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Preface

The transition towards a net-zero emissions economy is accelerating the need for scalable and
flexible energy solutions. Hydrogen is increasingly recognized as a key enabler for decarbonizing
industry, energy systems, and transport. Finland, with its strong renewable energy base and industrial
capabilities, is well positioned to contribute to the European hydrogen economy, although regional
implementation strategies remained uneven.

The HyPER (Hydrogen Production and Storage as an Enabler of Industrial Renewal in Central Finland)
project addressed this gap by establishing a hydrogen production and storage platform in Central
Finland. Central Finland Region has favourable conditions, including access to renewable electricity,
biogenic carbon dioxide, and a skilled workforce. At the same time, the decline of peat-based energy
production created both a challenge and an opportunity for industrial renewal.

This report is focused on advanced electrochemical hydrogen production, particularly Anion Exchange
Membrane Electrolysers (AEMEL), alongside supported by digital infrastructure and data-driven
modelling approaches. In parallel, hydrogen storage via solid-state materials such as carbon-based
adsorbents and metal-organic frameworks was investigated to address key limitations in the hydrogen
value chain.

The work aimed to bridge experimental research and practical implementation by developing reliable
system configurations and operational strategies. Ultimately, the HyPER project contributed to
positioning Central Finland as a competitive actor in the hydrogen economy while supporting a just
and sustainable energy transition.

Jyväskylä, 28th April 2026

Authors
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1. About HyPER Project

HyPER - Hydrogen Production and Storage as an Enabler of Industrial Re-
newal in Central Finland
The HyPER project is an initiative of VTT and the University of Jyväskylä, funded through the Just
Transition Fund, to position Central Finland at as a relevant contributor to the emerging European
hydrogen economy. As the global energy transition accelerates - with USD 1.3 trillion invested in
2022 alone - hydrogen has emerged as a critical missing piece of the clean energy puzzle, capable
of decarbonising industry, transport, heating, and food production. HyPER directly responds to this
opportunity while addressing the regional socio-economic challenge posed by the rapid decline of the
peat industry.

Regional context and rationale. Central Finland is uniquely endowed with the key prerequisites for a
viable hydrogen economy: abundant biogenic CO2 from sources such as the Äänekoski bioproduct
mill, access to low-carbon electricity via high-voltage grid infrastructure and growing wind energy
investments, fresh water from Lake Päijänne, and a digitally literate workforce anchored by the
University of Jyväskylä and JAMK. Yet, during the conception of the project in 2023, unlike Finland's
western and southern regions, Central Finland has lacked a coherent hydrogen strategy - a gap that
HyPER aims to �ll.

Meanwhile, the decline of peat - projected to fall to just 10% of 2019 utilisation levels by 2030 -
threatens the livelihoods of workers across 52 registered peat extraction companies in the region.
HyPER frames the hydrogen economy not merely as an environmental imperative, but as a just
transition pathway: reskilling peat workers for roles in electrolyser maintenance, H2 logistics, pipeline
inspection, and equipment fabrication.

Core research actions. HyPER is organised around three technically distinct but complementary
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actions.

Hydrogen production via AEMEL. HyPER centres on the Anion Exchange Membrane Electrolyser
(AEMEL), a next-generation technology that combines the low-cost, PGM-free advantages of alkaline
electrolysis with the high current density and fast-response capabilities of PEM technology. The
system is tested for dynamic production patterns as well as spot electricity price matching, making it
ideally suited to Central Finland's growing renewable energy landscape.

Digital infrastructure and business landscaping. A supervisory control and data acquisition (SCADA)
system will integrate existing and new - including a 30 kW PEM electrolyser - into a uni�ed digital
hydrogen platform. APROS and control-oriented dynamic models of both AEMEL and PEM systems
will be developed and used for techno-economic analysis of business cases relevant to Central
Finland's bioproduct mills and wind farms.

