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GreenHub Subproject 1: Technical Innovation

GreenHub is developing a Living Lab where different technologies for producing, converting and storing
renewable energy can be tested together. Subproject 1, Technical Innovation, prepares several of these
technologies for installation and operation in the Living Lab.

The work includes more than developing individual components. The systems also need to be scaled up,
automated, transported to the site and connected to the other parts of the Living Lab. The aim is to operate
them continuously for several weeks and to collect practical experience under realistic conditions.

Subproject 1 covers three areas:
e hydrogen production using high-temperature electrolysis;
¢ methanol and olefin synthesis;
e hydrogen and heat production from aluminium.

The following sections describe the status of these activities as presented at the Innosuisse Mid-Term
Review on 23 April 2026.
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Hydrogen Production Using High-Temperature Electrolysis
Development of the Electrolysis System

One of the main technologies in Subproject 1 is high temperature electrolysis, or HTE. The process uses
electricity and heat to split steam into hydrogen and oxygen.

Several parts of the system have already been designed and tested. These include:
¢ the routing and recirculation of the off-gas;
o the control of the gas flows;
o the complete gas-flow control skid.

A skid is a frame on which several components are installed and connected before the system is transported
to its final location. This approach makes the system more compact and reduces the amount of installation
work required in the Living Lab.
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Testing of the Stack Modules

The HTE system was tested together with its high-temperature supporting equipment at SolydEra’s facilities
in Switzerland.

The 100-layer stack showed good gas tightness and good performance during operation in fuel cell mode.
These results are also relevant for its later use in electrolysis mode.

The tests showed a similar performance across the different parts of the stack under the selected operating
conditions. EPFL also carried out electrochemical impedance measurements. These measurements provide
more detailed information about what is happening inside the stack.

Monitoring the Electrolysis Stack

EPFL is developing an electrochemical impedance spectroscopy system, or EIS, for the HTE unit. EIS is a
measurement method used to study the condition and behaviour of electrochemical systems.

The system measures:
o the total stack voltage;
o the voltage of ten individual stack sections;
o the total stack current.

It also includes a safety controller, a DC power supply, a computer, measurement software and an
uninterruptible power supply.

Analysis of the Measurement Data

Each measurement covers frequencies from 100 millihertz to 14 kilohertz. A single measurement contains 53
frequency points.

The results are evaluated with software developed at EPFL. Different analysis methods are used to identify
processes inside the stack. These include:

e gas diffusion;

e gas conversion;

e ion transport;

e charge transfer at the electrodes.

Initial measurements were carried out on the complete stack and its ten individual sections. The stack was
tested with hydrogen, high fuel utilisation and recirculation of the anode off-gas.
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Methanol-Synthesis

The methanol synthesis system will convert carbon dioxide and hydrogen into methanol. Methanol can be
used as a fuel or as a raw material for chemical products.

Engineering Status

The piping and instrumentation diagram for the methanol plant has been completed. Several safety and
control topics have also been defined, including:
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e areas with a potentially explosive atmosphere;
e alarms;

e process interlocks;

e pressure protection;

e measurement and control equipment.

Material specifications are available for the main instruments and components. These include valves,
pressure and flow measurements, level measurements, pumps, heaters, vessels and heat exchangers.

Due to high pressure and high temperature required for the synthesis of methanol, a tailor-made reactor was
designed. The exothermic reaction is kept close to isothermal across the reactor using a pressurised water-
cooling loop At the time the reactor is being manufactured and expected in Horgen for autumn 2026.

The high-pressure compressor completed its factory acceptance test successfully and has already been
deployed to Horgen waiting for its commissioning. In the upcoming month more and more equipment and
instrumentation is going to get to Horgen shaping the methanol-synthesis.
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Methanol-to-Olefins

The methanol-to-olefins process, or MtO, converts methanol into a variety of products known als olefins.
These substances are widely used as raw materials in the chemical industry.

Engineering Status

The main process requirements for the MtO rig have been defined. The following engineering work has been
completed:

e process flow diagram;
e piping and instrumentation diagram;
e three-dimensional layout;
e selection and procurement of the main components.
Assembly and commissioning are on-going. Work on the control interface is work-in-progress.
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Planned Catalyst Tests

After delivery and commissioning, the rig will be used to test engineered structures, which are catalytically
active.

These structures can influence the flow distribution, heat transfer and pressure drop inside the reactor. The
tests will examine both catalytic conversion and the practical performance of the structured reactor internals.

Aluminium-to-Energy

The Aluminium-to-Energy system produces hydrogen and heat from an aluminium-water reaction. The
prototype was developed and commissioned by OST-SPF.

During operation, aluminium granules react in a controlled process with water and releases hydrogen and
heat. In the project, tests were carried out using aluminium produced with carbon-free inert-anode
technology in Iceland.

Test Results
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The prototype achieved a total output of more than 3.6 kW. 100 per cent of the reaction potential was
converted into hydrogen and heat, of which 90% could be used. Around 90 per cent of the theoretical
reaction potential of the aluminium was converted into hydrogen and heat.

These results confirm that the basic concept works and that the prototype can produce both useful heat as
well as hydrogen.

Preparation for the Living Lab

The prototype has been planned and built for easy disassembly, transport and reassembly at the Living Lab
site in Horgen. Only few integration tasks remain, mainly connecting the unit to the site infrastructure and
ventilation system.

e

Next Steps

The upcoming months will focus on completing the systems and installing them in the Living Lab. For the
HTE and EIS systems, the work includes final assembly, testing, transport and commissioning. The systems
will then be included in the joint Living Lab test campaign. For methanol synthesis, the remaining equipment
and instruments need to be procured and installed. The plant will then be commissioned and connected to
the other systems. The MtO rig will be completed, divided into transportable units and delivered to the Living
Lab. After commissioning, it will be used to test selected structured catalysts. The Aluminium-to-Energy
prototype will undergo additional testing before transport. It will then be moved to the Living Lab and
connected to the local infrastructure. The integrated test campaign will show how the individual technologies
perform when operating together. It will also provide practical information about automation, system
communication, maintenance and long-term operation.



