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    Instructor Tips:

This material is intended to be used to discuss the role of 
hydrogen in fl eet applications. The material can be customized for 

a variety of presentation lengths, from a 30-minute presentation, to a 
one or two-hour seminar. A case study showcasing the use of hydrogen 

in fl eets is included at the end of the material.

Possible uses for the material may include educating fl eet managers 
regarding hydrogen, as well as encouraging fl eet managers to send their 

mechanics/technicians to an Hydrogen Workshop. 

Suggested target audiences may include:

• Fleet managers
• Stakeholders
• Local government offi cials
• Anyone wanting to learn more about hydrogen and fl eets
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Introduction

There are many options available for fl eet managers who wish to convert their 
fl eets to alternative fuel vehicles. The previous section provided an overview 
of alternative fuel options and their benefi ts and drawbacks. This section will 
provide information specifi c to the use of hydrogen as an alternative fuel.

The use of hydrogen as a widespread alternative fuel is not yet a viable option, 
but its use in localized fl eets is a current option. The biggest obstacle for the use 
of hydrogen is a nationwide production and distribution infrastructure. However, 
it is currently a main focus of research as a future widespread alternative fuel. 
There are two pathways for the use of hydrogen as a fuel: use as a fuel for a 
modifi ed ICE or as the fuel for use with hydrogen fuel cells. 

The goal of this section is to provide the necessary information for fl eet 
managers to determine if their business fi ts the current niche for use with 
hydrogen fuel technologies.

Objectives

• Explain how to implement green fl eets
• Learn about incentives for converting to hydrogen fl eets
• Learn about the availability and cost of hydrogen
• Identify the advantages of using hydrogen
• Understand how to safely handle hydrogen

Greening of Fleets

There can be challenges to starting a green fl eet, or converting an existing fl eet 
to the use of alternative fuels. According to some industry experts, a successful 
plan to reduce fuel consumption and carbon emissions requires a long-term 
vision, incremental change, support from top management, and fl exibility to 
make changes along the way. 

There are compelling reasons why fl eets should be green and deliberate steps 
on how to implement alternative fuels.1

Why use Green Fleets?

• Reduce operating costs by improving effi ciency, reducing lifecycle costs,  
 and reduce vulnerability to volatile fuel prices. 
• Reduce greenhouse gas emissions by implementing the use of hydrogen in  
 vehicles, which are the primary source of greenhouse and urban air pollution.
• Improve corporate image by branding business strategies and appealing to  
 public concerns about energy conservation and ecological sensibilities. 

PPT 1

PPT 2

PPT 3
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How to Implement Green Fleets

• Get buy-in from all management and staff levels, and be sure to   
 communicate information about the benefi ts, goals, and targets frequently.
• Create long-term objectives and tangible goals based on best practices in  
 the industry (such as baselines, benchmarks, and progress reports). 
• Avoid setting reduction goals in absolute numbers for growing fl eets or  
 fl eets just starting because absolute goals can impede growth.
• Anticipate obstacles, such as driver resistance, lag time between original  
 equipment manufacturers’ technology and market availability, and slower  
 return on investment. 
• Move slowly and implement change over time.
• Improve vehicle use with selection analysis and education of drivers. 
• Track and report progress and share successes with employees,   
 shareholders and the public. 

Hydrogen Fleets 

As shown in Figure 1, hydrogen is the simplest element in the universe, 
consisting of only one proton and one electron. It is No. 1 on the periodic table 
of elements. It naturally occurs in gaseous form as a diatomic element, meaning 
it exists as bonded pairs. For this reason hydrogen is often represented with 
the chemical formula of H2. It is a gaseous fuel that can be used to create 
mechanical energy through combustion.

The Alternative Fuels and 
Advanced Vehicles Data Center 
(AFDC) explains that very little 
hydrogen is present in Earth’s 
atmosphere. Hydrogen is found 
mainly bonded with an oxygen 
atom in the form of water 
(H2O), in hydrocarbons such 
as methane (CH4), and in other 
organic matter.

PPT 5, 6, 7

PPT 4

Figure 1: The hydrogen atom has one proton and one 
electron. Source: NAFTC.
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There are two main categories of hydrogen-powered vehicles, those that use 
internal combustion engines (ICEs) and those that use fuel cells to produce 
power. Similar to conventional vehicles powered by ICEs, hydrogen-powered 
vehicles have an internal combustion engine (ICE) that burns hydrogen (H2) as 
fuel. Hydrogen gas also can be used as a fuel source for a fuel cell—a device 
that creates an electrical current to power a vehicle. 

A mainstream distribution network does not currently exist for the use of 
hydrogen as a vehicle fuel. Hydrogen is most commonly produced by steam-
methane reforming (the process of converting methane into hydrogen and 
carbon monoxide by causing a chemical 
reaction with steam). Methane, the primary 
component of natural gas, has the highest 
hydrogen-to-carbon ratio of any fuel, which 
is what makes it an affordable and effective 
method of hydrogen production. After steam-
reformation, the hydrogen is typically stored 
either in a pressurized gas state or as a 
cryogenic liquid. It also must be stored in these 
states onboard vehicles in order to provide 
enough energy for vehicle operation comparable 
to conventional fuels. 

Hydrogen does require energy to be produced and processed to a usable 
form. This process often uses domestically produced methane along with 
domestically produced electricity, which provides for benefi ts to the U.S. 
economy and to energy security. When used by fl eets for public transportation 
it can provide for signifi cant localized emission reductions. The main byproduct 
of hydrogen use for ICEs or fuel cells is simply water, H2O. The current state of 
hydrogen as a transportation fuel is mainly based on demonstration projects 
and initiatives. These projects are producing public fueling stations and special 
lease programs for hydrogen vehicles (see Figure 2).

