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Abstract 
 
The integration of renewable resources for improving the overall system 

performance along with its operation has been the commercially technology 

and became common in power electronics field. The utilization of this 

integration techniques to charge a battery station (BTS) for fast charging of 
Electric Vehicles (EV) is the idea of the present work. The transfer of energy 

after integration to battery can be done by various DC-DC converters. Being 

intermittent sources wind and solar can’t power the battery continuously. So, 
a backup power is required and the converter should be able to convert the 

range of input voltages to a constant voltage at the battery station. Such a 

converter is a Single ended primary inductor conductor (SEPIC) converter. 

The most conventional converters being PI controller, it is better to optimize 
the gains using any search algorithm rather than changing the controller. 

Wind energy can be converted to electrical energy by utilizing a DFIGURE, 

PMSG and so on. This work focuses on converting the wind energy to 
electrical energy using PMSG and the respective AC energy has been 

converted to DC energy and this has been integrated with solar energy to 

power up Battery Station using SEPIC converter which is controlled by 
Genetic Algorithm tuned PI controller. For backup a Fuel cell has been 

utilized as solar and wind are intermittent in nature. For powering up multi 

loads could be an application of DC microgrid.  
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The respective proposed system has been simulated in MATLAB/Simulink 

for different cases and the respective results have been discussed. 

 
Key words:Integration, Hybrid Renewable Sources, SEPIC converter, 

Battery Station (BTS), Electric Vehicle, Genetic Algorithm, PI controller, 

PMSG, Wind Turbine, Solar array, Fuel Cell. 

 

1 Introduction 
 

 Sliding to renewable sources is growing demand these days. Nevertheless, 
taking up solar, wind and other renewables into account, still it has got its 

own challenges such as its intermittent and sometimes high maintenance and 

initial capital is high. But considering the view of fossil fuels and its 
exhausting nature, integrating renewables is an optimized solution. By 

keeping the view of demand there are couple of ways to integrate [1] such as 

integrating in parallel, series or utilizing a converter. DC microgrid has wide 

variety of applications, unless conventional battery system (AC) which is 
robust, directly this grid can be used in fast charging mode for EV [2]. DC 

microgrid also can be used for rural applications with distributed control 

system [3]. Integrating renewables in parallel fashion for enchasing current 
rating is discussed in this literature. Commonly accepted DC-DC converters   

such as buck, boost, buck-boost, CUK, SEPIC are often used in stepping 

up/stepping down the voltages. In this context, SEPIC converter is widely 

used it has much less current ripple than buck-boost and much less ringing 
SEPIC [5-6] is much applied in photovoltaic energy system, battery charger 

[7].Incorporating Hybrid system by integrating wind through permanent 

magnet synchronous generator (PMSG) and solar yields in good production 
of power. Two modes of integration are AC and DC [8].Among all the 

renewables wind power is most used. Mostly synchronous and DC machines 

and some induction machines are used for limited power generation. For 
large power generation doubly-fed induction generator and PMSG’s are 

used[9]. Integrating solar to grid typically can be in three level: commercial, 

production, residential[10]. Using PMSG has some good advantages such as 

less weight, no complexity. By this system, the major advantage is that it 
caters the basic power requirements of remote areas, where the grid power 

may not yet reach. The power produced from wind and solar [11] is captured 

in a battery bank for timely use or for some commercial buildings. The 
supreme advantage of hybrid system is when wind and solar power 

productions are used together, the reliability of the system is increased. Also 

,it is better  by powering up with hybrid method rather than any one of the 
production which is less reliant and prone to losses, significantly battery  size 

is also reduced .To account  growing demands of energy, even renewable 

energy sources need to be more reliable, but due to its intermittency feature it 

may not be possible sometimes. 
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 There is a need to be a consistent energy source which needs to be 

renewable. This has motivated to move to fuel cell. Fuel cell is an eco-

friendly energy source which has comparatively good efficiencies than 
current fossils.  One of the Fuel cell is Proton Exchange Membrane (PEM) 

intakes H2 (hydrogen gas) and O2 oxygen gas as fuel. The byproducts of the 

reaction are water and heat along with electricity.Again, this water can be 

used for electrolysis for production of hydrogen which acts as a fuel and 
further produces electricity. Fuel cell are also used in electric vehicles due to 

its efficiency and no harmful byproducts [12-13]. There are even more 

notable advantages in Fuel cell [14] such as it is portable, and can be used as 
backup power, when the primary power is down and in automobiles, utility 

vehicle also has many stationary power applications. In many hybrid power 

systems fuel cells provides supplementary/secondary power by connecting it 
to photovoltaics, wind turbines. Different types of fuel cell accounts to 

different operating temperatures and has different efficiencies, depending 

upon the applications. More often proton exchange membrane fuel cells 

(PEMFC) is used for batteries and solid oxide fuel cell (SOFC) for 
generators. Electrolysis is the notable and important resource for hydrogen. 

