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1. Introduction

1.1. Purpose of the document

This document contains a description of each of the 9 Pilots predicted as outputs for the
Sustronics project and provides a preliminary list of Requirements and Specifications
regarding the materials that these devices will be comprised of. Due to the broad range
technical areas, as well as the several stages of technological maturity that these devices
possess, these Reqs & Specs will also be presented in several degrees of specificity. Since
the main key outputs of this project involve increasing sustainability of electronic devices, in
the case of this document regarding materials, the usage of biobased, biodegradable and
reusable solutions is prioritized. This cutting-edge approach comes with increased levels of
uncertainty, so the goal of this document is to have a starting point and preliminary guide for
a more detailed definition of Reqs & Specs for each Pilot. Therefore, low levels of specificity
are to be expected at this point until further developments are achieved.

In an efficient system architecture approach the needs will first be determined from the pilot
systems.

The pilot systems to be developed for Sustronics are in different application fields ranging from
consumer products, (professional) health care, domestic appliances including automotive,
medical and lighting. Not only the functional performance of the systems and cost targets but
also an in depth consideration of the End of Life scenario, waste streams and options for
recycling, reuse, regeneration etc. are determining the needs of systems with consequences
for the needs of components, devices, materials and technology.

Therefore the setup is chosen to start with the System requirements and specification of the
pilots in WP3 (Del 3.1). Based on this information the requirements and specifications for the
components and devices (Del 2.1) and materials (Del 1.1) and processes (Del 1.2) can be
collected and elaborated to drive the innovation in Sustronics.

A general view on relationship between needs, requirements and specification as shared at
the start of the Sustronics project is depicted in Figure 1.

MMultiple
iterations to get
quick

understanding

Anultiple

understanding

Provided by: Translated by: Translated by:
- WP3(Pilot system) - WP1 (Technology/Material) - WP1/2(Technology/material specification)
- WP2(Components) - WP2(Component) - WP2 (Componentspecification)
- wpr3(Pilot)
- wP4
Describes: Describes: Describes:
+ Application + What the component should be able +  Emactly what the technology/material
= Environment and operating conditions to do and how and components are and their
+ Heychallenges + What the material/technology should quantitative definition
+ Lifecycle be capable of and how

+ Hnown constraints

Figure 1: Relationships between needs, requirements and specifications in Sustronics
project

The pilot systems that will be created will be based on needs and requirements for
manufacturing technology and material and components selection originating from Sustronics
project. The specifications will be validated at the end of the creation of the pilot systems.
Along the process of realisation of the pilots the analysis and improvement of the sustainability
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aspects in detail are in focus. The knowledge generated during the project on sustainable
manufacturing and product development will allow methodology of ecodesign and sustainable
business models. The project will allow to assess the whole life cycle and concepts for end-
of-life management in more details because of these pilots. These activities are collected in
WP 4. This workpackage will be active in all phases of pilot systems. The iterative approach
of the pilots allows to update the needs, requirements and specifications for sustainability,
costs and performance. The pilots will have three phases each starting with an innovated pilot
after M15 and month 27 to result in the final prototype by the end of the project in M36.

As the pilots are different in their starting point of Technology Readiness Level (TRL) the level
of details of the components and devices will also be varying.

The three use cases in Sustronics are as follows:

1 ‘circular electronic devices’,
2 ‘sustainable manufacturing for electronics’, and
3 ‘environmentally compatible single-use electronics’.

The three use cases, subdivided in nine pilots, are demanding different system requirements
for materials, components, devices and system architecture. The Life Cycle Analysis and
methods to generate a circular ecodesign will be important inputs for these requirements.
Some pilots will be suited for reuse after refurbishment like medical equipment, others are to
be designed for repair of devices (lighting products, consumer products). If end-of-life destiny
is the waste stream then efficient regain of valuable materials can be supported by a design
of the product that allows separation in early stage to increase the content of valuable material
leading to cost effective recycling of materials.

The development of bio-based, renewable materials that are sufficiently available will be
studied in Sustronics. To steer that development listing of requirements from the pilots is
indispensable to guide the development.

Technology as will be developed for assembly will be based on system requirements for
reliable products but also on the opportunity for disassembly, waste-stream management and
could ask for a selection of material to be incinerated, dissolved or intelligently separable by
designed processes like mechanical, temperature, photonic treatment.

