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Summary. Basing on the analysis of operating systems of
hybrid wind and solar photovoltaic installations for power
supply of distant objects, the authors of the article have
developed a structure and algorithm of operation of an
intelligent hybrid operating system. Application of Fuzzy
Logic controller with the function of short-period forecast
of natural conditions is a peculiarity of the developed
system. Basing on the system, it is possible to make
correction of the algorithm of hybrid system operating.
The improved algorithm supports rational application of
energy resources and raises their power efficiency.
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INTRODUCTION

Application of renewable energy sources, as an
alternative for energy of fossil energy carriers, helps
solution of two global problems, i.e. ecological and
energy. Ecological problem is revealed in decrease of the
intensity of growth of global warming by slowing of the
rate of greenhouse effect spreading, which is caused by
exhausts of dangerous substances of power-generating
plants. The plants use fossil carbohydrates and, emitting
the exhausts in the atmosphere, make harmful effect on
the environment, causing deterioration of population
health. Speaking about power problems, it is focused on
support of sustainable development of power engineering
by substituting of fossil energy carriers with renewable
energy sources, particularly solar and wind.

A relatively small density of power flow
(approximately 1000 W/m?) and substantial irregularity of
income are the main limiting factors of application of
such available renewable sources as solar and wind
energy [1]. It mainly deals with the systems of self-
generated power supply for the objects, which are distant
from central energy networks. Power supply systems,
using solar and wind energy as the primary source of
power, are characterized by scholastic character of their
supply and application, i.e. seasonal, daily and casual.
The last one is forced by climatic and weather changes

2.

MATERIAL AND METHODOLOGY

Continuous researches argue asynchronous supply of
solar and wind energy, supporting less irregularity of total
power supply under conditions of their combined
application at hybrid power systems [3].

Scientists of different countries carry out researches
concerning argumentation of a rational structure of hybrid
power systems, operating on the base of wind and solar
energy [4-11].

In most cases, the hybrid systems use energy storage
devices, which substantially increase cost of the systems
and reduce their total efficiency [12, 13].

Besides, at such hybrid systems, it is necessary to
expect a possibility of use power surplus for power supply
of technological processes, unregulated in time, e.g.
heating of water in accumulator boxes by means of
tubular heating elements; water lifting of the systems of
water supply objects, transformation into mechanical
energy, etc. [14, 15].

It is worth mentioning that, at hybrid systems with
application of solar and wind energy, controlling of power
flows is done without short-period forecast of weather
conditions, influencing the algorithm of power flows
controlling and regimes of thermal and electric energy
accumulation.

Efficiency of application of short-period forecast of
meteorological situation is in the fact that the system of
accumulation and current extraction of energy should give
an opportunity of its acceptance under favorable forecast.
Thus, current application of energy for technological
needs can be done under partial use of energy from
accumulating systems.

Transfer of the energy into the central energy network
is the best variant to accumulate the energy, produced by
the  system.  However, at autonomous and
semiautonomous systems of power supply, accumulating
of the produced energy should be solved by application of
electric, thermal, mechanic, gravitational and other types
of storage devices.

Use of energy surplus for performance of
technological operations, which are unregulated in time,
e.g. for lifting of water in water tank towers or
accumulation of it in reservoirs of non-tower water tanks,
splitting into food stock, e.g. forage, forcing of air supply
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into receivers, etc. is one of the efficient ways of energy
accumulation. Using electric boilers for hot water supply
or in case of thermal accumulators, it is reasonable to
transform surplus of electric energy into heat. Reverse
process is inefficient because of low efficiency of
transformation processes. Usually, in boilers with electric
heater of water, operation of a tubular heating element is
supplied by built-in system of temperature support,
regardless of the external conditions.

According to the above-mentioned, it is necessary to
apply adaptive algorithms of the system operation, which
are based on the results of short-period forecast of natural
conditions with application of the instrument of fuzzy
logic in order to raise efficiency of performance of hybrid
power system on the base of wind and photovoltaic
installations with an intelligent system of controlling for
power flows.

RESULTS OF TEST AND DISCUSSION

To reduce misbalance between power income and
needs for its use at hybrid systems of power supply, one
makes intelligent controlling of power flows. The highest
efficiency can be achieved by introduction of a link of
short-period forecast of weather conditions into the
operating system. The forecast is made on the base of
processing of meteorological information, obtained from
givers of barometric pressure, air temperature, level of
solar radiation and wind flow with the reference to real
time. For instance, transformation of electric energy into
thermal one is reasonable only in case of high probability
of windy and sunny weather in the nearest future.

An approximate power balance of the hybrid system

AE, with application of solar and wind energy for

supply of thermal and electric needs of an object is

described by the following system of equations
Aﬁzz(i+£+z+kmf;’c-gj)
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where: Aﬁ , Aﬁ — an average level of the system
power balance for the periods of unfavorable and
favorable weather conditions, respectively, kWh;
E_ — an average level of energy, obtained from
external electrical networks. KWh;

T 5 i
E, , E, — an average level of power income

from photovoltaic and wind installations, respectively,
kWh;

E!. — an average level of energy of an
accumulation system: used (sign “minus”) and supplied
(sign “plus”), kWh;

kss — level of available depth of application of
accumulation system energy; for electric accumulating
storage devices — available depth of discharge; for thermal
accumulating devices — the lowest temperature of heat
carrier medium;

E_;'e —an average level of energy consumption, kWh;
p(fwf)
forecast, %.

