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Overview

An intensified integration of renewable energies and a more extensive use of combined heat and power lead to an increasingly decentralized power economy. Such an economy is characterized by the conversion of energy at the point of the energy demand and depending on the energy system, by the possibility of balancing the fluctuating supply of renewable energies. In the long run, there is no doubt that fuel cells will be part of such a sustainable and flexible energy concept. The scope of this article includes an analysis of the flexibility of fuel cells in energy supply (1.5 kWel), an assessment of the potential to compensate for the fluctuating supply of wind energy by an aggregation of decentralized fuel cells and participation as a contractor in the spot and balance energy markets.
Methods

Two fuel cells were monitored and tested in order to obtain their characteristics and distributions for the energy demand of households in the federal states, in combination with the load profiles of the fifteen German climates were used. The analysis was the basis for simulating the interaction between the fuel cell supply, the demand for energy, the supply of wind energy and the market prices for electricity. Because of the underlying dynamic restrictions of fuel cells, they are not able to cover the household's entire demand for electricity.
Results

Within an arrangement of one fuel cell and one household, a yearly residual in the range from 4.9% to 21.6% will be left over. Six fuel cells and households involve residuals between 0% and 3.3%, and with an arrangement of eleven, residuals are reduced to less than 1%. In assessing the reaction possibility to secondary demand in addition to the households demands, larger populations of fuel cells were considered. Thus the annual load duration curve in the control area of EnBW could be flattened for 235 days (5'640 h) on the median wind power level of 29 MW and with a market share of 11%. With the aggregated fuel cell capacity for secondary demand, a yearly amount of coverage in the range of 145 to 200 EUR per fuel cell can be yielded. Participation on the balance energy market involves yearly amounts of coverage that are 2 to 3.5 times higher than on the spot market.
Conclusions

It is shown that fuel cells as populations can contribute in two ways. At first, they are able to cover electricity demand completely when certain numbers of installations are ensured. Second, due to their flexible production properties they can further support the integration of wind energy by counteracting the fluctuations resulting from wind energy. By selling the electricity on the power market revenues can be generated but they contribute little in comparison to the investment costs of the stationary fuel cells. 
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