Did You Know?

Natural gas reforming 
using steam accounts for about 
95% of the approximately 9 
million tons of hydrogen 
produced in the United States 
annually.

Source: AFDC, 2011

Figure 2: Hydrogen fuel cell bus. Source: NREL.
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Incentives for Using Hydrogen in Fleets

Incentives propagate the growth and purchasing power within organizations 
that are needed for strong commercial markets. Incentives include partnership 
initiatives and pooled resources, fi nancial subsidies, and informational tools. 
In the following section we will discuss incentives available that augment fl eet 
managers’ efforts to implement hydrogen use in their fl eets. 

Recent industry surveys have confi rmed that fl eet operations are voluntarily 
purchasing alternative fuel vehicles to meet specifi c EPAct regulations and 
mandates by the federal government. Many alternative fuel and advanced 
technology vehicles, however, cost more than their gasoline-powered 
counterparts, and determining how to pay for these more expensive vehicles 
has become a growing concern for fl eet managers across the country. 
Fortunately, there is fi nancial help available.

Despite the fl uctuating economy and budget woes, there are a record number 
of grants and incentives available for funding alternative fuel vehicles. For 
example, in 2009, the U.S. Department of Energy (DOE) made nearly $300 
million of American Reinvestment and Recovery Act (ARRA) funding available 
through the Clean Cities program. This single grant funding opportunity is 
responsible for putting more than 9,000 alternative-fuel and energy-effi cient 
vehicles on the road.

Tax Incentives

The Internal Revenue Service (IRS) has several tax credits available for the 
development of hydrogen as a viable alternative fuel. These include incentives 
for production of hydrogen fuel, development of infrastructure, and fl eet 
managers converting their vehicles to use hydrogen. 

Federal Grant Funding 

When it comes to grant opportunities, the federal government is by far the 
largest and most consistent source of funding. Many federal agencies offer 
funding opportunities, but the majority of funding for alternative fuel vehicles and 
transportation-related projects comes from a handful of federal agencies, such 
as the U.S. Department of Energy (DOE), Department of Transportation (DOT), 
Environmental Protection Agency (EPA), and U.S. Department of Agriculture 
(USDA). These agencies have information on their funding opportunities 
available on their respective websites.

PPT 8

PPT 9, 10

PPT 11

Tools to Help! 
Every state has some form of tax credit or rebate for using alternative fuels.
To fi nd state-specifi c tax incentives, visit: www.afdc.energy.gov/afdc/laws/search
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State Grant Funding 

Many states have developed aggressive grant funding programs during the past 
few years. While each state has different grant funding sources, the designated 
State Energy Offi ce (SEO) is typically the largest alternative fuel vehicle grant 
funding source in each state. To make it easy to identify each state’s SEO, the 
National Association of State Energy Offi cials (NASEO) publishes a directory of 
State Energy Offi ces online. The DOE’s Alternative Fuels Data Center (AFDC) 
also publishes an interactive web-based map that allows users to click on any 
state in the country to get information on alternative fuel vehicle incentives 
and funding sources.2 There is a multitude of state-level funding programs for 
clean air vehicle and transportation projects, but visiting the NASEO and AFDE 
websites will provide the starting points for any fl eet manager interested in 
state-level funding programs. 

Incentives for Hydrogen Production

An example of previous incentives for hydrogen production included the 
American Recovery and Reinvestment Act of 2009 that provided incentives 
for the production of hydrogen. A fueling tax credit (up to 30%) was available 
for hydrogen fueling stations from $30,000 to $200,000 in order to aid in 
growing the necessary fueling infrastructure. Changes were made such that 
companies not eligible for tax credits could apply for energy property grants for 
assistance in hydrogen development. A 30% tax credit was also available for 
investments in property that had the ability to manufacture hydrogen. In addition 
to incentives for direct hydrogen production, other incentives for technology that 
utilize hydrogen such as fuel cells have increased in availability. With an increase 
in products that utilize hydrogen, the overall demand will assist in the growth of 
production and distribution sites. 

Hydrogen Availability and Cost

Hydrogen fuel is not yet widely available because of the challenges of cost-
effective production, storage, and distribution. There is also little demand for 
hydrogen as a vehicle fuel outside of research and demonstration projects. 
As more hydrogen consuming technologies are developed the demand for 
hydrogen will increase, assisting in the availability and cost of hydrogen as 
vehicle fuel. 

In the U.S. and around the world, the deployment of hydrogen energy 
technology primarily takes place through the use of demonstration systems. As 
of January 2012, there were 56 hydrogen fueling stations across the country3 
and nearly all were closed to public access.

PPT 13

PPT 14, 15, 
16, 17

PPT 12
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With 35 hydrogen fueling stations, California is committed to using H2 fuel, and 
is planning to build a network of H2 fueling stations — a “Hydrogen Highway” 
—that will allow hydrogen-powered vehicles to be driven between San Diego 
and Sacramento, a corridor covering 500 miles. The fi rst combined hydrogen and 
gasoline service station in the nation opened in November 2004 in Washington, DC.
 

Demonstration projects show the viability of using hydrogen fuel in fl eet 
applications and for commercial use. As the technology for producing hydrogen 
fuel improves, and more hydrogen-powered vehicles are produced, hydrogen 
fueling stations will become more prolifi c. The map below shows the hydrogen 
fuel stations currently operating in each state (see Figure 3).

