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Burbank

3 State-Wide 
Regions

Irvine

Los AngelesSanta Monica

Torrance

Greater Los Angeles “Hydrogen Clusters” (2009)

Future Additional Clusters

Newport Beach

January 2011

AB118 CEC Awarded Stations

State Funded Stations, under construction

So Cal Accessible Stations, open
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Governor Brown's call for 12,000 MW of 
renewable power generated from Local 
Energy Generation Resources (aka 
Distributed Generation)

1000  MW of Potential
(including wastewater & dairy waste manure)
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Biogas

Treatment
Plant

Treatment
Plant

Heat

Power
Heat

Hydrogen
Fueling
Station

Hydrogen
Fueling
Station

Fuel
CellSolids

Treatment
Solids

Treatment

Source: Layne Baroldi, Orange County Sanitation District

FCVs
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Orange County Sanitation District 
(Fountain Valley)
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• Both Electric vehicles (EVs) and FCVs offer great promise but also face their own 
unique challenges
• FCVs are an important electric drive technology that will be critical to California 
achieving both its air quality and climate goals
• Like EVs, FCVs still face the challenges of reducing costs, size and weight  (fuel 
stack vs battery) while continuing to improve durability  … and these improvements 
are happening for FCVs
• BEVs are ideally suited to smaller cars and shorter trips <100miles, i.e. urban 
driving (including new approaches to mobility such as car sharing) due to limited 
battery capacity
• FCVs can achieve trip ranges similar to conventional passenger vehicles of all 
size classes (longer trips in larger vehicles)

• Fueling convenience for FCVs is similar to conventional vehicles
• Fuel Cells have a broader scope of applications extending into the medium-duty 
and heavy-duty vehicle sectors

• EV applications are limited to delivery vehicles and in hybrid configurations
• In recent CEC-CARB surveys automanufacturers have indicated that they will 
begin delivering FCVs in commercial quantities during 2015-2017

• Total cost of ownership is expected to begin converging for all passenger 
vehicle technologies (ICE, PHEV, EV, FCV) by 2025

Sources: CEC, CARB, McKinsey & Co, DOE
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• However, ensuring that there will be sufficient hydrogen 
fueling infrastructure available for FCVs through the initial 
commercial launch phase will be key to long-term market 
success for the vehicles … and to establishing the business 
conditions necessary to foster a self-sustaining market  for  
hydrogen as a transportation fuel
The CEC and CARB 
need to continue to 
work together - with 
stakeholders and 
other agencies - to 
insure that their 
complimentary efforts 
will lead to a robust 
self-sustaining market 
for hydrogen fueling. CARB Hindcasted Scenario for Emissions 80% below 1990 levels by 2050
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Examples of Fuel Cells using Digester Gas in California
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Environmental Performance of 
H2 Fuel Cell Vehicles 

Prof. Joan Ogden
University of California, Davis 

June 23, 2011 
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Well to Wheels GHG emissions 
for mid -sized cars

��
Source: US Department of Energy

http://www.hydrogen.energy.gov/pdfs/10001_well_to_wheels_gge_petroleum_use.pdf



GHG Emissions Comparison: LDV
• With H2 from Natural Gas, wtw GHG emissions 

from H2 FCV are ~40-55%% less than gasoline 
ICEV, ~10-20% less than gasoline HEV; ~15-25% 
less than CNG vehicle

• With US grid mix and H2 from NG, Battery EVs 
have similar wtw GHG emissions to gasoline HEVs 
& greater emissions than H2 FCVs.  

• With California’s (low-C) grid mix, wtw GHG 
emissions w/battery EVs are less than those for H2 
FCVs w/ H2 from NG; higher than for biomass H2

ICEV = internal combustion engine vehicle EV = electric vehicle
HEV = hybrid electric vehicle FCV = fuel cell electric vehicle
CNG = compressed natural gas vehicle wtw = well to wheels
NG = natural gas;  LDV = light duty vehicle; GHG = greenhouse gas ��



GHG emissions from PHEVs 
depend on grid mix

CA      NG        US                Coal



GHG Emissions depend on the 
primary energy source 

• FCVs: Emissions depend on source of H2
• PHEVs, Pure battery EVs: Emissions depend on 

the source of electricity  

Both EVs and H2 FCVs can reach near 
zero wtw GHG emissions if made from 
low -Carbon primary energy sources 
like renewables (wind, solar, biomass) 
or fossil w/CCS. It will take time to 
decarbonize primary sources.
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~2/3 GHG 
Reduction 
2010-> 2050

