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Hvdrogen.Stationssby Type

Hydrogen Station Type
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Hydrogen Station Timeline
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From Safety.RepeortsiTemplate

Alarms not communicated

Breakaway leak

Check compressor oil filter

Check integrity of delivered equipment
Compressor leaking at startup normal?

Does isolated leak need to shut down station?
Electrical glitch

Estop activated after hearing escaping gas-nitrogen
Estop activated when nozzle stuck on car
Estop activated without cause

Estop flooded prevented restart

False Alarm - No Fire

Fill and leak check together caused shutdown - false
leak alarm

Filter to catch scrap from material processing
Forgot to turn back on after maintenance

Freezing and thawing caused moisture in
communication connector

Frozen cooling block - defrost
HTO sensor fault

Safety (and Maintenance) Learnings

Heat trace short caused false fire alarm
Heavy rain triggered fire alarm

Hose vent failure - nozzle stuck on car
Loose wire intermittent problems

Loud popping could be relief valve
Mass balance alarm bug

Mass balance alarm caused by high ambient
temperature

Power Issue - 3 Phase

Predict service life better

Proper installation prevents leaks

Rain on sensor causing alarm

Regular inspection of compressor valves
Regular leak checks

Regular station inspection

Reset

Spider web obscuring sensor
Thermocouple failure shutdown station

Vibration from normal activity shutdown
dispenser

Vibration isolation
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Safety Reports-Primary Factors

Safety Reports Primary Factors

B Component Failure
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B Environment (Weather, Power Disrupti
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[MMaintenance Required
[MMischief/Vandalism

[ INew Equipment Materials

[ INot Defined

[ |vibration

Incident

Near Miss

Severity

Minor H2 Leak
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An Incident is an event that resulls 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 HZ Leak fs:

= an unplanned hydrogen redease insufficient to sustain a flame. and does not accumulate in sufficient quantity to ignite

MREL cdp_inkr_11
Cragted Oo-19-17 340 PM | Data Range: 200803- 201702
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Safety Reports-by-Equipment Involved

Safety Reports By Equipment Involved

B Air System
ElDispenser

| |IMDispensing Nozzle
IH2 Compressor
IliH2 Storage

I Pipes, Fittings, Valves
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Near Miss [Isecurity Device

[ |Software

[_|Thermal Management

Incident
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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 environmeant

- any hydrogen release that unintentionally ignites

- release of any volatile, hydrogen containing compound (including the hydrocarbons used as comman 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 HZ Leak is:

- an unplanned hydrogen release insufficient to sustain a flame, and does not accumulate in sufficient quantity to ignite

MREL cdp_inkr_32
Cregled Oo-11-17 356 PM | Data Range: 200803- 201702
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Safety Reports-by-Quarter

Safety Reports By Quarter
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An Incident is an event that results in:
- & 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 cantaining compound (including the hydrocarbons used as common fuels)

L sy A Mear Miss is:
&h NREL cdp_ins_33 - an eventthat under slightly different circumstances could have become an incident
Created Oci-1117 3:47 PM | Data Rangs: 200803-201703 -any hydrogen release sufficient to sustain a flame if ignited
A Minor HZ Leak is:
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Safety Reports-by-Event Description

Safety Reports By Event Description
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An Incident is an event that resulls in;

- a lost time accident and/or injury to personnel

- damage/unplanned downtime for project equipment, facilities or property
= impact to the public or environmeant
- any hydrogen release that unintentionally ignites

- release of any volatile, hydrogen containing compound (including the hydrocarbons used as comman 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 HZ Leak is:

- an unplanned hydrogen release insufficient to sustain a flame, and does not accumulate in sufficient quantity to ignite
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Mean Fills.per-Hydrogen Leak

Mean Fills per H2 Leak
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Mean Hvdroe en Leak

Mean H, Dispensed (kg) per Lea
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Maintenanceby:Equi

