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From Sea to Shining Sea -- Demonstrating New Fuels to Support the Fleet
50,000 Cars, Vans, and Trucks May Soon be Using Alternative Fuels

Port Hueneme, CA – What brings a fleet to seek fuel alternatives? It’s interesting that the Department of Navy (DON), with one of the Nation’s largest sea-based and (at one time) wind-driven fleets, is pursuing technologies to bring alternative and renewable fuel technologies closer to reality. One may be surprised that DON’s Marine Corps and Navy vehicle fleets are focused on replacement of traditional petroleum based fuels. In addition to its mission-oriented vehicles, DON operates an administrative fleet of more than 50,000 cars, vans, and trucks that is phasing in these new fuels. 

To develop a cleaner environment and reduce the consumption of imported petroleum, the Federal Government seeks to increase the use of alternative fuels and new transportation technologies.  While new automotive technologies have reduced emissions of criteria pollutants (VOC, NOx, and CO) on a per mile basis, total miles traveled have increased and many urban areas continue to suffer from substantial air pollution problems directly linked to vehicle emissions.  Additionally, greenhouse gas emissions are proportional to the increased fuel use as passenger vehicles and light-duty trucks account for about 18% of all greenhouse gas emissions in the United States.  Finally, U.S. petroleum consumption has increased by 40% since 1970 contributing to significant energy security implications (U.S. imports have doubled since 1970).

Although alternative fuels have several environmental benefits, energy policy has been the greatest driver. Ed Wilkins, the Marine Corps’ Transportation Administrator, advises  “Without a doubt, the Energy Policy Act has been the single greatest driver for using alternative fuel vehicles while Executive Orders have driven the use of alternative fuels.” Since most alternative fuel vehicles are capable of operating on conventional diesel or gasoline, incentives must be in place to use the alternative fuels. “These initiatives help establish priorities at the headquarters levels of federal agencies.” 

The Energy Policy Act of 1992 (EPACT) became law just after the Gulf War. It requires that 75% of a Federal fleet’s annual acquisitions in metropolitan areas be capable of operating on alternative fuels. Executive Order (EO) 13149, one of the “greening the government” EOs signed in 2000 establishes a benchmark for the petroleum conservation objectives in EPACT.
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EO 13149 requires that Federal fleets reduce consumption of petroleum in vehicles by 20% by 2005 from a 1999 baseline usage. To meet the requirements, DON has established an aggressive internal policy to support EPACT objectives. This policy requires all new light duty vehicles be capable of operating on alternative fuels, assuming the vehicle models and appropriate fueling infrastructure are available. 

The move to use alternative fuel vehicles (AFVs) does not mean fleets must sacrifice performance. “EPACT is not the only reason for the alternative fuel demonstrations,” Deputy Assistant Secretary of the Navy for Environment (DASN E), Don Schregardus commented, “These demonstrations started out being about EPACT and EO but have more recently become driven by the 2002 Defense Authorization Act, which includes goals for use of hybrid electric vehicles. AFVs have also become recognized as being an important technology with regard to performance in addition to energy and environmental conservation.” 

Also under consideration are electric motors that power hybrid and fuel cell vehicles and offer better low-end torque in a smaller engine compartment. These smaller, lighter vehicles reduce noise and heat signatures that may offer technology transition opportunities for operational applications. Energy and fuel conservation is not only a domestic issue but can be critical to virtually any mission overseas. These technologies can save money by reducing fuel consumption and improve logistical effectiveness through the reduction of fuel delivery equipment and infrastructure.

DON’s AFV successes have included the Marine Corps and Navy transportation fleets. Although the Marine Corps fleet is smaller in size, it has been the most aggressive alternative fuel demonstrator in the Federal Government and has always met EPACT goals. Central management and budgeting have contributed to the program’s success. Ed Wilkins, of Marine Corps Headquarters, explains, “Having leadership from the top-down supportive of these endeavors has been key to enactment. As long as we provide fleet managers with the tools and resources, fleet managers are willing to do what has to be done.” Wilkins continues, “These fleet managers are fighting the everyday battles to make this happen. They work hard to get the vehicles and install fuel infrastructure despite the technical hurdles. As with any program, they encounter occasional resistance from those users opposed to change. These managers are our first line of defense to resolve any issues and overcome technical hurdles.” 

