECKUM TOKOM CBOJUTCS K MUHUMYMY.

Kpurepuu 0e30macHbIX NOMEIEHU:

- CYXOCTb, BJIQXHOCTb Kojieonetcst oT 40 10 45%;

- XOPOIIIO TPOBETPUBAECMBIC;

- XOpOIIIO OTaIIMBaeMbIe, TeMIIepaTypa Bo3myxa coctasiser 18-20°

- 0€3 TOKOIIPOBOISIIICH MBLIH;

- KO3(pPUIMEHT 3amOJHEHUS IUIOMIaAN MPeaIMEeTaMu U3 METaJlJla COCTABJISET
MeHbIe, ueM 0,2;

- C TOKOHEPIOBOISAIIUMU TIOJIAMHU.

Bcro cOBOKYITHOCTh Mep M CIIOCOOOB 3alIUTHI OT MOPAKEHUS AIEKTPHUECKUM
TOKOM MOKHO Pa3/IeIuTh Ha OPTaHU3AIMOHHbIE U TEXHUYECKUE.

K opraHuzaliuoHHBIM MepaM 3allUThl OT MOPAKEHUS IESKTPUUECKUM TOKOM
OTHOCSIT:

- Ha3HAYCHHE JIMI, OTBETCTBEHHBIX 3a OpTraHM3alMi0 U OE30MaACHOCTh
MPOU3BOJICTBA pabOT;

- oOyueHWe TepCcOHaja TMPaBWJIaM MPOW3BOJACTBA PabOT W IKCIUTyaTaIlluu
ANEKTPOTEXHUYECKOTO 000PYI0BAHUS;

- ohopMIteHHE Hapsiia WK PACTIOPSKEHUsT Ha TTPOU3BOJICTBO PadoT;

- MPOBEJICHUE MHCTPYKTAXKEH Mepe] HauajaoM padoT ¢ AIEKTPOYyCTaHOBKAMH,

- OpraHuzanus HaJ30pa 3a MpoBeJeHuEM padoT;

- YCTaHOBJICHUE PAIIMOHATBHBIX PEKUMOB TPYa U OT/IbIXA;

- TMPUMEHEHHE CPEACTB HHAMBUAYAJbHOM 3aIUTHl, MPEIYIPEKIAIOIINX
MJIaKaTOB U 3HAKOB 0e30mMacHOCTH B cO0TBETCTBUU ¢ TpeboBanusimu ['OCT 12.4.026-
2015;

- U30JIMPOBAHUE U OTPAXKJICHHE TOKOBEAYIIUX YaCTEH JIEKTPOOOOPYI0BAHUS
(P11 153-34.0-03.150-00).

OaHuM Y3 BAXKHEWIIWX OPTraHMU3AIIMOHHBIX MEp 3alllUThl OT TMOPaKCHUS
ANEKTPUUECKUM TOKOM SIBJISIETCSI IPUMEHEHHE CPEJCTB MHIUBHUAYaIbHOW 3allUTHI.

Ounn MNpCAHAa3HAYCHDBI JJIs 3aIlIUThI TCJId, OPIraHOB AbIXdaHHA, 3PCHUA, ClIyXad, I'OJIOBLI,
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JUIla M PYK OT TPaBM M BO3JCHCTBUA HEOIArONMPHUSTHBIX MPOU3BOJCTBEHHBIX
(bakTOpOB.

K TexHuueckum MepaMm 3alIUTBl OT MNOPAXKEHUS IJNEKTPHUUYECKHUM TOKOM
OTHOCSIT:

- DJIEKTPUYECKOE Pa3JIEICHUE CETH;

- KOMIIEHCALUS TOKOB 3aMBIKaHUS Ha 3€MJIIO;

- BBIpABHUBAHUE NIOTEHIMATIA;

- IPUMEHEHNE 3aIIUTHOTO 3a3€MJICHHS, 3aHYJICHNUS,

- KOHTPOJIb U TPO(PMITAKTUKA U30JISAIINN;

- 3alIUTHOE OTKJIFOUECHHUE.

3alMTHOE 3a3€MIICHHUE — IPEAHAMEPEHHOE JIIEKTPUYECKOE COEAUHEHHE C
3emiIell Wi €€ SKBUBAJICHTOM MEXaHMYECKHUX HETOKOBEOYIIMX YacTed, KOTOpbIE
MoryT okazatrbest non HampsokeHueM (ICOCT 12.1.030-81). ILlens 3ammTHOTO
3a3€MJICHHMS - YCTPAHEHUE OMACHOCTH MOPAKEHUS JIFOACH dIEKTPUUECKUM TOKOM IIPH
MOSIBJICHUH HANPSHKEHUSI HA KOHCTPYKTUBHBIX YaCTAX AJIEKTPOOOOPYI0BAHUS.

KoHTpoib M301MH - 3TO U3MEPEHHE €€ AKTUBHOT'O CONPOTUBIICHUS C LIEJIBIO
oOHapyxeHHsI NePEKTOB U MPEAYNPEKIACHUS 3aMbIKAHUN Ha 3eMIII0 M KOPOTKHX
3aMbIKAHUN.

3aHyJ€HUE — MPEJHAMEPEHHOE »BJIEKTPUUYECKOE COEIUHEHUE C HYJIEBBIM
3alIUTHBIM ITPOBOJHUKOM METAJUIMYECKUX HETOKOBEAYIIUX YaCTE€U, KOTOPbIE MOTYT
OKa3aTbCs MOJ HamnpsbKeHueM. HyneBou 3allMTHBIA MPOBOJHUK — 3TO MPOBOJHHUK,
COCMHSIONINN 3aHyJIIEMBIE YacTH C TIIYX03a3€MJIIEHHOW HEUTPaJIbHOW TOYKOU
oOMoTKH ucTouHMKa Toka min e€ skpuBasieHToM (TOCT 12.1.009-76).

3alUTHOE OTKJIIOYEHUE — OBICTPOJEHCTBYIONIAS 3alIMTa, OOECIeUrBaIOIIas
ABTOMATHUYECKOE OTKIIFOYEHUE OJJIEKTPOYCTAHOBKM IIPM BO3HUKHOBEHUM B HEU
OMACHOCTH MOPAXKEHUS JIEKTPUUECKUM TOKOM. Y CTPOMCTBA 3aIIUTHOIO OTKIHOYEHHUS
JOJKHBI 00€CTIeUnBaTh OTKJIIOYEHHUE HEUCIPABHOM 3JIEKTPOYCTAHOBKHU 3a BpEeMsl HE
oonee 0,2 ¢ (TOCT 12.1.019-2017).

