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Abstract

The aim of this thesis is to integrate renewable energy sources in villages on
the arctic side. Most of locations on the arctic side in Russia are not connected to
the central network system and have expensive power supplied by diesel
generators. These locations, for example, the Koyda village, have rich wind energy
potential. So, integration of wind turbines with diesel power system may decrease
energy cost. In this master thesis, | research renewable energy potential in the
Koyda village, consider integration of wind turbines with diesel power plant,
simulate the hybrid power plant in MATLAB Simulink and make techno-economic
analysis. | suggest obtaining more cost efficient power plant. After analysis of
diesel power plant in the Koyda village and climate conditions | decided to
upgrade the power plant with two wind turbines with capacity 60 kW each. It can

decrease diesel fuel consumption from 79.5 ton to 22 ton a year.

Key words

Renewable energy sources, wind turbine, hybrid power plant, MATLAB Simulink,

economic analysis.
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1. Introduction

Nowadays the environmental problems such as global warming and air

pollution have a global scale. The stock of fossil fuels like gas, coal and oil is

diminishing every year. These factors touch all counties in the world and because

of that the “green” power engineering is developing. “Green” power engineering

uses renewable energy sources: sun, wind, water flow, geothermal source and

energy of bio-fuel.

Full or fractional changeover to the renewable energy sources has a range

of economic and ecological advantages. According to [1] this range includes:

Speed-down the growth of negative anthropomorphic impact on the
environment and preventing climate change taking in account necessity
to satisfy the growing energy needs.

Reducing of air pollution in the way of decrease the fossil fuel burning.
Therefore, there will be heath maintenance of the population, decrease
breathing system diseases risk, decrease state spending on health
maintenance.

Increase the supply decentralization, therefore its safety and reliability
will increase.

Decrease costs on transmission and distribution of power and fuel and

also losses in these processes [1].

In this master’s thesis, I analyze geography of the Arkhangelsk Region and

the Koyda village where the power plant is proposed to be build. The geographical

analysis includes:

Evaluation of climate conditions
Evaluation of solar energy potential

Determining of wind power characteristics on the territory
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After studying natural conditions | analyze consumers’ characteristics.
Based on these characteristics | will choose the corresponding equipment for
power plant. Next, | will design the hybrid power plant and analyze its economic

effectiveness. The electric scheme of power plant will be modeled in MATLAB

Simulink.
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2. Renewable energy sources in the region

The main energy generators in Russia are thermal power plants. They
generated 622.4 billion kWh of total 1073.7 billion kWh in 2017. Next are nuclear
power plants with its generation billion 202.9 kwWh and hydro power plants with its
generation 187.4 billion kWh. The own power plants of industrial factories
generated 60.3 billion kWh. The renewable power plants generated only 0.69
billion kWh in 2017 [2]. As we can see, the part of renewable energy generation
takes only 0.06% of all energy when thermal power plants generate 57.97% of all
energy. The fuel mining and energy producing, transmission, distribution and
consuming system is called fuel and energy complex (FEC). In economy of Russia
it still takes the leading position. The complex produces about 25% of industrial
production in Russia. FEC includes spheres of fuel industry (oil, gas, coal, schist,
peat) and electric power industry. All spheres of the complex are related with each
other. To account common volume of mined fuel and energy generation, its ratio,
distribution between consumers the fuel-energy balance is plotted. It shows mining
ratio of different kinds of fuel and generated power and its usage in industry. To
calculate the balance, the different kinds of fuel are recalculated into indicative
fuel. For 1 unit of indicative unit 1 kilogram of coal that gives 7000 kcal in burning
is used. The FEC structure of Russia always changes. Before the 1970s the main
part took coal. In 1970-1980s the main part took oil. In 1990s the main part took

natural gas [3].

Nowadays, the part of renewable energy generation in Russia is very small
but it has a great potential. The outlook of cost-efficient renewable energy usage in
Russia consists more than 30% of annual power consuming. However current part
of renewable energy IS only
0.06%. To compare, Germany generated 151.57 billion kWh with renewable
power plants in 2017. It is 37.5% of all generated power [4].

Regardless of there is dramatic renewable energy potential in Russia, the

government started to be interested recently in this issue. The Order of the
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Government of the Russian Federation in 2013 put forward the priority of
increasing the volume of production and consumption of electric energy using

renewable energy sources to 2.9% to 2020.

The low level of renewable energy development is due to several reasons. The
main reason is Russia since 1960 developed only traditional energy sources — coal,
fuel and gas. The government orientated on producing and export of traditional
energy resources. There were established fundamentals of renewable energy
development in conditions of 1970s energy crisis in west Europe countries-
importers of energy resources. The overstock of energy resources did not induce

Russia to pay attention to this issue.

Russian government plans on increasing of renewable energy part has few

brakes:

1. Relatively low prices on energy resources and electricity;

2. Oil and gas priority as the main energy resource in the inside consumption;
3. The lack of ecological pressure on government from society;

4. The lack of interested in renewable energy development companies in

politic and economic fields.

The government interest of renewable energy development related with
necessity to develop far regions of the country. About 10% of Russian population
has not access to central power and heat supply. The installation of wind power
plants in the regions on Atlantic coast or PV power plants in the Altay region is

more cost-effective than shipping the fuel by sea or building up network system.

2.1 Description of the Koyda village

The Koyda village is located on the north of Arkhangelsk region in the
Mezenskiy district in Russia. Its population is 478 people, according to data of
2017 year [5]. Nowadays, the village receives electric energy from diesel

generators only. Its total capacity is 360 kW. The fuel is shipped by sea [6].
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Integration of renewable energy sources in the power supply system will help to
decrease costs on fuel and will decrease CO, emission. The Koyda village is
presented on the map and a satellite shot of the Koyda village from Google Maps

in Figure 1.
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Figure 1 — Location of the Koyda V|Ilage [7]

There are no rivers with dramatic water flow in the Koyda village, so, next, |

will analyze solar and wind energy potential in the region.
2.2 Potential of solar energy in Koyda

| take the data about Archangelsk because it is the nearest point to the Koyda
village where the data exists. According to “www.solbat.su” the year insolation of
Arkhangelsk is 0.815 MW/m?. The monthly insolation data are in the Table 1.

Table 1 - Monthly insolation in Arkhangelsk [8]

Month Jan | Feb | Mar | Apr | May | Jun | Jun | Aug | Sept | Oct | Nov | Dec
'”357;‘3”’ 12 | 61 | 207 | 356 | 494 | 575 | 565 | 385 | 186 | 71 | 20 | 4
Insolation,

KWh/m? 3.3 | 16.9 | 57.5| 98.9 | 137.2 | 159.7 | 156.9 | 106.9 | 51.7 | 19.7 | 56 | 1.1
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One MJ/m? is equal to (1/3.6) kWh/m?. According to [1], the photovoltaic
power plant will be effective if the yearly insolation per square meter is more than
1000 kWh. If we calculate the annual insolation in the Koyda village presented in
Table 1 than we will obtain 815.4 kWh/m?. This number is less than 1000 kWh,
therefore it is not efficient to install solar power plant in the Koyda Village.

2.3 Potential of wind energy in Koyda

There is monthly average wind velocity in Table 2. The data are from the
website of weather schedule accessible from “www.rp5.ru”.

Table 2 — Monthly wind velocity in Koyda [9]

Month Jan | Feb | Mar | Apr | May | Jun | Jun | Aug | Sept | Oct | Nov | Dec

Wind
velocity, | 7.19 | 6.47 | 7.08 | 6.53 | 5.98 | 5.31 | 4.23 | 5.05 | 5.52 | 5.25 | 5.75 | 6.00
m/s

Repetition of wind velocities is an important power characteristic. It shows
how many times in a month or year the same velocity was. The data of wind
potential allocation are presented in Table 3.
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Table 3 — Distribution of wind velocity over time [9]

Wind
velo- | Jan, | Feb, | Mar, | Apr, | May, | Jun, | Jun, | Aug, | Sept | Oct, | Nov, | Dec, | Year
city, % % % % % % % % | ,% | % % % %
m/s
0-2 | 442|087 | 0.77 | 077 | 444 |277|6.59 |6.01 293|581 | 1.65|0.88| 3.13
10.8 | 11.7 10.8 29.8 | 24.0 | 25.1 | 20.7 10.9 | 16.0
2-4 4 4 5.36 1 15.32 | 22.1 4 3 0 5 8.23 6 3
14.0 | 26.0 | 19.9 | 22.3 314 (321|280 | 286 | 37.8|26.7|26.7
4-6 6 9 ) 9 26.61 | 30.8 0 9 3 3 6 5 2
216 | 32.1 | 39.8 | 36.2 248 | 24.8 | 18.4 | 26.5 | 36.2 | 42.1 | 29.9
68 | 9 | 7 |5 | o [P 19 |1 |6 | 1] 1] 5
285|139 | 141 | 131 150|124 | 11.1 | 13.6 | 14.0
8-10 1 1 3 3 20.56 | 13.0 | 6.20 | 8.58 5 5 1 0 5
1042 | 190 | 957 [ 1201 11| 506 | 593|116 | 3.43| 879 | 456 | 3.29 | 3.07 | 6.97
12-13 | 6.43 | 522 | 536|232 | 121 [079| O | 086|126 | 124|123 | 132|225
14-15 | 4.02 | 043 | 192 | 1.16 | 0.4 0 0 0O [042] 0 | 041132084

There are 8760 hours in a year. To plot the graph of wind velocity distribution

it is necessary to multiply values from the last column in Table 3 by 8760. The

graph is presented in Figure 2.
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Figure 2 — Distribution of wind velocity over time
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According to [1], the wind power plant will be effective if the yearly average
wind velocity is more than 4 m/s. The yearly average wind velocity in the Koyda

village is 5.86 m/s.

Efficiency of wind power plant also related with area landscape. Wind power
plant should have a clear, smooth fetch to the prevailing wind, over open water,
smooth ground or on a smooth hill [10]. The Arkhangelsk Region represents wide
lowland. It has the low-hill terrain with height up to 450 meters in the east and the
chain of hills with height up to 350 meters in the west [11]. The Koyda village is
situated in the north. Therefore, there are no any barriers for wind and it is justified

to build here a wind power plant.
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3. Possible configurations of hybrid power supply

There are several configurations of hybrid power supply with renewable
energy source. Most of them are a combination of renewable energy source and
diesel generator. The diesel 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. Next, | will describe every configuration in detail.

3.1 Stand-alone renewable power plant

Due to variable characteristics of energy consumption graphics and energy
potential of RES, the configuration must include device for energy storage. The

common structure of stand-alone wind and solar power plants is presented in

Figure 3.
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Figure 3 — Stand-alone renewable power plant [1]




Primary energy converter in this configuration is a wind turbine or a PV
panel. It converts the energy of wind or the sun into electrical energy. We need the
converter or rectifier of energy to make the voltage direct and equal to nominal of
storage battery. The storage battery supplies the load through the stand-alone
inverter. The inverter converts direct current to alternative. We need it because the
most consumers use alternative current. Peak load power is determined by the
power of battery and inverter. Average load power in the time period is determined
by positive power balance of the battery, when its energy received from RES is
more than energy transmitted to the load (taking into account efficiency
coefficients and effective modes of power equipment, first of all — storage
batteries). Ballast load takes extra power that the load and storage battery do not

need in the current time period.

Power plant needs an intelligent control system to provide energy-effective

mode for the equipment.

Power supply of decentralized districts only by RES is impossible because of
dramatic daily wind and solar potential changes, those usually do not correspond to
seasonal and daily changes of power consumption graphs. Field of use such

configurations is limited of consumers with load less than 1 kW.

3.2 Hybrid power plant with diesel power installation

Combination of assured energy source — a diesel power installation and a non-
stable renewable source let to build multipurpose power plants for decentralized
object with sustainable power supply and good technical and economic

characteristics.

Power plant configuration with two energy sources, every of which can
supply the consumers in determined intervals of time, has maximum opportunities
to change diesel energy generation to renewable energy. Reduction of diesel part
work time provides the maximum fuel economy and increase time of diesel

generator exploitation.
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The opportunity to turn off the diesel power installation in periods when the
renewable energy source has high potential is reached with complicated

configuration of hybrid power plant and control algorithms of its units.

The common configuration of the hybrid power plant is in Figure 4.
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Figure 4 — Hybrid power plant with duplicate diesel power installation [1]

The shown configuration of hybrid power plant allows to combine different

power sources in alternative current bus.

In period when the renewable energy source has high potential, the diesel
power installation is turned off. Consumption and generation renewable energy
distortion are damping by store of energy in batteries of the uninterruptible power

source. It allows to decrease amount of starting the diesel power installation.
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The energy sources can operate separately or in parallel with common load. It
depends on relation between installed capacity of diesel and renewable power

plants in hybrid complex.

That separate operation mode means relatively big installed capacity of primal
energy converter for renewable energy source. Therefore, instantaneous power of
wind or solar power plant can be dramatically more than nominal load. To utilize

extra electric energy, there is installed ballast load.

The part of green energy in general power balance of this power supply

system is usually more than 50%.

3.3 Hybrid power plant with inverter diesel power installation

In case of low capacity of renewable power plant, the load on diesel power
installation increases. If there is lack of power from renewable energy source it
makes sense to set parallel operation of renewable and diesel power installations.
To perform such mode, it is necessary to improve the control algorithm for hybrid
power plant by addition in the configuration next equipment: a multipurpose
inverter, which can work as stand-alone and in parallel with network, synchronize

devices. The configuration is presented in Figure 5.
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Figure 5 — Hybrid Power Plant with Inverter Diesel power installation [1]

The advantage of an inverter diesel power installation is reducing of fuel
consumption during low load modes due to reducing of diesel generator rotation

frequency.

3.4 Hybrid power plant with direct current bus

Usually, in hybrid power plant, the rectifying-inverting frequency converters
are used as a voltage converter. The actual wind power plants include such
converters. Due to this fact and generation the direct current by photovoltaic
panels, it is possible to combine energy source in hybrid power plant based on
direct current bus with rectifiers and voltage converters. The configuration is

presented in Figure 6.
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Figure 6 — Hybrid power plant with direct current bus [1]
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In case if the renewable source is wind turbine, the installation needs rectifier
to convert DC to AC. Rectifiers are used after wind turbine and after diesel
generator. In case if the renewable source is PV panel, after panel will be installed

voltage converter to convert voltage value to nominal value of storage battery.
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4. Designing wind-diesel power plant

Wind energy has been used for several centuries, initially in the form of
windmills used to provide power for milling grain and to drain low-lying land in
the Netherlands and parts of England. These all but disappeared, however, as cheap
electricity from large-scale power plants became widely available around the
middle of the century. As we enter the twenty-first century wind power has made a

comeback and is currently the most significant source of renewable energy [12].

In this chapter there will be description of equipment that is used in hybrid
power plants. There are not only generation installations such as wind turbine and
diesel generator, hybrid power plant also need specific equipment such as inverters
and converters to transform the energy and distribute it between consumers.
Hybrid power plant also needs storage batteries to collect extra energy and supply
the consumers in periods of calm weather for wind turbines or at night for

photovoltaic panels.

4.1 Wind turbines

Stand-alone wind turbine consists of generator, blades, hub, speed increaser
or gear box, controller and tower. The construction of wind turbine is presented in
Figure 7. The nacelle is the covering or enclosure. The output of the rotor,
rotational Kinetic energy, can be converted to electrical, mechanical, or thermal
energy. Generally, it is electrical energy, so the conversion system is a generator
[13]. General wind turbine has three blades fixed on the rotor. The spinning rotor
generates three-phase alternative current that energizes the controller; next the
current through the inverter converts into direct current and energizes the battery.
The current charges the battery and also uses the battery as a conductor. Next, the
current energizes the inverter, where it converts into one-phase current with
voltage equal to 220 V and frequency equal to 50 Hz. The load is supplied by wind
turbine. If there is not enough energy from wind turbine, the lack of energy is

covered by storage battery.
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Figure 7 — Scheme of wind turbine components [13]

Cutting-edge wind turbines use the energy of wind effectively. With wind turbines
we can not only provide the network with energy but solve power supply issues of
local and island objects of any capacity.

Wind turbines may be classified according to following characteristics:
- Rotation axis;

- Number of blades;

- Material of blades;

- Blade pitch.

Rotation axis can be horizontal or vertical. The most widespread are

horizontal wind turbines; its rotation axis is parallel to the ground. Construction of
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horizontal wind turbines allows to rotate the ‘“head” in the direction of wind flow

and to change the angle of blades to use weak wind.

Vertical wind turbines are less effective than horizontal. Its blades rotate
parallel to the ground with any direction of wind flow. Wind turbine with such
construction loses half of its power because half of its blades are rotating against
wind. It dramatically reduces energy efficiency of the plant. The advantage of this
installation: it is easy to install and serve because gear box and generator are

located on the ground. The disadvantages: it is expensive and needs much space.

Horizontal wind turbines more correspond for producing energy in industrial
scale. They are use in system of wind power plants. Vertical wind turbines are

usually used for small private facilities.

