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Abstract- The main problem in renewable energy system is the variation in power generation from time to time due to the 

intermittent nature of the renewable sources. Miss matching between power generation and load power causes a deviation from 

the desired voltage and frequency in power supply. A power flow control of photovoltaic-wind-battery Hybrid Renewable 

Energy System (HRES) for stand-alone application is presented here to balance the power generation and load power. A 

control strategy is implemented with fuzzy logic controller for smoothing of the power fluctuation and at the same time to 

maintain the battery state of charge (SOC) with in allowable limits. The various components are modeled and simulated in 

MATLAB/Simulink. Simulation study is done at changing nature of power generation and load demand with an initial battery 

SOC. The results obtained show that in spite of sudden load changes and changes in the power generation, the power balance 

between the supply and demand effectively maintained by the proposed fuzzy logic based controller (FLC). The power 

fluctuation is suppressed and supply a good quality power while maintaining SOC within limits. 

Keywords- Power control; Hybrid Renewable Energy Systems; Battery charge/discharge control. 

 

1.     Introduction 

  Due to the rapid depletion of fossil fuel and 

environment pollution people are now attracted towards non 

conventional energy sources like PV, wind, hydro etc. Solar 

and wind energy resources are abundantly available all over 

the world. For the fluctuating nature of renewable energy 

resources power generation from renewable energy systems 

are intermittent. These circumstances motivated to combine 

two or more energy sources with storage system to make 

Hybrid Renewable Energy System [1–3]. An isolated hybrid 

system gives a higher efficiency with a low cost of energy 

production, compared to the system with a single source [4]. 

It is necessary to take care of changes in the generated power 

which is varying from time to time [5]. In literature [5-10] 

different types of HRES are introduced which are working in 

grid connected or stand-alone mode. HRES system energy 

management is done by using PI controller in [6, 9]. It is 

done by controlling a buck-boost bidirectional converter for 

battery charging and discharging. A current control strategy 

for power balance is presented by PI controller in [8]. The 

conventional controller design depends on mathematical 

modeling of the system. For complex system the 

mathematical model cannot be properly defined. In spite of 

all the system parameters are known, there may be parameter 

variations during the operation of the system. So it is difficult 

to design controller parameters and more time is required 

[10]. Many researchers are worked with latest controllers 

such as predictive controller [11], sliding mode controller 

[12], H-infinity controller [13] for better steady state and 

transient response of systems. These control techniques 

depend on complex mathematical analysis. In order to avoid 

the difficulties in controller designing, intelligent controllers 

are used [14]. For better results intelligent controller are now 

applied in various hybrid energy system problems [15-17]. 

An application of FLC for inverter voltage and frequency 

control is shown in [10]. FLC works very well even after 

variations in system parameter and operating conditions [17]. 

Here a fuzzy logic based controller for battery charging or 

discharging is proposed and implemented for system power 

flow control to suppress the power fluctuation and to supply 

a quality power to load.  
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2.    Configuration and Modeling of the HRES  

The HRES shown in “fig.1” comprises of PV system, 

permanent magnet synchronous generator (PMSG) based 

wind systems and battery storage. The PV and wind systems 

having its own DC-DC boost converter equipped with MPPT 

controller. In this work, very well known Perturb and 

Observe (P&O) MPPT technique is adopted [18] for 

maximum power extraction. The battery system has its 

bidirectional buck-boost converter. The battery is charged or 

discharged depending on the availability of excess or 

shortage of power. A fuzzy logic based controller is designed 

for the charge and discharge of the battery. The DC link 

capacitor is connected to the sinusoidal PWM IGBT based 

inverter which is fed to single phase AC load. The harmonics 

present in the output of the Inverter is filtered by a LC filter. 

The maximum power ratings of PV and wind systems 

considered here are 6kW and 4 kW respectively and battery 

rating taken here 6 kWh. 