Maintenance by Equipment Type
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Maintenance.LaborHours pér Event

Infrastructure Maintenance Labor Hours per Event
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Equipment Category Repair Time
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Failure.Modesforlop

ories

Failure Modes for Top Equipment Categories
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Maintenance
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Compressor Monthly Maintenance
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Maintenance.LaborrHours by Quarter

Maintenance Labor Hours By Quarter
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Maintenance.Costs:Over Time

Maintenance Costs Over Time
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Mean Fills Between Failures
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Reliability.Growth:-byFills

Overall Site Reliability Growth By Fills
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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)
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Historical Failure:Ratesby Fills

Historical Failure Rate (bathtub curve) by Fills
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Historical Failure:Ratesby Amount Dispensed

Historical Failure Rate (bathtub curve) by kg H, Dispensed
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Mean Fills.per-Hydrogen LLeak Over Time

Mean Fills per H2 Leak Over Time
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Mean Hydrogen:Dispensed per Leak Over Time

Mean Hz Dispensed Per Leak Over Time
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Maintenance.Causesand Effects: Safet

Maintenance Causes and Effects
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Entire

Proweniabve Mamienanoe accounied for 92% of all events.
Suppressed in he plok to show detail for olher causes.
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Maintenance.Causesand Effects: Safet

Maintenance Causes and Effects
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Maintenance.Causesand Effects: Safety (Software

Maintenance Causes and Effects
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Maintenance Causes and Effects: Dispenser (Entire

Maintenance Causes and Effects

Subsystem: DISPENSER
Component: ENTIRE
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Maintenance Causes and Effects: Dispenser (Fitting

Maintenance Causes and Effects

Subsystem: DISPENSER
Component: FITTING

Proweniabve Mamienanos acoounied for 1% of all events:
Suppressed in he plot to show detail for olher causes.

% of Events
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&

0.

“'-\.
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H2 LEAK
LOOSE MECHANICAL \H‘H /_/
>N " UNDETERMINED
TIGHT . PP
. it
x}\ -
ENVIRONMENTAL FACTORS S ALARM
Causes Effects

MREL cdp_inkr_B68
Cregted Mow-30-17 1102 AM | Data Range: 201101201702
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CDP-INFR-69

Maintenance Causes and Effects: Dispenser (Nozzle

Maintenance Causes and Effects

Subsystem: DISPENSER
Component: NOZZLE

25,

Proweniabve Mamienanos acoounied for 74% of all events:
Suppressed in he plok to show detail for olher causes.

% of Events

=

FAILED PART

MATERIAL DEFORM/DEGRADE/FATIGUE
COMMUNICATION ERROR

DESIGN FLAW

MAINTENANCE ERROR

",

NA ™
OPERATOR ERROR \

FUNCTIONALITY LOST
UNDETERMINED /,(  HZLEAK
UPGRADE : UNDETERMINED
LOOSE MECHANICAL ALARM
FREEZING NA
Cuiiiks MANUFACTURING DEFECT - PATAERROR e cts

MREL cdp_inkr_89
Cregled Oo-11-17 352 PM | Data Range: 2011019- 204702
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Maintenance Causes and Effects: Compressor (Entire

Maintenance Causes and Effects

Subsystem: COMPRESSOR
Component: ENTIRE

Proweniabve famienanoe acoounied for 1% of all events.
Suppressed in he plok to show detail for olher causes.

25

20

15 ]

% of Events

”3’

.,

FAILED PART\\

ouT OF r:.u.mmmu
COMMUNICATION ER‘ROR
DESIGN FLAW \
ELECTRICAL BRE.M(ER
MAINTENANCE EHROH

,--'{-f

F I.INCT]DNA.IJ'!‘I" LOST

. *’5 DOWN HIGH
umensnmuen

FLIJiD LEAK NON-HZ

NA \ FAILED TO START
o >N DATA ERROR —OW
.
OPERATOR EIm ~"  EXCESSIVE NOISE Effects

Causes

MREL cdp_inkr_70
Cregled Oo-11-17 346 PM | Data Range: 2011019- 204702
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CDP-INFR-71

Maintenance Causes and Effects: Compressor (Valve

Maintenance Causes and Effects

Subsystem: COMPRESSOR
Component: VALVE

Proweniabve Mamienanoe accounied for 14% of all events.
Suppressed in he plok to show detail for olher causes.

