
 

TECHNICAL & COMMERCIAL Q&A 

HotBox Development, Testing 
and Commercialisation 

Answers to 36 questions on development, testing, manufacturing, pilots, 
commercialisation, funding and IP 

 

A technical and commercial overview of the current HotBox programme. 
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Current development 

1. Where is the HotBox actually sitting in the development process today? 
I would describe the HotBox today as being in pre-commercial prototype development. 

The underlying stack technology is well beyond a basic laboratory concept. We have built and tested 2-, 
5-, 10- and 35-layer SOFC stacks, and the strongest 35-layer stack reached 512 W and operated for 220 
hours. We have not yet completed an integrated HotBox or an equivalent long-duration SOEC stack test. 

The current 2026 roadmap still includes laboratory setup, patent filings, Hot balance-of-plant setup, the 
first 2/5/10/35-layer SOEC tests and degradation testing over a new 24-month programme. I therefore 
see us at engineering development and validation preparation, not commercial readiness. Any older 
TRL 6/7 description should be understood as applying to the legacy planar SOFC stack, not automatically 
to the current SOEC HotBox. 

2. What has already been physically built and tested beyond what is shown publicly? 
We have completed at least 17 stack tests covering 2, 5, 10 and 35 layers. That work included hydrogen 
and methane operation, humidification and steam work, methane-train and safety commissioning, 
interconnect and base-plate iterations, leak testing, internal reforming conditions and tests lasting up to 
500 hours. 

The most advanced completed build is STK017: 35 Elcogen anode-supported cells, coated high-
temperature interconnects, proprietary enamel and glass seals, current collectors and an instrumented 
test stand. It operated at 750°C on methane for 220 hours, including approximately 210 hours near 400 
W and a short period near 500 W. 

We have not yet completed a commercial HotBox, a field-installed system, a long-duration SOEC 
hydrogen-production stack or an industrial pilot. 

3. Which part of the technology is taking the most time to refine? 
In my view, the slowest and most important work is long-duration durability at high temperature. That 
means the seals, coatings, thermal-stress management, poisoning mitigation and the way all of those 
elements interact with the Hot balance of plant. 

The roadmap supports that view. Seal, enamel and coating work runs through most of the 24-month 
programme. Hot-BoP validation also runs for much of the programme, while stability and degradation 
testing extends from roughly month 12 through month 24. Those workstreams take longer than the 
individual smaller-stack tests. 

4. Is the current focus primarily efficiency, durability or manufacturability? 
Right now, I see the priority as durability and core cell/material performance. 

Efficiency is still central to the commercial case, but the present work is focused on refining materials, 
improving performance, proving stability and lowering the operating temperature. Stack and system 
integration comes next. Manufacturing scale-up comes later, once we have a design worth 
manufacturing repeatedly. 
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Testing and performance 

1. How long has the strongest-performing stack operated continuously? 
Our highest-output stack, STK017, operated for 220 hours in total. It spent approximately 210 hours 
around 400 W at constant voltage and was then run near 500 W briefly before shutdown. 

Our longest-duration tests ran for 3500 hours: STK002, which was a two-layer stack, and STK014, which 
was a ten-layer stack. The strongest-performing stack and the longest-running stack were therefore not 
the same test. 

2. What degradation rate has been recorded during longer tests? 
STK017 was stable and showed no visible degradation over approximately 200 hours, an assessment 
Professor Nigel Brandon supported after reviewing the work. That test did not produce the regression, 
percentage-per-1,000-hour result, uncertainty analysis or dataset needed to establish a commercial 
degradation rate. 

The figures of ≤0.5%/1,000 h at 0.5 A/cm² and ≤1%/1,000 h at 1 A/cm² are SOEC targets. The 22,000–
94,500-hour service-life figures in the 2021 model are what we are striving for. 

3. How does the system perform after repeated heating, cooling and restarting? 
STK017 included one controlled cool-down to ambient at 30°C per hour. Earlier cycling work indicated 
no seal degradation, but we still need a defined cycle count, restart sequence and quantified results 
before treating cycling performance as proven. 

The current programme targets 20 thermal cycles with less than 1% ASR loss per cycle. Earlier plans 
called for 10–25 thermal cycles together with redox and voltage/current cycles. Until we have the actual 
test log and results, I treat those as programme targets rather than proven performance. 

4. Which results have been independently verified? 
The strongest independent work I can point to is: 

1. Professor Nigel Brandon: he independently reviewed the technical information and discussed it 
with the team. He considered the 35-layer result credible and impressive and referred to no 
degradation over the approximately 200-hour run. That is qualified technical due diligence, but it 
is not an independently repeated test. 

