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Introduction

The conversion of microalgae biomass into sustainable aviation fuel (SAF) is moving from
laboratory research to pilot-scale demonstration. In this fourth COCPIT newsletter, we present
the recent progress made by project partners in addressing key technological, environmental,
and economic challenges along the entire value chain, from microalgae to fuel.

In thisissue:

IMT Atlantique: Development of a continuous hydrothermal liquefaction (HTL) reactor that
reduces clogging problems, achieving biocrude yields exceeding 40% (protein-rich biomass)
and 60% (lipid-rich biomass).

DLR and Aalborg University (AAU): Characterization and predictive modeling of HTL-derived fuel
fractions, indicating promising SAF properties and preliminary potential for direct use.

Universitat Rovira i Virgili (URV): Development of e-caprolactam-based ionic liquids that enable
lipid recovery of up to 91.8% from Parachlorella kessleri as an alternative to conventional
solvents.

Universitat Rovira i Virgili and University of Nantes (NU): Use of aqueous biphasic systems
(ATPS) for the selective fractionation of microalgae biomass, enabling the recovery of proteins
and carbohydrates and highlighting the role of biomass pretreatment.

Agricultural University of Athens (AUA): Techno-economic evaluation of the HEFA and HTL
processes, identifying key factors influencing process performance and scalability.

HTL Continuous Reactor

During the first 18 months of the project, IMT designed a pilot-scale continuous HTL reactor
intended to screen HTL operating conditions, study fouling, and optimize the HTL reaction.

It was commissioned and used to run experimental campaigns during the following 18 months.
The unit was built internally by the technical team of the Energy Systems and Environmental
Engineering department of IMT, in collaboration with AAU’s Department of Energy. The design
and construction were done under the supervision of Prof. Sary Awad, aiming to enhance the
reaction conditions by using a combination of a CSTR in series with a Tubular Reactor (TR) in
order to delay or resolve the issues resulting from clogging/fouling in the previous continuous
reactor designs. This unit is the first of its kind in the IMT laboratories which focused previously
on batch-mode solvolysis. The reactor is also being modeled using COMSOL in order to
understand the behavior of the system and optimize it.

The design consists of a high-pressure pump followed by electrically-heated CSTR and TR
mounted in series. The flow is then cooled using a fin configuration cooled by fans. Finally, a
hydraulic system manages the pressure control in the reactor and the discharge of the reaction
products to the collection tank (atmospheric pressure). The hydraulic system consists of 2

cylinders operating sequentially and activated pneumatically.
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After fine-tuning the system, colleagues at IMT completed two HTL campaigns using protein-
rich microalgae and lipid-rich microalgae, produced by NU and its Algosolis platform, as
feedstock. The campaigns consisted of testing different CSTR volumes, flow rates, residence
times, and their distribution between CSTR and TR. The goal of these campaigns was to find the
optimal operating conditions to maximize biocrude yield while extending the HTL operating time.
The campaign results show very promising outcomes, with biocrude yields exceeding 40% and
60% for protein-rich and lipid-rich microalgae, respectively, exceeding the yields obtained in
batch screening of the same feedstocks.

Meanwhile, fouling phenomena in this reactor are being analyzed and a method for detecting
them is being developed. By understanding the causes of these problems, they can be
mitigated, allowing the reactor to operate longer before requiring cleaning and, consequently, to
produce more biocrude with minimal losses, especially during startup and shutdown. Currently,
the cumulative operating time of 30 hours for each cycle has demonstrated smooth operation
with low fouling.

Finally, the system's operating data is used to model the various phenomena occurring within it
and to provide a digital testbed that, through multiphysics models, allows us to predict the
system's behavior under different conditions.

