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EXECUTIVE SUMMARY

The following document was created in response to a request for propfysah the National Hydrogen
Association to create a plan forhgdrogen dispensing statidio be located in Santa Monica, California.
Enclosed within is a detailed design tbe innovativeliberty hydrogen refuelingenter which is capable

of servicing vehicles with operating pressures of 5,000 and 10,000Tpsi.basis of this design is
centralized hydogen productionvia steam methane reformingTre facility is capable of producing
1,000 kg of high purity hydrogen per day from renewable biogas and landflogasespiped directly
through natural gas pipelines. This process also allows all hydragdogedand soldto 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 moseam methanereformers. Several producers of biogas and landfill
gas have been located within a-Bfile radius of Santa Monicand are more tharapable of supplying
the required feedstockOne 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 alsadentifies a number of potential hydrogen consumers within the Santa Monica area
as well as several large scale consumers outside of the area. Customers inclddaniyalision Motor
Corporation,and the City of Burbankrequiring a projected total of 5895 kg of hydrogen per day,
which caneasilybe met by the hydrogen production facility. All deliveries will be made via tractor
trailer.

In addition to themodular and expandable refueling station, the desigincludes an integrated tourist
center and bicycle rental depotThe center is designedaround the functional requirements of the
hydrogen refueling statin: tank and compressor storagad vehicular access, but also the desirable
gualities of a touristtenter. streetfront presence, pedestrian accessibility, aridylske rental capabilif.
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 stillits infancy, additional focusas placed on safety to
ensureprevention ofincidentsthat could negatively affect public perception of hydrogen.

I NH 2 Yy S Qenissione @ciél was used to determine the environmental impact of the design
through a welto-tank analysis and comparison to Califormigformulated gasoline production. A fuel
cell vehiclepowered by hydrogen from our production sourcesould reduceCQ emissionsy over 52%
when compared to equivalent gasolip@wered light passenger cars.

Equipment, archéctural, 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 turnkey cost for the fueling centes 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 understad: safety, energy independence, and pollution. By targeting these issues, we will
be able to portray a 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 hydragen 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 PRODUCTIBENWALUATION

Hydrogen isa byproduct of many chemical processasich as chlorine and ethylbenzene production,
but can also be produced from renewable sources such as landfill gas and lbagadesign uses
landfill gasand biogas, as there were msuitable chemicaplants within 25 miles of Santa MonicBhe
25-mile perimeter includes landfills and water treatment plants, which generate corsitkieamounts
of landfill gasand biogasTablel belowis a list of the sourcesypeof gas and quantity of gas produced.

Tablel: Landfill Gas and Biogas Producers

Name Location Product Quantity

Toyon Canyon Landfill = 5050 Mt. Hollywood Dr, LA Landfll Gas 2,000,000 fi/day
Hyperion Treatment Plan 12000 Vista Del Mar, Playa Del F Biogas 8,000,000 f/day
Calabasas Landfill 5300 Lost Hills Road, Agoura Landfill Gas 7,200,000 ft%day

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

If the searchrangewere increased, more facilitiesould serve asources of hydrogen. For example,
there are several chemicalantswithin 40 miles,all of which producenydrogen as a lroduct. This
hydrogen byproduct would be more readily suitable for automotive applicationgnly requiring
purification rather tharreforming

Thebiogas and landfill gasill be converted into hydrogen visieam methanereforming (SMR). Due to

the presenceof corrosive contaminantgsransportationvia existing pipelinesequires pretreatment of

the gas The Hyperion Treatment plant cleans 90% of the impuritigS,(MOCs, 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 hydrog€onstructing a largéacility spread high

capital costver a large volume of hydrogen sal®geinert & Lipman, 2006)The goal of the project is

to design a hydrogen @l 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 tbwilhich would greatly increase
reforming requirements An SMR facility near an existing pipeliseghe bestsolution to meet future
demandfor fuelgradehydrogen.Theproposed desigtis presented below

SMRLOCATION

The location of the SMR urii separate from the fuestation. This was done for several reasohie
reformer and accompanying storagequire a arge land areaand thestation locationwas chosen to
attract tourists and residentsThus, 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 statékeepiig

real estate costs lowrigurel below shows the site location for theefuelingstation on the left andhe
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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Figurel: Site Locatins

FEED GAS PRREATMENT AND RREFORMING

At the Hyperion plantbiogas is prdreated on site before being sent to Scattergood Generating Station.
About 90% of all % is removed to make the gas suitable for pipid@nimal pre-treatment will be
required to remove the rest of the impurities. This can be achiebgdarbon filtration the method
used at Scattergoodyr through the use of a more sophisticated system. A tank fil@t zincoxide
removesthe remaining quantity oH,Svia the following reation:

