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Overview

Timeline Barriers
Project start date: October 2012 Lack of current controlled and on-
Project end date: September 2013* | road hydrogen fuel cell vehicle
Percent complete: On-going data
Budget Partners
Total project funding Several fuel cell vehicle OEMs
DOE share: S485k (data providers)
Contractor share: SO
Funding received in FY13: S485k

*Project continuation and direction determined annually by DOE




Project Objectives, Relevance, and Targets
Fuel Cell Electric Vehicle Evaluation

e Objectives

o Validate H, FC vehicles in real-world setting

o ldentify current status and evolution of the technology

e Relevance

o Objectively assess progress toward targets and market needs

o Provide feedback to H, research and development

o Publish results for key stakeholder use and investment decisions

Key Targets
. Ultimate
Performance Measure Status (2020)
Fuel Cell Stack Durability 2,500 hours 5,000 hours
Vehicle Range 254+ miles 300+ miles
Fill Rate 0.77 kg/min 1.0 kg/min
. . 59% at 25% 60% at 25%
Efficiency
Power Power

*As reported in previous Learning Demonstration results
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APC/Shell Pipeline station, Torrance, CA. Photo: NREL



Objective: FOA-625 Status (FCEV Data)

* Proposals were submitted June 18

* Objectives of FOA

o Provide FCEV vehicle data to NREL's
HSDC for analysis and aggregation

o Seek to validate improved
performance and longer durability
from comprehensive set of early
FCEVS, including first production
vehicles

o 5-year project duration; 2 phases

“...to collect and submit dynamometer and real-world
vehicle performance data to a DOE-sponsored third-party
collection and analysis provider to provide statistically valid
projections on key metrics including durability of fuel cell
system”

* DOE negotiations in progress with
OEM teams

FINANCIAL A5SISTANCE
FUNDING OPPORTUNITY ANNOUNCEMENT

U.5. Department of Energy
Golden Field Office

Light-Duty Fuel Cell Electric Vehicle Validation Data

Funding Oppaortunity Announcement Number: DE-FOA-DIE2S
Announcement Type: Amendment 004
CFDA Number: 81.087

Iseua Dats: 02232012
Application Dus Date: 051312012, 5:00 PM Esstern Time
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Approach: Leverage Learning Demonstration Activity

N .

Controlled Hydrogen
Fleet and Infrastructure
Analysis (FY03 - FY12
- ysis ( ) >

,/ : -

Fuel Cell Electric Vehicle H dl:loe x:nGli:re;:tt:::ture
Evaluation (FY13 - ) e

Evaluation (FY13 -)
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Approach: Analysis and Reporting of Real-World Operation Data

Bundled data (operation &
maintenance/safety) delivered Internal analysis

to NREL quarterly completed quarterly in
HSDC

0098

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 every six months only with the * Publish analysis results every six months
\_ partner who supplied the data? J U without revealing proprietary data? )

Public

» CDPs

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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Approach: Analysis

- NREL Fleet Analysis Toolkit (NRELFAT) [N LR

NREL Fleet Analysis Toolkit

o Developed first under fuel cell vehicle
Learning Demonstration
o Expanded to include material handling,

Company

backup power, and stationary power Eeocars |
o Restructured architecture and interface to T —rE
effectively handle new applications and mw
projects and for flexible analysis :gijf i
° Utility MASTER:
* Publish results [areee [ wovearor | e oz |

o Detailed and composite results

o Target key stakeholders such as fuel cell and hydrogen developers
and end users
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Approach and Accomplishments: Milestones

FY13 Ql FY13 Q2 > FY13 Q3 > FY13 Q4

1. Finalize data collection and analysis plans through
communications with DOE and industry partners

2. Move HSDC to Energy Systems Integration Facility

3.4 Quarterly analysis of operation and maintenance data for
fuel cell systems and hydrogen infrastructure

4.+Bi-annual technical composite data products

5.# Site visits and project kick-offs

New 5 year project planned
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Approach: CDPs Published from Learning Demonstration
available for benchmarking current FCEV performance
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Approach: Communicate Results to Broad Audience
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L4 Prese ntations National Fuel Cell Electric
Vehicle Learning Demonstration
Final Report
K. Wipke, 5. Sprik, J. Kurtz, T. Ramsden, C.