Wind turbines may have different number of blades. Usually, wheel of wind
turbine has two blades, three blades and 50 or more blades. The blades may be

rigid or canvas. Pitch of the blades may be fixed or veriable.

Because the power in the wind increases so rapidly, all wind turbines must
have a way to dump power (not capture power) at high wind speeds. The methods

of control are:
1. Change aerodynamic efficiency
- Variable pitch, feather or stall
- Operate at constant RPM
- Spoilers
2. Change intercept area
a. Yaw rotor out of wind
b. Change rotor geometry

3. Brake
31



a. Mechanical, hydraulic
b. Air brake
c. Electrical (resistance, magnetic)

All of these methods have been used alone or in combination for control in
high wind speeds and for loss of load control. There were two vertical-axis wind
turbines where they actually changed the rotor geometry; one was a V shape that
became flatter in high winds, and the other was a two-bladed gyro-mill where the
rotor geometry changed by changing the length of the blades. A blade was
designed where the length could be change as the outer part of the blade moved
into the rest of the blade.

For control in high winds, most small wind turbines and farm windmills have
a tail to yaw the wind turbine out of the wind, to furl the rotor. This operation is
also called furling. There are some wind turbines where the rotor is rotated about
the horizontal axis for the high wind speed control, rather than yawed about the

vertical axis. The results are the same; the intercept area has been decreased.

A pitch control system is one method to control RPM, start up (need high
torque), and overspeed. Blades are in the feather position (chord parallel to the
wind) during shutdown, and when the brake is released, the feather position
provides starting torque, and then the pitch is changed to the run position (pitch
angle around 0°) as RPM increases. The blades are kept at the same pitch over a
range of wind speeds, the run position. For high wind speeds and overspeed
control, the blades are moved to the feather or stall position (blades perpendicular,
negative pitch, to wind) to shut the unit down. The pitch can be changed to
maintain a constant RPM for synchronous generators. For an induction generator,
variable-speed generator, or alternator that operates over a range of RPM in the run
position, over this range the tip speed ratio is constant, and the unit operates at

higher efficiency.
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For fixed-pitch blades, there are two possible operations, constant tip speed
ratio (variable RPM), which is the maximum efficiency, and constant RPM. The
blade has to have enough twist to produce torque for start-up, or the induction
motor/generator starts the rotor at the cut-in wind speed. The constant RPM
operation with induction generators means that the maximum efficiency is reached
only at the design wind speed. Above rated power, the power output is controlled

by the reduced aerodynamic efficiency, called stall control [13].

4.2 Inverters

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.

In the actual power converting technologies the inverter is an intermediate
link and its function is to convert the voltage with transformation in high frequency
(in a score of tens and hundreds kHz). In the inverters the semiconductor switches
are used that can conduct currents in the score of hundreds amps, also magnetic
cores with special parameters and electronic microcontrollers (including resonance

controllers).

The objectives for inverters as for other power devices include: high
efficiency factor, reliability, small size and weight. Also inverter must stand
permissible level of higher harmonics in the input voltage and not to generate

unacceptable high impulse noise for consumers.

In the systems with integrated renewable power source to apply the power
directly in the network the Grid-Tie inverters are used. Grid-Tie inverters — are

inverters that can perform with industrial network in synchronous mode.

When the voltage inverter works, the DC source periodically connects to the
load circuit with alternating polarity. The frequency of connections and its duration

is performed with control signal from controller.
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The controller in inverter usually performs several functions: output voltage
regulation, semiconductor switches work synchronization, protection the circuit
from overload. Inverters are divided on two groups: stand-alone inverters (voltage
inverters and current inverters) and dependent inverters (followed by network,
Grid-Tie).

Semiconductor switches of an inverter are performed by the controller. The
switches have reverse shunting diodes. Output voltage, in dependence on current
load, is regulated by high-frequency converter block with automatically changing

of the pulse width. In the simplest case it is pulse width modulation.

Half-waves of the output low-frequency voltage must be symmetrical so that
the load circuits will not receive a significant DC component (it is especially
dangerous for transformers). To perform it, pulse width of the low-frequency block

IS set to constant.

In the controlling of inverter output switches, the algorithm is used, providing

serial changing of the power circuit mode: positive, short-circuit, negative.

The load instantaneous power magnitude on the inverter output has character
of pulses with doubled frequency, because of that, the primal source must allow
this mode, when it conducts pulsed current, and stand corresponding level of the

noise (on the inverter output).

The first inverters were mechanical only, but nowadays there are many
configuration schemes of inverters with semiconductor base. There are three
typical schemes: bridge without transformer, two-cycle with zero output of the

transformer, bridge with transformer.

The bridge without transformer is used in devices with capacity more than
500 VA and in the automobile inverters. The two-cycle with zero output of the
transformer is used for low-capacity uninterruptible power source (for computers)

with capacity up to 500 VA, where the voltage on the back-up battery is 12 or 24
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Volt. Bridge scheme with transformer is used in interruptible power sources with

high capacity (in score of tens kVA).

In voltage inverters with rectangle form of the signal there is the group of
switches with reverse diodes which commutate in the order to provide the

circulation of reactive power in the circuit in controlled mode.

Relative width of control pulses or phase shift between control signals of
groups of switches provide proportionality of output voltage. In non-controlled
mode of reactive power circulation the consumer influence on the form and

magnitude of voltage in the output of the inverter.

In voltage inverters with stepped form in the output the initial high-frequency
converter forms one-pole stepped voltage curve, roughly closed to sinusoidal form.
Its period is equal to half of the period of output voltage. Next, bridge low-
frequency scheme convert the stepped curve in two halves of bipolar curve that

looks like rough sinusoidal curve [14].
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Figure 8 — VVoltage in output of the inverter [14]

In voltage inverters with sinusoidal form in the output the initial high-
frequency converter generates DC voltage closed in magnitude to amplitude of

future sinusoidal curve in the output. Next, the bridge scheme with pulse width
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simulation converts DC voltage to AC voltage with low frequency: every pair of
transistors in every half-period of forming sinusoidal curve switches on several
times according to harmonic law. Next, low-frequency filter extracts sinusoidal

signal from this form.

The simplest schemes of initial high-frequency converter in inverters are self-
maintained. They are quite simple in technical implementation and effective
enough with low power (up to 20 W) for supplying consumers that are not

sensitive to process of power transmission. Its frequency can be up to 10 kHz.

A positive feedback in such devices is achieved by saturation of transformer
core. However such schemes cannot be used for high power inverters, because the
losses in the switchers increase, therefore efficiency factor decreases. Moreover,

any short circuit in the output breaks auto-oscillations.

More sustainable schemes of initial high-frequency converters are: flyback
(up to 150 W), two-step (Up to 500 W), half-bridge and bridge (more than 500 W)
with width pulse modulation controllers, in which the frequency achieves value of
hundreds kHz. Load of the consumers in the Koyda village is more than 500 W,
therefore th power plant needs inverter with half-bridge or bridge scheme, which

described below.
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Figure 9 — Half-bridge circuit [14]
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The work principle of the half-bridge scheme consists in one-at-a-time
connection of transistors VT and VT, to capacitors C; and C,. Advantages of this
scheme are low losses in power circuit due to commutation of one switch in every
step. The capacitors keep the current balance and exclude asymmetric mode of
transformer magnetizing. Moreover, in this scheme the backward voltage on the

switchers is low, therefore this scheme can be used in high input voltage [14].

4.3 Batteries

Storage systems can be classified into short-term storage for a few hours or
days to cover periods of bad weather and long-term storage over several months.
Long-term storage is usually used in PV power plants to compensate for seasonal

variations in the solar irradiation in summer and winter.

Secondary electrochemical elements are mainly used for storage over
shortand medium-term periods; they are usually called batteries. For economic
reasons, the lead-acid battery dominates the current market. When higher energy
densities are needed due to weight considerations, for example, in laptop
computers, other batteries such as nickel-cadmium (NiCd) or nickel-metal hydride
(NiMH) are used. Other batteries such as sodium-sulphur (NaS) have been tested
for use in electrical (battery-powered) vehicles but are no longer being developed.

Table 4 summarizes the data for various types of rechargeable battery.

Lead-acid battery

Today, the most common battery for electricity storage is the rechargeable
lead-acid battery. The main reason is cost. The car industry, especially, prefers
lead-acid batteries. So called solar batteries have a slightly modified structure
compared with car batteries and achieve longer lifetimes. However, the principle
structure of the solar battery is similar to the car battery. It has two electrodes. In

the charged state, the positive electrode consists of lead dioxide (PbO;) and the
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negative electrode of pure lead (Pb). A membrane embedded in a plastic box

separates the two electrodes.

Battery self-discharge, which causes additional losses, reduces the system
efficiency. The self-discharge rate increases with the temperature and is about
0.3% per day or 10% per month at temperatures of 25°C. However, some battery

types provide lower self-discharge rates.

38



Table 4 — Data for various types of rechargeable batteries [15]

Lead-acid NiCd NiMH NaS
Positive PbhO, NiOOH NiOOH S
electrode
Negative PbO Cd metals Na
electrode
Electrolyte H2SO4+H20 KOH+H20 KOH+H20 B-AlOs3
Energy density 10-100 80-140 100-160 150-160
(Wh/1)
Energy density 25-35 30-50 50-80 100
(Wh/kg)
Cell voltage (V) 2 12 12 2.1
Charge/dlischarge 500-1500 1500-3000 about 1000 about 1500
cycles
Operating 0-55 -20 to 55 -20 to 45 290-350
temperature (°C)
Self-discharge 5-15 20-30 20-50 0
rate (%/month)

The rechargeable battery should be protected against deep discharge or
overcharging. If the battery is totally empty, crystalline lead sulphate is created.
This type of lead sulphate is difficult to reconvert and some material will remain in
the crystalline form. This damages the battery permanently. Therefore, deep
discharge should be avoided in any case. This can be achieved in most cases by
switching off the load at about 30% of the remaining capacity. At common
operating conditions, this is equivalent to a battery voltage of about 11.4 V. Lower
voltages for ending discharge can be chosen for higher discharge currents above
l10%. In addition, if the battery is not used for a long time, damage as a result of
deep self-discharge is possible. The battery should be recharged from time to time

to minimize the risk of damage.

If the lead-acid battery is continuously charged, it starts to produce gas at a
voltage of 14.4 V; the electrolysis decomposes the water within the electrolyte into
hydrogen and oxygen and these gases escape from the battery. Therefore, the

battery must be refilled with water from time to time. Continuous strong gassing
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can damage a battery. To protect the battery, charging should be stopped at
voltages between 13.8 V and 14.4 V. However, it is advisable to charge lead-acid
batteries until they begin gassing from time to time to mix the electrolyte
thoroughly. The batteries should be placed in a dry room at moderate temperatures.
Battery gassing can produce explosive oxyhydrogen, so good ventilation of battery

rooms is essential [15].

Airproof lead-acid batteries

The main difference from lead-acid batteries is that batteries do not extract
gas. However airproof batteries are more sensitive to discharging voltage, because
it is impossible to ventilate them, except of extreme cases (which can be reason of
unfixable damage). Airproof batteries much more sensitive to high temperatures
and can not be discharged for a long time in compare with lead-acid batteries.
Therefore, charging of airproof batteries should be strictly controlled. Sometimes

airproof batteries need additional regulator with temperature compensation [1].
Other rechargeable batteries

Other more expensive rechargeable battery types such as NiCd or NiMH are
used in addition to the lead-acid battery. They have the advantages of higher

energy density, fast charging capability and longer lifetime.

Nickel-cadmium (NiCd) batteries have the following advantages compared

with lead-acid batteries:
* higher cycle number
* larger temperature range
* possibility of higher charge and discharge currents

* fewer problems with deep discharge.

40



On the other hand, NiCd batteries have the disadvantages of higher costs and
the so called memory effect. If charging of a NiCd battery is stopped before the
full capacity is reached, the capacity decreases. Repeated full charging and
discharging partly counteracts the capacity reduction; however, the memory effect
Is one of the most important problems for this type of battery. Materials used in the

production of NiCd batteries are the metals nickel and cadmium.

The nominal voltage of a NiCd cell of 1.2 V is lower than that of a lead-acid
battery cell. NiCd batteries are mainly used as household batteries as well as for
laptops or electric cars. One major disadvantage of NiCd batteries is the use of
environmentally problematic materials. It surely cannot be avoided that constituent
materials of disposed batteries are released into the environment after the end of
the battery’s useful life. Cadmium accumulates in the food chain, and in human
bodies, because it is excreted only partially. High cadmium contamination can

cause organ damage or cancer.

Nickel-metal hydride (NiMH) batteries are much less environmentally
problematic. Applicable metals are nickel, titanium, vanadium, zirconium or
chrome alloys. However, small amounts of toxic materials are also used for these
batteries. The electrolyte is diluted potash lye, the same as for NiCd batteries.
Besides good environmental compatibility, NiMH batteries have further
advantages compared to NiCd batteries such as higher energy density and the
absence of the memory effect. Disadvantages are the smaller temperature range
and the high self-discharge rate (about 1% per day). Since the cell voltage of 1.2 V

Is the same as for NiCd batteries, NiMH batteries can easily replace NiCd batteries.

Estimation of the state of charge for NiCd and NiMH batteries is more
complicated compared with lead-acid batteries. The temperature influence is
greater and the voltage of a fully charged NiCd or NiMH battery even decreases a
little.
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Other rechargeable battery types such as sodium-sulphur (NaS) batteries
promise advantages of higher energy densities; however, problems with high
operating temperatures and dangerous materials such as sodium have not yet been
resolved fully. Because only prototypes of these batteries exist, they are not
discussed in detail [15].

4.4 Diesel generators

Diesel generators — sometimes called generating sets or “gensets” — are relied
upon by many businesses and other organizations to supply the electrical power
they need during cuts, brownouts, or any other interruption to mains power. There
are many different types and configurations of generators, but they all work

essentially the same way, and have the same core components.
Engine

This is typically a diesel engine, much like that in a large vehicle, the bigger
the source of mechanical energy, the more electrical power can come out ‘the other

end’.
Alternator

This is the part which turns the mechanical energy (the rotation of the shaft)
into electrical power through induction. The ‘how’ of the alternator is one of the
most fascinating parts of a generator. Faraday discovered (or at least described) the
process of “electromagnetic induction” in the early 1830s. This principle holds that
iIf you move a wire (or any electrical conductor) through a magnetic field, an
electric current is ‘induced’ in the wire. The same is true if the wire is still and the
magnetic field moves. Simply moving through a magnetic field causes the
electrons to flow through the wire. If the wire moves North-South, the electrons
flow one way, and if it moved back south-north, they flow into the other. The
stronger the field and the longer the wire, the greater the amount of current

induced. Modern generators work by placing several large, powerful magnets in a
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cluster around a central, rotating shaft. This is called the ‘rotor’ or ‘armature’. The
magnets might be permanent magnets or electromagnets, but the point is that they
produce a magnetic field, which the engine causes to turn. The other important
sub-component of the alternator is the ‘stator’, which is essentially a series of
tightly bundled coils of wire, all packed closely around the rotor. When an outside
force (such as a diesel engine) turns the central shaft, the rotor constantly moves
the north and south poles of its magnetic field(s) across the bundles of wire that
surround them. This causes a great deal of electrical current to flow back and forth

through the wires — what we call “alternating current” or “AC” mains power.
Fuel System

This is typically the diesel fuel supply for the engine. The most obvious part
is a tank holding enough fuel for at least 6-8 hours of operation. This tank may be
inside the generator housing for smaller, or portable units, or it may be a separate
external structure for larger, permanently installed units. Other parts of the fuel
system involve pipe-work to get the fuel to the engine, a fuel pump similar to the
one in most vehicles, a fuel filter, and a ventilation pipe or valve for the fuel tank,
preventing overpressure or vacuum inside. There will also be an overflow
connection ensuring that if the tank is overfilled, the fuel is channeled away, and

not simply splashed over the surface of the engine or alternator.
Voltage Regulator

This is a fairly complex but important component. Without it, the voltage and
amperage of the AC current provided would vary according to the speed of the
engine. As modern electrical equipment relies on a very steady power supply,
something is required to level it out. The workings of a voltage regulator are quite
ingenious and are beyond the scope of this article. It is probably enough to know

what it does, for now.

Cooling System
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Just like in a vehicle, the engine produces a great deal of waste heat in
addition to mechanical energy. The power flowing through the alternator also
produces heat via the electrical resistance of the wires themselves. Again, like in
your car, this heat is soaked up by a coolant fluid, often but not necessarily water,
which then runs through a heat exchanger, dumping its heat typically into the air,

or sometimes into a secondary coolant fluid.
Exhaust System

All internal combustion engines produce exhaust gases. These are toxic and
must be directed away from the engine itself and any nearby people. Exhaust gases
are typically channeled through pipes, and vented into the outside air. There are
typically health and safety regulations about how and where exhaust systems must

be channelled, so consult these carefully before installing a new generator.
Lubrication (Oil) System

Any engine requires lubrication, and this is handled by an oil pump and

reservoir attached to the engine itself.
Starter & Battery System

Again, just like in a car or lorry, the diesel motor relies on a small electrical
motor to start running. This electrical starter motor is powered by a battery, which

Is charged by either a separate charger or the generator output itself.

