Muck and Manganese
Closing The Loop On Industrial Residues

1. Background
Raw materials are crucial to Europe’s economy and essential to maintaining and improving our quality of
life. Securing reliable and unhindered access to certain raw materials is a growing concern within the EU
and across the globe. To address this challenge, the European Commission created a list of Critical Raw
Materials (“CRMs”). CRMs combine a high economic importance to the EU with a high risk associated
with their supply. There have been numerous iterations of the official list of which elements are deemed
‘critical’, but there are currently around 20 on the list, examples being the rare earth elements, cobalt and
niobium.
CRMs are regarded as important because of:
Link to industry - non-energy raw materials are linked to all industries across all supply chain stages.
Modern technology - technological progress and quality of life are reliant on access to a growing
number of raw materials. For example, a smartphone might contain up to 50 different kinds of metals,
all of which help to give it its light weight and user-friendly small size.
Environment - improving the environment is closely linked to raw materials. They are irreplaceable
in solar panels, wind turbines, electric vehicles, and energy efficient lighting.
China is the biggest producer of the 20 EU critical raw
materials. Several other countries have dominant supplies of
specific raw materials, such as the USA (beryllium), and Brazil
(niobium). EU primary supply across all candidate materials is
estimated at around 9%. In the case of critical raw materials,
supplies from EU sources are even more limited.
The EU notes that “all raw materials, even when not critical,
are important for the EU economy”. Nonetheless, CRMs
represent materials where particular care ought to be taken to
ensure they are conserved in the European industrial cycle.
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2. Project Hypothesis
Based on the experience of working at the forefront of Industrial Symbiosis for over a decade, Link2Energy
Ltd (“L2E”) proposed that it was at least plausible that many of these CRMs would reside in bulk industrial
waste streams such as filtercakes, process dusts and ash residues, and could therefore be recovered as part of a
more sophisticated Circular Economy model.
This approach challenged the linear economic model based on mining minerals, coal, phosphate rock, rutile,
bauxite etc for the sole purpose of producing single component product. It recognised that in some cases, the
minor component materials which are carried within the minerals processing industry are subsequently being
discarded as industrial waste and many of these minor components are the very elements listed within the
CRM group defined by the EU.
Non-exhaustive mapping exercises in and around the Yorkshire &
Humber region alone identified the continuous discharge of industrial
residues, potentially rich in those CRMs, amounting to a minimum of
6 million tonnes per annum, with a further 20-30 million tonnes
available as industrial by-products from historic landfill operations.

3. Screening
L2E approached a number of large industries in the region with a
request for samples of their waste streams. Materials included
filtercake from a titanium dioxide manufacturer, foundry dust from a
major steelworks, coal power station bottom ash, biomass wood ash,
phosphogypsum from phosphoric acid production and incinerated
sewage sludge ash.
Screening exercises of those residues using XRF analysis did indeed
confirm the presence of many critical raw materials including Cobalt,
Antimony, Niobium, Yttrium, Scandium, Neodymium, Cerium,
Praseodymium, Samarium and Tungsten. ICP analyses further
demonstrated the additional presence of Beryllium, Lanthanum,
Magnesium, Gallium and Germanium.

4. Conclusions
The outcome of this investigation suggested that some commonly-available bulk waste streams could have
an intrinsic value of between $2800 and $5000 per tonne. A provisional estimate of the value of the
critical raw materials present within the 27 streams reviewed as part of this study (assuming liberation as
metal suitable for trading on the metals exchange) gives an aggregated value of $17,100 million per
annum. This ignores any contribution from other valuable but non-critical elements such as chromium,
manganese, copper, nickel, vanadium, titanium, silver, lithium etc, many of which have also been
identified.
This preliminary work indicates that there is a need to:
Extend the mapping work to provide a UK inventory of critical raw materials within industrial waste
streams
Provide a techno-economic assessment of the impact that recovering these critical raw materials
could make to the mass balance of these materials within the UK and to its economy
To develop detailed case studies from the processing of a selected number of streams.
This work represents an important milestone in understanding the scale of the opportunity and the
technology for actualising it.
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