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1. Executive summary

The aim of this report is to describe and 
evaluate the INTRAW reference regions, 
namely Australia, South Africa, Canada, 
the United States (U.S.) and Japan with 
respect to their research & innovation 
(R&I) activities. 

The report applies the concept of ‘Inno-
vation Systems’ for its investigation. This 
concept stresses the fact that innovation 
is not only the result of new knowledge 
creation, but rather of knowledge being 
‘used’ in a variety of ways and by different 
actors.  It puts emphasis on the quality and 
depths of interactions and the efficiency 
of knowledge creation and knowledge 
diffusion among the relevant organiza-
tions. Among these actors one will find 
companies of various types and sizes that 
interact with their customers and suppliers 
in the raw materials supply chain, organi-
sations for research and education (e.g. 
universities, research centres) and various 
kinds of intermediate organisations (fun-
ding agencies etc.). All of them act in an 
environment that is shaped by the natio-
nal innovation policy and the regulations 
that affect research and innovation.

After defining some basic terms (re-
search & innovation, innovation measu-
rement) and describing innovation in the 
mining industry, each reference country’s 
research and innovation performance 
is described and measured in qualita-
tive and quantitative terms in a separate 
chapter. Eventually, all the countries are 
compared against each other. It is worth 
mentioning that there is no such thing as 
an ideal innovation system. It is helpful, 
though, to compare them and to initiate 
reflection why some systems work better 
(or worse) than others (Edquist, 2001). 

The main findings can be summarised 
as follows: 
•	 R&I in mining is a complex subject, 

because there are drivers that 
push R&I in mining, while others 
are barriers to R&I and stakeholder 
interests often diverge. From a 
government perspective, for 
instance, increased R&I could drive 

higher levels of automation, which 
would increase productivity and raise 
the competitiveness of the mining 
industry in times of low mineral prices. 
Increased levels of automation, 
however, could also reduce the 
required manpower to run a mine, 
leading to more unemployment. 
Given the characteristics of mining 
(long cycle times, high investments), 
developing or adopting something 
‘new’ is very expensive and risky 
for mining companies, which is why 
mining can be considered a rather 
conservative business in terms of R&I.

•	 R&I in mining takes place, but it 
happens in a complex interplay 
of different organisations (miners, 
suppliers, service providers, research 
organisations, government bodies) 
and it has proved difficult to identify 
clear patterns of R&I. Recent studies 
suggest, for instance, that bigger 
mining companies have a more 
structured approach to research & 
development than smaller miners. 
They have the resources to pool 
innovation efforts, to build innovation 
centers and to make use of the results 
on a global scale. 

•	 From the perspective of the 
INTRAW reference regions, there 
are significant differences in the 
innovation systems, which firstly 
depend on the countries’ individual 
challenges related to mining. Japan 
stands out as the country with virtually 
no domestic metals production. Yet 
it has found a unique and successful 
strategy, which is strongly driven by 
the government, to secure access to 
mineral resources and to maintain a 
highly productive knowledge base 
that drives R&I. Conversely, we find 
that that there are countries with 
significant mineral endowments - 
and even very similar starting points 
in history, i.e. U.S. and Canada 
- that have developed different 
approaches to support R&I in mining. 
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•	 Globally speaking, we see that 
countries that have a strong 
manufacturing industry try to limit 
the impact of potential supply 
shortages (esp. Japan, U.S.). These 
countries have defined policies 
on how to avoid shortages (e.g. 
through funding international mineral 
exploration) and they have defined 
R&D policies that are supposed to 
reduce dependencies on materials 
(especially Rare Earths) in the 
long-run (e.g. through recycling, 
substitution of critical materials). 

•	 Australia’s situation is somewhat 
similar to Canada’s, as both countries 
seek to maintain investment in the 
mining industry, while promoting 
sustainable development practices 
in mining. Both are vast countries, 
in which the federal states (or 
provinces/territories) play a strong 
role. They often operate mines 
in remote locations and have 
developed a capable mining 
equipment, technology and service 
sector. Both countries need to 
prepare for a number of challenges 
(lowering production costs, lack of 
skilled workers, decreasing ore grade, 
to name a few), which force them 
to re-think the current mining policies 
and, among others, to reinforce 
research and innovation.