The listing of user requirements and system specifications therefore is a key step in the
development of Sustronics. It started with the pilot descriptions laid down in Deliverable 3.1.
For the project nine pilots have been collected with between brackets the pilot owners in
abbreviation:

1.1 Green and circular image guided therapy systems (PMS)
1.2 Sustainable system integration and product design of personal health devices (PCL)
1.3 Sustainable luminaire (SIG)

2.1 Embedded electronic for EEG monitoring (PLUX)
2.2 Wearable health monitoring (SCR)
2.3 Sustainable dashboard for automotive (FAU)

3.1 Single-use diagnostic platform (IFAT)
3.2 Smart Hygiene (ESS)
3.3 Smart wound dressing (IFAG)

These pilots are different in application field (medical, consumer & lifestyle, automotive), End-
of-Life destiny, potential for recovery via closed loop producer — collector, lifetime, price level
etc and technology readiness level. Table 1 summarises the differences in pilots.
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Table 1 Differentiation of pilots in character and challenges

Pilot# | Description Application field | TRL | Sustainability challenge | Lifetime End of Life*
1.1 Image-guided Medical 9 Refurbish Low-energy | 10-14 Return to
therapy system components, years per | producer
remanufacturing, eco- | cycle
design requirements
for components
(recycling,
disassembly, energy
use)
1.2 Personal  health | Consumer 9 Manufacturing and | 3 years e-waste
device design for recycling and
extended use phase
1.3 Luminaire Consumer and | 9 Manufacturing 10 years e-waste
business
21 EEG monitoring Consumer / Design for recycling ?
medical
2.2 ECG monitoring Consumer/medi |7 Sustainable  material ?
cal choice (inks and
substrate)
23 Automotive Automotive 9 Design for recycling | 15 years ?
dashboard and disassembly
3.1 Diagnostic tool Consumer/medi | 2 Sustainable  material
cal choice
3.2 Smart hygiene Consumer/medi | 2 Sustainable  material | 1 time use | Household
urine diagnostic cal choice
3.3 Smart wound | Consumer/medi | 2 Realisationrealization Max 14 | Medical
dressing cal days waste  and
household

*End of life is the current main (> 50 %) end of life destiny

The system requirements for the pilot are laid down in Deliverable 3.1 Initial system
specification and design for pilots, including circularity aspects. These system specifications
will be updated along the project after the three generations of prototypes (M15, M27 and
M36). The requirements for devices and systems might be adjusted accordingly following
these adjustments. The sustainability gains can be expected to be in different phases of the
Lifecycle including an adjusted product design and marketing to allow for refurbishment.

1.2. Related documents

Del 1.2 will describe the needs, requirements and specifications of the pilot systems for
processes.

Del 2.1 will describe the needs, requirements and specification for the components and
devices.

The deliverable 3.1 is areference to the pilot description and for more details reader is referred
to these deliverables.

1.3. Additional notes

For every Pilot, a table with each specification has been made available with the following
structure:

1. “Nr” column — In this column, all Specifications must have a number sequentially
assigned to it. This was done to organize Specifications into subgroups;
2. “Description” column — Description of Specification;
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3. “Leading Partner’ column — Designation of the partner(s) mainly responsible(s) for
the fulfilment of the Specification;

4. “Priority Level” column — In this column, a priority level is assigned in accordance with
the Specification’s importance for the project’s objectives. If a level 1 is assigned, this
means it must be executed fully. If a level 2 is assigned, this means that it is a “nice to
have”, i.e., if dropping this item partially or fully in favour of prioritizing the ones with
level 1 assigned to them, it should then be done;

5. “Comments” column — This field must be used to provide additional information on
said item to aid in its execution.
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Requirements and Specifications

1.4. Use case #1

Circularity for electronic devices can be achieved through different circular economy
strategies. This use case will design electronic devices to be compatible with these different
strategies while benefiting also from additive manufacturing technologies and bio-based
materials. The three pilots will, thus, redesign existing products in line with circularity and
sustainability requirements. Use Case 1 includes the following pilots:

e Pilot#1.1 Green and circular image guided therapy systems (PMS),

o Pilot#1.2 Sustainable system integration and product design of personal health
products (PCL), and

o Pilot#1.3 Sustainable luminaire (SIG).

1.4.1. Pilot #1.1 Green and circular image guided therapy systems

Pilot description:

Philips Azurion is an interventional X-ray system used for minimally invasive treatment, such
as percutaneous coronary interventions (PCI), peripheral vascular treatments and stroke
treatment. From earlier full LCAs it is known that energy consumption is one of the largest
contributors to the environmental footprint of these systems, calculated over a lifetime of 10
years. Another aspect to improve is the recoverability of systems from the field (currently at
66% for Allura, the previous generation of systems).

Figure 2: Philips Azurion system targeted in Pilot#1.1.

