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Cumulative Number of Stations

Cumulative Stations - Retail Stations
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Hydrogen Stations by Type

Hydrogen Station Type - Retail Stations
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Hydrogen Station Timeline

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
- 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

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

45

- an unplanned hydrogen release insufficient to sustain a flame, and does not accumulate in sufficient quantity to ignite
E& NREL cdpRETAIL_infr_31

Created: Jan-14-20 9:54 AM | Data Range: 2014Q3-20190Q3
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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
- 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
- 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

E& NREL cdpRETAIL_infr_32

Created: Jan-14-20 9:56 AM | Data Range: 2014Q3-20190Q3
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Safety Reports by Quarter

Safety Reports By Quarter - Retail Stations
T I T

I I I I I I I I
12 IlIncident
[__INear Miss
o Il Minor H2 Leak
510
o
4]
(14
28
2
(3]
v -
e
(o]
®
a 4
S
2
2
0" 5 3 & & & & 5 P
S TS
IR N N N SN SR
v v Vv Vv v v Vv Vv Vv v
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)
ANear Miss is:
m - an event that under slightly different circumstances could have become an incident
NREL cdpRETAIL_infr_33 - any hydrogen release sufficient to sustain a flame if ignited
Created: Jan-14-20 9:58 AM | Data Range: 2014Q3-20190Q3 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

- 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
- 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
E& NREL cdpRETAIL_infr_34

Created: Jan-14-20 9:50 AM | Data Range: 2014Q3-20190Q3
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Mean Fills per Hydrogen Leak

Mean Fills per H2 Leak - Retail Stations
4500 T T

4000

Station Average: 890 Fills per H2 Leak. n

3500 |- 10 of 35 stations did not report leaks.

3000 n

2500 - n

2000 a

1500

Mean Fills per H2 Leak

1000

500

0

0 5 10

NREL cdpRETAIL_infr_48 Statl on

Created: Jan-13-20 8:36 PM | Data Range: 2014Q3-20190Q3

NREL | 13



CDP-INFR-54

Mean Hydrogen Dispensed per Hydrogen Leak

Mean H2 Dispensed (kg) per Leak - Retail Stations
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Maintenance by Known Equipment Type

Maintenance by Known Equipment Type - Retail Stations
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MISGC includes the following failure modes: feedwater, stanchion, aux,
electrolyzer, purifier, reformer, safety, thermal management, storage,
electrical, air, other

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

— Maintenance by Equipment Type by Quarter - Retail Stations
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Createc: Jan-14-20 5:25 P\ | Data Range: 201403-201903 Number at bottormn 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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Maintenance Labor Hours per Event

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

Equipment Category Repair Time - Retail Stations
I I I

10

A
=
o
=
Q
£ ] _
e 5 =1 . i
o] ° — °
n [ ]
) e 1—
- L]
= L | o = — —
8 E = |
&, Q I | 1
0 | | | | \ | T | | \ | | | | \ | |
& o & & » & VI S S U Y S A
PG E ST FEETE L LLRE
SRS q)f" N & N & &N K
00 & @ \'e @?’
Q’V ?? é N <— 75" Percentils
0 @v <«€— Mean
&
«‘2\ «— Median

«<— 25" percentils
NREL cdpRETAIL_infr_23

Created: Jan-14-20 7:39 PM | Data Range: 2014Q3-2018Q3

NREL | 19



CDP-INFR-24

Failure Modes for Top Equipment Categories

Failure Modes for Top Equipment Categories - Retail Stations
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Compressor Monthly Maintenance

Compressor Monthly Maintenance - Retail Stations
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Maintenance Labor Hours by Quarter

Maintenance Labor Hours By Quarter - Retail Stations
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Maintenance Costs Over Time

Maintenance Costs Over Time - Retail Stations
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Mean Fills Between Failures

CDP-INFR-49

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

5 T T T T R T T P [ [ [ |
I Entire history
: - P [ ILast 20% of events
45 ‘ Instantaneous MTBF improved for 22 of 35 sites for the last 20% of events. * 'éa“;z:mo:y k ||
* e laital
. & X 1000 I:stan aneous MTBF (Fills} |
i
s 2. ' -
= 55—5 500 1 -
5 0 * s | &2
s * S et ., gs
2255 x * 0 I Fill I y £
n'E s
g L 2 * |
< *
7]
1.5 & =
* i
oy — e——e——
| ¥ Lo
© .S
cp
0 | I] | | | | | | | | n H rl I I | | | | Y E 8
123 456789 10111213141516171819202122232425262728293 3132333435
::;:':; 191 43 11 106 -53 14:1 -50‘ 6 -su‘ 42| 16| 56 25 0| 122 135 -34 2u 392 - 33 4| 25 -5 52 -2 19 47 27 zu‘ 3| 24 28 71| -36