One initial hurdle was the incremental cost that manufacturers charge for alternative fuel vehicles. Rather than promoting AFV usage, incremental costs penalize the Marine Corps and other activities for being proactive.  To minimize that cost, DON fleet managers have established a surcharge agreement with the General Service Administration (GSA), which procures most administrative vehicles for the Federal Government. Wilkins adds, “Most vehicles leased from GSA are now surcharged to pay this additional cost. Those who elected not to support the programs now contribute.” 

Demonstrating the Use of Alternative Fuel Vehicles

DON is pursuing a variety of noteworthy demonstrations throughout the Nation. “Our success in various programs is due to a strong commitment by both Navy and Marine Corps,” notes 
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Schregardus. “The Secretary of the Navy wants to maintain leadership in this area and the department has been using several alternative fuels to meet and exceed our goals through these partnerships.”  Alternative fuel technologies have come a long way since the initial demonstrations of the 1980s and the 1990s and the use of aftermarket conversion equipment. 

Many of these technologies have matured and are an integral part of everyday transportation. 

Neighborhood Electric Vehicles 

DON is using several hundred small neighborhood electric vehicles (NEVs).  These vehicles are lightweight, economical, have zero tailpipe emissions, and comply with top speed and safety requirements. Most states allow NEVs to travel on roads with speed limits up to 35 miles per hour, similar to speed limits on most installations. At Marine Corps Recruit Depot San Diego (MCRD), the Security Department has replaced two military police vehicles with a small fleet of NEVs. Although MCRD is relatively small and NEVs meet typical driver needs, security vehicles tend to be high use vehicles. To lessen the downtime associated with recharging, MCRD will be demonstrating fast chargers and the newest type of Delphi batteries as part of a project with the U.S. Army’s National Automotive Center (NAC). Across the country in Florida, the Transportation Department at Public Works Center (PWC) Jacksonville now offers a 3-year lease package for NEVs. This package will save customers up to 57% in vehicle costs per year.  
An interesting attribute of the NEVs used by the MCRD Security Department is that they are some of the 195 NEVs the Navy-Marine Corps Team obtained at no-cost from Global Electric Motorcars (GEM), a subsidiary of DaimlerChrysler.  Obtaining these vehicles at no cost was the unique result of creative application by our transportation activities, California law, and the marketing strategy of DaimlerChrysler.

Natural Gas Vehicles 

DON has been involved in natural gas vehicle demonstrations for well over a decade. Fleet Manager John Joneikas at PWC Jacksonville indicates that their original compressed natural gas (CNG) station was at a remote site relative to their conventional fuel station. “The old station had limited fueling capability and had an industrial appearance with its large fuel storage cylinders and adjacent compression equipment. It could be intimidating and certain users were very reluctant to use this system.” PWC worked out an agreement with the Navy Exchange to construct modern CNG fueling dispensers. “We located the fuel islands at the Navy Exchange fuel pumps. CNG dispenser appearance and operation is now very similar to the gasoline pump operation. There is an attendant on-site to help users that have questions. Fuel use has grown considerably.” PWC Washington is another fleet with a streamlined natural gas vehicle program. With the recent arrival of 14 natural gas Crown Victoria sedans, all vehicles in the Executive Motor Pool are capable of operating on alternative fuel.

Ethanol

Automakers have been equipping several vehicle models to operate on blends of up to 85% ethanol in gasoline, called E-85. PWC Great Lakes was one of the first DON fleets to install E-85 fueling capability, which also contributed to a “5-Star” Green Fleet designation by the State of
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Illinois. A number of other DON fleets have plans to install E-85 capability. Those pursuing E-85 programs in California are working through the State and local permitting issues. Fleets must show they are coordinating with appropriate equipment suppliers and will work toward equipment certification. This is due to the State’s desire to certify E-85 equipment to Stage II vapor recovery standards. DON fleets in California are also working on optimal siting to minimize risk as the storage tanks are aboveground and will require approval from the base security office. 

Biodiesel

Biodiesel is one of the recent fuels that offer several advantages. It is typically sold and used as a 20% blend in conventional petroleum diesel (i.e., B20) at little additional cost. 

