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CAMM (Center for Advanced Mining and Metallurgy) was created
in 2010 as the strategic research area of Sustainable Use of
Natural Resources and was established at Luleå University
of Technology (LTU).
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Basic research for a sustainable mining industry

Organizational Structure

During 2008/2009, the Swedish government established 23 strategic research areas (SFO/ Strategiskt
forskningsområde) aiming to the development of internationally prominent research environments to solve
key social issues in a long-term perspective.

Centre for Advanced Mining and Metallurgy CAMM2

was created
in 2010 as the strategic research area of Sustainable Use of Natural
Resources and was established at Luleå University of Technology
(LTU). LTU is recognized as Sweden’s leading university for applied
research and education in mining and metallurgy and perform research in close cooperation with the industry. CAMM have five core
research areas along the mining value chain - exploration, mining,
mineral processing, metallurgy and the environment. LTU is running CAMM in collaboration with Swerea Mefos in the research
area of Metallurgy.
The aim of CAMM is the utilization of the technological leadership for resource-efficient production of raw materials and innovative products with high added value in order to enhance quality
of life by creating prosperity in harmony with nature and society.
Sweden is a welfare country, attractive for mining companies and
have a long mining history with companies like LKAB and Boliden
extracting iron ores and base metals with advanced engineering and
sustainable mining including environmental, social and economic
aspects.
Through CAMM, ”free” need-driven projects are funded, stimulating innovations and multidisciplinary research. CAMM multidisciplinary projects focus on sustainable mining such as environmental friendly and efficient mining and extraction technologies, reuse
of scrap and wastes, decrease of the amount of waste generation by
turning waste into resources. CAMM is co-funding basic research,
CAMM (CENTER FOR ADVANCED MINING AND METALLURGY)

Lena Alakangas, CAMM2 Director
and Professor in Applied Geochemistry
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Board
Chairman: Pro Vice Chancellor

which otherwise is hard to find funding for. The balance between applied and basic research is important for
moving the research front forward. The need of miningrelated research is extensive and some of the research
results can be implemented promptly, while other will
benefit later on.
In addition to the funding of the five core research
groups, two to three risk projects are funded annually
to support new innovative research ideas from adjoining
research topics at Luleå University of Technology.
Luleå University of Technology conducts additional
research related to the five core research areas within the
value chain for mining, such as Attractive Workplace, Raw
Materials Economics and Economics among others.
CAMM run for the period 2010-2014. Following the
evaluation of CAMM, a second phase of CAMM called
CAMM2 (Center for Advanced Mining and Metallurgy –
second program period) started in 2016 and will operate
until 2020. Based on the evaluation of CAMM the
objective of CAMM2 is to maintain and further develop
internationally excellent research groups and trainings
in mining and metallurgy. Therefore, the focus within
CAMM2 is to increase international collaboration and to
diversify and deepen this collaboration while increasing
the number of publications in relevant scientific journals.

Advisory Board

Head of Department,
Department of Civil, Environmental
and Natural Resources Engineering

5-7 external experts

CAMM2 Director
One representative from Mefos

Executive management

B.I.
Strategies
Marketing &
Communication
Internationalization

Director
Deputy Director Science and Technology
Deputy Director Public affairs

Executive Commitee
Directors
Work package leaders

Work packages
Exploration Mining

Mineral Processing

Metallurgy

High Risk projects

Environment

Swerea
Mefos
Reasearch partner
Metallurgy
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WP1 EXPLORATION

EXPLORATION WP1
Visualization of geophysical data and 3D structural
geology at the LTU Virtual Reality Laboratory.

