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EXECUTIVE SUMMARY 

The following document was created in response to a request for proposals from the National Hydrogen 
Association to create a plan for a hydrogen dispensing station to be located in Santa Monica, California. 
Enclosed within is a detailed design for the innovative Liberty hydrogen refueling center which is capable 
of servicing vehicles with operating pressures of 5,000 and 10,000 psi. The basis of this design is 
centralized hydrogen production via steam methane reforming. The facility is capable of producing 
1,000 kg of high purity hydrogen per day from renewable biogas and landfill gas sources piped directly 
through natural gas pipelines. This process also allows all hydrogen produced and sold to be renewably 
sourced. The production facility is modular and can be expanded to produce up to 25,800 kg of 
hydrogen per day by adding more steam methane reformers. Several producers of biogas and landfill 
gas have been located within a 25-mile radius of Santa Monica, and are more than capable of supplying 
the required feedstock. One of the strengths of this station is its flexibility; it is scalable to allow for 
greater hydrogen production in order to meet increasing demand. 

The document also identifies a number of potential hydrogen consumers within the Santa Monica area 
as well as several large scale consumers outside of the area. Customers include Wal-Mart, Vision Motor 
Corporation, and the City of Burbank, requiring a projected total of 589.75 kg of hydrogen per day, 
which can easily be met by the hydrogen production facility. All deliveries will be made via tractor-
trailer. 

In addition to the modular and expandable refueling station, the design includes an integrated tourist 
center and bicycle rental depot. The center is designed around the functional requirements of the 
hydrogen refueling station: tank and compressor storage and vehicular access, but also the desirable 
qualities of a tourist center: street front presence, pedestrian accessibility, and bicycle rental capability. 
Solar panels on the roof provide 23% of the power needed for all station equipment. 

Safety is of paramount importance in any engineering design, and was thoroughly considered during the 
design of this station. As hydrogen fuel is still in its infancy, additional focus was placed on safety to 
ensure prevention of incidents that could negatively affect public perception of hydrogen. 

!ǊƎƻƴƴŜΩǎ Dw99¢ emissions model was used to determine the environmental impact of the design 
through a well-to-tank analysis and comparison to California reformulated gasoline production. A fuel 
cell vehicle powered by hydrogen from our production sources would reduce CO2 emissions by over 52% 
when compared to equivalent gasoline-powered light passenger cars.  

Equipment, architectural, and operating costs are evaluated in this proposal and illustrate the feasibility 
of this project, with a dispensing price of $16.01 per kilogram of hydrogen without purchase subsidies or 
tax credits. The total turn-key cost for the fueling center is estimated at $4.04M USD. 

In addition to the design aspect of this station, a marketing campaign was created in order to promote 
hydrogen as an alternative fuel source. The advertising campaign will focus on targeting those issues 
which people understand: safety, energy independence, and pollution. By targeting these issues, we will 
be able to portray an effective message. The campaign will also focus on safety, as it is a paramount 
issue and is one of the major strengths of the Liberty design. 

 A hydrogen economy may still be a distant goal, but it is an attainable one. This station represents a 
major step towards hydrogen acceptance and utilization in the Santa Monica area, and once operational, 
will begin the journey towards a sustainable future. 
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HYDROGEN PRODUCTION EVALUATION 

Hydrogen is a byproduct of many chemical processes, such as chlorine and ethylbenzene production, 
but can also be produced from renewable sources such as landfill gas and biogas. Our design uses 
landfill gas and biogas, as there were no suitable chemical plants within 25 miles of Santa Monica. The 
25-mile perimeter includes landfills and water treatment plants, which generate considerable amounts 
of landfill gas and biogas. Table 1 below is a list of the sources, type of gas, and quantity of gas produced. 

Table 1: Landfill Gas and Biogas Producers 

Name Location Product Quantity  

Toyon Canyon Landfill 5050 Mt. Hollywood Dr, LA Landfill Gas 2,000,000 ft3/day 

Hyperion Treatment Plant 12000 Vista Del Mar, Playa Del Rey Biogas 8,000,000 ft3/day 

Calabasas Landfill 5300 Lost Hills Road, Agoura Landfill Gas 7,200,0001 ft3/day 

All of the facilities produce gas constantly, so the availability factor is 100%. 

If the search range were increased, more facilities could serve as sources of hydrogen. For example, 
there are several chemical plants within 40 miles, all of which produce hydrogen as a byproduct. This 
hydrogen byproduct would be more readily suitable for automotive applications, only requiring 
purification rather than reforming. 