Bce onepanuu npous3BoIATCA 10 MHCTPYKLIMSAM M IIPAaBUJIaM, U3JI0KEHHBIM B

CIEAYIOUIUX TOKYMEHTaX:
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- [IpaBuna TeXHUYECKOW KCILTyaTallMH JIEKTPOYCTAHOBOK MOTpeOuTENeil u
[IpaBmia  TexHukH  O€30MACHOCTA MPHU  IKCIUTyaTallUH  DJIEKTPOYCTAHOBOK
norpeoureneii [49];

- MEXOTpaciieBble TpaBWia [0 OXpaHe Tpylda NpH SKCIUIyaTalluu
anektpoyctanoBok PJ[ 153-34.0-03.150-00;

- crpoutenbHbie HopMbl U ipaBmiia CHull H1.A.11-70;

- MpaBUjia TEXHUKU OE30MACHOCTU TPH SJIECKTPOMOHTAXKHBIX U HAIAIOYHBIX
pabotax (IITBOM).

Takum oOpa3om, MpUMEHEHHE KaK OPTaHU3AlMOHHBIX, TaK U TEXHUYECKUX
MEpPONPUATUNA  TO3BOJIIIOT ~ MUHMMHU3HPOBATh  BO3MOXKHOCTH  IMOPaXEHUS
ANEKTPUYECKUM TOKOM IMPU MPOBEACHUH PadOT € 3IEKTPOOOOPYTOBAHUEM.

OcTpble KPOMKH, 3ayCEHIIbI U IIEPOXOBATOCTh HA MOBEPXHOCTAX 3arOTOBOK,
UHCTPYMEHTOB U 000PYI0BaHUSI.

B  mpomecce  ocymectBieHus  cOOpku  JabOpaTOPHOM  yCTaHOBKHU
UCCIJIeIOBAaTENb TMOJBEPKEH OIMACHOCTH IMOJYyYEHHUS MEXaHUYECKOM TpaBMbl H3-3a
HaJU4Usl OCTPBIX KPOMOK, 3ayCEHIIEB W NIEPOXOBATOCTEH HA TMOBEPXHOCTH
o0opyoBaHUs u uHcTpyMeHTa.Mcnonb3zyemoe B UCCIIEJOBAHUH
AJEKTPOOOOPYIOBAaHUE HMEET OCTPhbleé KPOMKH, YTO TaKXE€ CO3/1a€T OIMAacCHOCTh
MOJTy9YCHHSI MEXaHUUECKON TPABMBI.

K omacHoCTSIM, MEXaHMYECKH BO3JCHCTBYIOIIMM Ha OpPraHW3M YeIOBEKa,
OTHOCSITCS  pa3pylIalONIMecs KOHCTPYKIIMU; OCTpble KPOMKH, 3ayCEHUIbl W
IIEpPOX0OBATOCTH HA TOBEPXHOCTH 000PYIOBAaHUS M MHCTPYMEHTA U 1p. B 3aBHCcHMOCTH
OT BO3MOXHOCTH TPEJIOXPAaHEHUS 4YEJIOBEKA B YCJIOBHUSAX B3aUMOJICHCTBHS €T0 C
MOTCHIIMAIEHO OMACHBIMU TEXHHUYECKUMHU oO0bekTamMu coriacHo ['OCT 12.2.003-91
«O6opynoBanne  mpou3BojJcTBeHHOe. OOmme  TpeOoBaHHMS  0E30MACHOCTHY
MPUMEHSIIOTCS JIBA OCHOBHBIX METOJa 3alllUThl paOOTHHUKA OT MEXaHUYECKHUX
OMacHOCTEH: OO0ecleuyeHne HEeAOCTYIMHOCTH K ONAcHO JCHCTBYIOIIMM YacTsAM
000pyI0BaHUSI U MPUMEHEHHS] TIPHUCTIOCOOJICHN, HETIOCPEACTBEHHO 3aIUIIAOIINX

YeJIOBeKa OT OMACHOTO MPOU3BOICTBEHHOIO (haKkTopa.
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[lepBbIii METOA COCTOUT B MPOCTPAHCTBEHHOM WJIM BPEMEHHOM pa3JieJICHUU
paboueit 30HbI ¥ OMacHoM 30Hbl. KpoMe Toro, Kk JaHHOMY METOJly OTHOCUTCS BCE, YTO
CBSI3aHO C KOHCTPYKTHUBHBIMH OCOOCHHOCTSIMH KaK CaMOro OOOpYyIOBaHUS, TaK U
YCTPOMCTB, orpaxkaaromux u Ogokupyrommx onacHele 30HbI (I'OCT 12.2.003-91).
Henoctynnocte MoOXeT OBITH OO€cCIieueHa pa3MEIIeHUEM OIACHBIX OOBEKTOB Ha
HEJ0CATaeMOM BBICOTE, a TAaK)Ke MO MPUKPBITHEM WU B TpyOax.

Ko BTOpoMy MeTomy OTHOCSTCS MPUCTIOCOOJIEHHUS, C TMOMOIIBIO KOTOPBIX
obecrnieunBaeTcsi  0E30MACHOCTh  B3aUMOJICUCTBUS C  OMACHBIMH  YacCTSAMHU
o00opyI0oBaHUs, B TOM YHCIIE M TUCTAHIIMOHHOE YMPABJICHHE, a TAKXE yCTPOWCTBA,
aBTOMATUYECKH MPEKpalaronye padoTy arperara win 1ojiady SHEPTUHA B CHCTEMY H
T.40. K cpenctBam moctuxeHus 0€30MacCHOCTH OTHOCSATCSI CPEICTBA KOJJIEKTUBHOM

(T'OCT 12.1029-80) n unausuayansuoit (I'OCT 12.4051-87) 3auuThi.

7.3. IKoJOrnuyecKkas 0e30macHoOCTh

B xoje BBIMONHEHUS WCCIIENOBATENbCKONH pabOThl HEOOXOAMMO YYUTHIBATH
NpEENbHYI0 KOHIIEHTPALMIO BPEIHBIX BEHIECTB B BO3AyXe palOouell 30HBI,
MUCTOYHUKOM KOTOPBIX sIBJIsIETCS OEH3MHOBasl yCTaHOBKa, KoTopas peryaupyercs I'H
2.2.5.3532-18 «IlpenenbHo pomyctumasi koHueHTpauus (IIJJK) BpenHbix BemiecTs B
BO3IyX€e paboueit 306, ['H 2.2.5.2308-07 «OpueHTUpOBOYHO O€30MMaCHBIN YPOBEHb
BozneicTBus (OBYB) BpeaHbIx BeliecTB B BO3ayxe padoueii 30Hb». B xome paboTh
KOHIICHTpAIsl BPEIHBIX BEIIECTB B BO3AyXe pabodeil 30HBI HE BBIXOJWJIA 3a
JOITyCTUMBbIE TPEIEIIbI.

