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Executive Summary

This report confirms the demonstration-type deliverable results, by providing end-user validation
activities (screenshots) of a live and working JIDEP system.

The report has extra associated materials (video summary), as well as partner presentations
from the year-2 plenary session.

It should be noted that the report captures the state of the demonstrations for the M28, however
the deadline for the completion of demonstrations is M32. Accordingly, certain demonstration
activities are still ongoing.

Copyright © JIDEP Project Consortium 2024




1 Use-Case-3 Demonstration Plan

JIDEP - 101058732

The overall UC3 demonstration plan anticipates industrial cooperation between LEs, SMEs and
Academia by placing JIDEP at the core of this collaboration.
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Figure 1: UC3 demonstration plan

As depicted in the above figure, the plan distinguishes 6 activities, 3 of which have already been
completed, and the remaining 3 are ongoing.
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2 Use-Case-3 Demonstration Results

21 JIDEP Testing — UPCE

UPCE was a very proactive acceptance tester of the JIDEP platform. Numerous issues were

raised during the testing and validation phase.
A eam & Hardware
Company Name Tester Name Operating System | Browser
<Provide your <Provide your <Provide your OS <Provide your
company name> Name> name and version> | Browser hame

and version>

University of Tomas Syrovy Windows 11 Ent Chrome
Pardubice EDU 127.0.6533.120

UAT Scope (In Scope — Out of Scope)

UAT - In Scope UAT - Out of Scope
UAT Test Results
ID Test Cases PASSED | Tested | Date Tested | Issues / Comments
| FAILED | By
UAT1 | User registration Passed Tomas | 25.7.2024
Syrovy
UAT2 | User authentication Passed Tomas | 25.7.2024
Syrovy
UAT3 | Material passport creating for Passed Tomas | 21.8.2024
PCB in standard configuration Syrovy
UAT4 | Material passport creating for Passed Tomas | 26.8.2024
CFRP car beam in “green” Syrovy

configuration starting from data
of UAT3 (copy paste +
changes)

UAT5 | Search and view of “external” Passed Tomas | 26.8.2024

(from other users) Material Syrovy
passports in the platform

UAT6 | Publication of Material Passed Tomas | 26.8.2024
passports in Market place Syrovy

UAT7 | Remove of Material passports Passed Tomas | 26.8.2024
from Market place Syrovy

UAT8 | Modification of existing Material | Passed Tomas | 26.8.2024
passport (CFRP car beam in Syrovy

“green” configuration)

UAT9 | QR code scan to view existing Passed Tomas | 26.8.2024

material passport Syrovy
UAT10 | View of existing material Passed Tomas | 26.8.2024
passport data Syrovy
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2.2 JIDEP Demonstration —- UPCE

In UC3, PVI presented automated PCB and component identification in a machine vision environment,
and UPCE presented the development of a desoldering paste for the selective disassembly process of
electronic components from printed circuit boards.

PVI’s machine vision software is capable of rapidly identifying whole PCBs, or individual components,
rapidly and with high levels of confidence. The associated databases (for both PCBs and components) are
capable of on-the-fly training and manual updates as new items are identified as of interest to the process.

"~ ARDUINO

Figure 2: Machine vision identification of whole PCBs
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Figure 3: Machine vision identification of components on PCBs

UPCE’s desoldering/etching paste is printed on the component parts by microdispensing technology using
a collaborative robot. The essence of the technology is that the desoldering paste is applied to the printed
circuit board in a targeted manner in specific areas of the solder joints of selected electronic components,
thereby releasing the selected electronic component from the PCB. After the application of the
desoldering paste and its reaction, the majority of the solder, which was used to attach the electronic
component to the printed circuit board, will be locally etched away, and subsequently, the undamaged
electronic component will be released from the PCB. The method of component disassembly can be
appliedin recycling processes when undamaged electronic components are obtained from the PCB, which
are sorted after inspection and can be offered on the secondary market.

Copyright © JIDEP Project Consortium 2024
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2.3 Input data acquisition for material passport creation for MCU ATMEGA4809 in
JIDEP platform

In the procedure presented, an efficient desoldering paste of batch 'JIDEP 89' was used. The ATMEGA4809
MCU was disassembled from Arduino Nano Every.

The DOBOT collaborative robot and the microdispensing printhead were used for printing. The PCB was
inserted into the foam bed. The etching paste was introduced into the cartridge, and the printing pressure
was 200 kPa. The movement of the print nozzle around the MCU contacts (Fig. 1) was programmed in the
programming interface.

