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Hydrogen Station Project Partners :@k

INFRASTRUCTURE

e Air Liquide

* Air Products

e C(California Air Resources Board
e C(California Energy Commission

e C(California State University Los
Angeles

* First Element

e Gas Technology Institute
* Linde

* H2 Frontier

* Proton OnSite

e Shell

 |IPHE and HySUT
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Hvdrogen.Stationssby: Type

Hydrogen Station Type

3 | | Deli d 'On-Site ther Proiecfe | | Retired
ivere n-Site Other Projects SFuture

30 MlOpen

g

525

©

& 20

S

515

L

:

> 10

5 NREL cdp_inkr_11
Created May-08-17 448 PM | Dala Rargs: 200805-201604

NATIONAL RENEWABLE ENERGY LABORATORY 6



CDP-INFR-27

Hvdrogen.StatiensFimeline

Hydrogen Station Timeline
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Safety (and Maintenance) Learnings

From.Safety-Reports Template

Alarms not communicated

Breakaway leak

Check compressor oil filter

Check integrity of delivered equipment
Compressor leaking at startup normal?

Does isolated leak need to shut down station?
Electrical glitch

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

Estop flooded prevented restart

False alarm - No Fire

Fill and leak check together caused shutdown - false
leak alarm

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

Freezing and thawing caused moisture in
communication connector

Frozen cooling block - defrost
HTO sensor fault

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

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

Loud popping could be relief valve
Mass balance alarm bug

Mass balance alarm caused by high ambient
temperature

Power Issue - 3 Phase

Predict service life better

Proper installation prevents leaks

Rain on sensor causing alarm

Regular inspection of compressor valves
Regular leak checks

Regular station inspection

Reset

Spider web obscuring sensor
Thermocouple failure shutdown station

Vibration from normal activity shutdown
dispenser

Vibration isolation

NATIONAL RENEWABLE ENERGY LABORATORY 9



CDP-INFR-31

Safety Reports-Primary Factors

Safety Reports Primary Factors

B Component Failure

Bl Design Flaw

B Environment (Weather, Power Disrupti
Il inadequate Training, Protocol, SOP
[linadequate/ Non-working Equipment
[MMaintenance Required

Incident

[CMischiefiVandalism
.'E‘ [ IMew Equipment Materials
@ : [_INot Defined
s Near Miss B Vibeation
w
Minor HZ2 Leak

1] 10 20 30 40 50 60 70
Number of Reports
An Incident is an event that resulls in:

- a lost time accident and/or injury to personnel

- damage/unplanned downtime for project equipment, facilities or property
- impact to the public or environmant

- any hydrogen release that unintentionally ignites

- release of any volatile, hydrogen containing compound (including the hydrocarbons used as commaon fueks)
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 redease insufficient to sustain a flame, and does not accumulate in sufficient quantity to ignite

MREL cdp_infr_11
Craaled Ape-20-17 1147 AM | Data Range: 200800-201604
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Safety Reports-by-Equipment Involved

Safety Reports By Equipment Involved

B Air System
BlDispenser

| |IMDispensing Nozzle
IH2 Compressor
Il H2 Storage

I Pipes, Fittings, Valves
[ Reformer

5

) | Seal

Near Miss [Isecurity Device

[ |software

[_|Thermal Management

Incident

Severity

Minor H2 Leak

0 10 20 30 40 50 60 70

Number of Reports

An Incident |5 an event that resulls in:
- a lost time accident and/or injury to personnel

- damage/unplanned downtime for project equipment, facilities or property
- impact to the public or environment

- any hydrogen release that unintentionally ignites

- release of any volatile, hydrogen containing compound (including the hydrocarbons used as comman fuels)
A Mear 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

NREL cdp_inkr_32
Craaled Apr-20-17 11:48 AM | Data Range: 200806-201604
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Safety Reports-by-Quarter

Safety Reports By Quarter
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Number of Safety Reports
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An Incident is an event that results in:
- @ bost ime accident and/or injury to personnel
- damage/unplanned downtime for project equipment, faciliies 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)
e A Mear 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:

MREL cdp_infr_33
Cragted Apr-Z0-17 11:42 AM | Data Range: 200806-201604
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Safety Reports-by-Event Description

Safety Reports By Event Description

B Equipment Malfunction

Bl H2 Release - Accumulation

| |IMH2 Release - No Accumulation
[H2 Release-Minor

[TINon-H2 Release

[ lother

[ |vandalism

Incident

Near Miss

Severity

Minor H2 Leak

0 10 20 30 40 50 60 70
Number of Reports
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 comman fuels)
A Near Miss is:

- an event that under slightly different circumstances could have become an incident
- any hydrogen release sufficient to sustain a flame if ignited
A Minor H2 Leak is:

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

NREL cdp_infr_34
Cragled Apr-20-17 11:37 AM | Data Range: 200806-201604
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Mean Fills.per-Hydrogen Leak

Mean Fills per Hz Leak
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Mean Hvdroe en Leak

Mean H2 Dispensed (kg) per Leak
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Maintenance:b

Maintenance by Equipment Type

Classified Events

Idispenser

Immpresscr

lentira
D safety
Dchil]er
I storage
I reformer

ItherrnaI management

5%

29%
8%

10%

P e . 67  Event Count

x NREL cdp_inkr_21
Cragled Apr-20-17 11:47 AM | Data Range: 201 101-201604

8%

8%

20%
27%

| MEEE includes the following fallure modes: stack, fuel, priorty panel,
electralyzer, stabon other, purifier, feedwaler, air, electrical, other

1. Total incledes class#fied events (plotted) and unclassified events.
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Maintenance.LaborHours pér Event

Infrastructure Maintenance Labor Hours per Event
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Equipment.Cate Repair Time

Equipment Category Repair Time
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Failure . Modes.forlop

Failure Modes for Top Equipment Categories

SAFETY 10%*

ipment Categories
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eaeo part

.H.ﬁ

.ﬂUT OF CALIBRATION
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Total Event Count
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NREL cdp_ink_34
Craated Apr-20-17 11:48 AM | Data Range: 201 101-201604

Total Labor Hours
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MIEC includes the folknwing falure modes: animal damage. oollision, communicibon
|, conammation, comecive maintenancs, debrs. desgn Naw, elednical breakarn, and
of 18, emimnmendal lacicrs, Tuld lamp. freazing, installalion amor. inspact irouble slarm
or report, level low, loose eectrical looss mechanical, maintenance emor, manufaciunng

delec], maledal deformidegradedatigee, moislure. na, operalor arod, oul of calimiion,
ovararpaaire powe oulageigualily, pressure oas, soflware bug, iress oulsds
design B, fight, vandalism, whration, alher

* Percentage of total events or hours.
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Maintenance

CompressorMeonthi

Compressor Monthly Maintenance

250 Overall Averages ' : '
14 hours per station per month. g
2 200 118 kg dispensed per maintenance hour. =
o '
g 150 =
T 1
_g 100 - \ =
[ |
- H
15 Overall Averages ' " ' J '
u 3 events per station per month. 1
‘E Inf kg dispensed per maintenance event.
I

Iﬂ 10+ f I

“E I|I I| fl |I

5 (|

| ! /I\

2 SERE .f |

E Xt |I r ﬁ /:,f ‘L_ f

a4 "n,l'l V . H i ‘*-. 7 .

IH *
0
= 2011 2D12 2D13 2ﬂ14 2{115 2&15 2017

NREL cdp_inkr_28
Craated Ap-20-17 11:45 AM | Data Range: 201101-201604

* 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.

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-28

Maintenance:LaborrHours by Month

Maintenance Labor Hours By Month
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Maintenance.Costs:Over Time

15 Maintenance Costs Over Time
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Mean Fills.BetweensFailures

Mean Fills Between Failures

-IMadialn Site|
300 | ILowest Site

Mean Fills Between Failures
=k . M =]
=] [4,] [=] o
=] [=] =] L=

o
o

KREL cdp_infr_48
Cragled: Apr-24-17 271 PM | Data Range: 20110 1-201604

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-50

Reliability.Growth:-byFills

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

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

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

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

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

Mean Fills per H2 Leak Over Time
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Mean Hvdroe