The biogas and landfill gas will be converted into hydrogen via steam methane reforming (SMR). Due to 
the presence of corrosive contaminants, transportation via existing pipelines requires pre-treatment of 
the gas. The Hyperion Treatment plant cleans 90% of the impurities (H2S, VOCs, etc.) before piping it to 
Scattergood Generating Station, about 1 mile away. Building a centralized SMR facility near the two 
sources will produce the required 1,000 kg/day of hydrogen. Constructing a large facility spreads high 
capital costs over a large volume of hydrogen sales (Weinert & Lipman, 2006). The goal of the project is 
to design a hydrogen fuel station with a dispensing capability of 200 kg/day, but expandable to 400 
kg/day in the future. In addition, 6 of these stations could be built, which would greatly increase 
reforming requirements. An SMR facility near an existing pipeline is the best solution to meet future 
demand for fuel-grade hydrogen. The proposed design is presented below. 

SMR LOCATION 

The location of the SMR unit is separate from the fuel station. This was done for several reasons. The 
reformer and accompanying storage require a large land area, and the station location was chosen to 
attract tourists and residents. Thus, the SMR will be located on a nearby lot in an industrial area with 
good access to the freeway to ship hydrogen. This provides easy access to the fuel station, while keeping 
real estate costs low. Figure 1 below shows the site location for the refueling station on the left and the 
central SMR facility on the right. 

                                                            
1 Only 3% of the available gas is captured, treated and used for electricity generation. 
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Figure 1: Site Locations 

FEED GAS PRE-TREATMENT AND PRE-REFORMING 

At the Hyperion plant, biogas is pre-treated on site before being sent to Scattergood Generating Station. 
About 90% of all H2S is removed to make the gas suitable for piping. Minimal pre-treatment will be 
required to remove the rest of the impurities. This can be achieved by carbon filtration, the method 
used at Scattergood, or through the use of a more sophisticated system. A tank filled with zinc oxide 
removes the remaining quantity of H2S via the following reaction: 

ZnO+ H2SᴼZnS+  H2O 

The presence of other impurities in the feed stream, such as heavier hydrocarbons, requires a pre-
reforming step. An activated carbon bed can easily eliminate VOCs, but the presence of trace amounts 
of H2S poses a problem. Using a vessel with a high reactivity reforming catalyst which will partially 
reform the hydrocarbons to a mixture of CH4, CO, CO2, H2O and H2 resolves this issue. The catalyst 
effectively removes sulfur by poisoning, which will protect the reformer (Shumake & Abudiab, 2006). 
These are examples of the reforming reactions that take place in the pre-reformer (Fadali, et al., 2005): 

C2H6 + 2H2Oᴼ5H2 + 2CO 

C3H8 + 3H2Oᴼ7H2 + 3CO 

Carbon monoxide production is addressed via a hydrogen shift reaction: 

CO+ H2OᴾH2 + CO2 
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REFORMER 

Two types of reformers can be used ς autothermal (ATR) and steam (SMR). Our design uses SMR to 
better accommodate the potential for future expansion and necessary increases in production. 
Preliminary calculations show that about 263,000 ft3/day of biogas are needed to produce 1,000 kg/day 
of hydrogen. This represents 1.53% of all biogas currently produced by the Toyon Canyon Landfill, the 
Hyperion Treatment Plant and the Calabasas Landfill. The selected reformer is an assembly of modular 
HySTAT Natural Gas Fuel Processor Hydrogen Generation Systems (Hydrogenics, 2010) which can be 
installed in a single room and controlled by a single control unit. The modular design of the reformers 
allows for easy expansion when future demand increases, with a maximum production rate of 1,075 
kg/hr of hydrogen, or 25,800 kg/day. 

PRESSURE SWING ADSORPTION, COMPRESSION, AND STORAGE 

The output stream of the reformer will be passed through a pressure swing adsorption (PSA) system to 
remove CO and CO2 impurities, increasing the purity to 99.998% H2. The PSA system separates gases 
ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǎǇŜŎƛŜǎΩ ƳƻƭŜŎǳƭŀǊ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ Ŏŀn be incorporated directly into the reformer 
(Hydrogenics, 2010). The exiting stream is at a pressure of 10 barg (160 psia), and will need to be 
compressed for storage in the tank farm before distribution. 

The output from the PSA operation is taken from 160 psi to 6,000 psi for storage on-site. This is done 
with 7 Hydro-Pac C06-60-140/300 LX compressors, each able to compress up to 145 kg/day of hydrogen 
(Hydro-Pac, 2010).  

