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Modeling of An Efficient Hybrid Wind and
PV System for DC Bus Voltage Regulation
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ABSTRACT

With the help of fossil fuelstheelectrical power cannot be generated for longer period of time as they will vanish
soon. But the renewabl e energy sources such as Solar energy and Wind energy are complementary by nature. Using
these natural resources to produce power will reduce the power demand on the conventional power generation
sector. If any one of the sourcesisused it will not give a fruitful result as they will not be available al the day. So
fusion of two sourcesfor generating power can meet the demand effectively. Efficient hybrid power system (EHPS)
istoreduce the amount of power consumed from the conventional power generation to charge the storage reserves
present in the system. The EHPS comprises of Photovoltai c array, wind turbine, Permanent Magnet Synchronous
generator (PMSG), controller and converter. The efficiency of the EHPS depends on the MPPT controller, which
makes the Photovoltaic (PV) and wind power generation system to operate at its maximum power. In PV system
Perturb & Observe (P& O) algorithm is used as control logic for the Maximum Power Point Tracking (MPPT)
controller and Hill Climb Search (HCS) algorithm is used as MPPT control logic for the Wind power system in
order to maximizing the power generated. This paper presents a comparative analysis of MPPT controller built
using P& O for PV system and HCS for Wind power system, with MPPT controller implemented using Fuzzy Logic
control (FLC) in theboth therenewable sourcesin the hybrid system. The performance of the different implementation
of MPPT controllersin the hybrid system areinvestigated in thispaper in MATLAB, Simulink. The EHPS with the
FL C based MPPT has shown to have a better, faster control as compared with the other controllers
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1. INTRODUCTION

Renewable energy sources (RES) such as Solar, Wind, Geothermal, Tidal, Hydro etc. are inexhaustible by
nature. The RES have been found promising towards building sustainable and eco friendly power generation.
Due to the limitation of conventional resources of fossil fuels, it has compelled the evolution of hybrid
power system. Therefore, new ways to balance the load demand is by integrating RES into the system.
Hybrid system enables the incorporation of renewable energy sources and transferals the dependency on
fossil fuels, while sustaining the balance between supply and demand. The significant characteristic of
hybrid power systemincludes, systemreliability, operational efficiency [1]. The hybrid power system enables
to overcome the limitations in wind and photovoltaic resources since their performance characteristics
depends upon the unfavorable changes in environmental conditions. It is probable to endorse that hybrid
stand-alone electricity generation systems are usually more reliable and less costly than systemsthat depend
on a single source of energy [2]. On other hand one environmental condition can make one type of RES
more profitable than other. For example, Photovoltaic (PV) systemisideal for locations having more solar
illumination levels and Wind power system is ideal for locations having better wind flow conditions [3].

For RES especially the variable speed wind energy conversion systems, Permanent Magnet Synchronous
generator (PM SG) is gaining popularity. PMSG have aloss-free rotor, and the power losses are confined to
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the stator winding and stator core. A gearless construction of wind conversion system represents an efficient
and reliable wind power conversion system. A multi-pole PM SG connected to power converter can be used
as direct driven PMSG in locations with low wind speed there by eliminating the gearbox which adds
welight, losses, cost and maintenance [4]. InaPV system, asolar cell alone can produce power of 1 to 2 watt
[5].]. The solar cells are connected in series and parallel to form aarray of PV panel or PV diode module.

Thus a EHPS is combination of PV array, Maximum Power Point Tracking (MPPT converters, and
Wind power system consisting of turbine, PMSG AC to DC system and MPPT boost converter. The MPPT
boost converter determines the efficiency and reliability of the system. The solar and wind power generation
cannot operate at Maximum power point (MPP) without proper control logic in the MPPT boost converter
as the power losses will occur in the system and even though in the presence of wind and solar energy, the
output voltage of the hybrid systemwill not boost up to the required value [7]. The output voltage of the PV
and Wind power generation are quite low as compared with the desired operating level. So, this output
voltage isbrought to desired operating value of 220V using Boost converter with MPPT controller at each
source. The control logic of the MPPT controlled boost converter for the Wind power generation and PV
based generation are selected on the basis of ease of implementation and robustness of the Hill Climb
Search (HCS) and Perturb & Observe (P& O) algorithm respectively. However, the Fuzzy logic controllers
(FLC) have an advantage due to its robustness and simple implementation.

Ipv:IPH_IDl_IDZ_ISH 1)
FLC is smple to design as it doesn’'t require knowledge of the model but requires the information
regarding the operation of the model. Henceforth in this paper the FLC based MPPT will replace the other
MPPT controllers in the EHPS. A comparative analysis of the performance of the EHPS with different
MPPT control logicsisinvestigated in this paper. The performance of the EHPS implemented using MPPT
control logic (HCS and P& O) is compared with the EHPS whose MPPT control logic isimplemented using
FL C and examined. In the following section modeling of the hybrid power systemwiththe MPPT controlled
boost converter will be discussed in detail.

