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GENERAL CHARACTERIZATION OF THESIS

Actuality of the subject:

New energies sources due to multiple benefits are growing. These renewable systems are used in two
kinds of connected to the network and separate from the network. Along with the many benefits of
renewable energy systems, there is a fundamental problem, which is the reliability of such systems.
Since renewable energies such as wind, solar, wave etc., have variable nature, so the reliability of
these sources is a fundamental problem. To resolve this problem and utilization of new energies to
generate power, hybrid systems are used, which are often combined with one or more renewable
sources along with the backup system to compensate times of lack of power.

Among the most commonly used combination systems, systems consisting of wind turbines along
with other sources of energy and in this context, many works have been carried out with different
views. A number of hybrid systems that can be named include wind - diesel or wind - solar with
backup systems and so on. Due to the widespread use of these systems in power generation, energy
management issue in these systems is desired. In this thesis, a hybrid system consisting of a wind -
solar with battery support was first modeled and then either fully and partially has been studied. Then,
because of their variable nature, a prediction method (linear prediction) has been studied and finally,
the main part of work (energy management this system) and energy management constraints including
economic optimization and load management (with the method of cutting load) has been studied
thoroughly. Electrical load management (ELM) is one of the most basic and most important branch
of demand side management (DSM). Energy management in the proposed system is done by load
management. Since, the main purposes of combining wind and solar units are to provide more reliable
load consumption under different conditions of climate and on other hand, reduction of required
system costs and also effects of load management on the economic and energy management issue,
this study focuses on a detailed examination of the costs of a wind-solar hybrid power plant of the
independent from over a 20 year period. Storage system used is a lead - acid battery bank and in
addition to the cost of production and storage units, costs related to power electronic equipment is
such as battery systems and charger and DC/AC inverter are considered in the calculations. Choosing
the optimal combination of power plant was conducted using particle-bunch optimization algorithm.
A condition that in the process of problem solving has always been considered is full coverage of the
load in all year in two mode of without management and with load management. It seems that, since
the new algorithm is used and the effects of various factors are considered, this work is unique in its
kind. Features of this algorithm include simplicity, speed and convergence to the global optimum
point.

Purposes and objectives of work:

The purpose of this thesis is combination selection from among of existing commercial equipments
of the hybrid system studied for complete coverage of the load for a period of 20 years. Selection of
the best combination is a compound that has the lowest cost during the choosed period. For this reason,
the following objectives are formulated and solved:

- Load management and methods of its application,

- Modeling and simulation of system performance photo Voltaic PV photovoltaic /WG wind
generator,

- Minimizing costs using intelligent algorithms PSO Particle Swarm Optimization,

- Influence of Environmental effect on energy management of system.
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The noted tasks are solved with consideration and development of new algorithm and implementation

of appropriate software package.

The subject of research:

Defining work principles of PSO; Minimization problem using PSO; Studying its metrics and

limitation.

Methods of research:

The research was based on the study of literature and the experience of creating systems restores

energy. Studies were conducted based on mathematical modeling techniques using PSO algorithms

and software package MATLAB 7.1

Scientific novelty:

This thesis has the following innovations:

-The new optimized algorithm for hybrid system of the wind-solar with battery backup, which is a

reliable and usable system in isolated areas of the network with having a convenient geographic

location.

-This hybrid system to supply power has the capability of the variation in the sources number.

-The proposed method of energy management of this system with controlled load

Reliability of results:

The algorithm used to optimize the problem is PSO that in terms of categories, it is among the

intelligent algorithms. This algorithm is a relatively new and presented at 1995. This algorithm is

based on Social Intelligence of the organisms that live in mass. Not only PSO algorithm very quickly

reaches the optimal point, but also the possibility of trapping in local extremes is very low. What will

be applied in the present study, is a simple algorithm PSO using the inertia weight that to ensure

optimized solutions obtained, the problem will be addressed in several times and with different initial

populations (multi start technique ).

Main points presented for the defense:

- The optimum angle for solar panels installation;

- Optimum combination of mixed plant Wind — Solar;

- The results of energy management and optimization with application of load management;

- Estimation of influence the Environmental effect of energy management.

Practical significance of results:

The results are important for the organization of works in real environments, such as:

- providing more reliable load consumption under different conditions of climate;

- reduction of required system costs;

- reducing effects of load management on the economic and energy management issue;

- choosing the optimal combination of power plant using the particle-bunch optimization algorithm.

Implementations:

The proposed method and algorithm is taken for use in power plant in northwest region of Iran

(Ardebil) for simulated management of distribution of energy of wind and solar generators.

Approbation of the thesis:

- The first international Scientific-Research conference 2014 Nanotechnology Applications of

Electrical and Computer Engineering.Azad Sama university of Zanjan (Abhar);

- The first international Scientific-Research conference 16-17 September 2011, ISSN:1829-

(Computer Science and IT), pp. 211, poster, Yerevan ,Armenia;

- The first international scientific-Research conference 2014 (computer science and 1T) Azad
university of Zanjan (Abhar);

-In scientific seminars of YeTRI and IIAP of NAS RA.
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Publications:
The main results of thesis have been published in 6 scientific publications, which are listed in the end
of the abstract.
Structure of dissertation:
The thesis contains introduction, five chapters, conclusion, bibliography with 50 references and 2
appendixes. The main text includes 143pages, 73 figures, 13 tables and 109 formulas. The full text of
theses with appendixes includes 154 pages.

THE MAIN CONTENT OF THESIS

In Introduction, the actuality of the work is justified.

In Chapter 1 the purposes and objectives of work, as well as the main points presented for the defense
are formulated; the practical significance of results, the scientific novelty and the functional and
structural features of renewable energy hybrid systems are presented.

Section 1.1 in the wind power turbines, wind kinetic energy is converted into mechanical energy and
then into electrical energy. A wind energy conversion system is shown schematically in Figure 1.3.

Turbine blades

body high speed shaft [ -

”"WT\'C'"‘“"“( LL air flow
:’ ) - Figure 1.3: Schematic
| \/ - block diagram of
| u awind energy conversion system.

electrical | mechanical kinetic

energy | | energy energy

In Chapter 2 according to the name of the thesis (Energy management of the wind and solar hybrid
system with storage battery, which must be the wind and radiation are anticipated and to be considered
battery memory effect) the project is divided into two general sections and two general points.
Section 2.1 the system configuration is shown in Figure 2.1. An induction generator with variable
speed wind turbine with the blade pitch angle control as the initial stimulus is moved for the
production of electrical power is used. AC output voltage of the generator ( with the variable
frequency ) is first rectified and then in an inverter to AC voltage with frequency of 50 Hz is converted.
For use in situations of the separate from the network, each compensator capacitor banks are required
to set up the induction generator but in applications of the connected to the network, capacitor bank
can be removed from the system.

