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Wastes not considered
in typical CE discourse?
Waste arisings by composition, UK 2012 (DEFRA 2015)

Waste generation by economic activities and
households, EU-28, 2014 (%)
http://ec.europa.eu/eurostat/statisticsexplained/index.php/File:Waste_generation_by_economic_activities_and_household
s,_EU-28,_2014_(%25)_YB17.png
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Characterisation and appraisal of waste sites

Constraint #1: Is it economically viable to
recover metals?
Mine wastes as an example 
Answer is “probably not” (perhaps if
took into account externalities (e.g.
cost of pollution)

Crane, R.A., Sinnett, D.E., Cleall, P.J. and Sapsford,
D.J., 2017. Physicochemical composition of wastes
and co-located environmental designations at legacy
mine sites in the south west of England and Wales:
Implications for their resource potential. Resources,
Conservation and Recycling, 123, pp.117-134.

Constraint #2: Is it “sustainable” to recover
these metals? (i.e. it might not be economic but
legislation could push sustainable solutions)
May not be as extraction
from dilute sources is very
energy intensive (and hence
carbon intensive since
mostly fossil fuel power)
See for example:
Gutowski, T.G., Sahni, S., Allwood, J.M.,
Ashby, M.F. and Worrell, E., 2013. The
energy required to produce materials:
constraints on energy-intensity
improvements, parameters of demand. Phil.
Trans. R. Soc. A, 371

Constraint #3: Planning
Constraints

•Special Areas of Conservation
•Sites of Special Scientific Interest
•Areas of Outstanding Natural
Beauty
•National Parks
•World Heritage Sites
Sinnett, D. (in press) Going to waste? The potential impacts on nature
conservation and cultural heritage from resource recovery on former mineral
extraction sites in England and Wales. Journal of Environmental Planning and

Management.

Constraint #4: Landscape Value

Environmentalists

Five perspectives of mining heritage

Preservationists
This group want to maintain the
status quo, and are characterised
by statements recognising the value
of the mining landscape for its
industrial heritage and nature
conservation. They want former
mine sites to be left alone, and
protected, primarily for their
heritage value.

This group are much more
motivated by water quality and
pollution mitigation. They feel that
the mine wastes would benefit from
vegetation establishment and that
their contribution to nature
conservation should be recognised.
This was also the only group that
feel that the future of postmining landscapes should be
focussed on expert
evaluations.
Nature enthusiasts
This group prioritises the establishment
of vegetation on mine sites. They
recognise the contribution mine sites
make, or could make to nature
conservation. Residents in this group are
far more interested in the restoration of
mine sites, feeling that they should not
be left as they are.

Landscape lovers

Industry supporters
This group prioritises the local
economy and are far more
supportive of mineral extraction
in general and the reworking of
mine wastes. They feel that
reworking the mines would
create jobs and bring in new
people, benefitting the local
area.

This group are focussed on improving
the aesthetic appearance of mine
wastes. They are most concerned with
the impact of mines or the lack of
vegetation on the landscape, yet are
more open to the idea of reworking
the mines to aid local economic
development.

in situ leaching
Dump leaching

Stope leaching

Allows for economic
recovery of Cu, Ni,
U, Au, Ag from low
grade ores

Heap leaching
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Development of environmental
technologies for application to
in situ resource recovery from
wastes

Electrokinetics for recovery of metals from waste repositories
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Mechanism of transport coupled
with:
- Sorption/desorption
- Precipitation/solubilisation
- Dissolution reactions
- Redox

Peppicelli, C., Cleall, P., Sapsford, D.
and Harbottle, M., 2018. Changes in
metal speciation and mobility during
electrokinetic treatment of industrial
wastes: Implications for remediation
and resource recovery. Science of the
Total Environment, 624, pp.1488-1503.

• Electrokinetic is uniquely applicable in situ to fine grained and heterogeneous wastes.
• Application of Electrokinetic lead to large redox and pH changes within the wastes.
• Redistribution of metals from more recalcitrant phases to more labile fractions.
• Electrokinetic can lead to increasing recovery of metals that can be extracted in situ.

