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In situ recovery of resources from waste repositories – can we 
mobilise and recover resources without “dig and process”

Metals

> REEs

> Critical elements

> Precious metals

> Base metals

> Energy

[1] MOBILISE [2] FLOW PHENOMENA 
THROUGH COMPLEX 
MEDIA

[3] SELECTIVE 
RECOVERY OF 
RESOURCES

MSW Landfill

Methane/Energy



Allows for 

economic 

recovery of 

Cu, Ni,

U, Au, Ag 

from low 

grade ores

In situ leaching

Dump leaching

Stope leaching

Heap leaching



“In situ resource recovery from waste 

repositories: exploring the potential for 

mobilisation and capture of metals from 

anthropogenic ores.” 

accepted: Journal Sustainable Metallurgy.

 Ore Processing 
Residues

 Coal and incineration 
process fly ash and 
bottom ash

 Mine wastes 

 Steel-making dusts

 Dredged Sediments

 Landfill soils





Metal mine sites in 

England and Wales

● Cu, Pb, Zn, Ba, W, Sn, Sb, As

● Fe

● Au, Ag

8239 closed metalliferous 

mine sites in England and 

Wales

Maps courtesy of Dr Danielle Sinnett, Unversity of the West of England, UK



Case study sites – metal mine sites – what’s their 

resource potential?



Waste volume determination











Composition of wastes

 REE difficult!



Chemical, biological and mineralogical characterisation of mine waste from SW 

England and Wales

“Physicochemical composition of wastes and co-located landscape 

designations at legacy mine sites in south west England and Wales: 

Implications on resource potential”

accepted in Resources, Recycling and Conservation on 08/08/16 (RECYCL3330, DOI: 

10.1016/j.resconrec.2016.08.009)



€4.9 M Cu

€820 Ag

€150 K Zn

€187 K Cu

€178 K Ag

€92 K Zn

Site 4 (approx. 97,500 tons)

Cu Zn Ag Sn Pb

South west England and Wales

ALF (£tot) 159,200 15,700 0 6,800 4,500

CAR (£tot) 28,700 100 n/a n/a 0

CON (£tot) 2,000 0 300 100 0

DGC (£tot) 1,657,600 33,600 0 887,000 20,700

LEV (£tot) 23,400 1,000 0 3,300 200

NAN (£tot) 8,300 4,000 0 8,600 11,000

POL (£tot) 18,200 1,600 0 0 0

PWM (£tot) 8,200 800 0 23,200 400

FRG (£tot) 30,500 198,900 552,400 0 1,521,300

GRG (£tot) 10,200 33,800 0 0 227,600

WEM (£tot) 9,600 104,700 0 0 410,600
Percentage recoverable in 1M sulphuric acid also determined





C
o
p
p
e
r 

R
e
co

ve
ry

 (
4
8
 h

rs
)

CH3SO3HC6H8O7 L:S =10 

HCl

CH3SO3HC6H8O7

H2SO4

What can we use to leach the metals out?



SEM image of Poly(styrene-co-

vinylbenzyl chloride)

Cryo-TEM image of 

hairy latex with blue 

band showing extent 

of ‘hairs’.

Synthesis of analogue of Ag-selective ligand.

Engineered nanoparticles



 Mixture of Cu and Cu2O (when Cl-

is absent)

 Paratacamite (when Cl- is present)

 Ferrihydrite “needles”

 nZVI extremely selective for Al and 

Cu only from mine water

Use of nZVI for the selective recovery of metal and metalloids from 

metalliferous waste and mine water



How can we control flow?

1. Bioclogging

Microbial activity  in porous materials can produce by-products 
that are able to accumulate in the pores influencing in this way 
the transport of substances within the material and ultimately 
may impede the movement of fluids by pore clogging.

Soil domain partially colonized by

microbial cells.

Measured decrease in

hydraulic conductivity in soil domain



• Applied constant current/constant voltage.

• Two sets of compressed graphite electrodes 

How can we control flow?

2. Electrokinetics



Economics is only one dimension of 

“value”...



Metalliferous mine sites

 BRITPITS: 128,337 non-active mineral extraction sites in 
England and 27,124 in Wales

 Historic Landfill database

 Combined with spatial data on land cover and:

o Ancient Woodlands, Sites of Special Scientific Interest, 
Special Protection Areas, Special Areas of 
Conservation, Priority Habitats (England), Open 
Mosaic Habitats on PDL, National and Local Nature 
Reserves

o Areas of Outstanding Natural Beauty, National Parks, 
Country Parks, World Heritage Sites, Scheduled 
Monuments, Parks and Gardens (England)

 Frequency and extent of co-location with these 
designations and land cover – ecological and cultural 
value

 Literature review on restoration practices, end uses and 
potential ecosystem, environmental and landscape 
services provided by such sites



Ecosystem and geosystem (dis)services
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Metalliferous mines           

Landfills          

 Next: testing with local communities and stakeholders e.g. On 
acceptability of different interventions and technologies



Microbial Wealth in wastes

Micro-environmental services co-opted for 

resource recovery...



Iron oxide rich wastes



Microbial lignocellulose degradation 

and methanogenesis in landfills and 

waste systems



Screening for Novel Lignin Degrading Strains

• Identification bacterial species 

(e.g.16S rRNA)

• Purify and identify extracellular enzymes

• Recombinant expression

Sampling

Culturing –

selective medium

Plating

Nitrated lignin 

spray assay

Pure cultures

Plate assay

http://images.google.co.uk/imgres?imgurl=http://www.recycle.co.uk/blog/wp-content/uploads/2009/01/compost.jpg&imgrefurl=http://www.recycle.co.uk/blog/monsters-in-your-compost/&usg=___ELR8uMK3U6Bxh2PLKvWUUCEDf8=&h=768&w=1024&sz=346&hl=en&start=99&um=1&itbs=1&tbnid=vVgKlqUawy_Q-M:&tbnh=113&tbnw=150&prev=/images?q=compost&start=90&um=1&hl=en&sa=N&rlz=1T4SUNC_enGB364GB364&ndsp=18&tbs=isch:1
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Methanogenesis experiments
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Methanogenesis 
modelling with 
enhanced 
lignocellulose 
degradation



Conclusions: Delivering environmental science and engineering

Metals

> REEs

> Critical elements

> Precious metals

> Base metals

> Energy
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