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Energy Department Launches National Fuel Cell Technology

Evaluation Center to Advance Fuel Cell Technologies
September 2013

Source: http://appsl.eere.energy.gov/news/news detail.cfm/news id=19607

Rebranding of HSDC

N4
National Fuel Cell Technology Evaluation Center

FUEL GELL {FC) STACK .
FC BACKUF FOWER J
FC FOBKLIFTS
FC CARS
FC BUSES

FG PRIME POWER
HYDROGEN INFRASTRUCTURE

a national resource for hydrogen and fuel cell stakeholders
supported through Energy Efficiency and Renewable Energy’s Fuel Cell Technologies Office
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NFCTEC Objectives

Fuel Cell System Maintenance By Category - ARRA

* Independent, secure analysis -
e Industry collaboration & 5 \
benchmarking
e Confirmation of component
and system technical targets Bz

* Technology validation

e Evaluation, optimization, and
demonstration in integrated
energy systems and real-world
operation

Photo by Dennis Schroeder, NREL
Figures and illustrations: NREL
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NFCTEC Security Procedures

National Fuel Cell Technology Evaluation Center
at
Enerqy Systems Integration Facility

Protection and use of data

* Security, access,
publications, data transfer

* Reviewed every 2 years

* NREL Security response

Procedures to Protect Proprietary Technical Data Submitted to the
NREL National Fuel Cell Technology Evaluation Center

National Renewable Energy Laboratory
Revision C, Novernber 22" 2013

SECURE DATA
WORK AREA

Table of Contents

1. Scope 2
2, Publication Approval Procedure 2
3. Physical Room Security 3
4, Data Transfer 5
5. Activities Within NFCTEC 7
6. NREL Security Responsibilities 8
7. NREL Quality Assurance Responsibilities 8
8. Revision History 9
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NFCTEC Analysis and Reporting of Real-World
Operation Data

Bundled data (operation &
maintenance/safety) delivered

to NREL quarterly

Internal analysis
completed quarterly in |
NFCTEC

Conﬁdential

\_

Detailed Data Products (DDPs)
* Individual data analyses

* |dentify individual contribution to CDPs

 Shared every six months only with the
partner who supplied the data?

~

J

lﬁhﬂﬁ\ - i
NRELs National Fuel CeII

Technology Evaluation Center

Results

Public

» CDPs

-

\_

Composite Data Products (CDPs)

* Aggregated data across multiple systems,

sites, and teams
* Publish analysis results every six months
without revealing proprietary data?

~

J

www.nrel.gov/hydrogen/proj_tech_validation.html

NATIONAL RENEWABLE ENERGY LABORATORY



NFCTEC Data Templates & Tools

Vehicle Descriptive Parameters

Tempiate updatec: laruary 5, 2012 (NREL)

Prowide ane cofumin for each unigue vehicle configuration

Company: |campany:

Unigue Vehiche Conf]

T —

Viehicles

Fuel Cell System Volume
Balance of Plant Mass
Balance of Plant WVolume
Fuel Cell Stack Mass
Fuel Cell Stack Volume
Wumber of Cells in $tack

rrrrrrlE §§ ""‘";EE

On-Road Vehicle Data™* Farameter Units Canfigurationl
(Date of input wywy/mm/fde
Data does nat need to be provided via Excel sareadsheet, provided the information belaw ks chearly ientified in the data file and formatted the same fai Corfiguration 1D =
Template updated: January 5, 2012 (NREL) Vehide
“ear Yerr
Footates: Make
: 1) Datn wil be delvered ta NREL's Hvdroc| Model -
(2) Dt rust be collected 3 a mirimun f
Datn Sles submitted need |0 contan the uGJE vehice name as well as a r {31 Values may be calodated rather than di NI S o,
atime stamg {dawn 10 the second) for e start of sach s=t of data r i) Fusling information is needed t gather Frontal Area G
fexamgle: Veh12_20111015_155908.cav) Coefficient of Drag -
Data wil be converted |o Matlag * mat fies Curb Welght T
Fuel Economy (EPA rating) mileskg
Hange miles
Usable Hydrogen Storage i
Component WA Vehicle WA Fuel Tark” Tap Spead il
Acceleration [0-60 mph] :
Ambient Fuel Cell Syst
| Time® Webicle Speed | Odometer ressure Tank Level Manufacturer -
Madel -
e System Net Power Rating KW
data point per Fuel Cell Stack Max Power W
S ] i R Elg L = Open Circult Voltage v
idle Current Load
Miax Operating Current
Current Density @ Rated Power
Fuel Cell Systern Mass

