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Abstract 

The integration of conventional energy systems with non-conventional systems is called hybrid 
systems. In this paper, the feasibility of integration of wind system with a conventional system is 
discussed. The main disadvantage of wind turbine system is that the input for the system is wind 
which is available naturally but the variable speed of this wind causes large amount of voltage 
and power fluctuation at the load side. This problem can be solved by using proper power 
converters and control strategies. In this simulation we have selected fuel cell and ultra-capacitor 
systems combined so as to suppress this problem. The paper discusses about dynamic modeling 
and simulation of a wind/fuel cell/ultra-capacitor-based hybrid power generation system\. The 
objective here is to concentrate on the combination of wind/fuel/UC systems for sustained power 
generation. When the wind speed cannot satisfy the load demand, the FC system is used to meet 
the surplus power demand whereas the UC will meet the load demand higher than maximum 
power available from the FC for a brief duration. The fuel cell suppresses the effects of 
fluctuations and harmonics that are occurred because of the change in wind speed. 
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Introduction 

In isolated areas, where there is no inter-grid connection available, wind systems are suitable 
choice and it is known that to maintain the grid at its nominal condition there should be no 
fluctuations in the parameters. This variable speed is the root cause for variations in voltage and 
power fluctuation problems at load side in the case of wind energy system. Using suitable power 
converters, we can limitsuch fluctuations in the system but there is still a problem of storage of 
the energy generated by these turbines for future use when there is no source of wind. One of the 
possible solutionsfor storage is using the converters, where by using proper energy conversion 
device the wind energy produced can be converted and stored in the form of hydrogen, which 
can be later converted to electrical energy via fuel cell (FC). The use of electrolyzer helps in 
synthesis of hydrogen there by allowing for both storage and transportation of large amounts of 
power at higher energy density. Coupling wind turbines with electrolyzers has the potential to 
provide low-cost, environment friendly distributed generation of hydrogen along with electricity 
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[4]. In this manner stored hydrogen energy can be used by FC power plants during the low wind 
speed conditions. Of the various types of FC systems available proton exchange membrane 
(PEM) FC power plant most suitable for hybrid energy systems because of their higher power 
density and low operating temperature. Ultra Capacitor (UC) is defined as a super capacitor or 
electric double layer capacitor, which is a large capacitance device. UC is more efficient than the 
battery due to the limitation on a life cycle, the prompt storage and stored energy consumption. 
By integrating UC to the FC system the overall performance of the hybrid power system model 
for variable loads can be significantly increased. The energy density for the UC is high and can 
be used as an alternative to FC by supporting the system during low wind speed conditions.In 
this paper, a detailed analysis of simulation and modeling of hybrid power system with 
integration of wind-FC-UC has been proposed which is able to alleviate effects of wind speed 
variations.  

Result 

 

Figure 1 Power provided by the UC system 

 

Figure 2 Wind turbine characteristics 
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Figure 3 Output DC voltage of fuel cell 

Conclusion 

This paper discusses about hybrid power generation system for obtaining the capability to 
individually generate a reliable power source in isolated areas where there is no inter-grid 
connection available. As the wind energy is available in most of the areas easily, so harvesting 
this energy is best choice. The disadvantages like variable wind speed and voltage level 
fluctuations are surpassed by inclusion of fuel cell and ultra- capacitor technologies in this 
generation system. A dynamic modelling and simulation of a wind/fuel cell/ultra-capacitor-based 
hybrid power generation system is carried out. The simulation results have showcased a good 
reliable rate of implementable hybrid system in real life situations. 
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