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Abstract 
 

Microgrids have emerged as new paradigm for next generation power systems as they are capable 
of hosting multiple renewable energy resources in local community distribution systems and also can 
supply reliable electric power to customers. Microgrids are considered as controllable units with utility 
perspective because the common entities of microgrids such as DERs (Distributed Energy 
Resources) and controllable loads can more effectively control the power consumption or generation. 
A Battery energy storage system (BESSs) effectively compensates the intermittent output of RES 
(Renewable Energy Sources).   This paper presents a hybrid model of microgrid for connecting to 
grid with 3 generating sources. The proposed SIMULINK model consists of subsystem modules of 
renewable energy sources (PV, Wind and FC) that are connected to a suitable converter whose 
output is fed to an inverter.   The output is this Microgrid is analysed in grid connected mode..  

 
Key Words— Photo Voltaic, Fuel Cell, Grid connected, Battery storage.  
 

1.INTRODUCTION 
 
N energy industry, there are various technical issues and other environmental impacts that have to 
be studied and understood.   Huge number of small scale Microgrid components that has their own 
characteristics poses a big challenge for Microgrid modelling, simulation, planning and operation.    
There are many papers found in literature giving comparative studies of these techniques but many 
of these systems are prone to various factors which directly or indirectly affect the productivity. Many 
such papers use complicated sub system modules and this affects the ability to understand the 
functioning and construction of these sub systems. A few disadvantages in the papers that were 
researched are execution time and time taken for frequency to return to stable state. 
 
  There has also not been a detailed summary of the working and construction of a micro grid in grid 
connected mode since in many cases, they only explore functioning of stand alone models. In recent 
days government has been concentrating on integration of these renewable energies to the grid so 
that the power can be deported to the place where there is more scarcity.  Also the energy storage 
system has become a vital part of this Microgrid as the excess amount of energy from the 
renewables such as solar can be stored for future use.   All these led to the development of what is 
known as Hybrid Power Generation System with Storage.    
In this paper,  some of these renewable energy system models are developed and simulated and 
studied after construction a comprehensive conclusion is obtained.  
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2.MODELING AND DESIGN OF RES 
A.   PV System 
PV panels are nothing but solar cells that are lined up together in series and parallel so as get 
sufficient voltage and are p-n junction semiconductor devices with pure silicon wafer doped with ‘n’ 
type phosphorous at its top and ‘p’ type boron at the base. If the PV cell is placed under the sun, 
photons from light strike the electrons at the p-n junction and energize them, knocking them free of 
their atoms. The electrons have the tendency to be attracted to the positive charges that are present 
in n-type silicon and repelled by negative charges that are present  in the p-type silicon. Connecting 
wires across the junction will have a current in them.  The current output from the solar panel is 
always proportional to the illumination or the light intensity falling on it. With the increasing intensity, 
the output of the solar panel increases and also with decreasing intensity the output decreases 
correspondingly. The two main factors on which the output of the solar panel depends is the 
irradiance and the temperature. The amount of power generated by the panel depends on the 
operating voltage of the panel.  The complete arrangement of the cells is connected across a 
resister, the value of this resister is chosen with respect to the output required.   
 
With the varying solar intensity throughout the day the value of irradiance also changes. The output 
from this irradiance is fed to the solar panel which consists of a series of solar cell which produce 
current as the irradiance is supplied.  With the changing irradiance the output of the panel also varies 
so as to maintain the constant output the value of the resistance should be changed. The equations, 
which describe the characteristics of PV cell, are presented below: 
 
The characteristic equation for a photovoltaic cell is given by 
 

                    (1)  

Where        (2)  

           

                      (3)  
Tr=(Tr1-32)+273                            (4)  
 
Io & Vo : Cell output current and voltage; 
Irs : Cell reverse saturation current; 
T : Cell temperature in Celsius; 
k : Boltzmann's constant :1.38 * 10-19 J/K; 
q : Electron charge: 1.6*10-23 C; 
Ki : Short circuit current temperature coefficient at Iscr; 
S : Solar radiation ; 
Iscr : Short circuit current at 25 degree Celsius;  
Il : Light-generated current; 
Eg : Band gap for silicon;  
Tr : Reference temperature;  
Rsh : Shunt resistance;  
Rs : Series resistance; 
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B.      Wind System 
 
The control technology relating to large wind turbines is sophisticated in terms of generator speed, 
and torque control, pitch angle control, and so on. Recently it has been proved that permanent 
magnet synchronous generator (PMSG) can used for wind power generation system due to its 
advantages like better reliability, more efficiency and lower maintenance etc. 
 
The PMSG is basically a Synchronous Machine, with its DC excitation circuit replaced by permanent 
magnets, thereby eliminating the brushes. PMSG has high reliability and power density per volume 
ration due its smaller physical size and lower moment of inertia as it has permanent magnets instead 
of brushes and the slip rings. Also with the permanent magnets in the rotor circuit, the electrical 
losses in the rotor are eliminated.  The PMSG are becoming an interesting solution for wind turbine 
applications. 
 
