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Cooperative Research and Development Final Report

Report Date: January 12, 2026

In accordance with requirements set forth in the terms of the CRADA agreement, this document
is the CRADA final report, including a list of subject inventions, to be forwarded to the DOE
Office of Scientific and Technical Information as part of the commitment to the public to
demonstrate results of federally funded research.

Parties to the Agreement: GKN Hydrogen, of GKN Sinter Metals, LLC, “GKN” and Southern
California Gas Company, “SoCalGas”

CRADA Number: CRD-21-18281

CRADA Title: High Efficacy Validation of Hydride MEGA Tanks at the ARIES Lab (HEVHY
METAL)

Period of Performance: 8/5/2022 - 8/4/2025

Responsible Technical Contact at NLR:

Katherine Hurst | katherine.hurst@nlr.gov

Name and Email Address of POC at Company:

Michael Cox | michael.cox(@gknhydrogen.com

Joe Leiva | jleiva@socalgas.com

Sponsoring DOE Program Office:

Office of Energy Efficiency and Renewable Energy (EERE), Hydrogen and Fuel Cell
Technologies Office

Joint Work Statement Funding Table showing DOE commitment:

Estimated Costs NLR Shared Resources
alk/a Government In-Kind
Year 1 $776,731.00
Year 2, Modification #1 $499,061.00
Year 3, Modification #2 $446,279.00
TOTALS $1,722,089.00
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Executive Summary of CRADA Work:

A hydrogen-based long duration storage technology will be demonstrated with ARIES-Flatirons
assets for the GKN Hydrogen, a division of GKN Powder Metallurgy, HY2MEGA metal hydride
storage subsystem. The project will design and execute experiments that emulate commercial use
cases for load management, backup power, and grid resiliency in remote, underserved
communities.

CRADA benefit to DOE. Participant, and US Taxpaver:

e Assists laboratory in achieving programmatic scope
e Adds new capability to the laboratory’s core competencies
e Enhances U.S. competitiveness by utilizing DOE developed intellectual property and/or

capabilities

Summary of Research Results:

The objective of this project was to demonstrate a metal hydride hydrogen storage system as a
long-duration energy storage technology, fully integrated with hydrogen generation and end-use,
at the Advanced Research on Integrated Energy Systems (ARIES)-Flatirons campus. The metal
hydride system, provided by GKN Hydrogen (a division of GKN Powder Metallurgy), consists
of two HY2MEGA metal hydride subsystems coupled with a dedicated thermal management
system. Project activities included system installation and integration, demonstration of
operational capabilities, and execution of experiments designed to emulate commercial use cases,
including load management, backup power, and grid-resilience applications in remote
communities. These use cases were developed in consultation with SoCalGas to assess the
applicability of metal hydride hydrogen storage across a range of potential utility and customer
business cases.

The two metal hydride storage systems and associated temperature management system were
successfully installed and integrated at the ARIES—Flatirons site. Integration activities included
connection of hydrogen gas lines within the GKN systems, as well as interfacing the GKN
systems with NLR’s existing hydrogen infrastructure. The Flatirons Campus hydrogen
infrastructure includes a 1.25 megawatt (MW) electrolyzer, hydrogen gas compression,
compressed gas storage, and a 1 megawatt (MW) fuel cell. The GKN temperature management
system, which provides controlled heating to the metal hydride tanks, was also integrated with
NLR’s glycol-based thermal integration loop. Following installation, the metal hydride tanks
were purged with nitrogen and leak-checked. The nitrogen was subsequently displaced with
hydrogen to initiate the activation process. Within one week of beginning activation, NLR
received notification from Langley Holdings LLC that GKN Hydrogen was closing and that the
Cooperative Research and Development Agreement (CRADA) would be terminated effective
December 31, 2024.
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Beginning in January 2025 and continuing over the subsequent months, NLR and Langley
Holdings LLC engaged in discussions regarding the cost and process associated with removal of
the system from the NLR campus. In parallel, NLR, SoCalGas, and DOE evaluated potential
technical pathways forward for the project. During the summer of 2025, SoCalGas concluded its
participation in the project, and the remaining cost-share funds were returned.

Task 1: Integration and Installation

This will focus on design-build work to install the HY2MEGA hydrogen storage subsystem at
the ARIES-Flatirons site. NLR and GKN will jointly develop the design plan for the system.
NLR will execute general construction, installation, integration, system operation, maintenance,
repairs, and physical activities due to NLR ESHQ policies. A safety assessment by Environment,
Safety, Health, and Quality (ESHQ), work justification, and written authorization by NLR line
management is required for individual cases where GKN or SoCalGas are needed to perform
work on site. The following is a description of the specific activities and roles. SoCalGas will be
included in technical discussions of Task 1 and will be asked to assist as needed.

