
Biorefining of sugars via Process Intensification
Improve biorefinery operations through processintensification and new end products

Is your company looking for opportunities to improve the efficiency of the biorefinery? 

Are you interested to substitute fossil based polymers with bio-based ones?

Do you want to imrove your biorefinery concept, lower operational costs or increase product yields?



The BioSPRINT team applies process intensification 
(PI) in biorefining operations, to improve the efficiency
of the purification and conversion of sugars from the 
hemicelluloses fraction of lignocellulosic biomass and 
to enable their transformation into new bio-based 
resins for substituting fossil-based polymers in a range 
of applications.

The ultimate objective is to lead to a reduction in
operation costs, feedstock and energy resources, 
greenhouse gas emissions and higher yields, while
increasing operation safety, by concentrating on 
technologies which can intensify processing methods 
and create an integrated biorefinery concept.

BioSPRINT in a nutshell
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Of parti cular interest in BioSPRINT is the valorisati on 
of hemicelluloses streams derived from hard wood 
and straw, from processes employed in the producti on
of paper pulp or biofuels. Such streams are readily 
available from the pilot or producti on processes of the 
project’s research and industrial partners (Fraunhofer
and UPM). A case study using a stream from Clariant 
will also be carried out.



Concept

Upstream Purification and Concentration of Hemicelluloses Streams
In BioSPRINT, the key intensification strategies will be 1) the use of spinning disc reactor
(SDR) technology for intensified lignin precipitation by solvent evaporation, and 2) the 
development of membrane technologies as low-energy solutions to remove soluble 
non-sugar components and concurrently achieve higher concentration of hemicellulosic 
sugars. The objective is to intensify the upstream purification stages by combining the 
unit processes into a hybrid process demonstrating modularity of the technologies and 
ensure high purity of the target sugars.

Downstream Purification of Furan Monomers

In downstream purification processes, BioSPRINT focuses on the recovery of furan products 
(furfural, 5-hydroxymethylfurfural), solvent(s) and unreacted sugar feedstock. Furans,
intended to be used further in polymer production, should undergo the downstream 
separation and purification processes, where mainly distillation and extraction are 
envisaged as separation techniques. Solvent selection based on solvent screening is
performed to identify the best solvent candidates that would give sufficient products
and solvent purity and recovery. In order to study the feasibility of the proposed downstream
purification technology, the modelling is initiated for three possible sovents. The separation
strategy will be tested on bench scale and will select the system where high recovery and 
purity is possible. Similarly, to the upstream purification units, emphasis is directed towards 
integration and intensification of technologies (intensification of liquid-liquid decanting, 
heat transfer intensification) capable of minimising net energy consumption and product 
degradation, greenhouse gas emissions and costs, associated with downstream separation 
processes.
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Catalytic Conversion of Hemicellulose Sugars into Monomers

The project we will investigate, apply and integrate catalysis, kinetics and in situ separation 
methods of reactive intermediates into a single intensified process step to maximise 
sugar conversion, reduce generation of waste by-products, minimise hazardous solvent 
inventory and energy consumption, and improve process safety. Additionally, intensi-
fication via hybridisation of reaction and extraction techniques will be investigated to 
enable in situ removal of highly reactive target products avoiding further degradation 
in the reactor. Integration between catalyst and reactor design will be achieved using 
high throughput (HTP) and machine learning (ML) methods for catalyst development, 
leading to more selective processes using less harsh process conditions. This will lead 
to an efficient reactor design, reducing reactor and downstream separations footprints.

