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Hvdrogen.Stationssby Type

Hydrogen Station Type Retail Stations
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Hvdrogen.Station-Fimeline

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:

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

NREL cdpRETAIL_infr_31
Created: Sep-28-17 12:45 PM | Data Range: 2015Q3-201702

NATIONAL RENEWABLE ENERGY LABORATORY 9



CDP-INFR-32

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:

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

NREL cdpRETAIL_infr_32
Created: Sep-28-17 12:45 PM | Data Range: 2015Q3-201702

NATIONAL RENEWABLE ENERGY LABORATORY




CDP-INFR-33

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:
T - an event that under slightly different circumstances could have become an incident
p b - any hydrogen release sufficient to sustain a flame if ignited

Created: Sep-28-17 12:46 PM | Data Range: 2015Q3-201702
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 H2 Leak is:

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

NREL cdpRETAIL_infr_34
Created: Sep-28-17 12:46 PM | Data Range: 2015Q3-201702
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Mean Fills.per-Hydrogen Leak

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

Mean H,, Dlspensed (kg) per Leak Retail Statlons
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Maintenance:by-Equi

Maintenance by Equipment Type - Retail Stations
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NREL cdpRETAIL _infr_21

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

Created: Oct-11-17 11:35 AM | Data Range: 2014Q3-2017Q2

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-22

Maintenance.LaborHours pér Event

Infrastructure Maintenance Labor Hours per Event - Retail Stations
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Equipment Category Repair Time

Equipment Category Repair Time - Retail Stations
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Failure. Modes.for Top oment Categories

Failure Modes for Top Equipment Categories - Retail Stations
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Compressor-MonthlyMainténance

Compressor Monthly Maintenance - Retail Stations
I

150
Overall Averages |
6 hours per station per month.
" 328 kg dispensed per maintenance hour.
5100 - i
o]
= \
| .
2
s 50 i
.|
_ﬁ_/ s .. i = fi
0 i . ' ; s ! % o * * : * e —
2014 2015 2016 2017 2018
15
Overall Averages
7] 3 events per station per month.
"E 812 kg dispensed per maintenance event.
[+4)
> L 4|
i1 10
[T
(o]
| 4
3 s
= #* \\ *
= / \ Y%
= 4 e *_1\7%><
0 | | ' |
2014 2015 2016 2017 2018
NREL cdpRETAIL_infr_26 * Trendlines connect continuous months of operation for a single station. Gaps in trendlines represent quarters
Cresieg Ot 1R 11 812 0M | Desa Reross MGG 2702 in which a station was offline or missing data. Each station is represented by a unique color.

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-28

Maintenance.LaborrHours by Quarter

Maintenance Labor Hours By Quarter - Retail Stations
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Maintenance-Costs:OverTime

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 H2 Dispensed - Retail Stations
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Mean.Fills.perHydro

en Leak 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

T | T ~«— 75" percentile

“«— Mean
Average for all stations reporting: <— Median
5000 - 973 kg H, Dispensed per H, Leak. 9 < 25" percentie

8 of 27 stations did not report leaks.

'S
o
(=}
=}
I
|

3000

Mean kg H2 Dispensed per H2 Leak

2000 - &
1000 - i TN e il
i a |
e = 1 _:_ !
_ 16Q4 17Q1 17Q2 17Q3 17Q4
NREL cdpRETAIL_infr_63 i
Created: Oct-27-17 3:06 PM | Data Range: 2014Q3-2017Q2 Time

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-64

Maintenance.Causesand Effects: Safety (Software

Maintenance Causes and Effects - Retail Stations
Subsystem: SAFETY
Component: SOFTWARE

Preventative Maintenance accounted for 85% of all events.
Suppressed in the plot to show detail for other causes.
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Maintenance.Causesand Effects: Safety (Entire

Maintenance Causes and Effects - Retail Stations

Preventative Maintenance accounted for 88% of all events.
S u bsys te m: SAF ETY Suppressed in the plot to show detail for other causes.
Component: ENTIRE
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Maintenance.Causesand Effects: Safet

