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iii Foreword

Foreword

In 2013 the International Mineral Processing Council (IMPC) published 
Minerals Industry Education and Training, a collection of papers from the 
special symposium on Minerals Engineering Education held at the XXVI 
IMPC Congress in New Delhi, India. The centrepiece of this book was a 
survey of worldwide mineral engineering graduate supply and demand 
conducted by IMPC’s newly established Education Commission. This work 
was supplemented by 11 papers presented by education specialists from 
around the world, exploring themes of importance to educators and 
employers of graduates.

These themes continue to resonate throughout the resources sector. In 
2017 the IMPC Education Commission has a broader scope of activities 
and is developing a program of regular symposia and workshops. This 
second volume presents papers recently presented at the Symposium on 
Education: Mineral Processing for the Future, held at the XXVIII International 
Mineral Processing Congress (IMPC 2016) in Quebec City, Canada. 

The symposium culminated in a session dedicated to identifying the skills 
central to mineral processing competency, and the recommendations have 
been compiled into a ROADMAP for mineral processing education. 

Addressing the educational needs of the ever-changing resources industry 
remains at the centre of current Education Commission work. A survey of 
leading industry figures indicates strong agreement on critical knowledge 
areas and skills requirements for mineral processing: Mineral Engineering 
Knowledge and Skills for Today’s Industry. Some skills like basic numeracy 
and engineering skills are expected on commencement of employment, 
but others can be developed on the job. 
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A clear definition of the Minerals Processing discipline is the subject of an 
ongoing study. Dr Lois Finch discusses the approach in her paper Applying 
a Logic Model Framework to Mineral Processing Education. 

The Commission is also exploring the current content and quality of mineral 
processing education programs, and in Section 3 we present findings of 
a global review of curriculum along with presentations about education 
programs from several global regions. There are significant differences not 
only in program duration and content, but also in overall program focus. 
For example, in some regions of the world (Australia, South Africa) it is 
common for chemical engineers to be employed as mineral processing 
engineers, in others (USA, Europe) there is a preference for degrees with 
a materials engineering focus. This complicates ongoing professional 
development, as different graduates will have different needs.

A strong theme running through many of the papers in this volume is the 
considerable strain under which programs are operating, particularly in 
the United States, Canada and Australia where it is increasingly difficult for 
small, specialty programs to survive. Professor Courtney Young describes 
how Montana Tech is meeting this challenge with a small and resourceful 
faculty team delivering a high quality and engaging learning experience. 
Strong industry engagement is also an important part of their program, a 
message echoed by all the presenters. 

The issue of gender diversity remains a challenge for our industry, and this 
is discussed in detail by Dr Kathryn Hadler in her presentation Where are 
the Women in Mineral Processing?

Some excellent examples are provided in Section 5 of truly innovative 
educational initiatives, including using technology for creating a virtual 
reality experience at the university of New South Wales and delivery of an 
interactive on-line mineralogy course from the University of Queensland. 
An innovative education a model being rolled out in Africa also shows how 
developed and developing world Universities can work together to deliver 
high quality programs.
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There are some strong and consistent messages coming through about 
how to deliver good mineral processing education. Firstly, programs 
must attract, then develop good students. They need high quality faculty 
who follow leading educational practices to deliver current, relevant 
programs. University/Industry exchange is essential to ensure relevance. 
Finally, ongoing professional education is essential to address any gaps in 
undergraduate education and enable graduates to specialise and adapt to 
changing technology needs. 

The ROADMAP presents a simple, 5-page summary of the essential elements 
of mineral processing education. It will be useful for anyone reviewing 
professional competencies, benchmarking programs or developing career 
plans, such as regulators, professional societies and accrediting bodies. 

Diana Drinkwater
Chair

IMPC Education Commission

Foreword
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IMPC Mineral Processing 
Education ROADMAP

Today’s mineral processing graduates are tomorrow’s mining industry 
leaders. They need to be properly equipped if they are to effectively 
manage the demands and the opportunities of a changing industry in a 
changing world.

This document provides a list of recommendations for good practice in 
mineral processing education that can be used:
�	by education providers, to review and evaluate their programs
�	by employers to assist with selection of personnel 
�	by employers to develop continuing development programs for their 

young professionals
�	by young professionals to manage their career progression

Education in this context includes formal programs delivered by universities 
and other academic institutions and the many forms of continuing 
education graduates engage with throughout their careers. 
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Attract bright, capable 
students and develop them 

as life long learners

Encourage constructive 
and regular exchange 
between universities  

and Insustry

Deliver current and relevant 
programs supported by 

good faculty

Ensure availability of 
high quality professional 
development programs

Benefits of good education The cost of poor education

�	An effective and efficient body 
of professionals will make 
sound technical decisions 
based on current best practice 

�	Graduates who are challenged 
and rewarded are more likely 
to stay in the industry

�	Sound fundamental 
knowledge and skills will 
ensure professionals develop 
as effective leaders

�	Innovation is more likely when 
industry is closely involved 
in academic research and 
development. 

�	Good prospective students 
will not be attracted to 
courses, leading to a 
deteriorating talent pool

�	Education programs will not 
deliver the content needed 
for effective performance in 
the workplace

�	Operational practice will 
not effectively adapt to 
new technology and work 
practices

�	Knowledge and skills 
will decline as the baby-
boomer generation retires.

Targets 
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Mineral Processing Competencies 

Recommended Graduate Competencies 

These competencies should be delivered by undergraduate programs. 
Bridging courses are recommended where graduates have not covered 
these topics.

General Mineral Processing Personal & 
Professional Skills

�	Basic science, 
mathematics and 
statistics

�	Heat and mass 
balances

�	Computer 
applications

�	Comminution
�	Flotation
�	Physical separation
�	Mineralogy and 

liberation
�	Sampling theory and 

practice
�	Extractive metallurgy 

basics (hydro/pyro)

�	Problem solving, 
critical thinking

�	Research skills
�	Oral and written 

communication
�	 Team-work

Competencies to develop during first 5 years

Early career competency development is primarily the responsibility of 
employers. Many of these topics are provided by academic institutions as 
professional development offerings.

General Mineral Processing Personal & 
Professional Skills

�	Risk management
�	Social/

Environmental 
sustainability 

�	Mineral economics, 
Project finance

�	OHS responsibility 

�	Metallurgical 
accounting and 
statistical methods

�	Sampling practice
�	Process control 
�	Materials handling 
�	Extractive metallurgy

�	Global mining 
industry experience

�	Technical 
communication

�	Management and 
leadership
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Actions

See Appendix 1 for more detailed recommended actions 

Academics and industry have a joint responsibility to ensure that young 
professionals receive good quality education in mineral processing.

Attract and develop students

�	Support 
programs that 
attract students 
to minerals 
engineering 
programs 

�	Ensure a solid 
foundation in 
basic science, 
engineering and 
mathematics

�	Include mineral 
processing priority 
content:
w	Mineralogy and 

liberation
w	Unit processes 

– Comminution, 
Flotation, 
Physical 
Separation

w	Sampling 
theory and 
practice

w	(some) 
Extractive 
metallurgy 
and metal 
production 

�	Teach application 
of statistical, 
analytical and 
modelling tools 

�	Encourage 
innovative and 
independent 
thought 

�	Develop oral 
and written 
communication 
skills

�	Provide 
opportunities for 
students to visit 
or work on site 

�	Provide 
opportunities for 
laboratory work 

�	Familiarise 
students with 
the full mine-
to-metal value 
chain, social and 
environmental 
issues

�	Aim high – 
challenge 
students
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Deliver good programs

�	Regularly review 
course content to 
ensure it is current 
and relevant

�	Don’t try to teach 
everything – 
employer needs 
are diverse 
and constantly 
changing

�	Give academics 
experience and 
support their skills 
development

�	Bring in experts 
from different fields 
to supplement 
teaching 

�	Stay abreast of best 
teaching practice, 
regularly evaluate 
and benchmark 

�	Use best 
available delivery 
technology

�	Provide material 
assistance 
and training 
to lecturers 
in developing 
countries 

�	Maximise 
utilisation of data 
and resources 
by collaborating 
across institutions 

�	Regularly 
disseminate 
information about 
industry news and 
current practice

�	Communicate 
with 
stakeholders 
including 
employers, 
feeder schools 
and others 
via steering 
committees and 
technical panels

�	Devise strategies 
that ensure 
programs survive 
the fluctuation in 
student numbers 
that inevitably 
occurs with the 
mining cycle
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University /Industry exchange 

�	Organise 
University/
Industry workshops 
and forums to 
exchange ideas and 
knowledge

�	Demonstrate 
benefits of applied 
research to 
minerals industry 
decision-makers

�	Ensure that 
education 
programs address 
economic models 
and industry 
priorities

�	Consider 
collaborative R&D 
for industry using 
recent graduates 
or academic staff 

�	Strengthen 
links between 
academic 
institutions, 
IMPC and 
professional 
institutions such 
as the AusIMM, 
CIM, SAIMM, 
focussing on 
strategies to 
collaborate 
on delivery of 
education

Professional development

�	Treat professional 
development as a 
non-discretionary 
activity

�	Ensure graduates are 
given opportunities 
to fill gaps in their 
knowledge and skills

�	Encourage in-house 
mentoring for 
graduates based 
on the technical 
competencies they 
need 

�	Ensure CPD 
programs are 
properly resourced 
and regularly 
reviewed.

�	Emulate existing 
models of 
good graduate 
development

�	Manage graduate 
career pathways; or 
provide support to 
enable individuals 
to self-manage 

�	Predict potential 
future workforce 
needs based 
on changing 
technology and 
demographics 

�	Limit as far 
as possible 
the hiring/
firing cycles 
that amplify 
the cycles of 
University 
enrolments
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Appendices

Appendix 1: Detailed Action List 

Attract and develop students

Target: attract bright, capable students into programs, and develop them 
into high-performing graduates with sound knowledge of basic maths and 
science, and good grasp of mineral processing basics. Equip them with an 
analytical tool-kit that enables them to apply their knowledge in practice 
and ensure they are up to date with knowledge of best operating practice. 
They need the skills and behaviours to continue learning throughout their 
careers and adapt to changing technology and process requirements. 

 Attract good students
�	Provide support and resources for professional societies and others 

who provide programs designed to attract the best available students 
to minerals engineering programs.

�	Collaborate across institutions and share information about activities 
that create interest and excitement about mineral processing.

Provide the right program content
�	Regularly review course content and ensure it is current and relevant.
�	Ensure undergraduate programs contain a good solid foundation in 

basic science, engineering and mathematics.
�	Include as much as possible core mineral processing content on the 

priority topics as recommended by the IMPC Education Commission 
Industry Survey, 2014 – 2015 (Drinkwater 2015, Mineral Engineering 
Knowledge and Skills for Today’s Industry).

�	Introduce students to non-core topics and emerging technologies such 
as geometallurgy and sensor-based sorting.
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�	Ensure students learn to use modelling packages that can deal with 
particulate solid materials in process streams.

�	Introduce undergraduates to use of tools and technologies using 
problem-based activities, for example:
w	Metallurgical problem-solving using mineralogical tools
w	Use of simulation to predict impact of process changes
w	Metallurgical accounting and mass balancing.

�	Expose students to sustainability topics including water and energy 
conservation, environmental consequences of chemical and heavy 
metal contamination, emissions control measures.

�	Identify and teach mineral processing aspects of importance locally – 
eg: precious metals processing and refining in Nevada, coal processing 
in eastern Australia, iron and steel production in India.

Develop the complete professional 
�	Encourage application of knowledge to practice by ensuring students 

understand the full value chain – mine to metal production. Teach 
integrated facets of all aspects of running a mining and minerals 
processing operation

�	Develop problem solving skills using problem-based learning. Use real 
case studies with emphasis on what worked? Why did it work? what 
didn’t work? and some thoughts on why ?

�	Encourage innovative and independent thought using specifically 
designed learning activities and exercises. Teach people to find 
information for themselves. The role of universities is to teach people 
to innovate not necessarily to train them for specific tasks.

�	Develop communication skills, including ability to explain and justify 
concepts to a non-technical audience. Include oral and written 
communication – presentations and report-writing.

�	Give students site experience, and support co-op programs, where 
students spend a semester or more on site. Assist students to find 
vacation work.

�	Provide opportunities for lab work.
�	Identify undergraduate and postgraduate thesis topics that address real 

problems leaving room for the student to exercise some independent 
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thinking. Have a handbook of industry problems for application of tools 
and methodologies

�	Communicate the need for graduates to be lifelong learners to meet 
industry and their personal career needs. Run student mentoring 
schemes to support this.

�	Set up exchange programs with Industry partners for students. For 
example, in Iran it is common that PhDs spend a year on plant.

�	Aim high – challenge students.

Deliver good programs

Target: ensure programs are current and relevant, featuring good 
educational design and delivered by dedicated, competent, full time 
faculty. Create a learning environment that is attractive and challenging 
for students and includes a solid practical component. Provide exposure 
to industrial processing plants and a knowledge of best Industry practice, 
including environmental and social practice.

Design good programs 
�	Regularly review course content to ensure it is current and relevant.
�	Regularly disseminate information about industry news and current 

practice.
�	Stay abreast of best teaching practice, regularly evaluate and benchmark 

programs with other programs around the world.
�	Bring in experts from different fields to supplement teaching.
�	Use best available delivery technology. Computational methods have 

changed education delivery in the developed world and not so much 
in developing world, so set up support networks and exchanges to 
encourage universal take-up.

�	Ensure moderation is carried out for each course. This may require an 
external examination policy.

�	Ensure minimum criteria for quality is adhered to where national bodies 
such as Engineering Councils are responsible.

�	Ensure education programs provide alternative educational pathways 
for those wishing to remain in academia and those wishing to move 
into industry.
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Support and develop staff
�	Give academics industry experience. Most of the lecturers come straight 

from PhD or MSc studies and have no access to industry mentorship.
�	Use existing experienced staff to transfer skills to new staff. Average of 

academics in mineral processing is >50 so there is serious risk of losing 
skills if they are not transferred.

�	Provide networking opportunities for staff with other professionals in 
the industry.

�	Support staff to develop their skills. Offer online courses, professional 
development programs and sabbatical programs.

�	Run educational programs for teaching and support academic staff on 
the importance of good educational design and delivery of technology-
assisted learning. Use technology to support these programs – 
videoconferencing and online content.

�	Provide material assistance and training to lecturers in developing 
countries where minerals processing is taught and the economy of 
those countries rely on Mining. 

�	Develop programs that encourage academic staff to regularly attend 
conferences and workshops.

�	Ensure that networking and collaboration is attractive to staff and 
University management, and doesn’t add to the workload of individual 
academics.

Strengthen program viability
�	Communicate with stakeholders including employers, feeder schools 

and others via steering committees and technical panels about courses 
and programs. 

�	Remain mindful of the fact that universities cannot take a short term 
focus – they must step back and focus on the long term knowledge and 
skills needs.

�	Reduce the pressure on University departments during downturns. Set 
up long-term strategies that address the fluctuation in student numbers 
that inevitably occurs with the mining cycle.
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Facilitate University/Industry exchange

Target: encourage constructive and regular exchange between Universities 
and Industry that enriches teaching and research and supports best 
practice in industry. 

Communicate
�	Ensure meaningful collaboration between industry and academia via 

steering committees or industry advisory bodies 
�	Encourage industry/academic staff exchanges 
�	Actively communicate to ensure senior minerals industry personnel 

appreciate the professional expertise of academics and researchers
�	Demonstrate benefits of applied research to minerals industry decision-

makers
�	Identify opportunities to access board rooms and corporate head 

offices to discuss education and professional development for mineral 
processors

�	Strengthen links between academic institutions and IMPC and local 
institutions such as the AusIMM, CIM, SAIMM, etc, focussing on strategies 
to collaborate on delivery of education and ongoing reshaping of the 
curriculum.

Provide real industry data and case studies for education programs
�	Incorporate current industry data into case studies and problem 

examples 
�	Use specialists to turn industry problems into academic challenges
�	Organise University/Industry workshops and forums to exchange ideas 

and knowledge
�	Investigate opportunities for universities to engage in collaborative 

industry R&D using recent graduates or academic staff 
�	Ensure that technical conferences and seminars have a strong 

educational focus as well as a commercial one 

Set up effective work processes
�	Ensure that education programs and steering committees understand 

one another’s budgets and priorities
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Professional development

Target: ensure availability of high quality continuing professional 
development. This is best achieved via structured programs that address 
the diverse needs of young professionals, including ‘bridging’ courses 
for graduates with limited undergraduate mineral processing (for 
example chemical engineering graduates). Senior technical role models 
are important, as are mentors who can assist with transition to senior 
management and corporate roles

Ensure availability of continuing professional development (CPD) 
�	Undergraduate degrees are necessarily too general to provide job-

ready graduates. There will always be a need to provide continuing 
professional development in technical topics as well as softer skills such 
as leadership and management.

�	Ensure CPD programs are properly resourced and regularly reviewed.
�	Ensure CPD programs encourage critical thinking and innovation. 
�	Limit as far as possible the hiring/firing cycles that amplify the cycles of 

University enrolments and lead to loss of skills from the sector.

Ensure viability of CPD programs
�	Treat professional development as a non-discretionary activity that 

directly impacts shareholder value.
�	Ensure that human resource departments are aware of the importance 

of specific mineral processing knowledge and skills so that they can 
ensure graduates have an opportunity to develop the required skills. 
This is particularly important where chemical and materials engineers 
are employed as mineral processors.

�	Evidence shows that CPD was an excellent way of retaining people, so 
use this to justify the expenditure required.

�	Look ahead to identify potential problems with workforce shortages in 
the future due to changing technology and demographics change such 
as the aging population of industry operators.
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Utilise good delivery models 
�	Many mining companies have well developed continuing professional 

development programs. Look to models of good graduate development 
such as AngloAmerican Platinum’s AGDP.

�	Consider funding employees to do PhDs or to take sabbaticals. 
�	Ensure CPD programs address the need to train engineers to be more 

innovative and dynamic, for example in adopting new technologies.
�	Encourage in-house program of mentoring for graduates, based on the 

technical competencies they need to develop. 
�	Manage graduate career pathways; or provide for individuals to manage 

their own career development.
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Appendix 2: Mineral processing education – the 
current context

The challenges 

Many of the submissions to this study were prefaced by statements about 
context. Minerals industry education is provided against the backdrop of 
economic, social and technological issues, and these all have an influence 
on outcomes.  

There is also a concern about declining skills in areas where undergraduate 
education is incomplete and there is poor access to continuing professional 
development, resulting in what one survey respondent described as “an 
endless cycle of knowledge loss and rediscovery characterised by repeats 
of past mistakes and a rehash of old research as new”.

The conflicting needs of stakeholders 
The groups defined as “Academia” and “Industry” have different goals 
and objectives, and a classic conflict often arises regarding curriculum.  
Universities teach fundamental mathematics, science and engineering that 
may not have any direct bearing on the job requirements for minerals 
processing, leading to occasional criticism from industry that graduates 
are not spending enough time developing practical skills that would make 
them more job-ready. Universities maintain that it will never be possible 
to deliver job-ready graduates because of the diversity of industry roles 
and constantly changing technology and work practices. It is important for 
universities to maintain their focus on delivering solid fundamentals that 
enable graduates to manage their own technical skill development.

The IMPC Commission on Education acknowledges that this roadmap will 
not put an end to this conflict, that the discussion is healthy, and that the 
right balance will be achieved when there is good communication between 
all parties. 
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Barriers to delivery of quality education 

The many contributing factors identified by the advisory group have been 
organised under five headings. 

The influence of the mining cycle - on industry:
�	Reduced workforce participation produces a net skills and knowledge 

drain which affects all aspects of the industry
�	Industry generally runs in-house professional development of their 

graduates, though again, the mining cycles impact on staffing levels for 
graduate training. 

�	Professional development and training is one of the first things cut 
in tough times. Graduate training programs are easy to cut out of a 
budget, as they are not directly related to productivity. 

�	Low staffing levels often mean that nobody is allocated to look after 
graduate training in professional areas, despite the fact that there is 
always a focus on training courses on safety and management

�	The high point in the cycle can be just as difficult for implementation 
of good training – during those times companies focus on short-term 
production goals 

..and on universities:
�	Student numbers fluctuate with the mining cycle, putting departments 

under pressure because of small class sizes in downturns. Undergraduate 
programs in Australia, Africa, Canada and the USA are currently under 
great strain as funding levels are directly related to student numbers

�	University-based professional development programs face similar 
pressures

�	Regions where student numbers are maintained face a glut of graduates 
– eg: South America

The nature of academic programs 
�	Education providers generally have a good understanding of what is 

required to deliver high quality minerals education. The major challenge 
is meeting the resourcing requirements.  
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�	Universities are businesses and many governments do not support 
investment in mining industry education because of low student 
demand. Funding needs to come from elsewhere, and many university 
programs are directly supported by large mining companies. The level 
of support is highly dependent on the commodity price cycle. 

�	It is not possible to include really specific job-related content in 
education programs at Universities because of the huge diversity of 
industry roles and constantly changing technology and work practices.

�	Collaboration between industry and universities does not necessarily 
assist with overall financial viability of departments. There is no financial 
incentive and often an increased workload on individual academics, so 
it is hard to make it happen

�	Experienced staff are retiring from universities and there are fewer 
replacements than in previous times

�	Many new lecturers come straight from PhD or MSc studies with no 
industry experience 

Employment practices in mineral processing
�	In some regions, a large proportion of graduates are chemical engineers 

and have very little specialist knowledge of mineral processing or the 
mining industry.  

�	Knowledge and skills will decline as the baby-boomer generation 
retires, The way professional development is delivered in industry 

�	Ongoing professional development can be provided in-house or 
externally, and programs are offered by groups including universities 
who also provide undergraduate education, commercial organisations, 
research institutions and consulting companies

�	Programs need to be managed for best outcomes. Often this is done by 
employers but individuals (graduates) can also manage their own career 
development by means of pathways and guidelines – often provided by 
professional societies or other industry bodies.

�	Training was described by one contributor as being “important but not 
urgent”. There is an assumption that “If we need it we can always bring 
in an expert”. The danger of this is that at some point the experts die 
out or move to a different industry.
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�	All of industry runs on budgets and priorities, so major programs need 
support of upper levels of management including those who manage 
budgets. 

�	There is also a tendency for cost-cuts to technical education first, while 
safety and management training programs remains. 

�	Many companies only do on the job training, which is often ad-hoc and 
limiting for graduates. A structured program of graduate development 
is important. 

�	Although there are many examples of high quality, properly resourced 
graduate development programs within the minerals industry, there 
are many others which are ad-hoc at best and non-existent at worst, 
leaving graduates on their own to sink or swim in their professional 
roles. 
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Appendix 3: Roadmap Contributors

Recommendations were provided to the IMPC Commission on Education 
in several ways:

1. Observations from a panel of leading experts and from the floor at the 
XXXVIII IMPC Education Symposium in Quebec City (see Appendix 3 for 
a list of panellists and attendees)

2. A 2015 Survey of leading members of industry and academia (see 
Drinkwater, 2016)

3. Individual submissions to the Commission 

IMPC Education Symposium 2016 Speakers, Panel 
Members and Organisers

Preparation of Roadmap

Diana Drinkwater
Chair - IMPC Commission on 
Education

Dr Cathy Evans
The University of Queensland, 
Australia

Professor Jan Cilliers
Department of Earth Science 
and Engineering, Imperial 
College London 

Dr Elaine Wightman
The University of Queensland, 
Australia

Dr Kathryn Hadler
Department of Earth Science 
and Engineering, Imperial 
College London 

Dr Grant Ballantyne  
The University of Queensland, 
Australia
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IMPC 2016 Education Symposium Expert Panel

Professor Hu Yuehua
Vice President Central South 
University (CSU), China 

Professor Robin Batterham 
Kernot Professor, Department 
of Chemical and Biomolecular 
Engineering

Dr Barun Gorain 
Senior Manager, Strategic 
Technology Solutions Barrick 
Gold Corporation 

Professor Aubrey Mainza
University of Cape Town, 
South Africa

Dr Pradip
Vice President (Technology) 
at Tata Consultancy Services 
(TCS) Ltd India

Professor Bern Klein
University of British Columbia, 
Canada

IMPC 2016 Education Symposium Speakers

Dr Lois Finch
McGill University 

Dr (elaine wightman)
University of QLD, Australia

Professor Daniel Sarawak
Associate Professor AGH 
University of Science and 
Technology, Poland

Professor Courtney Young
Prater Distinguished 
Professor. Metallurgical 
& Materials Engineering, 
Montana Tech

Dr Seher Ata
School of Mining Engineering, 
UNSW, Australia

Professor Dave Deglon
Director of Postgraduate 
Programme Department of 
Chemical Engineering, UCT 
South Africa

Romke Kuvenhoven
Universidad Tecnica Federico 
Santa Maria, Chile
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Submissions to the Commission

Professor S. Subramanian
Indian Inst of Science

Thomas Mutze
TU Bergakademie, Frieburg, 

Rod Elvish
Principal, B E Enterprises, 
Sydney, Australia

Professor Guven Onal
Emeritus professor, Istanbul 
Technical University

Marek Dworzanowski
University of Witwatersrand

Jue Kou
University of Science and 
Technology, Beijing
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Introduction

The Mineral Industry continues to develop new products and technologies 
to handle increasingly complex processing challenges. Undergraduate 
education and ongoing professional development need to develop and 
maintain the competencies required to support these technologies, and 
yet there is growing evidence that the overall skill and competency level of 
mineral engineering graduates around the world is declining (McCaffery 
et al 2014, Munro 2016).  

Education providers must understand technological trends and changing 
practices across different commodity sectors and geographical regions if 
they are to build the appropriate workforce capacity for today’s minerals 
industry. 

The IMPC Commission on Education conducted a survey of leading 
industry figures to establish their views about the skills and competencies 
they expected of graduates entering the industry as metallurgists or 
mineral processing engineers. This survey was conducted over 6 months 
in 2014/15, via an internet-based questionnaire. This survey was not 
intended to provide a complete and definitive account of industry needs, 
but to identify perceptions and expectations within different sectors of the 
industry, regions and types of organisations.  

Mineral Engineering Knowledge and Skills for 
Today’s Industry

IMPC Education Commission, Industry Survey, 2014–2015

DIANA DRINKWATER 
Chair, IMPC Mineral Processing Commission
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Summary of Findings

1. There is strong agreement about the fundamental topics 
needed in minerals engineering programs

The traditional fundamentals of Minerals Engineering programs emerge 
as the top five topics that graduates need to know about: Mineralogy, 
Comminution, Flotation, Physical Separation and Sampling. The same top 
five were specified by industry practitioners and academics alike.

Employers who employ graduates from materials, chemical and process 
engineering programs need to ensure that graduates can develop the 
knowledge and skills they need in these areas, either on the job or through 
professional development.

2. Universities are doing a fairly good job, but…

Universities are doing an adequate job of preparing graduates for industry 
but few are prepared to describe them as excellent. Their programs deliver 
a solid base in process theory and fundamentals but could do better 
at preparing students to work effectively with professionals from other 
disciplines. Some areas where they can improve include staying abreast 
of current technology, use of new tools and technologies and more use of 
real industry data and case studies.

