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Cumulative Stations - Retail Stations
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CDP-INFR-11
Hydrogen Stations by Type

Hydrogen Station Type - Retail Stations
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Hydrogen Station Timeline - Retail Stations
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Hydrogen Station Timeline
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Hydrogen Station Timeline Trend - Retail Stations

[1] 45 projects with timelines included[1] 45 projects with timelines included[1] 45 projects with timelines included[1] 45 projects with timelines included

CDP-INFR-99
Hydrogen Station Timeline Trend - Retail Stations
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Safety Reports Primary Factors - Retail Stations
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NREL cdpRETAIL_infr_31
Created: Nov-16-21  1:49 PM | Data Range: 2014Q3-2020Q4

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:

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

CDP-INFR-31
Safety Reports Primary Factors
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Safety Reports By Equipment Involved - Retail Stations

0 5 10 15 20 25 30 35 40 45
Number of Reports

Minor H2 Leak

Near Miss

Incident

Se
ve

rit
y

Dispenser
Dispensing Nozzle
H2 Compressor
H2 Storage
Hose
Multiple Systems
Not Defined
Pipes, Fittings, Valves
Safety
Sensors
Thermal Management

NREL cdpRETAIL_infr_32
Created: Nov-16-21  1:51 PM | Data Range: 2014Q3-2020Q4

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:

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

CDP-INFR-32
Safety Reports by Equipment Involved
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Safety Reports By Quarter - Retail Stations
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NREL cdpRETAIL_infr_33
Created: Nov-16-21  1:52 PM | Data Range: 2014Q3-2020Q4

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:

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

CDP-INFR-33
Safety Reports by Quarter
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Safety Reports By Event Description - Retail Stations
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Created: Nov-16-21  1:53 PM | Data Range: 2014Q3-2020Q4

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:

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

CDP-INFR-34
Safety Reports by Event Description
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CDP-INFR-48
Mean Fills per Hydrogen Leak
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Created: Sep-15-21  5:58 PM | Data Range: 2014Q3-2020Q4

Station Average: 1167 Fills per H 2
 Leak. 

 12 of 45 stations did not report leaks. 
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CDP-INFR-54
Mean Hydrogen Dispensed per Hydrogen Leak

Mean H
2  Dispensed (kg) per Leak - Retail Stations
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Station Average: 3468 kg H
2  Dispensed per H 2

Leak. 

 12 of 45 stations did not report leaks. 
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CDP-INFR-21
Maintenance by Known Equipment Type
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NREL cdpRETAIL_infr_21

Created: Sep-08-21  3:40 PM | Data Range: 2014Q3-2020Q4

Maintenance by Known Equipment Type - Retail Stations
2

Classified Events

MISC includes the following failure modes: entire, veh other, air, aux,
electrolyzer, feedwater, purifier, fuel, reformer, safety, thermal

management, electrical, air, other

1. Total includes classified events (plotted) and unclassified events.
2. Maintenance events with unknown equipment type excluded from plot.



18

CDP-INFR-94
Maintenance by Equipment Type by Quarter

Maintenance by Equipment Type by Quarter - Retail Stations
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Created: Sep-16-21 12:05 PM | Data Range: 2014Q3-2020Q4
Number at bottom of bars is number of stations reporting for that quarter.

"OTHER" includes items for which equipment type could not be determined from the data.
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CDP-INFR-22
Maintenance Labor Hours per Event
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CDP-INFR-23
Equipment Category Repair Time
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CDP-INFR-24
Failure Modes for Top Equipment Categories
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Created: Sep-08-21  4:08 PM | Data Range: 2014Q3-2020Q4

Failure Modes for Top Equipment Categories - Retail Stations

* Percentage of total events or hours.

MISC includes the following failure modes: collision, communication error,
contamination, debris, design flaw, electrical breaker, end of life, environmental factors,
fluid temp, freezing, installation error, level low, loose electrical, loose mechanical, lost
signal, maintenance error, manufacturing defect, metal fatigue, moisture, na, operator

error, out of calibration, overtemperature, power outage/quality, pressure loss, software
bug, stress outside design limit, tight, vandalism, vibration, other
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NREL cdpRETAIL_infr_26
Created: Oct-12-21  1:49 PM | Data Range: 2014Q3-2020Q4

* 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.

CDP-INFR-26
Compressor Monthly Maintenance
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Maintenance Labor Hours By Quarter - Retail Stations
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NREL cdpRETAIL_infr_28

Created: Sep-23-21 11:03 AM | Data Range: 2014Q3-2020Q4

Overall Average:
92 hours per station per quarter.
Average last 8 quarters:
116 hours per station per quarter.
Average last 4 quarters:
138 hours per station per quarter.

Stars represent individual station
maintenance hours in a given quarter.

CDP-INFR-28
Maintenance Labor Hours by Quarter
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Maintenance Costs Over Time - Retail Stations

Overall Average: $10,185 per station per quarter.
Average: $10,103 per station per last 8 quarters.
Average: $12,142 per station per last 4 quarters.
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Created: Sep-08-21  4:19 PM | Data Range: 2014Q3-2020Q4

*Each color represents a unique station.

CDP-INFR-30
Maintenance Costs Over Time
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CDP-INFR-49
Mean Fills Between Failures

Mean Fills Between Failures - Retail Stations
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CDP-INFR-50
Reliability Growth by Fills

Overall Site Reliability Growth By Fills - Retail Stations
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1. IEC 61164:2004(E)., Reliability Growth - Statistical Test and Evaluation Methods, IEC. 2004.

2. % change in instantaneous mean Fills between failures

Instantaneous MTBF improved for 14 of 45 sites for the last 20% of events.
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CDP-INFR-51
Mean Amount Dispensed Between Failures

Mean H
2  Dispensed Between Failures (kg) - Retail Stations
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CDP-INFR-52
Reliability Growth by Amount Dispensed

Overall Site Reliability Growth By H
2  Dispensed (kg) - Retail Stations

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
0

1

2

3

4

5

6

7

8

9

10
Sh

ap
e 

Pa
ra

m
et

er
 (

)1

Entire history
Last 20% of events
Early History
data1

H
2  Dispensed (kg)

0

1000

2000

3000

In
st

an
ta

ne
ou

s 
M

TB
F

(H
2

 D
is

pe
ns

ed
 (k

g)
)

Instantaneous MTBF (H 2  Dispensed (kg))

sites

NREL cdpRETAIL_infr_52

Created: Sep-15-21  5:13 PM | Data Range: 2014Q3-2020Q4

Sites sorted by Increasing Age
H 2  Dispensed (kg)

Fa
ilu

re
 R

at
e

 In
cr

ea
si

ng
Fa

ilu
re

 R
at

e
 D

ec
re

as
in

g

1. IEC 61164:2004(E)., Reliability Growth - Statistical Test and Evaluation Methods, IEC. 2004.

2. % change in instantaneous mean H 2  Dispensed (kg) between failures

Instantaneous MTBF improved for 15 of 45 sites for the last 20% of events.