2.1. PV System Modeling 

A solar cell converts photon energy into electrical 

energy. Single diode solar cell model is used here. The 

current generated from the PV cell is represented by 

following equation (1) [9], 

s s
ph s

sh

q(V IR ) V IR
I I I [exp 1]

NKT R
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Here, I and V are the harvested current and voltage, Iph is the 

photocurrent, Is is the diode reverse saturation current, N (=2) 

denotes the ideality factor of the diode, Rs and Rsh is the 

series and parallel resistance respectively, K (=1380.10

j/k) known as Boltzmann constant, T is the temperature of  

 

the cell in k and q(=1602·10 C) is the electron charge. 

Photocurrent is given by following equation (2), 
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Here, Isc is the photocurrent at T=25oC and G=1000 W/m2, G  

is irradiance, Ki (=0.0032) is the short circuit current 

temperature coefficient. Diode reverse saturation current is 

given by equation (3), 
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Here Irs is the reverse saturation current at 25oC, Vt indicates 

thermal voltage, Eg denotes the band gap energy, Tc denotes 

cell working temperature, Tref denotes reference cell 

temperature (25oC).    

2.2.  Wind System Modeling 

The PMSG model is described in a d-q quadrature rotor-

fixed reference by equation given in equations (4), (5) and 

(6) [19, 20] 

       (4) 

            (5) 

                                    (6) 
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Fig.1. HRES for the proposed controller implementation 
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Where id and iq are the direct and quadrature currents 

respectively. ωe, Rs and Ls indicates the angular speed, stator 

phase resistance and inductance, respectively. P, J, ϕe and 

Vred indicates the pole number of the generator, the inertia of 

the rotating parts, the flux linkages and the rectifier voltage, 

respectively. Dω denotes duty cycle of the boost converter; 

wind turbine torque is defined by Tt which is shown in 

equation (7) 

3t
t p w

m m

P 1
T C . .A.v

2
  
 

                            (7) 

Here Pt is the power of turbine, ωm is the mechanical speed of 

the PMSG, Cp is the power coefficient, ρ is the air density, A 

is the turbine swept area, and V is the wind speed. 

2.3.  The Storage System Modeling 

In this work, a Lead acid battery model is considered as 

controlled voltage source which is connected in series with a 

fixed resistance [21]. The battery voltage (Vbatt) is given by 

equation (8) 

                                                        (8) 

Ibatt, Rbatt and E are the battery current, internal resistance and 

voltage.  

                   (9) 

Here, Eo, K and Q are the battery constant voltage, the 

polarization voltage and the battery capacity. ∫Idt defines the 

actual battery charge by taking I as current. A is the 

exponential zone amplitude and B is the exponential zone 

time constant inverse. The SOC of the battery is presented in 

equation (10) 

Idt
SOC(t) 100(1 )

Q
 


                                 (10)

 

To increase battery life, state of charge of a battery must be 

maintained with in allowable limits. The SOC minimum and 

maximum limits of the Lead-acid battery are taken at 20 and 

80% [22]. 

2.4. Dump Load Model 

It is presented as a constant resistor whose voltage is 

varying over time. It is linked with DC link capacitor through 

a DC/DC buck converter. The dump load consumes power 

when there is excess power and there by balancing power 

generation and consumption. The buck converter switching 

depends on the available excess power Pdump. The duty ratio 

(d) for the buck converter is calculated as in equation (11) 

dum p dum p0

2

dc dc

R PV
d

V V
 

                                 (11) 

Here the voltage across the dump load is V0, Rdump is the 

resistance of dump load.  

2.5. Model of the DC-AC Converter with Voltage and 

Frequency Control  

It is required to supply the load with certain voltage and 

frequency and it is done by the inverter control. Here first the 

voltage at load is sensed (Vm) and compare with the desired 

reference value (Vref) and the difference between them is 

given to proportional plus integral (PI) controller [23]. A sine 

wave having amplitude 1 and frequency 50 Hz is multiplied 

to generate the reference signal. This reference signal 

produces the PWM pulses to switch on/off the voltage source 

inverter. The diagram of the control scheme is given in 

“Fig.2”. LC filter is connected after PWM inverter in order 

to eliminate the high frequency harmonics from output AC 

voltage. The LC filter design is undertaken as it is given in 

[24]. 