Image: Hydrothermal Liquefaction (HTL) reactor system
Source: IMT Atlantique
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From Biocrude to the Skies: Promising assessment of first SAF candidate

Based on these successful continuous HTL campaigns, the resulting biocrude was processed by
our partners at AAU, and the final jet distillation fraction was subsequently delivered to DLR for
fuel assessment. In terms of chemical composition and physical properties, the algae-based
feedstock used in the project was identified as a promising candidate for a SAF with a 509 SAF
drop-in.

Due to the limited sample volumes available at the current Technology Readiness Level (TRL) of
the production process, the well established DLR pre-screening® [1] procedure was applied to
determine chemical and predict physical properties. This multi-step approach begins with a
detailed analysis of the exact composition of the fuel matrix by comprehensive two-dimensional
gas chromatography. In an initial step, a qualitative assessment of the individual components is
performed, with particular emphasis on the identification of potentially critical compounds. If the
matrix is deemed suitable, a quantitative evaluation of the hydrocarbon classes is conducted,
comparing the composition versus the extensive reference database of the SimFuel® platform.

In the final step, the physical properties are predicted based on the quantitatively evaluated
chemical data, categorized by carbon number and compound class. The modeling approach
employs machine learning algorithms as well as physical based modelling approaches that
consider the fuel both as a whole entity and as a mixture of individual components, as well as
hybrid representations combining both perspectives. The SimFuel modeling framework also
incorporates consistency checks and provides estimates of uncertainty.

Separation according to
chemical functionality

Figure: Detailed chemical analysis of the jet cut fraction by comprehensive tow-dimensional
gas chromatography
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— Prescreening limits

Both the qualitative and quantitative
compositions of the product were
found to be within the range of
experience derived from the “World
Fuel Sampling Program 2006" (CRC
Report No. 647 [2]).

The  experimentally  determined
physical properties also confirm this
trend. Only the net heat of
combustion and the yield soot index
slightly exceed in a positive way the
range of experience. Both the
composition and the modeled
properties suggest that the SAF
candidate indicates potential for use
as a 50% drop-in SAF, if experimental
validation and testing of additional
properties confirms the prescreening
indications and if the qualification of
the production process according to
ASTM D4054 was successful.

The high similarity to conventional
fuels suggests that the SAF
candidate, potentially after targeted
fuel design and property optimization,
may even be suitable as a future 100%
drop-in SAF. However, specifications
for such fuels are not yet available.

= PG71_Cocpit_jet_cut SIMFUEL_Model prediction

-*- P671_Cocpit_jet cut measurements
[ CRC World fuel Survey 2006

Figure: Visual representation of the modeling and measurement results based on DLR Prescreening®.
[1 https H/www.dIr.de/en/vt/research-transfer/research- serwces/dIr-prescreening-of-new-fuel-candidates


https://www.dlr.de/en/vt/research-transfer/research-services/dlr-prescreening-of-new-fuel-candidates
https://crcao.org/wp-content/uploads/2025/07/CRC-647.pdf
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Based on these successful continuous HTL campaigns, the resulting biocrude was processed by
our partners at AAU, and the final jet distillation fraction was subsequently delivered to DLR for
fuel assessment. In terms of chemical composition and physical properties, the algae-based
feedstock used in the project was identified as a promising candidate for a SAF with a 509 SAF

drop-in.
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Figure: Quantitative Results summarized according to compound classes
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Figure: Comparison of the jet-cut fraction with the extensive data in the SIM-Fuel Database
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A greener way to extract lipids for SAF

Recent research conducted by colleagues at URV, published in the journal Algal Research, has
demonstrated an innovative and sustainable method for lipid extraction from the microalgae
Parachlorella kessleri.

Microalgae are widely considered an attractive biomass source due to their ability to accumulate
significant amounts of lipids and the possibility of being cultivated without relying on agricultural
land traditionally used for food production. However, efficient lipid recovery remains a key
challenge, as conventional extraction methods often rely on volatile organic solvents, which can
present environmental and operational disadvantages.