Rotor blades
compensator

capacitor bank pr— e [\
1] G| Battery

o T T T l_ indution Generator ( ll:|
|"‘.L°ad } 1 l Dc/ac " Aac/Dc j’ o ‘\LW’

‘~.k A + N . J ]r’_‘\\

[ )

\ /

\/

J

Figure 2.1: Block diagram of the turbine system and the generator separated
from the network with the battery storage.
Section 2.2 in following the relations that were discussed in Chapter | for the solar cell, in this section,
a complete model of a photovoltaic array and module is provided with full their relations. Then, we
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obtain the different curves of a module under standard conditions and to compare with the curves
given by the manufacturer. We will also change the inputs and the results to compare with the theories
presented in Chapter I1, thereby performance accuracy of the models is confirmed.
Section 2.3 power electronic interface circuits are an integral part of hybrid systems such as those in
this study are examined. This section presents rectifier models AC/DC, converters DC/DC and
inverter DC/AC and their results. It should be noted that the purpose of this study is not a detailed
examination of converters, their switching status and various power electronic converters and their
advantages and disadvantages. Section 2.4 in this section applies two solar radiation inputs to the
photovoltaic system and their results will be discussed.
Section 2.5 to solve the memory effect on the battery, there are special charging procedures, which
dead houses will return to the first case. The most important defect that occurs on the batteries with
condensed pages is mode of being ineffective or weak of the number of pages that occurs due to not
participate in the charge and discharge.

In chapter 3 in this study, the linear prediction method is used. Since these predictions for 2.5 seconds
later and using 10 data of wind speed have done in the past, should be very fast, so the results can be
used to control turbine. The proposed method may not be the best option but considering the urgent
need to high speed in the prediction, this method can be very efficient. The linear prediction model
respectively shows time series of signal samples during the specified time
interval. yE+T)=a,.y@) +a.yt—T)+ -+ ap.yt—(m—-1).T)
Section 3.1 the prediction error that is obtained from the difference between the predicted wind speed

and its actual value must be minimized.
Error(%h) = {

Fredicted Valus —Real Vaolue

}x 100%

FReal Valus

Section 3.1.1 the mean absolute percentage error (MAPE) and the mean square error is defined as
follows (MSE):

v, ~Voredi 1
actual " ¥predicted [ % 100 MSE = J_E i
Vactual i

1
MAPE = ;zkzl,,..ﬂ

v,

actual —

2
Vprsdi cted |

Using linear prediction method for various lengths of modeling window and different orders

m=2 m =4 m =6
= ek * ok * ek
20 22.30 4.81 20.53 4.56 19.12 5.28
60 23.08 4.35 21:32 3.89 20.21 3.92
100 21.07 4.23 19.72 3.60 18.20 3.56

* maximum prediction error, ** mean absolute percentage error

NO. of Test Dot Set, 69.

Real Wind Speed

Pradacted Wind Sceed

20 40 50 80 100
Langth of Modelling Windows20, Mode! Order,ma2

Real & Prodicted Wind Speed, m's

Predectsd Wing Spese

Figure 3.1: Prediction of 60 data on wind speed with modeling window length
of variable and model of equal to 20
In chapter 4: The best combination is a compound that has the lowest cost during the study period.
These costs will include the cost of investment and maintenance. Optimization variables are the
number of PV modules, number of WG turbines and battery capacity needed. The algorithm used to

optimize the problem is PSO algorithm.



Section 4.1: Energy management in the proposed system is done by load management. With regard
to the descriptions in this section, we can say that load management techniques are the three main
categories of load shading, valley filling and load shifting.

Section 4.2: Modeling and simulation of system performance PV/WG are presented. In the study
conducted, system performance is simulated with time steps of 1 hour for one year. Characteristics of
the current — voltage and power - voltage of a PV array from each production unit which is shown in
Figure 4.7 is composed of parallel modules NP and series modules NS.

A | MPP

(A\) 29804 nding

Output Current (A)

Output Power (W)

0 N,V 0 Verin Visea R—

(@ Output Voltage (V) ®) Wind speed (m/sec)

Figure 4.7: The output power characteristics WG and PV: (a) current - voltage and power - voltage
characteristic of the PV module and (b) power characteristic based on the wind speed WG.

The output power measured from a PV array and the corresponding maximum obtainable power for
a business charger battery that is not equipped with the MPPT? are shown in Figure 4.8. During bulk
charging, PV array is connected directly to the battery bank. Available solar radiation during the
period of measurement is changed from 0 to 900 W/m2. Average obtained for the conversion factor
n2 will be approximately 70 percent.

450 .
g 51 . i
< 300 ¢
- Maximum R
; Fy1] ORRRREN () RN ot S
I
lso + —
> Mu.mred
B 754
0 + + +
7:01 8:24 9:49 11:13 12:41

Time (h)
Figure 4.8: PV array output power deviation from maximum obtainable
power in the conditions of non-use MPPT

Battery bank with the nominal capacity c, (4 h), is only allowed to be discharged to a limited extent.
Maximum allowable depth of discharge (DOD) (%), by system designer and at the beginning of
optimization process is determined.

Cmin = (1= DOD).C,
Based on energy produced PV and WG and power required load, state of battery charge (SOC) in
during the simulation is calculated as the cumulative and from the following equation:

@) =cit -1 +n T ¢ Ci(24) = Ci(0)
BUS
The number of batteries in series, nf—,,, depends on the DC busbar nominal voltage and the nominal
voltage of each batteries, that is calculated as follows: ny = %
B

The equations presented above are used in a simulation process to determine whether the responses
obtained from the optimization will provide the required load during the year or not. The flowchart of
this case is shown in Figure 4-9. The algorithm inputs include solar daily radiation on a horizontal

1 - Maximum power pointer Tracker



plane, average hourly ambient temperature and wind speed, the power required load during the year
and specifications of the equipment’s used in the system. However, the calculations time step is
considered equal to 1 hour. First, the total transmitted power from PV and WG to the battery bank,
PL(t)(W), during the day of ith 1 < i < 365 and hour of t-th 1 < t < 24, is calculated from the
following equation: PL(t) = Npy. Phy () + Nyg. Pl (t)
Then, input power of DC/AC converter, PE(t)(w), using the power required load is calculated as
follows:
Pll:(t) — Pio;zld(t)
l
The remaining capacity of the battery, with respect to calculation of the production power and
consumption load will be achieved.
- If PL,(t) = Pi(t), then the battery capacity will remain unchanged.
- If PL(t) > PL(t), then extra power for charging the battery bank is used.
- If the battery SOC reaches 100% of the allowable SOC, then the remaining power available
will remain unused.
- If PL(t) < Pi(t), then the fraction of the power, PL(t) = PL.(t) — Pi(t), to meet the
required load must be supplied by the battery.