One criticism of Universities is that they do not provide sufficient industry 
experience. Effective industry exchange programs are heavily dependent 
on the goodwill of industry partners, so Universities will not be able to 
solve their problems in isolation.

Ongoing Professional Skills Development is Ad-Hoc

Although there are examples of large companies with structured Mineral 
Engineering skills development programs for graduates, many employers 
approach technical competency development in an ad-hoc way, 
exacerbated by limited funds and lack of urgency. One survey respondent 
commented that there is ”nobody allocated to look after graduate training 
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in professional areas, although there are plenty of training courses on 
safety and management”. There may be opportunities for Universities 
and other quality education and training providers to meet this need via 
quality professional development programs.

University/Industry Partnerships are Important

Education outcomes improve when students have exposure to authentic 
case study data and process plant issues. Partnerships between Universities 
and Industry can play a vital role in providing opportunities for exchange. 
They can also ensure that curriculum stays current and relevant. The 
benefits go beyond graduate outcomes, as academics and researchers 
also benefit from regular interaction with industry. 

There are many examples of beneficial University/Industry partnerships in 
the form of guest lectures, shared projects and involvement of industry 
representatives on steering committees and advisory boards.

Declining Skills – It Really Matters!

There is evidence of a skills decline, and skills can be linked to substandard 
operational performance. This work strongly supports the need for good 
education and skills development in the Mineral Processing discipline.

Methodology

A questionnaire was sent to selected minerals industry leaders asking 
them to provide feedback on:
1. The knowledge, skills and behaviours they believed were important for 

minerals engineers to have on graduation
2. Their views about the quality of available undergraduate and continuing 

education. 

A total of 92 people from around the world responded to the survey, 
a mixture of education providers and graduate employers. All have a 
significant stake in the industry and its outcomes. About half (47 out of 
92) were academics or researchers. Nearly all have regular contact with 
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young professionals. More than 65% interactions with young professionals 
at least weekly, and 45% interact with them daily, meaning that they are in 
touch with their educational level and performance.

Results

The survey consisted of six questions about the 92 respondents and their 
backgrounds, and a further nine questions about their views on mineral 
processing education and training. 

The nine education and training questions concentrated on three themes:
1. specific knowledge, skills and competency requirements for mineral 

processing professionals 
2. how well universities are meeting industry needs
3. how organisations fill graduate competency gaps using ongoing 

training and professional development 

Knowledge, Skills and Competencies - What Graduates 
ought to know

Specific mineral processing competencies

Survey respondents were asked to rate the importance of specific skills 
or competencies, divided into two main groups. The first group related 
to specific mineral processing topics and the second to more general 
engineering and professional competencies. 

Mineral Processing Competencies

�	Comminution
�	Flotation
�	Physical separation
�	Hydrometallurgy
�	Pyrometallurgy
�	Mineralogy

�	Materials handling
�	Dewatering 

technology
�	Metallurgical 

laboratory 
procedures

�	Sampling theory 
and practice

�	Metallurgical 
Accounting

�	Process Control
�	Process Modelling
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They were also asked to indicate which skills and areas of knowledge need 
to be included in undergraduate curriculum, and which could be picked up 
one the job or in other ways after graduation. 

Figure 1: What do Minerals Engineering graduates need to know?

General Competencies

�	Basic science and 
mathematics

�	Heat and mass 
balances

�	Materials science
�	Professional skills 

(teamwork, report 
writing, seminars)

�	Problem solving, 

critical thinking
�	Knowledge 

of minerals 
economics

�	Project finance, 
NPV, Capex and 
Opex

�	Knowledge of 
mining life cycle

�	Sustainability 
in the minerals 
industry

�	Process design
�	Computer 

applications
�	Research skills
�	Industry 

experience

Mineral Engineering Competencies : Whole Survey Response

Essential for all Graduates Useful for someDevelop within 0-5 years Not Important
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The top five of the 13 topics submitted to survey respondents for 
undergrads were fundamental mineral processing topics:
�	Comminution 
�	Flotation
�	Physical Separation 
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�	Mineralogy
�	Sampling Theory and Practice    

The top three that could be learned on the job (i.e. not needed in the 
undergraduate curriculum), were:
�	Metallurgical Accounting, 
�	Process Control 
�	Materials Handling 

Because the survey group consisted of roughly half academics and half 
industry practitioners, it was considered important to see whether the 
ratings changed when the academics were removed from the sample. 
Results from filtered sub-sample were reviewed to check this. Figure 4 
shows the two data sets – the full survey sample and the filtered sub-
sample.

Figure 2: (a) Full sample and (b)filtered sub-sample

Q2 What mining industy sector do you work in?

Large mining operations... Large mining operations...

Medium or small mining... Medium or small mining...

0% 0%10
%

10
%

20
%

20
%

40
%

40
%

30
%

30
%

50
%

50
%

Engineering or cunsulting... Engineering or cunsulting...

Equipment manufacturing... Equipment manufacturing...

Academic or research... Academic or research...

Other (please specify) Other (please specify)

Answered: 92  Skipped: 0 Answered: 45  Skipped: 0

Figure 6 shows the response to the same question, this time restricted to 
the non-acedemics in the group. 
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The two groups are largely in agreement, with just a couple of significant 
differences. The most significant relates to the importance of topics like 
dewatering and materials handling. They also give a higher rating to lab 
procedures.

Respondents were invited to comment on this question, and the following 
are examples of what was said:
�	We have re-baselined our expectations to reflect the fact few mineral 

processing engineers are being produced by the universities. 
�	Pyrometallurgy needs to be introductory only. 
�	It looks like a long list of essentials, but really it is just saying a minerals 

engineering graduates should have some knowledge of all the branches 
of minerals engineering, underpinned by a knowledge of mineralogy 
and I would add geology and enough mining engineering to provide 
context and understanding of the source of feed 

�	We need graduate competencies, otherwise we have to train in our EIT 
Program

Mineral Engineering Competencies : Filtered to remove academics

Essential for all Graduates Useful for someDevelop within 0-5 years Not Important
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Figure 3: What do mineral processors need to know? 
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More General Competencies

Figure 4: Responses to question about general competencies 
required by minerals engineers

General Competencies : Whole Survey Response

Essential for all Graduates Useful for someDevelop within 0-5 years Not Important
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Figures 7 and 8 summarise the responses to the question about the 
importance of the more general engineering competencies.
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Figure 5: Responses to question about general competencies 
required by minerals engineers

The top four topics considered essential for new graduates are the same 
for: 
�	Basic science and mathematics
�	Heat and mass balances
�	Problem solving, critical thinking
�	Computer applications 

This time, however, there is a difference when the academics are removed 
from the group. The 5th most important topics are:
�	Research skills (whole of survey group)
�	Professional skills (with academics removed)

Comments received on this question included the following:
�	Graduates need to know about Mineral conservation and laws related 

to it   
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�	They should have complete knowledge of Mineralogy to understand 
Mineral Engineering

�	Teachers should have continuous interaction with industry  
�	For minerals engineering mass rather than heat balances are important   

The list matches most stated general competencies for engineering 
programs. Any program that meets international engineering accreditation 
standards should meet the requirements specified by our survey 
respondents.

How well are Universities Delivering?

How well are the fundamentals being taught?

The survey asked respondents to rate how well Universities met industry’s 
training needs in the specific mineral processing topic areas listed 
previously.  

Overall, there is general satisfaction with education providers, but 
few assertions of exceptional performance. The fundamental topics 
of Comminution, Flotation and Physical separation were rated as best 
taught, while the worst were Materials handling, Dewatering technology, 
Metallurgical laboratory procedures, Sampling theory and practice, 
Metallurgical Accounting and Process Control.

When the full group is compared with the non-academics and non-
academics, there is a slight difference in the overall rating, but there is 
sufficiently good agreement to indicate that academia is in touch with 
industry expectations.
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Overall Performance of Universities

A more open question was asked, requesting comment on specific areas 
where Universities performed particularly well or badly. There was a wide 
range of responses, but they fell into a few key categories, which are 
summarised below.

Universities teach the following topics well:
�	Basic theory and fundamentals
�	Unit processes
�	Mineral processing specialty topics, for example comminution, flotation, 

mineralogy
�	Modelling
�	Examples of world-class research
�	Nurturing young talent

Universities do not do so well at:
�	Keeping abreast of current technology, use of new tools and technologies
�	Teaching about environmental impacts and other sustainability issues
�	Arranging practical experience for students (this was not universal – 

one respondent from Chile stated that arranging practical experiences 
was done particularly well there)

�	While they do well in educating highly specialised minerals engineers 
for the large companies, but not so well for the SMEs, which needs 
engineers with a wider scope

Below are some specific suggestions and comments provided:
�	Do well in teaching theory, poor in practical classes. Curriculum is also 

old. Application training is also poor. New teaching techniques required. 
Updated industry news and practice’s to be taught. Technology use is 
curriculum to be increased.

�	Strong in general process engineering but poor knowledge of mineral 
processing (metallurgical) flowsheets/types of equipment/unit 
operations
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�	Integrated study of ALL facets of running a mining and minerals 
processing facility is not commonly taught.

�	We need Teachers with strong mineral engineering knowledge and 
practice

�	Bring in experts from different fields to deliver lectures.

University/Industry Partnerships

There is evidence of good industry engagement with academic institutions. 
Respondents were asked to indicate whether they or others from their 
organisation regularly engaged with education and training at Universities. 
Of the 45 who are not from academia or research institutions, 15 are 
personally involved in teaching or engaging with institutions, another 10 
are aware of industry engagement and only 13 (34%) are unaware of any 
industry engagement with Universities. This means that nearly two thirds 
of the survey’s non-academic respondents are engaged with education 
providers. Given the importance of academic -industry partnerships, this 
is an excellent result.

Ongoing Training and Professional Development

Graduates will never start work as fully formed Minerals Engineers 
no matter how good a job universities are doing. There will always be 
a need for ongoing professional development, but especially so in an 
environment where undergraduate degrees vary in content and quality, 
and a significant imbalance exists between graduate supply and demand. 
The survey included some questions about how companies addressed this 
important issue. 

The first question asked about the mechanisms by which organisations 
deliver minerals engineering professional development and training. 
Answers indicated that most organisations use a bit of everything. However, 
on the job training is by far the most prevalent, and next comes mentoring 
and coaching. Formal training courses are much less common, and where 
they exist they are frequently in-house (Figure 11).
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How Employers Deliver Post-Graduate Training:  
Filtered to remove Academics
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Figure 8: Delivery of Professional development

There are some quite sophisticated approaches. One respondent who 
works for a large multi-national mining company said:

We have developed mineral processing qualifications matrix. One 
dimension is position (Met I to Chief Met). Alternative paths are provided 
to learn and practice in each of these areas.

Barriers to professional development

Respondents were also asked what barriers they could identify to ongoing 
professional development. 40% said that there were no significant barriers 
to professional development in minerals engineering. Of those who did, 
17% cited time (the most significant single barrier) followed by the cost of 
training or professional development (14%) and lack of corporate support 
for training (14%). Only 11 respondents (13% of those who answered the 
question) cited lack of availability of suitable programs.
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Some individual comments included:
�	The largest barrier is getting past the important / not urgent mindset. 
�	Time shortage due to other activities (bureaucracy)  
�	We are a very small company
�	Conference attendance is currently on hold for budget reasons 
�	We have very low staffing levels and nobody allocated to look after 

graduate training in professional areas, although there are plenty of 
training courses on safety and management

�	Declining internal support for EIT (engineer in training) programs & 
training

How Much does it Matter?

It is always important to find out how much employers actually care about 
specific mineral processing competencies, so respondents were asked about 
the impact on their business of inadequate minerals engineering skills. 
Thankfully, good mineral processing skills and competency development 
is clearly important to most of the survey respondents (Figure 12). 

Figure 9: Responses to question about the importance of good 
skills – with Academics removed from the data set

What would be the impact on your business of inadequate 
minerals engineering skills?

No measurable impact Extremely serious negative impactSignificant negative impact
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Comments provided with the answer include:
�	The contribution of Metallurgy graduates to the Australian minerals 

industry is significant and essential to our future prosperity. 
�	Lack of true mining industry knowledge has a negative impact
�	Our customers expect proficiency in mineral processing
�	Without good education, we need to invest more time getting graduates 

up to speed 

The need for Mineral Processing Education Guidelines

This and other work by the IMPC Commission on Education clearly 
indicates that there is a continuing need for quality undergraduate 
education in mineral engineering. Mineral processing is a challenging field 
that is increasing in complexity and undergraduate needs to deliver the 
competencies required to support the evolving technology.

New models may be required for delivery of this education, and new kinds 
of learning outcomes that address broader topics including financial, 
environmental and elements of risk related to political and social issues. It 
is important for educators that they develop their programs to meet these 
new requirements. 

The IMPC is developing guidelines for mineral engineering education, due 
for publication in mid 2017, and based on information collected in the 
study reported and other reviews, including a panel discussion session 
held in 2016 at the XXXVIII IMPC Conference in Quebec City. 

The guidelines will be disseminated internationally to encourage adoption 
of best practice by educational institutions. This may involve engaging 
with accrediting bodies such as ABET, CEAB, the Washington Accord and 
professional societies such as SME, CIM and AusIMM.



A ROADMAP FOR MINERALS PROCESSING EDUCATION

41 Mineral Engineering Knowledge and  
Skills for Today’s Industry

Conclusions

IMPC is uniquely placed to be the international authority on Mineral 
Processing curriculum. 

The Education Commission is currently conducting several studies into 
the status of the education sector, and how well the programs available 
match industry needs. The survey and review presented here represent 
an important part of this body of work. The results will assist regulators, 
professional societies and other accrediting bodies by providing education 
guidelines based on current industry standards and needs. 

Guidelines based on this work will be useful for employers, for human 
resources professionals responsible for competency mapping and career 
development, and for individual professionals managing their individual 
career path.  

The Education Commission gratefully acknowledges the support of the 
data collection team and all those who provided data by submitting their 
curriculum detail or taking the survey.
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Appendix 1
Information about the survey respondents

Information about the survey respondents is summarised in Figure 1 and 
Table 2. 

Figure 1 a, b and c: Demographic information about survey  
respondents

(A)

(C)

(B)
LOCATION OF RESPONDENTS INDUSTRY SECTORS REPRESENTED
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Table 1: Summary of demographic information about survey 
respondents

QUESTION: What mining industry sector do you work in?

Answer Options Response 
Percent

Response 
Count

Large Mining Operations Company 21.7% 20

Medium or Small Mining Operations Company 5.4% 5

Engineering or Consulting Company 10.9% 10

Equipment Manufacturing or Sales Company 10.9% 10

Academic or Research Institution 43.5% 40

Other (please specify) 7.6% 7

Answered question   92

QUESTION: Where are you located?

North America 19.1% 17

South America 7.9% 7

Europe or UK 16.9% 15

Africa 5.6% 5

China 13.5% 12

India 15.7% 14

Other Asia 1.1% 1

Oceania (Australasia and Pacific Islands) 19.1% 17

Other (please specify) 1.1% 1

Answered question   89

QUESTION: Where is your minerals engineering capability located?

North America 14.6% 13

South America 5.6% 5

Europe or UK 15.7% 14

Africa 5.6% 5

China 13.5% 12

India 14.6% 13

Other Asia 2.2% 2

Oceania (Australasia and Pacific Islands) 20.2% 18

Other (please specify) 7.9% 7
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Answered question   89

QUESTION: How would you describe your own primary qualification?

Answer Options Response 
Percent

Response 
Count

Metallurgy Science or Engineering 18.7% 17

Mineral Processing Science or Engineering 49.5% 45

Chemical Engineering 7.7% 7

Materials Science 3.3% 3

Chemistry 4.4% 4

Other (please specify) 16.5% 15

Answered question   89

Other included: Policy-Business, mining engineering, geology, valuation of 
Mineral Properties, rock mechanics, mechanical engineering, mineralogy, 
recycling, analytical geochemistry, quality control

QUESTION: How often do you interact with graduate or early-career 
minerals engineers (less than 5 years experience), either as a supervisor or 
collaborator?

Daily 45.1% 41

Weekly 20.9% 19

Monthly 11.0% 10

Every 2 - 3 months 8.8% 8

Less often/Never 14.3% 13

Answered question   91
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Appendix 1
Information about the survey respondents

Information about the survey respondents is summarised in Figure 1 and 
Table 2. 

Figure 1 a, b and c: Demographic information about survey  
respondents

(A)

(C)

(B)
LOCATION OF RESPONDENTS INDUSTRY SECTORS REPRESENTED

RESPONDENT - PRIMARY QUALIFICATION

Oceania

Other

Other Metallurgy

Mineral Processing

Chemical Engineering

Materials Science

Chemistry

Other

India

China Africa

Europe or 
UK

South America

North America
Large 

Company

Academic 
or Research

Med/Small

Engineering

Equipment

Other Asia
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Table 1: Summary of demographic information about survey 
respondents

QUESTION: What mining industry sector do you work in?

Answer Options Response 
Percent

Response 
Count

Large Mining Operations Company 21.7% 20

Medium or Small Mining Operations Company 5.4% 5

Engineering or Consulting Company 10.9% 10

Equipment Manufacturing or Sales Company 10.9% 10

Academic or Research Institution 43.5% 40

Other (please specify) 7.6% 7

Answered question   92

QUESTION: Where are you located?

North America 19.1% 17

South America 7.9% 7

Europe or UK 16.9% 15

Africa 5.6% 5

China 13.5% 12

India 15.7% 14

Other Asia 1.1% 1

Oceania (Australasia and Pacific Islands) 19.1% 17

Other (please specify) 1.1% 1

Answered question   89

QUESTION: Where is your minerals engineering capability located?

North America 14.6% 13

South America 5.6% 5

Europe or UK 15.7% 14

Africa 5.6% 5

China 13.5% 12

India 14.6% 13

Other Asia 2.2% 2

Oceania (Australasia and Pacific Islands) 20.2% 18

Other (please specify) 7.9% 7
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Answered question   89

QUESTION: How would you describe your own primary qualification?

Answer Options Response 
Percent

Response 
Count

Metallurgy Science or Engineering 18.7% 17

Mineral Processing Science or Engineering 49.5% 45

Chemical Engineering 7.7% 7

Materials Science 3.3% 3

Chemistry 4.4% 4

Other (please specify) 16.5% 15

Answered question   89

Other included: Policy-Business, mining engineering, geology, valuation of 
Mineral Properties, rock mechanics, mechanical engineering, mineralogy, 
recycling, analytical geochemistry, quality control

QUESTION: How often do you interact with graduate or early-career 
minerals engineers (less than 5 years experience), either as a supervisor or 
collaborator?

Daily 45.1% 41

Weekly 20.9% 19

Monthly 11.0% 10

Every 2 - 3 months 8.8% 8

Less often/Never 14.3% 13

Answered question   91
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Summary 

The objective of the IMPC Education Commission is to establish a set of 
curriculum guidelines for minerals engineering education that meet current 
industry needs and can be implemented by education providers around 
the world. The current phase of IMPC Education Commission activity aims 
to provide sound directives for mineral processing education programs, 
especially the knowledge and competencies required by graduates and 
the resources and activities required for their development.

To meet the goal of establishing program guidelines, defined as a series of 
activities supported by a group of resources intended to achieve specific 
outcomes among particular target groups, the Education Commission 
adopted a logic model methodology. Over 100 professionals from various 
backgrounds, countries and experience took part in semi-structured 
interviews.

The analysis of the interview responses produced a preliminary definition 
of Mineral Processing and a logic model that included the activities and 
outputs for a mineral processing curriculum. 

The following are the highlights to be retained from this evaluative process:
�	A preliminary definition of Mineral Processing was developed: Mineral 

Processing is the discipline of liberation and concentration of 
desirable minerals to produce essential products in an economical, 
efficient and safe manner that is environmentally and socially 
responsible. 

Applying a Logic Model Framework to Mineral 
Processing Education

IMPC Education Commission Study Update

LOIS FINCH PHD
JAMES FINCH PHD

DIANA DRINKWATER 
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 This definition requires further refinement, input and discussion from a 
wider group of professionals.

�	The logic model provided the guidelines for the course content with 
some measure of granularity. This included core operation courses 
from comminution to dewatering, core supplementary material from 
materials handling to statistics and auxiliary courses such as ethics and 
health and safety.

�	The five major outputs, concepts students should have mastered by 
graduation, are: process, economic, environmental, social, and personal.

Introduction 

IMPC Education Commission work to date represents good progress 
towards the stated commission objective, but has yet to develop sound 
directives regarding:
�	the quality and currency of existing course content
�	the knowledge, skills and behaviors, particularly new knowledge and 

skills, that graduated mineral processors need to perform their duties
�	the learning resources and activities needed to develop the requisite 

skills and competencies

In order to address these aspects of curriculum design, the education 
commission has adopted a logic model methodology. Logic models (logic 
frameworks) not only help evaluate program performance but also help 
develop them. The application of evaluation methods systematically assesses 
and improves planning, implementation, and effectiveness of programs.

Project justification 

The IMPC is well placed to specify guidelines for mineral processing 
education at the international level. Some of the arguments to justify that 
statement are:
1. A move away in University education from specialised to more general 

undergraduate degrees in science and engineering means that fewer 
schools are teaching mineral processing and even fewer run programs 
with sufficient depth to constantly review and update content
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2. Funding pressure on universities delivering minerals education, resulting 
from the cyclic nature of commodity prices, is reducing the number of 
mineral processing professors in full time employment in universities

3. Many mining companies that once developed and shared technical 
literature are less able to do so; in addition, many companies have 
curtailed their mentoring of entry level engineers. 

The logic model for the content of Mineral Processing 
Education

The Education Commission adopted a program evaluation logic model 
as part of its endeavor to help define educational content for Mineral 
Processing. Logic models are used, for example, by government to 
monitor progress towards delivery of target outcomes of a program. 
The models provide a framework to monitor how the inputs (e.g., 
budgets, people) are transformed into the outcomes. They are generally 
developed by a group, aiming for consensus based on the contribution 
of all stakeholders. Educational programs provide excellent cases for the 
use of logic models. Applying this framework to Mineral Processing, with 
the ultimate outcome of identifying the content of a Mineral Processing 
education program, this report outlines the program content from the 
perspective of practitioners.  

The components of a generic logic model for a program evaluation seen 
in Figure 1 are:
�	Inputs: the program’s human, financial and material resources, and 

their organization 
�	Activities: the programs, services, products, transactions that transform 

the inputs into outputs 
�	Outputs: the direct products of the program, or the transformation of 

resources into something that is delivered to clients
�	Outcomes: in the short term, the results of the program and their 

effects on target groups, stakeholders and their environment, and in the 
medium to long term their impacts on the overall goals of the program. 

�	Impact: on the system as a whole. 
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ImpactOutcomesOutputsActivities
Resources 

/Inputs

Resources 
needed to 
operate

If there is 
access to 
resources, 

then they can 
be used to 
accomplish 
the planned 

activities

If the planned 
activities are 

accomplished, 
then they 

will hopefully 
deliver the 
intended 
program 

If the planned 
activities are 

accomplished 
to the extent 

intended, 
then the 

participants 
will benefit in 
certain ways

If these 
benefits to 
participants 

are achieved, 
then they 

will have an 
impact. 

Figure 1: An Example of a Generic Program Logic Model

Based on the generic framework in Figure 1, the components of the Mineral 
Processing Education Program logic model were determined to be:
�	Inputs: the program’s human, financial and material resources
�	Activities: the courses granularity, services, transactions that transform 

the inputs into outputs 
�	Outputs: the direct thematic content of the education program 
�	Outcomes: relate to how well a graduate meets employer and industry 

sector requirements, and 
�	Impact: relate to the impact of graduate capabilities on industry 
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Outcomes and Impacts are beyond the current scope of the education 
committee and require input form a group with a broader remit. These will 
be the focus of Phase 3 of the Education Commission work.

Method – the Education Commission Study

The program evaluation solicited the input from various stakeholders in 
mineral processing to assess if there were any gaps between what is taught 
and what the sector perceives is needed.

Semi-structured interviews were conducted as the first step in the 
formation of the program logic model. 

The key questions focused on:
1. What would be the definition of Mineral Processing? 
2. What does a mineral processor do? or, What sort of activities are in 

mineral processing?
3. How would you know if Mineral Processing achieved its goals/did what 

it was supposed to, met its objectives?

The evaluation was conducted via a semi-structured interview at three 
conferences: Flotation 15 in Cape Town, South Africa, Canadian Mineral 
Processors, Ottawa, Canada, and the Society of Mining Engineers, Phoenix, 
USA. Responses were also solicited from various stakeholders in Australia. 
The profile of the interviewees is presented in Table 1. 

Each individual was asked to comment on the three aforementioned 
questions. Once the interviews were completed, two experts independently 
identified common themes from the answers. A consensus was formed 
about the themes and a unifying preliminary definition of Mineral 
Processing resulted based on the analysis of these themes.
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Metall

Degree held by 
Participant

Mining

Chem Eng

Eng

Other

Profession of 
Participant

Academic

Supplier

Consultant

Service

Operations Other

Country working in

SA

Sam

Aus

Canada

Asia

WW

US Eur

Table 1: Profile of interviewees*

Country Number Males  Age  Experience

South Africa 24 17 52 26

Canada 26 22 48 20

USA 30 24 48 23

Australia 22 16 N/A 23

Total 102 63 50 23

Results

The 102 interviewees were from varied backgrounds, countries and 
professions with on average 23 years of experience in mineral processing. 
The majority were academics and consultants with metallurgical degrees. 
The cohort was 38 % female. 
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Preliminary Definition of the Mineral Processing 
Discipline

The definition of Mineral Processing was based on the first question, while 
the logic model was based on the feedback and information obtained 
through the interviews on the 2nd (activities) and 3rd questions (outcomes). 
The preliminary definition was presented to a set of senior professionals. 
Revisions were made until an agreed version emerged. 

Analysis of the interview data from the professionals, performed by the 2 
experts, yielded several common threads which created the preliminary 
definition shown below.

Definition: Draft 1 
Mineral Processing is the discipline of efficient and safe processing 
of valuable earth resources in an environmentally and socially 
responsible manner to produce useable products.

Following several sets of revisions by senior professionals, the draft mission 
statement was refined to the following:

Definition: Draft 2 
Mineral Processing is the discipline of economical, efficient and safe 
processing of valuable mineral resources in an environmentally and 
socially responsible manner to produce useable products.

Definition: Draft 3
Mineral Processing is the engineering discipline of liberation and 
concentration of desirable minerals to produce essential products in 
an economical, efficient and safe manner that is environmentally and 
socially responsible. 

The final draft version, still subject to further refinement is:
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Definition: Draft 4 
Mineral Processing is the discipline of liberation and concentration 
of desirable minerals to produce essential products in an economical, 
efficient and safe manner that is environmentally and socially 
responsible. 

