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{7} ENERGY Goal and Objectives

Goal: Develop and demonstrate fuel cell technologies for transportation,
stationary, and portable power applications.

« Stationary power and other early market fuel cell applications

— By 2011, develop a distributed generation PEM fuel cell system
operating on natural gas or LPG that achieves 40% electrical
efficiency and 40,000 hours durability at $750/kW.

— By 2010, develop a fuel cell system for consumer electronics
(<50 W) with an energy density of 1,000 Wh/L.

— By 2010, develop a fuel cell system for auxiliary power units (3-
30 kW) with a specific power of 100 W/kg and a power density
of 100 WI/L.

* Transportation applications

— By 2010, develop a 60% peak-efficiency, direct-hydrogen fuel
cell system at a cost of $45/kW with 5,000 hours of durability; by

2015, a cost of $30/kW.
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FY 2009 Appropriation = $82.3M

FY 2008 Appropriation = $62.1M

" FY08 Appropriation " FY09 Appropriation
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Transportation Distributed Energy Stack Components Fuel Processors
Systems

EMPHASIS

» Develop membranes for high-
temperature, low-relative humidity
operation; assess progress against

interim targets.

» Increase catalyst activity and reduce
platinum group metal loading to lower

fuel cell cost.

» Design strategies to mitigate stack

component degradation.

» Use quantitative performance
degradation measurements to prepare
ISO Hydrogen Fuel Product
Specification Draft International
Standard.

» Optimize water management

properties.
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Challenges

Reducing Cost and Improving Durability are Major Challenges

Projected 80 kW Fuel Cell System Cost Reduced to $73/kW

« Based on DTI DFMA 2008 cost analysis

* Projected to a manufacturing volume of
500,000 units/year

» Independent panel validates cost
projection ($60 - $80/kW)

Projected Fuel Cell System Cost

$/kW
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80 kW, direct-hydrogen PEM
fuel cell system
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{9} ENERGY 2009 Progress & Accomplishments

Membranes achieve high conductivity at high temperature

CASE WESTERN RESERVE UNIVERSITY
HI-TEMP MEMBRANES

0 Developed innovative rigid-rod structure
that holds water at low RH

O Demonstrated highest conductivity (>140

S/cm) of all membrane projects under
GINER HI-TEMP MEMBRANES high-temperature, low-RH conditions

O Giner addressed membrane
durability with dimensionally
stabilized membrane -
demonstrated no x-y swelling

U Met DOE conductivity milestones
at 30°C/80%RH and 120°C/50%RH;
> 2x conductivity of Nafion® over
the entire RH range

U Benefits / :

7 Provides mechanical Stabllltyand 1 10% 20% 30% 40% 56% 60% 70% 80% 90% 100% ]
allows lower equivalent weight

. Relative Humidit &
ionomers Y @fﬂ*

v" Results in better conductivity under
low relative humidity o

2D Support 3D Support

000 [ hat

Case Western 120°C

A 4\’{.\."
7 &

Baseline (Nafion®) 120°C

Conductivity (mS/cm)
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Catalysts and MEAs exhibit enhanced performance at lower PGM loading

BROOKHAVEN NATIONAL LAB CATALYSTS o]

U Demonstrated 2.5x activity of baseline Pt/C with 1
Pd interlayer core-shell cathode catalysts (0.34

E-TEK 10% Pt/C

Pt,, /E-TEK Pd/C

. $4

A/mgpgn), approaching 2015 target of 0.44 A/mgp, § 5 Py /Py /IrIC
0 Successful industrial scale-up of BNL’s Pty /Pd/C % n Pty /Py, /P riC
catalyst in gram quantities accomplished by 5 Pt,,,/Pd,,, [PdIr/C
Cabot N
0f2 DI.3 0:4 Di5 0i6 Di? OjB DI.9 1:0 | 1.1
E/V vs RHE

3M MEAs

0 New baseline MEA has PGM loading of 0.15 mgpg/cm? and 0.18 gpgu/kW,
exceeding DOE 2015 targets (0.2 mgpg/cm? and 0.2 gpg/kW) in single
cell testing

U Demonstrated improved durability, exceeding a DOE accelerated stress
test protocol runtime by a factor of > 4

0 Produced over 45,000 linear ft combined of NSTF substrate, coated
catalyst, and catalyst coated membrane for process development,
qualification and use
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Major Milestones & Future Solicitation

Reassess Multi Year RD&D
Plans & Targets

Stationary
: Bipolar Plates R&D Fuel Cell System
High Temp go/no-go go/no-go
Membranes

phase 2
go/no-go

FY 2009 FY 2010 FY 2011

: * * *

! FueI_C_eII _Pre- FC FOA FC Awardees

! Solicitation = EXTEELIEY < Released HRERRN Begin Work

! Workshop ' -

J A J o J A J o J A J ©
2009 2010 20

* Subject to appropriations 7
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Fuel Cell Team

