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Overview
For the past two years, the Defense Logistics Agency (DLA) has sponsored a Research and Development program in which fuel cells have been used to power forklifts at two defense distribution locations, with yet a third and fourth still to occur.  To date, 40 forklifts were powered by fuel cells at DLA’s distribution facility in Susquehanna, PA, and 20 more at a facility at Warner Robins Air Force Base in Warner Robins, GA.  Still to come are further experiments at DLA’s facility at San Joaquin, CA and at an Army facility at Fort Lewis, WA.  The program is experimental in that it is meant to develop information about optimum use of fuel cells in this kind of government operation, and because different technical approaches to providing hydrogen for the fuel cells are being tried.  It is also an attempt to support further development of fuel cells for mobile use.  

One aspect of the experimental programs has been the construction of a business case analysis.  This analysis is meant to inform decision makers about the best ways to utilize fuel cell technology in this application.  Though the program still is underway, cost data has been collected and a number of factors identified that influence the economic performance of this technology relative to other material handling equipment power sources.

Methods
The approach is to examine how forklifts are used in DLA warehouses, and what inputs are required to support alternative forms of fuel, especially batteries and fuel cells.  In each case an infrastructure is required along with maintenance and repair and other inputs.  Battery operations include batteries, battery changing and charging equipment, scheduled and unscheduled maintenance, power and warehouse space, while fuel cell operations require hydrogen tanks and pumps, a source of hydrogen, and scheduled and unscheduled maintenance.  The costs of these inputs are compared, and totalled over a several year period.  The effects of additional fuel cell forklifts, battery changing infrastructure, liquid v. gaseous hydrogen delivery and onsite hydrogen formation are analyzed.  The results are compared under varying intensity of use conditions, to identify when fuel cells are cost effective relative to other alternatives in DLA warehouse operations and when not.  
Results
Generally, fuel cell infrastructure is more costly than battery so that the business case for deploying small numbers of fuel cells at any given  site is weak.  However, as the intensity of fuel cell use (the number of shifts and the number of hours a forklift is used per shift) and the numbers of cells in a given location rise, the economics become more favourable.  Also, preliminary data suggest that fuel cells impose less wear and tear on forklifts than do comparably sized batteries, reducing operations and maintenance costs of the forklifts themselves.  On the other hand, investment in battery infrastructure can significantly reduce the costs of operating battery powered forklifts, creating a higher hurdle for fuel cells to negotiate.  The environmental consequences of fuel cells v. batteries are similar, though batteries that are recharged with power from fossil fuels emit somewhat more GHGs.  The environmental differences are greater where fuel cells replace fossil fuel powered forklifts, e.g., those powered by diesel or propane.  
Conclusions

Fuel cells appear best suited toforklift use where large numbers of these forklifts are utilized on a fairly intense basis (at least 2 shifts if not 3) and where they are concentrated at a single warehouse location.  Their advantage relative to battery powered forklifts also depends in part on whether investments have been made in battery changing infrastructure.  The greatest disadvantages of fuel cells are their high initial cost and that of the hydrogen infrastructure necessary to support them.   Some of this can be overcome through deploying large numbers of fuel cells at a site, but the costs of this technology must fall if they are to be deployed on a widespread basis within the U.S. economy.    
References

1.  C.E. Thomas, “Fuel Cell and Battery Electric Vehicles Compared,” Science Direct, June 2009.  
2. K. Mahadevan, K. Judd, H. Stone, J. Zewatsky,  A. Thomas,  H. Mahy and D. Paul, “Identification and Characterization of Near-Term Direct Hydrogen Proton Membrane Exchange Fuel Cell Markets,” Battelle Institute, April 2007.  

3. “Data Logger Test Report – DLA DDSP,” Plug Power, DOC-1092-R01, February 8, 2008.  

4. Amgad Elgowainy, Linda Gaines and Michael Wang, “Fuel-cycle analysis of early market applications of fuel cells: Forklift propulsion systems and distributed power generation,”  International Journal of Hydrogen Energy, 34, 2009.  

5. Various fuel cell and battery  manufacturer websites, e.g.,  Hydrogenics (http://www.hydrogenics.com/)


