Apart from electrolysis, hydrogen can also be obtained from biomass through 

biomass gasification where emissions of carbons are less and byproducts are 
not harmful too. It is important to have a regulator for maintaining constant 

voltage and constant current for battery station so that any application can be 

carried out smoothly. To do this a controller is required. Most often PID 

controller is used in process controlling actions [15], one can change its 
properties by differing three quantities such as proportion(K), Integration(I), 

Derivation(D), Many different techniques are used to get the optimized 

solution in nonlinear systems of PID.  By using genetic algorithm, a search 
technique in iterative manner is implemented to find the best solution [16]. 

Genetic Algorithm tuned PI controller has the benefits of not replacing the 

conventional converters as such for improving the performance. 
 Hence, this work focuses on charging of the battery by using wind and 

solar energy. To have continuous supply, fuel cell is integrated. In order to 

achieve constant voltage supply to the battery for charging from various 

sources, the SEPIC converter with GA based algorithm is used. This idea has 
been simulated using MATLAB/Simulink software. 

 Organization of the paper have been done in six subsections. Section 2 

discuss about the proposed system and its specifications. Section 3 focuses 
on the control algorithm used in the system and its performance. Section 4 

and Section 5 discuss about the simulation Figure and its respective results. 

Section 6 concludes the present work. 
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2 Proposed System  
 

2.1 Block Diagram of Proposed System 
 

 Figure.1 depicts the block diagram of an entire system in which 

150kW,400V battery bank is charged by a combination of wind and solar 
subsystems. Wind and solar subsystems are connected in a parallel 

connection in order to meet the current requirements. The extracted power is 

combinedly given to the SEPIC converter to get a rectified dc voltage. The 
genetic algorithm tuned PI controller is used to obtain desired voltage and 

current to charge the battery bank. Being wind and solar are intermittent, so 

need an external source to supply the load when they are absent. Here using 

fuel cell to supply load when main supply is off. 
. 

 
Figure1: Block Diagram representation of proposed system. 

 

 Figure2 shows the block diagram of the PMSG based wind turbine 

generator. Wind speed, generator speed, pitch angle is given as input to the 
wind turbine. The generator speed is given as input to the pitch angle 

controller to give pitch angle. The output from the wind turbine is the 

mechanical power given as the input to PMSG to generate 3-phase output, 
and the output from the PMSG is given to 3-phase rectifier, gives pulsating 

dc was filtered by the LC circuit to give constant output. 

 Figure.3 explains how the PWM pulses are generated, the error signal 

generated from subtractor by taking inputs from reference voltage and output 
of the SEPIC converter was given to the genetic algorithm tuned PI 

controller, the control signal from the pi controller was compared with the 

saw-tooth waveform to generate PWM pulses(given to the MOSFET to 
control switching speed). 
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Figure2: Block Diagram of the Wind subsystem of proposed system. 

 
Figure. 3. Block diagram representing the controller scheme of the system. 

 

 The load which is fed by this synchronous generator is an induction motor 

and DC local loads of sugarcane industry, while the surplus power is fed into 

to the grid. As per the load specifications the overall required output power 
(Pout) from the machine is 2MW. So, the mechanical input fed by the bio-

diesel engine(BDE) needs to maintain Pout and machine 

(stator+rotor+mechanical) losses.The calculated input power Pin is 2.03MW 
and the filed current is calculated as 238A for which a 21V excitation voltage 

is required. So, accordingly a solar and battery system has been chosen. 

 

2.2 Solar Array 
 

 The solar array is used to generate 50kW power under the conditions of 

1000W/m2 irradiance and 250 C temperature. 1Soltech 1STH-350-WH 
module with open circuit voltage of 51.5V and short circuit current of 9.4A 

are connected in series and parallel combinations to generate the desired 

voltage and current. The module has the maximum power of 349.59W. 
 Figure. 4 details the VI characteristics and maximum power point curve 

for a solar array at different irradiance. Table1 shows the specifications of 

solar array used in simulation.  

