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Abstract. Hybrid power system can be used to reduce eneagggs requirements. In this paper, more
accurate mathematical models for characterizing lddule, wind generator and battery are proposed.
The present paper presents the optimal sizing of@onomous hybrid PV/wind system for outdoor
advertising and other application. Considering wars types and capacities of system devices, the
configurations which can meet the desired systdiabilty are obtained by changing the type andesif

the devices systems.
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I ntroduction voltage to AC 220 V power supply for equipment. A

Energy is vital for the progress of a nation and 't?:cl)‘ii;k (iiagram of a hybrid PV/wind system is shown

has to be conserved in a most efficient manner. N
only the technologies should be developed to predc Wind
energy in a most environment-friendly manner fror| ..

all varieties of fuels but also enough importanc _l_. Voltage DC/AC
should be given to conserve the energy resources regulator ™ Invertor
the most efficient way. In recent years, hybri and control unit
PV/wind system (HPWS) has became viabl| PVamay !
alternatives to meet environmental protectio
requirement and electricity demands. With th Battery 22%8/;‘(?1{
complementary characteristics between solar a z
wind energy resources for certain locations, hybr _ ) ) )
PV/wind system with storage banks presents ... Fig. 1. Block diagram of the PV/wind hybrid system
unbeatable option for the supply of small electrica Selection of the complex technical facilities

loads at remote locations where no utility grid pow _ :
supply. Since they can offer a high reliability o In this system, consumer of ggnerateq eI_ectrlc
power supply, their applications and investigatior€Nergy by the PV array and the wind turbine is for
gain more concerns nowadays [1]. To use solar gautonomous outo_loor advert|S|r)g. D_ependm_g on the
wind energy resources more efficiently anPOWer consumption and working time defines the
economically, the optimal sizing of hybrid PV/wincPasic parameters of the system components.

system with battery plays an important role in thi  The calculating of autonomous energy supply
respect. The mathematical model of hybrid PV/winSystem is very important to choose the capacithef

system, including PV modules, wind generators aiPattery. Capacity, which should give the battesy, i
batteries storage, is developed. calculated based on the amount of electricity it W

consumed from the battery in discharge mode.

At any hour the state of battery is related to the
previous state of charge and to the energy praotucti

The hybrid system — a system that consists oland consumption situation of the system during the
wind turbine, solar panels and buttery, which corabi time fromt — 1 tot. During the charging process,
the two types of energy: wind and solar. Theirtjoi[When the total output of PV and wind generators is
work can stably generate electricity all seasanghé greater than the load demand, the available battery
worst weather conditions, when there is little dout, bank capacity at hodrcan be described by:

Y

The block diagram of a hybrid autonomous
energy supply system

the wind is much stronger, and in the summer, wh C (D=C (t-1)(1-0)+
solar energy is much more than the energy of wind. () = Gt~ 1A 0)
Wind turbines, solar battery and the butter N + _EB
connected to a hybrid controller, which controls tt (E‘”(t) Euo(!) - Moar 1)

charge of battery. To the output of the hybri  on the other hand, when the load demand is
controller is connected inverter that converts g2 greater than the available energy generated, the
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battery bank is in discharging state Therefore, the b) The total power generated by the PV and Wind
available battery bank capacity at hour t can hgenerators is greater than the power needed by the
expressed as: load, Pin,. In this case, the energy surplus is stored in
- 11— the batteries and the new storage capacity is lesdcl
Coa(0) = G (t-DA-0)+ using (1) until the full capacity is obtained, the
E remainder of the available power is not used.
+H — (B, () + Eg(D) |Npe (2)  c) The total PV and wind generators power is less
nv man the power needed by tRg.q, the energy deficit
where,Cya(t) andCyo(t — 1) are the available batteryis covered by the storage and a new battery capacit
bank capacity (W) at hourt andt — 1, respectively; is calculated using (2).
Noa IS the battery efficiency (during discharging d) In case of inverter input and total power
process, the battery discharging efficiency was seguality, the storage capacity remains unchanged.
equal to 1 and during charging, the efficiency,850  In case § when the battery capacity reaches a
to 0,85 depending on the charging curremt)— maximum valueCyamax the control system stops the
self-discharge rate of the battery bank. Trcharging process. .
manufacturer documentation gives a self dischafge o The wasted energy, defined as the energy
25 % over six months for a storage temperaturdof 2roduced and not used by the system, for hasr

°C, that is to say 0,14 % per day. calculated as follows:

Ep(t) andE,(t) are the energy generated by PV P (1) c _C.(t-1)
and wind generators, respectiveBj(t) is the load WE(1) = %t(t)m—(&AH[MD_
demand at hourandn);,, is the inverter efficiency. inv Nbat

