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Forward from the Executive Order Team

Background

In the January 6, 2004 State of the State add@ssgrnor Schwarzenegger sent a clear
message that California would begin a course towasdstainable transportation energy
future when he spoke the words:

“I am going to encourage the building of a hydrogeghway to take us to
the environmental future...l intend to show thelditinat economic
growth and the environment can coexist.

And if you want to see it, then come to Califorhia.

On April 20, 2004, the Governor signed Executivel€rS-7-04 calling for the
development of the California Hydrogen Bluepriraufi?l On the same day he designated
the University of California-Davis’ hydrogen statias Station #1 of the California
Hydrogen Highway Network (CA H2 Net).

A Public-Private Partnership

Since that time, more than 200 volunteer expeng lemgaged in the development of the
California Hydrogen Blueprint Plan (Blueprint Plaryyolume | contains the Executive
Order Team’s recommendations to the Governor agslagure. It summarizes what
needs to be done, the estimated costs over thdinextears, and an Action Plan
containing recommended next steps. This volumeyiel I, reflects the assembled
work of the Implementation Advisory Panel and tive fTopic Teams. The findings and
recommendations contained in this volume draw ftenfive individual Topic Team
reports as well as the expert guidance of the AxlyiPanel.

This Blueprint Plan was not intended to be a cossgnlocument, and its contents reflect
the diversity of the stakeholders involved in thegess. The information and analysis
contained in Volume Il provides the technical umpd@nings and expert assessments that
give the Blueprint Plan its significance and value.

The Executive Order Team would like to acknowlettgehard work, dedication,
patience, and care demonstrated by the AdvisorglRemd the Topic Teams. While the
magnitude of this effort was daunting and the timeelvas ambitious, the result of this
collaboration is a workable plan that balancesld tision with a responsible path
forward. Perhaps the most important result oBheeprint Plan effort is the evolution of
a strong and diverse community working towardsaest vision for California and
beyond.

The contributors and the organizations they reprtesgreed to a shared set of core
values that define the vision of a sustainable tdgeln economy for California. These
core values are:

» Energy security and national security,
* A healthy environment and
» Economic growth and opportunity for California
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What is the California Hydrogen Highway Network?

The California Hydrogen Highway Network (CA H2 Net)a State initiative to promote
the use of hydrogen as a means of diversifyingth&ces of transportation energy in
order to ensure security, environmental and ecoadenefits. Implemented in phases,
the Blueprint Plan outlines a path to 250 hydrogfations and 20,000 hydrogen vehicles,
which will help set the stage for full scale commialization of a hydrogen economy.

The broad mix of stakeholders involved in the CAM process has agreed that the CA
H2 Net’s 2010 goals are achievable.

The Blueprint Plan, based on the findings of thei¢d@eams and the advice of the
Advisory Panel, recommends the following criticatipfor the CA H2 Net:

* Implement the CA H2 Net program in phases, begmamsoon as possible
with Phase 1. The transition to hydrogen fuel &iifGrnia will require a
long-term commitment and the best cooperative &ffol government,
industry and consumers alike. The CA H2 Net isragiterm effort that
should begin now.

» Biennial reviews should be undertaken, making piciassessments of
technological maturity, codes and standards, antheercial readiness for
vehicles and other hydrogen-fueled products. Resfithe biennial reviews
should evaluate progress of implementation of the@int Plan and inform
the path forward to subsequent phases of implerientaResults of the
biennial reviews should also help define timefrafoesompletion of Phases
2and 3

* Phase 1: Target deployment of 50-100 hydrogeiostain California by
2010, including existing stations and those alrgadypned through
complimentary programs. Target deployment of 2 Jorogen-fueled light-
duty vehicles, 10 heavy-duty vehicles, and 5 statip or off-road hydrogen
applications in California by 2010.

* Phase 2: Assuming successful completion of Phaseals as judged by the
results of biennial reviews, Phase 2 will exparel@® H2 Net to include 250
fueling stations. In tandem with the 250 statiandeployment of 10,000
hydrogen-fueled light-duty vehicles, 100 heavy-dughicles, and 60
stationary or off-road hydrogen applications w#l targeted.

» Phase 3: Target deployment of 20,000 hydrogeretulgyht-duty vehicles,
300 heavy-duty vehicles, and 400 stationary oroéfd hydrogen
applications. The number of stations may remairstrae at 250, however
volumes of hydrogen dispensed at these 250 hydrstgéions will be
increased significantly due to the expanded flédtydrogen vehicles in the
state.

Table A provides an overview of the three recomneenuhases, in terms of types and
estimated numbers of hydrogen applications.
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Table A. Estimated number of stations and light-du  ty vehicles by Phase.

Phase Stations Light-Duty Heavy Duty Stationary/Off-
Vehicles Vehicles Road Applications
Phase 1 by 50 — 100 2,000 10 5
2010
Phase 2 250 10,000 100 60
Phase 3 250 20,000 300 400

Why Do We Need It?

Today, as it has been for more than a centuryasemajority of the world’s vehicles
are powered by fossil fuels. They have provideelaively cheap and reliable means to
power our vehicles. In the last few decades, hewedtiere has been a growing
realization that, for at least two reasons, we oaoontinue to rely on fossil fuels. First,
the supply of fossil fuels is increasingly insecufiée growing world demand for
petroleum may soon exceed supply; and easily abtegetroleum supplies are
dwindling'. Almost 60% of the petroleum imported into theitgd StateSis from
geopolitically unstable areas of the world. Secdhd burning of fossil fuels produces
pollution that damages human health and greenhgases that contribute to the
unsustainable climate change of the planet.

Hydrogen, as a solution to these problems, hapdtential to revolutionize the ways we
harness the world’s energy resources. Hydrogarfugl and an energy carrier. As an
emerging transportation fuel, hydrogen is drivingavative new designs of high-
efficiency vehicles that offer important environnerand energy diversification benefits.
It can be used in fuel cells that are more thacevais efficient as gasoline engines.
These same fuel cell vehicles (FCVs) have no falir fueling emissions other than
pure water vapor. Hydrogen can be used in highiefficy, stationary fuel cells to
provide electricity, heating, and cooling for honaesl businesses — all with very low
environmental impacts. This Volume of the BluepRitan assesses the current status of
hydrogen infrastructure and end use technolodirse to the rapid progress being made
in the pursuit of hydrogen technologies, this tedbgical assessment should be updated
on a regular basis.

While the societal benefits of hydrogen accrue déwee, other near to mid-term
solutions that provide a path to sustainabilityudtidoe implemented in the interim.
Near- to mid-term solutions that can help to miienihe negative impacts of fossil fuels
include improved fuel economy through innovativevriechnologies such as hybrid
electric vehicles, low rolling resistance tires @amgjine improvements such as more

! This is an increasingly recurring theme in theqgetim industry as evidenced most recently in: ‘@brTexaco Warns of Global
Bidding War,” by Deepa Babington, Reuters, Febrddry2005; “Shell cuts oil reserves again as maiitar,” by Tom Bergin,
Reuters, February 3, 2005; “Shell, Exxon Tap ‘Higbst' Oil Sands, Gas as Reserves Dwindle,” Bloomgbeebruary 18, 2005.

2Crude Oil and Total Petroleum Imports Top 15 Cmies”, United States Department of Energy—Energgrmation
Administration, February 23, 2003.

% Intergovernmental Panel on Climate Change, 2001ird Assessment Report of the IntergovernmentakPan Climate Change
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efficient transmissions and cylinder displacementiemand. However, the sooner
California achieves a viable and sustainable adtéra to fossil fuels the better off the
State will be from an economic, national securitg anvironmental perspective.

California is uniquely qualified to play a leaddgsiole in accelerating hydrogen
technologies and ensuring that the hydrogen ecomoaowes forward in the smartest way
possible. California is already positioned as alavieader in development and
demonstration of hydrogen technologies. Well ditlabd programs are in operation at
places such as: the California Fuel Cell Partnprghe South Coast Air Quality
Management District, the Stationary Fuel Cell Cudiative, California’s universities

and research centers, over J0ate sector companies, and leading national
laboratories. A commitment to and investment & @alifornia Hydrogen Highway
Network would help grow and sustain California’adership position into the future.

What were the Key Findings?

Volume Il of this Blueprint Plan summarizes thedgarnce of the Implementation
Advisory Panel and the findings of the five Topieais. Each Topic Team’s work was
focused on one of five key issue areas relevatiteamplementation of the Hydrogen
Highway Network; 1) Rollout Strategy, 2) Societarigfits, 3) Economics, 4)
Implementation, and 5) Public Education. Theifigd of each Topic Team were
submitted in the form of an independent reporhExecutive Order Team.

The Rollout Strategy Team evaluated the variousrelogies that produce and use
hydrogen in terms of availability and industry reess, technical and economic barriers,
and environmental considerations, for the threesehaf implementation. The Team
established siting criteria to deploy hydrogenistet throughout California and

identified lessons learned from past alternatived i¢hicle programs.

The Societal Benefits Team quantified the societlacts of the hydrogen production
and end-use pathways broadly defined to includsetmoost likely to be commercially
and technologically viable in the 2010 timeframd &eyond. Environmental, social and
health benefits of the transition to a hydrogeneldasansportation system were
examined, as well as methods to rank and priontiggementation options with regard
to these benefits. The Team also considered pslib& could incentivize pathways with
greater societal benefits.

The Economy Team estimated the cost of the vahgdsogen station types now feasible
for deployment, identified the number and mix @ftisins needed to provide fueling for
various vehicle deployment scenarios, summarizedterall cost for those station
scenarios, and identified a range of potential flng@ptions for meeting those costs. For
frame of reference and purposes of comparisonl ¢aen also considered some of the
external costs of the current petroleum-based p@tetion economy.

The Implementation Team examined the existing lafdyodes and standards and
permitting processes for hydrogen fueling statiang developed recommendations for
resolving gaps, insufficiencies or areas of overlapthe absence of a history of safety
statistics for the insurance industry to use toemwdite insurance policies for hydrogen
stations, the Team also investigated options feuring hydrogen stations during the
early stages of infrastructure deployment.

California Hydrogen Blueprint Plan Volume I May 2005



The Public Education Team developed a detailednautbr translating the Governor’s
hydrogen vision and call to action into messagekscammmunication action items

directed to specific, key audiences. The Teamtifileth key audience groups and the
respective core messages they need to hear, aasnsglecific target audience challenges
and opportunities. The Team also considered c@shples and examples of existing
programs, background information on the key taageliences, and policy
considerations.

Together, the findings from the five Topic Teameyie the foundation that supports
the recommendations made in this Blueprint Pl&®cause the status of hydrogen
technology and commercialization changes almosy,daese findings should be
reevaluated during subsequent biennial reviewh@Biueprint Plan to ensure the
development of the CA H2 Net proceeds efficientig aesponsibly.

Phase 1 Action Plan

Based on the guidance of the Advisory Panel andtlpgorting findings of the Topic
Teams, this report contains a set of recommendafrom the Executive Order Team in
the form of an Action Plan that should enable teplayment of the CA H2 Net and the
successful commercialization of hydrogen in Califar The Action Plan for Phase 1
follows.

Form a public/private partnership in cooperation wi th stakeholders to site stations, build
the CA H2 Net and procure vehicles

The Blueprint Plan was developed through a tremesgoocess of partnership and
cooperation with stakeholders. The partnershipcageration should continue through
the implementation of the CA H2 Net.

* A cooperative partnership will ensure that theistat and the end uses (light
duty vehicles, heavy duty vehicles and stationdiyfmd applications) are
deployed in tandem.

* The CA H2 Net should continue to employ the Catifarstation build-up
philosophy. The initial stations should be locatedajor urban areas near
the fleets that are expected to use the first WehicStations should next be
located along major interstates that connect tbaruareas. These linking
stations will facilitate travel between major urkaneas.

* Anindependent review of CA H2 Net and the statbyafrogen technologies
should be undertaken every two years.

The Governor’s budget should propose the funds for Phase 1 of the CA H2 Net.

* Initial station deployments have typically beemyfibercent cost-shared
between industry and government. Funding to cotaphe first 100 stations
should be provided by the State on a 50/50 matsIs vath the private
sector.

»  Vehicle incentives should be provided by the Stlateng Phase 1

* The cost to the State for incentives of both hydrogtations and vehicles is
a $10.7 million dollar annual investment for 5 year
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» The California Environmental Protection Agency (E&A) should
recommend the source of funding.

Set and adhere to environmental goals during implem entation of the CA H2 Net.

* The CA H2 Net should achieve a 30 percent redudtigreenhouse gas
emissions relative to comparable uses of todatsfand technologies by
2010

* The CA H2 Net should utilize 20 percent new rende/absources in the
production of hydrogen for use in vehicles by 20drJ increase annually
thereafter.

* The CA H2 Net should not result in the increaserafssions of toxic or smog
forming pollutants.

Legislation to support use of hydrogen for transpor tation should be enacted.

* The State should enact legislation and establifibipe that help create a
business and regulatory climate favorable for distainent of hydrogen
infrastructure, including:

» Establish hydrogen as a “transportation fuel”

» Designate the State Fire Marshal’s Office as thd gency
responsible for adopting hydrogen codes and stdsdeoordinating
authorities having jurisdiction and their permigfiprocesses, and
training emergency first responders to addressdggir incidents

* Amend the appeals process for station siting sotitteadecision of the
State Fire Marshal’s Office on an appeal is binding final

Initiate an outreach plan.

* An outreach plan to inform the public of the betseéind objectives of the CA
H2 Net should be initiated and led by Cal/EPA.

The CA H2 Net Blueprint Plan has identified a numisesignificant benefits associated
with implementing a hydrogen highway network. Hygkn can greatly reduce our
dependence on petroleum, provide numerous envirotaingnd public health benefits,
and create economic opportunities including nevg jolCalifornia.

The opportunity to lead the world by creating tlegibning of a hydrogen economy is
before us. By implementing the recommendatiorthisreport, we will open the door to
a sustainable transportation energy future. Tlas@th approach and built-in review
process recommended in this Blueprint Plan ensthewghtful, prudent path forward
and responsible level of investment.
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1.0 Introduction and Background

11

This section provides an overview of Executive ©8l&-04, which was signed by
Governor Schwarzenegger in early 2004 to initikie €A H2 Net. It describes the
process used to develop the Blueprint Plan requimgtie Executive Order. This section
also provides a basic description of hydrogen, litas/used today, and its potential to
become a major fuel and energy source in Califarnia

The California Hydrogen Highway Network (CA H2 Négs been initiated to help
expedite commercialization of hydrogen as a trartafion fuel and energy source in
California.

Executive Order S-7-04

Governor Arnold Schwarzenegger signed Executive©Ofd0O) S-7-04 in April 2004,
which formally launched an important new hydrogeitiative as part of California’s
larger energy and environmental plan. This exgeutrder calls for:

» Designation of California’s 21 interstate freewagsthe “California
Hydrogen Highway Network;”

* Planning and building a network of hydrogen fuelstgtions along these
roadways and in the urban centers they connetiagdy 2010, every
Californian needing hydrogen fuel will have accest;

» Accelerating progress in hydrogen use through pubtentives and
financing mechanisms, such as general obligatio$oor revenue bonds
with repayment mechanisms; joint power agreememd;partnerships with
public and private entities; and

* Promoting economic development opportunities resypfrom increased
utilization of hydrogen for stationary and mobilgpécations.

Key milestones and objectives for the CA H2 Neadbieve in the 2010 timeframe are
identified in the Executive Order, including théldaving:

* Develop a sustainable plan to deploy growing nusib&hydrogen fueling
stations in tandem with commercial availability antdout of hydrogen-
fueled vehicles and other products.

* Make a State commitment to collaborate with auttermand fuel cell
manufacturers to ensure that hydrogen-powered loasgs, trucks, and
generators become available for purchase by Segmnal and local
agencies.

* Include an increasing number of clean, hydrogengued vehicles in
California’'s state vehicle fleet, when possibléégurchased during the
normal course of fleet replacement.

¢ Establish safety standards, building codes and ggney response procedures
for hydrogen fueling installations and operatiorhgéirogen-powered
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vehicles, with training procedures in place forrpgragencies, building
inspectors and emergency responders.

¢ Develop the CA H2 Net in such a way that the tptaduction of hydrogen
used for transportation is from a significant amcréasing percentage of
renewables.

* Provide incentives to encourage the purchase aiggh-powered vehicles,
generators, and other devices.

e Establish an outreach and education plan for thageus coordinated efforts.

Development of the Blueprint Plan

Cal/EPA led a collaborative process to developwepiint Plan to implement the CA H2
Net as directed by EO S-7-04. To manage this gi@al/EPA established an Executive
Order Team (EO Team), chaired by the Cal/EPA SagretThe EO Team respectfully
accepted the counsel of an Advisory Panel congistirhigh-level representatives from
industry, California state agencies, federal amdllgovernment agencies, academia, and
public advocacy groufis The Advisory Panel worked closely with the EGaffeand the
Topic Teams to provide the basis for the recommigmugand Action Plan to implement
the CA H2 Net

Volunteer experts provided invaluable and detaiémthnical, financial and policy inputs
that helped shape the Blueprint Plan. These ve&iatrepresented a wide array of
government agencies, private industry, academagamironmental organizations.
More than 200 individuals served on five separdigpic Teams”: Rollout Strategy,
Societal Benefits, Economy, Implementation, andlie@ducatio. Each of the Topic
Teams submitted an independent report to the E@nTedl are publicly availablé.

Most of the technical input contained in this reépmiginated from work of the five

Topic Teams. Over the course of about six morghsh Topic Team performed detailed
analyses, solicited input at public meetings, am$ented key findings to the EO Team
and Advisory Panel. Through this process, eachcTbpam was provided with input
and guidance from the Advisory Panel to finaliz=fimdings.

The outcome of this entire process is a two-voluepert called the California Hydrogen
Blueprint Plan (Blueprint Plan). Volume | contaihhe EO Team’s recommendations to
begin implementation of the CA H2 Net. Volume irsuarizes an Action Plan, the
estimated costs to the State over the next fivesy@ad recommended next steps.
Volume Il contains key findings of the Topic Teaars the corresponding counsel of the
Advisory Panel in support of the recommendationgofume I.

“ The individual members of the Advisory Panel arer@wledged on pages iv-v.

® The participation of individual Advisory Panel mieens does not represent an endorsement of the lBiti®tan or any of its
conclusions and recommendations, by the individoathe organizations they represent.

® The Topic Team members are individually listethatbeginning of Volume Il of the California Hydre Blueprint Plan.
" Reports are available at www.hydrogenhighway.ca.go
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The Blueprint Plan will be updated every two yearaccordance with Executive Order
S-7-04. The updates will be critical to ensurd tha CA H2 Net promotes an
accelerated and intelligent transition to a hydrogeonomy.

Basic Description of Hydrogen and its Uses

Hydrogen is the simplest and lightest elementhdugh hydrogen is all around us and
accounts for 75 percent of the entire universe'ssthan Earth it is found only in
combination with other elements. For example, bgdn readily bonds with oxygen to
make water, and with carbon to make organic maBefore it can be used as a fuel,
hydrogen must be separated from these other elem&he process to “produce”
hydrogen requires energy, just as it takes energyake fossil-based transportation fuels
like gasoline and compressed natural gas (CNG).ekample, hydrogen fuel can be
produced from molecules called hydrocarbons byyapglheat. This “reforming”
process is currently used to make hydrogen fromrabgas, and is the cheapest method
of hydrogen production. An electrical current @so be used to separate water into its
components of oxygen and hydrogen, in a processdcalectrolysis. In addition certain
types of algae and bacteria use sunlight as theigy source and give off hydrogen
under certain conditior’s.Once separated using these various processasgeydexists
as a gas under normal conditions, although it @supercooled (-42%) into its liquid
form. In either case, hydrogen fuel consists af hwdrogen atoms bound togethep)H

Today, hydrogen is primarily used for industriabpesses such as ammonia
manufacturing and petroleum refining. It has ddsen widely used in NASA's space
program as fuel for the space shuttles, and indelkét that provide heat, electricity and
drinking water for astronauts. A fuel cell is dagant and simple device that produces a
direct and continuous current of electricity usargelectrochemical reaction between
hydrogen and oxygen. All of the world’s major auntubile manufacturers are
developing hydrogen fuel cell vehicles becausdefincredible potential fuel cells hold
as a commercially viable, clean and efficient posairce. Stationary applications of
fuel cell systems can be used to generate envirotathefriendly electricity and usable
heat. In both of applications of fuel cells, Catifia is likely to be the earliest U.S.
market for commercialization.

Fuel cell vehicles are in fact electric vehicle¥$lE Like battery-powered EVs, fuel cell
vehicles use efficient and fast response electieadsystems. Fuel cells can be thought
of as batteries that never lose their charge -rdgeh can be continuously supplied from
an external fuel tank, and oxygen can be extracted air. However, instead of
electrons being stored within the chemicals inltagery, they are supplied in the form of
a hydrogen molecule. Electrons are releasedarfiul cell by way of a reaction
between hydrogen and a catalyst (typically platihuithe simplicity of fuel cells impart
many desirable attributes to fuel cell vehicledudag zero emissions, fuel economy
that is twice as high as most internal combustiugirees that we drive today, a driving
range required by consumers and refueling timegeaoable to gasoline vehicles.

8 california Energy CommissiofEnergy Story: Chapter 2@nline at http://www.energyquest.ca.gov/storyfitee20.html.
° Ibid.
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Figure illustrates the basic operation of a vehmbdwered by a hydrogen-fueled proton
exchange membrane (PEM) fuel cell, which is the typing developed for automotive
applications. A more technical description of hBfM fuel cells convert hydrogen to
electricity is provided in Section 3. While todayrototype fuel cell automobiles appear
similar to conventional vehicles on the outside, dinive train components and their
layout, as well as other systems, can be quitereifit.

Hydrogen

Water / .

= Oxygen

Figure 1.1 — Basic Operation of a Hydrogen Fuel Ce Il Automobile.

Hydrogen can also be used to power vehicles witdrmal combustion engines (ICEs),
much as natural gas is currently used. At leastrhajor automobile companies are
working to develop and commercialize hydrogen I@Bivles. Hydrogen ICE vehicles
have near-zero tailpipe emissions and offer otlkeehts, as further described in this
report. Presently the cost of a hydrogen ICE Jehgless than 25% of a hydrogen fuel
cell vehicle. Compared to gasoline ICEs, hydrolg&ss offer better mileage, do not
consume fossil fuels and have extremely low emissid

Section 3 of this report, as well as some of tligvidual Topic Team reports, contain
extensive details about these types of hydrogeitheshand the benefits and challenges
associated with their commercialization. Other-asd applications for hydrogen, such
as stationary fuel cells, are also described.

