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META-TRENDS IN THE GLOBAL MINING 
INDUSTRY- WHERE DO WE GO FROM HERE?

          Professor Ajoy K. Ghose, FNAE

INTRODUCTION

         “Everything begins with Mining” is not just a catch phrase or a 
litany for the global minerals sector, but a fact of life. Unlike 
agriculture, its one-crop products- the mineral commodities- have 
underpinned human civilization and contributed vastly to the quality of 
life that human enjoy today. In fact for millennia, minerals and mining 
industry have made the lives of people nicer, easier, and more secure. 
The pace of exploitation has accelerated in the recent past and 
humankind has consumed almost all mineral commodities during the 
past century more than all earlier centuries taken together. There are 
gnawing concerns on the long-run availability of mineral resources with 
the burgeoning consumption levels driven by inexorable population 
growth, rising living standards and advances in technology. If the 
mining industry has served as the driver of our industrial growth, what
are the meta-trends, which may profoundly impact upon this vital sector 
of the global economy? The Greek root Meta denotes a transformational 
phenomenon, and a meta-trend implies a multidimensional or catalytic 
change, as opposed to a linear or sequential change. Can we identify 
these meta-trends and map their concomitant effects on the global 
minerals sector whose future is crucial to the march of human 
civilization?  Even if predicting the future is the exclusive domain of 
clairvoyants and soothsayers, and notwithstanding the caveats of 
forecasting, we will make a foray in this uncharted territory, and present 
a 21st century roadmap for the global mining industry. Understandably, 
the task is difficult as a whole host of issues, many of them intangible, 
impinge on the future growth trajectory. Meeting global minerals 
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hunger, sweeping impacts of globalization with massive structural 
readjustments, and challenges of sustainable development are the key 
issues that embroil the mineral industry and we need to look for 
appropriate solutions and answers. At the outset, we must look at the    
current scenario of developments in the global minerals sector. 

# Prof.Ajoy K. Ghose – e-mail:ajay_g@vsnl.net

The Global Minerals Sector Today

  The global mineral industry is enormously diverse comprising a 
vast agglomerate of surface and underground mines, of all sizes spread
over the far-flung corners of the globe, extracting resources where they 
occur. The mineral industry accounts today for a mineral production 
volume of over 22 billion tonnes of mineral raw materials, excluding oil 
and gas, which is valued over 2 trillion U.S.dollars per year. The current 
level of spending in global mineral exploration is nearly US$ 3.8 billion 
looking for new deposits. The share of different mineral raw materials 
produced worldwide is as follows:

 Energy raw materials                - 5 billion tonnes
(Coal and lignite)
 Ores for the production of         - 1.2 billion tonnes
 Iron and ferrous metals
 Ores for non-ferrous metals       - 200 million tonnes                                     
 Dimension Stone and Quarried   - 4.0 billion tonnes
 Stone
 Sand and Gravel                       - 10 billion tonnes          

     For a global population level of 6.305 billion in 2003, such a 
consumption level globally works to 3.48 tonnes per capita per year, a 
statistical average which conceals wide disparities that exist amongst 
nations belonging to the developed and developing world. While an 
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average U.S citizen consumes about 23 tonnes of mineral raw materials 
per year, the consumption level for an average Indian citizen is only 0.8 
tonnes, and for an average Nepalese less than 0.3 tonnes.
  The global minerals sector provides direct employment for an estimated 
30 million people, of whom some 9 million are engaged in coal
production. This represents about 1% of the world’s workforce; this 
excludes however an estimated population of at least 13 million engaged 
in small-scale and artisanal mining. According to ILO estimates, the 
number of people relying on mining, both large- and small-scale, for a 
living is likely to be about 300 million.
 Mineral production and processing constitutes a major sector in the 
economy of many countries of the world. Amongst such mineral 
dependent economies is Australia (45% of merchandise export income, 
accounting for 9% of GDP), South Africa (about 7% of GDP), Chile 
(about 10% of GDP) and Mongolia (minerals account for 66% of the 
country’s export revenues and 19% of GDP). 
     A comparison of mining and the primary industry sector of agriculture, 
fishery and forestry is interesting, if not revealing. For example, in 1996 
the global production of cereals amounted to 2.2 billion tonnes, the 
production of wood to 3.6 billion tonnes and aggregatively taking 
beverages, sugar, fruits,  livestock and fishery products into account, the 
total production was estimated at nearly 7.433 billion tonnes. The overall 
tonnage of production from mining industry thus is nearly 3 times higher 
than the tonnage of production from agriculture, fishery and forestry. 
Additionally, for a production volume of 22 million tonnes of mineral raw 
materials, the mining industry has to move a total rock mass volume some 
20 cubic kilometers per year. This is nearly 4 times the mass of sediments 
moved by rivers through natural erosion and mining per se is the biggest 
mass mover in the world with a significant ecological footprint.
      The sharp rise in mineral consumption and production has, 
understandably, raised serious concerns on the long-run availability of 
mineral commodities. The Paley Commission(1952) and the Report to the 
Club of Rome by Meadows et al(1972) in the book titled The Limits to 
Growth set the warning bells ringing on the spectre of depletion of 
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mineral resource inventory. In a sequel to The Limits to Growth,
Meadows and others in 1992 published a book titled Beyond the Limits
which highlighted environmental damages arising from the production 
and use of resources, rather than resource exhaustion, being the 
contributory cause of the collapse of the civilization in 21st century. Table 
I presents data on life expectancies of selected mineral commodities 
based on a fixed resource endowment and current production levels. The 
fixed-stock paradigm however is far too simplistic as mineral resource 
base is almost a “stretchable continuum” and investment in exploration 
and new technology for exploration can and will augment the mineral 
resource base. Under the circumstances, it is broadly agreed that the 
world is unlikely to face shortages of commercially important mineral 
commodities at a global level in the next half-century.