To address this challenge, researchers synthesized and evaluated four bio-derived ionic liquids
derived from e-caprolactam as alternative extraction media. Among the solvents tested,
caprolactam-lactate (CPL-Lac) showed the best performance. Through process optimization,
the authors achieved a lipid recovery yield of up to 91.8% of the total lipids contained in the
microalgal biomass.

The study also examined the fatty acid composition of the extracted lipids. The recovered
fraction was dominated by palmitic, stearic, and oleic acids, fatty acids commonly considered
favorable intermediates for biofuel production. Based on this composition, the authors suggest
that the extracted lipids could represent a suitable feedstock for subsequent fuel conversion
processes.

Overall, the results demonstrate that caprolactam-derived ionic liquids, particularly CPL-Lac,
can achieve high lipid extraction efficiencies from microalgae biomass, while also offering a
potential alternative to conventional organic solvents. This work contributes to ongoing efforts
to develop more sustainable biorefinery approaches and to expand the range of renewable
feedstocks available for the production of advanced biofuels.

This study represents a further contribution of the COCPIT project to the development of
technologies that can support future sustainable aviation fuel value chains and the broader
decarbonization of the aviation sector.

READ THE FULL WORK HERE

Design of a E-caprolactam-based ionic liquids for the extraction of lipids
from starved Parachlorella kessleri microalgae for sustainable aviation
fuels



https://www.cocpit-horizon.eu/wp-content/uploads/2026/02/Rivas-2025-Algal-Research-92-e104369.pdf
https://www.cocpit-horizon.eu/wp-content/uploads/2026/02/Rivas-2025-Algal-Research-92-e104369.pdf
https://www.cocpit-horizon.eu/wp-content/uploads/2026/02/Rivas-2025-Algal-Research-92-e104369.pdf
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Unlocking proteins and carbohydrates from microalgae

Building on their previous work on lipid extraction from P. kessleri, URV researchers, in
collaboration with colleagues at NU, further explored how other valuable biomass components
can be recovered and valorised through innovative downstream processing strategies.
Published in Algal Research, the study investigates the use of aqueous biphasic systems (ATPS)
pbased on ionic liquids for the selective fractionation of proteins and carbohydrates from
microalgal biomass.

The researchers evaluated ATPS systems composed of the ionic liquid 1-butyl-3-
methylimidazolium bromide and phosphate salts, focusing on their ability to promote selective
partitioning of biomolecules under mild operating conditions. In addition to system composition,
the study systematically assessed the influence of biomass pretreatment and physiological
state on separation performance. To this end, biomass cultivated under nutrient-replete
conditions was compared with nitrogen-starved biomass, a common strategy used to modulate
intracellular composition in microalgae.

The results revealed a clear and reproducible partitioning behaviour within the ATPS system:

« Proteins were predominantly recovered in the ionic liquid-rich phase, confirming the
preferential affinity of this fraction for the IL-containing environment and enabling targeted
protein enrichment in a single step.

+ Carbohydrates accumulated mainly in the salt-rich phase, allowing an effective and clean
separation from the protein fraction within the biphasic system.

Beyond this primary separation pattern, the study also provided further insights into the role of
biomass physiology and process conditions:

» Carbohydrate partitioning remained relatively stable across different physiological states,
suggesting limited sensitivity of this fraction to upstream cultivation strategies.

- Protein recovery, instead, was more strongly influenced by both the cultivation conditions and
the applied biomass pretreatment, highlighting the importance of upstream-downstream
integration.

« Overall separation performance was shown to depend not only on ATPS composition, but also
on the physiological characteristics of the starting biomass, underlining the complexity of
designing robust fractionation processes.
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These findings reinforce the importance of considering both upstream biomass production and
downstream processing as interconnected steps in integrated microalgae biorefineries. By
improving the understanding of selective biomolecule recovery from microalgae biomass, this
work complements previous advances in lipid extraction and contributes to the development of
more efficient and flexible biomass valorisation strategies within the COCPIT project.

