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General scope of the project 
BioMinE is aimed at "the production of tomorrow" and encompasses biotechnological 
research to provide "radical changes in the Basic Materials industry for cleaner, safer and 
more eco-efficient production".  

Biohydrometallurgy, as explored in BioMinE, is a recent technical area that is based on 
specific interactions between microorganisms and minerals to extract metals from raw 
materials. The field of the applications of biohydrometallurgy that want to tackle low-grade 
complex resources is quite pertinent within the European geological context. 

The challenges of the BioMinE Integrated Project are to go beyond the limits of our 
fundamental understanding of bio-hydrometallurgy and to develop, improve, and / or better 
integrate biotechnological processes for recovery of metals from primary and secondary 
metal bearing materials. The technological breakthroughs resulting from BioMinE must allow 
the integration of innovative biotechnology-based processes for recovery and/or removal of 
metals from primary materials such as ores and concentrates, secondary materials such as 
mining wastes, metallurgical slags, and combustion/power plant ashes. The developed 
processes give consideration for eco-design and a reduced impact on environment. 

The investigated biotechnologies, which cover almost all the aspects of the application of 
biohydrometallurgy, have included bioleaching, biooxidation, biosorption, bioreduction, 
bioaccumulation, bioprecipitation, bioflotation, bioflocculation, and biosensors. The main 
ultimate objective has been to determine the specifications of environmentally friendly 
biotechnologies that are economically attractive particularly at a small scale, especially 
suitable for the European situation. They will in some circumstances provide an alternative to 
current technologies such as roasting and smelting for difficult-to-treat resources and often in 
a complementary way of processing materials to extend the feed of metal sources for 
Europe. 

The breakthroughs under the RTD programme have been commercially evaluated by 
integrated piloting of the new, or improved, processes together with preliminary economic 
assessments of European resources. This will provide a sound basis for decisions by 
industrial companies on whether to then proceed to commercial demonstration. The 
competition of biohydrometallurgical treatments with conventional processes can only be 
successful if this would eventually lead to substantial improvements for metal production by 
increased recovery, reduced costs, reduced energy demands, increased revenue, access to 
new resources, better compliance with the environmental regulations and/or better 
acceptance from the public of the mining activities in Europe.  

The Consortium of partners of BioMinE 
BioMinE has been based on a multi-disciplinary approach involving universities and research 
organisations, mining companies, waste treatment facilitators and equipment and instrument 
suppliers. From geology and microbiology to industrial process sustainability assessment, 
the expertise of the consortium of partners encompasses all the special fields required for an 
investigation of biohydrometallurgy in horizontal and vertical directions. The vertical direction 
means that BioMinE has aimed at the emergence of technological breakthroughs for an 
improved exploitation of the European mineral resources. And the horizontal direction wants 
to stress that the project has significantly contributed to the progress of fundamental 
knowledge in microbiology reinforcing the confidence in the basics of biohydrometallurgy. 
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Figure 1: A multidisciplinary partnership composes BioMinE Consortium. 
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Organization and work programme 
Seven workpackages cover the technical rationale and the management of the project. 

The figure 2 below illustrates the workflow between the technical workpackages from the 
screening of European geological resources to the exploitation of the outputs of the project. 

It can be noticed that a side organization of the partnership in clusters managed in WP5 has 
aimed at focussing the efforts of the Consortium on the technical results with the highest 
potential of exploitation after the project. 

 

Figure 2: Schematic view of the structure and workflow of BioMinE project 

 

In particular, the thinking about the selection of targets of the applied research and the work 
plan to conduct the work up to demonstration scale in the frame of WP5, fostered the 
process of establishing the match between developed technology and potential application 
sites thus giving rise to �Exploitable Technologies� and �Benchmark Resources�. 
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Exploitable Technologies 

Exploitable Technologies encompassed: 

• Integrated Processes, ie novel biotechnology-based technologies incorporated into 
conventional technology to constitute an integrated process package that can be 
applied to identified EU resources in an economically-, environmentally- and 
technically feasible manner. 

• Specific items of equipment and devices with a commercial potential in the field of 
minerals bio-processing. 

• Methodologies and procedures that can be furnished as a commercial service in the 
field of minerals bio-processing 

Scientific results that, while not necessarily having direct commercial application in the short-
term, enhance understanding in the field and provide a basis for further research aimed at 
improving mineral bio-processing technology.  

