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Since the earliest days of the Industrial Revolution, Europe
has been discarding vast quantities of mining residues,
commonly referred to as “extractive waste.” Even today,
900 Mton/year of extractive waste is being generated and
stored in tailing facilities or ponds. This 900 Mton/year fig-
ure corresponds to 26% of the EU’s current waste output
[1]. Without proper management, tailing ponds can lead to
environmental problems, ranging from acid mine drainage
(AMD) and water contamination to dam bursts and flooding,
air pollution, and soil erosion and contamination [2].
Despite the fact that industry has strongly invested in
the development of state-of-the-art “tailings storage facili-
ties” (TSFs) that are equipped with environmental protec-
tion technologies—in line with the Mining Waste Directive
(2006/21/EC EU)—the potential occurrence of these envi-
ronmental problems could erode society’s acceptance of and
trust in sustainable metal production in the EU and beyond.
The main challenge lies with the “sulfidic tailings,” which
are particularly prone to AMD [2]. Sulfidic tailings mainly
arise during the production of copper, zinc, and lead from
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sulfidic Cu(-Zn), Cu-Pb—Zn, Zn, Pb, or Pb—Zn mines, which
are widespread in Europe. Sulfidic tailings also represent
the largest volumes of tailings in Europe: rough estimations
reveal a yearly production of 500+ Mton and historical
stocks of 28,000 + Mton.

Although the EU mining industry has spared no efforts
to improve its environmental performance, the dominant
extractive-waste management philosophy is still a conserva-
tive one, as its primary concern is to minimize environmen-
tal risks through a containment strategy. Resource recovery
and/or reprocessing of tailings only occurs in a handful of
cases in the EU. On the other hand, the European Innova-
tion Partnership (EIP) on Raw Materials, which was set up
to address Europe’s precarious dependence on critical-metal
imports, has been highlighting that Europe’s potential for
metal recovery from its extractive waste is “underexploited.”
The European Innovation Partnership (EIP) Raw Materials
have, therefore, launched a “call to arms” to transform the
extractive-waste problem into a resource-recovery oppor-
tunity, earmarking mining residues as one of the key waste
streams in Europe for future valorization. Indeed, these
residues contain many raw materials that are currently not
recovered, including materials that are considered critical
for the EU economy.

In a response to the European Innovation Partnership
(EIPs) “call to arms,” the European training network (H2020
MSCA ITN) for the remediation and reprocessing of sulfidic
mining waste sites (SULTAN) was set up (https://etn-sultan.
eu/). The objective of SULTAN is twofold, i.e., (1) miti-
gating environmental risks intrinsic to sulfidic tailings, and
(2) recovering both valuable and critical raw materials from
Europe’s tailings. The current thematic section comprises
10 research papers on the different aspects of the SULTAN
near-zero-waste reprocessing value chain for Europe’s
extractive waste.
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The overall SULTAN project concept is presented in
Fig. 1. Following a diversified and sustainable supply-chain
approach, SULTAN develops novel methodologies to study
the resource potential of Europe’s most important tailing
families (Cu—Zn, Zn-Pb, and Cu-Zn-Pb tailings, WP1)
and explores eco-friendly mining chemicals that can be
integrated into newly developed critical-metal extraction/
recovery set-ups (WP2). SULTAN simultaneously targets
clean(ed) tailing residues that can be valorized in diverse,
high-added value applications, including inorganic poly-
mers, green cements, and ceramics (WP3). To be able to
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corroborate the environmental and economic benefits of
future tailings-reprocessing flow sheets based on the know-
how developed in WP1-3, WP4 develops a novel environ-
mental assessment methodology that is custom designed for
tailings. To evaluate the SULTAN near-zero-waste-process-
ing scheme, three case studies have been analyzed, being (1)
the historical Zn-Pb mining and metallurgical processing
area in Plombieres, Belgium; (2) the active Cu-Zn Neves
Corvo mine in Portugal; and (3) the historical Cu-Zn-Pb
tailings in the Freiberg district, Germany. As the case stud-
ies strongly vary, with respect to both technical aspects
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Fig.1 General SULTAN flow diagram. ESR refers to “early-stage researcher,” WP refers to “work package”
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(valuable/hazardous metal types and content, mineralogy,
grain size, etc.) as non-technical aspects (size, ownership,
land protection status, legislation for re-mining), a site-spe-
cific approach is needed to evaluate the re-mining potential.
While in this thematic section results of the Plombieres and
Neves Corvo case studies are presented, results from the
Freiberg case study will be published separately in future
contributions.