Biodiesel can be produced from several feedstocks, including virgin vegetable oil, fish oil, animal fats, and used vegetable oil. One distinct and notable attribute of biodiesel is that it can take on characteristic properties of the feedstock. For example, biodiesel from certain sources makes the diesel exhaust smell like deep fried potatoes.  Not only does the exhaust smell better, it is actually cleaner. Biodiesel reduces hydrocarbon (HC), particulate matter (PM), and carbon monoxide (CO) emissions as shown in the following table.

	TYPICAL TAILPIPE EMISSION REDUCTIONS WITH BIODIESEL

	POLLUTANT
	B20 vs. #2D
	B100 vs. #2D

	Hydrocarbons (HCs)
	-20 to –30%
	-80 to –90%

	Carbon Monoxide (CO)
	-10 to –20%
	-30 to –40%

	Particulate Matter (PM)
	-5 to –15%
	-30 to –50%

	Nitrogen Oxides (NOx)
	+4 to +5%
	+6 to +10%


Notes: B20 is a 20% blend of biodiesel in petroleum diesel; B100 is pure biodiesel, #2D is No. 2 Diesel Fuel.

Biodiesel is a designated alternative fuel by the U.S. Congress and Department of Energy (DOE) and is registered with the Environmental Protection Agency (EPA) as a fuel and fuel additive. The Department of Defense (DOD) authorized biodiesel blends (B20) for non-tactical fleet vehicles in 1999. Biodiesel also counts toward EPACT Alternative Fuel Vehicle acquisitions as every 450 gallons of pure biodiesel (B100) that fleets use, or 2,250 gallons of B-20, provides one alternative fuel vehicle credit. Each credit can be worth between $4,000 and $20,000 depending on the type of alternative fuel vehicle purchased. 

In addition to reducing most tailpipe emissions, biodiesel has solvent-like properties that help maintain a clean fuel system. As biodiesel has a higher lubricity value and cetane index (i.e., the octane equivalent index for diesel fuel) than petroleum diesel, biodiesel extends vehicle service life and improves combustion. Recognizing these benefits, several DON fleets have introduced biodiesel into every day operations. Biodiesel fits seamlessly into the existing petroleum diesel infrastructure and as no modifications are required, associated infrastructure cost is zero. 

Although some prospective biodiesel users remain skeptical of cold weather properties and stability, fuel additives can address these concerns. Deputy Assistant Secretary Schregardus states, “The Marine Corps alone used over 600,000 gallons of alternative fuels last year and a large part of this was biodiesel. Biodiesel has not resulted in a single engine failure.” In addition
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 to the operational advantages, biodiesel is good for the environment. Schregardus continues, “When you look at biodiesel, it has lower emissions and fewer particulates in the exhaust. Another advantage on the environmental side is that it is renewable. It reduces by 20% the amount of petroleum based fuel consumption.”
DON’s internal fuels management arm, the Naval Petroleum Office, issued a message that encourages the expanded use of biodiesel. Dated September 17, 2002, the message provides guidelines for acquisition and storage of biodiesel in non-tactical vehicles. Since biodiesel has solvent-like properties and cleans fuel systems, the message provides tips for assessing tank cleanliness and for determining whether tanks must be cleaned prior to initial biodiesel storage. It also provides contacts for ordering biodiesel through the Defense Energy Supply Center.

Hydrogen

In his January 2003 State-of-the-Union address, the President called for the development of fuel cell vehicles, a necessary step to develop a hydrogen economy.  DON is heeding the Commander-in-Chief’s call and is seeking to become an early user of hydrogen-fueled fuel cell vehicles.  

Hydrogen is among the newest of alternative fuel technologies on the horizon and when used in a fuel cell, the only tailpipe emission is water. “DON is an excellent test bed for newer technologies,” says Schregardus. “We have a knowledgeable workforce of motivated individuals willing to evaluate these new technologies.” Over the past 2 years, hydrogen fuel cell vehicles have made national news as a long-term solution to environmental and energy security issues. It is clear the vehicle manufacturers see fuel cells as a potential replacement for the internal combustion engine. “Fuel cell vehicles are no longer something that you would just read about in Popular Science. We are in the second and third generation vehicles. They are here and now and ready for real-world testing” explains Schregardus. Fuel cells eliminate tailpipe emissions and can significantly improve fuel economy, as fuel cells are more efficient than IC engines. They also have significant waste reduction advantages over conventional vehicles with IC engines. Recent advances in fuel cells and related components have brought automobile manufacturers, fuel cell suppliers, and hydrogen providers closer to commercialization.