— probability of favorable weather

Probability of favorable weather forecast, which
influences formation of the algorithm of controlling for
power flows of a hybrid power system, is one of the key
components of energy balance.

Nowadays, there are two main methods of weather
forecasting of small and medium advanced time, i.e.
synoptic and computational. Better results concerning the
forecast reliability can be achieved by application of
computational method. However, the method expects
application of complicated mathematic models in the
form of a system of differential equations of high
dimension and thus, numerous calculations and
complicated, still not developed, algorithms of the
solution, causing application of numerous methods of
solution, which can include substantial deviations.
Besides, one should note that wind flow is characterized
by considerable space turbulence. Thus, impressive sizes
of wind rotating elements force their elements operate
spontaneously under different wind conditions and cause
complexity in development of the models for
investigation of dynamic characteristics of wind-power
systems.

Main reasons for inaccuracy of numerous forecasts
include incomplete physical scheme of the forecast,
improper consideration of influencing factors in it,
insufficient number or accuracy of observations,
approximate way of the equations solution.

Experience of national and foreign scientists proves
that such kinds of problems should be solved with
application of the algorithms of fuzzy logic, which do not
need complicated mathematic models and their solution
[16-19].

Measured temperatures and humidity of air, air
pressure, speed and direction of wind, level of solar
radiation and dynamics of their changes in time are the
input parameters for the forecasting link.

Applying algorithms of fuzzy logic on the base of
data, obtained from the receivers concerning parameters
of the environment and calculated tendencies of their
change in time, one can form a short-period forecast of
natural conditions with application of expert conclusions
by specialists in the field of meteorology, which make
base of rules and knowledge of Fuzzy Logic system [20-
22].

Structural scheme of the hybrid system is
characterized by similarity of power flows, which are
transferred by power bus line with appropriate power
keys, managed by controlling signals, which are formed
with consideration of short-period forecast of weather
conditions of Fuzzy Logic controller. It is fulfilled on the
base of software product National Instrument LabVIEW
with application of the instruments "Control Design &
Simulation — Fuzzy Logic — FL Fuzzy Controller.vi".

According to the structure of Fuzzy Logic controller,
input signals from the receivers of air pressure and air
humidity are fuzzified and output information is
defuzzified in order to measure probability of favorable
weather forecast with appropriate formation of the signals
of power key controlling by developing of corresponding
terms with their membership functions at "Variables" tag
of the work window of "Fuzzy Logic Designer" graphic
pallet. They are presented at the fig. 1.
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Fig.1. Fragment of the desktop of "Variables" tag of "Fuzzy Designer" graphic pallet

Not only absolute values of the expected input
parameters, but also dynamics of their changes in time,
are very important for weather forecast. Thus, in the list
of variables, it is necessary to develop membership
functions of speeds of their change in time, which are
formed on the base of the data, obtained at different time
periods.

k. WSP rules 27-11-2017 2 3 napamerpufs - Fuzzy System Designer 0] x|

File Operate Help

At the next stage, in "Rules” tag, one develops a base
of rules for information processing according to the
algorithms of fuzzy logic with consideration of main
combinations of input and output signals (fig. 2).
Database of rules is an instrument, which performs the
function of short-period forecast of weather conditions on
the base of expert conclusions by meteorology specialists.
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Fig. 2. Fragment of the work window of formation of the base of information processing rules
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Applying "Defuzzification method" popup window, output algorithm is chosen in the same window. "Center of
Area" method of output (so-called "Mamdani" method of output) is used in the present controller.

Process of arrangement of Fuzzy Logic controller is performed with application of "Test System" tag, where
"Input/Output™ window depicts response surface of the probability of favorable weather forecast from the values of
input figures (fig. 3). Besides, the research expects visualization of input and output figures and current meaning of the

rules, regulating their processing.
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Fig. 3. Fragment of a work window of the system arrangement

According to the results of the formed response
surface, experts estimate correspondence of the forecast to
input signals and, if necessary, make correction of the
rules and membership functions for each of the signals
and their terms.

At the exit of Fuzzy Logic controller, the researchers
obtain values of probability of the prospects of favorable
weather forecast, which makes base for formation of the
signals of external devices operating in a clear form.

In the hybrid power system, executive appliances are
presented by a set of corresponding power keys:

- adjustment of photovoltaic panels and rectifier of
a power generator wind power installation to a
storage battery charge unit;

- adjustment of photovoltaic panels and rectifier of
a power generator wind power installation to
tubular heating elements of water-heating
appliance;

- adjustment of a storage battery to tubular electric
elements of water-heating appliance;

- adjustment of photovoltaic panels and rectifier of
a power generator wind power installation to a
self-commutated inverter;

- adjustment of a storage battery to a self-
commutated inverter;

- adjustment of a thermoelectric pump and water-
lifting pump to a storage battery.

