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Global
challenges

e Over-reliance on fossil reserves
e Resource insufficiency
« Climate change

Urgent need to
transform the existing
materials paradigm



FINNCERES - competence center
with ambitious impact target

« Urgent need to transform the existing
materials paradigm

 From lignocellulose science to materials
bioeconomy

« Joint competence center for the materials
bioeconomy between Aalto University and
VTT




We will exploit the inherent natural
properties of lignocellulose to create new

materials
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Replacing
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Modular and tunable
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FINNCERES Scientific Roadmap

The scientific questions

Applied
research with a
visionary
glimpse

« How touse lignocellulose as a sustainable alternative
to plastics, with similar properties?

¢ How to integrate lignocelluloses at different scales
and contexts, in textiles and electronics?

Biocomposites
Structured materials
Light-weight materials

* Canwe achieve novel and feasible material families

o ) ) )
Wearables by exploiting cellulose-water interactions?

e How to hybridize materials to achieve the required
performance in given applications?

Solutions for clean water / air

¢ [sit possible to use biomimetic and hierarchical
construction toward ultrathin films, yarns, films,
webs, porous structures?

Nanophotonics, Optoelectronics &
Energy harvesting

| water &air
| purification
| systems

based
|  materialsin

Fundamental
aspects as
enablers of

applications

2020 2021

How to turn formally challenging biomaterial-water
interactions into opportunities?

2019

Water interactions

Lignocellulose disassembly:

Preparation of building blocks How to realize efficient and reproducible production of

lignocellulose-based building blocks?

Lignocellulose reassembly How to utilize biomaterial architectures to reach desired

material properties?

v

Fundamental
| scientific
| discoveries
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FINNnCERES Flagship

Joint competence center for the materials bioeconomy
between Aalto University and VTT

Funding by the Academy of Finland

Aim to develop new lignocellulose based materials and
applications with a solid scientific foundation




FINNnCERES Collaborators
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More information?

Scientific aspects Industry collaboration Practical matters

Orlando Rojas Tekla Tammelin Petri Silenius Alina Ruonala-Lindgren Jukka Hassinen Stina Grongvist

Professor Research Professor Corporate Relations Manager Co-creation Manager FinnCERES Flagship Manager FinnCERES Flagship Manager
FinnCERES Research PI FinnCERES Research Pl D.Sc. (Tech) M.Sc. (Tech) D.Sc. (Tech) D.Sc. (Tech)

Aalto University VTT Aalto University VTT Aalto University VTT

orlando.rojas@aalto.fi tekla.tammelin@vtt.fi industry@finnceres.fi industry@fnnceres.fi info@finnceres.fi info@finnceres.fi

finnceres.fi




CHEMICAL CONVERSION
PLATFORMS



Chemicals production with o Rt VT
iImmobilized microalgae

Microalgae as a catalyst for directed biosynthesis of solar biofuels (H,) and

transparent nanocellulose

matrix
Re-routes photosynthetic
electron flow to biofuel
production
Restricts excessive biomass
growth
Increases light utilization
efficiency

Desired C

End

Advantages of nanocellulose: microalgae as
—_— Products

Biocompatibility e
Transparency b|0§ta|ys
Mechanical stability - "
Porosity for gas and vapour
diffusion

Water holding ability

‘,ﬁ.

No energy to biomass

Jamsa et al. Journal of Materials Chemistry A., 2018, 6, 5825-5835.




Microalgae immobilized in L MM VT
transparent nanocellulose
matrix

Homoge-
neous cell
iNCreased distribution
cell density Enhanced

cell viability

Restricted ‘_-‘ R r ” — meduced

cell growth, ﬂ - - . -

energy directed 4 E X water
to targeted o A consumption
chemicals e

Improved
light utilization
efficiency

Less need
for mixing
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_ Combine photosynthetic microalgae and cellulose nanofibrils
Chemicals to create bio-sourced energy and chemical
conversion platforms



H, production capacity of

entrapped cel

TEMPO CNF - microbial hydrogel layer

Ca?* crosslinked TEMPO CNF-microbial
hydrogel layer

IS

H, photo-production
stage

Hydrogel layer on water conveying support

H, photo-production

stage
embedded
¥su pport
network
—

Hydrogel layer immersed in water

Jamsa et al. Journal of Materials Chemistry A., 2018, 6, 5825-5835.
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We are part of the FinnCERES Flagship that develops novel
lignocellulose-based materials to address the main challenges of
our centuryincluding resource sufficiency and climate change.
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