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Safe Harbor Statement

This presentation contains forward-looking statements, 
including statements regarding the company’s plans and 
expectations regarding the development and 
commercialization of fuel cell technology.  All forward-
looking statements are subject to risks and uncertainties 
that could cause actual results to differ materially from 
those projected.  The forward-looking statements speak 
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those projected.  The forward-looking statements speak 
only as of the date of this presentation.  The company 
expressly disclaims any obligation or undertaking to 
release publicly any updates or revisions to any such 
statements to reflect any change in the company’s 
expectations or any change in events, conditions or 
circumstances on which any such statements are based.



Overview

• Grid stability concerns and opportunity for H2

• Biomass H2 – sources and Technology Pathway

• FCE’s DFC plant: Status
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• FCE’s DFC plant: Status

• Hydrogen co-production technology update

• Hydrogen technology options (PSA, EHS, EHC)



Exponential Growth in
Wind Power Generation 
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• Grid stability is a 
growing concern

• Load following 
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1.  http://en.wikipedia.org/wiki/File:US_Windpower_1981-2010.PNG Wind power growth

• Load following 
power is needed



How Do Energy Goals Fit Together

Green and Clean (Wind/Solar/Grid Management)

Smart 
Grid

• Maximize Renewable Energy - Grid Stability
–Wind projects: 68000 MW under 

development requires grid impact strategy 
• Efficient Use of Fossil Fuels - Clean Energy
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National Security – reduce imports
• Gasoline � Ethanol, Bio-Butanol
• Diesel � BioDiesel
• Crude Bio-Oils � Products

– Needs H2
– Generates Substantial Wastes



Waste and Other Biomass
DFC-H2® UnitCO2, CH4 Power

High Level Heat

Heat

Pathway to Load Following Power 
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High Pressure 
Hydrogen

Waste and Other Biomass

Biomass 
Processing

Gasification DFC-H2® UnitCO2, CH4 Power

EHS 
System

Bio Hydrogen

Crude Bio oil

H2, CO, 
CO2, CH4

Processing 
Waste

Peaker 
Fuel Cell

Power

EHC 
System

Additional 
Syngas

H2 
Storage



Integrated Fuel Cell Company

Manufacture Sell (direct & via partners) Install Services

Scalable On -site Power and Utility Grid Support Solutions
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Delivering Ultra-Clean Baseload Distributed Generat ion Globally

1.4 MW plant at a municipal 
building

2.4 MW plant owned by an 
Independent power producer

600 kW plant at a food 
processor

11.2 MW plant  - largest  
fuel cell power plant in 

the world

Scalable On -site Power and Utility Grid Support Solutions



Global Market Leader
• 182 MW installed and in backlog - 5 year CAGR of 48%
• Over 80 Direct FuelCell® (DFC®) plants generating power at more than 50 sites globally

• South Korea & California are leading markets

• Expanding opportunities in N.E. USA, Canada, Europe and Southeast  Asia
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Multi- MW DFC-
ERG in Canada

Utility grid support 
in South Korea

On-site power in 
London, England* On-site power for 

Jakarta, Indonesia*

On-site power in 
Connecticut

Utility owned in 
California

* In backlog

Americas

Asia
Europe



DFC Megawatt Installations

South Korea 
4.8 MW

Natura, Pohang, South Korea
2.4 MWPohang, South Korea

2.4 MW

DFC® Plants successfully 
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Wastewater Treatment Facility in S. California
1 MW (BioGas)

Turlock Irrigation District, CA
1 MW (BioGas)

Byuck SanKang Busan, South Korea
1.2 MW (BioGas)

Enbridge, Toronto, Canada
2 MW (Energy Recovery Generation)

Sheraton Hotel, San Diego, CA   
1 MW

DFC® Plants successfully 
scaled-up to MW size

MO3299



CHHP Technology

H2
Fuel Cell Cars
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Combined Heat, Hydrogen and Power (CHHP) for 
Enhanced Energy Security and Lower Cost Liquid 

Biofuel Production Peak and Back-
up Power

DFC® Power Plant

(Electricity + 
Hydrogen)

Solid State Hydrogen 
Separator (EHS)

Solid State Hydrogen 
Compressor (EHC)

MO3145

Materials Handling 
Equipment

Liquid Biofuels



• Hydrogen DFC-H2 
configuration

� Hydrogen vehicle fueling
� Industrial uses

H2 Energy Station in California

First of a Kind Unit in the World
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� Industrial uses
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Renewable biogas fueled DFC300-
H2 in CA providing hydrogen for 

vehicle fueling under DOE 
demonstration program

.