At any hour, the storage capacity is subject to the

following constraints: In case i), if the battery capacity decreases to
Coatmin (1) £ Coar(1) < Cogpman(D); their minimum  level, Cyamin, the control system
disconnects the load and the energy deficit, Idss o
where, Cpamax and Cpamin are the maximum and power supply for houtrcan be expressed as follows:
minimum allowable storage capacity. Using for

Chamax the storage nominal capaci®B.., then LSA() = R (A t=

Cbatmin = DODECbatn' _((va(t) + ng(t))At+ Cbat(t_l)_ Cbamin)n inv
where DOD (%) represents the maximum permissible _ _
depth of battery discharge. Where At is the step of time used for the

The total powerPq(t), generated by the wind calculations. During that time, the powers produced
turbine and PV generator at hauis calculated as by the PV and wind generators are assumed constant.
follows: So, the power is numerically equal to the energy

P (1Y=P (1) + P (1. within this time step.
(0= P+ Rl The loss of power supply probability, LPSP, for a

Then, the inverter input powerP,(t) is considered period T, can be defined as the ratadl of

calculated using the corresponding load pow the (LPSQ) values over the total load required during

requirements, as follows: that period. The LPSP technique is considered as
technical implemented criteria for sizing a hybrid
=) (t):M PV/wind system employing a battery bank. The

technical model for hybrid system sizing is develbp

, according to the LPSP technique. This can be défine
wherePia((t) is the power consumed by the load ¢ 4.

hourt, n is the inverter efficiency. . .
During this operation of the hybrid PV/wind LPSR =" LP t
system, different situations may appear: R ; X ; Ra( A
a) The total power generated by the PV and Wit

generators is greater than the power needed by ~ Where,T is the operation time. _
load, Py,,. In this case, the energy surplus is stored ! the hybrid energy systems are well designed,

the batteries and the new storage capacity they provide a reliable service for an extendedopler

calculated using equation (1) until the full capaes ©f time.

obtained, the remainder of the available poweiois r A common inherent drawback of wind and PV
used. systems is the intermittent nature of their energy

inv
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sources. Wind energy is capable of supplying lar P,
amounts of power but its presence is highl W=
unpredictable as it can be here one moment and g
in another. Solar energy is present throughout t
day, but the solar irradiation levels vary due uo s
intensity and unpredictable shadows cast by clout
birds, trees, etc. These drawbacks tend to malse th
renewable systems inefficient. However b
incorporating maximum power point tracking
(MPPT) algorithms, the systems power transfi >
efficiency can be improved significantly. To deberi Rotor speed, o

a wind turbine’s power characteristic, next equatic

describes the mechanical power that is generated by Fig. 3. Power Curves for a typical wing turbine
the wind.

For each turbine there is an optimal TSR value
P, =0, EpACpO\ , B)ij “that corresponds to a maximum value of the power
coefficient Cpmay and therefore the maximum
The power coefficientQ,) is a nonlinear function power. Therefore by controlling rotational spedxy, (
that represents the efficiency of the wind turbine means of adjusting the electrical loading of the
convert wind energy into mechanical energy. It iturbine generator) maximum power can be obtained
dependent on two variables, the tip speed rati&RfTSfor different wind speeds.
and the pitch angle. The TSB( refers to a ratio of A solar cell is comprised of &-N junction

the turbine angular speed over the wind speedqfig. Semiconductor that produces currents via the
photovoltaic  effect. =~ The  resultant ideal

Cok voltage-current characteristic of a photovoltailt ise
given next equation and illustrated by fig. 4.

ol

I
|
: 4 Ouput
: Power (W)
i Increasing ‘
» irradiation /
Nopr TSR(L) /

Fig. 2. Power coefficient curve for a typical wingbine

The pitch anglef, refers to the angle in which the Output Current (I)>
turbine blades are aligned with respect to its
longitudinal axis. Fig. 4. Output power vs output current coefficiemtve for
= Rwb . a typical wing turbine
_ _ Vi _ To select the power of the wind turbine and solar
where R — turbine radiusib — angular rotations panel it's necessary to consider the annual average
speed. wind load factor and solar insolation. As used a

Figs 2 and 3 are illustrations of a powehybrid wind solar system, the power of the wind
coefficient curve and power curve for a typicakfix turbine must cover at least 60 % of daily energy
pitch @ = 0) horizontal axis wind turbine. It can beexpenditure and solar power as 60 % of the daiy ra
seen from figure 3 that the power curves for each
wind speed has a shape similar to that of the power
coefficient curve. Because the TSR is a ratio betwe  Finding the optimal number of wind turbines and
the turbine rotational speed and the wind speed,solar arrays to meet the load, as well as the aptim
follows that each wind speed would have a differe wind turbine height and rotor diameter, was theufoc
corresponding optimal rotational speed that gihes tof this study, as well as to test for good
optimal TSR. complementary characteristics between the wind and