Vref=230

Sine wave 

generator

RMS

PI

                   

                      Controller

      PWM
Gating pulses 

to

Inverter

Vm

   Fig.2. PWM inverter controller for load voltage and   

frequency control 

3.   Fuzzy Logic Based Controller Design 

The flowchart of power flow control strategy of the 

HRES is shown in “fig.3”. The system operates in 4 modes. 

For all the modes total power generation Pgen (PV plus wind 

power) is measured first then it compares with load demand 

Pload, dP (=Pgen-Pload) and SOC are measured. Different 

modes of operation are given below, 

Mode-1: In this mode Pgen is greater than Pload and SOC is 

less than 0.8, battery will be charged. In this mode the buck 

mode of the buck-boost converter will be in operation 

according to the controller battery reference power Pbatref. So 

the power balance equation is  

Pgen-Pbat =Pload                                                                     (12) 

Mode-2: Pgen is more than Pload and SOC is more than 0.8, 

battery will not be charged as it touches its maximum limit. 

In this mode the controller output will be zero so the battery 

will not be charged or discharged that is it will be in cut off 

position. So the dump load starts its operation. The power 

balance equation is  

Pgen-Pdump=Pload.                                                                 (13) 

Dump load absorbs the excess power. 
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Mode-3: Pgen is lower than Pload and SOC is more than 0.2, 

battery should be discharged to meet the load. In this mode 

the boost mode of the buck-boost converter will be in 

operation according to the controller battery reference power 

Pbatref. The power balance equation is  

Pgen+Pbat=Pload.                                                                                                        (14) 

Mode-4: Pgen is lower than Pload and SOC is less than 0.2, so 

battery will not discharged and system needs to curtail some 

amount of load to balance the demand and supply.  

The controllers implemented are shown in “fig.4” and 

“fig.5”. The proposed controller for battery charge/discharge 

control is implemented using FLC. Figure 4 shows the 

controller for battery charge/discharge. The FLC has three 

main parts- the fuzzification part receives the inputs to the 

controller and generates a degree of membership relative to 

each fuzzy set in the membership function, the inference 

engine evaluates these fuzzy set memberships and decides 

which rules should be fired, the defuzzification process 

receives these values and converts them into an output 

control signal. Mamdani fuzzy inference method and the 

centre of mass of the weighted outputs are taken in this work. 

It has two inputs- dP, SOC and one output-battery reference 

power Pbatref. Depending on the input values controller 

generates a desired value for reference battery power. The 

battery reference power is then divided by the battery voltage 

to generate the reference current for the battery. PWM 

signals are generated for the buck-boost converter. The 

membership functions (MFs) which used for inputs and 

outputs data are shown in “Figs.6-8” and the rules to be 

evaluated are given in “Table1.”. In “fig.5” dump load 

converter control is presented. The duty ratio is calculated 

according to the equation (11). 
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Fig.3. Control strategy for the HRES 
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Table 1. Fuzzy rules 
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Fig.7. Input SOC 

 

Fig.8. Output Pbatref 

4.   Simulation Results and Discussion 

The various components of the HRES with the proposed 

controller are simulated in MATLAB/Simulink. The various 

parameters for the PV module and wind systems used in 

simulations are given in “Table 2” and “Table 3”.  

Table 2. Parameters of PV module 

Parameters Variable Value 

Maximum power Pm 210 W 

Maximum current Im 7.0A 

Maximum voltage Vm 30.0V 

Open circuit current Voc 36.5V 

Short circuit current Isc 7.8A 

 

Table 3. Parameters of wind system
 

Parameters Values 

Number of poles (p) 10 

Stator resistance (Rs) 0.422Ω 

Magnetic flux linkage 0.433Wb 

Stator inductance (Ls) 8.4mH 

Moment of inertia (J) 7.764 kg/m2 

Rated power 4 kW 

 

Solar irradiance values and wind speed are shown in “fig.9” 

and “fig.10”. It is varying with time and it shows the 

randomness in the solar irradiance and wind speed. Battery 

SOC in this simulation run is considered 50%. In “fig.9” 

from time t=2 sec to t=3 sec solar radiation is 1000 W/m2. 