(B3 NReLFAT2010a

%=

INREL  HSDC =205

NREL Fleet Analy5|s Toolkit
Appllcatlon

Vehicle
Bus
Material Handling

Company

EcoCars

nfrastructure

Project TIGGER

(0600 L 5

MASTER:

Biata should indlude all wehidles since Inception of the program ::t:ﬁ -
Template updated: Janua 2012 (MREL) Fuel Cell Systemn Efficies based)
Date data wodatec: insev! oo updatod t::::‘u:m;::
Automaker frset mane of aufcmaker Efficiency at 104 ret power GIT 8CC RUN BATCH TRANSMIT |ARCHIVE CDP
T yat 15K net power _—
by o ——
Unigue {1,2.. fram Starting Date of Sifcienc 3z 100 nat =
Date Vehicle separate Vehicle Odometer at statt e
updated Identifier ternplate) Operation of DOE program "“‘K
mmyde vy - cenfigurationx mmde ey mile hkt;::ﬂ.: q:
\ mmh . B Stack Durabiity
1M r configuration 1003004 550 |Sacrameatio, G 5404 | Sumiran
b TS ] i configuraton? 1204 20 BliA Detralt, Mi RS-14 b First vehick 1o operads in sub-mem Ssmperabures
it 2 nows ank For Eamirjle
Shy Bl Aliokd S Devir
il wilh ridal Sl
4 4 Kl Vehicles ;| Stacks Maintenance Safety On-Road Fuel Economy , +

Examples shown for vehicle operation, maintenance,

safety, and specification templates

NATIONAL RENEWABLE ENERGY LABORATORY



Leveraging Data Process and Analysis Capabilities Across Technology Validation
Projects

95,759 hrs

::-,thaZI ,I:;(l)‘ rs: 154,407 hrs + + +

PRIME POWER

++++++4+

266,466 hrs

BACKUP POWER

Bl VHE
[Lab
[ IFCEV
IlrcB

m+++—+++++

STACK

yPs ++++++++

1,445,558 hrs

%n++++++++++++w+ +

INFRASTRUCTURE JI

CARS + + + + + + + + + + + ++ ProJectIiRenewmg
+++++++++++++++++++++++

BUSES

Pth,Jm5§ 2006 2007 2008 = 2009 = 2010 = 2011 = 2012 2013
Published performance reports

NATIONAL RENEWABLE ENERGY LABORATORY 10



74 MHE & Infrastructure CDPs—Count and Category e

Deployment & Site
Overwew (1 40)

Fuel Cell Operation
_-;—7--” (2,7, 8 11, 15,
ooz, 116, 17, 23, 24, 63)

-

 ui =i |
o T e g
.

Infra. Operation
(3,4,5,6,9, 10, 21, 22, 35,
37,42, 62, 65, 68, 69, 70,

g

~

Fuel Cell Safety
(26 27, 53, 56, 57)

Infra. Safety

(25 41, 46, 51, 55)

Fuel Cell Durability

(32, 33, 34, 38, 39, 73)

Infra. Reliability
(45 48, 49 50)

FC Maintenance
(12 13 14, 43, 54, 61)

Infra. Maintenance
(18, 19, 20, 44, 47, 52,
66,67, 72,76, 77)

Cost of Ownership
(58 59, 60, 64)

NATIONAL RENEWABLE ENERGY LABORATORY
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NFCTEC Real World Operation Analyses

FCEV Durability f@}
4 )

Generation 1
1,807 hours

—

Generation 2
2,521 hours

—

Next generation
evaluation starting

NATIONAL RENEWABLE ENERGY LABORATORY

Infrastructure ReIiabiIity@

( )