Control Panel

The control panel is where the generator is operated. Typical controls &

outputs included on most control panels are:
- Start / shutdown controls (manual, automatic, or both)
- Phase selector switch

- Frequency switch
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- Engine mode switch

- Engine fuel

- Engine oil

- Engine speed

- Coolant temperature

- Battery charge

- Generator output voltage

- Generator output current (amperage)

- Generator Output in KVA

- AC power frequency
Frame or Housing

The genset will either be contained in a weatherproof housing, an open
structural frame, or a transportable unit. All of these function to keep the
components together and solidly attached. It also ensures that all electrical

components are safely grounded [16].
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5. Technical analysis of wind-diesel power plant

The weather conditions and landscape of the Koyda village were evaluated.
The results show that it is a good place for wind power plant. The required
equipment for hybrid power plant was determined and now | am going to design a
wind-diesel power plant. Wind turbines can be directly connected to consumers but
usually generating power and consuming power are not equal. Therefore, the wind
turbines will be connected to consumers through batteries and power control boxes

which are also connected with diesel generator.

5.1 Determination of consumers’ load

Before selection of the equipment for power plant, we need to determine load
graph of the consumers. There is no any information about an accurate load graph
of the Koyda village, but we can calculate it with usage of typical load graph for
decentralized objects [1] and information about installed diesel capacity that |
mentioned above. Its capacity is 360 KW (Pinst) [6]. According to [1], capacity of
diesel installation must be equal to 1.25 of maximum load (Pmax). If we know the

capacity we can calculate maximum load:

b Pinst _ 360
max = 125  1.25

= 288 kW (1)

To plot typical load graph, we estimate load in approach of multiplying
capacity of the power plant by coefficients. There are coefficients for months and
hours in winter and summer period. The coefficients are presented in Tables 5 and
6.

Table 5 — Month coefficients

Month Jan | Feb | Mar | Apr | May | Jun | Jun | Aug | Sept | Oct | Nov | Dec

Coefficient | 1 1 08 | 08| 08 | 07|07 |07 | 09|09/ 09 1
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Table 6 — Hour coefficient for winter and summer period

Hour 1 2 3 4 5 6 7 8
Winter

period 0.25 0.25 0.25 0.25 0.25 0.35 0.5 0.6
Summer

period 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

period 0.4 0.3 0.3 0.35 0.4 0.3 0.3 0.3
Summer

period 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

period 0.4 0.7 1 0.95 0.7 0.5 0.35 0.3
Summer

period 0.21 0.21 0.25 0.28 0.5 0.7 0.42 0.18

All load data are presented in Appendix 1 and according to this data we plot a

daily load graph:
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Figure 10 — Daily load graph of the Koyda village (blue is for winter period,

red is for summer period)
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Also plot yearly load graph:

100

W, MWh
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Month

Figure 11 — Yearly load graph of the Koyda village

All data for consumers have been determined. Next step is selection of the

equipment.
5.2 Determination of wind turbine characteristics

Now we can select wind turbine. | consider several variants: two, three or four
wind turbines “CONDOR AIR WES 380/50-60; eight, eleven or fifteen wind
turbines “Falcon Euro” (20 kW); or combination of these turbines: three turbines
CONDOR and two turbines Falcon. Its technical parameters are presented in

Appendix 2. The wind turbine characteristics are presented in below.
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Figure 12 — Wind turbine characteristic for “CONDOR AIR WES 380/50-60”
[18]

This characteristic show how the power generation changes in dependence on
wind velocity. As we may see, turbine CONDOR operates with maximum
efficiency with wind velocity 9 or more. Turbine Falcon operates with maximum

efficiency with wind velocity 9 or more.
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Figure 13 — Wind turbine characteristic for “Falcon Euro” (20 kW) [18]

According to Figure 13, turbine Falcon operates with maximum efficiency
with wind velocity 11 or more. Turbine Falcon operates with maximum efficiency

with wind velocity 11 or more.
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We need to calculate how much load the wind turbine can cover. To calculate
this, we need wind velocity and loads of every month. The wind velocities are
already calculated and the results are presented in Table 2. Plot the graph

according to Table 2:

: ST _
5 \\//\/

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Figure 14 — Average month wind velocities

Now we can calculate how much electricity the wind turbine produces. All

data are presented in Table 7.

Table 7 — Electricity produced by wind turbine “CONDOR AIR WES 380/50-60”

Month Jan | Feb | Mar | Apr | May | Jun | Jun | Aug | Sept | Oct | Nov | Dec

1 turbine
produces
per 1 hour,
kWh

433 | 36.6 | 423 | 37.2 | 321 | 259 | 159 | 235 | 27.8 | 25.3 | 30 | 32.3

1 turbine
produces
per 1 322|246 | 314 | 267|239 | 186|118 | 175 | 20.0 | 18.8 | 21.6 | 24.0
month,
MWh

Load
graph
coverage

1 35.2 (298| 42 | 634|548 |505 311|459 422|385 | 27.1]| 26.2
turbine),
%
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Table 7 — Electricity produced by wind turbine “CONDOR AIR WES 380/50-60"

Load
graph
coverage

@ 70.4 | 59.6 | 85.9 | 126 | 109 | 101 | 62.2 | 91.8 | 845 | 77 | 54.2 | 525
turbines),
%

Load
graph
coverage

3 106 | 89.4 | 129 | 190 | 164 | 151 | 93.4 | 137 | 126 | 115 | 81.3 | 78.8
turbines),
%

Load
graph
coverage

(4 141 | 119 | 172 | 254 | 219 | 202 | 125 | 184 | 169 | 154 | 108 | 105
turbines),
%

According to Table 7, the more turbines will be installed the more will be
coverage of the load by wind turbines. However the more wind turbines, the more

extra energy is generated.

It is necessary to make the same calculations for wind turbine “Falcon Euro”

(20 kW). All data are presented in Table 8.
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Table 8 — Electricity, produced by wind turbine “Falcon Euro” (20 kW)

Month Jan | Feb | Mar | Apr | May | Jun | Jun | Aug | Sept | Oct | Nov | Dec

1 turbine

produces
per 1 hour, 11 | 9.34 | 10.8 | 9.48 | 8.19 | 6.61 | 4.07 | 6.00 | 7.11 | 6.47 | 7.65 | 8.24

kWh

1 turbine
produces
per 1 8.21 | 6.28 | 8.02 | 6.83 | 6.09 | 4.76 | 3.03 | 4.46 | 5.12 | 481 | 55 | 6.13
month,
MWh

Load graph

coverage (1 | g g7 | 759 | 11 | 162 | 14 |12.9 | 7.94 | 11.7 | 10.8 | 9.81 | 6.91 | 6.70
turbine), %

Load graph

coverage (8 | 70.4 | 59.6 | 85.9 | 126 | 109 | 101 | 62.2 | 91.8 | 845 | 77 | 54.2 | 52.5
turbines), %

Load graph

coverage
(11 106 | 89.4 | 129 | 190 | 164 | 151 | 93.4 | 137 | 126 | 115 | 81.3 | /8.8

turbines), %

Load graph

coverage
(15 141 | 119 | 172 | 254 | 219 | 202 | 125 | 184 | 169 | 154 | 108 | 105

turbines), %

It is also necessary to make calculations for combination of different turbines.
The data are in Table 9.

Table 9 — Electricity, produced by wind turbines “Falcon Euro” (20 kW) and
“CONDOR AIR WES 380/50-60”

Month Jan | Feb | Mar | Apr | May | Jun | Jun | Aug | Sept | Oct | Nov | Dec

Load graph
coverage (3
CONDOR* | 124 | 105 | 151 | 223 | 192 | 178 | 109 | 161 | 148 | 135 | 95 | 92
2Falcon
turbines), %
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If coverage of the load is more than 100% there is extra energy and it is

consumed by ballast load.
5.3 Calculation of diesel fuel consumption

Diesel generator is already installed in the Koyda village but there is no
information about diesel generator model. The only data available is its capacity —
360 kW. However, it is possible to take analogue, for example diesel power station
Green Power GP505A/P (360 kW). Its rated fuel consumption is equal to 0.27
liters per kWh or 232 gram per kWh.

Except for rated fuel consumption there is real fuel consumption which

depends on load and can be calculated with the following formula [1]:

Gy = Kty + (L= Ky @
Where
G1 — real fuel consumption;
G, — rated fuel consumption;
Kni — no load fuel consumption coefficient (Kn=0.3);
P1 — load on the generator;

P, — rated capacity of the generator (P, =360 kW).

If we know rated fuel consumption for respective load mode and volume of
generated energy, we can calculate volume of consumed fuel for the period of time

with following formula [1]:

Qr = GiW, )

Where
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W — energy, generated in day, month or year.

A summary of load data in Appendix 1 are used in formulas (2) and (3). Then,
we obtain that 79504 kg of fuel the diesel generator consumes a year to satisfy

consumer needs.

As example, take two wind turbines “CONDOR AIR WES 380/50-60". |
summarize data of load in Appendix 1 and data of load coverage by wind turbines
in Table 7 and put in formulas (2) and (3) we obtain 16500 kg of fuel the diesel
generator consumes a year to satisfy consumer if the power plant is upgraded with

two wind turbines. Fuel consumption for other variants is presented in Table 10.

Table 10 — Fuel consumption in a year

3WT
varantof | owr | 3wT | 4WT | BWT | LLWT | 15WT (CGOO'T'(\%())T
installation CONDOR | CONDOR | CONDOR | Falcon | Falcon | Falcon > WT
composition (60 kw) | (60 kw) (60 kW) | (20 kW) | (20 kW) | (20 kW) Falcon
(20 kw)
Fuel
consumption, 16.5 3.6 0 16.5 3.6 0 0
t/year

It is not obviously, which composition is the most efficient. From one side we
can save money on fuel if we upgrade the power plant with wind turbines. From
the other side we have to spend money for new installation. To decide, | analyzed
the projects with AGREPREF method. The detailed analysis is presented in the

next section.

5.3 Determination of optimal capacity for wind installation with
AGREPREF method

AGREPREF method is based on an aggregation of partial preferences of
particular solutions. Method uses two thresholds during ordering process —
indifference threshold and preference threshold. Indifference threshold is defining

the minimum sum of criteria weights, according to which two solutions (x, y) are
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indifferent, to consider whole x R y relation as indifferent. Preference threshold
represents the desired difference between the sum of the criteria weights, according
to which the solution x is outranking solution y, and the sum of the weights
according to which the solution y outranks solution x. Values of both thresholds
are within the range (0, 1). There is one more threshold — A. It is determined by
decision maker. When we compare two projects, and its difference less than A, the

projects are equal [19].
| decided to analyze variants with three criteria:

Money for the project — should be minimized (weight — 0.45);

Coverage of the load by wind turbines — should be maximized (weight —
0.35);

Extra energy — should be minimized (weight — 0.2).

| take money for the project as investment multiplied by annuity payment
factor plus costs for duel. Actually, there are more inputs but for primal analysis it
is enough. Detailed economic analysis is presented in Section 7. Annuity payment
factor can be calculated with following formula [23]:

B 1+ -r
T (14+nT-1 4)

ag

Where
r — Discount rate, equal to 0.0847 (its calculation is presented in Section 7);
T — Lifetime of the project, equal to 20 years.

a4+ 0.0847)%°-0.0847
= T (11 0.0847)20 — 1

= 0.1057 (5)

Data for price of equipment | take from next catalogues: EDS Group [18],

Optimal communications [19], Storage batteries shop [20].
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According to [28], one ton of fuel costs 47000 RUB and its shipping is 26000

RUB per ton. Therefore, total cost for one ton of fuel is 73000 RUB. | summarize

data of Tables 7-10 and the information above and write it down Table 11.

Table 11 — Initial table for AGREPREF method

Wind power .
Variant _ ”p _ ;ﬁ;fig‘sl; ntRaltJE Coverage, % | Extra Energy, %
installation '
(MIN) (MAX) (MIN)
V1 2xCondor 2 482 624 74 2
V2 3xCondor 2179 987 93.6 20.5
V3 4xCondor 2 556 249 100 52
V4 8xFalcon 3232 249 75 2.6
V5 11xFalcon 3 050 955 91.2 15.5
V6 15xFalcon 3802 029 100 45.4
V7 3xCondor + 2 460 624 98.5 35
2xFalcon
A 200 000 5 15
Weight 0.45 0.35 0.2

Level of indifference is equal to 0.65. Level of preference is equal to 0.45.
The solution matrices are presented in Appendix 3. According to these matrices we
can plot tree of preferred variants and determine the best one. The tree is presented

in Figure 15.

V2

Vi V7

V4 . V5 V6

Figure 15 — Tree of preferred variants
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According to Figure 15, the most efficient project is V2. In other words —
three wind turbines “CONDOR AIR WES 380/50-60".
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Figure 16 — Load coverage by wind turbines

According to graph in Figure 16, the average load coverage by wind turbines
Is 93.6%, minimum — 78.8% in December and maximum — 190.42% in April. The
extra energy will be consumed by the ballast load. The lack of energy is 45593
kWh. This energy will be supplied by diesel generators.

5.4 Configuration of wind-diesel power plant

Purpose of designing the wind-diesel power plant is to generate power with
wind installation and thus decreasing of fuel consumption. Diesel-generator
compensates the lack of energy from wind turbines. To perform this, the diesel-
generator should have an automatic transfer switch system sensitive to changing of
load. Generation and peak load coverage in transient modes are performed with
power blocks “Delta” NH PLUS 20 kVA (3-phase - 3-phase) and storage batteries.

Power block “Delta” is and uninterruptible power source. Storage batteries
“Delta” GX12-200 have a buffer function. Power blocks “Delta” are installed in
special power control boxes.

In case when there is lack of energy from wind turbines, power block starts

diesel generator. When there is enough energy from wind turbines, the diesel-
57



generator switches off. Automatic transfer switch changes the network of wind
turbines and diesel-generator. While diesel-generator works, the storage batteries

charge.

Below, configuration of the wind-diesel power plant is presented:

Wind Wind Wind Diesel
Turbine Turbine Turbine ] generator
60 kW 60 kW 60 kW
Charge
ﬁ controller
Power Power Power
control box control box control box Charge
+ Storage + Storage + Storage controller
Battery Battery Battery
1@ l Charge
controller

Automatic transfer switch

| |
Cottons | [ e

Figure 17 — Configuration of wind-diesel power plant

Wind velocity always changes in time. Therefore, torque of wind turbine
wheel changes. It may be the cause of voltage deviation. To avoid it, the power
plant needs uninterruptible power source, which will control the voltage value [17].
Uninterruptible power sources “Delta” provide supply for load from wind turbines
through rectify-inverter converter and extra energy is collected in the storage
batteries. In periods of calm weather, the load is supplied from storage battery. The
diesel-generator starts in case of low charge of batteries. It supplies consumers and

charges batteries through charge controllers “EDS60”.

All equipment of the power plant that we need to buy and install is presented
in Table 12.

Table 12 — Equipment in the wind-diesel power plant
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Equipment

Amount

Lifetime,
years

Price, RUB

Total price,
RUB

Wind turbine
CONDOR AIR
WES 380/50-60, 60
KW [18]

20

3150 000

9 450 000

Power block
“Delta” NHPLUS
20 kVA [20]

12

20

214 400

2 572 800

Power control box
“Delta” for
NHPLUS up to 80
kKVA [20]

20

556 800

1670 400

Lead-acid airproof
storage batteries
“Delta” GX12-200,
12V, 200Anh, size:
522x238x218,
weight: 65kg [21]

80

12

42 400

5088 000

Charge controller
“EDS60” [20]

20

201 300

402 600

Automatic transfer
switch [20]

20

478 800

478 800

Total cost

19 662 600 RUB

5.5 Carbon emission calculation

To estimate annual CO- emission | used the following formula [23]:

Where

M — real fuel consumption (t/year);

44
E=M-K TNV K- —,

Kj — carbon oxidation coefficient (0.99);

TNV — thermal net value (43.02 GJ/t);

K2 — carbon emission coefficient (19.98 t/TJ);

44/12 — coefficient of recalculation carbon into CO..

(6)

The designed wind-diesel power plant consumes 3600 kg of fuel annually.

Power plant without wind turbines consumes 79 504 kg. Now it is possible to

calculate carbon emission by both power plants. Calculation for diesel power plant:
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E = 79.504 - 0.99 - 43.02 - 19.98 44—2491t (7)
1000 12 '

Calculation for wind-diesel power plant:

44

E=236-099-43.02- 19.98 =113t (8)
1000 12 '

Therefore, with wind turbines we can decrease carbon emission in the
atmosphere by 237.8 t a year or by 95%. The suggestion of using three wind
turbines “CONDOR AIR WES 380/50-60” will allow polluting less the

environment.
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6. Modeling of wind turbine generator in MATLAB Simulink.

