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Abstract— This paper describes modeling and presenting 

performance analysis of PV/Wind/Battery Hybrid Power 

System (PWB-HPS) for residential applications. The main 

aim is to maximize the use of Renewable Energy Sources 

(RES) to meet the load demand by selecting the optimal 

configurations of the proposed PWB-HPS. The system 

consists of two Photovoltaic (PV) panels inclined in two 

different directions, one Wind Generation System (WGS) and 

Battery Storage (BS) connected to a DC bus and then to the 

AC side through pulse width modulation inverter .In order to 

extract maximum power from Wind energy and solar energy 

systems a novel technique, known as Maximum Power Point 

Tracking (MPPT) technique, has been adopted, in this paper. 

Additionally, to maintain and sustain the continuity of supply 

to the load on demand at all times, the outputs of wind energy 

and solar energy are integrated suitably .For wind generator, 

the overall operation is based on the estimation of the speed 

that is basically a sensor-less rotor speed estimator, which in 

fact avoids all mechanical sensors. The rotor speed so 

estimated, is used to control the turbine speed by maintaining 

the input dc quantities (Voltage and Current) for boost 

converter. Simulation studies of the proposed system are 

carried out using MATLAB / Simulink platform, and results 

are presented. 
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I. INTRODUCTION 

With the gradual increase and continuing threat of global 

warming to mankind and the depletion of existing fossil fuel 

reserves, many countries are looking forward to sustainable 

green energy solutions to preserve the resources for the future 

generations. Other than hydro power and thermal power, 

wind energy and PV energy are being considered to be the 

preferred renewable energy, and it has the potential to meet 

the energy demands. Wind energy, by itself is capable to 

supply large amounts of power, but its existence is highly 

unpredictable, and depends on geographical locations and 

presence of tall structures. Similarly, solar energy is available 

throughout the day, but the solar irradiation levels vary, due 

to sun’s intensity and unpredictable shadows cast by clouds, 

birds, tall buildings, trees, etc. The common drawback of 

wind and solar systems, are their periodic nature that make 

them inconsistent. Hybrid renewable energy system utilizes 

two or more no of energy sources, usually wind power and pv 

array power. The main advantage of such hybrid system is 

that, when these two power sources are used together, the 

reliability is enhanced at load side. Often, there is presence of 

sun rays, while there is intense wind. However, by combining 

both wind and solar systems power transfer, efficiency and 

reliability can be improved significantly. When any of the 

sources is unavailable or insufficient in meeting the load 

demands, the other energy source can complement the deficit. 

 Hybrid power systems (HPS) are autonomous 

electricity generating systems that incorporate more than one 

type of power sources, operated together with associated 

supporting equipment (including storage) to provide electric 

power to the grid or on site. Through this integration of 

different energy sources in one supply system, the technology 

of hybridization provides a perfect possibility to use locally 

available renewable energy sources for supplying electric 

power in remote locations. Hybrid system technology mainly 

covers stand-alone systems as well as island grids of small 

and medium power ranges. In all cases, it contains two or 

more power generation sources in order to balance each 

other's strengths and weaknesses. 

 In general a hybrid system might contain AC (or 

DC) diesel generators, an AC (or DC) distribution system, 

loads, renewable power sources, energy storage, power 

converters, rotary converters, coupled diesel systems, load 

management options or a supervisory control system. 

Examples of hybrid systems include: 

 Wind turbines with battery storage and diesel backup 

generators; 

 Solid oxide fuel cell combined with a gas turbine or 

micro turbine; 

 Sterling engine combined with a solar dish; 

 Engines (and other prime movers) combined with energy 

storage devices, such as flywheels. 

The primary benefits of hybrid power systems are that they 

can: 

 Shelter consumers from temporary energy price 

volatility created by supply and  demand mismatches; 

 Increase the reliability of energy supply, thereby 

avoiding significant costs associated with power outages; 

 Provide a cost-effective means to minimize the impact of 

intermittent resources,  thereby expanding the energy 

supply reserves; 

 Decrease environmental impacts of energy supply. 

Several hybrid wind and PV power systems are discussed in 

[1] using the conventional PI controllers for lower ratings. 