Several key elements are within the definition: 
�	Mineral Processing is a discipline of expert professionals 
�	Mineral Processing is governed by economics 
�	Mineral Processing is done according to best safety practices
�	Mineral Processing is sustained by balancing social, environmental, and 

economic demands
�	Mineral Processing requires efficient use of resources 
�	Mineral Processing requires consistent communication among all 

stakeholders 
�	Mineral Processing is guided by best evidence 
�	Mineral Processing is improved through the development of a knowledge 

base along with research and the application and dissemination of new 
knowledge. 

The definition and the answers to the questions from the interviews were 
used to create the logic model. The specific comments from interviewees 
on activities and outcomes were integrated into the logic model.

The Logic Model for Mineral Processing Education

Analysis of the 102 survey responses has provided Inputs, Activities and 
Outputs for the Mineral Processing Education Program logic model, and 
are represented in Tables 2, 3, 4 and 5.

The last two model segments, Outcomes and Impacts, relate to how well a 
graduate meets employer and industry sector requirements, and requires 
input from a group with a broader remit. 
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The Logic Model Inputs

Table 3 lists the program’s human, material and financial resources. The 
organization of the inputs will differ from institution to institution. This list 
is a guide and should not be taken as complete.

ImpactOutcomesOutputsActivitiesInputs

Table 2: The logic model

�	See Table 3:

�	Institutional 

Support

�	Program 

Support

�	Personnel

�	Material

�	Finance

�	Space

�	See Table 4:

�	Program 

content

�	Core 

Courses

�	Operational

�	Supplem-

entary

�	Auxillary 

Courses

�	Will be 

developed 

in Phase 3

�	Will be 

developed 

in Phase 3

�	See Table 5 :

�	Process

�	Economic

�	Environm-

ental

�	Social

�	Personal
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Table 3: The Education Logic Model Inputs

INPUTS

Institutional 
Support

Personnel Material 
Resources

Finances Space

Administrators
Librarian Other 
teaching staff 
Health Safety
Guidance 
councilor

Journals 
and books
MOOC and 
other online 
resources
Software
Audio visual 
equipment

Budget
Donations
In-kind 
support

Admin.
Library
Student 
building
Lecture 
halls

Program 
Support

Personnel Material 
Resources

Finances Space

Chairman of 
program
Teaching staff
Support staff 
(Secretarial, 
Technical, 
Research)
Adjunct 
teaching staff, 
practitioners 
Research staff 
Student 
mentors

Internet 
access 
Computers
Written 
course 
material 

Budget 
Research 
grants
Contracts

Classroom
Labs
Workshop
Supply 
shops
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Logic Model Activities

Table 4 includes the activities or the content of a mineral processor’s 
education at the course level. The content of the courses is from many 
perspectives. Some themes are general and cross all aspects of the 
education field, such as mineral processing should use best practices, be 
based on evidence, mineral processors should be lifelong learners and 
be prepared to learn on the job. The personal characteristics of a mineral 
processor include patience, and good people skills. The latter are not 
usually taught at university but are acquired skills.

The activities are divided into core courses (unit operations, supplementary 
material and auxiliary courses). The table of course contents is organized 
such that the first column provides the major topic and the subsequent 
columns the granularity. For example:

The first column of unit operations comprises 4 blocks from comminution 
to dewatering with some granularity in the second column. In supplemental 
material 10 blocks are identified, including auxiliary courses. Note, the raw 
data had more granularity, but for brevity only a summary is provided.

Table 4: The Education Logic Model Activities

Core Courses: Unit Operations

Comminution Breakage principles, Crushing, Grinding, Particle 
size analysis, Liberation analysis

Particle size 
separation

Screening, Classification

Mineral recovery 
and separation

Ore Sorting, Density-based separation, 
Flotation

Magnetic, Electrical, Others 

Chemical processes

Dewatering Sedimentation, Filtration, Thermal
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Core Courses: Supplementary Material 

Materials handling Transport: conveying, pumping, pipelines; 
Concentrates: shipment, storage; Tailings: 
storage + treatment

Applied mineralogy Instruments and methods; Data presentation 
and interpretation

Ore and mineral properties 

Geometallurgy

Process control Instrumentation; Regulatory control to 
optimization 

KPI, Targets, Quality 

Automation

Statistics Sources of measurement error; Plant sampling & 
surveying: theory, methods, devices, Modeling

Material balancing Methods: data reconciliation; Metallurgical 
accounting, Plant auditing

Testing Laboratory: methods + instruments, Plant: 
methods, performance measures, Experimental 
design, Model building

Measurements Ore and process parameters; Product 
specifications, value; Observations, Data 
collection & mining: interpretation & utilization

Process design Process and equipment selection, Plant: layout, 
costing, scheduling; Reporting Case studies

Environment Regulations: local & national, Energy: 
minimizing, novel sources; Water: conservation, 
monitoring & control, treatment, recycling 
Ecological engineering & recycling

Auxiliary Courses Health & safety, Personal development, 
Research management, Economics, Consulting, 
Engineering ethics
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Table 5: The Education Logic Model Outputs

OUTPUTS

Process Economics Environmental Social Personal

Mineralogy & 
mineral properties
Materials handling
Unit operations
Equipment 
selection & sizing
Plant & circuit 
design
Sampling & statistics
Material (mass) 
balancing
Experimental design
Ore testing & 
geometallurgy
Measurements, 
assaying & 
instrumentation
Control & 
automation
Plant & laboratory 
testing techniques
Performance 
measurement & 
auditing
Project management
Research methods
Communication & 
informatics
Marketing
Mining basics
Extractive metallurgy 
basics

Metallurgical 
accounting
Mineral 
economics
Taxation & 
royalties 
Financial 
markets
Budgeting & 
forecasting

Local & 
international 
standards & 
requirements
Measurements 
& techniques
Control & 
mitigation 
technologies
Recycle 
technologies

Indigenous 
and marginal 
group rights
Impacts of 
mining 
Impact 
benefit 
agreements
Legal and 
licensing 
requirements
Engineering 
ethics

Engineering 
ethics
Leadership
Mentoring &
personnel 
management
Exposure to 
industry
Entrepreneurship
Career path 
options
Networking
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Logic Model Outputs

Table 5 presents the 5 major outputs expected from a mineral processor’s 
education from the process itself to personal growth and links back to 
the definition of a mineral processor. These outputs were collated from 
the interviewers and grouped into the 5 major themes by two experts in 
the field. The outputs define the specific deliverables resulting from the 
activities. That is a graduated mineral processor should have mastered 
the material listed under the first 4 of the 5 themes. The personal growth 
theme includes material taught (e.g. engineering ethic) as well as elements 
of life-long learning.

Conclusions

The significant findings were:
�	A preliminary definition of Mineral Processing was developed. The 

definition requires further refinement, input and discussion from a 
wider group of professionals.

�	The logic model provided the guidelines for Mineral Processing 
Education course content with some measure of granularity and 

�	Helped identify 5 major outputs of a mineral processing education

Outcomes and Impacts of Mineral Processing Education have yet to be 
addressed, and completion of the logic model requires consultation with 
a broader group of stakeholders including mineral processing operators, 
supply companies and customers. This work will be the focus of Phase 3 of 
the IMPC Education Commission activities. 

The logic model methodology provides a valuable addition to the work 
of the Education Commission, aiming to provide a robust, practical and 
relevant set of guidelines for mineral processing that will help the IMPC 
deliver a consistent message to its stakeholders about the needs of the 
mineral processing profession in the future. 
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Introduction

The IMPC Commission on Education was established in 2008 to address 
concerns about the worldwide supply and demand of mineral processing 
talent, and the degree to which minerals engineers possess the skills 
needed to make the best use of available tools and technology. The 
Commission has already published a comprehensive study of graduate 
supply and demand (Cilliers 2013), and the current focus is on the content 
and quality of undergraduate Minerals Engineering programs. 

Anecdotal data collected during the supply/demand study in 2011 
suggested that there is a mismatch between what is being taught in 
some minerals engineering schools and current industry needs. Today’s 
undergraduate students will enter a very different industry from the one 
for which much of the mineral processing curriculum was developed. 
Education providers need to understand technological trends and 
changing practices across different commodity sectors and geographical 
regions if they are to build the appropriate workforce capacity for today’s 
minerals industry. 

The industry of the 21st century is global, not regional; it is driven by cost, 
not value and the license to operate is of critical importance to all. There 
is a strong focus on risk, technical expertise is often off-site, and reliable 
process diagnostics are often scant despite vast amounts of data being 
generated by modern processing plants and operations. 

Global Mineral Engineering Curriculum Review 

DIANA DRINKWATER
Chair, IMPC Education Commission 
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The Commission on Education approached a broad cross-section of 
Mineral Engineering academics to find out what is currently taught. This is 
the first time that a set of international data has been collected in this way. 
It provides an important backdrop to the ongoing work of the Commission 
as they work to develop international guidelines for educators. 

Summary of Findings

Not surprisingly, curriculum varies from place to place. Mineral processing 
undergraduate programs vary in length from 3–6 years, and content also 
varies significantly. Programs range from those with a heavy focus on 
mineral processing topics to materials or chemical/process engineering 
programs which are more generic. 

There are regions of the world (Australia, South Africa) where it is 
common for chemical engineers with no mineral processing education 
to be employed as mineral processing engineers. Specialist expertise is 
developed on the job or via professional development programs. Even in 
undergraduate programs where minerals engineering is a strong focus, 
there is considerable variety in duration, content and depth. 

This means that the ongoing professional development needs for graduates 
will not be the same in all regions.

The data collected in this study do not indicate any consistent employer 
preference for one kind of program over another. Ongoing IMPC work 
may be able to investigate this issue in more detail. In the meantime, some 
employers report that they exploit this by hiring from a range of different 
types of program.

Methodology

The Commission on Education has access to an international network of 
academics able to provide information about a broad cross-section of 
programs from around the world, including the kinds of programs being 
delivered, course content and stated learning outcomes. Although this is 
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not sufficient for a rigorous study of global curriculum, it provides valuable 
insights into the current state of minerals processing tertiary education. 

The commission collected 21 different examples of curriculum 
from 13 countries, representing all global mining regions. Con-
tributors are listed in Table 1 below.

Table 1: Contributors to 2014 IMPC Curriculum Review 

Professor Jan Rosenkranz Professor and Chair of Mineral 
Processing, Luleå University of 
Technology

Sweden

Professor Güven Önal President, Turkish Mining 
Development  Foundation;   
lecturer in Mineral Processing 
Engineering Department of Mining 
Faculty of Istanbul Technical 
University

Turkey

Professor John Herbst Robert E. Murray Chair of West 
Virginia University’s Department of 
Mining Engineering.

USA

Professor James Finch Gerald Hatch Chair in Mining and 
Metallurgical Engineering, McGill 
University

Canada

Professor Juan Yianatos B. Universidad Técnica Federico Santa 
María

Chile

Professor S. Subramanian Professor, Indian Institute of 
Science

India

Professor Aleks Nikoloski Chair, Extractive Metallurgy and 
Mineral Science at Murdoch 
University

Australia

Professor Chris Aldrich Professor Mineral processing at 
Curtin University

Australia
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Professor Robin 
Batterham

President at Academy 
Technological Sciences and 
Engineering, University of 
Melbourne Ausralia

Australia

Professor Han Long Vice-President at BGRIMM China

Professor David Deglon Anglo American Platinum 
Professor of Minerals Processing at 
University of Cape Town

South 
Africa

Dr Kate Tungpalan Assistant professor, College of 
Engineering, University of the 
Philippines

Philippines

Dr Sam Palyaniandy Process Manager at Nippon Eirich, 
Australia

Malaysia

Dr Philip Thwaites Manager, Process Control at 
Glencore XPS

Canada

Professor Turgut Yalcin Bharti School of Engineering, 
Laurentian University

Canada

Professor Jocelyn 
Bouchard

Assistant Professor, Département 
de génie des mines, métallurgie & 
matériaux; Faculté des sciences et 
de génie

Canada

Dr Bianca Foggiato Ausenco Engineers, Brisbane 
Australia

Brazil

Each example of program curriculum provided by team members included 
information about the program name, description and duration; the total 
number of credits required, and a list of core and elective subjects or courses. 

Contributors were also invited to comment on the management of 
course content, accreditation standards, whether or not they had steering 
committees and industry advisory boards and stated graduate outcomes. 
Other information provided included information about practical industry 
experience and research projects. 

The Commission intends to build on this data and conduct regular reviews 
and updates. 
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Results

IMPC’s Education Commission has assembled a comprehensive cross-
section of undergraduate Minerals Engineering programs from around the 
world. Key features are summarised in Table 3.

Table 2: Twenty-One Examples of Undergraduate Curriculum from 
around the world

Country University Program Name Years Credits

Sweden Lulea Technical 
University

Sustainable Process 
Engineering

5 300

Turkey Istanbul Technical 
university

Mineral Processing 
Engineering

4 152

USA Virginia Tech (specialty 
within Mining Eng)

Batchelor of Science in 
Mining Engineering

4 128

USA University of Utah Metallurgical 
Engineering

4 129

Canada McGill University Mining and Materials 
Engineering

3 148

Chile Universidad de 
Concepción

Metallurgical Engineer 5.5 207

Chile Santa Maria University Ingeniería Civil 
Metalúrgica

6 198

Chile Universidad de Chile Bachelor of Mining 
Engineering with 
minor in Extractive 
Metallurgy

 6  198

India Vijayanagara Sri 
Krishnadevaraya 
University

M.Tech (Mineral 
Processing)

3 125
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Country University Program Name Years Credits

Australia The University of 
Queensland

Bachelor of Chemical 
Engineering 
(Metallurgy)

4 64

Australia Murdoch University Bachelor of 
Engineering *

4 96

Australia West Australian 
School of Mines 
WASM

Bachelor of 
Engineering 

(Bachelor of Extractive 
Metallurgy)

4

(3)

600

(450)

Australia University of 
Melbourne*

MSc Chemical Systems 5 600

China North Eastern 
University

Mineral Processing 
Engineering

4 174

South 
Africa

University of Cape 
Town

Bachelor of Chemical 
Engineering

4 582

The 
Philippines

University of the 
Philippines 

Batchelor of Science in 
Mining Engineering

5 203

Malaysia Universiti Sains 
Malaysia

Bachelor of 
Engineering (Hons)- 
Mineral Resources

4 135

Canada University of British 
Columbia

 Bachelor of Applied 
Science

 4  150

Canada Laurentian University, 
Canada

Extractive Metallurgy 
and Mineral 
Processing (Chem Eng)

 4  150

Canada Laval University, 
Canada

Baccalauréat 
coopératif en génie 
des mines et de la 
minéralurgie

 4 120 

Brazil Universidade de São 
Paulo (USP)

Bachelor of Mines 
Engineering

5 282
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These programs vary considerably. They have different lengths, different 
content and different levels of technical detail. Some focus on specific 
commodities of importance in the region, such as coal processing in 
Turkey and India, and copper extraction in South American programs. 
Some are just chemical or process engineering degrees with a little 
Mineral processing added in, while others are very specific in their mineral 
engineering focus. 

Years of study

Program duration ranges from 3 years to 6 years, and although there are 
regional trends, there are exceptions. 

Four-year programs are common in Australia, China, South Africa and 
North America and these are generally engineering degrees. 

The three-year programs common in India tend to be applied science 
degrees rather than engineering. There are examples of these kinds of 
programs in other parts of the world including Australia and Canada (see 
table 1). 

Engineering programs in Chile and other parts of South America tend to 
be the longest, with up to 6 years of study. Long degree programs are also 
common in Europe, but theirs is a quite different model, combining a 3 
or 4-year generalist engineering degree with a postgraduate qualification 
specifically focussed on Mineral Processing topics. An example of this, the 
“Bologna” model, was discussed in the 2012 IMPC Education Symposium 
(Batterham 2012). 
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Diversity of Content

Although undergraduate programs vary considerably in content, they can 
be grouped into a few main categories. 

This variation was explored by taking the curriculum data supplied for each 
institution and grouping the core and elective subjects into the following 
five categories: 
1. Basic science or maths topic
2. Chemical or process engineering topic 
3. Mineral processing or metallurgy topic (including pyro- and hydro-

metallurgy, and also including mineral economics and minerals industry 
experience)

4. Basic engineering including professional skills (report writing, seminars) 
and research project/thesis

5. Broader electives

This allowed calculation of the total credits in each category. As an example, 
data from five of the Universities is presented in detail in Table 4, showing 
the variation between programs. 
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The classic mineral processing and metallurgy curricula with core mineral 
processing or metallurgy making up around 50% of content is seen in 
Universities in India, Canada, China and South America. These programs 
also tend to be strong in other mining-related content. Students in these 
programs often share classes with other students preparing for careers in 
the minerals industry, like geologists and mining engineers. 

A second group could be described as chemical or process engineering 
programs, designed to equip graduates to work with a range of industrial 
technologies. These programs have little or no focus on broader aspects 
of the mining industry, but are often popular with employers because they 
build a solid foundation in general engineering and process technology. 
Universities reviewed from South Africa, Europe and Australia tended to 
have a strong focus on process engineering, with up to 25% of program 
content falling into this category, compared to 12 – 15% in other programs. 
These tend to be quite weak in core mineral processing content. 

There is anecdotal evidence (Drinkwater 2011) to suggest that in some of 
these countries it is common to employ Chemical Engineers graduating 
with little or no mineral processing content in undergraduate degrees 
to work in mineral processing plants. However, these countries also 
have programs strong in mineral processing and materials engineering, 
and it is not uncommon for employers in these regions to deliberately 
employ a recruitment strategy drawing from a mix of feeder courses, 
taking advantage of the situation to achieve a broad skill-set within their 
professional teams.

A third group of programs has a strong focus on materials engineering, 
and many are derivatives of the traditional “physical metallurgy” programs. 
Some of these programs are strongly focussed on the mining industry; 
others focus more on manufacturing. Examples of universities whose 
programs have a strong materials engineering focus include Finland and 
the USA, though there are many others. 
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Accreditation

Most programs combine several levels of accreditation, and it is important 
to understand the way this is done. In many instances accreditation is 
driven by engineering competency standards. There is much less focus on 
mineral processing competency. 

Engineering accreditation is globally managed and subject to review by 
international bodies and boards, including the Accreditation Board for 
Engineering and Technology (ABET) in the USA, the Canadian Engineering 
Accreditation Board (CEAB), Engineers Australia (EA), the Institution of 
Chemical Engineers (IChemE), and international standards such as the 
Washington Accord (McCaffery et al 2015).  

Accreditation of the mineral processing course content is largely a 
regional matter, and mostly overseen by the regionally based Professional 
Institutions such as the Society of Mining Engineers (SME), Canadian 
Institute of Metallurgists (CIM), IOM3, The Australian Institute of Mining 
and Metallurgy (AusIMM), South African Institute of Mining nd Metallurgy 
(SAIMM), The Nonferrous Metals Society of China TNMSC, and others. In 
many cases this is advisory only as these organisations do not have the 
same resources as engineering boards.

Table 4: Some examples of program accreditation processes

India The curriculum is set by the Board of Studies of 
the respective University/autonomous institutes. 
Suggestions from industries are taken into consideration 
while drafting the syllabus. 

There are two independent government bodies for 
accreditation [1] National Board of Accreditation set up 
initially by All India Council for Technical Education. [2] 
National Accreditation and Assessment Council set up 
by University Grants Commission
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Turkey Main accreditation body in Turkey is the Council of 
Higher Education (YÖK). 

Accrediation of engineering programs:

�		(MÜDEK) Association for Evaluation and 
Accreditation of Engineering Programs 

�		(ABET) Accreditation Board for Engineering and 
Technology (ABET is a recognized accreditor in 
the United States (U.S.) by the Council for Higher 
Education Accreditation.

Canada Universities set their own program but for the program 
to be accredited it must be approved by the CEAB. 

USA Joint accreditation by ABET with input from the SME

Australia Engineering programs accredited by EA and need to 
meet AusIMM course “recognition” requirements 

China China – centrally managed by China Ministry of 
Education

UK Accreditation by the Engineering Council UK with input 
from IOM3 (Institute of Materials, Minerals and Mining).

Philippines and 
other ASEAN 
countries

Programs are compliant with the Washington Accord

Conclusions

This review represents an important part of the work being done by the 
IMPC Commission on Education to establish how well available education 
programs match industry needs. 

There is a lot of variety in duration, content and focus of minerals 
engineering undergraduate programs. This means that the ongoing 
professional development needs will not be the same for all graduates.
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Employers sometimes take advantage of this and pick and choose a range 
of graduates. 

Accreditation is mostly driven by engineering competency standards rather 
than mineral processing competency. There is an opportunity for the IMPC 
to engage with some of these accrediting bodies and provide ongoing 
accreditation guidelines for mineral engineering education and training 
that can be used as an international standard for steering committees, 
industry advisory panels and employers.
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This paper documents the current situation of Mineral Processing 
Education in China with an emphasis on Postgraduate Education.

Status and Prospects of Mineral Processing 
Postgraduate Education in China

PROFESSOR HU YUEHUA
VICE PRESIDENT OF CENTRAL SOUTH UNIVERSITY (CSU), CHINA 

Fig. 1: The percentage of all 18-21 year olds in China who enroll as 
undergraduate students 

Overview

Rapid economic growth is driving a rapid increase in student numbers 
in Higher Education Institutions (HEI) China, as shown (Figures 1 and 2). 
Currently 40% of all Chinese 18 – 21 year olds enroll for University education. 
This translates to over 4 million students enrolling in undergraduate 
degrees, 600 thousand master’s degree enrollments and approximately 
20,000 PhD students.
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History

Mineral processing education in China began with Peiyang University, 
which started to offer Mineral processing education in the 1920s. Shenyang 
Institute of Technology (now called Northeastern University) introduced a 
program some years later, and has been offering undergraduate education 
in the field since 1949.

Central South Institute of Mining and Metallurgy (Central South University 
has been offering undergraduate education since 1952, masters level 
education since 1956 and PhD education since 1984.

The status of mineral processing in the national  
economy

The demand of metal and mineral resource is increasing year by year, with 
the rapid economic development, and mineral processing is essential to 
support last year more than 40 M tonnes of non-ferrous metals and more 
than 8000 M tonnes iron and steel. 

Fig. 2: The annual number of students recruited in postgraduate 
education
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The University sector is expanding rapidly in response. In 1990 only 23 
universities had minerals education, but now there are many more. The 
number of universities teaching minerals processing are shown below.

Numbers of Chinese Minerals Processing University Programs

39 Undergraduate 
degree programs 

28 Master’s degree 
programs 

14 Doctoral programs 

Central South University student numbers are about 140 per year 
undergraduates and about 50 per year of master’s degree students.

Postgraduate Education of Mineral Processing 

In China, Mineral Process education falls under the category of 
“Engineering”, which also includes “Mining” and “Safety Technology”:
�	Philosophy
�	Economics
�	Law
�	Education
�	History

Fig. 3: Metal production growth in China 1990 to present
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�	Engineering
�	Agriculture
�	Science
�	Medicine
�	Management
�	Art

The Mineral Processing discipline is divided into the following five areas, 
according to the kind of minerals being recovered. This is not necessarily 
the same as the way it is done in other countries.

Classification of Chinese Mineral Processing programs:
1. Non-ferrous Ore Processing
2. Coal Dressing
3. Ferrous Metallurgy
4. Mineral material
5. Secondary Resources, Recycling and Cleaner Production

Content of Chinese Mineral Processing Programs

Undergraduate programs

Students generally study for 4 years, with the first 2 years covering basic 
courses and the third and fourth years more specialised courses.

Table 1: Elementary course of undergraduate student of mineral 
processing (first 2 years of study)

English Experimental Chemistry—Basis of Inorganic 
and Structural Chemistry

Engineering Drawing Experimental Chemistry— Base And Synthesis 
of Organic Chemistry

Engineering Mechanics Experimental Academic Chemistry—Synthesis 
of Inorganic Compound

Mathematics Physical Chemical Experiment



A ROADMAP FOR MINERALS PROCESSING EDUCATION

81 Status and Prospects of Mineral Processing 
Postgraduate Education in China

Physics Manufacture engineering training

Physical Chemistry The Fundamental of Computer Programming 
C++）

Electrical Engineering Experiments in Electrics and Electronics

Linear Algebra Practice in Electrics and Electronics

Fundamentals of mechanical 
design Basic

Analytical Chemistry Experiment

Principles of chemical 
engineering

College physics experiment

 
Table 2: Major course of undergraduate student of mineral process-
ing (third and fourth years of study)

Accessory Equipments 
on Dressing Plant

Experiments on Minerals 
Processing

Process Monitoring 
and Control in Minerals 
Processing

Project construction and 
Production management

Cognition Practice Application of Computer 
in Minerals Processing

Comminution 
Engineering

Production Practice Project construction and 
Production management

Physical Separation Graduation Practice Introduction to mineral 
processing

Flotation Graduation Thesis 
(Design)

Reagents in Minerals 
Processing

Research Methodology 
on Minerals Processing

Technological Economy 
in Minerals Processing

Minerals Processing 
(Bilingual Teaching)

Comminution 
Engineering

Environment Engineering 
in Mining Industry

Chemical Separation in 
Mineral Processing

Engineering Design on 
Minerals Processing

Cleaner Production and 
Circular Economy

Process and Equipments 
of Renewable Resources
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Postgraduate programs

Postgraduate programs generally have the following fundamentals courses 
of study, which include non-technical studies such as English and as well 
as technical courses:
�	English
�	Numerical Analysis
�	Statistics
�	Chemistry
�	Fluid Mechanics

The specialist course in postgraduate programs depend on the commodity 
being studied. Examples of subjects studied in postgraduate programs are 
shown in Table 3. 

Table 3: Postgraduate programs: example of major specialist  
courses in Postgraduate Mineral Processing Programs in China

China Southern University 
(CSU)

course of non-ferrous ore 
processing

Flotation solution chemistry

Flotation reagent molecular design

Theoretical electrochemistry

Measuring and testing technique of  
Mineral Processing

Mining economics

Mineral crystallochemistry

Interaction between particles and fine  
particle flotation

Major courses in Coal 
Dressing

Technology of producing cleaned coal

Theory of two-phase flow

Process simulation and optimization

Powder engineering

Colloid and interface chemistry

Mining engineering numerical calculation
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Major courses in Ferrous 
Metallurgy

Metallurgical kinetics

Metallurgical thermodynamics

Metallurgical reaction engineering

Metallurgical melt

Direct reduction and smelting reduction

Iron and steel metallurgy process  
mineralography

New technology of iron ore

comprehensive development

Resources and 
Environmental Science

Inorganic materials structure-activity theory

Solid material chemistry

Material modification

Structural chemistry

Structural chemistry of porous materials

Materials synthesis and preparation

Ceramic matrix composite

Secondary Resources 
Recycling and Cleaner 
Production: Environmental 
Science

Environmental impact assessment

Industrial water treatment 

Renewable resources sorting and utilization

Solid waste pollution control and resource  
recovery

Separation science and engineering

Physical separation
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Central Southern University

Post graduate study programs combine theoretical knowledge with 
practical work in laboratory, pilot plant and industrial situations. It is not 
uncommon for students to spend 3 – 6 months or longer in industry 
dealing with real industrial problems. 