This pilot will design an Azurion with reduced environmental footprint, to be underpinned by
LCAs. Specifically, the aim is to reduce the energy consumption by 30%, lower the LCA score
by 10%, reuse 25% of material in remanufactured systems and increase the percentage of
systems that are recovered from the field for repurposing from 66% to 80%.
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Considering the contribution of improved components and devices, this pilot will focus on
increasing material reuse in new designs and exploring energy-saving features. Certification
of the components to be reused is indispensable and is part of the innovation design work of
Sustronics.

For materials efficiency the increase of the value of materials in recycling is to be researched
with e-waste processing company like Mirec. Findings will be used as input for eco-friendlier
redesigns of Azurion components.

For the energy saving features devices with lower power consumption or intelligence in switch
off mode. Especially the x-ray tubes and large display solution (including infrastructure) could
save a lot of energy in lower power mode. Prerequisite for this introduction into the product is
to not affect the outcome of treatment for the patient to be affected by part of the system
functionality being unavailable at critical moments.

It was determined that, for this particular pilot, no specifications regarding new materials for
these kinds of devices were needed since other aspects were more appliable, such as
components and devices (refer to Deliverable 2.1).

The specifications regarding Materials for Pilot#1.1 are in Table 2:

Table 2 - Material specifications for Pilot#1.1

Material and Process SPECIFICATIONS

Leading Priority

Partner Level Cemments

Nr Description

Safety aspects

S3.1 Lifetime of metal parts after remanufacturing guaranteed for a total of 24 PMS/MIR/P
. years (including first cycle) EN

Sustainability

PMS/ Use a combination of several
S4.1 Lower LCA score by 10% 1 sustainability requirements in
PEN/TAU ! .
order to achieve this

PMS/PEN/T *Assess what components may
S4.2 Reuse of 25% of material in remanufactured systems AU 1 be have a material swap, for a
more recyclable and sustainable.

Increase the percentage of systems that are recovered from the field for | PMS/PEN/T

$4.3 repurposing from 66% to 80% 1
Data model for the sustainability data, which connects to the existing tooling PMS/PEN/T With the support of Windchill PLM
S4.4 h 1 :
in R&D AU already in use
Sustainability data for all components in the system, to be obtained from PMS/PEN/T This process must be defined.
S4.5 " X . ! 1 With the support of Windchill PLM
suppliers via a standardized process f
already in use
Possibility to select configurations from full bill of materials in order to better PMS/PEN/T With the support of Windchill PLM
S4.6 ) - 1 ;
determine their impact on LCA AU already in use
S4.7 Tooling to make LCA calculations based on the data, accompanied by a good PMS/PEN/T 1 With the support of Windchill PLM
. definition of the methodology to perform the LCA AU already in use

1.4.2. Pilot #1.2 Sustainable system integration and product design of personal health
products

Pilot description:
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The goal of Pilot #1.2 is to design a circular PCBA, integrated into a Philips battery operated
appliance, that can be processed and reconstituted into a new PCBA. This solution will be
achieved in two phases: Phase A. Sustainable PCBA Innovation - the development of a
practically implementable solution in 3 — 5 years’ time and Phase B. Circular PCBA Product
Demonstrator Model - an experimental solution with an implementation timeframe of 5 — 10
years. Particular attention will be paid on hazardous substances, following current and
expected future EU restrictions, such as PFAS content and a BPA limit of @ 10 ppm.

P

‘ |

Figure 3: Philips battery operated appliance.

This pilot should result in making a step forward a) decreasing resource usage by = 20%,
increasing recycled product weight = 20% and having a share of bio-based materials up to
50% and b) supporting the Grooming and Beauty business on its journey to become more
sustainable by increasing its circular revenues (25% by 2025), developing Eco-Hero products,
and embracing eco-design principles (100% of the new product introductions eco-designed
by 2025).

The list of Material specifications for this pilot is presented in Table 3.

Table 3 - Material specifications for Pilot#1.2

Material and Process SPECIFICATIONS
i Leading Priority
Nr Description P Level Comments
Material

S1.1 PCBA - Biobased substrate Avantium 2 Subject to LCA Baseline Calculation
S1.2 PCBA - Biodegradable substrate Infineon 2 Subject to LCA Baseline Calculation
S1.3 PCBA - Recycled substrate Avantium 2 Subject to LCA Baseline Calculation
S1.4 Flexible foil electronics PCL 2
S1.5 Reduction of 20% in substrate weight PCL 2

Safety aspects
S3.1 Compliance with BOMCheck PCL 1
S3.2 Comply with standard industry safety requirements PCL 1 Specific norms ‘.0 be defined as new

developments arise

S3.3 Limit substances of concern PCL 2

Sustainability
S4.1 Comply Philips Eco-Design guidelines - BOMCheck, sustainable alternatives PCL 1
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S4.2 Decrease in resource usage by at least 20% PCL 1
S4.3 Increase in recycled product weight at least 20% PCL 2
S4.4 Inclusion of bio-based materials up to 50% PCL 2