No
Data

  1 -23 166  42 -15 -27 -45 No
Data

-61 -18 -30  27  55  40 -48 -64  65  31  22  -5 390 -16 -22 -43 -75  15 -23  14 -49 -45 -26 -32 -39 -27 -45  25 -49 -45  33 -54 -41 -19 -46  66
Percent

Change 2



29

CDP-INFR-59
Historical Failure Rate by Fills
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CDP-INFR-60
Historical Failure Rate by Amount Dispensed
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Created: Sep-15-21  4:22 PM | Data Range: 2014Q3-2020Q4

Maintenance Causes and Effects - Retail Stations

EffectsCauses

Component: ENTIRE
Subsystem: CHILLER

Preventative Maintenance accounted for 13% of all events.

Suppressed in the plot to show detail for other causes.

CDP-INFR-64
Maintenance Causes and Effects: Chiller (Entire)



32

0

FAILED PART

5

ALARMLEVEL LOW

10

EQUIPMENT DAMAGEDLOOSE MECHANICAL

15

FLUID LEAK NON-H2MATERIAL DEFORM/DEGRADE/FATIGUE

%
 o

f E
ve

nt
s

FUNCTIONALITY LOST

20

OUT OF CALIBRATION
H2 LEAK

PRESSURE LOSS

25

NA
UNDETERMINED UNDETERMINED

30

COMMUNICATION ERROR WARNING LOW
WARNING HIGHNA

ELECTRICAL BREAKEROVERTEMPERATURE
FLOW LOWPOWER OUTAGE/QUALITY

NREL cdpRETAIL_infr_65
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Maintenance Causes and Effects - Retail Stations

EffectsCauses

Component: HEAT EXCHANGER
Subsystem: CHILLER

Preventative Maintenance accounted for 9% of all events.

Suppressed in the plot to show detail for other causes.

CDP-INFR-65
Maintenance Causes and Effects: Chiller (Valve)
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Created: Sep-15-21  4:11 PM | Data Range: 2014Q3-2020Q4

Maintenance Causes and Effects

EffectsCauses

Component: VALVE
Subsystem: CHILLER

Preventative Maintenance accounted for 2% of all events.

Suppressed in the plot to show detail for other causes.

CDP-INFR-66
Maintenance Causes and Effects: Chiller (Refrigerant)
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Created: Sep-15-21  4:04 PM | Data Range: 2014Q3-2020Q4

Maintenance Causes and Effects - Retail Stations

EffectsCauses

Component: ENTIRE
Subsystem: DISPENSER

Preventative Maintenance accounted for 24% of all events.

Suppressed in the plot to show detail for other causes.

CDP-INFR-67
Maintenance Causes and Effects: Dispenser (Entire)
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Created: Sep-15-21  3:57 PM | Data Range: 2014Q3-2020Q4

Maintenance Causes and Effects - Retail Stations

EffectsCauses

Component: NOZZLE
Subsystem: DISPENSER

Preventative Maintenance accounted for 6% of all events.

Suppressed in the plot to show detail for other causes.

CDP-INFR-68
Maintenance Causes and Effects: Dispenser (Nozzle)



36

0

FAILED PART

5

LOOSE MECHANICAL

10

MATERIAL DEFORM/DEGRADE/FATIGUE

15

OUT OF CALIBRATION ALARM

%
 o

f E
ve

nt
s

EQUIPMENT DAMAGEDPRESSURE LOSS

20

FAILED TO STARTUNDETERMINED
FLUID LEAK NON-H2

25

COMMUNICATION ERROR FUNCTIONALITY LOST
DESIGN FLAW

30

H2 LEAK
NAMAINTENANCE ERROR

SHUTDOWN HIGHNA
UNDETERMINED

OPERATOR ERROR WARNING LOW
OVERTEMPERATURE WARNING HIGH

METAL FATIGUEUPGRADE
ENVIRONMENTAL FACTORS

NREL cdpRETAIL_infr_69

Created: Sep-15-21  3:50 PM | Data Range: 2014Q3-2020Q4

Maintenance Causes and Effects - Retail Stations

EffectsCauses

Component: VALVE
Subsystem: DISPENSER

Preventative Maintenance accounted for 8% of all events.

Suppressed in the plot to show detail for other causes.

CDP-INFR-69
Maintenance Causes and Effects: Dispenser (Fitting)
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Created: Sep-15-21  3:44 PM | Data Range: 2014Q3-2020Q4

Maintenance Causes and Effects - Retail Stations

EffectsCauses

Component: ENTIRE
Subsystem: COMPRESSOR

Preventative Maintenance accounted for 29% of all events.

Suppressed in the plot to show detail for other causes.

CDP-INFR-70
Maintenance Causes and Effects: Compressor (Entire)
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Created: Sep-15-21  3:37 PM | Data Range: 2014Q3-2020Q4

Maintenance Causes and Effects - Retail Stations

EffectsCauses

Component: PISTON
Subsystem: COMPRESSOR

Preventative Maintenance accounted for 7% of all events.

Suppressed in the plot to show detail for other causes.

CDP-INFR-71
Maintenance Causes and Effects: Compressor (Piston)



39

0

END OF LIFE
FAILED PART ALARM

5

LOOSE MECHANICAL EQUIPMENT DAMAGED
FAILED TO STARTMATERIAL DEFORM/DEGRADE/FATIGUE

%
 o

f E
ve

nt
s

FLUID LEAK NON-H2PRESSURE LOSS

10

FUNCTIONALITY LOSTUNDETERMINED
H2 LEAKDESIGN FLAW NA

NA SHUTDOWN HIGH

15

OPERATOR ERROR UNDETERMINED
OVERTEMPERATURE WARNING LOW

WARNING HIGHUPGRADE
METAL FATIGUEMANUFACTURING DEFECT

FAILED OPENMETAL FATIGUE

NREL cdpRETAIL_infr_72

Created: Sep-15-21  3:31 PM | Data Range: 2014Q3-2020Q4

Maintenance Causes and Effects - Retail Stations

EffectsCauses

Component: VALVE
Subsystem: COMPRESSOR

Preventative Maintenance accounted for 4% of all events.

Suppressed in the plot to show detail for other causes.

CDP-INFR-72
Maintenance Causes and Effects: Compressor (Valve)
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2016: Max subsystem occurrence = 248
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2017: Max subsystem occurrence = 375
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2018: Max subsystem occurrence = 375
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2020: Max subsystem occurrence = 844