•	 The United States is a country with 
significant minerals endowments 
and a strong processing industry, 
however, the relative share of 
the mining industry is smaller than 
in Canada, Australia and South 
Africa. With the exception of 
the DOE’s policies to secure the 
provision of critical and strategic 
materials, the U.S. pursues a less 
explicit raw materials strategy. The 
major agencies involved in minerals 
and materials (DOI, DOE, DOD) 
sponsor R&D projects, but there 
are no comprehensive research 
& innovation programs especially 
designed for the mining sectors. 
Much of the R&I in minerals is driven 
by industry.

•	 South Africa represents a resource-
abundant country, but has a very 
different historical background 
impacting R&I. Its main objective is 
to reduce unemployment, inequality 
and poverty through developing 
the minerals value chain, especially 
by having more minerals processed 
before they are exported. During its 
long history of mining, the country 
has developed a competitive level of 
know-how and a remarkable industry 
of suppliers of mining equipment and 
services. Innovation-wise, though, 
the country has seemingly come 
to a standstill. There is little industry 
engagement with research and a 
significant decline of personnel and 
(publicly funded) mining research 
programs.
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2. Purpose and content of this 
document

The report is based mainly on desk-
top research utilising existing research 
publications and policy reports, as well 
as economic, science and technology 
data that is publicly available or that was 
made available to the authors by the res-
pective partners in the reference regions. 

After the introductory notes in chapter 
1 and 2, chapter 3 describes the tech-
nical terms and relevant frameworks to 
describe and evaluate R&I. Chapter 4 is 
dedicated to the description of the mi-
ning value chain, chapter 5 outlines the 

methodology used in this report to des-
cribe R&I.

The chapters 6 to 10 are devoted to the 
operational analysis of the innovation sys-
tems found in each reference countries. 
This chapter considers especially the fol-
lowing indicators / dimensions to describe 
R&I performance.

Chapter 11 contains a comparative 
evaluation of the R&I performance of 
each country.

Chapter 12 provides references to the 
sources used in this report.
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3. Methods to measure research and 
innovation

3.1 Definitions of research & innovation 
Research and innovation (R&I) activities 

have become a substantial pillar in the 
attempt to explain the competitiveness 
of firms, industries and economies. Histo-
rically, technological progress happened 
more or less in a random manner as it was 
regarded mainly as the result of geniuses 
such as Thomas Edison or James Watt, 
who invented ground-breaking new pro-
ducts that led to a substantial increase 
of productivity and output in manufactu-
ring. Research was not always a prede-
cessor to an invention (for instance, much 
of the progress in aerodynamics came 
after the Wright brothers successfully built 
their first ‘flying machine’), but the accu-
mulation of knowledge, especially in phy-
sics and chemistry, led to more systematic 
attempts to create new knowledge, new 
technologies and new products. In the 
first half of the 20th century, big research 
projects driven by the state, firms and 
science resulted in many more important 
innovations (explosives, rockets, compu-
ters), however, it was only until the 1950’s 
and 1960’s that corporate research and 
development (R&D) as we know it today, 
was established. 

In the past 50 years, there has been a 

growing interest in the economics of in-
novation and technical change. It is now 
widely accepted that research, science 
and technology are vital to ensure na-
tional competitiveness. Governments 
across the globe are searching for ways 
to encourage investments in science and 
technology as they are expected to have 
a positive impact on a country’s econo-
my. To elaborate on the nature of R&I in 
the raw materials industry, we firstly define 
the key terms and the main approaches 
to measure R&I performance on various 
levels (e.g. industry-level, company-le-
vel), before diving deeper into the speci-
fics of R&I in mining.

Research, Development and Innovation
The terms ‘research’ and ‘development’ 

can be explained by the ‘linear model of 
innovation’. This model postulates that 
technological change is dependent 
upon, and generated by, prior scientific 
research (Mahdjoubi, 1997), new ideas 
are developed in academic and other 
research institutions, after which they may 
be passed on to companies (e.g. through 
publications and patents) and eventually 
embedded in new products and services 
(Figure 1).

Figure 1: Linear Model of Innovation.

