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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 HZ Leak is:

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

NREL cdpRETAIL _infr_31
Created: Apr-19-17 4:28 PM | Data Range: 2015Q3-2016Q4
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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 HZ Leak is:

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

NREL cdpRETAIL _infr_32
Created: Apr-19-17 4:28 PM | Data Range: 2015Q3-2016Q4
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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
- damagefunplanned 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
NREL cdpRETAIL _infr_33 3 3 B g
- any hydrogen release sufficient to sustain a flame if ignited

Created: Apr-20-17 10:05 AM | Data Range: 2015Q3-201604
A Minor H2 Leak is:
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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 HZ Leak is:

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

NREL cdpRETAIL_infr_34
Created: Apr-19-17 4:29 PM | Data Range: 2015Q3-2016Q4
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Mean Fills.per-Hydrogen Leak

Mean Fills per H2 Leak - Retail Stations
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Maintenance:by-Equi

Maintenance by Equipment Type - Retail Stations
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MISC includes the following failure modes: thermal management,

multiple priority panel, storage, station other, air, electrical, other
systems 230 Event Count
NREL cdpRETAIL infr_21

1. Total includes classified events (plotted) and unclassified events.

Created: Mar-24-17 1:530 PM | Data Range: 20140Q3-20160Q4
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Maintenance.LaborHours pér Event

Infrastructure Maintenance Labor Hours per Event - Retail Stations
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Equipment Category Repair Time
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MISC includes the following failure medes: communication error, debris, design flaw,

electrical breaker, end of life, environmental factors, fluid temp, freezing, installation

error, level low, loose electrical, loose mechanical, maintenance error, manufacturing

defect, na, operator error, out of calibration, overtemperature, power outage/quality,
pressure loss, software bug, tight, vandalism, other
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Maintenance
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* Trendlines connect continuous months of operation for a single station. Gaps in trendlines represent quarters
in which a station was offline or missing data. Each station is represented by a unique color.
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Maintenance.LaborHours by Month

Maintenance Labor Hours By Month - Retail Stations
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Maintenance-Costs:Over Time

Maintenance Costs Over Time - Retail Stations
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Mean Fills.BetweensFailures

Mean Fills Between Failures - Retail Stations
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Reliability.Growth:-byFills

Overall Site Reliability Growth By Fills - Retail Stations
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Mean Amount-Dispensed'Between Failures

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

Overall Site Reliability Growth By H, Dispensed (kg) - Retail Stations
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Historical Failure-Ratesby Fills

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

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

Mean Fills per H2 Leak Over Time - Retail Stations
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Mean Hydrogen:Dispensed per Leak Over Time

Mean H, Dispensed Per Leak Over Time - Retail Stations
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Maintenance.Causes-and Effects: Safety (Software

Maintenance Causes and Effects - Retail Stations
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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.Causesand Effects: Safety (Entire

Maintenance Causes and Effects - Retail Stations

Preventative Maintenance accounted for 86% of all events.
SU bsystem : SAFETY Suppressed in the plot to show detail for other causes.
Component: ENTIRE
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Maintenance.Causesand Effects: Safet

Maintenance Causes and Effects

Preventative Maintenance accounted for 17% of all events.
Su bsystem : SAFETY Suppressed in the plot to show detail for other causes.
Component: SENSOR
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Maintenance Causes and Effects: Dispenser (Entire

Maintenance Causes and Effects - Retail Stations ] _ —

reventative Maintenance accounted for 35% of all events.
Subsystem: DISPENSER Suppressed in the plot to show detail for other causes.
Component: ENTIRE
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Maintenance Causes and Effects: Dispenser (Fitting

Maintenance Causes and Effects - Retail Stations

Subsystem: DISPENSER
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Maintenance.CausesandEffects: Dispenser

Maintenance Causes and Effects - Retail Stations ] _ —

reventative Maintenance accounted for 8% of all events.
Subsystem: DISPENSER Suppressed in the plot to show detail for other causes.
Component: VALVE
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Maintenance Causes and Effects: Compressor (Entire