B. 3 discharging,
calculation ofnew SOC

Figure 4.9: Flowchart of the algorithm used to simulate the system performance

The above steps are repeated until either the simulation time range is finished at the 24 hours on the
365th days, which will indicate the successful performance of the system, or the battery is discharged
to a value less than the minimum allowable range defined in Equation 4.10. In such a situation, the
system performance is considered unacceptable and the plan is rejected because it does not guarantee
reliable performance of the system.

Section 4.3: PSO is a population algorithm, where members search for a desired area. In this bunch
of the population, swarm and each member is called particle. Each particle moves with adjustable
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speed in the search space and keeps the best previous position itself in its memory. In the whole space
of the algorithmic search, the best position achieved by the whole series is to inform all other particles.
For a hypothetical n-dimensional search space, § € R and a group consisting of N-particles, the
position of particle i-th under the influence of n-dimensional position vector is:
X = (i, Xy o, Xin)T €S

Also, the velocity vector of this particle is n-dimensional vector:  V; = (vi1, Viz, .., Vin)T €S
The best previous position obtained for the i-th particle is spot in S that is displayed as follows:

P; = (Di1, Pizs -+, Din)”
Suppose that g is index used for the particle which so far has achieved the best position among all
particles of the bunch and t is the repeat counter. Then, the new position of the bunch particles are
defined according to the following equations:

Vi(t + 1) = Vi(8) + cry (Pi(6) — X;(0)) + cra (P (1) — X (1))
Xit+D) =X+ Vit +1)
One of the negative aspects of this type of PSO is the lack of a mechanism to control the speed that
may lead to the explosion of the bunch. To deal with this problem, we can set an upper limit for the
speed amount of each particle, V4, Although, reforms made can not alone make a significant impact
in improving the algorithm work. Closely observing the performance of this algorithm shows that
although, PSO finds the area where optimal point is located in it, faster than other evolutionary
computation methods, but to reach this area, the speed of the algorithm progress is reduced. This is
due to the inability of the algorithm to adjust the size of the steps in the algorithm in order to continue
the search in the more appropriate space.
Above problem is reduced by applying a weighting parameter to the particle previous speed. The
following equations to calculate the new position of each particle are used:
Vit+1) =wV®)+Cry + C1T1(Pi(t) - Xi(t)) + Cory (B (8) — X(£))

X+ =XO+V;t+1)
In subsection4.3.2 In the proposed method, the outputs of the optimal sizing using the algorithm PSO
are the number of WGs, modules PV and batteries. The number of variables must be optimized in
such a way that ultimately 20-year cost of the system is equal to the lowest possible value.
The total cost of the system J(X)($) is the sum of capital costs C.(X)($)and maintenance costs
cm(X)($). min{/ (X)} = min{C, (X) + € (X)}
Therefore, the aim of this multi-variable optimization is minimizing a function including the initial
and ongoing 20-years costs of each of the parts used in the system.

JX) = Npy. (Cpy + 20Mpy) + Nyyg. (Cyg + 20My¢)

+Npar- [Coar- Vpar + 1) + Mpar. (20 — ypar — 1]

+Ney - [Con - Oén + 1) + My (20 — g — 1)

+Nivy- [Conv- Yiny + 1) + Myyy. (20 = vy — 1)]

According to the conditions:
Npy =0 ; Nye =0 ; Npar =0
. . i=123,..365

PSupply(l’ t,X) = Ppemana (i, t) fOT{ t=123 .24
The number of inverter replacement frequency during system lifetime (20 years) is equal to lifetime
of the system divided by the mean time between failures of the power electronic converter. (Note that
the initial installation is considered as a replacement.
The last condition is about to review the ability or inability of the composition obtained for system to
meet the load demand. This condition is tested at each step of the simulation and even if in one step,
it fails then the composition obtained is known inappropriate and will be removed from the possible
plans.
Section 4.4 This plant is simulated based on data related to wind and radiation survey of the East
region of Iran .1t should be noted that the costs obtained are based on the existing prices and based on
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the dollar ($) and load profiles under study to test the reliability of a variable load profiles with a
maximum value is 20Kw. Annual profiles of wind speed, which is sampled at a height of 40 meters
and a 1-hour intervals, an average of 24 hours in a 52-week year is shown in Figure 4.10.

In conclusion, the results of the simulation

in terms of working with the weekly average will have more credibility than the results obtained from
the simulation with exactly duplicate data. Second, instead of the simulation during time step 8760
(one year of 365 days is assumed to be equal to 8760 hours ), the simulation can be done in time step
52x%24=1248 (one year is equal to 52 weeks and each week will also include a 24 hour profiles).
Thus, the volume and time of computations and memory requirements are reduced about 7 times.
Profiles of blowing and horizontal-vertical radiation of the wind and load consumption during the one
year that are obtained by taking the average of 24 hours over 52 weeks are shown in Figures 4.10 and
4.11.

Peuty wsspeed Wi jeat ]

"
VIt LUV
| .4|.‘| 1

o 20 50 a0
24-hours averange wind spead along 52 weaks of & year

Figure 4.10: 24-hour average of the Figure 4.11: 24-hour average of the horizontal
wind over the 52 weeks of the year and vertical radiation over the 52 weeks of the year

In subsection 4.4.1: As can be seen in Figure 4.11, radiation survey data in both horizontal and
vertical direction are measured. Thus, the vertical radiation is related to the rate of energy radiated by
a horizontal plane with dimensions 1x1 m and the horizontal radiation is related to the rate of energy
radiated by a vertical plane facing south with dimensions 1x1 m. The rate of energy radiated (W/m2)
by a solar panel that is installed at an angle a with respect to the horizon in every moment can be

calculated from the following equation: Gi(t, @) = GL(t).cos(a) + G (t)sin(a)
The amount of energy radiated (Wh/m2) by the panel with an area of 1 m2 during the year, is obtain
ed from the following equation: Eg(a) = X355 %22 G(t, )

The best angle a is equal to the amount which gives the maximum possible value to the Ec. Figure
4.12 shows a Ec amount calculated for 0 < a < 90° based on horizontal and vertical radiations
annually obtained in the study site. This site is located in East of Iran, which is located at the
longitude of 48°:17" and latitude 38°:15".As can be seen in Figure 4.12 the best angle for the
installation of solar panels is @gpr = 34.29°.
i Figure 4.12: The amount of energy
T radiated by the solar panel during a
year based on the angle of the panel

installation

]
R

In subsection 4.4.2: Technical and economical characteristics of equipment’s used in hybrid power
plant studied are as follows:
- Wind turbines with nominal power 50000W, installation height 15m, low cutoff speed 2.5 m/s,

nominal speed 11 m/s, high cutoff speed 24 m/s, price 200000$.
- PV module with nominal power 6000W, price 30000$.
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- Battery with nominal capacity 2000 Ah, DOD max = 80%, charge and discharge efficiency 85%,
lifetime 3 years, price 6000$.

