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ABSTRACT 

This paper presents modelling and Optimization technique for examining the performance of power networks 

using renewable energy sources, mainly for PV Array and wind technologies. NR method is very complex, lengthy and 

error-prone because of the association of single and double derivative terms. Consequently, the algorithm length and 

complexity of the Newton Raphson Method algorithm has been simplified by using Particle Swarm optimization 

algorithm. A PSO algorithm-based approach is proposed in paper to optimize the location of a hybrid PV-Wind-Storage 

system in order to maximize the annual net profit. The system cost objective function is minimized for various 

applications, giving rise to an optimized SOC range corresponding to the minimum cost. 
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1. INTRODUCTION 

The advantage of hybrid systems over 

conventional system is that, the energy extraction can be 

chosen based on load condition and availability. However, 

hybrid systems are to be made considerably more reliable 

and inexpensive than stand-alone wind and solar energy 

system which require less storage when compared to a 

single source. In the last few decades, the solicitation of 

alternative energy sources such as wind, solar, biomass, 

and hydro have become more prevalent mainly due to 

needs for better reliability, improvement in power quality, 

increased flexibility, lower cost and smaller 

environmental, chemical and biological foot-prints. Yet, 

their applications are restricted by their ideal deployment, 

scheme and control with high consistency, lower cost and 

adequate power quality. Hence, the right control of 

renewable energy sources is an inimitable and effective 

way to make the overall system more economical and 

efficient. Many of the researchers are focusing on ways to 

control and manage power in energy storage systems to 

stabilize and make the overall system efficient. Batteries, 

ultracapactiors, fuel cells are considered as substitutes for 

electric power transportation and immobile applications 

and are considered to be superior in many ways. Battery 

current plays a direct role in its efficiency. The process of 

overcharging and over draining can damage the battery. 

Charging-discharging cycles of the battery must be 

controlled according to the battery’s SOC which should be 

maintained at a reasonable (almost constant) level. 

Therefore, the adoption of a proper load management 

strategy is very important for improvement in system 

efficiency. The main purpose of this work is to develop an 

effective hybrid system. The system should be able to 

satisfy the load power requirement, maintain the battery’s 

State Of Charge and also ensure the proper, safe and 

resilient operation. 

 

2. SYSTEM DESCRIPTION 

A hybrid system which consists of a PV Array, 

DC-DC Boost converter, Battery Bank, Inverter and 

Induction generator is considered. The schematic diagram 

of the suggested system is given in Figure 2. PV array 

feeds a DC to DC boost converter, PV array generates 

energy from sun’s irradiation to satisfy the load demand 

where Perturb and Observe algorithm is implemented to 

extract the maximum output power from the photovoltaic 

array, the output of PV array voltage is boosted using 

boost converter and in turn the boost converter feeds a 

three phase square wave inverter with the nominal 

frequency of 50Hz, a Lead-Acid battery is connected 

between the DC-DC boost converter and IGBT inverter 

[15]. When energy from the PV array is surplus, after 

satisfying the load demand, the generated 
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Figure-1. Schematic diagram of the photovoltaic fed wind driven induction generator. 

 

power will be fed to the battery bank for later usage. When 

the supply from the sources is insufficient, the energy 

from the battery pack will assist the PV array to fulfil load 

requirements until the storage is completely exhausted. 

The Wind Turbine Induction Generator (WTIG) acts as 

both Reactive power load and real power source. 

Charging–discharging strategy of the battery must be 

controlled according to battery SOC and battery SOC must 

remain at reasonable level. To ensure a longer battery life, 

the constraints on charging and discharging cycles of the 

battery pack is continuously monitored, the algorithm 

length and complexity of Newton Raphson Method 

algorithm has been simplified by using Particle Swarm 

optimization algorithm. PSO algorithm which determines 

the optimum sizing of the battery bank. The right capacity 

of the battery is chosen based on the load power 

requirement. Eventually, the sizing of the whole system is 

designed based on the economic factors under 

considerations. 

 

3. MODELLING OF LEAD ACID BATTERY 

The lead-acid battery embodies a fundamental 

and main element in the renewable energy systems. A 

accurate battery modelling can result in better SOC 

estimation [2]. The most commonly used equivalent 

circuits are resistive Thevenin and Norton circuits. To 

model the battery dynamics, resistive model uses the 

resistive component only and Thevenin model uses one 

RC network, which has a better dynamic modelling 

accuracy than resistive Thevenin and Thevenin models, is 

used in the proposed method [6] 

 E𝑚 =  E – [KE 7 + θ − SOC ]                          (1)  

 

Where, was the open-circuit voltage,  was 

the open-circuit voltage at full charge, was a constant, 𝜃 

was electrolyte temperature.  