FUTURE GRID: Coal IGCC w/CCS, New 
Biomass, New Nuclear, Adv. Renewables



Hydrogen: GHG emissions per MJ of H2 
(g CO2 equivalent per MJ)
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Scenario for Low Carbon H2 for CA
Limited Biomass, No Coal and NG (Yang and Ogden, 20 11)

• NG is phased out in 2040 in order to lower H2 carbon 
intensity, requires lots of renewable electricity
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Air Resources Board  June 23, 2011

Stationary Fuel Cells

LARGE FUEL CELLS FOR 
DISTRIBUTED GENERATION

Katrina Fritz Intwala

UTC Power

June 23, 2011



Co-Chairs

Mary Nichols, Chair
California ARB

Dr. Scott Samuelsen, Director
National Fuel Cell Research Center

www.stationaryfuelcells.org

Executive Director

Mike Tollstrup, ARB

Industry Advisory Panel

Katrina Fritz Intwala, Chair, UTC Power

CALIFORNIA STATIONARY FUEL CELL COLLABORATIVE

Established 2001

CA Air Resources Board
CA Department of General Services
CA Energy Commission
CA Environmental Protection Agency 
CA Public Utilities Commission
CA Resources Agency
CA Trade and Commerce Agency
CA Transportation and Housing 

Agency
CA Governor’s Office
CA Food and Agriculture

U.S. Department of Energy
U.S. Department of Defense
U.S. General Service Administration
U.S. Environmental Protection Agency

National Fuel Cell Research Center 
LA Department of Water and Power
South Coast Air Quality Mgt District
Bay Area Air Quality Mgt District

California Stationary Fuel Cell Collaborative
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CCHP* Versus the GridLarge Stationary Fuel Cell Markets
Value Proposition

* Leadership in Energy and Environmental Design (United States Green Building Council’s 
rating system)

Information courtesy of UTC Power

Energy Challenges

• Significant Energy savings through: 
– 80 - 90% system efficiency
– Combined cooling, heat and power

• Payback in 3-5 years

Strained utility grid, 
unreliable power 

Sustainability and 
carbon reduction

Rising energy costs

• Assured power generated on-site: 
– Business continuity
– Risk mitigation
– Can serve emergency shelters

• Clean, quiet & virtually pollution free:  
– Reduced emissions
– Zero water consumption
– Qualifies for LEED* points

Fuel Cells
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Supermarkets Hospitals

Hotels Bio-tech/Industrial

Bottling

Educational Institutions

Mixed Use

Utilities

Large Stationary Fuel Cell Markets
Examples of Best Fit:  Facilities with 24/7 Power a nd Heating Demand

Information courtesy of UTC Power
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STATIONARY FC DEPLOYMENTS

• WASTEWATER TREATMENT 9.10
• MOBILE RENEWABLES 3.90
• HOTELS 2.75
• GOVERNMENT 2.25
• HOSPITALS 1.00
• COMMUNICATIONS 0.50
• GROCERY STORES 1.00
• UNIVERSITIES 5.00
• BREWERIES 1.00
• INDUSTRIAL 4.20
• MANUFACTURING 0.50
• FOOD PROCESSING 0.50
• UTILITIES 0.25

TOTAL =   33.00 MW

St. Helena Hospital
St. Helena

Albertson’s
San Diego

PAFC Power Plants

Cox Communications
San Diego and Orange County

Whole Foods Market
San Jose
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• WASTEWATER TREATMENT 9.10
• MOBILE RENEWABLES 3.90
• HOTELS 2.75
• GOVERNMENT 2.25
• HOSPITALS 1.00
• COMMUNICATIONS 0.50
• GROCERY STORES 1.00
• UNIVERSITIES 5.00
• BREWERIES 1.00
• INDUSTRIAL 4.20
• MANUFACTURING 0.50
• FOOD PROCESSING 0.50
• UTILITIES 0.25

TOTAL =   33.00 MW

Sierra Nevada Brewery
Chico

Waste Water Treatment Plant
Tulare

RENEWABLE

STATIONARY FC DEPLOYMENTS

California State University
Northridge

Sheraton Hotel
San Diego

MCFC Power Plants
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• WASTEWATER TREATMENT 9.10
• MOBILE RENEWABLES 3.90
• HOTELS 2.75
• GOVERNMENT 2.25
• HOSPITALS 1.00
• COMMUNICATIONS 0.50
• GROCERY STORES 1.00
• UNIVERSITIES 5.00
• BREWERIES 1.00
• INDUSTRIAL 4.20
• MANUFACTURING 0.50
• FOOD PROCESSING 0.50
• UTILITIES 0.25