 
 



                                                                                                                  
 

 

 
 

 

 
5180 K.Sudarsana Reddy et.al 

 

 
Figure. 4:V-I characteristics and MPP curve of simulated Solar array. 

 

2.3 PMSG based Wind Turbine Generator 
 
 To Mechanical energy obtained from wind turbine is converted to 

equivalent AC electrical quantity through PMSG. One of the crucial steps of 
wind turbine lies in picking generator, Choosing PMSG makes little flexible, 

as it produces variable speed according to the intermittency nature of wind 

[17]. The permanent magnet synchronous generator (PMSG) doesn’t require 

any separate excitation.no need of connecting gearbox which results in low 
mechanical stress. PMSG rotor comprises of permanent poles, and conductor 

losses are reduced. Output of the PMSG is connected to converters for 

constant voltage and frequency. Load is connected to stator winding[18]. 
 

Table1: Specifications of Solar array. 

Parameter Value 

Open circuit voltage Voc (V) 51.5 

Short-circuit current Isc (A) 9.4 

Maximum Power (W) 349.59 

Irradiance (Wm-2) 1000 

Parallel String 11 

Series connected module per string 14 

Voltage at maximum power point Vmp (V) 43 

Current at maximum power point Imp (A) 8.13 
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Table 2:Specifications of PMSG used in Wind subsystem. 

Parameter Value 

Terminal voltage line (Vrms) 625 

Total power output (kW) 100 

Total current output (A) 160 

Back EMF waveform Sinusoidal 

Rotor type Round 

Number of phases 3 

Stator phase Resistance (ᾨ) 0.18 

Armature Inductance (H) 0.000835 

Torque from wind turbine is given as input to PMSG. It is inferred from 

Table2.  that back emf is sinusoidal waveform. A 100kw PMSG with 

sinusoidal back emf will generate terminal voltage of 625 Vrms line to line, 
with 160A (rms) of current. The respective voltage and current will be 

rectified by using 3-phase bridge rectifier and by using filter whose values 

have been depicted in Table3. is used to remove ripple content.  
Table 3: LC filter specifications. 

Parameter Value 

Inductance in H 0.2 

Capacitance in mF 4.7 

 

 In the outline of the mathematical model of wind turbine that simulated in 

MATLAB has Wind speed, generated speed, pitch angle as inputs. The Eqn.1 
to Eqn. 4 represents the mathematical expression of the wind turbine. 

Stored energy  is given by 

 
Where air density, is swept rotor area,  is the wind speed on 

rotor. 
Aerodynamic power  

 
Where  is the power coefficient. is the pitch angle. Tip speed ratio  is 
given by  

                                  (3) 

r is the radius of rotor blade,  is angular speed of rotor. 

the important parameter for axis model that is aerodynamic torque is given 

by 

 
 is the wind turbine power. 
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2.4 Fuel Cell 
 

 Conversion of hydrogen to equivalent electrical energy through 
electrolysis in PEMFC is done here. Generally, 1kg hydrogen=33.33KWh of 

useful energy which is far better from diesel and petrol [19]. Moreover, 

through an ideal electrolysis (100% efficiency), intake of 39KWh electricity 

is required to obtain 1kg of hydrogen. 
 Each PEMFC stack of 6kw, 45Vdc is taken, it has been connected in 

series of 13, another set of similar stacks has been taken, these two are 

connected in parallel (set A and set B). Hydrogen fuel is given as input 
through flow rate selectorfeedback is given through feedback regulator. 

Table4: Specifications of Fuel Cell. 

Parameter Value 

Each stack voltage (V) 45 

Total output voltage (set A/B) (V) 625 

Total output current (from 2 sets) (A) 128+128=256 

Total output power (kW) 160 

Fuel pressure (bar) 1.5 

Stack efficiency (%) 55 

Hydrogen utilization (%) 99.56 

Operating temperature (Celsius) 65 

 The Table 4 shows the specification of Fuel cell that has been 

simulated.This voltage is fed to the SEPIC converter. One of the further 

lookouts in this system can be done by setting a threshold in the battery 

system (say 20%), by which this power is fed back to electrolyser for 
conversion of fuel to electricity so that backup is sustained. Hydrogen can be 

obtained by various methods and can be captured in hydrogen storage for 

further use of electricity production.  
 

2.5 SEPIC Converter 
 

 The schematic diagram of the SEPIC is in the Figure. capacitors and 
inductors exchange energy in order to convert from voltage to others. It helps 

to get a constant output voltage even though the input is varying in a 

particular range. Energy exchange is controlled by switch S1, which is a 
MOSFET. The biasing resistor is not required as MOSFET is controlled by 

the difference in voltage. 