The proposed system consists of Wind turbine and solar PV 

module as inputs. Wind energy derived from PMSG, 

connected to grid via buck-boost converter, followed by grid 

side converter. In this, Hill Climbing Search techniques are 

employed for wind energy system[2]. The output power of 

PV and wind power generation are fluctuating due to the 

randomness of solar irradiance and wind speed, which 

requires a proper size of storage, efficient MPPT and fast 

charge controller to ensure the continuity of power supply 

when the system operates in stand-alone mode and grid-

connected mode [3]. 
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II. SYSTEM ARCHITECTURE/COMPONENTS 

The main purpose of this paper is to demonstrate a hybrid 

system using one WGS, two PV panels inclined at 450in two 

different directions on house of a gable roof and a battery as 

a storage system can satisfy a typical house load demand and 

maximize the utilization of renewable sources. The solar 

radiation and wind speed data at a given location are essential 

for studies of solar and wind energy combination and 

integration. 

 The block diagram of PWB-HPS which consists of 

two PV panels, one wind generation system and battery 

storage is shown in Fig. 1 

 
Fig. 1: Block Diagram of PWB-HPS 

A. PV System 

The developed solar cell model is based on the widely known 

PV cell electrical equivalent circuit shown in Fig. 2. 

 
Fig. 2: Electrical Equivalent Circuits for PV Cell 

𝐼𝑃𝑉 = 𝐼𝑝ℎ − 𝐼𝐷 − 𝐼𝑝 

𝐼𝑝𝑣 = 𝐼𝑝ℎ − 𝐼0 (exp (
𝑉𝑝𝑣 + 𝑅𝑠𝐼𝑝𝑣

𝑛𝐾𝑇

𝑞

) − 1) −
𝑉𝑝𝑣 + 𝑅𝑠𝐼𝑝𝑣

𝑅𝑠ℎ

 

 Where, Iph is the light generated current (A), ID is 

the Shockley diode current (A) , Ip is the shunt current (A), 

Io is the PV cell saturation current (A), q is the electron 

charge (q =1, 6 10-19C), K is the Boltzmann constant (k = 1, 

38 10-23J/K), n is the cell ideality factor, T is the cell 

temperature, Rsh is the shunt resistance (Ohms) and Rs is the 

internal series resistance (Ohms) . 

B. Wind Generation System 

The relationship between output power from wind turbine 

and wind speed is demonstrated: 

𝑃𝑊𝑇

= {𝐶𝑝(𝜆, 𝛽)
𝜌𝐴

2
𝑣𝑤𝑖𝑛𝑑

3 ,   𝑣    𝑐𝑢𝑡−𝑖𝑛 ≤ 𝑣        𝑤𝑖𝑛𝑑    ≤ 𝑣     𝑐𝑢𝑡−𝑜𝑢𝑡

0,                                                     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 Where PWT is the mechanical output power of the 

wind turbine (W), cp is the performance coefficient of the 

wind turbine, ρ is the air density (kg/m3), A is the turbine 

swept area (m2), v cut-in is the cut-in wind speed (m/s), v 

wind is the wind speed (m/s), v cut-out is the cut-out wind 

speed (m/s), λ  is the tip speed ratio of the rotor blade tip speed 

to wind speed and β is the blade pitch angle (deg). 

C. Boost Converters 

Two boost converters are used in this design. Each PV array 

is equipped with MPPT and boost converter. The boost 

converter boosts a variable DC voltage output of PV array to 

a fixed voltage of 240 V at the DC bus. The MPPT with 

Perturb-and-observe (P&O) is used to produce a duty cycle 

of pulse width signal to control the boost converter in order 

to maintain the voltage level of the DC bus at the value of 

240V to ensure continuous power supply to the load. 