TOTAL =   33.00 MW

eBay
Silicon Valley

Google
Silicon Valley

STATIONARY FC DEPLOYMENTSSOFC Power Plants
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• Self-Generation Incentive Program
– Regulatory (SB412 Implementation Proceeding)

• Most important enabler to DG fuel cells
• Program has been suspended since January 1, 2011
• Proposed decision expected late June/early July

• Delays hinder CA market and cause customer concern

• Legislative (AB1150, AB864)
– Reauthorization of collection of $80 million per year
– Debate on length of extension

• Program authorized through 2016
• Assembly bill amends funding reauthorization to 2012 expiration

Key California Enablers
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• CHP Feed-in Tariffs (AB1613) 
– Utilities filed updated tariff sheets and contracts for the feed-in-tariff 

program May 16, 2011

• Governor’s Distributed Energy Goal of 12,000 MW renewable 
and 6,500 MW CHP
– Include stationary fuel cells in commercial, industrial and residential 

applications

• Emerging Renewables Technology Program
– Suspension delaying installations of small fuel cell replacing diesel 

generators

Key California Enablers
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Stationary Fuel Cells

SMALL FUEL CELLS

Michael Upp

ClearEdge Power

June 23, 2011
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5kW to
100 kW

Baseload Heat and Power

Backup Power 

Goods Movement

Small Scale Fuel Cell Applications

Autos

Japanese Model
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IN: Natural Gas

Fuel Processor

Fuel Cell Stack

Power Inverter

OUT: Heat

OUT: AC Power

��� �� � � � 	�
 � � � � � � � � �

How a CHP Fuel System Works 
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Broad Environmental Impact

5kW CHP Fuel Cell
– Energy Production:

• 43 MWh electricity annually
• 51 MWh of heat annually

– Overall environmental impact using 
NG to fuel 20,000 5kW CHP systems 
to produce:

• 860,000 MWh of power per year
• 1.02 million MWh of heat per year

���� �5������ ���&6 %,��	���� ���&,�����
7�&,�����	�� ���
1�	�)�	�5������	���&

.	7�&,�����

�8 � ,:����� !�
� CC������!�
� �C������!�
� �;<

785  �C.*�!�
� �  �C.*�!�
�  ��<

�85 ������!�
� � ������!�
�  ��<

*Source: Griffin, Jaramillo and Matthews, “Comparative Life-Cycle Air Emissions of Coal,
Domestic Natural Gas, LNG, and SNG for Electricity Generation,

” Environmental Science and Technology. Vol. 41, No. 17. 2007
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Private Residence, Santa Barbara, Calif.
(1) 5kW Fuel Cells to offset heat and power

Requirements:  Power, hot water & space heating

Annual electricity usage: 123,556 kWh

Annual gas usage: 1,632 therms

Annual electric bill before implementation: $39,011

California Financial Return Model (w/ SGIP)

Planting    
4 acres of trees

Removing
3 cars from the road

Location and financial analysis cited for illustrative purposes only.
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Private Residence, Santa Barbara, Calif.
(1) 5kW Fuel Cells to offset heat and power

Requirements:  Power, hot water & space heating

Annual electricity usage: 123,556 kWh

Annual gas usage: 1,632 therms

Annual electric bill before implementation: $39,011

California Financial Return Model (w/ out SGIP)

Planting    
4 acres of trees

Removing
3 cars from the road

Location and financial analysis cited for illustrative purposes only.
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Advantages

• Highest efficiency device, most 
economic value 
• 90%, with over 40% as electricity

• Produces power at less than 10 cents a 
kWh  (LCOE)

• Cleaner: Not burning of fuel
• Addresses all areas of EPA concern

• Energy generation at point of use
• Lowers impact on the grid and 

future infrastructure investments  
• Picks up future loads (electric cars)
• Reduces “choke points” on the grid

Summary of the Small Foot Print Fuel Cell

Disadvantages

• Today, runs on natural gas or directed 
biogas, future:

• Renewable source hydrogen
• Direct biogas

• Cost of Systems in Low Volume
• Grid parity in some areas 

(CA/NE/HI)
• Low volume production
• Cost of integrating w/ heat systems

• Products relatively new to market
• Not well understood by public 

and policy makers

• Need to match CHP to heat load for 
max efficiency

0!5 �!5

>!� ������,�����	

����	4�) �! �
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PureCell ® Solution for Retail
Building Integration



WHOLE FOODS MARKET
Sustainability and Our Future

Annual Emissions Balance Sheet
Energy Balance Emissions Balance

Electricity Fuel CO 2 NOx SO2
(kWh) (MMBTU) (metric tons - MT)

Utility Avoided Emissions (3,110,682) (3,699) (1,968) ( 1.61) (1.31)
On-Site Power Emissions 0 25,616 1,356 0.04 0.00 

BALANCE (3,110,682) 21,917 (612) (1.56) (1.31)

Environmental Benefits Emissions Reduction
Metric Tons Equivalence %

CO2 612 141 acres of trees 31%
NOX 1.56 90 cars 97%
SO2 1.31 100%

Water 433,244 gal 0.7 olympic pools 100%

Utility emissions factors based on U.S. EPA eGRID20 07 (year 2005 data) for average fossil-fueled gener ation in sub-region.
Utility water consumption based on U.S.G.S. data, 1 995.