10 Equivalent to the Air Resources Board’s Low EmissVehicle rating of SULEV
California Hydrogen Blueprint Plan Volume I May 2005
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2.0

2.1

wWhy Hydrogen?

Hydrogen has the potential to address Californiaisg-term energy and environmental
challenges. Over the next few decades, hydrogémmgetechnologies will help reduce
petroleum dependency in our transportation seétoprove reliability in our electricity
generation system, and provide important envirortaldrenefits. Development of
hydrogen technologies can also help create new gololsbusinesses in California. The
level of benefits that can be achieved in a givaeframe will ultimately depend on the
penetration of hydrogen vehicles and energy tedygies into the market. Although the
impacts of this activity to create a hydrogen ecop@re expected to be small in the
early years, the CA H2 Net actions will be a catafpr commercialization and will lead
to significant long term benefits that will increawith time.

Commercialization of vehicles and technologies tis# hydrogen as fuel can provide
compelling benefits to California. Potential betseinclude a more diverse and secure
transportation energy supply, an improved enviramend the opportunity for
economic growth. Each of these benefits is desdrfarther below.

Energy Diversity and Security Benefits of Hydro  gen
2.1.1 California’s Long-Term Energy Strategy

California’s transportation sector is nearly 100épendent on gasoline and conventional
diesel, both of which are non-renewable and irtdisupply. Demand for these fuels in
California alone has grown nearly 50 percent it flas last 20 years and will continue to
grow. At the beginning of this decade, Californgdta population of 33.8 million people,
driving 24 million registered vehicles, and consagimore than 17 billion gallons per
year of gasoline and diesel fuel. By 2020, it igj@cted that 45.5 million Californians

will operate 31.5 million vehicles consuming abadtbillion gallons of gasoline and
diesel fuelt!

Already over 34% of California’s crude oil comesrfr foreign source§ and that
number is expected to grow. Meanwhile, Califorsipétroleum refining capacity has
not kept pace with this demand. In fact, sincentind-1990s, in-state refining capacity
has decreased nearly 20 percent, and Californiahiied from being a net exporter of
petroleum to a net importer. During this perio@dpanbination of refinery outages,
marine and distribution constraints and other factas led to volatile gasoline and
diesel prices"®

Figure illustrates the impact of near term meastwaeduce California’s dependence on
petroleum. The petroleum reduction goal cannotinaetto be met with near term
remedies after 2035 without additional actionse Trftrease in petroleum demand after
2035 is due to California’s growing population ancdreased vehicle usage.

1 California Energy Commission, California Air Resoes BoardReducing California’s Petroleum Dependence, Jomency
Report August 2003; Publication Number P600-03-005f.

12 California Energy Commissiofroreign Sources of Crude Oil Imports to Califori2@03 January 19, 2005.
http://www.energy.ca.gov/oil/statistics/2003_foreigrude_sources.html

%3 |bid.
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Figure 2-1 — Projected Growth in Demand for On-road Petroleum Fuels **

Several options are available to reduce the derfamuktroleum transportation fuels.
One effective means is conservation through prediend use of more fuel-efficient
motor vehicles, such as gasoline hybrid-electriucles. Greater use of available non-
petroleum fuels, such as natural gas and synttietsel fuel, can also reduce petroleum
demand. Over the next two decades, these andm¢heiterm approaches can
collectively reduce demand for petroleum fuelsuaent levels or below. Beyond then,
greater use of non-petroleum fuels will be necgssameet the ever growing demand for
clean transportation fuel. A detailed assessmgititd California Energy Commission
and the Air Resources Board showed that from ar@mwental and economic
standpoint, hydrogen fuel cell vehicles provideatractive long-term approach for
continuing to reduce California’s petroleum deperude®

2.1.2 Diversification and Stabilization of Californ  ia’s Energy Supply

Hydrogen offers compelling benefits that cut acrrssrgy needs for transportation,
electricity generation, and climate control neefitedur buildings. Energy stations are
electricity production units that can provide hygkea for vehicle fueling in addition to
heating, cooling and power for buildings. Variayses of fuel cells are emerging as
viable electricity-generation technologies for eyyestations. Energy stations are a single
unit that includes a stationary power source, sisch fuel cell, and a hydrogen fueling
station. Like electricity, hydrogen is anergy carrier meaning that it can be used to
store, move and deliver energy in a usable foreotssumers. One advantage hydrogen
offers as an energy carrier over electricity ig thes easier to store. Hydrogen can be
used to store renewable energy that is intermittenature, for time periods when the

 Ibid.
Slbid.
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2.2

demand exceeds the electricity supplied by thewabke resource. These very useful
attributes of hydrogen can help improve and stabilhe ability of our existing electricity
system to meet growing consumer demand.

In summary, hydrogen’s unique characteristics fagband energy carrier can displace
fossil fuel use in our transportation sector whilso helping our over-extended electricity
production and transmission system. Togethergthésibutes offer strong potential for
hydrogen to diversify and stabilize California’seoall energy portfolio.

2.1.3 Hydrogen Production From Renewable Resources

An infrastructure based on hydrogen and renewasleurces is inherently sustainable in
nature. The term “renewable resources” (or sitipewables”) refers to resources
such as wind, solar, geothermal, and waste resegraeh as biomass. All of these types
of renewable resources are available in Califoamd can be used to produce hydrogen.
Hydrogen produced from renewable resources hasnigs®ns of any pollutants, and
reduces reliance on limited resources such asdihatural gas. Further, to the extent
California takes the lead in developing technoltmproduce hydrogen from renewable
resources, our state is in an attractive long-teconomic position as demand for such
technology is expected to grow significantly worlde

Some stakeholders argue that renewable resouradd e better utilized, from the
perspective of public health and environmentalguton, to produce electricity rather
than hydrogen. The amount of energy required tetrie goal of 20% hydrogen
production from renewables is very small. Evetnd renewable resources dedicated to
producing hydrogen were shifted to the electrisigtor, the impact would be less than
0.1 percent of the total sectohdditional discussion about this issue is provided
Section 4 and the Societal Benefits Topic Teamntepo

Environmental Benefits

Reducing emissions from on- and off-road mobilersesiis a top priority in California
because motor vehicles are the dominant sourcie pbution and toxics health risk in
Californial® California’s 24 million gasoline- and diesel-fadlvehicles directly and
indirectly cause a variety of serious pollutionigemms in our state. Although
tremendous progress has been made to reduce vehidsions, on-road mobile sources
(e.q., cars, trucks, and buses) still account bmua 47 percent of California’s ozone
(“smog”) precursor emissions (reactive organic gasel oxides of nitrogen). Off-road
vehicles contribute 23% of the state’s smog prexugmissions. In addition, motor
vehicles and their fuels are the largest sourdext air emissions in California.
Particulate matter from diesel-fueled engines @i€) contributes more than 70% of
the known risk from air toxics today. The top #hmntributors to potential cancer risk
for Californians (diesel PM, 1,3 butadiene, andzase) come primarily from motor
vehicles’

18 california Air Resources Board, “Proposed 2003eS#aid Federal Strategy for the California Statelémgntation Plan,” accessed
online at http://www.arb.ca.gov/planning/sip/stfdtt@vsect2.pdf, March 2005.

7 california Air Resources Board, “Reducing Toxig Rollutants in California’s Communities,” accessedine at
http://www.arb.ca.gov/toxics/brochure.pd¥larch 2005.
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California’s transportation sector is also the Brigrgest contributor of greenhouse
gases in the State. Greenhouse gases emittedtby vedicles include carbon dioxide
(CO2), methane (CH4), nitrous oxide (N20) and hffdoyocarbons (HFCs}

It is not just the actual vehicle operation thaates these air pollution problems.
Adverse environmental impacts occur during virtyaNery step associated with using
motor vehicles. Making a fair comparison of thi &ir quality impacts of various motor
vehicle types requires characterization of as nwrigese “source-to-wheel” emissions
as possible. The steps in the entire process teatecemissions for a gasoline or diesel
vehicle are illustrated in Figure below.

Initial Fuel Distribution
Processing Production & Marketing

Figure 2-2 — Source-to-Wheel Steps Resulting in Emi  ssions 19

Based on this type of analysis, the major air quékenefits of using hydrogen to power
motor vehicles or generate electricity fall intaotmajor categories, as described below.

2.2.1 Smog-forming and Toxic Emissions

The refining of petroleum into gasoline and didsel results in emissions of reactive
organic compounds, including toxic compounds, oxioenitrogen and particulate
matter. Refineries are typically one of the latgationary sources of emissions in the
state. The distribution of gasoline from the refinto the retail service station and into
the vehicle fuel tank results in fuel evaporatiomssions at every point of transfer.
Combusting petroleum fuels in vehicles resultsnmssions of reactive organic gases
(some of which are toxic), oxides of nitrogen, @arlononoxide, and particulate matter.

Emissions associated with the production of hydnoggry according to the source of the
hydrogen. If hydrogen is produced using electislgnd the electricity is derived from

renewable resources then the source-to-wheel emgare zero—the entire fuel cycle is
sustainable. Evaporative emissions during theibligton phase are not significant since
even if the hydrogen leaks out, it does not createronmental problems. If hydrogen is

BCalifornia Air Resources Board, “Report to the Istgiure and the Governor on Regulations to Co@reknhouse Gas Emissions
from Motor Vehicles, accessed online at http://wanv.ca.gov/planning/sip/stfed03/revsect2.pdf, M&@a5.

These images illustrate the fuel cycle for petroiduel production, distribution and usage.
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used in a fuel cell the only emission is w&tein a hydrogen combustion engine, only
near-zero amounts of oxides of nitrogen are emittea the entire source-to-wheel
cycle, hydrogen vehicle emissions of reactive olggasses, oxides of nitrogen and
carbon monoxide are clearly less than gasolinaeset] while the relative comparison
for particulate matter depends on how the hydrogenade.

This discussion points to the importance of prodgdiydrogen in the most
environmentally sound manner. Options are avail#it are zero emitting for the entire
fuel cycle, such as the use of solar energy to paeetrolysis.

2.2.2 Greenhouse Gas Emissions

Emissions of carbon dioxide (Gfrom the world’s rapidly growing population of oo
vehicles are a major source of “greenhouse gas'Gizdmissions. According to the
California Air Resources Board, “an ever-increadmgy of scientific evidence”
attributes global climate change to GHG emissfdn®ver time, global climate change
can impact our ecosystems, economy, and healtbbaGivarming from GHG emissions
can affect mountain snow packs, critical for wat®rage in much of the state, as well as
increase the frequency and severity of stormshEurtore, a warming climate could
exacerbate urban smog, which is already at untfeblévels in many of California’s
cities. Strategies to commercialize and deployales that operate on low-carbon and
zero-carbon fuels, such as natural gas and hydragersimultaneously help reduce
emissions of GHGs and improve local air quality.

As with smog-forming emissions, the source-to-wlggeknhouse gas (GHG) emissions
of hydrogen vehicles depend on the method of hyetrggoduction. In this case
emissions also depend on what type of vehicle teekydrogen, because fuel cell
vehicles require less hydrogen than ICE vehiclastirn hydrogen. And both hydrogen
fuel cell and ICE vehicles are more efficient tltammparable gasoline vehicles. Notable
is that production of hydrogen from renewable-basedtricity results in near zero
emissions. Reforming of natural gas also resaltewer fuel cycle greenhouse gas
emissions than gasoline. However, production dirbgen using grid electrolysis results
in greater GHG emissions than gasoline. Againpbists out the importance of
developing the CA H2 Net using the lowest-emittiaghnologies for producing
hydrogen.

Economic Development Benefits

California has a long history of being at the fooet of emerging high-technology
industries. State officials have recognized thasé industries can create jobs as
technologies develop and flourish in the world negipkace. It is estimated that more
than 100 companies are working on prototype hydragéated technologies in

2 Hydrogen fuel cell vehicles will remain zero-enmigithroughout their useful lives. This solves ofithe most difficult problems
with controlling pollution from “mobile” sourceskow to eliminate in-use emissions due to deteiiomadf emissions control
systems. Phasing in progressively larger numifangdrogen fuel cell vehicles will provide Califaanwith an important advantage
in controlling air pollution from its ever-growingehicle population.

2L california Air Resources Board, FAQ: Reducingn@ite Change Emissions from Motor Vehiclescessed online at
http://www.arb.ca.gov/cc/factsheets/ccfaq, ddf/22/04.
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California; examples include hydrogen productiostegns, fuel cells, hydrogen storage
systems, and safety-related devices. Many compdwaiee initiated similar efforts in
other states. If California continues to leadn@ating demand for hydrogen fueling
stations and products, companies with related tdolgres are more likely to choose our
state to locate new technology centers and manufagtfacilities. Expansion of
hydrogen-related research, development and denadiostefforts will help generate new
jobs, businesses, and industries in California.
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3.0 Overview of Hydrogen Technologies

The complete process to produce hydrogen and cangumend-use applications
involves many “enabling” technologies. This segtiwhich is based on the extensive
work done by various Topic Teams, summarizes #tessvf hydrogen technologies that
will be integral building blocks of the CA H2 NetdaCalifornia’s path toward achieving
a hydrogen economy. It describes some of the &eiets to commercializing emerging
hydrogen technologies, as well as existing or néediorts to overcome them. Although
a snapshot, this information helps to convey thangt promise that hydrogen offers as a
clean and abundant fuel for California, as wellthe associated challenges.

3.1 The Baseline: Today’s Petroleum Infrastructure and Vehicles

California has approximately 24 million vehicles thie road today that operate on
gasoline and diesel fuels. Today’s vehicles afrdstructure have been developed over
many decades to a very high level of technologitaturity and commercial success. To
serve the fueling needs of these vehicles, gasahiediesel are widely available at
approximately 10,000 retail stations. Processdsegunipment to make petroleum fuels,
and infrastructure to distribute and dispense tHeawe also evolved over many decades.
Gasoline and diesel are both energy-packed liquetsf This attribute helps make on-
board fuel storage relatively simple and inexpesisand has met consumer’s demand for
driving range. Though highly volatile, prices la¢ pump have been tolerated by
consumers, based on the billions of gallons théifd@aians purchase each ye#r.

There have been at least 100 hydrogen-fueled w=hpthced on the roads in California.
Nearly 40 hydrogen fueling stations exist or asnpkd for deployment within the next 5
years. Today’s hydrogen vehicles are still esaipiprototypes, although automobile
manufacturers are making significant advancemeiisch additional work must be
done before deploying hydrogen vehicles on a widdesto make sure they will meet
government requirements and consumer expectatidgdrogen production and
distribution technologies for vehicle fueling ateabeing developed—continued
development and demonstration of viable technofogre needed for industry to
determine the most cost-effective solutions. Lbrdee to these technological
challenges and simple low-volume economics, thésaafshydrogen vehicles and fueling
station technologies, as well as the hydrogenitself, are relatively high today.

Actions are being taken to bridge the gap betwkerctirrent dominance of gasoline and
the introduction of hydrogen as a transportatiai.fubemonstrations are underway for
pre-commercial hydrogen vehicles and fueling stetioThese programs are essential for
manufacturers to ensure that their prototype vehiahd products meet rigorous
demands for performance, safety, durability, reliigh and other key requirements.

With additional work, hydrogen production techno&sgcan achieve higher system
efficiencies and lower environmental impacts. RFgarogen stations, public accessibility
and consumer friendliness should be improveds dissential for fuel suppliers and

2 part of the reason that these fuels are inexpefisithat their prices do not reflect market “emdities.” An externality is a cost
(such as damaged human health resulting from Hirtjpm caused by combustion of petroleum fuelspenefit (such as
increased fuel supply diversification) of a markanhsaction that is not paid for nor borne by thoséing the transaction.
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energy companies to develop the technologies astérayg that can provide hydrogen
safely and at competitive prices.

The following sections summarize the technologezal commercialization status of
hydrogen technologies that will be integral builylisiocks of the CA H2 Net and
California’s path toward achieving a hydrogen ecowpo They are described in the
following order and general categories:

1. Infrastructure: Technologies that produce, distebor dispense hydrogen
2. End-Use Applications: Vehicles and devices thascome hydrogen

Hydrogen Production, Distribution and Dispensin g Technologies

Gasoline and diesel fuels are produced from cruldéhe feedstock) in refineries that are
generally located regionally and distribute viaghipe and tanker trucks. This basic
model is one option for producing and distributinglrogen. However, other options
exist that may be more conducive to the charatiesisf hydrogen, including the fact
that it can be produced from a wide variety of tre&dy simple, renewable feedstocks. In
several cases, it is most economical to producedgygsh at the point of use.

3.2.1 Overview of Hydrogen Infrastructure Component s and Options

The hydrogen fuel cycle refers to the sequentegsinvolved in producing hydrogen
and dispensing it into the fuel tanks of vehiclesdther end-use devices). There are a
number steps, and there are many technology opfboresach step. For most scenarios,
the hydrogen fueling infrastructure steps or stagelside the following processes:

* The “feedstock” source must be obtained or extth@ad then transported to
the hydrogen production facility (if not already site).

* The hydrogen must be produced (separated) frorfedustock.

* The hydrogen must be transported from the produetiot to the fueling
station (this step is eliminated for on-site ottrlited production scenarios).

* The hydrogen must go through final preparatiors(gtep could occur at the
production site or at the fueling station, depegdn its intended use and
whether it is compressed or liquefied).

* The final hydrogen fuel must be stored at the fgeitation (a “mobile”
refueler strategy might circumvent this step, all asother steps).

* The hydrogen fuel must be dispensed into vehidesther hydrogen
applications), with compatible types of on-boardiogen storage technology
and safe, effective station-vehicle interface.

This subsection and the ones that follow provideenttztail about the technologies and
processes most likely to play a role in the lauyedrs of commercialization for
hydrogen-fueled products and fueling stations.egsive discussion and analysis of
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various hydrogen infrastructure technologies is/jpled in the Rollout Strategy Topic
Team report, under work performed by the Producioth Delivery Subgroup.

It is useful to categorize hydrogen production rodthaccording to whether the process
is centralizedor distributed The diagram and table in Figure depicts theastfucture
steps and options associated with centralizedi{@ffsydrogen production. The
diagrams and tables in Figures 3-2 A and 3-2 Baépe infrastructure steps and options
associated with two types of distributed (at thie)diydrogen production: on-site
reforming (Figures 3-2 A and 3-2 B A) and on-siece&olysis (Figures 3-2 A and 3-2 B
B).

ol G

;; ;; ;; ;; @@ (OIORE©),

Feedstock Production Delivery Station Components Dispensing
Non-renewable Reforming (e.g., for By liquid tank Includes delivered For vehicles with
(e.g., natural gas, natural gas) or gasification truck (shown), hydrogen storage, compressed,
liquid (e.g., for biomass), plus compressed pumping or liquid, hydride, or
hydrocarbons) or liquefaction or hydrogen tube compression, high- other hydrogen
renewable (e.g., compression (for trailer, or pressure cascade (for storage systems
biomass, ethanol) delivery), and possible pipeline where compressed hydrogen

carbon sequestration available dispensing), and other
components

Figure 3-1 — Hydrogen fuel cycle steps and options with centralized (off-site) production
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Figures 3-2A and 3-2 BA. With On-site Reforming
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Thbe

Feedstock Production
and Transportation Reformer Station Components Dispenser
Non-renewable (e.g., pipeline-  Typically a steam, partial Includes hydrogen Typically for
delivered natural gas) or oxidation, or autothermal reformer  compression, high- vehicles with
renewable (e.g., truck- including purification, etc. May pressure storage compressed or
delivered ethanol, methanol, include gasifier for feedstocks such cascade, controls, and hydride hydrogen
biomass) as biomass. other components storage systems

Figures 3-2A and 3-2 BB. With On-site Electrolysis

QE §—| 333 ¢

Electrical Generation

and Transmission On-site Electrolysis Station Components Dispenser
Renewable, non- Typically PEM or alkaline Includes hydrogen compression, Typical for vehicles
renewable, or electrolyzer units including high-pressure storage cascade,  with compressed or
combination purification, etc. controls, and other components  hydride hydrogen

storage systems

Figures 3-2 A and 3-2 B — Hydrogen fuel cycle steps  and options with two types of
distributed (on-site) production

In addition to above-noted scenarios, hydrogendafly from centralized production)
can also be dispensed into vehicles by mobilerigalinits, such as the one shown in
Figure . This mobile fueler is basically a trailgth a pressure vessel cascade, dispenser,
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controls, and safety equipment. The use of mdba&ers in conjunction with
California’s current excess merchant hydrdgeapacity can provide a low initial-cost
option for temporarily fueling hydrogen vehiclespaling the risk of potentially stranded
higher-cost assets.

Graphic courtesy Air Products and Chemicals

Figure 3-3 — Mobile fuelers refilled at central pla  nts provide a low initial-cost infrastructure
option

The steps outlined above collectively make up yardgen fuel cycle. It is the process
used to produce the hydrogen that most profourftibeis the potential benefits and costs
of this fuel. Key hydrogen production technologiesl methods are discussed in the
next subsections.

3.2.2 Hydrogen Production by Reforming Various Feed  stocks

Reformers produce hydrogen from hydrocarbon (engthane) or alcohol feedstocks by
stripping away the hydrogen. Most reformers afsxdude a water-gas shift process, in
which the reformate (carbon monoxide (CO) 4 Hacts with water tehift oxygen and
thereby produce carbon dioxide (§@nd more hydrogen. The most common reformer
technologies are steam methane reforming (SMRY-thgrmal reforming (ATR), and
partial oxidation (POX). The hydrogen is usuallyified in a pressure swing adsorption
(PSA) or membrane unit.

Hydrogen has been produced from natural gas i I8MR plants for decades. Some of
these plants provide hydrogen that is dedicatgudoesses such as petroleum refineries,
and some plants produce “merchant” hydrogen thajugefied or compressed and
delivered by truck to industrial customers. Thare two large-capacity merchant
hydrogen SMR and liquefaction plants in Califor(fiacramento and Ontario).

Hydrogen is routinely delivered from these “cerit@ants to hydrogen fueling stations.
A local pipeline connects one hydrogen SMR plantis@f Los Angeles with nearby
refineries, and plans are in place to install arbgdn fueling station that will be supplied
by this pipeline.

2z “Merchant” hydrogen refers to hydrogen that hasnberoduced for delivery to industrial customers.
California Hydrogen Blueprint Plan Volume I May 2005
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Application of reformers for distributed (on-siteydrogen production at the fueling
station (refer back to Figures 3-2 A and 3-2 B équires a substantial down-sizing of
the reformer and purification technologies thatused for central hydrogen production.
A few hydrogen fueling stations have on-site SM&g.( the Las Vegas station shown in
Figure ), and a number of companies are commezuiglsmall-capacity reformers and
integrated systems (reformer-compressor-storageedser) specifically for hydrogen
vehicle fueling. The co-location of hydrogen fugliat CNG stations also offers
potential capital benefits if the same equipmentloa utilized for both hydrogen and
CNG and the hydrogen purity standards can be nigtodgh not yet commercially
demonstrated, providing for this capability offstgstantial capital savings potential and
merits evaluation as the technology progresses

Figure 3-4 — The combined hydrogen fueling and ener gy station in Las Vegas, Nevada,
features an on-site natural gas reformer. Commissi  oned in June 2002.