Production: Steam-Methane Reforming

The most energy-effi cient and most common way to produce H2 gas for 
vehicle fuel is known as steam-methane reforming. This method requires heat 
(1022°F/550°C) and high pressure (225 psi) along with a catalyst to initiate and 
sustain the process. Methane is pumped into a heated pressurized storage tank 
and a small boiler, fi red by some of the methane gas or other energy source, is 
used to produce high-pressure steam. In the heated storage tank, steam and 
methane are mixed together in the presence of a catalyst, such as nickel.

PPT 18

To fi nd the nearest hydrogen station, visit the DOE’s Alternative Fueling Station 
Locator at: www.afdc.energy.gov/afdc/locator/stations

Figure 3: Hydrogen fueling stations to date. Source: AFDC.
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The steam combines with the methane to form carbon monoxide (CO) and 
release H2. The CO created in this fi rst step then reacts with more steam to 
produce carbon dioxide (CO2), thereby releasing more H2. The only waste 
products from the steam reforming process are CO2, a small amount of CO, 
and heat. 

The H2 produced by the reforming process is purifi ed and stored in pressurized 
tanks or as a cryogenic liquid for later use with vehicles.  

Production: Electrolysis

Electrolysis of water, or water-splitting, is another promising technology for 
creating hydrogen fuel. Electrolysis is currently about half as effi cient as steam 
reforming, but the development of an economical and effi cient water splitting 
process would be a key technology for the future development of a hydrogen-
based fuel system. One future method may utilize renewable energy sources 
such as solar, wind, and water power to electrolyze water for the production of 
pure hydrogen. This would then be used as vehicle fuel, providing for signifi cant 
emissions reductions and a nearly carbon neutral energy process. 

On-site Production

One of the least-expensive and most effi cient approaches is to distribute fuels such 
as methanol and methane through existing pipeline systems and reform these 
into hydrogen fuel either at the fueling site or on board the vehicle. Developing 
hydrogen fuel on-site would eliminate the need for extensive transportation 
capabilities, but also would limit the deployment of hydrogen dispensers. Recent 
improvements in this technology include the opening of a hydrogen fueling 
station in August 2011, at the site of the Orange County Sanitation District waste 
treatment facility in Fountain Valley, California. This hydrogen station uses the 
methane from sewage as the basis for producing hydrogen!4

If public fueling stations are available, they are often calibrated to dispense 
hydrogen by the kilogram instead of gallon. This is convenient because a 
kilogram of H2 has approximately the same energy density of a gallon of 
gasoline. One gallon of gasoline carries about 129,000 Btu of chemical energy. 
A kilogram of hydrogen has about 133,000 Btu of chemical energy. 

With buy-in from the government, energy suppliers, automakers, and the public, a 
hydrogen-based fuel system is economically viable. As it currently stands, 70% of 
the United States population lives within 60 miles of a hydrogen generating facility, 
though most people do not have access to that hydrogen. With an investment of 
$10-$15 billion, a hydrogen fueling station could be deployed within two miles of 
the top 100 metro areas. That investment would be roughly half the cost of the 
Alaskan pipeline when adjusted for infl ation.5

PPT 19

PPT 20

88888
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Cost

The equivalent-per-gallon cost of hydrogen fuel has decreased over the past 
three years. Increase in availability is one of the contributing factors to the price 
decrease, as are technical improvements in the process to create hydrogen fuel. 
In 2009, hydrogen was more than six times as expensive as gasoline. By the 
beginning of 2012, the GGE of hydrogen was only $0.12 more than gasoline 
(see Figure 4). The national average is based on limited numbers of public 
fueling stations. In fact two of the reporting stations in 2012 offered hydrogen 
free to consumers; these were not included in the 2012 average. 

Hydrogen Advantages 

There are advantages and things to 
consider when using hydrogen as an 
alternative fuel. Below is a list of factors that 
affect decisions to use hydrogen in fl eets.

Advantages
• Produced domestically
• Eliminates localized emissions of CO, HC, PM and CO2 while producing 
 only trace amounts of NOX when used as fuel for ICEs
• Continues to create jobs in the research and development fi elds
• Will create new jobs in vehicle and fueling system production
• Harmless if spilled or released on land or water
• Nontoxic
• Offers the same performance as conventional vehicles
• Reduces U.S dependence on foreign oil

Things to Consider
• Limited availability in terms of fuel and vehicles
• Lower energy density based on volume means that fuel tanks are larger
• No available distribution network or infrastructure as is available for some 
 other alternative fuels
• Current production uses CH4, which is nonrenewable but domestically 
 produced
• Uses energy from other polluting energy sources for production of 
 pure hydrogen

PPT 22, 23

PPT 24

PPT 21

Conventional Gasoline  National Average  $3.37  $1.86

Hydrogen  National Average  $3.49 $12.32 

 Fuel  Area 2012 Cost 2009 Cost

Figure 4: Fuel type cost comparison, 2009-2012. Source: AFDC.6

Hydrogen Cost Factors

• Production
• Infrastructure development
• Transportation
• Storage

9999
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Hydrogen Performance and Safety

Performance and safety are major factors to consider in the successful 
application of alternative fuels. Using alternative fuels in fl eets should not 
sacrifi ce operating performance and should provide a safe alternative to 
conventional fuel. 

Performance 

Compared to conventional fuels, H2 has a wide fl ammability range. A hydrogen-
based, air-fuel mixture containing as little as 4% hydrogen will burn, and one 
containing up to 79% also will burn. Gasoline will burn only when the mixture 
contains between 1% and 7.6% fuel.7 This means that H2 will burn in an internal 
combustion engine over a broad range of fuel-air mixtures. 

