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Abstract - A  microgrid  is  a  collection  of  loads  

and micro sources that operate as a single 

controllable system to provide both heat and power to 

a small area. A hybrid grid consists of both AC and DC 

grid. AC power sources and loads are connected to the 

AC grid whereas DC power sources and loads are 

connected to the DC grid and both the grids are 

connected together by a bidirectional converter. In 

this paper, a hybrid microgrid consisting a wind 

turbine and fuel cell stack is proposed to reduce the 

process of multiple AC-DC-AC and DC-AC-DC 

conversions which are commonly seen in an individual 

AC grid or DC grid. The proposed hybrid grid is 

operating in grid connected mode. The various control 

mechanisms are implemented  for  the  power  

electronic  converters  for smooth power exchange 

between AC and DC grids and for stable operation of 

the proposed hybrid microgrid under various resource 

conditions. A small hybrid grid is considered and 

simulated using the MATLAB/SIMULINK environment. 

Keywords—Hybrid grid; Fuel cell; Wind turbine 
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I.    INTRODUCTION 

For the past hundred years, the electrical power system is 
dominated mainly by the three phase AC power system 
due to various reasons such as efficient transformation of 
AC power at various voltage levels, for long distance 
transmission and for inherent characteristic from fossil 
fuel driven rotating machines for electric power 
generation. The basic structure of the present day power 
system is the integration of generation, transmission and 
distribution system. In conventional power plants, 
electricity is produced from fossil fuels such as coal, oil  
and  natural  gas  and  these  generating  stations  will  be 
located far away from the load centers due to safety 
concern and due to the availability of energy sources. 
Power generated from these stations are then transmitted 
over long distance at high voltage levels to the load 

centers and then delivered to the customer load points 
with the help of sub-transmission networks and 
distribution networks. This leads to the higher 
transmission losses and  also  the  complexity of  the  
system increases.  Also,  the  environmental effects 
caused  by  these fossil fuels are high due to their high 
carbon emission. As a result, renewable energy resources 
such as wind, tidal, solar, small hydropower and biomass 
are becoming the best option for generating electric 
power due to their low environmental effects. The current 
power system is undergoing considerable amount of  
changes, because more renewable energy based power 
conversion systems are connected to the low voltage 
distribution systems as distributed generators due to 
their environment friendliness and reliability. On the 
other hand, dc loads such as LED lights, refrigerators 
and electric vehicles are increasing to save electric energy 
and to reduce emissions. In the present system, these 
loads are supplied by means of AC power sources along 
with the help of power electronics converters. This further 
increases the cost of the system and appliances as it 
requires additional converters. When power can be 
supplied by renewable energy based distributed 
generators, there is no need for high voltage transmission 
and also transmission losses can be reduced. AC 
microgrids have been developed to enable the connection 
of renewable energy based power generating sources to 
the present AC system [2]- [5]. As stated earlier, due to 
increasing amount of DC loads in residential, industrial 
and commercial buildings the power system loads are 
becoming DC dominated. In many industries DC power is 
required for the speed control purpose. If these loads are 
supplied by means of AC grid, then it requires embedded 
AC/DC converters and DC/DC converters to supply 
different DC voltages. As a result, DC grids are resurging 
due to the various advantages of renewable energy 
sources and their inherent advantage of supplying DC 
loads [6], [7]. 
 
The multiple reverse conversions associated with an 
individual ac or dc grid leads to additional costs and losses 
and hence reduces the overall efficiency of the system. A 
hybrid AC/DC microgrid helps to minimize these multiple 
reverse conversion problem which normally associated 
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with individual AC grids or DC grids [1]. In this hybrid 
system AC loads are connected to the AC grid and DC 
loads are connected to the DC grid and the AC and DC 
grids are connected through a bidirectional converter. The 
proposed architecture, operation and control of the 
hybrid microgrid are more complicated than those of 
individual DC grid or AC grid. The various control 
mechanisms for controlling the converters [14] and to 
maintain the  stable  system  operation  in  grid  connected  
mode  is explained in the following sections. 

 
Fig -1: A typical hybrid AC/DC microgrid 
 

2.   A TYPICAL HYBRID AC/DC MICROGRID  
 
Fig. 1 shows the typical structure of a hybrid AC/DC 
microgrid [1]. It consists of AC grid and DC grid and they 
are interconnected  with  the  help  of  three  phase  
bidirectional AC/DC  converter  (main  converter)  and  a  
transformer. The three phase AC network of the hybrid 
grid is connected to the utility grid through a transformer 
and a circuit breaker. AC power sources such as tidal 
power plant, small diesel generator and wind turbine 
generator (WTG) are connected to the AC grid. AC energy 
storage devices such as flywheels are connected to the AC 
grid through converters. All types of AC loads can be 
connected to the AC network whereas DC power sources 
such as solar panels, fuel cell stacks are connected on the 
DC grid through DC/DC power converters. DC loads and 
energy storage devices such as batteries and super 
capacitors and electric vehicles can be connected to the DC 
grid through DC/DC converters. 
 
