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Fraunhofer: Reach Services and Monoterpene Platform



The Fraunhofer-Gesellschaft
Founded in Munich on March 26, 1949

As part of Germany’s
reorganization and expansion of
its research infrastructure, the
Fraunhofer-Gesellschaft was
founded in Munich on March 26,
1949. We are named after Joseph
von Fraunhofer - researcher,
inventor and entrepreneur.

The mission: Applied research

Turning research into real-world impact
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The Fraunhofer-Gesellschaft at a glance

Applied research focusing on key future-relevant technologies and the commercialization of findings in business and
industry. A trailblazer and trendsetter in innovative developments.

O O €3.6 billion
O . A P :
m ey o : Major infrastructure capital
3 L WA T 1 €3.1 billion expenditure and defense
32,000 staff — — A Almost 30% is contributed
s e ! ! by the German federal and
el .:.,::"_; i e ; ; states Governments
e e e - i T
S o B0
ey R . Q. © .
— B I o Ui £€:9 More than 70%
— s S T e S ! is derived from contracts
Ty : : wm oy “asnmia 1 o 1 IS
THH b WA NS ‘>’ E i with industry and from
[ I | | | Bl B w : 0 : bl. I f- d h
HH B A, o Wil AN 8w ! publicly financed researc
0 lnfeolg T et g e = -E- i projects.
. : oo €:0 |
75 institutes and research units Bz -,:-,;‘,"'"_: ) i :8 !
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Fraunhofer-Gesellschaft
The Fraunhofer-Gesellschaft's global network

8 legally independent foreign

affiliates

1 opening soon

Active collaboration with
partners in roughly 90 countries

S representative offices
build bridges to local markets

around the world

® Foreign affiliate
Center
Representative office
Innovation platform

Glasgow

Galway
@ Cambr.idge

a@ Aarhus g

Oslo
@@ Gothenburg

© Enschede

Brussel® Vienn& Ostrava

KIWatt$nstO [
@ agenfur
Plouzané s - Graz
Waterloo Vilagaal Bolza N
) é) Pittsburgh o @ Barcelona
East Lansing 09® ~ . ®©
Boulder ® PIymoutﬁ ® 2 Brookline Porto Naples ®
San Jose @ O Riverdale Evora
Tel Aviv @
® |CON project Campinas @
Sdo Paulo

® R&D (miscellaneous)
O opening soon
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Bengaluru @

Kanazawa

Sejong KC{\TOWO

Beijing @ Seoul

Naju Kyoto
@) Ulsan
Taichung

Singapore@®

Southport
@

Melbourne @
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Fraunhofer Research

Highlights

mp3
Development of
mp3 audio compression

Surgery with
augmented reality

Mobile image guidance for highly
complex surgeries

Al voice assistant
Data ownership with a smart
voice assistant made in
Germany

H, technologies
Materials, systems and
production technology

Care-O-Bot :-'~ . 733 for a sustainable H
Service robot with ! L—ﬂbﬂ“'ad'c',"l" Isystgm 4 Industrial data spaces cconomy :
reliable human- : lological and microe t}eftromc For secure and self-controlled data
machine interaction i components on one chip exchange
° CART cells for §
cancer therapy i
® Process for the
complex
production of
cell specimens
| e . L
i White-light LED Bioni
! For energy-efficient and IOﬂI(.:
i long-lasting lighting handllng L
' assistant

Robotic gripper
modeled after an elephant’s
trunk

Video compression
H.264/MPEG-4 AVC standards
for multimedia

High-security
quantum network
German pilot network for

a tap- and tamper-proof
data transmission

Smallest pump
in the world

25 mm?2 micromembrane
pump

Dandelion rubber
Doubling the raw rubber in dandelions for
industrial applications

Femtosecond laser
World record for the most
powerful ultrashort pulse laser

Z Fraunhofer
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Chemical Safety Asses
Dr. Oliver Licht, Fraunhofer ITEM




Fraunhofer ITEM in Hannover
Institute for Toxicology and Experimental Medicine

Founded: 1981
Chemical Safety and Toxicology

Mechanistic toxicology (in-vitro test systems and genotoxicity)
Bioinformatics

In-silico toxicology

Medical devices

Inhalation-toxicology

Bio- und Environmental Analysis

Regulatory Affairs / Regulatory Risk Assessment

Preclinical Pharmacology and Toxicology
Airway Reserach

L
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Fraunhofer ITEM in Hannover