Maintenance Causes and Effects
Subsystem: SAFETY
Component: SENSOR

Preventative Maintenance accounted for 13% of all events.
Suppressed in the plot to show detail for other causes.
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Maintenance Causes and Effects: Dispenser (Entire

Maintenance Causes and Effects - Retail Stations

Preventative Maintenance accounted for 24% of all events

Su bsystem : DISPENSER Suppressed in the plot to show detail for other causes.
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Maintenance Causes and Effects: Dispenser (Fitting

Maintenance Causes and Effects - Retail Stations

Preventative Maintenance accounted for 1% of all events.
Suppressed in the plot to show detail for other causes.
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Maintenance Causes and Effects: Dispenser (Nozzle

Maintenance Causes and Effects - Retail Stations
Preventative Maintenance accounted for 4% of all events.

Su bsyste m: DISPENSER Suppressed in the plot to show detail for other causes.
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Maintenance Causes and Effects: Compressor (Entire

Maintenance Causes and Effects - Retail Stations
Preventative Maintenance accounted for 27% of all events.

S u bsyste m : co M P RESSOR Suppressed in the plot to show detail for other causes.
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Maintenance Causes and Effects: Compressor (Valve

Maintenance Causes and Effects - Retail Stations
Preventative Maintenance accounted for 4% of all events.
S u bsys te m : co M P RESSOR 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

Subsystem: COMPRESSOR
Component: SENSOR
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Hyvdrogen.Dispensedby Quarter

Hydrogen Dispensed By Quarter - Retail Stations
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Hyvdrogen.Fills:by-Quarter

Hydrogen Fills By Quarter - Retail Stations
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By Year
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Created: Sep-25-17 3:57 PM | Data Range: 2014Q3-2017Q2 Note: Colors represent individual stations
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Hvdrogen.Dispensediby Ré

Hydrogen Dispensed By Region - Retail Stations
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Created: Oct-16-17 9:14 AM | Data Range: 2014Q3-2017Q2
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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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Created: Oct-19-17 10:41 AM | Data Range: 2014Q3-201702
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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

=15
5 Back-to-Back Fills MNAI Sites Combined
- A -e-Individual Sites
S o
o 10 = 13 % of fills are within 0-5 minutes of each other
e, L 69 % of fills have more than 20 minutes between them
) /)] 88975 Total Fills
o 3
= Q
2 °5
= =
L S
s £
H 0 = s
<0 0 2 4 6 8 10 12 14 16 18 20
Time Between Fuelings* [min]
1500 Final Pressures for Fills with <5 Minutes in Between
[IPrevious Fill
BNext Fill
n
21000 -
©
-]
(I
‘S 500}
H*
: T 1| ST r . .

0
200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
NREL cdpRETAIL_infr_08 E’I'essure [b ar]

Created: Sep-25-17 4:04 PM | Data Range: 2014Q3-2017Q2 *Time is from end of fill to start Olf:l!‘l'e.l)Qlil
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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

Number of Fuelings Per Hour - Retail Stations
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Hvdrogen.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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Created: Sep-25-17 3:55 PM | Data Range: 2014Q3-20170Q2 X . . .
1. Friday Chevron profile "Hydrogen Delivery Infrastructure Options Analysis”, T. Chen, 2008.
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Fueling Amounts per Time of Day - Retail Stations
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Fueling Rates-by-Amount Filled

Histogram of Fueling Rates by Amounts - Retail Stations
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Fueling AmountsvsaTime to Fill

— Histogram of Fueling Amount Vs Time - Retail Stations
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Fueling Ratesby-Year
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Created: Oct-16-17 9:04 AM | Data Range: 2014Q3-2017Q2
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Histogram of Fueling Rates
By Year
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Monthly. Averages:sAllFills

Monthly Averages for All Fills - Retail Stations
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Monthly.Averages700bar Fills >1 k

with Pre-Cool of -40°C
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Compressor-Operation Cost