ENTIRE-ENTIRE
STATION OTHER-OTHER

DISPENSER-NOZZLE
DISPENSER-ENTIRE

COMPRESSOR-PISTON

DISPENSER-VALVE

CHILLER-ENTIRE

STORAGE-PRESSURE VESSEL

CHILLER-HEAT EXCHANGER

DISPENSER-OTHER
COMPRESSOR-ENTIRE

GAS MGMT PANEL-VALVE
DISPENSER-ELECTRICAL

AIR-AIR COMPRESSOR

DISPENSER-GAS SAMPLE

DISPENSER-POINT OF SALE

CHILLER-VALVE

ELECTRICAL-ELECTRICAL

COMPRESSOR-OTHER
COMPRESSOR-VALVE

STORAGE-PUMP

GAS MGMT PANEL-ENTIRE

STORAGE-OTHER

DISPENSER-VALVE PRESSURE CONTROL

STORAGE-VALVE

DISPENSER-HOSE

STATION OTHER-PUMP

CHILLER-REFRIGERANT

ENTIRE-OTHER

STORAGE-ENTIRE

DISPENSER-BREAKAWAY

DISPENSER-FITTING

AIR-ENTIRE

STATION OTHER-SOFTWARE

ELECTRICAL-SOFTWARE

ELECTRICAL-OTHER

GAS MGMT PANEL-VALVE PRESSURE CONTROL

STORAGE-THERMAL PRESSURE RELIEF DEVICE

DISPENSER-ESTOP

DISPENSER-FLOW METER

STATION OTHER-ENTIRE

ENTIRE-VALVE

STATION OTHER-VALVE

THERMAL MANAGEMENT-OTHER

COMPRESSOR-ELECTRICAL

COMPRESSOR-FITTING

DISPENSER-HEAT EXCHANGER

ELECTRICAL-PUMP

STATION OTHER-VALVE HAND

COMPRESSOR-SENSOR

ENTIRE-GAS SAMPLE

SAFETY-SENSOR

SUMMARY-OTHER

DISPENSER-SOFTWARE

SAFETY-VALVE
ELECTRICAL-ENTIRE

COMPRESSOR-MOTOR

SAFETY-ESTOP

SAFETY-OTHER

COMPRESSOR-OIL

DISPENSER-FILTER

ELECTRICAL-ESTOP

STATION OTHER-SENSOR

THERMAL MANAGEMENT-COOLANT

CHILLER-OTHER

COMPRESSOR-FILTER

DISPENSER-SENSOR

GAS MGMT PANEL-OTHER

CHILLER-COIL

CHILLER-ELECTRICAL

CHILLER-PUMP

COMPRESSOR-SEAL

ENTIRE-VALVE PRESSURE CONTROL

STATION OTHER-ELECTRICAL

STATION OTHER-HEAT EXCHANGER

CHILLER-FAN

COMPRESSOR-COOLANT

DISPENSER-PRESSURE TRANSDUCERTHERMAL MANAGEMENT-FITTING

THERMAL MANAGEMENT-HEAT EXCHANGER

AIR-VALVE

DISPENSER-THERMOCOUPLE

ELECTRICAL-MOTOR

ENTIRE-SEAL

STATION OTHER-HOSE

STATION OTHER-SWITCH

STORAGE-SENSOR

STORAGE-TUBE TRAILER

THERMAL MANAGEMENT-VALVEAIR-OTHER

CHILLER-COOLANT

CHILLER-FILTER

CHILLER-OIL

COMPRESSOR-ELECTRICAL CONNECTOR

COMPRESSOR-MEMBRANE

COMPRESSOR-PIPING
DISPENSER-CONTROLLER

ELECTRICAL-AIR COMPRESSOR

ELECTRICAL-ELECTRICAL CONNECTOR

ELECTRICAL-HEAT EXCHANGER

NREL cdpRETAIL_infr_98

Created: Sep-16-21  1:20 PM | Data Range: 2014Q3-2020Q4

Maintenance Systems WordCloud - Retail Stations

CDP-INFR-98
Maintenance Word Cloud - Retail



41

0

5000

10000

15000

20000

K
g 

H
2 

di
sp

en
se

d 
pe

r L
ab

or
 H

ou
rs

Quarter Component [AIR] Reliability - Retail Stations

14
Q4

15
Q1

15
Q2

15
Q3

15
Q4

16
Q1

16
Q2

16
Q3

16
Q4

17
Q1

17
Q2

17
Q3

17
Q4

18
Q1

18
Q2

18
Q3

18
Q4

19
Q1

19
Q2

19
Q3

19
Q4

20
Q1

20
Q2

20
Q3

20
Q4

21
Q1

Kg H2 per labor hour by Station
Station Avg kg H2 per labor hour by qtr
Station Median kg H2 per labor hour by qtr

0

5000

10000

15000

20000

K
g 

H
2 

di
sp

en
se

d 
pe

r M
ai

nt
. E

ve
nt

14
Q4

15
Q1

15
Q2

15
Q3

15
Q4

16
Q1

16
Q2

16
Q3

16
Q4

17
Q1

17
Q2

17
Q3

17
Q4

18
Q1

18
Q2

18
Q3

18
Q4

19
Q1

19
Q2

19
Q3

19
Q4

20
Q1

20
Q2

20
Q3

20
Q4

21
Q1

Kg H2 per maint. event by Station
Station Avg kg H2 per maint. event by qtr
Station Median kg H2 per maint. event by qtr

NREL cdpRETAIL_infr_100
Created: Dec-07-21 12:50 PM | Data Range: 2014Q3-2020Q4

20Q4

20Q3

20Q2

20Q1

19Q4

19Q3

19Q2

19Q1

Average

1,812

3,234

3,412

5,634

4,041

5,430

3,478

8,205

Median

1,015

2,189

1,403

2,846

1,962

1,051

3,052

4,643

Units

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

20Q4

20Q3

20Q2

20Q1

19Q4

19Q3

19Q2

19Q1

Average

4,172

4,558

4,174

4,936

5,555

5,260

9,684

7,888

Median

2,918

3,894

3,530

3,546

5,385

2,998

10,180

8,138

Units

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

CDP-INFR-1010
Quarter Component [AIR] Reliability – Retail Stations



42

0

5000

10000

15000

20000

K
g 

H
2 

di
sp

en
se

d 
pe

r L
ab

or
 H

ou
rs

Quarter Component [CHILLER] Reliability - Retail Stations

14
Q4

15
Q1

15
Q2

15
Q3

15
Q4

16
Q1

16
Q2

16
Q3

16
Q4

17
Q1

17
Q2

17
Q3

17
Q4

18
Q1

18
Q2

18
Q3

18
Q4

19
Q1

19
Q2

19
Q3

19
Q4

20
Q1

20
Q2

20
Q3

20
Q4

21
Q1

Kg H2 per labor hour by Station
Station Avg kg H2 per labor hour by qtr
Station Median kg H2 per labor hour by qtr

0

5000

10000

15000

20000

K
g 

H
2 

di
sp

en
se

d 
pe

r M
ai

nt
. E

ve
nt

14
Q4

15
Q1

15
Q2

15
Q3

15
Q4

16
Q1

16
Q2

16
Q3

16
Q4

17
Q1

17
Q2

17
Q3

17
Q4

18
Q1

18
Q2

18
Q3

18
Q4

19
Q1

19
Q2

19
Q3

19
Q4

20
Q1

20
Q2

20
Q3

20
Q4

21
Q1

Kg H2 per maint. event by Station
Station Avg kg H2 per maint. event by qtr
Station Median kg H2 per maint. event by qtr

