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Leading the Resource Revolution by transforming how

we obtain, use, and reuse our world's resources We are a

technology
leader globally

5,300

employees
globally

YEARS -|-

1,348 \_/
million EUR
in 2024

*All the figures are from 2024



TOMRA
30 YEARS OF Al SORTING
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Artificial Intelligence and Deep Learning

Artificial Intelligence (Al):---cceceeeeeeeecee. :
is any technique that ;
enables computers to mimic
human intelligence, using
logic, if-then rules, decision
trees and machine learning.

Machine Learning (ML)

uses statistical techniques to give computer
@ systems the ability to "learn" from data,

without being explicitly programmed.
Artificial Intelligence

Machine Learning

.................................... Deep Learning (DL)
is a class of ML algorithms

that use many layers in
Artificial Neural Networks

Deep Learning



Al will add value across the whole waste management cycle
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* Transparency
e Matching Supply & Demand |
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General benefits of Al * Predictive and preventive maintenance |
\ for machinery * Asset utilization and optimization



Pre 1990s Manual Sorting

Through mid 90s Basic automated sorting

The evolution of
sensor-based

Introduced mid 90S  Rule based automated sorting

sorting

Advanced Al sorting with computer
vision and deep learning
=> Object Recognition

Mid of last decade
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Most of the sorting tasks in packaging are already

solved without deep learning

Solved

Separation by polymer type
HDPE by color
HDPE vs. LDPE
PET by color
PET trays vs. bottles
PET trays mono vs. multilayer
PP by color
PET bottles food vs. non-food (in combination with DRS)
PP flexibles

Beverage Cartons




Advanced sorting
technologies




/ \ I How are objects identified?

Every single object that passes under the analyzeris
given 6 independent classes.
For each object, we identify:

> the shape

> ifit's covered with a label
> material

> transparency

» colour

A possible
~» application (food vs non-food,

e 10,000

combinations.

Spray-bottle

Full-sleeve

Multi-colour

Change your perception about waste
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Plastic

Opaque

Non-food grade
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Objects identified in two different scenarios..

Plastic liotthe FOOD Roy
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Change your perception about waste
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C PE-silicone
C PE-silicone

C PEsiliromez—"7




State of the Art — FDA approved PP food-grade
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Th o tru - p ower comes e Traditional sorting systems have already reached
o remarkable heights in sophistication and effectiveness
fro m com b Inin g * In cases where materials are identical, deep learning can
dee p | earn | N g Wlth prove clear value and identify hard-to-classify objects
. . * In conjunction, both can boost material circularity,
traditional sensors

enabling the upgrading of recovered plastics
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Why do we

waste streams®?

The value added for our customers falls across 3 areas.

@ Sorting efficiency

Measure, analyze and optimize your key
performance metrics. This includes:
purity, recovery rate, yield loss, uptime
and throughput.

A typical challenge: an internal drive to
improve performance, but no tools,

data or technology todoitin a
methodological way.

E] Compliance

Complying with mandated local
legislation or specifications set by waste
authorities.

A typical challenge: there are sorting
requirements from the waste authority or
local government. To prove you are

achieving these targets with current
methods, such as manual sampling, are
too biased, expensive, unreliable and slow.
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Qf? Commercial

Assess and prove the quality of output
material to customers in order to
achieve better prices.

A typical challenge: Recyclers
purchasing material are willing to pay
more if provided quality guarantees
and more transparency using data.




a TOMRA company

c-detect

Automated contaminant detection in
biowaste collection




Key messages

e Advances of Al, in particular Object Recognition, allow to address
unsolved problems

* We need those who dare to challenge the status quo and show
what is possible

 The main hurdle is not technology, but the business case
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Dr Daniel Schwaab

VP Public Affairs — Circular Systems and Recycling

Thank you very much for
your attention

Daniel.Schwaab@tomra.com

+49 1515 9025327
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