The model developed should be able to simulate the special effect of wind, including gusting, rapid 
(Ramp) changes as well as background noise.  The wind speed is generally modeled as the sum of 
the four components listed above. 
 
Vw(t) = Vb(t)+Vr(t)+Vg(t)+Vn(t)           (5) 
Where        Vb = base (constant) wind component; 
Vr = ramp wind component; 
Vg = is the gust wind component; 
Vn = is the base noise wind component; 
 
The present work considers a constant wind speed equal to 12 m/s. 
 
Wind Turbine Model 

The output mechanical power available from a wind turbine is  as follows: 

PCAVP 3

2

1


                              (6) 
ρ - air density 
V – Wind Speed 
Cp – Coefficient of Performance (or Power Coefficient) of the wind turbine 
A – Area swept by the rotor blades of the wind turbine 
 
The power coefficient Cp is a nonlinear function of the blade pitch angle θ and the tip-speed ratio λ 
as given by , 
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Where V

R
 

       
ω - Angular speed of the turbine rotor 
R - Radius of the turbine blades 
 
The torque of the wind turbine would be expressed as 

                              (8) 

Drive Train Model 
 
Two mass drive train model is utilized in the Wind Turbine. The equations governing its mechanical 
dynamics are represented as follows, 

                              (9) 
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                          (10) 

                              (11) 

Ht - inertia constant of the turbine, 
Hg - inertia constant of the PMSG, 
θtw - shaft twist angle, 
ωt - angular speed of the wind turbine in p.u., 
ωr - rotor speed of the PMSG in p.u., 
ωelb - electrical base speed, 
Tsh shaft torque is expressed as, 

           (12)  

Where,      Ksh is the shaft stiffness and 
  Dt is the damping coefficient 

C. FC SYSTEM 

Water is formed by combination of Hydrogen and  oxygen molecules. The process involves breaking 
of hydrogen molecules to positive ions (protons) and electrons, with the help of a catalyst in order to 
facilitate faster reaction, the protons tends to move from the cathode to anode through the membrane 
(electrolyte), but the electrons cannot. The electrons will travel through an electrical circuit (load) 
externally and recombine with the oxygen molecules at the cathode and hydrogen protons to produce 
water. The chemical reaction that happens in a hydrogen fuel cell is broken down into two half 
reactions, the oxidation reaction and the reduction reaction. The oxidation reaction shows the 
dissociation of hydrogen molecules to electrons and protons at the anode.  After the dissociation, the 
protons are free and pass through the electrolyte, and recombine with electrons at the cathode. 
During this process, which is often called the reduction reaction, the electrons and hydrogen protons 
combine with the oxygen molecules from the surrounding air, to form water.  The type and chemical 
properties of the electrolyte used in fuel cells determine their operating characteristics and internal 
operating temperature. The polarity of an ion and its transport direction can differ for different fuel 
cells, determining the site of water production and removal. If the working ion is positive, then water 
is produced at the cathode. On the contrary, if the working ion is negative, like solid oxide fuel cell 
and molten carbonate fuel cell, water is formed at the anode. In both cases electrons pass through 
an external circuit and produce electric current. 
The modeling of SOFC is done based on the certain assumptions made like the fuel cell temperature 
is made to be constant; the fuel cell gasses are ideal and the Nernst’s equation applicable to the cell. 
By Nernst’s equation output fuel cell dc voltage Vfc across stack of the fuel cell at current I is given 
by  

     (13) 

 
Where Vfc  = Operating Voltage; 
Eo = Standard reversible; 
V = cell potential; 
Pi  = Partial pressure of species i (Pa); 
r  = Internal resistance of stack (S); 
I =  Stack current (A); 
R =  Universal gas constant (J/ mol K); 
T =  Stack temperature (K); 
F = Faraday’s constant (C/mol); 
 
The main equations describing the slow dynamics of a SOFC can be written as follows. 

              (14) 

            (15)  
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          (16) 

    (17) 

   (18)  

        (19) 

 
qH2 - Fuel Flow (mol/s) 
qO2 - Oxygen flow (mol/s) 
KH2  - Valve molar constant for hydrogen (kmol/s atm) 
KO2 - Valve molar constant for water (kmol/s atm) 
KH2 - Valve molar constant for water (kmol/s atm) 
τH2 - Response time for hydrogen (s) 
τO2 - Response time for oxygen (s) 
τH2O - Response time for water (s) 
τe - Electrical Response time (s) 
τf - Fuel Response time (s) 
Uopt - Optimum fuel utilization 
rHO - Ratio of hydrogen to oxygen 
Kr - Constant (kmol/s A) 
  Pref - Reference Power (kW) 

D. STORAGE SYSTEM 

The battery is implemented in the grid in order to facilitate transition from normal functioning to 
islanding mode  

 
Fig. 1. Equivalent Circuit of a battery 

Battery Equations and Calculations 
The model of battery used in this project is the Lead Acid Model. The equations are :   
Discharge mode (i*>0) 
 

   (20) 

Discharge mode (i*<0) 
 
 