NREL cdpRETAIL_infr_100
Created: Dec-07-21 12:37 PM | Data Range: 2014Q3-2020Q4

20Q4

20Q3

20Q2

20Q1

19Q4

19Q3

19Q2

19Q1

Average

628

499

536

2,069
730

1,380

5,222

1,408

Median

250

174

483

359

332

544

1,087
536

Units

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

20Q4

20Q3

20Q2

20Q1

19Q4

19Q3

19Q2

19Q1

Average

1,524

1,221

1,836

3,726

3,112

2,430

4,871

2,851

Median

1,310
732

1,452

1,913

1,782

2,085

3,976

1,927

Units

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

CDP-INFR-1010
Quarter Component [CHILLER] Reliability – Retail Stations



43

0

5000

10000

15000

20000

K
g 

H
2 

di
sp

en
se

d 
pe

r L
ab

or
 H

ou
rs

Quarter Component [COMPRESSOR] Reliability - Retail Stations

14
Q4

15
Q1

15
Q2

15
Q3

15
Q4

16
Q1

16
Q2

16
Q3

16
Q4

17
Q1

17
Q2

17
Q3

17
Q4

18
Q1

18
Q2

18
Q3

18
Q4

19
Q1

19
Q2

19
Q3

19
Q4

20
Q1

20
Q2

20
Q3

20
Q4

21
Q1

Kg H2 per labor hour by Station
Station Avg kg H2 per labor hour by qtr
Station Median kg H2 per labor hour by qtr

0

5000

10000

15000

20000

K
g 

H
2 

di
sp

en
se

d 
pe

r M
ai

nt
. E

ve
nt

14
Q4

15
Q1

15
Q2

15
Q3

15
Q4

16
Q1

16
Q2

16
Q3

16
Q4

17
Q1

17
Q2

17
Q3

17
Q4

18
Q1

18
Q2

18
Q3

18
Q4

19
Q1

19
Q2

19
Q3

19
Q4

20
Q1

20
Q2

20
Q3

20
Q4

21
Q1

Kg H2 per maint. event by Station
Station Avg kg H2 per maint. event by qtr
Station Median kg H2 per maint. event by qtr

NREL cdpRETAIL_infr_100
Created: Dec-07-21 12:29 PM | Data Range: 2014Q3-2020Q4

20Q4

20Q3

20Q2

20Q1

19Q4

19Q3

19Q2

19Q1

Average

935

1,457

1,154

2,119

1,515

1,817

1,787

2,461

Median

497

568

756

1,098
559

1,390
749

1,153

Units

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

20Q4

20Q3

20Q2

20Q1

19Q4

19Q3

19Q2

19Q1

Average

1,936

2,841

2,092

3,442

3,350

3,678

2,652

3,278

Median

1,753

1,798

1,480

2,543

1,387

2,739

1,638

1,680

Units

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

CDP-INFR-1010
Quarter Component [COMPRESSOR] Reliability – Retail Stations



44

0

5000

10000

K
g 

H
2 

di
sp

en
se

d 
pe

r L
ab

or
 H

ou
rs

Quarter Component [DISPENSER] Reliability - Retail Stations

14
Q4

15
Q1

15
Q2

15
Q3

15
Q4

16
Q1

16
Q2

16
Q3

16
Q4

17
Q1

17
Q2

17
Q3

17
Q4

18
Q1

18
Q2

18
Q3

18
Q4

19
Q1

19
Q2

19
Q3

19
Q4

20
Q1

20
Q2

20
Q3

20
Q4

21
Q1

Kg H2 per labor hour by Station
Station Avg kg H2 per labor hour by qtr
Station Median kg H2 per labor hour by qtr

0

5000

10000

15000

K
g 

H
2 

di
sp

en
se

d 
pe

r M
ai

nt
. E

ve
nt

14
Q4

15
Q1

15
Q2

15
Q3

15
Q4

16
Q1

16
Q2

16
Q3

16
Q4

17
Q1

17
Q2

17
Q3

17
Q4

18
Q1

18
Q2

18
Q3

18
Q4

19
Q1

19
Q2

19
Q3

19
Q4

20
Q1

20
Q2

20
Q3

20
Q4

21
Q1

Kg H2 per maint. event by Station
Station Avg kg H2 per maint. event by qtr
Station Median kg H2 per maint. event by qtr

NREL cdpRETAIL_infr_100
Created: Dec-07-21 12:33 PM | Data Range: 2014Q3-2020Q4

20Q4

20Q3

20Q2

20Q1

19Q4

19Q3

19Q2

19Q1

Average

206

349

274

642

474

769

695

708

Median

201

195

147

522

322

524

448

481

Units

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

20Q4

20Q3

20Q2

20Q1

19Q4

19Q3

19Q2

19Q1

Average

594

663

957

1,074

1,097

1,240
978

1,059

Median

504

516

402

825

918

919

799

692

Units

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

CDP-INFR-1010
Quarter Component [DISPENSER] Reliability – Retail Stations



45

0

5000

10000

15000

20000

K
g 

H
2 

di
sp

en
se

d 
pe

r L
ab

or
 H

ou
rs

Quarter Component [GAS MGMT PANEL] Reliability - Retail Stations

16
Q2

16
Q3

16
Q4

17
Q1

17
Q2

17
Q3

17
Q4

18
Q1

18
Q2

18
Q3

18
Q4

19
Q1

19
Q2

19
Q3

19
Q4

20
Q1

20
Q2

20
Q3

20
Q4

21
Q1

Kg H2 per labor hour by Station
Station Avg kg H2 per labor hour by qtr
Station Median kg H2 per labor hour by qtr

0

5000

10000

15000

20000

K
g 

H
2 

di
sp

en
se

d 
pe

r M
ai

nt
. E

ve
nt

16
Q2

16
Q3

16
Q4

17
Q1

17
Q2

17
Q3

17
Q4

18
Q1

18
Q2

18
Q3

18
Q4

19
Q1

19
Q2

19
Q3

19
Q4

20
Q1

20
Q2

20
Q3

20
Q4

21
Q1

Kg H2 per maint. event by Station
Station Avg kg H2 per maint. event by qtr
Station Median kg H2 per maint. event by qtr

NREL cdpRETAIL_infr_100
Created: Dec-07-21 12:42 PM | Data Range: 2014Q3-2020Q4

20Q4

20Q3

20Q2

20Q1

19Q4

19Q3

19Q2

19Q1

Average

3,062

1,960

2,917

1,905

2,522

4,242
829

3,347

Median

1,305

1,846

1,408

1,353

1,930

1,407
624

1,919

Units

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

20Q4

20Q3

20Q2

20Q1

19Q4

19Q3

19Q2

19Q1

Average

3,424

3,869

3,874

3,713

4,953

4,244

3,058

5,191

Median

2,827

2,707

2,415

2,475

4,263

2,093

1,779

4,833

Units

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

CDP-INFR-1010
Quarter Component [GAS MGMT PANEL] Reliability – Retail Stations



46

0

5000

10000

15000

K
g 

H
2 

di
sp

en
se

d 
pe

r L
ab

or
 H

ou
rs

Quarter Component [STORAGE] Reliability - Retail Stations

15
Q3

15
Q4

16
Q1

16
Q2

16
Q3

16
Q4

17
Q1

17
Q2

17
Q3

17
Q4

18
Q1

18
Q2

18
Q3

18
Q4

19
Q1

19
Q2

19
Q3

19
Q4

20
Q1

20
Q2

20
Q3

20
Q4

21
Q1

Kg H2 per labor hour by Station
Station Avg kg H2 per labor hour by qtr
Station Median kg H2 per labor hour by qtr