Beyond environmental improvements and opportunities, additional knowledge that the military and industry gain from non-tactical administrative fuel cell vehicles supports the possible transition of technology for operational capabilities.  An example of transition opportunities arose from last year’s Earth Day celebration when then Acting Secretary of the Navy, H.T. Johnson, hosted a fuel cell vehicle demonstration in the Pentagon Courtyard.  All four services participated, along with the Department of Energy, all three domestic automobile manufacturers, and several other companies.  This environmental event paid dividends for the Navy by developing new business and technological relationships with commercial suppliers.

So how else is DON involved? In California, DON fleet operations coincide with the fuel cell industry’s demonstration plans in the State of California. The California Fuel Cell Partnership, a globally-renown organization comprised of manufacturers, fuel suppliers, and government agencies, has plans to demonstrate vehicles at major metropolitan centers in California. DON has met with several major players in the Partnership and will be participating in early user
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demonstrations of hydrogen-powered fuel cell vehicles in California beginning in 2005.  For the manufacturer and the hydrogen provider, these early user projects will provide invaluable real-use data from a professional transportation fleet that understands the value of maintenance, data collection, and security.  

Manufacturers and suppliers also realize that at some level, the Navy, Marine Corps, and our sister services will be among the first activities to adopt this future technology for use. Outside of California, the DON and the NAC are discussing fuel cell vehicle FCV) placement opportunities in other states.  Even the Pentagon and the national capital region may soon experience fuel cell vehicles in real-world use as the Public Works Transportation Office at Naval Station Anacostia is discussing the part-time use of as many as six General Motors FCVs to serve the Navy’s executive transportation fleet serving the DC area.  

Fueling Infrastructure Demonstrations

In addition to participating in vehicle demonstrations, DON has undertaken pursuits to optimize the AFV fueling infrastructure. The appropriate infrastructure to deliver the fuel is key. Lessons learned with natural gas vehicles during the 1990’s indicate that proactive fleets participating in initial demonstrations reduce costs to the government through federal-commercial partnerships. Although alternative fuel vehicles are produced and sold by the manufacturers, they will not operate on alternative fuel without infrastructure. As new fuels become available, it is advantageous to know the best approach from both an economics and technology perspective. Vince Sablan with the MCRD recommends that fleet managers “Find out what vehicle systems the fleet will be receiving and ensure that the station and dispensers are designed and built to support the fleet. If it is predicted that the fleet size will grow in the future, size the station for future use and allow room (real estate) for the station to grow.”  Knowing details involving the available fueling options lends itself to a successful outcome.  

On-site Biodiesel Production

Among the fuel technology demonstrations underway is on-site production of biodiesel. The Navy’s Pollution Prevention Equipment Program (PPEP) has funded a demonstration of on-site biodiesel production and anticipates lower fuel costs and a reduction in waste disposal. Processing used cooking oils from on-base sources such as the base galley or commercial fast food franchises offers a no-cost feedstock to reduce the waste stream and may even improve the emissions signature of the tailpipe exhaust. These feedstocks and the biodiesel fuel product are non-toxic and biodegradable.  

The Naval Facilities Engineering Service Center (NFESC) is performing the PPEP demonstration validation effort at Naval Base Ventura County in Port Hueneme, California. To support this effort, Biodiesel Industries is partnering with the Navy on this project and has signed a Cooperative Research and Development Agreement (CRADA) with NFESC. This demonstration validation effort is scheduled to be completed in 2005 and will include using biodiesel in non-tactical vehicles and optimizing the production process. Participants in the demonstration include the Channel Islands National Park Service and the County of Ventura. Each fleet will use biodiesel produced from this demonstration and will be providing feedback and data for evaluation.   
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On-Site Hydrogen Production

In addition to the joint testing of fuel cell vehicles, DON anticipates the demonstration of an innovative hydrogen fueling approach. Establishing the needed fueling infrastructure is one of the greatest challenges for potential users. While automakers and fuel cell manufacturers are researching solutions for vehicle technology hurdles, others must support the fueling infrastructure. One advantage of future hydrogen programs (i.e., the many pathways to production) simultaneously presents a challenge, as fleets will need detailed strategies for phasing in cost-effective infrastructure that best supports environmental and energy conservations goals. 

