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Hvdrogen.Stationssby: Type

Hydrogen Station Type - Retail Stations
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Hvdrogen.StatiensFimeliné

Hydrogen Station Timeline - Retail Stations
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Safety Reports-Primary Factors

Safety Reports Primary Factors - Retail Stations
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An Incident is an event that results in:
- a lost time accident and/or injury to personnel
- damage/unplanned downtime for project equipment, facilities or property
- impact to the public or environment
- any hydrogen release that unintentionally ignites
- release of any volatile, hydrogen containing compound (including the hydrocarbons used as common fuels)
A Near Miss is:
- an event that under slightly different circumstances could have become an incident
- any hydrogen release sufficient to sustain a flame if ignited
A Minor H2 Leak is:
m - an unplanned hydrogen release insufficient to sustain a flame, and does not accumulate in sufficient quantity to ignite

NREL cdpRETAIL_jnfr_31
Created: Dec-20-16 9:22 AM | Data Range: 2015Q3-2016Q3
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Safety Reports-by-Equipment Involved

Safety Reports By Equipment Involved - Retail Stations
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An Incident is an event that results in:
- a lost time accident and/or injury to personnel
- damage/unplanned downtime for project equipment, facilities or property
- impact to the public or environment
- any hydrogen release that unintentionally ignites
- release of any volatile, hydrogen containing compound (including the hydrocarbons used as common fuels)
A Near Miss is:
- an event that under slightly different circumstances could have become an incident
- any hydrogen release sufficient to sustain a flame if ignited
A Minor H2 Leak is:
m - an unplanned hydrogen release insufficient to sustain a flame, and does not accumulate in sufficient quantity to ignite

NREL cdpRETAIL_jnfr_32
Created: Dec-20-16 9:22 AM | Data Range: 2015Q3-2016Q3
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Safety Reports-by:Quarter

Safety Reports By Quarter - Retail Stations
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An Incident is an event that results in:
- a lost time accident and/or injury to personnel
- damage/unplanned downtime for project equipment, facilities or property
- impact to the public or environment
- any hydrogen release that unintentionally ignites
- release of any volatile, hydrogen containing compound (including the hydrocarbons used as common fuels)
A Near Miss is:
E& _ - an event that under slightly different circumstances could have become an incident
NREL cdpRETAIL_infr_33

- any hydrogen release sufficient to sustain a flame if ignited
A Minor H2 Leak is:

Created: Dec-20-16 9:14 AM | Data Range: 2015Q3-2016Q3
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Safety Reports-by-Event Description

Safety Reports By Event Description - Retail Stations
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An Incident is an event that results in:
- a lost time accident and/or injury to personnel
- damage/unplanned downtime for project equipment, facilities or property
- impact to the public or environment
- any hydrogen release that unintentionally ignites
- release of any volatile, hydrogen containing compound (including the hydrocarbons used as common fuels)
A Near Miss is:
- an event that under slightly different circumstances could have become an incident
- any hydrogen release sufficient to sustain a flame if ignited
A Minor H2 Leak is:
m - an unplanned hydrogen release insufficient to sustain a flame, and does not accumulate in sufficient quantity to ignite

NREL cdpRETAIL_jnfr_34
Created: Dec-20-16 9:22 AM | Data Range: 2015Q3-2016Q3
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Mean Fills.per-Hydrogen Leak

Mean Fills per H2 Leak
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Maintenance:by-Equi

Maintenance by Equipment Type - Retail Stations
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multiple management, station other, air, electrical, other
systems 135 Event Count
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Created: Dec-09-16 3:10 PM | Data Range: 2014Q3-2016Q3
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Maintenance.LaborHours péer Event

Infrastructure Maintenance Labor Hours per Event
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Equipment. Category Repair Time

Equipment Category Repair Time
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Failure Modes forTop
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MISC includes the following failure modes: communication error, debris, design flaw,
electrical breaker, environmental factors, fluid temp, installation error, level low, loose
electrical, loose mechanical, maintenance error, manufacturing defect, operator error, out
of calibration, overtemperature, power outage/quality, pressure loss, software bug, tight,
other
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Compressor-MonthlyMaintenance

Compressor Monthly Maintenance - Retail Stations
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Maintenance.LaborHours by Month