Task 1.1: Design and Safety Analysis of HY2MEGA Tank Integration

Integration of the HY2MEGA hydrogen storage subsystem with the existing ARIES-Flatirons
hydrogen infrastructure will be designed including siting, electrical, thermal, hydrogen, and
safety/control/data acquisition systems. This includes the design-build of a thermal management
system, (TMS), that actuates the temperature associated with hydrogen discharging and charging
for the HY2MEGA storage subsystem. It will use waste heat recovery from the fuel cell and
renewable electricity from the site. The hydrogen system design will include the P&ID and
safety system modifications required to directly connect the HY2MEGA hydrogen storage
subsystem to the existing hydrogen infrastructure. NLR will conduct a Process Hazard Analysis
(PHA) to evaluate the safety of the HY2MEGA hydrogen storage subsystem implementation at
the NLR Flatirons campus with the additional requirements for the metal hydride storage,
additional hydrogen capacity, thermal systems, physical infrastructure, electrical systems, and
fire code. NLR will perform this work with input from the GKN engineering team for
requirements for operating the HY2MEGA storage subsystem.
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Task 1.1 Results:

The proper siting for the GKN HY2MEGA tanks at Pad 6 at the Flatirons campus was
determined by NLR researchers working closely with Environment, Health, and Safety (EHS)
personnel and in consultation with the National Fire Protection Association Hydrogen
Technologies Code (NFPA 2) committee. The GKN system is a first-of-its-kind capability, and
the safety code is not straightforward. The code requirement would have originally required 45
feet from the Class 1, Division 2 zone, and, after discussion and more specific calculations, this
distance was reduced to 15 feet due to the lower storage pressure. P&IDs were created that
reflected this set back distance, and the details for the metal hydride integration with hydrogen,
electrical, and coolant systems from the other systems at Pad 6 (including compressed gas,
electrolyzer and fuel cell). The safety and controls systems were also designed to work
seamlessly with the existing infrastructure.

Task 1.2: Equipment Procurement and Site Preparation

NLR will produce necessary components required for the build-out/integration phase. This
includes the build-out of the electrical connections, integrated thermal system connections,
HY2MEGA storage subsystem integration specific hydrogen pressure control and safety
systems, and the required data acquisition and control system. NLR will program the hydrogen
SCADA system for integration of the HY2MEGA storage subsystem controls. NLR will review
this work with GKN to ensure it meets the requirement for the HY2MEGydrogen A storage
subsystem.

Task 1.2 Results:

Material and installation requirements for every component in the GKN system were reviewed
according to electrical and materials standards used at NLR. This detailed approach ensured that
all components comply with U.S. codes and meet the stringent NLR standards. By ensuring that
the HY2MEGA tanks had NFPA 2, 70, and 79; UL508A; and NEC 500 certifications and the
temperature management system has the appropriate NEC certification prior to delivery at the
NLR Flatirons Campus.

Twelve researchers/engineers from NLR and GKN worked diligently to communicate the details
of all gas and glycol interfaces. The teams also worked to establish the alignment of
communication signals and channels between the GKN system and the NLR systems and
infrastructure to operate, monitor system status, and data collection. This work aligned data
collection systems, real time communication of system status and performance, data transfer to
the NLR Supervisory Control and Data Acquisition (SCADA) system, and controls strategies for
interfacing systems to enable integrated operation. Specific data channels were identified to be
transferred to the NLR system for collection and later data analysis. Balance of Plant (BOP)
connections were also engineered and built to create a glycol loop between the TMS and the
MEGA Tanks.
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Physical site preparations at the NLR Flatirons Campus, Pad 6 site, were made by installing
concrete pads needed to support GKN equipment and utility connections (as shown in Figure 1).

Figure 1. Concrete supporting pads for the GKN TMS and two MEGA Tanks at Pad 6.
Task 1.3: HY2ZMEGA Tank Hardware Installation and Commissioning

H2MEGA Tanks Hardware Installation and Commissioning Receive delivery of the HY2MEGA
tank system and install at the site with the prepared utility connections. This will include leak
checking and structural mounting and supporting auxiliary systems as required. Commissioning
of the support systems will be completed, including the thermal loops, electrical systems, and
DAQ and control systems.

GKN will ship two HY2MEGA hydrogen storage system to the NLR Flatirons Campus. NLR
will install the HY2MEGA hydrogen storage subsystem at the site and connect the utilities. This
will include appropriate structural mounting of the tanks as well as supporting auxiliary systems
as required. NLR will perform leak checking and pressure testing of all piping and components
excluding the tanks themselves, which will be qualified for the operational pressures by the GKN
factory acceptance test prior to shipment. Commissioning of the support systems will be
completed by NLR, including the thermal loops, electrical systems, and DAQ-control systems.
Hereafter the metal hydride storage subsystem is defined by the GKN HY2MEGA tanks, thermal
management system, electrical systems, DAQ, and controls.