CAMM2 is providing research on the mineralization potential within Sweden and is contributing to the development of more efficient exploration methods. Proper information on the mineral resource potential is in addition to
the significance in the search for mineral deposits also valuable information with respect to decisions related to
the establishment of mining activities in specific areas on both a short and long-term time perspective.

of efficient mineral exploration strategies is in general characterized
by involvement of a cross-disciplinary
approach. The research is performed with
the aim of providing new and improved
solutions for securing the supply of raw
materials necessary for the development
of the society. Sweden hosts several “world
class” mineral deposits and mineral districts
and has a very good potential for exploitation of critical metals. The geology and
mineral resources of northern Sweden are
in focus for the CAMM2 work package
on exploration. In our work we focus on
the development of innovative exploration
technologies by integrating regional-scale
3D geological and geophysical modelling
of mineral belts with ore genetic studies
and micro-analytical resource characterization.
One tool to trigger a higher degree of
investment in exploration is to enhance
our three-dimensional geometrical understanding of the Earth’s crust and its development over time. Within WP1 Exploration in CAMM2 we generate and integrate
four-dimensional geological models from
regional to deposit scale. Continuous integration and outward communication of
our modelling and visualization expertise
supports better targeting of new mineral
DEVELOPMENT

WP

1

Exploration

Innovative Exploration Technologies
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resources at depth, which leads to a reduction of environmental impacts and costs
by enhancing the efficiency of exploration
workflows. Specific information about the
interior of the Earth comes from three
sources – drilling, mining and geophysical data. The latter are used to infer rock
types and geological structures at depth
and models derived from the geophysical data are often used to plan and guide
drilling campaigns. Within CAMM2, we
specifically investigate how regional scale
geophysical data combined with geological
observations from northern Sweden can be
utilized to provide information on geological environments favourable for hosting
mineralisation.
Another way to secure the domestic
supply of both main commodities and
critical raw materials is to characterize
ores, waste rock, and production waste material in a detailed and efficient way. Ore
characterization research contributes to the
development of analytical methodologies
for exploration and mineral processing,
through an improved understanding of the
rock mass (mineralogy, mineral chemistry,
textures etc.). Within the exploration
research group in CAMM2, methodologies
arise from a novel combination of stateof-the-art micro-chemical techniques, e.g.

Thorkild Maack Rasmussen is
WP leader and Chaired Professor
in Exploration Geophysics

trace element mapping by Laser Ablation
ICP-MS and 3D-visulalisation by high-resolution X-ray computed tomography.
The LTU micro-analytical laboratory is
successfully analysing ore-related minerals.
The research encompasses detailed mineralogical studies of different ore types, with
the aim to understand the formation of
ore deposits, increase mining efficiency and
utilize the ores fully.
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WP2 MINING

MINING WP2

Some of the challenges for the mining industry are deeper mines, safety, reduction of production disturbances,
improving the ore recovery and reduce the dilution. Therefore, the scientific understanding of the constituting
elements and the whole mining system has to be improved.
Examples of activities within the respective
areas are:

and installed infrastructure considering
both the back end and front end processes.

DIGITAL MINING AND AUTONOMOUS MINING

VENTILATION AND AIR CONDITIONING . The
main goal of the project is to formulate
strategies to combat ventilation and air
conditioning issues in deep underground
mines in Sweden by assessing the feasibility of combining Ventilation on Demand
(VOD) and Controlled Partial Recirculation (CPR), and review strategies used to
combat the same issues in deep underground mines in Canada.

The aim is to reach the vision
of fully autonomous mining with no
human exposure at the production face
by overcoming obstacles for automation
and replace information based on human
senses by automated systems. The work
focuses on identifying and overcoming
obstacles for automation and to improve resource knowledge and productivity
limitations by smart use of automated data
from underground equipment.

EQUIPMENT.

SHORT-AND MEDIUM TERM MINE PLANNING

.

The work aims to simplify and improve
the continued underground mine scheduling, and enable a lean mining operation
thus optimising the use of mining resources. Discrete event simulation models are
developed and used as a digital twin of the
mine, enabling further development of a
scheduler and optimised use of resources.
DEVELOPMENT OF DATA DRIVEN MINE

WP

2

Mining

2 2
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BASIC RESEARCH ON ENERGY TRANSMISSION
FROM NON-IDEAL DETONATIONS TO ROCK.

