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Motivation

= Hydrogen is expected to play a key role in critical economic sectors (e.g. transportation,
chemicals manufacturing).

= 2023 U.S. National Hydrogen Strategy and Roadmap identifies:
= Education: 100,000 new jobs by 2030
= Reliability & risk assessment as key needs for enabling deployments.
= Existing H2 data is mostly qualitative or not publicly available.

Cost to end user

MNeed for sufficient infrastructure

Public awareness/understanding

Survey at 2021 DOE Hydrogen Summit
shows that safety and reliability dominate
the key barriers to public acceptance and

Need for technology advancements
Lack of incentives for companies
Competing technologies

market adoption.
-

Lack of suitable end uses

Lack of gov. support for R&D Robinson etal., NREL | 3




Introduction to HyCReD

Hydrogen Component Reliability Database

* Address gaps in other hydrogen data
collection tools to provide a more
comprehensive database for reliability _
and safety research. HyCReD Reports

. J Oi nt effo rt b etwee n N R E L’ U M D’ a n d Open the HyCReD Application Open HyCRed Reports and Papers
stakeholders to improve safety and
reliability.

» Stakeholders: hydrogen suppliers,
manufacturers, researchers, and the
general public

Analysis

Open HyCRed Analysis Tools

Image from hycred.nrel.gov; Al-generated placeholder images
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Where We Are Now

Initially populated with 40 events
sourced from public data.

Events helped validate initial
database and identify critical
fields.

We have been moving into
current component failures
measured at NREL and industry
facilities.

Facility Identification

HITRF

White Plains, NY

DS, Netherlands

Aichi Prefecture, Japan

United Kingdom

Facility Type Service/Usage

Research-limited Both heavy- and light-

access duty

Pre-commercial,

limited-access Light-duty
Commercial, public Heavy-duty
Commercial, public Light-duty
Unknown Unknown

Table from Al-Douri et al, 2025

Facility
Nominal

Working
Pressure
(bar)

700

700

Unknown

700

700

H2 Phases
on Site

Gas

Unknown

Gas

Both

Gas
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Approach and
Methods

Created and validated reliability data collection taxonomy. Started with light-

duty refueling
before moving to

Meetings with NREL facility personnel to deploy data collection at heavy duty refueling
NREL's hydrogen infrastructure.

Collected component failures measured at NREL's hydrogen refueling

infrastructure.
Later in the process,

we began to collect
failures froma 1.5
MW BoP electrolyzer
with the expected
expansion to include
electrolyzer
taxonomy.

Kicked off industry partnerships with a webinar and signed NDA’s with

several companies.

Collect feedback and lessons learned from personnel focused on real-

world data collection.




Results and
IELGEVENR

" Collecting High Quality
Data Requires...
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Applicability

Entry Categories

* Currently, there are

) ] Company Information Industry/research entity identit

33 different fields for bany (1 field)y Y Y
a particular failure N , , - o

Facility Information Particular facility within the
event. _

company (5 fields)

HyCIIje[? (:]efyellccj)pers Failed Component Specifics on the failed
work with tie Information component (11 fields)
personnel and : . :

Event Information Specifics on causes to failed

industry stakeholders

to balance usefulness . :
of the field with the Maintenance Aftermath and recourse to failed

Information component event (6 fields)

component (10 fields)

burden of data entry.
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HyCReD User Interface

Accessibility

Working Prototype of Hydrogen Fueling station failure metadata

Facility Information*®

Facility Identification*
HITRF

Facility Type*
Research-limited access

* Asecure online platform is being

Both heavy-and light-duty

developed with the site online.

Event Information*®

* Transition from excel to JSON

Gas 03/05/2024 09:18 AM

schema-based user interface and
data management system. e

 Retention of facility information to
reduce duplicate entries.

Was Hydrogen Released?
Hydrogen Release Size*

mall (1-2 kg)

Did Hvdrogen Accumulate?

Image from Olivia Robinson, NREL )
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Ease of Use

Creation of dependent menus for
dropdowns reduces list length to only
relevant values based on previous
selections.

 Makes data input faster

* Increases data quality by reducing spurious
values

e Decreases user frustration in navigating long
lists

Functional Group

N

Failure Mode

N

Failure Mechanism

Graphic from Robinson, et al. 2025;
adapted from West 2021

Robinson etal.,, NREL | 10



— Underspeed

Example Down-select

— Spurlous Stop The compressor
: || Overspeed Cf)mponent has 15
; ' failure modes out of
Bulk Storage — Overheating 35 possible.
— Noise
Intermediate Sensing and Control e s

Storage
— Internal Leak Hydrogen

Compression

. Cavitati
Compression LA

Fail to Stop
Process

Process Transport = Material Wear
5 — Fail to Operate

= Looseness

Instrument
Air

Vibration

Containment

| T

— Internal Blockage

— External Rupture Utility Medium

. —  Out of Adjustment
The compression

functional group has
11 out of 53 possible

Dispensing components.

Chilled Water ga —  External Rupture Hydrogen

—  External Impact
— External Rupture Leak Medium

— External Leak Hydrogen

Process
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Information Security

Increase Use and

Crucial Importance Trust

Aggregated and
Anonymized Public
Data Releases

Division of Access

Release in Phases

Erratic output External Leakage, Process
1% -\-{nlel'nal Leakage Melt;irum
N External Leakage, Utility
e Medinm
- 1%

Spurious stop . 2%e

=N N

2% \\ NN

Abnormal instrument
reading (AIR)

1%
External Leakage, Utility
Medinm

9%

External Leakage, Process
Medium -
LTS Abnormal instroment
reading (AIR)
| 45%
Internal Leakage |

signal/i catio:
3%
Instrument
Erratic output | failure-general
2%
Spurious stop __
2%

Abnormal instrument
reading (AIR)
18%

Internal Leakage Erratic nmpl\l\_ Spurious stop
1% 4%

0%

Graphic from Ahmad Al-Douri, UMD
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Conclusion

HyCReD represents the development

= of a database for component
= reliability for hydrogen-specific
infrastructure.
se's Move forward with data collection
W and expand participants providing
data.

Applicability, accessibility, ease of
- use, and information security will
continue to be thought of and
Image from Powerpoint Stock Images crafted into the HyCReD database.
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How to Work With Us

We Need Data!

For information on how to become a participant, data
provider, or to receive updates and a quarterly newsletter,
please contact hycred@nrel.gov or
olivia.robinson@nrel.gov for more information.

Robinson etal.,, NREL | 14
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Thank you!

Comments and Questions?

www.nrel.gov
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