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Cooperative Research and Development Final Report 

Report Date: May 20, 2025 

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: Green Fortress Engineering, Inc 

CRADA Number: CRD-24-30403 

CRADA Title: Hydrogen from Carbonaceous Waste Material – Hydrogen Fuel Cells Prize 

Phase 2 Voucher  

Responsible Technical Contacts at NLR: 

Andy Young | Andrew.Young@nlr.gov 

Huyen Dinh | Huyen.Dinh@nlr.gov 

Name and Email Address of POC at Company: 

Peter Schubert | greenfortressengineering@gmail.com 

Sponsoring DOE Program Office(s): Office of Energy Efficiency and Renewable Energy 

(EERE), Hydrogen Fuel Cell Technologies Office 

Joint Work Statement Funding Table showing DOE commitment: 

No NLR Shared Resources 

Executive Summary of CRADA Work: 

NLR conducted a conceptual design study for scaling up biomass conversion technology from 

Green Fortress Engineering (GFE). GFE has proprietary technology where cellulosic biomass is 

thermally converted to a tar-free syngas. A ceramic membrane separation unit (MSU) 

previously developed with NLR can extract high-purity hydrogen from the syngas. The energy 

content of the retentate stream is sufficient to power the process with a gas-powered genset. 

Design details including mass and energy balances, process and instrumentation diagrams 

(P&ID), and major equipment schedules were delivered. 

CRADA benefit to DOE, Participant, and US Taxpayer: 

• Assists laboratory in achieving programmatic scope

• Enhances the laboratory’s core competencies

• Uses the laboratory’s core competencies

http://www.nrel.gov/publications
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mailto:huyen.dinh@nlr.gov
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Summary of Research Results: 

• Conceptual design report

• Detailed mass and energy balances demonstrating high-purity hydrogen

• Process and Instrumentation Diagrams (P&IDs) with major equipment and control

schemes

• Recommended modular design concepts favoring mobility

• Proved viability of self-powered design requirement

Task 1: Conduct Study on Power Needs for MSU 

Subtask 1:1 

The participant will provide the Contractor with the relevant information to conduct the study 

outlined in task 1.2. This includes dimensions and materials plus operating conditions such as 

pressure and temperature for each MSU. 

Subtask 1.2 

The contractor will conduct a study of the parasitic power required for a three-stage MSU 

(needed for 6-9’s purity) contemplating heat economizing from thermal sources within the 

overall Biomass Super Gasifier (BMSG) system. The Contractor will provide the study to the 

Participant, the Participant will review the study and provide feedback to the Contractor. 

The study will quantify power requirements, economize thermal energy, and create a flow chart 

of control design for a three-stage MSU. Most hydrogen off-take applications call for high purity 

hydrogen (e.g. 99.9999%), which will require a series of three individual MSU with interstage 

blowers because the native separation per stage is expected to be 99.5% with is sufficient for 

International Organization for Standardization (ISO) purity, but not the full spectrum of 

commercial applications.  

The project kicked off with a series of meaningful discussions with GFE to elucidate the 

operating conditions for the hydrogen purification process. Initial discussions focused on 

temperature and pressure requirements for an individual MSU stage. The first design task 

assessed mass and energy balances for a high-temperature (500-600°T), high-pressure (60-120 

psig) process requiring significant heat recovery and economizing. By re-evaluating material 

properties and performance requirements, the Contractor recommended a moderate-temperature 

(< 200°C), low pressure (< 15 psig) process requiring minimal thermal management. This 

represents significant savings in terms of footprint, power requirements, capital expenditures, 

and operating expenses for the overall process. The optimizing MSU unit with heat exchange 

and recompression is shown in Figure 1. 

http://www.nrel.gov/publications
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Figure 1: Optimized single-stage membrane separation unit (MSU) operating at modest 
temperature and low pressure with heat exchange and recompression.  

This refinement of operating conditions allowed for detailed equipment selection to calculate 

power requirements. The energetics of rotating machinery (blowers and compressors) are 

evaluated in terms of isentropic efficiency, which determines both power requirements and 

adiabatic heating inside the process. The high-fidelity mass balances for the MSU units defined 

the retentate gas composition, which was evaluated as a generator fuel stream operating at 30% 

thermal efficiency. These inputs allowed us to demonstrate 40% of the power generated is 

required to operate the process, with 60% available for net metering to the grid as shown in 

Table 1. 

Table 1. Summary of power requirements for integrated process. 

Equipment Power (kW) 

Total Power required 250 

 -Work Input (rotating) 112 

 -Fan Power Assuming COP=4 38.3 

 -Reactor 6-pack 100 

Generator production 650 

Excess power production 450 

Task 2: Project Management 

The Contractor and Participant will: 

• Schedule and attend project kick off meeting.

• Schedule and attend meetings (as required) to provide review of progress, identify any

challenges and discuss project requirements.

http://www.nrel.gov/publications
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Both parties scheduled and attended a kickoff meeting followed by biweekly check-ins between 

GFE and the NREL Principal Investigator (PI) to provide updates and resolution. The Participant 

visited NREL to meet with the project team on February 3, 2025 as shown in Figure 2. 

Figure 2. Peter Schubert (rear) meeting on site with NREL team. 

Task 3: Additional Work 

Contractor will perform other work at the direction of the Participant, consistent with the scope 

and subject to the availability of funding.  

The contractor prepared a 30-page report for submittal to GFE. The participant reviewed and 

submitted comments, allowing NREL to submit a final report to GFE. 

Task 4: CRADA Final Report 

The Parties will prepare a CRADA Final Report. Preparation and submission in accordance with 

the terms of this agreement.  

This report serves to meet the requirement for the CRADA Final Report with preparation and 

submission in accordance with the agreement’s Article X 

Subject Inventions Listing: None. 

ROI#: None. 
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