Annual maintenance cost of any equipment is considered to be equal to 1% of the initial cost of
buying them.

To find the optimal combination of power plant desired, software in the MATLAB 7.1 programming
environment is provided that comprises two main parts of simulation and optimization.

The main functions of the optimization are as follows:

Generation production.

Compare the particles(compounds)-conditions.

Determine the suitability of each combination

Next generation production and repeat the above steps.

The algorithm stops after producing a limited number of generations ( 100 generations ) and the best
answer obtained is known as the most optimal possible combination.

In the simulation part, as its name implies, to simulate the compounds produced in each generation
are paid, as desired combination for one year, with data on blowing, radiation and load shown in
Figures 4.10 and 4.11 are simulated.

In subsection 4.4.3 The above program runs with the initial population equal to 60 individuals and
for 500 generations.run time of the above program is approximately 1.5 minutes on a Pentium V with
2024 MB RAM.5/40GHz. Figure 4.13 shows the trend of convergence of the above program in five
independent execution. It can be seen that almost all executions in less than 150 generations will
converge to the optimal answer.

PO comergence. & s, 50 porsinien Figure 4.13: The convergence trend of the
y program written in five independent
executions. (populations equal to 60

individuals and for 500 generations)

cos! function
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interesting thing is that the program execution with population of 30 individuals and 100
generations to reach the optimal solution will suffice. This, with the previous same system ends
in 60 seconds, just in order to ensure the convergence program to the global optimal answer, it
is better that the program ran several times ( 5 times ) consecutively ( multistart technique ).

The last thing remaining is that, since the final composition should include correct arrays, it is better

in the space surrounding the results obtained which are real and non-integer, the search is
performed to obtain the best combination. Since, this problem has only three variables, it would
be easy to do.

According to the input data which can be seen in the table below, the following result is obtained:

Table 4.1: The data used in the optimization algorithm

Lifetime of the system 20 years
The power of each solar modules 6000 watts
The price of each solar modules 40000 $
The cost of modules maintenance in a year 500 $
Price per turbine 200000 $
The cost of wind turbine maintenance in a year 2000 $
Price per battery bank 6395 $
The cost of battery maintenance in a year 200 $
Lifetime of the battery 3 years
The cost of DC/AC converter 51000 $
The cost of converter maintenance in a year 500 $
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Lifetime of the converter 4.5 years

The cost of charger battery 3000 $
The cost of charger battery maintenance in a year 20$
Lifetime of the charger battery 4.5 years

In subsection 4.4.3.1: Now, at the first, we observe results of the energy management and

optimization without applying load management with respect to the algorithm described and data of

the wind, sun and load which can be seen in the next figures and also table above, which are as follows:
Table 4.2: Result of the energy management and optimization without applying load management

Wind turbine 3 pcs
Solar module 13 pcs
Battery bank 106 pcs

For the load curve for a one-year is used from a load curve IEEE that its maximum power is 1 KW but
the total diagram is multiplied by 20 to be proportional with the load demand that can be seen in

it il

Figure 4.14: The annual Ioad curves Flgure 4.15: Curve of power generated
used based on average hours per week by solar modules based on average hours per week

LH

Power generated by wind turbines and solar modules are shown in Figures 4.15 and 4.16 ( in this case,
regardless of the load shading ):

Figure 4.16: Power generated Figure 4.17: Total productive power

by wind turbines based on average with respect to converter efficiency
hours per week based on average hours per week

But total productive power with respect to the
efficiency of the converter is shown in Figure 4.17. And, the battery SOC diagram in this case can
be seen in Figure 4.18.

the year based on average hours
per week

‘ ‘ “w W Figure 4.18: Battery SOC during

7600

The |mportant pomt in thls flgure whlch represents the amount of remaining battery charges, is that
to enhance reliability, we consider the minimum SOC battery to 20% in this algorithm But this case
also has another advantage and that is that each month.
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In subsection 4.4.3.2 Now, we observe results of the energy management and optimization with
applying load management by the load shading method, with respect to the algorithm described and
data of the wind, sun and load which can be seen in the next figures and also input table in the load
management mode, which are as follows:
Table 4.3: Result of the energy management and optimization with applying load management by
the load shading method

Wind turbine 2 pcs
Solar module 14 pcs
Battery bank 105 pcs

Load curve in this case with respect to the load management in the peak consumptions is faced with
load shading, which can be seen in Figure 4.19.

PN L

IH| \

Figure 4.19: The annual load curves Figure 4.20: Power generated by
usedbased on average hours per week solar modules based on average
hours per week in the load shading
mode.

Power generated by wind turbines and solar modules (in this case, with respect to the load shading)
are shown in Figures 4.20 and 4.21.

|
humﬂﬂﬂﬂfmimlﬂ Il uﬁ

]
|
|
|

Figure 4.21: Power generated by Figure 4.22: Total power generated
wind turbines based on average with respect to the converter
hours per week in the load shading mode efficiency based on average

hours per week in the load shading mode

But total productive power with respect to the efficiency of the converter is shown in Figure 4.22.
And, the battery SOC diagram in this case can be seen in Figure 4.23.

Figure 4.23: Soc battery during
the year based on average hours
per week in the load shading mode
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Description of the battery SOC is like the previous case.
In subsection 4.4.3.3 Now, we observe results of the energy management and optimization with
applying load management by the load shifting method, with respect to the algorithm described and
data of the wind, sun and load which can be seen in the next figures and also input table in the load
management mode by load shifting method, which are as follows:
Table 4.4: Result of the energy management and optimization with applying load management by
the load shifting method.

Wind turbine 2 pcs
Solar module 15 pcs
Battery bank 108 pcs

Load curve in this case with respect to the load management in the peak consumptions is faced with
load shifting, WhICh can be seen in Figure 4.24.