[TpoekTom mpeaycMOTpEHBI ONpeAeIEHHBIE MEPHI TTO CBEJICHHUIO 10 MUHUMYyMa
Harpy3Ku Ha OKpy’KaroIyto cpeay. Mcmnonb3yeMoe B COCTaBe UCTIBITATELHOTO CTEH/IA
00Opy/I0BaHUE TMOJIHOCTbIO COOTBETCTBYET CYLIECTBYIOIIUM  MEXIYHAapPOIHBIM
CTaHIapTaM B 0O0JacTH HKOJIOTMH, TOSTOMY €ro NpUMEHEHHE HE NpPHUBEIET K
3arpsI3HEHUIO OKPYIKAIOMIEH Cpelbl M DJIEKTPOMAarHUTHOE M3ITyYeHUE HE MPEBBICHUT
yYCTaHOBIICHHBIE MPEIETbHO-I0YCTUMbIE HOPMBI.

C TOYKHM 3peHUs BIUSHUS Ha OKPYKAIOIIYI0 Cpely MOXKHO PacCMOTPETh

BO3/ICHCTBUE CEPBEPHOTO 00OPYAOBAHUS TIPH €T0 YTUIU3AIINU.
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BOABIIMHCTBO KOMIIBIOTEPHON TEXHUKH COJEPKHUT OCepUIUIHM, KaaMuM,
MBIIIBSIK, MOJIUBUHUWIXJIOPU, PTYTh, CBUHEL, (TajaaThl, OrHE3aUIUTHBIE COCTAaBbl HA
OCHOBE OpoMa M pEIKO3EMENIbHbIE MHHEpajbl. JTO OYEHb BpPEIHBIE BEIECTBA,
KOTOPBIE HE JOJIKHBI TONAJAaTh HA CBAJIKY IOCJIE UCTEUEHHS CPOKA UCIOIb30BAHUS, a
JIOJIKHBI MPABUIIbHO YTUIIU3UPOBATHCA.

Y Tunm3anus KOMIbIOTEPHOTO 000pYA0BaHUS OCYILIECTBIISIETCA 110 CHEIIHAIBHO
pa3pabOTaHHOM cXxeme, KOTopasi JOJHKHA COOMI0AaThCSl B OpraHU3aIMsIX:

1. Ha nepBoM 3Tane HEOOXOIMMO €O3/1aTh KOMHUCCHIO, 3a7jaua KOTOPOUH
3aKJII0YAETCS B MPUHATUU PELICHUN 0 CIUCAHUIO MOPAJIbHO YCTapeBLIEH WIH HE
pabouel TEXHUKH, KaXIblii 00pa3el] pacCMaTPUBAETCS C TEXHUYECKON TOUKU 3pEHUS;

2. Pa3pabaTpiBaeTcsi MpuKa3 O CIUCAHUU YCTpPOWCTB. s mpoBeneHUs
AKCIIEPTU3BI PUBJICKACTCS KBATHU(PUIIUPOBAHHOE CTOPOHHEE JIMIIO UM OPraHU3allus;

3. CocraBnsieTcss akT YTUIU3AlMK, OCHOBAHHOTO Ha pe3yJibTaTax
TEXHUYECKOI0 aHajau3a, KOTOPBIM MOATBEPKAAET HErOJHOCTh OOOPYIOBaHUSA IS
JadbHEUIIEro NPUMEHEHNS;

4, dopMupyeTcs NpuKa3 Ha yTHIN3alui0. Bee ComyTCTBYOIME PACXOIbI
JIOJIKHBI 0TOOpaXaThCsl B OyXTallTepUH;

S. YTunuzanuio OpPrTeXHUKH 00s3aTeNIbHO JOJIKHA OCYUIECTBISATh
crieruanu3upoBanHas Gupma;

6. [Tonyvaetcs cnenuanbHas opUIUaIbLHON (HOPMBI, KOTOPAst TOATBEPIUT
YCHEIIHOCTh YHUUTOXEHUS AIEKTPOHHOTO MyCOpa.

[Tocne odopmienuss Bcex HEOOXOIUMBIX JAOKYMEHTOB, KOMIIBIOTEpHAs
TEXHHUKa BBIBO3UTCS CO CKJIaja Ha nepepadarbiBarolyto padbpuky. Bee nmonmyyeHHsie B
X0Jle mnepepaboOTKM  MaTepuaibl BTOPUYHO  HUCIHOJIB3YIOTCS B Pa3IMYHBIX

IMPOU3BOACTBCHHLIX IIPOLCCCAX.

1.4. be3onacHOCTh B Upe3BbIYaliHbIX CUTYALUAX

XapaxkrepHoit YC ripu sKCIuTyaTauu 3JIeKTPoo00pyA0BaHUS SABISIETCS MOXKap.
[IpyuriHaMu mokapa MOTYT OBbITh aBAPUNHBIE PEXKHUMBI PAOOTHI AINEKTPUUECKUX

U3JIeNIMi, COMPOBOXKJIAEMbIE HArpeBaHUEM IMPOBOJIOB M alllapaTroB, UCKPEHUEM H
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00pa3oBaHMEM IJIEKTPUUECKON JYTH: KOPOTKOE 3aMbIKaHHE, TIEPETpy3Ka IPOBOJIOB U
amnrmaparoB, 00JIbIlIoe TIepexoiHoe conpoTuBiieHUE [51]. OCHOBBI MPOTUBOIOXKAPHOI
samuThl onpenenstores ctanaapramu ['OCT 12.1.004-91 «IloxkapHast 6€30MMacHOCThY,
I'OCT 12.1.010-76 «B3psiBoomnacHocTts. O0ume tpedoanus», HIIb 105-03 u [1I1b-
03.

B cootBerctBUn ¢ @eaepaibHbIM 3akOHOM OT 22 utona 2008 r. N 123-D3
«Texuuyeckuii periaamMeHT O TPEOOBAHMAX TOXKAPHOM OE30MaCHOCTHY» MOMEIEHUE
nabopaTopuu UMeeT Kareropuro B.

JInsi mpenoTBpallleHrs BOZHHUKHOBEHHSI MOXKapa MPUMEHSIOTCS CIEAYIONINe
maru: NpoBepka pabOTHUMKA Ha TMpPeIMET 3HaHWK TOXKapHOW O0e30MacHOCTH,
BBITNIOJIHEHUE PAa0OT B COOTBETCTBHUHM C IMPABUIIAMU, TUIAHOBBIA OCMOTpP YCTAHOBKH.