Poor MTBF

—

Key Categories (e.g.
Compressors)

Cost of Ownership @

—

RD&D Focus on
Compressors

N/

( )
Value proposition
\_ ‘ /
( )
Comparison
\_ ‘ /
( )

Annual cost savings of
~2,000 per Class /11
fuel cell lift

Results published via NREL technology validation website (www.nrel.gov/hydrogen/proj_tech_validation.html)




Tracking Future Progress Against Previous
Demonstration Results for FCEV Evaluation

After 2009Q4
Fuel Cell Stack Durability 2,000 hours
o vatage begradation | 4807hours | 2,521 hours -
Average Fuel Cell Durability Projection 821 hours 1,062 hours 1,748 hours
oy :"S"’:;‘gﬁ':‘;rcssf’tzgffga;;‘zz 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 =5
$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 7™
Distributed electrolysis at 1,500kg/day: $4.90-$5.70 (2009) review 7)

panel [N

NATIONAL RENEWABLE ENERGY LABORATORY



Infrastructure Reliability Analysis Supports
Additional R&D Projects (e.g. Compressors, Hoses)

Site MTBF (Calendar Days In Operation): Infrastructure
10

Infrastructure consistently
delivering 250 and 350 bar

Delivered H2 Maintenance
Count by Category

fills even though the 1,330 Maintenance Events
63% unscheduled

majority of the sites have a

MTBF of 25 days or less P Air
@ ) System
ﬁ .}O%
» .‘
o
= -.‘_‘Compressor
g | I 51%
- Control
.\ _
- Electronics
‘\ 20%
\ | | | | | | |
ﬂ % 25 50 75 100 125 150 175 200 225 250 275 300
¢ NREL cdp_mhe_48 Site M1-BF1 (Days)

Created: Sep-28-13 12:45 PM | Data Range: 2009Q1-2013Q2
1. Cumulative Mean Time Between Failure

NATIONAL RENEWABLE ENERGY LABORATORY



MHE Cost of Ownership Comparison with Incumbent ey
Technology

Cost advantage per unit is ~¥$2,000/year for
the average high-use facility with Class | ( M

and Il fuel cell lift trucks analyzed by NREL. Key Findings
* Cost advantages dependent on

Class | & Il MHE -- Annualized Costs deplt.)ym.ent S1Z€ a_nd use (i.e.,
Battery / Fuel Cell Maintenance $19,700 mU|tI-Shlft Operatlon per day)
$20,000 * H, fuel cell cost advantages in
Lift Truck Maintenance $17,800 .
$3,600 maintenance, warehouse
—— $2,200 .
Cost of Infrastructure = infrastructure space, and
Warehouse Space § $15,000 $2,800 —_— .
“ Cost of Electricity / Hydrogen ‘E 5;00 refuellng |ab0r COSt
o o
g S . * H, fuel cell cost disadvantages
i Labor Cost for Battery Charging| S £10/000 ’ ..
& H2 Fueling £ ' _ss00 in infrastructure and fuel cell
ivkinpiaibaie s el | £ “ $3,700 cost and hydrogen cost
i Amortized Cost of Battery / e $5,000 21300 B
Fuel Cell packs = i .0 Report Sections
"Amonize Cost olL o * Inputs, assumptions, and results for
$0 “ “ Class I/Il and Class Il
Battery Lift Fuel Cell Lift e Sensitivity study
* Intensive deployment scenario
< J

NATIONAL RENEWABLE ENERGY LABORATORY



Fuel Cell Bus Evaluation is an International Effort
with Many Different Stakeholders

Fuel Cell Power Plant Hours of Operation for ZEBA Buses
T T T T T T T T T T T

80

HlFc4
70/ HEFC5
IElFce

ZEBA Fleet Fuel Cell Hours mFC7

sof%ng
Leader at 16,216 hours
2" 3t 11,908 hours

T
Total Hours = 79,176

50/|L_IFC10
[ JFc11
[TJFc12
|IMFc14
HElFc15
HIlFCc16

Hours of Operation (1,000)
-y
o

BC Transit propulsion- related
0 WP\ SN N SN NN SN BN TN BN
labor hours by category e T S o o g N o g e