Reformers can also process alcohol feedstock ardftire can operate with renewably
produced ethanol or methanol. These feedstocksoagyomising for providing
hydrogen to rural or remote locations. Alterndffyd ethanol stations are built
throughout the state to serve the current flexflsée vehicles, it may be cost effective to
reform ethanol at these stations to hydrogen.

Gasification technology can produce hydrogen fresdstock such as biomass, coal, or
petroleum coke. These solid feedstocksgasfiedby reacting them with steam and air
or oxygen at high temperatures to produce “syngaiith typically contains CO, CO
hydrogen, methane (G and water vapor. The syngas is further prockssa shift
reactor to increase the hydrogen content. Thehydinegen components are removed in
a purifier.

Gasifiers enable hydrogen to be produced from reb&wfeedstocks such as agricultural
wastes (biomass). This is a potential strategypfoducing hydrogen without consuming
fossil fuels. It can also result in low, zeroemen negative net GHG emissions,
particularly if it includes carbon capture and segjtation.
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3.2.3 Hydrogen Production by Electrolysis

Electrolysis systems use electricity to split waiteo its component elements —hydrogen
and oxygen. This technology has been used fordésca industrial, military, and space
applications. Sometimes the hydrogen is utilized sometimes the oxygen is utilized
(e.g., for life support). Electrolyzers have dsen used to produce on-site hydrogen at
fueling stations (refer back to the scenario depidch Figures 3-2 A and 3-2 B B). This
infrastructure strategy provides the opportunitptoduce hydrogen from non-fossil
sources with zero emissions of GHGs and criterlafamts.

An important parameter affecting the economicsyafrbgen produced by electrolysis is
the electrolyzer efficiency, which is defined as thtio of the hydrogen output heating
value to the input electrical energy. An electrelyachieving 100 percent efficiency
would require about 33 kW-hr (of electrical energgy kg of hydrogen production. Real
electrolyzer efficiencies can range from approxeha60 to 90 percent, depending on
the technology, size, and manufacturer. Totatkdficies for hydrogen fueling stations
with electrolyzers are somewhat lower, due to badasf plant processes such as
compressing and storing the hydrogen.

Electrolysis units that produce hydrogen are falynmercialized and can be purchased
from several companies. This presents a near@tian for producing hydrogen for
California’s hydrogen vehicles. One issue thatdtérsicted attention involves the
potential to use renewable energy sources sucblasas wind to power these types of
electrolyzers. There are subtle options and tffislessociated with this strategy, and the
choices made will affect the environmental and gné&enefits that can be realized. For
example, hydrogen produced by electrolysis usiegtatity from the grid could increase
GHG emissions relative to the fuel cycle for a camtional vehicle if the grid is
predominantly powered by fossil fuels. Conversbklydrogen generated by electrolysis
that is powered by renewable resources resultgirlimination of any GHG emissions.
Additional discussion about this important issususmmarized in this report in Section 4.
Many of the details for these options and tradeaifésdiscussed in the Topic Team
reports and their cited references.

Figure 3-5 — The Honda energy station in Torrance,  California. The hydrogen is produced
by an electrolyzer powered by solar panels.
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Error! Reference source not found.shows the Honda renewable energy station in
Torrance, California. The electrolyzer (and als® tompressor and other components) is
visible under the sail. The solar panels are ¢arigpht of the station.

3.2.4 Stationary Fuel Cells on the CA H2 Net

Fuel cells are devices that convert the chemicatggnof a reaction directly into
electrical energy. A variety of fuel cell type®dreing developed for a wide array of
applications. The two fuel cell applications thet most relevant to this report are: 1)
transportation applications that use fuel cellpdwer motor vehicles, and 2) “stationary”
applications that use fuel cells to generate at@trand usable thermal energy.. Four
basic fuel cell types are being developed for @ndth) of these two applications: 1)
proton exchange membrane, 2) phosphoric acid, 8emoarbonate, and 4) solid oxide.
These technologies are distinguished by theirrdistomponents, their operation
temperature, the type of fuel and oxidant, whetherfuel is processed outside (external
reforming) or inside (internal reforming) the fugdll, and other parameters.

A detailed tutorial about fuel cell technologiebeyond the scope of this report, but
numerous websites provide excellent sources fohdureading” Fuel cells are relevant
because they “are an important enabling techndlogthe hydrogen economy and have
the potential to revolutionize the way we power pation, offering cleaner, more-
efficient alternatives to the combustion of fods#ls.”®® It is within this context that fuel
cells are further discussed below, starting witttighary fuel cell applications. This
section discusses stationary fuel cells used inggr&ations thaproducea slipstream of
hydrogen for vehicle fueling, and fuel cells tbahsumea portion of the hydrogen
produced in the energy station.

3.24.1 Distributed Generation Energy Stations

As previously noted, the term “energy station” gatig refers to a distributed generation
(DG) system that co-generates electric power, takemergy for heating and cooling and
hydrogen for vehicle fueling. DG denotes the thet the station produces power
independent of, or in parallel with, the electrfa@dg DG is gaining importance in
electricity grid planning as a means to enhancé@creliability by adding new
generation capacity at (or near) the point of U3& has the added benefit of deferring or
eliminating the need for new transmission or disition lines. Co-generation is a highly
efficient, potentially low-cost DG option that prazes electricity and thermal energy.
Fuel cell systems are emerging today as viablentdolyy for co-generation in a variety
of stationary (non-transportation) applicatiGhsLarger-scale (megawatt) and smaller-
scale (kilowatt) stationary fuel cell systems aeeng commercialized that can
increasingly contribute to California’s electricigggneration portfolio.

An energy station that contains a high-temperdugéecell (HTFC) carproducea
slipstream of hydrogen, in addition to its primgg of providing baseload electrical

24 For example, see the following websiteswiyw.stationaryfuelcells.org?) www. CaliforniaHydrogen.org3)
www.fuelcellpartnership.orgt) www.nfcrc.uci.edu, 4)www.fuelcells.org andvByw.eere.energy.gov/hydrogenandfuelcells.

% U.S. Department of Energy, “Fuel Cells,” accessalihe athttp://www.eere.energy.gov/hydrogenandfuelcelldéfeits/, March 2,
2005.

% California Energy Commission, input to Blueprita®from Commissioner James Boyd and his staffvstted by email,
12/20/04.
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power and usable heat. The overall attractiveak#ss energy station concept is the
relatively high system efficiencies that can beieabd, including the process to produce
hydrogen. The key enabling technology that resaltee high overall system efficiency
is a HTFC fueled with natural gas.

Two types of fuel cells are considered to be HTFSslid oxide and molten carbonate
fuel cells operate at or above 12B0 These HTFCs can be configured to reform natural
gas or renewable fuels such as digester gas giiattl hydrogen to power the fuel céfl.
As with all fuel cells, HTFC systems do not usetladl fuel that is supplied. The
unconsumed fuel is traditionally oxidized at thé& ex the stack and used in other parts
of the system before being exhausted as high-guadiste heat. With modifications to
the current HTFC, the unused fuel can be useddsireffective co-generation of
hydrogen in a slipstream to the vehicle.

In the concept shown in Figure 3-6, a HTFC is fdddg natural gas that directly
produces a slipstream of hydrogen for the vehioddig station. There are other
candidate energy station configurations that areeatly expected to be viable for co-
generating hydrogen for vehicles. Like the onecdbed above, these configurations
receive natural gas (from fossil or renewable sesjand provide DG electric power,
thermal energy, and hydrogen for a fueling statiBather than producing hydrogen
directly within an HTFC, these concepts use antelgzer or reformer (powered by the
fuel cell or another device) to generate the hyedmog

? How it Works:

Natural gas fuels a
Natural Gas*—- H _..~—» high-temperature
2 fuel cell (HFTC),
LY which produces

electricity (yellow)
and thermal energy
(orange) for DG,
while co-producing
hydrogen on demand

High Temperature Fuel Cell renewable sources (e.g., HTFC stack for
Example 3/3 with H? Co-Generation mass, digester, land fill) vehicle refueling
blends with NG

DRAFT 3.1 092404

Diagram courtesy of California Stationary Fuel CElbllaborative

Figure 3-6 — An energy station that uses a high-tem  perature fuel cell system to generate
hydrogen for refueling vehicles, electricity, and t hermal energy.

" Like PEMFCs, solid oxide and molten carbonate fedls use the reaction of hydrogen and oxygenakerlectricity. However,
in these HTFCs, ions other than hydrogen crossltatrolyte (cathode to anode) to complete theti@ac
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According to the California Stationary Fuel Celll@borative, “[the HTFC energy
station] is viewed as potentially the most effi¢jerost-effective, and environmentally
sensitive means (to generate) hydrogen from nagiasl’ This method of hydrogen
production is cost effective in part because thergystation can operate as a stand-
alone, revenue-producing DG business if the derfiamidydrogen fueling is low®

In the concept shown in Figure 3-6, a HTFC is fdddg natural gas that directly
produces a slipstream of hydrogen for the vehioidirig station. There are other
candidate energy station configurations that areeatly expected to be viable for co-
generating hydrogen for vehicles. Like the onecdbed above, these configurations
receive natural gas (from fossil or renewable ses)rand provide DG electric power,
thermal energy, and hydrogen for a fueling statiBather than producing hydrogen
directly within an HTFC, these concepts use antedzer or reformer (powered by the
fuel cell or another device) to generate the hyenog

Low temperature fuel cells (such as the PEM teamobeing developed to power motor
vehicles) that must use pure hydrogen fuel cansied in energy station systems. The
excess hydrogéhat a fuel station with a co-located PEM fuel celh produce a direct
current of electricity. Without the stationary Feell as an added hydrogen-consumption
device, the station would waste hydrogen (througitimg or flaring), or shut down and
restart regularly to match hydrogen refueling dedsann either case, this would lead to
increased waste and lower efficierf@yAs an energy station, the added stationary fuel
cell improves the hydrogen station’s viability ascbnomics, while also providing
environmentally benign DG in the form of co-genenat If a renewable energy source
such as wind is used to make the station’s hydroggditional energy diversification
benefits can be realized. Even though wind ressuace not constant, hydrogen
produced during peak wind activity can be useddcesenergy for generation of
electricity when it is most needed.

Energy systems are available today, although depdoys to date have been limited to
demonstration scale. In addition to the systenssri@ed herein, other potentially
beneficial configurations are being developed timablve stationary fuel cells consuming
hydrogen. For example, energy stations with statip fuel cells can be designed to
provide efficient refrigeration for cooling, in atidn to DG electricity and heat. These
are often called combined cooling, heat, and pd®@&HP) facilities. “Hybrid”

hydrogen systems, which combine two different foohpower generation (e.g., a fuel
cell and a gas turbine generator), can provide medthenergy efficiency for some
applications.

Hydrogen End-Use Applications and Technologies

Today, the transportation sector appears to bentie technology driver for
commercializing hydrogen as a common fuel. Allongutomobile manufacturers and

28 California Stationary Fuel Cell Collaborative, ‘$tion in Support of the Hydrogen Highway Initiai submitted by Executive
Director Ron Friesen in a letter to Dr. ShannontBafClemmons of Cal EPA, August 11, 2004.

2 For example, a surplus of hydrogen might be abkilin the early years of station deployment, keefarge numbers of hydrogen
vehicles are deployed. Or, this could occur dudffgpeak hours when vehicles aren’t being refué¢stdrage exceeds use).

%0 The California Stationary Fuel Cell Collaborati®asition in Support of the California Hydrogen Higlly Networkwebsite
(http://www.stationaryfuelcells.ojgonline September 2004.
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several after-market conversion companies are dpirg vehicles that use hydrogen
fuel cell and/or hydrogen internal combustion eegi(H2ICE). This section therefore
primarily focuses on the status of hydrogen vehietdinologies. However, there are
other important end-use applications for hydrogeihe horizon. Hydrogen or
hydrogen-natural gas blends could be used in satyd CE generators for DG
applications. Other “niche” products and applicasi may also emerge for hydrogen
fuel. Examples include portable power producteppum backup power for
telecommunications, and off-road equipment sudordifts. Extensive discussion
(including many niche applications) is providedhe Rollout Strategy Topic Team
report.

3.3.1 Hydrogen Vehicles

Hydrogen can be used in vehicles with fuel cellsx@rnal combustion engines as their
primary energy-conversion devices. For both tygfesehicles, the predominant overall
power-producing reaction is between the hydrogehdad the oxygen in the air:

2 Hp + 0 — 2H,0

Hydrogen fuel cell vehicles are considered zercssion vehicles (ZEVs) because they
produce no criteria pollutants and cannot detetgooaer time to produce harmful
emissions. H2ICE vehicles do produce oxides abgén (NOx), although properly
designed vehicles with state-of-the-art enginesadted-treatment can achieve extremely
low levels. Neither type of vehicle emits the greeuse gas carbon dioxide (60

which is produced by combustion of hydrocarbondseich as gasoline and diesel. See
Section 4 for greater detail about the environmentglications of hydrogen-fueled
vehicles relative to conventional vehicles. Thaus of hydrogen fuel cell and ICE
vehicle technologies is summarized below. On-ngglucle applications are primarily
focused upon, but the technologies and issuessfisdualso apply to off-road
applications such as forklifts, locomotives, shgusg cargo-moving vehicles at ports.

3.311 Fuel Cell Vehicles

In fuel cell vehicles, the electric drive trainpewered with electricity produced by an
electrochemical reaction of hydrogen in the fudl cigure illustrates the basic
operation of a proton exchange membrane (PEM)deiélwhich is the type used in
automotive applications. PEM fuel cells can be bmad in a side-by-side configuration
called “stacks.” Stacks are scalable to the nepdecer requirement. More fuel cells in a
stack produce more power. Most of the moving pamts complexities of these fuel cell
systems are associated with the “balance of plamtiponents, which are needed to
perform functions such as air compression, watdrthermal management, and power
conditioning.
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Proton exchange membrane (PEM) fuel cells are thet  ype most commonly used
for automotive applications.

— ELECTRICITY

Graphic
courtesy
Proton California
Exchange Fuel Cell
Membrane .
(PEM) Partnership

When hydrogen enters a PEM fuel cell, its electrons and protons are separated. A
membrane in the cell selectively allows the protons to pass through, while the
electrons are routed to provide the electricity to power the motor that propels the
vehicle. On the other side of the membrane, the hyd  rogen combines with oxygen
from the air to form water and heat.

Figure 3-7 — Basic operation of a proton exchange m  embrane fuel cell

The automotive industry has recognized the potebéiaefits of hydrogen fuel cell
vehicles. According to the California Fuel Celrfarship — which includes the
membership of eight major automobile manufacturengdrogen fuel cell vehicles can
provide the air quality benefits of battery-powesdelctric vehicles, combined with the
driving range and convenience of conventional gasolehicles’ Benefits and
advantages of fully commercialized hydrogen fudll wehicles are expected to include
the following:

» Elimination of criteria pollutants and GHG emissdrom the tailpipe

* Increased fuel efficiency

* Lower maintenance costs (fewer moving parts irpihweertrain)

» Similar driving range to conventional vehicles

* Rapid acceleration and a quieter, smoother ride

» Compatibility with today’s full complement of on-aal electronics
(entertainment features, Internet connections, @RS,

* Flexible car design

» Potential for lower manufacturing costs

Independently, and through organizations sucheg€#iifornia Fuel Cell Partnership,
nearly every major automobile manufacturer is eedag hydrogen fuel cell vehicle
research and development, and most manufactureesfiedded on-road demonstrations
with selected fleets. While today’s prototype foell automobiles look similar to
conventional vehicles on the outside, the driventcamponents and their layout can be

81 california Fuel Cell Partnership, website (hftpww.fuelcellpartnership.org/fuel-vehl.html), onéiNovember 12, 2004.
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quite different. Figure 3-8 shows photographsrotqtype fuel cell vehicles, most of
which have been built on existing, conventionaligiehplatforms.

HYDROG EN3:

SR

SR TECHNOL Oy

Figure 3-8 — Examples of Hydrogen Fuel Cell Automob iles
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Efforts are also underway to develop advanced aotiom designs that take full
advantage of the configuration flexibility enablég fuel cell power systems. For
example, GM’s concept “Hy-wire” vehicle shown irgkre 3-9 integrates the powertrain,
fuel storage, and controls into a “skateboard” fptat allowing considerable design
flexibility for the remainder of the vehicle. Davby-wire controls (i.e., no mechanical
linkage) help free up interior vehicle space.

Figure 3-9 — General Motor’'s advanced Hy-wire fuel  cell vehicle (photo courtesy of GM)

Fuel cell power systems are also being developeddavy-duty applications such as
buses, trucks, locomotives and various types ofadtl equipment. Transit buses look
like the most practical and likely point-of-marlattry for heavy-duty hydrogen vehicles.
The Air Resources Board’'s Transit Bus Fleet Rulguires large transit agencies to
deploy zero-emission buses, of which fuel cell Buaee the primary choice. The
California Energy Commission notes that hydrogeselsicould be integrated into service
with greater ease than light-duty vehicles, basadertensive past experience with
vehicle demonstrations. One hydrogen bus usesuah riuel as 25 to 30 light-duty

vehicles; this makes it easier for bus fleets tify investments in hydrogen fueling

stations than light-duty vehicle fleets. An addeahefit is that buses have high visibility
with3t2he public, which can help educate people abloe use and benefits of hydrogen
fuel.

Several California transit agencies are initiajphgns for revenue-service demonstrations
of hydrogen fuel cell buses, and are now installirggnecessary hydrogen fueling
infrastructure. Figure 3-10 shows two fuel celsbsitested by SunLine Transit in
Thousand Palms, California. Fuel cell bus dematistis are also being conducted in
Europé® Asia™ and Australi&.

%2 california Energy Commission, input to Blueprita®from Commissioner James Boyd and his staffivstted by email,
12/20/04.

33 http://www.fuel-cell-bus-club.com

34 http://www.chinafch.org/index-english.html

35 http://www.dpi.wa.gov.au/fuelcells
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Figure 3-10 — SunLine and other California transit ~ agencies are testing fuel cell buses

Research is underway to improve the performandeddl fuel cells used in vehicle
applications. With private and government supgbig work is being carried out by fuel
cell companies (including members of the CaFCRyansities, and national
laboratories. In particular, extensive efforts anelerway to lower the costs of fuel cells
and increase their durability. Much progress heenbmade, although continued
improvements will be necessary to achieve costpanfbrmance objectives established
by the U.S. Department of Energy.

3.3.1.2 Internal Combustion Engine (H2ICE) Vehicles

Hydrogen can also be combusted in ICEs, much ldsoline or natural gas. Companies
such as Ford, BMW, Hydrogen Car Co. and Collierihetogies are developing H2ICE
vehicles in parallel with, or as nearer-term andereronomic alternatives to, hydrogen
fuel cell vehicles. H2ICE vehicle development wbds been progressing in the U.S.,
Germany, Japan, and elsewhere since the 1970saartteqourchased today in California.
These vehicles currently use conventional drivegraind spark-ignition gasoline engines
that have been modified to combust hydrogen. Dmeersion process is similar to (with
some exceptions) converting an engine to run oarabgas. Key issues include power
performance levels and backfire mitigation. Stnéfigrward gasoline-to-hydrogen
conversion results in a substantial power loss Umx#éhe low-density hydrogen gas
displaces much of the air induced into the cylindiening the intake stroke. However,
the power density of H2ICEs can be improved by ragl@i supercharger or turbocharger.
Owing to hydrogen’s broad flammability limits ara ignition energy, ignition of the
fuel-air mixture in the intake manifold (i.e., bdickg) was a problem in the past.
Application of modern port-injection and computentrol technologies have largely
mitigated this problem.
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H2ICE vehicles can achieve equivalent or bettacieficy than comparable gasoline ICE
vehicles>® Their fuel efficiency can be further improveddbgh use of hybrid-electric
drivetrains, similar to the way gasoline hybridslsas the Toyota Prius, Honda Civic
and Ford Escape have achieved higher fuel econdtoywever, due to the inherent
efficiency limitations of combustion engines, H2|@&hicles are not expected to be as
efficient as fuel cell vehicles. Unlike fuel cekhicles, H2ICE vehicles do not require
ultra-pure hydrogen fuel and are more tolerantaxfé¢ contaminants (e.g., sulfur
compounds, which can hinder performance and efffogief fuel cell systems),
potentially lowering the cost of hydrogen fuel.

A few major automobile manufacturers have demotestraydrogen ICE vehicles that
appear to be near commercial production readin€ssee examples of hydrogen ICE
vehicles are shown in Figure 3-11. It is possibl some of these concepts will be sold
with “dual-fuel” capability, meaning they can beepgted either on hydrogen or a
conventional fuel like gasoline (from separate fyetems). This approach offers greater
comfort for early consumers regarding fuel avallghiwhich can be important until
hydrogen stations become more plentiful. Howedeal-fuel vehicles are unlikely to be
optimized for either fuel, and this may compronmagequality benefits.

LA e ] - B o L

ﬂydiogen
car Co.

Figure 3-11 — Examples of hydrogen internal combust  ion engine (H2ICE) vehicles

Unlike fuel cell vehicles, H2ICE vehicles can ogeran blends of hydrogen and
compressed natural gas (which is sometimes reféeorad HCNG). HCNG use,
particularly in heavy-duty vehicles such as busesften viewed as a cost-effective
strategy for utilizing a hydrogen fuel-supply irdtaucture as it is being installed to
support subsequent ramp-up of hydrogen fuel cellarH2ICE vehicle deployment.
HCNG vehicles have also been shown to produce levesr NOx emissions and higher
efficiency than their CNG counterparts.

% This comparison refers only to vehicle efficieraryd does not consider fuel production, etc. Astieme major manufacturer
indicates that the efficiency of hydrogen ICE védsacan exceed that of gasoline ICE vehicles.
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3.3.1.3 Hybrids

Companies such as Quantum Technologies are denglaftermarket H2ICE vehicles
that use hybrid-electric drive trains. For exampleder South Coast Air Quality
Management District sponsorship, a number of Tofastas gasoline hybrids (HEVs) are
being converted to run on hydrogen for demonstnatithin various city fleets in
Southern California. Manufacturers can use thibrielogy choice to provide increased
fuel efficiency, extended driving range, and cleamaissions. Based on the success of
gasoline hybrids, this approach to commercialiratay H2ICE vehicles seems likely to
be utilized.