Key elements of each of the power channels include
optothyristors of appropriate voltage and current, which

supply change of power flow capacity by pulse-width
modulation. Besides, application of optothyristors
supplies galvanic isolation of power circles and operating
circles.

Mode of operation of the hybrid power system
should be subjected to the following priorities: wind-
power installation is always loaded on tubular heating
elements of an accumulator box by means of appropriate
controller; solar photovoltaic system is always loaded on
tubular heating elements of an accumulator box by means
of its controller; a storage battery can be charged in case
of its discharge, regardless of weather conditions; load of
a consumer is always charged from a storage battery by
transit in order to minimize losses of electric energy in
“charge-discharge” regime due to its low efficiency; in
case of no need for electric energy by consumers, under
conditions of complete heating of an accumulator box and
energy surplus from solar photovoltaic and wind power
installations, it is possible to direct electric energy to a
drive component of heat pump and/or water-lifting
installation; Fuzzy Logic controller supplies formation of
probability of weather forecast, which influences changes
of the algorithm of redistribution of power flows of the
hybrid system.

In general, considering the above-mentioned, one can
determine two variants of operating modes of a hybrid
power system, i.e. operation modes under probability of
favorable and unfavorable weather forecast.
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Particularly, if there is a high probability of favorable
weather forecast, there is a permission for complete use of
the energy of power accumulator; operation of tubular
heating elements of water heating in an accumulator box
of the system of hot water supply from power networks is
locked; photovoltaic and wind-power installations are
adjusted to the load with transit of a storage battery;
application of electric energy from an external power
network is minimized up to the moment of the storage
battery discharge; in case of surplus of electric energy
from wind and solar installations, the system is
additionally loaded by adjustment of thermal pump and/or
water-lifting installation.
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If there is a high probability of unfavorable
weather forecast, consumers continue to get power from
wind-power and photovoltaic installations with transit of
a storage battery, not allowing its discharge; lack of
energy from renewable sources of energy in a hybrid
system is, thus, supplied by its consumption from an
external power network.

Scheme of the mentioned algorithm of operation
of a hybrid system with Fuzzy Logic controller of
forecasting of weather conditions probability is presented
by the fig. 4.
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forecasting of weather conditions probability
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CONCLUSIONS

According to the research, application of Fuzzy
Logic controller to forecast probability of weather
conditions improves efficiency of operation of the hybrid
system of power supply with application of wind-power
and photovoltaic installations by means of an intelligent
component in the system of power flows controlling.
Optimal controlling of power flows is supported by
minimization of consumption of electric energy from an
external power network and adaptation of accumulating
systems to the next period of energy extraction under high
probability of favorable weather forecast, i.e.
minimization of losses of the energy, produced by wind-
power and photovoltaic installations.
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I'MBPUIHAS CUCTEMA ITMTAHUSA C
HHPUMEHEHWEM SHEPI'MI BETPA U
COJIHEYHOU SHEPTUN

Cepreii CripoTiok, Banepuit CripoTiok, bopuc
Bontsuckuit

AnHoranus. OCHOBBIBAsICh Ha aHAJIM3€ ONEPALUOHHBIX
cUcTeM  THOPHIOHBIX  BETPOBBIX M COJIHEYHBIX
(oToraspBaHMYECKUX YCTAHOBOK JUIS 3JIEKTPOCHAOKEHUS
OTIAJEeHHBIX OOBEKTOB, aBTOPHI CTaThU pa3padoranu
CTPYKTYpY ¥ aJrOpuT™M paboThl HWHTEJUIEKTYaIbHON
THOPUIHON  OmepamuoHHOH cucTeMbl. [IpuMeHenme

KOHTpOJUIEpa  HEUETKOW  JIOTHKH  C
KPaTKOCPOYHOTO  IIPOTHO3a  €CTECTBEHHBIX
SIBISIETCST  OCOOEHHOCTBIO  pa3pa0OTaHHOW  CHCTEMBI.
OCHOBBIBasICH Ha  CHCTEME, MOXXHO  BBINIOJHHTH
KOPPEKIMIO alTOpUTMa pPaboThl THOPHIHOW CHCTEMBI.
VydileHHbIH alroOpuTM TOJACPKUBACT pPallMOHATIEHOE
HCIIOJB30BaHUE YHEPTETUYCCKUX PECYPCOB U TIOBBIMIACT
uX 3Hepro3pHeKTUBHOCTS.

KaroueBbie caoBa: ruOpuIHAS cUCTEeMa,
BETPOIHEPreTHYCCKasl yCTaHOBKA, (poToraapbBaHUYECKas
cUCTeMa, HEYeTKas  JIOTWKa,  METCOPOJIOTHYCCKUMN
MPOTHO3, YIPABJICHUE TOTOKAMH SHEPTHU.
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