Created: Nov-14-13 9:%ﬁ 904' 3"’0 é‘b" @'ﬁ 50\ gQ,Q éd\ )@o @é @é 5\) QGQ e04 gz? é‘b« @& 50\ QQ,Q

1,400

1,200

1,000 H

o Partners: National Fuel Cell
_:::;stem Bus Program, DOE, DOT FTA,
California ARB, Public Transit

800 H

Labor Hours

600 @ Brusa Charging

= Cooling & A Agencies, Developers &
400 A Intake
st Integrators

200 H
m Fuel Cell System

0 +

NATIONAL RENEWABLE ENERGY LABORATORY



Lab Data - Fuel Cell Technology Status

45 -
—25th - 75th Percentile
40|| A Avg. Projected Hours | | Data supplied voluntarily from 15 | %
a5 *DOE_TarQEt U.S. and international fuel cell
Interim DOE Target developers.
__30
&
=]
8 25
2 20 ¥
-
2
15 * DOE Targets Under Review o
10
5 I I -+ T
0
Backup Power * Automotive Bus Forklift * Prime Power

Analysis — hours to 10% voltage degradation

NATIONAL RENEWABLE ENERGY LABORATORY



Fuel Cell Material Handling Evaluation s

Validation of MHE is based on 1’859’616 291’114

real-world operation data
from high-use facilities

490 4.4 232,551

Operation hours Hydrogen fills

Units in operation* Average operation hours Hydrogen dispensed
between fills in kg
| _504units | 8sites |

0.6

Average fill amount
in kg

| Class | 2.3

I Class i Average fill time

I Class II .
Height proportional to units deployed. *One project has completed In minutes

NATIONAL RENEWABLE ENERGY LABORATORY



BACKUP POWER

Fuel Cell Backup Power Evaluation

1 94 Systems are operating reliably in 23

. states. Reasons for unsuccessful starts 99.7%

Installed capacity include an e-stop signal, no fuel, and Successful starts
in MW other system failures.

842 4-6 2,579

Average site
capacity in kW

Systems in operation™ Start attempts

65

Continuous run
hours demonstrated

1,683

Operation hours

*Not all systems have detailed data reporting to NREL

NATIONAL RENEWABLE ENERGY LABORATORY



H, Infrastructure Evaluation

Dispensed Hydrogen per Day of Week
20 20

H yd rOge n Stat i O n o Vm‘ amamUed St.. @ -mll‘li‘:‘nt':ttil::l‘;tations.
Location Data i

Angeles
Sylmar National Forest
O'San Farnando
. P ¥ .
Available through . F=e o 15 15
o¥an Nu;!s GAltadena
o Glem:!aleo - Menrovia

o
H Daks ¢ Pasadena’Rancho-Cucai
O I e p p EEEcod South Pasadena
s & O o .
o Lo% ANGELES El Monte. Westvama

H “Huntington Park _Rico Rivera s
( I P h O n e ) I Harboqr City Mebtahi Chevron @

| 9 kg/day avg

Dispensed Hydrogen [% of total]
=
Daily Average [kg]

LT E—
215 mi - 25800 Western Ave fr
Norwalk. 9
Sl O |ANAHEIM
Ynm-)m:eo kamood @ Srande
S | Garden Grove o 9
arbor City L.slg Tl
LONG BEACH g U5
T SANTA ANA
%
Ol Irvinag [ Ea—— i
Huntington Beach ' J
Newport Beach™ ““pio Visjo,

0 Mon Tues Wed Thur Fri Sat 0

WREL cdp_infr 05 Day of Week
Created: Oct-14-13 4:29PM | Data Through: 201302

UCLA
e
West LA n M e Chino

SMB l‘ e j Diamond Bar 6 mile radius
3 SCAQMD ) J Z
e 3 mile radius

Santa Monica

L Ontario

Legend
A Online
O Future
Current Project
CEC
~——CARB
= Other

Irvine N
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Data Supports DOE Updates/Records/Status