 In the Figure. 5 when switch S1 is on, iL1 increases. The input source 

provides the energy to increase the current iL1. Switch S1 is closed thereby 
VIN is equal to instantaneous voltage VL1, the voltage VL2 is approximately 

equal to −VC1. Therefore, the energy to increase the magnitude of the 

current in IL2 is supplied by capacitor C1 and thus energy stored in L2 
increases. 
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Figure 5: SEPIC converter. 

 When switch S1 is off since no current passes through the switch, the 

current IC1 becomes the same as the current IL1, the current IL2 will 

continue in the negative direction. the negative IL2 will add to the current 
IL1, increases the load current. ID1 = IC1 - IL2. while S1 is off, the load is 

delivered from both L2 and L1. C1 is being charged by L1 during this off-

cycle, and recharge L2 during the on cycle. 
 Designing and its parameter values have been giving by Eqn.5 – Eqn.9 

respectively.  

Assuming continuous conduction mode (CCM) 

 
Maximum duty cycle: 

 
Assuming peak to peak ripple current is 20% of maximum input current. The 

ripple current is given by  

 

 
Output capacitor: 

 
Vripple is assumed to be 10% output voltage. 

 By considering these design specifications that are switching frequency 
fsw=50kHz, Vin(min)=600V Vin(max)=650V, Io=375A, Vo=400V the 

parameters in the Table5 have been tabulated. 
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Table 5: Parameter values of SEPIC converter. 

Parameter Value 

Inductor(L1=L2) in H 0.24 10^-3 

Output capacitor(C2) in Farad 0.15 10^-3 

Capacitor C1 in F 0.01 10^-3 

Duty cycle 0.3902 

Maximum duty cycle 0.4 

(A) 50 

(V) 8 

 
2.6 Battery 
 

 A 150kW lithium-Ion battery [20] is used here which has a rated capacity 
of 375Ah and a nominal voltage of 392V and initial state of charge of 60% is 

assumed and it has a cut-off voltage of 294V. Here battery represents a 

battery bank. Table6 shows the specification of battery that has been used in 

simulation Figure. 
 

Table 6:  Specifications of Battery 
Parameter Value 

Battery Type Lithium-Ion 

Nominal Voltage(V) 392 

Rated Capacity (Ah) 375 

Initial SOC (%) 60 

Cut-off Voltage(V) 294 

Internal Resistance (ᾨ) 0.01333 

Capacity at nominal voltage (Ah) 4.8835 

 

3 Control Algorithm and Analysis 
 

3.1 Genetic Algorithm 
 

 It is the search inspired by Darwin’s theory of natural evolution. The 

selection process starts with the selection of the fittest individual from the 

population. Offspring are produced by inhabiting the characteristics of the 
fittest individuals. The offspring’s produced will have a better chance of 

surviving. The process of iteration keeps on continue until the fittest 

individual is found. Figure. 6 shows the flowchart of Genetic Algorithm. 
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3.2 Genetic Algorithm Tuned PI Controller 
 

 The response shown in Figure. 7 is the step response of the open loop 

Transfer Function of designed SEPIC Converter. The designed parameters of 
SEPIC converter have been substituted in the Eqn. 10 and the resultant 

Transfer Function equation of open loop system has been given by Eqn. 20. 

The Eqn. 11 – Eqn. 19 represent the terms of Eqn. 10 respectively. This 
undamped response has much oscillations and the settling time has been 

3sec. So, to reduce the settling time and oscillations and to make system 

stable the respective system has been connected to a PI controller in cascaded 

and the whole system has been connected in unity feedback. The respective 
resultant Transfer Function equation has been given by Eqn. 21. 

 

 
 

 

 

 
 

   (17)                                                                                         

                                                           (18) 
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Figure. 6: Flowchart for Genetic Algorithm. 