0

5000

10000

15000

20000

K
g 

H
2 

di
sp

en
se

d 
pe

r M
ai

nt
. E

ve
nt

15
Q3

15
Q4

16
Q1

16
Q2

16
Q3

16
Q4

17
Q1

17
Q2

17
Q3

17
Q4

18
Q1

18
Q2

18
Q3

18
Q4

19
Q1

19
Q2

19
Q3

19
Q4

20
Q1

20
Q2

20
Q3

20
Q4

21
Q1

Kg H2 per maint. event by Station
Station Avg kg H2 per maint. event by qtr
Station Median kg H2 per maint. event by qtr

NREL cdpRETAIL_infr_100
Created: Dec-07-21 12:45 PM | Data Range: 2014Q3-2020Q4

20Q4

20Q3

20Q2

20Q1

19Q4

19Q3

19Q2

19Q1

Average

1,549

1,826
472

2,175

1,128

7,397

7,291

4,263

Median

330

266

122

728

283

7,852

2,399

4,263

Units

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

Kg H2/labor hr

20Q4

20Q3

20Q2

20Q1

19Q4

19Q3

19Q2

19Q1

Average

3,270

3,850

1,500

4,420

4,049

8,870

7,112

4,038

Median

2,307

1,339
961

3,801

1,756

8,352

6,628

3,019

Units

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

Kg H2/event

CDP-INFR-1010
Quarter Component [STORAGE] Reliability – Retail Stations



Performance



48

CDP-INFR-01
Hydrogen Dispensed by Quarter

Hydrogen Dispensed By Quarter - Retail Stations
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Created: Aug-19-21 11:20 AM | Data Range: 2014Q3-2020Q4
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CDP-INFR-58
Hydrogen Fills by Quarter

Hydrogen Fills By Quarter - Retail Stations
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Created: Sep-01-21  3:02 PM | Data Range: 2014Q3-2020Q4 Note: Colors represent individual stations. Stations reporting data count
is number at bottom of bar.
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CDP-INFR-81
H2 Dispensed by Region

Hydrogen Dispensed By Region - Retail Stations
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Created: Dec-07-21 10:58 AM | Data Range: 2014Q3-2020Q4 Note: Station count is number at bottom of bar.
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Hydrogen Dispensed By Quarter and StationType - Retail Stations
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 Cumulative Hydrogen Dispensed = 3,176,796 kg 
 Avg H2 Dispensed in 2020Q4 per station = 4,594 kg
 Number of stations operating in 2020Q4 = 52

Compressed Delivery
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Other[1]

NREL cdpRETAIL_infr_97
Created: Dec-07-21 10:42 AM | Data Range: 2014Q3-2020Q4 Note: Stations reporting data count is number at bottom of bar.

[1] Other includes pipeline and stations with multiple hydrogen sources.

CDP-INFR-97
Hydrogen Dispensed By Quarter and Station Type- Retail Stations
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CDP-INFR-02
Histogram of Fueling Rates

Histogram of Fueling Rates
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Created: Oct-19-21  1:29 PM | Data Range: 2014Q3-2020Q4
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CDP-INFR-03
Histogram of Fueling Times

Histogram of Fueling Times
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Created: Oct-19-21  4:17 PM | Data Range: 2014Q3-2020Q4
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CDP-INFR-04
Histogram of Fueling Amounts

Histogram of Fueling Amounts
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Created: Aug-05-21  2:44 PM | Data Range: 2014Q3-2020Q4
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CDP-INFR-08
Time Between Fueling
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Created: Aug-05-21  9:40 AM | Data Range: 2014Q3-2020Q4

52,856 fills removed 
from lowest bar with     
both Previous and Next
Final Fill Pressure 0

*Time is from end of fill to start of next fill.
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CDP-INFR-09
Fueling Final Pressures
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Created: Aug-05-21  8:54 AM | Data Range: 2014Q3-2020Q4 *The line at 450 bar separates 350 bar fills from 700 bar fills.  It is slightly over 

the allowable 125% of nominal pressure (437.5 bar) from SAE J2601.
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CDP-INFR-12
Fueling Rates 350 bar vs. 700 bar
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Created: Aug-04-21  4:04 PM | Data Range: 2014Q3-2020Q4
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CDP-INFR-90
Hydrogen Dispensed by Quarter and Pressure
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CDP-INFR-13
Number of Fueling Events per Hour
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Created: Aug-26-21 12:27 PM | Data Range: 2014Q3-2020Q4
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CDP-INFR-14
Hydrogen Dispensed per Hour
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Created: Aug-26-21  2:15 PM | Data Range: 2014Q3-2020Q4
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CDP-INFR-15
Number of Fills by Time of Day
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Number Included
1,049,825 fills

H2 Fueling

Gasoline Profile 1

NREL cdpRETAIL_infr_15

Created: Aug-04-21  2:13 PM | Data Range: 2014Q3-2020Q4
1. Friday Chevron profile "Hydrogen Delivery Infrastructure Options Analysis", T. Chen, 2008.
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CDP-INFR-16
Fueling Amounts per Time of Day
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Created: Aug-04-21  1:42 PM | Data Range: 2014Q3-2020Q4
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CDP-INFR-88a  Connector/Destination Stations
Fueling Profile by Day and Hour
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Fueling Amounts by Day and Hour - Retail Stations - Connector/Destination California

NREL cdpRETAIL_infr_88a
Created: Oct-21-21  3:09 PM | Data Range: 2014Q3-2020Q4

*Chevron gasoline profile "Hydrogen Delivery Infrastructure Options Analysis", T. Chen, 2008.
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CDP-INFR-88b  Northern California
Fueling Profile by Day and Hour
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Created: Oct-21-21  3:09 PM | Data Range: 2014Q3-2020Q4

*Chevron gasoline profile "Hydrogen Delivery Infrastructure Options Analysis", T. Chen, 2008.
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CDP-INFR-88c  Southern California
Fueling Profile by Day and Hour
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Created: Oct-21-21  3:09 PM | Data Range: 2014Q3-2020Q4

*Chevron gasoline profile "Hydrogen Delivery Infrastructure Options Analysis", T. Chen, 2008.
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CDP-INFR-91
Missed Fuel Opportunity
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CDP-INFR-91
Missed Fuel Opportunity
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CDP-INFR-91
Missed Fuel Opportunity
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CDP-INFR-91
Missed Fuel Opportunity
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CDP-INFR-91
Missed Fuel Opportunity
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CDP-INFR-93
Station Unavailability
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Created: Sep-16-21 12:03 PM | Data Range: 2012Q1-2020Q4 * y-axis resolution - minutes | x-axis resolution - days
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CDP-INFR-95
Station Unavailability

2020 Station Unavailability for 19 stations
Northern California

Feb 01 Mar 01 Apr 01 May 01 Jun 01 Jul 01 Aug 01 Sep 01 Oct 01 Nov 01 Dec 01

Day of the Year

2am

4am

6am

8am

10am

12pm

2pm

4pm

6pm

8pm

10pm

12am

Ti
m

e 
of

 D
ay

0 2 4 6 8 10 12 14 16
# of Stations Unavailable

NREL cdpRETAIL_infr_95

Created: Sep-16-21 12:49 PM | Data Range: 2012Q1-2020Q4 * y-axis resolution - minutes | x-axis resolution - days
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CDP-INFR-95
Station Unavailability