Another “cross-cutting” technology involving hybization is the plug-in hybrid electric
vehicle (PHEV), which increases battery capacign{pared to normal HEVS) to support
short range all-electric driving. PHEVs can ughezi ICEs or fuel cells as their auxiliary
powerplants, but they are recharged similar totetegehicles. Utilizing advances in
battery capacity, PHEV technology can allow the afsemaller fuel cells or H2ICEs and
also reduce hydrogen storage requirements. Tl @81 be lower manufacturing costs,
which may accelerate the deployment of hydrogetetueehicles. Several universities
and companies are currently developing prototyeédall PHEVS.

3.3.2 On-Board Hydrogen Storage Technologies

A significant technology challenge for commerciatinn of hydrogen vehicles (fuel cell
or ICE) is to develop on-board hydrogen storaghrietogy that can enable a hydrogen
vehicle to obtain the same range as today’s gasali diesel fueled vehiclds.
Currently, to provide similar driving range as dasovehicles, on-board containment
devices for hydrogen must be larger and heavier ¢fagoline or diesel fuel tanks. As
described below, a variety of hydrogen storagerteldyies are under development, but
all tend to be more complicated, more expensive,lamger or heavier than desirable at
this time. The size, weight, and cost challengehf@rogen storage tanks is partially
offset by the fact that hydrogen vehicles are naffieient (as described above) than
today’s gasoline and diesel vehicles, and thereforeot need to store as much energy.

3.3.2.1 Compressed Hydrogen Fuel Tanks

The most common method for storing hydrogen fuelelmcles is to increase its density
by compressing hydrogen gas and storing it at la pigssure. On-vehicle hydrogen
storage at 5,000-psi is most commonly used, bt0Bpsi storage has been certified for
use and continues to advance through developmerteating. Compressed hydrogen at
5,000 and 10,000 psi has about 10% and 15%, resglgcof gasoline’s energy density
(i.e., heating value per unit volume). Compredsgttogen pressure vessels are
extensions of technology that is well developed failg commercialized for compressed
natural gas (CNG) vehicles.

The tank construction is basically high-strengttboa fibers wrapped in layers over a
thin aluminum or polymer tank liner. These tarisd to be cylinder shaped, but other
tank shapes are also being developed that confoawdilable vehicle spaces. Figure 3-

% The U.S. DOE has identified on-board storage asdh technical barrier to hydrogen's future intthesportation market.
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12 shows an example of an advanced-technologymésig 10,000-psi on-board
hydrogen storage system.

10,000-psi
Composite Tanks
In Tank Regulator
with Solenoid Lock-off

Defueling Port B ;
(opﬂmggj Manual Check Valve %
Valye
Fill Port Prassure vehicle Interface Brackel

Filter Retiel Device with Stone Shiskd mw

Photo courtesy Quantum Corp.

Figure 3-12 — Example of an on-board compressed hyd  rogen (10,000 psi) storage system.
3.3.2.2 Liguefied Hydrogen Fuel Tanks

Hydrogen is stored as a liquid in several commeégapalications today (e.g., the U.S.
space program), and this storage mode is beingipdif®r hydrogen vehicles by some
automobile manufacturers. Hydrogen is a gas aterhbonditions. It must be cooled to
approximately -420°F to condense into a liquid, sl refrigeration process requires
considerable energy. However, liquid hydrogenthgier energy density than
compressed hydrogen (about 25% of gasoline’s erdggity), so liquid hydrogen tanks
are smaller and lighter than compressed hydroges teontaining the same quantity of
hydrogen. At these cryogenic temperatures, thediydrogen must be stored in
vacuum-insulated fuel tanks that minimize heatdemkd the resulting hydrogen venting.
An example of an on-board storage system for ligddfiydrogen is shown in Figure 3-
13.
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Inner tank
Outer tank

Super-insulation
Level probe

Filler tube Inner tank
support
Liquid removal Liguid hydrogen
Filler inlet (-253 °C)

Safety valve

Gaseous hydrogen
(+20°C to +60°C
supplied to the
engine)

, Main shutoff valve
Electric

heating Hydrogen

Gasl/liquid switchover valve heater Source: Linde Gas

Figure 3-13 — Example of an on-board liquefied hydr  ogen storage system. Photo courtesy
of BMW and Linde.

3.3.2.3 Metal Hydride Fuel Tanks

Metal hydride storage technology is based on résershemical reactions that occur
between hydrogen and certain metals. During refgethe metal is “charged” with
hydrogen, which bonds with the metal to form thdride. The charging process
produces heat. To discharge the hydrogen, hegipised to the system. Hydride
research and development (R&D) is directed towdedhtifying systems with high
hydrogen capacity when operating within a managetdshperature range. Current
emphasis is on a class of complex metal hydridésdcalanates.

Metal hydride storage systems consist of the nfatalally a powder form) contained in

a pressure vessel (e.g., 1,000 psi). The vessekahtains heat exchange elements, and
parts of the heat exchange system that are extertia fuel tank. Current metal

hydride storage systems are much smaller than essed hydrogen systems and
slightly larger than liquid hydrogen systems witlusvalent energy. These systems are
heavier than both compressed and liquid hydrogstesys. ECD Ovonics is preparing to
place vehicles with hydride storage systems irSiieth Coast Air Quality Management
District (SCAQMD) fleet demonstrations.

3.3.24 Summary of Hydrogen Fuel Storage Systems

Considerable R&D efforts involving industry, govarent, and national laboratories are
underway to advance hydrogen storage technolodieduly 2003, the United States
Department of Energy (U.S. DOE) issued a “Grandll€hge” to the scientific
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community to solicit applications for advancemehihgdrogen storage materials and
technologies. These solicitations could provideai$150 million in funds by 200¥.

% U.S. Department of Energy, National Renewable gneaboratory, “NREL Scientists Take On Hydrogeor8ge,” accessed
online athttp://www.nrel.gov/features/10-03_hydrogen_ storiatyal, 3/6/05.
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4.0 Key Findings of the Blueprint Plan

4.1

This section summarizes the points of agreemechezhby the Advisory Panel on a
broad range of issue areas and key findings froendigtailed work performed by the five
Topic Teams. Overarching findings are that investnin hydrogen for California is
manageable, but the CA H2 Net should be deployetlitiple phases. Details are
provided about the need to build upon existing pesg in California, through a “Phase
1" effort that should deploy additional hydrogerelmg stations in close coordination
with rising demand for hydrogen. By 2010, a netafr50 to 100 hydrogen stations is
achievable and needed to fuel California’s growpagpulations of hydrogen-fueled
vehicles and other products (e.g., stationary @etls). Biennial technology reviews
should be a key to assessing commercial readinessltlitional station deployments.
The objective should be to achieve a statewidearktof 250 hydrogen stations in Phase
2, with hydrogen usage at the stations steadilyeiasing into Phase 3 and beyond.

Points of Consensus from the Advisory Panel

Members of the Advisory Panel represented a divgnaep of private- and public-sector
stakeholders having many interests in the commeaion of hydrogen fuel and
hydrogen-fueled products. They were asked to peoguidance and input to the work of
the five Topic Teams. Given the Panel’s divers&emap, it is significant that members
were able to reach agreement on a broad rangeu# &reas, including:

* The CA H2 Net will continue to put California, isisinesses, and universities
in a world-class leadership position for the susfidsntroduction of
hydrogen technologies.

* The CA H2 Net should use a long-term, multi-phasedtainable approach to
develop hydrogen technologies.

» The CA H2 Net program should make use of existitgyative fuels (e.g.
such as natural gas and ethanol) and emergingandamnid-term technologies
to expand hydrogen use.

* Investment in hydrogen infrastructure is manageable

* The CA H2 Net program should investigate a varadtirydrogen production
options.

* Hydrogen vehicle introduction will depend on teclogy and cost readiness
as well as consumer acceptance.

» Government fleets, private fleets and “early adgitehould be encouraged
to purchase hydrogen vehicles based on technolodjg@st readiness.

* The CA H2 Net should include energy station corgept

* The CA H2 Net should achieve a 30 percent reductiddHG emissions
relative to comparable uses of today’s fuels antrelogies, and utilize 20
percent renewable resources in the production difdgen for use in vehicles
by 2010.
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4.2

* The CA H2 Net will best be accomplished by fostgnublic-private
partnerships.

Advisory Panels’ Summary of Overarching Finding S

The following section summarizes the overarchinglementation strategy of the CA H2
Net. This strategy is based on the Panel’s comsestatements and supported by the
findings and recommendations of the Topic Teams.

4.2.1 A Multi-Phase Approach to Meet Short- and Lon  g-Term Objectives

A key finding was that California will need to ingohent the CA H2 Net program in
multiple phases, beginning as soon as possibleRVitdse 1. It will require a long-term
commitment and the best efforts of government, strguand consumers alike. In
accordance with the findings and conclusions ofAtieisory Panel, the recommended
program is designed to build hydrogen fueling etegias more hydrogen-fueled vehicles
and products are deployed. The objective shoukd liaplement a step-by-step
approach with regular reassessments that can mais&gevhile deploying up to 250
hydrogen stations in California, as envisioned xed&utive Order S-7-04.

California is now using and should continue to esg@ station build-up strategy, in
which fueling stations would initially be clustergdurban areas, with stations distributed
between the areas to link them. The urban stasbosld initially be located in the San
Francisco Bay Area — Sacramento regions and theAbgsles — San Diego regions. In
this way consumers can freely travel within thedgmn areas and commute between the
two. This approach will maximize the number of @alians who have access to
hydrogen fuel. Table 4-1 provides an overviewhaf three recommended phases, in
terms of types and estimated numbers of hydrogdruea applications. This is followed
by a description of Phase 1 and a brief overviewPtmases 2 and 3.

Table 3-1. Estimated Numbers of Hydrogen Products a  nd Stations by Phase

Number of Units Targeted / Estimated
for Deployment, by Phase
Type of Hydrogsrrgdlljgteled Vehicle or e 1. Phase 2- Phase 3.
: 250 Stations 250 Stations (w/
50 to 100 ”
Stations (w/ Initial Lower Expanded
Usage) Usage)
nght—Duty FCVs & H2ICEVs from 2.000 10,000 20,000
Major Manufacturers
Heavy-Duty FCVs or H2ICEVs 10 100 300
Statlpnz;ry and Off-road Vehicle 5 60 400
Applications
FCV = Fuel Cell Vehicle
H2ICEV = Internal Combustion Engine Vehicle
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4.2.2 Description of Phase 1

The goal for Phase 1 is establishment of a netwb80 to 100 stations in California.
Currently there are 39 stations that are eithestiexj or planned for completion in the
next two years. Therefore, the efforts of Phaskduld focus on building 11 to 61
additional hydrogen stations in California. By R0fhis will result in a statewide
network of 50 to 100 hydrogen fueling stations gfatuld be located in a manner to
maximize hydrogen usage (“throughput,” or volumgpensed). This is necessary to
establish a network broad enough to support marajl $imets. Public access to a station
network allows fleet vehicles to be used in a brodzin area without being limited by
driving range.

The actual number of stations, within this rangeusd depend on the rate of
introduction of hydrogen-fueled vehicles. Thesadehl stations should utilize a mix of
hydrogen-production technologies that can be ewedlia real-world use by energy
companies to assess commercial viability. To th@&mum extent practicable,
renewable energy sources should be used to pradede/drogen.

The numbers and locations of stations in Phase @iesigned to fuel up to 2,000 light-
duty vehicles and 10 heavy-duty vehicles. Thereste of the number of vehicles was
based on figures provided by members of the CailigoFuel Cell Partnership and
individual manufacturers. In addition, the Califa Stationary Fuel Cell Collaborative
estimated that energy stations could be deployedgl®hase 1.

Phase 1 stations will primarily serve fleet vehsatather than individual consumers.
Early Phase 1 hydrogen vehicles are most likelyetplaced within fleets owned and
operated by the state of California, other govemnagencies, and private companies
with vested interests in hydrogen vehicles. PHasmgress and results should be
reviewed every two years to assess the prograsgdodbgen technologies.

For illustration purposes, placement of fuelingistes has been mapped in Figure 4-
1(Northern California) and 4-2 (Southern Califo)rfiar the first phase of the CA H2

Net. The Northern California map shows nine ergsr currently planned hydrogen
stations (red dots), and ten additional statiofecidots) as they might be sited in the
Bay Area or Sacramento under Phase 1 of the CA &2 Whe Southern California Map
shows 21 existing or currently planned stationthenLos Angeles area, and ten
additional stations as they might be sited in PHias€ogether, these two maps illustrate
a minimum 50-station network for the major popuwatcenters of Northern and Southern
California. Additional stations, up to 100, woldd sited based on projected demand for
hydrogen-fueled vehicles and linkage between udraas. Some of the Phase 1
hydrogen stations should include energy stations.
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Figure 4-2 — Example station locations for Phase 1
based on population density and existing gasoline s
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% These maps are meant to illustrate station plastsmather than show actual station locations.s&meaps show a combination of
actual and hypothetical placements for plannedyahtb be planned sites. Only 30 of the curreasiiymated 39 existing station
are shown. Many of the currently planned statitessare confidential.

“°See previous footnote.
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4.2.3 Description of Phases 2 and 3

Assuming sufficient progress with vehicle deploymseand other milestones in Phase 1, as
judged by the results of regular reviews, it iS@pated that a total network of 250 fueling
stations will be completed by the end of Phas@®inicreasing utilization into Phase 3 and
beyond. For illustration purposes, placement eséhfueling stations for Northern and
Southern California is shown in figures 4-3 and, 4€ow. In Phase 2, these stations will
serve approximately 10,000 vehicles — a similanialefto-station ratio as Phase 1, but with
expanded numbers of vehicles in broader applicatiand an expansion in energy station
deployments. Also in this time frame, home fuelstgtions for hydrogen vehicles (similar
to home fueling now being commercialized for natges vehicles) may begin to play an
enabling role for the CA H2 Net. These can be bstlle residential energy stations that
allow homeowners to fuel their vehicles while gigavering, heating or cooling their
homes.

In Phase 3, volumes of hydrogen dispensed at #&3dydrogen stations should be
increased significantly by expanding the fleetppraximately 20,000 vehicles. This
higher Phase 3 ratio of vehicles to stations (8@:idicative of a doubling in “capacity
utilization” for the total station network. Pha3@lso assumes an expanded role for
energy stations.

0510 2 30 40 Sﬁl\diles
(= = — s
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o 10 20 40 60 a0
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Legend
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Figure 4-4 — Example of Phase 2 stations in Norther  n California
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Figure 4-5 — Example of “Bridging” Hydrogen Station s That Would Join
California’s Major Urban Areas.

As illustrated in the maps above, early stage agreent of all hydrogen stations will
focus on regional network clusters in key northend southern California urban areas.
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These regional clusters would ultimately be bridgetbrm the comprehensive state
network described in Executive Order S-7-04. Fegds5 illustrates a statewide bridging
network of 17 stations along California’s intersthighways.

4.2.4 “Bridging” Fuels and Technologies Can Advance the CA H2 Net

As pointed out in the Societal Benefits Team figdinthe CA H2 Net is part of a broader
energy and environmental strategy for CalifornidisTstrategy includes a portfolio of
other vehicle technologies and fuels, in additmhydrogen vehicles and infrastructure.
California has long been a world leader in the tgyment and deployment of clean-
burning alternative fuels, low- / zero-emissiongarision technologies, and their
corresponding infrastructure technologies. Mantheke are already playing a key role
in California’s transportation sector to displaegrpleum usage and provide very
significant air quality benefits. Moreover, marftle fuel / technology combinations
are considered to be “bridging technologies” torbgen vehicles and fueling stations,
because they address many of the same issues t@ildrensame or related technologies.
Examples of bridging technologies include, butrawelimited to, natural gas vehicles
and fueling stations, vehicles using hydrogen hae¢ blends and their fueling
infrastructure, electric vehicles and propulsiosteyns, on-board fuel storage systems,
and energy storage devices such as batteries adagacitors. Past successes and
current programs to support such fuels and teclgmdaclearly benefit the longer-term
prospects for hydrogen vehicles and fueling station

As an example, efforts in California to develop aegloy natural gas vehicles (NGVs)
and related technologies are helping to expediencercially sustainable hydrogen
vehicle markets. Many existing capital, instituia, educational and organizational
investments involving NGVs and natural gas fuebteagions are directly or indirectly
applicable to the hydrogen technologies that valhieeded under the CA H2 Net.
Similarly, many “lessons learned” from NGVs andumat gas directly apply to fuel cell
vehicles and hydrogen.

Specific examples of how natural gas and NGV teldygies are considered “bridging” to
hydrogen are highlighted below.

* Natural gas is the leading feedstock for hydrogemyction in the U.S.
today. Many of the first fueling stations along tBA H2 Net will likely
produce hydrogen onsite by reforming pipeline raltgas. Some of these
will be advanced energy stations with stationas} fiell systems.

* Whether it is used in stationary fuel cells or dsexlstock for hydrogen
production, natural gas can be made from renewabtsurces such as landfill
or digester gases (“biogases”).

* Today's users of NGVs are becoming acclimated eéauge of gaseous fueling
systems. This will help prepare and educate thimnmg public for
dispensing gaseous hydrogen.

» Until major breakthroughs in hydrogen storage tebtbgies are realized,
hydrogen will most likely be stored on-board vebschs a compressed gas or

California Hydrogen Blueprint Plan Volume I May 2005
43



a cryogenic liquid. Progress is well underwaytaaay’s prototype hydrogen
vehicles are able to use existing tank technologgdmpressed natural gas
(CNGQG) or liguefied natural gas (LNG) vehicles asdtechnologies for
hydrogen storage.

» Several companies that make NGV tanks are alsgmiagiimproved fuel-
storage systems for hydrogen vehicles. Some oétbaspanies serve as
“Tier 1” suppliers for major automobile manufactisréhat market NGVs
today, and plan to sell hydrogen vehicles in thars These types of
relationships will become increasingly importantfas market for hydrogen
vehicles moves into the commercialization phasem@onality also exists
among companies working on fuel management syskenMdGVs and
hydrogen vehicles.

* Hydrogen can be blended into natural gas to prodiuael that burns even
cleaner and more efficiently than natural gas. Wty transit buses with
moderate engine modifications are already beingadpe on CNG blended
with gaseous hydrogen. SunLine Transit Agencyairtnership with
Cummins-Westport, U.S. DOE — National Renewablergdneaboratory and
the SCAQMD has demonstrated that a blend of 80% @hd520% hydrogen
(by volume) significantly reduces N@missions compared to the already low
emissions from the same bus operating on CNG foaka SunLine’s
hydrogen is produced (at least partially) from s@awered electrolysis,
which provides further societal benefits.

4.2.5 Leverage Existing Programs

Numerous hydrogen-related partnerships and progcamnently exist in California and
across the globe. Many have common goals andtolgedo the CA H2 Net, and offer
leveraging potential. In one form or another, orgations are working to develop and
commercialize hydrogen-fueled vehicles and theesponding fueling infrastructure. In
the United States, these include 1) various Caligoefforts such as the Air Resources
Board’s low-/zero-emission vehicle regulations #melEnergy Commission’s hydrogen
infrastructure program, 2) local efforts such as$outh Coast Air Quality Management
District’'s Technology Advancement Program, 3) fedlefforts such as the U.S. DOE’s
FreedomCAR & Fuel Initiative, and 4) public-privagartnerships involving all these
parties, such as the California Fuel Cell Partriprsther organizations, such as the
California Stationary Fuel Cell Collaborative, averking to commercialize stationary
fuel cell technologies that co-generate electriaitg usable thermal energy while
consuming or producing hydrogen.

Especially important are the existing programs taatt directly impact California’s
efforts to develop and demonstrate hydrogen vehial@arallel with deployment of
hydrogen fueling infrastructure. Some of the keygpams are briefly described below.

41 See various Topic Team reports, including theduIBtrategy Team Report, which contains detailsdussion on the costs and
benefits of using natural gas-hydrogen blends.
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The California Fuel Cell Partnership — A prominent example is the California Fuel Cell
Partnership (CaFCP), which was formed in Janua®p 18 the California Air Resources
Board, the California Energy Commission, and sixgie-sector companies to
commercialize fuel cell vehicles. Over the lagefyears, the CaFCP has grown into 21
full members and 11 associate members, and hasieeganique collaborative of auto
manufacturers, energy companies, fuel cell teclgyotmmpanies, and government
agencies. Since 2000, CaFCP members have dewrtedsd5 light-duty vehicles in
California and traveled more than 220,000 mile€afifornia’s roads and highways.
These4\2/ehicles have supported more than 120 ohteamts, carrying nearly 12,000 test
riders.

In addition to testing numerous types of fuel gehicles, the CaFCP is developing
hydrogen fueling protocols and “beginning to prepide California market for this new
technology.** The CaFCP members cooperatively address tectisstads affecting the
implementation of fuel cell vehicles and work taiedte the public on the benefits of fuel
cells. Although the CaFCP targets hydrogen fukhehicle commercialization over a
more gradual timeframe, it clearly has goals andatives that are similar to, and
synergistic with, the CA H2 Net. Extensive deta#és be found on the CaFCP’s website
(http://www.fuelcellpartnership.ojg

California Stationary Fuel Cell Collaborative =~ — The California Stationary Fuel Cell
Collaborative (CaSFCC) is an organization of gousnt agencies, stationary fuel cell
companies, utilities, universities, environmentalups and other non-government
organizations that are combining efforts and resesitowards commercialization of
stationary fuel cells in California. The missiontbis Collaborative is to promote
stationary fuel cell commercialization as a meangards reducing or eliminating air
pollutants and greenhouse gas emissions, increasigrgy efficiency, promoting energy
reliability and security, promoting energy diveysipromoting energy independence, and
realizing a sustainable energy future. Formedimedf 2001, the Collaborative
promotes a wide variety of fuel cell technolog®iges and applications for installation in
California and envisions fuel cell installationggued by state, local and public
organizations as well as private entities. As farrtthescribed in this report, the CaSFCC
has identified opportunities and benefits of (1@rgly stations to catalyze and sustain the
implementation of CA H2 Net with a business viadeerprise, real estate, and a
supporting balance of plant, and (2) high tempeeafiwel cells to co-generate hydrogen
on demand for vehicle refueling in addition to gemeration of electricity and usable
heat to meet local requirements (e.g., an offigllimg complex)** Details can be found
at http://www.stationaryfuelcells.org

U.S. Department of Energy — The federal government is working to deploy hydmog
vehicles and fueling stations, under several efftitat can loosely be called public-
private partnerships. For example, in April 200dier its “Technology Validation”
program, the DOE selected five public-private teaongarticipate in “learning

42 The California Fuel Cell Partnership, “Our Missjbfiom websitehttp://www.fuelcellpartnership.orgccessed November 17,
2004.

