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AM Technology Maturity Index
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Index reached ;
Material Jetting Area-wise Vat
Less than 2 years Polymerization

2 to 5years Pellet Material

@® More than 5 years Extrusfon Thermal Powder

Bed Fusion
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Elastomer Deposition Continuous Fiber
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Sheet Lamination Area-wise Film

Electrophotography Py Polymerization
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Thermoset
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Source: additive-manufacturing-report.com
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Polymer AM market with steady growth

Polymer Additive Manufacturing market 2020 to 2022 Polymer Additive Manufacturing systems market 2020 to
and supplier forecast 2027 [EUR billion] 2022 and supplier vs. buyer forecast 2027 [EUR billion]

Part Manufacturing ® Market volume .
Supplier
e Material @ Supplier forecast

® System ' Buyer forecast 535/'\?5

Source: additive-manufacturing-report.com
© Copyright 2023, AMPOWER GmbH & Co. KG CAGR

8%
1,09
0,94

2= AMPOWER

133 Source: additive-manufacturing-report.com
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2022 2027

Source: AMPOWER
Data source: AMPOWER Report 2023
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Large spread in market pricing of polymer AM parts
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Polymer Additive Manufacturing pricing per volume in EUR/cm? [log]

Laser Powder Bed Fusion (Selective Laser Sintering, SLS), PA12 .. ) )
( 9, SLS) Pricing in AM continues to be

mostly intransparent

AMPOWER market pricing study
with 5,000 instant quotes based
on representative AM applications

Price difference in polymer AM
between factor 10-15x for TPU
and PA12, and factor up to factor
80x for ABS Material Extrusion.

Total order volume in cm?3

Data source: AMPOWER Insights Vol. 12: Additive Manufacturing Part Cost and Pricing | https://ampower.eu/insights/
=Y Source: AMPOWER
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https://ampower.eu/insights/

Polymer Additive Manufacturing market share is <<1% of the
addressable market

Serviceable available polymer AM market depending Potential drivers to switch to Polymer AM
on production cost

Function?
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Production Costs of finished Part [EUR/Kg]

Source: AMPOWER
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Lego ditches oil-free brick in sustainability setback

..Niels Christiansen [CEQ] told the Financial Times that using recycled polyethylene
terephthalate (RPET) would have led to higher carbon emissions over the product'’s
lifetime as it would have required new equipment.

“In order to scale production [of recycled PET], the level of disruption to the
manufacturing environment was such that we needed to change everything in our
factories. After all that, the carbon footprint would have been higher. It was
disappointing.” (Tim Brooks, LEGO head of sustainability)

Source: https://www.ft.com/content/6cad1883-f87a-471d-9688-c1a3c5a0b7dc (September 25, 2023)



Sustainability POTENTIAL of Polymer Additive Manufacturing
in product life cycle

AMPOWER consideration
for assessment

Material need

Functionality integration and reduction
of the number of components in an
assembly lead to less material
consumption.

Raw materials & ressource extraction ’

Landfill & energy recovery

Material recycling

Low percentage of technical polymers
are recycled as of today, AM will most
likely not increase this value
dramatically.

Source: AMPOWER

2. AMPOWER

Tool-free manufacturing
Energy intensive steel and aluminum tools for
injection molding are not needed.

Localized manufacturing
The local energy mix is one of the major drivers
of the CO, footprint.

Manufacturing route

Integrated AM designs reduce manufacturing,
transport and assembly efforts and potentially
the overall part weight.

Transportation volume
Reduced volume of needed feedstock
and part weight.

On demand manufacturing

On demand manufacturing will reduce the need for
storage capacities and transportation from large
warehouses or manufacturing centers.

Increased product efficiency

Weight and performance optimized designs, unique to
AM, allow for an efficiency increase of especially if
metal parts are replaced by lighter polymer parts.

© Copyright 2022 AMPOWER




Challenges for assessment of sustainability of Polymer AM

Transparency
LCA data for
commonly used
materials is not
openly available

Refresh
Rate

Powder
processes often
need a high
refresh rate for a
stable process.

-’!;‘ Source: AMPOWER
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Standardized
LCA

No common

approach to

evaluate the
sustainability of the
AM process chain.

Cost over
Sustainability

Cost is the main
driver for decision
making

End of Life

Technical polymers
in general have a
low recycling rate

around 10 %

© Copyright 2022 AMPOWER




Approach and process model for CO, calculation
AMPOWER Sustainability Calculator

[ Feedstock \ ( Manufacturing\ ( Finishing \

production process
* Resin DLP/SLA = Chemical
Process chain = Filament FDM > smoothing
= Pellet Injection = Coloring

= Powder Molding
PBF

Sieving

,{ PBF printing ]——z Cooling
\ / ‘ ==

/ —~ -

Process

= —

+ \\
([ Input parameter\ [ PBF printing \ ( Output parameter\\

Material Laser power Energy consumption

No. of parts Melting rate Gas consumption
Part mass Recoating time Air consumption

Support mass Power intake Water consumption
Override options Gas flow Material loss

e e Y,

Source: AMPOWER

Process step
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Development of a sustainability calculation tool

Easy to use tool for fast evaluation and
comparison of ecological impact from different
manufacturing technologies.

No. parts Compl.

Volume Material Ca I CU I atiOn
: Dashboard
Size back-end

Surface =  Entry of part-specific parameters
SR =  Part characterization by as little parameters as possible
=  Visualisation of results

=  Primary energy consumption and CO2 footprint per part
I =  Sustainability Index incl. water, gas, oil & consumables

consumption weighted via Eco-Indicator 99 or similar

Process data
=  General and process-specific data sets

= Standard values will be researched and provided with
sources (e.g. measurements, expert interviews, ecoinvent
database)

=  Qverride for individual adjustment possible

SLS MJF SLA

Material EProcess M Others

M

Calculation back-end
=  Calculation of energy and material consumption

© Copyright 2022 AMPOWER
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AM technologies are not self-evidently the most
sustainable manufacturing solution. Utilized
conventional near net-shape technologies will most
likely exhibit a similar or smaller CO, footprint.

Optimized refresh rates of powder will have a
significant impact in reducing the CO, footprint. Low
refresh rates will yield break-even at low lot sizes
compared to traditional methods (injection molding).

In-use savings of weight by e. g. replacing metal with
polymer parts can be multitudes larger than the
emission from part production itself. However, in-use
savings are strongly depending on the application.

Source: AMPOWER

Sustainability of Polymer Additive Manufacturing

Use of renewable energy in the raw material production
process has a major influence on the overall CO,
footprint.

Public LCA data for the material manufacturing process
of powder, filament and resin is almost not existing.
Some material suppliers, however, are slowly starting to
provide this data.

First calculations of the sustainability of AM show
rather disappointing results for polymer AM vs.
injection molding. We are currently awaiting firsthand
data of AM materials for calculation.
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