OKcrnepUMeHTalIbHAsl YCTAaHOBKA YCTOMYMBA K BOZHUKHOBEHUIO MOXKapa, T.K.,
BCE TOKOBEAYIIME YaCTU HAAECKHO M30JIUPOBAHBI U MPOBEPSIOTCA COTJACHO ILJIAHY.
Ecnu Bce ke BO3ZHUKHET moap, pabouast Tpynmna OyAeT JeHCTBOBATh B CICAYIONIEM
MOPSJIKE:

- BBI30B MOYKAPHOT'O pacyeTa;

- OTKJIFOYEHHUE BCEX JIEKTPOYCTAHOBOK;

- 3aKPBITHE OKOH U JIBEPE, YTOOBI UCKITFOUUTH CKBO3HSIK U IOCTYH KHCIIOPO/Ia,
KOTOPBIN MOJIEPKUBAET MPOLECC TOPEHUS;

- Kaxapld  paOOTHUK  BOCIHOJB3YETCS  NMEPBUYHBIMU  CPEACTBAMU
noxxaporywmenus (oraerymutesns OY-5-BCE). [Ipu HeBO3MOKHOCTH CaMOCTOSITENBHO
JUKBUIUPOBATH BO3TOPAHUE — HEMEIJICHHO HayaTh dBaKyalluIo.

Ha pucynke 24 noka3zaH 1iaH 3BaKyaluu JIt0JIel ¢ HOKOJIBHOI0 ATaka KOpIyca

Ne8 TIIV.
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Pucynok 24 — IInan 3Bakyanuu ¢ IJOKOJIBHOTO 3TaXa
(crutomIHas JINHUASL — OCHOBHOM ITyTh 3BaKyalluy, MyHKTUPHAS — 3alIaCHOMN)
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Ha pucynke 25 nmokasan 1riaH sBaKyalluu JIFOJICH ¢ TepBOTo dTaxa kopmyca Ne§

TIIY.
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Pucynox 25 — Ilnan sBakyanuu ¢ mepBoro dTaxka
(crutolHAs IMHUSL — OCHOBHOM MYTh 3BaKyalllH, TyHKTUPHAS — 3aMaCcHOM )

CucremMbl TMPOTUBOMOXKAPHOM 3alIUTHI 3[IaHUS JIOJDKHBI  O0ECIIeYHBATh
BO3MOXXHOCTh 3BaKyalluu JIOJIe B OE30MaCHYI0 30HY J0 HACTYIUICHUS MPEIeIbHO
JIOTTYCTUMBIX 3HAYCHHH OTMACHBIX (PaKTOPOB MoXKapa.

B coorBerctBun ¢ I'OCT 12.1.007-76* «CCBT. Bpennsle BeliecTsa.
Kinaccuduxanus u o6uue TpedoBanus 6€30MacHOCTH OMOBEIIECHUE JIFOACH 0 MmoXxape,
yIpaBJICHHE JBaKyalued Jrojiell u obecrieueHrne WX OE30MacHOM JBaKyalluu TpH
nokape B 3JaHUM JOJDKHBI OCYIIECTBIATHCS OJHUM M3 CIIEAYIOUIUX CIOCOOOB HIIU

KOMOHMHAIMEN CIEeTyIOMINX CIIOCOOO0B:
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1) nogaya cBETOBBIX, 3BYKOBBIX U (MJIM) PEYEBBIX CUTHAJIOB BO BCE TOMEILICHUS
C IOCTOSIHHBIM WJIM BPEMEHHBIM MpeObIBAHUEM JTIOJICH;

2) pa3mMelneHne u oOecreueHne OCBEIIEeHUsI 3HAKOB MOKApHOW O€30MMacHOCTH
Ha MYTSAX BaKyallud B TEYEHUE HOPMATUBHOTO BPEMEHH;

3) BKJIIOUCHHE DBAKYaIIMOHHOTO (aBapUHOT0) OCBEIIICHUS;

5) IMCTaHIIMOHHOE OTKPBIBAHUE 3aIIOPOB ABEPEN S3BAKYallMOHHBIX BBIXO/IOB;

6)o0ecrieueHUe CBSA3BIO IOKAPHOTO IIOCTa (JUCIETUYEPCKOM) C 30HAMH
ONOBEIICHUS JIFOAEH O TTOXKape.

Croutr ormetuth, uto kopmyc Ne8 TIIY obopyaoBan cucreMoi
MPOTUBOMOXKAPHOW 3alllUThl, YTO B chydae Bo3HuUKHOBeHus YC obecrneuur

0€30MacHyI0 ¥ OBICTPYIO ABAKYyallUIO JIFOJEH U3 3JaHus.

BbiBoabI IO pa3aeny

braromaps BeISIBICHHBIM BPEAHBIM U OITACHBIM TIPOM3BOICTBEHHBIM (haKTOpam
(MOBBIIICHHBIA IIYM, BO3JACHCTBUE DIICKTPOMArHUTHOTO TMOJS, MHKPOKJIMMAT,
OCBEIICHHE, TIOPAXKEHUE DICKTPUICCKUM TOKOM, T0Kap) TMOSBHIACH BO3MOKHOCTH
CIeNaTh HAYYHO-HCCIICOBATEIBCKUN MPOIECC MAaKCUMAIBHO O€30MacHBIM JIJIsi BCEX
3aJICCTBOBAHHBIX B HEM JHUIl. BMecTe ¢ BBISIBICHHBIMHA HEOIaronpUsATHBIMH
IIPOU3BOJICTBEHHBIMH (PAaKTOpaMu OBLTA OTIPEICTICHBI MEPHI K MEPOTIPUSITHSI, KOTOPHIC
npu3BaHbl 00ecreunBaTh O€30MAaCHOCTh Ha paboyeM MecTe U MPEensTCTBOBATH
BO3HUKHOBEHUIO YPE3BBIYAHHBIX CUTYAIIUH, TOJTYYSHHUIO IIPOU3BOJICTBEHHBIX TPaBM. K
MepaMm, 00€CTIeUnBAIONINM O0€30MaCHOCTh, OTHOCSTCS: NMPUMEHEHHE CIEIUaTIbHBIX
3alIMUTHBIX CPENICTB, MPU paboTe C IKCIEPUMEHTAIBHBIM CTEHIOM, IMpPaBHIIbHAS
KOMIIOHOBKAa pa0ouYero MecTa HCCIenoBaTeNs, COON0IEHHEe HOPM MOKapHOU
0€30MacHOCTH U COOTBETCTBYIOIIUX MEP MPEIOCTOPOKHOCTH B paboueii 30He.