1.4.3. Pilot #1.3 Sustainable luminaire

Pilot description:

The sustainable lighting demonstrator will be a lowest possible LCA Iuminaire. The
conventional printed circuit board of the light source will be replaced by a more sustainable
LED light source manufactured by the printed electronics technology. These LED light sources
should provide good homogenous direct light which enables new opportunities for more
sustainable luminaires. This luminaire will contain less materials. Next to the expected material
reduction, the luminaire casing material should be more sustainable than the current
reference.

A luminaire is a complete lighting unit and exists out of the main components light source,
optics, housing, and a rim. Depending on the application area where the luminaire is used the
specifications of the product can differ.

Figure 4: Schematic drawing of a luminaire.

The Material specifications set for this pilot is presented in Table 4.

Table 4 - Material specifications for Pilot#1.3

Material and Process SPECIFICATIONS
i Leading Priority
Nr Description P Level Comments
Material
S1.1 Weight reduction for the light source by 25% SIG 1
S1.2 Side & back metal cover replaced by renewed material SIG 1
S1.3 Plastic parts replaced by biobased, biodegradable and/or recycled plastics SIG 1
S1.4 Replace PCBs substrate for more sustainable option SIG 2
S1.5 Use of plastics with white grade SIG 2
S1.6 Maximum grades of plastics used: 2 grades SIG 2
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S1.7 Substrate reflectiveness > 90% for the back cover SIG 1
S1.8 Optic transparency ~70% and scatter angle 120 degrees SIG 1
Safety aspects
S3.1 Breakthrough voltage light source > 1.5kV SIG 1
S3.2 Maximum bending of 5 mm SIG 2 Mechanical simulation/tests

Sustainability

S4.1 End of Life: 80% of recovery of materials SIG 1
S4.2 Reduction in 10% energy for soldering processes SIG 2
S4.3 Overall reduction of LCA of 10% SIG 1

1.5. Use case #2

This use case will develop different approaches for decreasing environmental footprint as well
as specifying new end-of-life management routes. The pilots are transforming existing
electronic products (wearables, automotive) into environmentally friendly alternatives while
maintaining the device functionality, specifically focusing on utilization of bio-based materials
together with sustainable manufacturing concepts. Use Case #2 includes the following pilots:

o Pilot#2.1 Embedded electronics for EEG monitoring (PLUX),

e Pilot#2.2 Wearable health monitoring (SCR), and
o Pilot#2.3 Sustainable dashboard for automotive (CEA).

1.5.1. Pilot #2.1 Embedded electronics for EEG monitoring

Pilot description:

Pilot #2.1 goal is to design sustainable variants of conventional low-channel
Electroencephalography (EEG) monitoring systems for potential applications in consumer
(e.g., sleep monitoring at home) and clinical applications (e.g., minimum setup sleep
monitoring solutions).

Figure 5: Dual-Channel EEG acquisition for pre-Frontal (Fp) readings at the forehead.
FP1 and FP2 measurement locations highlighted in green.
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This pilot aims to explore and propose sustainable interface and electronics design solutions
that compensate for potential disadvantages over clinically accepted and disposable
interfaces to ensure high-quality medical data acquisition.

The specifications regarding Material for Pilot#2.1 are in Table 5.

Table 5 - Material specifications for Pilot#2.1

Material and Process SPECIFICATIONS

N Leading Priority
Nr Description P Level Comments
Material
S1.1 Replacing the fossil-based materials by bio-based/recyclable materials PLUX 1 Any part
S1.2 Use of dry electrode materials PLUX 2
S1.3 No condensation with up to 95% RH PLUX 1
S1.4 Skin adhesive with minimum 5 N/cm PLUX 1
. . . Medical application usually has
S1.5 Device material with WHITE grade PLUX 2 .
white colour

S1.6 Use LDS compatible materials for the datalogger casing PIEP 1 For direct SMD mounting

Safety aspects
S3.1 Compatible with norm ANSI/AAMI ST67:2019 PLUX 1
S3.2 Hydrogel or skin contact adhesive needs to pass 1ISO10993 cytotoxicity PLUX 1
S3.3 Pass all IEEE/IEC applicable norms PLUX 1

Sustainability
S4.1 Electrodes: minimum shelf-life 12 months; minimum 10 uses PLUX 2
S4.2 Acquisition system: 2 years PLUX 2

Other Aspects
S5.1 Operating temperature: 10°C to 30°C PLUX 1
S5.2 Atmospheric pressure between 500hPa and 1060hPa PLUX 1

1.5.2. Pilot #2.2 Wearable health monitoring

Pilot description:

Screentec’s current disposable single-use ECG electrode will work as reference on this pilot.
Current electrode is manufactured using fossil-based materials like PET, conductive traces
are manufactured using silver paste and pouch where the final products are packed is made
of PET/AI foil.