International Journal of Pure and Applied Mathematics Special Issue

4043



 

                                                               (21) 
 
E0 - Constant voltage (V) 
Exp(s) - Exponential Zone dynamics (V) 
K - Polarization constant (Ah-1) 
i* - Low frequency dynamics (A) 
i - Battery current (A) 
it - Extracted capacity (Ah) 
Q - Maximum battery capacity (Ah) 
A - Exponential voltage (V) 
   B - Exponential Capacity (Ah-1) 
 

E. PE Interface 

The function of boost converter is to step up the input to the required output. The working principle of 
the converter for the time the switch SW1 is on the inductor L1 gets charged (Fig. 2(a)) and a voltage 
difference is created across it and for the time the switch SW1 is off the same inductor discharges 
(Fig. 2(b)) and supplies along with the battery resulted in a boosted output hence the name boost 
converter. 

DC

L1
D1

SW1Vs

 
Fig. 2. Boost converter operation (a) Inductor charging 

DC

L1
D1

C1SW1Vs

 
                                    (b) Inductor discharging 
 
Duty Ratio, Inductance and Capacitance Calculation 
The duty ratio K, inductance L1 and capacitance C1 are designed by using the following equations. 
Here input voltage is Vin = 24V, let us fix the output voltage to a maximum of Vo = 80V. The Vo is 
taken to a limit of maximum values so that the designed parameters of the converter that is L1 and 
C1 are such that it is acceptable for lower values of Vo also. As the switching frequency as f = 100k 
Hz and the load current as I = 1 Amp as in the range of rated field current of the synchronous 
machine (for the 80V of Vo excitation voltage). 
Thus the resistance value is 

80
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             (22) 
 
Also we know that duty ratio is 

24
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        (23) 
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From the above values we can calculate the minimum value of L1 and C1. 

(1 )
1

2

K K R
L

f




             (24) 
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          (25) 

1 84L H
             (26) 

Now, let us take the voltage ripple ratio as Vr = 0.011 

* * r

K
C

f R V


          (27) 

3
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      (28) 

    
8C F

              (29) 
 
Finally L1 = 84 µH and C1 = 8 µF 
The above critical values are the minimum value required in order to maintain continuous current and 
voltage profile. But in order to make a smooth voltage output the value of both L and C is greater 
than the critical value. 
 

3.COMPLETE MODEL 
 

 
Fig.3.  Complete Simulink model of the proposed system 
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4.RESULTS AND DISCUSSION 
 
The input value of irradiance is maintained at 1000 and the reference temperature is at 25C. The 
subsystem is then fitted with a Maximum Power Point Tracker, and the resulting Power and current 
variation with respect to Voltage are plotted. 

 
 

Fig 4   (a) Power Vs Voltage of the PV Model with MPPT 
 
 

 
 

Fig 4.  (b) Current Vs Voltage of the PV Model with MPPT 
 
The power variation of the PV panel is as shown in Fig 5. and the variation of current and voltage is 
shown in Fig.6 a and Fig 6 b 

International Journal of Pure and Applied Mathematics Special Issue

4046



 

 
Fig. 5. Power produced by PV Panel model with MPPT 

 
 

 
Fig. 6 a. Current produced by PV Panel 

 

 
Fig.6. b Voltage produced by PV Panel 

 
A reference power of 5000W is given to the fuel cell model. The subsystem is constructed and the 
voltage output is obtained and plotted. A Voltage value of 728V is obtained. A 100V dc boost 
converter is then added to the model in order to boost the output voltage of the Fuel Cell. The 
resulting Voltage and Current are obtained and shown in Fig. 7a. and 7b.  The Voltage after passing 
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through the boost converter is 766V.  The power obtained is shown in Fig.8.a   
Similarly, a wind speed of 12m/s is given to the Wind energy subsystem and the resulting voltage is 
boosted with boost converter and the resulting voltage and current are plotted which is shown in Fig. 
9a. and 9.b whereas the power obtained is shown in Fig.8.b. 
 

 
Fig.7.a. Voltage produced by Fuel Cell model 

 

 
Fig.7.b. Current produced by Fuel Cell model 

 

 
Fig. 8.a . Power produced by Fuel Cell model 
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Fig.8. b. Power produced by WT model 

 

 
Fig.9.a.Voltage produced by WT model 

 
Fig. 9.b.Current produced by WT model 

 
 
 
 
 
 

International Journal of Pure and Applied Mathematics Special Issue

4049



 

5.CONCLUSION 
 
 In the near future, integrating the renewable energy sources to the grid is expected to be the key 
area of research as the excess power in locations where the sources of renewable energy is 
predominant need to be exported to the areas where there is dearth of power.  The paper shows how 
the renewable sources are integrated to the grid and are able to supply the power to the grid.  Also it 
is noted that the system voltage and power are stable in grid connected mode.  Battery storage 
incorporated in the system can be used to store the excess power in case if the grid has ample 
power to meet all its load demand so that it can be used to supply the local load in the duration where 
there no renewable energy generation due to varying climatic conditions. 
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