Zn0O+ sto nS+ Hzo

The presence of other impuritieg the feed stream such as heavier hydrocarbqgnequiresa pre
reforming step.An activated carbon bed can easily elimin®@Csbut the presence of trace amounts
of S poses a problentJsinga vessel witha high reactivity reforming catalyst which will partially
reform the hydrocarbons ta mixture of CH, CO, C® HO and H resolves this issueThe catalyst
effectively removes sulfur by poisoningrhich will protect the reforme{Shumake & Abudiab, 2006)
Theseare examples of theeformingreactions that take place in the preformer (Fadali, et al., 2005)

CHg + 2H,0© 5H, + 2CO
GsHg + 3H,0© 7H, + 3CO
Carbonmonoxide production is addressed via a hydrogen shift reaction:

CO+ H,0OP H, + CO,



REFORMER

Two types of reformers can be usedautothermal (ATR) angteam (SMR)Our design useSMR to

better accommodte the potential for future expansion andecessaryincrease in production.
Preliminary calculations show thabout 263,000 ff/day of biogasare needed to producel,000 kdday

of hydrogen.This represents 1.53% of all biogas currently produced by dyeriT Canyon Landfill, the
Hyperion Treatment Plant and the Calabasas Landfill.s€lectedreformer is an assembly of modular
HySTAT Natural Gas Fuel Processor Hydrogen Generation Systems (Hydrogenics, 2010) which can be
installed in a single room and doalled by a single control unit. The modular design of the reformers
allows for easy expansiowhen future demand increasesvith a maximum production rate of 1,075

kghr of hydrogenpor 25,800 kgday.

PRESSURE SWING ADEIOBN COMPRESSION, ANDORAGE

The output stream of the reformer will be passed througprassure swing adsorptiofP§A system to

remove CO andCQ impurities, increasng the purity to 99.998% 1 The PSA system sepaagases
FOO2NRAY3I (G2 GKS &LISOA S ambeivcdrhoga@dadirectiint®tie réfdrmizd S NR & G A
(Hydrogenics, 2010). The exiting streasmt a pressure of @ barg (60 psia, and willneed to be
compressedor storage irthe tank farm before distribution.

The outputfrom the PSAoperation istaken from 1® psi to 6,000 pdior storage onsite. This isdone
with 7 HydrePac C0&0-140/300 LX compressors, each able to compress up to Ydakgf hydrogen
(HydroPac, 2010).

Alarge daily production of hydrogamquiresa large tank farm. aseous tank farnwith total storage

of 2000 kg representing two days of productiomas selected for the reforming application. Liquefied
storage is an alternative storage solution for large quantities of hydrogen, but due to the emedgy
noiserequired to liquefy thehydrogen, as well as th&gnificant additional capital costs fequipment,

it is not the best optionWeinert & Lippman (2006uggestthat tanks should be oversized 80% to
40%, butthe design incorporate®,000 kg of total storage in casedifruptions, such as a problem with
the hydrogen delivery tractetrailer. A reformer operates continuously and the exfralay bufferwill
allowthe tractor-trailer to be repaired.

Tolower the costs of the storage solution, a sg1 similar to the one plannedf the fuel statimm was
used. CHndustries (CPI) specified a tank farm consisting of 28 assemblies of vessels at 5,500 psig
constructed to ASME standards (CPI, 2010).

HYDROGEN DISTRIBW'IO

Transportation is possible in both liquefied and gaseous forma, due to the lowervolume
requirements of the design, gaseous is the preferred option. Liquefied storage and transportatioy is
cheaper in the long rurior high volumes Gaseous transportation can be accomplished using large
trucks carrying tube tradérsfilled 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 p30Q kg of B), but 6,000 psi trailers arbecoming available. The tube
trailers can be attached to ordinary truck cabs and delivered to a customer or a refueling fiatias
gasoline is deliveretb refueling stations. The proposed fleet of tractors is diesel powered with the
ultimate goal & convertng them intohydrogen internal combustion engine (H2IGEjuel celtipowered
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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 thernfedure. The distribution will use single
tractor-trailer combination, which will operate in two-Bour shifts per dayThe number of tractor
trailersmay be increased as demand increases

With an initial dispensing requirement of 200 kg/day, the tradtailer will deliver hydrogen to the fuel
station daily, during off-peak hours The current tube trailer capacity &bout 300 kg, but due to the
characteristics of hydrogen being transferred, the trailer will hetcompletely emptied of hydrogen.
Making an extratrip would alsoallow the buffer tanks to be refilled if the daily consumption exceed
200 kg. When dispensing requirements increase to 400 kg/day, the same ttegiter can be used to
deliver the required hydrogen three to fotimesdaily. In the long runwe expect6,000 psi tube trailers
to become widely available, whiahill reduce thenumber ofrefueling trips made by the tracterailer,
as each trip will carry more hydrogen

