
Cost Effectiveness Analysis of Defense Department Deployment of Fuel Cell 
Forklifts at Large Distribution Centers
Michael E. Canes

Logistics Management Institute

703-917-7201

mcanes@lmi.org
Overview

In efforts to reduce the use of imported oil as well as greenhouse gas emissions, the United States government has invested in a wide variety of fuel-related technologies.  One particular initiative has been the deployment of fuel cells in forklifts and a few other vehicles at four large Department of Defense (DoD) distribution centers.  These experiments involved deployment of the fuel cells at all four centers and  the production of hydrogen (H2) at three, using a different production technology at each.   The experiments have been underway for about four years, and are nearing their end.  This presentation will summarize information collected in these experiments, the principal results, which aspects were successful and which less successful, and the overall lessons learned.  In particular, we will summarize what has been learned to date regarding the cost effectiveness of fuel cell forklifts relative to other alternatives, and of onsite hydrogen production relative to offsite supply.  
Results

The four DoD experiments occurred in different areas of the country and featured different alternative fleet makeups and hydrogen production techniques.  

· In Pennsylvania, 40 fuel cells, manufactured by two different companies, were inserted into 40 forklifts otherwise propelled by batteries.  Hydrogen was supplied from offsite sources.
· In Georgia, 20 fuel cells were inserted into forklifts otherwise propelled by batteries.  Hydrogen was produced onsite via reformation of natural gas.

· In Washington, 20 fuel cells were inserted into forklifts and one fuel cell was inserted into a bus.  The forklifts otherwise were propelled by propane, the bus by diesel. Hydrogen was supplied onsite from reformation of waste gas but also from offsite sources.   

· In California, 20 fuel cells were inserted into forklifts otherwise propelled by propane.  Hydrogen was produced via electrolysis powered by photovoltaic cells. 

The various experiments revealed a good deal about the economics of hydrogen use for mobility purposes and those of producing H2 onsite versus off.   Several factors have been identified that bear directly on these economics.   These include the scale of operations, their intensity and duration, and the particulars of the competing technology.  Some of these factors relate to the type of infrastructure equipment that is most cost effective, and reveal a set of necessary conditions for fuel cells to be competitive.   

H2 supply sources also have been analysed.  Some have proven more economic than others, but to date none appears more cost effective than offsite supply.  Scale is one issue; technical reliability another.  
Fuel cell technology is one among many alternatives being tried to expand the nation’s energy options.  The Federal government has put several million dollars into the set of experiments covered in this paper.  Our summary of the results will offer a review of the data, the principal findings, and the major inferences that can be drawn to date.   
Conclusion
Though the fourth of the four mobile Federal fuel cell experiments is still underway,  a number of inferences can be drawn from information compiled to date.  These include the following:
· Fuel cell technology as applied to forklifts is generally more expensive than other alternatives.  The infrastructure associated with this technology is costly and fuel cells themselves are expensive to purchase and maintain.  

· There can be productivity gains with fuel cells, particularly when compared to batteries.  For this to make a significant difference, the fuel cell forklifts have to be intensively used. 

· Fuel cells also can offer certain environmental advantages.  

· The high cost of fuel cell infrastructure implies there have to be large numbers to be economically competitive.  Small fleets of fuel cell powered vehicles are unlikely to be commercially viable.
· There are scale economies in the production of H2.  Thus, onsite production is unlikely to be economic unless large quantities are involved.  However, outsourcing also can be very costly if small amounts are involved which have to travel long distances.  

· The Federal government currently offers significant subsidies for the purchase of fuel cells and H2 infrastructure.   The subsidies can be justified as a means to induce private sector experimentation with this technology.  Without them, however, it is questionable whether fuel cells used to propel material handling equipment such as forklifts are economically viable at this time. 
· In the four cases studied, fuel cells were not cost effective relative to other modes of propelling forklifts.   However, conditions under which they may be made cost effective were identified.  Further, the experiments revealed a good deal about the economics as well as the technical capabilities of fuel cells and hydrogen infrastructure in this application.  Though the monies spent conceivably might have uncovered even more information in another use, the government appears to have obtained considerable insight into the potential for fuel cells to contribute to the nation’s mobility options.  
References

Canes, Michael. “Business Case Analysis of Fuel Cell Forklift and Bus Operations at Joint Base Lewis-McChord,” LMI Working Paper,  May 2012.  

      Canes, Michael and Roger Lueken. “Business Case Analysis of Fuel Cell Forklifts at Warner 

            Robins AFB,” LMI Report DES11T1, June 2011.

      Canes, Michael. “Preliminary Business case Analysis of hydrogen Fuel cell vs. Battery

            Powered Forklifts at Defense distribution Depot Susquehanna, Pennsylvania”, LMI

            Report DES90.02T1, December 2009.  

Gross, Tom, Albert Poche, and Kevin Ennis. Beyond Demonstration: The Role of Fuel Cells in DoD’s Energy Strategy, LMI Report DES11C1, November 2011.

Ramsden, Todd, et al. “Fall 2011 Fuel Cell MHE Composite Data Products For Use of DLA MHE Partners”, National Renewable Energy Laboratory, October 3, 2011. 

