Trigeneration Systems with Fuel Cells
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Abstract

Trigeneration systems include those processes of
production and simultaneous use of electricity, heat and
cold, from a single fuel source. The simultaneous use of
energy allows obtaining high levels of overall energy
efficiency, lower emissions, security of supply, as well as
lower losses and investments in networks.

The context of implementation of trigeneration ranges
from low voltage distributed generation to the electric
microgrid prototypes currently under research. In this last
environment, the work is mainly focused in the following
power  generation  technologies: Fuel  Cells,
Microturbines, Stirling Engines, Small Wind Turbines,
and Photovoltaic plants.

This paper focuses on those research proposals that are
currently being developed using fuel cells as base
technology for trigeneration. The paper presents the
different subsystems that are part of these power
generation systems, as well as their most important
characteristics and applications.
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1. Introduction

Within the context of distributed generation, microgrids
rely on emerging technologies, such as fuel cells, gas
microturbines, Stirling engines, as well as technologies
that make use of local renewable resources. On the other
hand, a growing deployment of a variety of technologies
that allow the effective use of waste heat for power
generation is being noticed. This involves increasing the
overall efficiency of the systems and a reduction in the
costs of implementation.

Table 1 highlights the most relevant properties of the
emerging power generation technologies. These are the
technologies being considered in the implementation of
microgrids.

TABLE 1. —Characteristics of technologies in CCHP systems
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In this field, cogeneration is the most outstanding
technique for simultaneous production of electricity and
heat [1]. If, in addition, a process requires of cooling
levels below the ambient temperature (cold air, cold
water or ice), and the cooling is produced from the same
energy source, then, the generation process is called
trigeneration. The cooling can be done through processes
of absorption or adsorption.

Figure 1 shows the process diagram of a trigeneration
system used for a high electrical efficiency energy system.
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Fig 1. Schematic diagram of Trigeneration

2. Fuel cell technologies

Fuel cells develop electrochemical exothermic reactions,
so the combined use of electricity and heat gives them a
high overall efficiency, around 85% [2]. This thermal
energy can be used for many purposes: within the fuel
cell system, transferred outside to meet the demand of
heating or cooling processes or released to the



surrounding area without any application. In order to
optimize the efficiency of these devices numerous
investigations are being developed for the use of the
thermal energy in water and air conditioning in homes,
services and industrial facilities.

In Table 2, the technical and economic characteristics of
different fuel cell technologies are shown, in relation to
power generation [3].
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station power technologies
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3. Absorption cooling systems

Absorption cooling systems are based on the evaporation
and condensation of a concentrated solution for
producing cold. They can use any type of waste heat,
steam, hot liquid or hot gas, providing cold for air
conditioning or for low temperature processes. If the
waste heat is a gas, a gas to water heat exchanger is
needed within an intermediate circuit.

Table 3 highlights a summary of the most important
properties of absorption cooling systems.

TABLE 3. —Absorption cooler’s characteristics
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4. Trigeneration systems with PEMFC

This section presents some of the systems proposed for
using fuel cells for trigeneration. In this abstract, the
options based on PEMFC is presented briefly, while in
the full paper these and other technologies will be
analyzed in more detail.

Around 25% of primary energy consumption in some
countries is intended for space heating and hot water
supply. As the temperature levels necessary to meet these
demands are relatively low, the PEMFC technology
becomes as the most appropriate. Figure 2 shows the
PEMFC technology working in trigeneration mode [4].
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Fig.2. Schematic diagram of a PEMFC trigeneration system

5. Conclusions

This paper presents the most outstanding characteristics
in trigeneration processes. This generation modality
allows reaching high bench marks of global efficiency in
the use of the fuel, by means of the use of the residual
heat coming from the exothermic reaction of fuel cells.

Especially interesting are the systems able to use heat
sources of low temperature (lower than 100 °C), that is
to say, able to take advantage of the residual heats of
industrial origin or produced in cogeneration facilities.

Finally, from the operation point of view of the electrical
system, these fuel cells can operate in two ways: constant
power or with pursuit of the load. To this aspect, the high
temperature fuel cells are better adjusted to the first
operation way, while the low temperature fuel cells are
more suitable for the second operation way, mainly
because of outburst inferior times.

References

[1] I. Zamora, J.I. San Martin, A.J. Mazon, J.J. San
Martin, V. Aperribay, J.M? Arrieta, “Cogeneration in
Electrical Microgrids”, International Conference on
Renewable Energy and Power Quality, Spain, 2006.

[2] U.S. Department of Energy, “Fuel Cell Handbook”,
National Energy Technology Laboratory, B/T books,
2004.

[3] U.S. Department of Energy, “Energy Efficiency and
Renewable  Energy, Hydrogen, Fuels &
Infrastructure Technologies Program”.

[4] 1. Pilatowsky, R.J. Romero, C.A. lIsaza, S.A.
Gamboa, W. Rivera, P.J. Sebastian, J. Moreira,
“Simulation of an Air Conditioning Absorption
Refrigeration System in a Cogeneration Process
Combining a Proton Exchange Membrane Fuel
Cell”, International Journal of Hydrogen Energy,
2007.