Maintenance Labor Hours By Month
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Maintenance.CostsOver Time

15 Maintenance Costs Over Time - Retail Stations
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Mean Fills.BetweensFailures

Mean Fills Between Failures
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Reliability.Growth-byFills

Overall Site Reliability Growth By Fills - Retail Stations

5 \ I | \ | T T T T T T T ! | \ \ | -\ \ I A
Entire history
L Instantaneous MTBF improved for 13 of 21 sites for the last 20% of events. | [ ILast20%of events | |
4.5 Early History
*
Instantaneous MTBF (Fills)
4 300 i
T8 -
: .
35— v ?200 i 1
12) =t
Q= .
= e @ L
3 £ 100 c. 4 & g
: gl o o | |2
AL 72

Shape Parameter (3)"
N o
T

-
13}

Failure Rate
Decreasing

-
<

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Percent No No
2 17 A7 || 152 || 273 51 13 || 379 || -87 25 65 35 || -43 46 || 172 || 341 || 35 28 || -16 71
Change Data Data
Sites sorted by Increasing Age
Fills
1. IEC 61164:2004(E)., Reliability Growth - Statistical Test and Evaluation Methods, IEC. 2004.
NREL cdpRETAIL_infr_50

o - - .
Crostod. Deo30-16 9.43 Al | Data Range: 201403.201603 2. % change in instantaneous mean Fills between failures

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-51

Mean Amount-Dispensed Between Failures

Mean H2 Dispensed Between Failures (kg)
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Reliability.Growth-byAmount Dispensed

Overall Site Reliability Growth By H, Dispensed (kg) - Retail Stations
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CDP-INFR-59

Historical.Failure:Ratesby Fills

Historical Failure Rate (bathtub curve) by Fills - Retail Stations
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Historical Failure Rate by Amount Dispensed

Historical Failure Rate (bathtub curve) by kg H2 Dispensed - Retail Stations
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CDP-INFR-64

Maintenance.Causes:and Effécts: Safety (Software)

Maintenance Causes and Effects - Retail Stations

Subsystem: SAFETY
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Preventative Maintenance accounted for 85% of all events.
Suppressed in the plot to show detail for other causes.

Effects
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Maintenance.Causes:and Effécts: Safety (Entire)

Maintenance Causes and Effects - Retail Stations
Preventative Maintenance accounted for 86% of all events.
S u bsyste m : SAF ETY Suppressed in the plot to show detail for other causes.
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Maintenance.Causes:and Effécts: Safety (Sensor)

Maintenance Causes and Effects

Preventative Maintenance accounted for 22% of all events.
S u bsyste m : SAF ETY Suppressed in the plot to show detail for other causes.
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Maintenance.Causes:and Effécts: Dispenser (Entire)

Maintenance Causes and Effects - Retail Stations
Preventative Maintenance accounted for 34% of all events.
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Maintenance.Causes:and Effécts: Dispenser (Fitting

Maintenance Causes and Effects - Retail Stations
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Maintenance.Causes:and Efféects: Dispenser (Valve)

Maintenance Causes and Effects - Retail Stations — tedfwf"t
Su bsystem : DIS PE NS ER Suppressed in the plot to show detail for other causes.
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Maintenance.Causes:and Effécts: Compressor (Entire)

Maintenance Causes and Effects - Retail Stations e ———— P
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Component: ENTIRE

% of Events
- - N
o [$,] o

(4}

ALARM
H2 LEAK
UNDETERMINED

UNDETERMINED
UPGRADE

OUT OF CALIBRATION
OPERATOR ERROR SHUTDOWN HIGH

COMMUNICATION ERROR FAILED TO START
Causes Efects

m NREL cdpRETAIL _infr_70

Created: Dec-20-16 12:29 PM | Data Range: 2014Q3-2016Q3

NA
WARNING HIGH

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-71

Maintenance Causes and Effects: Compressor (Sensor)

Maintenance Causes and Effects - Retail Stations
Subsystem: COMPRESSOR
Component: SENSOR
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Maintenance.Causesrand Efféects: Compressor (Valve)

Maintenance Causes and Effects - Retail Stations
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Hvdrogen.Dispensedby Quarter

Hydrogen Dispensed By Quarter - Retail Stations
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Hvdrogen.Fills-by-Quarter