Solid-state hydrogen storage. Addressing one of hydrogen's key commercial bottlenecks, HyPER
investigates adsorption-based storage using bio-derived activated carbon, metal-organic frameworks
(MOFs), and zeolites. Locally sourced biomass from Central Finland will be screened as raw material
for carbon adsorbents, in collaboration with the parallel BitKein project. A testing rig will be designed
and commissioned at VTT.

Signi�cance and expected impact. HyPER's 24-month programme - spanning �ve work packages
led by VTT and JyU, with industry partners including Andritz, Hitachi Energy, Myrsky Energia, Kytola
Instruments, Schwer Fittings, Fimpec, Vireon and Business Jyväskylä - establishes Central Finland's
�rst hydrogen production and storage testing site. Beyond the laboratory, HyPER is designed to
contribute to a broader regional transformation: attracting investment, building public awareness, and
providing a foundation for future scale-up projects. By valorising local carbon resources, integrating
with existing renewable assets, and equipping the workforce with hydrogen-relevant skills, HyPER
demonstrates that a just and technically credible energy transition is achievable for industrial regions
in transition.
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2. Work Package 1: Coordination

2.1 Overview
Work Package 1 (WP1) provides the coordination backbone of the HyPER
project (Hydrogen Production and Storage as an Enabler of Industrial Re-
newal in Central Finland), a European Union co-funded initiative executed
jointly by VTT Technical Research Centre of Finland (coordinator) and the
University of Jyväskylä (JyU). WP1 encompasses project management,
�nancial oversight, stakeholder governance, and administrative reporting
activities that enable the four research-and-investment work packages to
operate effectively. Its central organisational deliverable is the Steering

Group, a governing body that unites representatives from nine partner companies alongside VTT,
JyU, and a member from the Regional Council of Central Finland. VTT holds legal responsibility for
�ling payment and amendment applications for both partners, while JyU independently executes its
allocated tasks and submits expenditure declarations after VTT has initiated the relevant process.

2.2 Task Accomplishments
Governance establishment. WP1 constituted the Steering Group at the project kick-off on 1 February
2024, elected a company-representative chairperson, and established a meeting frequency aligned
with EURA payment application cycles. Four Steering Group meetings were held:

• Kick-off meeting, 1 February 2024
• Second session, 27 September 2024
• Third session, 11 March 2025
• Fourth session, 17 December 2025

Each meeting followed a structured format covering all work packages, partner company comments,
�nancial reviews, and discussion of of�cial indicators, with all material archived in a dedicated Microsoft
Teams folder. A draft consortium agreement was prepared by VTT in early 2024 de�ning the rights and
responsibilities of both partners, with �nalisation targeted for Q2 2024 following commenting rounds.

Financial monitoring and reporting. WP1 tracked expenditure across the research project (total
budget 559 kC) and the investment project (305 kC), giving a combined budget of 864 kC. Financial
status was presented at every Steering Group meeting through the EURA2021 system. A notable
administrative challenge emerged when VTT's pre-project personnel amendment, increasing the
project team from three to four staff, required processing �rst through the Ministry of Economic Affairs
and Employment before being formalised in EURA2021. This temporarily delayed VTT's H1 2024
payment application without affecting JyU's independent reporting.
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3. Work Package 2: Hydrogen Production Platform

3.1 Overview
Work Package 2 (WP2) forms the physical and experimental backbone of
the HyPER project, which aims to advance hydrogen production capabilit-
ies in Central Finland. The purpose of WP2 was to design, procure, install,
commission, and operate a containerised Anion Exchange Membrane
Electrolysis (AEMEL) hydrogen production platform. This platform serves
the project's wider aims by generating real operational data to feed the
digital models developed in WP3 and by producing hydrogen that can be
fed into the solid-material storage rig housed in the same container under

WP4. The core deliverable is a fully operational, insulated 20-foot container laboratory located at the
VTT site in Jyväskylä, equipped with two commercial Enapter EL 4.1 Liquid Cooled AEM electrolysers,
a hydrogen dryer, an Elix Essential 5 water treatment unit, a custom-designed closed-loop electrolyser
cooling system, container heating and ventilation infrastructure, comprehensive gas-detection safety
equipment, and a SCADA-connected automation cabinet. The platform is designed for year-round out-
door operation in the Finnish climate and is capable of producing approximately 1 Nm3/h of hydrogen
at pressures of 30-35 bar.