FUEL CELL TECHNOLOGIES OFFICE

Examples:

SO
ENERGY | moes cerer

Early Markets: Fuel

Cells for
Handling

Fuel cells can be used 10

Early Market Fuel Cells for

Material Handling Fact Sheet
http://wwwl.eere.energy.gov/hydroge
nandfuelcells/pdfs/early markets mh
e fact sheet.pdf

Fuel Cell Bus Targets Record —
http://hydrogen.energy.gov/pdfs/1201

2 fuel cell bus targets.pdf

Fuel Cell Backup Power

Deployments Record
http://hydrogen.energy.gov/pdfs/1300
7 industry bup deployments.pdf

NATIONAL RENEWABLE ENERGY LABORATORY

the chemcal energy i fuels such 3

Record 8: 12012 | Date: March 2. 2012
T;

in Table 1. These

for fuel cell transit buses are presented
needed to compete with alternative
for the stams of the technology in furure years.

Table 1. Performance, cost, and durability targets for fuel cell transit buses.

DOE Hydrogen and Fuel Cells Program Record 18,
Record # 13007 | Date: 09/052013 207
Title: Industry Deployed Fuel Cell Backup Power (BuP)
Originators: Pete Devin, Jim Alkie, Sara Dilich, Dimitnos 075 040
300 300
Approved by Date:
Rick Farmer and Sunita Satvapal 00109/13 L 8
Ttem: mtly projected 1o have § year /
ol cell system mcludes.
‘Table 1: Number of fuel cells (current and in backup s, slocsric drive, 3ad bydrogsa
power.
DOE DOE Funded DOI Industry DOE and
Funded' | (Appropriations)™’ | Total | Fundedor on | Industry yitacms par year. Thit production
(ARRA) | as of 912013 Order Total el of sas.
as of (Globally)”” | From 2009
52013 From2009- | Record Date
Record Date
Number of
Backup Power Jan Ricketion. Gregory Rymarz)
820 5] 903 3,59: 496
(current &

mmarmmmafm@oﬁ)m:mmmmmmumm
‘mstallations and on-order backup funding.

The manufacturers provi the fuel

‘power unifs with 5o DOE

TmlmEAmem!y-ﬂRmmm(Am
18.5M, with an industry cost share of $30.8M ' While publicly available sales

projects is

| ARRA funding supperted deployments in backup power for: ReliOn with deployments at AT&T and

) investment for these fuel cell




Examples of Peer Review Feedback

“Other areas of strength include industry’s

confidence and trust in NREL's team and “This is a good national approach to
approach to the project, and the continuous fuel cell analysis. There are early
improvement and enhancement of project warnings of commercial problems,
products, particularly CDPs and DDPs...” such as compressors...”

The ability to leverage the capabilities established
by NREL for its implementation of other
“NREL is uniquely set up to technology validation projects is a strength of this

compare data sets from a variety project...”
of fuel cell developers for a range
of applications. Without this
project, such comparative

analysis would not be available.” This is a great way to put all

the data together and get
information back to the industry
“This project is essential to and potential customers.”
benchmarking the progress of
fuel cell systems over time and
across industries.”

NATIONAL RENEWABLE ENERGY LABORATORY
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DOE Fuel Cell System Cost Based on Models for High Volume

Projected Transportation Fuel Cell System Cost
-projected to high-volume (500,000 units per year)-

$124/kW

| Updated Analysis Current status:
- Previous Analysis $55/kW vs
$106/kW ultimate target of
$30/kW
$81/kW
$80 -
$69/kW T2020t
arge )
$55/kW Ultimate
$59/kW
$60 i $571kw $55J’kW $4OIKW Target
l $30/kW
|
$O n T T T T T T T

2006 2007 2008 2009 2010 2011 2012 2013 2020

€«
—
%]
o

o
—
(]
(=]

FC Systems Cost ($/kW, ;)

Record Source: http://www.hydrogen.energy.gov/pdfs/13012_fuel cell_system_ cost_2013.pdf

NATIONAL RENEWABLE ENERGY LABORATORY



Fuel Cell Technology Status — Cost/Price

Current fuel cell price by application and production rate

L

Example Result

— Application A
— Application B
Application C

S/kw

Dollars per kW [$1,000s/kW]

L 4

10 100 1000 10000

Production rate (units/year)

The U.S. Department of Energy’s National Renewable Energy
Laboratory is seeking fuel cell industry partners from the United States
and abroad to participate in an objective and credible analysis of
commercially available fuel cell product cost/price to benchmark the
current state of the technology and support industry growth.