Version 1.0 - 22-12-2023 Public
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Figure 6: ECG electrode structure to be used in Pilot #2.2 Wearable Healthcare
monitoring.

In this pilot the aim is to replace as many of the current product materials as possible with
more sustainable alternative. As a second approach also a solution with multi-use electrode
instead of single use will be studied. LCA for used materials will be made to compare their
sustainability and functional tests as well as shelf lifetime will be made to find out how the
changed materials work in comparison to the reference.

The specifications set for this pilot is presented in Table 6.

Table 6 - Material specifications for Pilot#2.2

Material and Process SPECIFICATIONS

e Leading Priority
Nr Description Pt e Comments
Material
Simple curing process and
S1.1 Conductive pastes should be screen printable, curable in less than 150 °C SCR 1 low curing temperatures will
be preferred.
Is there max material surface
S1.2 Substrate materials should tolerate temperatures up to 150 °C, thickness 50-175 ym SCR 1 roughness, Opacity, Strenght
properties?
s13 Non-plastic pouches should have MVTR as small as possible. Though with alternative dry SCR 1 MVTR values needs to be
: electrode materials higher MVTR should work also to achieve long enough shelf time. defined. Any OTR needs?
S . . Protective liner specifications
S14 Cushioning should be sof_t and thick enough to prevent the metallic snap buttons bottom area MOV 1 missing  (critical  material
to penetrate/feel through it. d
properties
New dry electrode materials should result similar or good enough signal quality so that signal MOV, Minimum signal quality to be
S1.5 - 1 h
can be used for intended purpose. EDI defined?
s16 Electrode design and material stack can be adjusted if seen necessary for achieving more MOV, 1 Target % reduction to existing
. sustainable end result EDI product
S1.7 Hydrogel or skin contact adhesive needs to pass ISO10993 cytotoxicity SCR 1
S1.8 Copper and/or carbon paste instead of silver paste SCR 1
S1.9 Use of paper/pulp-based material or recycled/bio-based substrate SCR 1
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S1.10 Usage of dry electrodes '\ég\r\/, 2

S1.11 Reduction of 10% on electrode weight ME%\I/’ 1

S$1.12 Skin adhesive with minimum 5 N/cm SCR 1
Safety aspects

S3.1 Hydrogel or skin contact adhesive needs to pass ISO10993 cytotoxicity SCR 1

S3.2 Material breakthrough voltage > 1.5 kV SCR 1
Sustainability

S4.1 At least basis of LCA to be taught for pilot partners V1T 1

S4.2 LCA made according to quide lines decided within the sustronics project. VTT 1

1.5.3. Pilot #2.3 Sustainable dashboard for automotive

Pilot description:

In automotive HMI (Human Machine Interface), fundamental changes have taken place in past
years, with large plastic control panels integrating now large interactive screens. The trend is
ongoing, and we are moving from the ‘push-buttons’ era to the ‘tactile’ era. In order to ever
improve ergonomics for drivers’ operation as well as move towards a minimalist aesthetics,
new electronic functions such as sensing, and lighting directly integrated in plastic control
panel would be one more step in the digital transformation of the vehicle (Figure 7). Flexible
and printed electronics are a good alternative to conventional PCB, especially when they are
designed to be compliant with in-mould process: they enable seamless integration of new
functions, leading to produce thin and lightweight automotive control panel.

Figure 7: Example of an IME Automotive control panel.

The list of specifications for this pilot is presented in Table 7.

Table 7 - Material specifications for Pilot#2.3

Material and Process SPECIFICATIONS

Description

Leading
Partner

Priority
Level

Comments

Material
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S1.1 Material for reversible conductive adhesive

TNO/
RISE

For disassembly of devices

Electrical resistivity 0.1mQ.cm

Viscosity compatible with Screenprinting/dispensing/jetting
process (tbd)

Annealing T°<120°C

Chemical compatibility with conductive ink

S$1.2 Material for reversible structural adhesive

TNO/
RISE

Shear force (equivalent to present solution)

Viscosity compatible with dispensing/jetting/screen Printing
process

Annealing T°<120°C

Chemical compatibility with substrate

S1.3 Biobased / recycled substrate resins

VTT

Bio-based up to 50%

Mechanical properties:

melt volume flow rate: typ 20 cm3/10min (ISO1133-300°C, 1,2
Kg)