 The stages in the linear model of innova-
tion are defined as follows (OECD, 2015):
•	 Technological innovation starts with 

basic research, which has little or no 
regard for commercial applications. 
This kind of work is usually attributed 
to universities and other academic 
institutions. According to the 
Organisation for Economic Co-
operation and Development (OECD) 
Frascati definition, basic research 

comprises “[…] experimental or 
theoretical work undertaken primarily 
to acquire new knowledge of the 
underlying foundation of phenomena 
and observable facts, without any 
particular application or use in view.” 

•	 This knowledge is then transformed 
in a phase of applied research to 
answer specific questions that have 
direct applications to the world. 
Applied research “[…] is also original 
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investigation undertaken in order 
to acquire new knowledge. It is, 
however, directed primarily towards 
a specific practical aim or objective.” 

•	 The outcome of this phase will 
then be used in the development 
of a product or service, usually 
by companies. Often a series of 
prototypes is needed to develop 
a product until it is mature enough 
to be ready for production. 
Development is described as “[…] 
systematic work, drawing on existing 
knowledge gained from research 
and/or practical experience, which is 
directed to producing new materials, 
products or devices, to installing new 
processes, systems and services, or to 
improving substantially those already 
produced or installed […]”.

•	 Eventually, products and services will 
be produced and diffused on their 
respective markets.

It is important to note that innovation is 
more than an invention. Inventions can 
be defined as “… an idea, a sketch of a 
model for a new improved device, pro-
duct process or system” (Freeman, 1974). 
However, inventions do not have an im-
pact on technological change as long as 
they are not commercialised and adop-
ted on a wider scale. Thus, an innovation 
describes a profitable invention, an in-
vention that is capable of being adopted 
by a firm, by helping to maximize its profits 
(Oliverira, 2014). According to the OECD 
and EUROSTAT’s definition, innovation is 
defined as
•	 “[…] the implementation of a new 

or significantly improved product 
(good or service), or process, a 
new marketing method, or a new 
organisational method in business 
practices, workplace organisation or 
external relations.” (OECD, 2015)

3.2 Innovation measurement
approaches

3.2.1 Quantitative measurement
approaches
The Frascati and the Oslo Manual

The first attempt to collect data on 
innovation was made in the 1962, with 

the OECDs Frascati Manual1 written by 
and for the experts in OECD member 
countries. At that time, the comparison of 
R&D performance was almost impossible 
as a shared model of analysis did not exist 
and precise terms of reference (What is 
research? What is development?) did not 
exist.

The Frascati Manual was the first to pro-
vide a basic definition and conventions 
on how to measure R&D-related indica-
tors to produce statistics with a high vali-
dity. It is, as the name suggests, a manual, 
so it can be adapted to fit the needs of 
the respective country or region. There 
is an active community of experts deve-
loping the manual further to include the 
latest developments, e.g. to capture the 
role of venture capital in R&D or the use of 
novel software. The most recent (the 7th) 
edition was published in October 2015. 

Over the years, the number of indicators 
has grown and the views on R&D and in-
novation evolved as well. A presumption 
of the Linear Model of Innovation, which 
the Frascati Manual is based on, was that 
if firms do not undertake R&D, they can-
not generate the necessary knowledge 
for innovation and thus face higher bar-
riers to the development of new products 
or production methods. However, this was 
– to some extent – contradicted by statis-
tical data (Som & Kirner, 2015). The dissa-
tisfaction with R&D indicators eventually 
led to the creation of the Oslo Manual in 
1992, which proposed harmonized guide-
lines to collect and interpret innovation-
related measures. The Linear Model of In-
novation was abandoned in favor of the 
Chain-Linked Model of Innovation (Kline 
& Rosenberg, 1986) (Figure 2). 