2. HYBRID POWER SYSTEM MODELLING

Hybrid power system consists of different stages like power generation stage, converter / controller stage
and the distribution stage. In this section, the dynamic simulation model of PV and wind turbine with
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Figure 1: Block Diagram of Hybrid System
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PM SG isdescribed. The developed model consists of PV array, dc/dc boost converter to achieve the desired
output voltage using P& O algorithm and wind turbine, PM SG, ac/dc diode rectifier, dc/dc boost converter
with HCS MPPT controller. The block diagram of developed model is shown in Fig. 1.

2.1. Modeling of Photovoltaic modulesin MATLAB, Simulink

General mathematical models of PV cell were proposed by various researchers [8-9]. A two-diode model
of PV cell is selected whose equivalent circuit diagramis shown in Fig. 2. The mathematical model of two-
diode PV céll performance is better as compared with the numerous models of single-diode model of PV
cell and also under low illumination levels, two-diode model of PV cell exhibits better performance [10].
The two-diode PV cell shown in Fig. 2 consists of Photo-generated current (Iph), two diodes with diode
currents(l ,, 1 ,), SeriesResistance (R), Shunt Resistance(Rp), output voltage (V) and PV current (I or |, ).
The relation between the output current and voltage can be obtained by using Kirchhoff’s Current Law
(KCL) [11]. where, |, |, are the diode currents due to diffusion and are given by (2), (3).
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Figure 2: Equivalent circuit of two-diode model of PV cell

where, |, |, arethereverse saturation currents of diode D, D,, g isthe charge on electron (1.602* 10*° C),
Visthe ceII output voltage, N,, N, are the quality factors of diode D,, D,, k is the Boltzmann constant
(1.38*10%), and T is the junction temperature. The practical PV modules have the R and R asindicted in

Fig. 2. These parameters are incorporated to build
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the mathematical model of PV cell to replicate the practical PV cell. Thisis achieved by rewriting (2), (3)
as(4), (5).

V + Rsl

l,=l, —— -1
D1 sl. Nth (4)
| = V + Rs.l 1 5
D277 N2wt ©)
NskT _ _ _
Where V; = Rp is the thermal voltage module and Ns is the number of series cells and current in

shunt resistance is given by
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V +(Rs.lpv)
lgy=———— 77
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Substituting (4), (5), (6) in (1) we get the relation between the voltage and current of the two diode
equivalent of the PV cell as (7). Equation based implementation of the two-diode model is developed in
MATLAB, Simulink as shown in Fig. 3 [12] in order to study the non-linear characteristics of PV Panel.

The equivalent circuit parameters are extracted from the manufacturer’s data sheet. Table | shows the
electrical parameters of the PV panel whose data is taken from the manufacturer data sheet [13].

In order to plot the current—voltage (I-V) and power—voltage (P-V) characteristics of two-diode model
of PV panel a simple circuit is implemented in MATLAB, Simulink as shown in Fig. 4. The PV pandl is
simulated for different solar irradiance levels with the cell operating temperature kept constant at 25°C.
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Figure 3: Sub-system implementation of two-diode model of PV Pane

Tablel
Electrical Parameter s Of Sharp Nu-e245 (J5) From Data Sheet

Electrical Parameters

Maximum Power (Pmax) 245 W
Voltage at Pmax (Vmpp) 30.5V
Current at Pmax (Impp) 8.04A
Short-circuit Current (I1sc) 8.73A
Open-circuit voltage (Voc) 375V
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Figure 4: Simulink implementation of Two-diode modd of PV pane
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Fig. 5 shows the simulated |-V and P-V characteristics of two-diode model of PV panel developed in
MATLAB, Simulink

In order to validate the smulated results a comparative analysis of electrical parameters obtained from
the simulation of the two-diode model of PV panel under standard test conditions (STC) i.e. Solar irradiance
of 1000 W/, cell operating temperature at 25°C aretabulated with the electrical parameters of manufacturer
data sheet at STC as shown in Table I1. We can analyze that the Simulink model of PV panel replicates the
electrical behavior of practical model of PV panel in manufacture data sheet.
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Figure 5: Simulated |-V characteristics of two-diode model of PV pane
Table3
Electrical parametersof PV panel models at STC with manufacturer data sheet
Electrical Manufacturer Two-diode model of
Parameters Data-sheet PV Panel in Smulink
Voc 37.5V 375V
Isc 8.73A 8.729 A
Pmax 245 W 245.06 W
Vmpp 30.5V 30.75V
Impp 8.04A 7.97A

2.2. Modeling of Wind Turbineand PM SG in MATLAB, Simulink

Severa studies have been reported regarding wind turbine and PMSG in the literature review [14-16]. The
output power of the wind turbine is given by (8)

1 .
R=3 pAV3windC, (6)

The power co-efficient of the turbine Cp is given by (7) where the values of the coefficients C, — C, and
x depend on turbine type, is defined as the angle between the plane of rotation and the blade cross section
chord, and is defined by (7)
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1 1 003
B 06+002 1+63 (7)

where P_is the mechanical power output of the turbine, Cp isthe power coefficient of the turbine, isthetip
speed ratio of the rotor blades, is the blade pitch angle, isthe air density, A isthe area of swept of turbine,
V.., iIsthe wind speed. The power co-efficient of the turbine C is given by (9) the equation base modeling
of PMSG in MATLAB simulink is implemented using the (8)-(10) the parameters os the PMSG under
consideration are from [17].