Sites sorted by Increasing Age
Fills

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

NREL cdpRETAIL_infr_50 2. % change in instantaneous mean Fills between failures
Created: Jan-14-20 6:53 PM | Data Range: 20140Q3-2019Q3

NREL | 25



CDP-INFR-51

Mean Amount Dispensed Between Failures

Mean H2 Dispensed Between Failures (kg) - Retail Stations
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Reliability Growth by Amount Dispensed

Overall Site Reliability Growth By H2 Dispensed (kg) - Retail Stations
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CDP-INFR-59

Historical Failure Rate by Fills

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

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

Maintenance Causes and Effects: Chiller (Entire)

Maintenance Causes and Effects - Retail Stations
Preventative Maintenance accounted for 11% of all events

S Ubsystem 2 C H | LLER Suppressed in the plot to show detail for other causes.
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Maintenance Causes and Effects: Chiller (Valve)

Maintenance Causes and Effects - Retail Stations

Subsystem: CHILLER
Component: VALVE
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CDP-INFR-66

Maintenance Causes and Effects: Chiller (Refrigerant)

Maintenance Causes and Effects
Preventative Maintenance accounted for 39% of all events

Suppressed in the plot to show detail for other causes.
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CDP-INFR-67

Maintenance Causes and Effects: Dispenser (Entire)

Maintenance Causes and Effects - Retail Stations
Preventative Maintenance accounted for 25% of all events

S Ubsyste m.: DIS PE N S ER Suppressed in the plot to show detail for other causes.
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CDP-INFR-68

Maintenance Causes and Effects: Dispenser (Nozzle)

Maintenance Causes and Effects - Retail Stations
Subsystem: DISPENSER

Preventative Maintenance accounted for 5% of all events.
Suppressed in the plot to show detail for cther causes.
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CDP-INFR-69

Maintenance Causes and Effects: Dispenser (Fitting)

Maintenance Causes and Effects - Retail Stations
Preventative Maintenance accounted for 0% of all events.

S Ubsystem 2 DlSPE NSER Suppressed in the plot to show detail for other causes.
Component: FITTING

100

80

60

40

% of Events

20

FAILED PART
ALARM
FUNCTIONALITY LOST
H2 LEAK

LOOSE MECHANICAL

MATERIAL DEFORM/DEGRADE/FATIGUE

UNDETERMINED
NA

UNDETERMINED

TIGHT

UPGRADE
Causes Effects

E& NREL cdpRETAIL_infr_69

Created: Jan-14-20 1:57 PM | Data Range: 2014Q3-2018Q3

NREL | 35



CDP-INFR-70

Maintenance Causes and Effects: Compressor (Entire)

Maintenance Causes and Effects - Retail Stations
Preventative Maintenance accounted for 31% of all events

Suppressed in the plot to show detail for other causes.

Subsystem: COMPRESSOR
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CDP-INFR-71

Maintenance Causes and Effects: Compressor (Piston)

Maintenance Causes and Effects - Retail Stations
Preventative Maintenance accounted for 6% of all events.

S Ubsystem = COM P RESSOR Suppressed in the plot to show detail for other causes.
Component: PISTON
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CDP-INFR-72

Maintenance Causes and Effects: Compressor (Valve)

Maintenance Causes and Effects - Retail Stations
Preventative Maintenance accounted for 2% of all events

S ubsystem 2 COM P RESSOR Suppressed in the plot to show detail for other causes.
Component: VALVE
25
20

15 |

-
=]

% of Events

(1]
L

]