 =  −                                                           (2) 

 

Where, 1 is a main branch Resistance, 10 is a 

constant and DOC is Battery Depth of Charge.  

 C = τ R                                                                         (3) 

 

Where, 1 is a main branch capacitance, 𝜏1is a 

main branch time constant and 1 is a main branch 

resistance. 

 =  [ − ] [ + exp 𝑚 ∗ ]    (4) 

 

Where, 2 is a main branch resistance, 20 is a 

constant, 21and 22are constants,  is the main branch 

current, ∗is the nominal battery current.  

 

0= 00[1+ 0(1− )]                                                     (5)  

 

Where, 0 is a resistance, 00 is the value of 

0at SOC=1, 0 is a constant and SOC is the battery state 

of charge  

 

= 0[ (𝜏 +1)⁄ 0+ (1−𝜃*𝜃 )]                       (6) 

 

Where, is the current loss in the parasitic 

branch, 0 is a constant, is the voltage at the 

parasitic branch, 𝜏  is a parasitic branch time constant, 

0 is a constant,  is a constant, 𝜃 is the electrolyte 

temperature and 𝜃  is the electrolyte freezing temperature. 
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Figure-2. d Axis equivalent circuit scheme. 

 

The charge extracted from the battery is a simple 

integration of the current flowing in or out of the main 

branch. The initial value of extracted charge was necessary 

for simulation purposes  

 

( )= +∫−(𝜏). 𝜏 0                                                                                             (7)  

 

( ,𝜃)= . 0∗1+( −1)( ∗) .(1−𝜃𝜃 )                                (8)  

 

Where,  is a constant, 0∗ is the no-load 

capacity, 𝜃 is a electrolyte temperature,  is a discharge 

current, ∗is a nominal battery current,  and  are 

constants.  

 

=1−(0,𝜃)                                                                    (9)  

 

Where,  is the battery’s charge and 𝜃 is a 

electrolyte temperature.  

 

=1−( ,𝜃)                                                          (10)  

 

Where,  is the battery’s charge,  is the 

average discharge current of the battery and DOD is the 

depth of discharge  

 

3.1 PV array modelling 
The photovoltaic conversion of the irradiation 

from the sun produces electrical energy. The open circuit 

voltage of the PV system is estimated by the following 

equations. The modelling of PV array discussed in [3]  

 

=( =0)= ( +1)                                     (11)  

 

= ℎ−( .( + ) −1)−( + ) ℎ               (12)  

 

Where,  ℎ-Light generated Photovoltaic current  

-Photovoltaic cell saturation Current  

-series Resistance  ℎ-Shunt Resistance  

 ℎ=( + 𝑖∗( +273.15− ))∗                                (13)  

 

-Short circuit current of Photovoltaic cell  𝑖-Temperature co-efficient of Photovoltaic cell  

-Photovoltaic cell reference temperature  

G-Solar irradiance 

  

= ∗( )∗ ( ∗ (1 −1 )            (14)  

 

Where,  

 

-Reverse saturation current  

 

-Normal Operating Cell Temperature 

 

=(( −20)* 0.8)+( )                                        (15) 

 

3.2 Wind turbine modelling  
The modelling of wind turbine based on 

parametric and non-parametric power curve has been 

discussed detail in the [32]  

 

The input wind power of the turbine is,  

 𝑖 = 𝑖 =12𝜌𝛱 2 3                                         (16)  

 

Where,  𝜌-air density of wind turbine (Kg/ 3)  

-Wind turbine Blade radius (m)  

-Wind speed velocity (m/s)  

The mechanical power and torque of the turbine  

 𝑖 =12𝜌𝛱 2(𝜆, ) 3                                           (17)  

 

= =12𝜌𝛱 2
(𝜆, )

3
                                (18)  

 

Where,  

 

-Turbine Efficiency, it is important to note =  

which is found from an optimal value  

For calculating , from the given values  and 𝜆 

the approximations is given in equation  

 

= 1( 21 − 3 − 4 − 5) − 61                              (19)  
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Where,  

-power coefficient  

-Blade pitch angle  

1− 6-coefficients depends on Type of the Turbine  

1 =1𝜆+0.08 −0.351+ 2  

 𝜆=                                                                              (20) 

 

Where,-Tip speed ratio of wind turbine, -

Mechanical angular speed of the wind turbine  

 

− = +                                                         (21)  

 

Where,  

 

-Electromagnetic torque  

-Mechanical torque  

-combined inertia of the rotor  

 