° We bi nars Plasicighiadh

* Interactive way to ot 22

Final Results from U.S. FCEV Learning Demonstration

access CDP results ot s st o e
from website

Absmact

Tank Level at Fusling

DOE Webinar February & National Hydrogen nem
3

;’;:'l‘;" Learning Demonstration Status ".-ﬁ

[T — Fabnany #1, 2097 e »

o National H -

i Demonstration Status

g Keith Wipke, Sam Sprik,
Jennifer Kurtz, Todd
Ramsden, Chris
Ainscough, Genevieve
Saur
- I e , February 6, 2012

DOE's Informational
Webinar Serles
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Approach: Tracking Future Progress Against Previous
Demonstration Results

After 2009Q4
Fuel Cell Stack Durability b 2,000 hours
ar T pofcedtonse | vgorhows | 2522 v :
Average Fuel Cell Durability Projection 821 hours 1,062 hours 1,748 hours
oy :"S"’:’;g*l'g‘;rcss";gkpfgagzz 2,375 hours 1,261 hours 1,582 hours
Driving Range € ,) 250 miles
Adjusted Dyno (Window Sticker) Range 103-190 miles 196-254 miles --
Median On-Road Distance Between Fuelings 56 miles 81 miles 98 miles
Fuel Economy (Window Sticker) 42 — 57 mi/kg 43 — 58 mi/kg no target --
Fuel Cell Efficiency at % Power| 51% — 58% 53% — 59% 60% =
Fuel Cell Efficiency at Full Power 30% — 54% 42% — 53% 50% --
On-Site Natural On-Site
H, Cost at Station (early market) Gas Reformation Electrolysis $3/gge -
$7.70 - $10.00 -
$10.30/kg $12.90/kg
Average H, Fueling Rate 0.77 kg/min 1.0 kg/min 0.65 kg/min

Outside of this project, DOE independent panels concluded at 500 replicate stations/year:

Distributed natural gas reformation at 1,500 kg/day: $2.75-$3.50/kg (2006) Outside ==
Distributed electrolysis at 1,500kg/day: $4.90-$5.70 (2009) 7)
pane
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Accomplishment: Data Templates and Security
Procedure Updated

Hydrogen Secure Data Center
ar
Energy Systems Integration Facility

On-Road Vehicle Data™*
to Protect Prop ¥ Data
Data does nat need o be pravided via Excel spreadsheet, provided the infarmation below is clearly identified in the data file and formatted the same far each repart. NREL Hydrogen Secure Data Center
Template updated: January 5, 2012 (NREL)
National Renewable Energy Laboratory
- Revision A, March 57 2013
117 Dt wit e cofwored o NREL's Hueroaen Secure Dala s can sty dota i HSDC socurity srosedures.
r {2) Duta must be collected at o mirimum frequency of 1 Hz.
Data Sles submitted need 1o contan e unigue vehicle name as well as a r {3) Values may be calasated rather than directly measured.
2 time stamg (dawr, %0 te second) for #ie start of each et of data r ) Fusding information is nesded ta gather fusling rates, fueling tmes, fusing amaunts and temperture changes during eing sverts. Table of Contents
{exarmgie: Ve12_20111015_158905 cav)
Data wil be comverted 10 Mattad *.mat fies. 1. Scope
2
2
Tompaent /A Vehcle A Foel Tank el Stack Ty Stcrage Tractan Metor (M 4. Data Transfer.
Amblent 5. Activities
Time’ ericle Speed Odometer | Fempersture resure Tempersture Tank Level Votage Lurrer Our Stack Hours m%! Voltage Currert State of charge Veitage 6 WRELSecurity
Seconds (stleast 1 02067, 10, Armperes (Pesitie = 7. WRELQuality
datz point per 2=tandby, =Start, currentin, Hegative =
units secand) Milesjhour Wies degrees € sl deg € ® Vo Amperes Haurs. A=shutdown s ote current out} %S00 Wote &
e —
Vehicles
Diata should indude all vehidles since Inception of the program
Template updated: January & 2012 (NREL] Vehicle Descriptive Parameters Company: ICmr:our.y: |
\Date data wodated: inset date updaled frovide one columin for each unig T
e p—— . Tempiste updated: laruary 5, 2012 (NREL) Unique Vehicle Cornf s
Automaie T ke o, h::m":: Units - Configurations | Configurationz ] Confgurations
Configuratian Vehicle %m - | |
Unigue 1,2, from Starting Date of Operation {if Brimary T o
Date Wehicle separate Wehicle Odometer at start | no longerin Location of | Primary Sefueling Make
upcated Identifier template) Operation of OGE program service) Operation Location(s] Z5ill in Operation e -
MM EE Y - coatiguraticn T Y mile MmO e City, State - TR " fromtal Area mt
\\ FIC Stack overteul i M&Tﬂmh; ;
11M&Mm V24 corfiguration 10004 S50 A [Escrameanio, CAY RS.08 ¥ Bummary Fuel Ecancmy (EPA rating) miles/kg.
Fange miles
TitET s 2004 20 B Dietrai, Mi RS-14 hd Firsl vehicks 1o opae Usble Top Speed .,.".:M.
Acceleration s
T =
eadel o
e . W
Fuel Cell Stack Max Power W
Open Circult Voltage ¥
idle Current Load Amp
Max Operating Current Amp
Ampfem’
} | = | Fuel Cell Systemn Mass g
— | 44 rp Ve hh:lzsj Stacks J Maintenance J Safety Ar On-Road Fuel Economy J + ) | o Fl el St Macx '
& Halance of Plant Mass K
Halance of Plant Volume L
Ful Cell Stack Mass i
Fuel Cell Stack Volume L
Number of Cellsin Stack
. . . Calculated Specific Power Wikg #ONV)O! i #ON /! i #0Vjal
Calculated Power Dens: wiL
Vehicle operation, maintenance, safety, and 2
Grass System Fower at idle o
Efficiencyat 5% net pawer %
L o] H Efficiency at 10% net pawer %
specification templates were all update fmimT
Efficiency at 50% net pawer %
Efficiency at 75% net pawer %
. . . . Eficiency at 100% net %
——
based on previous templates, discussions with e e
Tank Type:
Eycle Lfe cpeles
kehold d validation topic prioriti - 5
stakeholders, and valigation topic priorities. O,
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Accomplishment: Key Analysis Topics Identified