Mean Hz Dispensed Per Leak Over Time
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Maintenance.Causesand Effects: Safety (Entire

Maintenance Causes and Effects

Prevenlabee Marntenanoe acoounied for 93% of all events.
Suppressed in he plot to show detail for olher causes.
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Component: ENTIRE
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Cragled Apr-20-17 11:48 AM | Data Range: 201 101-201604
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Maintenance.Causesand Effects: Safet

Maintenance Causes and Effects

Subsystem: SAFETY
Component: SENSOR
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MREL cdp_inkr_B5
Cragled Apr-20-17 1147 AM | Data Range: 201 101-201604
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Prevenlabee Mantenanoe acoounied for 82% of all events.
Suppressed in he plot to show detail for olher causes.

b

UNDETERMIMED
WARNING HIGH
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Maintenance.Causes-and Effects: Safety (Software

Maintenance Causes and Effects

Subsystem: SAFETY
Component: SOFTWARE

Prevenlabee Marntenanoe acoounied for 71% of all events.
Suppressed in he plot to show detail for olher causes.
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MREL cdp_inkr_BE
Cragled Apr-20-17 11:40 AM | Data Range: 201 101-201604
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Maintenance Causes and Effects: Dispenser (Entire

Prevenlabee Mantenanoe acoounied for 4 1% of all events.
Suppressed in he plot to show detail for olher causes.

Maintenance Causes and Effects
Subsystem: DISPENSER
Component: ENTIRE
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Cragted Apr-Z0-17 11:30 AM | Data Range: 201 101-201604
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Maintenance.CausesandEffects: Dispenser

Maintenance Causes and Effects

Subsystem: DISPENSER
Component: VALVE

Preveniabye Mantenanoe accounked for 8% ol all evenis.
Suppressed in he plot to show detail for olher causes.
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Maintenance Causes and Effects: Dispenser (Software

Maintenance Causes and Effects

Subsystem: DISPENSER
Component: FITTING
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Causes Effects

H2 LEAK
Rty

UNDETERMINED

MNREL cdp_inkr_B83
Cragled Apr-Z0-17 11:44 AM | Data Range: 201 101-201604
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CDP-INFR-70

Maintenance Causes and Effects: Compressor (Entire

Maintenance Causes and Effects

Subsystem: COMPRESSOR
Component: ENTIRE

% of Events
=
Fa

DESIGN FLAW >y
ELECTRICAL BREAKER )\\
ENVIRONMENTAL FACTORS
FAILED PART
LOOSE MECHANICAL
MAINTENANCE ERROR
NA
OUT OF CALIBRATION
OVERTEMPERATURE
UNDETERMINED
UPGRADE
PRESSURE LOSS
COMMUNICATION ERROR
STRESS OUTSIDE DESIGN LIMIT
OPERATOR ERROR

Causes VIBRATION

MNREL cdp_ink_70
Cragled Apr-20-17 11:41 AM | Data Range: 201 101-201604
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/}H;TDDWH LOw
UNDETERMIMED

Prevenlabee Mantenanoe acoounied for 58% of all events.
Suppressed in he plot to show detail for olher causes.

LARM
EXCESSIVE NOISE
FJH LED TO START

FLUID LEAK NON-H2
FUNCTIONALITY LOST
HZ LEAK

WARNING HIGH
WARNING LOW
SHUTDOWN HIGH

Effects



CDP-INFR-71

Maintenance Causes and Effects: Compressor (Valve

Maintenance Causes and Effects

Subsystem: COMPRESSOR
Component: VALVE

Prevenlabee Mantenanoe acoounied for 18% of all events.
Suppressed in he plot to show detail for olher causes.