 
Fig. 3: Boost Converter 

D. Battery Storage 

The main usage of the battery is to compensate the output 

power from RES. When the power produced by the RES is 

not sufficient enough to supply the load the battery will act as 

a back-up power supply. In addition, the battery absorbs the 

extra energy produced from RES and stores them. The type 

of the battery used in the model is Lead Acid with nominal 

voltage of 240 V and current capacity of 920 Ah which can 

be practically presented by 20 batteries (12V, 46Ah) 

connected in series. The discharging and charging energy are 

expressed: 

𝐸𝑑𝑖𝑠 = 𝐸0 − 𝐾
𝑄

𝑞 − 𝑖𝑡
𝑖∗ − 𝐾

𝑄

𝑄 − 𝑖𝑡
𝑖𝑡

+ 𝐿𝑎𝑝𝑙𝑎𝑐𝑒−1 (
𝐸𝒙𝒑(𝑠)

𝑆𝑒𝑙(𝑠)
. 0) 

𝐸𝑐ℎ𝑎 = 𝐸0 − 𝐾
𝑄

𝑖𝑡 − 0.1𝑄
𝑖∗ − 𝐾

𝑄

𝑄 − 𝑖𝑡
𝑖𝑡

+ 𝐿𝑎𝑝𝑙𝑎𝑐𝑒−1 (
𝐸𝑥𝑝(𝑠)

𝑆𝑒𝑙(𝑠)
.
1

𝑠
) 

 E0 is the constant voltage (V), Exp(s) is the 

exponential zone dynamics (V), Sel(s) is the represents the 

battery mode, K is the polarization constant (Ah1) or 

polarization resistance (Ohms), i* is the low frequency 

current dynamics (A), it is the extracted capacity (Ah) and Q 

is the maximum battery capacity (Ah). 

E. Inverter 

The inverter is used to convert the DC voltage from the DC 

bus of 240 V to a three phase AC voltage of 240 V. The 

inverter is consisting of 3-bridge arms with 6 IGBTs. A Pulse 

Width Modulation (PWM) generator is used to produce the 

switching control signal (firing angle) for the IGBTs 

switches. A filter which consists of a three phase static VAR 

compensator (20 kvar, 240 V) is used after the inverter in 

order to filter the harmonics and stabilizing the system. 
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F. AC Load 

The load is resistive load fixed at 10 kW. The parallel RLC 

block is used to represent the load in the simulation. At the 

specified frequency, the load exhibits constant impedance. 

III. WIND TURBINES 

Wind turbines are devices that convert the energy in wind into 

electricity. A typical wind turbine is shown in Fig. 4. The 

main parts of a wind turbine are the rotor, the drive train 

(including the generator), main frame, and tower, foundation, 

and control system. The rotor consists of the blades and a hub. 

The blades serve to convert the force of the wind to a torque 

that ultimately drives the generator. 

 
Fig. 4: Components of Typical Wind Turbine 

 The two most important features of a wind turbine 

as far as a hybrid energy system is concerned are the type of 

generator and the nature of the rotor control. Most wind 

turbines use induction generators, although some use 

synchronous generators. In either case the generator may be 

connected directly to the electrical network or it may be 

connected indirectly through a power electronic converter. 

 There are two main forms of rotor control on wind 

turbines, one is stall control and other is pitch control. The 

most important function of rotor control is to protect the wind 

turbine from high winds. Under some conditions (with pitch 

control), the rotor can be controlled to facilitate start up or to 

reduce production when full output is not required. 

IV. PROPOSED TECHNIQUES 

HCS is one of the simplest MPPT techniques where it 

requires power measurement only. This is based on 

perturbing the turbine shaft speed in small steps (Δω) and 

observing the resulting changes in turbine mechanical power 

increase or decrease. The various types of HCS techniques 

are: viz. fixed, variable and dual step size. 

 The process of the conventional hill climbing 

searching algorithm used for the maximum power point 

tracking can be explained using Fig. 5. The basic principle of 

the HCS algorithm is: if the previous increment of rotational 

speed Δw results in an increase of mechanical power ΔP, the 

search of Δw continues in the same direction; otherwise, the 

search reverses its direction. Assume that the wind turbine is 

operating at point A in the characteristic curve shown in Fig. 

5. The wind turbine rotational speed is increased and the 

corresponding mechanical power is detected. 