25
20 .
£ 15
=]
-
w
5 10
=
5.
0.
5\ ‘
FAILED PART
MATERIAL DEFORM/DEGRADE/FATIGUE
OUT OF CALIBRATION
DESIGN FLAW i LF;EECHUNAUW LOST
OPERATOR ERROR < SHUTDOWN HIGH
PRESSURE LOSS UNDETERMINED
UNDETERMIMNED L~ ALARM
PGRA NA
HENNE ‘ <" FLUID LEAK NON-H2
LOOSE MECHANICAL <~ WARNING HIGH
MANUFACTURING DEFECT . - WARNING LOW
DEBRIS EXCESSIVE NOISE
Causes ENVIRONMENTAL FACTORS Effects

MREL cdp_inkr_T1
Cregled Oo-11-17 348 PM | Data Range: 2011019- 204702
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CDP-INFR-72

Maintenance.CausesandEffects: Compressor

Maintenance Causes and Effects

Subsystem: COMPRESSOR
Component: SEAL

Proweniabve Mamienanos acoounied for 74% of all events:
Suppressed in he plok to show detail for olher causes.
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0 M\}
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-’J"'\-;
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CONTAMINATION S H2 LEAK
INSTALLATION ERROR UNDETERMINED
DEBRIS - NA
ENVIRONMENTAL FACTORS // FLUID LEAK NON-H2
- SHUTDOWN LOW
Corrective Maintenance
Causes Effects

MREL cdp_inkr_72
Cregled Oo-11-17 346 PM | Data Range: 2011019- 204702
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CDP-INFR-01
Hyvdrogen.Dispensedby Quarter

Hydrogen Dispensed By Quarter

By Year
2017 thru Q2 b= = " n “ 170,139 ug:
2016 = | =8 109,202 kg .
2015 = =W 27,431 kg
2014 » m 19,738 kg
2013 21im 16,335 kg
2012 'mm 17,433 kg
2011 mB,055 kg
2010 12,260 kg
2009 11,910 kg |
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CDP-INFR-58
Hyvdrogen.Fills:by-Quarter

Hydrogen Fills By Quarter

Cumulative Fuelings = 133,657

By Year
2017 thru Q2 ! 5 oEm = 58,224 kg |
2016 im n 39,277 kg |
2015 -1 1mm 9,873 kg
2014 1 W 6,845 kg
2013 /w6383 kg
2012 7,164 kg
2011 m 3,539 kg
2010 1,233 kg
2009 11,119 kg .
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CDP-INFR-81

Hydrogen.Dispensediby Region

Hydrogen Dispensed By Region

100 §E¥INorthern California Cumulative Hydrogen Dispensed
[_ISouthern California Northern California = 88,556 kg
90 Southern California = 271,496 kg
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CDP-INFR-02

Histogram.of:Fueling

Histogram of Fueling Rates
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0
0

NREL cdp_infr_od
Crested: Od-11-17 354 PM | Dala Range: 200803-201 702

119,689 Events
Average = 0.77 kg/min
1% >1.51 kg/min
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CDP-INFR-03

Histogram.ofFueling Fimes

Histogram of Fueling Times

' 119,689 Events
20 - Average = 4.27 min
33% <3.3 min == 2020 MYRDD Target for 5kg
15% <2.5 min ==+  Ultimate MYRDD Target (5 kg in 2.5 min)
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CDP-INFR-04