READ THE FULL WORK HERE

Selective fractionation of proteins and carbohydrates from Parachlorella
kessleri with ionic liquid-based aqueous two-phase systems: Influence of
pretreatment and physiological state

Source: Canva


https://www.cocpit-horizon.eu/wp-content/uploads/2026/03/Zurita-2026-Algal-Research-95-e104662.pdf
https://www.cocpit-horizon.eu/wp-content/uploads/2026/03/Zurita-2026-Algal-Research-95-e104662.pdf
https://www.cocpit-horizon.eu/wp-content/uploads/2026/03/Zurita-2026-Algal-Research-95-e104662.pdf
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Techno-economic assessment of microalgae-based SAF

A key contribution from AUA within COCPIT concerns the process design and techno-economic
evaluation of microalgae-to-SAF production pathways.

The work addressed the design of an integrated cultivation module and its downstream
conversion via hydrothermal liquefaction, with the aim of evaluating the technical and economic
feasibility of producing SAF at different scales. This analysis supports a better understanding of
the conditions required for future industrial deployment and scalability.

A key feature of the proposed cultivation system is its alignment with the principles of industrial
symbiosis, including the use of biogenic CO2 sources and opportunities for resource recycling,
thereby improving overall sustainability and reducing environmental impact.

On the conversion side, the HTL pathway and subsequent upgrading steps were evaluated using
the most relevant experimental data generated within the project, ensuring a realistic
representation of process performance under operational conditions.

Through detailed process modelling and techno-economic analysis, AUA identified the main
parameters influencing production efficiency and overall costs. The results highlight the key
drivers of SAF competitiveness and indicate where optimisation efforts can deliver the greatest
impact.

Overall, this work strengthens the understanding of the microalgae-to-fuel value chain and

supports the development of scalable and economically viable pathways for SAF production,
contributing to the advancement of low-carbon solutions for the aviation sector.
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Figure: Techno-economic evaluation process for the production of SAF from microalgae via HTL and industrial symbiosis
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The flowchart presented on the previous page represents the process and simulation module for
producing microalgae-based SAF. The scheme compares the HEFA (lipid extraction and
valorization) process with the HTL (hydrothermal liquefaction of whole biomass) process,
integrating industrial symbiosis and dark fermentation for a zero-waste biorefinery.

Conclusion

Overall, the results presented across the COCPIT project illustrate the potential of an integrated
microalgae-based biorefinery approach for the cascade valorisation of Parachlorella kessleri
biomass. Advances in continuous hydrothermal liquefaction at IMT Atlantique have
demonstrated improved biocrude production under optimised operating conditions, supported
by enhanced reactor design and a better understanding of process dynamics and fouling
behaviour.

Downstream processing, carried out in collaboration between IMT Atlantique, Aalborg
University, and the German Aerospace Center (DLR), combined experimental upgrading with
advanced analytical and predictive tools to characterise the resulting fuel fractions. These
efforts provided detailed insights into chemical composition and relevant physical properties,
highlighting their potential suitability for Sustainable Aviation Fuel applications within
established pre-screening frameworks.

In parallel, research conducted by the University of Rovira i Virgili in collaboration with the
University of Nantes, demonstrated that bio-derived ionic liquids and aqueous biphasic systems
can be effectively used for the selective fractionation of microalgal biomass. These systems
enable the separation of key biomass components, including lipids, proteins, and carbohydrates,
while also highlighting the influence of biomass pretreatment and physiological state on
downstream separation performance.

Finally, techno-economic and process modelling studies led by the Agricultural University of
Athens further contribute to understanding the conditions required for scalable SAF production
from microalgae, identifying key parameters influencing process efficiency and economic
viability.

Together, these complementary activities provide a coherent set of experimental and modelling

insights supporting the development of integrated microalgae-to-fuel value chains, contributing
to the broader COCPIT objective of advancing sustainable aviation fuel technologies.
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