 The PI gain values for the controller has been tuned by using Genetic 

Algorithm. This optimization technique (Search Algorithm) has been done 

using Optimization Toolbox in MATLAB software. The (ITAE) Integral 
Time Absolute Error of the closed loop system has been taken as objective 

function or the cost function. This objective function has to be minimized 

over a given range by using Genetic Algorithm Technique. 
 The number of variables that are to be optimized using this function are 

two (Kp and Ki). The lower and upper range for the search algorithm has 

been specified as [0 0] and [10 50] respectively. This range has been decided 

by tuning the PI controller with trial and error basis and by checking the 
response respectively. The respective flow chart shown in the Figure. 6 has 

been implemented using Genetic Algorithm toolbox for finding the gain 

values of PI controller.  
 From Figure.8 it can be observed that the best individual for 46th iteration 

has been given as Kp=0.00258 and Ki=28 respectively. The exception values 

for all the iterations has been specified as Fitness Scaling in the Figure. 8 and 
the selection function which is a plot for the population size of 200 has been 

depicted in the respective Figure. 8 the respective Figure even shows the 

Score Histogram and the (best, worst) mean scores for all given population 

size of 200. 
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 After 120th iteration the termination condition gets succeeded and the 

search algorithm has been terminated and produced a result of Kp=1.667e-03 

and Ki=24. These gains have been put in the controller Transfer Function and 
the closed loop response of the SEPIC converter has been plotted. The step 

response of closed loop for the designed system has been shown in the 

Figure. 9. The respective settling time can be observed as 0.15sec and the 

oscillation has been nullified and better response has been achieved. 
 

 
 

Figure. 7: Step Response of open loop transfer function of SEPIC converter 

 

 
 

Figure. 8: Genetic Algorithm parameters for complete search. 
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Figure. 9: Step response of closed loop transfer function of SEPIC. 

 

4 Simulation Figure 
 

The 150kW Battery Station has been charged using the renewable energy 

sources through SEPIC converter which has been controlled using GA tuned 

PI controller. The respective proposed block diagram shown in the Figure. 1 
has been simulated in MATLAB/Simulink and the respective simulation 

Figure has been shown in the Figure. 10. From the Figure. 10 it can be 

observed that the solar subsystem and the wind subsystem has been 
integrated in parallel and the respective energy has been transferred to the 

Battery using SEPIC converter. This SEPIC converter here used in BUCK 

mode so that the input resultant voltage of 600V has been bucked (stepped 
down) up to 400V. The current at which the Battery charging happening is 

375A.  The output (Battery) voltage is continuously analyzed and this actual 

value has been subtracted from the reference value and error has been 

calculated. This error has been given as the input to PI controller whose gain 
values have been tuned using Genetic Algorithm. The respective duty ratio 

which is the output of controller has been given to duty ratio to PWM 

generator block and respective PWM pulses has been feedback to the 
MOSFET switch (T). So, the battery has been charging in Constant Voltage 

(CV) mode. The same simulation Figure has been simulated for two more 

cases where the fuel cell energy alone has been given as the input to the 

converter and case two being the integration of solar and fuel cell energy as 
the input to the converter. 
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Figure. 10: Simulation Figure of proposed system. 

The respective Figure. 11 shows the solar subsystem of the Figure. 10. A 
50kW of power has been achieved using solar subsystem with 600V terminal 

voltage and 80A of output current. To achieve this 1kW/m
2
 of irradiance and 

25
o
C of temperature have been given as input to the 50kW of PV array. For 

stability of the output from this subsystem a DC link capacitor has been 
connected across the array.   

 
Figure. 11: Simulation Figure of solar subsystem. 

 
The respective Figure. 12 shows the wind subsystem of overall 

simulation Figure. A 100kW DC power has been obtained by this overall 

system. A wind turbine with inputs wind speed in m/s, pitch angle in degrees 

and generator speed in pu will produce mechanical torque in pu respectively. 
The generator speed has been fed continuously to this mathematical model of 

wind turbine and pitch angle controller. This pitch angle controller is 

mathematical model which produces pitch angle proportional to the 
continuously fed generator speed. The wind speed at which the system 

operated is 12m/s. This mechanical torque has been given as input to the 

100kW PMSG to generate 625Vrms line to line voltage.  
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To avoid the numerical oscillations in simulation while connecting an 

electrical machine directly to the load a parasitic resistive load has been 

connected in parallel to the load. This alternating power has been to given to 
three phase bridge rectifiers to rectify the power into DC power with same 

voltage and current levels.   These DC quantities have ripple which have 

been filtered by passing through an LC filter. A 600V(DC) and 160A (DC) 
have been achieved by the whole system. 

 
Figure. 12: Simulation Figure of wind subsystem. 

 

 
Figure. 13: Simulation Figure of Fuel cell subsystem. 