e FC durability e Drive behaviors
e Vehicle operation e Fill behaviors
(hours, miles) e Power management
e Specs (power density, e Energy
specific power) S T

e Range, fuel economy,
and efficiency

e Fill performance
e Reliability

e Comparisons to
conventional vehicles

These key topics were selected based on review of past CDPs,
targets, most common referenced topics, and DOE feedback.
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Highlights of Interactions and Collaborations

Auto Industry Partners
o Detailed discussion of NREL HSDC procedures
o Discussion of data priorities, templates, and methods
o Review of all results prior to publication

U.S. DRIVE Technical Teams e

o Provide annual briefing of FCEV performance results to the Hydrogen USDHIVE
Storage and Fuel Cell Tech Team

FCHEA Technical Working Groups | _
o Participate in Transportation Working Group @ Fydrogen Eneray

Association

o Participate in Joint H, Quality Task Force

California Organizations
o CaFCP and CHBC: NREL actively participating as member @ %"

o CARB and CEC: New stations offer potential to provide future data to
NREL
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Future Work

e Support DOE in launching the new validation
project
= “Light-Duty Fuel Cell Electric Vehicle Validation
Data” (FOA 625)
* Perform quarterly analysis of initial data

 |dentify first set of FCEV CDPs for publication
scheduled at the end of FY13

* ldentify new opportunities to document FC
and H, progress publicly
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Summary

e Relevance
o Validate FCEV performance against DOE and industry targets

e Approach
o Collaborate with industry partners
o Continue to develop core HSDC and analysis capability and tools

o Leverage 7+ years of analysis and experience from the Learning
Demonstration

e Technical Accomplishments and Progress
o Completed data templates and HSDC security procedures
o Prioritized key analysis topics
o Interactions with auto OEMs on priorities, data sharing, and methods

e Collaborations

o Work closely with industry partners to validate methodology, and with other
key stakeholders to ensure relevance of results

e Future Work
o Complete quarterly analysis of initial data
o ldentify first set of FCEV CDPs for publication scheduled at the end of FY13
o ldentify new opportunities to document FC and H, progress publically
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History: 4 OEM/Energy Teams Selected
Competitively through DOE FOA in 2004

g N
ChevronTexaco*

KA
HYUNDAI

2z UTC Fuel Cells **

k A United Technologies Company

DAIMLERCHRYSLER

\
DOE funding: S170M
Industry cost share: $189M L\'REL[';‘E;S‘;’GO' 56i6'\_" ;
rom or analysis an
Total: $359M support of this project
since FY03
* now Chsm ** now ClearEdge **nowDAIMLER
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Industry Partners: Collaborative Relationship, Working through
Details of Analysis, was Critical to Success

FYO03 FYO4 FYO5 FY06 FYO7 FYO08 FYO09 FY10 FY11  FY12

RFP Startup | Operation, Data Collection, and Analysis

#Ford/BP and Chevron/Hyundai-Kia Concluded in 2009

Chevron

"< % UTC Power -
v A Uniled Technologias Compang L
Sy

Elap
HYUNDAI

Daimler, GM, and Air Products (CHIP) demonstrated
vehicles/stations within project through Sept. 2011

1\

- o
%

\ DAIMLER / \

NATIONAL RENEWABLE ENERGY LABORATORY



2"d Generation Vehicles Demonstrated Technology
Improvements Over 1t Generation

Generation 1 Vehicles Generation 2 VVehicles

* FC not freeze-capable * FC freeze-capable
e ~2003 stack technology <+ ~2007-2009 stack tech.

* Storage: liquid H, and e Storage: All 700 bar
350 and 700 bar

* Range: 100-200 miles * Range: 200-250 miles

e Efficiency: 51%-58% at ¢ Efficiency: 53%-59% at
Y4 power /a power

* Longer FC durability
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