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The EU’s climate neutrality and circular economy objectives require the scale-up and risk reduction of innovative
technologies that support the decarbonization of European industry. To accelerate industrial mobilization and
enable commercialization by 2030, sustainable, climate-neutral, resource-efficient, and cost-effective value chains
for advanced biofuels must be demonstrated at least at Technology Readiness Level (TRL) 6 by 2025-2026.
Currently, commercially available thermochemical technologies, such as fast pyrolysis (producing bio-oil) and
Hydrotreated Vegetable Oils (HVOs), face limitations related to high process costs, significant energy demands,
and/or constrained raw material availability. Furthermore, the lack of demonstrated integration between these two
technologies, critical for advanced biofuel production, remains a major barrier.

The main premise of the BioMates project was the cost-effective and decentralized valorisation of residual (straw)
biomass to produce bio-based products of over 99% bioenergy content. The BioMates approach was based on
innovative non-food/feed biomass conversion technologies, including ablative fast pyrolysis and mild catalytic
hydrotreating, while incorporating state-of-the-art renewable H2-production technology as well as optimal energy
integration. To that aim, the ablative fast pyrolysis bio-oil was partially upgraded via hydrogenation over various
operating conditions in continuous flow TRL 5, pilot plant at CERTH, towards the identification of the optimum
operating window in terms of hydrogen consumption and product quality. The total liquid product consisted of an
organic phase with almost zero oxygen and water content, low viscosity and improved TAN (BioMates) and an
aqueous phase resulting from the underlying hydrodeoxygenation (HDO) reactions.

At the next phase, the BioMates product was co-hydroprocessed with compatible fossil-based refinery
intermediates, aiming in a scoping study of the potential direct integration of BioMates in a refinery for hybrid
fuels production. Light Cycle Qil (LCO) was selected as a compatible intermediate, based on a detailed preceding
study as the most suitable refinery candidate from a miscibility perspective [1]. The addition of BioMates in LCO
feed for co-processing resulted in a high-quality liquid product consisting of diesel, jet and naphtha boiling range
hydrocarbons with almost zero water and oxygen content [2]. Furthermore, no AP creation was observed during
the co-processing which shows that a small content up to 30% v/v of BioMates can be added in the unit without
penalties on coke creation. In addition, a reduction of up to 8.9% on hydrogen consumption of the process was
observed, due to BioMates lower sulphur content compared to LCO.

To conclude, validation of the BioMates end use through co-processing with petroleum streams was successfully
demonstrated by producing 1.000 L of hybrid fuels. These were subsequently separated by vacuum distillation at
CERTH into naphtha, kerosene, diesel, and a heavy fraction. Quality assessment showed that the resulting hybrid
products exhibited only minor deviations from the corresponding fuel specifications. The naphtha fraction was
identified as a high-quality hybrid fuel, highlighting its strong potential for refinery utilisation. The hybrid jet fuel
was evaluated against ASTM D1655 specifications, meeting all requirements except for freezing point. The hybrid
diesel showed excellent compliance with EN 590 specifications, while the heavy fraction displayed moderate
performance, with non-exceptional values for density, sulphur, and nitrogen content. The BioMates project has
proven that the combination of fast pyrolysis and catalytic hydroprocessing is a promising pathway for valorising
residual biomass into refinery-compatible feedstocks. This approach can accelerate the decarbonisation of the
petroleum sector and the associated transportation fuels, with particular relevance for the aviation and maritime
sectors.

The successful validation of such an integration at TRL 5 achieved in the H2020 Advanced Bio-based
intermediATEs (ABATES) project created a strong basis for further integrated technology scale-up necessary for
its demonstration. As a result, this work was extended with the next Horizon project “ABATE”. The ABATE
project builds on the outcomes of the BioMates project by further improving and scaling up the thermochemical
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conversion pathway to Technology Readiness Levels (TRL) 6-7, while integrating it with biochemical
technologies for the complete valorisation of all by-products. Through technology intensification and process
optimisation, combined with the integration of renewable energy system (RES) components, such as green
hydrogen, the project aims to achieve 90-120% greenhouse gas (GHG) emission reductions at industrial scale, in
line with the Renewable Energy Directive (RED), while minimising fossil energy inputs.

By the end of the first year of the project, the fast pyrolysis plant located at RISE has been successfully revamped
and commissioned, enabling the robust production of high-quality bio-oil. In parallel, the system for CO:
valorisation from combustion gases is operating effectively, achieving capture efficiencies exceeding 85%.
Biochar produced from sawdust and forest residues is currently under evaluation to determine its suitability for
agronomic applications or the need for additional pretreatment. In parallel, TOPSOE is designing an optimised
heterogeneous catalytic system to overcome the technical challenges identified in the BioMates project,
particularly catalyst deactivation due to blocking and sensitivity to bio-oil quality. These aspects are being assessed
in TRL 5 hydroprocessing pilot plants at CERTH. At the same time, a novel TRL 6 hydroprocessing unit, featuring
both liquid and gas recycle loops, has been jointly designed by Vinci Technologies, CERTH, and TOPSOE. This
unit will serve as the main validation platform for bio-oil upgrading using the newly developed catalyst. The TRL
6 hydroprocessing plant will be installed at CERTH and is expected to be operational by September 2026. It will
have a nominal processing capacity of 100 kg/day, corresponding to approximately 30 tonnes per year. The facility
will be integrated with a green hydrogen supply system based on renewable-energy-powered electrolysis. In
addition, the hydroprocessing off-gas by-product is currently being evaluated by CENER for methane production
using a novel bioreactor, supporting the demonstration of a zero-waste bio-oil valorisation concept. Following the
bio-oil stabilisation step, the organic phase can either be further upgraded into drop-in fuels or used directly as a
blending component for co-processing with petroleum streams in existing refineries. The end use of ABATE
intermediates will be validated through demonstration of their seamless integration into refinery processes. This
will be achieved by extended testing in CERTH’s new TRL 6—7 hydrotreating facility, operated under conditions
representative of conventional hydrotreating (HT) and hydrocracking (HC) units, in collaboration with BP (British
Petroleum), with the aim of de-risking future commercial deployment.
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