“ il "’ ‘ ” ‘ } @ “ [

Figure 4.25: Power generated
by solar modules based on
average hours per week in the
load shifting mode

Jm \l\

Figure 4.24: The annual load
curves used based on average
hours per week in the load
shifting mode.

fa00

Power generated by wind turbines and solar modules (in this case, with respect to the load shifting)

L

EEJ gl l l

Figure 4.26. Power generated
by wind turbines based on
average hours per week
in the load shifting mode.

I

Figure 4.27: Total power
generated with respect to the
converter efficiency based on
average hours per week in
the load shifting mode

But total productive power with respect to the efficiency of the converter is shown in Figure 4.27.
And, the battery SOC diagram in this case can be seen in Figure 4.28.
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Figure 4.28: Soc battery during
the year based on average hours
per week in the load shifting mode

Description of the battery SOC is like the previous case.

Section 4.5 To create an energy plan codified in each country needs a comprehensive energy system
consists of specific inputs for each country that suitable format for this case is RES graphical diagram
which its input and output are consumption and carriers of the production in any country. But, since
the efficiency and transfer matrices establish relationship between these two, we briefly explain it.
Operation algorithm and computation

In the energy balance of the country for the year 2010 that is given in Table 4.5, the first step is to
change the type of the consumptions of each country and consumption amount of each of them and
this is placed as input in the RES diagram. In next step, with respect to type of carriers will be
determined producing share of each of the carriers at the consumptions type that in end of this step,
we reach to the energy net available for the carriers.

0.2312 0.3156 0.9921 0.7096 0 0.4026°
N0 e 0aere In next step, we should calculate the losses in

0
0 0.0207 0 0 0 0
o=|00es o o o o %% transmission and distribution sectors
S o 8 4 & 8 and also consumptions of the energy
D070 104422 00008 02008 1000 0 T part as an efficiency matrix that at the
379.300 _ 1
b 3675065 end of this step, we reach to the energy
V, = a; X Consumption  Consumption=| 25230001y, _| 87105 net amounts plus losses.
2.5000 0
85.2000 )

79.6859

Table 4.5: Energy balance of the country for the year 2010

16151 (1) 6450 42 65 2514 250 on ~ 23214
803 @) 32/6 - 2/6 - - - 12 11677
-115017G) 298 - 02 -1/6 11823
02 - - - - -02
578/5 64777 39 87 25/4 251 on 04 128971
-14/0 - - - - - - - -14/0
-119 - - - - - - - -119
207 2917
-59/6 2208 = - - 2519 -0(S) - 30517
— — - - - 95 0/04 10417 104
-19 -4/3 - - -19/0 -2512
5418 — - - = = 5/6 -64/4
367/ 39 87 25/4 = - 7977 942/9
367/8 39 87 2514 = = 7977 94219
225/5 — o 2514 - 40/6 3793
9811 39 - - - - 26/8 18872
19 - - - - - 0/1 25413
- - . - - — 97 33/4
2is 245
852

(1) Itincludes the production of crude oil, condensate and gas liquids.

(2) Itincludes crude oil swap transactions.

(3) Itincludes crude oil swap transactions, liquefied petroleum gas exports and condensate and
gas liquids exports.

(4) Conversions are performed as a result of re-classifying products or due to change in the
specifications and nature of a product or due to combine it with other products.

(5) Primary energy.
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The third step is the separation of the total
electricity from its manufacturer
carriers, which share of each of the
carriers, is characterized by a transfer

matrix.
1.0129 0 o 1] o 1] [+] 1]
o 1.1607 o [4) o () o [4)
o o 1.0000 1] o 1] o 1]
o o o o 1.0000 o 1] o 1]
< o o o 1] 1.0000 1] o 1]
o o o o o 1.0000 o o
o o o (1) o () 1.0000 (1)
[+] (o] o 1] (o] 1] o 1.3086
463.2835
427.0058
3.8957
3.8957
V, =an XV v, =| 87105
25.3752
o
o
104.2769-
0.2272 ) 23.6917
0.6818 71.0960
5 o
_ o _ _ 0
23 o Vg = az X1;(8) = o
0.0907 9.4579
0.0004 0.0417
—1.0000 —104.2769

The fourth step is a continuation of the third section, which converts the carrier amounts to
produce electricity with considering its losses to the fuel used to generate it.

25056 0 0 0 0 0 0 0
0 3.0941 0 0 0 0 0 0
- - 0 0 1.0000 O 0 0 0 0
In the fifth step, at first, we sum the w—| © 0o "o 10000 0 o 0o o
1 4 0 1] 0 0 1.0000 O 0 0
total results of the first and P R P
fourth sections together then o 0 0 0 0 0 25000 0
with a matrix can be obtained L T e rr
losses (efficiency) + losses of 2199753
the refineries conversion + V,—a,x 1, n=| 0
losses of the transfer and 24.9945
H 0.1043
Fransformatlons of_ the total Epyy
internal energy available
1“30“‘—02*00,_0%00 § g § § § 107704 1648.6037
a=l 5 o o “%°c000 6 o o -28 644.18
S 8 8§ 8 8 %l S 0 39
S 8 8 % 8 8 ™8%%uckeo | s . | 63
Srss BE R Y
G B v —| 35382 0 2499
T * | 333832 0 01
oo 04 04

In the sixth step, we sum the result of the fifth section with the total exports and then we subtract it
from imports until we reach to the total domestic production in any carrier available in the country.
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As a result, sixth section is the same of RES? outputs that are obtained from the previous steps and
input (consumption). Therefore, we have to supply matrix.

Now, according to the above process and given that our target system with the load profile intended
in consumption year provides 16.959 megawatt hours, with respect to jules conversion coefficient
( FCR Jules) to the barrels of crude oil, equivalent with 3129 barrels of crude oil will save money.
But according to the above steps, if this amount of production generated from the above carriers, it
causes that environmental pollutants are generated as follows according to Table 5.6, which in result
of the environmental pollutants reduction effect will be as follows.

Table 4.6: The reduction amount of environmental pollutant gases in year 2010 ( based on tons ).

1/35 1/019 262 0/01 11 2/5 0/05
0/3 0 269 0 0 0 0

Table 4.7: The reduction amount of environmental costs, thereby pollutants reduction effect.

NO, S0, o, co CH SPM

0/004 0/00001 0/50 0/1 0 0

Section 4.6 Choosing the optimal combination of power plant was conducted using PSO algorithm.
A condition that in the process of problem solving has always been considered is full coverage of
the load in all year in two mode of without management and with load management. It seems that,
since the new algorithm is used and the effects of various factors are considered, this work is unique
in its kind. Features of this algorithm include simplicity, speed and convergence to the global
optimum point.