30 Compressor Operation Cost - Retail Stations
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Station.Cost-by-Dail

Station Cost by Daily Capacity* - Retail Stations
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Average StationsCost:by Catégor
Average Station Cost by Category - Retail Stations

Budget Amounts* (Avg Total = $2.17M), 43 Stations
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NREL cdpRETAIL_infr_41 Construction

Created: Sep-25-17 3:54 PM | Dala Range: 2014Q3-2017Q2 - we+Data Reporting includes quarterly reporting on performance, operation and maintenance
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Station.Cost

Station Cost* - Retail Stations
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Station Cost by Type* - Retail Stations
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**Cost share represents funding from sources outside CEC award.
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Maintenance.Costiperk

en Dispensed

Maintenance Costs Per kg Dispensed Over Time - Retail Stations
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Histogram.of-Menthly'Maintenance Costs

Histogram of Monthly Maintenance Costs - Retail Stations
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CDP-INFR-05

Dispensed Hydrogen per Day of Week max station avg: 99 kg/day

BH2 Stations [%)]

-O-Gasoline Station [%]’
Individual Stations [kg/day]
-»-Average of Stations [ko/zay]

Daily Average [kg/day]
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NREL cdpRETAIL _infr_05 Day Of Week

Created: Sep-25-17 4:03 PM | Data Range: 2014Q3-2017Q2

1. Chevron weekly demand profile "Hydrogen Delivery Infrastructure Options Analysis”, T. Chen.
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Station.Capacity-Utilization
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Created: Sep-25-17 3:58 PM | Data Range: 2014Q3-2017Q2

system reliability and durability, and maintenance. Actual daily usage may exceed nameplate capacity.
2Maximum 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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Hyvdrogen.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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NREL cdpRETAIL_infr_d4 3 station nameplate capacity is as reported to NREL and reflects a variety of system design considerations including:
Created: Sep-25-17 4:03 PM | Data Range: 2014Q3-2017Q2 system capacity, throughput, system reliability, and maintenance. Actual daily usage may exceed nameplate capacity.
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Station. Amount-Dispensed by Quarter

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

Summary of Station Usage Statistics - Retail Stations®
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CDP-INFR-82

Daily Fueling-Amountstby'Month

Daily Fueling Amounts Over Time - Retall Statlons
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Hyvdrogen.Qualit

H2 Quality - Retail Stations
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Impurities—Ammonia

Impurities (Retail Stations) - Ammonia
T |

8 T I I I | I
Il Delivered Compressed
Ml Delivered Liquid
7 M Delivered Pipeline u
[COnsite Electrolysis
[ IDelivered Compressed; Onsite Electrolysis
[ lonsite SMR
6 , i
K]
o
. s
5o 2 o = 7
= Nel o o n
o g 2 - =
“‘2 0 = & £
54 i I I =5 n
- E E z 5
= — — -
g il " 5
] D [-E} -
= 3 =} =] © E
= o o o <
c = = w
I
2 10 Total Samples —
--Not Detected Summary--
Delivered Compressed 7 Sample(s)
Delivered Compressed; Onsite Electrolysis 1 Sample(s)
1 --Not Measured Summary-- I
Delivered Compressed; Onsite Electrolysis 2 Sample(s)
0 1 1 | 1 1 1
nd 0-10 10-20 20-40 40-60 60-80 80-100 >100
NREL cdpRETAIL _infr_79 Measured Impurity [ppb]

Created: Sep-25-17 4:04 PM | Data Range: 20140Q3-2017Q2

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-79

Impurities—Argon
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I

5 T I T | I I | I
Il Delivered Compressed
Ml Delivered Liquid
M Delivered Pipeline
[COnsite Electrolysis
xL [ IDelivered Compressed; Onsite Electrolysis| |
[_Jonsite SMR
]
=
%
(/2]
[*] o
= £ £ o
£3 28 £ E " i
o o 1
° T Q o =
“‘2 co = - £
[=] Inn 1] ] a
o EE E E =
o . x &
- I E % g |
Z scllo o <
cc = c w
I
10 Total Samples
1 --Not Detected Summary--
Delivered Compressed 3 Sample(s) h
Delivered Compressed; Onsite Electrolysis 2 Sample(s)
--Not Measured Summary--
Delivered Compressed; Onsite Electrolysis 1 Sample(s)
0 1 | 1 1 1
nd 0-0.5 0.5-2 2-10 10-25 25-75 75-100 > 100