Hydrogen Fills By Quarter - Retail Stations
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ram.of-Fueling
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Histogram of Fueling Rates
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Histogram.of.Fueling Times

Histogram of Fueling Times
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Histogram.of.Fueling/Amounts

Histogram of Fueling Amounts
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Time Between-Fueling

Histogram of Time Between Fuelings - Retail Stations
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Fueling.Final.Pressures

Fueling Final Pressures - Retail Stations
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Fueling Rates.350-barvs: 700 bar
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Number.of FuelingsEvents per Hour

60 Number of Fuelings Per Hour - Retail Stations
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Hydrogen.Dispensed

Hydrogen Dispensed Per Hour - Retail Stations
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Number of Fueling Events per Time of Day - Retail Stations
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Fueling Amounts per Time of Day - Retail Stations
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Fueling Rates-by-Amount Filled

Histrogram of Fueling Rates by Amounts - Retail Stations
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Fueling AmountsvsaTimeto Fill

300 — Histrogram of Fueling Amount Vs Time - Retail Stations
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Fueling Rates-by-Year
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Monthly. AveragesaAllFills
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Monthly.Avera with Pre-Cool of -40°C

Monthly Averages for 700bar Fills >1kg with Pre-Cool of -40 C (SAEJ2601)
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Compressor-Operation Cost

Compressor Operation Cost
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Station.Cost-by-Dail

400 Station Cost by Daily Capacity* - Retail Stations
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Average Station.Costiby Categor
Average Station Cost by Category - Retail Stations
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Station.Cost

5 Station Cost* - Retail Stations
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Station Cost by Type* - Retail Stations
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Maintenance:Costperk en Dispensed

90 Maintenance Costs Per kg Dispensed Over Time
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it Dispensed Hydrogen per Day of Week - Retail Stations
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Station.Capacity-UJtilization

Station Capacity Utilization - Retail Stations
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Station.Usage

Station Usage - Retail Stations
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Hvdrogen.Dispensedby Month

Hydrogen Dispensed By Month - Retail Stations
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Number.of Fills:by-Month

Number of Fills By Month - Retail Stations
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Station Capacity-Utilization Trends by Quarter

Station Capacity Utilization Trends by Quarter - Retail Stations
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Station. Amount:Dispensed by Quarter

8000 - Station Amount Dispensed by Quarter - Retail Stations
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Days with.Fills-by-Quarter

Days with Fills by Quarter - Retail Stations
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Summary.of StationlUsage Statistics

Summary of Station Usage Statistics - Retail Stations*

=)
>, £6000
=T
gégmoo T
= 2 2000
o< a EI E =
100 @ B i -
: o
Eé‘%?s i T HH L E E} E A
v g 50 ! EI
] b | ‘ |@ A2 £ ]
8h g 25 T T T = i |
0+ e AL
I;J,.;.:.:ﬂ)(l
::_ 75
o
=" 50
T o
=5 25 fe
:)é’.o_._é* +$m+aﬁ@@¢@$gﬁ*mi*++;$
3 5 6 7 8

1 2 4 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Station Number
-+ -««— Qutlier

— < Maximum
"Station nameplate capacity is as reported to NREL and reflects a variety of system design considerations including:

i o K ! ) <— 75" Percentile
system capacity, throughput, system reliability, and maintenance. Actual daily usage may exceed nameplate capacity.

2A\.rerage quarterly utilization only considers days when at least one fill occured. <— Mean

3Utilization is calculated by dividing the quarterly amount dispensed by the stations nameplate capacity.

4 . . «<— Median
Only quarters with fills are included.

<— 25" percentile
— < Minimum
NREL cdpRETAIL_infr_47

Created: Dec-09-16 3:13 PM | Data Range: 0000Q1-2016Q3

NATIONAL RENEWABLE ENERGY LABORATORY



Hydrogen C




CDP-INFR-79

Impurities—Ammeonia

Impurities (Retail Stations) - Ammonia
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Impurities—Argon

Impurities (Retail Stations) - Argon
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Impurities—CarbonRioxide

Impurities (Retail Stations) - Carbon Dioxide
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Impurities—CarboniMonoxide

Impurities (Retail Stations) - Carbon Monoxide
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Impurities—Foermaldehyde

Impurities (Retail Stations) - Formaldehyde
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