 
Fig. 5: Principle of HCS Control Algorithm 

 Most of the HCS based methods use the relation 

between generator output power and rotor speed. These 

characteristics have to be stored and shaft speed 

measurements have to be done. The optimal output power is 

calculated and compared to the actual generator output 

power. The resulting error is used to control a power 

interface. Such methods require the prior information about 

generator characteristics, which may not be available 

accurately. Sensors are required for wind speed 

measurements which add to the cost of the entire system. As 

a solution to the above limitations, the proposed method is 

based on duty cycle of the boost converter. A detailed 

mathematical analysis of the used method has been presented 

below. 

 It can be concluded that maximum turbine output 

power Pmax is proportional to the cube of wind speed V and 

hence to the cube of optimum rotor speed ωopt which keeps 

the TSR at its optimal value λopt for a given wind speed. 

Mathematically we can write, 

𝑃𝑚𝑎𝑥    ∝  𝑉3   ∝  𝜔𝑜𝑝𝑡
3  

 For a PMSG with a constant flux, the phase back 

electromotive force (emf) E is a linear function of generator 

rotor speed [9], which equals the turbine speed; 

𝐸 = 𝐾𝑒𝜑𝜔 

 The phase terminal voltage Vac for a non-salient 

PMSG is written as; 

𝑉𝑎𝑐 = 𝐸 − 𝐼𝑎𝑐(𝑅𝑠 + 𝑗𝜔𝑒𝐿𝑠) = 𝐾𝑒𝜑𝜔𝑜𝑝𝑡 − 𝐼𝑎𝑐(𝑅𝑠 + 𝑗𝜔𝑒𝐿𝑠) 

𝜔𝑒 = 𝑝𝜔𝑜𝑝𝑡 

 Due to the diode bridge rectifier, the ac-side voltage 

amplitude Vac-amp and the dc side voltage Vdccan be 

expressed as [10]; 

𝑉𝑑𝑐 =
3√3

Π
𝑉𝑎𝑐−𝑎𝑚𝑝 

 At the point of maxima, the optimal value of the 

rectified dc voltage Vdc-opt at a given wind speed is 

proportional to the optimal rotor speed ωopt. 

𝑉𝑑𝑐−𝑜𝑝𝑡   ∝ 𝜔𝑜𝑝𝑡 

𝑃𝑚𝑎𝑥  ∝  𝑉𝑑𝑐−𝑜𝑝𝑡
3  

 The maximum dc-side electric power at a given 

wind speed can be expressed as; 

𝑃𝑑𝑐 = 𝜂𝑃𝑚𝑎𝑥 = 𝑉𝑑𝑐−𝑜𝑝𝑡𝐼𝑑𝑐−𝑜𝑝𝑡 

 Idc-opt is the value of dc side current at optimum 

point. 

𝐼𝑑𝑐−𝑜𝑝𝑡 ∝  𝑉𝑑𝑐−𝑜𝑝𝑡
2  

Or 
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𝐼𝑑𝑐−𝑜𝑝𝑡 =  𝐾𝑉𝑑𝑐−𝑜𝑝𝑡
2  

V. SYSTEM MODEL 

The system consists of PV/Wind/Battery Hybrid Power 

System to maintain and sustain the continuity of supply to the 

load on demand at all times, the outputs of wind energy and 

solar energy are integrated suitably. 

 The main simulink model of the test system is given 

in Figure-6. The system consists of PV/Wind/Battery Hybrid 

Power System to maintain and sustain the continuity of 

supply to the load on demand at all times, the outputs of wind 

energy and solar energy are integrated suitably. 

 For wind generator, the overall operation is based on 

the estimation of the speed that is basically a sensor-less rotor 

speed estimator, which in fact avoids all mechanical sensors. 

The rotor speed so estimated, is used to control the turbine 

speed by maintaining the input dc quantities (Voltage and 

Current) for boost converter. 

 
Fig. 6 PWB-HPS Model 

The amount of the energy incident on PV array depends not 

only on the energy contained in the sunlight, but also on 

inclination of the PV array. PV array model shown in Fig. 7 

 
Fig. 7 PV Array Model 

Constant wind speed and variable wind speed model shown 

in Fig. 8 

 
Fig. 8: Wind Model 

 
Fig. 9: Control Inverter Model 

 
Fig. 10: HCS Technique Model 

VI. RESULTS 

In this section simulation for hybrid model of wind and solar 

energy systems using Matlab/Simulink platform is carried 

out. Simulation studies of the proposed system are carried out 

using MATLAB /Simulink platform, and results are 

presented. 