Discussion and results
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solar power systems, and to assess the feasibflitybuildings. For these purposes, assumed the use of t
using such a hybrid system to power of contrdhser projector. Not in all places where it is resaey
system for autonomous outdoor advertising. to install this system, it is possible to connext t
However, we need a hybrid system only to takelectrical grid, it is proposed to use a hybrideysof
advantage of their complementary characteristicautonomous power supply based on wind/PV
because wind and solar radiation are not constanstallation.
over the year as we specified in our test. As show  Laser advertising - a new progressive course in the
fig. 5 wind turbines may not be able to meet demarativertising industry. Using a special laser equigme
on their own in summer, and may require anothéor advertising advertised object projected on
source to make up for the loss in power generationbuildings or on any other surface — this type of
Figure 5 shows the solar radiation and the winadvertising is called laser projection advertising.
speed as a percentage of the maximum attainaletdoor adverting using Laser is very spectacular -
from each resource separately, over the course obmthe background of the laser beams company logo
year. The generated data was plotted, and a lbestaind its slogan look particularly bright and impress
line was drawn. In this system, the consumer of electric energy
generated by the solar battery and the wind gemrerat

120%

g is a laser projector. Depending on the power
g 100% | &4 fat Vd consumption of the laser projector and the time his
T sow \\ / ‘-\R / work defined the basic parameters of the system
2 son ><.r x _ components.
5 —¢—Wind speed Laser projector has next characteristics:
g / \’\ / \ — power supply 220 V 50 Hz;
% 20% of \ / e . .
2 20% Nl — power consumption 50 W;
2 ow — total laser output power 1 W.

Jar el Mar AprMay Jur Ju Aug Sef Oct Nov Dec When calculating the autonomous power supply

Months system is very important to choose the capacithef

Fig. 5. Power curves for a typical wing turbine battery. Capacity, which should give the battery is

This graph suggests a need for a complementrfalcmated based on the amount of energy im W

relationship between the wind and solar systemis, a§§ Yaghne:om;h% rbrr?;[}; ryfct)? %'zfer}?;?n?nmog]% required
shows a negative correlation between the two 9 q

capacity will look like this:
resources.

Monthly energy requirement for autonomous E :i,
outdoor advertising is about 10 kWh. Our systerh tha V k
contains 6 bladed wind turbine with maximum powefhere E — the total required capacity of the batteries
300 W and solar panel with power 80 W was thelfi A-h; Q—amount of energy to be obtained from the
used to measure the power output of the individuBRtteries in Wh; V — voltage of each batterk —

energy system components, and their combined to@@pacity utilization, taking into account how muath
output, it shows on fig. 6. the energy of all used batteries can actually ose t

16 consumers.
14 4 : Working time of the laser projector is 4 hours
12 4 daily. To ensure the smooth operation of the system

% 10 4 must also be borne in mind that for 7 days in a row

5 2 can be unfavorable conditions for recovery charge

2 i batteries from hybrid system. Calculate the reguire
7 | amount of energy to operate the laser projectorhWv

E =50-4- 7= 1400.
Jan Feb Mar Apr MavJun Jul Aug Sep OctNovDec
Manitis In this system, it is advisable to use a
_ maintenance-free gel battery 12 V. These batteries
Fig. 6. Power generated from system components: are not recommended to discharge more than 30 % of
1-Wind;2 - Solar;3 - Total;4 — Demand their maximum charge, thus battery capacity will be
Examle of use A-h

166

At the present time widely used supply E= 1400 _
promotional materials using walls, surfaces, high-r 12(0,7
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For this system, for economic reasons, it ibasis determines how much current to be supplied to
advisable to use two helium nonperforming battethe batteries. Controller selection may dependhen t
capacity of 80 A each, connected in parallel. choice of solar panels. If not high power modulgs (
To select the power of wind turbine and solato 300 W) suitable PWM controller, the price is
panel must consider the annual average wind loaélow. MPPT controller is useful for a large capaci
factor and sun insolation. Since a hybrid wind/PV
system, the capacity of wind turbines should cater Results of tests
least 60 % of the daily energy consumption andrso  Placing advertising on laser building has some
power and 60 % of the daily rate. peculiarities. Typical buildings have a small width
Daily consumption of energy will by [h : 12 — 15 m compared to the height of the building-25
a a 50 m. Therefore, in order to hype a good read it

E =500H= 200 should be placed on a vertical building — in orter
Daily power generation of solar battery get the maximum image size. The creation of
commercials should abandon the fine details, b&caus

B, =2000D, 6= 120 the first place - they are too loaded with a scagni

Similarly, the total daily power generation foil@ser projector system (flicker) in the — secortuard
wind turbine will beE, g = 120Wh. to read from a distance. N

Based on the fact that the average ratio for tne s In €ach case, the image is advertising, so that the
insolation Kiev is 3,1 solar power is required fois Maximum effect was achieved.
system will be: Listed in the table relations “power — the distance
P, =1200B,1= 38 to the surface projection” are given for a brighaliw

S .
. readable images (table).
Based on the calculation, solar power, necess: ges ( )

for the smooth operation of the system will becast Power to distance of laser projector
40 W.