2020 Station Unavailability for 24 stations
Southern California
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CDP-INFR-17
Fueling Rates by Amount Filled

0 0.5 1 1.5 2 2.5 3

Average Fuel Rate [kg/min]

0

1

2

3

4

5

6

7

N
um

be
r o

f F
ue

lin
g 

Ev
en

ts

10 4 Histogram of Fueling Rates by Amounts - Retail Stations

0 to 0.5 kg
0.5 to 1 kg
1 to 2 kg
2 to 4 kg
4 to 6 kg
2020 MYRDD Target
Ultimate MYRDD Target

NREL cdpRETAIL_infr_17

Created: Aug-04-21  1:05 PM | Data Range: 2014Q3-2020Q4
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CDP-INFR-18
Fueling Amount vs. Time to Fill
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CDP-INFR-56
Fueling Rates by Year
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Created: Sep-08-21 10:08 AM | Data Range: 2014Q3-2020Q4
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CDP-INFR-55
Monthly Averages: All Fills
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Created: Aug-05-21  4:32 PM | Data Range: 2014Q3-2020Q4
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Created: Aug-05-21  2:42 PM | Data Range: 2014Q3-2020Q4

CDP-INFR-57
Monthly Averages: 700 bar Fills >1 kg with Pre-Cool of -40°C
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Created: Aug-04-21 11:58 AM | Data Range: 2014Q3-2020Q4
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CDP-INFR-53
Maintenance Cost per kg of Hydrogen Dispensed

Maintenance Costs Per kg Dispensed Over Time - Retail Stations
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Created: Oct-26-21 10:53 AM | Data Range: 2014Q3-2020Q4
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*Each color represents a unique station. 1 data points excluded that were over $1000/kg



82

CDP-INFR-73
Histogram of Monthly Maintenance Costs

Histogram of Monthly Maintenance Costs - Retail Stations
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Created: Nov-11-21  2:31 PM | Data Range: 2014Q3-2020Q4
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CDP-INFR-89
Hydrogen Price by Quarter

Hydrogen Price by Quarter - Retail Stations
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Created: Sep-08-21  3:45 PM | Data Range: 2014Q3-2020Q4

Note: Data points above $20/kg have been filtered due to a
data reporting error.
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CDP-INFR-05
Dispensed Hydrogen per Day of Week

Dispensed Hydrogen per Day of Week - Retail Stations
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Created: Aug-19-21 11:39 AM | Data Range: 2014Q3-2020Q4
1. Chevron weekly demand profile "Hydrogen Delivery Infrastructure Options Analysis", T. Chen.



86

CDP-INFR-06
Station Capacity Utilization
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NREL cdpRETAIL_infr_06

Created: Aug-19-21  3:30 PM | Data Range: 2014Q3-2020Q4

Note: The focus for early stations
is geographic coverage

1
Station 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.
2

Maximum quarterly utilization considers all days; average daily utilization considers only days when at least one filling occ urred
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CDP-INFR-07
Station Usage

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

Station (Sorted By Increasing Station Capacity)

0

50

100

150

Fi
lls

 P
er

 D
ay

1

Station Usage - Retail Stations

Maximum Daily Fills

Average Daily Fills
2

NREL cdpRETAIL_infr_07

Created: Aug-19-21  3:44 PM | Data Range: 2014Q3-2020Q4

Note: The focus for early stations
is geographic coverage

1
Excludes hydrogen fills of < 0.5 kg

2
Average daily fills considers only days when at least one fill occurred
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CDP-INFR-19
Hydrogen Dispensed by Month
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Created: Dec-07-21 11:19 AM | Data Range: 2014Q3-2020Q4
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CDP-INFR-20
Number of Fills by Month
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Created: Dec-07-21 11:10 AM | Data Range: 2014Q3-2020Q4
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CDP-INFR-44
Station Capacity Utilization Trends by Quarter
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NREL cdpRETAIL_infr_44

Created: Sep-01-21  1:08 PM | Data Range: 2014Q3-2020Q4

1
 Trendlines connect continuous quarters 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.
2

 Average quarterly utilization only considers quarters when at least one fill occurred.
3

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

   system capacity, throughput, system reliability, and maintenance.  Actual daily usage may exceed nameplate capacity.



91

CDP-INFR-45
Station Amount Dispensed by Quarter
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NREL cdpRETAIL_infr_45

Created: Aug-05-21  5:38 PM | Data Range: 2014Q3-2020Q4

1
 Trendlines connect continuous quarters 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.
2

 Average quarterly amount only considers quarters when at least one fill occurred.
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CDP-INFR-46
Days with Fills by Quarter
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Created: Aug-05-21  5:18 PM | Data Range: 2014Q3-2020Q4

1
 Trendlines connect continuous quarters of operation for a single station. Gaps in trendlines represent quarters in which 

   a station had no fills or was missing data. Each station is represented by a unique color.
2

 The average percent of days with fills only considers quarters in which at least one fill occurred. Stations with no filling  days 

   in a quarter are excluded from the average for that quarter. All stations with at least one fill in a quarter are given eq ual weight

   when calculating the average for the quarter.
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CDP-INFR-47
Summary of Station Usage Statistics
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Created: Aug-05-21  4:51 PM | Data Range: 2014Q3-2020Q4

1
Station nameplate capacity is as reported to NREL and reflects a variety of system design considerations including:

  system capacity, throughput, system reliability, and maintenance.  Actual daily usage may exceed nameplate capacity.
2

Average quarterly utilization only considers days when at least one fill occured.
3

Utilization is calculated by dividing the quarterly amount dispensed by the stations nameplate capacity.
4

Only quarters with fills are included.
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CDP-INFR-80
Daily Fueling Amounts by Station
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Note: Some outliers clipped.
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CDP-INFR-82
Daily Fueling Amounts by Month
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Created: Sep-08-21  2:00 PM | Data Range: 2014Q3-2020Q4

*Daily average only includes days with fills. Outliers
more than 3 standard deviations are not shown.
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Created: Dec-02-21  3:32 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Ammonia

552 Total Samples; 544 Total Measured for Ammonia
--Not Detected Summary--

  Delivered Compressed 450 Sample(s) 82.7%
  Delivered Liquid 24 Sample(s) 4.4%
  Delivered Pipeline 2 Sample(s) 0.4%
  Delivered Compressed; Onsite Electrolysis 3 Sample(s) 0.6%
  Onsite Electrolysis 46 Sample(s) 8.5%
  Onsite SMR 15 Sample(s) 2.8%

  Onsite SMR;Compressed Delivery 2 Sample(s) 0.4%
  Biogas 2 Sample(s) 0.4%
Total Samples Not Detected 544 (100.0%)
 

--Not Measured Summary--

  Delivered Compressed 6 Sample(s)
  Delivered Compressed; Onsite Electrolysis 2 Sample(s)

No samples in detectable range

CDP-INFR-79
Impurities—Ammonia 
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NREL cdpRETAIL_infr_79
Created: Dec-02-21  3:30 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Argon