When hydrogen is burned in a dedicated and optimized hydrogen internal 
combustion engine, performance of the vehicle may be better than with a 
conventional gasoline engine. Hydrogen has a high fl ame speed and fl ame 
temperature. Because of this, alterations to the fuel management and timing 
systems are required for hydrogen to be used in a conventional ICE. Once 
proper modifi cations are complete, hydrogen fuel burns very well in any ICE, 
providing vehicle performance comparable to conventional vehicles. These 
vehicles will have no local emissions of CO, HC, PM (soot) or CO2. 

A well-designed fuel cell vehicle (FCV) can provide the same performance 
capability as a conventional vehicle. As with an electric vehicle, FCVs have the 
ability to have greater acceleration than a conventional vehicle because of the 
high torque characteristics of electric motors at low speeds. When used with 
fuel cells, hydrogen produces no local emissions beyond some waste heat 
and water. These vehicles are also attractive because they are quieter than 
conventional ICE counterparts. 

Fuel cells will easily provide the energy necessary not only to move the vehicle, 
but also to power any accessories such as air conditioning, audio systems, 
and onboard navigation systems. However, a larger volume of hydrogen is 
necessary in order to travel the same distance as a vehicle would travel on a 
tank of conventional 
gasoline or diesel. 
Research is being 
completed on ways 
to store hydrogen 
to allow FCVs to 
achieve the range 
of conventional 
vehicles.

Hydrogen Performance Summary

• Wide fl ammability range
• Can be used with high compression, effi cient engines
• No local emission when used with fuel cells
• Only NOX emissions when used with ICEs
• A well-designed H2 vehicle will have comparable 
 performance as compared to conventional vehicles

PPT 26, 27, 
28

PPT 25
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Though a nationwide network for H2 fuel distribution does not exist, H2 can be 
stored and produced for fueling on-site for fl eet operations. A special niche 
market for indoor fl eets may arise from advancements in fuel cells. When 
hydrogen is used with fuel cells, no harmful emissions are produced and the 
vehicles are quiet, which is ideal for smaller indoor applications. 

Safety 

Hydrogen fuel is extremely safe for the environment. Compared to other fuels 
used in ICEs, hydrogen burns the cleanest. Unlike petroleum-based fuels, H2 
gas does not contain carbon — it does not add carbon to the atmosphere in 
the form of carbon monoxide (CO) and carbon dioxide (CO2). Hydrogen does 
not produce harmful evaporative emissions (from fueling stations) or particulate 
matter (PM) soot.

Hydrogen is highly fl ammable and is therefore an excellent source for 
combustion. Hydrogen must be handled with the same caution as other 
combustible fuels. A hydrogen fl ame has a temperature of 2400°F (1316°C) and 
is usually invisible in daylight. 

In addition to being fl ammable, hydrogen is buoyant. It is lighter than air and 
quickly rises in the atmosphere (or inside any space in which it is contained). 
One signifi cant difference between hydrogen and gasoline or natural gas is that 
hydrogen dissipates more rapidly in a spill or leak because of its buoyancy. 

Individuals who work with hydrogen systems need to be trained in the proper 
handling of the fuel. Proper handling includes preventing hydrogen leaks, taking 
proper action if leaks occur; removing the chance for leaked hydrogen to build 
up, and eliminating any potential sources of ignition. It should be noted that 
hydrogen leaks in confi ned spaces could lead to oxygen displacement.

Cylinder Inspections

Hydrogen is stored in cylinders under high pressure, on the order of thousands 
of psi.  Regular cylinder inspections should be performed by an expert in order 
to maintain that they are functioning properly. High pressure hydrogen cylinders 
can be potentially dangerous, and if cylinders are damaged and not regularly 
inspected they can cause issues with the vehicle. With all of the safety aspects 
taken into consideration, there is minimal risk from a properly maintained cylinder.

The major components of a hydrogen-powered vehicle are much the same as 
those powered by other fuels. The major difference is in the fuel system, which 
would require service by trained technicians as previously described. Vehicles 
powered by hydrogen fuel cells are more electrically complex than conventional 
vehicles and are similar to electric drive (EV) vehicles. Service and maintenance of 
these systems should be completed by only trained technicians.

PPT 29, 30, 
31
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Placards and/or other markings are required on bulk shipments to help fi rst 
responders recognize the material and respond appropriately in the event of 
an emergency. The DOT identifi es gaseous hydrogen in transport with the 
hazardous material description identifi cation number UN 1049 (see Figure 5) 
and liquid hydrogen is identifi ed with the number UN 1966 (see Figure 6).

The National Fire Protection Association (NFPA) uses a diamond-shaped 
symbol to indicate the degree of hazard associated with a particular chemical 
or material. The diamond-shaped symbols are placed on chemical containers 
to provide fl ammability, instability, special hazard, and health hazard information. 
The NFPA 704 hazard placards used for gaseous and liquid hydrogen are 
shown in Figures 7 and 8; the “4” shown in both the gaseous and liquid 
hydrogen placards indicates fl ammability, and the “3” on the liquid placard the 
health issue related to a cryogenic substance. The “4” shown in the red area 
indicates that the fl ash point is below 73°F (23°C). The “3” shown in the blue 
indicates that liquid hydrogen may cause frostbite, and the “0” shown in the 
yellow area indicates that hydrogen poses no reactivity hazards.