As such, exploitable results can range from tangible processes and devices to intangible 
knowledge. Ultimately, the intent was to translate as much as possible of the scientific 
learning into tangible innovation, ie improved technology applied on an industrial scale. 
Minerals biotechnology is, however, an immensely complicated field and final innovation 
depends on solid fundamental research � an important component of BioMinE. The long 
term value of the pure research outputs should thus not be underestimated. 

Benchmark Resources  

After extensive consideration of the economic importance, the resource prevalence and 
biotechnology opportunities, the following target opportunities for application of the 
technologies were selected: 

• Copper and copper polymetallics (which covers everything from a predominantly 
copper to a predominantly nickel resource) 

• Zinc and zinc polymetallics (which covers everything from a predominantly zinc to a 
predominantly lead resource) 

• Metal recovery from solutions (both primary and secondary) by bio-absorption, 
flocculation and precipitation 

In each of these areas, a specific commercial operation was selected to be used as a real 
site for demonstrating the technology and evaluating both the technical and economic 
viability. These sites were termed �Benchmark Resources�. For commercial reasons these 
specific sites cannot be identified. 
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Evaluation and demonstration of the technologies 

After further analysis, five technologies were evaluated with materials originating from five 
specific sites. These sites represented not only potential commercial applications, but also 
served as reference applications for broader marketing efforts.  
These efforts will be conducted outside the auspices of BioMinE by the participants that own 
each of the developed technologies. 

 

Integrated Process Pilot Plant leader Pilot Plant location 

Direct bioleaching of 
nickel/ copper 
concentrates  

Mintek Mintek, South Africa 

Direct bioleaching of 
copper concentrates 

Mintek Mintek, South Africa 

Indirect bioleaching of 
zinc/lead concentrates 

Tecnicas 
Reunidas 

Technicas Reunidas, 
Spain 

Low Cost Bio Reactor 
(LCBR) 

BRGM BRGM, France 

Bio-precipitation of 
metals from effluent 
streams 

Paques Umicore, Netherlands 

 

The results of the pilot plant campaigns were used as a basis for detailed process design, 
capital and operating cost estimation and techno-economic evaluation.  
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Mineral resources and sustainability assessments (WP1) 
The main objectives of the European resources assessment can be summarized as follows: 

• To identify primary and secondary sources in Europe for metal extraction by 
integrated biotechnologies and provide subjects and appropriate samples for testing 
bio-hydrometallurgical metal recovery process during the research phases of the 
project. 

• To apply Life Cycle Sustainability (LCS) methodology to assess the potential impacts 
on human welfare and on the environment of biotechnological versus conventional 
metal recovery in Europe 

• To put forward "benchmark resources" based on the detailed socio-economic and 
environmental LCS evaluation with best practices for optimised recovery and 
minimisation of future wastes  

Resource identification and macro-economic analysis 

The work started with the preparation of a first inventory of metal bearing resources (primary 
resources and secondary resources) and a presentation of the geographic distribution of 
these metal bearing resources. A database comprising an exhaustive list of European 
mineral deposits (based on in-house capitalization in conjunction with the ESF GEODE 
programme) had been largely extended and updated by BRGM and now lists over 9,000 
deposits and occurrences of all commodities (metallic and non-metallic) across Europe.  
Information extracted from databases on European mining wastes as possible secondary 
resources complete the overview of the European landscape. 

 

Figure 3: Past and present mineral deposits and occurrences in Europe compiled to serve 
BioMinE resource identification. Three areas selected for further focus (Iberia, Scandinavia, 
Balkans) are indicated. 



 

11 http://biomine.brgm.fr 

A resource selection and prioritisation by economic filtering and by general assessment of 
the potential technical, environmental and socio-economic effects and benefits was then 
carried out. It was followed by an additional characterisation of metal bearing resources 
made accessible by industrial BioMinE partners or associated organisations, focusing on 
both a mineralogical characterisation and an infrastructure characterisation. 

 The target resource types identified under WP1 can be metallurgically classified as follows: 

• Primary Materials: 

o Polymetallic sulphide ores and concentrates in which the metal values are 
combinations of Cu, Ni, Zn, Pb, Ag and Au; 

o Refractory gold ores and concentrates in which the gold is locked in sulphide 
minerals - usually pyrite and/or arsenopyrite; 

o Lead sulphide concentrates (contain significant Au and Ag); 

o Low-grade copper sulphide ores and concentrates (some high-Ag); 

o Low-grade zinc sulphide ores and concentrates. 