552 Total Samples; 542 Total Measured for Argon
--Not Detected Summary--

  Delivered Compressed 444 Sample(s) 81.9%
  Delivered Liquid 24 Sample(s) 4.4%
  Delivered Compressed; Onsite Electrolysis 4 Sample(s) 0.7%
  Onsite Electrolysis 46 Sample(s) 8.5%
  Onsite SMR 14 Sample(s) 2.6%

  Onsite SMR;Compressed Delivery 2 Sample(s) 0.4%
  Biogas 2 Sample(s) 0.4%
Total Samples Not Detected 536 (98.9%)
 

--Not Measured Summary--

  Delivered Compressed 8 Sample(s)
  Delivered Pipeline 1 Sample(s)
  Delivered Compressed; Onsite Electrolysis 1 Sample(s)

CDP-INFR-79
Impurities—Argon 
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Created: Dec-02-21  3:31 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Carbon
Dioxide

552 Total Samples; 543 Total Measured for Carbon Dioxide
--Not Detected Summary--

  Delivered Compressed 445 Sample(s) 82.0%
  Delivered Liquid 24 Sample(s) 4.4%
  Delivered Pipeline 2 Sample(s) 0.4%
  Delivered Compressed; Onsite Electrolysis 3 Sample(s) 0.6%
  Onsite Electrolysis 46 Sample(s) 8.5%
  Onsite SMR 15 Sample(s) 2.8%

  Onsite SMR;Compressed Delivery 2 Sample(s) 0.4%
  Biogas 2 Sample(s) 0.4%
Total Samples Not Detected 539 (99.3%)
 

--Not Measured Summary--

  Delivered Compressed 8 Sample(s)
  Delivered Compressed; Onsite Electrolysis 1 Sample(s)

CDP-INFR-79
Impurities—Carbon Dioxide 
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Created: Dec-02-21  3:31 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Carbon
Monoxide

552 Total Samples; 545 Total Measured for Carbon Monoxide
--Not Detected Summary--

  Delivered Compressed 443 Sample(s) 81.3%
  Delivered Liquid 24 Sample(s) 4.4%
  Delivered Pipeline 2 Sample(s) 0.4%
  Delivered Compressed; Onsite Electrolysis 3 Sample(s) 0.6%
  Onsite Electrolysis 46 Sample(s) 8.4%
  Onsite SMR 14 Sample(s) 2.6%

  Onsite SMR;Compressed Delivery 2 Sample(s) 0.4%
  Biogas 2 Sample(s) 0.4%
Total Samples Not Detected 536 (98.3%)
 

--Not Measured Summary--

  Delivered Compressed 5 Sample(s)
  Delivered Compressed; Onsite Electrolysis 2 Sample(s)

CDP-INFR-79
Impurities—Carbon Monoxide 



101

0-1 1-2 2-1
0

10
-50

50
-10

0

10
0-1

50

15
0-2

00
> 2

00

Measured Impurity [ppb]

0%

5%

10%

15%

20%

25%

30%

Pe
rc

en
ta

ge
 o

f M
ea

su
re

d 
of

 S
am

pl
es

nd
 d

et
. l

im
 =

 1
 p

pb

nd
 d

et
. l

im
 =

 2
 p

pb

nd
 d

et
. l

im
 =

 5
 p

pb

nd
 d

et
. l

im
 =

 1
0 

pp
b

nd
 d

et
. l

im
 =

 1
00

 p
pb

SA
EJ

27
19

 L
im

it 
= 

20
0 

pp
b

Delivered Compressed
Delivered Liquid
Delivered Pipeline
Delivered Compressed; Onsite Electrolysis
Onsite Electrolysis
Onsite SMR
Onsite SMR;Compressed Delivery
Biogas

NREL cdpRETAIL_infr_79
Created: Dec-02-21  3:31 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) -
Formaldehyde

552 Total Samples; 549 Total Measured for Formaldehyde
--Not Detected Summary--

  Delivered Compressed 333 Sample(s) 60.7%
  Delivered Liquid 14 Sample(s) 2.6%
  Delivered Pipeline 2 Sample(s) 0.4%
  Delivered Compressed; Onsite Electrolysis 2 Sample(s) 0.4%
  Onsite Electrolysis 20 Sample(s) 3.6%
  Onsite SMR 13 Sample(s) 2.4%

  Biogas 2 Sample(s) 0.4%
Total Samples Not Detected 386 (70.3%)
 

--Not Measured Summary--

  Delivered Compressed 1 Sample(s)
  Delivered Compressed; Onsite Electrolysis 2 Sample(s)

CDP-INFR-79
Impurities—Formaldehyde 
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NREL cdpRETAIL_infr_79
Created: Dec-02-21  3:32 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Formic
Acid

552 Total Samples; 405 Total Measured for Formic Acid
--Not Detected Summary--

  Delivered Compressed 337 Sample(s) 83.2%
  Delivered Liquid 22 Sample(s) 5.4%
  Delivered Pipeline 2 Sample(s) 0.5%
  Delivered Compressed; Onsite Electrolysis 1 Sample(s) 0.2%
  Onsite Electrolysis 26 Sample(s) 6.4%
  Onsite SMR 13 Sample(s) 3.2%

  Onsite SMR;Compressed Delivery 2 Sample(s) 0.5%
  Biogas 2 Sample(s) 0.5%
Total Samples Not Detected 405 (100.0%)
 

--Not Measured Summary--

  Delivered Compressed 119 Sample(s)
  Delivered Liquid 2 Sample(s)
  Delivered Compressed; Onsite Electrolysis 4 Sample(s)
  Onsite Electrolysis 20 Sample(s)
  Onsite SMR 2 Sample(s)

No samples in detectable range

CDP-INFR-79
Impurities—Formic Acid
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NREL cdpRETAIL_infr_79
Created: Dec-02-21  3:30 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Helium

552 Total Samples; 531 Total Measured for Helium
--Not Detected Summary--

  Delivered Compressed 418 Sample(s) 78.7%
  Delivered Liquid 24 Sample(s) 4.5%
  Delivered Pipeline 2 Sample(s) 0.4%
  Delivered Compressed; Onsite Electrolysis 3 Sample(s) 0.6%
  Onsite Electrolysis 44 Sample(s) 8.3%
  Onsite SMR 13 Sample(s) 2.4%

  Onsite SMR;Compressed Delivery 2 Sample(s) 0.4%
  Biogas 2 Sample(s) 0.4%
Total Samples Not Detected 508 (95.7%)
 

--Not Measured Summary--

  Delivered Compressed 17 Sample(s)
  Delivered Compressed; Onsite Electrolysis 2 Sample(s)
  Onsite Electrolysis 2 Sample(s)

CDP-INFR-79
Impurities—Helium 
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NREL cdpRETAIL_infr_79
Created: Dec-02-21  3:32 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Methane

552 Total Samples; 541 Total Measured for Methane
--Not Detected Summary--

  Delivered Compressed 218 Sample(s) 40.3%
  Delivered Liquid 24 Sample(s) 4.4%
  Delivered Compressed; Onsite Electrolysis 3 Sample(s) 0.6%
  Onsite Electrolysis 44 Sample(s) 8.1%
  Onsite SMR 6 Sample(s) 1.1%

