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Abstract: 

This paper mainly focuses on hybrid power generation system 
based on renewable energy sources, it is necessary to have the 
complete simulation model for the system. In this 
configuration the combination of solar cell, wind turbine, fuel 
cell and ultra-capacitor system are used for energy 
generation. The combination of electrolyser and hydrogen 
storage tanks are used as energy storage systems. The 
available power from the renewable energy sources is highly 
dependent on environmental conditions such as wind speed, 
radiation and ambient temperature. To overcome this 
deficiency of the solar cell and wind system, have to integrate 
them in parallel with the fuel cell/ultra-capacitor system. 
Excess wind and solar energies are converted into hydrogen 
and oxygen in electrolyser for later use in fuel cell. Ultra-
capacitor is used in power applications requiring short 
duration peak power and to minimize the voltage variations. 
Dynamic modelling of various components of this system is 
presented. The output performance of the dynamic modelling 
of wind system for under damped, critical damped and over 
damped are determined and the temperature variations of 
solar cell are also     included. The output performance of the 
system at different possible situations are studied and 
implemented by using MATLAB. 

 

Introduction:  

The power transmission for remote location has always been a 

problem. The hybrid power generating system is used to 

generate the power. The batteries are used to store the limit 

amount of power for small durations. For long durations, 

electrical energy can be converted into hydrogen by using 

electrolyser for lateral use in proton exchange membrane fuel 

cell(PEMFC)[1-3]. The variations in wind speed causes 

voltage and power fluctuation problems at the load side. To 

store the wind generation for future use is a big problem when 

there is no wind speed [2-5]. The solar cell output mainly 

depends on whether factors such as radiation and ambient 

temperature. So the performance of the solar cell will change 

with the change in radiation and ambient temperature. To 

overcome this a proton exchange membrane fuel cell can be 

used. An electrolyser can convert the water into hydrogen and 

store in the storage tanks for later use in fuel cell to meet the 

load growth [5]. Combination of solar cell, wind turbine and 

fuel cell to improve the reduction in environment pollution 

because these are natural energy source. In this paper the 

dynamic modelling and simulation of solar cell, wind turbine, 

fuel cell and electrolyser in MATLAB to know the complete 

behaviour of the system in MATLAB/Simulink [6]. This 

proposed system can tolerate the output fluctuations in power 

and voltage due to the change in load and environmental 

conditions such as wind speed, radiation and ambient 

temperature by seeing the results [4]. 

 

Dynamic system models 

I. Wind system: 

The output of the wind turbine system is depending on the 

wind speed. The dynamic model for the wind turbine is a 

second order system due moment of inertia (J) for wind 

turbine rotor and permanent magnet generator. Due to this the 

dynamic model of a wind system consider as a second order 

system. The dynamics of the wind turbine due to its rotor 

inertia and controller action are added by considering the wind 

turbine response as a second order slightly over damped 

system [7]. Similarly considered the under damped and 

critically damped system. Due to this approach, the wind 

turbine system dynamics modelled as [5] 

Y(s)

X(s)
=  

0.25

s2 + 1.707s + 0.25
 

Where input X(t) is the power obtained from the power curve 

for known wind speed, and the output is actual power Y(t) of 

the wind turbine. 

 

II. Solar cell: 

Asolar cell module is the basic element of the photovoltaic 

system. It consists of many solar cells. To model the solar 

cell, we need the equivalent circuit. It is consisting of a 

current source, diode, parallel resistance and series resistance 

[6].The diode is a P-N junction of solar cell. The output of the 

solar cell is depending on climatic conditions such as radiation 

and ambient temperature. So the output power of the solar cell 

change with the change in radiation and ambient temperature. 

The dynamic model of the solar cell was done by using its 

voltage and current equations[11-13]. In real solar cell the 

voltage loss is expressed by the series resistance and leakage 

current is expressed in parallel resistance. The value of the 
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series resistance is very less and the value of the parallel 

resistance is very high so we can neglect the values of series 

and parallel resistance when modelling the solar cell. 

Solar cell current equation is 

Ipv = [Isc [1 − C1 (𝑒(
𝑉𝑚𝑝

𝐶2𝑉𝑜𝑐
−1))]

+ (
Ett

Est
) (1 + 0.002Ett + T𝑎)] − Imp 

Where  𝐶2 =  
𝑉𝑚𝑝

𝑉𝑜𝑐
−1

log(1−
𝐼𝑚𝑝

𝐼𝑠𝑐
)
 

C1 =  (e
−Vmp

C2Voc) ∗ (1 −
Imp

Isc
) 

Solar cell voltage equation 

𝑉𝑝𝑣 = 𝑉𝑚𝑝[0.0539 log (
𝐸𝑡𝑡

𝐸𝑠𝑡
) + 1] + 𝛽(0.02𝐸𝑡𝑡 + 𝑇𝑎) 

The current and voltage equations have used while modeling 

the solar cell in MATLAB/Simulink. 

 

III. Fuel cell: 

A proton exchange membrane fuel cell (PEMFC) is the one of 

the satisfying unit for above all requirement. It consisting of 

proton exchange membrane, anode cathode and electrolyte. 

This PEMFC is used to generate the electricity by taking 

hydrogen as an input. 

