i iNREL

NATIONAL RENEWABLE ENERGY LABORATORY

Technical Report
NREL/TP-5400-62130
June 2014

ARRA Material Handling Equipment Composite
Data Products

Data through Quarter 4 of 2013
J. Kurtz, S. Sprik, and M. Peters

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy
Efficiency & Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.
Contract No. DE-AC36-08G028308

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



NOTICE
This report was prepared as an account of work sponsored by an agency of the United States government. Neither the United
States government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or any agency thereof.

This report is available at no cost from the National Renewable Energy
Laboratory (NREL) at www.nrel.gov/publications.

Available electronically at http://www.osti.gov/scitech

Available for a processing fee to U.S. Department of Energy
and its contractors, in paper, from:

U.S. Department of Energy

Office of Scientific and Technical Information
P.O. Box 62

Oak Ridge, TN 37831-0062

phone: 865.576.8401

fax: 865.576.5728

email: mailto:reports@adonis.osti.gov

Available for sale to the public, in paper, from:

U.S. Department of Commerce

National Technical Information Service

5285 Port Royal Road

Springfield, VA 22161

phone: 800.553.6847

fax: 703.605.6900

email: orders@ntis.fedworld.gov

online ordering: http://www.ntis.gov/help/ordermethods.aspx

Cover Photos: (left to right) photo by Pat Corkery, NREL 16416, photo from SunEdison, NREL 17423, photo by Pat Corkery, NREL 16560, photo by Dennis
Schroeder, NREL 17613, photo by Dean Armstrong, NREL 17436, photo by Pat Corkery, NREL 17721.

[ 47
0.; Printed on paper containing at least 50% wastepaper, including 10% post consumer waste.


http://www.osti.gov/scitech
mailto:reports@adonis.osti.gov
mailto:orders@ntis.fedworld.gov
http://www.ntis.gov/help/ordermethods.aspx

CDPARRA-MHE-01
Fuel Cell Material Handling Equipment (MHE) Systems Deployed

Fuel Cell Units Deployed - ARRA
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CDPARRA-MHE-02
Fuel Cell System Operation Hours

Cumulative Fuel Cell Operation Hours - ARRA
Combined Fleet Through 2013Q4
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CDPARRA-MHE-03
Fueling Events by Quarter

Fueling Events By Quarter - ARRA
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CDPARRA-MHE-04
Hydrogen Dispensed by Quarter

Hydrogen Dispensed By Quarter - ARRA
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CDPARRA-MHE-05
Refueling Time of Day

Refueling Time of Day - ARRA
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CDPARRA-MHE-06
Histogram of Fueling Times

Histogram of Fueling Times
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CDPARRA-MHE-07
Tank Pressure Level at Fueling

Tank Pressure At Fill: ARRA
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CDPARRA-MHE-08
Operation Time Between Fueling

Operating Time Between Fuelings - ARRA
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CDPARRA-MHE-09
Histogram of Fueling Rates

Histogram of Fueling Rates
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CDPARRA-MHE-10
Histogram of Fueling Amounts

Histogram of Fueling Amounts
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CDPARRA-MHE-11
Fuel Cell Operation Hours by Quarter

Fuel Cell Operation Hours by Quarter - ARRA
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CDPARRA-MHE-15
Operating Time at Fuel Cell Voltage Levels

Operating Time at Fuel Cell Voltage Levels - ARRA
45 I I I I I I I I I I

- N N w w H
a o a0 o a o

% Fuel Cell Operating Time

-
o

|
00 10 20 30 40 50 60 70 80 90 1001 >100
A % Rated Max Fuel Cell Voltage

NREL cdparra_mhe_15

Created: Apr-14-14 11:25 PM | Data Range: 2009Q4-2013Q4 . ) . .
1) 100% max fuel cell voltage is approximately open-circuit voltage