[Tpon3BOACTBEHHOE OCBEIICHUE SIBJISICTCS OJTHOM M3 Ba)KHBIX COCTABJISIOIINX
KOM(OPTHBIX YCIOBHI PabOTHI, TOCKOJIBKY JOCTATOYHAS OCBEIICHHOCTH ITO3BOJISCT
COXpaHsTh 3pUTEIbHBIC OPraHbl B TOHYCE U n30eraTh ObICTporo nepeyromieHus. Ha
pabouem MecTe  HCCIeAOBaTesA-pa3pabOTYMKa HOPMBI  OCBEIICHHOCTH |

Ka4CCTBCHHBIC IIOKA3aTCJIM OCBCIICHUA CO6J'IIOI[aIOTC5I. B kauecTBe HCTOUYHHKA
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MCKYCCTBEHHOT'O OCBEIICHUS TPUMEHSIOTCS JTIOMUHECIIEHTHBIE JIAMITBI HEOOXOMMOM
JUIST TIOMEIICHUST MOIIHOCTH, TaKXKe€ HWMEETCS JOIMOJHUTEIbHOE eCTeCTBEHHOE
OCBEIICHHE OT OKOH.

Taxxe ObuTa BbIABICHA HauboJee BeposTHAs 4Ype3BbIYAHAs CHUTyalus,
KOTOpasi MOKET BOBHUKHYTh BO BpeMsi pabodero mnpoiiecca — KOpoTKOe 3aMbIKaHUE U
Kak ciuencteue moxap. [losTomy mosBWiIack HEOOXOAMMOCTH B pa3paboOTKe
MEPOIPUATUNA TIO0 MPEAYNPEKACHUIO U JIMKBUAAIMU UYPE3BBIYAWHBIX CHUTYalMi C

yKa3aHHEM IUIaHA 3BAKYyallMH ¢ paboyero Mecra.
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Conclusion

The main goal of my work was to provide electricity to a house inaccessible
to the central power supply system. The objectives of this work were the design of
various power supply options and the choice of the optimal one. Also, my goals were
to reduce environmental impact factors and to calculate the economic efficiency of
the cottage's electricity supply using renewable energy sources.

The main result of this work is a developed algorithm for the optimal design
of a decentralized power supply system. The created model takes into account a very
wide range of factors, trying to assess the main possible risks and problems
associated with the problem of building a power supply system. However, this
complexity is close to real situations when the designer is faced not only with
technical obstacles when creating a new generating unit.

I looked at five different scenarios with different financing options. 5 wind
generators; 3 wind generators and 70 solar panels; 1 wind generator and 1 gasoline
generator; 70 solar panels and a gasoline generator; 1 wind generator, 70 solar panels
and one gasoline generator. Among these options, from my point of view, it was
necessary to choose an option that is reliable enough, but at the same time the most
economically profitable, with minimal dependence on the price of fuel.

The result of the presented algorithm is a project ready for implementation,
with economic indicators calculated for it and an analysis of possible risks, such as
changes in fuel prices, changes in interest rates on loans, etc. The resulting project
consists of one wind generator “Condor Air” 30 kW, 70 PV cells “Exmork FSM-
300M” and one gasoline generator “EUROPOWER EP20000TE” 16 kW. From the
decision-making part, | would note that the most suitable financing option for me is
a bank loan. The decisive factor for me, from a consumer point of view, was the

value of the initial investment cost.

It should be noted that all the work | have done is based on statistical data,

such as wind speeds, solar radiation, electricity consumption. All these data will be
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well suited for the average cottage, in weather conditions that do not deviate from
the norm. However, if against the weather anomalies there is an energy source
independent of the weather conditions, as well as rechargeable batteries, in order to
store energy, then no one is safe from force majeure situations, such as the financial
and economic crisis, the epidemic, the sledges against the state, which is very
strongly affects inflation, component prices, interest rates, gasoline prices, etc.

The last, but not least factor is the subsidization of alternative energy by the
government. Unfortunately, currently in Russia there are no such subsidies and there
are no prerequisites for them to appear. It only remains to hope for an improvement
in the situation regarding alternative energy, because for many people this will be

the decisive factor.
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Appendices

Appendix 1 — Winter solar radiation values for 1 m? based on data from [14]

Time Sun angle, o, deg A, kW/m? P, kw/m?
9:00-9:33 0 0 0
9:33-10:00 10,6346 0,1005 0,0151
10:00 - 11:00 34,2670 0,2444 0,0367
11:00 - 12:00 57,8993 0,3612 0,0542
12:00 - 13:00 81,5317 0,4381 0,0657
13:00 — 14:00 105,1641 0,4666 0,0700
14:00 — 15:00 128,7965 0,4434 0,0665
15:00 - 16:00 152,4289 0,2581 0,0387
16:00 — 17:00 176,0613 0,1164 0,0175
17:00-17:10 180 0,0234 0,0035
17:10-18:00 0 0 0
Total 0,3678

Appendix 2 — Spring solar radiation values for 1 m? based on data from [14]

Time Sun angle, ¢, deg A, kKW/m? P, kw/m?
6:00-6:53 0 0 0
6:53-7:00 1,6092 0,0875 0,0131
7:00-8:00 15,4023 0,2209 0,0331
8:00-9:00 29,1954 0,3422 0,0513
9:00-10:00 42,9885 0,4448 0,0667
10:00 - 11:00 56,7816 0,5230 0,0785
11:00 - 12:00 70,5747 0,5725 0,0859
12:00 - 13:00 84,3678 0,5908 0,0886
13:00 - 14:00 98,1609 0,5766 0,0865
14:00 - 15:00 111,9540 0,5309 0,0796
15:00 - 16:00 125,7471 0,4561 0,0684
16:00 - 17:00 139,5402 0,3563 0,0534
17:00-18:00 153,3333 0,2370 0,0356
18:00-19:00 167,1264 0,1047 0,0157
19:00-19:56 180 0 0
Total 0,7565

112




Appendix 3 — Summer solar radiation values for 1 m? based on data from [14]

Time Sun angle, ¢, deg A, kW/m? P, KW/m?
4:00-4:51 0,0000 0,0000 0,0000
4:51 -5:00 1,5851 0,0571 0,0086
5:00 - 6:00 12,1526 0,1213 0,0182
6:00 - 7:00 22,7202 0,1815 0,0272
7:00-8:00 33,2877 0,2142 0,0321
8:00-9:00 43,8552 0,2981 0,0447
9:00-10:00 54,4227 0,4020 0,0603
10:00 - 11:00 64,9902 0,4886 0,0733
11:00 - 12:00 75,5577 0,5543 0,0831
12:00 - 13:00 86,1252 0,5963 0,0894
13:00 - 14:00 96,6928 0,6127 0,0919
14:00 - 15:00 107,2603 0,6029 0,0904
15:00 - 16:00 117,8278 0,5672 0,0851
16:00 - 17:00 128,3953 0,4256 0,0638
17:00-18:00 138,9628 0,3257 0,0489
18:00-19:00 149,5303 0,2118 0,0318
19:00 - 20:00 160,0978 0,1240 0,0186
20:00 - 21:00 170,6654 0,0880 0,0132
21:00 - 21:53 180,0000 0,0500 0,0075
Total 0,8882