TABLE I 
LIFE EXPECTANCIES OF SELECTED MINERAL COMMODITIES

Commodity       Reserves     Current Production Life (years)

Coal & Lignite 1000,000 Mt  5000 Mt            200
Crude Oil       1035 trill.barrels 23.7 tr.barrels  43
Aluminium      25,000 Mt          123.7 Mt         202
Copper              340 Mt            12.1 Mt         28
Iron Ore          74,000 Mt       1100 Mt          68
Tin    8 Mt         210,000 t          38

It must be conceded however that in the global context, the mineral
industry is relatively small in size. About 40-50 large multinational 
corporations, explore, mine, smelt, refine and sell metal concentrates and 
metals in the global market. Market forces have led to a spate of mergers 
in recent years. The combined market capitalization of 150 international 
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mining companies was only around U.S. $ 240 billion by the end of 2002; 
in contrast, such global giants as General Electric had market 
capitalization of U.S$ 460 billion, while Exxon Mobil had $ 280 billion.

SIGNIFICANT META-TRENDS

Slowly, but surely, the global minerals sector is undergoing a massive 
transformation. With the increased challenge of globalization, the 
industry and mining companies are trying to differentiate themselves in 
the highly competitive market environment with investment in and 
application of the best people, best technology and best practice corporate 
governance. The key challenges lie in enlarging resource inventory, 
bringing viable deposits through to production with as much speed as 
regulation, technical prudence; environmental and social stewardship will 
allow and thus meet the burgeoning global minerals hunger. The key 
meta-trends are expected to be the following:

� High-tech exploration with significant investment
� New paradigms of sustainable development
� New and innovative technologies for competitiveness                         
� Pervasive dominance of ICT

� Commitment to a new culture of partnership with 
stakeholder’s involvement.

The global mining industry faces the daunting task of meeting global 
minerals hunger, a demand driven by demographic and economic growth 
vectors and the groundswell of rising aspirations for a higher quality of 
life. On a back of the thumb estimate, the aggregate demand for all 
mineral raw materials may rise from the current level of 22 billion tonnes, 
to 35 billion tonnes by 2025 and to 54 billion tonnes by 2050 
(Ghose,2004) .
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        We can now examine these met-trends in depth whose underlying 
message is that the industry must”change” for survival, or else it will “be 
changed”.

High Technology Exploration

    Exploration for new mineral deposits will be the focus of 
transformational change in the mining industry with new levels of 
investment and that too in high technology. Discovery rates have been 
trending lower in the past decade, and this may require a technological 
breakthrough to break the mould. The mining industry needs to invest 
heavily in high-technology, following the trend set by oil and gas 
industry. The most promising concept to discover the next generation of 
quality ore deposits is that of Glass Earth being actively pursued by 
CSIRO, Australia which seeks to make the top 1 km of the continent, and 
the geological processes operating within it, transparent. Expanded data 
acquisition capability and greater data handling efficiency make it 
possible to enlarge ore body detection capacity which will hopefully lead 
to a new wave of mineral discoveries. The mineral industry has to 
espouse the high tech exploration tools, such as airborne gravity 
gradiometry, develop geological maps based on airborne electromagnetic 
and hyper spectral data to identify pathfinder minerals for detecting 
buried ore bodies. Exploration budget will multiply several-folds for 
grassroot exploration and with lateral thinking translate into substantial 
additions to reserves. 

New Paradigm of Sustainable Development

       Sustainable development of the global minerals sector is the key to 
the future and the mantra to be chanted for transformational change. The 
Mining Association of Canada has been active in defining the guiding 
principles of sustainability which comprehend the following:                         

•  Involving communities
•  Engaging in dialogue
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• Responsibility for resource stewardship
• Transparency and accountability
• Environmental stewardship
• Continuous improvement
• Protection of human rights
• Respect for cultures and customs
• Legal and ethical conduct
• Community support and
• Response to community priorities at all stages of 

mine life
This initiative, which is embodied in the concept of “Toward sustainable 
Mining” (TSM), is being reinforced by similar initiatives by other 
organizations. The International Council on Mining and Metals (ICMM) 
has also laid down a similar set of guidelines that seek continual 
improvement in performance and contribution to sustainable 
development. The International Organization for Standardization (ISO) 
plans to develop an International Standard for social responsibility with 
the objective of producing a guidance document which is understandable 
and usable by non-specialists.
The new paradigms augur well for the future of global mining as it will 

help support the social, economic and environmental processes which 
underpin sustainable development. The industry’s awareness and 
understanding of social and political environment and that of community 
expectations is now vastly improved and the partnership with 
stakeholders has been established. Mining and mineral development is no 
longer adversarial, or confrontationist, but a joint exercise through 
constructive engagement for sustainability.       