NATIONAL RENEWABLE ENERGY LABORATORY



CDPARRA-MHE-16
Operating Time at Fuel Cell Current Levels

Operating Time at Fuel Cell Current Levels - ARRA
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CDPARRA-MHE-17
Operating Time at Fuel Cell Power Levels

Operating Time at Fuel Cell Power Levels - ARRA
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CDP-MHE-18
Infrastructure Maintenance by Category

Infrastructure Maintenance By Equipment Type
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CDP-MHE-19
Infrastructure Scheduled and Unscheduled Maintenance by Category

Infrastructure Maintenance Scheduled vs. Unscheduled
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CDP-MHE-20
Infrastructure Maintenance by Quarter

Average Infrastructure Site Quarterly Maintenance
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CDPARRA-MHE-21
Average Daily Hydrogen Dispensed by Location

Average Daily Hydrogen Dispensed by Location - ARRA
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CDPARRA-MHE-22
Average Daily Dispensing Operations by Site

Average Daily Dispensing Operations by Site - ARRA
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CDPARRA-MHE-23
Average Daily Fuel Cell Operation Hours per Fleet

Average Daily Fuel Cell Operation Hours per System - ARRA
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CDPARRA-MHE-24
Average Daily Fuel Cell Operation Hours per System
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CDP-MHE-25
Infrastructure Safety Reports by Quarter

Infrastructure Safety Reports By Quarter
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CDPARRA-MHE-35
Refuel Events by Day of Week

Refueling by Day of Week
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CDP-MHE-41
Infrastructure Safety Categories

Infrastructure Safety Reports by Severity - All Sites and Report Type
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CDPARRA-MHE-42
Amount of Hydrogen Dispensed by Day of Week
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CDP-MHE-44
Infrastructure Maintenance Labor Hours

Breakdown of Maintenance Event Labor Hours: Infrastructure
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CDPARRA-MHE-45
Infrastructure Reliability Growth

Overall Site Infrastructure Reliability Growth
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CDP-MHE-46
Infrastructure Equipment Category of Safety Events

Safety Reports By Equipment Category: Infrastructure
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CDP-MHE-47
Infrastructure Maintenance by Mode

Infrastructure Maintenance By Mode
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CDP-MHE-48
Infrastructure Mean Time Between Failures

Site MTBF (Calendar Days In Operation): Infrastructure
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CDP-MHE-49
Infrastructure Mean Time Between Scheduled Maintenance

Site MTBSM by Calendar Days In Operation: Infrastructure
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CDP-MHE-50
Infrastructure Reliability Growth by Category
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CDP-MHE-51
Infrastructure Hydrogen Leaks by Equipment Type

Hydrogen Leaks By Equipment Category: Infrastructure

Total Events = 591 hydrogen compressor Total Hours = 531
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5% 6%
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Created: Apr-14-14 8:35 PM | Data Range: 2009Q1-2013Q4 Event Count
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CDP-MHE-52
Infrastructure Failures by Mode

Failure Modes for Top Four Infrastructure Equipment Categories
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Il 0ATA ERROR

Il oRIVE OFF

Il exCESSIVE NOISE

I HYDROGEN LEAK

[ ]INSPECT TROUBLE ALARM OR REPORT
[ IMETAL FATIGUE

[ IMOISTURE INFILTRATION
[ ]ouT OF CALIBRATION
[ |PRESSURE LOW

[ |REPLACE FAILED PARTS
] soFTWARE BUG

I TEMPERATURE HIGH
Bl visc

[ SCHEDULED (PREV MAINT, UPGRADES)

MISC includes the following failure modes: ambient temperature too low, broken wire,
cavitation, debris infiltration, electrical short, failed closed, false alarm, flow high, flow
low, fluid leak non-hydrogen, fluid leak non_hydrogen, fluid leak_non_hydrogen, inspect
trouble alarm or report, lightning strike, maintenance error, manufacturing defect, metal
fatigue, moisture infiltration, network malfunction, operator protocol, other, power outage,
pressure high, replace failed parts, software bug, unspecified electronics failure,
vandalism, voltage low, other

* Percentage of total events or hours.