Testing of
“greener”
biodegradable
lixiviants
Crane, R. and Sapsford, D.,
2018. Towards Greener
Lixiviants in Value Recovery
from Mine Wastes: Efficacy
of Organic Acids for the
Dissolution of Copper and
Arsenic from Legacy Mine
Tailings. Minerals, 8(9),
p.383.
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“Precision” Mining
We define ‘Precision Mining’ of metals as a process
for the selective in situ uptake of a metal from a
material or media, with subsequent retrieval and
recovery of the target metal. This could be applied for
metal retrieval from wastewater or in porous media
(e.g an injected Permeable Reactive Barrier)
Image © Dr Richard Crane, 2018

#1 Precision mining of
copper from mine
drainage

Crane, R.A. and Sapsford, D.J.,
2018. Towards “Precision Mining”
of wastewater: Selective recovery of
Cu from acid mine drainage onto
diatomite supported nanoscale
zerovalent iron
particles. Chemosphere, 202, pp.339348.

#2 Precision mining of
REEs

Crane, R.A. and Sapsford, D.J.,
2018. Sorption and fractionation of
rare earth element ions onto
nanoscale zerovalent iron particles.
Chemical Engineering Journal, 345,
pp.126-137.

#3 Precision mining of
Ag+

Synthesis scheme

Prof A.Clark and A.Aderbigbe,
(University of Warwick, Dept.Chem)

Key finding: Ag+ extraction by
the extractant is ultrafast, high
( 98 %) and highly selective
against Cu2+ and Pb2+ .

Effect of contact time in the selective extraction
of Ag+ from simulated mixed metal aqueous
solution. (conditions: [Mn+] = 2 ppm, Volume =
10 ml, pH = 1.30, temperature = RT, extractant
dose = 10 mg).

Microbial “Wealth” in Waste: utilising
indigenous organisms
e.g.
Red mud
Zinc refinery waste
Mine Water Treatment Sludges
Pickling Sludges

CH4

MSW Landfill

Lignin

#1Enhancement of methane
production using bacterial
lignin-degrading strains
Dr Goran Rashid and Prof Tim Bugg,
(University of Warwick, Dept. Chem)

Key Findings:
 Bacterial lignin-degrading strains can reduce
lignin content by 25%
 Addition of faculative bacterial lignin-degrading
strains can enhance methane production by 4-5 fold
 Biomethane production from lignocellulose
material can be increased 10 fold with bacterial pretreatment

Rashid, G.M.M., Durán‐Peña,
M.J., Rahmanpour, R., Sapsford,
D. and Bugg, T.D.H., 2017.
Delignification and enhanced gas
release from soil containing
lignocellulose by treatment with
bacterial lignin degraders. Journal
of applied microbiology, 123(1),
pp.159-171.

#2 Changes in Metal Leachability
through Stimulation
of Iron Reducing Communities within
Waste Sludge

PreBioreduction
10mM
Glycerol

PostBioreduction

Post-test leachability of metals
(Cu, Pb, Zn) greatly increased
in weak acid solutions

Roberts, M., Sapsford, D., Weightman, A. and Webster, G., 2017. Changes in Metal Leachability through Stimulation of Iron Reducing
Communities within Waste Sludge. In Solid State Phenomena (Vol. 262, pp. 269-272). Trans Tech Publications.

Conclusions
 Many industrial and mining wastes are often neglected in CE discourse,
although there arisings are huge and will continue even with a fully realised
Circular Economy
 The low concentrations of metal resources pose questions for sustainability (re:
carbon intensity) of metals recovery

 Value may more often sit in the decontaminated residue
 in situ resource recovery is a new paradigm that aims to tackle the challenges
of resource recovery from such wastes. A whole new suite of low-intensity
resource recovery technologies are required including those explored and
introduced here: such as nanotech-based precision mining; green lixiviants;
electrokinetics; biogeochemical manipulation and environmental
biotechnology

+ Dr Richard
Crane + Dr
Javier Criollo

Dr Peter Cleall

Dr Michael
Harbottle

Prof Andy
Weightman

Prof Katie Williams Dr Danni Sinnett

Prof Tim Bugg

Dr Andrew Clark

Dr Talib Mahdi

PhDs: Mark Roberts
Claudia Peppicelli
Syed Muaaz
Geoff Smart
Staff and MSc students
from School of Earth
and Ocean Sciences

Dr Margarida Sardo

Prof Stefan Bon

+ Dr Goran M.
Rashid + Dr M.
Durán‐Peña

Thank you to all industrial partners (see
https://sites.cardiff.ac.uk/inspire/partners/)
and all other contributors to the project.
This work was supported by the
Natural Environmental Research Council
(grant number: NE/L013908/1)

Dr Devin Sapsford
Reader in Environmental Engineering
School of Engineering
Cardiff University