Polymerisation
At the final polymerisation stage, purified furanic monomers (furfural, 5-HMF) produced
will be used to synthesize resole and novolac-type resins, as well as liquid novolacs and 
Mannich polyols, in combination with fossil reagents (when necessary) and other renewable 
ingredients, in order to maximize the bio-based content. The new resins and polyols will 
be benchmarked against commercial products in real formulations, in order to measure 
their performance advantages. Polymerisation intensification methods will be investigated to 
achieve continuous processes using spinning disc reactors (SDR), aiming at the replacement 
of the current  batch-based approaches or at increasing the efficiency of selected units 
of the synthetic process.
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2
In the catalytic conversion area, 
to investigate intensified reaction
methodologies for dehydration of
sugars into furans (furfural and 5-HMF)
and optimise their production

7
To fully exploit the project’s results by 
means of multidimensional Disse-
mination & Communication (D&C), 
stakeholder engagement, Training 
& Capacitybuilding, standardisation 
and business planning activities.
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At the final polymerisation stage, 
to convert furans into resol and 
novolactype resins and polyols 
and formulate biorenewable re-
sins to enable the convergence 
of different feedstock molecules 
into similar polymers, allowing 
maximisation of the final product 
yields for consumers products.

1
In upstream purification, to 
intensify the purification of
sugars by removal of impurities
present and/or generated in the 
lignocellulose fractioning steps.
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In downstream purification, to
develop methods to purify the
converted sugar streams into
non aqueous functionalised furan
monomer bulk/solutions and to
create intensification strategies
minimising furans degradation.

5
To simulate the improved biorefinery
concept and processes and compare 
them with SOTA, followed by integration 
and validation of the developed concepts 
and technologies for the 2 studied 
streams (FhG /UPM) and a transfera-
bility study for the Clariant stream.

6
To demonstrate the final processes
and products’ sustainability and 
safety; to establish the economic 
feasibility of the BioSPRINT concepts
and technologies via a thorough ILCSA.
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Partner description

AEP Polymers SRL

 Expertise: Founded in 2013, AEP 
is an independent SME focused on
industrial R&D in the field of bio-based
polymers and formulations, with
application in polyurethanes (rigid 
and flexible PU foams, compact PU, 
coatings and adhesives), fiber-reinforced
composites, epoxy resins (composites,
adhesives), thermoplastics and a wide
variety of functionalized building 
blocks. The company’s expertise is 
mainly concentrated in organic chemistry  
and polymer science. Once designed 
and synthesized the new molecules, 
the AEP’s researchers use their formu-
lation expertise to benchmark them in 
industrial formulations against com-

mercial products, to quantify their 
performance advantages. The syn-
thetic processes are then optimized,
upscaled and characterized at TRL=5 
before transferring the recipes to pilot 
and industrial production.

 Main role in the project:
design, synthesis, characterization, 
first upscaling (1-3 kg) and testing of 
bio-polyols from furfural and 5-HMF, 
with applications in rigid polyure-
thane foams. The goal is to study the 
replacement of fossil-based polyols 
with bio-based ones, maximizing the 
bio-based content without sacrifying 
(or even improving) performance. 

Classification: SME
Country: Italy

www.aeppolymers.com

A furfural based bio polyols
synthesized at AEP Polymers.
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ANALISIS-DSC

Experti se: ANALISIS DSC is a spanish
SME engineering services company, 
located in Madrid (Spain). We off er 
engineering services in the areas of 
process engineering and mechanical
engineering, specifi cally we work 
in areas of computational fluid
dynamics (CFD) using CAE soft ware 
tools. Especifi cally, we work in Basic 
Engineering, Failiure Engineering, 
products and Industrial processes
Optimization, industrial Processes 

scale-up, fi re risk, Heati ng, Venti lati on 
and Air Conditi oning (HVAC), digital 
twin development and other studies.

Main role in the project:
Analysis of the diff erent bioprocess 
using CFD simulati ons, we will analyze
the processes, then we will help in 
the opti mizati on and scale-up of the 
processes to meet the expected pilot 
plants objecti ves in term of perfor-
mance and output.

Classifi cati on: SME
Country: Spain

Partner descripti on

www.analisis-dsc.com

These are the people from
ANALISIS DSC working in
BIOSPRINT project.
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Partner description

DECHEMA Gesellschaft
für Chemische Technik 
und Biotechnologie e.V.