• Secondary Materials: 

o Flotation tailings  (Cu, Ni, Zn); 

o Refinery slimes and slags  (Pb, Zn, Cu); 

o Ashes and dusts, which will be co-processed in other bioleaching processes 
or require pre-treatments (bio-processing) prior to bioleaching. 

This approach led to the definition of primary and secondary resources that could  be tested 
for metal extraction through biotechnologies within the frame of the subsequent project 
workpackages. 

In parallel, a market macroeconomic study of several metals (copper, zinc, gold, silver, 
nickel) was conducted, to draw up the macro-economic environment and global market 
sentiment in which the biohydrometallurgical technological development is positioned. 
Indeed, BioMinE aims at evaluating the applicability of biotechnologies in the exploitation of 
European mineral resources. Indeed, Europe continues to grow and to consume more and 
more minerals: recycling has allowed a significant internal secondary supply of metal but it is 
unfortunately limited whereas external primary resources have been preferred to internal 
ones for long. Reasons are geological for a part but also social and environmental for 
another. 

The aim of BioMinE is to reconsider the exploitability of European resources taking into 
account progresses of biotechnologies that could provide for an environmental-friendly 
means of treating resources and an innovative way to recover metal in Europe. 

The scope and the stakes of such a question have to be outlined. Indeed resources are 
being more and more costly and it is time to look for ways to better play on the international 
market. The macroeconomic study describes international demand and supply before giving 
elements on the European case and concluding on major facts to consider. It clearly shows 
the price soar and the global demand increase with possible shortage in mineral supply on 
the short term.  

The figures 4 & 5 hereafter illustrate the market analysis on zinc. The same approach has 
been conducted for copper, gold, silver, lead and nickel. 
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Figure 4: Average Monthly LME Zinc Prices and Stocks, March 1993-March 2007. 

 

Figure 5: Zn reserves versus demand growth. 

 

Biohydrometallurgy sustainability assessment 

A procedure for the general sustainability evaluation within BioMinE has been developed. 
The boundary conditions, model setup, data sources and general difficulties were discussed 
with the experts in the field of metal extraction during the first period of the project and the 
base for the subsequent Life Cycle Sustainability (LCS) modelling of the biotechnologies was 
laid. The conventional technologies have been assessed in order to estimate the potential 
improvements in terms of reduced environmental impacts when the newly developed 
technologies are employed. A main problem persists in obtaining Life Cycle Inventory data of 
processes which are to be developed/under development.  

In summary, the work carried out under LCS approaches the following objectives: 
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• Definition of the general sustainability evaluation approach in view of goal and scope 
of the BioMinE project (methodological approach, inclusion of sustainability 
dimensions, and way of addressing results). 

• Highlighting potential of BioMinE project with respect to sustainability performance 

• Focus on conventional technologies (pyrometallurgical processes) as starting point 
for assessment of biotechnological metal recovery, 

• Identification of key parameters in view of the sustainability assessment of 
biotechnologies, 

• Conduction of a first environmental assessment of biotechnology processes, and 

• Development of a qualitative evaluation matrix (characterisation). 

• Specification of data need (quantitative and qualitative), start of data collection and 
compilation. 

The methodology is schematically illustrated in the figure 6. 

 
Emissions to air

Emissions to water

Emissions to soil

Resource consumption

Personnel cost

Machine cost

Overhead cost

Material cost

Energy cost

Transport cost

Accidents

Qualification/Education

(Non-)Discrimination

Labour conditions

Climate change

Acidification

Human health

�..

Life Cycle costs

Qualitative internal criteria

�..

Qualitative external criteria

Qualified working time

Health and Safety

�..

Humanity of working conditions

Environmental 
criteria

Economic criteria

Social criteria

Sustainability 
evaluation

 
 

Figure 6: Sustainability assessment aspects and methodology rationale. 

 

The LCS has been conducted for both the Aquablanca (Spain) and Bor (Serbia) 
concentrates. The work performed by USTUTT and PE consisted in modelling the different 
conventional and bioleaching routes under consideration, applying the LCA expert tool 
software GaBi 4, including several scenarios and sensitivity analysis.   

Regarded as a whole, the bioleaching route performs better in most selected result 
parameters than the conventional route. In particular, the acidification potential which is 
mainly influenced by SO2 emissions is significantly lower for the bioleaching route.   

