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Overview
We developed energy system optimization models to identify new strategies for designing, installing, and controlling stationary cogenerative fuel cell systems (FCSs) so as to minimize 1) electricity and heating costs for building owners and 2) emissions of the primary greenhouse gas -- carbon dioxide (CO2).  A main goal of this work is to employ relatively inexpensive simulation studies to discover more financially and environmentally effective approaches for installing FCSs.  Models quantify the impact of different choices made by power generation operators, FCS manufacturers, building owners, and governments with respect to two primary goals -- energy cost savings for building owners and CO2 emission reductions.  These types of energy system models are crucial for identifying cost and CO2 optima for particular installations because optimal strategies change with varying economic and environmental conditions, FCS performance, the characteristics of building demand for electricity and heat, and many other factors.  Models evaluate both “business-as-usual” and novel FCS operating strategies.  For the scenarios examined here, relative to a base case of no FCSs installed, models indicate that novel strategies could reduce building energy costs by 25% and CO2 emissions by 80%.    

Methods
Our energy system optimization models evaluate novel FCS operating strategies, not typically pursued by commercial industry.  Most FCS today are installed according to a “business-as-usual” approach: 1) stand-alone (unconnected to district heating networks and low-voltage electricity distribution lines), 2) not load following (not producing output equivalent to the instantaneous electrical or thermal demand of surrounding buildings), 3) employing a fixed heat-to-power ratio (producing heat and electricity in a constant ratio to each other), and 4) producing only electricity and no recoverable heat.  By contrast, our models consider novel approaches as well.  Novel approaches include 1) networking (connecting FCSs to electrical and/or thermal networks), 2) load following (having FCSs produce only the instantaneous electricity or heat demanded by surrounding buildings), 3) employing a variable heat-to-power ratio (such that FCS can vary the ratio of heat and electricity they produce), 4) co-generation (combining the production of electricity and recoverable heat), 5) permutations of these together, and 6) permutations of these combined with more “business-as-usual” approaches.  

Results
We discuss model results for a California town, and, generalizes these results for a diverse audience.  Model results show that the most optimal strategies for cost and CO2 savings differ, but both invoke novel approaches. The strategy with the highest cost savings combines cogeneration, networking, variable heat-to-power ratio, no load following for the primary control at maximum electrical output, and subsequent heat load following for the secondary control. Results assume a base case with no FCSs installed and most power and heat provided by a cogenerative combined cycle gas turbine and any additional electricity supplied by the average mix of power plants in California. Relative to the base case, this strategy results in an approximate 25% cost reduction. Similarly, the strategy with the highest CO2 emission savings combines cogeneration, networking, variable heat-to-power ratio, heat load following for the primary control, and subsequent no load following for the secondary control. Relative to the base case, this strategy results in CO2 savings of 80%. Model results indicate that energy cost savings and CO2 reductions are highest with permutations that simultaneously invoke a combination of “business-as-usual” and novel approaches.

Energy costs and CO2 emissions can be reduced significantly by switching from certain “business-as-usual” approaches to novel ones; specifically from 1) stand-alone to networked, and then from 2) fixed heat-to-power ratio to variable. Switching from a “business-as-usual” approach to a novel one can improve energy cost savings more than retaining a “business-as-usual” approach and increasing the carbon tax from $0 to $100/metric tonnes of CO2.  A carbon tax can provide more cost savings when combined with novel approaches rather than with “business-as-usual” ones.

Cost optima are most sensitive to 1) the FCS maximum electrical output, 2) the FCS electrical efficiency, and 3) the natural gas, steam, and electricity prices. CO2 optima are most sensitive to 1) FCS electrical efficiency, 2) the maximum heat-to-power ratio, and 3) FCS heat recovery efficiency. For the strategies optimized for cost or CO2, the electrical and thermal capacity utilizations of the FCSs approach 100%. 

Conclusions

For California town examined here, relative to a base case of no fuel cell systems installed, energy system optimization models indicate that novel operating strategies for these fuel cell systems could reduce building energy costs by 25% and CO2 emissions by 80%.  Model results indicate that energy cost savings and CO2 reductions are highest with permutations that simultaneously invoke a combination of “business-as-usual” and novel strategies.  We conclude that energy costs and CO2 emissions can be reduced significantly by switching from certain “business-as-usual” approaches to novel ones in the way that stationary fuel cell systems are designed, controlled, installed, and operated.  

References

Colella, W. G., Schneider, S. H., Kammen, D.M., Jhunjhunwala, A., Teo, N., “Part I of II: Development of MERESS Model – Developing System Models Of Stationary Combined Heat And Power (CHP) Fuel Cell Systems (FCS) For Reduced Costs And Greenhouse Gas (GHG) Emissions,” Proceedings of the 6th International Fuel Cell Science, Engineering & Technology Conference, (New York, NY: American Society of Mechanical Engineers (ASME), 2008), ISBN 0-7918-3822-6. 

Colella, W. G., Schneider, S. H., Kammen, D.M., Jhunjhunwala, A., Teo, N., “Part II of II: Deployment of MERESS Model -- Designing, Controlling, And Installing Stationary Combined Heat And Power (CHP) Fuel Cell Systems (FCS) To Reduce Costs And Greenhouse Gas (GHG) Emissions” Proceedings of the 6th International Fuel Cell Science, Engineering & Technology Conference, (New York, NY: American Society of Mechanical Engineers (ASME), 2008), ISBN 0-7918-3822-6. 
Colella, W. G., S. H. Schneider, and D. M. Kammen (Stanford University and University of California, Berkeley). 2008. Optimization of Novel Distributed Energy Networks to Reduce Greenhouse Gas Emissions in California. California Energy Commission, (California Energy Commission (CEC) Public Interest Energy Research (PIER) report), PIER Energy-Related Environmental Research Program. CEC-500-2008-030.
Marnay, C. and Firestone, R. “Microgrids: An Emerging Paradigm for Meeting Building Electricity and Heat Requirements Efficiently and with Appropriate Energy Quality,” European Council for an Energy Efficient Economy 2007 Summer Study, La Colle sur Lup, France, June 4th-9th, 2007.


