SAN JOSE, CA

Avoided Emissions & 
Water vs Fossil Fuel 
Generation
This method is consistent with 
the guidance of the EPA CHP 
Partnership and their CHP 
Emissions Calculator.

eGrid Sub-region: CAMX
State: California

• Fuel cells are contributing to Whole Foods sustainability mission
• Additional efficiency from process heat for combined cooling, heat and power
• Ability to run in backup power mode provides greater economic benefits; stores 

have stayed open while other supermarkets forced to close
• Incentive enabled payback within corporate approval guidelines
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SAN JOSE PURCHASE (OPTION)
Payback (years) 4.9 
IRR 15.7%

NPV $286,000 

Payback (years) 10+ 
IRR 1.3%

NPV ($714,000)
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SAN JOSE ENERGY SERVICES AGREEMENT 
(LEASE SELECTION)
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NPV ($577,885)
Year 1 Cost of Electric Generation 18.7 ¢/kWhr

NPV $243,736 
Year 1 Cost of Electric Generation 13.1 ¢/kWhr$2500/kW  SGIP

Without SGIP



SUPERVALU's Commitment to Environmental Sustainabil ity
• To cut greenhouse gas emissions 10% by the end of 2012 (2007 baseline) 

• To reduce our landfill waste by 50 percent in five years 

• To build a "green" culture with SUPERVALU associates through education, 
communication and engagement 

• To provide "green" products and services to our customers that support them in 
meeting their personal environmental goals 

Annual Emissions Balance Sheet
Energy Balance Emissions Balance

Electricity Fuel CO 2 NOx SO2

(kWh) (MMBTU) (metric tons - MT)
Utility Avoided Emissions (2,649,672) (5,185) (1,784) ( 1.46) (1.12)
On-Site Power Emissions 0 20,808 1,101 0.03 0.00 

BALANCE (2,649,672) 15,623 (683) (1.43) (1.12)

Environmental Benefits Emissions Reduction
Metric Tons Equivalence %

CO2 683 158 acres of trees 38%
NOX 1.43 82 cars 98%
SO2 1.12 100%

Water 369,037 gal 0.6 olympic pools 100%

Utility emissions factors based on U.S. EPA eGRID20 07 (year 2005 data) for average fossil-fueled gener ation in sub-region.
Utility water consumption based on U.S.G.S. data, 1 995.

SAN DIEGO, CA – Albertsons Store

Avoided Emissions & 
Water vs Fossil Fuel 
Generation
This method is consistent with 
the guidance of the EPA CHP 
Partnership and their CHP 
Emissions Calculator.

eGrid Sub-region: CAMX
State: California



• Economics are similar for supermarkets

• Incentives drive decisions to use fuel cells today

• Waiting for reinstatement of SGIP in California
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Energy Consumption Well-to-Wheel [MJ/100km]
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Plug-in Hybrid with 
Fuel Cell 

(Fueled by 100% 
renewable electricity)

Fuel Cell 
(Fueled by 100% 

H2 f rom fossil sources)

Battery electric 
vehicle

(Fueled by 100% 
electricity f rom EU-Mix)

Internal Combustion 
Engines

Source: EUCAR/CONCAWE "Well-to-Wheels Report 2004";
Optiresource, 2006 Reference vehicle class: VW Golf
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B-Class F-CELL - Main Technical Data

Power

Effective power fuel cell 80 kW

Effective power electric 
motor

100 kW

Hydrogen pressure 700 bar

Range & Consumption

Range Approx. 250 mi

Consumption adjusted

CO2-emissions

> 53 mpg Diesel equivalent

0 g/100 km

Driving and Operations

Acceleration 0-100 km/h 11.4 s

Top Speed 150 km/h

Freeze Start < - 15 oF (- 25 oC)

Durability
>> 2,000 hrs
(bus > 10,000 hrs)