END OF LIFE
FAILED PART

LOOSE MECHANICAL ALARM

EQUIPMENT DAMAGED

MATERIAL DEFORM/DEGRADE/FATIGUE _ EQUIPMENT C
UNDETERMINED L
DESIGN FLAW FLUID LEAK NON-H2
FUNCTIONALITY LOST

NA H2 LEAK
OPERATOR ERROR NA

PRESSURE LOSS SHUTDOWN HIGH

UPGRADE UNDETERMINED
MANUFACTURING DEFECT WAR\deENII_%% HIGH
Causes METAL FATIGUE Effects

NREL cdpRETAIL_infr_72
Created: Jan-14-20 2:04 PM | Data Range: 20140Q3-20119Q3

NREL |

38



Performance




CDP-INFR-01
Hydrogen Dispensed by Quarter

Hydrogen Dispensed By Quarter - Retail Stations

Cumulative Hydrogen Dispensed = 2,107,471 kg
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CDP-INFR-58
Hydrogen Fills by Quarter

Hydrogen Fills By Quarter - Retail Stations

Cumulative Fuelings = 724,771

By Year
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CDP-INFR-81

Hydrogen Dispensed by Region

Hydrogen Dispensed By Region - Retail Stations

250 -Northern California Cumulative Hydrogen Dispensed
Esouthern California Northern California = 733,125 kg

[Iconnector California Southern California = 1,287,176 kg
By Year Connector California = 87,170 kg
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CDP-INFR-02

Histogram of Fueling Rates

Histogram of Fueling Rates
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CDP-INFR-03

Histogram of Fueling Times

Histogram of Fueling Times
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CDP-INFR-04

Histogram of Fueling Amounts

Histogram of Fueling Amounts
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CDP-INFR-08

Time Between Fueling

Histogram of Time Between Fuelings - Retail Stations
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CDP-INFR-09

Fueling Final Pressures

% of Fueling Events
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CDP-INFR-12

Fueling Rates 350 bar vs. 700 bar

Histogram of Fueling Rates
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CDP-INFR-90

Hydrogen Dispensed by Quarter and Pressure

Hydrogen Dispensed by Quarter and Pressure- Retail Stations

H2 Amoun
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Created: Jan-13-20 10:40 PM | Data Range: 201403-201903
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CDP-INFR-13

Number of Fueling Events per Hour

Number of Fuelings Per Hour - Retail Stations
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CDP-INFR-14

Hydrogen Dispensed per Hour

Hydrogen Dispensed Per Hour - Retail Stations
T I I
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Created: Jan-13-20 7:12 PM | Data Range: 20140 3-20190Q3
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CDP-INFR-15

Number of Fills by Time of Day

Number of Fueling Events per Time of Day - Retail Stations
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Created: Jan-13-20 7:36 PM | Data Range: 2014Q3-20190Q3 X X X
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

Fueling Amounts per Time of Day - Retail Stations
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CDP-INFR-88a

Fueling Profile by Day and Hour: Connector/Destination Stations

Fueling Amounts by Day and Hour - Retail Stations - Connector/Destination California
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NREL cdpRETAIL_infr_BBa
Created: Jan-14-20 12:31 PM | Data Range: 201403-201903

*Chevron gasoline profile "Hydrogen Delivery Infrastructure Options Analysis", T. Chen, 2008.
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CDP-INFR-88c

Fueling Profile by Day and Hour: Southern California

Fueling Amounts by Day and Hour - Retail Stations - Southern California
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Created: Jan-14-20 12:44 PM | Data Range: 201403-201903

*Chevron gasoline profile "Hydrogen Delivery Infrastructure Options Analysis", T. Chen, 2008.
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CDP-INFR-91

Missed Fuel Opportunity (Q1 2019)

Missed Fuel Opportunity during Q1 of 2019 for 30 stations (21,737 kg)
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‘&; i e Pl Bl Missed Opportunity per minute (kg)

Creaber- Jan-15-90 1250 P | Dats Range: 201402201 902 *The minute fill profile was taken as an average from an hourdy totsl.
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CDP-INFR-91

Missed Fuel Opportunity (Q2 2019)

Missed Fuel Opportunity during Q2 of 2019 for 30 stations (80,446 kg)
T T
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Crmated: Janr03-20 352 FM | Dets Range: 201 402-0015G2 *The minute fill profile was taken as an average from an hourdy total.
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CDP-INFR-91

Missed Fuel Opportunity (June 2019)

Missed Fuel Opportunity for June of Q2 of 2019 for 30 stations (50,537 kg)
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*Theminutefill profilewas takenas an average from an hourly total.
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CDP-INFR-91

Missed Fuel Opportunity (Q3 2019)