Appendix 4 — Autumn solar radiation values for 1 m? based on data from [14]

Time Sun angle, ¢, deg A, KW/m? P, kKW/m?
7:00-7:24 0,0000 0,0000 0,0000
7:24-8:00 9,3642 0,0443 0,0066
8:00-9:00 24,9711 0,1553 0,0233
9:00-10:00 40,5780 0,2543 0,0381
10:00 - 11:00 56,1850 0,3315 0,0497
11:00 - 12:00 71,7919 0,3811 0,0572
12:00 - 13:00 87,3988 0,3988 0,0598
13:00 - 14:00 103,0058 0,3832 0,0575
14:00 - 15:00 118,6127 0,3356 0,0503
15:00 - 16:00 134,2197 0,2599 0,0390
16:00 - 17:00 149,8266 0,1625 0,0244
17:00-18:00 165,4335 0,0516 0,0077
18:00-18:56 180,0000 0,0070 0,0011
Total 0,4148
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Appendix 5 — Hour coefficient for winter and summer season [19]

Hour : Season
Winter Summer
1 0,25 0,15
2 0,25 0,15
3 0,25 0,15
4 0,25 0,15
5 0,25 0,175
6 0,35 0,21
7 0,50 0,28
8 0,60 0,31
9 0,40 0,28
10 0,30 0,21
11 0,35 0,21
12 0,40 0,21
13 0,30 0,24
14 0,30 0,21
15 0,30 0,21
16 0,30 0,21
17 0,40 0,21
18 0,70 0,21
19 1,00 0,25
20 0,95 0,28
21 0,70 0,5
22 0,50 0,7
23 0,35 0,42
24 0,30 0,18
Appendix 6 — Hour coefficient for winter and summer period
Hour 1 2 3 4 5 6 7 8
Winter 0,25 0,25 0,25 0,25 0,25 0,35 0,5 0,6
Summer 0,15 0,15 0,15 0,15 0,175 0,21 0,28 0,31
Hour 9 10 11 12 13 14 15 16
Winter 0,4 0,3 0,3 0,35 0,4 0,3 0,3 0,3
Summer 0,28 0,21 0,21 0,21 0,24 0,21 0,21 0,21
Hour 17 18 19 20 21 22 23 24
Winter 0,4 0,7 1 0,95 0,7 0,5 0,35 0,3
Summer 0,21 0,21 0,25 0,28 0,5 0,7 0,42 0,18
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Appendix 7 — Wind generator “Condor Air” 30 kW [24]

Wind wheel diameter 13m
Blade height 6m
Nominal RPM 35-40
Output voltage 170-240 V
Nominal power 30 kW
Maximum power 32 kW
Starting wind speed 2,5 m/sec
Nominal wind speed 9 m/sec
Operational wind speed 3 - 20 m/sec
Hurricane protection Automatic
Automatic wind orientation Yes
Tower height 20m
Weight without tower 1730 kg
Blades quantity 3

Wind energy utilization >0,42

Generator type

Generator frequency 0-50Hz
Output current Alternating
Nominal current 100 A
Maximum current 110 A

Inverter type Optional
Recommended Battery Quantity 20/40
Recommended Battery Capacity 150/200 A*hour
Conversion system efficiency >0,85

Noise level 45 dB

Wind speed limit 35 m/sec

Basic equipment

Tower 1 unit
Generator 1 unit
Rotor 1 unit
Blades Set
Fasteners Set
Controller 1 unit
Technical certificate 1 unit

Cost 26000 EUR
Lifetime 20 years
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Appendix 8 — Solar module “Exmork FSM-300M” technical specification [25]

Electrical parameters

Maximum power, W 300
On-load voltage, V 36
Off-load voltage, V 43,15
On-load current, V 8,33
Short circuit current, A 9,14
Maximum off-load voltage of PV array, V 1000
Efficiency, % 17,4

Operational parameters

Sizes (LXWxH), mm 1956x992x45
Weight, kg 23

Quantity of elements 72 (12x6)

Solar cells Grade A, monocrystal
Cell size, mm 156x156

Type of cable connectors MC4

Shell protection

Anodized aluminum frame, tempered anti-
reflective glass

Operating and storage temperature, © C -40 +80 °C
Protection level IP 65

Cost 256 EUR
Lifetime 20 years
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Appendix 9 — Gasoline generator “EUROPOWER EP20000TE” technical specification [26]

Generator
kVA max. 20
kVA cont. 18
kVA @ 1~230V 6
kVA @ 3~400V 18
KW max. 16
Amps cont. @ 1~230V 26A
Amps cont. @ 3~400V 26A
Dimensions | x w x h 100 x 64 x 72cm

Weight incl. oil (+ coolant if water-cooled), excl.

fuel 213kg
Weight incl. oil (+ coolant if water-cooled) + fuel | 244kg
Engine
Brand/Type B&S Vanguard 543477 1142 J1-14051512
HP max. 28
kW max. 21
rpm 3000
Cylinder 2
Fuel Gasoline
EU Emission norm Stage V
Cooling Air-cooled
Displacement 895cm3
Consumption @75% load 7 litres/hour
Tank 41 litres
Autonomy @75% load 5.9 hours
Noise level 79 dB(A)@7m
Alternator
Brand/Type Sincro GT2MAS ~ with brushes
Nominal voltage 3~400V and 1~230V
Frequency 50Hz
Protection degree I1P23
Lifetime 20 years
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Appendix 10 — Inverter “GoodWe DT series 25 kW” technical specification [27]

Input Data(DC)

Max. DC Power 32.5 kW
Max. DC Voltage 1000 V
Nominal DC Voltage 620 V
Min. DC Voltage to Start Feed In 250V
Max. DC Current 27 A
MPP(T) Voltage Range 260~850 V
No of MPP Trackers 2
DC Inputs 6

