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Abstract- In this paper, generation system of combined
and hybrid wind/PV system has been designed. It is
supposed that we are going to minimize the annual cast of
stand-alone system during recent 20 years. There are
certainty factors in this paper, which can reach to
favorable designing by using them. Also the type of used
inverter and the best choice of battery in order to have the
favorite system have been discussed. The main aim using
of Simulink is that suitable for control process and
compensator designing, which the hybrid control system
is presented for a part of Iran electrical network of Iran.

Keywords: Improvement, Power System, Simulation,
DG, PV.

I. INTRODUCTION

As human and different industrial society expands,
demand for energy sources is increasing too. On the other
hands, fossil sources are about to finish. These sources
from the point view of the quantity are limited and also
they pollute the environment. Thus, in recent years
tending to use new and renewable energy sources has
been increased. Wind and solar energies are the most
certain available energies for remote and rural regions
[1-3].

Predictions of power generation of wind and solar cells
are very difficult, because they seriously depend on
climate changes. But using hybrid system can be a
suitable way to reach economical solutions against costs.
On the other hands, we can use power-saving energies,
such as batteries to decrease or even get rid of power
fluctuations. The suitable sizing for power-saving system
depends on the amount of power generation and loads.
Here, the hybrid wind/PV/battery system for some special
parts of Iran electric company has been discussed [4-6].

Il. HYBRID SYSTEM PV/WIND
The system used in this paper consists of three main
power wind turbines, solar and saving batteries, which
complete each other in hybrid system and supply the
loads in certainty condition.
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Figure 1. Block diagram of a hybrid wind and PV systems

A. PV Unit Modeling

The PV system consists of PV modules, which are
connected to each other in parallel and series. Parallel and
series resistance are indicators of loss related to
semiconductor and connection structure. If the parallel
resistance is too big, it can be ignored output of solar
cells according to intensity of sun radiation is calculated
by following equation [7-11].

va.rated X ﬂmppt

G
P 1
» 1000 @

whenever vertical and horizontal radiation of sum is
possible, vertical radiation is obtained from below
equation:

G(t0,,)=G,(t)cos(0,,)+ Gy (t)sing,, 2
G is defined as vertical and horizontal radiation in cell's
surfaces (W/M?), P,, stands for rated power per each cell
in G=1000 and 7,,,,, is the DC/DC converter efficiency.

In electrical MPPT analysis mode, the most power of
solar system is obtained by open-circuit voltage. The
practical way of calculating favorite operation voltage of
system and PV open-circuit voltage is following equation

[12, 13]:
v, =Ko fsc g 3
q Iy

where K7 is co-efficient of sun cell materials.
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The photo voltaic system shows an inherent non-
leaner equation. The MPPT control is done by power
electronic devices such as: DC/DC chopper or DC/AC
inverter which is put between cell and electrical load,
obtain favorite characters.
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Figure 4. The maximum amount of MPPT

B. Wind Unit Modeling

Output energy of wind turbine can be obtained from
power-speed graph, which is illustrated by manufacturer.
Wind turbine, by considering wind speed, is calculated by
following equation: The wind turbine power relations are
as the following:

0 Vo SVeer Vo = Veo
V.-V, \
PW = PWGmax X(ﬁj Vi < Vs < v, (4)
P, —P
f WGmEX
PWGmaX Vm _Vr X(Vw _Vr) Ve va SVf

Generally, to obtain speed in difficult heights, the
Equation (5) is used. Table 1 shows information about

Excel-R-BWG wind turbine, which is used in this paper.
h
Va) — vwmeasure « (M)Q (5)

h

measre

92

POWER OUTPUT (kW)

T f T
0 8 12 16 20 24 28 32 36 40 4d4mph
| | S . |
0 2 4 6 B8 10 12 14 16 18 20 22 m/s
WIND SPEED

Figure 5. BWG excel-R power-speed

Table 1. Technical information of wind turbines

Wind Generator Specifications

Rated Power Output

7,500 watts at 29 mph (13.0 m/s)

Cut-in Wind Speed

7.0 mph (3.1 m/s)

Start-up Wind Speed

7.5 mph (3.4 m/s)

Cut-out wind Speed

none

Furling Wind Speed

35 mph (15.6 m/s)

Maximum Design

120 mph (53.6 m/s)

Wind Speed
Type 3 Blade Upwind
Rotor Diameter 23.0ft(7.0m)
Weight 1050 Ibs (477 kg)

Gearbox/Belts

none, direct drive

Temperature Range

-40C to +60C

Generator
Turbine Output Form

Permanent Magnet Alternator
3 phase AC, variable frequency
120VDC, 240VDC, 48VvDC nominal
(with included battery charge controller)

System Output Form

Tabriz Hax Hind Speed

Bep Bcb b Dec  Jam Feb M B M dm Ml i

Figure 6. Tabriz wind speed per year

C. Battery

Energy saving can minimize the fluctuation of wind
and sun energy. In fact, energy saving batteries can be
supposed an intervener between demanded sources to
make balance. The type of battery used in this system is
DEEP CYCLE, which has two types.

Flooded batteries use fluid electrolyte and sealed
battery which are non-fluid electrolyte. In this paper
AGM, sealed battery has been selected because they don't
need any maintenance, which is one of the important
factors in remote zones. Other factors are people life and
unskilled persons in maintenance and monitoring using
operator to maintain and control the battery during the
weak will need a lot of money. In addition, these batteries
are the cheapest. Although this kind of battery isn't as
well as other such lithium batteries but, because power in
these areas is not as critical as other, there is no need to
increase the costs.