Missed Fuel Opportunity during Q3 of 2019 for 26 statlons (60,447 kg)
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CDP-INFR-93

Station Unavailability

2019 Station Unavailability for 42 stations
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CDP-INFR-95

Station Unavailability: Northern California

2019 Station Unavailability for 19 stations
Northern Callfornla

Time of Day
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CDP-INFR-95

Station Unavailability: Southern California

2019 Station Unavailability for 23 stations
Southern Callfornla
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CDP-INFR-17

Fueling Rates by Amount Filled

i x10% Histogram of Fueling Rates by Amounts - Retail Stations
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CDP-INFR-18

Fueling Amount vs. Time to Fill

Histogram of Fueling Amount Vs Time - Retail Stations
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CDP-INFR-56

Fueling Rates by Year
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CDP-INFR-55

Monthly Averages: All Fills
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CDP-INFR-57

Monthly Averages: 700 bar Fills >1 kg with Pre-Cool of -40°C
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CDP-INFR-39

Compressor Operation Cost

Compressor Operation Cost - Retail Stations
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Created: Jan-13-20 8:10 PM | Data Range: 2014Q3-20190Q3
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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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Histogram of Monthly Maintenance Costs

Histogram of Monthly Maintenance Costs - Retail Stations
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CDP-INFR-89

Hydrogen Price by Quarter
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CDP-INFR-05

Dispensed Hydrogen per Day of Week

Dispensed Hydrogen per Day of Week - Retail Sta’f‘ﬁ%'}sstation avg: 176 kg
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1. Chevron weekly demand profile "Hydrogen Delivery Infrastructure Options Analysis”, T. Chen.
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CDP-INFR-06

Station Capacity Utilization

Station Capacity Utilization - Retail Stations
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CDP-INFR-07

Station Usage
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CDP-INFR-44

Station Capacity Utilization Trends by Quarter

o Station Capacity Utilization Trends by Quarter - Retail Stations

e Py P |
Individual Site 5 |Number of Stations = 37 Total|
== Average of All Sites’

|Total H2 Dispensed = 2,107,466 kg|
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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 unigue color.
2 Average guarterly utilization only considers guarters when at least one fill occurred.
NREL cdpRETAIL _infr_44 3 Station nameplate capacity is as reported to NREL and reflects a variety of system design considerations including:
Created: Jan-13-20 8:16 PM | Data Range: 2014Q3-2019Q3 system capacity, throughput, system reliability, and maintenance. Actual daily usage may exceed nameplate capacity.
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CDP-INFR-45

Station Amount Dispensed by Quarter

5 <104 Station Amount Dispensed by Quarter - Retail Stations
I::;:::;;alfs::;ites‘ |Number of Stations = 37 Total|
18| [Total H2 Dispensed = 2,107,466 kg
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" 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.

NREL cdpRETAIL_infr_45
Created: Jan-13-20 8:25 PM | Data Range: 20140Q3-20190Q3
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CDP-INFR-46

Days with Fills by Quarter

Days with Fills by Quarter - Retai
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Created: Jan-13-20 8:33 PM | Data Range: 2014Q3-2018Q3 when calculating the average for the quarter.
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CDP-INFR-47

Summary of Station Usage Statistics

Summary of Station Usage Statistics - Retail Stations*
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‘—‘(— Maximum
'Station nameplate capacity is as reported to NREL and reflects a variety of system design considerations including:

: : . <— 75" percentile
system capacity, throughput, system reliability, and maintenance. Actual daily usage may exceed nameplate capacity.

2.|f>ufera|ge quarterly utilization only considers days when at least one fill occured. «€— Mean
3Utilization is calculated by dividing the quarterly amount dispensed by the stations nameplate capacity.
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<— 25" percentile
—— < Minimum
NREL cdpRETAIL_infr_47
Created: Jan-14-20 3:59 PM | Data Rangs: 2014Q3-2019Q3
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CDP-INFR-80

Daily Fueling Amounts by Station

Daily Fueling Amounts - Retail Stations
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*Daily Average per Month\

NREL | 84

*Daily average only includes days with fills.
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CDP-INFR-79

