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• Business case (Roland Berger study)
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AGENDA



HOLYGRAIL 2.0 Membership



FACING THE NEW 
CIRCULAR REALITY

BY 2030

100%
of plastic packaging to be 
reusable, easily recyclable,
or compostable

BY 2030

55%
of plastic packaging
to be effectively 
recycled

BY 2030

30%
average recycled 
content across all 
plastic beverage bottles

BY 2030
90% of 
plastic 

beverage 
bottles to be 
collected for 

recycling

FOR PACKAGING

CIRCULAR ECONOMY 
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Eliminate problematic
or unnecessary

single-use
plastics



PHASE 1 PROTOTYPE VALIDATION OF PELLENC ST/DIGIMARC UNIT
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Prove the viability of digital watermarking technologies 
for accurate sorting and the business case at large scale.

HolyGrail 2.0 
Objective

Proving the TECHNICAL viability of 
digital watermarking technologies 
(WP1-3), through e.g.:

• Validating of the prototype in three stages: 1° in 
an R&D centre (Phase 1 and Phase 2.1), 2° at a 
test facility on a semi-industrial scale (Phase 
2.2), and 3° rolled out on a wider scale during 
real-time test runs in a commercial sorting 
and/or recycling facility (Phase 3)

• Ensuring the readability of the digital watermark 
embedded in print or in plastic, whilst taking 
into account esthetical and haptic aspects (e.g. 
shelf appeal)

Proving the ECONOMIC viability of 
digital watermarking technologies 
(WP4), through e.g.:

• Reviewing existing and new business models, in 
different stages, building on key learnings from 
each test phase

• Addressing main market barriers, and assessing 
similar state-of-the-art technologies

• Examining cost improvement potential of DW 
detection systems, as add-on, by retrofitting or 
new equipment

• Perform a full techno-economic analysis, incl. 
cost breakdown structure for the entire 
packaging value chain



7

HOLYGRAIL 2.0

Roadmap

2021

Official 
Launch

Start 
packaging 

concept dev.

2020

PHASE 1 
Developing
detection 

unit
prototypes

2022

End Phase 2 
semi-industrial 
testing for 1st

prototype

End Phase 1 
testing 
for 2nd

prototype

SEP

End Phase 1 
testing for 

1st prototype

PHASE 2
Brand owners and retailers 
are welcome to join with

min. 2-3 SKUs coded with 
digital watermarks

Q1 Q2 Q3 Q4

Q1 Q2Q1 Q2 Q3 Q4

Q3 Q4 Q1 Q2 Q3 Q4

PHASE 3
Brand owners and retailers that are 

operating in the
chosen test markets are launching their 
enhanced packaging coded with digital 

watermarks into the three markets 

2023

End Phase 3 industrial 
testing on non-food 

PET bottles

End Phase 3 industrial 
testing on rigid packaging 

and PP flexibles



DIGITAL WATERMARKS – A UNIQUE DIGITAL IDENTIFIER

• A digital identity is created through the integration of Digimarc Watermarks into printed artwork or plastic 
substrates.

• The watermark consists of two components – a Message Signal and Synchronisation Signal, which are combined to 
create a Signal Tile.
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=
Message Signal Synchronisation Signal Signal Tile

Contains redundantly coded 
Numeric Identifier, i.e., Code 
or “Payload” 

Tells us the relationship between 
the camera and the object, such as 
distance, skew angle or rotation

Replicated throughout object with 
by subtle modulation of existing 
artwork / plastic 

All signals exaggerated here for illustration purposes



DIGIMARC WATERMARKS: APPLICATION IN PRINTED ARTWORK

Exaggerated view for illustration purposes

Repeated  Tile

The encoder applies the tiles to 

graphics in a mosaic manner

Pieces of multiple tiles can be 

combined to recover a Watermark  
Uses existing pixels. No special 

inks. No special printing process 



Looks Like This Performs Like This

Images courtesy of P&G / Digimarc (barcodes for visualization purposes only)

INTELLIGENT PACKAGING THROUGH DIGITAL WATERMARKS

Artwork

… linked to a standardised database!



Watermarks are introduced in molds by 5-axis laser

Tested with heat-set as well as cold fill processes

Works for regular as well as lightweight bottle designs

3D WATERMARKING FOR STRETCH BLOW MOLDING

Images courtesy of P&G / Digimarc/ Logoplaste

P&G Lenor
full body shrink sleeve 

bottle



3D WATERMARKING FOR EXTRUSION BLOW MOLDING

Watermark texture mimics traditional sandblasting texture

Texture on bottle induced by air bubbles forming Digimarc watermark

High resiliency to manufacturing process variations (pressure, temperature)

Air Bubble

Debossed dots 
in plastic

Mold PE

Photo of surface texture 



Works in variety of  

mold types

Micro-topological variations in 

substrate create signal tiles

Decorative embossing effect informs 

consumers of  recyclability

DIGIMARC WATERMARKS: APPLICATIONS IN PLASTIC

Imperceptible Digimarc Watermarks in 
PACCOR Thermoform Food Tray

The concept of enhancement is 
the same as with print, only the 
Watermarks is created in 3D using 
the plastic substrate