3 Ibid.

4 The California Stationary Fuel Cell Collaboratifasition in Support of the California Hydrogen Higly Networkwebsite
(http://www.stationaryfuelcells.ojgonline September 2004.
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demonstrations” that include testing, demonstratamgl validating hydrogen fuel cell
vehicles as well as fueling infrastructure. Eaahdation project includes a
comprehensive safety plan; an activity to assisieveloping codes and standards; and a
comprehensive, integrated education and trainingpegégn. A key objective of these
demonstrations will be to assess progress of lelehicles and hydrogen station
technologies towards making commercialization denisby 20157 In the 2010
timeframe, DOE plans to build approximately 19 miaydrogen stations in California.
These will be sited along major interstates ankkeinurban areas such as San Diego, Los
Angeles, San Francisco and Sacramé&htbetails can be found on the DOE website
(www.eere.energy.gov/hydrogenandfueldells

The South Coast Air Quality Management District’'s T  echnology Advancement

Program — SCAQMD’s Technology Advancement Program co-spmnesollaborative
efforts with the private sector and fellow govermmagencies to develop, demonstrate
and commercialize fuel cell and hydrogen techn@sgiMost recently, SCAQMD has
formed its own collaborative effort involving localunicipalities and hydrogen
technology developers, in which small fleets ofathed, hybrid-electric vehicles fueled
by hydrogen will be deployed throughout Southertif@aia. As many as 35 hybrid-
electric Toyota Priuses will be converted to ope@t hydrogen, using two types of on-
board hydrogen storage technologies (compresseddsna and metal hydrides). These
advanced H2ICEVs will be used by five differentdbcities. To fuel these and other
hydrogen vehicles being deployed in the greaterAmgeles area, SCAQMD is cost
sharing at least 13 hydrogen fueling stations. eg#\of these are already dispensing
hydrogen to small fleets of prototype fuel cell d6& vehicles. Details can be found on
SCAQMD’s website www.agmd.goy.

Activities Outside the United States — In Canada, Japan and Europe, important
programs are underway to deploy hydrogen fueliatiast networks to support
commercialization programs for hydrogen-fueled gkds and other devices. Canada’s
programs are described online fatp://www.nrc-
cnrc.gc.ca/highlights/0405hydrogen_e.htBétails about Japan’s programs can be found
online athttp://www.fcdic.com/eng/news/200411.htniDetails about European

programs can be found at the Fuel Cell Europe viebsi
(http://www.fuelcellmarkets.com/home-fcm.fcm?subsit&language=1).

Other States — At least thirteen states either have fundinglmaasms in place or
proposed for hydrogen projects and most states Uaueersity researchers working on
hydrogen related technologies. The Colorado FuBliR&search Center has leveraged $2
million in public funding to develop a project whrbver $12 million. Florida presently
has proposed legislation worth over $15 millioriinding and tax credits for hydrogen
projects. Minnesota has a legislative proposal v& million in bonds that would be
used to build a wind-to hydrogen project. Even altan state like Hawaii has been
investing in hydrogen since 1983.

4 U.S. Department of Energy, Energy Efficiency &ehewable Energy office, “DOE Hydrogen Fleet arftaktructure
Demonstration,” accessed online at http://www.egrergy.gov/hydrogenandfuelcells, November 17, 2004.

46 Based on information provided to TIAX by Margo ledez, National Renewable Energy Laboratory, Qet@04.
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4.3

These various programs and others (see Topic Tepants) represent important existing
activities to commercialize hydrogen-fueled velsc@d products, and deploy the
fueling stations needed to support thefim important finding of this Blueprint Plan is
that implementation of the CA H2 Net can be coaidid with existing programsThis
synergy extends well beyond programs involving aese, development and
demonstration. For example, joint or similar piesccould be adopted among states to
ease siting and fueling concerns, as well as sjueased vehicle production.

4.2.6 The Need for Government to Share Costs and Ri  sks

As described in Section 3, implementation of hyérotransportation and a hydrogen
economy entails many challenges. The investmeiauby manufactures and the U.S.
Department of Energy to solve these challenges dstraies that there is a collective
belief that they will be overcome. The CA H2 Netin important part of making
California the place to demonstrate and advancedhile and infrastructure technology
so that we realize the benefits of success as lguaskpossible.

The current pace to develop hydrogen-fueled vebiatel products is hindered by the
need to solve the so-called “chicken-or-egg” questwhich should come first,
commercialization of vehicles that run on hydrogamhuilding of fueling stations that
dispense it? Who should take the initial risk vat#tpanded investments: hydrogen
producers or vehicle manufacturers? What is tipeagguiate role of the government?
Past experience with clean, alternative fuels ilif@aia has helped answer these
guestions: the early risks must be shadcause many of the fundamental benefits of
the CA H2 Net — including reducing pollution andrpeum dependence — are long-term
public benefits, they do not translate readily iptivate investment inducements today.
According to the Economy Team, the view from tmaficial markets is that tipeivate
gains associated with the CA H2 Net lie too faoitite future to attract purely private
financing. Therefore, public policy, political Bership and public financing intervention
will be essential for building a strong and via@la H2 Net.

Summary of Topic Team Findings

Five working groups or “Topic Teams” were estal#idiio address specific issues and
challenges associated with developing the CA H2 Negich Topic Team met regularly
to perform technical and policy analyses and dev&dpic-specific recommendations for
the Blueprint. The 20-member Advisory Panel prediguidance to the five Topic
Teams over the course of six meetings. The endtrasd deliverables for this entire
process is this Blueprint Plan and the five indiabTopic Team reports.

Much of the work performed by the Topic Teams wasedin parallel. To help focus the
efforts of the Topic Teams, the Advisory Panel asggd a “scenario” approach that
identified rough estimates for the numbers of hgerefueled vehicles (light-, medium-,
heavy-duty vehicles and off-road applications) dadices (stationary fuel cells
including energy stations) that might be deployethe timeframe of the CA H2 Net.
These “unifying scenarios” were used to estimage@A H2 Net's costs as well as
environmental and energy benefits within the 20d@frame. The results of these
scenarios were later transformed into the thredampntation phases further described
in this report. The phases that emerged are mstned to 2010. Movement from

Phase 1 to subsequent phases in the CA H2 Nairthsif described in this document,
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are seen as dependent on adequate developmenhoblegy and reduction in per-
vehicle or per-application costs.

IMPORTANT NOTE: Extensive information about the work performedelagh Topic
Team, and all the related findings and recommeadstiare contained in the individual
Topic Team reports.

4.3.1 Rollout Strategy Team
43.1.1 Mission

The Rollout Strategy Team’s mission was to assgdolgen technology and industry
readiness as well as identify criteria for sitingti®ns to implement and grow a hydrogen
highway network in California. The plan also irséa strategies to accelerate the
commercialization of hydrogen as a fuel for vehextel power generation, including the
use of energy stations. The rollout strategy egygaahe multi-phased approach with the
ultimate goal of achieving a self-sustaining hydnogndustry that can provide increasing
volumes of fuel for California’s transportation s@c

In an effort to achieve the team’s mission, théfeing four subgroups were formed: (1)
Production and Delivery, (2) Applications, (3) Sitand (4) Commercialization. The
Production and Delivery subteam addressed theadiity, commercial readiness,
barriers, environmental considerations, and otsgres regarding options for production
and delivery of hydrogen. The Applications subteaas responsible for understanding
the same types of issues with respect to vehistaspnary fuel cells, and energy
stations. The Sites subteam developed a settefiarfor siting hydrogen fueling
stations, which included leveraging existing vehittleling or hydrogen facilities,
securing champions for initial stations, and idgig locations where distributed
generation could be used in conjunction with fuglimfhe Commercialization subteam
identified barriers and actions needed to accelehst commercialization of hydrogen
vehicles and evaluated past efforts to commere@allernative-fuel vehicles.

4.3.1.2 Summary of Findings

The Rollout Strategy Team’s major findings coveseuderal topics. First, the Production
and Delivery subgroup evaluated the various optioniydrogen production and
delivery in terms of availability/industry readisgsechnical and economic barriers, and
environmental impacts and considerations. Thedegas on production options that can
eventually assure energy security and clean aiC&ifornia. Both centralized and
distributed production of hydrogen were considerettie comprehensive analysis. The
various production options evaluated were:

» Electrolysis

» Reforming (principally of methane and methanol)
» Photobiological and photoelectrochemical

» Biofermentation

* Pyrolysis and gasification of biomass and coal

* High temperature thermochemical

* Membranes
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The Team found that Phase 1 technologies of refagrfbioth centralized and distributed)
and electrolysis are likely to contribute most gigantly to the early stage development
of the CA H2 Net because these established techmslteverage the existing electricity
grid and natural gas pipeline infrastructure. ety options include truck, mobile
refuelers, and to a limited extent, pipeline.

The Applications subgroup studied potential appiice for hydrogen. The subgroup
found that the main drivers for hydrogen applicasiare fuel cells and ICE vehicles,
although there are a wide variety of other hydrogplications.

The Sites subgroup found that successful deploywfemgdrogen vehicles in California
requires a network of hydrogen fueling statione@thin strategic locations for
maximum utilization. This would enable regionaitér-city), inter-regional, and
ultimately inter-state travel.

The subgroup found that optimal locations of hy@méueling stations should (1)
optimize network development and reliability; (2axmize the number of stations
accessible to the appropriate users, (3) levetageadrly distributed generation market,
and (4) operate with a high percentage of fuelzatilon, demonstrating maximum
hydrogen fuel throughput. An additional findingsmhat seeking locations that offer
synergies (e.g., co-location with compressed ardiggd natural gas (CNG or LNG)
stations) will reduce costs or advance other gagegy goals.

The Sites subgroup developed screening criteriacdrabe used to guide final site
selections. They found that two key success fadbould be considered in establishing
a site. The first was to ensure sufficient uttiiza by deploying hydrogen-fueled
vehicles and/or an energy station at the statioation. The second success factor was to
ensure that the site host partner has a strong d¢omemt to the station’s sustainability.
The key here was for the host partner to have detraied long-term, top-down
management support. Further, it was importanttttehost partner have a local on-site
champion. Through this combination, the organarathould be able to overcome the
numerous challenges of introducing a new fuel actiriology. These challenges
included station funding, insurance underwritinghicle technology attractiveness,
vehicle costs, facility modifications, fuel cosasd station access. See the Rollout
Strategy Team Report for further discussion ohgitthallenges.

A total of 19 different types of host fleets andeotial locations were identified. A
comprehensive set of screening criteria was alsdbkshed.
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Table shows the types of parameters that weradenes! in developing criteria to help
choose potential sites and projects.
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Table 4-2 — Site Location Considerations

Considerations for Site Attributes to Assess
Location
Ability to serve maximum Proximity to nearby fleets, public access station opportunity,
number of users proximity to stationary or other H2 users
Strategic location Support of regional, inter-regional, or inter-state travel,

provider of private and/or public access, high volume location

Safety Proximity to schools, hospitals or other sensitive locations,
proximity to earthquake faults

Economic factors Proximity to existing or planned merchant hydrogen source,
anticipated level of utilization now and in future

Experience with gaseous and | Current CNG operations, experience working with gaseous
alternative fuels fueled fleets and vehicles

Ease of Logistics Adequate space for hydrogen/gaseous fuel equipment,
suitability of the site for various types of forecourt designs,
permanence of proposed site, required utilities (water, power,
natural gas) at the facilities, ease of incorporation of
renewable energy equipment, proximity to renewable energy
sources, site use restrictions, support of local Authority having
Jurisdiction (AHJ), neighborhood, and utilities, potential for

incentives
Additional distributed On-site electric or thermal loads to utilize cogeneration,
generation considerations potential for “over the fence” sales of electricity

Based on these types of parameters, the subgronp tbat station development will
initially need to leverage a fleet-based strat@gth transition considerations toward a
full retail market in the later phases of the CA Nét.

Early station placement should be based on theh@menant” model (see Glossary),
which is discussed further in the Rollout Stratédgam Report. Combined with existing,
planned, and anticipated hydrogen stations, etatyesdevelopment should focus on
regional network clusters in San Diego, the Los éleg Basin, Sacramento, and San
Francisco. Strategic locations in the San Joagalley should also be considered.
Ultimately, these regional clusters should be @@ty form a comprehensive state
network. Further discussion and maps are provid&ection 4.2.3 about how potential
growth in station placement is envisioned to spiations throughout Northern and
Southern California and create a statewide bridgend successive phases of the CA H2
Net.

The Commercialization subgroup found that accalegatommercialization of hydrogen
technologies and infrastructure would support thelementation of the CA H2 Net.

The subgroup developed a list of recommended &etvihat will help accelerate
commercialization. They are encompassed in themmemendations discussed in Section
6.
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4.3.2 Societal Benefits Team
43.2.1 Mission

The mission of the Societal Benefits Topic Team tvasfold. First, the team quantified
the societal impacts of various methods of hydrggeduction and vehicle technologies
that are expected to be commercially viable by 2088cond, the team considered
policies that could successfully incentivize thtsel production and hydrogen vehicle
technologies that provide the greatest societagfitsn These analyses and
determinations were devised by team members, imgduapproximately 20 scientists,
engineers, business leaders, and policymakers @alifornia state government, national
laboratories, universities, public utilities and@amanufacturers.

Although hydrogen has the potential to provide siggnt environmental benefits, the
degree to which those benefits are realized depemitely on how the hydrogen is
produced and then used in vehicle and other apigitsa The Societal Benefits team
approached its mission by developing methods tk tla@ impacts of hydrogen
production, distribution, and consumption method®Hectively referred to as
“pathways” — based on their environmental impadtspacts on greenhouse gas (GHG)
emissions, criteria pollutant emissions, and eneffigiency were determined.

The environmental and energy diversification beadbr hydrogen vehicles were
modeled based on the station mix described irdiethil in the Societal Benefits Team
Report. The team analyzed options for renewalde@m-greenhouse gas emission
hydrogen production, and assessed policy optionsantivize a CA H2 Net that
encouraged the greatest societal benefits. Suwfilecan be measured by comparative
reductions in GHGs, criteria pollutants, petroled@pendency, and other health and
ecosystem impacts. Emissions and energy modelitigedCA H2 Net showed that it

was possible to reach specific goals for emissiedactions and resource usage.

4.3.2.2 Summary of Findings
Source-to-Wheel Emissions and Energy Analyses

To fully assess the environmental impacts of amy fthway and vehicle technology
combination, it was necessary to analyze the psasefsom the beginning of fuel
production to the operation of the vehicle. Thiset of assessment, referred to here as
“source-to-wheel” analysi¥,was an essential tool for comparing different $uatd
vehicles under the same set of parameters. Forleairogen fuel production pathway
and vehicle type, the Societal Benefits team catedl the source-to-wheels GHG,
criteria pollutant emissions, and energy consumiptidhis section presents the source-
to-wheels emissions and energy consumption forraelight-duty hydrogen pathways
and compares them to the emissions and energy roqutisun for projected average 2010
model year gasoline vehicles (including conventioehicles, hybrids, and partial zero
emission vehicles (PZEVS)).

4" This is often referred to as “well-to-wheels" aysi8. This document uses the term “source-to-vefiekle to the fact that not all
hydrogen production involves initial pumping of emeresources from oil or gas wells. Topic Teaporés use the term “well-
to-wheels.” Source-to-wheels is more precisehetwo terms are interchangeable.
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The emissions and energy use analyses for eaclwgattepended on assumptions about
vehicle energy consumption because this deternmiogsmuch pollution comes from the
fuel production and distribution processes. Thei&al Benefits Team chose to use a
vehicle energy consumption metric that measuregipeovement in fuel economy for
any hydrogen vehicle as compared to any gasolihiekeeof the same platform. This
allows for apples-to-apples comparisons of vehielesn though both hybrid and non-
hybrid versions of hydrogen and gasoline vehiclay exist in 2010. The Team Report
provides further details about the vehicle eneysamption metrics.

The components of source-to-wheel emissions aeflypdescribed as follows:

* Fuel Production and Distribution . There is a range of potential emissions
from the production and distribution of hydrogeapdnding on the
production method and whether it is transportedsad on-site. This is also
the case for gasoline and other transportatiorsfuel

* Vehicle Emissions . Different types of hydrogen vehicles have varying
profiles for the types and amounts of pollutaneytemit. Hydrogen fuel cell
vehicles have zero emissions of criteria pollutams GHGs (with the
exception of air conditioner refrigerant). Hydrog€EVs emit small
amounts of oxides of nitrogen (NOx) and particulatgter (PM) but no
GHGs (except for air conditioner refrigerant). Glage vehicles emit varying
levels of criteria pollutants and GHGs.

Production methods depicted in the series of figlmeow represent the ranges of
emissions for pathways likely to be available ia 8010 timeframe. These figures are
representative of light-duty vehicles only. Healuyty vehicles and stationary
applications (particularly energy stations, whigvé strong potential to provide public
health and environmental benefits) are discusséariner detail in the Societal Benefits
Topic Team Report.

Greenhouse Gas Emissions

The Societal Benefits Team found that the CA H2 iNet the potential to reduce GHG
emission reductions by 2010 and beyond. Diffefeelt production pathways result in
different GHG emissions. Ultimately, hydrogen faell vehicles using hydrogen
produced from renewable resources would make azezaremission transportation
sector possible (source-to-wheels basis). Howewéhe interim, some technologies that
emit varying amounts of GHGs will be employed.

The efficiency of the vehicle using hydrogen mustbnsidered to understand the
impacts on GHG emissions. This is because, althbydrogen FCVs and ICEVs have
no GHG emissions, more hydrogen is needed to @anvd2ICEV for a given distance
than a fuel cell vehicle. Those varying fuel cangtion rates affect how much fuel must
be produced, and therefore affect how much GHG ®amis are generated upstream as a
result of hydrogen fuel production. For examptmsuming hydrogen produced from
natural gas in a fuel cell vehicle provides sigrafit overall GHG benefits compared to
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gasoline; yet, when that hydrogen is used in arClHE2, GHG emissions are very close
to the GHG emissions generated if that vehicle werein on gasoline.

Figure depicts source-to-wheel (STW) GHG emissfom® both H2ICE vehicles and
fuel cell vehicles based on different fuel prodostpathways. STW GHG emissions for
a gasoline vehicle are also shown for comparigeamong the pathways in this figure,
the lowest STW GHG emissions occur when a fuelhaiicle runs on hydrogen
produced via electrolysis, with the electrolysisveoed by renewable energy. In this
instance, GHG emissions are near zero and significeower than comparable gasoline
vehicles. By contrast, STW GHG emissions are hagtwnen an H2ICE vehicle uses
hydrogen produced by California grid-powered eldgsis. In this instance, GHG
emissions are higher than gasoline vehicles.

Ways to Produce Hydrogen:

On Site Electrolysis using «— Hydrogen used in ICE vehicle

Blectricity from Renewables < Hydrogen used in fuel cell vehicle

On Site Electrolysis using
Electricity from Grid

On-Site Steam Reforming |
using Natural Gas |

Central Gasification Plant <:|:\'>
using Biomass Better ‘

Gasoline ICE

0 200 400 600 800 1000
Greenhouse Gas Emissions (g/mi)

Figure 4-6 — Source-to-Wheels (STW) GHG Emissions

Criteria and Toxic Pollutant Emissions

Criteria pollutant emissions — oxides of nitroglox), particulate matter (PM), reactive
organic gases (ROG), and carbon monoxide (CO)m frgdrogen production and use in
vehicles are extremely low. In almost every cagsé emissions are well below those
from gasoline production and use in gasoline vekicHowever, there are exceptions.
The figures below show source-to-wheel (STW) enaissiof specific criteria pollutants.
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Figure depicts the STW NOx emissions from bothGRVehicles and hydrogen fuel
cell vehicles relative to a comparable gasoliné&jl@ehicle. As indicated in Figure 4-7,
NOx emissions from fuel cell vehicles are much Iotian gasoline vehicles. However,
ICE vehicles using hydrogen produced by electrslgsion-site steam reformation only
achieve small reductions over the gasoline ICEalehi

Ways to Produce Hydrogen :
On Site Electrolysis using |
Electricity from

Renewables

On Site Electrolysis using |

Electricity from Grid '\v\ Hydrogen used in ICE vehicle

7 Hydrogen used in fuel cell vehicle

On-Site Steam Reforming |
using Natural Gas

NOx emissions from hydrogen production are less than NOx
emissions associated with normal disposal practices for
agricultural residues, but negative numbers are not shown.

Central Gasification Plant
using Biomass

Gasoline ICE |

0.0 10.0 20.0 30.0 40.0 50.0

NOx Emissions (mg/mile)

Figure 4-7 — Source-to-Wheels NOx Emissions

California Hydrogen Blueprint Plan Volume I May 2005
55



Figure depicts the source-to-wheel PM emissions footh H2ICE vehicles and
hydrogen FCVs as compared to the gasoline vehadellme. As shown in Figure 4-8,
hydrogen produced from grid electrolysis has thempial to increase PM emissions.
However, it is important to note that most urbagearin California do not permit
increases in criteria pollutant emissions fromistetry sources and would therefore
require mitigation of significant emissions fronmygdrogen production facility in the
form of offsets and/or maximum emission contraidl. other hydrogen production
methods would result in decreased PM emissionsvelto gasoline vehicles.

Ways to Produce Hydrogen

Electricity from

On Site Electrolysis using ]‘J <«— Hydrogen used in ICE vehicle
Renewables

<“+— Hydrogen used in fuel cell vehicle

On Site Electrolysis using
Electricity from Grid

On-Site Steam
Reforming using Natural }I
Gas

PM emissions from hydrogen production are less than PM
emissions associated with normal disposal practices for
agricultural residues, but negative numbers are not shown.

Central Gasification Plant
using Biomass

Gasoline ICE :I

0.0 2.0 4.0 6.0 8.0 100 120

PM Emissions (mg/mile)

Figure 4-8 — Source-to-Wheels PM Emissions
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Figure depicts the source-to-wheel ROG emissimm both H2ICE vehicles and fuel
cell vehicles as compared to the baseline gasweéhéele. All of the hydrogen
production methods shown result in significantlgrd@ased ROG emissions relative to
conventional vehicles. Toxic air emissions arempgonent of the ROG emissions and,
therefore, there will likely be a concurrent deseea air toxics as a result of hydrogen
vehicle deployment under the CA H2 Net.