The chemical reactions of the fuel cell are mentioned below: 

At anode:𝐻2 → 2𝐻+ + 2e− 

At cathode:1/2O2 + 2H+ + 2e− → H2O 

Overall cell reaction:1/2O2+H2 → H2O 

The thermodynamic potential E is defined via a Nernst 

equation in expanded form as [9]. 

𝐸 = 1.229 − 0.85 ∗ 10−3(𝑇 − 298.15) + 4.3085
∗ 10−5𝑇(𝑙𝑛 𝑃𝐻2 + 0.5 𝑙𝑛 𝑃𝑂2) 

The parametric equation for the over-voltage due to activation 

and internal resistance developed from the empirical analysis 

is given as 

η𝑎𝑐𝑡 = −0.9514+0.00312T-

0.000187Tln(i)+7.4*10−5 𝑇 ln (𝐶𝑂2) 

𝑉𝑐𝑒𝑙𝑙 = 𝐸 − 𝑉𝑎𝑐𝑡 − 𝑁𝑎𝑐𝑡  

By using above equations the MATLAB/Simulink has been 

done. 

 

IV. Electrolyser: 

Electrolyser is a system which can break the water into 

hydrogen and water. This water can break into hydrogen and 

water by passing in between two electrodes [8-10]. The 

electrochemical reactions of an electrolyser are  

Anode Reaction: 2H2O → O2 + 4H+ + 4e- 

Cathode Reaction: 4H+ + 4e- → 2H2 

According to Faraday’s law, hydrogen production rate of an 

electrolyser cell is directly proportional to the electrical 

current in the equivalent electrolyser circuit [9]. 

𝑁𝐻2 =  
𝑁𝑓𝑛𝑐𝑖𝑒

2𝐹
 

Where  

ie is theelectrolser current,  

nc is the number of electrolysers in series 

Nf is the Faraday efficiency. 

The ratio between the actual and the theoretical maximum 

amount of hydrogen produced in the electrolyser is known 

Faraday efficiency. 

Nf = 96.5e
(

0.09

ie
−

75.5

ie2
)
 

The simulation of electrolyser is done by using above 

equations. 

 

V. Ultra-capacitor: 

Ultra-capacitor is connected across to the fuel cell to minimize 

the variations in output voltage. These are used in power 

applications requiring short duration peak power. An ultra-

capacitor is an energy storage device with a construction 

similar to that of a battery. The ultra-capacitor is connected in 

parallel with the fuel cell to reduce its voltage variation due to 

sudden load changes.  

This Ultra-Capacitor is modelled as  
Vuc

Vfc
=  

RaCb+1

(Rs+Ra)Cb+1
 

 

 

Figure 1. Simulink model of hybrid energy system 
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Results 

 

Figure 2. output performance of the system when wind 

system is under damped 

 

 

 

Figure 3. output performance of the system when wind 

system is critical damped 

 

 

 

Figure 4. output performance of the system when wind 

system is over damped 

 

Figure 5. Output current results of hybrid system 

 

 

Figure 6. Output voltage results of hybrid system 

 

 

Figure 7.  result of Hydrogen storage of electrolyser 

 

Table 1. comparison of wind system output by using different 

damping ratios 

Time 

(S) 

Wind turbine 

power(under 

damped) 

Wind turbine 

power(critical 

damped) 

Wind turbine 

power(over 

damped) 

6 180 W 150 W 105 W 

12 240 W 220W 180 W 

17 330 W 300 W 250W 
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By comparing the above results the most preferable system of 

wind turbine is second order slightly under damped system 

[Fig2], because we are getting maximum output than critical 

[Fig 3] and over damped system [Fig 4].At the starting the 

wind and solar systems output are zero. So fuel cell is taking 

the total load. When these solar and wind systems are 

supplying load the fuel cell output will reduce. At time 6 

seconds the load is 375W. In order to supply the load, the 

wind system, solar cell and fuel cell is contributing the load. 

Whenever the output of solar and wind meet the load demand 

the fuel cell will become zero. Excess power is taking by the 

electrlyzer to convert the water in hydrogen. We can know the 

how the hydrogen is storing by seeing fig [7]. 

With the change in the load at 15 seconds the output from 

solar and wind is more than the load. In this period 

electrolyser is taking the power and store the hydrogen for 

later use of fuel cell.At 21 seconds the output of the wind 

turbine is decreasing with decreasing in wind speed at that 

time fuel cell come in picture and taking the load. 

By using these results the system can tolerate the load changes 

and also the output voltage variations are within the specified 

limits. 

 

Conclusion 

The second order slightly under damped wind turbine system 

is mostly preferable to get the maximum output when 

compared to critical and over damped system. The output of 

the renewable energy sources highly dependenton 

environmental conditions such as wind speed, radiation and 

ambient temperature. To overcome this deficiency of the solar 

cell and wind system, have to integrate them in parallel with 

the fuel cell/ultra-capacitor system. Excess wind and solar 

energies are converted into hydrogen and oxygen in 

electrolyser for later use in fuel cell. Ultra-capacitor is used to 

minimize the voltage variations. The output fluctuations of 

this system within specified limits. The proposed system can 

be used for power generation in remote locations. 
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