45

P
(=]
T

[#5)
[3)
T

L]
(=]
T

ny
[3)
T

no
(=]
T

—_
(2]
T

—_
o
T

[=2]
T

Current Fuel Cell System Price Estimates by Application

‘.DOE 2020 Cost Targets 1

| | |
Backup Power Forklift Prime

NATIONAL RENEWABLE ENERGY LABORATORY



Cost/Price Data Template

A B C D

7 BAGE M ProductNamel B ProductName2 H ProductName32 |4
8 Current Price (US$)
9 Availability
10 Market
11 Application
12 Fuel Cell Type PEMFC PEMFC
13 Fuel
14 Comments
15 Power Rating (kW)
16 Other features
17 # systems sold to date
18 2010 Price (US$)
19 2011 Price (US$)
20 2012 Price (US$)
21 Current system cost (US $)
22 Current fuel cell stack cost (US $)
23 Cell count
24 Active area
25 Turndown capability

Spec sheet link or Product
26 brochure PDF attached

NATIONAL RENEWABLE ENERGY LABORATORY



Benefits of Cost/Price Analysis

External

Provide current cost status of
fuel cell products that fill the
gap with high volume cost
numbers

Help set realistic price
expectations at small volume
production

One source of realistic
cost/price status for DOE from
the leading fuel cell developers

Highlights technology successes

Helps adoption of fuel cell
technology

NATIONAL RENEWABLE ENERGY LABORATORY

Internal

Provide independent, credible
and consistent product
cost/price information that is
very useful for external partners
(e.g. DOE and industry) without
revealing proprietary
information

Benchmarking against CDPs

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



NFCTEC Contacts

Website
http://www.nrel.gov/hydrogen/proj_tech_validation.html

NREL HOME

Eala VTl TECHNOLOGY TR

STEM:

E

—
Hydrogen & Fuel Cell Research YoreSearch OptinsSEARCH

 Hydrogen & Fuel Cells Research  printable Version
Home
Capabilities Fuel Cell and Hydrogen Technnlogy Validation
Projects Technology validation is defined a:
Hydrogen Production & confirmation that component and Learni De
i ng Demonstration V: Hydrogen Fuel Cell
et system techrical targers have been |y e e e Setting
[T——m— met under realistic operating
Fuel Cells conditions. The NREL technology NREL analyzed
validation team works on validating seven years of
Technology Validation hydrogen fuel cell electric vehicles; Iy
~ Fuel Cell Vehicle Learning hydrogen fueling infrastructure; validation data,
Demanstration and fuel cell use in early market validated key
 Fuel Cell Bus Evalustions applications such as material [ DOE technical )
) handiing, backup power, and targets, and
Tl E= prime-power applications. The team published 99
also analyzes the current status of composite data
S N e e state-of-the-art laboratory fuel cell roducts.
et products.
technologies, with a focus on
~ Hydragen Fusing performance and durability. This
Infrastructure Analysis work supports the Department of [ AAEE

~Stationery Fuel Cell Systems  Energy's hydrogen and fuel cell
nalvsis technology validation activity.

