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Overview
High-temperature fuel cells combined with an absorption chiller in a combined cooling, heating, and power (CCHP) system offer the potential to generate ultra-clean, highly-efficient distributed power with virtually zero criteria pollutant emissions.  Such systems effectively utilize waste heat from the high-temperature fuel cell to provide cooling from an absorption chiller.  In particular, the high quality heat from the fuel cell can be recovered through absorption chilling and thereby (1) displace electricity required for electric chillers, (2) dramatically reduce the emissions of criteria pollutants and greenhouse gases, (3) increase reliability for the onsite customer, and (4) reduce the demand for electricity transmission and distribution upgrades.  A limited number of such integrated systems are being made available commercially today, with the potential for significant market penetration in the future.  An updated economic analysis of such a system versus traditional electric chilling and grid-supplied electricity will be presented as background, updating results presented in New York City.  However, the main focus of the paper will be the subsequent in-depth market analysis identifying the technical potential of such systems to displace  traditional electric chilling in hospitals in California, hospitals having been identified as the primary target market among different commercial building types.
Methods

Updated technical and economic modeling for a number of different high-temperature fuel cell/absorption chiller CCHP scenarios will be presented, based on an  integrated MATLAB model developed with the Advanced Power and Energy Program (APEP) at the University of California-Irvine (UC-Irvine).  The economic modelling is based on the costs of a generic system that includes a high-temperature fuel cell and an absorption chiller, with the fuel cell operated at baseload conditions to maximize its efficiency.  The hourly building load profile for electricity, heating, and cooling is used to generate results for a representative commercial building of the primary target market that was identified as a result of the market analysis.
The in-depth market analysis uses commercial building data from national and state data sources to calculate average building square footage and electricity usage intensity (EUI) by commercial building type and end use, focusing on electricity used for cooling.  State data sources provide such information disaggregated by utility, and further disaggregated by climate zone.  Commercial building types are ranked in different manners, including by EUI and by total electricity use for cooling.  Results are compared and contrasted across data sources and across time periods.
Results
Scenario results provide an updated comparison of the levelized cost of energy (LCOE) to provide electricity and chilling to satisfy the representative building load in the primary target market using the electricity and high quality waste heat made available from the high-temperature fuel cell.  Comparison of the costs associated with the various CCHP systems versus the costs of satisfying load through traditional electric chillers and grid-supplied electricity show that the increased efficiency of the CCHP systems with added thermal storage may more than offset the additional capital and operating costs.
Hospitals were identified as the primary target market among the commercial building types examined.  The 24/7 nature of the demand for cooling and heating in hospitals makes this commercial building type a natural market for the high-temperature fuel cell/aborption chiller CCHP technology.  Identification of hospitals as the primary target market confirms previous findings of other researchers.  The technical potential for this CCHP technology is significant, based on the relative system efficiencies of the CCHP technology compared to traditional electric chilling.  Since the technical potential for the CCHP technology depends on the system efficiency of the technology (as represented by the electric-to-thermal ratio), a range of results is presented for the technical potential, based on current system efficiencies and projected future system efficiencies.
Conclusions

High-temperature fuel cell/absorption chiller CCHP technology has significant technical potential to displace traditional electric chilling in hospitals in California, the primary target market based on EUI and total electricity usage for cooling.  Future work will focus on winnowing the technical potential to economic and market potential.
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