Maintenance Causes and Effects - Retail Stations

Subsystem: COMPRESSOR
Component: ENTIRE

Preventative Maintenance accounted for 46% of all events.
Suppressed in the plot to show detail for other causes.
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Maintenance.Causesand Effects: Compressor (Sensor

Maintenance Causes and Effects - Retail Stations - v —

reventative Maintenance accounted for 4% of all events.
Subsystem: COMPRESSOR Suppressed in the plot to show detail for other causes.
Component: VALVE
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Maintenance Causes and Effects: Compressor (Valve

Maintenance Causes and Effects - Retail Stations
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Hyvdrogen.Dispensedby Quarter

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

Hydrogen Fills By Quarter - Retail Stations

Cumulative Fuelings = 38,517

-
o

By Year

-
(=2}

-
F =N

-
N

-
o

(=]

10 20 30 40
H2 Fills [1,000]

T
o
o
=}
.
el
0
B
[T
o
i
Q
o]
€
=
=

%\k NREL cdpRETAIL_infr_58

Created: May-08-17 3:59 PM | Data Range: 201403-2016Q4 Note: Colors represent individual stations

NATIONAL RENEWABLE ENERGY LABORATORY 42



CDP-INFR-81

Hvdrogen.Dispensediby Reg

Hydrogen Dispensed By Region - Retail Stations
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Histogram.of:Fueling

Histogram of Fueling Rates
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Histogram.ofFueling Fimes

Histogram of Fueling Times
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Histogram.of Fueling/Amounts

Histogram of Fueling Amounts
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Time. BetweenFueling

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-barwvs:"700 bar

Histogram of Fueling Rates
350 vs 700 bar Fills
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Number of Fueling-:Events péer Hour

s Number of Fuelings Per Hour - Retail Stations
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Hvdrogen.Dispensed

i 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 AmountsvsaTime to Fill

- Histrogram of Fueling Amount Vs Time - Retail Stations
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Fueling Ratesby.-Year

Histogram of Fueling Rates

By Year
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Monthly. Averages:asAllFills

Monthly Averages for All Fills - Retail Stations
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Monthly Averages: 700 bar Fills >1 kg with Pre-Cool of -40°C

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

Compressor Operation Cost - Retail Stations
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Station.Cost-by-Dail
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Station Cost by Daily Capacity* - Retail Stations
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Average Station Cost by Categor
Average Station Cost by Category - Retail Stations

Budget Amounts* (Avg Total = $2.17M), 43 Stations
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***Data Reporting includes gquarterly reporting on performance, operation and maintenance

NREL cdpRETAIL_infr_41
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Station.Cost

Station Cost* - Retail Stations
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Station Cost by Type* - Retail Stations
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Maintenance.Costperk en Dispensed
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Histogram.of-Menthly'Maintenance Costs

Histogram of Monthly Maintenance Costs - Retail Stations
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Dispensed Hydrogen per Day of Week - Retail Stations
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Station.Capacity-Utilization

Station Capacity Utilization - Retail Stations
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_ 'Station nameplate capacity reflects a variety of system design consderations including system capacity, throughput,
RN w;?f;;‘;":ﬂg:;’;:;gz 201405201604 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
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Station.Usage

Station Usage - Retail Stations
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Hydrogen.Dispensedby Month

Hydrogen Dispensed By Month - Retail Stations
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Number.of Fillssby-Month
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Station Capacity Utilization Trends by Quarter

Station Capacity Utilization Trends by Quarter - Retail Stations
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Created: May-08-17 B:3% AM | Dala Range: 2014Q3-201604 system capacity, throughput, system reliability, and maintenance. Actual daily usage may exceed nameplate capacity.
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Station. Amount:Dispensed by Quarter

il 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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of Station Usage Statistics

Summary of Station Usage Statistics - Retail Stations*
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