3.2 Task Accomplishments
Task 2.1 covered platform design and AEMEL procurement over the �rst four project months. Key
activities included planning the container infrastructure, conducting a HAZOP round and two FMECA
workshops whose �ndings led to a simpli�ed Process and Instrumentation Diagram (P&ID), and
scanning suppliers before procuring the Enapter device set together with all auxiliary components.

Task 2.2 then executed installation and commissioning between months four and seven, encompassing
metalwork for frames and piping feed-throughs, water and hydrogen piping, automation cabinet wiring,
and system-level checkout. The Site Acceptance Test (SAT) was completed on 25-26 November
2024, after which the system was declared operational. Practical challenges encountered during
commissioning included minor hydrogen leaks at pipeline �ttings (resolved by tightening), a dryer fan
malfunction (�xed in collaboration with Enapter), over-ef�cient cooling at low ambient temperatures,
and water ingress from condensation and precipitation requiring improved pass-through insulation and
the addition of a �oor water-leak sensor.

Task 2.3 initiated experimental campaigns in Spring 2025, focusing on three objectives: characterising
system dynamic behaviour, measuring steady-state performance across load levels, and performing
gas purity analysis on both the cathode and anode outlet streams. The start-up sequence was found to
require approximately 8 minutes when ramping to 60% load without pre-heating, compared to roughly
14 minutes when targeting full load from a cold start. Load increases from 60% to 100% took around
90 seconds, while load reductions were near-instantaneous at approximately 2 seconds. The table
below summarises measured electrolyser performance at steady state for a single EL 4.1 LC unit.
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Load Current Power H 2 �ow Pressure Ef�ciency Heat out
(%) (A) (W) (Nl/h) (bar g) (%, LHV) (W)

100 53 2326 510 29 65.6 520
90 47 2080 458 29 65.9 458
80 42 1825 408 28 66.9 380
70 37 1580 357 28 67.6 316
60 32 1342 306 28 68.2 258

Gas quality measurements used a Varian micro gas chromatograph and FTIR spectrometry. Hydrogen
crossover to the anode-side oxygen stream was measured at approximately 1.6-2.0% H2 concentration,
with higher concentrations observed at lower load levels. FTIR analysis of the oxygen-side gas
con�rmed stable water vapour at around 1.1% and CO 2 at 20 ppm, while the hydrogen-side stream
showed water vapour at 0.11% and CO2 of 8-12 ppm across both load conditions.

3.3 Future Outlook
Looking ahead to 2026, WP2 activities will shift toward extended operational campaigns and deeper
integration with the wider project ecosystem. Further hydrogen crossover measurements are planned
to assess their effect on long-term operational viability and membrane health. The electrolyser platform
will be connected to the predictive digital models developed in WP3, enabling real-time load control
strategies and model validation. Collaboration with the H2POSSE initiative will facilitate integration
between the AEMEL production platform and the solid-material hydrogen storage rig from WP4,
creating a more complete hydrogen value chain within the container. Heat management will also
become a focus area: the cooling loop currently dissipates between 260-520 W of thermal energy
depending on load, and future studies will examine whether this waste heat can be recovered and
put to productive use, with a potential link to the BF-HELP (a co-innovation Business Finland Project)
exploring building-scale heat applications.
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3.4 Final Presentation from WP 2

beyond the obvious



RESEARCH REPORT
10 (133)

beyond the obvious



RESEARCH REPORT
11 (133)

beyond the obvious



RESEARCH REPORT
12 (133)

beyond the obvious



RESEARCH REPORT
13 (133)

beyond the obvious



RESEARCH REPORT
14 (133)