 Expertise: DECHEMA has many 
years of expertise in technical, economic
and environmental assessment of 
novel technologies and processes. 
It provides consulting, independent
analysis and scouting services to 
start-ups, established companies and 
investors. For its clients, it evaluates
trends, new technologies and identifies
R&D needs in its core sectors “Bio-
economy and Biotechnology”, “Che-
mical Production”, “Raw materials”,
“Energy&Climate” and “Industrial

water management”. Furthermore, it 
has been developing successful road-
maps for national and international 
associations, organizations, and ministries
 for many years. 

 Main role in the project:
Project coordination, Lead of 
Dissemination and Exploitation and 
coordinator of the External Advisory 
Board (EAB) steering the commercial 
and scientific direction of the project.

Classification: RTD
Country: Germany

www.dechema.de

DECHEMA main
buliding in Frankfurt
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eBOS
Technologies Ltd

 Experti se: eBOS is an innovati ve
client-focused software company 
providing state-of-the-art RegTech and 
Fintech soluti ons that automate risk 
and compliance management for
organisati ons on a worldwide basis.
 Our Research & Development (R&D) 
division is focused on future-oriented
research in multi ple areas and pilots
eBOS’ successful engagement in cut-
ti ng-edge research projects funded
by the European Commission and 
implemented in collaboration with

large international research teams 
and industrial leaders.

Main role in the project:
Quality Assurance and Risk Manager
of the project, Support to create
Machine Learning predicti ve models 
with both theoreti cal and experimental
data. As part of the Disseminati on 
team, eBOS has created and maintains 
the project‘s website and assisted 
with the organisati on of the webinars. 

Classifi cati on: SME
Country: Cyprus

Partner descripti on

htt ps://ebos.com.cy/

Charalambos Kliti s 
(R&D Project Manager)
Christos Skoufi s
(Senior R&D Project Manager),
CISO , eBOS ’ team in
BioSPRINT
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Partner description

Fraunhofer Center for 
Chemical     Biotechnological
Processes (CBP)

 Expertise: The Fraunhofer-
Gesellschaft zur Förderung der
angewandten Forschung e.V. is the
leading organisation for applied
research in Europe. Its Fraunhofer 
Center for Chemical-Biotechnological 
Processes CBP in Leuna focuses on 
the combination of biotechnological
processes with chemical processes,
and with its pilot scale technical
equipment it closes the gap between
the laboratory and industrial imple-
mentation. By providing the infras-
tructure and technical facilities as well 
as a staff of highly qualified experts,
it enables partners from research 
and industry to develop and scale
up processes for the utilization of 
renewable and petrochemical raw 
materials to production-relevant 
dimensions, and also to accelerate

process developments. Focus is laid 
on the use of vegetable oils, the 
disintegration of lignocelluloses and 
the production of technical enzymes.

 Main role in the project:
process development, scale up, and 
process simulation. Two major objec-
tives are: 1) the production and provi-
sion of hemicellulose samples from the 
Organosolv process directly from the 
pilot plant, and 2) the purification
of hemicellulose streams to isolate
C5 and C6 sugars, as well as the 
separation and purification of furan
derivatives and phenols from the 
reaction mixtures. Additionally, they 
are implementing and scaling up 
the chemical and biotechnological 
conversion of the hemicellulose-
containing streams to furan derivatives.

Classification: RTD
Country: Germany

https://www.cbp.fraunhofer.de/

Ireen Gebauer and Christian 
Bartsch are in  charge of process
upscaling.
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 Expertise: The ifeu - Institut für 
Energie- und Umweltforschung Hei-
delberg (IFEU) was founded as an 
independent, non-profit research 
institute in 1978. Today, IFEU is organized
as a non-profit limited company and 
is one of the leading environmental 
think tanks in Germany. More than 80 
employees from different disciplines
work at IFEU. The institute seeks answers
to urgent environmental and sustai-
nability questions in a scientific, inde-
pendent, practical, transdisciplinary, 
creative and holistic manner. During the 
more than 40 years, several thousand
studies and projects have been con-
ducted on circular economy, on the 
sustainable and environmentally 
friendly design of products, processes 

and material flows, on the transition 
towards a bio-economy within plane-
tary boundaries, on future-oriented
mobility and transport, and on a 
successful energy transition. IFEU 
undertakes research and provides 
a goal-oriented consultancy service 
worldwide and on behalf of a large 
number of national and international 
clients.