 
 

3. HYBRID GRID CONFIGURATION AND NETWORK 
MODELING 
 
3.1 Grid Configuration 
 

Fig. 2 shows the compact representation of the proposed 
hybrid microgrid. The proposed system is modeled using 
Matlab/Simulink environment to simulate the system 
operation and control. In this system, 50 kW fuel cells 
stacks are used as a DC power source and it is connected 
to the DC grid through a DC/DC boost converter. The 
capacitor is used to reduce the ripples if the fuel cell 
output voltage. A 20 kW Doubly Fed Induction  Generator  
(DFIG)  WTG  system  is  taken  as  AC power source and it 
is connected to the AC grid through a back to back 
AC/DC/AC converter. A battery is connected to the DC   
network   as   an   energy   storage   device   through   a 
bidirectional DC/DC converter. AC loads and DC loads 
are connected correspondingly to AC and DC grids. The 
network equations are given in [1]. 

 
Fig -2: Compact representation of the proposed hybrid 
grid 
 

3.2   Modeling of the Fuel Cell 
 
A fuel cell is a device that converts chemical energy from 
fuels into electric energy with the help of anode, cathode 
and an electrolyte. In this paper, Solid Oxide Fuel Cell 
(SOFC) is used and it uses solid oxide or ceramic as an 
electrolyte. The output voltage of the fuel cell is given by 
the equation (1). 
Vfc=Efc-Vact,fc-Vohm,fc-Vconc,fc                                    (1) 

Where Vfc and Efc are the fuel cell output voltage and  

Internal voltage.  Vact,fc,  Vohm,fc   and  Vconc,fc   are  

activation, ohmic  and concentration voltage drops inside 
the fuel cell [12]. The total power generated by the fuel 
cell stack is represented as: 
Pfc=N0VfcIfc                                                                                      (2)  
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Where Pfc is the total power generated by the fuel cell stack. 

N0 is the number of cells in the stack series, Ifc is the stack 

current 
[13]. 

3.3   Modeling of Wind Turbine Generator 
 
There are different types of wind turbine generator and 
one of the commonly used WTG is the DFIG. The voltage 
equations of an induction motor are given by [10], [11] 
and the power output from the WTG is represented as: 

Where Pm is the output power, ȡ is the air density, A is 

the rotor swept area, Cp(λ,ȕ) is the power coefficient 

and it is function of speed ratio (λ) and pitch angle 

(ȕ).and Vw  is the wind speed. 

The voltage equations of the induction motor in rotating d-
q coordinates and the parameters used to simulate DFIG 
wind turbine is given in [1]. 
 

3.4.   Modeling of Battery 
 
The battery is modeled based on nonlinear voltage 
source in series with the internal resistance and the 
output voltage mainly depends on the current and state 
of charge (SOC) of the battery, which is a nonlinear 
function of current and time [8], [9]. State of a battery is 
represented by two parameters i.e., terminal voltage and 
state of charge. Terminal voltage is represented by 
equation (4). 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
Fig -3: Model of a battery 
 
 

 
Where Rb  is the internal resistance of the battery, ib  
is the battery charging current, Vo  is the open circuit 
voltage of the battery, Q is the battery capacity, K is the 
polarization voltage, A is the exponential voltage and B is 
the exponential capacity. Fig. 3 shows the basic model of a 
battery [9]. 

The term  in equation (4) represents the 
non-linear voltage which changes with the magnitude of 
current and state of charge of battery.     
 