There is a need for a fundamental understanding of non-ideal detonations as in
emulsion explosives, to develop improved
models to describe the physics behind this
phenomenon e.g., shock front curvatures, energy transmissions and chemical
compositions. Improved and efficient
explosives could then be developed which
are designed both for individual rock types
and varying conditions.

CAPACITY ASSURANCE FRAMEWORK AND

DEVELOPMENT OF ALGORITHMS FOR

PROGRAM

AUTOMATIC WAVEFORM PROCESSING AND

. The main purpose of the pro-

ject is to develop a framework to identify
equipment related factors/issues introducing uncertainties in achieving planned volume in the mine production system with
special focus on the deployed equipment

Erling Nordlund is WP leader and Chaired
Professor in Mining and Rock Engineering

SOURCE PARAMETERS. The investigations of
mining induced seismicity usually require
processing of large amount of data from
thousands of seismic events. Manual processing is time consuming and expensive.

Therefore, automatic processing is necessary. The aim of this project is to develop
algorithms for different types of processing
that can be adapted to mining seismicity.
RESPONSE OF UNDERGROUND OPENINGS, THE
GROUND SURFACE AND THE ROCK SUPPORT

. Deep mining
ground control problems in Sweden are
typically caused by mining-induced seismicity or failure of weak altered ore contact
zones. The research aims at improving the
understanding of the response of underground excavations, and its rock support,
to seismic and static loading and to improve the design of ground control measures.

TO DEEP MINING CONDITIONS

CAMM2– CENTRE OF ADVANCED MINING AND METALLURGY | 11

WP3 MINERAL
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MINERAL PROCESSING WP3

Within mineral processing different unit operations for comminution and physical separation as well as
flotation are combined to multi-stage beneficiation processes in order to provide an ore concentrate
or to produce an industrial mineral product of defined application properties.
IN RECENT DECADES, process technologies
have matured but still need to be improved. Within mineral processing, innovative
processing concepts and machinery as wells
as optimization are the keys to improving
resource efficiency while minimizing
energy consumption, auxiliaries and waste.
CAMM2 research on advanced mineral
processing is conducted in the areas of
(i) comminution,
(ii) separation processes, and
(iii) process systems engineering:

Dynamic models of grinding mills and
mill charge are developed using multi-phase computational physics in order to optimize tumbling mill and stirred media mill
performance. This involves investigation
of how energy is utilized and how wear of
media and liners is affected by operational
and design parameters as well as particle
properties.

n

Mineral liberation, being crucial for the
efficiency of subsequent separation processes, can be enhanced by better adjusting
target particle size and breakage mechanism to ore texture and mineral associations. In a more fundamental investigation
different stress modes and rates are applied
to various ore types in order to identify
optimal liberation conditions and develop
advanced process models.

n

WP

3

Mineral processing

Advanced mineral processing for better resource efficiency
2 2
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For fine-grained, complex ores and fine
tailings the combination of mineral processing and hydrometallurgical processing
is considered as a promising concept that
requires further investigation. Raffinate
milling will result in innovative processes,
e.g. leaching while grinding, and novel
grinding circuits for improved resource
efficiency.

n

The effect of low temperatures on the
efficiency of flotation separation, particularly oxide and silicate flotation, is investigated in order to identify novel flotation
reagents, suitable reagent regimes and
hydrodynamic concepts adapted to mineral
beneficiation and tailings treatment in cold
climate.

n

Using dry processes wherever possible will result in lower process water
consumption and smaller ecological footprint. This refers to ore sorting, dry primary comminution, dry screening instead of
wet classification, dry concentration, and
also dry deposition techniques. Research
on extending dry processes to the sub-millimeter range is particularly needed.