 Main role in the project:
leading the Integrated Lifecycle 
Sustainability Assessment, evaluates 
the sustainability implications of the 
BioSPRINT processes and products, 
including environmental and techno-
economic, socio-economic and  safety-
related aspects. 

Classification: SME
Country: Germany

Partner description

https://www.ifeu.de/

IFEU‘s new headquarters
sets new standards in
energy efficiency for
office buildings

Institut für Energie
und Umweltforschung
Heidelberg gGmbH
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Partner description

IRIS Technology
solutions Sociedad
limitada

 Expertise: IRIS is an Advanced 
Engineering company specialized in 
Real-Time Monitoring solutions based
on Photonics-based Process Analytical
Technology (PAT) systems and Industrial
Artificial Intelligence (Machine Lear-
ning and Deep Learning) for data- driven
process efficiencies and quality
standardization in the Food, Chemical,
Pharmaceutical, Bio-based and other 
process industries. We also develop
AI-enabled Cloud Platforms for digiti-
zing value chains.

 Main role in the project: 
IRIS role is focused on developing
monitoring and controls strategies for 
the scale up of the bio-based processes
applying its background in PAT solutions.

Classification: SME
Country: Spain

https://www.iris-eng.com/

Spectroscopy Lab in IRIS facilities
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 Expertise: Maturus Optimi was 
founded in 2011 as an engineering 
consultancy, offering process develop-
ment & design, energy efficiency, 
sustainability and techno-economic 
evaluation services. The founders’ 
backgrounds are rooted in chemical 
engineering, sustainability and eco-
nomics. Our in-depth knowledge is a 
result of many years of working for 
multinational companies across the 

entire process development chain, 
from fundamental R&D to Engineering, 
Maintenance and Utility departments.

 Main role in the project:
leading techno-economic and socio-
economic assessment studies; identify
limitations, risks and opportunities
related to the scale-up and implemen-
tation of the BioSPRINT technology.

Classification: SME
Country: The Netherlands

Partner description

https://www.maturusoptimi.com/

The Biosprint team from
Maturus Optimi
(Mladen Crnomarkovic and
Marcel Eijkenboom)

Maturus Optimi BV
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Partner description

Kemijski Institut, the 
National Institute of 
Chemistry

 Expertise: Kemijski Institut is a 
leading Slovenian research institution 
in the field of chemistry and related 
scientific disciplines Basic and applied 
research are oriented towards fields 
which are of long term importance to 
both Slovenia and the world materials
research, life sciences, biotechnology,
chemical engineering, structural and
theoretical chemistry, analytical chemistry
and environmental protection through 
which the institute is in line with the 

needs of the domestic and foreign 
pharmaceutical, chemical, automotive
and nanobiotechnological industries.

 Main role in the project: 
process intensification, in particular
of catalytic conversion, downstream
purification and polymerisation 
reactions; strategic planning, delivery
and evaluation of an impact Training,
Education and Capacity-Building
Programme (TECBP) 

Classification: RTD
Country: Slowenia

https://www.ki.si/en/

Catalytic laboratory
at Kemijski Institut
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 Experti se: Prefere Resins delivers 
tailor-made phenolic, specialty urea 
and melamine resins to our customers
since more than a century. Also 
high-quality derivati ves of methanol-
(C1)-chemistry, such as paraform-
aldehyde, formaldehyde, and hexa-
methylene tetramine are part of our 
portf olio. As one of the global market 
leaders we supply a wide range of 
resins, basic chemical raw materials 

and additives – quickly and reliably 
from 14 production sites worldwide.

 Main role in the project:
Development of sustainable resole- 
and novolac-type resins based on 
5-HMF. These resins will be investi gated
with regard to their usability in cons-
truction, insulation and industrial
applicati ons.