Conclusions and Recommendations are given in chapter 5

THE MAIN RESULTS OF THESIS
-The cost of energy is optimized by developing PSO algorithm with technique of EC.
-Proposed system of optimal choice of energy source taking into account the changing environment
on the basis of linear prediction.
-Developed system for optimal distribution of energy sources on the basis of the package MATLAB
7.1.
-1t is proposed to optimize the control algorithms of energy sources using PSO algorithm
-Assess and reduce the cost of expenses, depending on the system requirements, as well as the
economic consequences of the use of load and energy management through the PSO algorithm for 20
years.
-Simulation and consideration of our system is done for balancing of energy by the RES graphical
software.
-With the help of a software package RES graphically reached mode with maximum energy
production, minimal consumption of it and with minimal losses.

2 Graphical format for displaying the energy
17



-Estimation of the costs associated with power electronic equipment is modeled in such a system as a
battery and charger, and a wind generator and solar panel and inverter DC / AC in the MATLAB
software for the new hybrid power station.

-Shows that the prediction of wind speed, solar radiation, the use of battery-driven and appropriate
management processes will lead to greater energy recovery and power

-The proposed algorithm has been implemented in real physical and virtual networks of the same. The
differences between the real and virtual simulation are minimum.

-According to the research the proposed system increases the service life.
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Lundni, wpkqujh U dwpwnlngh hhdwb ypw bdbkpghuygh geutpugunn hhpphy pushagus
hwdwljupgh BEibpquuyuniwi junuwjupmup hwogh wntikjng dupunlngmd tukpghugh
Ynrnuljuwt EpEYunp wpthg m pudnig uinuuguwd Eukpghuygh gduyht jutpuntudwdp

Udthnthnud
ZnnUuyhtt b wpbughtt hwdwlwpgbpp (remoycranokn) Updjung htinn hwdwngpbnt

hhdtwwl byuwnwlitp b wwppbp Yihdwpuluwt gupdwbbtpnd wybh hnawgh
pinijwénipjutt uyundwi  wwwhnynudp, hull o Yondhg, wihpwdhon
hwdwlwnpqujhtt swhiubph, hyybu twb mbnbuwlwt b tukpghnhl jupwupdw Jpu
pntjuéniput junwjupdwt wqpkgnipniuttph iuqbkgnidp: Unyt hknwgnunnipiniut
nnus b whlwju hond-wpbwghtt hhpphy Eyupuuyuith 20 mwupdu Swjuubph
dwbpudwut nuundtwuhpmipjuiin: Oquugnpéyws wuwhbunwynpdwt  hwdwlwpgp
juwupb-ppuyht dwpulnguyhtt pnl Lt b wpunwugpnipjui m wwhbunwynpdw
piayutph wpdtphg pugh, hwpquplubpnid tjuwnh B wnbidl) bwb nidwght GEYnpnbwgh
uwppwynpmidbph, wyn  pynid  dwpuyngubph  hwdwupgph, (hgpuwnphsh b
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hwunwunn/thnthnjuwuwi  fEjunpujuit  hnuwtph  ojuwfbpyhsh hn juwydws
Swpaubpp:

Guuupll] b Rhjupuuubh  owwhdw]  hwdwugpmpput  phupnipm’
oquuugnpstiny dwuthlubph hdph oyuhdwjugdwt wygnphpup: ungph  nisdwt
gnpépupwugnid Upnnwytu nhinwplty kup nne nupyu phpwugpnid swpupknijubnipyu
(hupdbp swdynypp kpint wpwig Jurwjupdwi b phobdwsmpjut junu]updub
phdhdubpnud: Uju wolnwwnwipt hp wbkuwlh dbke kqulih b hwdwpynwd, pwuh np
oqunnugnpsynid E unp wygnphpd b nuunwdbwuhpynd  Bu wwppbp  gnpéntubkph
wqpbkgnipnitp: Uy wignphpuh hwnuihoubpt Bt wwpgnipniup, wpwugnipmpiup b
nunhwinip oywnhuw Yhwnht dUninbkignudp:

Zhnugnuinipjut tyunnwlp

-Owbipupknijwédnipjutt jurwqupnidt nt npw fhpundwi dkpnnutpp,
-dnunnquyubughtt hwdwlwpgbph gnpéniubnipjut dnpbjuwynpnid b uhdniyjjughwm PV
$nunnqujuiuyhtt /WG hnndwkiubpghnhlju

-Owuubipp Wwqugniyth hwugulip, oginugnpstiny Jukjugh wignphputp PSO?
-Zudwlwupgh Eubpghuyh juowqupdwi hwdwp opowlju dhowduyph wgpbgnipjui
pwbwlnmpiniup

Ghunwljub tnpnypp

Unyu wnktwjununipjut ghnnujut tnpnyptpt L.

-NMuhbunuyhtt dwpnlngny honu-wpbwjht hhpphy hwdwlupgh unp oyunpdwugyus
wgnphpup hntuwh b Yhpwekh £ guigh dkiniuugus uypbpnid, wyb yuwydwuny, np
npuip ntukwb wohtwphwgpujus hwpdwp nhpp:

-Znuwlip dwnwljwpwpnn wju hhpphn hwdwljupg niuh dh puipp wnpnipibphg oquiykynt
httwpunpnipnii:

-dbEpwhuljyny Swipwpknudusmpjudp wju hwdwlwupgh tubpghuyh junwdupdwi
wnwowplyny dkpnnp:

Upyniupubtph Yhpunkjhnipniip

Upmyntupubpp Juplnp Eu ppuljut dhowduypbpnid woiwnwipttnh juquultpydut
hwdwnp, wyn pynid.

-Swppkp ihdwguuwt guydwbubpod - wowyl]  hnwuwh  Swhpwpbnidwénipiui
uywndwl wywhnynid

-Zudwlunpgh hwdwp wwhwigynn dwjuubph wjuqtgnid

-Sunbtuwljut b Eubkpginhl jurwjupdwt hhdtwpunph Jpu Swpwpbkntdwsdnipiui
Jurwjwupdwt hbnbwbptbtph tugbgnud:

“BiEyupwluwyubh  owupuwy  hwdwngpmppub pinpmpmt dwubhlubkph  jodph
oy hdwjugdwt wignphpdh Yhpundwdp:

Nuonyuinipjub tkpjuyugynn npnyphkp

-Unbuyhtt quhwiwlubph nknugpuiui oywnhdw) wiljniip,

-Znnu-wplwghtt dhugyuy juywh oyyunhudw] hwdwnpnipntp,

-tubpghwyh Junwdupdwi b oyunhdwjugdwt wpyniipubpp Swipwpbnujwénipjui
Jurwdupdwi jhpundwi vhongny,