New Innovative Technologies for Competitiveness
      To foster sustainable development, the mineral industry has to adopt 
an innovative technology development strategy and vision that will 
provide the pathway to future growth. It would be the leverage of 
innovative technologies that will assure the attainment of sustainable 
development goals shoring up the economic and environmental 
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performance. The mineral industry needs urgently radical innovations in 
products and processes, which Schumpeter described as “waves of 
creative destruction” throwing out the old in favour of the new by 
offering “irresistible and irreversible changes”. Technological innovation 
will provide the source of competitive advantage for the global mineral 
industry and the search for both incremental and breakthrough 
innovations will have to be relentlessly pursued. In general, the new 
technology trends which are discernible in the technology horizon are:

� Systems approach to mining
� Environmentally acceptable clean and “green” mining 
techniques
� Inexorable change towards automation and remote control 
coupled with “ bigger and better equipment” of higher 
reliability
� Focus on new mineral engineering techniques for 
improving recovery from leaner grades and combating 
environmental problems.

The waves of technological change will have concomitant impacts on 
management and organization structures in the global mineral industry 
which will be open enterprises designed to achieve sustainable innovation 
and transparency in management. The mining industry must “innovate or 
stagnate”!                                

Pervasive Dominance of ICT 

Rapid strides in Information & Communication Technology (ICT) 
will inevitably have its impact on mining industry as well leveraging the 
levels of productivity and efficiency to unprecedented heights. It is almost 
trite to suggest that mining industry’s future will lie in becoming 
increasingly IT-enabled, with IT contributing to industry- focused 
functionalities. ICT will surely emerge as “a part of the furniture” in the 
global mining industry domain with its ability to introduce large-scale 
changes and solutions to mining industry challenges. ICT will touch all 
aspects of mining industry activities including the following:
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� Impact upon the competitiveness of the industry through 
increases in efficiency and broadening the markets

� Promote minimally invasive education for mineral industry 
employees

� Provide decision support for sustainable development

� Provide new standards for information management  and 
enterprise resource planning systems using ubiquitous tools 
as Mine Star/ Modular/ Wenco in surface mines for machine 
tracking, truck assignment, vital sign monitoring and a host 
of other functions

� Use of Internet to bring about a massive transformation on 
the ways the mining industry does business.

Global Challenges

The meta-trends, as the mining industry perceives them, are like 
the compass of yesteryears setting the direction for overcoming the 
challenges. These relate quintessentially to sustainable development, 
viability and the need for catching up. The challenges translate into 
disparate issues such as structural changes, of mergers, acquisitions and 
consolidation, the imperative of making quantum leap in production 
levels for meeting the global minerals hunger, the need for technological 
leapfrogging across a broad front for competitiveness and for combating 
the hydra-headed environmental issues. Future mining systems will have 
to be reengineered to handle the mounting volumes of wastes, if only to 
remain viable. Of equally high priority are the prudent stewardship of 
natural resources, issues related to mine closure and the remediation of 
environmental legacy. In fact, the continued existence of the minerals 
industry - its raison d’etre- will hinge upon sustainable development and 
its far-flung ramifications.
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Future of Mining – Where do we go from here?
      Will the mining industry in the next half a century be significantly 
different from today? Even if forecasting is a dangerous art, one could 
posit that it would not be unrecognizably so. Under the impact of meta-
trends, and inevitable maelstrom of changes, the global minerals sector 
will perhaps reconfigure itself along the following contours:
� An overwhelming trend towards increasing scale of operations with 

mines working on leaner grades; surface mining’s share may 
significantly decline.

� Emergence of fully mechanized , if not remote controlled and 
automated futuristic ‘distance’ mines, working with a handful of mine 
workers controlled from afar. The mining methods will be        
selective and flexible even integrating mineral processing within  
mine workings, returning the waste into mine voids.

� Principles of sustainability will be the ruling creed embraced by the 
global mining industry seeking to enhance social and economic 
benefits and caring for the environment and communities.

� The inroad of ICT will become deeply entrenched in mining 
operations which will provide the backbone of management 
information systems. Cross-cutting technologies will emerge for non-
invasive geological vision for mineral exploration.

� The industry will be manned by empowered “knowledge workers”. 
The system of education for mining engineers will undergo a sea 
change with focus on new skill sets, and attitude inculcating 
professional and ethical responsibility.     

       The 21st Century new-age mines are evolving from an economically-
oriented industry of the past to a health and safety conscious, 
environmentally, socially and legally responsible industry using new 
arsenal of innovative technologies that are clean, green and highly 
productive too.    
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