4. Work Package 3: Digital Hydrogen and Business Landscaping

4.1 Overview
Work Package 3 (WP3) constitutes the digital and economic analysis layer
of the HyPER project, sitting alongside the physical hydrogen production
platform (WP2) and the hydrogen storage research (WP4). Its purpose is
twofold: to develop and deploy the supervisory control, data acquisition,
and advanced modelling infrastructure that governs the real electrolyser
platform, and to evaluate the economic feasibility of hydrogen utilisation
pathways relevant to the Central Finland region. The work package is
structured around three tasks running from project month 8 through to

month 21. Task 3.1 covers the procurement, installation, and commissioning of the SCADA system for
the platform. Task 3.2 focuses on the development of a dynamic system model of the anion-exchange
membrane electrolyser (AEMEL), bridging laboratory-scale data with megawatt-scale projections.
Task 3.3 performs business case concept analyses for two contrasting hydrogen utilisation scenarios
in order to assess the conditions under which green hydrogen can become economically viable in the
region:

• a small-scale hydrogen refuelling station
• large-scale power-to-methanol plant

Together, these tasks provide the analytical and operational backbone needed to extract maximum
knowledge from the physical platform and to inform future investment decisions by industrial stake-
holders in Central Finland.

4.2 Task Accomplishments
T3.1 - SCADA Procurement, Installation, and Commissioning

The control and data architecture for the hydrogen production platform was fully engineered and
deployed during 2024. Following the production of detailed control and logic diagrams and a formal
function description document, the team issued offers to electrical and automation suppliers and
selected a contractor. The electrical cabinet was modi�ed and made ready for testing in mid-2024.
Automation programming proceeded through the summer, culminating in a Factory Acceptance Test
(FAT) completed on 17-18 September 2024 and a Site Acceptance Test (SAT) completed on 25-27
November 2024.

The deployed architecture integrates two AEMEL units and auxiliary components (dryer and water tank)
via a Dryer Network connected through an Ethernet switch. A WinCC-based HMI (Human-Machine
Interface) computer provides local process visualisation. On the supervisory side, a dedicated SCADA
PC runs Hitachi MicroSCADA X, which reads and stores all available process data and sends load
commands to the programmable logic controller (PLC). A Load Controller module extracts electricity
spot price data from the Nord Pool API and calculates optimal electrolyser loading accordingly. By the
end of the reporting period, data collection between the electrolyser and MicroSCADA X had been
established, and communication with the PLC was �nalised. The MicroSCADA layer communicates
via both Modbus TCP/IP protocol, while AEMEL telemetry data is also accessible in parallel through
the Enapter cloud service, from which historical records can be downloaded for of�ine analysis.
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T3.2 - Development of Dynamic System Model and Load Controller

Signi�cant effort was devoted to characterising the AEMEL dynamically and building data-driven
models suitable for real-time control. Two modelling philosophies were pursued in parallel. First,
a �rst-principles model of the electrolyser and its balance of plant was developed in the APROS
simulation environment, with the kW-scale unit (1 stack, 2.4 kW nominal, 500 Nl/h H2) serving for
model validation and an equivalent 420-stack, 1 MW model used to study large-scale dynamics.

Second, and more importantly for real-time deployment, a data-driven approach using Reservoir Com-
puting, speci�cally an Echo-State Network (ESN), was developed and validated against experimental
measurements. Systematic system identi�cation experiments were designed and executed on the
physical platform following pseudo-random binary sequence (PRBS) inputs design and step inputs
at load levels ranging from 60% to 100%. The ESN model was trained on this data and achieved
excellent agreement with measured outputs, as summarised below.