Before installation of the equipment for wind-diesel power plant, it is worth to
create a computer model and look how it performs. MATLAB Simulink is a good

tool for designing model of electric part in wind-diesel power plant.

Model of wind turbine consists of two parts: mechanical part of wind turbine

and synchronous generator with permanent magnets. The schemes are presented

bellow.
Msgl 3
(]
b [wt]
N
" Pm —| l—h- +
o [ 1 0.02 o]
r = 11
Mm
10 | Betalorad) " »
Betalgrad) WT
3
Group 1
E Signal 2 B War Ww I C]
Var
Wind_spesd

Figure 18 — Scheme of mechanical part of wind turbine

The scheme in Figure 18 has three inputs and two outputs. The inputs are: w —
rotation speed, rad/s; Vw — wind speed, m/s; Beta(grad) — angle of blade, deg. The
outputs are: Pm — mechanical power of the turbine, W; Mm — mechanical moment,
N-m. To calculate mechanical power of the turbine, the model uses the following

formula [23]:

A
PWT:Cp'p?'VS’ 9)

Where
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Cp — wind using efficiency factor;

p — air density, kg/m?;

A = nRw® — square, covered by wind turbine wheel, m?;

Rwt — radius of the blade, m;

V — extensional part of velocity of wind flows through the wind turbine, m/s.

Mechanical moment on the turbine shaft can be determined with following
formula [23]:

My, = Pyr/wwe (10)

Where
owt — radial torque frequency of the turbine.

Radial torque frequency of the turbine can be determined with following
formula [23]:

TNyt
Wyt = 38/: (11)

Where
Nwt — torque frequency.

Tourque frequency can be determined with following formula [23]:

B 30AV 19
Nyt = ”th’ (12)

Where
A — specific speed of the turbine;

V — extensional part of velocity of wind flows through the wind turbine, m/s;
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Rwt — radius of the blade, m.

Wind using efficiency factor can be determined with following formula [23]:

Cs

c Ss
Cp=cl(72—c3ﬂ—c4)e Y +cel, (13)

Where

C1, Cy, C3, C4, Cs, Cs — coefficients, determined in empiric way, usually the next
values are used respectively: 0.5176; 116; 0.4; 5; 21; 0.007;

v — supplementary parameter, related with angle of blade.

Supplementary parameter can be determined with following formula [23]:

1 1 0.035 Y
Yy A+0088 pB3+1 (14)

Where
B —angle of blade, deg.

Block WT is required to calculate wind using efficiency factor. Scheme of

block WT is presented in Figure 19.
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Figure 19 — Scheme of block WT

Block WT is a subsystem for main scheme and it has one more subsystem. |

made these subsystems to make scheme more structured and not so complicated.

The subsystem of block WT is presented in Figure 20.

_/_ »

1I{1/{u[1]+0.08*u[2])-0.035/((u[21*3)+1)) =

Gamma

0.008064

0.5176%((116/u[1])-0.4°u[2)-6)*(exp(-21/u[1]))+0.007*u[3]

=5

Figure 20 — Subsystem of block WT

(D

cp

Next part of the model is synchronous generator. The scheme is presented in

Figure 21.
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Figure 21 — Scheme of synchronous generator

The scheme of synchronous generator has two inputs and five outputs. The
inputs are: wt — rotation speed, rad/s; R — resistance of the load, Ohm. The outputs
are: Mwg — mechanical moment, N-m; Uwg — phase voltage, V; lwg — phase
current, A; Pewg — electric power, W; Nwg — shaft rotation frequency, RPM. The

subsystem of synchronous generator scheme is presented in Figure 22.
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Figure 22 — Subsystem of synchronous generator scheme

Output phase voltage of the synchronous generator (root mean square value)

is determined with following formula [23]:

Usf = KWyt — KLIsf: (15)
Where

Kw, KL — coefficients depend on construction parameters of electric machine,

can be determined in experimental way;
owt — radial torque frequency of the turbine;
Iss — root mean square value of synchronous generator phase current.

Root mean square value of synchronous generator phase current is determined

with following formula [23]:
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Iy =— (16)
Where
R — resistance of the load.

Electric power, which the synchronous generator generates, is determined
with formula [23]:

Pel = 3USfISf' (17)

Resistance moment that electric machine makes on the shaft of wind turbine

can be determined with formula [23]:

Msg = = (18)
Where
Pm — mechanical power,;

n — efficiency factor of electric machine, which dramatically depends on load

mode of the synchronous generator.
ww — radial torque frequency of the turbine.

Dynamics of wind turbine is determined with next differential equation:

Uwr + Jsc) % = Myr — My, (19)
Where
Jwt — inertia moment of wind turbine;
Jsg — inertia moment of synchronous generator;

owt — radial torque frequency of the turbine;
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MwT — aerodynamic moment of wind turbine;
M_ — load moment on the shaft of the turbine.

Sum of inertia moment of wind turbine and inertia moment of synchronous

generator can be approximately determined with following formula [23]:

1
] = §thR3Vt ’ (20)

Where
mwt — Mass of wind wheel;
Rwt — radius of the blade, m.

It is also necessary to create model of wind flow to simulate the model of
wind turbine. Main block in the model of wind flow is “signal builder”. Also, there

IS noise generator in the scheme, because in real life velocity of wind is not a
constant.

Take, for example, first of February in 2017, one day of the coldest month in
the year. There were three measurements during the day according to [9]. Wind

velocities were: 6, 10 and 8 m/s. Wind flow simulation is presented in Figure 23.
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Figure 23 — Simulation of wind flow

The simulation was performed only for 5 minutes due to restrictions of the
program. It does not influence on final results because form of the graph is the
same and when | will calculate generated energy during the day | will multiply the
result by 120.

Next step is simulation of power generation. The graph is presented in Figure
24,
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Figure 24 — Simulation of power generation

In the graph in Figure 25 we may see that in the period when wind velocity
was 10 m/s the wind turbine generate almost nominal power (60 kW). According
to wind turbine characteristic in Figure 9, the nominal wind velocity for turbine is
9 m/s. Therefore, even if wind velocity more than nominal, the turbine will not
generate more than nominal power. Wind turbine generated 1613 MWh during the

day.

Next, combine winter load graph in Figure 10 with graph of power generated
by three wind turbines during the day. Load coverage in the coldest day by wind
turbines is presented in Figure 25. The most time it is enough energy from wind
turbine, and the lack of energy will be supplied by diesel generator. The lack of

energy is in 19 and 20 hours and from.
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Figure 25 — Load coverage in the coldest day by wind turbines

Next, combine summer load graph in Figure 10 with graph of power
generated by three wind turbines during the day. Load coverage in the hottest day

by wind turbines is presented in Figure 26.
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Figure 26 — Load coverage in the hottest day by wind turbines

Wind turbines cover whole load. Extra energy will be consumed to charge the

batteries and the rest will be consumed by ballast load.

71



7. Economic analysis

The step after designing hybrid power plant is its economic evaluation. In this
chapter | will estimate volume of the investment to build the wind-diesel power
plant, costs and revenues. Next, relying on these data, | will calculate Net Present

Value and evaluate is it project profitable or not.

7.1 Theoretical background

To realize the project it is necessary to estimate volume of investment,
supposed costs and revenues and analyze the project with main economic

criterions. Here is a list of main economic criterions:

- Net Present Value;
- Payback Period;
- Profitability Index;

- Internal Rate of Return.
Bellow, | will describe what do criterions mean and how to calculate them.

Net Present Value

Net Present Value (NPV) is a sum of discounted cash flows minus investment
in the initial period. It may be written as a following formula:

T
CF,
NPV = z — L __INV, 21
£ 1+ r)t 1)

Where

CF; — cash flow in the period t;

r — discount rate;

INV — initial investment in the project;
t — number of time periods;

T — lifetime of the project.

72



NPV is a very important criterion, usually it is calculated first before
investing into project. It shows how much profit the project will yield. If NPV is
more or equal to zero, it is worth to invest into the project. The greater NPV the
better [24].

Payback Period

One more important criterion is payback period. It is a number of time period
when total profit from the project is more than total costs and investment or our
NPV becomes more or equal to zero. Payback period may be presented with

following formula:

T

CF,
zm—INV=O, (22)

t=1

Where

CF; — cash flow in the period t;
INV — initial investment in the project;
r — discount rate;

T — Payback period [24].
The shorter payback period the better

Internal Rate of Return

Internal Rate of Return (IRR) is next criterion with which the project can be
estimated in the economic point of view. Actually, IRR is a discount rate, when

NPV of the project is equal to zero. IRR may be calculated with following formula:

T

CF, B
z Aoy v =0 (23)

t=1
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Where

CF; — cash flow in the period t;

INV — initial investment in the project;

T — lifetime of the project;

r — Internal Rate of Return (discount rate) [24].

The greater IRR the better.
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Profitability Index

Profitability index shows relation between Net Present Value and investment.
Formula for profitability index is presented below:

Profitability index = v + 1 (24)
rofitability in ex =7 ,

Where
NPV — Net Present Value;
INV — initial investment in the project [24].

Project is considered as successful if the profitability index is greater than
one. This follows from:

NPV 1 </ CF, INV 1 ~/ CF,
TTAEST AN (cewsn RS TARS TN (cwuss BN
INV INV L\ +1)) T INV INV L\ +7)°

7.2 Economic parameters
Inflation

Inflation shows average increasing of prices on products in the country during
the year. To estimate inflation of the next years it is necessary to analyze inflation
for last 10 years. The data is presented in Table 13.

Table 13 — Inflation in Russia for 10 years

Year 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Inflation, % 88 [ 878 | 6.1 | 6.58|6.45|11.36|12.91 | 5.38 | 252 | 4.27
Average inflation, % 7.32
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Using date of Table 13, plot a graph:
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Figure 27 — Inflation in Russia

Taxes

According to the tax law of Russia, corporate tax rate is equal to 20% [25].

Depreciation

In Russia depreciation may be calculated in two methods: straight-line and
method of decreasing residue. According to Russian laws, the firm has a right to
select the method for calculation of depreciation. The easiest is straight-line but
usually it is more profitable for firms to depreciate the equipment in the beginning

of its exploitation.

Method of decreasing residue supposes unbalanced depreciation during whole
lifetime. Method of decreasing residue gives an opportunity to realize accelerated
depreciation with acceleration coefficient. The owner can set the coefficient from
one to two and half. Coefficient for leased equipment can be taken up to three.

That means the firm depreciates the most part of the costs on equipment when the

equipment is relatively new yet [25].

The formulas for both methods are bellow.
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Straight-line depreciation:

INV
D= 7 (26)
Where
INV — Investment;
T — Lifetime of the product.
Method of decreasing residue for year “t”::
D,=S§"K- K, (27)

Where
S — residual value of the unit;
K — depreciation coefficient;

Ka — acceleration coefficient. Determined by the firm, according to the law -
not more than two and half;

t — number of the period.

Formula for depreciation coefficient:

K=r, (28)

Where

T — lifetime of the project.

Discount rate
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It is necessary to calculate discount rate to evaluate risk of the project. To
calculate discount rate | used Capital Assets Pricing Model (CAPM) [24]:

ER; = Ry + B(ERy — Ry), (29)

Where
R¢ — risk-free rate, equal to federal bonds rate in Russia (7.25%) [25];

B — stock volatility of the company, in sector of power generation it is about
0.544;

ERm — market risk premium in Russia (9.43%).

ER; = Ry + B(ER,, — Rf) = 7.25% + 0.544(9.43% — 7.25%)

30
= 8.44% (30)

Escalation

Costs of goods every year increase or escalate. Average escalation can be

taken according to inflation. In this case escalation is equal to 7.32%.

7.3 Inputs for economic model

To create an economic model it is necessary to determine all the inputs.
Inflation, risk-free rate, tax rate and discount rate were determined in the previous
subchapter.

Investment

According to Table 12 the project needs to invest 19 662 600 rubles. Also we
need to install the equipment in which we invest. According to [1], cost of

installation is equal to 20% of the equipment price. So, it will be:
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19662600 - 20% = 3932520 RUB (31)

But it is not an investment it is costs for first year of operation.

Lifetime of the project is 20 years but lifetime of the batteries is 12 years.
Therefore, in the end of 12" year it is necessary to buy new batteries. Initial price
for batteries is 5 088 000 RUB. This value should be discounted for 12" year:

5088000 - (1 + escallation)'? = 5088000 - (1 + 7.32%)*?
= 11877227 RUB (32)

Therefore, we have investments in first and in the twelfth year and it is equal
to 19 662 600 RUB and 5 553 370 RUB respectively. After 20 years, batteries will
have residual value for the rest four years. Therefore, in the end of the project we

can sell the batteries with price of its residual value, which is calculated below:

4
Residual value = 5553370 - = 3959075 RUB (33)

This revenue will be accounted in the cash flow of 20" year.

Costs

Hybrid power plant with wind turbines generates 668 560.67 kWh by wind
turbines and the rest load covered by diesel generator. The consumers need more
45593.07 kWh a year. This volume will be covered by diesel generator and it
needs 3600 kg of fuel a year.

Price for one ton of diesel fuel in Russia is 47 000 RUB. Also it is necessary
to pay for shipping. We can use service of “Trader-Oil” company and its price is

26 000 RUB for shipping of one ton of fuel [28]. Therefore, annual cost for fuel is:

Fuel cost = 3.6 - (47000 + 26000) = 262800 RUB (34)
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The power plant need two specialists to service it. Average salary for
specialist in Arkhangelsk Region is 31 122 rubles a month. Therefore, annual cost

for stuff in the power plant is:

Stuff cost = 311222+ 12 = 746928 RUB (35)

The equipment should be serviced and repaired. According to [1], costs for
repair and maintenance are equal to 1% of the equipment price. The price for wind
installation has been already calculated but hybrid power plant also has diesel
installation. There is no information about diesel generator model in the Koyda
village but it is possible to take analogue, for example diesel power station Green
Power GP505A/P (360 kW) which costs 3 730 385 RUB [27]. Therefore, costs for

repair and maintenance are:

Repair and maintenance cost = (19662600 + 3730385) - 1%

= 233930 RUB (36)

According to [29], price for 1 kWh in the Arkhangelsk Region is 5.65 RUB.

Minimal price will be calculated in the next chapter.

All inputs were determined and now it is possible to create an economic

model.
7.4 Creating of economic model

In this Section | will create an economic model with using of criteria which

were described in the Section 7.1.
Net Present Value

In calculation was used real price for electricity in the Arkhangelsk Region
(5.65 RUB/KWh) [29] and straight-line depreciation. NPV of the project is -12 372
219 RUB. NPV is negative and it can be explained that the Koyda village is
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supplied by the state company, so people have subsidies and pay for electricity less

than it costs.

NPV of the power plant if we will do nothing and power will be generated
only by diesel generator is -385 632 819 RUB. It is even less than in previous case.
Therefore, if the power plant will be upgraded with wind turbines, we can save 373
260 601 RUB. The calculations have been done in Excel and presented in

Appendices 4-7.
Minimal electricity price

To calculate minimal price it is necessary to make NPV equal to zero.
Therefore, minimal price for 1 kWh in case of wind-diesel power plant is equal to
7.03 RUB/KWh. Therefore, to make the project at least lossless, we need subsidies
in amount of (7.03 — 5.65) = 1.38 RUB for 1 kWh. Minimal price for 1 kWh in
case of diesel power plant is 37.90 RUB.

Depreciation

Next | will calculate the NPV with another depreciation method — with
decreasing residual method. In this case the equipment is depreciated in the
beginning. The graph of dependence NPV on acceleration coefficient is presented

below:

-200000 '\\Jl\\
-400000 \,

-600000

NPV, RUB

Acceleration Coefficient
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Figure 28 — Dependence of NPV on Acceleration Coefficient

According to graph in Figure 28, there is no sense to use method of
decreasing value. We can take any acceleration coefficient but the result will be

worse than in case with straight-line depreciation.
Taxes

In case with price 5.65 RUB/kWh and straight-line depreciation we start pay
taxes in the eighth year, because in the first year we have negative profit, therefore
we have tax shield. Also the depreciation decreases the taxes. In case with piece
7.03 RUB/KWh we start pay taxes in the third year.

IRR

In case with price 5.65 RUB/kWh internal rate of return is equal to 4%. In
case with price 7.03 RUB/kWh internal rate of return is equal to calculated

discount rate — 8.44%.
It is impossible to calculate Payback Period, because NPV is negative.
7.5 Sensitivity analysis

Sensitivity analysis of the project can show how different parameters
influence on NPV. After sensitivity analysis it is possible to make conclusions
which factors have more or less influence on NPV. In sensitivity analysis | use the
real price equal to 5.65 RUB/kWh.