Postgraduate students develop much more than just technical skills. They 
often take advantage of additional learning opportunities and spend 
longer than the minimum time; with masters students taking up to 3 years 
and PhD students taking up to 4 to complete their degrees. They are 
closely associated with research institutes and other high level researchers, 
and international seminars and conferences are held regularly.

In 2016 there were about 500 master and 100 PhD graduates. The Choices 
of these graduates after graduation were:
�	Further education both in China and Overseas (~20%)
�	Universities and Colleges, Research and Engineering institutes (~40%)
�	Related industry, i.e. Ming and Processing plant operations, equipment/

manufactures (~20%)
�	Others (~20%)
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(Industrial practices)
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Fig. 4: Broad postgraduate educational outcomes 
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Fig. 5: The postgraduate learning environment 

Industry Research 
institure

Postgraduate 
Education

College

Solving problem 
for production

Chinese Postgraduate Education in the Future

The mineral processing education suffers many challenges in China:
1. The increasing pressure of obtaining employment after graduation due 

to the influence of the current economic downturn
2. The less attractiveness of mineral processing as a profession to 

graduates
3. The imbalances of skill training between different colleges.

Interdisciplinary developments offer new opportunities for growth 
in developing mineral processing in China. The graduates with wider 
knowledge and more skills could obtain more opportunities in the future.
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Summary

Postgraduate education in China been developing and improving 
rapidly for nearly a decade. Mineral processing has made a significant 
contribution to the economic development of China; The postgraduate 
education pays close attention to solving practical problems of industrial 
production in China. With the transformation of economic structure, the 
mineral processing education in China also faces many challenges. There 
are also opportunities, and interdisciplinary development provides a new 
opportunity for growth in developing mineral processing in China.

Figure 6: Mineral Processing as a multi-disciplinary area

Mineral  
Processing

Physics

Material Science 
and Engineering

Mineralogy
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Enviromental 
Science

Chemistry & 
Bioengineering
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Abstract

Mining and mineral processing is a significant field of research in Poland, 
mainly due to the presence of huge deposits of various raw materials 
located in the country. Several Polish universities offer studies in the field 
of mineral processing. AGH University of Science and Technology, located 
in Cracow is a major Polish university offering MSc programmes in mineral 
processing. There are also several other universities, where students can 
gain knowledge in the field of mineral processing. Teaching programmes 
cover all of the main aspects of mineral processing, in cooperation with 
copper, zinc and lead, coal and industrial mineral industries. This article 
describes the mineral processing curriculum in Poland, in addition to 
issues related to scientific staff. The career development for graduates is 
also discussed, in terms of potential opportunities and problems. 

Introduction

Several universities in Poland offer higher education in the field of mining 
and mineral processing. Graduates of two universities can gain diplomas 
as mineral processing engineers, and curricula in these universities offer 
comprehensive education in the field of raw materials processing and 
beneficiation technology, including waste management issues, as well 
as economic aspects. One of these universities is Silesian University 
of Technology, located in Gliwice, but the primary mineral processing 
university is AGH University of Science and Technology (AGH UST) in 

DANIEL SARAMAK, PhD, D.Sc.,  
Associate Professor, AGH University of Science and Technology, 

Faculty of Mining and Geoengineering
Department of Environmental Engineering and Mineral Processing

Mickiewicza 30 Av., 30-059 Krakow, Poland 
dsaramak@agh.edu.pl 

Educational Programmes connected with  
mineral processing in Poland
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Cracow. This university has over a hundred years of teaching experience 
in the field of mining and mineral processing. Graduates from AGH UST 
in the field of mineral processing are aware of the supply and availability 
challenges regarding a wide range of raw materials (coal, metallic and 
non-ferrous metals ores, aggregates, chemical minerals etc.) and derived 
products, understand the societal function of raw materials and the need 
for a value chain approach to ensure the sustainable industrial utilization of 
resources. Mineral processing engineers during their studies also have the 
chance to acquire entrepreneurial and innovation skills, useful in expanding 
the existing markets and in creating new ones. Educational activities 
are therefore closely related to societal needs in general and industrial 
needs in particular. In general, the graduate gains complete training in 
the problems associated with physical, physicochemical and chemical 
separation of the individual components of the raw materials of fossil or 
mineral waste in order to obtain the concentrates for further processing 
technologies. Techniques and technologies of beneficiation are among 
the subjects studied.. Silesian University of Technology offers a course in 
Mineral Processing and Management.

It is worth noticing that AGH UST is the only Polish University that also 
offers Master studies in the field of Mining Engineering in the English 
language. This makes the AGH UST the only Polish University in the field 
of mining and mineral processing that is prepared for the education of 
foreign students in its MSc courses. It also opens up opportunities for Polish 
graduates in terms of their international internships and future mobility. 
The graduates gain knowledge in the field of mining, including various 
methods of raw materials extraction, together with processing technology 
and waste treatment.

Several other universities offer curricula in the Polish language in the field 
of mining in which selected aspects of mineral processing are delivered. 
These graduates are not fully mineral processing engineers, but rather 
mining engineersthat are taughtsome aspects related to mineral 
processing. The following universities should be mentioned in this 
category: AGH University of Science and Technology, Gdańsk University 
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of Technology, Łódź University of Technology, Silesian University of 
Technology and Wroclaw University of Technology. AGH UST offers two 
courses with elements of mineral processing: One is run by the Faculty of 
Mining and Geoengineering, and the other can be found in the Faculty of 
Mechanical Engineering & Robotics, where mineral processing is taught 
from the perspective of mining and mineral processing machinery and 
equipment.

Most of the scientific staff related to mineral processing are located in 
AGH UST. Twelve professors work in the Department of Environmental 
Engineering and Mineral Processing at AGH UST, while the other universities 
employ 1-2 professors of mineral processing each. However if we expand 
the research field to include mining, the number of professors is higher: 
AGH employs around 40 professors, while in each of the other Universities 
there are between ten and fifteen to twenty professors. In total, scientific 
staff in higher education in this field approaches 150-200 people. About 
80% of researchers and educators in the field of mineral processing are 
located in Cracow area.

The second activity in the field of mineral processing in Poland is 
related to research institutes. Scientific workers at these institutes, 
especially professors, supplement educational activities at universities 
with the scientific development of junior researchers (as reviewers, 
tutors etc.). The institutes also collaborate with universities within the 
scope of professional practices, scholarships and industrial trainings. 
The following institutes should be listed: Central Mining Institute 
(GIG) located in Katowice, Mineral and Energy Economy and Research 
Institute of Polish Academy of Science (Krakow), Institute of Mechanised 
Construction and Rock Mining (Warsaw), Institute of Non Ferrous Metals 
(Gliwice), CUPRUM (Wrocław), The Institute of Ceramics and Building 
Materials (Opole, Warsaw, Krakow), Institute of Chemical Processing of 
Coal (Zabrze), KOMAG, and many minor institutes engaged in research in 
the aggregates sector and so on. It is hard to estimate the exact number 
of scientists engaged in all mining and mineral processing institutes, but 
we might say at least 200 people.
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Figure 1: Mineral processing institution in Poland

The third vertex in the triangle of Education-Research-Business constitutes 
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processing (near Cracow), aggregates sector, represented by many SME 
and large plants and some other minor types of raw materials. A major 
role is played by KGHM, one of the world leaders in copper and silver 
production. It processes 30 million tonnes of ore annually. A summary of 
this information is presented in Figure 1.

Curricula

Educational programmes related to mineral processing in Poland can be 
divided into two main groups. The first group includes curricula strictly 
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category (Mining Curriculum) covers programmes in the field of mining, 
geoengineering and environmental engineering, which includes selected 
issues related to mineral processing.

The graduates of the mineral processing curriculum in Poland has a deep 
knowledge of techniques and technologies of various beneficiation methods 
(gravitational, flotation, magnetic, electrostatic, chemical). The graduate is 
educated in the field of preparatory operations as well as supplementary 
ones, applied to processing technology, in particular comminution and 
classification processes, dewatering operations, various methods utilizing 
gravity, centrifugal, vacuum and pressure forces. Environmental protection 
issues and problems related to water management and waste utilization in 
accordance with the principle of sustainable raw materials management and 
utilization are of key significance during the studies. The graduate is also well 
prepared for material sampling, in addition to qualitative and quantitative 
analysis. Other aspects include the operation of processing machinery and 
equipment, organization, management and economics, process automation, 
control and optimization, together with practical knowledge of raw materials 
deposits (geology, geochemistry, mineralogy and petrography).

The graduates of the mining curriculum, who also have gained some 
knowledge in the field of mineral processing, have an in-depth knowledge 
in the field of mining, geology, environmental engineering, supported 
by chosen aspects of mineral processing. These aspects include: Mineral 
processing equipment, chosen methods of raw materials beneficiation, or 
selected operations in technological circuits of raw materials processing. 
The above issues may apply exclusively to selected raw materials (either 
coal or ores, or aggregates).

Teaching programmes in the field of mineral processing will be described 
using the example of curriculum applied at AGH UST. As was mentioned 
previously, this is one of the primary universities in the field of higher 
education in Poland. However, the respective programme at Silesian 
University of Technology is similar. Mineral processing curriculum at AGH 
includes a number of teaching modules that can be grouped into following 
categories:
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�	Base modules, including Statistics, Contemporary Physics, Environmental 
Management and other similar subjects, which give the student an 
overall awareness of common laws of phenomena related to the field of 
study. Base modules cover 84 teaching hours.

�	Technical modules, connected with mineral processing technology, 
including methods of beneficiation, mineral resources economy, 
waste management, automation and process control, environmental 
and social issues. This group of subjects gives the student the view of 
overall and specific engineering problems in the field of mining and 
mineral processing. The entire group covers 16 modules with nearly 400 
teaching hours plus 170 hours of laboratory.

�	Humanistic modules (managerial psychology, negotiations) help to 
develop non-engineering skills, as well as increase selected soft skills 
of future engineers, such as interpersonal abilities, team working and 
public presentation skills. 

�	English modules that, apart from obligatory English language course 
(30 hours), include an elective course, taught in the English language 
(30 hours).

�	Industrial practice, which is carried out in mining and mineral processing 
plants, and takes 4 weeks.

AGH UST, is the only university in Poland that also offers regular PhD studies 
in the field of mineral processing. These four-year studies are offered in the 
Faculty of Mining and Geoengineering, and are carried out in the Polish 
language. Studies in English are also possible, but this requires additional 
arrangements as the programme is tailored for the particular requirements 
of the PhD candidate. Four main fields of studies are available: Mining 
and Geology, Environmental Engineering, Management and Production 
Engineering, Civil Engineering. Each of these fields is focused on different 
engineering issues, and a doctorate in mineral processing is possible in 
the field of Mining and Geology and Environmental Engineering. The 
teaching modules within these studies are connected with the selected 
field of study, and include the methodology of scientific research and an 
emphasis on the various types of funds available for research. The doctoral 
dissertation is usually carried out in cooperation with industry.
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Graduates – their future career and professional 
development

Graduates typically should have no major difficulties in work market. The 
AGH Career Centre monitors future career of graduates, and the following 
figures were prepared on the basis of data from the Centre. A high rate of 
employment among mining and mineral processing engineers is observed, 
which was well above 80% during the last five years (Fig. 2a). Graduates are 
also able to find a job relatively quickly (Fig. 2b). A percentage of future 
graduates have a job even before graduation (Fig. 3), and this number in 
2014 was as high as 45%.

Figure 2: Employment rate (a), and the duration of the job search  
(b) among graduates
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As many as 67.3% of graduates claim that their job is fully compatible with 
the profile of completed study. A further 9.6% think that the job is partially 
compatible, and 19.2% consider it as incompatible. 3.8% of graduates did 
not respond.

Figure 4 shows the main factors regarded as significant in recruitment, 
while Figure 5 presents the priorities that graduates take into consideration 
while choosing a potential employer. Type of completed studies and work 
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Figure 3: Percentage of undergraduates with a job prior to graduation
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Fig. 4: Significant factors in recruitment
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Fig. 5: Priorities in choosing a potential employer

motivation play the most significant role in employment. Graduates consider 
the possibility of self-development at work and stable work conditions as 
key priorities in making decisions when choosing a potential employer.
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The usefulness of knowledge gained during the studies is assessed as 
very high and high, at 41.3%. The next 55.2% of graduates claim that the 
gained knowledge and qualifications are sufficient. Only 3.5% graduates 
consider their gained knowledge as low. Graduates also assess that studies 
have prepared (17.2%) or partially prepared (69%) them for the job. The 
remaining 13.8% have a negative opinion of this issue. Figure 6 shows 
what types of activities graduates have taken up during their studies. The 
low mobility among students is a concern. On the other hand, a significant 
percentage of graduates would like to continue their professional 
development in postgraduate/PhD studies. Nearly 25% graduates want to 
enroll on postgraduate studies, while around 40% consider that possibility. 
Furthermore, about 8% is already undertaking postgraduate studies.

Figure 6: Main activities during studies
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Feedback from the industry

The other side of the assessment of graduates is the opinion of employers. 
Some feedback from the industry sector was collected and the most relevant 
opinions are presented below. It is worth noting that employers tend to 
assess their employees in two ways: Taking into account their gathered 
knowledge and practical skills and considering their personal skills. The 
knowledge of mineral processing engineers graduating from AGH UST is 
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considered to be good or very good, in general. They are also regarded as 
ambitious people. On the other hand their foreign language knowledge 
is considered to be good or average. Among the other negatives, the 
following are mentioned:
�	Poor practical utilization of the gained knowledge
�	Unhealthy competition (too ambitious)
�	Poor task concentration skills
�	Poor communication skills, both written and oral. This may be 

connected with the many digital gadgets utilized daily by young 
people (smartphones, smartwatches, laptops etc.), which results in 
lower exposure to personal communication with contemporaries and 
colleagues.

Considering the fact the AGH is considered as the Polish leader in higher 
education in the field of mining and mineral processing, it is reasonable to 
assume that candidates from the other universities might obtain different 
results in terms of positives and negatives.

As was mentioned previously, employers have assessed the personal skills 
of graduates/employees. Among the main positives, they considered 
the mobility of workers. It appears that if necessary, employees are 
ready to move, even abroad. The other positive feature is the very good 
knowledge of electronical technology and practical utilization of Internet. 
Several negatives were also mentioned: Poor team working skills, too high 
demands at the very beginning of their professional career, poor self-
organization, attitude and lack of independence. At the same time, the 
industry determined the profile of their perfect graduate. Such a person:
�	Should be aware of general problems relating to raw materials 

availability and supply
�	Should understand societal/environmental function of raw materials 

(value chain approach, sustainable utilization of resources etc.)
�	Should have a deep knowledge, which is important but not critical
�	Should have professional skills (team work, report writing), analytical 

thinking, problem solving and data analysis, which are of great 
significance.
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Conclusions and final remarks

Mineral processing education in Poland is in a strong position, however 
some improvements are advisable. Many university teachers and industry 
representatives agree that improvements should be made to:
�	Further develop and manage of educational programmes and activities 

related to raw materials
�	Developprofessionals who have a deep understanding of specific issues 

related to mineral processing
�	Bring together three aspects: Business (large companies and SMEs), 

higher education institutions and research centres.

The above activities can be run locally and globally. Universities and research 
centres cooperate with the industry sector within this area. Educational 
programmes are being modified and adjusted to the changing conditions. 
Teaching staff are up to date with recent scientific achievements which 
are utilized in educational programmes. One example of solutions at a 
global scale is the European initiative KIC Raw Materials. This international 
programme aims at increasing the competitiveness of Europe in the field 
of raw materials, through various educational activities.
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Abstract

In Chile there have been universities that have trained thousands of 
mining engineers over the country’s history for decades. Since 2010 
multiple academic projects were generated around the career of Mining 
Engineering, based on the large investments and high demand for 
qualified jobs that were projected by government agencies for the 2010 – 
2025 period. Based on this, public and private universities and professional 
institutes started careers linked to mining, encouraged by the media, 
which wrote in their main pages about the large amounts of money 
that mining professionals were earning, higher than those of any other 
professionals in the country. Since then, academic offerings have increased 
in an overwhelming and uncontrolled manner. However, the projections on 
labor demand in relation to the professional mining engineering careers 
did not go as predicted. This paper reviews the traditional training that the 
profession has given, showing the current academic offerings in 2015, the 
projections for graduates up to 2023, and the job offers according to the 
forecasts of national and international economies. Then the supply and 
demand are projected jointly to show the gap that there will be between 
both. All this puts in evidence a discouraging panorama for the graduates 
from the different universities and professional institutes due to the huge 
oversupply that is foreseen.
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Introduction

Talking about mining engineers in Chile may refer to various careers such 
as Civil Engineering in Mines (6 years), Mining Engineering (5 years), and 
Mining Technician (Ingeniero de Ejecución) (4 years) but graduates will 
eventually get similar jobs and/or perform the same tasks. Therefore, in 
order to simplify the development of the paper we will talk about “mining 
engineering” without making further distinctions.

The objective of the present paper is to carry out an academic exercise to 
show the horizon that is faced by mining engineering graduates in Chile 
in terms of employment, based on recent events and on the projections 
made under the explicit assumptions discussed in the text.

Traditional Training and the New Academic Offer

Until the first years of this century, the number of mining engineers 
graduating fromuniversities seemed to be sufficient to satisfy the country’s 
demand. This demand had been satisfied over the last 40 years by five state 
universities, namely the Universidad de Chile, Universidad de Santiago de 
Chile, Universidad de Atacama, Universidad de La Serena and Universidad 
de Antofagasta (the last four were part of the former Universidad Técnica 
del Estado until 1981, UTE), with a low degree granting rate. This happened 
mainly because it is a profession that, although well paid, often involves 
sacrifices that other careers do not require, such as distant workplaces, 
absence from home several days per week, physical condition adequate 
for field work, enduring sometimes complicated environmental conditions 
(extreme cold or heat, dryness, darkness, exposure to the sun, excessive 
dust, toxic gases), long travelling time, among others. Historically, because 
of the aforementioned issues, the students’ preference for this career had 
not been high, often being left at the end of their application preferences. 
Furthermore, from the standpoint of the cost to the institution, mining 
engineering is an expensive career due to the need to have adequate 
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laboratories and well trained professionals to equip and maintain them. 
Some examples of this kind of laboratories are rock mechanics, metallurgy, 
mineral concentration, structural geology, petrology, mineralogy, vein 
microscopy, mine ventilation and mine services. To this we must add 
fieldwork or visits to site, which require having permanent transport and 
maintenance of the vehicles and equipment used in the field. All this in 
addition to the requirements of the basic science and engineering courses 
(physics, chemistry, computing, among others).

Chile concentrates between 20% 
and 30% of the world’s copper 
reserves. This is significant because 
starting in 2003 a growth began in 
the demand for commodities by a 
growing China, and later India, that 
led to a super cycle in the price of 
copper, which rose from 1.0 USD/
pound to more than 2.5 USD/
pound over the last ten years. This 
caused an increase in the number 
of mining projects and turned 
profitable several deposits that 
in the past had been considered 
non profitable. Consequently, 
employment of mining engineers 
reached its historical maximum, and they were considered highly desirable 
professionals in the market, both by producing mining companies and 
by companies providing supplies and services to the mining industry, 
increasing the average salaries even more. Since 2007 mining engineers 
became some of the best paid professionals in the country, surpassing the 
average income of geologists, physicians and dentists. Using information 
from different media, Table 1 shows the evolution of the salary of mining 
engineers five years after graduation, which doubles from 2007 to 
2015(Trabajando.com, 2015) (Universia, 2015) (Laborum, 2015) (Servicio 
de Información de Educación Superior del Ministerio de Educación (SIES), 
2006-2015).

Table 1 - Evolution of the sala-
ries of mining engineers over 
the last years

Year Average Salary (USD)

2006 2819

2007 2687

2008 3539

2009 4220

2010 3903

2011 4299

2012 4351

2013 4473

2014 5053

2015 5487
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New careers

In 1981 the military regime of A. Pinochet issued the General Law of 
Universities, which “liberalized” the educational system. With this new 
legal body the dictatorship not only started the privatization of higher 
education through the possibility of creating private universities without 
state dependence, but it disrupted completely the network of existing public 
universities, regionalizing them and dividing them into countless universities 
with no relation to each other, in a deregulated higher education system.

Due to the greater demand for mining engineers, in the 2000 – 2009 period 
new academic offerings appeared, such as the Universidad de Tarapacá, 
Universidad de Aconcagua, Universidad Pedro de Valdivia and Inacap. Some 
of these offered different majors and outlets adapted to the clients’ needs.

Cochilco is an “Agency of the State of Chile that advises the Government 
in matters related to the production of copper and its by-products… It 
also protects the State’s interests in its mining enterprises through the 
supervision and evaluation of their management and investments, and it 
advises the Ministries of Finance and Mining in the preparation and follow-
up of their budgets” (Cochilco, 2016). In 2010 Cochilco’s Evaluation and 
Strategy Division, in its report called “Analysis of Demand – Offer of Project 
Engineering in the Mining Industry” stated that in the 2010-2020 decade 
mining investments for more than 50 billion US dollars would be expected, 
a figure that in the following year was updated to 90 billion US dollars. 
Furthermore, Cochilco presented “Engineering Needs for the next 10 years” 
at the Institute of Mining Engineers of Chile (Instituto de Ingenieros de 
Minas de Chile), stressing the existence of a consensus in the mining sector 
projecting a deficit of human resources for the coming years, when the 
supply should grow 40% per year over the 2011-2015 period (Instituto de 
Ingenieros de Minas de Chile, 2010). In the face of this panorama, from 2011 
there was a large increase of the academic offerings of several universities, 
both state and privately owned, and also of professional institutes (PI). This 
is illustrated in Figure 1, which shows an explosive increase in the offerings 
starting in 2011, the year in which the U. del Mar, U. Católica del Norte, 
and U. Adolfo Ibáñez presented their offerings; in 2012 it was the U. La 
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República, U. Andrés Bello, 
UCINF, and U. Católica de 
Valparaíso; in 2013 the 
PI Dr. Virginio Gómez G., 
U. de Las Américas, U. 
del Desarrollo, U. de Los 
leones, U. de Talca, U. de 
Concepción, and U. Santa 
María; in 2014 U. Santo 
Tomas, U. de Viña del Mar, 
U. San Sebastián, U. Central 
de Chile, PI Libertador De 
Los Andes, and PI CIISA 
(Servicio de Información 
de Educación Superior del Ministerio de Educación (SIES), 2006-2015). 
Table 2 shows the number of universities and the names of the careers 
that were offering mining engineering.

Figure 1: Academic offerings of registered and graduated students 
per year.
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Table 2 - Increase in the number of ca-
reers and campuses.

Year No. of universities 
and professional 

institutes offering 
mine engineering

Total 
campuses

2010 9 45

2011 12 57

2012 17 57

2013 24 87

2014 29 117

2015 25 119
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The data were obtained from the information available at the Ministry of 
Education (Servicio de Información de Educación Superior del Ministerio 
de Educación (SIES), 2006-2015), whose digital information is available 
only for the last eight years. Figure 1 shows that the academic offerings 
have increased the total number of registered students, exceeding more 
than five-fold the number of first year students that there were in 2007. A 
difference is also seen between the offerings and first year registrations, 
showing clearly that registration is not always completed or else there is 
overflow. Another important data in this figure is that the total graduates 
come from admissions to first year at least four years earlier for mining 
technicians, five years earlier for mining engineering, and six years 
earlier for mine civil engineering. Therefore, to relate the retentions we 
must consider this time lag, to which must be added the actual average 
graduating time, which is 18 semesters (9 years) for mine civil engineering, 
13 semesters (6.5 years) for mining technicians and mining engineers –
see Table 3, with information provided by some universities (Servicio de 
Información de Educación Superior del Ministerio de Educación (SIES), 
2006-2015). 

Table 3 - First-year dropouts and actual duration of the career 

Career University First Year 
Dropouts

Actual 
Duration 

(semesters)

Mine Civil Engineering U. de Atacama 12% -

U. de La Serana 12% 18.6

U. de Santiago de Chile 13% 17.1

Mining Technician U. de Antofagasta 29% -

U. de La Serana 23% 14.9

U. de Santiago de Chile 26% 12.7

IP INACAP 32% 11.1
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Projected Supply and Demand of Graduates:  
Employability

Over the last four years the competences committee of the Mining Council 
(it is an association of the large mining producers), through the Fundación 
Chile, has prepared the study “Labor Force of Large Scale Mining in 
Chile” (“Fuerza Laboral de la Gran Minería Chilena”) in its different annual 
versions (Centro de Innovación en Capital Humano para el Consejo Minero, 
2011) (Centro de Innovación en Capital Humano para el Consejo Minero, 
2012) (Centro de Innovación en Capital Humano para el Consejo Minero, 
2013) (Centro de Innovación en Capital Humano para el Consejo Minero, 
2014). This document reports on the specialists that will be required in 
the projected next ten years in the different specialization areas of mining 
and on the projected offerings, according to that time’s training offers. 
The study, updated with 2014 data, gives the projected total demand 
for mining engineers in Large Scale Mining, both by mining companies 
and by suppliers, in their different roles such as extraction professionals, 
engineers specialized in extraction, extraction supervisors, and processing 
supervisors. This projection is made taking into account both the projects 
on file for future development as well as the economic perspectives of 
future demand for commodities.

On the other hand, according to Table 3, which shows dropouts (2014) from 
the first year of a career and taking into account the graduation rate of 
students six years later, we can make a projection of the potential graduates 
who will get their degrees in the 2014-2023 period, assuming that the 
retention rate is increasing and the actual duration of the careers is getting 
shorter due to the current (and future) requirements for accreditation of 
the careers by the Ministry of Education. In this way, different retention 
scenarios are projected in the careers (offers of engineers) with 30%, 40%, 
50% and 60% since 2014, and the demand for mining engineers in Large 
Scale Mining, and this is reflected in Figure 2. To this end it has been 
assumed that the number of registrations remains constant (the same 
figure as in 2014) over the next ten years and that no campuses, careers or 
universities are closing.
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Similarly, Figure 3 shows the projection of the accumulated offer at 30%, 
40%, 50% and 60% retention in the careers since 2014, and the demand for 
mining engineers accumulated in Large Scale Mining between 2014 and 
2023. It should be noted that Figures 2 and 3 consider only new graduates 
since 2014, reaching around 18,000 new mining engineers in 2023 if 60% 
retention is considered (the worst case) and almost 9.000 new mining 
engineers if 30% retention is considered (best case).

Figure 2: Projection of the offer of graduates according to the aver-
age retention and the demand for mining engineers in Large Scale 
Mining per year.
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Figure 3: Projection of the accumulated offer of graduates accord-
ing to the average retention and the accumulated demand for min-
ing engineers in Large Scale Mining per year.
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Analysis and Reflections

Making a brief analysis of the data shown in Figures 2 and 3, the difference 
between offer and demand would give by 2023 in the best case an 
employability in Large Scale Mining of 21.4% (with 30% retention) and of 
12% (with 60% retention) in the worst case. This would mean that in the 
worst case there would be one out of ten engineers employed, and in the 
best case, two out of ten.