Output Variable RMSE nRMSE MAE R 2

H2 production rate (Nm3 h�1 ) 2.769 0.5% 0.474 1.0
Electrolyte temperature (p.u.) 0.002 0.2% 0.001 1.0
Stack pressure (p.u.) 0.006 0.6% 0.001 1.0
Total energy consumption (kW) 0.004 0.5% 0.001 1.0

Table 1. ESN model validation metrics against held-out experimental data (K-fold cross-validation).

The ESN model formulation is structurally compatible with standard Model Predictive Control (MPC)
solvers, enabling its direct use in closed-loop economic optimisation for future work. Because the
model represents the nominal operating state of the system, deviations from its predictions can
serve as a health indicator for online incipient fault detection. Two distinct load control modes were
implemented: a fully cost-optimised mode that aggressively switches the electrolyser on and off to
exploit low spot-price windows, and a health-bounded mode that constrains the rate of load change
to protect electrolyser stack lifetime. Both modes are based on the 15-minute Minimum Trading Unit
(MTU) structure adopted by the Nord Pool electricity market.

T3.3 - Business Case Concept Analysis

Case 1: H2 refuelling station (small-scale). The study assessed the production cost of RFNBO-
compliant green hydrogen for a road-vehicle refuelling station in Jyväskylä, comparing three electro-
lyser technologies-Alkaline (AEL), Proton-Exchange Membrane (PEM), and Anion-Exchange Mem-
brane (AEM)-under both present-day and projected future (2030-2035) capital and performance
parameters. An hourly dispatch model implemented in MS Excel sized the wind and PV power
purchase agreements (PPAs), electrolyser, compressor, and 300-bar buffer storage simultaneously,
selecting the combination that minimised the levelised cost of stored hydrogen while satisfying an
hourly temporal matching requirement consistent with REDIII RFNBO regulations. The operation logic
intentionally over-dimensions the electricity supply by approximately 30-43%, yielding high electrolyser
utilisation factors (70-85%) and small storage requirements (approximately 10-15 hours of �ll capacity).

Technology Cost today ( C/kg) Cost future ( C/kg) Capacity factor

AEL (Wind 4 MWe + PV 1 MWe) 6.77 5.23 74% / 72%
PEMEL (Wind 4 MWe + PV 1 MWe) 7.04 5.08 76% / 71%
AEMEL (Wind 4.5 MWe + PV 1.1 MWe) 7.69 4.83 81% / 71%

Table 2. Lowest-cost scenario results for each electrolyser technology (passenger-car refuelling station, 100% utilisation
assumed).

Electricity costs represented 50-55% of production costs at present, rising to 63-69% as capital costs
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fall. Adding solar PPA to the electricity mix consistently reduced costs even when the solar price
exceeded the wind price by up to 5 C/MWh, owing to the negative correlation between wind and solar
availability that raises the electrolyser utilisation factor. AEL emerged as the lowest-cost technology
today; AEM is not yet competitive because of limited stack durability, but could become the cheapest
option by 2030-2035 if durability, current density, and stack size improve as projected. At a cost of
approximately 7 C/kg (210 C/MWh), green hydrogen translates to roughly 2 C per litre of gasoline
equivalent at the pump-competitive with gasoline on a per-kilometre basis once the superior ef�ciency
of fuel cells is accounted for.

Case 2: Power-to-methanol (large-scale). This study compared the economic feasibility of three
scenarios for large-scale e-methanol production (190,000 t/a) in the Jyväskylä region, differing in
their CO2 source and synthesis location: (i) Keljo, using CO2 from Alva's Keljonlahti combined heat
and power (CHP) plant with synthesis co-located at the plant; (ii) Pipe, transporting CO2 from Metsä
Fibre's Äänekoski pulp mill to Jyväskylä by pipe, train, or truck; and (iii) Äänekoski, locating the entire
synthesis unit at the pulp mill. A fourth Business as Usual scenario with no methanol production
provided a baseline. The energy system model was built in SpineOpt, an open-source optimisation
framework developed by VTT, and simulated on an hourly basis for a full calendar year using real 2024
Finnish electricity spot prices (mean 45.7 C/MWh) and Jyväskylä estimated district heat demand. Key
model assumptions included the decommissioning of the Rauhalahti CHP plant and its replacement
by 45 MW heat pumps, 120 MW electric boilers, and 1,100 MWh thermal storage, re�ecting operating
conditions in 2030's.