Tensile modulus: 2400 Mpa

Thermal properties:
Glass transition: T° typ: 143°C
vicat softening T°,: typ 145°C

Optical properties:

« Optical transmission > 85%

haze: typ 90

HPA @3mm: typ 25

Injection molding conditions:

injection molding melt T°: typ 280°C (typical values for PC)

S1.4 Biobased/Recycled decorative substrates film

VTT

Bio-based up to 50%

Geometry:

« Size of the sheet: 320 mm x 380 mm

« Thickness: 250pm

* Low roughness (tbd)

Mechanical properties:

« tensile strength 60 MPa / tensile modulus 2.5 GPa / tensile
elongation at rupture 100-150%;
Printability:

* Tg > 105°C for deco foil

« Shrinkage <0.3% for 1h at 130°C
surface tension(wetting) & contact angle
Optical properties:

« Optical transmission > 85%
Compatible with Film insert moulding

S1.5 Biobased/Recycled functional substrates film

VTT

Bio-based up to 50%

Geometry:

« Size of the sheet: 320 mm x 380 mm

* Thickness: 250pm

* Low roughness (tbd)

Mechanical properties:

« tensile strength 60 MPa / tensile modulus 2.5 GPa / tensile
elongation at rupture 100-150%;

Printability:

* Tg > 105°C for deco foil and Tg > 120°C (Technical Foil)
« Shrinkage <0.3% for 1h at 130°C

surface tension(wetting) & contact angle

Optical properties:

« Optical transmission > 85%

Compatible with Film insert moulding

S1.6 Screenprinting conductive Ink

RISE

Electrical resistivity <10-6 Q.cm

Chemical compatibility with substrate

Adhesion (crosscut test) similar to reference ink and
Compatible with thermoforming (conductivity at max elongation)
Viscosity compatible with screen printing

minimum track width: 200pm

electrical resistivity does not change after ageing

S1.7 Screenprinting decorative ink

RISE/
cics

*Adhesion (cross cut test) similar to reference ink

«Compatible with thermoforming: strechability?

*Compatible with other inks

+No color shift after ageing (UV exposure and high T°exposure)

S1.8 Dielectric ink

RISE/
cics

Adhesion (crosscut test) similar to reference ink

Sheet resistivity > 1Gohm/sq @ 25um

Compatible with thermoforming: unchanged optical properties
before and after thermoforming

Viscosity compatible with screen printing

compatible with other inks

breakdown voltage does not change after ageing

Safety aspects

S3.1 Compatible with EC21 crash test

FAU

1

S3.2 Flame propagation speed= 100 mm/min max

FAU

S3.3 COV emission submitted to automotive standards

FAU

1

Sustainability

S4.1 Dismantling of the 2 foils

TNO

1

S4.2 Recycling resin

MIREC/
VTT

Version 1.0 - 22-12-2023

Public

Page 16 of 22



101112109 — Sustronics

D1.1 - Materials Specifications and initial testing plan

VTT/
S4.3 Use of bio-based or recycled materials for substrates
ARNP
RISE/
S4.4 Use of bio-based or recycled materials for inks
CSIC
S4.5 Recycling electronics films MIREC
S4.6 Dismantling of functional foil TNO Recycling of substrates (including the wastes from the fabrication)
S4.7 Recycling of the decorative films MIREC Collection of components and circuitry

1.6. Use case #3

This use case will integrate pilots compatible with end-of-life management strategies, such as
composting, biodegradability and recycling. The three pilots represent innovative new
products for diagnostic purposes also from technical perspective. In this sector specifically
new sustainable technologies will offer sustainability benefits, such as no need for separate
dedicated readout device when using already available infrastructure of smartphones. This
has all the capabilities to replace bulky, expensive, and energy consuming laboratory
equipment with digital solutions. Use Case #3 consists of the following pilots:

Pilot#3.1 Single-use diagnostic platform (IFAT),
Pilot#3.2 Smart hygiene (ESS), and

1.6.1. Pilot #3.1 Single-use diagnostic platform

Pilot#3.3 Smart wound dressing (IFAG).

Pilot description:
The goal of Pilot#3.1 is to develop an easy-to-use disposable point-of-care (POC) device
linked to a smartphone app to help in the monitoring of patients’ biomarkers, demonstrated for
C-peptide detection in urine sample. Realization of the new POC device with sustainable and

compostable materials (e.g., paper, not noble metals).

The list of specifications for this pilot is presented in Table 8.