25

20 |

% of Events

e
DEBRIS
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FAILED PART \\

LOOSE MECHANICAL >\\

ALARM

MANUFACTURING DEFECT - EXCESSIVE MOIEE
MATERIAL DEFORM/DEGRADE/FATIGUE FUNCTIONALITY LOST
OUT OF CALIBRATION N HZ LEAK
UNDETERMINED - ﬂf"‘“ RETLAARNED
UPGRADE ™ WARNING HIGH
PRESSURE LOSS WARNING LOW
Causes OPERATOR ERROR Effects

NREL cdp_inkr_T1
Cragted Apr-Z0-17 11:30 AM | Data Range: 201 101-201604
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CDP-INFR-72

Maintenance.Causes-andEffects: Compressor

Maintenance Causes and Effects

Subsystem: COMPRESSOR
Component: SEAL
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40 .
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cﬂmnmrm*nﬂﬂ\)\“x} i
DEBRIS
ENVIRONMENTAL FACTORS
FAILED PART
MANUFACTURING DEFECT
MATERIAL DEFORM/DEGRADE/FATIGUE g
UNDETERMINED
UPGRADE
INSTALLATION ERROR
c auses Corrective Maintenance

MNREL cdp_inkr_T2
Cragled Apr-Z0-17 11:30 AM | Data Range: 201 101-201604

Prevenlabye Mantenanoe accounked for 7% ol all evenis.
Suppressed in he plot to show detail for olher causes.

N

- UNDETERMINED

-~

FLUID LEAK NON-HZ
FUNCTIONALITY LOST
H2 LEAK

SHUTDOWN LOW

Effects

NATIONAL RENEWABLE ENERGY LABORATORY






CDP-INFR-01
Hyvdrogen.Dispensedby Quarter

Hydrogen Dispensed By Quarter

Cumulative Hydrogen Dispensed = 202,364 kg
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By Year
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Crealed May-0B-17 427 PM | Diala Rangs: 200803201604 Note: Colors represent individual stations
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CDP-INFR-58
Hydrogen.Fills-by-Quarter

Hydrogen Fills By Quarter

Cumulative Fuelings = 75,433

By Year

2(]15] T I éa.z‘#n.;%
2015 : "ImE | 9,873 kg
2014  1mm 6845 kg
2013 7 Ml 6,383 kg
2012 1 . 7,164 kg
2011 "W 3539kg
2010 ' 1,233 kg
2009 : 1,119 kg
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Croaled May-08-17 515 PM | Dala Rarge: 200803201604 MNote: Colors represent individual stations

NATIONAL RENEWABLE ENERGY LABORATORY 43



CDP-INFR-81

Hydrogen.Dispensediby Region

Cumulative Hydrogen Dispensed
Northern California = 34,829 kg
Southern California = 157,552 kg
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CDP-INFR-02

Histogram.of:Fueling

Histogram of Fueling Rates

5 -
: ~—2020 MYRDD Target
- «=+ Ultimate MYRDD Target
4.5

66,433 Events
Average = 0.71 kg/min
2% >1.51 kg/min
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2.5 minute fill of
15 kg

Number of Fueling Events [1,000]
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NREL cdp_infr_02 Avg Fuel Rate (kg/min)

Crested: Maw-08-17 4:30 PM | Dals Rarge: 2005003-201604
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CDP-INFR-03

Histogram.ofFueling Fimes

Histogram of Fueling Times

10 -
a I . === 2020 MYRDD Target for Skg
= Average = 4.56 min ==« Ultimate MYRDD Target (5 kg in 2.5 min)
9L i 34% <3.3 min
: 18% <2.5 min
- v

Number of Fueling Events [1,000]

0
0 2 4 6 8 10 12 14 16 18 20

NREL cdlp_indr_o '
Craated: Mayw-D8-17 4:12 PM | Dals Rarge: 200803-201604 Tim'E l:fl"lll"l:}
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CDP-INFR-04

Histogram.of Fueling/Amounts

Histogram of Fueling Amounts

2.5 | Average =2.74 kg |
v

Number of Fueling Events [1,000]

0.5

] 0
‘lm 0 1 2 3 4 5 6 7
NREL cdp_infr_54 Amount Fueled (kg)

Crasted: May-08-17 434 PM | Dals Rarge: 200503-301604
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CDP-INFR-08

Time. BetweenFueling

Histogram of Time Between Fuelings

—15
3 Back < Fills Al Sites Combined
S —Individual Sites
e
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::. 10 = 11 % of fills are within 0-5 minutes of each other

‘a; T 73 % of fills have more than 20 minutes between them
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CDP-INFR-09