-Guwhwndwt  wwbwlnipmiip  Bukpghugh  juwpwjupdwb  phwywhywbwljwut
wqntgnipnitibnh hwdwp:

3 oyunipdwugnid punn dwuthfubpp judpkpp
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UStLUNNUNPESUL 2ZPULUYUL CAUYUSNRESNPLLENT

-Eukpghuwyh wipdtpt oypinhudwugynid £ PSO wgnphpiuh dowljuundp:

-Eutipghuyh winpniph oywnhdw) punpnipjut wpwewplyny hwdwlung, hwoyh wntkng
thnthnhuynn vhowduypp, gduyhtt juthiwnbudw hhdwi Jpu:

-Eukpghuyh wnpmipubph owwnhdw) puppidmt dpwljyws hudwlupg, MATLAB 7.1.
thwplph hhdwb Jpu:

-Unwowplynid E owwmhdwjuguly tubpghnhy wnpmoipubph huljdwb wignphpdtpp,
oquuqnpstiny PSO wignphpdp:

-Guijujwé hwdwljupgh ywhweubphg, guwhwwnt] b wjuqtgut) swhubkpp, hsyhu twb
phntjwénipjut b Eukpghwyh jupwupdwb fhpundwh ninbuwljui hknbwuputpp, PSO
wgnphpedh dhgngny 20 muphltph pipugpnud:

-Utp hwdwlupgh uUnphjwynpmudt nv pubwpynudp  Juwuwpgty b tubpghuwgh
hwjwuwpulondwb hwdwp, RES gqpubhljului Spugpuyhtt myywhnudwi vhongny:
-Opwgqpujhtt wywhnydwt RES qpubhuljut thwptph oqunipjudp dkup unwgky tup
tukpghuyh wowybjmgny wpunugpmpudp, Wuqugnyt uyundwdp b wjuqugny
Ynpniunubpny nkdhu:

-MATLAB épuqpuyhtt wmywhnydwt vhongny unp hhpphnuyhtt Eunpwuywuih swhiubkph
qguwhwwnnudp, Juwyyws nidughtt LEjupntughtt vwppwynpoudutph  hbw, npnbp
Unpbjuynpymid B wytiyhup hwdwlwupgbpnid, husyhuhp ki dwpwnlngp, 1hgpuynphsp,
pudnt ghukpunnpt m wpluwyhtt quhwbwyp, pisybu twb hwwnwnn /hnhnjuwjui
Rbyunpulwi hnuwbiph hinfralpaghsp:

-Zhnwgnuinipyulh wpynibptkpp gnyg  Eu wiwhu, np pudnt wpugnipjub
juwujwnbunidp, wphqulijuughtt  dwpwquypnidp, dwpunlngh Jpu  hhdudus b
hwdwywwnwupwl  juwpwjupdwt  gopéplipugutpp  Jhwighkgubh  wnwdby  JkS
puwynipjudp Lubkpghuyh Jipujuigudwt b npu hqnpoipjui:

Cunn unyb hkwnwgnunipjul, wpwewplynny hwdwlupgp dkdwgunid b Swnwjnipjut
ywtph minnnipiniip:

A.Moctadaeii
ViupasneHue sHepromorpebaeHreM ruOpUAHBIX PaCIpPeAeIEHHBIX CHCTEM TeHEepPauy Ha OCHOBE
SHEpIruu BeTpa, CONMHILA ¥ Garapeu ¢ yueroM sddekra mamsaru Ha 6aTapee U IMHEIHBIM
IIpefiCKa3aHueM BeTpa U COTHEYHOM SHepruu
Pe3rome

OCHOBHBIMH LEJIAMHU O6'be)1MHeHPI5[ BETPOBBIX U COJIHEYHBIX yCTpOﬁCTB ABJIAKOTCA, C O)IHOI\/'I CTOpaHbI
06ecﬂeqeﬂﬂe 60J'lee HaACKHOTO HCIIOJIb30BAHUSA HATPY3KHU B PA3JIMYHBIX KIIMMATUYCCKUX YCIIOBUSIX,
C Ipyroii CTOPOHBI YMEHbIIICHHE TPEOYEeMBIX 3aTparT, a TAk)Ke BIHSIHHS PEryIMpOBaHUs HArPY3KH Ha
BOIMPOCHI SKOHOMHYECKOTO M DHEPreTHYECKOro yrpasieHus. JlaHHoe uccienoBaHne (OoKycupyercs
Ha JETAIbHOM M3y4YEHHH 3aTpaT Ha BETPO-COJHEYHbIC TMOPHAHBIC HIEKTPOCTAHIUK 3a 20-JTeTHHI
Mepuoj BpeMeHH. VICronp30BaHHas CHCTEMa XPaHEHHs — 3TO CBHHI[OBO-KUCJIOTHBIN OaTapeiHbIit
610kx. KpoMe pacxoqoB Ha NPOM3BOJCTBEHHBIC M CKIAJICKHE YCTPOMCTBA, MMEIOTCS 3aTparhbl Ha
CHJIOBOE BIIEKTPOHHOE 000PY/I0BaHNKE, TaKHe KaK HApUMep: OarapeiiHble YCTAaHOBKH U 3apsI0YHHKN
u ripeo6pazosarenb DC/AC (MOCTOSHHOTO /IEPEMEHHOr0 TOKa) YUHTBIBAIOTCS B pacyeTax.

BbIOOp ONTHMANBHOTO COYETAHHs OJIEKTPOCTAHIHHM OBUT OCYIIECTBJIEH C HCIOJB30BaHHEM
ITOPUTMa OITHMH3AIUK TPYIIIBI YaCTHULL. Y CIIOBHE, KOTOPOE B IPOLECCe PElIeHHs po0ieM Beerzia
paccMmatpuBainach sipisiercst 11oHas nHGOpMaIMs HArpy3Kd B TEYCHHE BCErO rofia B ABYX PEXKUME
6e3 yrpaBJieHHs U ynpasiieHUs Harpy3koid. Kaxercs, 4To, Tak Kak HOBBIIl aJITOPHTM HCIOJIB3YETCS 1
BIIUSIHHE Pa3JIMYHBIX (haKTOPOB PACCMATPHBAIOTCS, 3Ta paboTa SABISCTCS YHUKAIBHOI B CBOEM POJIC.
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OCOOEHHOCTH TOTO aNrOPUTMa BKIIIOYAIOT B ¢€0s IPOCTOTY, CKOPOCTH ¥ CXOAUMOCTS K TII00aIbHOM
ONTUMAIBHOM TOYKE.