Output Data (AC)
Max. AC Power 25 kW
Nominal AC Power 25 kW
Nominal AC Voltage 400 V
Max. AC Current 37A
Frequency 50, 60 Hz
Power Factor (cos0) 1
Distortion (THD) <15%
No of feed-in phases 3
Max. Efficiency 98.40%
Euro Efficiency 98.10%
Dimensions (H/W/D) 650x516x203 mm
Weight 40 kg
Power Consumption at Night <1W
Noise Level <45 dB(A)
Operating Temperature -25 ~+60 °C
Transformer Transformerless
Humidity 0-100 %
Cooling Fan
Max. Altitude 4000 m
Interface RS 485, WLAN
Display LCD, LED

Protection Features
Anti Island Protection(ENS), Overvoltage Protection,

Protection Features Overcurrent Protection, Residual Current Device
(RCD), Reverse Polarity Protection
Lifetime 20 years
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Appendix 11 — NPV Calculations for Scenarios 1 — 4

Scenario 1

Year [ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Investment

Wind geng 130000

Inverter 3500

Batteries 17500 213324

Delivery 500

Maintenance 1000 1067| 1138.489| 1214.768| 1296.157 1383| 1475.661| 1574.53| 1680.023| 1792.585| 1912.688| 2040.838| 2177.575| 2323.472| 2479.145| 2645.247| 2822.479| 3011.585| 3213.361| 3428.656

Installatiol 2500

Other 3000

CF -157000 -1000 -1067| -1138.49| -1214.77| -1296.16 -1383| -1475.66| -1574.53| -1680.02| -23125| -1912.69| -2040.84| -2177.57| -2323.47| -2479.14| -2645.25| -2822.48| -3011.59| -3213.36| -3428.66|NPV

DCF -157000] -925.926| -914.781| -903.769| -892.891| -882.143| -871.524| -861.034| -850.67| -840.43| -10711.3| -820.319| -810.445| -800.69| -791.052| -781.53| -772.122| -762.828| -753.646| -744.575| -735.612| -183427.33
Scenario 2

Year | 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Loan payment 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37| 19715.37

Batteries | 22194.23

Maintenance 1000 1067| 1138.489| 1214.768| 1296.157 1383| 1475.661| 1574.53| 1680.023| 1792.585| 1912.688| 2040.838| 2177.575| 2323.472| 2479.145| 2645.247| 2822.479| 3011.585| 3213.361| 3428.656

CF -20715.4| -20782.4| -20853.9| -20930.1| -21011.5| -21098.4| -21191| -21289.9| -21395.4| -21508| -21628.1| -43950.4| -21892.9| -22038.8| -22194.5| -22360.6| -22537.9| -22727| -22928.7| -23144|NPV

DCF -19180.9| -17817.5| -16554.5| -15384.3| -14300.1 -13295.6| -12364.8| -11502.3| -10703] -9962.35| -9275.91| -17453.3| -8049.99| -7503.37| -6996.64| -6526.85| -6091.28| -5687.4| -5312.86| -4965.51| -218928.39
Scenario 3

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Wind geng 26000

Gasoline d 6000

Inverter 3500

Batteries 17500 21332.4

Delivery 500

Maintenance 1000 1067| 1138.489| 1214.768| 1296.157 1383| 1475.661] 1574.53| 1680.023| 1792.585| 1912.688| 2040.838| 2177.575| 2323.472| 2479.145| 2645.247| 2822.479| 3011.585| 3213.361| 3428.656

Installatiol 1000

Fuel 5342.7| 5716.689| 6116.857| 6545.037| 7003.19| 7493.413| 8017.952| 8579.209| 9179.753| 9822.336| 10509.9| 11245.59| 12032.78| 12875.08| 13776.33| 14740.68| 15772.53| 16876.6| 18057.96| 19322.02

Other 3000

CF -57500] -6342.7| -6783.69| -7255.35| -7759.8| -8299.35| -8876.41| -9493.61| -10153.7| -10859.8| -32947.3| -12422.6| -13286.4| -14210.4| -15198.6| -16255.5| -17385.9| -18595| -19888.2| -21271.3| -22750.7|NPV

DCF -57500] -5872.87| -5815.92| -5759.53| -5703.69| -5648.4| -5593.65| -5539.43| -5485.75| -5432.59| -15261| -5327.83| -5276.22| -5225.12| -5174.51| -5124.4| -5074.79| -5025.65 -4977| -4928.82| -4881.12| -174628.28
Scenario 4

Year ‘ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Loan payment 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599| 7220.599

Batteries | 213324

Maintenance 1000 1067| 1138.489| 1214.768| 1296.157 1383| 1475.661| 1574.53| 1680.023| 1792.585| 1912.688| 2040.838| 2177.575| 2323.472| 2479.145| 2645.247| 2822.479| 3011.585| 3213.361| 3428.656

Fuel 5342.7| 5716.689| 6116.857| 6545.037| 7003.19| 7493.413| 8017.952| 8579.209| 9179.753| 9822.336] 10509.9| 11245.59| 12032.78| 12875.08| 13776.33| 14740.68| 15772.53| 16876.6| 18057.96| 19322.02

CF -13563.3| -14004.3| -14475.9| -14980.4| -15519.9] -16097| -16714.2| -17374.3| -18080.4| -40167.9| -19643.2] -20507| -21431| -22419.2| -23476.1| -24606.5| -25815.6| -27108.8| -28491.9| -29971.3|NPV

DCF -12558.6| -12006.4| -11491.5| -11011| -10562.6| -10143.8| -9752.58| -9386.81| -9044.69| -18605.5| -8424.63| -8143.62| -7880.12| -7632.85| -7400.64| -7182.41| -6977.16| -6783.95| -6601.92| -6430.28| -188021.19
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Appendix 12 — NPV Calculations for Scenarios 5 — 8

Scenario 5

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Wind geng 78000

PV cells 17920

Inverter 3500

Batteries 17500 21332.4

Delivery 500

Installatiol 2000

Maintenance 1000 1067| 1138.489| 1214.768| 1296.157 1383| 1475.661| 1574.53| 1680.023| 1792.585| 1912.688| 2040.838| 2177.575| 2323.472| 2479.145| 2645.247| 2822.479| 3011.585| 3213.361| 3428.656

Other 3000

CF -122420 -1000 -1067| -1138.49| -1214.77| -1296.16 -1383| -1475.66| -1574.53| -1680.02| -23125| -1912.69| -2040.84| -2177.57| -2323.47| -2479.14| -2645.25| -2822.48| -3011.59| -3213.36| -3428.66|NPV

DCF -122420| -925.926| -914.781| -903.769| -892.891| -882.143| -871.524| -861.034| -850.67| -840.43| -10711.3| -820.319| -810.445| -800.69| -791.052| -781.53| -772.122| -762.828| -753.646| -744.575| -735.612| -148847.33
Scenario 6

Year | 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Loan payment 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97| 15372.97