The report of the work on the LCS however stresses the fact that the conventional route 
relies on consistent data since the technology has been applied for many years and on large 
scale. On the contrary, in the case of biotechnologies, data are much less reliable as they 
have been used at industrial scale on a limited number of sites and for a short period of time 
only. 
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Mining activities and regional development 

A case-study report comparing mining activities in the context of regional development 
(Iberia vs Balkans vs Scandinavia, as shown on previous map) was elaborated. It was aimed 
at drawing up the different socio-economic climate and sentiments towards mining and metal 
winning across Europe.  

It was initiated by sending a lay-out of appropriate items to be filled in by the relevant 
partners that included: 

o Brief history of precious & base metal mining in the region, 
o running mining operations and future perspectives,  
o Limits and opportunities of the mining law vis-à-vis European legislation,  
o Perception / opposition of government to the mineral industry over the last 10 years, 
o Perception / opposition of regional community to the mineral industry (in this 

particular region) over the last 10 years,  
o Regional employment (mineral industry compared to other professional activities),  
o Other regional attractions and land-surface occupation activities competing with 

mining and mineral processing,  
o Opportunities for mining and mineral processing (primary AND secondary resources) 

in the region,  
o Potential effects of introducing bio-hydrometallurgy in the region, remaining problems 

and anticipated solutions.  

Although information provided by the partners was not always comprehensive, it appeared 
that situations largely vary according to local regional contexts:  

The mining sector is important for the economy in Sweden, especially for the northern 
regions of Sweden and discovery of new resources is very favourable to introducing bio-
hydrometallurgy.  

For Spain, developing any industrial plant (biohydrometallurgy process applied on 
Aguablanca concentrate) is regarded as an opportunity to decrease unemployment rate in 
the area of Ossa Morena Region. 

Mining and metallurgy are essential for the economical development of Serbia and bio-
hydrometallurgy is considered as a way to modernise old, poorly efficient metal recovery 
facilities while developing new skills and employment. 

Greece, on its side, has to face local communities and authorities to develop the mining 
activities in the Kassandra mines in Chalkidiki, northern Greece. 

The conclusions of the regional comparison are presented in the deliverable D1.6. 

Management of wastewater and tailings in processes relevant to BioMinE 

A review of the state-of-the-art of management of wastewater and tailings in processes 
relevant to BioMinE has been carried out (deliverable D1.8). With regard to objectives, it is 
clear that mineral dumps and dams remain the best available technology for managing mine 
and process waste. �Waste� continues to be largely a �pipe end� matter rather than an 
interdependent part of an overall combined process, or indeed of an overall life cycle, 
although there is increasing evidence of improved sustainability through different forms of 
containment and re-use. 

The work confirms that mineral dumps and tailings dams continue to represent the best 
available waste management technology under regulation, when employed with optimum 
water recycle and void backfill.  Additionally, combined uses of mineral wastes with wastes 
from other industries, yielding practical products, increasingly indicate the potential of 
integrated routes towards sustainability in mineral and metal production. In particular, tailings 
might be re-used with ash from power stations or incinerators for controlled low strength 
materials in the construction industry and with sewage products from the water  
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Bioleaching (WP2) 

Status of the bioleaching technologies and directions taken by BioMinE 

Bioleaching as the process of dissolving minerals by the action of biological phenomena is 
the main field of applications in biohydrometallurgy. The major part of the activity of RTD of 
BioMinE was about bioleaching.  

Bioleaching is a process that employs the unique capabilities of a number of types of 
naturally occurring micro-organisms to transform minerals. This microbial process is often 
perceived in a negative light through its contribution to acidic water run-off and related 
pollution associated with old mining areas. However, scientific and engineering endeavours 
over a number of decades have been able to harness this process so that today it is an 
established technology in the mining industry that offers lower cost and lower environmental-
impact extraction methods applicable to a number of major metal resources. Most recent 
examples include the commissioning by BHP Billiton of their USD 1,270 million copper bio-
extraction (heap bioleaching) operation at the Escondida mine in Chile in 2006, and the 
commissioning by Talvivara Mining plc of the world�s first nickel heap bioleaching operation 
in Finland in 2008. The Kasese bioleaching plant commissioned in Uganda in 2000 is a tank 
bioleaching processes that is successfully treating pyrite tailings produced from old mining 
operations to recover cobalt (figure 7). Also, to date, there are six bioleaching plants 
operating world-wide treating refractory sulphidic gold ores as well as a number of newer 
plants that will soon be reaching the commissioning stage.  