n

New technologies available for mineralogical analysis, as hyperspectral imaging
or computer tomography, are investigated
with respect to their potential for process
design and control. Challenges arise from
linking mineralogy to processing properties

n

Jan Rosenkranz is WP leader and
Chaired Professor in Mineral Processing

in order to make property modeling
more generic. Soft-sensors for advanced
process control are developed that use such
models.
Improving resource efficiency requires
processes that are flexible towards variations in an ore body. Geometallurgy as a
holistic approach to optimizing process
design and control provides methods and
tools for linking ore properties and process
behavior. While ongoing research is on
geometallurgical testing and modeling, a
coherent methodology is developed here
to integrate with sustainability and flexibility concepts.

n
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WP4 METALLURGY

METALLURGY WP4

Metallurgical industry and not the least Swedish metallurgical industry are facing a number of large challenges;
to be able to produce metals with minimum emissions of greenhouse gases, ores and scrap become
increasingly complex and the metal content of scrap from consumer goods changes quickly over time.
GIVEN THE ABOVE CHALLENGES for the
metallurgical industry the research is
organized into three different areas:
n Raw material efficiency
n Alternative reductants
n Recycling and residue utilisation

ned with the use of biocoal in blast furnace
ironmaking, the efficiency when introducing biocoal and the recycling of carbon
containing residues and waste fractions. Several of the activities are also partly carried
out within European and Swedish industry
supported projects.

Raw material efficiency

FLEXIBILITY IN COKE MAKING. By developing
methods for using e.g. biocoal, thermal coal,
pet coke, etc. in the cokemaking the dependence on coking coals can be reduced.
Fundamental studies are carried out in lab
and pilot scale.

HOLISTIC MODELLING OF COMBINED SCRAP
AND ORE PROCESSING. To optimize the
extraction of minor components into
suitable material streams, a holistic view
on combined scrap and ore processing has
to be developed based on fundamental
thermodynamic and kinetic data included
in models combining knowledge about all
unit processes in the processing chain. As a
first step impurity elimination in roasting
operations are studied through laboratory
experiments. A joint project between Ore
Geology and Process Metallurgy.
FUNDAMENTAL UNDERSTANDING OF UNIT

To understand the impact of
different raw materials on the unit processes a more fundamental knowledge about
the behaviour of different elements in the
unit processes is needed. The activity is for
the moment focused on the alkali circulation in a Blast Furnace, part of an ongoing
European research project. terials.
PROCESSES.

WP

4

Metallurgy

Resource efficient metal extraction

A collaboration within Process Metallurgy between Luleå university of technology and Swerea MEFOS

2 2
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Alternative reductants
Research within this area is mainly concer-

IMPROVED COAL COMBUSTION AND EFFICIEN-

Bo Björkman is WP leader and
Professor in Process Metallurgy

CY OF INJECTED MATERIALS.

Improved coal
combustion efficiency under various BF
conditions and with various new carbon
containing materials is studied. The reaction
kinetics are determined in lab scale, the
kinetic data then used in CFD modelling
giving input to modification of equipment.

USE OF BIO-COAL FOR INJECTION AND IN
AGGLOMERATES. Large forest areas in
Sweden gives possibilities to use forest
residues or even stem wood to produce bio
based reductants. Different types of bio coal,
charcoal or torrefied, are tested in lab scale
and in full scale plant trials.

The USE OF WASTE PLASTIC AS REDUCTANT
for reduction of metal oxides in slag in
base metals production have been studied both in lab scale and in a full scale

plant trial. A process concept on how to
maximise the internal RECYCLING OF COAL
CONTAINING RESIDUES, e.g. blast furnace
sludge, within iron- and steelmaking have
been tested in full scale. Implementation
is in both cases evaluated by the industry
partners.

Recycling and residue utilisation
SLAG UTILIZATION. Research projects are
carried out to increase the utilization of
both steelmaking slag and slag from base
metals production. For both type of slags
the research is based on the unique properties of the slags due to their mineralogical composition.
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WP5 ENVIRONMENT
ENVIRONMENTAND
ANDSUSTAINABILITY
SUSTAINABILITY

WP

ENVIRONMENT AND SUSTAINABILITY WP5

Environment

5 and Sustainability

Mine waste: From pollution source to georesource

2 2
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Mining produces visual and geochemical impact on the environment with the production of important amounts
of mine waste. WP5 research activities focus on the elimination, stabilization, and rehabilitation of mine waste
in order to minimize the environmental impact and increase the sustainability and social acceptance of the
extractive industry.

