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Incineration of organic solar cells: e�cient end of
life management by quantitative silver recovery †

Roar R. Søndergaard,*a Yannick-Serge Zimmermann, bc Nieves Espinosa,a

Markus Lenzbd and Frederik Krebsa

Recovery of silver from the electrodes of roll-to-roll processed

organic solar cells after incineration has been performed quantita-

tively by extraction with nitric acid. This procedure is more than

10 times faster than previous reports and the amount of acid

needed for the extraction is reduced by a factor of 100…150. LCA

studies show that the resulting environmental impacts from silver

extraction of incinerated ashes are more favourable on almost all

standard factors compared to extraction from shredded organic

solar cells. The so lessened environmental impacts by efficient

recovery fully justify the use of Ag as an electrode in scaled

production of organic solar cells.

Introduction
In parallel with the rapid advancement of the organic solar cell
technology by roll-to-roll (R2R) processing the choice of materials
becomes increasingly important. Energy payback times of
120 days have already been demonstrated for organic solar
cells in solar parks with an energy return factor of 6. 1 With
the prospect of massive scale deployment of solar cells it is
paramount that the materials used for their manufacture
are abundant … or that the materials can be easily recycled
and re-entered into the production of new solar cells after
decommission. Silver (Ag) has sofar proven to be the best material
and the only metal suitable for R2R processing of electrodes.
This constitutes a challenge not only for organic solar cells, but
for all thin film photovoltaic technologies relying on Ag, if the

latter cannot be recycled efficiently. Though not classified as a
••critical raw material•• for the overall economy,2 in particular
the renewable energy sector crucially relies on Ag and may
suffer from limitations to expand production capacities and
political risks (by geographical concentration of ores in a
few countries).3 Massive environmental pollution and energy
requirements associated with mining of primary ores make Ag
the main contributor to the overall environmental impact
for state-of-the-art R2R processed organic solar cells.4…6 In
terms of sustainability, all metals that enter the supply chain
from the mining industry pose a challenge not only with
respect to environmental pollution and energy consumption,
but also for aspects related to health and operator safety.
Therefore, recycling of metals is an efficient means to achieve
true sustainability of photovoltaic technologies.

In a previous report we described how the use of Ag in
organic solar cells is justified by e�cient decommission and
recycling. By shredding the solar cells followed by a chemical
treatment with nitric acid it was possible to recover up to 95%
of the Ag used in the manufacture of the solar cells. 7 Here
we describe how a complete recovery of Ag can be achieved if
the solar cells are decommissioned by combustion in a heat
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Broader context
Silver is widely used as an electrode in organic solar cells because of its
high conductivity and it is so far the only metal that can be printed
e�ciently in roll-to-roll processes. At the same time mining of silver is
associated with heavy pollution. This puts the rapidly evolving technology
in a dilemma where e�cient recycling of silver is needed if deployment
on a massive scale is to be justified. In this work we have demonstrated
the complete recovery of silver from incinerated organic solar cells. The
extraction of silver from the incineration ashes can reduce the amount of
acid needed for extraction by a factor of 100…150 when compared to
previous studies performed on shredded organic solar cells. The extrac-
tion time can also be reduced by a factor of 12. Life cycle assessment
scenarios show that recycling of silver by extraction from the ash
generally has a 20% lower environmental impact compared to extraction
from shredded cells.
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