Classifi cati on: SME
Country: Germany

Partner descripti on

htt ps://www.prefere.com/

Dr. Elke Fliedner,
Technology Manager
Industrial at Prefere Resins

Prefere Resins
Germany GmbH
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Partner description

Newcastle University

 Expertise: The Process Intensifica-
tion (PI) Group at Newcastle ist currently
the largest PI research group worldwide.
The research activities in the group
focus on developing novel approaches
to equipment design and process
synthesis with the aim of miniaturising
process plants and making them
environmentally friendly and flexible 
in terms of manufacturing capabilities
and providing rapid response to market
demand. Core technologies in the 
group are spinning disc reactors, 
oscillatory baffled reactors, high-g
separations, photochemical reactors, 
non-thermal plasmas and heat pipes, 
amongst others. The application areas 
are wide, and extend from biorefining, 

CO2 capture and conversion, catalysis,
green chemistry, passing through 
pharmaceuticals and fine chemistry, 
up to more conventional chemical and 
petrochemical processes.

 Main role in the project:
lead the Intensification of Catalytic
Conversion, and contributes to the 
development of intensified process 
technologies for upstream purification
of hemicellulose streams, for downs-
tream purification of reaction products
and for continuous polymerisation. 
The team also play key roles in piloting
the BioSPRINT technologies with multiple 
industrial partners and is responsible 
for the project technical management. 

Classification: RTD
Country: United Kingdom

https://www.ncl.ac.uk/

BioSPRINT
team at UNEW
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 Expertise: UPM deliver renewable
and responsible solutions and innovate
for a future beyond fossils across six 
business areas: UPM Fibres, UPM 
Energy, UPM Raflatac, UPM Specialty
Papers, UPM Communication Papers
and UPM Plywood. As the industry
leader in responsibility, we are committed
to the UN Business Ambition for 1.5°C 
and the science-based targets to mitigate
climate change. We employ 17,000 
people worldwide and our annual sales
are approximately EUR 9.8 billion

 Main role in the project:
support the development within the 
project by providing knowhow in the 
field of lignocellulosic based sugar 
production and techno-economic 
evaluation of biorefinery processes; 
provide samples obtained from UPMs 
pilot operations as industrial relevant 
feedstock

Classification: Large Industry
Country: Finland

Partner description

https://www.upmbiochemicals.com/

UPM Kymmene Oyj
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Partner description

Oulun Yliopisto

 Expertise: Univeristy of Oulu 
(UOULU) is a multidisciplinary university
located in the north of Finland. The 
participating unit is the Environmental
and Chemical Engineering Research
Unit (ECE) from the Faculty of Tech-
nology. The research unit comprises
several teams bringing expertise from 
various fields of engineering, such 
as separation technology, catalyst
and reactor design, sustainability
assessment, process modeling, control
and optimization and intelligent
methods in process automation.
UOULU has versatile expertise in
separation processes, including 
membrane technologies, distillation,
absorption, adsorption and ion-
exchange, and photocatalysis.

 Main role in the project:
providing our expertise in membrane
purification, machine learning and 
computational intelligence and process
safety; our team consist of experts in 
several fields of engineering; Prof. Riitta
Keiski, Buddhika Rathnayake and Hanna
Valkama are responsible for the process
development in the upstream purifi-
cation. Prof. Mika Ruusunen, together
with Dr. Aki Sorsa and Dr. Markku 
Ohenoja focus on the machine learning
algorithms in catalyst development 
and on the process scale-up and control
issues Dr. Arto Reiman from Industrial
Engineering and Management
Research Unit will be leading the task 
related to process safety.

Classification: RTD
Country: Finland

https://www.oulu.fi/en

M.Sc. Hanna Valkama 
is focusing her work 
in BioSPRINT to the 
membrane purification
and concentration of 
hemicellulose streams.
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Consorti um



Project coordinator

DECHEMA

Karoline Wowra

Phone: +49 69 7564 663

Email: coordinator@biosprint-project.eu
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