A. PV Array System at Constant & Variable Speed 

Fig. 11 Shows the PV Voltage at constant wind speed at 

constant wind speed 

 
Fig. 11: PV Array Voltages at constant wind Speed 

In Fig. 12shows a PV array Power and also shows a PV array 

output power at constant wind speed 
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Fig. 12: PV Array Output Power at constant wind speed 

In Fig. 13 shows a PV Boost DC Current & PV Boost DC 

voltage at constant wind speed 

 

 
Fig. 13: PV Boost DC current & DC voltage at constant 

wind speed 

In Fig. 14 shows PV Array voltages at variable wind speed 

 
Fig. 14: PV Array voltages at variable wind speed 

In Fig. 15 shows PV Array Output Power at variable wind 

speed 

 

 
Fig. 15: PV Array Output Power at variable wind speed 

In Fig. 16 shows PV Boost DC voltage & PV Boost DC 

current at variable wind speed. 
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Fig. 16: PV Boost DC voltage & DC current at variable 

wind speed 

B. Output Current/Voltage 

In Fig. 17, 18 shows Three Phase AC Current and Three 

Phase AC voltage 

 
Fig. 17: Three Phase AC Current 

 
Fig. 18: Three Phase AC Voltage 

C. WEC at Constant Speed wind speed 

 

 
Fig. 19: Constant Wind Speed 

In Fig. 20 shows Wind output power at constant wind speed 

 

 
Fig. 20: Wind output power at constant wind speed 

In Fig. 21 shows Wind generator output at constant wind 

speed. 
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Fig. 21: Wind generator output at constant wind speed 

In Fig. 22 shows Wind boost DC current and wind boost 

voltage at constant wind speed. 

 

 
Fig. 22: Wind boost DC current at constant wind speed 

In Fig. 23 shows Permanent Magnet Synchronous Generator 

(PMSG) output at constant wind speed. 

 
Fig. 23: PMSG output at constant wind speed 

D. WEC at Variable Speed wind speed 

 

 
Fig. 24: Variable Wind Speed 

In Fig. 25 shows Wind output power at variable wind speed. 
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Fig. 25: Wind output power at Variable wind speed 

In Fig. 26 shows Wind generator output at variable wind 

speed. 

 
Fig. 26: Wind generator output at Variable wind speed 

In Fig. 27 shows Wind boost DC current and wind boost 

voltage at variable wind speed. 

 

 
Fig. 27: Wind boost DC current at Variable wind speed 

In Fig. 28 shows Permanent Magnet Synchronous Generator 

(PMSG) output at variable wind speed. 

 
Fig. 28: PMSG output at Variable wind speed 

VII. CONCLUSION 

In this paper, describes the modeling and presents simulation 

results on the performance analysis of a proposed 
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PV/Wind/Battery Hybrid Power System for household 

applications. The proposed system is tested for the Kuala 

Terengganu site in Malaysia. The objective of designing such 

system is to optimize the utilization RES to meet the house 

load demand by selecting the optimal configurations for the 

system. The PWB-HPS takes advantage of the 

complementary characteristics of solar & wind power system 

in which when there is no solar radiation (or poor solar 

radiation) the load can be supplied by wind energy and vice 

versa. An optimal combination and integration of PV and 

Wind Generation System (WGS) for a given site, a proper 

sizing of PV and WGS system as well as battery storage will 

maintain the continuity of power supply to satisfy the load 

demand as well as increasing the efficiency of the system.  

The performance of the proposed system was simulated for 

various models. The analysis on the simulation results shows 

complementary characteristics between solar and wind power 

system that satisfies the load demand was validated in both 

modes. 

 Further study can be made using optimization 

methods such as genetic algorithm, Particle Swarm 

Optimization etc. to tune the controller parameters. 

 Future research can be made for control of modern 

Wind Energy Conversion System (WECS) through the Power 

electronic control of Synchronous and Induction Generator 

drives. 
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