WP4 Evaluation (Wuppertal Institute for Climate,
Environment and Energy)
The results from WP1 to WP3 will be merged. Based on the
comparison of the analytical methods and sorting techniques,
ideal process chains and the associated resource conservation
and primary raw material saving potentials are determined.
WP5 Recommendations (Clausthal University of
Technology)
Eventually, options for action will be presented that will
enable the identified technical potentials to be transferred
into practice. Economic, political and legal factors are taken
into account. With the help of an impact analysis, the options
and measures are evaluated and final recommendations are
derived.
The interdisciplinary team reviews the conclusions from
different perspectives. In a final step, the strategy papers are
discussed with representatives from science, administration,
metal industry and plant construction.
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When copper wires get into a steel melt, it is no longer possible to
recover the copper by type.
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Resource Efficiency in the Metal
Industry - Analysis, Evaluation and
Reduction of Downcycling
(DownMet)

Background

Intention

Course of Action

Over the past 150 years, demand for metals for key sectors such
as energy, transport, manufacturing and communications has
increased sharply. In addition to bulk metals such as iron,
aluminium and copper, alloying elements such as magnesium,
silicon and manganese are becoming increasingly indispensable
as they fulfil important material functions for later applications.

The project, funded by the Federal Environment Agency, is
concerned with increasing resource efficiency in the metal
industry with regard to the substitution of primary raw
materials by reducing downcycling. The focus here is on
investigating the possibilities of alloy-specific recycling of steel,
aluminium, copper and zinc scrap. The investigation of various
scrap fractions before and after innovative sorting and
separation processes should provide new insights. In addition,
control variables for up- and downcycling as well as rules for
low-grade design will be determined to mitigate loss of alloy
quality. On the basis of the analysis results, recommendations
for better exploitation of hitherto unused, high-quality metal
potentials will be determined. The evaluation yardsticks include
the savings potentials in raw materials and greenhouse gas
emissions as well as the cost structure for the production of
alloys from recyclates.

The project will be implemented by scientists from four
research institutions. Coordination is the responsibility of the
Helmholtz Institute Freiberg for Resource Technology. In total,
the project is divided into five work packages (WP):

The trend towards alloy diversification continues. Technical
innovations in the fields of mobility, energy conversion and
storage as well as in building construction require new
functional materials time and again. Nonetheless, the issue of
recyclability has hardly played a role so far. At the same time,
less than half of Europe's metal requirements are covered by its
own reserves. Europe is therefore heavily dependent on
globally distributed reserves. Recycling is currently the only way
to counteract both dependence and scarcity of metallic
resources.
However, the recycling of alloys reaches its limits, since the
alloying (e.g. copper in steel to increase corrosion resistance)
and impurities are usually present in such a low concentration
and complexly distributed form that separation in the
metallurgical process is thermodynamically extremely difficult.
As a result of continued recycling accumulation in the melt
occurs. This unwanted loss of quality, so-called downcycling, is
currently mitigated by the addition of primary virgin material.

A successful provision of secondary raw materials, i.e.
"contaminated" with minimal downcycling processes, requires a
comprehensive knowledge base on existing recycling structures,
technological potentials, metallurgical process simulation and
evaluation approaches, which are developed within the
framework of this project.

WP1 Downcycling – an Overview (University of Augsburg)
In the first work package, the basic definitions for downcycling
of alloys are created. A methodology for quantifying the degree
of downcycling will be developed for different alloy types in
preparation for the following WPs that will help with
maximizing upcycling.
WP2 Downcycling – Status Quo and Forecast (Wuppertal
Institute for Climate, Environment and Energy/ Clausthal
University of Technology)
Data are collected on the status quo of the emergence and
utilisation routes of alloy groups at the German, European and
global level for the current status and for the year 2030. On this
basis, the expected dissipative losses and possible ecological
and economic effects resulting from the avoidance of such
losses are determined. The data and coefficients will be verified
in qualitative interviews.
WP3 Analysis of Innovative Processing and Sorting Techniques –
Industrial Sorting Trials (Helmholtz Institute Freiberg for
Resource Technology)
To assess the suitability of different sorting methods for
commercial mixed scrap, innovative analysis and sorting
techniques are investigated and compared using XRF, XRT, LIBS,
NAA and LIF. On the basis of the tests, the opportunities and
risks of innovative sorting technologies are presented and
application-oriented solutions are developed. The link to
process metallurgy is made with metallurgical simulation tools.

In the future, a closed-loop economy should make it possible to
significantly reduce the proportion of added primary virgin
materials and to reuse the alloying elements in smart sorting by
the use of real-time metallurgical simulation platforms.

Next-generation sorting system: Sorting and separation tests analyse
how commercially available mixed scrap metal can be separated by
type within a few seconds.

