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Recycling challenges of power
modules within WEEE1

Material composition of PMs3

When different types of PMs are considered, the material complexity
will increases substantially.

Fig4. Elements covered by all PMs manufactured by a european manufacture.
(Chips and SMD excluded)

Global WEEE generation reached 62 Mt in 2022, while only 42.8% was
collected for recycling in Europe [1,2].

WEEE generation is increasing faster than recycling, leading to a declining
recycling rate.

Power modules, highly integrated  and made of diverse materials, are
difficult to recycle.

PM recycling4

Life cycle assessment of waste
PM recycling5

Conclusion6

Table1. EoL-RR and EoL-RIR of selected construction materials of PMs [3]. (Data
correspond to Europe; * indicates global data; ** indicates data related to WEEE.)

Fig6. Normalisation of environmental impacts of current
recycling processes for different impact categories

Fig7. Contribution of individual recycling processes to the
environmental impact categories of waste PM recycling.

Fig8. Influence of inventory data uncertainties on the
environmental impact results of waste PM recycling.

1.Efficient separation of plastics and metals.

2.Inability to process plastics containing additives.

3.Inability to separate aluminum–copper alloys [4].

Acidification (Ad, mol H+ eq, 6.2%), Climate Change (CC, kg CO2 eq, 21.06%), Freshwater Ecotoxicity (EF, CTUe, 1.92%), Energy Resources (ER, MJ, net calorific value, 8.32%), Eutrophication (Ep, kg N-eq, 3.71%), Human toxicity: carcinogenic (HT, CTUh, 2.13%), Ionising Radiation – human health (IR, kBq U235-eq, 5.01%), Land Use (LU, dimensionless, 7.94%), Material resources: metals/minerals (MR, kg Sb-eq,
7.55%), Ozone depletion (OD, kg CFC-11-eq, 6.31%), Particulate matter formation (PMF, disease incidence, 8.96%), Photochemical Oxidant Formation – human health (POF, kg NMVOC-eq, 4.78%), and Water Use (WU, m3 world eq deprived, 8.51%). The percentages in parentheses represent the weighting factors applied for the normalisation calculation [5].

Recycling impacts are mainly driven by energy-intensive processes.
Plastic thermal treatment and non-ferrous metal pyrometallurgy are key contributors.
Material heterogeneity and incompatibility increase environmental impacts.
Further assessment is required to evaluate the potential benefits of design for recycling strategies on
environmental impacts and material recovery.
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Fig3. Elemental mass
composition in 50 kg of mixed

PM waste.

Fig5. Current process steps for recycling WEEE.

Fig1. External
components and
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Fig2. Internal
components and
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