Existing hydrogen production technologies are readily available and reliable but have not been optimized as long-term solutions. For example, the majority of industrial hydrogen is produced by central reformers and delivered to the site as a liquid or high-pressure gas.  Although reforming is an efficient means of producing hydrogen, cost of delivering gaseous hydrogen from a central reformer can be several times the production cost. The high transportation costs can far outweigh economics gained from this efficient production approach, resulting in high costs to the end user. This is due to the relatively low energy density of hydrogen even when compressed to pressures up 2,500 psi. 

Until pipelines are in-place, on-site production may be the most viable option for a large user unless the fleet is close to a central reformer. Two on-site production approaches include electrolysis and reforming. The downside to electrolysis is that it is energy intensive, and can result in significant utility bills unless a low cost source of electricity is available. A common industry opinion is that electrolysis is the long-term sustainable solution as long as the electricity comes from renewable sources such as solar or wind power.

NFESC plans to demonstrate a natural gas to hydrogen reforming station after receiving DOD environmental funds in mid-to-late 2004.  If all goes well, NFESC will install the station in 2005 at Marine Corps Base Camp Pendleton. This technology is moving fast. Several compact reformers have been tested over the past decade; however, there are very few commercial units in operation.  Reforming is thought to be one of most efficient means of on-site production. The drawback with reforming is that existing equipment configurations were developed for large-scale industrial producers. NFESC’s goal is to validate a low cost modular production unit that is expandable. This will enable a network of new fueling systems to support the transition to hydrogen.

The challenge for the manufacturers is essentially to “miniaturize” these large industrial systems. For example, industrial reforming occurs by reacting natural gas with steam in large cylindrical catalyst beds at high temperature and pressures. Downsizing this technology for decentralized fleet requirements requires modification of reaction chamber configurations and operating conditions. Recent innovations have led to compact designs and lower cost while maintaining hydrogen purity and low carbon monoxide levels in the exhaust stream. 

One of DON’s goals in California is to evaluate the cost and performance of a compact natural gas reformer in conjunction with fuel cell vehicle demonstrations. Another advantage of an on-site reformer is that the hydrogen could also supply a stationary fuel cell to support 
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distributed electrical generation initiatives.  On a larger, macro scale, NFESC’s steam methane hydrogen generation station serving fuel cell vehicle demonstrations at Camp Pendleton will also be a part of the much-discussed hydrogen highway planned by California’s Governor Arnold Schwarzenegger.
Federal Fleets Test Alternative Fuels

Federal fleets are, by law, required to demonstrate leadership in the use of AFVs and the reduction of petroleum fuels. DON is currently using commercially available alternative fuels such as biodiesel, natural gas, ethanol, and propane in contemporary IC vehicles to meet energy and environmental conservation goals. In addition to these existing technologies, DON is participating in studies to optimize fueling infrastructure. If successful, these studies will result in lower cost and sustainable on-site production templates for biodiesel and hydrogen. These templates will lay the groundwork for use on a nationwide basis.
For more information on AFVs or the use of alternative fuels, contact Mr. David Cook, an environmental engineer in the Compliance Guidance Branch, or Mr. Kurt Buehler, Branch Head of the Information/Technology Transfer Branch, at the Naval Facilities Engineering Service Center.  David provides support to the Naval Facilities Engineering Command’s AFV Program and the Ambient Air Monitoring Program for the Navy/Marine Corps and can be reached at 805-982-3477 or email: david.j.cook@navy.mil.  Mr. Buehler may be reached at 805-982-4897, or email: kurt.buehler@navy.mil.
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Innovation, Leadership, Performance

The Naval Facilities Engineering Command (NAVFAC) manages the planning, design, construction and public works support for shore facilities for U.S. Navy activities around the world. We provide the Navy’s forces with the operating, expeditionary, support and training bases they need. NAVFAC is a global organization with an annual volume of business in excess of $8.5 billion. As a major Navy Systems Command and an integral member of the Navy and Marine Corps team, NAVFAC delivers timely and effective facilities engineering solutions worldwide.
Naval Facilities Engineering Command: www.navfac.navy.mil


