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BIOMATERIALS BIOMATERIAALIT

BIO-BASED MATERIALS BIOPOHJAISET MATERIAALIT
RENEWABLE MATERIAL SOURCE UUSIUTUVA RAAKA-AINE
BIODEGRADABLE MATERIAL BIOHAJOAVA MATERIAALI
COMPOSTABLE MATERIAL KOMPOSTOITUVA MATERIAALI
RECYCLABLE MATERIAL KIERRATETTAVA MATERIAALI

BIOLOGICALLY PRODUCED TUOTETTU BIOLOGISESTI
Biology/synthetic biology biologia/synteettinen biologia



BIOMATERIALS BIOMATERIAALIT: MEANING DEPENDS ON THE CONTEXT

IN MEDICINE: Biomaterials are synthetic or
natural origin materials that are used in
repairs, regeneration and replacement of tissues.

Source: https://www.utu.fi/en/

LAAKETIETEESSA: Biomateriaaliksi voidaan
kutsua mitd tahansa vierasta, synteettist&

tai luonnollista, materiaalia jota kdytetadn
biolddketieteessd eldvan kudoksen hoitoon

tai korjaamiseen. Biomateriaalit voivat olla
lasia, teflonia, titaania, erilaisia biopolymeerejd
ja geelejd tai jauheita.

Lahde: https://tieteentermipankki.fi/
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https://www.utu.fi/en/
https://tieteentermipankki.fi/wiki/Biotekniikka:biomateriaali
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In material research, BIOMATERIALS usually refer to BIO-BASED MATERIALS
from RENEWABLE MATERIAL SOURCES (virgin, side streams, waste).

Materiaalitutkimuksessa BIOPOHJAISET MATERIAALIT tarkoittavat yleensa
UUSIUTUVISTA RAAKA-AINEISTA valmistettavia materiaaleja
(neitseelliset, sivuvirrat, jGte).

Photos Eeva Suorlahti



BIO-BASED MATERIALS are produced for example of ligno-cellulosic raw materials

Cellulose is the most abundant organic polymer in the earth
- it is in wood, plants, algae.

Cellulose can have very
different formats.

Renewable
Recyclable
Functional .- -

Trees and plants contain also lignin, hemicellulose, bark, long bast
fibres, extractives for colours and natural ‘chemicals’...
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BIO-BASED MATERIALS FROM RENEWABLE MATERIAL SOURCES
- but how wisely are we using our precious renewable raw materials today?
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Example of RENEWABLE MATERIAL SOURCE: algea

Photo Esa Kapila

Harnessing the power of the ocean to create materials.

Experimental materials from polluting algea
(Cladophora glomerata), Laura Rusanen 2020, ChemArts

A!

Aalto University



Example: RENEWABLE MATERIAL SOURCES for textiles: flax (linen), nettle/ramie, hemp...

Xl
FF FIBRE FASHION Btiness  Mukerinoligence  Mews  Serviess Moo - “-.“f

Hemp fibre for high quality textile

Harr Telest i 8 Suntaralio Toul e mads of MDees of & wary Ngh—rablng Crnd » The Carv i 4alive Drd Sarvily Hator « oy LU 7r FamiTe (Rrposes.
e rope a0 sl Remp i hnown a8 0r of the most versetie snd durstiie Aot Mores. Growing and rocessing of hemp Stre Som et mvolve use of
peaticiden and other chemscen

F LA o
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Ecologically Efficient Agri-FOod Systems for  1emp feteic is » sustanabie testie made of #bros of » very high-yiekding crop in the cannabis sative piant famdy. Hatorcaly used for industrial purposes, ke
- [ and sals, sk 03 0N of the MOST versati able ratural Mtres
Development of Advanced Textiles Supply e o
Growing and processing of hemg Abre does not involve use of peaticides and cther chomicals. This makes hemp fitre & netural and erwirosmentally friendly
Chain - Production of nettle (Urtica dioica) for sosuct = main propertias s
regenerative fashion

A! By doctoral researcher Samica Sadik

Aalto University Photo Anne Kinnunen



BIODEGRADABLE MATERIAL / BIOHAJOAVA MATERIAALI
OR COMPOSTABLE MATERIAL / KOMPOSTOITUVA MATERIAALI
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Wood pulp Thermoformable packaging material Sulapac packaging material Timberfill loncell textfile fibres
by Huhtamdki 3D printing filament @Marimekko

Examples: Biodegradable, bio-based materials made of cellulose
A' (and some other ingredients)
|
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RECYCLABLE

MATEBIALS oo oo RENEWABLES FLOW MANAGEMENT e STOCK MANAGEMENT
KIERRATETTAVAT

MATERIAALIT

FOR CIRCULAR

ECONOMY N—

The circular economy is

a systems solution framework
that tackles global challenges
like climate change,
biodiversity loss, waste,

and pollution.