Here is a list of parameters which will be used in sensitivity analysis of NPV:

- Percentage of load coverage by wind turbines;
- Discount rate;
- Electricity price;

- Escalation.
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Figure 29 — Dependence of NPV on load coverage by wind turbines

The graph in Figure 29 has linear characteristic. According to the graph, NPV
becomes positive when wind turbines generate 98% of required power for

consumers or more.
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Figure 30 — Dependence of NPV on discount rate
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The graph in Figure 30 has exponential characteristic. According to the graph,
NPV becomes positive if discount rate is 4% or less. The greater the discount rate
the less NPV.
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Figure 31 — Dependence of NPV on electricity price

The graph in Figure 31 has linear characteristic. According to the graph, the

more electricity price the more NPV. NPV becomes positive when price is more

than 7.04 rubles.
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Figure 32 — Dependence of NPV on escalation
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The graph in Figure 32 has exponential characteristic. According to the graph,
NPV becomes positive if escalation is 8% or greater. The greater escalation the
greater NPV.

86



8. COUMAJIBHASA OTBETCTBEHHOCTD

B mpouecce m000i1l  TpynOBOH NESATENBHOCTH, KaXAbld 4YEJIOBEK,
BOBJICYEHHBIA B 3Ty JEATEIBHOCTb, IIOABEPracercsi BO3IACHUCTBUIO LEJIOT0
KOMIUJIEKCa MPOU3BOJCTBEHHBIX (hakTopoB. B cBolo ouepenb, 3TH (HaKTOPHI
CHOCOOHBI BIIMATH Ha 340poBbe uenoBeka. COBOKYMHOCTh BceX (DaKTOpOB,
BIUSIIOLIMX Ha 3J0POBbE YEJIOBEKA, HA3BIBAETCS YCIOBUAMHU TPY/Ia.

PeanpHble ycloBUS TpyJa XapaKTepU3YIOTCS Pa3iIMYHbBIMU BpPEIHBIMH U
OMAaCHBIMU (paKTOpaMH. 3a4acTyI0, MEX/Y OMACHBIMU U BPEAHBIMU (PaKTOpaMu HE
CYLIECTBYET YETKOW IPAHMIIBI, KAKIBIM PaKTOp MOXKET paHO WM MO3AHO MPUBECTU
K MTOTEPE 310POBbs WIM K HECUACTHOMY CIIy4aro.

Jlist HemomyleHus: HECHYaCTHBIX CJIydaeB M Bpeaa 3/0pOBbIO, pabouee
MECTO JOJHKHO OBITh CIPOEKTUPOBAHO C COOJIIOJICHHEM BCEX 3aKOHOJATEIbHBIX
HopM u npasuit, 'OCToB, CHulloB nu @enepanbHbIX 3aKOHOB.

JlaHHBIN pa3gen BKIKOYAaeT B ce0s OMHCAaHME OIACHBIX U BPEIHBIX
(akTOpoB, = KOTOpBIE  MCHBITHIBAET  JACKYPHBIM  DJIEKTPOMEXaHUK  Ha
BETPOHEPreTHYeCKOo cTaHiuu. WIeHTH(UKAUI0 NOTEHUUANIbHO OINACHBIX |
BPEAHBIX MPOU3BOACTBEHHBIX (akTopoB B coorBeTctBUUM ¢ ['OCT 12.0.003—
74[26].

3azayaMu JaHHOTO pasJielia SBISIOTCS:

1) Anaim3 paboyero IOMEIICHWS Ha HAJWYUE OMACHBIX M BPEIHBIX
¢bakTopoB;

2) AHamu3  3aKOHOJATEIbHBIX W  HOPMATHUBHBIX  JOKYMEHTOB,
3aTparuBarolUX JAHHYIO TEMY;

3) AHanu3 BIUSHUS BpEAHBIX W ONAacHBIX (HaKTOPOB HAa HHXKEHepa
ANEKTPOMEXaHUKA, POAHATU3UPOBATh MEPHI 110 CHUKEHUIO BIUSHUS ONACHBIX U

BpPEIHBIX (PAKTOPOB.
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8.1 IIpousBoacTBeHHAS 0€30MACHOCTD
8.1.1 AHa/Iu3 ONacHBIX M BPeJHbIX IPOU3BOACTBEHHBIX (PAKTOPOB

OcHOBHOE paboyee MECTO MHXKEHEpa JJIEKTPOMEXAaHHMKA paclosaraercs B
MPOU3BOJACTBEHHOM  moMenieHuu. OcHOBHas  paboTa  MPOU3BOJUTCA  C
MCIIOJIb30BaHUEM NiepcoHaabHOro komneiorepa (I1K).

[Ipu pabGore ¢ IIK BO3MOXHBI cleayroniue BpeAaHble (AKTOPbI: MOBBIIIECHHBIH
ypOBEHb IIyMa, TMOBBIIICHHAs TEMIEpaTypa, HEXBaTKa €CTECTBEHHOIO CBETAa,
Manasi OcBEIEHHOCTh. K omacHbIM (aKTOPOM OTHOCUTCS BO3MOKHOCTh
MOPAXEHUS ANEKTPUUECKUM TOKOM U CTATUYECKUM 3JIEKTPUUECTBOM.
VYcnoBus Tpyna HHKEHEpa MEXaHUKA ONPEEIISIOTCS
- VYcioBUEM OKpYXarolled cpeabl, MUKPOKIMMATOM: OCBEILEHHUE, IIyM,
BUOpALIMK, BEHTHIIALIMS, TEMIIEPATYPHBIN PEXKUM;

- XapaKTepI/ICTI/IKaMI/I I/IH(bOpMaHI/IOHHOI“O B3aI/IMOII€I‘/’ICTBI/I}I YCJIOBCKA H

K.
8.1.2 Dy1eKTpOMATrHUTHBIE MOJIsI

B mporecce paGoThl 371EKTPOMOHTEP MOKET MOABEPraThCsi BO3ACHCTBHUIO
ANEKTPUYECKOr0 TMOJS MPOMBINIJIEHHONW 4YacToThl. CTEneHb OTPULIATENIBHOTO
BO3JICHCTBUSA DJIEKTPUYECKOTO TOJS Ha OPTraHM3M 4YeJIOBEKa OIEHMBAETCS TIO0
KOJIMYECTBY TMOIJIOMIAEMOM TEJIOM YEJIOBEKAa 3HEPTrUM JIICKTPUUYECKOIro OIS, a
TaKXKe MO0 TOKY, IPOXOASIIEMY 4Yepe3 4YeJOBEeKa B 3€MIII0, M MO HANPSKEHHOCTH
OJIS B MeCTe, r7e OyeT HaXOIUThCS YETOBEK

['uruennyeckne HOPMBI TMPEOBIBAHUS YEIOBEKAa B DJICKTPUUYECKOM IIOJIE
ANEKTPOYCTAHOBOK CBEPXBBICOKOTO HAMPSKEHUS MPOMBIILUICHHOW 4YacTOTHI
YCTAHOBJICHBI JIEMUCTBYIOIIMMH MpPaBUJIAMU B 3aBUCHUMOCTH OT HaNpPsKEHHOCTHU
MOJIsl B 30HE €ro HaxoxkAeHus. Eclii HampsyKeHHOCTh MOJIsl Ha pabodyeM MecTe
npesbimaeT 25kB/M, unu tpedyercst Oosblnas MPOAOTKUTEILHOCTh MPeObIBaHUS
YeJioBeKa B IMOJIe, YeM yKa3aHo B TaOuswuile, pabOThl MPOBOJATCS C MPUMEHEHUEM

3alIUTHBIX YKPAHUPYIOIIHUX YCTPOUCTB WUJIM SKPAHUPYIOMIHNX KOCTIOMOB.
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Hopmsl

BpCMCHU Hpe6BIBaHI/I$I YCJIOBCKAa B JJICKTPUYCCKOM  II0JIC

AIEKTPOYCTAHOBOK MPOMBIIIJIEHHON 4YacTOThl 3aBUCAT OT BPEMEHU MpeObIBaHUS

4eJioBeKa B KOHTpoJupyemoit 30He onpeaenstores CanlluH 2.2.4.1191-03.

Tabnuua 14 — Hopmbl BpeMeHH npeObIBaHUS YEJIOBEKA B JIEKTPUUYECKOM T10JIe

HaprDKeHHOCTB SJICKTPUYICCKOT'O IT10JIA,

kB/m

Jlonyctumoe Bpems

Memnee 5 HE OTPAHUYMBACTCS
or 5 1o 10 He 6osee 3 yacos
ot 10 mo 15 He O0oxee 1,5 yacoB
ot 15 no 20 He 6omnee 10 MunyT
ot 20 1025 He 0oJiee 5 MUHYT

Ocnabnenne MOITHOCTHU JJICKTPOMArHuTHOI'O IIOJIsI Ha pa60qu MECTC
MOXHO OJOCTUTHYTb YBCIMYCHUCM PACCTOAHUA MCIKAY HCTOYHHKOM HM3IYUCHUSA U
pa6OIII/IM MCECTOM, YMCHBIICHUCM MOIIMHOCTH H3JIYYCHUA HCTOYHHKA, a TaAKKC
YCTaHOBKOﬁ OTPAKAOIICTO WK IIOTIIOIIArOMICTO 3KpPAaHOB MCKAY HCTOYHHKOM H

pabo4yrM MecTOM, MPUMEHEHUEM CPEJICTB MHIUBHYaTbHON 3aIUTHI.
8.1.3 lllym

[IIyM — 3TO COBOKYITHOCTb 3BYKOB, HEOJIAroNnpUATHO BO3JEHCTBYIOIINX Ha
OpraHW3M YeJIOBEKa U MEIIAIOIIUX €ro padoTe U OTIBIXY.

HcrounukamMu 3ByKa SIBISIOTCS YIPYyrHe KoJIeOaHUS MaTepHaIbHBIX
YJaCTHIl U TeJI, IepeaBaeMbIX JKHIKOH, TBEPI0 1 Tra3000pa3HOM CpeIoH.

CxopocTh 3BYKa B BO3JAyX€ NpPU HOPMAIBHON TeMIepaType COCTaBISET
npubnusurensHo 340 m/c, B Bome —1 430 m/c, B anmaze — 18 000 m/c. 3Byk ¢
gactoTol oT 16 I'm 1o 20 xI'11 Ha3BIBAeTCs CHBIIIMMBIN, ¢ YacTOTOM MeHee 16 'y
— nH(ppa3Byk u 6onee 20 k['11 — ynpTpa3ByK.

OO6nacTh MPOCTPAHCTBA, B KOTOPOM PACIPOCTPAHSIIOTCS 3BYKOBBIC BOJIHBI,
Ha3bIBACTCS 3ByKOBBIM I10JIEM, KOTOPOE XapaKTEPU3yETCs MHTEHCUBHOCTBIO 3BYKa,

CKOPOCTBIO €10 PACHpPOCTPaHCHUA 1 3BYKOBBIM J1dBJICHHUCM.
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NHTeHCUBHOCTH 3BykKa — 3TO KOJMYECTBO 3BYKOBOW DHEpIuH,
IepeaBacMol  3BYKOBOM BonHOM 3a 1 ¢ wuwepe3 mmomaaky 1 M 2,
MEePNEHIUKYISIPHYIO HAITPABJICHUIO paclpOCTPaHEeHUS 3ByKa, BT/M2.

3ByKOBOE [IaBJICHUE — KM Ha3bIBAETCS PA3HOCTh MEXkAY MIHOBEHHBIM
3HAQYCHUEM TOJHOTO JaBJEHHUS, CO3/1aBa€MOr0 3BYKOBOW BOJIHOM U CPEIHUM
JaBJIeHUEM, KOTOPOE HaOII0AaeTCsl B HEBO3MYIIEHHOH cpene. Enunniia usmepenus
— Ila.

[Topor cityxa Mosiooro yenoBeka B auamnazone yactot ot 1 000 go 4 000
' coorBercTByeT naBieHuto 2x 10-5 [la. HauOonblee 3HaueHUE 3BYKOBOTO
JIABJICHUSI, BBI3BIBAIOIIETO OOJIE3HEHHBIC ONIYIICHUS, Ha3bIBACTCS TMOPOrOM
6omneBoro omymieHus u coctapiseT 2% 102 [1a. Mexay 3TUMU 3HAUCHUSIMU JICKUT
00J1aCTh CIIyXOBOT'O BOCIIPHUSITHSI.

NHTEHCUBHOCTDh BO3JICUCTBUS IIyMa Ha YeJIOBEKa OIICHUBACTCS YpPOBHEM
3BykoBoro naepieHusi (L), kKoTopblil ompezgensercs Kak Jjorapum OTHOIICHHS
¢ (}eKTUBHOTO 3HAYeHMs] 3BYKOBOI'O JaBjieHHs K moporoBomy. Enununa
u3MepeHus — neuuben, nb.

Ha nopore casimmmoctu nipu cpennereomerpuueckoit yacrore 1 000 Iy
YpPOBEHb 3BYKOBOTO JIaBJICHUS PaBEH HYIIO, a HA TIOpOre OOJEBOTO OLIYIICHHUS —
120-130 nb.

Bo3geiictTBue miyma Ha OpraHu3M 4YEJNOBEKA BbI3bIBAET HETaTUBHbBIC
M3MEHEHHUsI, TIPEXKAEe BCEr0 B OpraHax cllyxa, HEPBHOW M CEPAEHYHO-COCYIUCTOU
cucreMax. CTeneHb BBIPAXKEHHOCTH ATUX HM3MEHEHUH 3aBUCUT OT MapaMeTpOB
IIymMa, cTaxka pa0OThl B YCIOBHSIX BO3JIEUCTBHS IIyMa, JIIUTEIBHOCTH JIEHCTBHS
IIyMa B T€YCHHE pabdouero JHsS, HHAUBHAYaJIbHON YyBCTBUTEIBHOCTH OpPTaHHU3MA.
JlefictBe 1IymMa Ha OpraHu3M YeJOBEKa OTSTOIIAETCS  BBIHYXJACHHBIM
MOJIO)KEHUEM  TeJla, TMOBBIIIEHHbIM BHHMAaHUEM, HEPBHO-3MOIMOHAIbHBIM
HaIpsHKeHHEeM, HeOIaronpusTHBIM MUKPOKIUMATOM.

Jlns pacueta ypoBHS IIymMa, BOZHUKAIOUIETO OT HECKOJIbKUX MCTOYHHUKOB,
UCIIOIb3YETCSl MPUHIMIT SHEPTreTUYECKOTO0 CYMMHPOBAHUS U3IYyUYEHUN OTIIENbHBIX

HCTOYHHUKOB:
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L =10lg ¥, 10%1L; (37)

L =10 lg(100'1'56 + 100145 4 1090140 4 10145 4 100117 4 100110 4

rae Li— ypoBeHb 3ByKOBOI'O JIaBJICHUS 1-T0 UCTOYHHKA [ITyMa;

N — KOJIMYECTBO UCTOUYHHUKOB IITyMa.

[IIym, BO3HMKaWOIIMK Mpu paboOTe MPOU3BOJICTBEHHOTO O0OPYIOBaHUS U
MPEBBIIAIONTMNA HOPMATUBHBIC 3HAYCHMS, BO3JEHCTBYET Ha IICHTPAIBHYIO H
BEreTaTHBHYIO HEPBHYIO CUCTEMY YEJIOBEKA, OPTaHbl CIIyXa.

[IIym BocmpuHUMaeTCsi BecbMa CyObeKTUBHO. [Ipu 3TOM mMMeeT 3HaueHHe
KOHKpETHasi CHUTyallus, COCTOSHHE 3J0pOBbs, HACTPOCHHE, OKpY>KaroIasl
o0cTaHOBKa.

OcHoBHOE (hU3MOJIOTUYECKOE BO3JCHCTBHE IIIyMa 3aKJII0YaeTCsl B TOM, YTO
MOBPEXKJIAETCS BHYTPEHHEE YyXO, BO3MOXKHBI HM3MEHEHHS DJICKTPUUECKOMU
IIPOBOJIUMOCTH KOXH, OMOICKTPUICCKON aKTUBHOCTH T'OJIOBHOTO MO3Ta, Cepala u
CKOPOCTH JIbIXaHUS, OOIIEH JBUTATEILHON AaKTHBHOCTH, a TAaKXKEe H3MCEHEHUS
pa3Mepa HEKOTOPBIX JKeJie3 DJHIAOKPUHHOM CHCTEMBbI, KPOBSIHOTO JIaBJICHMS,
CY)KCHHE KPOBEHOCHBIX COCYJIOB, pacIIMpeHHE 3pauykoB rjia3. PaGoraromuii B
YCIOBUSIX JUTUTEIIBHOT O IyMOBOTO BO3JICHCTBUS UCIIBITHIBAET
pa3IpaXUTEITbHOCTh, TOJIOBHYIO 0OJb, TOJIOBOKPY)XCHHE, CHIDIKEHUE TIaMSsTH,
MOBBIIIEHHYIO YTOMJIIEMOCTh, IOHWKEHUE alNEeTUTa, HapyllleHHe cHa. B mrymHOM
donHe yxymamraercs OOIIEHHWE IIOJeH, B pe3yJbTaTeé 4Yero HHOTrJAa BO3HUKAET
YyBCTBO OJMHOYECTBA M HEYAOBIECTBOPEHHOCTH, YTO MOXKET NPUBECTH K
HECUYACTHBIM CITydasiM.