The Plombieres Case—An Example
of a Small-Scale Historical Tailing Site

Three papers in the thematic section study different aspects
of the assessment of the re-mining potential of the Plom-
bieres site in Belgium [3—5]. The Plombiéres site composes
an area of different historical mining and metallurgical pro-
cessing sites. Metal production lasted until the early twen-
tieth century. The extractive waste comprises a variety of
mineral processing and metallurgical residues, originating
from the production of lead and zinc through the treatment
of local ores and, in a later stage, imported ores. Today,
the mining area of Plombieres is a natural reserve. For the
current study, an extractive waste depositional basin (“tail-
ing pond”) covering a surface area of 8000 m* was selected
[3]. Bevandi¢ et al. previously constructed a 3D model
describing the spatial variability of tailings [6]. Drillings
were performed throughout the tailing pond, and variations
in chemistry, mineralogy, and grain size were determined.
Data were used to construct a 3D model composing four
different layers, i.e., soil, metallurgical waste, brown, and
yellow tailings. Cappuyns et al. (this issue) perform an in-
depth chemical and mineralogical characterization allow-
ing to estimate the metal recovery potential and to evalu-
ate the risk of hazardous metal mobilization [4]. Bevandié
et al. (this issue) determine the metal leachability, applying
different hydrometallurgical treatments on the metallurgi-
cal waste as well as on the brown and yellow tailings [3].
Finally, Veiga Simao et al. assess the potential of using the
yellow tailings in ceramic products and successfully produce
tailing-containing roof tiles (5%), inner-wall blocks (10%),
and pavers (10 and 20%), in compliance with production
processes, product quality, and environmental regulations
[5].

These studies deliver an important contribution to the
methodology development for the assessment of the re-min-
ing potential of historical mining sites while also showing
the potential for the re-mining of this particular site. Nev-
ertheless, important showstoppers can be identified, which
inhibit the re-mining of this particular site. While the total
volume of extractive waste in the area might be significant,
the average size of the individual sites scattered throughout
the area is very small. Apart from the lack of economies of

scale, the large heterogeneity even within individual sites
makes reprocessing even more challenging. Concurrently,
non-technical barriers, such as the categorization of the site
as a natural reserve and associated Social License to Operate
issues, impede the re-mining to come to fruition.

In the case of historic tailings sites, a decision to actu-
ally re-mine such smaller sites is likely only possible if the
site poses acute environmental and/or health risks. While
present-day tailings are in general well protected in state-
of-the-art tailing storage facilities, historical tailings typi-
cally lack the required safety and environmental protection
measures. If these risks require the removal of the tailings
to state-of-the-art tailing storage facilities or landfills, a re-
mining approach could still be considered as an alternative.
Resource recovery can then partially compensate for the
remediation costs.

The Neves Corvo Case—An Example
of a Large-Scale Present-Day Tailings
Storage Facility

Six papers of the thematic section are dedicated to different
aspects of the characterization, metal extraction, and valori-
zation of the mineral fraction of the Neves Corvo extractive
waste [7—12]. Neves Corvo is an underground Cu—Zn mine
located in Southern Portugal. Within SULTAN, both waste
rock from the mining operations as well as tailings from the
flotation operations to produce copper and zinc concentrates
are studied. The size of the operation is obvious from the
amount of tailings and waste rock deposited in the Cerro do
Lobo Tailings Management Facility, which is estimated to
comprise 47 Mton [7]. As for the Plombiéres case, a detailed
characterization study is performed (Gomez Escobar et al.,
this issue) [7]. In a future communication, this study will be
extended to a 3D model describing the spatial variability of
the Cerro de Lobo tailings storage facility. As these tailings
contain considerable amounts of copper and zinc, reprocess-
ing in view of metal recovery can be considered.

Different mineral processing and metallurgical methods
are evaluated in this issue. Braga de Carvalho et al. (this
issue) study flocculation of ultra-fine particles, i.e., the for-
mation of larger aggregates of specific minerals [13]. This
flocculation process can improve the recovery of the target
metals in ultra-fine particles through flotation. While pure
minerals were used in the current study, in a next step, the
technique will be applied to sulfidic tailings. Schueler et al.
(this issue) apply sulfuric acid and chloride leaching for the
recovery of copper, zinc, and lead [8]. Everaert et al. (this
issue) apply an alternative method to recover target met-
als: they explore a roasting process followed by ammoniacal
leaching [9]. Subsequently, Xanthopoulos et al. (this issue)
use ion flotation techniques for the recovery of copper from
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ammoniacal leachates [10]. In a subsequent step, ion flota-
tion collectors are regenerated and reused in the next ion
flotation cycle [11]. Finally, Niu et al. use the Neves Corvo
waste rock to successfully produce inorganic polymer prod-
ucts, indicating that also bulk applications of the waste rock
in construction materials can be considered [12].

Compared to the Plombieres case, the reprocessing of the
Neves Corvo tailings seems to be more realistic. The sheer
volume of the Neves Corvo tailings facilitates the reprocess-
ing at large scale, triggering favorable economies of scale.
Furthermore, heterogeneity is expected to be much smaller.
Concurrently, from a legislative and Social License to Oper-
ate perspective, this case is more straightforward as it is
already categorized as a site of mining activity, in contrast
with the Plombieres tailings that are located in a natural
reserve. If the process economics for the recovery of cop-
per and zinc are not satisfactory, other aspects could con-
tribute to a positive business case, such as the recovery of
sulfur for sulfuric acid production, or the use of the mineral
fraction after metal recovery in construction applications.
In this way, a near-zero-waste treatment scheme could be
developed, which would also mean that the tailing storage
facility can be strongly reduced in size, while mitigating
long-term risks such as AMD. More detailed determination
of the 3D distribution of the metals in the tailing pond (to
produce a resource model), combined with piloting of prom-
ising technologies and flowsheets, would be needed to turn
the re-mining of tailings into a successful business case.
Such an endeavor would support Europe’s coveted circular
economy targets.
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