B-Class F-CELL - Main Technical Data

Power

Effective power fuel cell 80 kW

Effective power electric 
motor

100 kW

Hydrogen pressure 700 bar

Range & Consumption

Range Approx. 250 mi

Consumption adjusted

CO2-emissions

> 53 mpg Diesel equivalent

0 g/100 km

Driving and Operations

Acceleration 0-100 km/h 11.4 s

Top Speed 150 km/h

Freeze Start < - 15 oF (- 25 oC)

Durability
>> 2,000 hrs
(bus > 10,000 hrs)
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(Fuel Cell  Electric 

Vehicle) 

1995

EV-PLUS EV-PLUS 

20022000 2004 2008

CIVIC HybridCIVIC HybridINSIGHTINSIGHT

Near Zero and Zero Emission Vehicles

2012

���
(Battery Electric 

Vehicle) 
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(Hybrid Electric 

Vehicle) 
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(Natural Gas

Vehicle) 
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(Plug-In Hybrid
Electric Vehicle) 

CIVIC-GX CIVIC-GX 

InsightInsight

CRZCRZ

Honda’s deployment of advanced & alternative techno logy automobiles



Climate Change,
Energy Sustainability

Transportation Value

Why Fuel Cell Vehicles?

• Decarbonized Fuel

Fuel Cell EVs:

GHG Reduction  (U.S. & CA Target)

2050

Petroleum Reduction,
Sustainable Energy Supply

• High Efficiency 

Major Issues:

 

� • Compelling Full Function                 
Vehicles
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Range

240+ miles 
Real World

Recharge Time

Full in < 5 minutes

Full Functionality (FCEV)

Clarity round 
trip range 

Palm Springs

San Diego

Santa Barbara
Los  

Angeles

Most recent FCEVs from OEMs ranging from 200-400+ miles
Clarity FCX range @ 240 miles label, 337 EPA miles unadjusted combined.

.



Challenges, Work in Progress

•Cost reduction
•Progressive Steps to deploy 
in market

Market Preparation
(Coordinated effort)

Vehicles
(Automakers)

Cooperative
Collaborative

Infrastructure
•Customer friendly operation
•Station Clustering -> Network
•Cost Reduction
•Reliability
•Shorter lead time for new 
stations
•Greater performance / smaller 
footprint

Technology 
validation

Research & 
Development

Complimentary 
policies, 
supports 
reflecting 
stage

Regulations         
reflecting    
stage

Public 
education & 
outreach

CaFCP (multi-stakeholder coordination), University (research), Energy & Infrastructure 
Providers, Government: Fed, State & Local (programs , policy, permitting, technology 

validation, emergency response, etc.), Automakers ( vehicles, marketing, etc.), CHBC, etc.

Timely & enabling
codes & stds, 

emergency resp. 
preparedness



Next Step is critical:  Prepare for early commercial stage:
Early clusters � Early H2 station network in SCAB
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West L.A., 
Santa 
Monica

Torrance, 
So. Bay

Irvine, 
Newport

Orange Cty

Santa Monica Retail H2 Station

Early Markets and Infrastructure

Los Angeles Region

Hydrogen 
Station 

Must evolve to a network 
of stations in the region

Focus on early introduction stage:  
Early ‘market-driven’ cluster development 

2008-2012+

2012-2015+
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ARB – Status update Daimler

Rosario Berretta
General Manager, Fuel Cell Vehicle Operation USA

June 23, 2011



80Rosario Berretta  /  Daimler AG  /  23.06.2011

Energy sources
for the

mobility of the future
Clean fuels for combustion engines Emission free driving

HYBRID Range Extender Plug-In

BlueEFFICIENCY

CGI BlueTEC DIESOTTO Fuel-Cell Battery-/E-Drive

Daimler’s Technology Portfolio for Sustainable Mobi lity

Emission-free driving with 
fuel-cell/ battery-electric 

vehicles

Optimization of our 
vehicles with high-tech 

combustion engines

Hybridization for further 
increase in efficiency



81Rosario Berretta  /  Daimler AG  /  23.06.2011

Long Distance Interurban City Traffic

Efficient Combustion Engine

Hybrid Drive

Plug-In / Range Extender

Electric Vehicle wit Fuel Cell

Electric Vehicle with Battery

B-Klasse F-CELL

smart fortwo electric drive

Concept BlueZERO E-CELL PLUS

S 400 HYBRID

E 250 CDI BlueEFFICIENCY

Different mobility scenarios

Drive Portfolio for the Mobility of Tomorrow

Emission free mobilityCombustion drive



82Rosario Berretta  /  Daimler AG  /  23.06.2011

B-Class F-CELL World Drive 2011

• 125 days 

• 14 countries

• approx 20000 miles

• Route defined through Scouting

• 5 Legs

• First world tour with fuel cell (FC) vehicles
• The new B-Class F-CELL stands for MB as a reinvention of the mobility 
• Demonstration of the technical maturity and performance of FC technology and their potentials for sustainable mobility
• Demonstration of a daily use of the FC technology in different climate
• Long local emission free range in combination with short refueling time
• Appeal to all involved partners to push the development of H2-Infrastructure