OcHOBHasi 1eNb HOPMHPOBAaHWSA IIyMa Ha pabodMx MecTaXx — OTO
YCTAaHOBJIEHHUE TMpeaenbHo aomyctumoro ypoBHs myma (IIY), xoropsiii npu
€XeJIHeBHOM (KpOMe BBIXOJHBIX JHEH) pabote, HO He Oosiee 40 YacoB B HEAECTIO B

TCUCHHUC BCCTO pa60qer0 cTaxxa, HC JOJDKCH BbI3bBIBATh 3a00JIEBaHUN WIIH
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OTKJIOHEHUH B COCTOSIHUU 3/10POBBS, 0OHAPYKMBAEMBIX COBPEMEHHBIMU METOIAMHU
UCCIIEJOBAHUNA B IIpOLECCE padOThl MM OTHAJIEHHBIE CPOKH KU3HU HACTOSLIETO
unocienyonux nokojgenui. Coomoaenue [V mryma He uckitoyaer HapyleHUs

300POBbA Yy CBCPXUYBCTBUTCIIbHBIX JIMII.

8.1.4 MuxkpokJaumat
1.Onmumanvhvie ycao8us MUKpOKIUMAMA.

XononHeld U JeTHui mepuon roaa - (t Hmwke +10°C) Ha MOCTOSHHBIX
pabounx MecTax.

XapakTepucTUKa MPOU3BOACTBEHHBIX TOMEIECHUN:

-IIOMEIIICHUS, XapaKTEepU3yeMble HE3HAUUTEIbHBIMH HM30BITKAMHU SIBHOM
TernoThl (23 B1/M? u Menee)

Kareropus pa6ot: cpenneit Tsxectu - 116 (233-290) Bt

Temneparypa Bo3ayxa - 17,0-19,0 °C

OTHOcuTenpHAS BIAXKHOCTH Bo3ayxa — 60-40%

Cxkopoctb nBmkeHus Bo3ayxa: He 6omnee 0,2 m/c,

Temmeparypa Bo3yxa BHE MTOCTOSHHBIX pabouux mecT: 13-20 °C,

T&nnwiit mepuon roaa - (t +10°C u BbIle) HA TOCTOSIHHBIX Pa00YNX MECTax

Temneparypa Bo3ayxa BHE MTOCTOSHHBIX pabo4ynX MecT: He OoJiee yeM Ha 3
°C BBIIlIE CpPEAHEH TEMIIEpaTypbl HAPYKHOTO BO3Jyxa B 13 4. camMoro >kapkoro
MecsIa.

2. Jlonycmumbie yC108UsL MUKPOKAUMAMA.

XononHueld U JetHuil nepuon roaa - (t Huwxke +10°C) Ha MOCTOSHHBIX
pabounx MecTax.

XapakTepucTuKa MPOU3BOACTBEHHBIX TOMEILICHUN

-MIOMEILICHUS, XapaKTEPU3yEeMble HE3HAUUTEIbHBIMH H30bITKAMHU SIBHOM
TerioThl (23 Bt/M? u MeHee)

Kareropus pa6ot: cpenneit Tsxectu- 116 (233-290) Bt

Temneparypa Bo3ayxa- 15,0-22,0 °C

OTHOcHTEIbHAS BIAXKHOCTH BO3ayxa — 15-75%

CxopocTtb amxeHus Bozayxa: 0,2-0,4 m/c,
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Temneparypa Bo3ayxa BHE NOCTOSHHBIX pabounx mect: 14-23 °C,

Temnwiii nepuop roaa - (t +10°C u BbIlIe) HA TOCTOSIHHBIX PA0OYNUX MECTaxX

XapakTepucTUKa IPOU3BOACTBEHHBIX ITIOMEILICHUN

-IOMEUIEHUS, XapaKTepU3yEeMble HE3HAUYMTEIbHBIMU U30bITKAMU SBHOU
TeroThl (6osiee 23 B1/m?)

Kareropus pa6ot: cpenneit Tsxectu -116 (233-290) Bt

Temneparypa Bo3ayxa- 16,0-27,0 °C

OTHocHTeNbHAs BIAXXHOCTh Bo3ayxa — 15-75%

Cxkopoctb nBmxkeHus Bozayxa: 0,2-0,5 m/c,

Temneparypa Bo3ayxa BHE MMOCTOSHHBIX paOOYMX MECT: HE OoJiee ueM Ha 5
°C BbIllIE CpeAHEN TemmepaTypbl HApPY>KHOTO Bo3ayxa B 13 4. camoro >kapkoro
MecsIa.

B xomomueie ©  Teruble MEPUOABI  MApaMeTpbl  MHUKPOKIMMATA
00CIeYnBaIOTCS:

- OTOTUICHUEM;

- €CTECTBEHHAs U UCKYCCTBEHHAasl BEHTUJISLIUS;

- CHCTEMOU KOHAULIMOHUPOBAHHUS BO3YXa;

3.IIpon3BoACTBEHHAS] BEHTUIISALIMS

Hopmbl  11pOM3BOACTBEHHOM  BEHTWISIIMM  YCTAHOBIIEHBI  CHCTEMOM
ctanaaproB 6e3omacHoctu Tpyna [OCT 12.4.021 — 75.

B xoropom mpeaycmaTpuBaeTcss HUCKYCCTBEHHAs] MPUTOYHO-BBITSKHAS
o01ieoOMeHHasi BEHTWIALMSA C PAacXOJOM BO3AyXa Ha OJHOro paldOoTaroliero He
Menee 60 M /4ac.

Bo3nyx, moctynaromuii B HOMEIIEHUE B 3MMHEE BpEMS, ITOIOIPEBAETCS, A B
JeTHee BpeMsa — oxjaxzaaercs. Kpome Toro, mnocrymaromuil BO3AYyX IpHU

HGO6XOI{I/IMOCTI/I MOKET OBIThH YBJIAXXHCH HWJIN OCYLICH.

8.1.5 OcBenienue
Huzkas ocBeméHHOCT, pabouero MecTa MNPEmsITCTBYET JIIUTEIbHOU

paboTe, BbI3bIBA YTOMJIEHME W CIOCOOCTBYS pPa3BUTHUIO OJIU30PYKOCTH Y

paboTatomero nepconana. CIHMIIKOM HU3KUE YPOBHHU OCBELIEHHOCTU CIOCOOHBI
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BBI3bIBATh AaMaTUI0 W COHJUBOCTb, B COBOKYIIHOCTU C JApyrumMu (paxropamu
CIOCOOHBI Pa3BUTh UYBCTBO TPEBOTH. JliHTebHOE TPEOBIBAHNE B TAKUX YCIOBUSIX
BBI3BIBACT CHUKEHUE MHTEHCUBHOCTH OOMEHA BEIECTB B OPTaHU3ME U €ro olIiee
ocnabnenue. [logoOHbIE cHMIITOMBI HAOJIIOAAIOTCS U MPU pabOTE B MOMEIICHUSX C
OTPaHUYEHHBIM CIIEKTPATbHBIM COCTaBOM cBeTa. CIIMIIKOM SIPKUM CBET OCIEIUISET,
MOHUXAET 3PUTEIbHYI0 (YHKIMIO, BBI3BIBAET MEPEBO30YKACHUE HEPBHOU
CHUCTEMBbI, CHWXaeT paboTocrnocoOHOCTh. BoszneiicTBue dYpe3MepHOU SPKOCTH
MOET BBI3bIBATH (DOTOOXKOTH TJIa3 M KOXKH, KEpPaTUThI, KaTapakTbl U JPyTHE
HapyIICHHUS.

HopmupoBaHue ecCTECTBEHHOTO OCBEIICHHS OCYIIECTBISETCS COTJIACHO
CHulI 23-05-95.

[IpousBeném pacy€r ocBemieHUs paboyero TMOMEIIECHUsS HWHXXEHepa
MEXaHHKa.

Pazmepnl momenienus: 24x8x6. KonmuuecTBO W Ijiomaabs OKOH: 8 X 2,8
XapakTep MOMEIICHHS : MaJIoe KOJTUYECTBO IBUTH, TT0’KapOOTIaCHOE TTOMEIISHUE.

Jlns  TIpOM3BOJICTBEHHOTO TIOMEIICHHUS OyAeT TPUMEHAThCS CHCTeMa
koMOuHupoBaHHoro ocpenieHus. CeerwibHukH [TIO]] (1530x284, MomHOCTh —
2x80 Br, KIT[1=83 %).

BricoTa momemnieHust coctaBisier 6 METPOB, YTO IMO3BOJIIET HCIIOJIB30BATh
BBIOPAHHBIM CBETUJILHUK (MUHUMAaJIbHAS BBICOTA 2.5 M).

Pacuér pazmepos:

H=6 m; LA=24 m; LB=8 m; hp=0,8 Mm;

PaccTrossHrEe MeX Ty CBETUIILHUKAMU U MEPEKPBITHEM: h¢=3 M.

BricoTa cBeTnmnsHuKa Hafg monoM: hp=H — h=6 — 3=3 m.

BricoTa cBeTnibHMKA Haj pabodeld moBepxHOCThIO: h =hp — hpy=3 — 0,8=2,2

A=13, HalgéM paccTOSHHE MEXKIy COCEJHUMHU CBETUJIbHUKAMU
L=h-1=2,2-1,3=3 m
OnrumanbHOE PACCTOSAHUE OT KPAMHEro ps/la CBETHUIBHHUKOB 1O CTEHBI

I=L/3=3/3=1 m.
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CBeTunpHUKYN pasMecTuM B 3 psana. B psany yctaHoBuM 12 CBETUIIBHUKOB,
paccTosiHie MeXay HUMH OyaeT coctaBiaaTh 0,3 M.

[Inan nomenieHus ¢ pacmnog0KEHUEM CBETUIIBHUKOB, PUCYHOK 39.

1u

A=24M
Pucynox 39 — I[1naH npou3BOCTBEHHOTO TTOMEIICHUS

Pacuér oOmiero paBHOMepHOro ocBelmieHUs. CBETOBOM MOTOK B KaXJIOM
pany: @ = En-S-K3-:Zn'n=500-192-1.5-1.172-0.5=4400 JIm,

rae, En=500 —MuauManbHbiii ypoBeHb ocBeménHoctu mo CHull 23-05-95,
JIK;

S=192 M — mIomaab OCBEIIAEMOT0 IIOMEIICHHUS, M2;

K3=1.5 — koa(pdunmeHT 3amaca, yauTHIBAIOIIUHN 3arps3HEHNE CBETUIILHUKA

Z=11 - xo>ddunueHT  HEPaBHOMEPHOCTH  OCBEIICHUS,  JJIA
JIOMUHECIIEHTHBIX JIAaMII TIpH pacuérax Oepércs paBHbIM 1.1;

N — YKUCIIO CBETHJIBHUKOB;

N — KO3 PUITUEHT UCTIOTB30BaHMS CBETOBOTO TIOTOKA.

WNHpexc nomenieHus:

i=S/h(A+B)=192/2.2-(24+8)=2.72.

MoIHOCTh OCBETUTENBHOU cUCTEMBI paBHa 6480 Br.
8.2 DaekTpobe30nacHoCTh

[Ipu pabote 35eKTPOOOOPYIOBAHUS BO3MOKHO MOBPEKICHUE H3OISALUU

TOKOBCAYIIHNX I-IEICTGI‘/'I, MMOBPCKACHUA CpCaACTB 3a111UThI, N  HapyHICHHUA
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TEXHOJIOTUYECKOT0 pexuMma. B pe3ynbrate AaHHBIX HapYyLIEHUN, BO3MOKHBI
aBapuM M HECYACTHBIE CIIy4al CO 3J0POBbEM U JKH3HBIO OOCIIYyKMBAIOLIETO
nepcoHana. IlopakeHue 3IEKTPUUYECKUM TOKOM SIBIISIETCS OMACHBIM (PaKTOpoOM,
KOTOpPBI MOXET MPUBECTH K CMEPTH YeJOBEKa. DJIEKTPUUYECKUM TOK, MPOXOs
yepe3 TeJ0 4YelloBeKa CIOCOOEH BbI3BATh OXOTM B MECTaX MNPUKOCHOBEHMS K
TOKOBEAYUIMM 4YacTsAM, MOPAKEHHWE BHYTPEHHUX OPraHOB, OCTAHOBKY cepila.
Texnuka 0€30MacHOCTH SBJIAETCS OCHOBHOM YacThlO OXpaHbl Tpylda W
npelycMaTpUBaeT TEXHUYECKUE W OpPraHU3ALMOHHBIE MEPONPUSITHUS, KOTOpHIE
oOecreunBaroT 0€30MaCHbBIN TPY/A B 2JIEKTPOYCTaHOBKAX.

[Tomumo mpaBuil TEXHUKU OE30MACHOCTH UMEIOTCS CIIELMANIbHBIE MPaBUIIa
yCTpOKCTBa 3JeKTpoycTaHOBOK (IIYD), koTOpble mpenycMaTpuBarOT HAJEKHOCTh
1 6€30MaCHOCTh IKCILTyaTAIMH 3JIEKTPOYCTAHOBOK.

B anexktpoycranoBkax HanpsbkeHueMm  Bbimie  1000B  mopaxkenue
ANEKTPUUECKHUM TOKOM MOKET BOSHUKHYTH M 0€3 HEIOCPEeJICTBEHHOTO KOHTAKTA C
TOKOBEAYIIMMU dYacTAMH. [Ipu mnpubIMKeHWH BO3HHMKAET WCKPOBOW paspsl,
KOTOpBIA TEPEXOAUT B DJIEKTPUUECKYI0 1yry. B cBsi3m ¢ 3TUM Bce
HEU30JIMPOBAHHbIE TOKOBEIYIIME YacTH MOMEIIEHBI B CIlelMadbHble KopoOa WiH
OTpaXJECHBI.

Jlns  Oe3omacHOCTH  BeleHHS pabOT Bce pa3hbeAUHUTEIN HUMEIOT
CTallMOHApPHBIE  3a3€MIISIIONIME  HOXKHU. YCTaHOBKA  AJIEKTPOOOOPYIOBAHMS
(paccTosiHME OT TOKOBEAYIIMX YacTel 10 3€MJIM, 3JaHUM, COOPYKEHHM, MEXKIY
TOKOBEAYIIUMHU YacCTSIMU W JPYTHE) BBINOTHEHBI C COOMIOACHHEM TpeOOBaHMIMA
I[1YD. Ha noacrtaHuMu OpeayCMOTPEHBI MPOE3[bl U MPOXOJbl, BBIIOJIHEHHBIE
TaKUM 00pa3oM, 4TOOBI OOCIYKHMBAIOIIWK TEPCOHAT MOT IMPOHU3BOAUTH OCMOTP
ANEKTPOOOOPYA0BAHUS, HAXOIAIIEr0Cs MO HANPS)KEHNEM, 0€3 €ro OTKIOYEHHUS.

CpenctBa 3alUThI, IPUMEHSEMbIE B JIEKTPOYCTAaHOBKAX:

- U30JIUPYIOIIHNE;

- OrpaXkAaroIIue;

- SKpaHUPYIOLINE;

- IPEeIOXPAHUTEIbHBIEC.
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Opranu3aioHHbIe MEPONPUITHS, oOecleunBarone 6e30MacHOCTb padoT
(cormacuo IITB):

- ohopMmieHre pabOThI HAPSAJIOM UITU PACIIOPSIKEHUEM;

- IOMCK K padoTe;

- Ha/130p BO BpeMsi pabOoThHI;

- oopMJICHHE TIePEPHIBOB B paboTe, MEPeBOIOB Ha APyroe pabodyee MecTo,
OKOH4YaHUue pabor.

OTBeTCTBEHHBIE 32 O€30MACHOCTh PaboT:

- JINTIO, BBIJAIONIECE HAPS, OTAAOIIEE PACIOPSKCHHE;

- OTBETCTBEHHOE JIMIIO OTICPATUBHOTO MEPCOHANIA — JOITYCKAOIIIHIA;

- OTBETCTBEHHBIN PYKOBOIUTENH padoT;

- MPOU3BOJIUTEIH Pa0OT;

- HaOJIIOIATOIIIHIA;

- YJIEHBI OPUTAIBI.

Kaxnpiii paboTHUK mepen TOMYyCKOM K CaMOCTOSITENIbHON pabote, 00s3aH
npoiTH 00ydeHue Oe30macHbIM MeToJlaM paldoThl Ha pabouyeM MecTe W CAaTh

9K3aMEH Ha NPOBEPKY 3HAHWN TEXHUKH 0€30MacCHOCTH.
8.3 OxpaHa okpy:kaouiei cpeabl

B cocTtaBe mpoekTta ra3zoreHepaTOpHON CTAHIMU JIOJDKEH OBITH pas3fen
«OxpaHa OKpy)Karoulel Cpelb», COTJaCOBAHHBIM C PErMOHAIBHBIMU OpraHamMu
CaHUTAPHO-3MUAEMHUOJIOTUYECKOI0 HAA30PA U IKOJIOTUUECKOU SKCIIEPTU3HI.