Table 8 - Material specifications for Pilot#3.1

Material and Process SPECIFICATIONS
Nr Description Leading Partner PLriet:Irltly Comments
Material
S1.1 Paper Substrate for Screen Printing TER 1
S1.2 Paper Strip for lateral flow TER 1
S1.3 Screen Printing Inks for conductive lines, insulation layer, antenna and electrodes SCR 1
S1.4 Conductive glue for components assembly (flip chip and SMD) SCRNTT 1
S1.5 Biochemistry for C-Peptide Sensor MEDUG 1
Safety aspects
S3.1 Provision of non-biohazard example test samples for sensor testing and demonstration MEDUG 2
S3.2 Provide Safety information regarding health hazards of used materials and handle advice SCR/J;ATé%E\gCSE 1
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Sustainability
S4.1 Environment friendly disposal All 1
Other Aspects
S5.1 Operating temperature 0-70 °C IFAT 1
S5.2 2 sub pilots: A-In Vitro Diagnostics; B-Smart skin patch IFAT 1

1.6.2. Pilot #3.2 Smart hygiene

Pilot description:

Hygiene and health companies are actively developing digital platforms and wearable sensors
for both self-care and professional care to improve e.g., incontinence care. The goal of Pilot
#3.2 is to develop a sensor that measures temperature (T), relative humidity (RH) and
enzymes (ENZ) integrated in an incontinence product to increase the quality of care and
decrease the cost of health care.

L1 —

| |
One-time use Reusable parts
[extend use)

Figure 8: Pilot#3.2 consisting of a one-time use part and reusable parts.

The specifications set for this pilot is presented in Table 9.

Table 9 - Material specifications for Pilot#3.2

Material and Process SPECIFICATIONS
1] Leading Priority
Nr Description T ) Comments
Material
S11 Printed electrodes RISE 1 The prlnted_ electrodes need to perform 3-electrode
electrochemistry
*System must notify the Temperature (T: 15°C to 40°C) in
the microclimate. "90% accuracy, +/-0.5 °C".
S1.2 Printed detection array- functional coating for Temp and RH RISE 1 *System must notify the humidity (RH: 30%-100%) in the
microclimate. "90% accuracy,
RH +/-5%"
«System must notify the presence or absense of an enzyme
) ) ’ ] ’ ] o
S1.3 Printed detection array- functional coating for ENZ and pH UGOT 1 gi':uzr)a::r;/ the microclimate, immediately (<1 minute). 90%
*pH is a support parameter
. Lo RISE/BEN/V Only needed in the piece solution when the antenna is
S1.4 Device must have an antenna, made out conductive ink TT/CSEM 2 inside the incontinence product
*Renewable resource and flexible with comfort towards
) body/skin.
S1.5 Eapc?arllersiisi::r?;iou?::de of renewable, flexible and TE’\?//.'EJ.I’.:M/ 2 *Apply relevant ISO norms (to be shared by ESS)
yp 9 *Roughness and flexibility similar to materials that they will
be in contact with
1.6 Adhesive made of renewable, flexible and hypoallergenic UPM 2 E)Ezgfsmble resource and flexible with comfort towards
resource *Apply relevant ISO norms (to be shared by ESS)
*Renewable resource and flexible with comfort towards
Release liner made of renewable, flexible and hypoallergenic body/skin.
S$1.7 UPM 2 . i .
resource *Hypoallergenic feature on the liner may be difficult to
realize
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. . g This has to receive the sample and transport to the
S1.8 Protective/semipermeable layer-sample uptake TER 1 detection parts. Porosity and wettability
519 Conductive ink RISENTT/ 1 Shall not be too resistive such that the detection fails. Need
) CSEM/BEN robust, flexible.
. If we go for the two-piece solution then this is not needed,
S$1.10 Supercapacitor TAU/CSEM 2 after the LCA from FGH
FGH/RISE/E . . o
S1.11 Connection between sensor label and Transmitter SS/CSEM/B 1 If we go for the_ two-piece solution, then this is needed.
Input from FHG is needed.
ENNVTT
Safety aspects
S3.1 Safety in use also all components should have PAS ESS 1
. ESS/IFAG/
S3.2 Sensor label must be hypoallergenic IFAT/CSEM 1
Sustainability
S4.1 LCA calculation of sensor label FGH/ESS 1
S4.2 Circularity mapping of use FGH/ESS 1

1.6.3. Pilot #3.3 Smart wound dressing

Pilot description:

Pilot 3.3 will develop a sustainable smart wound dressing with optimised materials for printed
electronics substrate, encapsulation in combination with the wound dressings materials. The
wound of a diameter of maximally 3.6 cm will be monitored for pH, temperature and chemicals
like uric acid in the first iteration. The smart wound dressing should allow to be left untouched
for a period of at least 14 days, preferably 21 days. Because of the alarm functionality to detect
infection or change of the status of the wound the dressing does not need to be removed and
replaced as is currently the clinical practise. Health care professionals remove the dressings
with risks of damaging the wound and it's healing process and discomfort for the patients
without the smart electronics. Increase of the use period per wound dressing will also have a
sustainability aspect in materials and energy terms.