The analysis found that a 770 MW wind park would be required to supply the electrolysers, with roughly
one third of that wind power sold back to the power market. H2 storage of 25 GWh (suf�cient for
approximately �ve days of production) bridges periods of low wind output. Electrolysis heat recovery
was found to supply up to 36% of total district heat demand, which substantially limits the need for
electric boilers and heat pumps. The Pipe scenario emerged as the most cost-effective con�guration,
saving approximately 16 MC/year relative to Keljo and yielding a heat integration bene�t of 2.8 M C/year
compared with the Äänekoski scenario. CO2 transport costs proved negligible relative to total system
costs. The Keljo scenario was the most expensive because CO2 demand forces Keljonlahti CHP to
run at higher utilisation rate, incurring signi�cant biomass fuel costs. Grid capacity was identi�ed as a
practical bottleneck for any plant of this scale.

4.3 Future Outlook
On the digital hydrogen side, the immediate priority for 2026 is the deployment and validation of
the ESN-based Model Predictive Controller on the physical platform. The work continues with
the collaboration with the Mechanical Engineering Department at LUT School of Energy Systems,
Lappeenranta. System identi�cation experiments will continue to expand the dataset used for model
training and to characterise degradation dynamics, enabling the controller to balance economic
optimisation against stack health preservation. The validated ESN model will also be integrated
with the Load Controller's spot-price optimisation logic and tested under realistic dynamic operation
pro�les re�ecting solar and wind generation patterns. Longer-term research under WP3 will extend
the framework to encompass CO2 emission factor modelling and emissions-aware economic dispatch,
connecting to methanol synthesis demand patterns explored in the business case analyses.

For the business case work, further re�nement of the Pipe scenario is planned, with particular attention
to a detailed comparison of CO2 transport modes (pipeline, rail, and truck) over the 55 km Äänekoski-
to-Jyväskylä route, where no single mode has yet emerged as decisively cheapest. The extension of
the H2 refuelling station study to bus �eets is also ongoing.
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4.4 Final Presentation from WP 3 / Digital Hydrogen
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4.5 Final Presentation from WP 3/ Business Landscaping
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5. Work Package 4: Hydrogen storage in solid materials by adsorption

5.1 Overview
Work Package 4 (WP4) addresses the challenge of safe, ef�cient, and
cost-effective hydrogen storage as a key enabling technology for indus-
trial renewal in Central Finland. WP4 forms the materials science and
engineering pillar of this effort. Its central premise is that solid-state ad-
sorbent materials - activated carbons, metal-organic frameworks (MOFs),
and zeolites - can store hydrogen at pressures well below the 350-700 bar
required for conventional compressed-gas vessels, and at temperatures
far the cryogenic conditions needed for liquid hydrogen, thereby offering

important safety and energy-ef�ciency advantages.

The work package was structured into four interlocking tasks. Tasks 4.1-4.3, led by JyU, covered the
synthesis, computational screening, and experimental characterisation of porous carbon materials,
MOFs, and zeolites respectively. Task 4.4, led by VTT, was responsible for designing, procuring,
assembling, and commissioning a dedicated hydrogen storage testing rig to provide comparative
performance data across all material classes under near-ambient conditions. Together, these tasks cre-
ated a complete pipeline from raw material selection and computational prediction through laboratory
synthesis and characterisation to device-level hydrogen storage measurement.