Figure 4: Collaborative robot with mocrodispensing printing head, printing of desoldering paste
on pads of MCU at Arduino Nano PCB.

Subsequently, the desolder paste was printed on the MCU contacts (Fig. 1). The entire PCB was placed in
a Petri dish of water and the dish was sealed. This was placed in a Memmert UF75 hot air dryer with a
temperature of 60 ° C. After 30 minutes, the pan was removed and the MCU was removed from the PCB
using tweezers. When the chip was lifted, there was no resistance, so it can be concluded that the etching
was effective. Around the pins of the MCU were residues of the reaction mixture/reaction product which
had the consistency of a very thick gel (Fig. 2b, 3a). This material was transferred to a vial containing the
liquid after the MCU was washed with distilled water. The contents of the vial could further be selectively
precipitated, for the isolation of metals such as Fe, Sn, etc. The cleaned and dry MCU ATMEGA4809 (Fig.
4) was weighted (138,9 mg) and the material passport on the JIDEP platform was created.

Copyright © JIDEP Project Consortium 2024
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Figure 5: Left: PCB with printed desoldering paste immediately after printing, right: PCB with
printed desoldering paste after 30 'embedded in 'heat wet' at a temperature of 60 ° C.

Figure 6: Left: PCB with printed desoldering paste immediately after printing, right: PCB with
printed desoldering paste after 30 'embedded in 'heat wet' at a temperature of 60 ° C.

Copyright © JIDEP Project Consortium 2024




JIDEP - 101058732

Figure 7: MCU ATMEGAA4809 and PCB Arduino Nano Every after cleaning process

2.4 JIDEP Validation - UPCE

UPCE and PVI can confirm that JIDEP product passport works without major issues.

UPCE has created a material passport for the desolder past that has been created during the
project’s R&D phase.

Desolder Paste

Product ID: 5fc23e7...6120a9¢

<@ Domain: PCB
£ Mass: 100g

.| Manufacturer: UPCE

Scan to view

Material Passport

Figure 8: MCU ATMEGA4809 and PCB Arduino Nano Every after the cleaning process
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The sub-assembly future has proved very effective at segregating products into distinct materials.

Data Authenticity
1Dz Sfc23e7e-3969-438a-b7a2-3da246120a%¢c
Proof: @ Verified with Blockchain Mork as Oid Downlood KG

Desolder Paste

Domain: PCB

Trade Name: N/A

Brand Name: UPCE

GTIN: 97866664980
EAN: 97866664980
About this item

Desolder poste for disassembling of electronic components from PCB

COMPOSITION PROPERTIES

Sub-assemblies
Sub-assembly Material Mass ycled ycl Reuse ycling ycled F
Number Name (9) Content (%) Content (%) C ion (%) C ion (%)  Efficiency (%) Efficiency (%)
Lst H20 70 100.00 0.00 50.00 0.00 50.00 50.00
L1s2 Fe salts 15 0.00 0.00 10.00 0.00 10.00 10.00
Ls3 Nitric acid 10 0.00 0.00 0.00 0.00 0.00 1.00
Lis4 Bottle 5 30.00 0.00 100.00 0.00 70.00 50.00
pocuments CIRCULAR ECONOMY
No documents available. o o "
Circularity Indicator:
Circularity Documents
No documents available
0.45
Manufacturer
Name: UPCE
Ch @ COMPany, product
Registration Number C200216275 sources and matericls
Registration Country Czech Republic
Suppliers

No suppliers are currently available.

Figure 8: Material-product passport composition properties of desoldering paste (UPCE)
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By being able to recover the integrated circuit elements from the waste electrical equipment,
UPCE has also enlisted those components within the JIDEP platform, as new products.

MCU ATMEGA4809

Product ID: 6d2a973...7b08c5f

<& Domain: PCB
= Mass: 0.140 g

. Manufacturer: University...

Scan to view

Material Passport

Figure 9: Material-product passport of recovered/upcycled integrated circuit (UPCE)
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Tomas Syrovy -

Data Authenticity
10: 6d209734-ad6d-4cc5-b522-802de7b08cSf
Proof: @ Verified with Blockchain

COMPOSITION PROPERTIES

Sub-assemblies
Sub-assembly Material Mass Recycled
Number Name (g) Content (%)
LSt ATMEGA4809 01389 0.00

Documents

CE: MCHP- _ 142-1.pdf

DATASHEET : ATmeg . 42871.pdf

Circularity Documents

No documents available

Manufacturer
Name: University of Pardubice
Registration Number: C200216275

Registration Country. Czech Republic

Suppliers

No suppliers are currently available.