Henp uccieroBanus

- YpaBneHue Harpy3Koi U METOABI €T0 IPUMEHEHUS;

- MopienupoBaHne 1 UMHTAIHUS POU3BOAUTENBHOCTH (oToransBanuueckux PV4/WGS cucrem;

- MUHMMU3AIMS 3aTPAT C UCTIONB30BAHAEM MHTEIUIEKTYaIbHBIX anroputMoB PSOS;

- BnusiHue Bo3aeiCTBUS OKpY»KalOIIed cpebl Ha SJHEPreTUUECKOe YIPaBIECHUE CUCTEMBL.

Hayuynasi HoBU3HA

JlaHHas nuccepTanys COAEPHKUT CIEIYIOUINe HOBOBBEICHUS:

- HoBblif onTHMH3HPOBAHHBIN aITOPUTM AT BETPO-COTHEUHOU THOPHIHOM CUCTEMBI C PE3EPBHBIM
MUTaHUEM OT OaTapeu, KOTopas sIBIAETCs HaJeKHOM U NCTIOIb3yeMON CUCTEMON B OTAANCHHBIX
YacTAX CETH MPH yCIOBUH, YTO OHU UMEIOT BBITOJHOE reorpaduueckoe pacroIoKeHUE.

- anHast rubpuHas clucTeMa AJsl MoAauu MUTAHUS HaJelleHa BO3MOXKHOCTBIO H3MEHEHHS
KOJINYECTBAa UCTOUHHUKOB.

- [Ipennaraemslii crioco® ynpaBieHUs SHEPrUeH B 3TOI CHCTEME — 3TO COco0 C yIpaBIIeMOoi
Harpy3Kkou.

IIpuMeHUMOCTH pe3y/IbTATOB

Pe3ynbraThl BayKHBI JUIsl OPraHU3alUK paboT B PEabHBIX YCIOBUSX, TAKUX KaK:

- ObGecnieueHne 0osee HaIeKHOTO MOTPEOJICHNS HATPY3KH B PA3IHMYHBIX KIMMATHUECKUX YCIOBUSX;
- CokparieHre HeoOXOAUMBIX 3aTPaT CUCTEMBI;

- YMeHBIIICHNE BIUSHUS YIIPABICHHS HArpy3KOil Ha SKOHOMHUYECKOE ¥ SHEPTeTHIECKOe
YIIpaBlIeHHE;

- Br16op onTHUManbHOTO COUSTaHMs ANEKTPOCTAHIINH OBLT OCYILECTBIICH C UCIIOIb30BaHHEM
aJITOpUTMa ONTUMH3ALMHU TPYIITEI YACTHII.

Hukeyka3zaHHbIe yTBePKACHHUS NMPEACTABIEHBI K 3allUTe

- ONTUMATBHBIHA YTOJ IS YCTaHOBKH COJTHEYHBIX OaTapei

- OnTuManbpHOE coYeTaHne CMEIaHHOTO ycTpoiicTBa Berep - ConHile

- PesynbTaThl ynpaBneHus sHeprueil ¥ ONTUMHU3ALHK C IPHMEHEHHEM YIPaBISHUs Harpy3KOH
- OueHKa BIUSHUS OKPY>Karollei cpe/ibl Ha yIpaBJeHHe SHeprHeil.

OCHOBHBIE BbIBO/IbI JUCCEPTAIIUN
- CTOMMOCTh SHEPTUH ONITUMHU3UPOBAHA IyTeM pa3paboTku anroputma PSO.
- [Ipeyraraemas cucTemMa ONTUMAIBHOTO BBIOOpA HCTOYHUKA YHEPTUH, IPUHUMAs BO BHUMAHHE
H3MEHSIONIYIOCS Cpeny Ha OCHOBE JIMHEHHOTO TIPOTHO3A.
- Cucrema, pa3zpaboTaHHast AT ONTUMAIBEHOTO PACTIPEIETIEeHNsI HCTOYHHKOB YHEPTUH Ha OCHOBE
naketa MATLAB 7.1.
- [Ipenynaraercs ONTUMHU3NPOBATH AITOPUTMBI KOHTPOJISI HICTOYHUKOB SHEPTUH C UCIIOIb30BaHHEM
anroputma PSO.
- OLICHUTh U YMEHBIINUTH CTOUMOCTD 3aTPaT, B 3aBUCUMOCTH OT TPeOOBaHHUH K CUCTEME, a TAKKe
9KOHOMHYECKHE MOCIIE/ICTBUS MCIIOIb30BAHUS HATPY3KHU U YIIPABJICHHS SHEPTUEH Yepe3 allrOpUTM
PSO B Teuenue 20 ner.
- MopenupoBaHue U paCCMOTpPEHHUE HaIlIeil CHCTEMBI BBIITOTHEHO ISl OaTaHCHPOBKU SHEPTHH TIPH
MTOMOII TpaYECcKOTo MporpaMmMHoro odecrnedeHus RES.

# pororanpBaHMIECKHi
5 BeTpoBoii reHepaTop

6 ONITUMM3ALYA 110 rpynmam 4acTUuLl
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- C moMomipro mporpamMmmHOro obecrieueHnss RES MBI moydmium pexkuMm ¢ MaKCUMaITbHBIM
IIPOX3BOJICTBOM YHEPTHH, MHHIMAJIBHBIM €r0 HOTPEOJICHNEM H C MHHIUMAIIBHBIMHU MOTEPSIMU.

- OneHka 3aTpaT Ha HOBYIO THOPHIHYIO 3JIEKTPOCTAHIMIO ¢ IOMOIIBIO IPOTPAMMHOTO 00ecreyeHus
MATLAB, cBA3aHHBIX C CHJIOBBIM 3JICKTPOHHBIM 00OpPYJOBAaHHEM, MOJEIUPOBAHHBIM B TaKOM
CHCTEME, KaK aKKYMYJIATOD U 3apsJHOE YCTPOHCTBO, TeHEPaToOp BETpa M CONHEYHas 6aTapest, a TakKe
unseprop DC/AC (OCTOSHHOTO /IEPEMEHHOTO TOKa).

- PesynmbraThl MccnenoBaHMi MTOKA3BIBAIOT, YTO IPOTHO3 CKOPOCTH BETPa, COJMHEYHOH pajnaiud,
HCTIOJb30BaHUE IIPOLIECCOB YNPABICHHS C aAKKYMYJSITODHBIMHM HCTOYHHUKAMH IIHTaHUSI W
HaJUIS)KAIIUX IPOIECCOB YIIPABICHHS BeAET K OOJbIIeH peKylepauy SHEPTHH U MOIITHOCTH.

ITo naHHBIM HCCIIEIOBaHMUS, IPeIaraeMasi CHCTEMa YBEIHUUBAET CPOK CITY>KOBIL.
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