A large daily production of hydrogen requires a large tank farm. A gaseous tank farm with total storage 
of 2,000 kg, representing two days of production, was selected for the reforming application. Liquefied 
storage is an alternative storage solution for large quantities of hydrogen, but due to the energy and 
noise required to liquefy the hydrogen, as well as the significant additional capital costs for equipment, 
it is not the best option. Weinert & Lippman (2006) suggest that tanks should be oversized by 30% to 
40%, but the design incorporates 2,000 kg of total storage in case of disruptions, such as a problem with 
the hydrogen delivery tractor-trailer. A reformer operates continuously and the extra 1-day buffer will 
allow the tractor-trailer to be repaired. 

To lower the costs of the storage solution, a set-up similar to the one planned for the fuel station was 
used. CP Industries (CPI) specified a tank farm consisting of 28 assemblies of vessels at 5,500 psig 
constructed to ASME standards (CPI, 2010).  

HYDROGEN DISTRIBUTION 

Transportation is possible in both liquefied and gaseous forms, but due to the lower volume 
requirements of the design, gaseous is the preferred option. Liquefied storage and transportation is only 
cheaper in the long run for high volumes. Gaseous transportation can be accomplished using large 
trucks carrying tube trailers filled with compressed hydrogen. Most current commercial tube trailers are 
made up of 12 to 20 long steel cylinders mounted on a truck trailer bed (Yang & Ogden, 2006). The most 
common gas pressure is 2,400 psi (300 kg of H2), but 6,000 psi trailers are becoming available. The tube 
trailers can be attached to ordinary truck cabs and delivered to a customer or a refueling station just as 
gasoline is delivered to refueling stations. The proposed fleet of tractors is diesel powered with the 
ultimate goal of converting them into hydrogen internal combustion engine (H2ICE) or fuel cell-powered 
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trucks. Diesel tractors were selected due to their availability, but as H2ICE and fuel cell vehicles become 
more affordable, the fleet can be easily replaced in the near future. The distribution will use a single 
tractor-trailer combination, which will operate in two 8-hour shifts per day. The number of tractor-
trailers may be increased as demand increases. 

With an initial dispensing requirement of 200 kg/day, the tractor-trailer will deliver hydrogen to the fuel 
station daily, during off-peak hours. The current tube trailer capacity is about 300 kg, but due to the 
characteristics of hydrogen being transferred, the trailer will not be completely emptied of hydrogen. 
Making an extra trip would also allow the buffer tanks to be refilled if the daily consumption exceeds 
200 kg. When dispensing requirements increase to 400 kg/day, the same tractor-trailer can be used to 
deliver the required hydrogen three to four times daily. In the long run, we expect 6,000 psi tube trailers 
to become widely available, which will reduce the number of refueling trips made by the tractor-trailer, 
as each trip will carry more hydrogen. 

EARLY MARKET CUSTOMER IDENTIFICATION 

WAL-MART 

Category Materials Handling Vehicles 

Contacts Kevin Brant, Director of DC Maintenance and Construction 
 (905)821-2111, extension 3603 
 Kevin.Brant@wal-mart.com 

 
Steve Gilmer, Maintenance Procurement Manager 

 (905)821-2111, extension 8924 
 Steve.Gilmer@wal-mart.com 

Usage Fuel cell forklifts and other distribution center equipment 

Daily Consumption 120 kg per distribution center; 360 kg total 

On March 8th, 2010, the UW H2U team was invited for a meeting with Wal-Mart representatives in 
Mississauga, Ontario, Canada to discuss and observe hydrogen projects at distribution centers. The 
distribution center in Mississauga is experimenting with fuel cell-powered forklifts that are used as a 
replacement for battery-powered equipment due to decreased charging times. Fuel cell-equipped 
forklifts can be refueled for the shift in less than 2 minutes, while batteries must be charged for hours. In 
addition to the time saved, newly developed distribution centers will not need to implement expensive 
transformers and cables to handle the battery-charging operations required for battery-powered 
equipment. Over the next 8 years, Wal-Mart will be replacing all battery powered forklifts at distribution 
centers.  

We decided to target Wal-Mart due to the large potential daily usage: 0.8 kg H2/shift/vehicle. Each 
distribution center has at least 80 battery-powered vehicles, such as forklifts, which operate for two 
shifts per day. Larger distribution centers have more than 80 vehicles.  