PHYSICAL PROPERTIES

Dimensions: 7mm X 7mm X 1.05Smm
Mass: 0140g

Density: N/A

Heat Transfer Coefficient N/A

Thermal Conductivity: [W/a]

Reused
Content (%)

0.00

== o =

MCU ATMEGA4809

Domain: PCB

Trade Name: ATMEGA4809
Brand Name: Atmel

GTIN 6869898709
EAN: 6869898708
About thi

ronge € Up 10 48 KB, up 10 6 KB of SRAM, and 256 byt

40-, or 48-pin packoges

Recycle Reuse ycling ycled f k
C ion (%) (o (%) Efficiency (%) Efficiency (%)
079 99.21 100.00 99.21
CIRCULAR ECONOMY
Circularity Indicator:
0.55

The Circularity Inde:

1o which g con

any, product,

or economy is circules matericis

sources ar
re kept In use NG waste is minin Circulority index is caiculoted by dividing the

mass of circuior input matericis by the moss of

total input materiols, expressed as o

percentoge.

ENVIRONMENTAL PERFORMANCE
Functional Unit @

Carbon Footprint 0

Figure 10: Material-product passport of recovered/upcycled integrated circuit (UPCE)
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It was thus possible for UPCE to also perform the LCA calculation, which worked fine.

LCATool S Mat: T ! C . Tomas Syrovy ~

Life Cycle Assessment (LCA) Results

Evaluated Life Cycle Assessment (LCA) using the above Life Cycle Inventory (LCI) data

Characterisation Single Score

The substances that contribute to an impact category are multiplied by a characterisation factor that expresses the relative
contribution of the substances for various environmental impact categories.

Reference: h

Characterisation

Indicator name Amount Unit name
Acidification 0.621962462701536 mol Ht eq
Climate change 97.6224958965066 kg CO2eq
Climate change - Biogenic 0.07367390787730368 kg CO2eq
Climate change - Fossil 97.4972968936342 kg CO2eq
Climate change - Land use and LU change 0.05145373942964169 kgCO2eq
Ecotoxicity, freshwater 1567.260917491743 ClTue
Ecotoxicity, freshwater - inorganics 332.74294104712595 CTUe
Ecotoxicity, freshwater - metals 1155.7009639801136 ClUe
Ecotoxicity, freshwater - organics 78.81701246450348 CTUe
Eutrophication, freshwater 0.012464270408178558 kgPeq
Showing 110 10 of 28 entries Previous 1 2 3 Next
[3) Download © Print

Figure 11: Material-product passport of recovered/upcycled integrated circuit (UPCE)
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3 Conclusions and Next Actions

UPCE, together with PVI, confirms that the JIDEP platform, including its constituent tools, is fit for
production use.

However, certain areas for future development are recommended:

1) Introduction of product passport template system
a. In particular, ADS asks for the capability to provide metrics for non-homogeneous
materials (varying length, thickness, mass density)
b. the capability to describe materials or devices by custom physical characteristics
(conductivity, resistance, spectral characteristics, opacity, etc.)
2) Introduction of custom LCA methods for organizations to define their own, not yet certified,
environmental accountability metrics
3) Capability to provide other types/classes of materials, as recommended by ADL (§2.2)
4) Bulk data-upload capabilities whereby a user may generate their own spreadsheet of input
values for the JIDEP platform (likely using much duplicated information) and have the
JIDEP platform automatically create an entry for each line item.
5) Bulk data-export for every user-owned entry in JIDEP, for the purposes of checking and
validating large quantities of entries, and potential subsequent bulk-updates.

Notice that ADS, the WP5 lead and a joint partner in all 3 use cases has confirmed, that the
chemical recycling of non-flammable glass-epoxy boards, which are compound elements of
electrical printed circuit boards (PCBs), is not possible due to the high resistance of FR4-type
materials to chemical etching. For this reason, ADS could not enlist the recovered glass fibers
from the PCBs in the context of Use-Case-3. Nevertheless, ADS spent significant effort in Use-
Case-1 and Use-Case-2 testing and validation activities. For this reason, the demonstration
efforts of ADS will not be duplicated in this deliverable report.