2. IAAPS: it reviewed earlier UQ validation work and designed and costed a suitable SOEC test bench. 
It has not independently reproduced the stack result. 

3. Australian Research Council: it officially confirms the UQ-led P-SOEC project and the participation 
of HS and Direct Energy. It does not verify HotBox performance. 



HYDROGEN SOLUTIONS  |  HOTBOX Q&A 

Hydrogen Solutions   |   Page 4 of 10 

Scale-up and manufacturing 

1. What becomes more difficult when moving from a laboratory stack to a commercial-
scale system? 
The difficulty, as I see it, is that every tolerance becomes more important as the stack grows. 

We have to maintain uniform fuel, steam and air distribution across more cells; maintain flatness and 
preload; manage thermal gradients and expansion mismatch; keep the seals leak-free; prevent 
chromium and sulfur poisoning; preserve electrical contact; and make the coatings, glass application and 
sintering repeatable. 

At the system level, the steam generation, heat recovery, power electronics, gas handling, controls, safe 
shutdown and restart, hydrogen purity and parasitic loads become just as important as the cells. A good 
laboratory stack does not automatically become a reliable HotBox. 

2. Are any specialist materials, components or suppliers likely to become bottlenecks? 
The likely pressure points are qualified anode-supported cells, custom high-temperature interconnects, 
proprietary seal glass and enamel, coating processes, controlled-atmosphere heat treatment, thermal 
spray and brazing, precision dispensing and assembly automation, and access to long-duration test 
capacity. 

The legacy test used Elcogen cells, coated 445M2 plates and silver current collectors. We have identified 
specialist contractors, but we do not yet have a complete dual-source plan, capacity reservation, lead-
time analysis or supplier-qualification dataset. The bottleneck risk is real; it is not yet measured. 

3. How consistent is the manufacturing process across different cells and stacks? 
The team has built multiple stack sizes and developed detailed operating and manufacturing know-how. 
What we still need is production-scale data on first-pass yield, scrap rate, lot-to-lot ASR distribution, 
Cp/Cpk, stack failure rates and a statistically meaningful number of repeated builds. 

The team knows how to apply Six Sigma process control. That is valuable capability, but it is not the 
same thing as having a mature production line already operating under control. 

4. Does the company plan to manufacture the technology itself or transfer production to 
licensees? 
Our current plan is primarily licensed production through OEMs and channel partners. 

We intend to own and control the core technology, provide the plug-in solution and support integration, 
while partners manufacture and deploy systems at scale. We perform design, assembly, validation and 
critical-component work, and we may ultimately sell HotBoxes, replacement parts and services to 
licensees. 

The exact line between what we make ourselves and what a licensee makes still needs to be fixed in the 
manufacturing and licence agreements. 



HYDROGEN SOLUTIONS  |  HOTBOX Q&A 

Hydrogen Solutions   |   Page 5 of 10 

Pilot projects 

1. What would the first full industrial pilot realistically look like? 
If I were defining the first pilot today, I would keep it near the low end of the historical 10–100 kW 
range—probably around 10 kW. 

I would place it at a brownfield steel, cement, ammonia, glass or similar site with usable 600–900°C 
waste heat. It would include the integrated stack, Hot balance of plant, steam conditioning, safety 
systems, power electronics, controls and independent metering. Its job would be to prove integration 
and durability, not maximize nameplate capacity. 

2. Is the company already working with potential pilot sites or industrial partners? 
We have development relationships and exploratory industrial engagement and have a site selected on 
the Humber. 

IAAPS is the proposed UK test location, not an industrial customer. UQ and HS are partners in the ARC 
project, and we have had exploratory industrial interest, including from Saudi Aramco. We do not yet 
have a signed pilot, JDA, site-host agreement or customer contract. The earlier proposed NCC 
collaboration was not progressed into an executed pilot agreement. 

3. How long would a pilot need to operate before the results are commercially 
meaningful? 
I would regard 2,500 hours as a minimum credible engineering pilot and 5,000 hours with 
representative duty cycles as a much stronger commercial gate.  