 

The backup power supply which has been shown in Figure. 13 is fuel cell 

whose simulation subsystem has been shown in the Figure. 10. from this 
Figure it can be observed that two fuel cells of 80kW with 625V and 128A 

each has been connected in parallel to achieve overall 160kW with 625V and 

256A to even powerup whole battery station when both wind and solar 
subsystems cant power up (being intermittent sources).  
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Each fuel cell shown in the Figure. 13 has 13 elementary 6kW fuel cells 

connected in series. Figure. 14 shows the elementary fuel cell arrangement 

which produces 45V and 128A to produce 6kW power. This power can be 
achieved by giving the fuel flow rate continuously to the 6kW Fuel cell 

stack. This flow rate can be externally calculated or can be calculated by 

using feedback current through Flow rate selector.  For calculating the flow 

rate from feedback current a Flow rate Regulator has been provided.  
 

 
Figure. 14: Simulation Figure of individual Fuel cell stack. 

 

5 Simulation Results 
 

The Simulation Figure. 10 has been simulated in MATLAB/Simulink 
and its respective results have been discussed in this section. This simulation 

Figure has been simulated for three different cases. So, this section has been 

divided into four subsections.  

 First subsection discussing the simulation results when wind and 

solar is powering up the battery station  

 Second subsection being the fuel cell as the input power.  

 The third subsection is dedicated to discuss about the simulation 

results when solar and fuel cell power together (when wind power is not 

present) working as input power.  

 The last subsection discusses about the results of the system with 

controller being untuned. 

 

 5.1 Wind and Solar 
 

This subsection (case (i)) has been again divided into three subsections. 

One subsection discussing about the Wind subsystem results and second 

being the Solar subsystem results and the last being results of the Converter 

along with the Battery. 
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5.1.1 Wind Subsystem 
 

Figure. 15 shows the rotor speed of the Permanent Magnet Synchronous 
Generator (PMSG). It can be observed that speed is oscillating between 

90rps to 110rps whose average speed can be inferred as 100rps. To maintain 

constant Mechanical Power at the input of PMSG the torque has also been 
oscillating between -1850 Nm to -2050Nm (-ve sign indicates that torque has 

been given as input to the machine(generator)). This mechanical torque of 

PMSG can be seen in Figure. 16. These oscillations can be damped using a 
suitable controller (which is not the study of this work.). 

 
Figure. 15:Rotor speed of PMSG in rps. 

 

 
Figure. 16:Input torque given to PMSG by Wind turbine in Nm. 

The three-phase output of PMSG has been depicted in Figure. 17. From 
this respective Figure it can be observed that the output current value is 225A 

(Imax) and its respective line to line rms value is 160A. The output voltage is 

510V (Vmax) and its phase rms value is 360V and line to line voltage is 625V 

respectively. The stator voltage of PMSG in d-q frame have been shown in 
the Figure. 18 the stator voltage in both d and q axis have been oscillating but 

the resultant at any instant would result in the maximum voltage of PMSG. 
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So, as to calculate the resultant voltage at any instant say at t=0.134 sec 

the Vd=180V and Vq=320V substitute these values in Eqn. 13  and it can be 

seen that V=360V. 

Resultant voltage    V.                                                     (13) 

 
Figure. 17:Output Voltage (V) and Current (A) of PMSG. 

 
Figure. 18: Stator Voltage in d-q frame in volts. 

 

The hall sensor signals of PMSG has been shown in the Figure. 19 

respectively. The hall signals for all three phase A(Blue), B(Green), C(Red) 
are depicted in this Figure. From Figure. 20 it can be infered that 160kW of 

real power has been generated by PMSG among which the 60kW power has 

been consumed by the parastic resistive load and the remaining 100kW  
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power has been fed to the three-phase Bridge rectifer for rectifying the AC 

power to DC power and its rectified power can be seen in the Figure as 

0.1MW (DC) and the average reactive power from PMSG can be observed as 
0W (which oscillates between +/- 50kW) . The Figure. 21 shows the DC 

output quantities of Diode Bridge rectifier after filtering and it can be seen 

that a constnat 600V dc voltage and current with ripple of 20A and average 
being 120A respectively. 

 

 
Figure. 19: Hall sensor signals of PMSG. 

 

 
Figure. 20: Real and Reactive Power of PMSG along with rectified Power in watts. 
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Figure. 21: Rectified Voltage (V) and Current (A) of PMSG after filtering. 

 

 5.1.2 Solar Subsystem 
 

Figure. 22 shows the current and voltagae drawn by SEPIC from 50kW 
PV array. It can be seen that 600V and 90A are the respective solar voltage 

and solar current of the arry delivered to the load. In the Figure. 23 it can be 

seen that overall solar power delivered is 52kW. 