Fueling.Final-Pressures

Fueling Final Pressures

4r 350 bar Fills (200 to 450 bar) 700 bar Fills ( > 450 bar)
Average
& Nominal
35 L
o
2
3 =
Avg Final Pressure = 343 bar Avg Final Pressure = 753 bar
% of Fills > 3150 bar = 46% % of Fills > 700 bar = 80%

Mumber of Fills = 8382 Number of Fills = 53955

Pt
tn

% of Fueling Events
—k
(3] (X

0.5

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

Crealed May-08-17 4:44 PM | Dala Rargs: 200803 -201604 *The line at 450 bar separates 350 bar fills from 700 bar fills. 1t is shghtly over
the allowable 125% of nominal pressure (437.5 bar) from SAE J2601.

-
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CDP-INFR-12

Fueling Rates.350-barwvs:"700 bar

Histogram of Fueling Rates

— 350 vs 700 bar Fills : -

: 350 bar

E == T00 bar
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Croated May-08-17 4.48 PM | Dinla Rarge: 200803-201604
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CDP-INFR-13

Number.of Fuelin

Number of Fuelings Per Hour
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Croated May-08-17 4:48 PM | Dinla Rarga: 200803-201604
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CDP-INFR-14

Hvdrogen.Dispensed

Hydrogen Dispensed Per Hour
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Created May-08-17 4.51 PM | Diala Rarge: 200803-201604
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CDP-INFR-15

Number of Fueling Events per Time of Day

@ - IH2 Fueling
© Gasoline Profile’

TE Number Included
72,270 fills

L E=Y o =}]
] T T T

Number of Fills [% of Total]
[
I

T 2 3 4 & & T B8 9 1M M 1T213%M15 16 17 18 19 2 21 22 23 24
Time of Day [hours]

NREL cdp_infr_13

Cr M B-17 4:52 PM | Disla Ramga: 200806-201604
eated Mayd e Rangt ! 1. Friday Chevron profile *Hydrogen Dekvery Infrastructure Options Analysis®, T. Chen, 2008,
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CDP-INFR-16

Fueling Amounts per Time of Day

."“I

15 Amount Included
201,065 kg
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N I
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e

NREL cdp_infr_18
Croated May-08-17 454 PM | Dinla Rarge: 200803-201604
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CDP-INFR-17

Fueling Rates-by-Amount'Filled

Histrogram of Fueling Rates by Amounts
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CDP-INFR-18

— Histrogram of Fueling Amount Vs Time
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Cregiad May-08-17 457 PM | Disla Range: 200803201604
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CDP-INFR-56

Fueling Ratesby.-Year

Histogram of Fueling Rates

—-—2011
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===2020 MYRDD Target

=== Ultimate MYRDD Target

Year Avg(kg/min) %>1.51
2011 0.66 17%
2012 0.56 14%
2013 0.54 12%
2014 0,70 20%
2015 0.61 12%
2016 0.83 2%

By Year
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NREL cdp_infr_56 Avg Fuel Rate (kg/min)

Craated. May-08-17 512 PM | Dala Rarge: 200803-201604
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CDP-INFR-29

Monthly. Averages:»700 bar Fills >1 kg with Pre-Cool of -20°C

Monthly Averages for 700bar Fills >1kg with Pre-Cool of -20 C
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Craated Apr-Z0-17 1138 AM | Data Range: 200 101-201604
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CDP-INFR-55

Monthly. Averages:asAllFills

3 _ Monthly Averages for All _l_-‘ills
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CDP-INFR-57

Monthly.Avera with Pre-Cool of -40°C
5 Monthly Averages for 700bar Fills >1kg with Pre-Cool of -40 C (SAEJ2601)
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: NREL cdp_inkr_57

Craaled May-08-17 514 PM | Dala Rarge: 201406 -209604
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CDP-INFR-77

Fuel Temperature at Receptacle 30 s After Start of Fill

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

30 -
20 + .
E__ 10 + ~ .
5
s, -
g 0
a |
E-0f z
= i ;
E_ | o
e i 8
* [——————
=30 -
+ ]
=) - — L |
T40 T30 T20