EARLY MARKET CUSTGRMBEENTIFICADN

WAL-MART

Category Materials Handling Vehicles

Contacts Kevin Brant, Director ddC Maintenance and Construction
= (905821-2111, extension3603
4 Kevin.Brant@wammart.com

Steve Gilmer, Maintenance Procurement Manager
= (905821-2111, exénsion8924
1 Steve.Gilmer@wahart.com
Usage Fuwel cell forklifts and other distribution center equipment
Daily Consumption 120 kgper distribution center 360 kg total

On March &', 201Q the UW H2U team was invited for a meeting with WHlrt representatives in
Mississauga, Ontario, Canatla discus and observe hydrogen projects at distribution centers. The
distribution center in Mississauga experimenting wih fuel cellpowered forkliftsthat are usedas a
replacement forbattery-powered equipment due todecrease chargng times. Fuel ceHequipped
forklifts can be refueled for the shift in less than 2 minytedile batteries must be charged for houta
addition to the timesaved newly developed distribution centexsill not need toimplement expensive
transformers and cables to handle the bal-charging operations requed for batterypowered
equipment.Over the next 8 yeardValMart will be replacing all battery powered forklifts at distribution
centers.

We decided totarget WatMart due to the large potential daily usag8.8 kg H/shift/vehicle. Each
distribution center has at least 80 batteqyowered vehicles, such as forklifts, whioperate for two
shifts per day. Larger distribution centers have more than 80 vehicles.

Currently only distribution centers are targeted for hydrogenneersion due to the financial benefits
associated with using hydrogen arlarger scale. At the moment there are 5 \Wéart stores within 25
miles of Santa Monica and 3 distribution centers within 60 miles. Their locations areifistatle 2
below.



Table2: WalMart Distribution Centers near Santa Monica

Address Phone Number
2356 Fleetwood Drive, Riverside, CA, 923009 (951)3284500
13553 San Bernardino Avenue, Fontana, €2335 @ (9093493600
4155 Wineville Avenue, Mira Loma, CA, 9t1833 (9518605000

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

VISION MOTOR CORPORIM AND CITY OF SANNMONICA

Category Materials Handling Vehicles

Contacts Lawrence Weisdorn, Chairman, CEO, and Director
& (310)4560299 extension202
1 lw@visionmotorcorp.com

Rusty Miller, Director of Invest relations
& (310)4545658 extension205
B rusty@visionmotorcorp.com

Rick Sikes, Fleet Superintendent
= (3104588514
7 (310261-9489
9 rick.sikeg@smgov.net
Locatiors 2601 Ocean Park Blvd., Santa Monica, CA 90405 (Vision Motor Corp.)

2500 Michigan Ave. Santadviica, CA 90404 (City of Santa Monica)
Usage Refuse trucks, H2ICE cars, delivery trucks
Daily Consumption 80 kg (refuse trucks)
120 kg (RRICE/H2FC cars)
Up to 554,600 kddelivery trucks)

The City of Santa Moni@nd Vision Motor CorporatiorfVMC)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 trughl consume 24 kg of hydrogen per day and operate 5 dayseek.

The hydrogen aabe obtained from our strategically placed stator delivered from the SMR facility to
anotherrefuelinglocation In Santa Monica, there are at least 20 refuse vehitlasoperate onnatural

gas (Inform, Inc., 2002)All of these refuse vehicles coulik replacedby the fuel celloperatedtrucks
oncethe pilot projecthas beerdetermined to be successful.

As part of theAir QualityManagementDistrict (AQMD)strategy in achieving zeremission air quality,

the city of Sarta Monica is participatind y G KS G CA @S [/ A i A B2CEvehiclbsPaAdNI Y >
hydrogen refueling stations must be fully operational for a period of 5 yddre H2ICE vehicles are
expected to be the bridge between fuetll and conventional vehis (Wallerstein, 2005)All of these

cars consume about 12 kg of per week. Rick Sikes believes the 71 electric vehicles that City currently
operatescould potentially be convertemto H2ICE or hydrogen fuel céli2FCyehiclesbecause battery
electric vehiclesave proverto be not costeffective.



Aside from the solid waste vehicles, Vision Motor Corporation is also currently working to reach
agreements with the Postof Los Angeles and Long Beathich are located withina 25 mile radiusof

Santa Monicato replace 16,800 diesel trucks with their headwyty fuel cell trucks over the next 4 years.
These fuel cell trucks will consume approximatg8/ ky of hydrogen per day and off@550% cost
savings per mile basis compdrto diesel or natural gas truck¥ision Motor Corporation, 2010)The
hydrogen supply for both organizations will be delivered via tratrimiters with capacity of 300 kg of
hydrogen each.

