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Opinion

The sustainable management of Waste Electrical and
Electronic Equipment (WEEE) is considered a challenge, given the
fastest increasing stream of waste in the world. Natural resource
exploitation is accelerating in the face of resource decline,
while at the same time people are generating ever-growing
fluxes of wastes and pollutants [1]. WEEE can be considered
as a source of various metallic and nonmetallic components
including critical or strategic materials for the development of
new high technologies. Considering the ever-present possibility
of depletion of non-renewable resources, the economic benefits
of recovering valuable metals from the recycling of WEEE are
potentially important in the coming decades. Metal ores stem
from non-renewable resource stocks; and predictions as to how
long metal world reserves will last depend mainly on economic
growth, price trends and technological development [2,3]. The
circular economy assumes that it is important to reuse consumer
goods as well as efficiently and profitably extract valuable
inputs from discarded materials such as electronic waste while
mitigating environmental impacts over decades for those
same wastes [4,5]. In developed and developing countries, the
correlation between WEEE generation and its GDP is clear [6]
as well as this correlation was also observed for South American
countries [7]. Circular supply chains cannot circulate 100%
of resources and hence new resource inputs from the natural
environment will remain necessary. Moreover, a transition
towards a circular economy requires innovative technologies
for WEEE recovery and recycling practices to be sustainably
managed.

Biohydrometallurgy emerges as a green technology allied
with the circular economy [5,8]. This bioprocess has already been
shown to be a relevant option for the bioprocessing of both low-
grade ores and traditional mining waste. Biohydrometallurgy
has a role to play in implementing green and responsible mining
using microbial-mineral interactions that operate at a mild
temperature and pressure for metal extraction. This technology
seeks to minimize the use of ore beneficiation operations as
comminution, concentration, e.g., reducing waste generation

[9,10]. Bioleaching is considered an environmentally friendly,
cost-effective and promising technology for metallurgical
processing, using microorganisms to solubilize and recover
valuable metals from ores [10]. The use of bacteria capable of
oxidizing iron and/or sulfur ores, such as acidophilic bacteria
of the genera Acidithiobacillus and Leptospirillum, accelerates
the oxidation rate of several mineral sulfides, mainly due to
the formation of Fe3+ ions, which attack the mineral sulfide
promoting the solubilization and consequent extraction of the
metal of interest [11]. The bioleaching process for WEEE is like
that of sulfide mineral ores. WEEE is alkaline and contributes to
the increase of system pH values and, consequently, facilitates
the precipitation of iron as hydroxide. The combination of
iron hydroxide with ammonium, sodium, potassium and silver
ions results in the formation of a Jaredite precipitate. Jaredite
precipitation is a commonly used technique for the removal of
iron ions in WEEE leach liquors [12]. Different industrial solid
wastes are already used as secondary sources of base metals or
precious metals, which are recovered using microbial leaching.
Among the WEEE used as secondary sources of metal, processed
by bioleaching, are batteries, printed circuit boards, TV circuit
boards, brake pads and catalysts [13]. Bio hydrometallurgical
processes have the potential for metal recovery and recycling
by exploiting urban mines and directing them towards the
circular economy. Indeed, the recovery of “green” metals or
“e-tech metals” such as cobalt, tellurium, selenium, indium,
gallium, lithium and rare earth elements, e.g., through a new
responsible mining paradigm is a requirement for the success
of the bioeconomy. Biological recovery of metals from WEEE
contributes also to mitigating pollution caused by both landfilling
and possible damage from the exploitation of natural mineral
reserves. The combination of bioleaching and biosorption can
revolutionize the interaction with the fundamental elements
of nature by selectively recovering elements dispersed in
the environment in the form of WEEE to concentrate them in
synthetic ores for future applications without the need for toxic
reagents or waste generating processes [13]. Urban biomining
can be considered a solution aligned with the circular economy
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and meeting the main social, environmental, economic and
technological demands. Its large-scale deployment depends
on both technology and effective reverse logistics. Microbial
biotechnology has attracted more attention from the global
community because it is environmentally friendly technology
and is often more economical than conventional technologies.
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