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Overview

Timeline

Project start date: July 2009
Project end date: October 2013*
Percent complete: On-going

Barriers
Durability of state-of-the-art fuel
cell stacks and systems

Budget

Total project funding
DOE share: S450k
Contractor share: SO

Funding received in FY13: S150k
Funding received FY09-12: S300k

Partners

68 fuel cell developers contacted
15 fuel cell developers shared
data

*Project continuation and direction determined annually by DOE
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Relevance: Objectives

Benchmark state-of-the-art fuel cell durability
o Develop snapshot of state-of-the-art fuel cell durability
o Uniformly apply analysis method to data accumulated in lab

o Obtain independent assessment and status of state-of-the-
art fuel cell technology

Leverage analysis experience

o Utilize analysis methods, experience, and data from fuel cell
field demonstrations (e.g., DOE’s FCV Learning
Demonstration and Early Market demonstrations)

o Compare lab and field data

Collaborate with key fuel cell developers
o Provide feedback to fuel cell developers
o Investigate factors affecting fuel cell durability
o Study differences between lab and field durability
O

System price benchmarkin
y P 5 All data is supplied voluntarily and
published results are updated annually.
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Approach: Analysis and Reporting of Real-World Operation Data

Bundled data (operation &
maintenance/safety) delivered Internal analysis
to NREL annually completed

annually in HSDC

4 Detailed Data Products (DDPs) N ( Composite Data Products (CDPs) h
* Individual data analyses » Aggregated data across multiple systems,
* [dentify individual contribution to CDPs sites, and teams
* Shared once a year only with the partner * Publish analysis results once a year without
\_ who supplied the datat J U revealing proprietary data? )

1) Data exchange may happen more frequently based on data, analysis, and collaboration
2)  Results published via NREL technology validation website, conferences, and reports
(http://www.nrel.gov/hydrogen/proj learning demo.html)
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CDP and DDP Schedule

Initial Final Draft Final Finalized

Draft CDPs Review CDPs Review CDPs
(~1 weeks) (< 1 week) (< 1 week) (< 1 week)

(~4 weeks excluding data processing and analysis)
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Approach: Raw FC Data Processing example pata

Fuel Cell Stack VI Animation for Vehicle19-Stack1

2500 data points per curve fit

Segment fuel cell voltage and 4505 <
current data
Apply polarization fit
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Accomplishment: Annual Update Completed
FYO9 FY10 FY11 FY12 FY13

The current analysis set is the 5t
annual update. The number of data

sets, participants, and results have
increased each year.
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Accomplishments: Data Set Count and Operation Hours

04/2013 CDPs include

98 data sets analyzed, 78% retired
16 new data sets since 05/2012
14 CDPs (6 new since 05/2012)
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Created: Mar-21-13 8:58 PM 1) Data set count at publication of a CDP set - where a data set represents a short stack, full stack, or system test data.
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Accomplishments: Voltage Degradation Results by Application

The average projected times to 10% voltage drop are 2,500, 3,600, 6,200, 14,600, and 9,300
for backup power, automotive, bus, forklift, and stationary applications, respectively.

45 th th PEMFC & SOFC data from lab tested, full
25" -75" Percentile i i
active area short stacks and systems with
40| A Avg. Projected Hours full stacks. Data generated from constant *
DOE Target load, transient load, and accelerated
35| % Interim DOE Target testing and includes 15 U.S. and
international fuel cell developers.
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Accomplishments: Voltage Degradation by
Configuration and Test Condition

Grouping by configuration and test condition is important because of influences on
degradation projects. Conclusions are still difficult to identify because of limited data
and many variations in these groups. Further study and additional data are needed.
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Accomplishments: Breakdown of Data Set Configuration
Used for Voltage Degradation Results

| I Full Stack [_]Full System [__|Short Stack [l Single Cell

Prime

Forklift Configuration is connected to test objective,
technology generation, setup, and design.
Configuration can have a significant impact on the
voltage degradation projects and is an area for

continued studx and data gathering.

Bus

Automotive
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Created: Mar-26-13 11:30 AM
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Accomplishments: Breakdown of Data Set Test Conditions
Used for Voltage Degradation Results

Il Accelerated [ |Duty Cycle [l Steady
Prime
Forklift S
Steady operation is a common protocol for all
studied applications. Test condition has a O
significant impact on the voltage degradation and
Bus is an area for continued study and data gathering.
Automotive
Backup
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Created: Mar-25-13 1:51 PM
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Accomplishments: Breakdown of Current Densities Used for
Voltage Degradation Results

Il <=0.2 [A/cm?] I <=0.4 [A/cm?] [__]<=0.6 [A/em?] ] <=0.8 [A/cm?] I <=1.0 [A/cm?] Il <=1.2 [A/cm?]

