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ABSTRACT

Due to urbanization, globalization and industrialization the demand for energy is rapidly increasing allows the
world and India is not an exception. Out of all energies electrical energy is playing a major role in developed as
well as developing countries. The energy is mostly produced by fossil fuels which are developing day his is to by
day .they also produce lot of pollutants which totally damage the environment the alternative to this is to
encourage renewable energy source. Now days the energy production at domestic level is becoming popular with
the help of solar and wind energies . These technologies are widely used now days in the present paper an

attempt has been made to simulate a generalized hybrid model including solar and wind.

Keywords — DC Link, PMSG, WECS , Hybrid.

I. INTRODUCTION

In this paper main objective of our work is to
Generate Electricity in eco-friendly way. Increasing
population results rise in Energy demands day by day
we have only limited conventional resources. In this
crucial stage of energy availability, alternative way of
power generation has to be taught of Solar and wind
are clean renewable energy sources. It is one time
investment and prevents global warming.

For optimal sizing of all the components and to
minimize cost of wind diesel electrical power
generation an algorithm is developed [15].Small
autonomous power systems (SAPS) like solar and
wind power sources are well-being accessed with
systematic analytical approach avoids the cost
concern and shortage of conventional resources

To minimize the life cycle cost a generalized
model is developed based on different system
components of a hybrid energy system and an
optimal combination of energy components for a
typical rural community [16].Small-scale hybrid PV-
Wind generation system works only in standalone
mode with batteries. The power conditioning unit is
used to maximize the output power from both the
wind and the PV generators to the batteries the power
ratings and load management are not taken into
account. A design supervisory controller based on the
sliding mode control is presented in reference [8].

In this paper the generalized block diagram
consists of 5.6kW PMSG based wind energy
conversion system and solar array of 2.7kw. At the
load individual boost converters are used . Two
sources are connected in parallel to a common DC
bus link. Output of this common DC link is

will be generated with the help of both photovoltaic
& wind energy and will be supplied to the bus bar
from where power is supplied to the load. Flow of
power scheme can be observed as PV array—DC/DC
Boost converter—Common DC link. For wind
energy, Power flow can be observed as Wind
energy—Turbine—PMSG—Rectifier—Boost
Converter— Common DC Link. DC link common
voltage is given as an input to the 3 phase SPWM
Inverter. Operation of Boost converter takes place in
a closed loop to maintain the constant DC output
voltage. The entire circuit simulation is done by using
MATLAB/SIMULINK environment.

Il. Original Diagram and Description
The complete layout of wind-solar hybrid system
which supplies either ac or dc or both is shown
figure-1
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A. Photovoltaic (P.V) Solar Modules

Figure2 indicates typical block diagram of PV
system Using silicon being a main constituent of sand
which one of the most abundant element on earth is
used in the manufacturing of solar cell also known as
photovoltaic cell. Combination of several solar cells
design is said to be solar module and it is also an
weather proof unit. Incident light is absorbed by the
solar cell which is diode and it is converted into
electricity. Physically and electrically connected solar
modules will give rise of solar panels. Energy
consumption must be estimated to determine the size
of PV modules. Therefore size of PV module is
calculated as Wp [5].

Energy consumption measures in watts or
kilowatts where isolation is in KWh/m?/Day.
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Figure 2 Photovoltaic System

Block diagram consists of solar panels which it
absorbs the light energy from sunlight by using
MPPT controller and the obtained electrical energy is
converted from dc to ac and it is given to load the
controller is assisted by battery for continuous
supply. The ratings of the solar cell in the panel is
given below.

Specification of single solar cell: Nominal Power
Pmax =85W, Voltage at maximum power =29.12V,
Current at maximum power =5.95A, Open circuit
voltage of single module =36.02V, Short circuit
current =7.78A, Solar cell per module =36, Open
circuit voltage of single solar cell =0.6V, Irradiance
=1000W/m2, So in order to obtain the 2.2kW power
output we connected 17 module in series.