Division Chemical Safety Assessment and Toxicology|

* Hazard- Exposure and Risk Assessments

= Regulatory Risk Assessment and
scientific support

Page 8

= Tailored analytical measurements

* Dossier preparation

= Scientific databasis

= |n vivo studies

Particle and fibre toxicology

Biomedical engineering

9/6/2026

© Fraunhofer ITEM

Environmental

= PBK Modelling = New Approach Methods

= AOP development

In silico Tools
= Next generation Risk Assessment

Department " BigData
of Bio and Bioinformatics = Digital twins

Analytics
In vitro to in vivo extrapolation (IVIVE)

Regulatory
risk
Assessment = |n vitro test systems
In vivo

Inhalation
Toxicology

Mechanistic

: = Workplace measurements
Toxicology P

Biomedical * Expo Cube / ALl systems
Engineering

= Exposure based waiving (TTC)

L ——
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Assessment and authorization of industrial chemicals (REACH)
REACH regulation: Support with regulatory affairs in the registration of chemical substances.

= Industrial chemicals need to be registered according to the EU REACH chemicals regulation (EU 1907/2006)

= We support you in several scientific and regulatory matters:
= Strategic decision-making and development of tailored solutions for complex issues
= Evaluating existing data and assessing potential hazards
= Conducting data gap analyses
= Supporting and commissioning standard toxicological studies, study monitoring, dossier preparation
= Utilizing read-across or bridging principles, integrated testing strategies, and specific in vitro methods
= Hazard-, Exposure- and Risk assessments of existing and new substances
= Dossier updates

= Qur aim:
= Reduce risks to human health and the environment
= Without taking of the desired reduction in animal testing (3R principle).

= Qur experience: > 20 years of experience in the support in scientific and regulatory affairs of chemicals

\

===
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~ Fraunhofer

ITEM

Fraunhofer Institute for Toxicology and

CO nta Ct . H' Experimental Medicine
. man

Dr. Oliver Licht e~ o o e I T
Fraunhofer Institute for Toxicology and Experimental Medicine et
Division of Safety Assessment and Toxicology

L -=--:--:.:::::::::hﬂ
Nikolai-Fuchs-Strasse 1, 30625 Hannover, Germany
Phone 49 511 5350-334
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The Monoterpene Platform

Dr. Paul Stockmann, Fraunhofer IGB



Monoterpenes as a resource — sources of supply

CRUDE SULPHATE TURPENTINE
(‘ CRUDE TALL OjL
KRAFT PULPING

HE

“Pe

3-Carene

TREE TAPPlei/-

GUM TURPENTIMNE
GUSM ROSIN

https://pixabay.com/de/illustrations/ai-generiert-orangensaft-trinken-7923488/

s

Limonene

MDF

Page 12 9/4/2026 © Fraunhofer IGB Based on [1] J. Rosenboom, Nat. rev. Mater., 7, 2022, 117.

Suitablel]

» Availability

» Quality

» Stability

» No food competition
(side streams)

And
New chemical structures

Entry point for chemical
Conversion
+ similar to fossil oil
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Fraunhofer Monoterpene platformi(2l

The potential of monoterpenes:

= Abundant secondary plant metabolites
= Replace/enhance petrochemical products in industrial (plastic) applications
=  Structural variety — bio-advantaged properties

o A What we do:
NMonotery sy & ,
N %uv';’“ AN » Synthesis of various monoterpene-based small
| %0, O E55 molecules
Synthesis of monoterpene-based polymers
Analysis (small molecules and polymer)
Scale up
Contract research

Structure-property relationships

YV V VY

\ Palyamides)

[2] https://www.igb.fraunhofer.de/en/research/innovative-synthesis-processes/biobased-polymers-and- % Frau n thE‘r
additives/monoterpene-derivatives-for-the-chemical-industry.html IGB
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https://www.igb.fraunhofer.de/en/research/innovative-synthesis-processes/biobased-polymers-and-

Monoterpene Platform — highlight developments

Bio-polyamides (Caramide, TRL 4-5)