The average wind speed for Kiev is 4 m/s. W|t' power | Power | Power | Total | Recommended
this indicator need to pick up a wind turbine, Whid ofred | of green| of blue | power distance to
by the performance, power output will be at a wip laser, laser, laser, laser, surface,
speed of 3 m/s. These requirements corresponeto
horizontal-axis wind turbines multibladed. mw mw mw i m

The amount of energy generated by wind 300 400 600 13 20
generator for the day, should be not less than?00 600 1000 2,0 30
120 Wh. On this, the required power will [ng = | 200 800 1200 2,5 35
=120 Wh/24 = 5 W at a wind speed flow 4 m/s. 600 1000 | 1500 3.1 45

Based on the characteristics of multibladedX990 1500 2000 4.5 60
horizontal-axis wind turbine, at a rate of windvflo 1388 2888 3888 gg ;8
wind turbine must be at least 250 W, as decla e§400 3000 gooo 164 110
g?rigcrlrt])//sspeufled for wind turbine wind flow spee¢ 3000 2000 5000 13.0 130

For this installation, select horizontal
6-bladed wind turbine rated at 300 W. o

Charge Controller — a device that regulates tl  Our study focused on designing of autonomous
flow of charge from the sources of electricity ket System that would allow us to find the optimal syst
batteries. He is one of the main parts of wind/Pdesign parameters of a hybrid solar-wind system,
power. Controller functions designed to consentaking into consideration the power of solar arrays
batteries and to increase energy production. and wind turbines, as well as the wind turbine roto

Mainly use two types of controllers: PWM — Puls:diameter and height.
width modulation and MPPT — find Maximum Powe  After the tests were carried out, a complementary
Point Tracking. Controller using PWM conversiotfelationship between both individual systems was
lowers PV voltage to the desired value and suppoVisible in our results. In summertime, when solar
it. This allows up to 100 % battery level. Maximunradiation is abundant and there is little wind eger
power point tracking controller continuouslythe solar arrays supply most of the required enéngy
monitors the stage at which the battery is chargiiwintertime, when wind velocities are higher and¢he
(f||||ng, saturation, a|ignment, support) and onsth is less solar radiation, it is the wind turbinestth

XIS conclusions
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supply most of the required energy, thus providing 4. Ekren, O., Ekren, B.Y., and Ozerdem2809.
clear evidence of a complementary relationshiBreak-even Analysis And Size Optimization of A

between the two sources. PV/Wind Hybrid Energy Conversion System With
Battery Storage — A case Study. Applied Energy,
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Bb. I. Imurpenko. Bukopucranus ri0puiHUX BiTPO-COHAYHUX eHEPreTHYHUX YCTAHOBOK B CHCTEMAaX 30BHIITHbOY
peKJIaMu

Po3risHyTO XapakTepHi 0OCOOIMBOCTI BHKOPHUCTAaHHS TiOpHIHMX BITPOCOHSYHMX YCTaHOBOK. HaBeneHo mnpukian
PO3paxyHKY aBTOHOMHOI CHCTEMH 300HIIIHBOT PEKJIAMH 3 BUKOPUTAHHSIM JIA3€PHOTO IPOEKTOPA.

KaiouoBi ciioBa: 30BHILIHS pekiamMa; BITPOreHEpaTop; COHsUHA NaHelb, aKyMyJIITOpHA Oarapes; riOpuaHa cuctema.

JAmutpenko bornan IBaHoBUY. ACUCTEHT.
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b. 1. Imutpenko. Hcnosib30BaHHe THOPHIHBIX BeTPO-COJTHEYHBIX 3HepPreTM4ecKHX YCTAHOBOK B cHCTeMax
HAPY’KHOM peKJIaMBblI

PaccMoTpeHBI XapakTepHbIe 0COOEHHOCTH HCTIONb30BAHMS THOPHIHBIX BETPOCOIHEYHBIX YCTaHOBOK. [IpuBeneH nmpumep
pacueTa aBTOHOMHOM CUCTEMBI HAPY>KHOU peKJIaMbl C UCIIONb30BaHUEM Ja3€PHOr0 MPOEKTOPA.
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