From the wind profile, the output Power , 

generated from the wind turbine can be calculated using 

the above equation,  

 𝐺 ={ 𝐺𝑀𝐴 ∗𝐺𝑀𝐴 Vw −V −iV a −V −i Vws < − in, Vws >Vcut − in ≤ Vws ≤ VratedVrated ≤ Vws ≤ Vcutout }(22) 

 

4. NEWTON RAPHSON METHOD  
Newton-Raphson based methods (NRMs) are fast 

and accurate provided the initial conditions are chosen 

appropriately. Hence, most of the previous parameter 

extraction methods have exploited NRMs.This method is 

very complex, lengthy and error prone due to the 

involvement of single and double derivative terms. 

Consequently, the algorithm’s length and complexity have 

been simplified by using PSO Algorithm. If the initial 

points of X are not properly chosen, then it is found that 

some the elements of its Jacobian matrix 𝜕 2𝜕 2 become 

zero even before reaching 𝜕 𝜕 =0. This method has a 

guarantee for solutions and very less numbers of 

assumptions have been taken into account for operation. 

But, the accuracy of this approach depends on how small 

the step size is chosen and hence needs more number of 

iterations.  

From the above discussions, it is clear that the 

parameter extraction problem of a Hybrid system is 

implicit in nature and it is very difficult to solve accurately 

using traditional algorithms i.e. NRM. Satisfyingly, it is 

found that evolutionary algorithms are capable of accurate 

optimization and here, these difficulties are overcome by 

the proposed Particle Swarm optimization Algorithm  

 

5. PSO ALGORITHM 

The ideal sizing of BESS can be accomplished by 

adopting various approaches such as load power demand 

method, linear programming, genetic algorithm (GA), 

balanced generation, particle swarm optimization (PSO) 

and so on. However, the advantages of PSO are simplicity, 

easiness of usage, higher convergence rate and 

insignificant storage capacity requirement. Apart from all 

these, PSO can achieve less dependency on initial 

conditions when compared to other methods that implies 

that convergence of the algorithm is accurate in nature [1].  

The velocity of particle in the search space is given as:  

 

(k+1)(i)= (i)+ 1* W *( (i)- P (i))+C2* W *(G - P(i))     (23) 

 

Where, 𝑘(𝑖) is velocity of agent i at iteration k, 

W is weighing function, (i) is,  of the agent I 

and  is  of the Group.  

 

The position of the particle is given by  

 

+1(i)= 𝑘(i)+ 𝑘+1(i)                                               (24)  

 

The inertial weightage factor is given by  

 

= −( − 𝑖  * 𝑖 ).𝑖 𝑖                                                (25)  

 

Where, i is the index of the particle, 𝑘 is the 

particle velocity in the current iteration, 𝑘 is the current 

particle (solution). Now,  and  are defined as 

stated before. W, known as the weighing factor is a 

random number between (0, 1). c1, c2 are learning factors. 

Usually, c1 = c2 = 2.  

 

The condition for optimum values is given by  

 

←( )<( 𝑖)                                                         (26) 

 

a) Reliability of the hybrid system  

b) Cost objective function of the system  

 

The basic functional flow chart for the discussed 

optimization behaviour is given below: 
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Figure-3. Flow chart of the optimization process. 

 

The objective function is given as,  

 

( )= 1∗( )+ 2 ( )                                                (27)  

 

Where, 1 and 2 are the weight coefficients.  

 

The equation of multi objective function given as,  

 

min ɛ𝛺 ( )= 1( ), 2( ), 3( ),….., ( )                 (28)  

 

The fitness function requires is,  

 

min ɛ( )=[ ( ), 𝑖 ( )]     (29)  

 

The constraints for the Battery SOC in the Hybrid 

system given as,  

 

_ 𝑖 ≤ ≤ _                   (30)  

 

Where,  



                                    VOL. 12, NO. 24, DECEMBER 2017                                                                                                     ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               7146 

 

_ 𝑖 = 50%  

_ = 85%  

 

_ 𝑖 ≤ ≤ _                                             (31)  

 

_ 𝑖 ≤ ≤ _                                    (32) 

 

Step1: The parameters are initialized (Battery SOC, 

Battery Voltage, Hybrid   Power,1, 2, 1, 2) 

and iteration i=1 with velocity ( 𝑘(i)) 

Step2: The number of particles is set and iteration starts 

from j=1through the swarm 

Step 3: The objective function is evaluated for jth particle 

in the iteration and the tolerance value is 

estimated accordingly  

Step 4: (i) and (i) for particle j of ith iteration are 

found. If the fitness value of particle j is lesser 

than the best global fitness value, the program 

sets as (i)= (i)  

Step 5: The next particle is chosen. The condition for the 

value of (j+1)th particle ≤ SOC and go back to 
step 4  

Step 6: In every iteration, the value of objective function 

for each particle is compared with that of its 

previous iteration value. If the recent value is 

better than the old value, then Pbest is updated 

and the particle’s new position value is also 

updated. If not, the previous values are 

maintained.  