3. MPPT CONTROL LOGIC IMPLEMENTATION

Fig. 6 showsthe MPPT controlled boost converter common for PV and Wind based generation. For PV based
generation the inputs to the controller are voltage and current samples, whereas for Wind power generation
the inputs to the control are voltage, current and speed of the PMSG. A P& O agorithm is used as MPPT
control logic for PV system, investigated in [18]. The voltage and current samples from the PV panel are
given astheinput to the MPPT control logic. Using thisinput the control logic which computes the duty cycle
of the power electronic switch in the boost converter is controlled. Thus the MPP of the PV generation is
continuously tracked by the MPPT control logic and the output of PV panel isboosted up to the desired value.

The HCS algorithm for MPPT control logic implementation for wind power generation systemisshown
inFig. 7.

The inputs to the controller are voltage, current and speed of PMSG. Using the speed and voltage
samples the reference current is calculated. It is compared with the current measured and the error is
utilized to compute the duty cycle of the power electronic switch in boost converter which controls the
operation of wind power generation at MPP.

Figure 6: MPPT controlled ZETA converter for PV and Wind system
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Figure 7: Sub-system implementation of M PPT control for Wind Power system
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In the Fuzzy Implementation of P& O agorithm, amamdani FLC is selected and the inputs of the FLC
are error and change in error. They are computed by considering PV input current and voltage, and duty
cycle has been calculated as output [19]. Fig. 8 indicated the sub-system implementation of P& O algorithm
using FLC for MPPT control of PV based generation system. The rules for the mamdani FLC P&O
implementation is tabulated as shown in Table 111.

Table4

Rule Base For Flc P& O I mplementation

E CE
NB NM NS ZE PS PM PB
NB ZE ZE ZE NB NB NB NB
NM ZE ZE ZE NM NM NM NM
NS NS ZE ZE NS NS NS NS
ZE NM NS ZE ZE ZE PS PM
PS PM PS PS PS ZE ZE ZE
PM PM PM PM ZE ZE ZE ZE
PB PB PB PB ZE ZE ZE ZE

A Sub-system implementation of HCS algorithm using FLC asMPPT control for wind power generation
system is shown in Fig.9.The Rule base for FLC implementation of HCS algorithm is tabulated as shown
inTable IV. The generated duty cycle isto control the power electronic switch in the boost converter which
tracks the MPP [20].

4. SIMULATED RESULTSAND DISCUSSIONS

The EHPS asshownin Fig. 1isimplemented inthe MATLAB Simulink to feed aDC load of 220V, 3.1 KW
with a PV based generation of 400W combined with a Wind based generation of 3 KW. The simulated
results of EHPS with solar irradiation of 1000 W/m? and wind speed of 12 m/s are shown below. The EHPS
is implemented with the MPPT controller build using HCS and P& O agorithm for wind and PV based
generation respectively. These control logics are replaced by FLC and the comparative analysis of the

Load Current
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Load Current without FLC

Current (A)

Load Current with FLC
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Time
Figure 8: Simulated result of EHPS
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simulated results with and without FLC are shown in Fig. 10-12.Fig.. It isseen that the load voltage profile
improves when MPPT controller is implemented using FLC.

FL C boost up the load voltage to the desired value of 220V in 0.58s, whereas the system without FLC
reaches the desired output voltage at 1.7s. From the Fig. 11 it can be observed that the system with FLC
implemented MPPT control brings the load current to the desired value of 14.1A in 0.58s, whereas the
system without FLC control reaches the desired output current at 1.7s.

In Fig. 10 it can be analyzed that the system with MPPT control using FL C brings the load power to the
desired value of 3.1 KW in 0.58s, whereas the system without FLC reaches the desired output current at
1.7s. Theload power profile has a significant improvement with FLC as compared with the other controller.

It can be clearly observed that the MPPT controller plays akey rolein the hybrid power system. In order
to reduce the losses and to improve the efficiency and performance of the hybrid system a faster MPPT
controller is required. The hybrid system using MPPT controller with FLC serves the purpose.
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Figure 9: Simulated result of EHPS
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Figure 10: Simulated result of load power of EHPS
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5. CONCLUSION

In this paper a comparative analysis of MPPT controller design in a EHPS is done. The MPPT controller
plays an vital role in the hybrid system for improving the efficiency and reliability of the system. The losses
are reduced by using MPPT controller. Here PV and Wind are operated at MPP in order to get a maximum
efficiency. The MPPT controller with FLC has a much better performance as compared to the MPPT build
using HCS and P & O methods.

The EHPS reachesthe desired output voltage of 220V, 3.1 KW in 0.58swith the MPPT controlled Zeta
converter with FLC as compared with the 1.7s with the other implemented MPPT controllers. Here the
system efficiency, reliability and performance of the system got improved by using the MPPT controller
with FLC. In future it will be tested with real time data and comparing it with real-world scenario.
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