NREL cdpRETAIL infr_79
Created: Sep-25-17 4:00 PM | Data Range: 20140Q3-2017Q2

NATIONAL RENEWABLE ENERGY LABORATORY

Measured Impurity [ppm]




CDP-INFR-79

Impurities—CarbonDioxide
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Impurities—CarbonsMonoxide

Impurities (Retail Stations) - Carbon Monoxide
T T

4 I I I I |
Il Delivered Compressed
Ml Delivered Liquid
M Delivered Pipeline
[COnsite Electrolysis
[ IDelivered Compressed; Onsite Electrolysis
[ lonsite SMR
al | .
Ko
Q
. =
2] o)
o o 8
E g- n
)
.‘2 = E
o2 ] 5 -
B E o
= 2 S
[T}
= o i
= - <
c (/7]
I 1
1 10 Total Samples —
--Not Detected Summary--
Delivered Compressed; Onsite Electrolysis 1 Sample(s)
--Not Measured Summary--
Delivered Compressed; Onsite Electrolysis 2 Sample(s)
0 | | | | | | |
nd 0-0.5 0.5-2 2-10 10-50 50-100 100-150 150-200 > 200
Created: SepQS?fiE:pﬁhﬁT“é:;jg;-gz 201403-2017Q2 Measu rEd Im pu rlty [ppb]

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-79

Impurities—Foermaldehyde

Impurltles (Retall Statlons) Formaldehyde
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Impurities—FoermicrAcid
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Impurities—Nitrogen

Impurities (Retail Stations) - Nitrogen
T | I I

4 T I I | I
Il Delivered Compressed
Ml Delivered Liquid
M Delivered Pipeline
[COnsite Electrolysis
[ IDelivered Compressed; Onsite Electrolysis
[ lonsite SMR
3 IE -
8
: g
< =
g E E
o r=) 1
) o o =
7)) ~ o E
B2 n I 3 .
g £ £ >
o p : ]
E 5 % S
= < =] L
= o ° <
= = w
I
1 10 Total Samples
--Not Detected Summary--
Delivered Compressed 3 Sample(s)
Delivered Compressed; Onsite Electrolysis 1 Sample(s)
0 | 1 1 | ‘ 1
nd 0-5 5-10 10-25 25-50 50-75 75-100 > 100
Created: sep-zsfwr{fl_a-gdsppr{nﬂg;;lgﬁz 2014Q3-2017Q2 Measured Impu nty [ppm] Notes for exceeding SAE J2719 Limits:
Commissioning

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-79

Impurities—Ox
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Impurities—Particulate Concentration
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Impurities—Iloetal:Sulfur
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CompressorEnere

Compressor Energy - Retail Stations 7 Energy Consumed Only in Start Up and Shut Down
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Electricity Usage - Retail Stations

50 ¢

O Compressed Delivery
< Liquid Delivery

o
[4)]

B
o
I

(#%]

(4 ]
o

%

w
o
RS

—* N
(3,1 o

Monthly Electricity Usage per kg [kWh/kg]
= o
I
.

C9°C0@° o ©o 00
0 o O L omd

(o]0 L OO

m 0 500 1000 1500 2000 2500 3000
NREL cdpRETAIL Infr. 768 Monthly Amount of Hydrogen Dispensed [kg]

Created: Oct-11-17 1:50 PM | Data Range: 20140Q3-2017Q2

NATIONAL RENEWABLE ENERGY LABORATORY

|
3500 4000 4500



CDP-INFR-83

Electricity Cost per kg - Retail Stations
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Electricity Cost per kWh by Region - Retail Stations
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