Impurities—Ammonia

Impurities (Retail Stations) - Ammonia

300 I I T
268 Total Si | H
e -DeI!ve red Compressed
Delivered Compressed 223 Sample(s) - Delivered qu uid
D elverd Fieke 4 Bt [IDelivered Pipeline
Onsite Electrolysis 24 Si le(s) N .
250 D;i\lr\:redeéc:;f:-sed;Ell‘:\“nzit:Electrclysws 3 Sample(s) -OnS.Ite EIeCtrOIySIS . it
Onsite SMR 5 Safpie(s) I Delivered Compressed; Onsite Electrolysis
—Not M d S = =
DZ\veﬁ::ngmp::»sm:dr; Sample(s) -Ons |te SM R
Delivered Compressed: Onsite Electrolysis 2 Sample(s) I
Q2
Q
n 200 a _
2 o
<3 a Q 2
E i =] [= % =8 ]
)] : =y Q. o -
& =Y o o =
vl “ - ~ s
o 120 ol I I 3 .
o E E E =
2 e Bl " N
el e ot
E A 7] @ =
=) iy =] o =) L
< 100 " o] ] < -
= c c [77]
50 -
0 | | | | | |
nd 0-10 10-20 20-40 40-60 60-80 80-100 > 100
NREL cdpRETAIL _infr_79 Measu red Impurity [ppb]

Created: Jan-14-20 4:43 PM | Data Range: 201504-201903

NREL | 86



CDP-INFR-79

Impurities—Argon

Impurities (Retail Stations) - Argon
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CDP-INFR-79

Impurities—Carbon Dioxide

Impurities (Retail Stations) - Carbon Dioxide

300 I I I
268 Total Sampl P
el -DeI!vered Compressed
Delivered Compressed 219 Sample(s) - Delivered quuld
Deliverad Liquid 8 Sampl 5 ; 5
D:::z::n P‘lqpillme 112&2&25) [Delivered Pipeline
Onsite Electrolysis 24 Sample(s) H i
250 D;i\lr\:redeéc:;fr:ﬁed;amnzit:Electrclysws 3 Sample(s) -OnS.Ite EIeCtrOIySIS . .
Onsite SMR 5 Sample(s I Delivered Compressed; Onsite Electrolysis
—Not Measured Summal .
Delivered Compressed 4 Sample(s) -OnSIte SMR
Delivered Compressed: Dnsite Electrolysis 1 Sample(s)
@ 200 E. n
5 Ee £ 2
oo a N
E brel - Q I
o S S £
15 150 nnu ] = 2|
= £ E £ >
= = = -
e e
E ® o @ =
=] T T T 7]
< 100 T T o < -
el = c w
50 -
0 | s — | | | | l |
nd 0-0.2 0.2-0.4 0.4-0.8 0.8-1 1-1.5 1.5-2 >2
NREL cdpRETAIL _infr_79 Measured Impunty [ppm]

Created: Jan-14-20 4:39 PM | Data Range: 201504-201903

NREL | 88



CDP-INFR-79

Impurities—Carbon Monoxide

Impurities (Retail Stations) - Carbon Monoxide
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CDP-INFR-79

Impurities—Formaldehyde

Impurities (Retail Stations) - Formaldehyde
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CDP-INFR-79

Impurities—Formic Acid

Impurities (Retail Stations) - Formic Acid
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CDP-INFR-79

Impurities—Helium

Impurities (Retail Stations) - Helium
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CDP-INFR-79

Impurities—Nitrogen

Impurities (Retail

Stations) - Nitrogen
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CDP-INFR-79

Impurities—Oxygen

Impurities (Retail Stations) - Oxygen
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CDP-INFR-79

Impurities—Particulate Concentration

Impurities (Retall Statlons) Partlculate Concentratlon
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Impurities—Total Halogenates

Impurities (Retail Stations) - Total Halogenates
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Impurities—Total Hydrocarbons

Impurities (Retail Stations) - Total Hydrocarbons
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Impurities—Water
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Compressor Energy
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Dispenser Energy
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Station Energy per kg Dispensed

Electricity Usage - Retail Stations
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Station Energy Cost per kg Dispensed

Electricity Cost per kg - Retail Stations
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CDP-INFR-84

Station Electricity Cost per kWh

Electricity Cost per kWh - Retail Stations
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CDP-INFR-85

Station Electricity Cost per kg Over Time

Electricity Cost per kg Over Time- Retail Stations
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Station Electricity Cost per kWh by Region
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Station Electricity Cost per kWh by Utility

Electricity Cost per kWh by Utility - Retail Stations
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