Hydrogen Energy Station     
Fountain Valley, California

Co-product
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2,4001,200300Fuel Cell Cars, 0.5 kg/day 

Refueling Capacity

4,0002,000500Peak Power (8 hrs/day) , kW 

Peaker Capacity

2,4001,200300Fuel Cell Cars, 0.5 kg/day 

Refueling Capacity

2,4001,200300Fuel Cell Cars, 0.5 kg/day 

Refueling Capacity

4,0002,000500Peak Power (8 hrs/day) , kW 

Peaker Capacity

4,0002,000500Peak Power (8 hrs/day) , kW 

Peaker Capacity



High Efficiency
Low Emissions 

54500.016DFC Fuel Cell –
CHP 80% efficiency

96700.016DFC Fuel Cell 
47% efficiency

1,24400.467Small Gas Turbine (250 kW)

1,86200.490Microturbine (60 kW)

2,0179.214.200Average US Fossil Fuel 
Plant

CO2
(lb/MWh)

SOX
(lb/MWh)

NOX
(lb/MWh)

54500.016DFC Fuel Cell –
CHP 80% efficiency

96700.016DFC Fuel Cell 
47% efficiency

1,24400.467Small Gas Turbine (250 kW)

1,86200.490Microturbine (60 kW)

2,0179.214.200Average US Fossil Fuel 
Plant

CO2
(lb/MWh)

SOX
(lb/MWh)

NOX
(lb/MWh)

NOx and SO x are Negligible 

High Efficiency for Hydrogen Co-production  

Direct FuelCell®
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Combined

Cycle
H2/PEM Peaker
DFC-T®DFC-H2®

Direct FuelCell®

70

Combined

Cycle
H2/PEM Peaker
H2/PEM Peaker
DFC-T®
DFC-T®DFC-H2®

DFC-H2®
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NOx and SO x are Negligible 
Compared to Conventional Technologies
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Test Results for DFC-H2 ®:

Validated Emissions <90% of 
CARB 2007 Limit
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60%+ Efficiency 
Before Waste Heat Recovery



Solid State Hydrogen
Separator Development
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EHS Stack

100 lb/day H 2
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MO3240C

2004                2005                2006                2007 2008                2009                2010    2011

25 cm2 cell

300 cm2 cell

300 cm2

25-cell stack

1000 cm2

6-cell stack

1000 cm2

100-cell stack

50 cm2 Cell

600 cm2         

24-Cell Stack

1,000 cm2         

6-Cell Stack

1,000 cm2         

100-Cell Stack

2011

25 cm cell

300 cm2

25-cell stack

1000 cm2

1000 cm2

50 cm Cell

600 cm
24-Cell Stack

1,000 cm
6-Cell Stack

1,000 cm
100-Cell Stack



EHS Demonstration at
University of Connecticut 
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CO-tolerant EHS Short Stack
and Test Equipment 
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Progress Made in Solid State
EHC Technology 
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2009 Hydrogen Program Annual 
Merit Review Award

Progress in H2 Compression Capability of  EHCBaseline EHC Hardware Design MO3292

2009 Hydrogen Program Annual 
Merit Review Award

Progress in H2 Compression Capability of  EHCBaseline EHC Hardware Design MO3292



Enabling Renewable Energy Use 
for Grid Independent Operation

Hydrogen 
Storage

Base Load 
Fuel Cell

Co-Produced 
Hydrogen

Fuel Cell Cars

Fuel 
(NG/BioGas/Propane)

• Enhanced Energy Security
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GRID
Load Following 

Fuel Cell

Heat

Power

Micro-GRID

• Enhanced Energy Security

• Maximize Green Energy 

Use

• Water Independent

• Load Following

• Fuel Flexible

• Ultra Clean

• Provides Distributed H 2

for Multiple Uses

• Compensates for 

Intermittent Supplies

Wind and Solar Power 
(Intermittent) 



Summary

• Grid stability concerns increase as the penetration of wind and solar 
energy expands

• Waste biomass-derived hydrogen can provide a synergistic solution

• FCE’s DFC power plants have operating experience at over two 
dozen sites and have demonstrated fuel flexibility on a variety of 
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dozen sites and have demonstrated fuel flexibility on a variety of 
feedstocks

• Initial results from the H2 co-production technology (CHHP) 
demonstration in California are very encouraging

• Advanced separation and compression technologies offer ~50% 
savings in operating costs.  The modular technology makes phased 
capacity addition possible to reduce financial risks