Currently, only distribution centers are targeted for hydrogen conversion due to the financial benefits 
associated with using hydrogen on a larger scale. At the moment there are 5 Wal-Mart stores within 25 
miles of Santa Monica and 3 distribution centers within 60 miles. Their locations are listed in Table 2 
below. 
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Table 2: Wal-Mart Distribution Centers near Santa Monica 

Address Phone Number 

2356 Fleetwood Drive, Riverside, CA, 92509-2409 (951)328-4500 

13553 San Bernardino Avenue, Fontana, CA, 92335 (909)349-3600 

4155 Wineville Avenue, Mira Loma, CA, 91752-1453 (951)360-5000 

 
When all distribution centers are converted to hydrogen, the expected usage is expected to be about 
360 kg/day. The hydrogen will be delivered from the central SMR facility by tractor-trailer. 

VISION MOTOR CORPORATION AND CITY OF SANTA MONICA 

Category Materials Handling Vehicles 

Contacts Lawrence Weisdorn, Chairman, CEO, and Director 
 (310)450-0299, extension 202  
 lw@visionmotorcorp.com 

 
Rusty Miller, Director of Investor relations 

 (310)454-5658, extension 205 
 rusty@visionmotorcorp.com 

 
Rick Sikes, Fleet Superintendent 

 (310)458-8514 
 (310)261-9489 
 rick.sikes@smgov.net 

Locations 2601 Ocean Park Blvd., Santa Monica, CA 90405 (Vision Motor Corp.) 
 
2500 Michigan Ave. Santa Monica, CA 90404 (City of Santa Monica) 

Usage Refuse trucks, H2ICE cars, delivery trucks 

Daily Consumption 80 kg (refuse trucks) 
120 kg (H2ICE/H2FC cars) 
Up to 554,600 kg (delivery trucks) 

The City of Santa Monica and Vision Motor Corporation (VMC) are developing two 56,000 pound refuse 
trucks that will have electric motors powered by fuel cells to drive hydraulic pumps for the body/packer 
systems and propulsion. Each truck will consume 3-4 kg of hydrogen per day and operate 5 days a week. 
The hydrogen can be obtained from our strategically placed station or delivered from the SMR facility to 
another refueling location. In Santa Monica, there are at least 20 refuse vehicles that operate on natural 
gas (Inform, Inc., 2002). All of these refuse vehicles could be replaced by the fuel cell-operated trucks 
once the pilot project has been determined to be successful.  

As part of the Air Quality Management District (AQMD) strategy in achieving zero-emission air quality, 
the city of Santa Monica is participating ƛƴ ǘƘŜ άCƛǾŜ /ƛǘƛŜǎέ ǇǊƻƎǊŀƳΣ ƛƴ ǿƘƛŎƘ р H2ICE vehicles and 
hydrogen refueling stations must be fully operational for a period of 5 years. The H2ICE vehicles are 
expected to be the bridge between fuel cell and conventional vehicles (Wallerstein, 2005). All of these 
cars consume about 12 kg of H2 per week. Rick Sikes believes the 71 electric vehicles that City currently 
operates could potentially be converted into H2ICE or hydrogen fuel cell (H2FC) vehicles because battery 
electric vehicles have proven to be not cost-effective.  
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Aside from the solid waste vehicles, Vision Motor Corporation is also currently working to reach 
agreements with the Ports of Los Angeles and Long Beach, which are located within a 25 mile radius of 
Santa Monica, to replace 16,800 diesel trucks with their heavy-duty fuel cell trucks over the next 4 years. 
These fuel cell trucks will consume approximately 33 kg of hydrogen per day and offer 35-50% cost 
savings per mile basis compared to diesel or natural gas trucks (Vision Motor Corporation, 2010).  The 
hydrogen supply for both organizations will be delivered via tractor-trailers with capacity of 300 kg of 
hydrogen each.  

CELL PHONE CARRIERS 

Category Stationary Back-Up Power 

Contact Matthew Stevens, Partner, CrossChasm 
 (519)404-5987 
 mstevens@crosschasm.com 

Usage Backup power for cell phone towers 

Daily Consumption 0.75 kg 

In a conversation with Matthew Stevens, an industry specialist, we learned that many cell phone towers 
are converting to fuel cell back up power, which can be considered an intermittent stationary consumer. 
A tower requires about 10 kg of hydrogen per year. According to FCC records, there are 27 installations 
owned by AT&T, Nextel, Sprint, T-Mobile, and Verizon in and around Santa Monica. The locations are 
shown in Figure 2 below. 