However, it can be argued that the employability does not consider 
middle and small scale mining, plus engineering companies, services, and 
mining support in these fields, or else the creation of new companies, 
and innovation that can cover part of the offer. Unfortunately, no current 
or projected data on employability in this respect are available, so a 
simple exercise can be made, making the assumption in which three 
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cases are defined: the pessimistic, the moderate, and the optimistic. The 
“pessimistic” considers only employability in Large Scale Mining (L.S.M.) 
and its suppliers, or “x1”, i.e., the data of demand contributed by the study 
of Labor Competences of the Mining Council, which have been projected 
in Figure 4. The “moderate” considers that beside Large Scale Mining there 
is an equivalent in middle-scale and small-scale mining plus others, which 
can contribute twice, or “x2”, of the contribution of Large Scale Mining 
to employability. And the “optimistic” considers that beside Large Scale 
Mining there is an equivalent in middle- and small-scale mining plus 
others which can contribute three times, or “x 3” of the contribution of 
Large Scale Mining in terms of employability. In this way, this scenario can 
be graphed considering 40% and 50% retention in the offer of graduates 
with respect to registrations in first year, and considering a Pesimistic (x 1), 
Moderate (x 2) and Optimistic (x3) demand, as shown in Figure 4. It has 
been estimated that 40% and 50% retention in the offer of graduates with 
respect to registrations in first year is a most realistic scenario. All this is 
graphed in Figure 4.

Figure 4: Projection of employability in three scenarios according to 
retention per year.
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Under the stated scenarios, employability would reach an optimistic 
scenario at 43% employability (with three times the employment projected 
by Large Scale Mining and 40% retention of first year registration), while 
in the pessimistic case the employability would be 12% (only with the 
employment projected for Large Scale Mining and 50% retention of first 
year registrations).

In Chile there has been an important drop in the employability of recent 
graduates according to an article in “El Mercurio” newspaper, in which 
inquiries were made at several recruiting companies such as First Job, 
Page Personnel, and Adecco Profesional. According to this “mining supply 
companies are those that have mostly restricted their offers of untrained 
people between April 2013 and April 2015 by 93%, followed by mining 
companies, with a drop of 77%...” (El Mercurio, 2015).

A survey made by the Psychology Institute of the Pontificia Universidad 
Católica for the National Youth Institute (Instituto Nacional de la Juventud) 
(Instituto de Psicología de la Pontificia Universidad Católica de Chile, 2014) 
shows a trend of young people preferring nowadays a good working 
environment, a good relation with their colleagues, and satisfaction 
with the work they are doing. Because of the characteristics mentioned 
previously about mining professionals must face, it is imperative that those 
who choose to study mining engineering do so by real vocation, since the 
near future is uncertain and it is highly probable that there will be low 
employability. It would be regrettable for someone to study something 
that they do not like only because they believe that they will get a high 
salary, wasting their financial resources that are often scarce to pay for 
their career and end up unemployed a large part of their life.

It can be inferred that in a scenario with low employability there will be two 
important effects: a substantial salary drop, reaching values even lower 
than those of 2006, and on the other hand, with so many offers of available 
engineers, they may displace to current mining technicians, occupying or 
competing for the positions that they occupy, such as nonprofessional 
foremen and supervisors. A possible third effect may be added, which is 
the migration of professionals to work in other countries.
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A point that must be kept in mind is that students who have finished their 
studies but have not graduated also compete for jobs, in many cases 
getting their degrees several semesters or even years after leaving school, 
so this group can be an additional competing factor in work positions.

As a result, it can be stated that the careers linked with mining are not 
sustainable according to the effort and money invested in studying a long 
career and considering how costly is now education in Chile, all this in 
relation to the number of  careers opened nowadays and the projected 
demand for professionals. 

Finally, a question may be asked: Is it necessary for the State to invest 
money in training professionals with such an uncertain occupational 
future?

Conclusions and Recommendations

The academic exercise made in this paper gives a view of the perspective 
faced by mining engineers. Based on the sources examined and on the 
projected scenarios and the assumptions made, employability by 2023 
may, in the best case, be close to 43%, and in the worst case around 12%.

One recommendation for the State is it must establish development 
policies for the country at middle and long-range in order to answer 
questions such as: what do we want to be or where do we want to be ten 
or thirty years from now? This would allow setting goals, and according 
to them, establish policies and plan the actions to achieve them, so it can 
be made better use of the resources to finance those careers that have 
priority for the country and will allow reaching those goals.



A ROADMAP FOR MINERALS PROCESSING EDUCATION

111 Analysis of Labuor Sustainability for 
Mining Engineers in Chile

References

Centro de Innovación en Capital Humano para el Consejo Minero. (2011). 
Fuerza Laboral de la Gran Minería Chilena 2011-2020. Obtained from 
http://www.consejominero.cl/consejo-de-competencias-mineras-ccm/
estudios-de-fuerza-laboral-de-la-gran-mineria-chilena/

Centro de Innovación en Capital Humano para el Consejo Minero. (2012). 
http://www.consejominero.cl. Obtained from http://www.consejominero.
cl/consejo-de-competencias-mineras-ccm/estudios-de-fuerza-laboral-
de-la-gran-mineria-chilena/

Centro de Innovación en Capital Humano para el Consejo Minero. (2013). 
http://www.consejominero.cl. Obtained from http://www.consejominero.
cl/consejo-de-competencias-mineras-ccm/estudios-de-fuerza-laboral-
de-la-gran-mineria-chilena/

Centro de Innovación en Capital Humano para el Consejo Minero. (2014). 
http://www.consejominero.cl/. (I. F. Chile, Ed.) Obtained from http://www.
consejominero.cl/consejo-de-competencias-mineras-ccm/estudios-de-
fuerza-laboral-de-la-gran-mineria-chilena/

Cochilco. (24 de marzo de 2016). http://www.cochilco.cl/quienes/. 
Recovered on 2016 de marzo de 24, de http://www.cochilco.cl/quienes/

Cochilco, Comisión Chilena del Cobre. (2010). http://www.cochilco.cl. 
Recovered on Jaunary de 2016, de http://www.cochilco.cl/descargas/
estudios/tematico/mercado/Analisis_Demanda_Oferta_Ingenieria_Rev_
VFF.pdf

Cochilco, Comisión Chilena del Cobre. (s.f.). http://www.cochilco.cl/
quienes/. Recovered on 24 de 03 de 2016, de http://www.cochilco.cl/
quienes/

El Mercurio. (25 de 05 de 2015). Ofertas de trabajo para recién egresados 
cae fuertemente por menor expansión económica. (E. y. Capital Humano, 
Ed.) Recovered on 20 de 07 de 2015, de http://impresa.elmercurio.



Section 3 Mineral Processing Education 
around with World

MINERALS INDUSTRY   EDUCATION AND TRAINING II

112 

com/Pages/NewsDetail.aspx?dt=2015-05-25&dtB=25-05-2015%20
0:00:00&PaginaId=9&bodyid=2 

Instituto de Ingenieros de Minas de Chile. (2010). Analizan Demanda y 
Oferta de Ingneiería de Proyectos Mineros. Minerales, 1(271), 60.

Instituto de Ingenieros de Minas de Chile. (2010). Analizan Demanda y 
Oferta de Ingneiería de Proyectos Mineros. Minerales, 271, 60. Obtained 
from https://issuu.com/iimch/docs/revista_minerales_271/60 

Instituto de Psicología de la Pontificia Universidad Católica de Chile. 
(2014). Sondeo Nº8: Trabajo Juvenil. Instituto Nacional de la Juventud del 
Ministerio de Desarrollo Social. Santiago: Instituto Nacional de la Juventud 
del Ministerio de Desarrollo Social.

Laborum. (2015). www.laborum.com. Obtained from www.laborum.com

Servicio de Información de Educación Superior del Ministerio de Educación 
(SIES). (2006-2015). www.mifuturo.cl. Obtained from www.futurolaboral.cl: 
www.mifuturo.cl

Trabajando.com. (2015). www.trabajando.com. Obtained from www.
trabajando.com

Universia. (2015). www.universia.cl. Obtained from www.universia.cl



A ROADMAP FOR MINERALS PROCESSING EDUCATION

115 Keeping Curriculum Current in Canada

Introduction

The Norman B Keevil Institute is one of Canada’s leading mining schools. 
It has an annual intake of 50–60 undergraduate students of which 
roughly 25% go on to work as mineral processors. 

Its mission is to educate world-class professionals and researchers, 
preparing students for leading roles within the global mining industry.

There are many factors involved in keeping the curriculum current, some 
of which are outlined below. 

These include:

1. Recruiting good students
2. Providing the right balance between general and specialist skills
3. Teaching the right topics
4. Staying relevant and up to date
5. Initiating research which is equally valuable to industry and academia
6. Managing a global focus
7. Encouraging life-long learning

Keeping Curriculum Current in Canada

PROFESSOR BERN KLEIN
Norman B. Keevil Institute of Mining Engineering, Vancouver, Canada
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Recruiting Good Students

Attracting good students, although challenging, is fundamental to the 
success of a department. It has been noted that undergraduate recruitment 
follows industry cycles. During industry downturns the grade average of 
students applying for entry into the program goes down, and this reverses 
during good times when the department is able to attract students with 
much higher grades.

Much of the undergraduate program at the Keevil Institute is common to 
all students, whether they be in the mining, processing or environment 
streams. Mining is preferred by the majority of students, indicating that 
a career in at the mine is more attractive to them than a career in the 
concentrator. This may be because mining engineering groups have done 
a better job in communicating the benefits of a future career to students.

Recruitment remains a major focus of the departments activities.

Generalist Versus Specialist Skills

The Keevil Institute’s Industry Advisory Committee was consulted on his 
issue. At the undergraduate level, it is important that degree programs 
develop a generalist who has the ability to become a specialist. 

Teaching the Right Topics

The modern mineral processing industry is reliant on many sophisticated 
tools, which graduates need to know how to manage and use effectively. 
These include software, instruments (both on and off-line), sensors and 
analytical devices. 

Learning to use these tools is important, but students also need to 
understand the underlying fundamentals, sothat when they turn the expert 
system off they still know how to run the plant.

Programs are accredited by the Canadian Engineering accreditation board. 
This group is interested in both the technical content of courses but also 
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other skill sets being developed by graduates, such as communication, 
creative thinking and teamwork skills. 

Specific Mineral Processing courses include:
� Processing Mineralogy
� Mineral Processing I (Introduction)
� Mineral Processing Unit Operations
� Flotation
� Automation and Process Control 
� Advanced Processing Mineralogy
� Coal Preparation
� Processing of Precious Metal Ores
� Oil Sands

The Keevil institute also takes a strong interest in issues relating to 
sustainability and environmental stewardship. The school is affiliated with 
the Canadian Network for Sustainable Mining, and states that “as a mining 
school we assume the responsibility for a learning and research environment 
that generates highly qualified people, new technology and innovative 
practices that will enable the world to achieve a sustainable future”. 

Sustainability themes are threaded through the curriculum. For example, 
students learning about Bond Work Index learn at the same time about 
energy efficiency issues as they apply to comminution.

Figure 1: Education and research map showing four sub-discipline 
research groups
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Education and research is organised according to the four sub-discipline 
research groups of mining, mineral processing, environment and 
management/Social Science (Figure 1). This ensures that graduates receive 
broad exposure to all aspects of mining, hopefully minimising the “silo” 
mentality so often criticised in the industry. 

Staying Relevant and Up to Date

First and fore-most the teaching faculty need to stay relevant and up to date. 
This is managed in several ways, and facilitated by members of the Institute’s 
Industry Advisory Committee. Regulat interaction between academic staff 
and industry ensure a strong focus on industry-relevant content.

The Keevil Institute introduced an industry exchange program, known 
locally as a “Co-op program”, in the late 1990s, where bachelors students 
spend 12 months in industry during their studies and masters students 
take 4 to 8 month internships. They undertake constructive, relative, paid, 
technical engineering work with approved industry organizations. In many 
cases interns are considered by employers for fulltime employment.

When this program was introduced there was an immediate and notable 
change in the level of discussion in the classroom as students shared 
knowledge and information, despite the fact that not all students had 
co-op experience. The direct exposure to practical mineral processing 
grounded the program. Partners involved in the co-op program (see the 
example in Table 1) have become partners in education as well. 

Table 1: MEng internship partners

MEng Internships

Barrick Gold 

CESL Research

Cliffs Natural Res.

Eldorado Gold

Golder Associates 

Grande Cache Coal
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Imperial Metals

Imperial Oil Inmet

Kemetco Research

Metso

Myra Falls

New Gold

Northgate Minerals Pan American Silver

Rio Tinto 

Suncor Energy Inc.

Syncrude

Taseko Mines

Teck Res. Corp

Vale Inco

Wardrop-TetraTech

Yukon Zinc

There is also strong support from Canada’s professional societies, the 
Canadian Institute of Mining (CIM) CIM and the Canadian Mineral 
Processing Society (CMP). CMP pays for 2 students from every program in 
Canada to attend their annual meeting, providing them with an opportunity 
to meet with industry professionals and hear them talk about their most 
pressing current technical challenges.

Research 

Mining industry research is important for the industry as well as for 
University departments. The mining industry, although modernising, is 
not the most modern of industries and is often criticised in the popular 
media. This poor public profile creates considerable pressures, which can 
be mitigated by research and development. 

Most academics enjoy research, because it is collaborative, interesting, and 
tackles authentic problems. The challenge is attracting funds. The Keevil 
Institute employs a two-step process that ensures research is valuable to 
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industry and to academia. The first step is to approach an industry partner 
for support, and tis requires a proposal that addresses an issue that 
the partner is prepared to spend money on exploring. Once topics and 
timelines have been agreed, the Institute applies academic guidelines and 
develops a submission for University funding. This two-stage approach 
ensures that research is relevant to industry and also meets the rigid 
academic standards set by Universities and research funding bodies. 

� Mineral Processing research topics include:
� Flotation
� Coal Preparation
� Recycling and Resource Utilization
� Comminution
� Physical Separation (Gravity Concentration, Preconcentration)
� Rheology
� Solid/Liquid Separation
� Oil Sands Processing

Research activity supports relevance in the curriculum and feeds back into 
teaching. The impact of high quality and relevant research in a department 
is far-reaching. Modern, well provisioned laboratory facilities enrich the 
practical aspects of programs and direct work on relevant programs 
improves the passion and engagement of teaching faculty.

Global Focus

The Keevil Institute's mission is to educate world-class professionals and 
researchers, preparing students for leading roles within the global mining 
industry.

Mining industry professionals all work internationally. The Keevil Institute’s 
programs teach both domestic and international students and graduates 
work al around the world. The undergraduate programs are made up 
of approximately 25% international students, which increases to 75% in 
postgraduate level programs. Maintaining a diverse international culture 
ensures that students and faculty stay
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Students see the international focus as a positive aspect of programs, 
and prospective students are attracted by the opportunity to work all 
over the world.

Encouraging Lifelong Learning

Education programs go beyond conventional undergraduate or 
postgraduate degree programs and the Keevil Institute stays engaged 
with mineral processors and metallurgists in industry via a number of 
professional development programs. 

There are many reasons for professional development programs. They 
provide an accreditation pathway for chemical engineers or others who 
want to work as mineral processors, and can also provide training in use of 
new tools such as modelling and simulation packages, or process control 
technology

The Keevil Institute’s Professional Development offerings include

� Master of Engineering (co-op) currently 45 students – completion in 21 
months, course-based, co-op options 

� Certificate in Mining Studies – Continuing Studies – currently 250 
students

Conclusion

The Norman B Keevil Institute successfully produces 50 to 60 world-class 
mining industry professionals and researchers every year, many of whom 
take up leading roles within the global mining industry. It does this by 
attracting good students and developing them in partnership with the 
industry which will ultimately employ them. 

Curriculum is regularly reviewed to ensure that students have relevant 
skills and knowledge of core topics, underpinned by general professional 
skills and exposure to the practical aspects of the industry including the 
broader social and environmental context in which they will be working.. 
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Introduction

Mineral processing is a multidisciplinary subject, and a graduate needs 
to acquire the broad range of skills shown in this diagram, from both the 
arts and the sciences. The list is aspirational, as not all programs cover 
all these topics. 

S. SUBRAMANIAN 
Department of Materials Engineering, Indian Institute of Science,  

Bangalore, India

Mineral Engineering Education in India – Current 
Status and Challenges
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This paper provides an overview of the programs on offer in India and 
some recommendations to ensure success of the Mineral Processing 
discipline in the future.

Mineral Processing and Extractive Metallurgy 
Programs offered in India 

Mineral engineering in India was traditionally associated with geology, 
rather than geology, and does not tend to be part of engineering programs 
as it is in many other countries. Programs are offered at different academic 
levels. At the highest academic level, the degree of Bachelor of Technology 
(BTech) or Masters in Technology (MTech) is only offered in 2 institutions: 
� Indian School of Mines, Dhanbad (BTech, MTech and PhD) 
� PG Centre, Sandur, Karnataka (MTech and PhD)

Many other institutions who previously ran high calible academic programs 
in mineral processing and extractive metallurgy programs have dropped 
the programs to concentrate on programs such as nanotechnology and 
materials science. Some mineral processing research continues in some of 
these institutions.

There are additional degree programs available at the National Institute 
of Technology level, with faculty mainly from Chemical Engineering, 
Metallurgical & Materials Engineering, Earth Science. These include:
� Indian Institute of Science, Bangalore
� Indian Institutes of Technology-Kanpur, Kharagpur, Bombay, Madras, 

Bhubaneshwar, Hyderabad, Guwahati, Gandhinagar, Roorkee, (BHU, 
Varanasi)

� National Institutes of Technology – Nagpur, Trichy, Surathkal, Warangal, 
Rourkela, Jaipur, Durgapur, Jamshedpur 

� Institute of Chemical Technology, Mumbai (Formerly UDCT)
� Andhra University, Vishakapatnam 

There are also a number of established R and D institutes. Many of the 
people working in these areas are specialists in other disciplines such as 
Chemical or Materials engineering.
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Research and Development Programs

Mineral processing groups have been developed by many large R and D 
organisations to meet the needs of industry where the existing infrastructure 
does not provide specialist minerals processing and extractive metallurgy 
hubs – these institutions are all contributing to research in the discipline 
and in several cases also working in partnership with the Universities 
mentioned above. 

� Tata Research Design Development Center (TRDDC, TCS)
� National Metallurgical Laboratory, Jamshedpur (CSIR)
� Institute of Minerals and Materials Technology, Bhubaneswar (CSIR) – 

Offers a PG Diploma Course in Mineral Engineering ( 1 year duration)
� Central Institute of Mining and Fuel Research, Dhanbad (CSIR)
� North East Institute of Science and Technology, Guwahati (CSIR)
� Indian Bureau of Mines
� Bhabha Atomic Research Center 
� Atomic Minerals Directorate
� Indian Rare Earths Ltd.
� National Mineral Development Corporation, Hyderabad
� Geological Survey of India
� Aditya Birla Science & Technology Company Pvt. Ltd., Taloja, Mumbai
� National Institute of Rock Mechanics, Kolar
� Jawarharlal Nehru Aluminium Research Development and Design 

Center Nagpur
� Research & Development Center for Iron and Steel (RDCIS), Ranchi

The Major Indian Mineral Processing Schools

Indian School of Mines (ISM), Dhanbad

ISM was established in 1926 on the pattern of the Royal School of Mines, 
England to cater to the demand of mining and hydrocarbon professionals 
in India.
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The Department of Fuel and Mineral Engineering was founded in the 
year 1976 to address the processing issues of the minerals (metallic, non-
metallic and fuel).

The B Tech program (4 years) in Mineral Processing was launched in 1984 
by Professor TC Rao. The admission to the program is through the national 
Joint Entrance Examination along with IITs.

The admission to the M Tech program is through the Graduate Aptitude 
Test In Engineering (GATE) exam, which is very difficult and attracts very 
high caliber students. Mineral processing is not necessarily the first choice of 
these students but nevertheless provides a supply of high quality students. 

ISM Course Structure

For the 4-Year B Tech Mineral Engineering ISM-IIT Dhanbad, I & II Semesters 
are common with the other branches in the school.

III Semester - B.Tech

Subject 
Code

Subject Name L-T-P=CH  
(Hours per 

week)

Theory

FM D-13101
GL D-13171

Sec-A: Introduction to Mineral Engineering
Sec-B: Economic Geology

2-2-0=04 
2-0-0=04

FM C-13102 Particle Technology 3-0-0=06

GL R-13101 Geology - Mineralogy, Petrology & Stratigraphy 3-0-0=06

AM R-13101 Method of Applied Mathematics - 1 4-1-10=9

MM R-13101 Mechanical Engineering - 1 3-1-0=07

HS E-13302
HS E-13303
HS E-13304
HS E-13305

HSS Elective (Any One)
i) Philosophy of Science
ii) Gandhian Studies 
iii) Oral Communication Skills 
iv) Oral Presentation Skills

3-0-0=06

Total 20-2-0=42



A ROADMAP FOR MINERALS PROCESSING EDUCATION

127 Mineral Engineering Education in India – 
Current Status and Challenges

Subject 
Code

Subject Name L-T-P=CH  
(Hours per 

week)

Practicals

FM C-13201 Introduction to Mineral Engineering 0-0-0=0

GL R-13201 Geology - 1: Mineralogy Petrology & Stratigraphy 0-0-0=03

Total 0-0-6=06

Total 20-2-6=48

L-Lecture, T-Tutorial, P-Practical, CH-Credit Hours, R-Code for Capsule Course

IV Semester - B.Tech

Subject 
Code

Subject Name L-T-P=CH  
(Hours per 

week)

Theory

FM C-14101 Comminution & Classification 3-1-0=07

ME R-22132 Mining Methods & Unit Operations 3-0-0=06

AM R-14101 Numerical & Statistical Methods 4-0-0=08

MMR-14101 Mechanical Engineering – II 3-1-0=07

HS R -14306 English for Professional Communication 3-0-0=06

Total 16-2-0=34

Practicals

FM C-14201 Comminution & Classification 0-0-3=03

AM R-14201 Numerical & Statistical Methods 0-0-3=03

Others

FM C-14505 Composite Viva-voce 0-0-0=(04)

SW C-14701 Co-Curricular activity 0-0-0=(03)

4-week Vocational Training 0-0-0=06 

Total 0–0-3=03

Total 16-2-6=40

* Vocational training taken at the end of IV Semester is credited for marks in  

V Semester
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V Semester - B.Tech

Subject 
Code

Subject Name L-T-P=CH  
(Hours per 

week)

Theory

FM C-15101 Physical Separation Processes 3-0-0=06

FM C-15102 Fuel Technology 3-0-0=06

FM C-15103 Non Ferrous Extractive Metallurgy 3-0-0=06

MM C-15111 Bulk Solid Handling Equipments 3-1-0=07

M S R-15153 Managerial Economics 3-0-0=06

Total 15-1-0=31

Practicals

FM C-15201 Physical Separation Processes 0-0-3=03

FM C-15202 Fuel Technology 0-0-3=03

Others

FM C-15601 Plant Visits 0-0-0=(02)

FM C-15001 Vocational Training* 0-0-0=(06)

Total 0-0-6=06

Total 15-1-6=37

VI Semester - B.Tech

Subject 
Code

Subject Name L-T-P=CH  
(Hours per 

week)

Theory

FM C-16101 Coal Preparation 3-0-0 = 06

FM C-16102 Ferrous Extractive Metallurgy 3-0-0 = 06

FM C-16103 Surface Phenomenon & Froth Flotation 3-0-0 = 06

EE R -16101 Applied Electrical Engineering 3-1-0 = 07

ES C- 16106 Pollution Control & Environmental Management 3-0-0 = 06

Total 15-1-0=31
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Subject 
Code

Subject Name L-T-P=CH  
(Hours per 

week)

Practicals

FM C-16201 Coal Preparation 0-0-3/2=3/2

FM C-16202 Analytical Techniques in Mineral Engg. 0-0-3/2=3/2

FM C-16203 Surface Phenomenon & Froth Flotation 0-0-3/2=3/2

ES  C-16206 Pollution Control & Environmental Management 0-0-3/2=3/2

Others

FM C-16501 Comprehensive Viva-voice 0-0-0=(04)

FM C-16601 Plant Visits 0-0-0=(02)

Total 0-0-6 =06

Total 15-1-6=37

VII Semester - B.Tech

Subject 
Code

Subject Name L-T-P=CH 
(Hours per 

week)

Theory

FM C-17101 Computational Techniques in Mineral 
Engineering

3-0-0=06

FM C-17102 Process Equipment Selection 3-0-0=06

FM C-17103 Dewatering & Drying 3-0-0=06

FM C-17104 Beneficiation Process Control 3-0-0=06

MS R-17152 Industrial Engineering & Management 3-0-0=06

Total 15-0-0=30

Practicals

FM C-17801 Project Work 0-0-6=06

Others

FM C-17601 Plant visits 0-0-0=(05)

FM C-17001 Vocational Training* 0-0-0=(05)

Total 0-0-6=06

Total 15-0-6=36

* Vocational training taken at the end of VI Semester is credited for marks in VII 

Semester
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VIII Semester - B.Tech

Subject 
Code

Subject Name L-T-P=CH 
(Hours per 

week)

Theory

FM C-18101 Modeling and Simulation 3-2-0=08

FM C-18102 Flow Sheet Design 3-2-0=08

FM C-18103 Agglomeration Technology 3-0-0=06

MMC-18102 Maintenance Engineering 3-0-0=06

 
FM E-18101 
FM E-18102 
FM E-18103 
FM E-18104 
FM E-18105  
As per 
choice*

Electives (Any one)
Clean Coal Technology  
Bio-Mineral Processing  
Power Plant Engineering 
Research Methodology and Techniques 
Elements of materials Engineering 
Open Elective of Students Choice*

3-0-0=06

Total 15-4-0=34

Practicals

FM C-18203 Agglomeration Technology 0-0-3=06

FM C-18801 Dissertation 0-0-6=06

OTHERS

FM C-18401 Term paper & Seminar 0-0-0=(03)

FM C-18501 Comprehensive Viva-voice 0-0-0=(04)

FM C-18601 Industrial Tour 0-0-0=(05)

Total 0-0-6=06

Total 15-4-12=46

* open elective: Under this subject the student can select from the capsule courses 
of any of the other departments, which is of relevance and can help in carrying out 

the dissertation/project work.

Laboratory courses are becoming more and more difficult to sustain because 
of large student numbers and diminishing numbers of available staff.
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Post Graduate (PG) Center, Sandur, Karnataka 

This is dedicated masters program in mineral processing which began 
in the 1990s. It is called “Masters of Science and Minerals Processing”. 
Features of the program include:

� The Department was established in the year 1975 by the Karnataka 
University, Dharwad offering job oriented 6 semester (3 Years) Master’s 
degree course [M.A.Sc] in Mineral Processing.

� In the year 1980, The department of mineral processing came under the 
jurisdiction of Gulbarga University, Gulbarga. The degree was renamed 
as M.Tech degree course in Mineral Processing in 1990. 