MINIMISE SYSTEMATIC ELLEN MACARTHUR

n MacArthur Foundation
Ci r ec /5 (
! - ek TR 9 LEAKAGE AND NEGATIVE
A ' Drawir raung tcDoncugh, EXTERNALITIES FOUNDATION
Crad 2C)
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Example of RECYCLABLE MATERIALS: Recycling textiles mechanically, chemically

or with enzymes

<A pond

Mechanically recycled textfiles

Khanittha Nualtaranee 2022
Photo Rainer Paananen

IONCELL =

SpInnIng

=

Carbon fibers

/

Composite
= material
Yarn ;

Textile
products

)
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A- Can recycled materials be recycled?
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Example of RECYCLABLE MATERIALS: From flower waste to materials

irenepurasachit.com
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BIOLOGICALLY PRODUCED TUOTETTU BIOLOGISESTI
Biology/synthetic biology biologia/synteettinen biologia

biofabricate.co

zenaholloway.com dianascherer.nl
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Example of BIOLOGICALLY PRODUCED MATERIALS: Fungi (mycelium)

THE
GROWING
PAVILION -

FORESTA acousnc pancl system

Acoustic panel system made from
fungi offers innovative circular
design solution for workplaces

\/e & s : Talk
. FORESTA acoustic pancl system

Ger i

thegrowingpavilion.com caracaracollective.com arup.com
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How to be a designer in the world of new materials:
Design for Circularity

Photo: Eeva Suorlahti



The circular economy is based on main three principles, driven by design

« Eliminate waste and pollution

« Circulate products and materials (at their highest values)
« Regenerate nature

‘In circular economy materials are not only

reused or recycled; they are merely stored in

e ey A
products, and used again and again
Prof. Mark Hughes Aalto CHEM

Adidas Futurecraft shoes made of monomaterial to enable recycling
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Sustainability

Do
less harm
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Circularity

4

R

Design
out waste

Regeneration

Replenish
and restore

https://space10.com/regenerative-by-design/




Do less harm
Example: Replacing fossile-based raw materials with renewable ones

A' Cellulose-based materials can be soft, hard, transparent...
m In most cases these materials react with moisture - and biodegrade.

Aalto University



By Pia Johansson in collaboration Dyeing with coffee waste Natural Indigo Finland & Marimekko 2021

with Biocolour research project Natural Indigo Finland + Paulig 2023 Photo Mikko Raskinen.
2021-22
A,, Ralto-yliopisto Do less harm - and not only with materials
Aalto-universitetet

Asito University Example: Replacing harmful chemicals



Do less harm Example: Alternative materials for art practices

PR ot -

Greta Salonen 2024 Spruce cone panels by lines Jakovlev 2023
Photo Esa Kapila Photo Anne Kinnunen
A: CHEMARTS
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Design out of Waste
Example: Upcycling plastic waste

Halla Hallan pirtedt bikinit ja uikkarit ovat olleet pinnalla jo muutaman vuoden

; ajan. Perustajat Salla Valkonen ja Hanna Chalvet saivat idean uikckarimerkidin

,. : l huomatessaan matkoillaan, miten paljon meressa kelluu muovijitetts. Halla
Hallan uima-asut tehdadnkin merten jatteista valmistetusta Econyl-kankaasta, ja

u IS my6s nsma uikkarit ommeliaan Bakilla
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© Bosnns @ Trens Her

14 Companies Using Recycled Natural Recydled Plastic Products

£
S @ e ==

Recycled Plastc: Coming to a Shop N from recydied plastic bottles

Y s A '§_._;,
a g el ;ﬁagg

Reusing and Recycing - Plastic Colle

L

Racyded Products - Preci Racyded Plastic

P

© Dwner ® Py

8 5
Rocycied Plastcs

4 Upcydind Plastic Product What Your Recyclables Bacome

View more on Instagram
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...but how to solve the original problem?