4.    GRID OPERATION AND CONTROL 
 
There are five types of converters used in the hybrid grid 
and these converters have to be coordinately controlled 
for supplying reliable power to AC and DC loads under 
variable resource conditions. Hybrid microgrid can be 
operated in two modes  namely  grid-tied  mode  and  
isolated  (autonomous) mode. In this paper, grid tied mode 
of operation is analyzed and simulated for the proposed 
system. The AC/DC/AC converter in the WTG is used to 
regulate the rotor side current to extract maximum power 
from wind turbine and to synchronize with the AC grid. In 
this mode, the hybrid grid is connected to the utility grid 
and here the utility grid will acts as a swing bus and any 
power demand will be balanced by the utility grid.In case, 
if there is any power surplus on the DC side, the excess 
power will be transferred to the utility grid. In this case 
the main converter will acts as inverter. In grid-tied mode, 
the function of the energy storage system is to prevent the 
frequent power transfer between DC and other grids. So, 
the role of energy storage device is not much important 
and can be neglected. The main function of the 
bidirectional main converter is to maintain smooth power 
exchange between AC and DC grids and to provide stable 
DC link voltage. The basic control mechanisms for the 
WTG [11] and for the operation of battery converter [8], 
[9] have been studied and used here to control the overall 
operation of the hybridmicrogrid.Fig.  4  shows  the  
control  scheme  for  controlling the  main converter 
during grid tied mode of operation. For smooth power 
exchange between the AC and DC grids and to supply the   
necessary  reactive   power,   PQ   control   is   used   for 
controlling the main converter. The DC bus voltage is 
maintained to constant value through PI controller. Output 
of the DC-link voltage loop through a PI controller is set as 
an active current reference (id*) and the reactive current 
reference (iq*) is set to zero.  
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through Clarke and Park. 
 
 
 
 
Fig -4: PQ control scheme for controlling the main 
converter 
 
The active current (id) and the reactive current (iq) is 
calculated from the line current through Clarke and Park 
transformation. When there is an excess power on the DC 
grid, the main controller is controlled to transfer the 
power from DC grid to AC grid. In this situation, the sign of 
active current (id) and its reference (id*) are both positive. 
If there is any sudden increase in DC loads, there will be a 
power shortage  on  the  DC  grid  and  so  the  main  
converter  is controlled to supply power from AC grid to 
DC grid. In this situation, the sign of active current (id) and 
its reference (id*) are both negative. 
 

5.   SIMULATION RESULTS AND DISCUSSION 
 
The proposed hybrid microgrid system is simulated using 
MATLAB/SIMULINK environment A 50 kW fuel cell stack 
and 20 kW WTG is taken and the component parameters 
for the hybrid grid are given in [1] and it is used to 
simulate the operation of the hybrid grid. The proposed 
system is controlled to operate in grid-tied mode and the 
battery is assumed to be fully charged. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the grid tied mode, main converter is controlled 
through PQ control and the following results were 
obtained. Fig. 5 shows the output voltage of the fuel cell 
stack and then this voltage is boosted to 500 V through a 
DC/DC boost converter and the corresponding waveform 
is shown in the Fig. 6. The output power obtained from the 
fuel cell stack is shown in Fig. 7. When the AC side is 
loaded heavily, then there will be a power demand on the 
AC side and so the excess power on the DC grid will be 
transferred to AC grid. Fig. 8 shows the power flow on the 
AC side and Fig. 9 shows the corresponding active current 
and its reference value. It is observed that both id and i * 
are positive and so the power flow is from DC side to AC 
side. 
 

 
Fig -5: Output voltage of Fuel cell stack 
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Fig -6: Output voltage across the DC load 
 

 
Fig -7: Output power from fuel cell stack 
 
 

 
Fig -8: Power flow on AC side 
 
 

 
Fig -9: Active current and its reference when power 
demand on AC side 
 
 
 

Fig -10: Active current and its reference when power 
demand on DC side 
 

 
Fig -11: Power flow on AC side 
 
When DC grid is loaded heavily, then there will be power 
demand on the DC grid. Fig. 10 shows the active current 
and its reference value when there is a power demand on 
the DC grid. It is seen that both the values are negative 
and so the power flow will be from AC to DC grid and the 
corresponding power flow on the AC grid is shown in 
the Fig. 11. As fuel cells are the constant DC power 
source, it can be effectively used along with the WTG to 
manage heavier loads on the AC side especially during low 

wind speed. 
 

6. CONCLUSION 
 
The proposed architecture, operation and control of the 
hybrid microgrid consisting of fuel cell stack and DFIG 
wind turbine generator is studied and simulated using 
Matlab/Simulink environment. Converters are 
coordinately controlled for smooth power exchange 
between AC and DC grids.  Although the  hybrid grid  can 
reduce the  process of multiple reverse conversions in an 
AC or DC grid, there are so many technical challenges lies 
for the implementation of the hybrid grid. As power rating 
of the SOFC is high, it can be effectively used along with 
WTG to supply the loads without any  interruption. The  
hybrid  microgrid  is  one  of  the  best options for small 
isolated industrial plants as the major power supply. 
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