Step 7: The best particle of the whole updated population 

with the Gbest is determined. If the new objective 

function value is better than the previous 

objective value of Gbest, then Gbest is updated.  

Step 8: The optimal result is printed and the best position 

gives the optimal value for Battery SOC. 

 

6. SIMULATION RESULTS AND DISCUSSIONS 

This paper represents the hybrid based system 

and to analyse the different operating conditions [16]. In 

this scheme consists of DC-DC boost converter, 

photovoltaic array and induction generator simulated as 

component blocks models in MATLAB Simulink. The PV 

output power can be simulated using a probability based 

methodology. The PV Curve is plotted as Time in the X-

axis versus Active Power in Y-axis. As an example, the 

power output of the 3rd day is small to a cloudy sky while 

the power output on the 5th day is smooth and high 

pertaining to a sunny sky. Moreover it is possible to 

charge the Battery Energy Storage System with the 

random renewable PV output energy and discharge the 

Battery Energy Storage System during the high demand, 

the active power curve of PV array for 4 days is simulated 

and shown below in Figure.4 

 
 

Figure-4. Active power curve for PV array. 

 

The curve in Figure-5 is plotted between as 

Voltage in X axis versus Power in Y axis which represents 

for different temperature the voltage and power variations, 

for example, for the temperature about 25 degree Celsius 

maximum produced is 250W and voltage is about 37V for 

a one PV Panel. 

 

 
 

Figure-5. P-V curve for a solar array. 
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Figure-6. Output power curve for wind turbine. 

 

The curve in Figure-6 is plotted between as 

Voltage in X axis versus Current in Y axis, , The curve 

represents for different Irradiation level the voltage and 

current varies, for example for 1000 W/ 2 the voltage 

produced about 37V and current about 8.2A 

 

 
 

Figure-7. I-V curve for a solar array. 

 

The Turbine output power curve can be 

simulated, the wind turbine which has the nominal power 

of 20 KW. The output power curve is plotted as wind 

velocity (VWS) in x-axis versus turbine power in Y-axis, 

the output power curve is shown below:  

The simulation response for Battery SOC has 

shown below in Figure-8, The output response is plotted 

for Number of iterations in x-axis versus Battery SOC in y 

axis The simulated SOC is converged to 80% after 

iteration 2. 

 

 
 

Figure-8. Improvement of battery SOC curve with PSO. 

 

The simulation response for average error has 

shown below in Figure-9, The output response is plotted 

for Number of iterations in x-axis versus Average error in 

y axis The Mean square error value get converged to 0.17 

after sixth iteration, where it takes large time to converge 

compared to Particle swarm optimization and proves that 

the Newton Raphson method is complex, lengthy and error 

prone due to the involvement of single and double 

derivative terms. 
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Figure-9. Optimised average error curve using newton raphson method. 

 

The simulation response for the average error has 

shown below in Figure-10, The output response is plotted 

for Number of iterations in x-axis versus the Average error 

in y axis The mean square error value get converged to 

0.17 after second iteration. 

 

 
 

Figure-10. Optimised average error curve using PSO algorithm. 

 

7. CONCLUSIONS 

The solutions for various problems are obtained 

by persistent modifications to the existing models. This 

has paved way for adoption of modern techniques and 

tools to solve various complications. The same is done for 

the above optimization problem of examining the 

performance of renewable power networks. The 

performance comparison between the conventional 

Newton Raphson algorithm and the modern evolutionary 

computing technique, Particle Swarm optimization. is well 

substantiated with the above simulation and modelling 

results. The outcomes of the above work is appealing and 

leans towards the efficiency of PSO algorithm as 

compared to the complexity involved with Newton 

Raphson technique. The convergence rate and error value 

is lower for PSO when compared to NR method. The 

approach and results for both the techniques used are 

enunciated in a careful manner showing the effectiveness 

of the processes. On a general account, both the methods 

have proven to be well suited for modelling and 

optimization of Power application problems. Serious 

scrutiny of modern techniques has proven to be alluring 

for the betterment of present technology. As a further 

research it remains to be seen how other methods adapt to 

multi-objective optimization problems for other power 

engineering applications. 
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