5.2 Task Accomplishments
Task 4.4 - Hydrogen Storage Testing Rig (VTT)

Task 4.4 constituted the principal engineering deliverable of the work package. VTT designed
a custom manometric (volumetric) hydrogen storage testing device capable of operating over a
temperature range of 0 to 25 °C and a pressure range of 0 to 80 bar, accommodating sample masses
of approximately 0.1-16 g in two interchangeable sample cells. The measurement principle relies on
tracking the gas-phase pressure balance between a calibrated dosing volume and a sample cell to
derive the quantity of hydrogen adsorbed. All major components were procured by mid-2025; the
device was physically assembled and co-located in the same laboratory container as the AEMEL
electrolyser platform, enabling future studies of the dynamic interaction between hydrogen production
and storage. Automation engineering was contracted to PCS-Engineering and completed by late 2025,
including full PLC-based sequencing and safety interlocks.

Comparative adsorption isotherm measurements at 25 °C and 0 °C were completed for the full panel
of zeolite and carbon samples and a selection of MOFs. The principal results are summarised in the
table below.

Summary of H 2 adsorption performance at 25 °C, 50 bar (adsorption isotherm)

Material class Representative samples Gravimetric capacity Volumetric enhancement
(wt-%) vs. compressed H 2 (%)

Zeolites Y, B, ZSM-5, ferrierite, catalyst up to 2 �25 to 0
Activated carbons KAH15-KAH40 series up to 8 +10 to +50
MOFs Ni2(m-dobdc), HKUST-1, up to 1 �25 to +15

Zr-UiO-66, CALF-20

Note: Carbon samples show the strongest capacity enhancement at lower pressures (1-30 bar). MOF gravimetric
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capacity is limited by high material density. The US DOE vehicle targets are 5.5 wt-% and 40 kg/m3, referenced
at system level.

Capacity correlated strongly with speci�c surface area and pore volume, and inversely with packing
density, con�rming the validity of these parameters as screening criteria. Repeatability tests on
HKUST-1 con�rmed good reproducibility across separate experimental runs. Cooling from 25 °C to
0 °C produced modest capacity improvements (a few percent) for zeolites and MOFs but had limited
effect on the carbon samples, whose adsorption behaviour at these temperatures is already dominated
by pore-�lling rather than temperature-sensitive adsorption equilibria.

5.3 Future Outlook
The most immediate next step is the completion of hydrogen adsorption durability testing - repeated
charge-discharge cycling - for the top-performing adsorbents, with publication of the full results dataset
anticipated later in 2026. The strongest carbon candidates, particularly those in the KAH series
with surface areas above 2000 m2/g, will proceed to next-stage evaluation focused on real operating
conditions and engineering scale-up considerations.

On the materials development side, future work at JyU will explore hybrid adsorbents in which
the high-surface-area activated carbon matrices are combined with metal nanoparticles or MOF
coatings to achieve stronger hydrogen binding without sacri�cing porosity. The use of functionalised
biopolymers - lignin, cellulose, and chitosan - as alternative precursors is also planned, further
leveraging Central Finland's forest-sector by-product streams. Three-dimensionally printed support
structures for adsorbent pellets are being investigated to improve handling and packing ef�ciency in
engineering-scale vessels.

Research will continue under the successor H2POSSE project (commencing 2026), which will extend
the isotherm pressure range from the current 50 bar maximum to 80 bar, test new adsorbent classes,
and improve measurement accuracy through leak minimisation, tighter temperature control of the
dosing cabinet, and reduction of uncontrolled ambient-temperature gas volumes within the instrument.
The testing device will also be coupled more tightly to the AEMEL electrolyser to investigate the
transient interaction between variable-output electrolytic hydrogen production and solid-state buffer
storage, providing systems-level data that can inform the design of integrated renewable hydrogen
installations in Central Finland and beyond.
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5.4 Final Presentation from WP 4/ Hydrogen Storage
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