  Onsite SMR;Compressed Delivery 2 Sample(s) 0.4%
Total Samples Not Detected 297 (54.9%)
 

--Not Measured Summary--

  Delivered Compressed 8 Sample(s)
  Delivered Pipeline 1 Sample(s)
  Delivered Compressed; Onsite Electrolysis 2 Sample(s)

CDP-INFR-79
Impurities—Methane
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Created: Dec-02-21  3:30 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Nitrogen

552 Total Samples; 543 Total Measured for Nitrogen
--Not Detected Summary--

  Delivered Compressed 423 Sample(s) 77.9%
  Delivered Liquid 24 Sample(s) 4.4%
  Delivered Compressed; Onsite Electrolysis 1 Sample(s) 0.2%
  Onsite Electrolysis 30 Sample(s) 5.5%
  Onsite SMR 9 Sample(s) 1.7%

  Onsite SMR;Compressed Delivery 2 Sample(s) 0.4%
  Biogas 2 Sample(s) 0.4%
Total Samples Not Detected 491 (90.4%)
 

--Not Measured Summary--

  Delivered Compressed 8 Sample(s)
  Delivered Pipeline 1 Sample(s)

CDP-INFR-79
Impurities—Nitrogen 
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NREL cdpRETAIL_infr_79
Created: Dec-02-21  3:29 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Oxygen

552 Total Samples; 162 Total Measured for Oxygen
--Not Detected Summary--

  Delivered Compressed 130 Sample(s) 80.2%
  Delivered Liquid 6 Sample(s) 3.7%
  Delivered Pipeline 1 Sample(s) 0.6%
  Onsite Electrolysis 10 Sample(s) 6.2%
  Onsite SMR 7 Sample(s) 4.3%

  Onsite SMR;Compressed Delivery 2 Sample(s) 1.2%
  Biogas 2 Sample(s) 1.2%
Total Samples Not Detected 158 (97.5%)
 

--Not Measured Summary--

  Delivered Compressed 325 Sample(s)
  Delivered Liquid 18 Sample(s)
  Delivered Compressed; Onsite Electrolysis 3 Sample(s)
  Onsite Electrolysis 36 Sample(s)
  Onsite SMR 8 Sample(s)

CDP-INFR-79
Impurities—Oxygen 
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Created: Dec-02-21  3:32 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) -
Particulate Concentration

552 Total Samples; 9 Total Measured for Particulate
Concentration
--Not Detected Summary--

  Delivered Compressed 1 Sample(s) 11.1%
Total Samples Not Detected 1 (11.1%)
 

--Not Measured Summary--

  Delivered Compressed 448 Sample(s)
  Delivered Liquid 24 Sample(s)
  Delivered Pipeline 2 Sample(s)
  Delivered Compressed; Onsite Electrolysis 5 Sample(s)
  Onsite Electrolysis 46 Sample(s)
  Onsite SMR 14 Sample(s)

  Onsite SMR;Compressed Delivery 2 Sample(s)
  Biogas 2 Sample(s)

CDP-INFR-79
Impurities—Particulate Concentration 
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NREL cdpRETAIL_infr_79
Created: Dec-02-21  3:32 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Total
Halogenates

552 Total Samples; 506 Total Measured for Total Halogenates
--Not Detected Summary--

  Delivered Compressed 319 Sample(s) 65.9%
  Delivered Liquid 23 Sample(s) 4.8%
  Delivered Pipeline 2 Sample(s) 0.4%
  Delivered Compressed; Onsite Electrolysis 3 Sample(s) 0.6%
  Onsite Electrolysis 36 Sample(s) 7.4%
  Onsite SMR 14 Sample(s) 2.9%

  Onsite SMR;Compressed Delivery 2 Sample(s) 0.4%
  Biogas 2 Sample(s) 0.4%
Total Samples Not Detected 401 (79.2%)
 

--Not Measured Summary--

  Delivered Compressed 40 Sample(s)
  Delivered Compressed; Onsite Electrolysis 2 Sample(s)
  Onsite Electrolysis 4 Sample(s)

CDP-INFR-79
Impurities—Total Halogenates 
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NREL cdpRETAIL_infr_79
Created: Dec-02-21  3:29 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Total
Hydrocarbons

552 Total Samples; 549 Total Measured for Total
Hydrocarbons
--Not Detected Summary--

  Delivered Compressed 430 Sample(s) 78.3%
  Delivered Liquid 24 Sample(s) 4.4%
  Delivered Pipeline 1 Sample(s) 0.2%
  Delivered Compressed; Onsite Electrolysis 3 Sample(s) 0.5%
  Onsite Electrolysis 42 Sample(s) 7.7%
  Onsite SMR 13 Sample(s) 2.4%

  Onsite SMR;Compressed Delivery 2 Sample(s) 0.4%
  Biogas 2 Sample(s) 0.4%
Total Samples Not Detected 517 (94.2%)
 

--Not Measured Summary--

  Delivered Compressed 1 Sample(s)
  Delivered Compressed; Onsite Electrolysis 2 Sample(s)

Notes for exceeding SAE J2719 Limits:
Ok for Total HC  = 3.2 (Methane = 3.2 ok per SAEJ2719)

CDP-INFR-79
Impurities—Total Hydrocarbons 
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NREL cdpRETAIL_infr_79
Created: Dec-02-21  3:31 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Total
Sulfur

552 Total Samples; 514 Total Measured for Total Sulfur
--Not Detected Summary--

  Delivered Compressed 412 Sample(s) 80.2%
  Delivered Liquid 24 Sample(s) 4.7%
  Delivered Pipeline 1 Sample(s) 0.2%
  Delivered Compressed; Onsite Electrolysis 3 Sample(s) 0.6%
  Onsite Electrolysis 42 Sample(s) 8.2%
  Onsite SMR 14 Sample(s) 2.7%

  Onsite SMR;Compressed Delivery 2 Sample(s) 0.4%
  Biogas 2 Sample(s) 0.4%
Total Samples Not Detected 500 (97.3%)
 

--Not Measured Summary--

  Delivered Compressed 34 Sample(s)
  Delivered Compressed; Onsite Electrolysis 2 Sample(s)
  Onsite Electrolysis 2 Sample(s)

CDP-INFR-79
Impurities—Total Sulfur 
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Created: Dec-02-21  3:29 PM | Data Range: 2015Q4-2020Q4

Impurities (Retail Stations) - Water

552 Total Samples; 551 Total Measured for Water
--Not Detected Summary--

  Delivered Compressed 2 Sample(s) 0.4%
  Delivered Pipeline 1 Sample(s) 0.2%
Total Samples Not Detected 3 (0.5%)
 

--Not Measured Summary--

  Delivered Compressed; Onsite Electrolysis 1 Sample(s)

CDP-INFR-79
Impurities—Water 
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Avg for Monthly Dispensed >3000 kg H2 [kWh/kg]

Compressed Delivery 2.76

Delivered Pipeline 6.16

Liquid Delivery 4.12

Onsite Electrolysis;Compressed Delivery NaN

Onsite SMR;Compressed Delivery NaN

CDP-INFR-78
Station Energy per kg Dispensed
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