� In the year 2010 the department came under the jurisdiction of 
Vijayanagara Srikrishnadevaraya University Bellary. 

� It is an unique institute, first of its kind in South India, offering job 
oriented M.Tech degree course in Mineral Processing.

Course Structure and Syllabus of M.Tech (Mineral  
Processing) P G Center

1. A candidate with B.Sc or B.E. degree is eligible for admission to I year 
M.Tech Degree Course.

2. Hard Core Subjects are Compulsory. Candidate can select any two soft-
core subjects.

3. One Open Elective subject shall be chosen by the students of other 
Departments during II & III semester respectively. 

4. For practical examinations a batch shall consists of not more than five 
students. Students are not permitted to take the practical examination 
without submission of the certified Laboratory records. 30% of practical 
marks are allotted to Viva-Voce and laboratory records.

5. After II & IV Semester students shall be sent for Plant visit and Industrial 
Training respectively. Industrial Training report has 2 credits. One or two 
staff members may visit the work place at least once during the training 
period for supervision. TA/DA may be paid for the staff members as per 
university rules.
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6. During V Semester, the students shall be taken for Industrial Tour for a 
period of 15 days and has 2 credits.

7. The candidates have to take a Project Work in the Department or in 
any well established mineral based organization / laboratory for 3 -4 
months and submit the dissertation report. The Project Report has 8 
credits and Viva-Voce has 4 credits. 

8. Plant visits, Industrial training and Tour are compulsory. Candidate 
should present the dissertation work before the Viva-Voce Committee 
consisting of BOE, Chairman of the Department and concerned guide. 

9. Theory Question paper format for CBCS Semester examinations consists 
of 3 questions, 
w Question 1. consists of 20 Marks for short 10 Questions covering all 

the units. [2 × 10 = 20] 
w Question 2. consists of 20 Marks for 4 Questions with choice covering 

all the units. [5 × 4 = 20]
w Question 3. consists of 30 Marks for Essay type Questions with choice 

covering all the units [3 × 10 = 30]

10.  All other conditions are as per the university rules and regulations.
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First Semester
Total marks for first semester = 650

Sl. 
No.

Subject 
Code

Title of The Paper No. of 
Credits

Exam 
Hours

Marks

L-T-P Total IA Theory/
Lab

Hard Core Papers - Theory

1 MP C-1.1 Mineralogy 3-0-0 3 3 30  70

2 MP C-1.2 Petrology and Elements 
of Mining

2-1-0 3 3 30  70

3 MP C-1.3 Elements of Mechanical 
Engineering

3-0-0 3 3 30  70

    Soft core papers – Theory (Select any two)

4 MP C-1.4 Elements of Electrical 
Engineering

3-0-0 3 3 30    70

5 MP C-1.5 Applied Mathematics 
and Applied Statistics

3-0-0 3 3 30    70

6 MPC- 1.6 Mining Geology 3-0-0 3 3 30 70

Hard Core Papers-Practical

7 MPL C-1.7 Mineralogy and 
Petrology Lab

0-0-2 2 4 50

8 MPL C-1.8 Mechanical Engineering 
Lab

0-0-2 2 4 50

9 MPL C-1.9 Electrical Engineering 
Lab

0-0-2 2 4 50

Total 21 150 500
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Second Semester
Total marks for second semester = 700

Sl. 
No.

Subject 
Code

Title of The Paper No. of 
Credits

Exam 
Hours

Marks

L-T-P Total IA Theory/
Lab

Hard Core Papers - Theory

1 MP C-2.1 Economic Geology 2-1-0 3 3 30    70

2 MP C-2.2 Analytical Chemistry 3-0-0 3 3 30    70

3 MP C-2.3 Mineral Processing – I 3-0-0 3 3 30    70

Soft Core papers – Theory (Select any two)

4 MP C-2.4 Testing of Materials & 
Transport Phenomenon

3-0-0 3 3 30    70

5 MP C-2.5 Computer Programming 
in C & C+

3-0-0 3 3 30    70

6 MP C-2.6 Heat and Mass Transfer 3-0-0 3 3 30    70

Hard Core Papers - Practical

7 MPL C-2.7 Analytical Chemistry 
Lab – I

0-0-2 2 4 50

8 MPL C-2.8 Mineral Processing 
Lab – I

0-0-2 2 4 50

9 MPL C-2.9 Computer 
Programming in C & 
C+ Lab

0-0-2 2 4 50

 Elective paper (Select any one)

1 OE 2.1 Study of Minerals and 
Rocks 

2-0-0 2 15 35

2 OE 2.2 Mineral Resources of 
India

2-0-0 2 15 35

Total 23 165 535



A ROADMAP FOR MINERALS PROCESSING EDUCATION

135 Mineral Engineering Education in India – 
Current Status and Challenges

Third Semester
Total marks for third semester = 700

Sl. 
No.

Subject 
Code

Title of The Paper No. of 
Credits

Exam 
Hours

Marks

L-T-P Total IA Theory/
Lab

Hard Core Papers - Theory

1 MP C-3.1 Ore Microscopy & 
Research Methodology

2-1-0 3 3 30    70

2 MP C-3.2 Mineral Processing - II 3-0-0 3 3 30    70

3 MP C-3.3 Coal Preparation & Fuel 
Technology 

3-0-0 3 3 30    70

Soft Core papers – Theory (Select any two)

4 MP C-3.4 Surface Chemistry 3-0-0 3 3 30    70

5 MP C-3.5 Indian Mineral 
Resources & Processing 
Plant Flow Sheets

2-1-0 3 3 30    70

6 MP C-3.6 Bio Processing 3-0-0 3 3 30 70

Hard Core Papers - Practicals

7 MPL C-3.7 Study of Ores and Ore 
Microscopy Lab

0-0-2 2 4 50

8 MPL C-3.8 Mineral Processing 
Lab – II

0-0-2 2 4 50

9 MPL C-3.9 Analytical Chemistry 
Lab – II

0-0-2 2 4 50

Elective paper

1. OE 3.1 Introduction to Mineral 
Processing 

2-0-0 2 15 35

2. OE 3.2 Iron Ore Processing 
and Steel Making

2-0-0 2 15 35

Total 23 165 535
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Fourth Semester
Total marks for fourth semester = 650

Sl. 
No.

Subject 
Code

Title of the Paper No. of 
Credits

Exam 
Hours

Marks

L-T-P Total IA Theory/
Lab

Hard Core Papers - Theory

1 MP C-4.1 Mineral Processing – III 3-0-0 3 3 30    70

2 MP C-4.2  Non Ferrous Extractive 
Metallurgy

3-0-0 3 3 30    70

3 MP C-4.3 Flow Sheet Development 
& Evaluation

2-1-0 3 3 30    70

Soft Core papers – Theory ( Select any two)

4 MP C-4.4 Agglomeration MPD 
(Auxillaryopn)

3-0-0 3 3 30    70

5 MP C-4.5 Process Control & 
Automation 

3-0-0 3 3 30    70

6 MP C-4.6 Industrial Management 3-0-0 3 3 30    70

Hard Core Papers - Practical

7 MPL C 4.7 Mineral Processing  
Lab – III

0-0-2 2 4 50

8 MPL C-4.8 Agglomeration & Study 
of Flow sheets 

0-0-2 2 4 50

9 MPL C-4.9 Coal Preparation Lab 0-0-2 2 4 50

Total 21 150   500
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Fifth Semester
Total marks for fifth semester = 650

Sl. 
No.

Subject 
Code

Title of the Paper No. of 
Credits

Exam 
Hours

Marks

L-T-P Total IA Theory/
Lab

Hard Core Papers - Theory

1 MP C-5.1 Mineral Processing – IV 3-0-0 3 3 30    70

2 MP C-5.2 Mineral Processing Plant 
Design [Comm-Concen]

3-0-0 3 3 30    70

3 MP C-5.3 Ferrous extractive 
metallurgy

2-1-0 3 3 30    70

Soft Core papers – Theory (Select any two)

4 MP C-5.4 Simulation & Modeling 3-0-0 3 3 30    70

5 MP C-5.5 Environmental 
Management & Mineral 
Processing Economics

3-0-0 3 3 30    70

6 MP C-5.6 Waste Recycling 3-0-0 3 3 30    70

Hard Core Papers - Practical

7 MPL C-5.7 Mineral Processing 
Lab – IV

0-0-2 2 4 50

8 MPL C-5.8 Metallurgy Lab 0-0-2 2 4 50

9 MPL C-5.9 Simulation &  
Modeling Lab

0-0-2 2 4 50

Total 21 150   500
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Sixth Semester
Total marks for sixth semester = 250

Sl. 
No.

Subject 
Code

Title of the Paper No. of 
Credits

Exam 
Hours

Marks

L-T-P Total IA Theory/
Lab

Project Work

1 MP C-6.1 Dissertation 0-2-6 8 - - 100

2 MP C-6.2 Viva Voce on 
Dissertation

0-0-4 4 - - 100

3 MP C-6.3 Industrial Training 0-0-2 2 -  5

4 MP C-6.4 Industrial Tour Report 0-0-2 2 -  5

Total 16 -  0 200

The pattern of matrix for M.Tech Mineral Processing (Six Semesters)

No Courses I SEM II SEM III SEM IV SEM V SEM VI SEM

C P M C P M C P M C P M C P M C P

1 Hard 
Core

15 5 450 15 5 450 15 5 450 15 5 450 15 5 450 16 Project 
Work

2 Soft 
Core

6 2 200 6 2 200 6 2 200 6 2 200 6 2 200

3 Open 
Elective

- - - 2 1 50 2 1 50 - - - - -

Total 21 7 650 23 8 700 23 8 700 21 7 650 21 7 650 16

Total

C P M

Hard Core 91 25 2250

Soft Core 30 10 1000

Open Elective 04 02 100

Total 125 37 3350
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Next – how are the courses doing?

Degree conferments 1988 to 2016 are presented in figures and below. Total 
degree conferments during this period are 414 for the Bachelors degree 
(B.Tech), and 271 students graduated from the Masters (MTech) program.
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Figure 1: Graduates from 1978-2016 from Indian School of Mines

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

Year

N
um

b
er

 o
f 

B 
Te

ch
 g

ra
d

ua
te

s

0

10

20

30

40

50

60

  (b) M. Tech program



Section 4

MINERALS INDUSTRY   EDUCATION AND TRAINING II

140 Meeting the Challenges of a 
Changing World

Note the cyclic nature of the programs, reflecting changing nature of industry, 
as students are attracted to promising jobs at times of high demand.

414 PhD degrees have been awarded over the same time period (Figure ??).
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Figure 2: PhD Graduates from 1978-2016 from Indian school of mines
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Numbers of graduates from the PG Center are also shown. There were a 
total of 374 graduates from the M Tech program and 10 PhD gradutes.

Graduate Placements

Gradutes from these institutions are placed at most of the minerals 
companies in India.

A) Indian Organizations

�	Sandur Manganese & Iron Ore Co Ltd

�	Tata Iron & Steels Col. TISCO

�	Steel Authority of India Ltd (SAIL)

�	Hospet Steels, Hospet

�	Kirloskar Ferrous Industries Ltd., 
Hospet

�	SISCAL, SALEM

�	MSPL Baldota, Hospet

�	Bharath Coking Coal Ltd (BCCL), 
Dhanbad

�	Rassi Steels Ltd., West Bengal

�	Indian School of Mines, Dhanbad,

�	JSW Steel Limited, Torangallu

�	Manganese Ore India Ltd (MOIL), 
Nagpur

�	Hindustan Copper Co. Ltd.

�	Neyveli Lignite Corporation, Neyveli

�	Kudremukh Iron Ore Company Ltd.

�	Fomento Mining Industries Ltd., Goa

�	Chowgule Mining Corporation Ltd., 
Goa 
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�	Dempo Mining Corporation, Goa

�	Bateman Co.Ltd. Bengaluru

�	Delkor Co. Ltd. Bengaluru

�	Thriveni Earth Movers, Salem

�	Eriez India Ltd.

�	Weir Minerals, Bengaluru

�	Insmart Systems, Hydrabad

�	Tega Industries, Kolkata 

�	MacNally Bharath Sayaji Ltd

�	Indian Institute of Science

�	Indian Bureau of Mines

�	Usha Martin Ltd.

�	Sesa Goa Ltd.

�	Bhajarang Ispat Ltd., Raipur

�	Uttar Pradesh Mineral Development 
Co Ltd.

�	Department of Atomic Energy

�	National Mineral Development 
Corporation, Regional Research 
Laboratories (CSIR)

�	National Metallurgical Laboratories 
(CSIR)

�	Central Fuel Research Lab, Dhanbad

�	Indian Rare Earths Ltd.

�	Uranium Corporation of India Ltd.

�	CDE Asia

�	Rungta Co Ltd., West Bengal

�	Salgaocar Co Ltd., Goa

�	Jayalakshmi Minerals Ltd., Hospet 

�	VSL Co Ltd.

�	TAMIN, Tamil Nadu

�	BMM Ispat Ltd., Bellary, Karnataka

�	Ingwaenia Min Tech Ltd.

�	Grindwell Norton Ltd., Mumbai

�	Ashapura Mine Chem Ltd.

�	Coal India Ltd. 

�	Thakur Industries Ltd.,  
Hospet, Karnataka

�	Geomin Ltd., Jabalpur,  
Madhya Pradesh

A number of graduates also travel overseas for work and have been palced 
at ehe following institutions:

B) Overseas Organizations
� Trimex Co Ltd., U.A.E.
� Mineral Technologies Inc., USA
� LONGi Ltd., China
� Oman Phosphates P. Ltd.
� CSIRO, Australia      
� Jordan Phosphates, Jordan
� Mintek, South Africa
� Outotec, Canada
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� Creative Engineers Ltd., Dhaka, Bangladesh
� Swaziland Iron ore P. Ltd.
� Wharton Phosphates Ltd., Oman
� Bumegeme Inc., Canada
� Julius Kruttschnitt Mineral Research Centre (JKMRC), The University of 

Queensland, Australia
� Metso Minerals
� Barrick Gold Corporation, Canada

Challenges & Opportunities for Indian Mineral Processing Education
The most serious problem is difficulties in faculty recruitment with Mineral 
Engineering specialization. There is little in the way of incentives for 
students to embark on PhD studies and therefore not many potential 
faculty for Indian Universities. Many universities are unable to find suitable 
faculty to teach mineral processing.

There is also a need for alignment of skills demanded by the industry and 
the training provided by the universities, despite many efforts to set up 
industry advisory boards and established linkages with industry, there is a 
need for better engagement between university departments and industry. 

Academics tend to underestimate the importance of a number of aspects 
of minerals processing education including: 

� Design of reactors, process engineering, mass, heat and momentum 
balance, flowsheet development. 

� Provision for industrial personnel to participate as adjunct faculty in 
student training programs in universities. 

� Summer training internship programs for students in industry
� Faculty secondment to industries to assimilate recent innovations in 

machinery and operations in industry. 
� Strengthening of computational/modeling skills for scale up of bench 

scale experiments (ICT). 
� Techno-economic feasibility reports
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Closer interaction with the industry to design courses and impart necessary 
skills to tackle industrial problems-is recommended to promote better 
outcomes.

Involvement of professional societies (IIME, IIM) in developing professional 
development/training programs for industrial personnel in collaboration 
with universities would also be of benefit. This is ongoing and supported 
by industry.

The way forward
The following are recommended to ensure a successful future for the 
mineral processing and extractive metallurgy disciplines in India:

� To sustain student interest in Mineral Engineering, the program 
needs to be integrated with the Chemical Engineering discipline for a 
comprehensive training in ‘particulate processing’ encompassing not 
only the mineral and coal preparation industries but also paint, pigment 
and dyes, pharmaceutical, ceramics, cement, textile, petroleum, bio-
medical engineering, polymer science, nanoscience and engineering.

� Enhancing PhD Enrollment is important to ensure availability of faculty
� Student internships in overseas industries for gaining first-hand 

experience in modern mineral processing plants as part of international 
student exchange fellowship programs.



A ROADMAP FOR MINERALS PROCESSING EDUCATION

145 Montana Tech: Perspectives of a Small  
Specialty School

PROF. COURTNEY YOUNG
Department of Metallurgical and Materials Engineering, Montana Tech of 

The University of Montana, Butte, Montana

Montana Tech: Perspectives of a Small  
Specialty School

Abstract

Montana Tech is a small university comprising approximately 3000 
students across three schools. In this paper, I will discuss the main 
challenges affecting accreditation of mineral processing related subjects.

Introduction and Background

Montana Tech is a small university located in Butte, Montana. Montana 
has a population of around one million, and is considered the heart of 
the Rocky Mountains, with two national parks. Butte has a population of 
40 000 and historically was a mining district, with many head frames still 
visible. Butte is the home of Montana Tech, which is a small university 
comprising approximately 3000 students. There are three main schools; 
the College of Letters, Science and Professional Studies, the School of 
Mines and Engineering and Highlands College. The departments of 
Metallurgical and Materials Engineering and Mining Engineering form 
part of the School of Mines and Engineering. 

The campus is in a region of great natural beauty and this poses some 
challenges for a mining-centred activities. 

Within the School, there are 10 Masters programs, including 
Metallurgical/Mineral Processing Engineering and Mining Engineering. 
There are also two PhD programs; Materials Science (MatSci) and the 
Individual Interdisciplinary Program (IIP). In addition to this there is a 2 
year “Vo-tech” program.
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Each Department within the School of Mines and Engineering typically 
has 6 tenured faculty positions to manage the Batchelor (BS) and Master 
(MS) programs. Currently, the Metallurgical and Material Engineering 
Department is responsible for teaching the core courses in the MatSci PhD 
program, so it also has a visiting faculty/postdoc member of staff.

The Department of Metallurgical and Materials Engineering resides in 
the school of Mining Engineering. All students in mining engineering are 
required to take a DDmineral processing course. 

Metallurgical and Materials Engineering has the following faculty members:

� Courtney Young (Dept Head): Mineral Processing
� Hsin-Hsuin Huang: Hydrometallurgy
� Jerome Downey: Pyrometallurgy
� Alan Meier: Brazing Metallurgy/Ceramic Materials
� KV Sudhakar: Physical Metallurgy/Biomaterials
� Bill Gleason: Welding Metallurgy/Casting/Polymers
� Avimanyu Das: Visiting Faculty/Mineral Processing 

This is one more than the usual six faculty allowed per department. The 
extra “visiting” faculty member has been allowed because of a new PhD 
program. 

In addition, there are three adjunct faculty members, and several 
supporting staff. The Department houses comprehensive laboratory 
facilities including environmental and hydrometallurgy labs, and materials 
synthesis and pyrometallurgy labs, in addition to mineral processing and 
materials characterization facilities.

Challenges

The discipline of mineral processing and extractive metallurgy has faced a 
number of challenges in recent years (i.e. since 1980s), including:
� NSF stops granting mineral processing and extractive metallurgy 

research
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� Most universities eliminate Mining and Metallurgical Engineering 
programs

� Others (continue to) question why they have a “School of Mines”
� Survivors, circa 2000, such as CSM, SDSM&T and MT Tech:

w Rename courses (e.g., Mineral Processing becomes Particulate 
Processing)

w Change program names (e.g., Metallurgical & Materials Engineering)
w Get creative with research (e.g., energy, recycling and waste/water 

treatment)

� Universities use research to meet bottom line and become “Pro-
Material” advocates

� MT Tech MatSci PhD is created but includes minerals (and metals) as 
materials

In the USA, only 7 programs remain that teach Mineral Processing and 
Extractive Metallurgy and only 13 programs remain in Mining Engineering.

Furthermore, mineral processing and extractive metallurgy can reside in 
different departments around the world, including:
1. Metallurgical (and Materials) Engineering
2. Mining (and Minerals) Engineering
3. Chemical (and other Process) Engineering

All of these are reasonable homes for minerals processing, but each presents 
issues relating to delivery of curriculum. For example, programs in metallurgy/
materials engineering schools will be particularly strong in materials science, 
programs in mining engineering departments are likely to be weak on 
chemistry. Chemical engineering programs will be weak in mineralogy and 
chemical engineers often struggle with comminution science.

This also presents corresponding challenges in the accreditation of courses 
by professional bodies.
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Accreditation

Accreditation by Professional Bodies

There are several professional bodies that are govern the key disciplines 
associated with the departments that teach mineral processing.

The lead societies accrediting Materials (1), Metallurgical (2), Ceramics (3) 
and “Similarly Named Engineering Programs” are:
� (1,2)Materials and Metallurgical Engineering Programs: TMS
�	(3)Ceramics Engineering Programs: ACerS

There are also several cooperating Societies for the same:
� (1)Materials Engineering Programs: ACerS, AIChE and ASME
� (2)Metallurgical Engineering Programs: SME
� (3)Ceramics Engineering Programs: TMS

This means there are a lot of different voices telling the head of department 
what to do.

By comparison, there is only one accrediting society for mining and 
similarly named engineering programs
� Lead Society: SME

And similarly, only one accrediting society for chemical, biochemical, 
biomolecular, and similarly named engineering programs
� Lead Society: AIChE

Required Engineering Student Outcomes

All engineering graduates are required by ABET of the Engineering 
Accreditation Commission, to demonstrate the following student outcomes:

The program must have documented student outcomes that prepare 
graduates to attain the program educational objectives. Student outcomes 
are outcomes (a) through (k) plus any additional outcomes that may be 
articulated by the program.
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a. an ability to apply knowledge of mathematics, science, and engineering
b. an ability to design and conduct experiments, as well as to analyze and 

interpret data
c. an ability to design a system, component, or process to meet desired 

needs within realistic constraints such as economic, environmental, 
social, political, ethical, health and safety, 

d. an ability to function on multidisciplinary teams
e. an ability to identify, formulate, and solve engineering problems
f. an understanding of professional and ethical responsibility
g. an ability to communicate effectively
h. the broad education necessary to understand the impact of engineering 

solutions in a global, economic, environmental, and societal context
i. a recognition of the need for, and an ability to engage in life-long learning
j. a knowledge of contemporary issues
k. an ability to use the techniques, skills, and modern engineering tools 

necessary for engineering practice.

In two years this will be reduced to a consolidated list:
1. An ability to identify, formulate, and solve engineering problems by 

applying principles of engineering, science, and mathematics.
2. An ability to apply both analysis and synthesis in the engineering design 

process, resulting in designs that meet desired needs.
3. An ability to develop and conduct appropriate experimentation, analyze 

and interpret data, and use engineering judgment to draw conclusions.
4. An ability to communicate effectively with a range of audiences.
5 An ability to recognize ethical and professional responsibilities in 

engineering situations and make informed judgments, which must 
consider the impact of engineering solutions in global, economic, 
environmental, and societal contexts.

6. An ability to recognize the ongoing need for additional knowledge and 
locate, evaluate, integrate, and apply this knowledge appropriately.

7. An ability to function effectively on teams that establish goals, plan 
tasks, meet deadlines, and analyze risk and uncertainty.



Section 4

MINERALS INDUSTRY   EDUCATION AND TRAINING II

150 Meeting the Challenges of a 
Changing World

For students in Metallurgical & Materials Engineering, additional subject 
specific criteria are:

Metallurgical & Materials Engineering

These program criteria apply to engineering programs including “materials,” 
“metallurgical,” “ceramics,” “glass,” “polymer,” “biomaterials,” and similar 
modifiers in their titles.

1. Curriculum
The curriculum must prepare graduates to apply advanced science 
(such as chemistry, biology, and physics), computational techniques 
and engineering principles to materials systems implied by the 
program modifier, e.g., ceramics, metals, polymers, biomaterials, 
composite materials; to integrate the understanding of the scientific 
and engineering principles underlying the four major elements of 
the field: structure, properties, processing, and performance related 
to material systems appropriate to the field; to apply and integrate 
knowledge from each of the above four elements of the field using 
experimental, computational, and statistical methods to solve materials 
problems including selection and design consistent with the program 
educational objectives.

2. Faculty
The faculty expertise for the professional area must encompass the four 
major elements in the field.

There are also subject specific criteria for students of Mining Engineering. 
A notable difference between this and the metallurgy criteria is the 
inclusion of clearly defined specific topic areas such as mine planning, rock 
mechanics and ventilation. 

Mining Engineering

These program criteria apply to engineering programs that 
include “mining” or similar modifiers in their titles.
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1. Curriculum
The program must prepare graduates to apply mathematics through 
differential equations, calculus-based physics, general chemistry, and 
probability and statistics as applied to mining engineering problem 
applications; to have fundamental knowledge in the geological sciences 
including characterization of mineral deposits, physical geology, structural 
or engineering geology, and mineral and rock identification and properties; 
to be proficient in statics, dynamics, strength of materials, fluid mechanics, 
thermodynamics, and electrical circuits; to be proficient in engineering 
topics related to both surface and underground mining, including: mining 
methods, planning and design, ground control and rock mechanics, 
health and safety, environmental issues, and ventilation; to be proficient 
in additional engineering topics such as rock fragmentation, materials 
handling, mineral or coal processing, mine surveying, and valuation and 
resource/reserve estimation as appropriate to the program objectives. The 
laboratory experience must prepare graduates to be proficient in geologic 
concepts, rock mechanics, mine ventilation, and other topics appropriate 
to the program objectives.

2. Faculty
Evidence must be provided that the program faculty understand 
professional engineering practice and maintain currency in their respective 
professional areas. Program faculty must have responsibility and authority 
to define, revise, implement, and achieve program objectives.

And for Chemical Engineering:

Chemical (and Biological) Engineering

These program criteria apply to engineering programs that include 
“chemical,” “biochemical,” “biomolecular,” or similar modifiers in their titles.

1. Curriculum
The curriculum must provide a thorough grounding in the basic sciences 
including chemistry, physics, and/or biology, with some content at an 
advanced level, as appropriate to the objectives of the program. The 



Section 4

MINERALS INDUSTRY   EDUCATION AND TRAINING II

152 Meeting the Challenges of a 
Changing World

curriculum must include the engineering application of these basic sciences 
to the design, analysis, and control of chemical, physical, and/or biological 
processes, including the hazards associated with these processes.

2. Faculty
Nothing Stated

With all of these outcome requirements, programs mineral processing and 
extractive metallurgy must be broad and diverse to include the necessary 
content. There is little space for inclusion of additional electives. 

Additional Challenges

The minerals industry has attracted negative publicity over the last 30 years 
and this has impacted on Minerals Processing education. Some impacts:

� National Science Foundation (NSF) stops granting mineral processing 
and extractive metallurgy research

� Most universities eliminate Mining and Metallurgical Engineering 
programs

� Others (continue to) question why they have a “School of Mines”

The surviving schools of mines in the USA circa 2000 are the Colorado 
School of Mines, South Dakota School of Mines and Montana Tech. 
Universities use research to meet bottom line and become “Pro-Material” 
advocates. Other survival strategies used by the schools that are left 
include:
� Rename courses (e.g., Mineral Processing becomes Particulate 

Processing)
� Change program names (e.g., Metallurgical & Materials Engineering)
� Get creative with research (e.g., energy, recycling and waste/water 

treatment)

In summary, what does a school need to do to survive?
Accreditation requires input from constituents as part of assessment 
process, and program coordinators need to pay attention to all:
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� Industrial Advisory Boards – must be proactive with Departments
� Graduates – must be hired permanently by Mining and Metallurgical 

Industries
� Students – must be hired as interns by Mining and Metallurgical 

Industries
� Alumni – must help keep IAB members up to date on technology
� Faculty – must work with constituents to keep up with changing 

industrial needs

In terms of the inputs from Faculty, this includes having hands-on courses 
(M&ME requires 14 labs of which 6 are in M&ME). Although this makes 
education expensive it delivers a much better outcome.

