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Aim of the project

SIREVIVAL aims at the reduction of the
environmental impact of spent photovoltaic (PV)
modules. The effort is focused on the use of recycled
materials, like Si, to  build all solid-state
supercapacitors and to integrate them with modern
photovoltaic cells, in order to meet instantaneous
power generation and delivery.

Relevance vs MARs

SIREVIVAL relies on interlinked chemistry, physics
and engineering activities and is relevant for two
multi-annual roadmaps: end-of-life and second-life
management and  environmental impacts of
renewable energy components (MAR 2) and smart
stand-alone systems to ease the access to energy i

all its forms (MAR 3).
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Presentation of scientific and technical objectives as defined in the initial
proposal submitted to the LEAP-RE program

Recovery of Si end-

1. Material recovery from end-of-life PV panels with >85% overall efficiency } SEHERS

Recycled Si

2. lonogels with a large temperature and electrochemical operational window processing

3. Solid-state micro-supercapacitors based on recycled materials }
Supercaps

fabrication

4. Engineering of new systems for energy production and storage

Supercaps
coupled to
PVs
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Results achieved: Highlights. I. Recovery efficiency > 90%

Manual process

PV panel = 1,000.0 kg

Heat the PV to 170°C -
10 min
Energy 22.538 kWh -
763.5 kg

Al recovery

PV waste = 763.5 kg

Heat the Si + EVA to
70°C - 20 min
Energy 30.000 kWh - 140
kg

Glass and Cu
recovery

Al=216.3 kg
Junction Box = 20.2 kg
PV waste = 763.5 kg

Water = 193.7000 |
Si+ EVA=140.0 kg
Toluene = 27.7627 |

EVA removal

Glass = 593.2 kg
Tedlar = 12.9 kg
Cu=3.9kg
Si+ EVA =140.0 kg

Glass waste = 13.5 kg

Heat the Si cell to 80°C -
5 min
Energy 47.462 kWh —
98.1 kg

Water = 63.1107 |
Si_cell =98.1 kg
NaOH = 12.6220 |

A

Ag and Si
recovery

Water = 193.7000 |
Si_cell =98.1 kg
EVA=41.9kg
Toluene = 11.6250 |

Toluene waste = 16.1377 |

A 4

Water = 63.1107 |
Si=92.5 kg
Ag=4.5kg

NaOH = 12.6220 |

Si/Ag waste = 1.1 kg

The results obtained in life cycle analysis implementation of the recycling of 1000 kg of Si-based EoL PV panels are in accordance with those obtained in the work of
Latunussa et al., in which a similar process is evaluated for the recycling of 1000 kg of EoL PV panels with a similar method - SimaPro software and the Ecoinyent
database. [C. Latunussa et al., Sol. Energy Mater. Sol. Cells, 2016, 156, 101]
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Progress compared with the state of the art. |

Recycled products: Si powder and Si wafers

Al recovery
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Ethylene vinyl Ag and Si recovery
acetate recovery

Ball milling
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Progress compared with the state of the art. Il

SIREVIVAL vs ReSiTec [https://www.resitec.no/]
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Progress compared with the state of the art. Il

Upcycled products from Si powder: CNTs-Si [1] and Na,Si, [2]
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[1. C. Martin et al., Adv. Funct. Mater., 2011, 21, 3524]
[2. A. Dopilka et al., J. Electrochem. Soc., 2021, 168, 020516]

Na,Si,
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Progress compared with the state of the art. IV. EoL solar panels
LCA results. EF 3.1 method

Climate change

Ozone depletion

Human toxicity, cancer effects

Human toxicity, non-cancer effects

Particulate matter

lonizing radiation, human health

lonizing radiation, ecosystems

Photochemical ozone formation, human health
Acidification

Eutrophication, terrestrial

Eutrophication, freshwater

Eutrophication, marine

Ecotoxicity, freshwater

Water use

Land use

Resource use, fossils

Resource use, minerals and metals
Photochemical oxidant formation: Terrestrial ecosystems
Terrestrial ecotoxicity

Marine ecotoxicity

Impact category
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100

Electricity
Toluene
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Water

Glass waste
Toluene waste
Si/Ag waste
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Progress compared with the state of the art. V. Upcycling Na,Si,
LCA results. EF 3.1 method

m Na,Siy
Sodium hydride
Silicon powder
m Argon
W Electricity for ball-milling
W Electricity for heating

Climate change

Ozone depletion

Human toxicity, cancer

Human toxicity, non-cancer

Particulate matter

lonizing radiation, human health
Photochemical ozone formation, human health
Acidification

Eutrophication, terrestrial

Eutrophication, freshwater

Eutrophication, marine

Ecotoxicity, freshwater

Water use

Land use

Resource use, fossils

Resource use, minerals and metals
Photochemical oxidant formation: Terrestrial ecosystems
Terrestrial ecotoxicity

Impact category

Marine ecotoxicity : : " : ;
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Contribution (%)

O sphera

99.0
Contribution (%)

99.5

100.0




SIREVIVAL

¥4

LEAP-RE

Progress compared with the state of the art. VI. Upcycling Na,Si,
LCA results. EF 3.1 method

m NaySiy

Sodium hydride

Silicon powder

Argon

Electricity for ball-milling
Electricity for heating

Climate change

Ozone depletion

Human toxicity, cancer

Human toxicity, non-cancer

Particulate matter

lonizing radiation, human health
Photochemical ozone formation, human health
Acidification

Eutrophication, terrestrial

Eutrophication, freshwater

Eutrophication, marine

Ecotoxicity, freshwater

Water use

Land use

Resource use, fossils

Resource use, minerals and metals
Photochemical oxidant formation: Terrestrial ecosystems
Terrestrial ecotoxicity

Marine ecotoxicityl
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Results achieved: Highlights. Il. lonogels
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Progress compared with the state of the art. Vil
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3-ArmPEG-CHO PEG-(NHNH,),
M = 1312 g/mol M = 1782 g/mol
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lonic liquid:

Progress compared with the state of the art. Vil

(

[

Method: ReCiPe 2016 Midpoint (H) \/1.08 / World (2010) H

. . . . . . .
1-Ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide
600 kg
[EMIM][TFSI] CAS N°: 174899-82-2
—_—
i TFSI | 1
N N— TFsI ig=nl
\§/ 100 kg 200 kg 5.73E4 kg 150 kg 150 kg
3ARM-PEG-CHO PEG(NHNH2)2 Dichloromethane Imidazole {GLO}| Trifluoromethane
{GLO}| market for market for {GLO}| market for
dichloromethane | imidazole | Cut-off, trifluoromethane |
20.9 % 86.2 % 0.35 % 0.534 %
i
- | |
[ I I | ‘
120 kg 168 kg 754 kg 1.81E3 kg 220 kg 254 kg 637 kg
3ARM-PEG-Ms Potassium Salicylic acid {GLO}| Dimethylacetamide Polyethylene glycol Neutralising agent, Hydrazine {GLO}|
carbonate {GLO}| market for salicylic {GLO}| market for bis(methyl sodium market for
market for acid | Cut-off, S etamide i hydr quival hydrazine | Cut-off,
16.7 % 0.223 % 0.153 % 3.04 % - 5.14 % 0.128 % 14.02 % [
- TN
i T = '
I 1 I - | |
[ [ [ [ [T T TT
143 kg 535 kg 207 kg 273 kg 139 kg 853 MJ 1.07€3 kg 351 kg 740 kg 76.4 kg

Triethyl amine Sodium sulfate, Sodium Sulfuryl chloride Pentaerythritol Electricity, medium Diethyl ether, Methyl N,N-dimethyiforma Ethylene glycol

{GLO}| market for anhydrite {GLO}| bicarbonate {GLO}| {GLO}| market for {GLO}| market for voltage {BE}| without water, in y mide {GLO}| market| {GLO}| market for

triethyl amine | market for sodium market for sodium sulfuryl chloride | pentaerythritol | market for 99.95% solution Xy)benzoate for ethylene glycol |

0.237 % 0.134 % 0.108 % 0.166 % 0.144 % 0.0201 % 2.67 % 1.13 % 113 % 0.0662 %
il I 1
J I
L"f
. H 1.76E3 kg 2.65E4 kg 56.1 kg
PrOduct. 600 kg [EMIM][TFSI] |0noge| Hydrochloric acid, Water, deionised Triethanolamine
without water, in {Europe without {GLO}| market for
30% solution state Switzerland}| triethanolamine |
0.619 % 0.00432 % 0.0725 %
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Progress compared with the state of the art. IX o Fouretoma
Il Resources
[EMIM]BF, [EMIM]DCA [EMIM][TFSI] = 2905
[PYR13][TFSI] ¥ 20.09
[EMIMIES [BMIM]Br
[BM|M]Br = N 2745
[BMIM]DCA o amas
[BMIM]DCA ) PYRI3IIFS] [EMMEF, % 2753
B 27.11
[EMIM]CI
B 27.41
,, - [EMIM]DCA
[EMIMINO, [PYRA3][TFSI] 3
N 27.08
, [EMIMES =
[EMIMCI [EMIMI[TFSI]
[EMIMINO, " 2760
—— 30%IL
—— 50% IL 27.21
[PYR13][FSI]
Electrochemical stability window | | | | : | |
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New products or developments. I. New instruments
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New products or developments. ll. Software (Open Modelica)
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New products or developments. lll. Software (Open Modelica)
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Problems encountered during the project

Budget was limited and not flexible for almost all partners.
Consortium did not achieved critical mass to move technologies beyond TRL 4.

Some tasks were more difficult to implement as expected (e.g. collecting of solar panels in
Algeria at the beginning of the project).
7

\
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How the project contribute to a gender equal societal development ?

Number and share of people engaged in activities and scientific dissemination, categorized by
age group (20-30, 30-40, over 40): 6 young researchers, 6 senior researchers/technicians,
6 promoters

Share of overall publications in international peer-reviewed journals that include at least one
author under the age of 40 among the authors: 85%

Share of overall publications in international peer-reviewed journals that include at least @
woman among the authors: 100%
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Planned follow up work

Work on LCA to up-scale recycling scenarios (integration with teams participating in
MSCA “SusMatEner”)

Work on product traceability (integration with teams developing digital technologies)

Work on supercapacitors with recycled materials
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Become of the consortium set up on this project

On-going efforts to secure funding for future activities, including those linked to
SIREVIVAL objectives

Management structure for future initiatives to be established in AU

On-going efforts to link to industry partners
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New collaborations planned for the future: Energy modeling at local and
regional scale based on Al-based methods for demand estimation and real-
time anomaly detection for input data

User
platform

y

Local
~authorities

Acquisition

Cyber
centers
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New collaborations initiated thanks to the results of the project
(following publications, conference presentations, etc.)

Collaborations with AU: On-going efforts with Strathmore University (Kenya) and
University of the Witwatersrand (South Africa)

Collaborations with EU: On-going efforts with Fraunhofer-Institut fliir Energiewirtschaft
und Energiesystemtechnik IEE (Germany)




SIREVIVAL B

Expected outcomes in case of success of the project (2030)

1. Traceability of the PV panels across the full value chain (e.g. blockchain
technology), beyond life cycle assessment

2. Smart methods to inspect PV panels (e.g. drones) to maximize productivity and
collection of end-of-life PV panels (e.g. free of charge removal or relocation)

3. Automated, ultrafast processes of recycling
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Contribution of the project to AU —
EU R&D partnership

Reinforcement of scientific and innovation
cooperation in the renewable energy
sector between Algeria, Belgium, France
and Tunisia through several scientific
visits and workshops

Capacity building of the participating
teams in the area of circular economy

Interest of Consortium members in
participating in LEAP-RE clustering
activities

Aggregated datasets

technologies)

(recycling

Life cycle analysis (digital technologies)




THANK YOU

CONTACT US FOR MORE INFORMATION

@ www.leap-re.eu

| contact@leap-re.eu

$J] @leapRE_EU

; The LEAP-RE project has received funding from the European Union’s Horizon 2020 Research and Innovation Program under Grant Agreement 963530.