Nominal Fuel Delivery Temperature

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

MREL cdp_ink_77
Craaled Apr-20-17 11:28 AM | Data Range: 20H404-201604
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CDP-INFR-39

Compressor-Operation Cost

Compressor Operation Cost
| |

70 | |

Average = 0.632 [$/ka]
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. NREL cop_ink_30 Electrical Energy Cost per kg [$/kg]

Cragled Apr-20-17 11:41 AM | Data Range: 201 101-201604
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CDP-INFR-40

Station.Costs:bysPail

Station Cost by Daily Capacity®
I I ]
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Creotad Doce 1 124 PM | Dt Range: 200901201603 *Based on budgeted daﬁﬁﬁﬁgfﬁ:’nﬂaﬂ' :;:dgdgssugs sl;r'uaarg? {5 M]
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CDP-INFR-41

Average StationsCostby Categor
Average Station Cost by Category

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

5% 4%
8%

. . General & Administration
. - Station™
. . Commissioning

! Data Reporting™*

84%

**Station includes: Hydrogen Equipment and Station Engineering, Design, Fabncation, Procurement, Site Preparation, Installation, and
Construction
*“**Data Reporting includes guarterly reporting on performance, operation and maintenance

‘Based on budgeted data from station awards (includes cost share)
Emmta. edp_infr_41

Craaled: Dec-16-16 12:36 PM | Data Range: 200801-201603
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CDP-INFR-42

Station.Cost

Station Cost"

5 . | | | I
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I [_ICost Share |
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-:: resied: Dec-16-16 12:38 PM | Daia Range: 200901-201603 ‘Based on budgeted data from station awﬁtatlﬂﬂs
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CDP-INFR-43

18 Station Cost by Type*
I T I L 1 1
Bl Total Budgeted Cost Share*
[ |Documented Cost Share™ 2
~{~CEC Award Range per Project
=4#-Cost Share** Range per Project
# Number of Projects
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in, MREL celp_infr_43 o © o
Cresied: Dec-16-16 208 P | Data Rarge: 200801-201603 = b= *Based on California Energy Commission data that includes costs reported through 201803,

4 ad
ot ) “*Cost share represents funding from sources outside CEC award.
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CDP-INFR-73

Monthly.MaintenancerCosts

Histogram of Monthly Maintenance Costs
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Craaled Apr-24-17 11:02 AM | Data Range: 201 101-201604
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CDP-INFR-53

Maintenance.Costperk en Dispensed

Maintenance Costs Per kg Dispensed Over Time
350 —r : | r |

[ |Average
* Individual Stations

300 - Overall Average: $24 per kg. + i
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WREL eelp_infr_53 *Each color represents a unigue station. 3 data points excluded that were over $1000/kg

Craaled. Apr-20-17 1137 AM | Dala Range. 201 107-201504
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Dispensed Fuel [% of total]
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MREL cdp_infr_05

Cragled May-08-17 4.38 PM | Dols Rarga: 200803-201604

CDP-INFR-05

Dispensed Hydrogen per Day of Week
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1. Chevron weeakly demand profile "Hydrogen Delrery Infrastructure Options Analysis®, T. Chen,
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CDP-INFR-06

Station.Capacity-Utilization

Station Capacity Utilization

250 -
@ Maximum Daily Utilization
S B Maximum Quarterly Utilization?
200 - .mrerage Daily Utilization?
’ Note: The focus for early stations
150 - is geographic coverage
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Capacity Utilization' [%]
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- : Station (Sorted By Increasing Station Capacity)
Station nameplate capacity reflects a variety of system design consderations including system capacity, throughput,
NREL cdp_inkr_DE T fo i _ H
Croates May 0817 438 PiA | Dsta Rargs: 200803201604 system reliability and durability, and maintenance. Actual daily usage may exceed nameplate capacity,

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

Station Usage
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@ Maximum Daily Fills Note: The focus for early stations

is geographic coverage

45

.Avmga Daily Fills®

.9
o
T

(]
h
I

&
L 4

¢ ®
‘0
0 $
¥ * N 0" 0o, % " ¢ ¢
4 \ '