Ways to Produce Hydrogen :

On Site Electrolysis using
Electricity from
Renewables

On Site Electrolysis using
Electricity from Grid

On-Site Steam Reforming
using Natural Gas

Central Gasification Plant
using Biomass

—1

ROG Emissions nearly zero
for ICE or fuel cell vehicles

<«— Hydrogen used in ICE vehicle

<+—  Hydrogen used in fuel cell vehicle

ROG emissions from hydrogen production are less than ROG
emissions associated with normal disposal practices for
agricultural residues, but negative numbers are not shown.

Gasoline ICE |
T T T T T T
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
ROG Emissions (mg/mile)
Figure 4-9 — Source-to-Wheels ROG Emissions
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Figure depicts the source-to-wheel CO emissions footh H2ICE vehicles and fuel cell
vehicles as compared to a gasoline vehicle. Adrbgen production methods would
result in decreased CO emissions relative to cdreal vehicles.

Ways to Produce Hydrogen :

On Site Electrolysis using
Electricity from
Renewables

. R Hydro d in ICE vehicl
On Site Electrolysis using |: yarogen usedin vehicte

Electricity from Grid Hydrogen used in fuel cell vehicle

On-Site Steam
Reforming using Natural ]
Gas
o CO emissions from hydrogen production are less than CO
Central Gasification Plant | emjssions associated with normal disposal practices for
using Biomass agricultural residues, but negative numbers are not shown.

Gasoline ICE |

0.0 100.0 200.0 300.0 400.0 500.0 600.0

CO Emissions (mg/mile)

Figure 4-10 — Source-to-Wheels CO Emissions

Energy Efficiency

Improvements in energy efficiency and reduced dsmergy resources generally result
in concomitant environmental beneftfs Thus, they are important to take into
consideration when determining the best hydrogedymtion pathways. A source-to-
wheels (STW) energy analysis can indicate levelneirgy efficiency for different
pathways. As Figure depicts, STW energy consumpial use of different primary
fuels vary significantly from pathway to pathwalyor example, natural gas production
of hydrogen used in FCVs uses two-thirds of theg@nesquired for gasoline vehicles,
but hydrogen produced from grid electrolysis aneldus an H2ICEV uses more than
twice as much energy. Also, some renewable en@atjyways, such as H2ICEVs using
hydrogen from solar electrolysis, are not as eneffigient as gasoline in comparable
ICE vehicles, yet they improve GHG and criterialgiaint emissions, energy diversity,
and petroleum dependence. In fact, all four hyenogathways shown in Figure 4.11 use
less petroleum than gasoline but not always lessggn

48 Many examples exist, and benefits can be intatedl For example, combusting less gasoline tftraogservation or improved
efficiency can result in less criteria and GHG esiaiss, while also requiring less extraction of @i, which can avoid a
variety of negative impacts on water quality, lawddlife, etc.
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Figure 4-11 — Source-to-Wheels Energy Consumption

As a result, although the various hydrogen andlgespathways result in a range of
energy consumption levels, the figure shows thatgnefficiency does not always
equate with petroleum reduction or lower emissiolRst example, as shown, it takes
nearly as much energy to drive a fuel cell vehicihh hydrogen generated from
renewable electrolysis as it does to drive the seanevith hydrogen generated from
natural gas, yet emissions for the renewable elgsis pathway are nearly zero. Thus
energy efficiency is only one of several importeutors in choosing fuels, pathways,
and vehicles.

Renewable Resource Options

As described in this report, there are many differeays to produce hydrogen from
renewable energy. Even among renewable energlielgcpathways, there are a
variety of options, which result in varying levelsGHGs, criteria pollutants, and energy
use. To better understand tradeoffs for differenewable energy electricity options, the
Societal Benefit Team compared and rated varigosstypf renewable power.

The results of the analysis showed that for th@@se of producing hydrogen, it is
important to require that any “renewable hydrogee’produced from new renewables
rather than existing renewables (see Glossarydbnitions). New renewables guarantee
that power is produced from renewable resourcedlaidhe power is “excess,” meaning
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it is not used to meet any other renewable obbgati Production of hydrogen from
existing renewables could actually increase emissiny displacing existing electricity
demand and thereby increasing natural gas eldggtgeneration. As a result, this option
was not considered to be desirable for implemesrainder the CA H2 Net.

Another option considered for renewable power vaspurchase of out-of-state
renewable generation that does not actually suppdygy to California but supports
renewables elsewhere, commonly known as “green’tagsenewable attribute-only
purchases. However, the purchase of energy freeanewable resource that does not
actually supply energy to the state results intamlthl in-state natural gas generation. As
a result, the environmental impacts in terms deda pollutant emissions would be
equivalent to natural gas generation. The GHG soms in this arrangement would
depend on the type of fuel being offset by the weaides. See the Societal Benefits
report for further discussion of green tags.

The Societal Benefit Team’s analysis of environrakbénefits due to use of renewables
to offset natural gas in the electricity grid vershose applied to transportation offsetting
petroleum showed that transportation offsets ateib®r reducing NQand petroleum
dependency though not necessarily for reducin@tH& CQ. The Societal Benefits
report provides further details on this analysis

The societal benefit analysis also assumed usevafiety of renewable sources of
energy that have significant differences in opagaind manufacturing emissions,
specifically NQ emissions associated with generating electricagnfbiomass and waste
resources, as well as @é@missions associated with natural gas co-firinthefmal
facilities. The net emissions analysis indicatest some resources are lower emitting
than others. However, auxiliary benefits of vas@anewable resources could offset the
emissions. These could include benefits in rditgtand manageability of the grid,
diurnal and seasonal storage opportunities, ottathral or operational benefits for
facilities.

Environmental Goals

As supported by the figures in this section, indbsence of specific goals for reducing
emissions (GHGs and criteria pollutants) and usamgwable resources to produce
hydrogen, the Societal Benefits Team found thatiAeH2 Net may not meet the
environmental and renewable resource directivesdbéshed in EO S-7-04. Further,
without such goals, GHG and PM emissions couldease relative to gasoline and diesel
vehicles.

To ensure GHG emission reductions in the 2010 tiameé and to set the stage for a
long-term goal of near-zero GHG emissions fromtthasportation sector, the Societal
Benefits Team approved GHG goals and recommendatioraddition, because there are
production methods and uses of hydrogen that caease criteria emissions relative to
conventional vehicles, the Societal Benefits Te&su agreed that it is important to have
criteria and air toxic pollutant goals and recomdsdions.

The Societal Benefits Team reviewed and analyzedwspolicy options for incentives
for pathways and vehicles with the greatest sddietiaefits. These recommendations are
included in the overall recommendations summarizeskction 6.
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Inclusivity of Other Beneficial Fuels and Technolog ies

One finding of the Societal Benefits Team, whick bhaen reinforced by the Advisory
Panel, is that California’s move towards hydrogarstibe part of a broader energy and
environmental strategy. This strategy must inclag®rtfolio of other vehicle
technologies and fuels, in addition to hydrogenisleb and infrastructure. The CA H2
Net is not meant to exclude or oppose governmespat (policy, funding, etc.) for
other clean fuels and technologies, especiallyidensg the important benefits of
bridging technologies. The Societal Benefits te¢hearefore found that the CA H2 Net
must be inclusive of other fuels and technologies &re helping to meet California’s
environmental and energy objectives: non-hydrogdmales and fuels have been, and
will continue to be, important and vital aspectshad State’s broader environmental and
energy strategy.

4.3.3 Economy Team
4.3.3.1 Mission

The Economy Team’s mission was to assess the éstimasts of implementing the CA
H2 Net and options for attracting the investmempitedneeded to finance the network.
The Team’s main effort involved modeling the estadainfrastructure-related costs for
the CA H2 Net. A model was developed specificalith the purpose to predict realistic
near-term hydrogen station costs, and identifyquethtify important factors that affect
station cost. The Team also evaluated operatists @nd revenues for different types of
stations.

4.3.3.2 Summary of Findings
Summary of Phase 1 Cost Estimates

Today 39 stations are in operation or are planoeddnstruction in the near term. The
Advisory Panel recommendation for station deploymeiPhase 1 is 50 to 100 stations.
To assure that Phase 1 meets the lower bound @irg6tstations, 11 new stations are
needed. At an estimated average cost of $1 midamh, these 11 stations will cost $11
million to build. To reach Phase 1's upper boundataof 100 stations a further $54
million total funding would be needed, as showable 4-2. This estimate includes
several energy stations with costs greater thaavtbeage $1 million.
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Table 4-2. Estimated Infrastructure Investment to Implement Phase 1 of the CA H2 Net

Total Estimated

Phase 1 Hydrogen Infrastructure Costs Costs(millions)
11 Additional Stations (note 1) $11.0
Next 50 Stations (note 2) $54.0

Total Estimated Cost of Phase 1 Hydrogen Infrastructure (see note 3)

Table Notes:

1. An estimated 39 hydrogen stations are built or being planned through existing programs. 11 additional stations are
needed to achieve the lower-end Phase 1 goal of 50 stations.

2. 50 additional stations (including some energy stations) will be needed to achieve the upper-end Phase 1 goal of
100 stations.

3. These costs are based on findings from the Economy Team Report and extrapolated for 50 and 100 station
scenarios

The Economy Topic Team’s hydrogen cost model ptedistation infrastructure costs,
as well as operating costs and revenues for thestgpstations shown in Table 4-3. The
infrastructure costs modeled by the Economy Teane Wwased on equipment and siting
requirements for each type of station. The Econdopic Team Report and its
appendices provide detailed infrastructure costkamewns for each type of station, as
well as assumptions and calculation methodologies.

One finding in the Economy Topic Team Report was grivate industry cannot justify
investing this magnitude of private capital “basedexpected returns over the near term .
.. given the immaturity of the market, projectiaigproduct availability, and the time
needed to develop (significant) throughput at hgdrofueling stations:® Without
government cost sharing through the CA H2 Net, Has unlikely to be implemented.

Operating Costs and Revenues

The costs of the stations, including operatings;aate sensitive to several factors.
Station location, fuel source for hydrogen, andacaty utilization are examples of these
factors. Revenues depend on hydrogen prices gratity utilization. With an assumed
retail price of $3/kg for hydrogen, the net opergttosts (operating costs minus
revenues) are $3.6 million to $7.2 million annudtly 50 to 100 stations. These values
are based on the Economy Team'’s reported averaggpearating costs for the first 50
stations. It is important to note that the valteggesent costs for the total number of
stations in the CA H2 Net rather than only statimm®se infrastructure costs are
supported by the State of California. See the BopnTopic Team Report for detailed
descriptions and sensitivity analyses of input agstions for operating costs and
revenues.

Station Mix Used to Estimate Costs for Phase 1

The station mix shown in Table 4-3 was develope@poesent the first 50 stations in the
CA H2 Net based on a number of assumptions desktiibhe Economy Topic Team

4% See Economy Team report.
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Report. This station mix was used to determinestiienated infrastructure costs for the
State of California during the first phase of th& B2 Net, in which 50 to 100 stations
should be built. Because there are already 3%iegistations or stations with planned
financial support through other programs, the maswised to develop the State’s
infrastructure costs for the 11 to 61 remaining@ts in the first phase.

Table 4-3. Station Type, Rated Capacity, and Statio  n Mix >°

Station Type C(:IZ; F;gg%’ Station Mix Néjtrg tti)g;SOf
1 Steam methane reformer 100 12% 6
2. Electrolyzer, grid electricity 30 6% 3
3. Electrolyzer, some photovoltaic 30 18% 9
electricity
4. Electrolyzer, grid electricity 100 10% S)
5. Mobile refueler 10 20% 10
6. Delivered liquid hydrogen 1,000 8% 4
7. PEM/Reformer
8. High-temperature fuel cell energy 90-100 18% 9
station
9. Pipeline hydrogen station 100 8% 4
Total 30

Note: The model also included a 1000 kg/day steam methane reformer but this station type was not represented in
the station mix for the first 50 stations

Preliminary Outlook for Costs of Phases 2 and 3

The costs to implement Phases 2 and 3 will depertie@success achieved during Phase
1. Assuming the upper limit of 100 stations isiaebd for Phase 1, an additional 150
stations should be targeted for completion by tiee@ Phase 2. The cost of adding
these additional 150 hydrogen fueling stations esisnated at approximately $76
million, reflecting a lower per station cost aswuoles increase and fueling technologies
mature. Whether or not California should shareehmsts would depend on how
industry views the risks and returns associatel thits level of investment.

Similarly, it is not clear that vehicle incentivesll be needed in these later phases.
Technical successes in on-board hydrogen storagkegéll costs, and fuel cell durability
could obviate the need for incentives.

0 The Station Mix was jointly developed by the Staii@enefits and Economy Teams. The Mix meetefatie environmental
goals recommended by the Societal Benefits Team.
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4.3.3.3

Additional Findings and Conclusions from th e Economy Team

The Economy Team also made the following findings:

Hydrogen fuel costs measured in dollars per kilogvéll be higher at small
stations that are burdened with high installatiosts and low utilization of
station infrastructure. However, small statioms$lthan 100 kg/day)
represent a low risk, low investment approach toeame the state-wide build
out of hydrogen infrastructure contemplated byekecutive order.
Additionally, such stations would support earlyeti@sers by providing
exceptional flexibility. Small size, low capacfgctor infrastructure is
consistent with expected fueling requirements &tyehydrogen
infrastructure deployment.

Lower hydrogen fuel costs will be achieved with togen stations that have
economies of scale in fuel delivery, likely regngifleet applications for early
station introduction.

» Favorable electricity prices are available in sgunesdictions for large
users (>500 kW) who have the flexibility to takevadtage of time-of-
use rates and interruptible service. Note: Funivak will be needed
to determine the practical implications (if any)tlis finding to the
CA H2 Net and station end users.

» Fixed operating costs can be amortized over mdreeded fuel for
larger fuel stations.

» Capital and installation costs decrease signifiggrr unit of output
with increasing hydrogen energy station size.

High-temperature fuel cell energy stations andIpipebased stations deserve
special consideration, since they result in theelstwcost hydrogen. While
applications for these specialty stations are échib locations with an
sizeable hydrogen demand, this demand allows fahrhigher utilization of
the energy station asset. In the case of high-testyoe fuel cell energy
stations, these stations would be sited at eitbwmaercial and/or industrial
locations with a hydrogen demand currently addickssth delivered bottled
hydrogen. The hydrogen generated by the energpstabuld be used
primarily to displace bottled hydrogen used atfdadlity, with a dispensing
station available to fuel vehicles when and if rexbdince the costs of
producing hydrogen using this technology is loviamt the bottled hydrogen
costs it displaces, this specialty station hagptitential of being self-funded
from the revenues produced by the sale of eletstrioydrogen and heat to the
host facility. Although the high-temperature fegell option looks promising
and involves the integration of two already comnatcavailable
technologies (the fuel cell itself and a presswimg adsorption hydrogen
purification system), this type of unit has not lgeen built and tested as an
integrated system. Thus, these are expected aodtsot field-tested costs.

Achieving the goals set by the U.S. DOE and Govwe8abhwarzenegger’'s
Executive Order for a sustainable hydrogen econbasgd on renewable
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energy will require a combination of efforts frondustry and government,
focused on technology and policy.

* Policy initiatives that support renewable energg bpdrogen generation
include:

* Extension of time-of-use electricity pricing to dfeaindustrial
electricity users.

* Extension and harmonization of interruptible sesviates across all
California utilities and to smaller meter users@g@%Ww) involved in
the hydrogen highway.

* Power purchase agreements between renewable gmerggers and
hydrogen generators to provide appropriately priegegwable power
and incentive for new renewable power capacityoimnection with
the hydrogen highway.

¢ Technology developments underway in support ofweide energy and the
hydrogen highway include:

* Decreasing cost of renewable power generating etgnp by major
wind turbine and solar PV manufacturers

* Declining costs for electrolyzer equipment capiiast, resulting from:

* Product design simplification

* Volume manufacturing

* Implementation of lower cost materials

* Improved efficiency of electrolyzer / compressigstems from
current 60 kWh/kg to 50 kWh/kg with identified teciogy
improvements.

* Decreased installation costs through repeat iasi@tis and learning
by regulators and infrastructure providers.

* With the combination of appropriate policy initias, technology
advancements and eventual scale up in producae@enanufacturing
volume, the goal of a hydrogen economy that isasnigble and economical is
readily achievable by 2020.

4.3.3.4 Potential Funding Mechanisms

The Economy Team investigated a wide variety oépté&l mechanisms to fund
implementation of the CA H2 Net, although no speabst numbers were established at
the time of this assessment. Potential fundinghaeisms that were assessed included
market-based concepts, taxes, subsidies, and nesndBlie team discussed a wide array
of ideas, but did not make any formal recommenadatiol he various funding options
considered by the Economy Team involved the folimnéategories:

* Market-Based Mechanisms aimed at influencing the financial attractiveness
of investment in the CA H2 Net;

* Mandates that actively affect behaviors of various privateublic actors;
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* Cross Subsidies that transfer some of the benefit of current saypsi
programs from existing recipients to new recipieatemely, the
participating service providers in the CA H2 Neatr(éxample, transfer of a
portion of existing gasoline tax receipts to thegram);

* New Subsidies that involve new taxes or other new revenue ssu@e
enable the program;

* Non-Profit Organizations  with public-service or philanthropic missions that
embrace environmental / energy sustainability onemic development
goals;

* Reinforcing Mechanisms, such as awards and incentives which, while not
sufficient to fund the fueling infrastructure, megntribute to the broader goal
of accelerating development of the hydrogen economy

Among the major ideas discussed for potential imiglietation were the following:

* Revenue Bonding and/or General Obligation Bond&dxhby various types
of taxes or fees (e.g., involving fuel purchase aglticle registration).

* Requirements for existing transportation fuel sigyplto provide relatively
small volumes of hydrogen fuel by 2010.

* Encourage “dual use” energy applications suche¢hatgy stations,
established to generate electricity and usablefbe#tcal customers and/or
valuable “on-peak” electric power, can co-genehgidrogen and provide
facilities for dispensing hydrogen for refuelingwaes.

* Provide tax credits for companies making qualifrecestments in the CA H2
Net.

* Require that a growing proportion of new state-afet vehicles and, later,
private vehicle fleets (including rental car flgetse fueled by alternative
fuels, including hydrogen.

Additional ideas and concepts were provided by nesbf the Advisory Panel, and
others. For example, suggestions were made thgtvednicles deployed and hydrogen
fuel sold under the CA H2 Net should be exempt fk@mous types of taxes. A public-
private partnership developed to implement the CAN¢t could play a key role in
determining the best policies to fund the programaisous phases.

4.3.4 Implementation Team
4.3.4.1 Mission

The Implementation Team’s mission was to facilithie timely, safe, and effective
deployment of a hydrogen energy infrastructurdramsportation and stationary power
applications in California by 2010. The most catipart of this mission was to identify
actions needed to support the development andramifaplementation of regulations,
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codes, and standards for hydrogen stations. Tp&ementation Team'’s full scope
included a wide variety of logistics and issuethia following general categories:

* Codes & standards

» State, federal and local regulations
e Station permitting requirements

* Insurance requirements

» First responder community

4.3.4.2 Summary of Findings

The Implementation Team found that there were efésnef hydrogen use that are not
effectively covered by currently adopted codes &dtards or insurance practices for
conventional fuels. The primary target for diseoissvas vehicle refueling stations
available for public use. This included fuel deliy to the site, on-site fuel storage, and
fuel dispensing to vehicles. In addition, consadi@n was given to stations that will
include on-site hydrogen production, as well afgyg station” concepts where the
station can also generate electricity for on-sitgral-connected uses. Onboard vehicle
standards relating to hydrogen were not in the s@dpvork for this team, as they are
being developed in other forums. Centralized ors@t# hydrogen production and its
transport to fueling stations are already suppdoiedxisting codes and standards.

In developing its recommendations, the Team sotogghtcommodate the needs of public
and private stakeholders, permitting and regulatdiigials, codes and standards
development organizations, industry, and end usengdrogen-fueled vehicles and
products. The Team found three general areas vwhergges are needed:

1. Streamlining the process of implementing and emfigrcodes & standards:
identification and roles of authorities having gdtiction (AHJ)

2. Adjustments to current California codes & regulatidor hydrogen designed
for industrial use in specific applications

3. Obtaining insurance coverage

The Implementation Team developed an extensivefisticommendations to bring
about these changes. These recommendations ardaddan Section 6 within the full
context of implementation for the CA H2 Net.

4.3.5 Public Education Team
4351 Mission

The Public Education Team’s mission was to prepastate-supported marketing,
communications and public education plan to maxintie visibility of the CA H2 Net

in the 2010 timeframe, by fostering understandaugeptance and support of hydrogen.
Targeted audiences included stakeholders, conswandrghe general public.

51 A member of the Advisory Panel noted that degpiteeived codes coverage for central productiahta@msport, smaller, more-
versatile hydrogen delivery units may still needitidnal attention regarding codes & standards.
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An important aspect of the Public Education Teawosk was identifying opportunities
and challenges involved in educating different andes. Subteams were formed to
determine the education requirements for sevedikaae categories, including
technology and industry enablers, government, patiakers and influencers, consumers
and customers, and the education community. Tékbses resulted in the development
of recommendations for the types of core messaggsnarketing necessary for the CA
H2 Net.

4.3.5.2 Summary of Findings

The Public Education team found that introducing figels and technologies into the
market place requires carefully coordinated effor®Iving education, communications,
and marketing. The following is a core messagatitied by the Public Education Team
that cuts across all audiences and should be gleamhmunicated to the public:

California is becoming a world leader in adoptinigydrogen economy, to address
energy, environmental and economic issues thatrareally important to the people of
the State. The CA H2 Net will:

* Improve California’s environment by reducing emiss that may have an
impact on air quality and health

* Make California’s energy future more secure, staiple sustainable

* Improve California’s economy and create jobs

The Public Education Team’s main findings are oigasharound four distinct audience
groups. The core messages tailored for each gmmupummarized below. The major
outputs of the Team were specific action itemsr@edmmendations that have been
incorporated into Section 6. They can also be daarthe Public Education Team
Report.

Technology and Industry Enablers

The Team found that the CA H2 Net organization ncostmunicate with companies

and industry associations, labor organizationgaeh institutions and others who will
have an important role in facilitating technologlvancements and commercial
installations involving hydrogen. It must be conmuoated that hydrogen technologies
offer business opportunities, and California igienp business location. They also need
to be motivated — as a way of furthering their hass and professional interests — to help
communicate with their peers, their customers aed tommunities.

Government, Policy Makers and Policy Influencers

Moving hydrogen technologies forward and spurrimginstallation of hydrogen
infrastructure requires state and local policy nnake provide key policy drivers and
remove unnecessary barriers. This audience nedmsrmotivated by understanding that
their actions, if sustained and stable, can makiéo@aa a world leader in hydrogen
development and deployment, and that doing sorealp rewards for the state. These
rewards include job growth, a strengthening ofdtate’s economy; environmental
improvement, and a more sustainable and securgyesgstem for California. At the
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same time, this key audience needs to be eduaatettierstand more about hydrogen,
and especially that technologies and process tusey deliver and use hydrogen will be
safe.

