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Bio-Inspiration:
Learning from
Nature

Bio-inspiration is the systematic study of
nature's structures, designs, processes, and
functions, to design innovative materials
and develop breakthrough technologies.

Unlike direct biomimicry, bio-inspiration
strategically adapts nature's underlying
principles to solve complex human
engineering challenges.

Nature’s 3.8 billion years of evolutionary
optimization holds the blueprint for
revolutionary materials that could
transform technology, medicine, and
sustainability.
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Presenter Notes
Presentation Notes
• **Key principle:** Understanding WHY biological systems work, not just HOW they look��### Speaker Notes:�1. Bio-inspiration represents one of the most promising frontiers in materials science. Unlike traditional engineering approaches that start from scratch, bio-inspiration leverages millions of years of evolutionary optimization.��2. The field encompasses three main approaches: biomimicry (copying natural functions), biomimetics (interdisciplinary transfer from biology to technology), and bioinspiration (using natural processes as inspiration for new materials).��3. What makes this field particularly exciting is that we're not just copying what we see in nature, but understanding the fundamental principles that make biological systems so efficient and effective.��4. This understanding allows us to create materials that often surpass their natural counterparts because we can combine the best features from multiple biological systems.�



The Value of
Bio-Inspired
Design

Efficiency: Biological systems are
optimized for performance.

Innovation: Nature offers unique
mechanisms not yet or fully explored
In engineering.

Sustainability: Nature-inspired
designs could reduce environmental
impact.
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Modified cyclodextrins and gold nanoparticles which dock to viruses, causing their death.

5. What's crucial is that each of these systems achieves superior performance through structure and design, not just better materials.�




Cheese Marks and the Problem for Swiss Cheese Makers
Definition Technology

1. Casein-based disc

2. |ID card of a cheese
a. Dairy
b. Storage location

Crystalline, asymmetric amyloids are extracted from waste
whey, and subsequently aligned to create an optical effect,
similar to liquid crystal technology

Jin, T. et al. (2024). Structural Colors from Amyloid-Based Liquid Crystals. Advanced Materials, 36(8)
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The Problems Project Goals

Monopoly of cheese mark A o e ) . Swiss whey-based cheese
producer outside Switzerland L marks in white and black

Food fraud of Gruyére cheese e > [HIDIBEIEIRINIE, Uitz
inspired structures to create a

Fading colors in cheese marks security label

adolphe:! institute Praveen Kumar, Viola Vogler-Neuling, Raffaele Mezzenga, Ullrich Steiner LE GRUYERER
Sxcellenseiin pire Bnd applied nanossienes and Interprofession du Gruyére [SwiTzERLAND] (o7
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Brilliant black colorant
Prof. Mezzenga has two (at least) companies in this domain using amyloids, Goold and BluAct Technologies, so he may say more 


Debondable-on-Demand Epoxy as a Shellac Mimic
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Modified Epoxy Results
One-step, modified linear -

epoxy from two Ay o R o 1 oint
commercial products, DoD ' 2R 7 o Py

R = CHO / COOH
R'=CH,OH/ Me BADGEPPy

adolphe institute Skandalis, Ayer, Weder ACS Macro Letters 2025, 14, 420. Patent application filed.

excellence in pure and applied nanoscience
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4. One of the most exciting developments is 'smart' materials that can adapt and respond to their environment, just like living tissues. These could self-repair, change properties on demand, or even evolve over time.�
Prof. Mezzenga has two (at least) companies in this domain using amyloids, Goold and BluAct Technologies, so he may say more 


Valorization of coffee waste into functional materials for food packaging

Objective Research Team
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Extraction of lignin and pectin from spent ground coffee :R
and coffee husks to develop new coatings for packaging Dr. Manon Guivier
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Mineral Waste Grounded/Filtered to fine powder

Building Insulation
Reborn from Mineral Waste

Mineral foam technology, manufactured
with low energy, forms ultra-stable
bubbles, enabling maximized
performance and sustainability at
competitive cost

Particle-stabilized foams using

sustainable materials Sustainable Building Material Ultra-stable foaming
from Mineral Foam with FenX additives




Future
Directions

Revolutionary advances in nanotechnology
and biotechnology now enable precise
replication of nature's most complex and
sophisticated architectural designs at
multiple scales.

Further academic research is needed, to
enable applications in robotics, medicine,
and more, with startup creation and
industrial collaborations

Challenges:
«Financing for research
«Scalability
*Cost
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Modified cyclodextrins and gold nanoparticles which dock to viruses, causing their death.


Summary

Ab out us ~ Nature is truly sustainable and forms its own circular «<economys.
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Funding: 85 Mio over 12 years (SNSF + UNIFR + 39 Party)

Members: ca. 120 (including 25 Professors)

Partners: EPFL, ETHZ, Empa, CSEM, TU Darmstadt, UniSalzburg, Cornell, KU Leuven, &

UniTurku Ulli Steiner Esther Amstad
(UniFr) (EPFL)
. Director Deputy

Headquarters: Adolphe Merkle Institute (AMI, Fribourg)
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