Prime
Forklift Current density point at which the projected
time to 10% voltage degradation is analyzed
varied based on available data, test purpose,
and application. Future analysis will look to
publish voltage degradation at common
Automotive current density points.
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dE) nreL cdp_lab_14 Data Sets [%]

New since 05/2012
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Accomplishments:

Average Projected Hours to 10% Voltage

Degradation by Year

Most applications have seen an increase in average time to 10%
voltage degradation over the last three years. Averages may

18-
decrease from year to year based on new data sets added and
16 ¢ varied test conditions and configurations.
o o
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Year
=14 (1) The DOE 10% voltage degradation metric is used for assessing voltage degradation; it may not be the same as end-of-life criteria and does
qE) NReLcdpiab 10 notaddress catastrophic failure modes.
Created: Apr-01-13 2:32 PM (2) At least 13 fuel cell developers supplied data, including international. Analysis is updated periodically.
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Accomplishments: Project Information Package

Metadata for voltage degradation analysis

Fuel Cell Technology Status Analysis Project:
« Partnership Opportunities
e
The 5. Department of Energy’s (DOES) National Renewable Energy Laboratory (NREL) is seeking leading fuel cell
s industry partners from the United States and abroad to participate in an objective and credible fuel cell technology
o - performance and durahbility analysis to benchmark the current state of the technology and support industry growth. iy S ST L
g Interested fuel cell developers should contact NRELs Technology Validation Team at techval@nrel.gov. | .o “mml.f”f”_
R A g st o
= How does it work? |36 amblent conditions |Please fill in applicable requested informarion for each available product, with each product entered as o new columa. Some informatian
s = . Deration status may have been filled in based on an Internes search of your svailable product. Please comect as approgriaze.
o Participating fuel cell developers voluntarily share their 1Y e 3 : ™
raw fuel cell test data related to operations, maintenance, a =] 1 =] =] =] =
| safety, and cost with NREL via the Hydrogen Secure Turrent [or swirenty density] soints for [P— Ve - Procuctitemel. Ld ProductMemel L4 Productiemes L Productiemes_LJ Productiamas
- Data Center (HSDC). This limited-access, off-network Lab Ll T Ava I il :
?;':Enm:“; houses the data and analyses tools to protect propriatary ST Ative Area =
information. NREL provides individualized data analysis HREL Dt | Fuel Cell Type
results as detailed data products (DDPs) to the partners waicty {(PC) and hyydrogen | —M
Oumwion e who supplied the data. Aggregated results are published !m
# as composite data products (CDPs), which show the | Power Rating (kW]
u technology status without identifying individual companies. |Other features
. . @ systams sold to date
2 Project Features and Benefits 2010 Price (US $)
i Industry support - NREL supports continued industry 2088 price US 8}
i growth by providing an independent, credible, and consis-

tent assessment of fuel cell vottage degradation.

Uniform analysis - Analyses are applied uniformly to the
supplied data sets.

Composite data products - NREL publishes publicly avail-

mgm"f;: able results using aggregated data to protect proprietary
information. Before publication, the CDPs undemgo a two-
stage review cycle with participating partners.
-
Detailed data products - NREL shares data i i hous to'
e [ MmOz analysis results with the partners who supplied the data. cell configurations and applications.
s | The DDPs also identify specific partner contributions to the
o |00 g aggregated data.
i""‘ BT Technology statws - CDPs are a primary sourca for DOE and
- other stakeholders to benchmark fuel cell voltage degrada-
T tion status, track progress, highlight advancements, and
o K identify areas for continued development.
e
o = 1 Experience - This project leverages NRELs technology
g ] validation experience analyzing proprietary hydrogen and
This CIIP sbows of all fuel cell systems and components since 2004.
degradation and operl

Current fuel cell price by application
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15 e W
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details and benefits

S/kW

New since 05/2012

Example CDP results

System price data for price benchmarking

-

ZINREL
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LS i i
©Comnaror of vk and Lo Bt veta b, 55 1 . S 5011 S|
=5

Website with published
results and presentations

Application  Application  Application

Application
A B

for price data

Application
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Collaborations

*  Working with multiple fuel cell developers
o 15 of 68 fuel cell developers contacted have supplied at least one dataset

o Reasons for developers not providing data include concerns over voluntary
proprietary data sharing, availability of data sets with high operation time that
are a good fit to include in the analysis, and readily accessible data in the
requested format.

o Data contributors are not identified yet because of limited data sets by
application category.