 

Figure 2: Map of Cell Phone Towers in and Around Santa Monica 

Though not a large consumer, cell phone towers require back up power in order to continue operating in 
case of emergencies or power outages. The hydrogen will be delivered from the central SMR facility by 
tractor-trailer. 
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CITY OF BURBANK BUS 

Category Portable Power 

Contacts Ari Omessi, Assistant Public Works Director, City of Burbank 
 (818)238-3808 
 AOmessi@ci.burbank.ca.us 

 
Johnathan Frank, Administrative Officer, City of Burbank 

 (818)238-5318 
 JFrank@ci.burbank.ca.us 

Usage Hybrid fuel cell bus 

Daily Consumption >29 kg 

The City of Burbank saw its first fuel cell bus delivered on March 22nd, 2010. The city is currently 
constructing an inside-the-fence steam methane reforming hydrogen station, which should be able to 
produce 60 to 109 kg of hydrogen per day when fully operational. Until the reformer goes online, the 
city gets its hydrogen delivered on site. The city plans to make the steam methane reforming station 
open to the public in an effort to contribute to hydrogen infrastructure.  

Due to delay of the fuel cell bus delivery, the city was not able to give exact numbers on the hydrogen 
usage or the frequency of the bus usage, but stated that it plans for the bus to take over certain existing 
routes. The Transit authority suggested that if the testing goes as planned, more buses will be added to 
the fleet in the future. This turns Burbank Bus into a potential consumer because of the amount of 
hydrogen that fuel cell-powered buses would require and the relatively low amount of hydrogen their 
steam methane reformer installation can produce. We expect once testing is under way, other transit 
authorities will follow suit, creating increased demand for hydrogen which can be satisfied by our SMR 
installations. The hydrogen will be delivered from the central SMR facility by tractor-trailer. 

HYDROGEN STATION TECHNICAL DESIGN 

SITE SELECTION 

The refueling station will be located at the intersection of Lincoln Boulevard and Broadway Street in 
downtown Santa Monica, California. Broadway is currently a pedestrian commercial strip, which is often 
traveled northeast to southwest, heading towards the beach. Lincoln Boulevard is one of several arteries 
in the city which connect the northwest residential areas with the Santa Monica freeway, passing 
through a commercial district. Our tourist and bicycle rental center will attract the pedestrian and 
bicycle traffic along Broadway and act as a hub to connect this traffic to the vehicular traffic traveling 
along Lincoln Boulevard. This site is accessible to commuters, but also integrates a community zone so, 
unlike a common gas station, the site is a place to linger and not just a place to stop, refuel, and leave. 
By encouraging bicycle and pedestrian travel, our facility goes beyond simply replacing gasoline with 
hydrogen, and encourages people to get out of their cars to enjoy Santa Monica at a slower pace, under 
their own power. 
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STRUCTURE 

The structure is composed of a core internal area for tourism info, convenience purchases, and bike 
rental administration. The steel bicycle storage structure branching from the core area exposes the 
rental bikes as a display and self-advertisement to passers-by. Perpendicular to this canopy are the main 
refueling bays which also rely on the convenience/tourism station as a structural core. Built in a 
systematic way, these are cast-in-place reinforced concrete components which consist of two columns 
and a 2-hour fire-rated canopy with enclosing walls to support the hydrogen storage tanks. The 
formwork is designed to make the station scalable, as shown in Figure 3 and Figure 4 below. This way, 
an additional bay could be added in the future, and would provide space for the additional tanks and 
compressors along with continuing the bay structure by using the columns of the existing adjacent bay. 
By using a repetitive bay system, the utility of this design increases: a larger site could use the same 
design but with more bays, while a small site could have a single-bay one-pump station. 

 

Figure 3: Core and Bay Structural Diagram 

 

Figure 4: Core and Bay Assembled 

BUILDING DESIGN 

The center is designed around the functional requirements of the hydrogen refueling station: tank and 
compressor storage and vehicular access, but also the desirable qualities of a tourist center: street front 
presence, pedestrian accessibility, and bicycle rental capability. Each component is designed to work in 
tandem with the others so that the three main parts, the convenience center, the refueling bays, and 
the bicycle storage, combine on the corner to form a unified facility. Each canopy is designed to respond 
to its individual requirements. The lightweight steel structure of the bike storage allows the safe storage 
of the bicycles without over-complicating the façade and uses the stored bikes as the street front façade. 
The reinforced concrete canopy holds the hydrogen storage tanks and compressors above the delivery 




















