Histogram.of Fueling/Amounts

Histogram of Fueling Amounts

Average = 2.91 kg
v

b3 -
(i IS o
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(3% ]
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- (X
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CDP-INFR-08

Time. BetweenFueling

Histogram of Time Between Fuelings
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CDP-INFR-09

Fueling.Final-Pressures

Fueling Final Pressures

5 350 bar Fills (200 to 450 bar) 700 bar Fills { > 450 bar)
Average
& Nominal
4.5
Il o
1 g
Avg Final Pressure = 342 bar Avqg Final Pressure = 763 bar
3.5+ % of Fills > 350 bar = 45% % of Fills > 700 bar = 86%
Number of Fills = 9390 Number of Fills = 86334

L2

% of Fueling Events
. -

-
L]

0.5

0
200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
R G Final Pressure [bar]

Craated Do-11-17 348 PM | Data Range: 200803-201702 *The line at 450 bar separates 350 bar fills from 700 bar fills. 1t is shghtly over
the allowable 125% of nominal pressure (437.5 bar) from SAE J2601.

-
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CDP-INFR-12

Fueling Rates.350-barwvs: 700 bar

Histogram of Fueling Rates
350 vs 700 bar Fills

18000 - e
: 350 bar
: =700 bar
= - == 2020 MYRDD Target
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CDP-INFR-13
Number.of Fuelin

s
o
|

|

:
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CDP-INFR-14

Hvdrogen.Dispensed

is Hydrogen Dispensed Per Hour
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W 59 7k pestiour

Frequency [% of total]

0
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L i ol 84 Amount Fueled in an Hour [kg]

Cragted Od-11-17 357 PM | Data Range 200803-201702
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CDP-INFR-15

Number of Fueling Events per Time of Day

I H2 Fueling
Gasoline Profile’

TE Number Included
125,677 fills

(4, ]
I

]

Number of Fills [% of Total]
P EE
I [

1 2 3 4 § & T B 9 1M1 1213718 196 17 18 19 ) 21 22 23 24
= Time of Day [hours]

NREL cdp_inkr_13

T Oet-19-17 340 PM | Det 200803-209702
AR I oo 1. Friday Chevron profile "Hydrogen Debvery Infrastructure Oplions Analysis®, T. Chen, 2008
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CDP-INFR-16

lqu

15 Amount Included
370,813 kg

] EE on o

Amount Dispensed [% of Total]
b
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-
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Cragted Oci-13-17 358 PM | Data Range: 200803201702
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Fueling Amounts per Time of Day
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CDP-INFR-17

Fueling Rates-by-Amount Filled

Histogram of Fueling Rates by Amounts
| | "
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CDP-INFR-18
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CDP-INFR-56

Fueling Ratesby-Year

Histogram of Fueling Rates

By Year
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CDP-INFR-29

Monthl

Averages: 700 bar Fills >1 k

Monthly Averages for 700bar Fills >1kg with Pre-Cool of -20 C
I I I |
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CDP-INFR-55

Avg: 2.9

Monthly.AveragessAllFills
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CDP-INFR-57

Monthly.Avera with Pre-Cool of -40°C

5 Monthly Averages for 700bar Fills >1kg with Pre-Cool of -40 C (SAEJ2601)
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CDP-INFR-77

Fuel Temperature at Receptacle 30 s After Start of Fill

Fuel Temperature at Receptacle (°C) 30 sec after start of fin'!

(7]
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Fuel Temperature (°C)
R
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=
|

i

- I —
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Nominal Fuel Delivery Temperature

&

1. SAE J2601 (2014) defines fuel delivery temperature as measured near the dispenser breakaway. See
paragraph 4.21. Temperature data here are from HyStEP tests measuring fuel temperature just
downstream of the receptacle. SAE J2601 requires that fuel delivery temperature reach the limits shown in
blue above within 30 seconds of the start of fueling.