4. What results would need to be achieved for a pilot to progress into a commercial 
agreement? 
For me, the pilot would need to demonstrate: 

1.at least 90% clearly defined stack efficiency, with the stack and whole-system energy boundaries 
both reported; 

2.degradation of no more than 0.5%/1,000 h at 0.5 A/cm² or 1%/1,000 h at 1 A/cm²; 
3.20 thermal cycles with less than 1% ASR loss per cycle; 
4. safe, leak-free operation with reliable shutdown and restart; 

5. acceptable hydrogen purity, credible uptime and low parasitic load; 
6. repeatability across more than one stack; 
7. a costed manufacturing and replacement pathway; and 

8. an independently accessible dataset linked to a customer’s paid decision gate. 
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Commercial model 

1. What is most likely to be commercialised first: the cell, stack, complete HotBox or 
licensing package? 
I expect the licensing package and core technology to be commercialised first. 

Our commercial model positions the core as an “Intel inside” component that can be licensed to OEMs 
and integrators. Over time, revenue could also come from HotBox sales, replacement parts and services. 
I do not see HS becoming a high-volume standalone cell manufacturer as the first commercial step. 

2. Would the company work directly with industrial customers or primarily through OEMs 
and engineering partners? 
I expect us to do both, but for different reasons. 

We need direct relationships with industrial customers to define use cases, originate pilots and enter 
JDAs. We need OEMs, EPCs and system integrators to manufacture, integrate and deploy the technology 
at scale. Long term, I see the business as primarily partner-led and licensing-based rather than HS 
building every complete industrial plant itself. 

3. What would a licensee receive beyond the intellectual property, such as training, 
manufacturing support and technical guidance? 
A licence cannot simply be a bundle of patent paperwork. We intend to provide technical support and 
practical toolkits, including drawings, bills of material, process windows, recipes, approved suppliers, 
training, QA methods, test protocols and integration guidance. 

The licence template still needs to define the complete package contractually, including training, factory 
support, warranty, audits, field support and rights to future improvements. 

4. Is the first revenue more likely to come from pilot agreements, development 
partnerships or full licensing contracts? 
The first revenue is more likely to come from a paid development agreement, JDA or pilot than from a 
mature full licence. 

Our planning assumptions target agreements at T+18 months and $2.30 million of revenue in 2027. 
Those figures are forecasts, not contracted backlog. A full commercial licence becomes much easier to 
justify after we have independent durability data and a successful industrial pilot. 
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Timeline and milestones 

1. What is the most important milestone the company expects to reach within the next 12 
months? 
Commissioning the required test capability and completing credible 2-, 5- and 10-layer SOEC tests. 

Those tests need to produce a clearly measured efficiency result and begin quantified degradation 
testing. In parallel, we need to complete the IP transfer and patent-filing work. Without those technical 
and corporate milestones, we cannot credibly move to the 35-layer SOEC programme or serious 
commercial partnerships. 

2. When does the team realistically expect to operate a system outside a laboratory 
environment? 
My best working estimate is approximately 24 months after full funding, IP access, test-rig ordering 
and uninterrupted execution. From a 2026 starting point, that suggests 2028. That is my estimate, not a 
formal company commitment. 

3. What is the internal estimate for reaching the first paying commercial customer? 
Our planning model implies first revenue in 2027 and targets agreements at T+18 monthsWe could 
secure a paid JDA or pilot on that schedule. I would expect a mature full licence to come later, after the 
validation programme and a successful pilot. 

4. Which technical, financial or regulatory issue is most likely to delay that timeline? 
Funding is the most immediate schedule risk. Durability and system integration are the primary technical 
risks. 

The minimum IAAPS bench costs £840,000 before monthly facility charges. We had raised enough to get 
this started but not sufficient to sustain the monthly costs. The IP transfer is another corporate gate. 

Regulatory and safety certification will matter once we move into field deployment, but I expect 
funding, test infrastructure, IP chain of title and long-duration SOEC performance to affect the schedule 
first. 
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Funding and resources 

1. How dependent is the development timeline on the next funding round? 
Very dependent. 

The current raise is £3 million, the staged programme totals £12.5 million and the quoted single test 
bench costs £840,000 plus £29,750 per month and setup labour.  

The A$4.017 million ARC award is important UQ-led project funding, but it is not automatically 
unrestricted cash available to HS. 

2. What work can be completed with current funding, and what requires additional 
capital? 
With current resources, I believe we can continue design work, partner engagement, IP and legal 
preparation, component work and limited laboratory or setup activity. 

Current resources are not sufficient to assume full funding of the complete IAAPS bench and the entire 
24-month programme. 

Additional capital is required for the bench, ongoing facility access, multiple stack builds, long-duration 
testing, Hot-BoP integration, independent validation, pilot hardware and manufacturing-process 
development. I cannot draw the exact funding line without current cash, burn and committed-liability 
data. 