• Convoy with 24 vehicles

• over 50 people 

• 2 fueling Stops per day

• 174/155 miles until fueling stop



83Rosario Berretta  /  Daimler AG  /  23.06.2011

20 HRS will be built until the end of 2014

Stations
Twenty stations will be built jointly by Daimler and Linde. 
The plan is to integrate them into existing gas stations, preferably with the H2-
Mobility partners

Timing
The projects starts now; the first stations will be built and completed in 2012

Financing
The project is jointly financed by Daimler and Linde. 
A subsidy by the German / European government is assumed.

Distribution of the stations across Germany
The stations shall connect existing Hydrogen clusters and at set a focus on 
Baden-Württemberg. The connecting stations should be highly visible and at the 
same time enable “cross country” travelling through select “autobahn” stations. 
The focus on Baden-Württemberg will enable high customer acceptance for a 
larger region.

Commitment to
The used Hydrogen should be as green as possible

Daimler and Linde jointly kick started the rollout
Project description – facts!

Motivation
Clear signal for the end 
customer that the 
technology is ready for 
real life environment and 
will be rolled out

Kick start roll out of 
infrastructure and 
generate addtl. 
Momentum within 
H2-Mobility
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Status Infrastructure Southern CA

����

35 MPa

West LA

Diamond Bar

70 MPa

UC Irvine

Culver City

Torrance

Burbank – mid 2011

Fountain Valley – mid/end 2011

CSU LA – end 2011

UCLA – 2012

Harbor City – end 2011

Newport Beach – mid 2011
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Remaining Challenges of the Fuel Cell and Hydrogen 
Technology

Technology Costs Infrastructure

� Power density

� Cooling system

� Hydrogen storage

� Durability

� Fuel cell system & 
stack 

� Electric engine

� H2 tank system

� Infrastructure

� Hydrogen costs

� Reliable refueling 
technology

� Build-up of an area-wide 
infrastructure

� H2 production at 
competitive prices

� Availability of renewable 
produced hydrogen
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� Production Costs can be reduced in the near future
� Total Cost of Ownership (TCO) can reach level of co mmon hybrid vehicles 

Cost Potentials of Fuel Cell Technology

A-Class 
F-Cell

B-Class 
F-CELL

Hybrid

Scale Effects

Industrialization of 
Suppliers

P
ro

du
ct

io
n 

C
os

ts
 D

riv
e 

Tr
ai

n

Future
Generations

Advanced 
Engineering Advanced Engineering

Fuel Cell Vehicle Hybrid
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Vehicles available for 24 month lease!!

24 Month

MB DealerVehicle hand over by

L.A. & Orange C., Bay Area & Sac.Deployment Area

included

includedFuel

includedFull-Service¹)

Pricing

Duration

onlyLeasing model

"��#���$%� &�!��!�������'�(��������!�)��� ��)�*�� �������� �+� �)� �+�� �

849 USD/Month

Insurance: Full Collision Technical Data

Vehicle Mercedes-Benz B-Class

Fuel Cell 
System

PEM, 90 kW (122 hp)

Engine
Output (Cont./ Peak) 70kW / 100kW (136 
hp)
Max. Torque: 290 Nm

Fuel Compressed hydrogen (70 MPa)

Range ca. 250 miles (400 km)

Top 
Speed

170 km/h (105 mph)

Li-Ion 
Battery

Output (Cont./ Peak): 24 kW / 30 kW (40 
hp) Capacity: 6.8 Ah, 1.4 kWh

• Customers are selected from a list of people who ha ve filled out a website questionnaire. 