Since H2 is a gas (as it is used in a vehicle), an accidental release merely rises 
into the atmosphere, where it quickly combines with oxygen to produce water 
vapor. Hydrogen is usually transported as a cryogenic liquid. If the liquid were 
to spill, it would rapidly heat up, become a gas, and rise into the atmosphere. 
Unlike an oil or gasoline spill on land or at sea, a hydrogen spill presents very 
little danger of environmental damage.

Figure 5: Hazardous material description 
identifi cation number UN 1049 placard for 
gaseous hydrogen. Source: DOT, PHMSA.

Figure 6: Hazardous material description 
identifi cation number UN 1966 for liquid 
hydrogen. Source: DOT, PHMSA.

1212121212



Petroleum Reduction Technologies

Clean Cities Learning Program 13

Hydrogen Fleet Applications

Hydrogen is completely nontoxic and does not contain the carcinogens found in 
conventional fuel. In enclosed areas, there is very little danger with a small leak, 
and the danger is almost negligible in open areas because of the high buoyancy 
and diffusion rate of hydrogen. There is, however, a risk of asphyxiation when 

there is a large 
hydrogen leak in 
enclosed areas 
because hydrogen 
diffuses quickly, 
displacing the oxygen 
in a room. 

Summary

This material develops the understanding of hydrogen as an alternative fueling 
option for fl eet managers and explains how to green fl eets with hydrogen and 
incentives to implement its use. When compared to other alternative fuels, the 
widespread use of hydrogen as a fuel will not be immediate. Lack of production, 
distribution, and infrastructure are downsides to hydrogen as an alternative fuel. 
However, there is a niche market for the current state of hydrogen technologies. 
Hydrogen fuel can be produced on site for local fl eet fueling and can offer 
lower emissions and lower sound levels for fl eets with these needs. Continued 
involvement from consumers and fl eets in demonstration projects will continue 
to push hydrogen technologies to the forefront of alternative fuels. 

Figure 20: NFPA 704 hazard placard for 
gaseous hydrogen. Source: NFPA.

Figure 21: NFPA 704 hazard placard for liquid 
hydrogen. Source: NFPA.

Hydrogen Safety Summary

• Decreased greenhouse gas emissions
• Dissipates quickly 
• Low risk of environmental damage in accidents
• Nontoxic and noncarcinogenic
• Technicians working with hydrogen as a pressurized  
 gas or cryogenic liquid should be properly trained

PPT 32
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PPT 33

Answers:  1) True; 2) True; 3) False — hydrogen may be used in fuel cells and in ICEs to produce vehicle power; 4) 
Production, infrastructure development, transportation, or storage; 5) True.

Test Your Knowledge

1) True or False: The cost of hydrogen for use as a vehicle fuel has signifi cantly decreased in the 
 past few years.

2) True or False: Steam reformation is a common method to produce pure H
2
 from natural gas/  

 methane (CH
4
).

3) True or False: Hydrogen may only be used with fuel cells to produce power for vehicle propulsion.

4) List two of the cost factors that are important when examining hydrogen as an alternative fuel.

5) True or False: Hydrogen has a greater energy density by mass when compared to conventional 
 gasoline.

1414141414
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Resources

U.S. DOE Fuel Cell Technologies Program 

The U.S. Department of Energy’s (DOE) Fuel Cell Technologies (FCT) Program 
offers information about current and past funding opportunities, selected past 
awards, and links to related opportunities from other DOE offi ces and federal 
organizations.
 
The mission of the FCT Program is to research, develop, and validate hydrogen 
production, delivery, storage, and fuel cell technologies. In carrying out this 
mission, the FCT Program selects research and development and other projects 
through open and competitive procurements and encourages collaborative 
partnerships among industry; universities; national laboratories; federal, state, 
and local governments; and non-government agencies.

• Alternative Fuels Data Center – Hydrogen 
 (http://www.afdc.energy.gov/afdc/fuels/hydrogen.html) – Offers publications about the use of  
 hydrogen as a fuel, a station locator, and other helpful information about the fuel.

• Clean Cities 2012 Vehicle Buyer’s Guide (http://www.afdc.energy.gov/afdc/pdfs/51785.pdf) –  
 Offers model-specific information about vehicles that utilize alternative fuels.

• Fuel Cell and Hydrogen Energy Association (http://fchea.org/) – Presents information  
 about fuel cells and hydrogen as viable alternative fuels and how they can be used to solve  
 the nation’s fuel concerns.

• Fuel Cell Today (http://fuelcelltoday.com/) – Allows users to see practical applications of  
 hydrogen when it is used in conjunction with fuel cells.

• Fuel Economy (http://fueleconomy.gov) – Official U.S. government source for information  
 pertaining to the fuel economy ratings and fuel efficiency.

• Gas Technology Institute (http://www.gastechnology.org/) – Presents the organization’s  
 findings in relation to advanced hydrogen technologies.

• Hydrogen Analysis Resource Center (http://hydrogen.pnl.gov/cocoon/morf/hydrogen)  
 – Contains information about hydrogen research and development in conjunction with the  
 U.S. Department of Energy.

• Hydrogen Car Info (http://hydrogencarinfo.com/) – Provides up-to-date information on   
 hydrogen cars, hydrogen fuel cell cars, and the hydrogen fuel cell industry.

• Hydrogen Energy Center (http://www.hydrogenenergycenter.org/) – Presents information  
 about the projects that the center’s volunteers are working on to help build a better 
 energy future.

Learn More about FCT
http://www1.eere.energy.gov/hydrogenandfuelcells/fi nancial.html
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• Hydrogen Fuel Cells (http://hydrogen-fuel.org/) – Offers a basic overview of hydrogen as a  
 fuel, hydrogen fuel cells, and the various uses of hydrogen as an energy source.