3. What is expected to be the most expensive stage between the current prototype and 
commercialisation? 
Our current plan identifies commercialisation and validation as the largest stage at £5.3 million, 
compared with £4.2 million for stack and system optimisation and £3 million for core cell and material 
development. 

If we choose to own high-volume manufacturing, production equipment could eventually cost more. 
The older model included up to £7 million of manufacturing equipment in year five. The reason the 
licensing model matters is that it allows us to place much of that factory capital with manufacturing 
partners. 

4. Would the company prefer strategic investors who can also provide manufacturing, 
engineering or customer access? 
Yes. My preference would be strategic capital that brings more than money. 

An OEM, EPC, industrial customer or manufacturing investor could bring a pilot site, integration 
capability, manufacturing capacity and routes to market. That would remove more risk than passive 
capital alone. This is a strategic preference rather than a formal investment policy. 
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Intellectual property and partnerships 

1. Which parts of the technology are protected by patents, and which are kept as trade 
secrets? 
Work has identified two patent filings. We describe the ceramic seal as patented, while the 2026 
roadmap still includes further patent filings. The current application numbers and claims map still need 
to be consolidated. 

The areas I would treat most clearly as trade secrets are the stack sintering profiles, gas atmospheres 
and flows, mechanical preload and cool-down, glass, seal and coating formulations, anode conditioning 
and reduction, dispensing and assembly processes, and operating protocols. Professor Brandon 
specifically recommended protecting the sintering and seal/coating formulations as trade secrets. 

The legacy publication WO 03/007400 A1, “Seal for a Fuel Cell Stack,” is associated with Lars 
Christiansen, but current HS ownership and the scope of its claims still need to be confirmed. 

2. Has all relevant intellectual property been formally transferred to Hydrogen Solutions? 
The assets began actively transitioning in May 2026. 

More is required including assignments, schedules and patent-office recordals. 

3. Who owns improvements developed through the university and research partnerships? 
UQ is the administering organisation for the ARC project, with HS and Direct Energy as industry partners. 
Ownership of foreground IP, improvements, licences and publication rights has transferred to DE and 
thus to HS.  The current $4.1m Australian grant transfers still need to be executed. 

4. Is the greatest competitive advantage the patents themselves or the specialist 
knowledge required to manufacture the technology successfully? 
In my view, the specialist knowledge is the stronger advantage today. 

The team’s knowledge of seals, manifolds, coatings, sintering and high-temperature integration is 
detailed and credible. The patent portfolio and ownership position are not yet documented with the 
same clarity. Patents may become an important part of the moat, but the most defensible advantage 
today is the difficult-to-transfer process knowledge combined with the demonstrated legacy stack 
architecture. 
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Executive perspective 

1. What do you personally believe is the company’s strongest competitive advantage? 
I believe our strongest advantage is the combined thermo-mechanical stack architecture and practical 
manufacturing know-how—particularly the seals, gas distribution, coatings, sintering and thermal-
stress control—backed by an experienced legacy team and a real 35-layer result. 

I would not lead with >90% efficiency as our strongest advantage yet. We have not demonstrated that 
result in a long-duration SOEC test. 

2. What do outsiders most commonly misunderstand about the technology or business? 
I think people tend to collapse four different things into one: 

1. a tested SOFC stack and a validated SOEC hydrogen product; 

2. a stack and a complete integrated HotBox; 
3. a calculated or target efficiency and a measured long-duration result; and 

4. announced collaborations or forecasts and signed pilots, licences or contracted revenue. 

3. What is the biggest problem the team still needs to solve before commercialisation? 
The biggest technical problem is proving long-duration SOEC durability and full-system efficiency at 
meaningful stack scale. 

That includes repeated cycling, poisoning resistance and stable Hot-BoP operation. Alongside the 
technical work, we need to fund the test programme and complete the IP chain of title. 

4. What milestone would make you personally confident that the company has moved 
from an R&D project into a commercial business? 
For me, the transition happens when we complete an independently witnessed, paid industrial pilot 
that operates for 2,500–5,000 hours and demonstrates: 

1. degradation within the target range; 

2. at least 90% clearly bounded stack efficiency and credible whole-system efficiency; 
3. repeated safe thermal and start-stop cycles; 

4. high availability and reproducibility across stacks; 
5. an auditable manufacturing cost and yield plan; and 
6. conversion into a paid JDA, licence or purchase commitment. 

That combination—not a single peak-power test, grant, patent filing or financial forecast—would make 
me 100% confident that we had moved from an R&D project into a commercial business. 
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