 

 
Figure. 22:Solar Voltage in volts and Solar system Current in amps in case(i). 

 

 

 

 
 



                                                                                                                  
 

 

 
 

 

 
5196 K.Sudarsana Reddy et.al 

 

 
Figure. 23: Power consumed by solar array in watts in case(i). 

 

5.1.3 Load and SEPIC Converter 
 

From above discussions it can be observed that the wind is supplying its 
power at 600V and 120A and respectively solar is supplying its power at 

600V and 90A. So, after integrating these sources in parallel the cumulative 

current is being 210A and voltage is maintained at 600V. This respective 
input quantities of SEPIC converter are converted in such a way that Battery 

is charging at constant 400V (CV) mode. From Figure. 24 it can be inferred 

that when diode opens the voltage across it is around -1000V peak and 

respective current being zero. During conduction of diode the diode current 
being 400A peak and its voltage being 0V. Figure. 25 shows the MOSFET 

voltage during its conduction it can be seen that it is 1000V. The Figure. 26 

shows the voltage across capacitor C1 which have ripple voltage of 15V and 
average being 602.5V respectively. Figure. 27 shows the voltage and current 

of inductor L1. It can be inferred that voltage across L1 is having peak 

voltage of 1000V with oscillation between -400V to 600V and its respective 
inductor current ripple being 18A and average being 176A respectively. 

 
Figure. 24: Diode Voltage(V) and Diode Current(A) of SEPIC converter in case(i). 
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Figure. 25: Voltage across MOSFET in volts in case(i). 

 
Figure. 26: Voltage across capacitor C1 in volts in case(i). 

 
Figure. 27: Voltage(V) and Current(A) across Inductor L1 in case(i). 

From Figure. 28 it can be inferred that the CV mode of battery has been 
maintained with voltage of battery varying between 404V to 408V and the 

respective current has been having a peak of -430A. The Figure. 29 shows 

the SOC of the battery. It can be inferred that the initial SOC of battery has 
been 60% and in 160ms SOC has been raised to 60.003% from 60%. 

 
Figure. 28: Battery Voltage (V) and Battery Current (A) in case (i). 
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Figure. 29: SOC (%) of Battery in case(i). 

 

5.2 FUEL Cell 
 

This subsection (case (ii)) discusses about the results of the proposed 

system when the input sources wind and solar are absent and then input being 
backed up by Fuel cell power respectively. Figure. 30 shows the battery 

terminal voltage and charging current when SEPIC converter fed with Fuel 

cell power alone. A constant voltage of 405V with ripple being 4V have been 

maintained with charging current peak being -400A. From Figure. 31 it can 
be inferred that in 90ms SOC has been increased to 60.0018% from 60% and 

here it is observed that the battery started its charging immediately which is 

not the case with above case where both sources initially took time to build 
up the required power. 

In this case the other inductor and capacitor parameters have been 

discussed. Figure. 32 shows the Voltage and current waveform of inductor 
L2 of SEPIC converter. It can be observed that the voltage has a peak of 

400V and average current being -244A with ripple being 18A. Figure. 33  

shows the voltage across capacitor C2 whose ripple is 4V with avergae 

voltage of 405.5V respectively. The Figure. 34 shows the overall Fuel cell 
voltage and current at the input of SEPIC converter. It can be observed that 

voltage has been maintained at 600V with average input current drawn from 

Fuel cell being 170A. 
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Figure. 30: Battery Voltage (V) and Battery Current (A) in case (ii). 

 
Figure. 31: SOC (%) of Battery in case (ii). 

 
Figure. 32: Voltage(V) and Current(A) across Inductor L2 in case(ii). 
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Figure. 33: Voltage across capacitor C2 in volts in case(ii). 

 

 
Figure 34: Fuel cell Voltage(V) and Fuel cell Current (A) in case(ii). 

 

5.3 FUEL cell and Solar 
 

In this subsection (case(iii)) the SEPIC converter input terminals are fed 
by integrating solar power with Fuel cell power. Here when the wind power 

is absent (due to intermittent nature) then wind power will be supplied by the 

Fuel cell. The respective Figure. 35 shows the integrated voltage and current 

at the input terminals. It can be observed that an average current of 235A 
with average voltage of 608V has been fed as input parameters. Figure. 36 

shows the solar voltage and current which is 608V and 80A respectively. 