Safety, Codes, & Standerds
" Technology validation projects involve gathering extensive data from the systems and components under

Systems Analysic real-world conditions, analyzing this detailed data, and then comparing results to technical targets. While
Manufacturing the raw data is protected by NREL, analysis results are aggregated into public results called composite data
Resesrch Staff products. These public results show the status and progress of the technalagy, but don't identify individual
companies.
Facilities
Working with Us Visit the following pages to see project highlights, analysis results, and detailed reports and presentations
Energy Anaiyaia & Tocla from the hydregen and fuel cell technolegy validation efforts underway at NREL:
Publications « Hydrogen Fuel Cell Electric Vehicle Learning Demonstration
Awards & Honors + Hydrogen Fuel Cell Bus Evaluations
News « Early Fuel Cell Market Demonstrations
« Fuel Cell Technology Status Analysis
» Hydrogen Fueling Infrastructure Analysis

« Stationary Fuel Cell Systems Analysis

Subscribe to the biannual Fuel Cell and Hydrogen Technology Validation newsletter, which highlights recent
technology validation activities at NREL.

Email

techval@nrel.gov

jennifer.kurtz @nrel.gov

NATIONAL RENEWABLE ENERGY LABORATORY




Question and Answer

* Please type your
guestion into the
guestion box

[ File View Help mEEE]
(=] Audi

® Te a
O Mic & S m
Dia @ Q21
Access Code: 5 i@

Audio PIN: 24

If vou're H24# now.

[=] Questions

.: Enter a question for staff] / ‘

Send

Webinar Now
Webinar ID: 854-973-082

Golo\\Vebinar

hydrogenandfuelcells.energy.gov

30



Thank You

James.Alkire@go.doe.gov

hydrogenandfuelcells.energy.gov
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NFCTEC Partners

AC Transit FedEx Proterra
Auto OEMs GENCO Proton OnSite
Ballard Power Systems Golden Gate Transit ReliOn Inc.
Bluways GTI San Francisco Metropolitan Transit Agency
CaFCP H2 Frontier San Mateo Transit Authority
California Stationary Fuel Cell Collaborative H2Pump Santa Clara Valley Transportation Authority
(CaSFCC)
CARB/Shell H2USA SCAQMD
CEC Hydrogenics Sprint Communications
CHBC Linde Sunline Transit Agency
City of Burbank National Fuel Cell Research Center (NFCRC) Sysco of Houston
ClearEdge Power Nuvera Fuel Cells US Hybrid
CSULA PDC Machines
FCHEA Plug Power

NATIONAL RENEWABLE ENERGY LABORATORY




	National Fuel Cell Technology Evaluation Center (NFCTEC)
	Outline
	About NFCTEC
	Energy Department Launches National Fuel Cell Technology Evaluation Center to Advance Fuel Cell Technologies
	NFCTEC Objectives
	NFCTEC @ Energy Systems Integration Facility
	NFCTEC Security Procedures
	NFCTEC Analysis and Reporting of Real-World Operation Data
	NFCTEC Data Templates & Tools
	Leveraging Data Process and Analysis Capabilities Across Technology Validation Projects
	74 MHE & Infrastructure CDPs—Count and Category
	Benefits to the Hydrogen & Fuel Cell Community
	NFCTEC Real World Operation Analyses
	Tracking Future Progress Against Previous Demonstration Results for FCEV Evaluation
	Infrastructure Reliability Analysis Supports �Additional R&D Projects (e.g. Compressors, Hoses)
	MHE Cost of Ownership Comparison with Incumbent Technology
	Fuel Cell Bus Evaluation is an International Effort �with Many Different Stakeholders
	Lab Data - Fuel Cell Technology Status
	Fuel Cell Material Handling Evaluation
	Fuel Cell Backup Power Evaluation
	H2 Infrastructure Evaluation
	Data Supports DOE Updates/Records/Status
	Examples of Peer Review Feedback
	Fuel Cell Cost & Price Aggregation Project
	DOE Fuel Cell System Cost Based on Models for High Volume
	Fuel Cell Technology Status – Cost/Price
	Cost/Price Data Template
	Benefits of Cost/Price Analysis
	NFCTEC Contacts
	Question and Answer
	Thank You.
	Backups
	NFCTEC Partners


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails true

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 200

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputCondition ()

  /PDFXRegistryName (http://www.color.org)

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /ENU ([Based on '[StdWeb150]'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure true

      /IncludeBookmarks true

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice





