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1.

Scientific background

The ECB classified climate change as a systemic risk in 2021 and the recent IPCC report emphasised the indisputable
role of human activities in global change. We need to reduce our consumption of fossil fuels by more than a factor of
three if we want to reverse the radiative forcing, which will also reduce the consumption of all resources. Some of these
resources, known as 'critical materials', such as certain metals and rare earths, are likely to be unavailable on the planet
in the short term. The challenge for engineers is therefore to design systems that offer the same services but with at least
a threefold reduction in environmental impact. At the same time, we should not seek to accumulate more services to
avoid the rebound effect.
According to a recent report by Global Waste Electrical and Electronic (WEEE) Watch, we generated 53.6 million
tonnes of WEEE in 2019. Its volume is growing by 5% per year and the explosion of smart connected objects is not
going to help reduce these numbers. So we literally have gold in our hands with WEEE ! It is important to ensure that
the critical materials they contain remain in the loop as long as possible. This circular economy would be economical
and, of course, environmentally friendly.

2. General objective of the course and research questions addressed
The aim of this project is to move towards an autonomous and environmentally friendly European industry by
developing a completely new concept that correlates the design and recovery of critical materials at the end of the
product's life.

This prospective work is in fact part of the general issue of sustainable electronics put forward by Grenoble INP and by
Europe. It is likely to be pursued as a thesis and will serve as a starting point for setting up projects at European level.
Financed by the Micro-Nano-Technology Federation (FMNT) of Grenoble, it aims to initiate interdisciplinary work
between electronics specialists and microbiologists to determine the design choices for electronic circuits that will
optimise the recycling rate of critical materials (metals, rare earths, etc.) in a recovery process by microbial digestion,
while avoiding a deterioration in the performance of the said circuits.

3. Planned work
Tests under static conditions will be carried out in batch systems as well as in closed bioreactors which will be set up
with a stirring and thermalization device. Several types of bacteria will also be used, such as model bacteria well known
in the laboratory, such as E. coli and C. metallidurans CH34, but also anaerobic bacteria such as A. ferroxidans. The
bacteria will first be cultivated under controlled conditions and then used at varying concentrations and under different
conditions to be optimised to assess the extractability of the elements of interest contained in the electronic waste
studied. The contents of metal ions recovered in the leachates from the batches and in the effluents from the bioreactors,
as well as their chemical speciation, will be systematically quantified by ICP-OES or calculated by geochemical
modelling to assess the efficiency of the bioleaching process.
The electronic device chosen for the experimental tests will be a very simple circuit manufactured on the CEDMS
platform of the UGA with different types of substrates (epoxy, ceramic), integrated circuit packages and components,
with or without sparing varnish. The recovery of metals such as copper or gold will be tested with or without circuit
crushing and with different crushing sizes.
The "merit factor", performance x recovery rate of critical materials, will be calculated for each case and a first Life
Cycle Assessment (LCA) approach will also be made with a tool provided by ADEME, in order to provide reliable and
robust comparison elements. IMEP-LaHC will bring its expertise in circuit design and testing, in particular RF. G2Elab
will also bring its expertise in packaging and circuit failure analysis. IGE will contribute its knowledge and know-how
in the control of microbiological and physico-chemical parameters of bacterial suspensions and bioreactors and the
physico-chemical analysis of leachates.
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