CDP-MHE-55
Infrastructure Mean Time Between Safety Events

Mean Calendar Days Between Safety Reports (MTBSR): Infrastructure
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CDPARRA-MHE-62

Final Pressure of Hydrogen Fills
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250 bar Fills (200 to 315 bar)

Fueling Final Pressures

315 bar*

Avg Final Pressure = 255 bar
% of Fills > 250 bar = 70%
Number of Fills = 158365

350 bar Fills ( > 315 bar)

Avg Final Pressure = 355 bar
% of Fills > 350 bar = 52%
Number of Fills = 72582

Average
Nominal

300 350 400

Final Pressure [bar]

Created: Apr-02-14 5:09 PM | Data Range: 2009Q1-2013Q4 *The line at 315 bar separates 250 bar fills from 350 bar fills. It is slightly over
the allowable 125% of nominal pressure (312.5 bar) from SAE J2601.
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CDPARRA-MHE-65
Details of Back-to-Back Fills

Histogram of Time Between Fuelings
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CDP-MHE-66
Infrastructure Maintenance for Delivered Hydrogen

Delivered Hydrogen Infrastructure Maintenance By Equipment Type

Total Events = 1,5051 Total Hours = 9,931
65% unscheduled hydrogen compressor 65% unscheduled

8% 8%

control electronics

22%
dispenser
54%
air system
22% e I 552
events
e I 277
systems
. MISC includes the following failure modes: seal, fuel system, thermal
misc [ 171 management, electrical, energy storage system, storage, safety, software,
i fittings&piping, valves, sensors, other
entire
75
# NREL cdp_mhe_66 system -

Event Count
Created: Apr-09-14 1:50 PM | Data Range: 2009Q1-2013Q4
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CDP-MHE-67
Infrastructure Maintenance by Month

Infrastructure Maintenance by Month
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CDPARRA-MHE-68
Fill Counts per Hour

Number of Fuelings Per Hour - ARRA
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Average: 6.6 per hour
Median: 5.0 per hour
Max: 39.0 per hour
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NREL cdparra_mhe_68 Number of Fuelings in an Hour
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CDPARRA-MHE-69
Fill Amount per Hour

Hydrogen Dispensed Per Hour - ARRA
10 T T

Average: 4.9 kgs per hour
Median: 3.6 kgs per hour
Max: 53.0 kgs per hour .

Frequency [% of total]
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NREL cdparra_mhe_69 Amount Fueled in an Hour [kg]

Created: Apr-02-14 6:07 PM | Data Range: 2009Q1-2013Q4
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CDPARRA-MHE-70

Station

Usage

Station Usage
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CDPARRA-MHE-71
Station Capacity Utilization

Station Capacity Utilization
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CDPARRA-MHE-72
Component Mean Time Between Failures

MTBF by Equipment Category: Infrastructure (Delivered H2 Only)
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Equipment Category Repair Time: Infrastructure (Delivered H2 Only)
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CDPARRA-MHE-77
Equipment Percentage of Monthly Repair Labor Hours

Equipment Percentage of Repair Labor Hours Over Time*
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*Calculated as a percentage

of all maintenance each month; bars may
not total to 100% if other maintenance
categories were present.




CDP-MHE-97
Projected Hours to 10% Voltage Degradation

Fuel Cell Stacks Projected Hours to 10% Voltage Degradation
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1) Projection using field data, calculated at high stack current, from operation hour 0.
Projected hours may differ from an OEM's end-of-life criterion and does not address "catastrophic" failure modes.

< 10000 hours > 10000 hours

2) Indicates stacks that are no longer accumulating hours either a) temporarily or b) have been retired for non- stack performance related issues

or c) removed from DOE program.
) NREL cdp_mhe_97  3) Projected hours limited based on demonstrated hours.

Created: Apr-01-14 6:44 PM | Data Range: 2009Q1-2013Q4
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