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About Royal DSM
Bright Science. Brighter Living.

DSM is a global
purpose-led, Our purpose is:
science-based to create

company brighter lives
specializing in for all.
Nutrition, Health &
Sustainable Living.

DSM was founded in 1902 and is listed on Euronext Amsterdam




Quick facts and figures
DSM Engineering Plastics and DSM overall
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Engineering |
Plastics ~1,900 “_€ 1.5 bn ~4.5% 8 ~90%
Figures for 2018 of revenue /l production of all new cars and electronics
\\ reinvested in R&T.” facilities devises use DSM technology

\\\\\\

AR o ) Sy
DSM

overall
21,000 €8.85bn 0.33 #1 For third
excluding Figures for 2018 frequency index globally in Consecut|ve year
affiliates of recordable sustainability DSM named on Fortune Magazine's
injuries by Sustainalytics ‘Change the World’ List 2018
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Bright Science in advanced materials
Industries we serye.-.----- T —
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Food packaging

Renewable Consumer Building and Industrial Transportation Medical

energy goods construction equipment
o DSM



Quick facts and figures
Global footprint to support customers across the globe

k‘ Sitta Netherlands

Silicon Valley - USA ¢ \ ~ -— - :
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DSM Engineering Plastics

- Production locations
- R&D locations
- Offices

Sao Paulo - Brazil




Industry Mega Trend: New Technology (1/2)
Rapid shift to New Mobility, Connectivity & Artificial Intelligence

Holographic

Virtual /Augmented Reality
Display

Internet
Cloud

Autonomous Car

2000 - 2007 2007 - 2017

Since 2017

New Mobility
) Connectivity

Artificial
Intelligence

Edge vs.
Cloud Computing

ODSM

Speech
Recognition

Connected
Home

5G
Network




Industry Mega Trend: New Technology (2/2)

Technology shift asks for new and innovative high-performance materials

ICE Optimization &
Lightweighting

Electrification

Connectivity & Safety
ADAS & Autonomous

Shared Mobility

Increasing demand for higher-
performance materials:

— Increased innovation challenge
— Increased complexity

Demand for new applications
including radically new designs
(thinnovation, miniaturization,
simplification)

Demand for functional materials

—

DSM Engineering Plastics
supports with:

High-performance plastics for automotive
and E&E components as Connectors,
Sensors, Power Distribution

Strong application and technology
support for OEMs and Tiers

Application-specific CAE simulations for
mold flow, mechanics, thermal and EMI
shielding characteristics




Bright Science in advanced materials

Co-developing throughout the value chain

High-Performance Materials

A
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Monomer Polymer Compound Convertor Syste_m OEM 2k
Supplier User
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Science, Expertise & Support

Design

Measure
Performance

Production
Support

Compliance

* Review application
requirements

* Analyze datasets
* CAE support

Temperature
Mechanical
Chemical resistance

UL and other global
safety standards

Quality control

Identify
production
efficiencies

Documentation
Data sheets

Regulatory affairs
statements

Life cycle analysis

ODSM



Advanced Thermoplastic Composites

Continuous Fiber Reinforced Thermoplastic (CFRT) composites




Bright Science in advanced materials
A broad Advanced Material Solutions Portfolio

ForTii® Ace
DSM is ForTii‘f"®
a leading innovator gtag\&x@
N hlgh—perf_ormance X;?mnm
materials Arnitel®
Arnite®
PC Akulon® Novamid®

mPPO Blends PBT - Arnite®

ABS PMMA

PS PVC

- Amorphous Semi-crystalline




Confadantiad

Portfolio Asset: CFRT upgrades DEP portfolio in
structural, metal-replacement applications
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UD Tapes

Applicable DSM Materials

Melt temperature (< C)
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Why ATC?
Weight Loss is still the most effective emissions reduction technology

Technology CO, g/km improvement

Transmission/gearbox
Stop-start

Auxillary consumption reduction
Rolling resistance

Aerodynamics

IC Engine Improvement

Hybrid

Traditional LW (HSS/Aluminum)

Extreme Light-weighting (max CRFP)

Source: A.T. Kearney



DSM is globally recognized for
sustainability performance.