* Gathering PEMFC, DMFC, and SOFC datasets
e Data sharing is completely voluntary

e Participation in DOE durability working group and presentation of status
to fuel cell tech team

* Ongoing effort with fuel cell developers to:
o Include new data sets (particularly in the stationary category)
o Update datasets already included if applicable

o Include new fuel cell developers
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Future Work

e Publish report on durability analysis method
e Add price information to the project collaboration pamphlet

* Continue cultivating existing collaborations and developing new
collaborations with fuel cell developers.

* Next planned update is 03/2014

e Possibilities that may be included in the next update are:

o Expand results aimed at improving data comparability and statistical
confidence

o Voltage degradation at common and multiple current density points
and power points

Price benchmarking
Results by testing protocol
PEM, SOFC, & DMFC
Single cell

Investigate other aging parameters for fuel cell durability (e.g.
start/stops, soak time)

O O O O O
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Future Work: Price Data

Current Fuel Cell System Price Estimates by Application

45
.DOE 2020 Cost Targets 1

40

35 N .
s Objective: Report on status and establish
= a9l expectation of current price data at low
[}
S volumes.
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— 251
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1)  DOE cost targets for 1 — 10 kW residential (http://www1.eere.energy.gov/hydrogenandfuelcells/mypp/pdfs/fuel_cells.pdf)
2) Data estimate source is from ARRA installations in 2012 dollars.
3) Data estimate source is from public information in 2012 dollars for US and international companies and multiple fuel cell types (<5kW).
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Summary

Relevance: Independent assessment of state-of-the-art fuel cell
technology provides one location for fuel cell durability status from
leading fuel cell developers with a uniform analysis and reporting
method on a variety of proprietary data.

Approach: Leverage capabilities established under other technology
validation activities (NRELFAT) and industry collaborations.

Accomplishments: Fifth annual results were updated for 5 applications
plus started portable and include new details based on metadata and
durability trends over time and international developers. The data are
fully integrated into NRELFAT and an online interface provides
information on the project, connection for interested collaborators,
and all publications. Improved project information material for details
and benefits of participation.

Collaborations and Future Work: Continue expanding analyzed data
sets, included fuel cell developers, and results and have price
benchmarking.
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Technical Backup
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Relevance - Benefits of Lab Fuel Cell Durability Analysis

External

* One source of durability status
for DOE from the leading fuel
cell developers

* Independent technology
assessment with uniform
analysis on proprietary data

* Highlights technology
successes

 Helps adoption of fuel cell
technology

* |dentifies areas for continued
development

* Possible to study differences
between field and lab
performance
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Internal

Benchmarking against CDPs

Analysis method may provide
a new way to study fuel cell
durability

Collaboration with NREL's
technology validation team;
dedicated analysis team with
experience in multiple fuel cell
applications

Provide information that is
very useful for external
partners (e.g. DOE) without
revealing proprietary
information

Possible to study differences
between field and lab
performance




Accomplishments: Voltage Degradation by Year

Projected Hours to 10% Voltage Drop1’2
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(1) The DOE 10% voltage degradation metric is used for assessing voltage degradation; it may not be the same as end-of-life criteria and does
NREL cdp_lab_11 not address catastrophic failure modes.

Created: Apr-01-13 2:32 PM (2) At least 13 fuel cell developers supplied data, including international. Analysis is updated periodically.
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Accomplishments: Data Set Power Capability

Power Capability of Test Data Sets
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< 60f fuel cell power for the data sets by =
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sl required. |
20-
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) we o 1) A datasetrepresents a short stack, full stack, or system test data.
Creaes: Mar2t13 858PM - 2)  The power capability represents the maximum power for a data set, not the load profile
or time at a power level.
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Accomplishments: Data Set Operation Hours and the Percentage of Data
Sets That Have Passed 10% Voltage Degradation

Operation Hours and Data Sets Operated Beyond 10% Voltage Degradation
25 I I I I I I I

- Data Sets? > 10% Vdeg
-Data Sets <10% Vdeg

20

T

Many data sets have not (or did not) pass the
metric of 10% voltage degradation. Data sets
operated beyond 10% voltage degradation

X 15 . o

‘% because end-of-life criteria may be greater than

8 10% voltage degradation or the test is designed

§ 10 to operate until a failure. i

8000 9000 10000 >10000

7000

5000 6000
Operation Hours

1) A data set represents a short stack, full stack, or system test data.

The DOE 10% voltage degradation metric is used for assessing voltage degradation; it
may not be the same as end-of-life criteria and does not address catastrophic failures.

1000 2000 3000 4000

- o
B J NREL cdp_lab_07 )
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