Having as many technical electives at graduate level as possible means 
that you will be prepared for a reduction in credit requirements, and also 
that you prepare students for Graduate School.

Finally, be innovative! Get industry in the classroom or bring the classroom 
to industry. Montana Tech has had great success with this including guest 
lectures, field trips (particularly early in program) and seminars and guest 
lectures (use long distance learning). Two highly successful examples are:
� Fire Assay – short course format that industry also takes
� Gold Processing – Newmont personnel offer expertise in 30% of course

Conclusions

Like many schools around the world, Montana Tech is under significant 
strain. However, the school is delivering a successful program and we 
believe our strategy is setting us up for survival in the long term.
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Where are the Women in Mineral Processing?

Introduction

Throughout my career in the minerals processing academic community, 
it has often seemed that women are in a minority, both in terms of 
presence at meetings and conferences, and on site. In this study, I have 
set out to quantify the number of women in mineral processing, using 
data on those graduating with mineral processing degrees, delegates 
lists from selected conferences and other sources (namely the Minerals 
Council of Australia report ‘Unearthing New Resources’). The purpose 
of this study is not to propose reasons for or solutions to any indicated 
imbalance, but to draw attention to the numbers of women in the 
industry, in order to generate discussion on the topic of attracting and 
retaining a broad diversity of skilled workers and innovators.

The Gender Diversity in Positions of Esteem

In order to quantify the proportion of women working in mineral 
processing (both academia and industry), we can look first to the 
International Mineral Processing Council; the body whose “principal 
purpose” is to “maintain oversight over the various formal activities of 
the international mineral processing community and to represent the 
views of the international community of mineral processors” (www.
impc-council.com). The council comprises 18 members, predominantly 
from the academic community, of which one member is female (Diana 
Drinkwater) (www.impc-council.com). This means the proportion of 
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women on the council is 5.6%. While this might seem low, does it represent 
reasonably the gender diversity of the industry?

Another source of data on gender from what could be described as a 
position of esteem within the industry is the stream and symposia chairs 
of the recent IMPC in Quebec City. There are many such conferences 
that could be used as an example, however since the IMPC is promoted 
as the biggest gathering of mineral processors worldwide, then it is a 
suitable benchmark. In the conference proceedings, there are listed 36 
people involved as technical and symposia chairs, of which 3 are women 
(Proceedings of the XXVIII International Mineral Processing Congress 
(2016)). This makes the proportion of women involved 8.3%. This is clearly 
higher than the 5.6% present on the Council, but is it more representative 
of the industry as a whole, or does it reflect simply the proportion of 
women at higher positions within the sector?

The Gender Diversity of Mineral Processing Graduates

At the XXVI IMPC held in 2012 in New Delhi, India, a symposium was 
held on Human Resource Development. As part of this symposium, a 
survey was carried out to investigate the supply and demand of minerals 
engineers as at 2010 (Cilliers, 2013). One of the questions asked in this 
survey was regarding the proportion of female graduates in mineral 
processing subjects, therefore giving a good indicator as to the supply of 
females into the mineral processing sector. It should be noted, however, 
that not all countries/regions deliver mineral processing specific degree 
programmes (either undergraduate or graduate), nor were the data 
exhaustive. Nevertheless, this gives a good benchmark for quantifying the 
proportion of women entering the industry.

Figure 1 gives a breakdown of the distribution and numbers of mineral 
processing graduates produced by the different countries or regions that 
contributed to the survey. While China dominates with 50% of the graduates, 
it is interesting that countries/regions with significant mining industries 
(Australia, North America) produce relatively few mineral processing 
graduates. This is discussed further in the original study (Cilliers, 2013).
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With regards to the proportion of female graduates, Figure 2 gives 
the proportion of women graduating from mineral processing degree 
programmes from selected regions where data were provided. This 
represents around 82% of the total number of mineral processing 
graduates, with data from India, Russia and Eastern Europe, Turkey and the 
Middle East, and Western Europe unavailable. On the left, the data show 
that the African region produces mineral processing graduates comprising 
almost 50% women, while China and South and Central America both have 
female participation of 18%. Considering the data supplied, all countries/
regions produce mineral processing graduates with a significantly higher 
proportion of women than are represented at positions of esteem in the 
community (i.e. IMPC, technical stream chairs). Comparing the numbers 
in this way does not give any indication of changes over time; it might be 
assumed, for example, that numbers of women entering and working in 
the industry have increased in previous decades. It does, however, start 
to give an indicative number of the proportion of women in the mineral 
processing industry.

On the right in Figure 2 is the estimated proportion of women graduating 
from mineral processing programmes by country/region as a fraction of 
the total production of mineral processing graduates globally. It should 
be noted that these data are calculated on the basis that all countries/

Figure 1: Distribution and numbers of mineral processing graduates 
by country/region (adapted from Cilliers, 2013)
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regions in Figure 1 are represented (i.e. the 18% of mineral processing 
graduates for which no data were available on the numbers of females 
included no women). 

In total, using the available data, the proportion of global mineral processing 
graduates that are female is estimated as 17.2%. This is based on the above 
assumption, however if we assume that the five countries/regions in Figure 
2 are representative of the whole supply of mineral processing graduates, 
then the proportion of women rises to 20.9%. This is broadly in line with 
the proportion of female engineering undergraduates in the UK, at 16.1% 
(Equality in Higher Education: Statistical Report, Part 2: Students, 2015). As 
a point of comparison, in the same UK study, 39.6% of physical sciences 
undergraduates were female.

Figure 2: Proportion of female graduates in mineral processing 
(LHS) and contribution of female graduates to total supply of 
mineral processing graduates (RHS) by country/region (adapted 
from Cilliers, 2013).
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In the supply and demand study from the IMPC Commission on Human 
Resource Development, the survey included a question on the number of 
mineral processing graduates entering industry; these data are shown in 
Figure 3 (on the left). Of note here is the low fraction of African mineral 
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processing graduates entering industry, at 50%. It is thought that this low 
value is related to other industries (e.g. financial) being attracted to the 
skillset acquired by mineral processing/engineering graduates. Across 
the other countries/regions where data were available, the uptake of 
graduates into industry is estimated as being between 80 and 90%. Taking 
these values into account, the proportion of women entering the mineral 
processing industry directly from mineral processing degree programmes 
is 13.9% (based on no women entering the industry from countries/regions 
where no data were available) or 19.9% (based on the five countries/
regions representing the whole supply). The lower value represents around 
1 in 7 graduates entering the industry being female, while the higher value 
is 1 in 5. It is likely that the “true” value lies between these limits.

The data gathered in the IMPC Commission suggest, therefore, a value for 
the proportion of women entering the industry with a mineral processing 
degree of between 13.9% and 19.9%. 
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Figure 3: Proportion of female graduates entering industry (LHS) 
and contribution of female graduates to total supply of mineral 
processing graduates entering industry (RHS) by country/region 
(adapted from Cilliers, 2013).
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The Gender Diversity of Delegates at Mineral Processing 
Conferences

The data investigated so far give an indication on the proportion of 
women entering the mineral processing industry, and those at positions 
of esteem, however we can also use those attending conferences as a 
reasonable indication of the diversity of the industry. Using delegate lists 
from selected MEI conferences (http://www.min-eng.com/), it is possible 
also to obtain an indication of the gender diversity of the different sectors 
within mineral processing, both in terms of academia/industry split and by 
the specific field (i.e. Flotation, comminution, process mineralogy). 

As with all data, there are assumptions and caveats that have been made 
in order to draw broad conclusions from the information. These are as 
follows:

� People attending conferences have a range of backgrounds (e.g. non-
technical, sales etc.)

� People in mining and mineral processing tend not to work in the same 
country from which they graduated

� Many people enter technical and academic mineral processing roles 
from backgrounds such as chemical engineering

� There is no classification of hierarchy in the analysis; i.e. a professor and 
PhD student count equally as “academic”

� Delegates representing industry will typically be those at higher 
positions within the organisation; this may not reflect accurately the 
gender diversity of a company/the industry

� Some names may have been misplaced

With these assumptions and simplifications in mind, in the following 
section, we estimate the demographics of delegates at five MEI conferences: 
Flotation ’03, ’07, ’15, Comminution ’14 and Process Mineralogy ’14.

Flotation Conferences 
The breakdown of female delegates attending the Flotation ’15 
conference, held in Cape Town, by region and by sector (i.e. academia or 
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industry) is given in Figure 4. Overall, there were 238 delegates, of which 
64.3% were from industry. The greatest geographical contributor of 
delegates was Africa, which is to be expected given that the conference 
was held in South Africa.

Considering only the female delegates, it is noticeable that the proportion 
of women in academia attending the conference is higher than those 
representing industry, for all regions, but particularly Africa. The percentage 
of academic women attending from the African region shows good 
agreement with the proportion of female mineral processing graduates 
from the same region. The difference between academic and industry 
female delegates is also particularly notable for Australia. There are a 
number of possible explanations for this difference (e.g. those in academia 
at all levels are more likely to attend conferences, more attractive working 
conditions in academia), however it is beyond the scope of this study to 
investigate the causes.

Considering all delegates, the proportion of women was 18.9%, with 
27.1% of academic delegates being women, compared to 14.4% of 
industry delegates.

Figure 4: Proportion of female delegates at MEI’s Flotation ’15 by 
sector and region
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It is also interesting to study the demographics of delegates to the same 
conference series over time; to this end Figure 5 shows the proportion 
of female delegates attending Flotation ’03, ’07 and ’15. A point to note 
is that the 2003 conference was held in Helsinki, while 2007 and 2015 
were held in Cape Town. Consequently, in 2003, 65% of delegates were 
European (with only 5.5% European female delegates from industry), 
while in 2007, 47% of delegates were African. In spite of this change of 
location, it can be seen that while the proportion of female academics has 
increased over time, from 14.3% in 2003 to 27.1% in 2015, the attendance 
of industry women has remained broadly constant at around 14.5% (with 
11% in 2003). Overall this results in an increase in female delegates from 
12.5% in 2003 to 18.9% in 2015.

The data suggest, therefore, that there has been a general increase in 
the proportion of women in mineral processing, specifically flotation, 
in recent years in academia, but that the numbers in industry remain 
relatively constant, at 14.5%. This number correlates well with the lower 
estimate of women graduating with mineral processing degrees that 
enter industry (13.9%).

Figure 5: Proportion of female delegates attending MEI’s Flotation 
’03, ’07 and ’15 conferences
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Comparison between conferences
Flotation is a complex process, involving chemistry, surface science, 
hydrodynamics and multiphase flow, to name just a few of the many fields 
within the subject. It is helpful, when considering the numbers of women in 
mineral processing, to include also other disciplines, namely comminution 
and process mineralogy. 

A comparison of the gender balance of the three most recent MEI 
conferences held in Cape Town in these fields is given in Figure 6. Overall, 
it has been shown that 18.9% of delegates at Flotation ’15 were female; 
Process Mineralogy ’14 (total number of delegates: 74) had a total of 25.7% 
female attendees. This originates in the significantly higher proportion 
of female academics in this field, at 38.2%, as industry contributed 15% 
female delegates. The industry value of 15% is strikingly similar to that for 
the flotation conferences, showing good agreement with the lower value 
for female mineral processing graduates. The field of comminution, on 
the other hand, appears to attract a much lower proportion of women, 
across both academia and industry. At Comminution ’14 (total number 
of delegates: 229), just 6.6% of the delegates were female; in this case, 
academic women accounted for a lower percentage (4.0%) than did 
industry women.

While the possible reasons for this will not be speculated here, it can be 
assumed that the three conferences give a reasonable cross section of 
the general make-up of the mineral processing community. Weighting the 
data by number of delegates attending the three conferences, therefore, 
the total proportion of female attendees was 14.6%, with 18.8% from 
academia and 11.5% from industry. This suggests the number of women in 
mineral processing lies at approximately 1 in 7.

Other Studies and Future Prospects

A comprehensive study on attracting and retaining women in the Australian 
minerals industry was published by the Minerals Council of Australia in 
2007 (Unearthing New Resources, 2007), separated into three sections 
focusing on young women and career expectations, the expectations 



Section 4

MINERALS INDUSTRY   EDUCATION AND TRAINING II

164 Meeting the Challenges of a 
Changing World

Figure 6: Proportion of female delegates attending Flotation, 
Comminution and Process Mineralogy conferences by sector
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of female mining engineering and mineral processing students, and the 
retention of women in the mining industry. While considering the mining 
industry as a whole and Australia only, the report states that 18% of the 
workforce in the sector is female, with just 3% of on-site workers being 
women. The value of 18% is broadly in line with values of female mineral 
processing graduates and conference delegates, however it must be 
considered that this is for the Australian mining sector overall, including 
corporate and technical roles.

Of particular note in the report is the distribution of workers across age 
groupings, reproduced in Figure 7. Here, it can be seen that the 25-34 age 
group provides a third of the female mining sector employees, following 
which there is a significant drop-off. For men, on the other hand, there 
is a normal distribution of employees by age group, with the greatest 
contribution from the 35-44 age bracket. The differences in the distribution 
of female mining workers compared to male workers suggest that women 
attracted into the industry tend to leave beyond the age of 34. This is likely 
to be linked to caring responsibilities. The report suggests that lack of 
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flexible/part-time working and cultural behaviour are reasons behind this 
skewed distribution. 

The data do, however, support the numbers presented in this study; while the 
proportion of female mineral processing graduates entering the industry 
is likely to be between 13.9% and 19.9%, the proportion representing 
industry at mineral processing conferences is around 11.5%. Academia 
has a higher fraction of women, at 18.8%, however there is variation in 
the discipline within mineral processing. In the positions of esteem, the 
numbers drop considerably to 5-8% according to the (relatively limited) 
information used here.

While it is beyond the scope of this study to suggest whether the numbers 
of women in the industry is problematic, or whether steps should be taken 
to address any issues raised, the data do highlight the need for discussion 
of this topic. In order to attract the next generation of skilled workers and 
innovators into mineral processing, we need to be attracting into and 
retaining a diverse range of people in the industry.

Figure 7: Distribution of age groups for male and female employees 
in the Australian mining industry (taken from Unearthing New 
Resources, 2007)
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Summary and Conclusions

This study set out to establish the approximate number of women in 
the mineral processing industry, with the aim of stimulating discussion 
on the diversity of the industry as a whole, including the attraction and 
retention of women. Using available data from previous studies (the IMPC 
Commission on Human Resources and the Minerals Council of Australia 
report), in addition to delegate lists from selected mineral processing 
conferences, it has been shown that the proportion of women graduating 
from mineral processing degree programmes and entering the industry 
lies between 13.9% and 19.9%, while delegates at conferences comprised 
18.8% women. The proportion of women from academia is greater than 
those representing industry at conferences across all disciplines within 
mineral processing, however there is a large degree of variation between 
the disciplines. These numbers are not reflected in the proportion of 
women in positions of esteem (e.g. Technical stream chairs, IMPC), however 
this study represents a snapshot in time. It might be assumed that this may 
change over time.

While this study did not set out to investigate the topic in any further depth, 
it is hoped that by increasing awareness of the diversity of the industry, we 
can seek to attract and retain the skilled workers and innovators that are 
required to meet the broad range of challenges this vital industry will face 
in the future.
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Abstract

Virtual reality, a 3D computer-generated environment, has become 
recognized a delivery system for many forms of education. This paper 
describes the application of virtual reality to mineral processing education. 
An interactive mineral processing visualization module developed at 
the University of New South Wales, Australia, provides students with an 
overview of a base metal concentrator and details about each stage of 
the process, as well as revealing how the mined ore progresses theough 
stages in processing. The module also involves developing instructional 
based plant layouts and flowsheets in the virtual environment that are 
intended to assist the user in understanding the essential components 
of the base-metal concentrator.

Keywords

Mineral processing, Mineral processing education, Processing plant, 
Virtual reality (VR)
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Introduction

Virtual reality (VR) is the creation of an artificial environment that is 
experienced through sights and sounds provided by a computer (Squelch, 
2001). The simulated environment is achieved through a technologies such 
as 3D graphics, audio feedback, and special peripheral devices to produce 
interactive environments.

Virtual reality has been used in diverse fields including medicine (Riener 
& Harder, 2012), entertainment (Hsu, 2011), military (Manojlovich, 
Prasithsangaree, Hughes, Chen, & Lewis, 2003), manufacturing 
(Zimmermann, 2008; Jiang, 2011), and chemical processing (Schofield, 
Lester, & Wilson 2005; Squires, Andersen, Reklaitis, Jayakumar, & 
Carmichael, 2014). Virtual reality is also becoming the recognized 
delivery system for education in many fields, including engineering (Bell 
& Fogler, 1996, 1998; Shin, 2002). For example, VR laboratories have 
been designed and developed to teach students fundemental features 
of heterogeneous catalytic mechanisms and absorption columns (Bell 
& Fogler, 1995), the multi-phase and multi-component blast furnace 
iron making process (Babich & Senk, 2009), and to guide students to 
identify various safety measures while working in real laboratory (Bell 
& Fogler, 1996). 

The School of Mining Engineering at the University of New South 
Wales (UNSW), Australia has developed and deployed immersive, 
interactive simulations within the mining engineering education sector at 
undergraduate and postgraduate levels. Virtual underground and open-
cut mines have been developed, where students can experience various 
aspects of a mining operation and assess the feasibility of different mine 
design options (Laurence & Stothard, 2010). VR modules have also been 
developed to traincoal mine workers and raise community awareness 
(Mitra & Saydam, 2011; Saydam, Mitra, & Russell, 2011). These modules y 
focus primarily on understanding mine environment hazards, identifying 
and eliminating hazards sources, and reducing risks through taking 
appropriate action to rectify a situation. 
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In this study, a virtual environment has been developed that simulates 
a base metal concentrator, consisting of grinding and flotation circuits. 
The purpose is to place students in an environment that allows them to 
navigate through a virtual plant to understand its operation, equipment 
functionality, and layout. 

Virtual Reality Module

Simulated Concentrator

The virtual mineral processing plant was developed based on the 
Northparkes copper concentrator, which is in central New South Wales, 
Australia, approximately 300 km from west of Sydney. The concentrator has 
two identical parallel modules, each consisting of grinding and conventional 
flotation circuits. The ore is crushed and ground in a semi-autogenous 
grinding mill, followed by two stages of ball milling, and a flash flotation 
unit where high-grade fast-floating particles are removed. The flash flotation 
tailings are processed in rougher, scavenger, cleaner, re-cleaner, and cleaner 
scavenger banks to produce the final copper-gold concentrate. The ore has 
a grade of approximately 1.4% copper and 0.4 g/t gold. The final concentrate 
produced for each module assays 36–40% copper.

3D Mineral Processing Plant 

In the current version of the virtual reality module, students are provided 
with an overview of a mineral processing plant where the mined ore is 
processed through a conventional grinding and froth flotation circuit to 
produce a gold-rich copper concentrate for export. This is done through a 
combination of 3D interactive models: 360° panoramas of the concentrator 
and individual units, videos, and aerial photographs. Figures 1–5 show 
screenshots from the module.

The module allows students to walk through the concentrator to any place 
of interest. The tour provides the plant flowsheet to display the locations 
of all major pieces of equipment, along with descriptions of the equipment 
and technical information. Streams of material entering and leaving the 
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Figure 1: Screenshot of the module showing stockpiles

Figure 2: Screenshot of the module showing grinding circuit



A ROADMAP FOR MINERALS PROCESSING EDUCATION

175 Interactive Visiualasation of a 
Base Metal Concentrator

Figure 3. Screenshot of the module showing flotation circuit

Figure 4: Screenshot showing the flotation circuit panorama
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Figure 5: Screen capture of the module showing a video of the 
filtration unit

individual unit operations and sub-circuits are displayed on the flowsheet 
as animated lines. The direction of the streams is identified by one or more 
animated lines of different colours to allow the user to follow how the 
material is moved through the various stages. The module is designed so 
that the user can easily switch to the 3D mode and explore the major units 
in the virtual environment. For example, a user looking at a flotation cell on 
the flowsheet mode could easily shift into the interactive, virtual mode and 
observe from any angle how a flotation cell in the rougher bank operates 
in 3D. The user could also directly access the information such as feed rate, 
particle size, grade, and recovery of the each cell in the bank. These data 
are displayed in an accompanying summary table.

The module also offers a media library for each of the major unit process. 
Within the media library, the user can access short videos of the unit in 
operation, pictures taken at different angles, and a 360° panoramic view of 
the location, which gives a strong sense of immersion and brings the user 
into the scene.
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Although lecture-based teaching approaches equip students with a 
general knowledge of the individual components of a mineral processing 
plant, students often have difficulty in understanding how the various 
stages work together and the interrelationship between them. The current 
module achieves this–not only by demonstrating the inputs and outputs 
of each stage of the process–but also allowing the user to view adjacent 
stages of the pipeline at any time. For example, if the user is viewing the 
semi-autogenous grinding mill, they are able to “zoom out” and view the 
mill, the vibrating screen, the cone crusher, and the ball mill. The adjacent 
stages are represented by 3D models, with all inputs and outputs clearly 
identified. Users can then rapidly jump to adjacent stages to view them in 
greater detail, or move back to the bird’s eye view.

Further, the virtual reality module allows users to build a particular copper-
gold mineral processing circuit and perform a mass balance based on the 
information provided. The student is initially given a basic description of 
a flowsheet and key information such as feed composition, mineralogy, 
particle size, reagents schemes, grinding properties, and the flow rate 
of streams. They are also presented with 2D and 3D representations of 
unit processes that might be used in the flowsheet. The students’ task 
is to construct a plant layout using the sources available in the virtual 
environment and explain the basic operation of all major components used 
in the flowsheet. They must perform a mass balance for each sub-circuit 
and carry out calculations to estimate the diorection and composition of 
unknown stream(s). 

Software and Platform 

The module was developed with Unity, a powerful development platform 
for creating multiplatform 3D and 2D games and interactive experiences. 
All of the digital assets within the module (such as the 3D models of the 
terrain, the mineral processing equipment, and any surface textures used for 
the equipment) were created with two software packages. Foundry Modo® 
and Autodesk® 3ds Max® were used to construct the 3D model geometry 
using photo references and animate the objects and/or run simple physics 
simulations, respectively. The digital assets were then imported into the 
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Unity game engine and interactivity added via programming in the C# 
language. The textures used for mapping the 3Dobjects were constructed 
using Adobe® Photoshop®. 

The School of Mining Engineering at UNSW has advanced visualization 
and interactive environment (AVIE) facilities that provide a virtual learning 
platform for mine safety training and mining engineering education 
modules developed over the years (Figure 6). The mineral processing 
interactive module runs in the AVIE. The module is also able to run on a 
single computer, on a smartphone using VR glasses or similar technologies, 
and on an Oculus® Rift® VR headset using a computer. The VR glasses will 
enable the module to be used on site without the need for a VR theatre. 

Conclusions

Mineral processing education can be greatly enhanced and facilitated by the 
use of VR. This paper presented the design and development of an interactive 
base metal concentrator module developed at UNSW, Australia. The main 
goal of the virtual reality module is to bring a virtual mineral processing 
plant to the university environment, where students can experience a real 
plant, and visualize unit operations in 3D and the interrelation between the 
sub-unit processes. The module presented is not driven by dynamic process 
simulations. Future work includes implementation of dynamic simulated 
processes by importing real data into the module to improve the realistic 
representation of the actual systems. 

Figure 6: AVIE at the School of Mining Engineering, UNSW
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Abstract

There are a number of disciplines in the minerals industry for which 
concern has been expressed regarding the sustainability of human 
capital. The boom-bust cycles that occur in the industry, the trend in 
tertiary education towards consolidation or in some cases cessation of 
minerals related programs and the increasing frequency of fly-in fly-
out operations can all contribute towards a decline in the number of 
professionals with basic skills in process mineralogy. This paper describes 
approaches taken by the authors to incorporate process mineralogy 
into three levels of education, namely undergraduate, recent graduate 
and experienced professionals. The primary objective in designing the 
learning activities is the development of authentic learning experiences 
that provide participants with relevant skills in process mineralogy. 
Selected examples of approaches used by other education groups 
globally to address this issue are also provided.

Keywords

Education, process mineralogy 
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Introduction

The boom and bust cycle of the mining industry has trickle down effects 
in tertiary education in terms of the ability of universities to consistently 
provide high quality graduates with relevant skills. When the commodity 
price surged in 2002 skills shortages in critical resource related professions 
were reported and despite investment in skill development there was a 
view from employers that not enough young people were graduating from 
relevant education programs (PricewaterhouseCoopers, 2012). At the time 
this signalled positive growth for engineering disciplines catering to the 
mining industry, however during the downturn cycles, most recently since 
2012, graduates exiting from the discipline can find employment difficult 
and this contributes to reduced enrolments in subsequent years. From 
an AusIMM (Australasian Institute of Mining and Metallurgy) members’ 
employment survey conducted in 2013, more than half of the graduates 
exiting from disciplines related to mining and minerals were not confident 
of finding employment (AusIMM, 2013). In the long term the concern is 
not only how to sustain enrolment and graduate numbers but also to 
provide the opportunity for students to acquire the professional skills that 
they require to make them attractive to industry.

Maintaining and sustaining core competencies in the minerals discipline 
is an ongoing challenge. There have been a number of recent papers on 
this issue presented at international conferences (e.g. McCaffrey et al, 
2014; Drinkwater and Napier-Munn, 2014) and there is general agreement 
that one of the ways in which the deficit in foundation concepts can be 
addressed is through workplace development. Drinkwater and Napier-
Munn (2014) presented data from a survey of industry professionals that 
indicated that more than 90% of respondents undertook on average 30 
days of training each year of which approximately 5 days was professional 
short courses.

Munro and Tilyard (2009) indicated that there was a clear need to provide 
graduate metallurgists with basic skills during their undergraduate 
training. They articulated changes observed in the roles and capabilities 
of metallurgists (including graduates) based on 40 years’ experience in 
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the industry and noted that despite the information revolution and the 
opportunities that has provided, real improvements in process have not 
been realised. Trends in the industry (boom and bust cycles), trends in 
tertiary education (the consolidation or cessation of metallurgy based 
degrees due to enrolment numbers cycling in response to industry), and 
the trend towards fly-in fly-out operations raise serious questions about 
the sustainability of human capital in the industry. These fundamentals 
include an understanding of the basic data requirements for managing 
a mineral processing plant such as mass balances for solids, elements, 
minerals and water, knowledge of how minerals impact the process and 
the ability to transform data into information that can be acted on. 