Leading the way in integrating sustainability
across business and operations

FORTUNE

6)3 '\} SUSTAINALYTICS

FOR THE 3RD TOP RATING CHEMICALS

YEAR, IN FORTUNE IN ESG INDEX INDUSTRY

MAGAZINE'S IN OUR INDUSTRY LEADER IN
CHANGE THE WORLD LIST (2018) ESG RANKING

(2018) (2018)

FTSE4Good

CONSTITUENT
OF FTSE4GOOD
INDEX
(2018)

A- FOR CLIMATE
B- FOR WATER
(2018)




DSM Engineering Plastics ® 0 O
IS a business with ambition

ENTIRE
PORTFOLIO

OF BIO- AND/OR

3%+

PURCHASED

0

SAFETY

INCIDENTS RENEWABLE

ELECTRICITY

RECYCLED-BASED
ALTERNATIVES*

Today by 2030 by 2030

+ Not exceeding <0.25 Safety frequency index by 2021 *At least 25%.reeyclediand/or bio-based content by weight in the
final product P

> Y DSM




UDT Physical Characteristics

0.10-0.25 mm STD: +/-0,02 mm
Up to 1000 mm S_Ilttlng to
achieve narrow

(300 mm Nominal) width

Any length possible 300 m (nominal)

1 mm

26 mm+/-0,1 mm :
incremental step

v" Very good spreading of fiber bundles within the

polymer matrix.
v No voids observed
v" Fibers fully impregnated

v' Fibers are all aligned straight - no undulation
observed



Standardization

M-Base o

Engineering + Soffware

L. Irestitunt fir

KOUSTRIEVER NG
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PRESS RELEASE

September 2018

Characterization of continucus fiber reinforced thermoplastics (cFRTP) within
CAMPUS-database

Frankfurt — For more than 30 years leading material suppliers use the CAMPUS database to
support their customers with important and high quality material data of their materials.

Due to a consequent compliance of test standards, CAMPUS provides the best data quality
worldwide. This measure ensures comparability of the participants’ data. So far, CAMPUS
provided mainly data of injection moulding grades. Continuous fiber reinforced
thermoplastics were excluded, since there no industrial wide standard characterization for
this material group. Since 2015 an AVK task force of material suppliers, under the umbrella
of AVK — Federation of Reinforced Plastics (AVK), concerns itself with this topic. s main
goal is to formulate a generally accepted procedure for characterizing continuous fiber

reinforced thermoplastics, and if not already existing, standardize procedures on an

[Arkema, Bond Laminates/Lanxess, Covestro, DSM, Evonik, Mitsui Chemicals, Profol, Sabic,
Solvay). The Institut of Composite Materials (VW) does leadership and scientific supervision.

DSM

Furthermore, a close exchange with a commitee of automotive OEMs (EMW, Daimler, Fora,

Opel ...} exists.



Market Approach
Visual Presentation of A Supply Chain Gap

|

Not visible; not understood

vosm



ATC Materials
Applications

» UD tapes can be woven and/or
stacked into plates (0.2 mm to 5
mm thick) and shaped by
thermoforming/over-molding

* The UD tapes can be used as
inserts in injection molding

* The UD tape can be wound
(filament-winding) into pipes of
varying cross-section profiles

» Metal-Composite Hybrids
(Composite Patches)

\ Winding

Thermoforming
(tailored blanks)

x\ Insert molding
NN



A product-development process that can drive the metal-
composite conversion with a high degree of success

* Modest raw-materials to UD Tape conversion costs ($)
» Cycle-times approx. 1 minute (like injection-molding $)
» Extensive/Exotic retooling not required

Key technology-partnerships in the value chain:

» Partnerships for UD Tape Winding, Tape-placement &
Thermoforming and CAE simulations of UD Tape based
composites behavior in customer applications

» Key OEM/TIER market-pull for PTO opportunities




Applications (History 2012-2016)




Applications



Circularity
Cradle to Cradle Use




Circularity

Comparison with Commercial Compounds

250
Modulus
(GPa) 15 15 100 T
: £ 150
Tensile 2
strength 200.2 215 93 8
(MPa) z %
=
Strain At
Break (%) 2.4 2.9 83 .
* Average value calculated from >15 production batches
0
0 0.5 1 1.5 2 2:5 3

Engineering strain [%]

Consistent and reproducible test-data
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Conclusions

Trend Toward Multi-Material Design

25

Plastic-Metal-Hybrids

New
Ligthweight
Designs

Fibre reinforce Steel AL
Plastics

' Al -Structures

Optimized
Steel Structures

Design

Potentials of Lightweight Design

High Volume Maturity Phase

Source: M.Goede, VW Group Research, SLC

ODSM



Summary

Leveraging UD tapes

1. An integrated approach to parts design, material
selection and manufacturing process is key to
metal-to-composite conversion

» Short Cycle Times
 Low Conversion Costs

MANUEF.

 Low Re-Tooling Costs PROCESS

2. Emphasis on light-weighting (multi-material approach)
3. UD tapes are the building blocks of ATC

4. External partnerships optimize time-to-market
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