Consumers, Customers and News Media

To motivate this group, which includes the gengptdilic, to accept policies in support of
hydrogen, it needs to be clearly conveyed thatdoyein technologies are consistent with
important state policies to provide stable, sustali@ energy for California.

On a consumer level, the general public needsdorhe familiar and comfortable with
hydrogen, understanding that it is as safe asfer #aan other fuels, and understanding
that hydrogen products such as fuel cell vehiclésdeliver the performance and utility
they expect. The public’s consumer expectationstibe tempered, however, to not
expect too much too soon, understanding, for exantipat hydrogen vehicles will be
available first to fleet operators, and more grégiua the general motoring public
(individual consumers).

At the local level, early and concentrated commaitian delivering the messages
summarized above is essential with community stalkieins in locations where hydrogen
fueling stations and demonstration projects aradgmistalled. Their comfort, and even
pride, in having a hydrogen program in their nemtiood needs to be fostered to avoid
possible opposition stemming from lack of knowledgeut hydrogen.

Education Community

A sustained program is needed to work with all lew¢ California’s education system to
help teachers and administrators fulfill the rdlesy can play in building the state’s
hydrogen economy and in realizing the opportunéiesilable to their institutions. Basic
concepts relating to energy, hydrogen, and fud$ celed to be incorporated into
curriculum guidelines at all educational levelshiitthe state.

K-12 schools and teachers have a key role in pirggéne future professionals and
consumers who will make the transition to a hydrogeonomy. Educators at this level
need and are eager to receive hydrogen trainimgcalum guidance and classroom
materials. In addition, California’s educationahtent standards must be adapted to
incorporate hydrogen education at the K-12 level.

Community colleges can be central to workforce tguaent efforts by incorporating
hydrogen and sustainable technology in the EconamicWorkforce Development
Program, creation of new degrees and certificatgnams, and through career training
programs for emergency responders, technician®#ails who will need hydrogen
training.

California’s colleges, universities and researdtiintions can expand their international
leadership in energy, hydrogen and fuel cell redeaxpand their role in training world class
engineers, scientists, business leaders and pakgrs in these fields, and by their very
presence and reputation can help attract hydrogsiméss to the state.
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5.0 Issues and Alternative Opinions

5.1

5.2

This section provides an overview of some issudsaliernative opinions that were

raised during the preparation of the Blueprint PlaBach is followed by a brief response
about how (or if) agreement on how to resolve fiseieé was reached. In some cases, it is
noted that further action may be necessary in syt Blueprint Plans for the CA H2
Net.

A clear consensus emerged from the wide array micgeants that California should
continue and strengthen its leadership role insitebming towards widespread,
sustainable use of hydrogen. Nonetheless, somesssd alternative opinions were
raised during the preparation of the Plan. Hiditbgof these issues are provided below.
Responses, compiled by the EO team, are providgedban information that emerged
from the process to prepare the Blueprint Plan.

Long-Term Planning and Transition to Subsequent Phases

Issue/Opinion: The Blueprint Plan for the CA H2 Net needs gredtgails and
additional mechanisms for success beyond 2010rd8héts so far are optimized for
short-term investigation and success without casid hydrogen pathways that can
best result in long-term success. The set up gtladlgen infrastructure is a cost-
intensive process, even in the initial phases, Wwhis to be carefully and strategically
planned by industry as well as public institutiofise building up of a hydrogen
infrastructure has to be optimized for costs andsion reductions through a long-term
plan, to be realized as effectively as possiblee Blueprint needs to be more specific
about how California will transition from Phasenta Phases 2 and 3. What are the
decision points? On what criteria will they be luitse

Response/Resolution: The objective of the first Blueprint under the EI& Net was to
create a preliminary action plan for deploying logkn fueling stations in California by
2010. It serves as the foundation for long termi@rcial success. This first step is
fully discussed in the Blueprint Plan report. Blaeprint includes a step-by-step
process that will manage early risks based on mectgrs. It is recognized that a
longer-term plan is needed to develop a truly snabde program but that cannot happen
without first laying a foundation. Using this it action plan and taking into account
technological progress evaluated at biennial resjetns envisioned that more detailed
plans will emerge over the next few years thatmkteut into the next decade, and
possibly beyond. At this time, more work and imf@ation coming from on-the-ground
projects are needed before specific decision pcenisbe identified.

Technological Readiness and Hurdles

Issue/Opinion: The Blueprint does not fully acknowledge the tehgical hurdles that
must be resolved before hydrogen vehicles andrigealiations can be commercially
deployed. Significant barriers with fuel cell sysis exist, especially regarding cost,
durability and consumer acceptance issues. Osbaes require additional research and
development, such as on-board hydrogen storagehndégical and commercial
readiness of hydrogen vehicles will mostly dictdie pace that California can
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successfully proceed to a sustainable hydrogenoaewn Building fueling stations
should not “get ahead” of the end-use technologies.

Response/Resolution : This issue was raised early in the Blueprint pssc The
Blueprint now includes greater detail and discussibout technological issues and
limitations, with appropriate checks and balancBlse Advisory Panel, which includes
experts from automotive and energy companies, sghagreement that Phase 1 of the
CA H2 Net is achievable in the 2010 timeframe. gdtties involved generally
concurred with the 2004 National Academies of Smereport which noted that, while
technical issues exist and must be overcome fenikion to become reality, there are no
technical showstoppers. The Advisory Panel agtieatdCalifornia can work with energy
companies to build a fueling infrastructure to rhatehicle rollout, and the associated
costs are manageable. They agreed that this shoadded as a world-class, phase-by-
phase effort to deploy hydrogen fueling stationd @agehicles. The specific purpose of
the biennial review process outlined in the Actitlan should be to assess technological
progress and commercial readiness before proce&alivagds further investments and
subsequent phases.

Issue / Opinion: There is insufficient rationale for supporting hygen internal
combustion engine (ICE) vehicles under the CA H2 Nlke costs might not justify the
environmental benefits, especially for what mayhenterim technology. Support for
hydrogen ICE vehicles might “retard” developmenhygflrogen fuel cell vehicles.

Response / Resolution: There are numerous reasons to support and incaativi
hydrogen ICE vehicles as part of the CA H2 Netvesal major automobile
manufacturers have made very significant investmenhydrogen ICE technologies for
vehicles, and two (Ford and BMW) have publicly cated that they plan to
commercialize such vehicles. In addition, cer@amall-volume manufacturers and
vehicle conversion companies plan to commerciddigrogen ICE vehicles. These
plans are indicative of real potential for commalization. Additionally, H2ICEs can
provide immediate emissions and petroleum-redudiemefits versus gasoline vehicles.

Demand for hydrogen fuel at CA H2 Net fueling sta will be increased through
deployments of ICE vehicles. Many CA H2 Net pagaits (including auto
manufacturers working on fuel cell vehicles) haweged that the costs of fuel cell systems
must be significantly reduced before they will i@ble in the transportation sector.
Support for Hydrogen ICE technology under the CANHZ can be viewed as part of a
“bridge” strategy, given this present economic theifdr fuel cell vehicles.

One of the biggest technological hurdles facing tgpg of hydrogen vehicle is the need
to develop affordable on-board hydrogen storagen@logies with acceptable volumetric
and gravimetric energy density to achieve satisfgadriving range. This will best be
accomplished through pooled demand for on-boarddggh storage systems from
automakers developing either type of hydrogen YeRICE or fuel cell). Finally, the
U.S. DOE’s hydrogen program envisions an impontal® for H2ICE vehicles on the
pathway to a hydrogen fuel cell transportation exyst

Issue / Opinion: Some of the analyses that were done to estabfdfogen costs and
benefits were based on technology that is likelgltange. For example, the working
pressure for compressed gaseous hydrogen systesrasai@med to be 5,000 psi. Higher
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pressure systems (10,000 psi) may be needed talpragceptable driving range for
vehicles that use compressed hydrogen. Such systdhentail higher costs for
stronger materials, and increased energy demandisgioer gas compression. These
types of impacts associated with changing techryohagd to be assessed.

Response / Resolution:  This raises an important point: technology to gateerstore

and use hydrogen is likely to undergo significamrge, even within the relatively short
timeframe of Phase 1 for the CA H2 Net. Againes kole of the biennial review
process should be to assess the commercial imphsadf these technological
improvements. Necessarily, the first Blueprintlgpad hydrogen technologies as a
snapshot in time. While it is true that changey make these analyses obsolete or
incomplete, in general technological change is nikedy to reduce costs and improve
benefits for hydrogen-related technologies. Faneple, one major auto manufacturer
recently announced they have achieved and excdbdéd S. DOE’s cost-per-kilowatt
goal. A manufacturer of fuel cells recently annceohit has been able to reduce the
amount of platinum needed in the fuel cell staekresenting the potential for significant
cost savings. And a recent string of manufactuaiarsounced that they have overcome
the hurdle of operating fuel cells in sub-freeziemperatures. Thus, the analyses
reflected in this Blueprint may very well reflecovgt-case scenarios for costs and
benefits. In addition, optimal vehicle or equiprapplications for hydrogen H2ICE and
fuel cell technologies may evolve over time, megrmat in some cases it may not be
appropriate to evaluate current costs and bengfikiding energy consumption.

Alternative Approaches for Societal Benefits

Issue / Opinion: The best way to displace petroleum in the trartgafion sector is
through expanded use of gasoline and diesel hydeckic vehicles. California should
constantly assess progress of this type of emetgiighnology, or any others that could
provide the same potential benefits as the CA H2 Ne

Response / Resolution:  The CA H2 Net is part of our state’s broaderghb@rm

strategy to reduce petroleum dependence and adslresenmental problems. Although
improvements to conventional gasoline vehiclesla@enear-term component of the
overall strategy, California cannot achieve its@eum displacement and environmental
protection goals solely through such efforts. Tikisecause the number of vehicle miles
traveled by California’s motorists is growing ataée which will overwhelm projected
improvements.

It is valid to note that California should constgraissess technology under the CA H2
Net. This should be accomplished through the ba&maview process described in this
Blueprint. Close coordination should be conduetét other efforts to assess
technology and commercial readiness. Assessmiatsdsfocus on performance goals,
i.e. effectiveness at meeting environmental ancbfgim displacement goals with a
long-term vision.

Issue / Opinion: The CA H2 Net is “receiving a disproportionate amiof attention”
and “crowding out” alternatives that may be moractical, energy efficient, and/or
achievable in the near term.
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Response / Resolution: The Blueprint Plan addresses this concern in lingusivity
Policy” (See Section 4.3.2.2). This policy recags that the development of
complimentary technologies is essential to devekmnof a hydrogen economy and
states that California should continue to evalaaig support investments made in other
alternative fuels and technologies if they offexacland compelling societal benefits. It
also notes that these technologies are necessachigve immediate petroleum and
emissions reductions. Examples of such fuels acldhiblogies include, but are not
limited to, battery electric vehicles, plug-in higs, and natural gas vehicles. Emphasis
should be put on those fuels and technologiesniiatve renewable energy pathways.
Details can be found in the Societal Benefits Tdmam report.

Issue / Opinion: Direct use of electricity to recharge battery #ieoehicles (BEVS) or
“plug-in hybrids” will provide higher efficiency ahgreater societal benefits than using a
hydrogen-based strategy for vehicle propulsionV8End plug-in hybrids will need less
energy than hydrogen vehicles (including fuel gehicles) to support an equal number
of vehicle miles. Improvements in long-life stoedgatteries enable BEVs to achieve
driving ranges of 200 to 300 miles. Applicatioeguiring longer ranges and quick
refueling can take advantage of emerging plug-ioridytechnologies.

Response / Resolution: These arguments have technical validity, but maycoosider
the larger picture. Many major manufacturers hdigeontinued their BEV programs
and none have publicly expressed plans to comniieeeREVs or plug-in hybrids. This,
however, does not mean these technologies do rsita@will not advance in the future.
The Inclusivity Policy was included for such deymitents.

The recommendations of the Blueprint Plan are pegdd on droad spectrunof
attributes, and a long-term vision for Californislany potential benefits and factors
have been taken into account for success. Thekelmstakeholder support, the stated
commercialization plans of vehicle manufacturexssteng partnerships that can be
leveraged, synergy with bridging technologies fgdriogen (including electric drive,
which will be advanced through the CA H2 Net), adential for broad acceptance by
the public. Perhaps most important is the biggergy picture for California. As energy
use in the transportation sector is diversifiets @lso necessary to consider what may be
the most efficient and cost effective use of eneegppurces for power generation,
industry, commercial, and residential uses. Basethe compelling combination of
attributes described in this Blueprint, moving fargl with a plan that specifically
focuses on hydrogen fuel appears to be the riglrseocof action.

Hydrogen Production Pathways

Issue / Opinion: Even the most benign hydrogen production pathwalysiot

necessarily result in net improvements in greenb@as (GHG) emissions. For
example, making hydrogen with electricity from aeeable energy source (e.g., wind or
solar power) will result in more G@a GHG), because combustion-based powerplants on
the electricity grid will be used to “pick up theeld that the renewables would otherwise
have provided energy for.” Generation of hydroggth electricity should be evaluated
using assumptions for the marginal electricity gatien in California. Based on
calculations for hydrogen generated in a typical-gowered electrolyzer and used to
fuel a state-of-the-art prototype fuel cell vehjclee grams per mile G&quivalency for
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the vehicle will be worse than a current gasoliakigle that achieves only moderate fuel
economy.

Response / Resolution : The CA H2 Net has specifically set a goal of usiegv
renewables (see glossary) to provide power fortrelgsis to ensure that fossil fuel
emissions are not simply shifted among end-usaagtjgins. Section 3 discusses these
electricity production options. California currBnaises petroleum (and ethanol, as an
oxygenate in gasoline) for transportation while ib&t of the state's energy needs are
divided among various energy resources. As théH2Aet moves forward and
California diversifies its options for transportatienergy, it will be important to assess
the most effective allocation of available type®nérgy resources to meet transportation
and electricity generation demands. Source-to-Wraéssions should play a role in the
analysis, as should costs, convenience, technotagliness, resource availability, and
other metrics.

Finally, the State’s C@mitigation efforts must be balanced with its pegtoh-reduction
efforts. Both are components of eliminating theusity, environmental, and economic
threats to California from its transportation s€stbeavy dependence on petroleum.
The CA H2 Net is an effort to incorporate those,@@d petroleum-reduction efforts
with each other and similar initiatives.

Issue / Opinion: The Blueprint needs greater discussion aboutmefay renewable
liquids such as ethanol. Steam reforming of ethesrnihe least costly renewable source
of hydrogen. The Blueprint Plan discussion regagdhis production pathway was
mostly limited to providing hydrogen to rural onmete locations. Ethanol can be stored
in existing underground gasoline storage tanks,cmslite reforming could occur in
California at many if not most of these existingilities. California should consider a
refueling program to support the approximately 800,flexible fuel vehicles in the state
that are capable of running on E-85 (a blend of &#anol and 15% gasoline). The
onsite tanks of pure ethanol (before blending) d@arve as feedstock for hydrogen
reforming, resulting in dual-purpose fueling stato This would be a very cost-effective
bridging strategy to renewable hydrogen.

Response / Resolution:  This type of renewable hydrogen pathway is notlprksz

under the CA H2 Net, and the potential for furtherk exists. Currently, California

uses large volumes of ethanol as an oxygenatesimliga. This meets federal
requirements and helps displace petroleum fuek &hanol industry has made some
preliminary overtures towards providing an E-85lifuginfrastructure in California for
flexible fuel vehicles. Further infrastructure @stments should involve business
decisions as well as regulatory considerationsckvhre not likely to be driven by the
potential to make hydrogen. The CA H2 Net showldtinually assess the best pathways
for hydrogen production within the full context@élifornia’s overall energy needs and
strategies.

The Role of Academia

Issue / Opinion : The CA H2 Net action plan should recommend nesg@ms to ensure
that California’s research and educational insohg are key to development of new
high-technology clean energy industries, creatifg jand economic growth. The
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Blueprint Plan should have stronger emphasis azareh and education as key factors in
moving toward a hydrogen economy, given that teldgical innovation is required to
enable a sustainable energy future. New univensdystry partnerships should be
created along with California “research centersxafellence” in the areas of hydrogen
storage, fuel cell technology, and renewable hyeinagfrastructure.

Response / Resolution : The Blueprint and the accompanying report fromRhélic
Education Topic Team contain some details addrgghis type of role for California’s
institutions of higher learning. If needed, adzh&l efforts can be scoped out as part of
the biennial review process.
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6.0 Conclusions and Recommendations

6.1

The following set of recommendations will help dadbe successful commercialization
of hydrogen in California. These recommendatioysoat a broad sketch of the “what,
how, where and who” of the Blueprint plan. Recomadagions range from overarching
philosophy, deployment guidelines, specific crééeand required actions. For more
detailed information regarding technical elementsidindings that support these
recommendations, as well as additional recommendatiplease refer to the individual
Topic Team reports.

Defining the Hydrogen Highway Network

The California Hydrogen Highway Network is a Stai¢iative to promote the use of
hydrogen as a means of diversifying sources okpartation energy, while ensuring
environmental and economic benefits. Implementgahiases, the Blueprint Plan
outlines a path to 250 hydrogen stations and 20h§d@ogen vehicles, which will help
set the stage for full scale hydrogen commerciatina The broad mix of stakeholders
involved in the CA H2 Net process have agreedlilg&010 a first phase of the CA H2
Net is achievable, and they are expected to byitidgen stations as vehicles are
deployed. The Advisory Panel, based on the firglofighe Topic Teams, recommends
the following critical path for the CA H2 Net:

* Implement the CA H2 Net program in phases, begmamsoon as possible
with Phase 1. The transition to hydrogen fuel &iifGrnia will require a long-
term commitment and the best efforts of governmedystry and consumers
alike. The CA H2 Net is a long-term effort thabsld begin now.

» Thorough biennial reviews should be undertaken,ingggeriodic assessments
of technological maturity and commercial readineswehicles and other
hydrogen-fueled products. Results of the biemeialews should evaluate
progress on implementation of the Blueprint Plaah iaform the path forward
to subsequent phases of implementation. Resuttsedfiennial reviews
should also help define timeframes for completibRloases 2 and 3.

* Phase 1: Deploy 50-100 hydrogen stations in Qalidoby 2010, including
existing stations and those already planned thratigér programs. Deploy
2,000 hydrogen-fueled light-duty vehicles, 10 heduyy vehicles, and 5
stationary or off-road hydrogen applications inifoahia by 2010.

* Phase 2: Assuming sufficient progress with vehdgployments and other
milestones in Phase 1, as judged by the resuligeahial reviews, target a
total network of 250 fueling stations by the endPbfase 2. In tandem with the
250 stations, deploy 10,000 hydrogen-fueled lighttrdrehicles, 100 heavy-
duty vehicles, and 60 stationary or off-road hydmgpplications.

* Phase 3: Deploy 20,000 hydrogen-fueled light-detlyicles, 300 heavy-duty
vehicles, and 400 stationary or off-road hydrogepliaations. The number of
stations may remain the same at 250, however vawhkydrogen dispensed
at these 250 hydrogen stations will be increasgaifgsantly due to the
expanded fleet of hydrogen vehicles in the state.
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How to Deploy the Network

A well-planned strategy for building hydrogen stas is critical to creating a network
that best serves the citizens of California. Tinategy recommended for the CA H2 Net
provides maximum benefits to the state withouhgitiydrogen stations prematurely, and
it creates a network that serves the state both aswydrogen use increases, and in the
future, as hydrogen vehicles and other applicatimt®me widely available. The
Advisory Panel and Topic Teams recommend the foligwtrategy for deploying
hydrogen vehicles and infrastructure:

Build Fueling and Energy Stations

* Expand the CA H2 Net to Serve Vehicle PopulatiGiosely coordinate
development of hydrogen fueling infrastructure wdgployment of hydrogen
vehicles, and adapt and expand the network asethiele population grows.

» Build Stations Based on Agreements with Energy l&up@nd Vehicle
Manufacturers The State and public-private partnership shawdck
together to strategize and establish agreementsuftaing hydrogen stations.

» Utilize a Mix of Production PathwaysA mix of production pathways that
reflect the diversity of production options thatehthe environmental
guidelines and work toward the long-term goalshef €A H2 Net should be
utilized. This strategy provides flexibility tostea broad range of production
methods in order to maximize experience gathemtadlow superior
pathways to evolve.

* Leverage Resources and Experiencé&rk with other agencies, states and
countries to leverage resources and experienags ¢éher demonstration
programs such as those of the U.S. DOE and the AR

« Communicate Station ExperiencBut in place strategies that widely
communicate information from experiences with hgdno stations. This
communication should foster public acceptance anelasl knowledge that
will assist in more efficient implementation of @sdand standards to the
jurisdictional authorities, and help establish ygating of hydrogen and
insurance rates.

» Coordinate with the State Fire Marshal and PermiitiOfficials. Coordinate
closely with the State Fire Marshal and permittfigcials through
implementation of the CA H2 Net. This strategyl i key in streamlining
the station siting process and building knowledgsupport future stations.

» Communicate with the Communiti?erform community outreach, and
provide technical programs where appropriate, as 88 planning begins for
individual fuel stations. This strategy will hdtgral stakeholders and the
community become familiar with and support hydrogtations in their
neighborhood.

» Utilize, to the Extent Possible, Lessons from RneviAlternative Fuel
DeploymentsBased on the experiences from electric vehiclethanol, and
natural gas, the state should analyze, incorpoaatkemulate the successes
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achieved during these introductions. California haen one of the most
active proponents in the world for clean, alten@afuel deployments. Many
staff from different state and local agencies pgr#ted in these efforts and
their experience should be utilized.

» Encourage Improved Industry-University-National badtory Involvement.
The State, industry, and stakeholders should wiadety with researchers in
hydrogen, fuel cells, and renewable technologidsih the university system
and national laboratories. California is home twla/renowned researchers
in these technologies, and their involvement wolhitibute greatly to station
siting models, stationary fuel cell developmentengable hydrogen
distributed production, and storage advancements.

Procure Vehicles and Other Hydrogen Applications

The “chicken or egg” conundrum for hydrogen carmosolved unless simultaneous and
coordinated efforts are made in deploying bothatatand vehicles. As part of the CA
H2 Net strategy, it is recommend that support afrbgen vehicles and other hydrogen
applications as the infrastructure be establishidte Advisory Panel and Topic Teams
recommend the following actions to support hydrogesducts:

Include Hydrogen Vehicles in the State Master $esvAgreementThe State
should support commercialization of hydrogen vedsdly incorporating them
into the Master Services Agreement process aslibeyme available. The
Master Services Agreement process establishesggetiated contracts to
procure vehicles for government fleets, and incln®f hydrogen vehicles
would be an excellent way for the State to lea@Xgmple.