• Hydrogen Highway (http://hydrogenhighway.com/) – Provides information and news about  
 hydrogen-powered vehicles and the hydrogen market.

• International Association for Hydrogen Energy (http://iahe.org/) – Discusses the future of  
 hydrogen as a fuel.

• The National Energy Lab – Hydrogen 
 (http://netl.doe.gov/technologies/hydrogen_clean_fuels/index.html) – Presents 
 information about research being conducted to produce hydrogen from various sources.

• U.S. Department of Energy – Clean Cities Program 
 (http://www1.eere.energy.gov/cleancities/) – Addresses the nation’s energy security by   
 supporting local actions and groups to reduce overall petroleum consumption in transportation.

• U.S. Department of Energy (DOE) (http://energy.gov/) – Agency that helps ensure   
 America’s security and prosperity by addressing energy related problems with 
 emerging technologies.

• U.S. Department of Energy (DOE) Vehicle Technologies Program 
 (http://www1.eere.energy.gov/vehiclesandfuels/) – Develops more efficient transportation  
 technologies that help reduce domestic dependence on foreign petroleum.

• U.S. Department of Transportation – Hydrogen Portal (http://www.hydrogen.dot.gov/) –  
 Offers information about the utilization of hydrogen as a fuel; provides important links to 
 other hydrogen resources.

• U.S. Environmental Protection Agency (EPA) (http://www.epa.gov/) – Agency that   
 acts to protect public health and the environment by writing and enforcing pertinent   
 legislation.

Hydrogen Fleet Applications
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Footnotes

1 Environmental Defense Fund, “Greening Fleets, A Roadmap to Lower Costs 
 and Cleaner Corporate Fleets,” 

http://business.edf.org/sites/business.edf.org/fi les/greening-fl eets.pdf

2  U.S. Department of Energy, Alternative Fuels Data Center, State Incentives  
 and Laws, www.afdc.energy.gov/afdc/laws/state (updated June 15, 2011)

3  U.S. Department of Energy, Alternative Fuels Data Center, Alternative   
 Fueling Station Total Counts by State and Fuel Type, 

http://www.afdc.energy.gov/afdc/fuels/stations_counts.html (updated 
 March 3, 2012)

4  Liane Yvkoff, “Sewage-Powered Hydrogen Fueling Station Opens in CA,” 
 (CNET: Aug. 26, 2011), http://news.cnet.com/8301-11128_3-20097576-
 54/sewage-powered-hydrogen-fueling-station-opens-in-ca/

5  Britta Gross, Dr. Henk Mooiweer, Ian J. Sutherland, “Hydrogen Fueling 
 Infrastructure Assessment,” (December 2007), 

http://www.h2andyou.org/pdf/GM-SH%20HYDROGEN%20INFRA%20PAPER.pdf

6  U.S. Department of Energy, Alternative Fuels Data Center, Alternative Fuels  
 Price Reports, http://www.afdc.energy.gov/afdc/price_report.html

7  U.S. Department of Energy, Offi ce of Energy Effi ciency and Renewable 
 Energy, “Hydrogen Properties,” Hydrogen and Fuel Cells (December 2001), 

http://www1.eere.energy.gov/hydrogenandfuelcells/tech_validation/pdfs/fcm01r0.pdf
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Location:  Oakland, CA
Company:  Alameda-Contra Costa Transit District 
           (AC Transit)

Study:  Hydrogen
   

AC Transit believes that hydrogen is the fuel of the future. It is a clean-burning, high-
performance fuel that provides numerous benefi ts to fl eet managers and the community as a whole. 
AC Transit has been using demonstration hydrogen fuel cell buses since 1999, and has witnessed 
dramatic improvements in the technology over the past 10 years. In 2010, AC Transit made a fi rm 
commitment to the technology by purchasing 12 hydrogen fuel cell buses. 

Decision Points

For some time AC Transit has operated under the belief that hydrogen is the fuel of the future. 
It is fuel effi cient, which is a benefi t to the agency, and it produces zero tailpipe emissions, 
which benefi ts the quality of life of the residents of the AC Transit service area. Because the 
AC Transit public transportation system includes high-traffi c urban areas, the reduction in 
emissions caused by a switch to hydrogen fuel cell buses reduce the overall emissions in areas 
with the highest concentration of pollutants.

AC Transit fi rst began working with hydrogen fuel cell buses in 1999 through a series of 
demonstration projects. The performance of the vehicles led to a larger demonstration project in 
2006, and the purchase of three hydrogen fuel cell buses. It was at this point, after observing 
the decreased maintenance requirements, the increasing quality of life, and the overall 
satisfaction of the riders and drivers that AC Transit began seeking funds to purchase its own 
hydrogen fuel cell buses. AC Transit built its fi rst hydrogen fuel station, in conjunction with 
Chevron, to fuel the three buses already in its fl eet in 2006. 

Hydrogen Case Study

Left, hydrogen fuel cell bus on highway; Right, bus leaving fueling station. Photos courtesy of AC Transit.
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In 2010, AC Transit purchased 12 hydrogen fuel cell buses. It also constructed a new hydrogen 
fuel station, this time in conjunction with Linde, and began plans to build a second station at 
the site of the previously decommissioned fi rst station. The new buses were more durable than the 
previous ones utilized by AC Transit, which should reduce the maintenance costs associated with 
the buses. 