MREL cdp_inbr_77
Cregled Oo-11-17 346 PM | Data Range: 20 1404- 204702
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CDP-INFR-39

Compressor-Operation Cost

- Compressor Operation Cost
I I | |

Average = 0.647 [$/kg]
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Station.Costs:bysPail

Station Cost by Daily Capacity™
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CDP-INFR-41

Average StationsCostby Categor
Average Station Cost by Category

Budget Amounts* (Avg Total = $2.2M), 46 Stations

5% 4%
8%

IGeneral & Administration

IEtaﬁun“

.Camlssinnhg

Dnata Reporting™~

84%

*Based on budgeted data from station awards (includes cost share)
**Station includes: Hydrogen Equipment and Station Engineering, Design, Fabncation, Procurement, Site Preparation, Installation, and
HREL edp_infr_d41 Construction
st s b ***Data Reporting includes quarterly reporting on performance, operation and maintenance
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Station.Cost

Station Cost*
5 ! . I T
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CDP-INFR-43

Station Cost by Type*
I

| 1 1
Ml Total Budgeted Cost Share*™
[ |Decumented Cost Share** a
-0-CEC Award Range per Project
-#-Cost Share** Range per Project|
# Number of Projects

Cost [$M]

&
&
&
] o K & &
= 3 ﬁdé &
& & <F
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Cresied: Oi-11-17 3:58 P | Dals Rangs: 201403-204702 = 05'4 *Based on California Energy Commission data that includes costs reported through 201603,
o o **Cost share represents funding from sources outside CEC award.
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Monthly.MaintenancerCosts

46 Histogram of Monthly Maintenance Costs
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Maintenance.Costperk en Dispensed

Maintenance Costs Per kg Dispensed Over Time
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Station.Capacity-Utilization
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Tstation nameplate capacity reflects a variety of system design consderations including system capacity, throughput,
system reliability and durability, and maintenance. Actual daily usage may exceed nameplate capacity,

“Maximum quarterly utilization considers all days; average daily utilization considers only days when at least one filling occurred

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-07

Station.Usage
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Hyvdrogen.Dispensedby Month
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Number.of Fills:by-Month
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Hvdrogen.Dispensedby Station Type
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Station Capacity Utilization Trends by Quarter

100 - Station Capacity Utilization Trends by Quarter
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1 Trendiines connect confinuous quarters of operation for a single station. Gaps in trendlines represent quarters in which
8 station was offline or missing data. Each stalion is represented by a unigue color.

% Average quarterly utilization only considers quariers whan at least one fill occurned.

* Station nameplate capacity is as reporied io MREL and reflects a variety of system design considerations including:
system capacity, throughpu, system refability, and maintenance. Actual daily usege may excesd nameplate capacity.
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Station. Amount-Dispensed by Quarter

Station Amount Dispensed by Quarter
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Days with. Fills-by-Quarter

Days with Fills by Quarter
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Summary.of StationlUsage Statistics

Summary of Station Usage Statistics®
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Daily Fueling-Amountsiby'Station

Daily Fueling Amounts
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Daily Fueling-Amountstby'Month

Daily Fueling Amounts Over Time
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H2 Quality
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68 of 86 samples ( 79%) met the
SAE J2719 guidelines. Consecutive
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PO, o :?;.;_',"I",ﬁ LRI are shown in text. Left edge of text box aligns with date
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Impurities—Ammonia
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Impurities—Argon

Impurities - Argon
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Impurities—CarbonDioxide
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Impurities—CarbonsMonoxide

Impurities - Carbon Monoxide
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Impurities—Foermaldehyde

Impurities - Formaldehyde
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Impurities—FoermicrAcid

Impurities - Formic Acid
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Impurities—Nitrogen

Impurities - Nitrogen
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Impurities—Ox
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Impurities—Particulate Concentration

Impurities - Particulate Concentration
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Impurities—loetal-Halogenates

Impurities - Total Halogenates
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