B paznmene npenycmaTpuBarOT BBIIIOJHEHUE KOMIUIEKCA MEPOIPHUATUN MO
OXpaHe OKPYKAUIEH CpeApl OT 3arpsi3HEHUM, PaAalMOHAIIBHOMY HCIOJIb30BAHUIO
MIPUPOAHBIX PECYPCOB U OLICHKE BO3JCHCTBHS HA OKPYXKAIOLIYIO CPEy C YUETOM
doHOBOrOo 3arpsi3HeHus cpenbl. Pa3paboTka MeponpusTHII IO  OXpaHe
OKPYKaKLIEW NMPUPOJIHON CPEAbl B MPOEKTaX JOJDKHA BECTUCH B COOTBETCTBHUM C
tpedoBanusamu CHull 1.02.01-85 u OHJ 1-84 "Uuctpykuust o mnopsiake

pacCMOTPCHHUA, corjiacoBaHuA n 9KCIICPTU3BI BO3AYXO0-OXPaHUTCIBbHBIX
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MEPOTIPUATUN W BBIIAYM Pa3pelICHH Ha BBIOPOC 3arpsi3HSAIONINX BEIISCTB B
atmocdepy".

OxpaHa 3eMeJbHBIX PECYpCOB HalpaBlieHa Ha PEIICHHE CICAYIOIUX OCHOBHBIX
BOTIPOCOB:

- KowmmiekcHOro pemieHuss TeHEepaJlbHOTO TIUIAaHA ¢ MHUHUMAIbHO
HEOOXOAMMON  TUIOMIAbI0  3€MJICOTBOJA, C  yYCTAHOBJICHHBIMH
IPOTUBOMOKAPHBEIMU M CAHUTAPHO-THTUCHUYECKUMH TPEOOBAHUSIMU,
MUHUMAJIbHBIMHU PACCTOSTHUSAMHU MEXKIY 3IaHUSIMHU U COOPYKECHUSIMHU.

- IIpoBenenue Mep, HANIPaBICHHBIX HA MPEAOTBPANICHNUE BOJASTHON 3PO3HH
nouBbl. [IpenoTBpamieHne 3a00JIaYUBaHUS 3€MEIb, 3arpS3HCHUS HX
NIPOU3BOJICTBEHHBIMH ~ OTXOJIaMH, CTOYHBIMM  BOJaMHU  TIpPH
CTPOMTEILCTBE M IKCILTyaTalliy Ta30reHePATOPHON CTaHIIHH.

- PexynbruBanmu 3eMeib M HCIOIB30BAHUH TUIOAOPOIHOTO CJIOS MIOYBHI.

- OseneHeHus u 6HaFOYCTp0ﬁCTBa CAHHUTAPHO-3allIUTHBIX 30H.

8.4 3ammTa B Upe3BbIYAHHBIX CUTYyAIMSAX:

Iloscapnasn u é3pvienas 6e3onacHocme.

[IpoexTHpoBaHNE ra30T€HEPATOPHON CTAHLUU B YACTU MPOTUBOIMOKAPHBIX
MEpOIPUATHI U 3alIUTHl JOJHKHO OCYIIECTBIISIThCS B cooTBeTcTBUU ¢ CHull
2.04.09-84 [31], CHull 2.01.02-85[32], BCH 47-85 [33] P 34.49.101-87
"MHCTpYKIIMST IO MPOEKTHUPOBAHUIO MPOTUBOIOKAPHON 3alIUTHl SHEPrEeTHUECKUX
npeanpustuii"[34].

Looicapomyuwienue. J1J1s1 TymeHHs MOKApOB HA ra30r€HEPATOPHON CTAHIIUU
HEOOXOIMMO TpeaycMaTpUBaTh, KaK MPABHUIO, MPOTHUBOIOKAPHBINA BOJIOMPOBOI,
HMCTOYHUKOM BOJOCHAOKEHHSI KOTOPOTO JIOJDKEH SIBIISATHCS  CYHIECTBYIOIIMI
3aKOJIBLIOBAHHBIN BOAONPOBOJ C ABYMSI HUTKaMH BBOJA.

HNcrtouynukamu BOJOCHAOKEHUSI MOTYT SIBIATBCS TaKXKe: TpagupHs,
OacceliH, pe3epByapbl 3amaca BOJbl (HE MeHee JByX). B »3Tom cnydae

MIPOTUBONOXKAPHBII BOJONPOBOJ HE BBIIIOJIHACTCS. BayTpenuunit
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MIPOTUBOIOKAPHBIA BOJOMPOBOJ JJII Ta30M€HEPATOPHOM CTAHLUHUKU MOIIHOCTBIO
MeHee 1000 kBt He mpenycmaTpuBaeTcsi.

ABTOMAaTHYECKOE IIOYKapOTYLICHUE pacIbLICHHOU BOJIOM Ha
ra3oreHepaToOpHyIO0 CTAaHLMIO HEOOXOAMMO THpeaycMaTpuBaTh B KaOEIbHBIX
COOpYXEeHUsX (KaOeIbHbIE ATAXH, IIIAXThl, TYHHEIH ).

[lepBuyHBIE CpeACTBa MOKAPOTYLIEHUS IPOEKTOM HE MPeayCMaTpPUBAIOTCS.
OcHamieHue Tra3oreHepaTopHOW CTaHIUU OJTUMH CPEACTBAMU IPOU3BOJIUTCS
CITy’k00M IKCILTyaTaliHy.

K 4ducny npocThiX, HO HaIE)KHBIX MEPONPUSATUH, OTHOCUTCS OOecrieueHne
nyTed »SBaKyallMd U3 30HBI [OXKapa, BKIIOYas 3apaHee pa3paboTaHHBIM U
JIOBEJICHHBIN /10 CBEICHUS JIIOJIEH MJaH BBIBOJA U3 MOMEIICHUS, W300paKeHHbBIN
rpaguuecku Ha BUIHOM MecCTe, O0O3HAYEHUE CBETOBBIMU CHUTHAJaMU MECT
BbIXO/1a; o0OecrieyeHue 0003HAUYEHHBIX MPOXOJA0B U MPOe3/I0B CBOOOIHBIMU. [1yTH
BBIXO/JIa C BEPXHUX OSTa)Xell MOJDKHBI ObITh HAPYKHBIMU WM HUMETh IMOCTOSIHHO

OTKPLITBHIC BBIXOAbI JIbIMA.

8.5 IIpaBoBbIe U OPraHU3ANMOHHbIE BOMPOCHI o0ecneyeHusl

0€30MaCHOCTH

OO6mee pykoBOJACTBO paboToit 1o 0€30macHOCTH TPyJAa, W MEepCOHAbHASL
OTBETCTBEHHOCTh 3a Hee Bo3iaraercs Ha pykoBoautens I[TIDC. Ha xaxmoi
AJEKTPOCTAHLUUM TMIOJIOKEHUEM O CTPYKTYPHOM TMOJPA3ACICHUM W NPUKA30M
PYKOBOJIUTENS JOJDKHBI OBITH paclpenesieHbl (QYHKIMH TI0 OOCTYKHBAHHUIO
o0opymoBaHwUs, 3IaHUN, COOPYKEHUU 51 KOMMYHUKaIUN MEXIY
MIPOU3BOJICTBEHHBIMU  MOJpa3JeNeHusIMu  (1lexamu, palloHaMH, Y4acTKamu,
nabopaTopusiMia U T.J.), Ha3Ha4Y€HBl PAOOTHUKH, OTBETCTBEHHBIC 32 COCTOSIHHE U
0e30MacHyr0 OJKCIUTyaTalldi0 BCEX JJIEMEHTOB DJHEPrOyCTAaHOBOK, a TaKXKe
OMpeJIeNIeHbl JOJKHOCTHBIE 00SI3aHHOCTH BCEro MEePCOHAIA.

[lepconan, mpuHuMaeMbli Ha PadOTy MO OOCTYKMBAaHUIO COOPYKEHUU
I'TIDC, TemnoMexXxaHHYecKOoro M 3JIEKTPOTEXHUYECKOro OOOPYIOBAaHUS, OJKEH

MIPOUTH MPEIBAPUTEIIBHBIN MEIULMHCKAN OCMOTP U B TAJIbBHEHIIEM ITPOXOJUTH €TI0
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MEPUOANYECKA B  CPOKH, YCTAHOBIICHHBIE (elepaTbHbIM  MEIUIIMHCKUM
BenoMcTBOoM Poccuu. He paspemraercst 1omyckaTh K 0OCITY>KUBAaHUIO COOPY>KEHUI
u obopynoBanus ['TI9C pabOTHUKOB, HE MPOIIEAIINX MEIUITTHCKHE OCMOTPHI.

PaGoTHukoB, He AocTUrmUX Bo3pacta 18 Jyer, momyckaTth K paboraMm ¢
TSDKETIBIMU U BPEJHBIMU YCIOBUSIMU TPY/Aa HE pa3periacTcs.

PaboTHuKH, AONylIEHHBIE K pa0oTaM MO BTOPbIM MpOQeccusiM, a Takxke K
BHITIOJIHCHUIO  CIICIMAJIBHBIX  pabOT, HE NPEAYCMOTPEHHBIX [IJIsi JIaHHOM
npodeccuu, TOJKHBI ObITh 00YYEHBI K UMETh 00 3TOM 3aIUCh B YJIOCTOBEPEHUHU.

CrenuanbHbIMU CIEAYET CUUTATH PaOOTHI:

- BEpXOJIa3HbIE;

- o OOCIy)XMBaHHID OOBEKTOB W OO0OpPYAOBaHHUS, TOJKOHTPOJIbHBIX
COOTBETCTBYIOIIIUM OpraHaM roCyIapCTBEHHOTO HAJ30pPa;

- OTHEBBIE U Ta300TaCHBIE;

- C pTYThIO;

- C DJIEKTPO-, MTHEBMO- 1 a0pa3uBHBIM UHCTPYMEHTOM;

- CTpONIAJIbHBIE;

- Ha UPKYJIbHBIX NUJIAX;

- [0 TEpPEeMEUICHUI0  TKECTe ¢  NPUMEHEHWEM  aBTO- U
AIEKTPONOTPY3UYUKOB, SJIEKTPOKAPOB;

- Ha MeTa/1000padaThIBAIOIINX 1 a0pa3UBHBIX CTaHKAX.

[lepedenp crenuambHBIX PadOT MOXKET OBITh JOTOJHEH PYKOBOJIUTEIEM
I'TISC ¢ yueToM MECTHBIX YCIOBHIA.

Ha TTIDC nomxubl OBITH pa3pabOTaHbl M YTBEPXKIECHBI MHCTPYKIIUU TIO
oxpaHe Tpyaa (mpaBuiiaM O€30MAaCHOCTH) Kak JUIsI pPaOOTHHUKOB OTISIBHBIX
npodeccuii (MammmHUCTOB JIBC, 31€KTpOCBapImMKOB, CTAaHOYHHUKOB, CJCCApCH,
AIEKTPOMOHTEPOB, TAOOPAHTOB, YOOPIIIHIL U AP.), TAK ¥ HA OTACITHHBIC BHIBI pa0OT
(paboThl Ha BBICOTE, MOHTAXXHBIC, HAJIAIOYHBIE, PEMOHTHBIC, IPOBEICHHE
UCTIBITAHUM ).

[lepconan, ucmonp3yromuii B CBOEM paboTe cTaHOYHOE OOOpyIdOBaHHE,

HHCTPYMCHTBI U HpI/ICHOCO6HeHI/I$I, a TaKXKe BBIHOJ'IH)HOIIII/Iﬁ CBApPOYHBIC U APYIHUC
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OTHEBBbIE Pa0OTHI, 00si3aH 3HATh W MCIOJHATH TPEOOBAHUS COOTBETCTBYIOIIMX
MHCTPYKIIMI M0 0XpaHe TpyZAa (TeXHUKE 0€30MacCHOCTH).

Ilepconan, o0OCIYyXUBaIOIIMUA  JJIEKTPUYECKYIO  YacThb  YCTPOWCTB
aBTOMATHUKHU, U3MEPEHUM U 3aIUT, IOJDKEH PYKOBOJCTBOBATHCS TPEOOBAHUSIMU TIO
oxpaHe Tpy/a (MpaBUJIaMu TEXHUKH 0€30MaCHOCTH ).

Ilepconan, momyckaeMblii K pa0oTe B IMOMEIICHUSX, TJE HCIOIb3YIOTCS
roproure, TOKCUYHBIE W B3PBIBOOIACHBIE MaTepHasbl, JOHKEH 3HATh CBOWMCTBA
ATUX MaTEPHUAIOB U MEphl 0€30MaCHOCTHU TIPU OOpaIEHUN C HUMHU.

Becb nepconan gonkeH ObITh oOecreyeH CIEeloAeKI0M, CIeno0yBbIO U
JIPYTUMU CPEACTBAMHU MHAUBUIYATBHON M KOJUICKTUBHOM 3aIIUThl B 3aBUCUMOCTH
OT BBITIOJHAEMBIX PA0OT U 00s3aH MOJIH30BATHCS UMU BO BpeMs PabOTHI.

B cinyuae HenpuMmeHeHUs, HEMPABUIBLHOI'O IPUMEHEHUSI U WCIIOJIb30BaHUS
HE 0 HA3HAYCHUIO CPEJCTB 3alUThl, BBIIAHHBIX IEPCOHATY JJIsi BBIMOJTHEHUS
OTpeJIeIeHHOW palbOoThl, OTBETCTBEHHOCTh 3a TMOCJIEACTBUS (BO3HUKHOBEHHE
HECYACTHOT'O clIydasi UM YXY/IIICHHE 3/I0pPOBbs) HECET paOOTHUK, BUHOBHBIN B UX
HENPUMEHEHUH, HETIPABUIILHOM MTPUMEHEHUH WM HEIIeJIEBOM HCIIOJIb30BAHUHU.

PaGoTHuk,  Haxonmdmuics B TMOMENIEHUAX €  JICWCTBYIOIIUM
HHEPreTUYECKUM O0OpyAOBaHHEM (32 MCKIIOYEHHEM IIUTOB YIPABIEHUS), B
KOJIOJIAX, KaMepax, KaHajax, [axTax, TYHHENsX, Ha CTPOUTEIbHOM IUIOMIa/IKE, B
PEMOHTHOMW 30HE M B MeCTax, TIJle BO3MOXHO TNaJeHHUE KaMHEH M Apyrux
MPEIMETOB, a TAKKE B 30HE MOTPY30YHO-PA3TPY30UHBIX pabOT, MOKEH HOCUTH
3alIUTHYI0 KAacKy C 3aCTeTHYTHIM MOAOOPOIHBIM peMHeM. Bomockl criemyet
youpaTh 1o Kacky.

B npou3BOACTBEHHBIX OMEIIEHUAX JIOJDKHBI OBITh BBIBEIICHBI HA BUIIHBIX
MecTax TUIaKaThl, HAIJBIIHO WLTIOCTPUPYIOMKUE Oe30macHble METOIBI pabOTHl H
MIPUEMBbI OKa3aHUs MEePBOW MOMOIIY MOCTPAJABIINUM MPU HECUACTHBIX CIydasX.

B mpou3BOACTBEHHBIX TMOMENICHHUSIX Ha PAcCTOSHUU HE Oosee 75 M OT
pabounx MecT pabOTHUKH JIOJKHBI OBITH 00€CIIeYeHbl MUTHEBOW BOJIOM

B pa3jgene HMCnoJb30BaHbI CCHUIKM HA Cjeaylllue HOPMATHBHbIE

HOKYMCHTHBI U CTAHAAPTHI:
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I'OCT 12.1.003-83. CHulI 23-03-2003 CHuII 2.09.04-87. CHulI 2.04.05-
86

CHulI 2.01.02-85. CHull 2.04.09-84. CHull 11-4-79. CHull 2.09.03-85.
CH 245-71. CH 357-77. BCH 03-77. P11 34.03.301-87. P/I 34.49.101-87. OH/I-
84.

OH/ZI-86. T'OCT 12.1.002-84. T'OCT 12.1.003-83. T'OCT 12.1.004-91.
Iroct P 12.1.009-2009. TOCT 23120-78. TOCT 24291-90. CTO
70238424.27.010.001-2008.

3axiroueHne no pasaeny

B xone pa3pabotku Hactosiuieit rinaBel BKP Obuta onucana pabouas 30Ha,
BBISIBJICHBl OMAcHbIE U BpEeIHBbIE MPOU3BOACTBEHHBIE (AKTOpPHI, a TaKxKe
OPEMJIOKEHBI MEpPhl MO OTPAHWYEHHUIO WX BO3JCHCTBUS HA IEPCOHAN CTaHLIMH.
Onpenenensl HauboJIEe BEPOSTHBIE YPE3BhIUANHBIE CUTYAIlUH, pPa3pab0TaHbl MEPHI
[0 IPEIYNPEKICHUIO JaHHBIX CHUTyalldid, OIMCAHBbI MOPSJOK ACHCTBUH INPU HX
BO3HUKHOBEHUH. PacCMOTpEHBl IIpaBOBbIE M OpPraHU3allMOHHBIE BOIPOCHI
oOecrieueHus: 6€30MacHOCTH.