Dimitrios Papageorgopoulos

Fuel Cell Team Leader

202-586-3388
dimitrios.papageorgopoulos@ee.doe.gov

Nancy Garland Donna Lee Ho

National Lab R&D, International, Impurities Water Transport, Membranes Portable Power, APU
202-586-5673 202-586-8000

nancy.garland@ee.doe.gov donna.ho@ee.doe.gov

Kathi Epping Martin Jason Marcinkoski

FreedomCAR Tech Team, Stationary, Cost Analyses, BOP, Membranes, Stationary
Catalysts, Membranes 202-586-7466

202-586-7425 jason.marcinkoski@ee.doe.gov
kathi.epping@ee.doe.gov

Argonne National Lab Technical Support: Golden Field Office Project Officers:
Technical Advisors: Kevin McMurphy (Sentech) Jesse Adams

Tom Benjamin Ken Stroh (Sentech) Greg Kleen

John Kopasz Larry Blair (Consultant) Dave Peterson

Walt Podolski Reg Tyler

Lea Yancey 10



Start

Presenter

Organization

Title

8:15 Dimitrios Papageorgopoulos DOE Fuel Cell Technologies
10:30 Break
12:30 Lunch
3:45 Break




Start Presenter Organization Title
Catalysis
9:00 Christina Johnston LANL Applied Science for Electrode Cost, Performance, and Durability
9:30 Mark Debe 3M Company Advanced Cathode Catalysts and Supports for PEM Fuel Cells
10:00 . _Vivek ; UTC Power Highly Dispersed Alloy Cathode Catalyst for Durability
Srinivasamurthi
10:30 Break
11:00 Yong Wang PNNL Bzﬁlssg%n;”osf Alternative and Durable High Performance Cathode Supports for
11:30 Debbie Myers ANL Non-Platinum Bimetallic Cathode Electrocatalysts
12:00 Piotr Zelenay LANL Advanced Cathode Catalysts
12:30 Lunch
Impurities
1:45 Fernando Garzon LANL Effects of Fuel and Air Impurities on PEM Fuel Cell Performance
2:15 James Goodwin Clemson University Effects of Impurities on Fuel Cell Performance and Durability
2:45 Trent Molter University of CT The Effects of Impurities on Fuel Cell Performance and Durability
Stationary
315 Durai Swamy Intelligent Energy g;\;%ﬁzge;é'e\alﬂnguli?rgglrlwsst;astti;r:]of a New-generation High Efficiency 1-10 kW
3:45 Break
4:15 Eric Strayer UTC Power Stationary PEM Fuel Cell Power Plant Verification
4:45 Richard Chartrand Plug Power Inc. Intergovernmental Stationary Fuel Cell System Demonstration
5:15 Norman Bessette Acumentrics Corp Development of a Low Cost 10kW Tubular SOFC Power System — Phase Il
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Start Presenter Organization Title

System and Cost Analysis
8:30 Rajesh Ahluwalia ANL Fuel Cell Systems Analysis

[ . Mass Production Cost Estimation for Direct H2 PEMFC System for Automotive
9:00 Brian James DTI Applications
9:30 Jayanti Sinha TIAX Direct Hydrogen PEMFC Manufacturing Cost Estimation for Automotive Applications
Catalyst and MEA Characterization
10:00 Karren More ORNL Microstructural Characterization Of PEM Fuel Cell MEAs
10:30 Break
Platinum Group Metal Recycling

11:00 Larry Shore BASF Platinum Group Metal Recycling Technology Development
12:30 Lunch
3:45 Break

Other Stack Components
4:15 Peter Tortorelli ORNL Nitrided Metallic Bipolar Plates
4:45 Adriglf%?/\t/ycz GrafTech Ilrtw(tjernational, Next Generation Bipolar Plates for Automotive PEM Fuel Cells
54115 Jason Parsons UTC Fuel Cells Low Cost, Durable Seals for PEM Fuel Cells

13
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Friday Fuel Cell Presentations

Start Presenter Organization Title
Solid Oxide Fuel Cells
8:30 Daniel Norrick CUm mifis Diesel Fueled SOFC System for Class 7/Class 8 On-Highway Truck Auxiliary
Power
9:00 Gary Blake Delphi Sollq Oxide Fue! Cell System Development for Auxiliary Power in Heavy Duty
Vehicle Applications
9:30 Hau Duong Superprotonic, Inc. Solid Acid Fuel Cell Stack for APU Applications
10:00 Fred Mitlitsky Bloom Energy Corp. Low-cost Co-production of Hydrogen and Electricity
10:30 Break
; Material & Systems Development of Novel Efficient Solid-Oxide Hybrid for Co-Generation of
11:00 Greg Tao 4
Research Hydrogen & Electricity
11:30 Alan Ludwiszewski Lilliputian Systems Silicon Based Solid Oxide Fuel Cell for Portable Consumer Electronics
. Praveen h . ) A
12:00 koA Nanodynamics Energy Biogass Fueled Solid Oxide Fuel Cell Stack

14
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