The PV power generation is maximum that is 6 kW as seen 

from “fig.11”. In “fig.10” wind speed is at 12 m/s during 

time t=0 to t=1, during this time period wind power is 

maximum that is 4 kW as seen from “fig.11”. Different 

powers - PV power, wind power, load power and battery 

power changing with time(S) as obtained from simulation is 

shown in “fig.11”.  

 

Fig.9. Solar irradiance (W/m2)  

 

Fig.10. Wind speed (m/s)  

 

Fig.11. Different power-PV power, wind power, load power 

& battery power 

 

 Fig.12. SOC (%)  

Load power is initially 3.5 kW and it is changed to 7 kW at 

time t=4 sec. From time t=0 to time t=3 sec the total power 
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generation from wind and solar is more than the load power 

requirement and the battery is charged during this period. 

From time t=3 to t=4 sec total power generation is equal to 

power demand that is battery power is 0. From time t=4 sec 

to t=9 sec total power generation is less than power demand. 

The battery is discharged during this period to meet the load 

power. It is seen that the battery power is positive during this 

time duration. “Figure12” shows the variation in battery 

SOC. In “fig.13” given below shows the supply and demand 

power. From the “fig.13” it is seen that total generated power 

always meet the load power.  

 

Fig.13. Total power generation & Load power 

In another simulation run battery SOC is considered 81% 

initially to analyze the dump load operation. It is seen from 

“fig.14” that from time t=0 to t=4 sec total power generation 

is more than load demand, battery power is 0 during this time 

period and dump load is in operation to balance the power. 

From time t=4 sec to t=6 sec power generation is lower than 

load demand and battery is discharged to supply the deficit 

power. During time t=6 to t=8 sec again dump load is in 

working mode and then the battery discharges again from t=8 

to t=9 sec. Battery SOC value as seen from “fig.15” proofs 

that battery SOC is within limits to protect it from 

overcharge. 

 

   Fig.14. Different power-PV power, wind power, load 

power, battery power & dump load power 

 

Fig.15. Battery SOC (%)  

Inverter output voltage and current with LC filter is shown in 

“fig.16” below and in “fig. 17” the load voltage and current 

before load changes and after load changes is shown. It is 

observed from “fig. 17” that load changes at time t=4 sec, the 

load current increases but load voltage remains fixed and the 

corresponding rms value is shown in ‘fig.18”. 

 

      Fig.16. Load voltage (V) and current (A) 

 

Fig.17. Inverter output voltage (V) & current (A) at load 

change 

 

Fig.18. RMS value of load voltage (V) 

Frequency of load voltage is shown in “fig.19”. As the load 

changes at time t= 4 sec frequency is imbalanced and it goes 

below 50 but due to the controller operation at load side 

frequency again goes to desired value. It shows that the 

controller performs well to suppress the power fluctuations 

in the generation side. The change in frequency is within 

allowable limit as per the standards. The THD values of the 
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inverter output voltage is 4.5% it is within limits (5%) as per 

the standards of IEEE. 

 

Fig.19. Load voltage Frequency (Hz) 

5.  Conclusion 

In this paper, a fuzzy logic controller is implemented for 

power control in the HRES systems which works as per the 

power flow control strategies designed for the systems. 

Under different scenarios of power generation and power 

consumption by load the controller performs well and at the 

same time maintaining the battery SOC with in minimum 

and maximum limits. It avoids the battery degradation and 

increases its life. So it is economically benefited in long run 

of the system. It is analyzed from simulation results that 

power generation from PV, wind system always meet the 

load demand. The inverter controller supplies power for the 

load at desired reference voltage and frequency. The inverter 

controller is capable of supplying load at desired voltage and 

frequency.   
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