B. Wind Power Modelling

Conversion of wind energy to electrical Energy
and to predict the output production of wind turbine
generators (WTG) various mathematical models have
been developed. For this purpose a statistical function
found which known as Weibull distribution function
is used to find the wind distributed in the site selected
of the case study and monthly/annually mean speed
of the wind at the site. Therefore the Weibull
distribution  function accepted more for this

purpose.[10,11] .The two parameter Weibull
distribution function mathematically expressed in
Eq[2],the cumulative distribution function it has in
Eq 4 is given as Speed of wind is VV-shape parameter
is k which is dimension less, scale parameter of the
distribution function is C (m/s),

To determine C and K widely accepted
approximations are given in equations 1 and 2

respectively [11,12]
o109
~ e @)
v-'KE.E-E-.-d-
= 0.124 +0.916K 2-TEE5? (2)

Where V" = mean speed (ms™)
Area swept out by the rotor and the density of the air
and the cube of the wind speed is directly
proportional to the amount of power transferred to a
wind turbine, the power P in the Wind is given by
The power P in the wind is given by
P=%Cp.p.A. V? (3)
Power coefficient of the turbine is given by Cp,
A maximum theoretical value of 0.593 been proposed
for Cp[8,9]

p = Air density (kg/m3),

b=
A (Rotor swept area) = Y (m9) 4)

Where D is diameter of rotor blade(m) and
V'=Mean speed of wind(ms-1)

Wind Energy Conversion System
Pm (watts) = 1/2 p*A*V3*Cp
Pm is the mechanical output power of the turbine.
Cp is the turbine power coefficient,
p is the air density,
A is the turbine swept area,
V is the wind speed
Function of tip speed ratio A given by:
r=Q*R/V
Q: Rotational speed of blades
R: Radius of turbine blades
V: Wind speed
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Figure-4 Simulink model of wind energy conversion
system
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C. Battery Subsystem

In enhancing systems which are hybrid battery
energy storage system (BESS) has a great
significance which stabilizes and permits the system
to maintain at a constant and stable output despite of
load fluctuations .1t also covers the deficient energy
in case where there is a lack of primary energy
sources like sun and wind. To meet the challenges of
utility application battery technology have been
improved significantly. The high energy density,
round trip efficiency, high energy capability, cycling
capability, initial cost and life span are key factors of
battery for storage applications. Various types of
battery technologies are available for large scale
storage energy system, but the lead acid technology is
a low cost option and mature technology which is
suitable in rapid discharge/charge large bulk storage
system but limited life cycle and the low energy
density are to be the main disadvantage of this
technology

Battery simulation model:

Figure-5:Simulink model of battery bank
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Figure-6 Simulink model

D. Modelling of 3 phase SPWM inverter

DC electricity from sources such as solar panels,
batteries, or fuel cells to AC electricity by an
inverter.at any required voltage in particular
operation AC equipment is designed for mains
operation electricity.in the presence of main supply
the battery voltage is maintained constant by using
controlled chargers however in the absence of mains
the output voltage can be decreased by decreasing the
battery voltage. Output voltage can be changed by
variation of load. Web browsers, industrial
instrumentation, note book computers, entertainment
systems and automotive are used this constant current
output voltage inverters. Wide range of topologies
are available in the sine wave inverters.by using
toroidal transformer with an output filter high
frequency switching is possible with a DC link in the
CVT(Current voltage transformer) and secondary .the
common goal is to bring the sinusoidal output. But
the output waveforms get distorted and efficiency
gets effect due to certain critical loads such as
computers, fluorescent lights with electronic ballasts,
television, microwave ovens etc.
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Figure-7 Simulation model of-=épwm in\}erter

E. Modelling of boost converter

Boost converter is used to step-up the dc output
voltage of both the energy systems. Boost converter
used here is operating in a closed loop which
maintains the dc output voltage at the common dc
link as constant irrespective of the environmental
variation. That results in the fluctuation of dc output
from both the energy systems. Closed loop operation
is done by using PID controller. Here for example
435V as an output of boost converter so we fixed the
reference input of PID controller as 435V and this
reference is compared with the output voltage of
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boost converter, and the error signal is goes to the
PWM block, inside the PWM block we have a carrier
signal of very high frequency which is compared
with the error signal of PID controller. Frequency of
carrier signal is kept at 20 KHz.
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Figure-8 Circuit Diagram of Boost Converter

Basic Configuration of a Boost Converter:

Shows the basic configuration of a boost
converter where the switch is integrated in the used
Integrated circuit. Lower power converters which are
having the diode are replaced by a second switch
which is integrated to the converter. If this is the
case, all equations in this document apply besides the
power dissipation equation of the diode.