 
Figure 7: Bioleaching plant at the Kasese mine, Uganda, for extraction of cobalt from pyrite 

tailings. 

 

While there are a number of large mining operations in Europe, such as the KGHM Polska 
Mied� S.A. copper mining operation in Poland and the New Boliden copper and zinc 
operations in Sweden, most of the remaining mineral deposits tend to be small and in many 
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cases are relatively low-grade and complex. Other realizable metal resources in Europe 
occur as historical mining or metallurgical industry wastes and in some cases these are 
accompanied by chronic environmental impact problems. 

As already discussed, the benchmark metal resources chosen were based on industry 
interest and support, coupled to economic screening criteria indicating that bioleaching 
technology applications may provide cost, environmental and socio-economic advantages. 
The bioleaching technologies are categorized as follows: 

The Conventional tank bioleaching process (as employed at the Kasese plant mentioned 
above) would generally be used to treat higher grade metal sulphide concentrates. In this 
process the bioleaching microbial culture is contacted with the sulphide concentrate in a 
single-step process comprising a train of leach reactors. Currently all commercial scale 
bioleaching processes have employed this technology. 

The Indirect tank bioleaching process being further developed under BioMinE is intended to 
be a simpler and more versatile technology aimed more at lower grade metal sulphide 
resources. This is a two-step process in which the bio-oxidation step (iron oxidation) is 
separated from the sulphide leaching step. This technology is particularly suited for treatment 
of complex sulphide ores and concentrates which contain mineral components that could be 
inhibitory to the microbial culture. 

Heap bioleaching processes are normally considered for low-grade resources, where for cost 
or technical reasons upgrading to produce a concentrate is not justified. As mentioned 
above, this is established technology for treating low-grade copper sulphide ores and more 
recently in Europe, low-grade nickel ores. 

Microbiology and molecular biology 

One of the important objectives of BioMinE has been to accelerate the application of modern 
biotechnology techniques, which have been successfully applied to other areas of industrial 
biotechnology such as pharmaceuticals and fine chemicals, to bioleaching processes. A key 
area here has been Bioprospecting research involving the application of established and new 
molecular methods to detect, characterise and isolate new microbial cultures from mining-
related areas in Europe and to assess their potential to improve the efficiency of bioleaching 
processes (illustration figure 8). A register of bioleaching cultures, which is available to the 
participating partners in BioMinE, was a very important output from this research. 
Bioleaching cultures generally exist as mixtures (consortia) of different microbial types that 
oxidize iron and sulphur compounds and exhibit different tolerances to acidity and metal 
concentration. They also exhibit different optimum temperatures for growth ranging from as 
low as 4oC (psychrotolerant types) to 80 oC (thermophilic types). It is suggested, for example, 
that the psychrotolerant microbes may prove to be important for start-up of heap bioleaching 
processes under cold climatic conditions. Thermophilic bioleaching consortia have received 
particular attention in BioMinE since the ability to operate bioleaching processes at high 
temperatures is often required to successfully treat important but refractory copper sulphide 
minerals such as chalcopyrite. 
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Figure 8: Tharsis copper mine Spain � bioprospecting reveals a highly complex community of 

microorganisms. 

 

Major advances have also been made in extending the use of biomolecular tools, which 
provide the ability to more closely monitor the type, number and activity of microorganisms in 
the consortia being used in bioleaching systems. These monitoring tools depend on the 
ability to extract microbial DNA from highly contaminated mineral systems and to use to this 
to construct specific probes to identify the type and numbers of specific bioleaching microbes 
present. The progress made in understanding the mechanisms whereby microbial cells 
directly contact and attach to mineral surfaces may have considerable future potential for 
intensifying bioleaching systems. A number of new techniques were further developed to 
help facilitate this research as illustrated below in figure 9. 

 

 
 

Figure 9: The use of new novel fluorescence in situ hybridization techniques to view 
bioleaching microbes attached to mineral surfaces. 