Jaimie Levin, director of environmental technology and manager of the fuel cell program for 
AC Transit, acknowledges that there is still a signifi cant cost gap between hydrogen fuel cell 
buses and conventional diesel buses. This is also true for the price of fuel. But AC Transit 
believes that an investment in the technology now will 
pay dividends in the future. The primary reason for the 
difference in cost is the lack of supply of the buses 
and the corresponding lack of demand for the fuel. AC 
Transit believes that by leading the way in purchasing 
hydrogen fuel cell buses, it is increasing the demand 
for hydrogen fuel, as well as demonstrating the effi cacy 
of the technology for surrounding areas. Beginning 
in January 2012, AC Transit began loaning its buses 
to surrounding public transportation companies for 
additional demonstration programs. AC transit believes 
that by purchasing and sharing the technology, it will 
encourage the development of a region-wide hydrogen fuel 
cell program that will reap rewards for customers and the 
environment for the future.

Fleet Facts

AC Transit owns and operates 12 third generation hydrogen fuel cell buses. These buses weigh 
5,000 pounds less than the previous generation and are powered by a 120 kilowatt fuel cell 
system. The hydrogen fuel tanks are located in the roof and store enough fuel to give each 
bus a range of 220-240 miles before fueling. The buses also take advantage of a regenerative 
braking system. This system captures energy usually lost as heat during braking. The energy is 
stored onboard to assist the fuel cell system, which helps solve acceleration problems that have 
plagued previous iterations of the technology. 

Most of the hydrogen used by AC Transit comes from a process called steam-methane reformation, a 
non-renewable source. When hydrogen becomes available in a renewable form, the third-generation 
buses will be able to be run on that as well. 

Of particular importance to AC Transit was that its buses were tested in real-world conditions, 
not just on routes intended to maximize their performance. Rather, routes were selected to 
maximize the analysis of the performance by putting them in areas where they would be used most. 
This includes a focus on areas with high ridership and frequency of service on graded streets 
and an attempt to maximize, rather than minimize, load factors. The buses were operated under 
heavy demand in the cities of Oakland, Albany, and Berkeley. 

QUICK FACTS

Fuel Type: Hydrogen fuel cell

Fuel Production: 66% Steam-
methane reforming, 33% solar 
electrolysis

Number of Buses: 12

Operation: More than 11,000 hours

Driving Range: 220-240 miles

Fuel Cell Power: 120 kW

Hydrogen Case Study
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Infrastructure

AC Transit has built two hydrogen fuel 
stations in conjunction with area fuel 
providers, though only one has been 
in operation at any given time. A 
second functioning fuel station will be 
constructed at the site of the previously 
decommissioned station in 2012, providing 
two operational hydrogen fuel stations 
within the AC Transit service area.

Approximately two-thirds of the hydrogen 
fuel used by AC Transit comes from a 
process called steam-methane reformation. 

This process involves reacting steam at a high temperature with methane to create hydrogen. 
This process does result in a release of greenhouse gases; however there is a 43% reduction in 
the release of greenhouse gases when compared to buses powered by diesel. Because this process 
utilizes fossil fuels, it is a non-renewable method for creating hydrogen fuel.     

The other one-third comes from a 100% renewable process called solar electrolysis. Solar 
electrolysis uses solar energy to generate electricity to trigger a process to derive hydrogen 
from water, splitting the water molecules into the separate components of hydrogen and oxygen. 
The hydrogen is then collected and used as hydrogen fuel. This process does not yet produce 
suffi cient fuel to service all of AC Transit’s needs, but the process is renewable; it uses solar 
energy and water to develop hydrogen fuel.

Costs

As stated previously, there remains a signifi cant cost gap between hydrogen fuel cell buses and 
standard diesel, buses. AC Transit estimates that the cost of a diesel bus is $1.5 million 
compared to a hydrogen bus at $3 million.

Some of the cost will be offset by a reduction in maintenance costs. As the fuel cost for 
hydrogen decreases, the savings in fuel economy will be realized as cost savings as well. The 
hydrogen buses used by AC Transit have doubled the fuel economy of the company’s diesel buses.

Hydrogen Case Study

Hydrogen fuel cell bus as is travels through the city. Photo 
courtesy of AC Transit.

View of the hydrogen fueling station. Photos courtesy of AC Transit.



Page 44Page 4PagePage 4

Maintenance and Satisfaction 

Overall satisfaction with the hydrogen fuel cell buses is high with AC Transit, its drivers, 
maintenance workers, and customers.

Initially AC Transit drivers noted that there was some “sluggishness” to the hydrogen buses when 
accelerating from 15-30 mph with the three vehicles purchased in 2006. This problem was solved 
with the purchase of the third-generation buses, which integrated regenerative braking systems. 
This added energy provided an extra boost of power and eliminated the sluggishness. Drivers rave 
about the performance of the vehicle. Driver quality of life has also improved as they are no 
longer inhaling diesel fumes when they drive the clean-burning hydrogen vehicles. 

Fleet mechanics enjoy working with the new technology as well. Because hydrogen fuel and hydrogen 
fuel cell are clean burning, there is not the debris accumulation maintenance workers see in diesel 
engines. The fuel cells themselves have been extremely durable as well; with more than 11,000 hours 
of continuous operation, there is still no degradation in the cell’s ability to produce electricity.

The customer base has been extremely satisfi ed with the hydrogen fuel cell buses, whether they are 
active bus riders or not.  Riders appreciate that there are no fumes associated with the fuel cell 
buses, the bus runs more quietly, and that there is not a trade-off with performance. A recent 
survey randomly polled 500 bus riders and found overall satisfaction with the hydrogen buses to be 
in the high 80th percentile, while diesel buses are typically surveyed in the low 50th percentile. 