Replenish and restore
Example: fibers from lupine, filling from cattails.

p——

Fluff Stuff is a material innovation company based in
Finland. Currently we're in pre-seed and piloting
stage, preparing for our next step in bringing a

restorative, plant-based textile filling to the market.

- ﬁ‘. <l .m v
Textiles from invasive species: Lupine fluffstuff.fi
Maija Vaara and Mithila Mohan, 2023

Photo Anne Kinnunen
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Curiosity

Creativity

Collaboration
Communication

Critical thinking
Complexity > Persistance

Photo: Eeva Suorlahti
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Examples of proteins in salt solution

Closer look at the intermolecular connections

A!
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Modelling in material research, New Silk research project 2018, Piotr Batys
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Design to Fade - PUMA x Streamateria biodesign project explores
sustainable ways of producing and dyeing textiles

CREATIVITY

Al Change perspective: problems might be possibilities

Aalto University

Source: streamateria.com



COLLABORATION

‘The challenges to our planet are so complex that they cannot be solved by one
discipline. Design is a bridge. It translates scientific ideas and discoveries into real-
world applications.’

- Matilda McQuaid, Curator at Cooper-Hewitt Smithsonian Design Museum, NYC
in the exhibition catalogue: ‘Nature: Collaborations in Design’, 2019

A? Aalto University
|

Multilayered nanocellulose sheet / Maker Tiina Hark&salmi, DWoC project 2017, photo Eeva Suorlahti
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Dress by Anna Semi

The Shimmeringd
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COMMUNICATION

Biocouture jackets made of cellulose material

Suzanne Lee Biolace by Carole Collet
https://www.ted.com/speakers/suzanne_lee
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Let's

The contribution will go to
the rewsarch and develepment
of satainable materiah.

remake

https://www2.hm.com/fi_fi/life/culture/inside-h-m/meet-the-machine-turning-old-info-new.html

A! Example: H&M Communication
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Replacing

/ #MadeFromPinatex
e e leather
— but what
about
4 material
B Edosmation [am B ndarmesdova SU 51-0 | Nna b|||1-y2

CAden Veaciow

CPHEA

An unprecedented class of naturally
superior, functional, high quality
materials, for fashion and beyond

COMPANY

umiture, packaging, au

A! CRITICAL THINKING
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COMPLEXITY > PERSISTENCE

Opportunities
& chollenges

Long journey . S
from idea to innovation - ——
and products:
material development
takes 5-15 years

ACTUAL SYSTEM PROVEN IN OPERATIONAL ENVIRONMENT

Delivering &
Iimplementing

SYSTEM COMPLETE AND QUALIFID

SYSTEM PROTOTYPE DEMONSTRATION IN
OPERATIONAL ENVIRONMENT

TECHNOLOGY DEMONSTRATED IN RELEVANT ENVIRONMENT

TECHNOLOGY VALIDATED IN RELEVANT ENVIRONMENT Methods mapped against the spiral showing the seven stages of innovation

TECHNOLOGY VALIDATED IN LAB

B— EXPERIMENTAL PROOF OF CONCEPT

i TECHNOLOGY CONCEPT FORMULATED

A ' BASIC PRINCIPLES OBSERVED

Aalto University TRL - Technology Readiness Levels

RESEACH



BIOLOGICALLY PRODUCED
Example: Designing new materials with synthetic biology and genetic engineering

II@FABRICATE

https://www.biofabricate.co/summit



THANK YOU!
Kiitos!

Note: also small actions count




Some design approaches
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Social aspects and communication to raise people's awareness of
materials and their sustainable consumption habits

Sustainable use of raw materials and natural resources and transparency
of the whole production chain

Designing for circularity: efficient product and material recycling and creating
new value for waste in circular economy

Ideas for novel, ecologically sustainable services, processes or products
— NO more green washing

For example for interior architecture, packaging, construction and building, textiles and
fashion, edible products, cosmetics and beauty, healthcare etc.

Exploring bio-based options for packaging, replacing fossil-based products,
functional materials with non toxic finishings etc.

Localized production - when it makes sense
Learning from past (in good and in bad)

Concepts for use of biological processes and synthetic biology