 



 

18 http://biomine.brgm.fr 

A major success of the research completed under BioMinE project was to advance the 
development and application of modern biomolecular techniques to bioleaching processes. 
For example, there has been very little information available in the scientific literature on the 
composition of bioleaching microbial consortia in pilot- or commercial-scale tank bioleaching 
processes. Most of the bench-scale and pilot-scale bioleaching processes studied under 
BioMinE were fully characterized in terms of the bioleaching consortia present and this will 
provide a significantly improved basis for further process development and scale-up. Other 
important research results indicated that process improvements can be achieved by careful 
choice and optimization of the microbial consortium used for process start-up. Access to 
bioleaching samples from the Kasese commercial bioleaching plant mentioned above, and a 
comparison of the plant consortia with newly constructed laboratory consortia, provided 
valuable insights in this respect. Another objective was to better define the complex enzyme 
systems responsible for iron and sulphur oxidation in bioleaching microorganisms and how 
these might be regulated to improve the efficiency of bioleaching processes. This has 
encompassed research to better understand which genes are responsible for controlling 
these oxidative cellular functions and the conditions under which the expression of these 
genes are regulated. In many bioleaching processes the stability and efficiency of the 
process depends on microbial consortia being able to adapt to tolerate high concentrations of 
toxic metals such as arsenic and copper. Significant progress was made in the development 
of genetic systems for a range of the most important bioleaching microorganisms, one 
achievement being further elucidation of how arsenic resistance may be acquired in 
bioleaching consortia. This research has important spin-offs for bioleaching processes 
applied to sulphide gold-containing concentrates that usually contain high quantities of 
arsenic minerals. It should be stressed, however, that no attempt was made to genetically 
modify the bioleaching microorganisms since this is unnecessary and would be legislatively 
and socially unacceptable.    

Bioleaching of the European copper ores 

At the beginning of the BioMinE project a range of preliminary bioleaching studies were 
completed on a range of primary sulphide ores and sulphide ore concentrates. Eventually a 
number of benchmark resources were identified and the major focus of the research 
activities was then directed to these. Early on, one of the major challenges identified was the 
poor response to bioleaching of the copper mineral, chalcopyrite (figure 10). Chalcopyrite is 
present in many of the primary mineral resources studied under BioMinE. These include 
Aguablanca mine, Spain, the RTB-Bor copper mines, Serbia, the Boliden Aitik copper mine 
Sweden, and the Somincor mine, Portugal. The importance of chalcopyrite as a copper 
source can be appreciated from the fact that it is currently estimated that 80% of the world 
copper reserves now occur in low-grade chalcopyrite deposits. 

Figure 10: Chalcopyrite (CuFeS2) ore sample 
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A number of research approaches were taken to address bioleaching of chalcopyrite. It was 
shown that elemental sulphur and iron hydroxide layers form on the surface of chalcopyrite 
and this may be one of the contributory factors inhibiting the bioleaching reactions. This 
conclusion was supported by research which showed that biological oxidation or chemical 
treatment to remove the sulphur layers could restore bioleaching activity. Evidence was also 
provided that certain microbial types isolated during the bioprospecting research were more 
efficient for chalcopyrite bioleaching than other consortia. The use of thermophilic cultures 
operating at up to 70oC were shown to be the most successful for achieving the optimum 
bioleaching of chalcopyrite concentrates by conventional tank bioleaching. Further research 
showed that the process could be improved further through additional control of the 
bioleaching chemical environment, to the extent that leaching times could be approximately 
halved. These results represent a major achievement for BioMinE. 

The advances in the bioleaching of chalcopyrite-containing concentrates were encompassed 
by the broad based research programmes applied to two of the benchmark resources 
studied under BioMinE. The nickel-copper concentrate from the Aguablanca mine, Spain, is 
a polymetallic concentrate containing copper as chalcopyrite and nickel as the mineral 
pentlandite. The challenge for this concentrate was to develop a bioleaching process that 
maximizes the extraction of both copper and nickel. This was achieved initially in research 
carried out in �bench-scale� bioleaching facilities (figure 11), which allowed continuous 
operation of the bioleaching process under conditions that closely simulate those 
encountered in real large-scale operations. These test results were then also used to define 
the operating conditions to be used in the integrated piloting using Aguablanca concentrate. 

 
Figure 11: Bench-scale facilities used to optimize conventional tank bioleaching processes to 

treat Aguablanca nickel-copper concentrate and RTB-Bor copper concentrates. 

 

Bench-scale bioleaching development work was also carried out on two low-grade copper 
concentrates obtained from the Majdanpek and the Veliki Krivelj mines in the Bor district, 