Community members who live along bus routes but don’t ride the bus also have expressed 
satisfaction with the hydrogen vehicles. Because they are clean-burning, the community is not 
exposed to the noxious fumes that are expelled by diesel buses. Community members also have cited 
the silence of the buses as a positive, though AC Transit has acknowledged that being completely 
silent can pose a public safety risk and have installed noise making devices including bells and 
wind chimes to alert pedestrians that there is an oncoming bus.

AC Transit has been very satisfi ed with the performance and customer satisfaction associated with 
the hydrogen fuel cell buses. The company’s offi cials conducted a great deal of research before 
committing to the technology and it appears that the commitment has already been fruitful in the 
form of increased goodwill with the community.

Summary

Jaimie Levin believes that hydrogen fuel cell technology “has a lot of robustness to it. We see 
it in the long term as our future.” It is this belief that led to AC Transit’s willingness to 
pay a premium to adopt this technology as a way to demonstrate its viability to other agencies. 
The technology has met every one of AC Transit’s goals; high–performance, zero emission, 
customer satisfaction, and environmentally friendly. 

AC Transit views its purchase of hydrogen fuel cell buses and the construction of hydrogen fuel 
dispensing stations as a research and development project with the ultimate goal being nothing 
less than global fuel reduction.  

Hydrogen Case Study
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Disclaimer 
National Alternative Fuels Training Consortium/West Virginia University/West 
Virginia University Research Corporation Disclaimer

All published versions of this Petroleum Reduction Technologies, including both printed and electronic formats thereof 

and all associated videos, supplementing documents, and related electronic links, are provided as a public service by 

the National Alternative Fuels Training Consortium (NAFTC), a program of West Virginia University, under a grant from the 

U.S. Department of Energy Clean Cities Program under Award Number DE-EE0001696.

The information contained in this manual was obtained from sources believed to be reliable and is based on technical 

information and experience currently available at the time of writing.

All users of the information contained herein do so at their own risk.

The National Alternative Fuels Training Consortium (NAFTC)—a program of West Virginia University—and its members 

make no warranty or guarantee regarding the results of the use of this information and assume no liability or responsibility 

in connection with the information or suggestions herein contained. The NAFTC does not endorse any specifi c 

commercial product, original equipment manufacturer, or professional service. Any reference or mention of specifi c 

products, manufacturers, or service providers by trade name, trademark, or visual identity does not constitute or imply 

endorsement or recommendation from the NAFTC.

Moreover, it should not be assumed that every acceptable or necessary commodity grade, test, safety procedure, 

method, precaution, equipment, or device is contained within, nor that abnormal or unusual conditions or circumstances 

may not warrant or suggest further requirements or additional procedures.

This document is subject to periodic review and/or revision. Users are strongly cautioned to obtain the latest version.

Comments and suggestions are invited from all users for consideration by the NAFTC in connection with such review. 

Please send all comments to the NAFTC, to the attention of the Executive Director.

The guidance and information in this guide are not meant to take the place of vehicle or equipment manufacturer 

guidelines and are not intended to supersede other information, requirements, or regulations provided by manufacturers, 

the insurance industry, safety offi cials, or other applicable standards and recommended practices.

This document does not take the place of and should not be confused with federal, state, provincial, or municipal 

specifi cations or regulations, insurance requirements, or safety codes.

U.S. Department of Energy (DOE) Disclaimer

This material was prepared as an account of work sponsored by an agency of the United States Government.  Neither 

the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or 

implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, 

apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.  Reference 

herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise 

does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government 

or any agency thereof.  The views and opinions of authors expressed herein do not necessarily state or reflect those of 

the United States Government or any agency thereof.
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The U.S. DOE Clean Cities Program is a government-industry partnership designed to reduce petroleum 

consumption in the transportation sector by advancing the use of alternative fuels and vehicles,

idle reduction technologies, hybrid electric vehicles, fuel blends, and fuel economy measures.

www.naftc.wvu.edu/cleancitieslearningprogram
www.cleancities.energy.gov

The National Alternative Fuels Training Consortium is the 

only nationwide alternative fuel vehicles and advanced 

technology vehicle training organization in the U.S.

National Alternative Fuels
Training Consortium

Ridgeview Business Park
1100 Frederick Lane
Morgantown, WV 26508

s

Copyright Notice

This material is Copyright © 2012 by West Virginia University Research Corporation and the National 
Alternative Fuels Training Consortium, Morgantown, WV. All rights are reserved in all countries. This 
work is a product of the National Alternative Fuels Training Consortium, a program of West Virginia 
University. This material has been funded by a grant from the U.S. Department of Energy (DOE) Clean 
Cities Program under Award Number DE-EE0001696.

Any reproduction, duplication, distribution, or display, by physical, electronic, or other means, without 
written permission from the National Alternative Fuels Training Consortium, is expressly prohibited.

This work may be quoted briefl y, provided that attribution is given to the National Alternative Fuels 
Training Consortium.

All images, graphs, and photographs are provided by National Alternative Fuels Training 
Consortium unless otherwise noted in context.

For questions or further information, please contact:
National Alternative Fuels Training Consortium
Attention:  Executive Director
1100 Frederick Lane
Ridgeview Business Park
Morgantown, WV  26508
Telephone: 304-293-7882
Fax: 304-293-6944
http://www.naftc.wvu.edu

PRINTED IN THE UNITED STATES OF AMERICA
First printing 2012.

Acknowledgment: This material is based upon work 
supported by the U.S. Department of Energy Clean Cities 
Program under Award Number DE-EE0001696.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Subsample
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