VARIETY OF PACKAGES TESTED AS PART OF HOLYGRAIL 2.0

Image: Lebensmittel Zeitung, 22 October 21



OPERATION OF DIGIMARC DETECTOR (CONCEPTUAL)

Illumination

Camera

Digimarc 

Detector

To 
Blowout

X,Y

Analytics

Databases
(metadata on package 

constitution, contents)
Camera
Frames

(S x 100) FPS

S = Belt Speed in meters/second

40 cm

minimum

Digimarc-specified components can scan waste in recovery facilities, 
supplementing near-infrared detection



VALUE THROUGHOUT THE PACKAGE JOURNEY
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HOLYGRAIL 2.0 DIFFERENT STAGES OF TESTING
P

h
as

e
1 • Develop a 

functional HG2.0 
prototype as an 
add-on module to 
detect and 
separate the DW 
packaging from 
packaging waste, 
allowing category
specific sorting.

P
h

as
e

2 • HG2.0 prototype is 
tested for speed, 
accuracy and 
detection 
efficiency, and this 
for a category 
specific sorting 
based on DW 
detection – in 
combination with 
NIR and VIS.

P
h

as
e

3 • HG2.0 prototype 
will be deployed in 
a large-scale pilot 
in a commercial 
sorting and/or 
recycling facility, 
under standard 
operation 
conditions.

Successfully
Completed 2021

Successfully
Completed 2022

We are here
Throughout 2022/2023
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SEMI-INDUSTRIAL TEST VALIDATION
RESULTS OF PELLENC ST/DIGIMARC 
PROTOTYPE DETECTION SORTING UNIT

PHASE II

Results per packaging material

Category
Detection Rate[1]

(Estimate)
Ejection Rate[2]

(By weight)
Purity[3]

(By weight)

Rigid PP 99% 95% 96%

Rigid PE 98% 96% 99%

Rigid PET 99% 98% 95%

Flexibles 99% 91% 90%

LCBs 99,95% 98,85

Average across packaging 
materials

99% 95% 95%

Consistent high results 
across all tested categories 
of plastic packaging material 
of on average:

- 99% detection rates

- 95% ejection rates

- 95% purity rates

demonstrated an impressive 
performance of the 
prototype.

Table 1: Average single sort results from mixed packaging waste streams (watermarked samples +
contamination (non-watermarked samples + other pack material classes)). Typical industrial process
conditions have been used in these trials (belt speed of 3m/s; Loading: Rigids running at ~2.5 tonnes/hr;
Flexibles at ~0.5 tonnes/hr). Success criteria (after 1st sort) for detection efficiency/ejection
efficiency/purity are 95%/95%/92% for rigid packaging, 95%/87%/90% respectively for film packaging
(in line with industrial specifications).
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SEMI-INDUSTRIAL TEST VALIDATION
RESULTS OF TOMRA/DIGIMARC 
PROTOTYPE DETECTION SORTING UNIT

PHASE II

Results per packaging material

High results across all tested 
categories of plastic 
packaging material of on 
average:

- 99% detection rates

- 96% ejection rates

- 93% purity rates

demonstrated an impressive 
performance of the 
prototype.



Phase III Planned test locat ions  & mater ia l

Commercial enhanced pack materials launched in national 
markets Denmark, France, Germany

Locations for industrial tests:
• 1 MRF and PRF – Hündgen Entsorgung:

• MRF: test/capture all enhanced rigid packaging 
from Germany & Denmark 

• PRF: (input from MRF + on-going supply + spiked 
volumes): focus on granular sorting

• 2 recyclers (end to end recycling):
• Wellman Indorama – Non-food rPET bottle grade: 

spiked volumes + on-going supply
• Borealis – Food rPP film grade: spiked volumes + 

on-going supply

Committed commercial enhanced samples from brand 
owners & retailers: 38,000 tons per year
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MARKET ADOPTION STRATEGY (ROLAND BERGER 
STUDY)



EXECUTIVE SUMMARY
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EXTRAPOLATED FRANCE BUSINESS CASE 
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DW/OR TECHNOLOGY ASSESSMENT 
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WHAT AFTER HOLYGRAIL 2.0?

LANDING STRIP FRANCE (CY 2024)



LANDING STRIP FRANCE – BASIS FOR RECOMMENDATION
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Benefit / Risk ratio appears favourable. Decision is fully reversible in case we fail to demonstrate positive 
value equation, with acceptable throwaway costs.



CALL FOR PARTICPATION

➢ If you are a brand owner / retailer / waste management 
operator with activities in France and want to become part 
of the movement, please reach out to AIM today: 
digitalwatermarks@aim.be
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mailto:digitalwatermarks@aim.be


CONTACT

Digital Watermarks Initiative – HolyGrail 2.0

Avenue des Gaulois 9
B-1040 Brussels

Belgium
EU Transparency register ID no.: 

1074382679-01

HolyGrail 2.0 Website
HolyGrail 2.0 Email

https://www.linkedin.com/company/aim---european-brands-association/
https://twitter.com/AIMbrands
https://www.aim.be/priorities/digital-watermarks/
mailto:%20digitalwatermarks@aim.be
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