Boost Converter — Cose Loop
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Figure9-boost converter-close loop

Necessary Parameters of the Power Stage
1. Input voltage range: Vin (max) and Vin (min)
2. Nominal output voltage: Vout
3. Maximum output current: lout(max)
4. Integrated circuit which uses to develop the
boost converter
By knowing the above parameters power stage
calculation can be done by mat lab program given
below

USER DEFINED PROGRAM FOR BOOST
CONVERTER

% the following are four parameters needed to
calculate the power stage:

%JX1.input voltage range: Vin (max) and Vin (min)
%2.Nominal output voltage: out

%3.maximum output current: out(max)

clc;

disp(‘boost converter calculation’)
Vin=input(‘ener the minimum input voltage::");
Vinl=input('ener the maximum input voltage::");
Vout=input('enter the output voltage::");
I=input(‘enter the maximum output current::");
fs=input(‘enter the switching frequency;;";
%calculation of maximum switch current

n=0.9;

D=1-((Vin*n)/Vout);%duty cycle
di=2*1*(Vout/Vin);%inductor ripple current
L=(Vin*(Vout-Vin))/(di*fs*Vout);%inductor value
%dv=(1/(1-D))+(di/2);

dv=0.5

c=1*D/(fs*dv);%output capacitor value
R=Vout/l;

disp(‘duty cycle")

D

disp(INDUCTOR VALUE::::")

L

disp(‘'voltage ripple:::")

dv

disp(‘capacitor value microfarad:::")
C=c;

C

R

diSp('*****')

F.Rectifier Simulink modelling
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Figurel0-rectifier simulink model

I11. ANALYSIS OF RESULTS:
Simulating the above circuits we get the
following results
A. PV Module power ,current and voltage out puts
in hybrid model is given below the parameters
are also given to obtain the desired output and
the output of the PV is given to the boost
converter as shown in the main block diagram
Output Voltage = 505 V getting constant
corresponding to 1000 insolation Each PV
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module produces =32.97V D. Boost converter programme results:
Output Power = 2022 W getting constant 1| Min | Max | Outpu | Outpu | Switc | Comp
corresponding to 1000 insolation ilp ilp t t hing | onent
Each PV module produces 131.88W volt | volta | voltag | curre | frequ | s
507 | ‘ | | age | ge e nt ency
’ ‘ ‘ ’ ’ 502. | 502. | 1500 | 48 10000
5 5 0
; | | ; , Dut | Di Induc | Volta | Capac | Resist
Y owm om0 0 0101 y tor ge itance | ance
fime Cyc Value | Rippl | (UF)
o ! ; 3 ! ! le L e
R R s e N 1 05 |226. | 1.473 | 05 5.817 | 39.47
- i i i i i 87 | O%en- gren | 37
0.0%5 0.096 0.097 0.09%8 0.099 0.1 0.101 005 -004
e 2| Min | Max | Outpu | Outpu | Switc | Comp
§ : T T : : i/p i/p t t hing onent
5, i i i i o | volt | volta | voltag | curre | frequ | s
33 | | | | | age | ge e nt ency
095 0.0% 0.097 1.098 0.099 01 0401 435 | 435 | 1000 | 28 40000
fme Dut | Di Induc | Volta | Capac | Resist
Figurell-pv results y tor ge itance | ance
B. Cyc Value | Rippl | (uF)
1 1 T 1 le L le
101 RPN SO AU SN SO NS NSO 05 |128. | 4.772 | 05 9.737 | 35.71
sooo Ll 735 | 9%eM- 0*er |3
on0b 005 -004
k. 3| Min | Max | Outpu | Outpu | Switc | Comp
5 ip ip t t hing onent
g volt | volta | voltag | curre | frequ | s
4000 o0 age | ge e nt ency
3000 (f----- 420 | 420 | 1000 | 28 30000
P — Dut | Di Induc | Volta | Capac | Resist
000 y tor ge itance | ance
I NS N N N N N Cyc Value | Rippl | (uF)
UU 0.1 0.2 03 04 h[:i 0.6 0.7 0.8 0.9 1 |e (L) e
Figure12-wind power results 05 |128. | 4772 | 0.5 9.737 | 32
735 | 9%en- 0*en-
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Figure14-Output Current Wave Form Of Spwm
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G. Results obtained from rectifier:

5700

5500

5400

5300

power

5100

5000

4900

.

P NN N S U N S O S S

voltage

19685 [ -m oo R b oo beeeeeo]
e

PO S N NS N SRS I S N
0

i i i
04 0.05 0.06 0.07 0.08 0.09 01
time

Figurel5-rectifier output voltage
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Figure16-Results of battery model
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Figurel7-output voltage of dc-link in system

IV. CONCLUSION

Simulation of the PV cells, wind energy
conversion system ,boost converter inverter,
rectifier, single pulse width modulated inverter done
by using Simulink mat lab .Boost converter triggered
by using GTOs with the help of PWM technique and
the output of the individual is given to DC link.

The combined output which is given to grid by
using stepdown transformer used for various
applications . I can be further improved by including
other renewable sources like fuel cells, geothermal
etc.
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