JlanHbIE pazfen SBISIETCS Ba)XKHBIM B CBA3HM C PAaCCMOTPEHHEM B HEM
BOIIPOCOB COXPAHEHHUS 3/10pPOBbS U TPYIAOCIOCOOHOCTU MEpCOHaNa, COOIIOACHUS
BCEX 3aKOHOJATENBHBIX HOPM M MPaBWI IPH NPOBEIECHUU IPOU3BOJCTBEHHBIX

IIPOIIECCOB.
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Conclusion

There might be problems with electricity supply in the remote regions, which
are not connected to central power system. Usually, in Russia in such regions
consumers are supplied by diesel power plants. However it is expensive, there is
harmful for the environment carbon emission and there might be interruptions in
diesel fuel shipping. This paper presents how integration of renewable source of
energy in diesel power plant can help to decrease fuel costs and carbon emission.
Also there are more power sources in the hybrid power plant, therefore the

reliability is higher.

In this paper | designed a hybrid power plant based on the diesel power plant
in the Koyda village. In the beginning of the work | had to decide on which
renewable energy source the hybrid power plant should be based. | analyzed the
geography of the Koyda village and its weather conditions. According to the
results of my analysis, value of insolation is too low to use PV panels. Average
wind velocity in the region is 5.86 m/s and it is a good value for using wind
turbines. Therefore, | decided it is more efficient to upgrade (that is, to combine)

the diesel power plant with wind turbines.

The designed wind-diesel power plant includes three wind turbines
“CONDOR AIR WES 380/50-60", capacity of each is 60 kW, total capacity is 180
kW,; 120 storage batteries; two power controlled boxes, charge controllers and
diesel generator with capacity of 360 kW, which was already installed in the power
plant before. Wind turbines cover 94% of consumers’ energy needs. The lack of

energy is supplied by diesel generator.

Fuel consumption is decreased from 79.5 to 3.6 ton annually. Carbon
emission is decreased by 95%. Before installation of wind turbines carbon
emission was 249.1 ton a year. After the recommended use of a wind-diesel power

plant, carbon emission decreased to 11.3 ton a year.
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Model of wind turbine was created in program “MATLAB Simulink”. It
shows how the generated energy changes in time depending on wind velocity. In
Figures 24 and 25 the graphs of load coverage by wind turbines were plotted based
on MATLAB model.

| made an economic evaluation of the project. | estimated costs and
investments in the project and based on this data | calculated minimal price.
Minimal price is 7.03 RUB/kWh. The real price for energy in the region is 5.65
RUB/KWh. The NPV of the project with energy price 5.65 RUB/kWh is -12 372
219 RUB. | also estimated minimal price and NPV of the power plant which
operates only with diesel generator. Its minimal price is 37.89 RUB/kWh and its
NPV IS
-385 632 819 RUB. The Koyda village is supplied by state utility company,
therefore people have subsidies and pay for energy less than it costs. NPV of the
project is negative but it is still more efficient than diesel power plant without wind
turbines. If the power plant will be upgraded with wind turbines it can save
373 260 601 RUB in 20 years. | also made sensitivity analysis of NPV. Graphs in
Figures 28-31 shows how NPV depends on load coverage by wind turbines,

discount rate, price for electricity and escalation.
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Appendices

Appendix 1 — Load graph of the Koyda village, kW

Hour 1 2 3 4 5 6 7 8
Jan 90 90 90 90 90 126 180 216
Feb 90 90 90 90 90 126 180 216
Mar 72 72 72 72 /72| 100.8 144 | 172.8
Apr 43.2 43.2 43.2 43.2 50.4| 60.48| 80.64| 89.28
May 43.2 43.2 43.2 43.2 50.4| 60.48| 80.64| 89.28
Jun 37.8 37.8 37.8 37.8 44.1| 52.92| 70.56| 78.12
Jul 37.8 37.8 37.8 37.8 44.1| 52.92| 70.56| 78.12
Aug 37.8 37.8 37.8 37.8 44.1| 52.92| 70.56| 78.12
Sept 48.6 48.6 48.6 48.6 56.7| 68.04| 90.72| 100.44
Oct 48.6 48.6 48.6 48.6 56.7| 68.04| 90.72| 100.44
Nov 81 81 81 81 81| 1134 162 | 1944
Dec 90 90 90 90 90 126 180 216
Hour 9 10 11 12 13 14 15 16
Jan 144 108 108 126 144 108 108 108
Feb 144 108 108 126 144 108 108 108
Mar 115.2 86.4 86.4| 100.8| 115.2 86.4 86.4 86.4
Apr 80.64| 60.48| 60.48| 60.48| 69.12| 60.48| 60.48| 60.48
May 80.64| 60.48| 60.48| 60.48| 69.12| 60.48| 60.48| 60.48
Jun 7056 | 52.92| 5292| 5292 | 60.48| 52.92| 52.92| 52.92
Jul 70.56 | 52.92| 5292| 5292 | 60.48| 52.92| 52.92| 5292
Aug 70.56 | 52.92| 5292| 5292 | 60.48| 52.92| 52.92| 5292
Sept 90.72| 68.04| 68.04| 68.04| 77.76| 68.04| 68.04| 68.04
Oct 90.72| 68.04| 68.04| 68.04| 77.76| 68.04| 68.04| 68.04
Nov 129.6 97.2 97.2| 113.4| 129.6 97.2 97.2 97.2
Dec 144 108 108 126 144 108 108 108
Hour 17 18 19 20 21 22 23 24
Jan 144 252 360 342 252 180 126 108
Feb 144 252 360 342 252 180 126 108
Mar 115.2| 201.6 288 | 273.6| 2016 144 | 100.8 86.4
Apr 60.48 | 60.48 72| 80.64 144 | 201.6| 120.96| 51.84
May 60.48 | 60.48 72| 80.64 144 | 201.6| 120.96| 51.84
Jun 52.92| 52.92 63| 70.56 126 | 176.4| 105.84| 45.36
Jul 52.92| 52.92 63| 70.56 126 | 176.4| 105.84| 45.36
Aug 52.92| 52.92 63| 70.56 126 | 176.4| 105.84| 45.36
Sept 68.04 | 68.04 81| 90.72 162 | 226.8| 136.08| 58.32
Oct 68.04 | 68.04 81| 90.72 162 | 226.8| 136.08| 58.32
Nov 129.6 | 226.8 324 | 307.8| 226.8 162 | 1134 97.2
Dec 144 252 360 342 252 180 126 108
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Appendix 2 — Technical parameter of wind turbine “CONDOR AIR WES 380/50-

60”
Diameter of wind wheel, m 17.5
Height of blade, m 8.5
Nominal number of rotations, 25-30
rotations/min
Nominal power, KW 60
Maximal power, KW 62.5
Start wind velocity, m/s 2.5
Nominal wind velocity, m/s 9
Operating wind velocity, m/s 3-20
Hurricane wind protection Automatic
Automatic wind orientation Yes
Tower height, m 18
Wind installation weight (without 2400
tower), kg
Number of blades 3
Wind usage efficiency factor >0.42
Generator type Three-phase generator with permanent
magnets
Generator frequency, Hz 0-50
Generator current Alternative
Nominal current, A 100
Maximal current, A 110
Inverter characteristics Depends on system characteristics
Recommended number of batteries 40
Recommended capacity of batteries, A-h 200
Converting system efficiency >0.85
Noise level not more, Db 65
Limit of wind velocity, m/s 35
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Appendix 3 — AGREPREF method matrices

Pij

Vi | V2 | V3 Vé V5 V6 V7
V1 02 | 02 | 045 045 | 065 | 02
V2 | 08 0.65 0.8 045 | 065 | 045
V3 | 035 | 0.35 0.8 08 | 045 0
Vé 0 02 | 02 0 065 | 0.2
V5 | 0.35 0 02 | 035 065 | 0.2
V6 | 035 | 035 | O 0.35 0.35 0
V7 | 035 0 0.2 0.8 08 | 045
Pji

Vi | V2 | V3 Vé V5 V6 V7
V1 08 | 0.35 0 035 | 035 | 0.35
V2 | 02 0.35 0.2 0 0.35 0
V3 | 02 | 065 0.2 0.2 0 0.2
V4 | 045 | 08 | 08 035 | 035 | 08
V5 | 045 | 045 | 08 0 035 | 0.8
V6 | 065 | 065 | 045 | 0.65 0.65 0.45
Vi | 02 | 045 | 0 0.2 0.2 0
Pij

Vi | V2 | V3 Vé V5 V6 V7
V1 0 | 045 | 055 0.2 0 0.45
V2 0 0 0.55 0 0.55
V3 0 0 055 | 0.8
Vé 0.65 0 0
V5 0 0
V6 0.55
V7

V3 = V7; V4 = V5.
Pij-Pji

Vi | V2 | V3 Vé V5 V6 V7
V1 0.6 | -0.15 | 045 0.1 03 | -0.15
V2 | 06 0.3 0.6 045 | 03 | 045
V3 | 015 | -0.3 0.6 06 | 045 | -0.2
V4 | -045 | 06 | -0.6 035 | 03 0.6
V5 | -01 | 045 | 06 | 0.35 0.3 0.6
V6 | -03 | 03 | 045 | -03 -0.3 -0.45
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| V7

| 015 | 045 | 0.2 |

0.6

0.6

| 045 |

V1>V4;,V2>V1,V4,V5, V7, V3 > V4,V5, V6, V7 > V6.

Appendix 4 — Financial model, calculation of wind-diesel power plant NPV

with electricity price 5.65 RUB/kWh with straight-line depreciation

Year 1 2 3
Investment 19 662 600.00
Cost 6595 106.41 2857 487.74 3 066 655.84 3291 135.05
Depretiation 728 730.00 728 730.00 728 730.00 728 730.00
D. batteries 424 000.00 424 000.00 424 000.00 424 000.00
taxes 0.2 - - -
Revenues 4 034 968.65 4330 328.36 4 647 308.39 4987 491.37
CF - 2560137.76 1472 840.62 1580 652.56 1696 356.32
Sum of CF - 2560137.76 - 1087 297.13 493 355.42 2189711.75
NPV -12 372 218.67
7 11
4 068 063.23 4 365 845.46 4685 425.35 5028 398.49 5396 477.26
728 730.00 728 730.00 728 730.00 728 730.00 728 730.00
424 000.00 424 000.00 424 000.00 424 000.00 424 000.00
- 219 513.29 252 457.63 287 813.50 325 757.41
6164 873.21 6 616 141.93 7 100 443.52 7 620 195.99 8177 994.33
2 096 809.98 2 030783.17 2 162 560.53 2 303 984.00 2 455 759.66
8060 843.71 10 091 626.88 12 254 187.41 14558 171.41 17 013 931.07
14 18
6 670 407.15 7 158 680.95 7 682 696.40 8 245 069.77 8 848 608.88
728 730.00 728 730.00 728 730.00 728 730.00 728 730.00
424 000.00 424 000.00 424 000.00 424 000.00 424 000.00
457 082.26 507 416.65 561 435.52 619 408.56 681 625.24
10 108 548.45 10 848 494.20 11 642 603.98 12 494 842.59 13 409 465.07
2 981 059.05 3182 396.60 3398 472.07 3630364.25 3879 230.95

25 407 089.58

28 589 486.19

31987 958.25

35618 322.50

39 497 553.45

3532046.13
728 730.00
424 000.00

5352 575.74
1820529.61
4010 241.36

12

11877 227.38
5791 499.39
728 730.00
424 000.00
366 478.82
8776 623.52
2 618 645.30
19 632 576.37

19

9496 327.05
728 730.00
424 000.00
748 396.17

14391 037.91

4146 314.69

43 643 868.14

3790591.91
728 730.00
424 000.00

5744 384.28
1953 792.37
5964 033.73

13

6 215 437.15
728 730.00
424 000.00
410 181.04

9419 072.36

2793 454.17

22 426 030.54

20

10191 458.19
728 730.00
424 000.00
820 054.74

15444 461.88

12918 176.33

56 562 044.47

Appendix 5 — Financial model, calculation of diesel power plant NPV with
electricity price 5.65 RUB/kWh

Year
Cost
Taxes
Revenues
@

41 345 827.34

6164 873.21
-35180954.13

1 2 3
27 061 240.61 29042 123.42 31 168 006.85 33 449 504.95
4034 968.65 4330328.36 4 647 308.39 4987 491.37
-23026271.95 - 24711795.06 -26520698.46 -28462013.58
NPV - 385632819.30

44 372 341.90

6616 141.93

- 37756 199.97

47 620 397.33

7 100 443.52

-40519953.81

51106 210.41

7 620 195.99

-43 486 014.43
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11
54 847 185.01

8177 994.33

-46 669 190.68 -

35 898 008.72

5352575.74
-30545432.98

12
58 861 998.96
8776 623.52
50085 375.44

38 525 742.96

5744 384.28
-32781358.67

13
63 170 697.28
9419 072.36
-53751624.92



14 15 16 17 18 19
67794 792.32 72757 371.12 78 083 210.69 83798901.71 89932 981.31 96 516 075.55
10 108 548.45 10848 494.20 11 642 603.98 12 494 842.59 13 409 465.07 14391 037.91
-57686243.87 -61908876.92 -66440606.71 -71304059.12 -76523516.25 -82125037.64 -

103 581 052.28

15 444 461.88
88 136 590.39

Appendix 6 - Financial model, calculation of wind-diesel power plant NPV

with electricity price 6.96 RUB/kWh with straight-line depreciation

Year 1 2 3 4
Investment 19 662 600.00
Cost 6595 106.41 2857487.74 3066 655.84 3291135.05 3532046.13
Depretiation 728 730.00 728 730.00 728 730.00 728 730.00 728 730.00
D. batteries 424 000.00 424 000.00 424 000.00 424 000.00 424 000.00
taxes 0.2 - - 301 088.02 340 003.63 381 767.86
Revenues 4970 510.06 5334 351.39 5724 825.92 6143 883.17 6593 615.42
CF - 1624 596.35 2 476 863.66 2 357 082.06 2512 744.50 2679 801.43
Sum of CF - 1624 596.35 852 267.31 3209 349.37 5722 093.87 8401 895.31
NPV 64 995.80
7 8 9 10 11 12
11877 227.38
4068 063.23 4 365 845.46 4 685 425.35 5028 398.49 5396 477.26 5791 499.39
728 730.00 728 730.00 728 730.00 728 730.00 728 730.00 728 730.00
424 000.00 424 000.00 424 000.00 424 000.00 424 000.00 424 000.00
474 691.53 526 314.92 581717.14 641 174.80 704 984.76 773 465.61
7 594 250.89 8 150 150.06 8746 741.04 9387 002.49 10074 131.07 10 811 557.46
3051 496.13 3257 989.68 3479 598.55 3717 429.20 3972 669.05 4246 592.46
14 312 478.36 17 570 468.04 21 050 066.59 24 767 495.79 28 740 164.84 32986 757.30
14 15 16 17 18 19
6 670 407.15 7 158 680.95 7 682 696.40 8 245 069.77 8 848 608.88 9496 327.05
728 730.00 728 730.00 728 730.00 728 730.00 728 730.00 728 730.00
424 000.00 424 000.00 424 000.00 424 000.00 424 000.00 424 000.00
925 832.65 1010479.57 1101 322.64 1198 815.42 1303 444.68 1415 732.80
12 452 300.40 13 363 808.79 14 342 039.59 15 391 876.89 16 518 562.27 17 727 721.03
4 856 060.60 5194 648.27 5558 020.55 5947 991.69 6 366 508.72 6 815 661.19
42 383 384.96 47 578 033.23 53 136 053.78 59 084 045.48 65 450 554.19 72 266 215.38

20

3790591.91
728 730.00
424 000.00
426 589.23

7076 268.07

2 859 086.93

11 260982.24

6 215 437.15
728 730.00
424 000.00
846 959.26

11 602 963.47

4 540 567.06

37 527 324.36

10 191 458.19
728 730.00
424 000.00

1536 240.40

19 025 390.21

15782 919.00

88 049 134.38

Appendix 7 — Financial model, calculation of diesel power plant NPV with
electricity price 6.96 RUB/kWh

Year
Cost
Taxes
Revenues
@

41 345 827.34

7 594 250.89
-33751576.45

27 061 240.61

4970 510.06
-22090730.55 -

NPV

44 372 341.90

8150 150.06

-36222191.84

29042 123.42

5334 351.39
23707 772.02

- 369964 826.23

47 620 397.33

8746 741.04

- 38 873 656.28

51106 210.41

9387 002.49

-41719 207.92
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31 168 006.85

5724 825.92
- 25443 180.94

-44 773 053.94

33 449 504.95

6143 883.17
-27305621.78

11
54 847 185.01

10074 131.07

35 898 008.72

6593 615.42
-29304 393.30

12

58 861 998.96

10 811 557.46
-48 050 441.49

38 525 742.96

7 076 268.07
-31449474.88

63 170 697.28

11 602 963.47
-51567733.81

13

20

13



14

15

16
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17
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