International Journal on “Technical and Physical Problems of Enqgineering” (1JTPE), Iss. 10, Vol. 4, No. 1, Mar. 2012

Next stage is the calculating the size of battery, which

can be obtained by doing following steps:

- Calculating total watt-hour for each day by devices;

- Division of total watt-hour in each day by 0.85 to get
battery loss;

- Division (2) by 0.6 to get discharge deep;

- Division (3) by rated voltage of battery.

Multiplication (4) by the number of day, battery used
(number of days which systems need to operate without
any output from PV and wind turbine) equals to
_ hours used by load during each day - sum of total watt «

0.85%0.6xrated voltage of battery

(6)

xdays used of battery

D. Inverter

Inverter is used in middle stage of system. Input of
inverter should not be less than total watt-hour of devices
(equipments). Also inverter rated voltage should be equal
to use battery. In stand-alone systems inverter should be
big enough to tolerate total amount of power used during
a special time. Also; size of inverter must be 25%-30%
more than total watt-hour of equipments.
inverter rated = (PV capacity+wind turbine capacity)x1.3  (7)

E. Reliability

Some of the clear factors of reliability are loss of
expected load (LOLE), loss of Energy (LOEE), amount of
not-generated energy (EENS), probable loss of energy
generation (LPSP) and equivalent loss factor (ELF). ELF
is one of the main factors which is equal to ratio of
effective hours of power-cut to total hour, which is

considered in rural area and stand-alone systems,
ELF<0.01.
1 wu 0
ELF ==)"=1=" 8
H Zh D(h) ®)

where H is number of time steps. In this paper reliability
factors is calculated by disability of equipment like wind
turbine, solar cells, buttery and inverter.

111. SIMULATION AND RESULTS
Load used in this research has been tested in IEEE
standards which the information has listed in Table 2.

A. Wind/Battery System

This system consists of battery and wind turbine,
which sizing of equipment has been showed in Table 3.
Total cost and ELF factor is equal to 3.40795 MUS$ and
0.01. Total cost, in this system, is more than hybrid
system and certainly factor has been set in max. amount
(0.01), which is very extra for ELF and causes to pay fine.

B. PV/Battery System

System is made up of PV and battery sizing of
equipment has been showed in Table 4, total costs, ELF
are equal to 1.50584 MUS$ and 0.0021.

C. PV/Wind/Battery System
This system contains, wind, sun and battery sources
which sizing of equipments has been discussed in Table 5.
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Table 2. Technical information of load

System parameters values
Efficiency of SB 85%
Efficiency of inverter 90%
Inflation rate 6%
Interest rate 6%
Life span of project 20
Life span of WTG 20
Life span of PV 20
Life span of SB 10
Life span of inverter 15

PV array price 7000 US$/unit
WTG price 19400 US$/unit
SB price 800 US$/unit

800 US$/unit
15000 US$/unit
6000 US$/unit

700 US$/unit

750 US$/unit
75 US$/unit-yr
20 US$/unit-yr
10 US$/unit-yr

8 US$/unit-yr

Inverter price
Replacement price of WTG
Replacement price of PV array
Replacement price of SB
Replacement price of inverter
OM costs of WTG
OM costs of PV array
OM costs of SB
OM costs of inverter

Cut-in wind speed 3mls

Rated wind speed 13 m/s
Cut-out wind speed 25 m/s
Rated WTG power 7.5 kW

Period under observation 8760 hours

Minimum storage level of battery 3 kWh
Maximum total SB capacity 40 kWh
Rated battery capacity 8 kWh

Table 3. Total cost and ELF factor for wind/battery system

Noo Ny Npas Pingw) Oy
173 - 200 47 -

Table 4. Total cost and ELF factor for PV/battery system

Nwﬂ va Nbaz P[i(KW) apv
- 185 37 45.30 58.82
Table 5. Sizing of equipments for PV/wind/battery system
N, wl ]va N bat P, in(Kw) 0]7"
13 114 68 47.5 37.33

On early hours batteries are empty (in minimum
storage mode). Because of this lots of loads are lost and
also ELF factor goes up. But amount of ELF during year
(0.002) is less than ELF limitation during year. So, there
will be no need to pay fine. Total cost of this system is
1.29 MUSS. In this system, to choose suitable parameters
for MPPT driver control, hybrid system plan of solar and
wind energy has been used (PWM converter plan with
PMDC motor driver).
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Figure 7. Hybrid system plan of sun and wind
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Variation of Wind Speed PV Current vs. Time
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_ compensator plan suggested in this paper, is Universal
, PV Power vs. Time DC-Link compensation (UDCC).
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Figure 15. Under electrical load with UDCC voltage
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Figure 16. Under electrical load without UDCC voltage

- Under Motor Load: Between 0.2-0.4 sec, 20% of
inductive motor load (20 kVA) is set.
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Figure 17. Under motor load with UDCC voltage
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Figure 18. Under motor load without UDCC voltage

- Under Wind Current: In times between 0.3 0.6 sec, wind
drops from 10 m/s to 6 m/s.
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Figure 19. Under wind current with UDCC voltage
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Figure 20. Under wind current without UDCC voltage

- Under Transient Short Circuit Fault (Ground): All of
loads are grounded between 0.2-0.4 sec. This plan is very
effective in voltage stability for all of electrical loads and
stiff wind and 3-phase short circuit fault.
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Figure 21. Under short circuit fault with UDCC voltage
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Figure 22. Under short circuit fault without UDCC voltage

IV. CONCLUSIONS

In this paper hybrid system has been designed for
some parts of Iran, which can be as a prototype for some
parts of world. Also each of sources are by one been
analyzed and favorite formation of than has been
obtained and also the best configuration has been
analyzed and selected. It is recommended to use wind
hybrid and solar system. In this condition, reliability at
system goes up and according to research done about the
region; there are 300 days during year, which there is
enough sunlight. This system is more economical than
exclusively-wind system.
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