• 6 vehicles in customer hands and additional 20 cars  will be handed–over to customer 
as soon more H2-stations are available.
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Thank you for the attention
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Fuel Cell Transit Buses –
State of The Technology

Jaimie Levin
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1st Generation Bus
• >267,000 Miles

• >700,000 Passengers

• 1.6 to 2.0 Times Better 
Fuel Economy

• 43% GHG Reductions
(Reforming Natural Gas; 
100% reduction with solar or wind hydrogen)
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3rd Generation Design

• 5,000 lbs. Lighter

• Better Batteries

• 104,000 miles (since Aug 2010)

• > 9,400 Fuel Cell Hours

• 612,890 Miles – UTC Fuel Cell Fleet

• Over 1 million passengers in the Bay Area

• Passengers, Mechanics, and Drivers Love Them

“Like Disneyland in The Real World!”
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Fleet average fuel cell availability at 95% for mor e than 2 years

PureMotion® 120 fleet
12-month rolling average availability
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PureMotion® 120 fleet                                                                                                      
12-month rolling average miles between road calls (MBRC)

Fuel cells achieving commercial levels of reliabili ty
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$14.2M Program for advanced fuel cell development
• Increase power density
• Increase durability
• Reduce weight, size, and cost

Focused on product optimization and cost reduction
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Bay Area 
Advanced Demo

• $65 Million

• 12 New Buses 

• 2 Fueling Stations

• 5 Transit Agencies
(>2,500 vehicles)

• Shared Service

• Shared Training
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NREL Evaluation

• In Partnership with NREL, 
DOE,  and FTA

• DOE has approved 
continued data collection 
and analysis of 12 buses 
and new stations

• Monthly and Semi-annual 
Performance Reports
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Technology Thresholds

1. Performance (Reliability and Durability)

2. Packaging (Weight and size)

3. Fuel Supply (Speed, Scalability, Renewable) 
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Affordability = Ownership
1. Can We Afford to Buy It?

2. Can We Afford to Run It?
(Performance and Maintainability)

3. Can We Afford to Own It?
(Durability and Replacement Costs)
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National Program: Centers of Excellence

Next Steps Evaluation Criteria

12 Next-Generation Buses 

in Regional Service by 

September 2011

1. Performance by

different operators

2. Fuel economy

3. RELIABILITY

4. HYDROGEN  SUPPLY

Four or Five Regional 

Centers of Excellence : 

Each Deploying 40  to 50 

Buses (2013 – 2016)

1. Reliability

2. DURABILITY

3. COST REDUCTION

“Building a Commercially Viable National Fuel Cell Electric Bus Program,” FCHEA March 2011
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“Building a Commercially Viable National Fuel Cell Electric Bus Program,” FCHEA March 2011



1
��
	:
&���
���������



�,�"�
�/���
�

������
	���
	��

	1
��������!
 ����
	 ������

	������



�����	
�� � 
�����	������������		�	�
��������	
�

��
����	�
���	����
��	������������	
���
����
���	�
�������
�
	����
��
	���	�	��
���� ��	�����
�

!������
����"��	���	
��
����#�
������
�
	��$�
%

�����&'��&())



������	����
����	�������	��

2009 “Hydrogen Fuel Cell Vehicle and Station 
Deployment Plan: A Strategy for Meeting the 
Challenge Ahead”
• This “Action Plan” identified the need for about 40 new 

hydrogen stations in order to prepare the market for the 
commercial launch of fuel cell vehicles (FCV).

2010 and 2011 Progress reports further defined 
station needs based on annual automaker 
survey results
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Finalize codes and standards for retail sales of 
hydrogen
• Fuel metering, fuel quality, customer convenience

Support business models developed by the 
private sector
• How will early H2 fuel retailers sustain their business?

Outreach and educate early market communities
• Including first responder training, permitting workshops, 

local leader outreach
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� 2010: 4 public stations
� 2011: add 7 public stations
� 2012: add/upgrade 11 public 

stations
� More stations needed to 

prepare for 2014/2015 
commercial launch (tbd)
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Automakers’ continued 
commitment to FCV 
shown by increased 
vehicle numbers in the 
2015-2017 timeframe 
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Identify some conventional and nonconventional 
business models
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Consider hydrogen station deployment from a 
more holistic point of view.
• Identify technology needs on both the vehicle and 

infrastructure sides and define possible scenarios to 
balance the needs.

Utilize recently developed 
tools / resources
For example: 
• UC Irvine STREET (Spatially 

& Temporally Resolved 
Energy & Environment Tool)

• Specialized CaFCP Working 
Groups and Task Forces
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CaFCP is committed to vehicle/station rollout 
planning using the latest information and tools 
available
It is clear that additional collaborative work is 
needed to prepare the market for FCV 
commercialization 
• CaFCP is working to define a fourth phase to begin in 

2013(current CaFCP phase concludes in 2012) 
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Chrysler
Daimler