Batteries | 213324

Maintenance 1000 1067| 1138.489| 1214.768| 1296.157 1383| 1475.661| 1574.53| 1680.023| 1792.585| 1912.688| 2040.838| 2177.575| 2323.472| 2479.145| 2645.247| 2822.479| 3011.585| 3213.361| 3428.656

CF -16373| -16440| -16511.5| -16587.7| -16669.1] -16756| -16848.6| -16947.5| -17053| -38498| -17285.7| -17413.8| -17550.5| -17696.4| -17852.1| -18018.2| -18195.4| -18384.6| -18586.3| -18801.6|NPV

DCF -15160.2] -14094.6| -13107.3| -12192.5| -11344.7| -10559.1| -9831.01| -9156.21| -8530.74| -17832| -7413.52| -6915.26] -6453.3| -6024.95| -5627.73| -5259.35| -4917.66| -4600.72| -4306.68| -4033.86| -177361.41
Scenario 7

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

PV cells 17920

Gasoline d 6000

Inverter 3500

Batteries 17500 21332.4

Delivery 500

Installatiol 1000

Maintenance 1000 1067| 1138.489| 1214.768| 1296.157 1383| 1475.661| 1574.53| 1680.023| 1792.585| 1912.688| 2040.838| 2177.575| 2323.472| 2479.145| 2645.247| 2822.479| 3011.585| 3213.361| 3428.656

Fuel 3856.6| 4126.562| 4415.421| 4724.501| 5055.216| 5409.081| 5787.717| 6192.857| 6626.357| 7090.202| 7586.516| 8117.572| 8685.802| 9293.808| 9944.375| 10640.48| 11385.31| 12182.29| 13035.05| 13947.5

Other 3000

CF -49420| -4856.6| -5193.56| -5553.91| -5939.27| -6351.37| -6792.08| -7263.38| -7767.39| -8306.38| -30215.2| -9499.2| -10158.4| -10863.4| -11617.3| -12423.5| -13285.7| -14207.8| -15193.9| -16248.4| -17376.2|NPV

DCF -49420| -4496.85| -4452.64| -4408.87| -4365.54| -4322.64| -4280.16| -4238.11| -4196.48| -4155.26| -13995.5| -4074.05| -4034.04| -3994.44| -3955.23| -3916.41| -3877.98| -3839.93| -3802.25| -3764.95| -3728.02| -141319.34
Scenario 8

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Loan payment 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948| 6205.948

Batteries | 213324

Maintenance 1000 1067| 1138.489| 1214.768| 1296.157 1383| 1475.661| 1574.53| 1680.023| 1792.585| 1912.688| 2040.838| 2177.575| 2323.472| 2479.145| 2645.247| 2822.479| 3011.585| 3213.361| 3428.656

Fuel 3856.6| 4126.562| 4415.421| 4724.501| 5055.216| 5409.081| 5787.717| 6192.857| 6626.357| 7090.202| 7586.516| 8117.572| 8685.802| 9293.808| 9944.375| 10640.48| 11385.31| 12182.29| 13035.05| 13947.5

CF -11062.5| -11399.5| -11759.9| -12145.2| -12557.3| -12998| -13469.3| -13973.3| -14512.3| -36421.1| -15705.2| -16364.4| -17069.3| -17823.2| -18629.5| -19491.7| -20413.7| -21399.8| -22454.4| -23582.1|NPV

DCF -10243.1| -9773.24| -9335.35| -8927.1| -8546.3] -8190.96| -7859.22| -7549.36| -7259.78| -16870| -6735.67| -6498.51| -6276.36| -6068.11| -5872.79| -5689.43] -5517.2| -5355.28| -5202.95| -5059.5| -152830.25
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Appendix 12 — NPV Calculations for Scenarios 9 and 10

Scenario 9

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Wind geng 26000

PV cells 17920

Gasoline d 6000

Inverter 3500

Batteries 17500 21332.4

Delivery 500

Installatiol 2000

Maintenance 1000 1067| 1138.489| 1214.768| 1296.157 1383| 1475.661| 1574.53| 1680.023| 1792.585| 1912.688| 2040.838| 2177.575| 2323.472| 2479.145| 2645.247| 2822.479| 3011.585| 3213.361| 3428.656
Fuel 739.2] 790.944| 846.3101| 905.5518| 968.9404| 1036.766| 1109.34| 1186.994| 1270.083| 1358.989| 1454.118| 1555.907| 1664.82| 1781.357| 1906.052| 2039.476| 2182.239| 2334.996| 2498.446| 2673.337
Other 3000

CF -76420 -1739.2| -1857.94| -1984.8| -2120.32| -2265.1| -2419.77 -2585| -2761.52| -2950.11| -24484| -3366.81| -3596.74| -3842.39| -4104.83| -4385.2| -4684.72| -5004.72| -5346.58| -5711.81| -6101.99
DCF -76420| -1610.37| -1592.89] -1575.6] -1558.5| -1541.59| -1524.86| -1508.32| -1491.97| -1475.79| -11340.8| -1443.97| -1428.32| -1412.84| -1397.53| -1382.4| -1367.43| -1352.62| -1337.98| -1323.49| -1309.17
Scenario 10

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Loan payment 9596.49| 9596.49| 9596.49| 9596.49| 9596.49| 9596.49| 9596.49| 9596.49| 9596.49| 9596.49| 9596.49| 9596.49| 9596.49) 9596.49| 9596.49| 9596.49| 9596.49| 9596.49| 9596.49| 9596.49
Maintenance 1000 1067| 1138.489| 1214.768| 1296.157 1383| 1475.661| 1574.53| 1680.023| 1792.585| 1912.688| 2040.838| 2177.575| 2323.472| 2479.145| 2645.247| 2822.479| 3011.585| 3213.361| 3428.656
Fuel 739.2] 790.944| 846.3101| 905.5518| 968.9404| 1036.766| 1109.34| 1186.994| 1270.083| 1358.989| 1454.118| 1555.907| 1664.82| 1781.357| 1906.052| 2039.476| 2182.239| 2334.996| 2498.446| 2673.337
Batteries 21332.4

CF -11335.7| -11454.4| -11581.3| -11716.8| -11861.6| -12016.3| -12181.5| -12358| -12546.6| -34080.5| -12963.3| -13193.2| -13438.9| -13701.3| -13981.7| -14281.2| -14601.2| -14943.1| -15308.3| -15698.5
DCF -10496| -9820.33| -9193.6| -8612.2| -8072.8| -7572.28| -7107.78| -6676.65| -6276.42| -15785.9| -5559.74| -5239.22| -4941.45| -4664.77| -4407.61| -4168.55| -3946.25| -3739.49| -3547.12| -3368.08

NPV
-115396.44

NPV
-133196.2
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