Vision and aims
The key to develop a sustainable and
socially accepted mining industry, is to
minimize the amount of waste produced
and that the final waste will not pollute the
environment. In order to reach this goal,
detailed mineralogical and geomechanical characterization is key information in
order to be able to accurately predict the
behaviours of the material in different geochemical environments, but also to design
new extraction streams to produce new
products from material which formerly
was considered waste. Therefore, the development of a world class characterization
facility for mineralogical and geochemical analyses at LTU is a key issue of our
activities, were we combine enrichment
techniques like hydroseparation with automated quantitative mineralogy and isotopic
studies (in collaboration with ALS Scandinavia AB). The produced data from the
solid (Mineralogy, Geochemistry), as well
the aqueous phase (Hydrochemistry, Hydrogeology), allows us to understand and
predict accurately the environmental behaviour of each element during and after
georesource exploitation. This information
also helps to develop more environmental methods for raw material extraction.
Special focus is given for critical and toxic
raw elements like for example Be, W, Rare

Earth Elements (REE), Platinium Group
Elements (PGE), as well as battery metals
like Co, Ni, Li. We also develop bioremediation strategies for emerging pollutants like
nitrogen. For long-term predictive models
geochemical tools like reactive transport
modeling is used.
The understanding of the short and
long term geomechanical behaviour of
mine waste allows to continuosly evaluate
the stability of tailing empundments and
to understand into which extent mine
waste might detoriate with time. Based
on measurments, experimental work in
the geotechnical laboratory and numerical
modelling, digital twins of tailing impundments will be established bringing us closer
to a prediction of the long term stability.
This willl also incoporate dynamic effects
and natural hazards as well as the impact of
climate change.

Trends and innovations within
the research subjects
n WasteToMine: Transformation of mine
waste as a pollution source into a georesource through characterization and
increase of the extraction efficiency.
n Sand and industrial minerals as new and
additional commodity from mine tailings.
n Sustainable city design through resource
characterization and attraction of secondary

Bernhard Dold is WP leader and Chaired
Professor in Applied Geochemistry

industries (e.g. solar panels, glass, cement).
Sourcing of critical Raw Materials and
development of environmental friendly
extraction methods.
n Emerging contaminants: Nitrogen control
through bioremediation in mine tailings
n Influence of secondary mineral formation
during the geochemical weathering of mine
and mechanically deteoration tailings on the
long-term impoundment stability.
n Evaluation of the dynamic stability
against man made earthquakes and static
liquefaction
n
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MINERAL PROCESSING WP3

Contact
Director
Lena Alakangas
Phone: +46 (0)920 491396
Email: Lena.Alakangas@ltu.se

WP leaders
WP1 Exploration: Thorkild Maack Rasmussen
Phone: +46 (0)920 493413
Email: thorkild.maack.rasmussen@ltu.se
WP2 Mining: Erling Nordlund
Phone: +46 (0)920 493535
Email: Erling.Nordlund@ltu.se
WP3 Mineral Processing: Jan Rosenkranz
Phone: +46 (0)920 492183
Email: jan.rosenkranz@ltu.se
WP4 Metallurgy: Bo Björkman
Phone: +46 (0)920 491292
Email: Bo.Bjorkman@ltu.se
WP5 Environment & Sustainability: Bernhard Dold
Phone: +46 (0)920 493695
Email: bernhard.dold@ltu.se

Management
Betty Christakopoulou
Phone: +46 (0)920 492850
Email: Betty.christakopoulou@ltu.se

Email: CAMM@ltu.se
https://www.ltu.se/centres/camm
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