General Motors
Honda

Hyundai
Nissan
Toyota

Volkswagen

������
Chevron

Shell Hydrogen

���������

CA Energy Commission
CA Air Resources Board

National Automotive Center 
South Coast AQMD

US EPA
US DOE
US DOT


���������
AFCC AC Transit

Santa Clara VTA
SunLine Transit

Air Liquide
Air Products

Linde
Praxair

Ballard Power Systems
Powertech

ITS – UC Davis
NFCRC – UC Irvine

CA Dept. of Food & Ag
NREL

�������
�

Thank you!
justin.ward@tema.toyota.com
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Hydrogen and Fuel Cell 
Showcase 

California Air Resources 
Board
June 23, 2011

Steve Eckhardt, Head of Business 
Development, Alternative Energy, Linde North 
America 
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Linde’s hydrogen fueling expertise

Shell Berlin 
Cryogenic liquid pump, underground storage

AC Transit 
Ionic  – high throughput gas compression

Mobile Fueling Options
700 bar, 350 bar

Hydrogen Dispensing
Reliability, convenience, speed

Auto stations – AB118 CEC funding 
High performance, compact, relocatable 

Over 70 hydrogen fueling stations worldwide

Over 200,000 safe hydrogen fuelings

Auto, material handling, bus fueling

Liquid and gas hydrogen production – central & on-site
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Fuel cell vehicles projections for California

Hundreds Thousands Tens of thousands

Through 2013 2014 2015-2017

Total Passenger 
Vehicles

430 1,400 53,000

�020�	�)	#������(�
�����
��$���*����
&������������� ��������

The industry must 

show how we can 

fuel these vehicles
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2014 2015 2016 2017

1,400 13,250 26,500 53,000

1,400 13,250 26,500 53,000

Stations (kg per day)

Small station 100 6 6 6 6 6

Medium station 200 14 30 38 53 68

Large station 750 0 4 12 22 42

Very large station 1,500 0 0 0 4 14

20 40 56 81 116

Hydrogen Supply (kg/day) 7,680 13,760 26,960 53,360

2012

Fuel Cell Vehicles in California

Hydrogen Demand (kg/day)
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Significant increase in hydrogen demand is near….

Assumptions:
1.   CaFCP Feb 2011 Progress Report - 2015-2016 figures are not part of CaFCP Progress Report
2. FCV H2 consumption of 1.0 kg per day
3. Stations operate at 80% capacity utilization
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1,400 13,250 26,500 53,000

Stations (kg per day)

Small station 100 6 6 6 6 6

Medium station 200 14 30 38 53 68

Large station 750 0 4 12 22 42

Very large station 1,500 0 0 0 4 14

20 40 56 81 116

Hydrogen Supply (kg/day) 7,680 13,760 26,960 53,360

2012

Fuel Cell Vehicles in California

Hydrogen Demand (kg/day)

0

20

40

60

80

100

120

140

2012 2013 2014 2015 2016 2017

N
um

be
r 

of
 S

ta
tio

ns

A proposed mix of stations.….

Assumptions:
1.   CaFCP Feb 2011 Progress Report - 2015-2016 figures are not part of CaFCP Progress Report
2. FCV H2 consumption of 1.0 kg per day
3. Stations operate at 80% capacity utilization
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High throughput stations are an important component  
for FCV commercialization

Assumptions:
1.   CaFCP Feb 2011 Progress Report - 2015-2016 figures are not part of CaFCP Progress Report
2. FCV H2 consumption of 1.0 kg per day
3. Stations operate at 80% capacity utilization

Over half of fuelings
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High throughput stations…… Show practicality

Show stakeholders we can really fuel hundreds of car s a day 
on one site and meet driver/customer expectations
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High throughput stations…….Prove economics

0
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35

40

45

50

capital $/kg dispensed

High throughput station Low throughput station

This cost is key to building a 
successful business model
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High throughput stations…….Prove technology

Linde high 
throughput 

station 
technology

F
ue

lin
g 

Te
ch

no
lo

gy

Cryo 
Pump

MF90

Ionic

Description Capacity Pressure

Ionic liquid as piston 
for compression.

Lubricant free 
piston compression

Efficient compression 
of liquid hydrogen for 
gaseous fueling

500-1500 kg/day

100-240 kg/day

Over 2000 kg/day

450/900 bar

450/900 bar

450/900 bar
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European Fact-based Analysis:  The Role of Battery Electric 
Vehicles, Plug-in Hybrids and Fuel Cell Electric Ve hicles

http://www.zeroemissionvehicles.eu/
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Thank-you

Steve Eckhardt, Head of Business Development, Alter native Energy, Linde North America

steve.eckhardt@linde.com
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Forklifts

Cell Towers

Planes ,UAV’s

Submarines, UUV’s
Distributed Power
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Composite Trailer 
Dual Phase Trailer 
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*AP patented/patents pending
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CARB/CEC H2 Fueling Station Award
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