* Encourage Non-State Fleets to Buy Hydrogen Vehides/elop strategies
and agreements to encourage non-government flepteture hydrogen
vehicles. Fleet-based strategies in local andregigovernments, as well as
private fleets, can potentially build demand anckserate the commercial
sustainability of hydrogen vehicles.

* Work with the CaSFCC and Trade Associations to Adedhe Use of Energy
Stations Close collaboration should take place with tladifGrnia Stationary
Fuel Cell Collaborative (CaSFCC) and industry tradsociations to expand
the use of stationary hydrogen applications infGadia.

* Implement Policies that Incentivize Hydrogen Amdluns Adopt policies
that incentivize hydrogen-fueled vehicles, statignand other feasible
hydrogen applications to help establish the “eadgpter” market for
hydrogen.

6.3 Where the Stations Should Be Sited

* Focus Infrastructure in Areas with High Utilizatiorsite initial infrastructure
in the highest expected vehicle population censarsh as Los Angeles,
Sacramento, San Francisco and San Diego, as wiblk asgions between
these population centers, such as the San JoaalleyVThese locations will
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6.5

achieve the greatest use, and will provide valudhta that will help advance
technology.

* Maximize Synergy in Hydrogen Stations and Exighifrgstructure EXxisting
natural gas infrastructure meeting select critehiauld be expanded to
produce and deliver hydrogen. Many natural gabngetations in California
would provide excellent structures to incorporatdrbgen because they
already have high-capacity pipelines in place, gepee handling and
distributing compressed and liquefied gases, aey ¢tan be adapted to
produce and deliver hydrogen on-site. Likewisestxg hydrogen generation
and fueling assets, such as merchant hydrogenipalings, should be
leveraged.

* Follow Station Siting Criteria Hydrogen stations should be planned
according to the station siting criteria establésfa the CA H2 Net by the
Blueprint Rollout and Strategy Topic Team. In grtieensure the best
projects and sites are chosen throughout the priopeeline for the CA H2
Net Initiative, potential sites should be screebased upon a series of criteria
that fall into the general categories outlinedhia Rollout Topic Team Report.
For detailed siting criteria and “Screening Quewtitor Host Partners,”
please refer to the Blueprint Rollout and Strat&éggic Team report.

The Cost of Phase 1 of the CA H2 Net

The CA H2 net should be funded through a partnprsatween industry and
government. The transition to a hydrogen econamy the public’s interest; therefore,
government should play a key role and take respditgifor a longer-term focus than
what industry may be compelled to do for sharehsldEhis longer-term vision requires
an up-front investment in research, developmentdamdonstration of hydrogen
technologies, which will deliver multiple benefits California.

The Advisory Panel and Topic Teams recommend th@xmg hydrogen vehicle and
infrastructure incentives:

* Provide Hydrogen Infrastructure IncentiveBunding to complete the first
100 stations should be shared between the Statthammlivate sector.

* Provide Hydrogen Vehicle Incentive¥ehicle incentives should be provided
by the State during Phase 1 to help ensure thd 2€icles are placed on
California’s roads over the next five years.

» ldentify Incentives to Reduce Investment Rldentify industry and
government agency incentives (financial and otteergduce the risk and
uncertainty to all stakeholders.

Who Should Implement the Hydrogen Highway Netwo  rk?

The public-private partnership that was formeddwedop the Blueprint Plan was a
unique and extremely diverse group of represemsatiwllaborating on a shared vision of
a hydrogen economy. If maintained and leverades partnership can be the driving
force that can make the CA H2 Net successful —etseskeholders are the entities that

are developing new technologies, building statiomsnufacturing cars, developing
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stationary applications, demonstrating hydrogencles and applications, establishing
policies, and performing other functions that pdavthe foundation of a hydrogen
economy.

It is recommended that a formal entity and workielgtionship be created to provide a
structure for the public-private partnership to ktwgether on the implementation of the
CA H2 Net. This entity should:

* Work closely with Cal/EPA to implement the CA H2tNe
» Establish its own governing rules

* Build upon and strengthen constructive involven@r€A H2 Net
stakeholders

» Attract and coordinate the combination of publid @mnivate sector resources
to accelerate the early growth of the CA H2 Net

* Work with the Cal/EPA to establish public-privat@imerships in each
metropolitan region, with wide stakeholder partatipn in each region, and
active information sharing by all regions

* Help steer and adapt the CA H2 Net based on ols@ngaand lessons
learned

* Investigate opportunities to integrate CalifornexfBrmance Review
» Consider legislation, policies and EOs to fosteredi@pment of CA H2 Net

Actions that are Necessary

The Advisory Panel and the Topic Teams also idiedti& number of key actions that
will be necessary to implement the CA H2 Net. Ehieslude work on codes, standards
and permitting, emergency response and safetyssswsirance and liability schemes,
and public education and outreach. Several oktkey action areas included
recommendations for legislative action. A sumnafrthese recommendations is pulled
out at the end of this discussion for reference.

Implement recommendations on permitting, codes and standards

As described in the findings of the Rollout Stratagd Implementation Topic Teams the
process of siting and permitting hydrogen statismgeew ground for many stakeholders
and permitting officials. Clearly identified isemeed for clarification of responsibility,
uniformity of process and education of officialBhe following specific
recommendations were made:

» List Hydrogen as a Transportation Fudlist hydrogen as a transportation
fuel in the same manner that gasoline, diesel nagral gas are listed. This
designation would clearly define hydrogen as arpiable substance to be
used as a motor fuel. It would help direct pernmitfor hydrogen facilities to
proceed along a similar path as other transportdtiels, while still allowing
the unique characteristics of hydrogen to be takEnconsideration by
permitting officials.
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* Designate the State Fire Marshal as the Lead Autyétaving Jurisdiction
The Governor and/or Legislature should designaeStiate Fire Marshal as
the lead coordinating authority having jurisdicti@gxHJ) for the CA H2 Net,
and amend the existing appeals process should eedmd so that the State
Fire Marshal’s ruling is binding and final. Thewseasures would provide a
single overarching authority for issues relatetiyfdrogen codes and
standards, making the State Fire Marshal respafbladopting hydrogen
codes & standards, coordinating local AHJs and t{haimitting processes,
and training emergency first responders to addrgdsogen incidents.

» Assist Local Jurisdictions in Appointing a Lead @boating AHJ Develop
a strategy to assist local jurisdictions in appagng lead coordinating AHJ
for permitting hydrogen stations. Local jurisdicts have ultimate permitting
authority for hydrogen fueling facilities, howevenultiple agencies often
issue permits within a local jurisdiction. A coorating AHJ would help
streamline the local permitting process and enalli@ the locality’s
permitting requirements are understood and met.

» Initiate an Annual Hydrogen Code Cycle Review fgdidgen. The
Governor should instruct the Building Standards @uossion to initiate an
annual hydrogen code cycle review beginning MidrA005. This would
ensure that California’s codes and standards gredkerent with advances in
technology.

» Reference Existing Standardgvhile anticipating the adoption of newly
developed, revised, or modified model building &irelcodes for hydrogen
stations, it is recommended that AHJs, througlp#renitting process, utilize
by reference and as allowable under current lagvettisting International
Code Council (ICC) and/or National Fire ProtectAssociation (NFPA)
hydrogen codes.

* Provide Means to Recoup Costs for New ResponmbiliAs the State Fire
Marshal and designated local AHJs are given newdggh responsibilities,
the State should provide them with the means touggthe costs of those new
activities.

Support Federal Activities Involving Hydrogen Codesl Standards. The
state should support, and to the extent possibligborate with the United
States Department of Transportation in the devetgraf Federal Motor
Vehicle Safety Standards and other hydrogen safefytransportation
standards.

* Develop and Implement Three Templatébe State Fire Marshal should be
assigned responsibility for developing and oversgeniform application of
three templates: Template one would define respditigis of relevant AHJs;
template two would set forth the permitting andrappl processes for
hydrogen fueling stations, and; template three dalgscribe the design
requirements for hydrogen stations.

Implement Insurance and Risk Management Measures

Until there is a large statistical database ofgrenince of hydrogen fueling stations,
insurance companies may not be able to underviatmss at affordable rates. The
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absence of clearly defined risk assessment andan@slagement measures may
exacerbate this problem. Since these conditionsbea barrier to the implementation
of the CA H2 Net, it is recommended that the S¢atact measures to ensure public
safety and help provide reasonable rates for imegraThe following measures are
recommended.

* Include Risk Management Provisions in HandbodBevelop a strategy to
ensure AHJs include comprehensive risk managenmewtspons in the
recommended hydrogen fueling handbook. The handixooikd be available
to station providers and permitting officials asia@ans to clearly identify state
and local requirements and protocol for developipdrogen stations.

» Utilize Federal Hydrogen Safety Trainingencourage the State Fire Marshal
to utilize training offered by the U.S. DepartmehE&nergy’'s HAMMER
(Hazardous Materials Management & Emergency Respdasility, and the
U.S. Department of Transportation’s Transportaaifety Institute.

* Require the Inclusion of Risk Elements in PerngttiRequire all entities
planning to build hydrogen-fueling stations to umé specific elements
related to risk assessment and risk managememeingermitting submittals.

» Create a Hydrogen Experience Databaséreate a State-run system to record
and investigate safety-related incidents and @fféatabase of experience.
This database would be made available to the insarandustry to reference
and use in building the necessary body of stasisteeded to provide
affordable insurance rates.

» Establish an Insurance PooEstablish an insurance pool, as has been done
for underground fuel storage tanks and brownfigidgrovide partial
coverage of deductibles and set requirements &iostinstallers and
operators to self-insure. This action would helpgate the insurance
uncertainty associated with the lack of long-tetatistical experience.

Perform Public Outreach and Education Activities

The success of the CA H2 Net is dependent uporiddaitins’ understanding of the
importance and value of moving toward a hydrogememy. Lack of understanding is
currently significant and will be a hindrance tdopa and political acceptance of the CA
H2 Net if not addressed. Public communicationgsiatinual process requiring a
formalized approach and structure to carryout @wds: The following actions are
recommended.

» Communicate to Target AudienceBirect communications actions toward
four key audience categories: (1) hydrogen techgyémd industry enablers;
(2) government, policy makers and influencers;c@@)sumers and customers;
and (4) educational institutions;

» Establish a single point of contacEstablish a single point of contact for each
of the key audiences;

* Organize a Major Public Education Campaig@rganize a major, public-
private advertising campaign immediately. The caigyp should build
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understanding of the value of moving toward a hgdroeconomy, and
promote acceptance of hydrogen technologies irsp@mation and non-
transportation applications;

Leverage other Programd.everage and collaborate activities with other
communications programs;

Communicate Early in Station Siting Communiti€oordinate early
communication and education with communities wheeding stations are
planned;

Control the MessageControl the message to avoid “selling too muah to
soon”;

Link with Sustainable SystemBemonstrate prominent linkage in all
activities between hydrogen and systems that aewrable and sustainable;

Support Hydrogen Safety Training for First Respead&upport the
establishment of first responder curricula for ience courses at the
community college level, and ongoing courses fosteg fire fighters and
EMT personnel, that focus on hydrogen, fuel celld ydrogen internal
combustion engine vehicles.

Implement all Other Recommended Strateglegplement other
communications activities directed toward eachdbagidience,
recommended in the Public Education Topic Teamrtepo

Legislation

A summary of actions above that require legislatalows:

Establish hydrogen as a “transportation fuel”
Create an insurance pool for station owners

Designate the State Fire Marshal’s Office as thd kgency responsible for
adopting hydrogen codes and standards, coordiniatiad) authorities having
jurisdiction and their permitting processes, amaghing emergency first
responders to address hydrogen incidents

Amend the appeals process for station siting sottigadecision of the State
Fire Marshal’'s Office on an appeal is binding amalf

Establish and Ensure Environmental Guidelines

Because hydrogen can be derived from a varietpafces, some carbon based and
others free from carbon and other pollutants, uag#y exists among experts as to
whether a hydrogen highway will provide the sodibtnefits required. It is for this

reason that it is recommend that the following emwinental guidelines be established to

ensure the CA H2 Net provides maximum benefithi¢ostate:

Reductions in Greenhouse Gas (GHG) Emissidhd. in place measures to
ensure the CA H2 Net provides, in the aggregat@itial 30% reduction in
GHG emissions relative to conventional gasoline @diedel vehicles, and
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gradually increase reductions in subsequent yeadslitionally, the use of
low GHG electrolysis pathways should be establisiredooperation with
stakeholders.

» Create a Renewable Portfolio Standard for HydrogEstablish a Renewable
Portfolio Standard for hydrogen, which should gl utilize 20% renewable
resources in the production of hydrogen and grayluadrease in subsequent
years. Any electricity generated from renewabs®muoeces and counted
toward the CA H2 Net should not be used to meetatingr renewable
obligation.

» Start now with a mix of production options thatieet the diversity of
production options and the long-term goals of tiheHZ2 Net effort

* Compliance with Criteria and Toxic Emission StaratarRequire compliance
with all of the state’s aggressive goals and rexuénts for criteria and toxic
pollutants.

* Evaluate ImpactsEvaluate localized as well as regional impacts from
hydrogen production pathways to ensure there areegative external
impacts to local communities

It is crucial that measures be established to ent@se environmental guidelines are
adhered to. Further, the environmental guidelmast be paramount in the policies and
funding plans for the CA H2 Net, including providifunding (if necessary) to offset
differential costs of using renewable pathway$mdevelopment phase.
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7.0 Glossary

Definitions

Authority Having Jurisdiction (AHJ) — The phrase “authority having
jurisdiction” is used in code documents in a braghner, since jurisdictions and
approval agencies vary, as do their responsilslitéhere public safety is
primary, the authority having jurisdiction may béederal, state, local, or other
regional government department or individual susla &re chief; fire marshal;
chief of a fire prevention bureau, labor departmentiealth department; building
official; electrical inspector; or others havingtsitory authority. For insurance
purposes, an insurance inspection departmentgratireau, or other insurance
company representative may be the authority hgunsdiction. In many
circumstances, the property owner or his or heigdesed agent assumes the role
of the authority having jurisdiction; at governmanmgtallations, the commanding
officer or departmental official may be the authphaving jurisdiction. The AHJ
typically assures compliance with a regulation,ecodstandard. In the absence
of locally recognized codes a precedent is uswallyght either from a similar
application or a document used by another jurigzhct

California Building Standards Commission (CBSC)— Charged with
reviewing and approving building standards propdseadoption by relevant
state regulatory agencies. Composed of the CaatidgnCouncil and the Code
Advisory Committees

Code (Model Code)—Set of broad technical system requirements ugsuall
dealing with safety and/or performance of an overdtem — established by
professional Code Development Organizations (C@Qg, ICC, NFPA) — non-
mandatory. Model Codes incorporate by refersaecmus standards. For
example, the ICC Building Code incorporates statslaublished by 50 different
organizations (ASTM, NFPA, UL, etc.). Stationargifdies are generally
specified by codes and the equipment/process s@stiaat individual codes
reference. Comprehensive Model Codes may be adibgteesgulatory agencies
and, thereby, incorporated into law / regulatiamj @ecome mandatory.

Code Advisory Committees— Advises the California Building Standards
Commission on proposed building standards by ahntaliewing the technical
merit of building standards as proposed by regwattate agencies, and submit
recommendations to the CBSC. There are five Catlesary Committees: the
Accessibility Committee; the Plumbing, Electridslechanical, and Energy
Committee; the Building, Fire and Other Committ8&uctural Design/Lateral
Forces Committee; and the Health Facilities Conamitt

Coordinating Council — One of two bodies of the California Building Stands
Commission. The Coordinating Council submits rec@ndations for building
California Hydrogen Blueprint Plan Volume I May 2005

85



and fire codes and regulations, and is comprigseesentatives of: Health
Services, Office of Statewide Planning and DevelepinHousing and
Community Development, Industrial Relations, State Marshal, California
Energy Commission, and General Services.

Control Recovery Register— Provides overall project details such as
information on site equipment and operations messsur

Distributed Generation (DG) — The generation of electric power and thermal

energy at the location where a substantial fraaifdine product is used. In
general, DG is in the electric power range fromewa kilowatts to 50 megawatts.”

Emergency Response Plan- Detailed plan of execution should an emergency
incident occur

Energy Station —An energy station is designed first and foremosttie
distributed generation (DG) of electric power andaste heat recovery thermal
product (e.g., heat and/or cooling) delivered tocal customer. Three attributes
distinguish an “Energy Station” from a stand-aléHgdrogen Refueling
Station:” (1) The DG is operated on natural gasaltarnative fuels such as
digester gas, land-fill gas, or bio-mass gas;H{@)drincipal commercial products
are the export of electricity, thermal energy toaal customer or the grid and of
hydrogen for vehicle refueling, and (3) the exmdrelectricity and thermal
energy is a commercially economically viable entisgp

HazOp — Detailed design review process to ensure safe ni@sig operation

Hydrogen Refueling Station —A station designed to dispense hydrogen fuel.
Refueling stations can be either associated widnggnstations or stand alone. As
a stand alone, the station may include DG for lzadanf plant load leveling and,
depending on the DG, to (1) meet critical systeecteilcal supply needs, (2) serve
as back-up power, and/or (3) serve as peaking poimezontrast to the energy
station, the DG in the stand-alone scenario isflibly hydrogen.

Implementation Topic Team (Team)— One of five Topic Teams contributing

to the development of the Blueprint Plan descrithiog/ California should

develop a network of hydrogen fueling stations B§@ The Implementation
Team addresses issues related to hydrogen codesaemtirds, and insurance and
liability.

Law or Legislative Act — Broad set of legal requirements with no techinica
details on the subject matter.

Office of the State Fire Marshal (SFM)— A division of the Department of
Forestry and Fir Protection dedicated to fire pree#. Responsibilities include:
regulation of occupied buildings; managing flamneatibstances; regulating
liquid pipelines transporting hazardous materigsjewing regulations and
building standards; and educating and trainingc@#s in fire protection
practices.
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Regulation — Set of legal requirements to support a Legistafict or Law. May
incorporate reference to technical codes and stdadamandatory

Site Quantitative Risk Assessment (QRAY A risk management/assessment
procedure which measures selected site risk suttteasxtent and frequency of
hazards

Standard — Set of technical requirements, usually dealirtty wafety and/or
performance of equipment or the installation ofipqent Mobile/portable
products are generally specified by standards. eésstandards may be
incorporated into local or federal regulations, #mefeby become mandatory.

Standards Development Organizations (SDOs)- organizations of
professional, technical experts that establishggibnal, non-mandatory
standards to insure safety, compatibility, perfanoeameasures, and other
features of equipment and processes; e.g., IEEB,ABerica, CGA)

Source-to-Wheels (STWs)— A type of analysis that fully assesses the
environmental impacts of a fuel pathway and vehietdinology combination, by
assessing the entire life-cycle of all procesgesnthe beginning of fuel
production to the end use of the vehicle. Thixpss is often referred to a “well-
to-wheels” analysis when specifically focused otrgdeum fuels. This document
uses the term “source-to-wheels” due to the faatt ot all hydrogen production
involves initial pumping of energy resources froinoo gas wells.

Templates— Guidelines and provisions set forth as recommeadsiiby the
Implementation Topic Team to help ensure uniformpligption of codes and
standards for the purpose of facilitating the péing and installation of
hydrogen fueling stations in California.

Acronyms

AHJ Authorities Having Jurisdiction

ANSI American National Standards Institute

AQMD Air Quality Management District
ARB California Air Resources board
ASME American Society of Mechanical Engineers
ATR auto-thermal reforming

BPV Boiler Pressure Vessel

C&S Code(s) and Standard(s)

CalEPA California Environmental Protection Agency
CA H2 Net  California Hydrogen Highway Network

CaFCP California Fuel Cell Partnership

CalOSHA California Occupational Safety and HazagAcy
CalTrans California Department of Transportation

CARB California Air Resources Board
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CaSFCC California Stationary Fuel Cell Collaborativ

CBSC California Building Standards Commission

CCR California Code of Regulations

CDO Code Development Organization

CEC California Energy Commission

CEQA California Environmental Quality Act

CCHP Combined Cooling, Heating, and Power

CH, Compressed Hydrogen Gas

CH, Methane

CNG Compressed Natural Gas

CO carbon monoxide

CO, carbon dioxide

DOE United States Department of Energy

DOSH California Department of Industrial Relatiolsvision of Occupational
Safety and Health

DOT United States Department of Transportation

EER energy economy ratio

EIR Environmental Impact Report

EIS Environmental Impact Statement

EO Governor’s Executive Order

EPA U.S. Environmental Protection Agency

FCV Fuel Cell Vehicle

FMEA Failure Mode and Effect Analysis

GHG greenhouse gas

H> hydrogen

HAMMER  US Department of Energy’s Hazardous Mataridlanagement &
Emergency Response Facility
HAZMAT  Hazardous Materials Safety

HCNG hydrogen and compressed natural gas
HDV heavy-duty vehicles

HICE Hydrogen Internal Combustion Engine
HSM hydrogen separation membrane

ICC International Code Council

ICE internal combustion engine

ICEV internal combustion engine vehicle

KOH aqueous potassium hydroxide

LH> Liquid hydrogen

LNG Liquefied Natural Gas

N>O nitrous oxide

NOx oxides of nitrogen

NEPA National Environmental Protection Act
NFPA National Fire Protection Association

NIST National Institute of Standards and Testing
NPRM Notice of Proposed Rulemaking SFM
NRTL Nationally Recognized Testing Laboratory
OAL Office of Administrative Law
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OEM
OSFM
PEC
PEM
POX
PM
PPP
PSA
PUC
PV
PZEVs
QRA
RA/M
ROG
ROP
RPS
RSPA

SAE
SCAQMD
SDO
SMR
SPE
UFC

uL

VTA
WTW
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original equipment manufacturer

Office of the State Fire Marshall
hydrogen-production process

proton exchange membrane

partial oxidation

particulate matter

public-private partnership

pressure swing adsorption

California Public Utilities Commission
photovoltaic

Partial Zero Emission Vehicles

Site Quantitative Risk Assessment

Risk Assessment and Risk Management
reactive organic gases

Report on Proposals

California’s Renewables Portfolio Standard
U.S. Department of Transportation ReseardhSpecial Programs
Administration

Society of Automotive Engineers

South Coast Air Quality Management District
Standard Development Organization
steam methane reforming

solid polymer electrolyte

Uniform Fire Code

Underwriters Laboratories
Santa Clara Valley Transportation Agency
Well-to-wheel
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