= Patented
= 100% biobased (from 3-carene)

= (Cast polyamides (USP)

= Thermal high-performance (T, up to 120 °C)

= Foams (USP)

= Fibers

= Semi-crystalline

= Amorphous (transparent)
= Soluble types (recycling)

= Monomers in kg scale

Page 14 9/6/2026 © Fraunhofer IGB

Monoterpene-Methacrylates (TRL 4-5)
= Patent pending

= High bio-content (> 72 %)

= Adhesives & Coatings

= Anti-adhesive/anit-biofilm properties

= Adjustable mechanics

= Adjustable polarity

= Adjustable thermal properties

= Adjustable renewable carbon content
= Suitable in DLP 3D printing

= Monomers in kg scale (from 3-carene)

TRL 4: Technology validated in a laboratory environment

TRL 5: Technology validated in a relevant environment

Monoterpene-plasticizers (TRL 4-5)

= Synthesis from o and B-pinene, 3-carene,
limonene, terpinene and mixtures

= High bio-content (> 80 %)

= Additional stabilization effect

= (Bio-)polyesters like PLA

= Polyvinylchloride (PVC)

= Phthalate-free

= Decreased migration

= Plasticizers in kg scale

Z Fraunhofer

IGE



Monoterpene Platform — lab impressions Caramide

handtmann

Ideen mit Zukunft,

Page 1> 9/6/2026 © Fraunhofer IGB 2026 PCA International Conference % Fraunhofer
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Monoterpene Platform — lab impressions Caramide/PA6b flexible foam
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Monoterpene Platform — lab impressions 3-carene-based methacrylates

Industrial adhesive validation:

= Compatible in commercial formulations

= Vs, glyfoma: higher reactivity, increased
transparency, increased temperature
resistance, increased adhesion to
polycarbonate

Page 17 9/6/2026 © Fraunhofer IGB 2026 PCA International Conference % Fraunhofer
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MTA: Anti-adhesion behavior (cross-linked coatings)

S. aureus S. epidermidis E. coli P. aeruginosa Control

.
.

Polymethacrylate
(3-Carene based)

Control
Polystyrene

50
44,2
45 40,9
40 36,9
35
30
24,4
25
19,8 20,8
20
15
iy 9,9
10
5
0
5. aureus S. epidermidis E. coli P. asruginosa
m Polymethacrylate B Polystyrol Teflon

(3-Carene based)
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Monoterpene Platform — lab impressions plasticizers

Time (min) 10’ 20" 30" 40’ 50' 60" 70" 80" 90’

£

DINP
30 phr

ester with
ethylhexanol

2
30 phr ‘

epoxyester with
ethylhexanol 3
30 phr

epoxyester with \
ethylhexanol 4 i
30 phr \ No stabilizer
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Timeline Monoterpene platform

2026/27

Funding opportunities

EU projects

SPRIN-D

VIP+

Experiment!Material

ICON (internal)

ZIM

Prepare (internal)

Page 20 9/6/2026 © Fraunhofer IGB

Products
?
. Future Industry
. Services
Focus topics
Monoterpene supply
Scale-up monomer synthesis .
. Products Services
Scale-up polymer synthesis
. = (Meth-)acrylates = Contract research
Scale-up formulation
. e = Lactams = Low TRL validation

Technical validation S

= Ketoaldehydes = Process optimization

Demonstrators & prototypes

. = Diols
LCA & ecological assessment _
. = Amines
Market analysis Plastici
= t
Value chain validation asticizers
. = Uvm.

Turpentine resources Starting Q4/2026: Early access
= Samples via online shop
= B2B only
= Synthesis on demand

Partners wanted!
= Data exchange
2026 PCA International Conference % Fraunhofer
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= Fraunhofer

IGB

Contact

N BENEEERESERN
EREa ERean

Dr. Paul Stockmann
Fraunhofer Institute for Interfacial Engineering and Biotechnology IGB

Bio, Electro and Chemocatalysis BioCat, Straubing branch
Innovative Synthesis Processes

Group Manager Biobased Polymers and Additives
Schulgasse 11a, 94315 Straubing, Germany

Phone [0]+49 9421 9380-1004


mailto:paul.stockmann@igb.fraunhofer.de
http://www.igb.fraunhofer.de/