High exuding superficial Userinterface:

chronic wound, A= 10 cm2, ﬂ. m\‘ « fulfill accessibility standards AA

* clear and easy to understand and
lower leg ulcer

] use
Homecare setting , , BLE or))))
NFC

/\
& | Wear up to 14 -> suitable for
. . t mobil _
(21 days if possible) mostmobiie ‘ A [’/]
N =~
ke

devices

3o

Figure 9: Description of the use case scenario of the smart wound dressing
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Healthy skin Secondary
dressingle.g.
NFC-antenna foam)

;
Printed electrodes  ~— - J

T

Flexible PCB substrate A\ S |
* with cut outs (additive ~L

or subtractive

manufacturing)

| DO EmEama0

Wound contact i
layer as base . v
material (holes
included)

Reusable part Disposable part

Figure 10: Schematic drawing of the smart wound dressing showing that the
electronics will be in contact to the exudate and differentiate for the reusable part and
the disposable part.

The list of specifications for this pilot is presented in Table 10.

Table 10 - Material specifications for Pilot#3.3

Material and Process SPECIFICATIONS

N Leading Priority
Nr Description P Level Comments
Material
S1.1 PCB substrate and copper tracing SWA 1 We can source the materials for manufacturing
energy efficient computer hardware
s1.2 Hard Disk Drives, Solid State Drives SWA 1 On-premises storage backend for pafient and medical
data is required for data security
S$1.3 Fiber Optics and SFP connectors SWA 1 SFP is reguired for Iolng range conlr?gctivity to and
from hospitals and offsite backup facilities
S1.4 Barrier films as thin as possible. In best case application by lamination IFAG 2 Biocompatibility level to be defined ISO 10993-?
15 D_ense _routlng or conductors on substrates in order to shrink x-y- IFAG 2 Any specification for the shrink?
dimensions.
S1.6 Hybrid conductor carbon and Cu/Ag IFAG 2
S$1.7 Compostable substrate material as an alternative 1ZM/ WE 2 If available
S1.8 Adhesive layers within the build-up IFAG 1 Biocompatibility
The components will form some topography on the
Protective layer over components and sensors, which are integrated electronic substrates. This should be levelled by
S1.9 ) . ! IFAG 2 encapsulation of the electronics into a "levelling"
into the wound dressing . . - "
layer. Ideally a foam like material. Without levelling
layer risk of electronic layer disruption during use.
S$1.10 Printable sustainable printing substrates TNO 1 task in WP1 icw VTT
S1.11 Printable sustainable electronic materials TNO 1
$1.12 Printable electrode materials TNO/ZM 2
FAU
Safety aspects
ESD shielding to protect sensitive components and
S3.1 ESD protection SWA 1 people from electrostatic discharge under real-world
operation
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Sustainability
Optical connectors support over 100 gbit/sec
S41 Fiber optics don't wear out, and supports high throughputs ensuring SWA networking, far faster than any ISP can deliver for the
' forwards compatability foreseeable future
Reduction of TPU thickness from 100-200 pm down
to 100 pm (including coverlayer). With future
S4.2 Stretchable PCB Substrates based on TPU 1ZM/WE perspective to reduce down to 50 pm.
Assembly of components using low energy (temperature) electronics Low temperature soldering or glueing or components
543 interconnection techniques 1zZm to substrates
S4.4 Re-Use of electronic components, that have not been in contact with IFAG
the wound
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Conclusions and next steps

The clear discrepancies when it comes to TRL’s between the various Pilots as well as their
technical, commercial and user applications, make the full definition of every specification
unavailable at this point. This, however, doesn’t mean that the aspects already listed in this
Deliverable (and in the Deliverables directly related) are insufficient to materialize fully
functional pilots that answer the challenges set in scope of this project. Quite the contrary, as
the information gathered is now the starting point for the next phases of the project. previously
mentioned in 1.3 Additional notes, priority levels were assigned to every Specification. This
means that those with level 2 assigned are more prone to update, partial execution or no
execution at all, as long as those with level 1 are fully realized, which answer the project’s
goals.There is however, as also mentioned, room to maneuver as new technological
developments arise, shedding light on new and/or more relevant features on certain
specifications. These developments may also reveal technical constraints not predicted at this
point.
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