Fills Per Day’
[ %] (%]
= h

=
15}

$
L B

n-llllllllllll I||-|I||II|-II-IIlIII

12345678 91011121314151617181920212223242526272829303132333435
- Station (Sorted By Increasing Station Capacity)
WL i i B "Excludes hydrogen fills of < 0.5 kg
Croaledt May-0B-17 440 PM | Dala Rarge 200005201604 2pyerage daily fills considers only days when at least one fill cccurred

==
=]

H‘l

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-19

Hydrogen.Dispensedby Month

Hydrogen Dispensed By Month
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Number.of Fillssby-Month
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Hvdrogen.Dispensedby Station Type

Hydrogen Dispensed By Station Type
I I | I I

3000 I I T T
o Individual station - Retail
o Individual station - Non-Retail o2
o Average of retail stations @
2500 -2-Average of non-retail staticns -
Q
]
2000 |- =
S
o 1=}
=
=
=) o
E 1500 o % ® o -
] &
-E_ D‘o Q ° 0
E 04 . = ; ] aﬂa
= 1000 - gyo ° o © % it i
500 - =
D | | u._;.-:: g
L=
& N Y ¥ N> > N WO Q
‘Mrﬂﬂ et _ink_T4 "l? ‘1? ‘19 ‘19 "l»“ '15" ‘9 "I? '\?

Craaled May-08-17 518 PM | Dala Rarge: 200806 -20 1604

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-44

Station Capacity Utilization Trends by Quarter
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Station. Amount:Dispensed by Quarter

9000 - Station Amount Dispensed by Quarter
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Days with. Fills-by-Quarter
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Summary.of Station-lUsage Statistics

Summary of Station Usage Statistics®
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Dail ing Amounts by Station

Daily Fueling Amounts
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BEN Amounts by Month

Daily Fueling Amounts Over Time
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H2 Quality
| | | |

66 of 84 samples ( 79%) met the
SAE J2719 guidelines. Consecutive
g | samples may be for a single issue.
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NREL edp_ink_25

e R T A P T LR are shown in text. Left edge of text box aligns with date

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-79

Impurities—Ammonia

Impurities - Ammonia
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Impurities—Argon

Impurities - Argon
I

ﬂ T T I I |
I Delivered Compressed
Bl Delivered Liquid
d BlDelivered Pipeline
[ClOnsite Electrolysis
[ IDelivered Compressed; Onsite Electrolysis
6 [ |Onsite SMR ;
5
0w
[ =
=5 EE =1 o
o —
E g8 g E i
m S0 a =
E oo = =+ _E
o4 nwoom n =3 =
g EE 5 & >
£ e : z "N'-
E, 5338 B S |
Z= T O = o
22 3 2 3
|
2 | 17 Total Samples -
~Mot Delected Summary—
Dalrvered Comprassed 3 Sample(s)
Onsite Electrolysis 3 Samplais)
1 Onsite SMR 2 Sampla(s) —
Mol Measured Summary--
Onsite Electrolysis 1 Sampleis)
0 Delivered Compressed; Onsi:te Electrolysis 1 Salmmpla{s}
nd 0-0.5 0.5-2 2-10 10-25 }2&?5 75-100 =100
N oot o 0 Measured Impurity [ppm]

Cramed: May-08-17 5321 PM | Doln Rangs: 20110020 MCH

NATIONAL RENEWABLE ENERGY LABORATORY



CDP-INFR-79

Impurities—CarbonDioxide

Impurities - Carbon Dioxide
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Impurities—CarbonsMonoxide

Impurities - Carbon Monoxide
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Impurities——Foermaldeh

Impurities - Formaldehyde
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Impurities—FormicrAcid

Impurities - Formic Acid
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Impurities==Helium

Impurities - Helium
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Impurities—Nitrogen

Impurities - Nitrogen
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Impurities—Ox

Impurities - Oxygen
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Impurities—Particulate Concentration

Impurities - Particulate Concentration
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Impurities—lotal.Halogenates

Impurities - Total Halogenates
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Impurities—JloetalH

Impurities - Total Hydrocarbons
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Impurities—loetal:Sulfur

Impurities - Total Sulfur
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Impurities—\Water

Impurities - Water
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