CELL PHONE CARRIERS

Category Stdionary BackJp Power
Contact Matthew Stevens, Partner, CrossChasm
= (519)404-5987
L1 mstevens@crosschasm.com
Usage Backup power for cell phone towers
Daily Consumption 0.75kg

In a conversation with Matthew Stevens, an industry specialistiearnedthat many cell phone towers
are converting to fuel cell back up power, which can be consideredtammittent stationary consumer.
Atower requires about 10 kg of hydrogen per yeakccording to FCC records, there are 27 installations
owned by AT&T, Nextel, SprintMobile, and Verizon in and around Santa MoniG&e locations are

shown inFigure2 below.
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Figure2: 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
ca® o emergencies or power outageshe hydrogen will be deliverddom the central SMR facility by
tractor-trailer.



CITY OBURBANK BUS

Category Portable Power

Contacts Ari OmessiAssistant Public Works Director, City of Burbank
& (818)2383808
1 AOmessi@idurbank.ca.us

Johnathan Frank, Administrative Officer, City of Burbank
= (818)2385318
1 JFrank@ci.burbank.ca.us
Usage Hybrid fuel cell bus
Daily Consumption >29kg

The City of Burbank saw its firgiel cell busdelivered on March 2%, 2010. The citysi currently
constructing an insid¢he-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 sifthe city plansto makethe steam methane reforming station
open to the publian an effort to contribute to hydrogen infrastructure.

Due todelay ofthe fuel cell bus delivery, theity was not able to give exact numbers on the hydrogen
usage or the frequety of the bus usage, but stated thapiansfor the bus to take over certain existing
routes. The Transit authorityuggestedhat if the testing goes as planned, more busgéh be added to
the fleet in the future. This turns Burbank Bus into a potdntiansumer because of the amount of
hydrogenthat fuel cellpowered buses would require and threlatively lowamount of hydrogen their
steam methane reformer installation can produd¥e expectonce testing isunder way, other transit
authorities will folow suit, creatingncreaseddemand for hydrogen which can be satisfied by our SMR
installatiors. The hydrogen will be deliverddbm the central SMR facility iyactor-trailer.

HYDROGEN STATION HBRGCAL DESIGN

SITE SELECTION

Therefueling station will ke located atthe intersection ofLincoln Boulevard and Broadway Street in
downtown Santa Monica, California. Broadway is currently a pedestrian commercialgtigh is often
traveled northeast to soutivest, heading towards the beach. Lincoln Boulevarohne 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 rentahter will attract the pedestrian and
bicycle traffic along Broadwaynd act as a hub to connect this traffic to the vehicular traffic traveling
along Lincoln Boulevard. This sideaccessible to commuterbut also integrates a community zone so,
unlike a commongas stationthe siteis a place to linger and not just a pkto stop, refuel, and leave.
By encouraging bicycle and pedestrian travel, our faajiagsbeyond simply relacing gasoline with
hydrogen andencouragegeopleto getout of their cars to enjoy Santa Monica atlavger paceunder
their own power.



STRICTURE

The structure icomposedof a core internal area for tourism info, convenience purchases, and bike
rental administration.The steel bicycle storage structutaranching from the core areaxposes the
rental bikes as a display and satfvertisemento passershy. Perpendicular to this canopy are the main
refueling bayswhich alsorely on the onvenience/tourism station as atructural core. Built in a
systematic way, these are castplace reinforced concrete components which consist of two columns
and a 2zhour fire-rated canopy with enclosing walls to support thmydrogen storagetanks. The
formwork is designeé to make the station scalableas shown irFigure3 and Figure4 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 structureusyngthe columns of the existing adjacent bay.
By using a repetitive bay sgsh, the utility of this designincreases: a larger site could use tha&me
design but with more baysvhilea small site could have a singbay onepump station.

Figure3: Core and Bay Structural Diagram

Figure4: Core and Bay Assembled

BUILDING DESIGN

Thecenteris designedaroundthe functional requirements of the hydrogen refueling stei tank and
compressor storagandvehicular access, but also the desirable qiediof a touristenter. streetfront
presence, pedestrian accessibility, aridyicle rental capabit Each component is designed to work in
tandem with the othes so that the three main partshe conveniencecenter, the refueling bays, and

the bicycle storagecombine on the cornera 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 ovecomplicating the facade and esthe stored bikes as thstreet front facade.

The reinforced concrete canopy holds the hydrogen storage tanks and compressors above the delivery
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