One of the challenges observed by undergraduate students in the 
discipline is the decline in opportunities for vacation work (AusIMM, 2013) 
and the increasing difficulty in finding placements for students in industry 
contexts, that provide relevant experiences and skills that they will use in 
their future careers. The number of students that have on-site industry 
experience by the time they reach the final year of their undergraduate 
course has changed dramatically from 20 years ago when the majority of 
a cohort of 21 students undertaking Mineral Processing Engineering had 
done vacation work in a mineral processing plant by the start of their third 
year, to only one student from a cohort of 36 from third year Chemical and 
Metallurgical Engineering class at the University of Queensland in 2014.

This paper seeks to highlight what is currently being done at the University 
of Queensland to close the process mineralogy knowledge gap and put in 
place mechanisms to maintain and sustain this capability in three spheres of 
learning namely: undergraduate, graduate and professional development. 
Examples from other education providers globally are also provided.

Context – The Data from Professionals

As eloquently described by Schouwstra and Smit (2011) “mineralogy in the 
mining industry is not just about identifying minerals – it is the application 
of the knowledge of the behaviour of the minerals and mineral phases 
during processing”. Making use of the data analytics created by web-based 
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professional networking sites such as LinkedIn (https://au.linkedin.com/) it 
is possible to get some sense of the background and educational setting 
of those who list mineralogy as one of their skills. Close to 28 000 of those 
registered on LinkedIn listed mineralogy as one of their skills and Figure 1 
shows the top 10 additional skills that were listed and the percentage of 
respondents listing those skills. Unsurprisingly this highlights the strong 
linkage between mineralogy and geology. The majority of respondents 
work in mining companies (shown in Figure 2), with some portion also 
from the service and technology sectors. In terms of their educational 
background, of those who provided this information, the majority were 
graduates of South African based universities followed by universities in 
Canada and Australia (shown in Figure 3), again not surprising given the 
global distribution of mineral resources.

Figure 1: Skills in addition to mineralogy that were listed on LinkedIn 
(Top 10 responses)
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Figure 2: Workplace (Top 10 responses)

Figure 3: University attended (Top 10 responses)
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Undergraduate Curriculum

Based on the data from Figure 3, the courses and programs offered at 
selected universities in South Africa, Canada and Australia were reviewed 
to get a sense of which programs offered courses in mineralogy and what 
type of content was offered in those courses. Again unsurprisingly the 
majority of the mineralogy courses form part of a geology related program. 
The mineralogy courses offered are predominantly at an introductory 
level with the content designed to provide foundational knowledge on 
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crystallography, the physical and chemical properties of minerals and how 
to recognise and identify common minerals. However in some instances 
mineralogy is offered as part of a metallurgy program. Table 1 summarises 
the courses identified at five universities: two from South Arica, two from 
Canada and one from Australia.

At the University of Queensland (which interestingly does not appear in the 
data from LinkedIn), mineralogy related courses are offered through Earth 
Sciences and Chemical Engineering. The Earth Sciences course is similar 
in content to those in other countries shown in Table 1 in geology related 
disciplines. In the Chemical Engineering program the courses offered 
explicitly cover process mineralogy with a basic introduction provided as 
part of a third year compulsory course for those studying Chemical and 
Metallurgical Engineering. An advanced fourth year elective is also offered. 

The aims of the third year course, taken from the course profile, are to 
(https://www.uq.edu.au/study/course.html?course_code=MINE3219):
� Develop an understanding of ore characteristics and how valuable 

minerals are liberated from ores for recovery through the process of 
rock breakage - comminution.

� Provide an understanding of the following key concepts:
w The physical and chemical properties of minerals are determined by 

the bonding of species within these compounds and the respective 
crystal structures.

w The physical and chemical properties of minerals are determined by 
the bonding of species within these compounds and the respective 
crystal structures.

w The degree of liberation that must be achieved through ore breakage 
is a function of the subsequent separation processes that are to be 
employed.

w Rock and ore breakage characteristics are dependent on the 
comminution technology employed and the ore characteristics.

w The ore characteristics and degree of liberation can be predicted or 
assessed using quantitative process mineralogy techniques.
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w Overall process optimization from orebody to product is achieved 
through assessment and appropriate integration of all operations in 
the overall process

Whilst the aims of the fourth year course are to enable students to (https://
www.uq.edu.au/study/course.html?course_code=MINE3211):

w Deconstruct and critically analyse process performance in grinding, 
classification and flotation in a mineralogical context.

w Constructively engage with problem solving activities in a team 
environment.

The learning objectives for this course include:
w Plan a metallurgical survey that follows industry best practice by: 

obeying relevant sampling rules, using Gy’s sampling theory to 
determine the minimum sample mass required and selecting the 
most appropriate sampling equipment.

w Conduct a mass balance for solids, elements, minerals and water and 
use this to diagnose the circuit performance.

w Conduct a mass balance for solids, elements, minerals and water and 
use this to diagnose the circuit performance.

w Examine a number of different unit operations within a circuit and 
use mineralogical data to calculate their performance with respect 
to the valuable minerals and other minor minerals which may impact 
downstream processes.

w Assess the implications of an ore change to the entire circuit e.g. how 
throughput impacts separability and the implications for smelting 
and tailings disposal.

w Diagnose the cause of changes in circuit performance (i.e. ore or 
process), recommend and justify mitigating action.

By putting these courses in place within the Chemical and Metallurgical 
Engineering program the University of Queensland is working towards 
addressing the knowledge gap in process mineralogy at the undergraduate 
level. The courses have been designed to provide an environment that 
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promotes peer to peer learning and widens participation. Opportunities 
for active learning associated with experiential, problem and project-
based learning promote collaboration among students have been 
provided by using realistic problems or situations and as a result a deeper 
understanding of the relationship between theory and practice can be 
developed (Crosling et al, 2009). Implementing these types of authentic 
learning experiences are a mechanism for providing the industry with high 
quality graduates and enhancing student retention, both of which will 
contribute to sustaining the skills pipeline.

Table 1: Summary of undergraduate courses related to mineralogy

Institution School/ 
Department

Course name General course 
content

University of the 
Witwatersrand

(http://www.wits.ac.za/)

Geosciences Geology II Introduction 
to mineralogy. 
Recognition and 
identification of 
common minerals.

University of Cape Town

(http://www.uct.ac.za/)

Science Mineralogy and 
crystallography

Introduction 
to mineralogy. 
Recognition and 
identification of 
common minerals.

Engineering 
and built 
environment

Mineral and 
metallurgical 
processing

Introduction to 
mineralogy and 
liberation analysis.

University of British 
Columbia

(https://www.ubc.ca/)

Earth, 
ocean and 
atmospheric 
studies

Introductory 
Mineralogy

Introduction to 
crystallography, 
physical and 
chemical 
properties 
of minerals. 
Recognition and 
identification of 
common minerals.
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Institution School/ 
Department

Course name General course 
content

Queen’s University

(http://www.queensu.ca/)

Geological 
sciences

Introduction to 
mineralogy 

Introduction 
to mineralogy. 
Recognition and 
identification of 
common minerals.

Curtin University

(http://www.curtin.edu.au/)

Metallurgical 
engineering

Process 
mineralogy

Basic principles 
of mineralogy 
and analytical 
methods. 
Emphasis on how 
the mineralogy 
and textures 
impact on ore 
processing.

Applied 
geology

Mineralogy and 
geochemistry

Crystal chemistry 
of rock-forming 
minerals. Optical 
properties 
of minerals. 
Introduction to 
transmitted light 
microscopy.

Applied 
geology

Process 
mineralogy and 
analysis

Introduction to 
mineralogy as 
applied to mineral 
processing. 
Instrumental 
methods for 
analysis. 
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Graduate Programs

There are a number of examples of graduate programs for metallurgists 
that are either accredited or industry funded. In some cases mineralogy 
is incorporated into these programs and this is described in the following 
sections.

Accredited Programs

An example of an accredited graduate program is the EMerald Erasmus 
Mundus Masters in Georesources Engineering (http://www.emerald.ulg.
ac.be/). This is a two year program developed by four partner universities 
namely: Université de Liegè, Nancy Université, Luleå University of 
Technology and TU Bergkademie Freiberg. Process mineralogy is one of 
the courses taught in the first semester of the program.

Industry Funded Programs

Two examples of industry funded graduate programs for metallurgists 
are briefly described here. The first was initiated in 2002 and was put 
in place by Anglo American Platinum to provide a structured training 
program for metallurgical graduates and is known as the Anglo Platinum 
Graduate Development Program (AGDP) (Sweet et al, 2012). The program 
was developed in conjunction with the University of Cape Town and 
incorporates foundation and basic technical courses with structured site-
based practical exercises. The second example is the more recent MetSkill 
program developed by JKTech in conjunction with the University of 
Queensland (Drinkwater & Bianco, 2012). The program is modular and has 
been designed to fast-track skills development in recent graduates and 
process mineralogy is one of the specialist topics offered.

Professional Development

Face-to-face

The University of Cape Town has offered a professional development 
(PD) short course in process mineralogy since 2005 (http://www.cmr.uct.
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ac.za/cmr/news/process-mineralogy-course-2015). The week long course 
provides problem based learning experiences, encourages peer to peer 
learning and offers a range of active learning experiences related to 
working with rocks and minerals in a mineral processing context. To allow 
participants to extract the most value from the experience, the course is 
limited to approximately 18 delegates.

JKTech also offers short courses in process mineralogy. A series of modules 
covering the basics to more advanced case-study based applications, 
can be adapted for delivery either to a wide range of participants or 
targeted for specific operations. The courses have been developed and are 
delivered by specialists from the University of Queensland who form part 
of the JKTech extended faculty. One of the other impacts of the boom-bust 
cycle in industry is the lack of discretionary funding to allow professionals 
to travel. In response to these financial pressures and to make PD more 
available globally and to a wider range of participants in 2015 the decision 
was made to develop an online process mineralogy course.

Online

Online learning offers a wide range of benefits for learners, teachers and 
educational institutions. In order to maintain (or even improve) the quality 
of learning compared to that offered in a face-to-face environment a 
number of factors need to be considered, among these is how to translate 
content offered in a face-to-face context to an online setting. While the 
course content is, for all intents and purposes, the same, it has to be 
presented differently in the online environment. The team developing the 
course included subject matter experts, educational designers and other 
technical experts in visual design, multi-media and software development 
and involved collaboration between the University of Queensland (through 
UQx and the JKMRC) and JKTech. In adapting the course content, principles 
of good practice in education (Caplan, 2004) were followed. 

Supporting the learner to actively take part is facilitated by providing them 
with authentic activities (i.e they have real world relevance, can be complex 
and ill-defined and extend over a period of time, provide the opportunity to 
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examine the task from different perspectives, to reflect and collaborate) an 
approach which is advocated by a number of authors (Herrington et al 2003, 
Johnson and Aragon, 2003, Huang 2002). According to Hrastinski (2009), 
enhancing online learning can be achieved through enhancing participation. 
Strategies for encouraging learners to take part include avoiding information 
overload by limiting content and organising instruction around the learning 
cycle i.e. providing a learning guide/organiser; addressing individual 
differences in learners by providing content in multiple formats and 
incorporating games and multimedia (Johnson and Aragon, 2003). Rather 
than being superfluous, technologies selected for course delivery should be 
engaging and support both leaners and teachers (Caplan, 2004)

In addition to an appropriate mix of activities in online learning appropriate 
structure and leadership are crucial for online learners to take a deep and 
meaningful approach to learning (Garrison and Cleveland-Innes, 2005). 
The content for the online course was designed to encourage contact 
between participants and facilitators, use active learning techniques and 
providing prompt feedback.

Table 2 shows how the course content has been adapted from the face-
to-face to the online environment. These changes take into account best 
practice from the literature and include the use of technologies, multi-
media, chunking of content (including video content that is less than 10 
minutes in length), active learning opportunities, feedback from formative 
quizzes and links to other resources. This is provided in a supported 
framework with structured learning experiences with major components of 
the online learning design including appropriate pathways and sequencing 
with predefined pathways provided to explore and discover different facets 
of the content while providing options to minimise information overload 
(Sims et al, 2010; McLoughlin, 2010). To promote interactions between 
participants, discussion board topics were created within the course 
content. The discussion board was also used to facilitate interactions 
between the participants and program leaders. The course is designed to 
allow self-paced, asynchronous learning and is open to participants over a 
period of approximately eight weeks.
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Table 2: Comparison content in face-to-face and online process 
mineralogy course

Introduction A short presentation 
(approximately 20 
minutes)

Welcome video (3 min)

Navigating the online 
environment (3 min video)

Pre-course survey

What do metallurgists 
need to know about 
minerals?

A series of presentations

Excel based learning 
activities

(3 hours)

Two short videos (less 
than 8 min each)

Two formative quizzes

Drag and drop activities

Interactive slide box 
activity

Current tools for 
characterisation

A series of presentations

Excel based learning 
activities

(2.5 hours)

Two short content videos 
(less than 8 min)

A virtual lab tour

Links to other web based 
resources

Formative quiz

Managing and using 
the data

A series of presentations

Excel based learning 
activities

(4 hours)

Four instructional tutorials 
(9 min videos)

Formative quizzes

Excel based activities

Transforming data into 
information

A series of presentations

Excel based learning 
activities

(4 hours)

One content video (8 min)

Links to web based 
resources

Circuit analysis activity
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Summary and Conclusions
As Schouwstra and Smit (2011) pointed out “universities cannot provide 
the training needed to produce an experienced mineralogist but they 
can provide the required background knowledge”. In the context of 
process mineralogy there are opportunities (albeit limited to a few 
education providers) at both undergraduate and graduate levels. In the 
professional development arena the online environment provides exciting 
opportunities for reaching much wider range of participants. Despite the 
challenges associated with building and maintaining capability in process 
mineralogy, not all doors are closed, options are available and individuals 
need to make use of every opportunity to continue learning.
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Abstract

This paper describes a trans-disciplinary and inter-institutional Master of 
Philosophy (MPhil) degree programme aimed at generating professionals 
who have an overall understanding of the complex sustainable challenges 
facing the minerals industry and society in Africa, a sensitivity on how to 
project such in the context of different stakeholders, as well as the ability 
to develop the knowledge required to address these challenges through 
research. This unique and innovative programme targets graduate 
professionals from across a spectrum of disciplines, including geologists, 
engineers, planners, strategists, lawyers, regulators, health professionals, 
safety specialists, environmental officers and social scientists, and was 
developed as part of the Education for Sustainable Development in Africa 
(ESDA) project of the United Nations University Institute for Sustainability 
and Peace (UNU-ISP). It is delivered on a decentralized basis by two 
African universities (University of Cape Town-Cape Town and University 
of Zambia-Lusaka, based upon a common set of course instructions. 
Students are required to complete advanced study by coursework, an 
internship, and a research dissertation which will account for 67% of 
the total credits for the degree. Hosted by the Minerals to Metals (MtM) 
Initiative at the University of Cape Town, this programme has created a 
unique platform for developing trans-disciplinary skills and approaches 
for addressing the sustainability challenges facing the minerals industry 
sector. It is expected that future decision makers will come from this 
platform and be equipped to realise the promise of Africa.
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Introduction

Minerals and metals are essential for modern life and their reliable and 
responsible supply is critical to maintain and develop a sustainable world. 
However, their extraction and beneficiation has significant negative 
environmental impacts such as the contamination of water, air and land 
resources with toxic by-products from their processing (WRI, 2014). These 
impacts not only affect local communities, but also pose a management 
and economic challenge to mining companies and regulatory agencies 
(WRI, 2014). There is growing pressure from governments and local 
communities for the mining industry to improve on its environmental 
and social performance by adopting sustainability principles in minerals 
and metals production (WEF, 2014). The so called ‘licence to operate’ of 
many mining companies is under threat, as they struggle to operate in fast 
changing environment of increased government environmental regulation 
and an increased demand for greater stakeholder engagement in decision 
making (Citufani, 2013; KIN, 2014; Lane and Ndlovu, 2012) . The work that 
lies ahead requires many knowledgeable individuals capable of working in 
increasingly complex environments (Veiga and Tucker, 2014). 

As highlighted by Broadhurst et al. (2016), a sustained programme of 
research and human capacity development in the context of the extraction 
and processing of mineral resources in Africa is critical in ensuring that 
the mining sector continues to thrive and contribute to socio-economic 
development in a manner consistent with sustainability principles. A 
master’s degree in an aspect of sustainable development, completed in 
a multi-disciplinary class, is fast becoming the standard entry point for 
employment in this dynamic and richly challenging field. To this end, a 
new post-graduate degree programme, Master of Philosophy (MPhil) 
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specializing in Sustainable Mineral Resource Development, was developed 
by a team of academics from both the Minerals to Metals (MtM) Initiative 
at the University of Cape Town (UCT) and the School of Mines at the 
University of Zambia (UNZA). Inaugurated in 2014, this programme was 
conceptualised as one of the offerings of the Education for Sustainable 
Development in Africa (ESDA) consortium of eight African universities and 
the United Nations University for Sustainability and Peace (UNU-ISP) in 
Tokyo. This research-based programme is delivered on a decentralized 
basis by two African universities, viz. the University of Cape Town (Cape 
Town, South Africa) and the University of Zambia (Lusaka, Zambia), and is 
currently attracting students from around the world.

Programme Objectives

The MPhil programme is designed to produce meaningful targeted 
research outcomes, while generating highly skilled “T-shaped” 
professionals (Brown, 2015), who have the necessary depth and breadth of 
knowledge to lead the minerals sector in a more sustainable future world. 
Through this programme, these individuals will be able to combine a good 
integrated understanding of the critical issues involved in developing 
mineral resources sustainably, with a sensitivity on how to project such 
in the context of different stakeholders. More specifically, the programme 
aims to:
� Impart a high-level understanding of, and a sensitivity and progressive 

approach to, the critical factors of sustainable development in the 
context of mining and metals in Africa.

� Develop an appreciation of the inter-relationships between safety, 
health, the environment, economic development and proactive 
stakeholder management, and the concomitant integration of technical 
skills, ethics and global citizenship.

� Promote experimentation with inter-disciplinary and systemic 
approaches to environmental protection and socio-economic 
development in the context of geo-extractive industries in Africa.
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Programme Curriculum

The programme comprises four core course modules (Table 1). In line with 
the trans-disciplinary and inter-institutional nature of this programme, 
these courses are delivered across four different faculties at three 
different academic institutions. Core courses are delivered in blocks of 
approximately 10 days each within the first year of study, with attendance 
by the entire cohort of students from the two universities (UCT and UNZA) 
involved. Course assignments are presented via on-line learning systems, 
and contact with the students maintained via the internet and e-mail.

In addition to coursework, students are required to undertake a non-
credit bearing field-based internship which entails structured engagement 
with a real problem in the developmental setting of a host organisation. 
In addition, each student is required to complete a dissertation, typically 
incorporating a research project of a theoretical or practical nature, in 
one or other of the areas covered by the core courses. As the research 
component comprises 67% of the total credits, this degree programme 
is accredited as a research degree with a smaller, albeit crucial, taught 
component. 

Table 1: Course list of the Master of Philosophy (MPhil) specializing in 
Sustainable Mineral Resource Development. In accordance with the South 
African Higher Education Qualifications Framework (HEQF) model, 10 
hours is equivalent to 1 credit, with contact/lecture time accounting for 
approximately 1/5 of total time.

Course Description Convening Institute Credits

Introduction to Sustainable 
Development

Sustainability Institute, 
University of Stellenbosch 

16

Strategic Social Engagement 
Practice 

GSB, UCT 16

Environmental Stewardship in 
Mining & Minerals Beneficiation

School of Mines, UNZA, and 
Faculty of Engineering and Built 
Environment (EBE), UCT

12
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Course Description Convening Institute Credits

Research Communication & 
Methodology 

EBE Faculty, UCT 16

Sustainable Development in 
Africa Internship

EBE Faculty, UCT 0

Master’s Dissertation EBE Faculty, UCT 120

Core Courses

Introduction to Sustainable Development 

This is an existing Master's level course convened by the Sustainability 
Institute at the University of Stellenbosch, South Africa. The aim of the 
course is to provide course participants with an overview of the most 
significant global environmental, social and economic challenges that face 
humankind, and an insight into the solutions suggested by the universal 
commitment to sustainable development. The key questions that guide 
the lectures and discussions are:

� What does sustainability – and sustainable development in particular - 
mean?

� What is the relationship between inequality and unsustainability? Or, 
alternatively, what is the relationship between strategies to reduce 
inequality (via poverty eradication for the poor and consumption 
reduction for the rich) and sustainable development?

� What is the relationship between human life and all life forms and how 
has this relationship evolved over time?

The course combines classroom work, a group project for completion 
during the week, written assignments, personal reflection, and practical 
involvement in local community projects. 

Strategic Social Engagement Practice 

This course is convened by Elspeth Donovan of the University of Cambridge 
Institute for Sustainable Leadership on behalf of the UCT Graduate 
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School of Business (GSB). The course is delivered largely through lectures, 
interactive sessions and group work, and is followed by a project task in 
which each student is required to apply the tools and practices developed 
in the course into their daily work practice.

The aim of the course is to enable students to make sense of the social 
and environmental context of organisations and to understand the mutual 
interaction between, and the impact on, the organisation and its social 
and environmental context. The course also aims to teach the students 
how to engage with and manage relationships between an organisation 
and the communities and other social partners that populate its context, 
and to develop and implement strategic social engagement programmes 
and practices. This course is designed to build the capacity of all managers 
and professionals in organisations to respond effectively and innovatively 
to emerging system pressures and trends affecting the socio-economic 
development agenda.

Environmental Stewardship in Mining & Minerals 
Beneficiation

This course is convened jointly by the Department of Chemical Engineering 
at the University of Cape Town and the School of Mines at the University of 
Zambia. The course provides students with exposure to the mining world 
and offers them the opportunity to conduct case studies on real mine 
sites. Students are required to complete an assignment within 6-8 weeks 
of attendance.

The course aims to review and deepen students’ understanding of 
environmental challenges of particular relevance to the mineral industry, 
with emphasis on the relationship between mining and minerals 
beneficiation activities and environmental impact categories. It also 
provides students with an opportunity to learn how environmental 
management and stewardship tools and approaches are used in the 
industry, leading to an ability to critique the effectiveness of pro-active 
and reactive uses thereof, and interpret what selected approaches mean 
for own professional practise.
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Research Communication & Methodology

This course is convened by the Department of Chemical Engineering at the 
University of Cape Town. The course is delivered largely through lectures, 
tutorials and seminars, with reading assignments, group work, and 
projects forming a core part of the learning environment. This course is 
delivered in discrete modules which are integrated into the overall course 
programme in such a manner that the students develop their research 
skills and research project scope in parallel with their learnings from the 
other courses. This course aims to provide the students with competency 
to execute meaningful research in a structured way, to critically analyse 
the results of this research, and to communicate these results effectively. 
This course also focuses on integrating the knowledge gained from the 
taught courses outlined above, and on the application of this integrated 
knowledge to the understanding and resolution of selected problems in 
the context of sustainable mineral resource development. 

Sustainable Development in Africa Internship

This is a non-credit bearing course that is grounded in the realizations that 
sustainable development requires professionals to be able to negotiate 
disciplinary truth boundaries so as to minimize externalization of costs 
and damages to 3rd parties or future generations. In addition this course 
gives the students an understanding of the complexity of coupled social-
ecological systems, which can only partly be learnt in the classroom. 
The course aims to facilitate field-based inter-disciplinary learning 
especially through on-site structured engagements with problem-solving 
approaches in the actual developmental setting of the host organization, 
and to provide an opportunity to experience possible career options in the 
area of sustainable development.

Research Dissertation 

The research proposal is developed within the first year of study, and 
research argely undertaken within the second year of study through the 
respective universities. Inter- and trans-disciplinary research is promoted 
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through the joint supervision of student dissertations across faculties and 
research groupings. Current research topics cover aspects of mine closure 
planning and rehabilitation of degraded mine land; performance analysis & 
policy - making for mineral value chains; entrepreneurship in communities 
around the mining & minerals beneficiation; systemic approaches to mining 
accident causality analysis; legal frameworks for mitigating environmental 
and social impacts; the downstream use of mine wastes; gender equality in 
mining; and the reconciliation of different stakeholders. 

Student Recruitment and Admission

This programme targets graduates from across a spectrum of disciplines, who 
have an interest in pursuing or advancing their careers in the field of mining 
and minerals beneficiation in a variety of areas e.g. geologists, engineers, 
economists, planners, lawyers, regulators, health & safety specialists, 
environmental officers, social scientists, etc. The basic entry requirement is a 
four-year Bachelor’s degree or an Honours degree in any relevant field. The 
number of students accepted into the programme in any year is restricted 
by the resource capacity of the programme for that particular year. Selection 
is based on an applicant's academic record and relevant work experience. 
In keeping with the inter- and trans-disciplinary nature of this programme, 
selection is also be aimed at promoting diversity amongst the students in 
terms of fields of study, expertise and/or experience.

Programme Implementation and Outcomes

The programme was inaugurated in 2014 and, by the end of 2016, comprised 
36 students, 21 of whom were enrolled at UCT and 15 at UNZA. This 
cohort represents a number of disciplines (including engineering, forestry, 
law, economics, psychology, social science), and countries (South Africa, 
Zambia, Zimbabwe, Malawi, Australia and Japan). Many of these students 
hold middle to senior senior management positions in government, 
mining houses, consultancies and in their communities. Others are recent 
graduates studying full time. This diversity has helped to enrich the 
learning experience and made for many inspiring classroom discussions 
and activities. Workshops with student cohorts at the end of their first 
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year of coursework, have indicated that students have developed an 
enhanced appreciation for the complexity of sustainable mineral resource 
development, the challenges associated with different stakeholders, as 
well as the need for value-based leadership and governance. The students 
also show a deeper understanding of, and tolerance for, the perspectives 
and viewpoints of their colleagues from different disciplines, and have 
emphasised the extent to which the programme has increased their self-
awareness. This is both in terms of their personal attributes and beliefs, as 
well as their potential capacity to contribute to the society in which they 
function. This understanding and knowledge has not only underpinned 
their research projects, but also influenced the day-to-day functioning in 
their workplace. 

The academic staff involved with this programme have also benefitted 
through engagement with academics from other disciplines and external 
stakeholder organisations. The programme has thus generated a number 
of new research areas and collaborative partnerships, both internal and 
external to the university.

Future Perspectives

The mining and minerals industry faces some of the most difficult sustainability 
challenges of any industrial sector. To secure its continued ‘social licence’ 
to operate, the industry must respond to these challenges by engaging its 
many different stakeholders and addressing their sustainability concerns, 
as well as by adopting sustainability principles in their operations. The 
Master of Philosophy (MPhil) specializing in Sustainable Mineral Resource 
Development programme is a step towards developing and equipping 
future leaders with the capacity to meet these challenges by developing 
skills and knowledge that can be used by all stakeholder. 

It is, furthermore, envisaged that the benefits gained from this experience 
are likely to extend beyond the mining sector through the development 
of trans-disciplinary research capacity for solving complex sustainability 
problems in general, as well as practical guidelines in how such research 
should be practiced. 
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