Similarly, the Figure. 37 shows the voltage and current of Fuel cell drawn by 
SEPIC. It can be inferred that a constant 608V and 152A have been drawn by 

SEPIC converter to charge battery from Fuel cell. The Figure. 38 shows the 

power delivered by Fuel cell which is 93kW respectively.” 
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Figure. 35. Input Voltage(V) and Input Current (A) to SEPIC current in case(iii). 

 

 
Figure. 36: Solar array Voltage(V) and Solar array Current (A) in case(iii). 

 

 
Figure. 37: Fuel cell Voltage(V) and Fuel cell Current (A) in case(iii). 
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Figure. 38: Fuel cell power(W) drawn by SEPIC in case(iii). 

 
Figure. 39 shows the parameters of an individual 6kW Fuel cell during 

its operation. It can be seen that a flow rate of the fuel injected is at the rate 

of 60 inches per minute and the utilization of hydrogen and oxygen in the 
fuel by Fuel cell are 100% and 50% respectively. Consumption of air by Fuel 

cell is at the rate of 90 inches per minute and respectively hydrogen has been 

consumed at the rate of 90 inches per minute. The overall efficiency of each 
individual cell at these parameters is 60%. 

 

 
Figure. 39.Parameters of individual Fuel cell stack in case(iii). 

 

The gate pulses of the MOSFET switch of SEPIC converter have been 

depicted in Figure. 40. These PWM pulses have generated by the GA tuned 
PI controller. 
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Figure. 40: Gate pulses to MOSFET by GA tuned PI controller in case(iii). 

The Figure. 41 and Figure. 42 shows the battery results when fuel and 
solar together charging it respectively. It can be seen that a constant voltage 

mode with average voltage of 408V have been maintained and it’s been 

charging with -400A peak. The respective SOC of the battery in this case has 
been increased to 60.0018% from 60% in 70ms. 

 
Figure. 41: Battery Voltage (V) and Battery Current (A) in case (iii). 

 
Figure. 42: SOC (%) of Battery in case (iii). 
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5.4 Untuned Controller 
 

This subsection (case(iv)) discusses about the results of the system with 
the controller being an untuned PI controller. The Figure. 43 shows the 

battery voltage is maintained at 384V with ripple voltage of 20V and the 

Figure. 44 shows the battery current which is oscillating between -60A to 

100A which is unstable and SOC of the battery in this case can be seen in the 
Figure. 45 where battery charged 0.00083% in 25ms.  

 

 
Figure. 43: Battery Voltage (V) in case (iv). 

 

 
Figure. 44: Battery Current (A) in case (iv). 

 

 
Figure. 45: SOC (%) of Battery in case (iv). 
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6 Conclusion 
 

The integration of solar and wind energy sources has been done by 
connecting them in parallel and the respective energy has been transferred to 

the battery station through SEPIC converter for fast charging of Electric 

Vehicles. This SEPIC converter is capable of supplying an approx. 400V to 

the battery when input voltage is in the range between 600V and 650V. The 
SEPIC converter has been controlled using PI controller whose gain values 

have been tuned by Genetic Algorithm respectively. The designing and 

modelling the SEPIC converter into transfer function model has been done. 
The better step response with settling time at 150ms has been achieved for 

this system which have been achieved after 120
th
 iteration during algorithm 

run. The proposed system has been successfully simulated for three different 

cases. In each case the battery has been charged in Constant Voltage (CV) 
mode with average voltage being 405V with maximum current peak of -

400A. When both wind and solar are integrated the corresponding input, 

voltage is 625V and the PMSG alternating output has been rectified by three 
phase bridge rectifier and filtered the ripples to achieve a constant DC 

parameter. An average torque of -2000Nm has been continuously fed to the 

PMSG by modelled wind turbine. Charging current in this case is high when 
compared remaining cases due to more input power than the other cases. 

So, SOC has increased in shorter time compared to other cases. Second 

case has been simulated where both wind and solar are absent then Fuel cell 

has powered the battery with its input voltage of 600V and average of 170A. 
In these two cases all the voltages and capacitors of L1, C1, C2, L2 has been 

discussed. The third case has been simulated with input sources being solar 

and Fuel cell whose output performance being better than previous case and 
its combinational input voltage being 608 V. The battery has been charged 

by SEPIC converter with an untuned controller and the battery current has 

been oscillating in +100A and -60A respectively which is not a desirable 

condition. The better case being the case I where battery performance can be 
used to charge Electric Vehicles using Fast charging mode and this battery 

station can even be used to powerup multi loads (EV) at a time by connecting 

Single Input Multi Output DC-DC converter at the output terminals of 
Battery Station (BTS).This is an application of DC microgrid. 
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