The commissioning conducted by NLR will return the operational readiness of the metal hydride
storage subsystem to charge and discharge hydrogen by actuation from, H2 supply, H2 return,
and thermal management system, charge and discharge capacities and times to qualify readiness
are: 400 +/- 100 kg charged over 72 hours and 20 +/- kg discharged to vent over 72 hours. GKN
will supply operational protocols for the HY2MEGA hydrogen storage subsystem, subject matter
expertise, and other input to ensure the commissioning is successful.
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NLR will submit a report to DOE with the results of the commissioning for a “Go/No-go”
decision point on the project. NLR will request input from GKN and SoCalGas in preparation of
the report. The project will await DOE approval, a “Go” status on the decision point, and/or
additional guidance to continue the statement of work described below.

Task 1.3 Results:

The GKN tanks and TMS arrived on December 6-7, 2023. All systems were unloaded from the
delivery trucks then craned into place December 11, 2023 at Pad 6. Figure 2 shows the arrival of
the HY2MEGA and moving the TMS into place. This involved coordination of GKN, NLR
Research Operations, NLR Environment, Safety, and Health (ES&H), in coordinating three
delivery trucks, creating a lift plan, and obtaining a safe work permit with all plans approved by
NLR ES&H. The delivery included use of a 500-ton crane and five supporting tractor trailers
along with crane operator and rigging team.

Figure 2. Two MEGA Tanks and the TMS were delivered and put into place at the Flatirons
Campus.

By May 2024, the electrical distribution panel and connections, hydrogen connections, control
system, and heater installation were completed. Figure 3a and b show the black glycol piping
connecting the TMS (not shown) to the two HYMEGA tanks, and these connections are labeled
in Figure 3b. The hydrogen gas connections are stainless-steel piping between the tanks, and the
electrical connections from the TMS to the NLR core system are shown.
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Figure 3. The installed electrical, glycol and hydrogen connections are labeled connecting the
TMS to both MEGA Tanks.

An auxiliary heater was needed to heat the metal hydride during the activation process up to
90°C. We successfully got through the procurement process after 6 months and had delays in
system delivery, however, we received both the auxiliary heater and the electrical control box at
the end of June 2024. These components were then installed and connected to the utilities. A
third party completed the Technischer Uberwachungsverein (TUV) evaluation, certified the
electrical quality of the system is consistent with Underwriters Laboratories (UL) listed
certification. This allowed the NLR Authority Having Jurisdiction (AHJ) to authorize the
electrical certification for the systems, which facilitated the time needed to ensure system
compliance and operational safety approval. The Modbus, safety controls and communication
between NLR and GKN data acquisition systems were completed. The software for data collection
and controls needs to be fine-tuned and finalized to allow streamlined control of the GKN system
from the NLR control system.

Commissioning and activation of both Mega tanks began in the Fall 2024. The metal hydride
tanks were first heated to 80°C, then leak checked up to 30 bars of argon. Both systems were
then flushed 3 times with argon from 15 bar to 1 bar to ensure any residual oxygen would be
removed. Next, the MEGA tanks were heated to 80°C. then exposed to hydrogen and leak tested
using increasing pressures up to 15 bar. An ambient temperature leak test was also performed up
to 29 bars (the max pressure output of the NLR electrolyzer). Then, the activation process began
with introducing hydrogen to a metal hydride tank at 80°C and increasing the pressure in a
stepwise manner up to 30 bar, held at this temperature and pressure for 2 hours, and then
hydrogen was vented. We have completed 2 activation cycles at 3 bar and 5 bar.

Figure 4 shows a current picture of the fully installed system. The balance of plants is

operational, including: the electrical, glycol, hydrogen, and auxiliary heater, however, the metal
hydride system was not fully activated when GKN Hydrogen was dissolved.
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Figure 4. The installed GKN HYMEGA tanks and the TMS are shown in the overview photo of the
hydrogen infrastructure at Flatirons Campus.

Task 2: Tank Operation and Performance

No work was completed under this task because the metal hydride systems had not yet been fully
activated by the time GKN Hydrogen closed in 2025.

Task 3: Commercial Demonstration Use Cases

No work was completed under this task because discussions to identify user profiles were still in
the early stages when GKN Hydrogen closed.

Task 4: Technoeconomic Analysis

No work was completed under this task due to the absence of operational data for analysis and
cost estimates, which were unavailable prior to GKN Hydrogen’s closure.

This report serves to meet the requirement for the CRADA Final Report with preparation and
submission in accordance with the agreement’s Article X.
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December 6, Katie Hurst discussed the GKN project in a short presentation and participated in a
panel discussion at Catalyst H2 Conference in Huntington Beach, CA. The session was focused
on Hydrogen Storage Innovation and featured an expert in cyro-compressed H2 storage and
geologic H2 storage. Our project partners from SoCal Gas (Joe Levia) and GKN (Matthew
Weaver) were also in attendance at the conference.

Subject Inventions Listing: None.

ROI#: None.
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