This model emphasized the socio-tech-
nical nature of technology and the ne-
cessity to look at innovation as a com-
plex system. The first key difference is that, 
at the firm level, the innovation process 
starts with a market finding phase, fol-
lowed by design, production, marketing, 
distribution and use. All of these activities 
are additional determinants of innova-
tion success (not only R&D). Research is 
not necessarily the initiating step; com-
panies can also be innovative by making 
use of new combinations of components 

1 http://www.oecd.org/sti/inno/frascati-manual.htm

http://www.oecd.org/sti/inno/frascati-manual.htm
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and practices in the existing stock of 
knowledge. The second difference is that 
a firm’s innovation processes are usually 
linked to the scientific and technological 
knowledge that surrounds the firm. Firms 
usually don’t innovate in complete isola-
tion. The access to external knowledge 
(e.g. via universities, suppliers, consumers) 
and the embeddedness in a system of 

innovation becomes another important 
determinant for innovation success. While 
the Oslo Manual doesn’t strictly adhere 
to the chain-link model of innovation, it 
acknowledges that this model has been 
influential and that measuring innovation 
performance requires the consideration 
of multiple dimensions and perspectives.

 

Figure 2: Chain Link Model of Innovation.

Source: Kline & Rosenberg, 1986

Application of the Oslo Manual - the 
Community Innovation Survey (CIS):

The Community Innovation Survey (CIS) 
is a harmonized effort of the European 
Commission to measure innovation acti-
vities in enterprises. The first edition of the 
survey was run in 1992, now it is done 
every second year. The CIS is used by all 
EU member states and some candidate/
associate countries, however compiling 
CIS data is voluntary, which means that in 
different survey years, different countries 
are involved.

The purpose of the CIS is to provide infor-
mation on the innovativeness of sectors 
by type of enterprises, on the different 
types of innovation and on various as-
pects of the development of an innova-
tion, such as the objectives, the sources of 
information, the public funding, the inno-
vation expenditures etc. The survey is har-
monized to be able to compare data in 
longitudinal analysis, but it includes some 

ad-hoc modules to measure specific as-
pects of innovation. Descriptive survey 
results and aggregate data are available 
through EUROSTAT, the statistical office of 
the European Union. More detailed data 
is available upon request from the natio-
nal statistical offices.

Innovation Scoreboards
Innovation Scoreboards are attempts to 

summarize innovation indicators in order 
to compare the innovation performance 
of countries, regions and sectors. Pro-
bably the three most well-known score-
boards are the 	 Global Innovation 
Index (world-wide coverage), the Euro-
pean Innovation Scoreboard (European 
countries) and the OECD’s Science, Tech-
nology and Industry Scoreboard (world-
wide coverage). To give an idea about 
the approach and the indicators used, 
we provide a short description of each 
Scoreboard.
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•	 Global Innovation Index2: The 
Global Innovation Index (GII) ranks 
the world’s economies in terms of 
innovation capabilities and results. 
The latest (2015) report is the 8th 
edition, jointly published by Cornell 
University, INSEAD and the World 
Intellectual Property Organization 
(WIPO, an agency of the United 

2 https://www.globalinnovationindex.org/content/
page/GII-Home

Nations). It covers the largest number 
of countries (141), which represent 
95.1% of the world’s population 
and 98.6% of global GDP. The GII 
ranking is based on a hierarchy of 
two sub-indexes (innovation input 
and innovation output), which are 
in turn, split into seven pillars and 
21-subpillars, containing a total of 84 
innovation indicators (Figure 3).

Figure 3: Structure of Global Innovation Index.

Source: GII, 2015, p. 9

•	 European Innovation Scoreboard3: 
The main purpose of the European 
Innovation Scoreboard (EIS) is 
to benchmark the innovative 
capabilities of member states and to 
provide indicators that complement 
on-going policy developments 
within the European Commission. 
The latest edition was published in 
2015. The scoreboards help countries 
and regions identify the areas 
they need to address. The EIS has 
produces a single composite index 
that summarizes indicators across 
3 main categories of innovation 
(enablers, firm activities and outputs), 

3 http://ec.europa.eu/growth/industry/innovation/facts-
figures/scoreboards/index_en.htm

8 innovation dimensions and 25 
innovation indicators (Figure 4). 

•	 OECD Science, Technology and 
Industry Scoreboard4: The OECD 
Science, Technology and Industry 
(STI) Scoreboard is published on 
a biennial basis. The most recent 
STI report includes roughly 180 
indicators (with about 35 related to 
innovation), which are summarised 
in five thematic chapters: a) 
Investing in knowledge, talent and 
skills, b) connecting to knowledge, 
c) unlocking innovation in firms d) 
competing in the global economy 
and e) empowering society with 
science and technology. Most of 

4 http://www.oecd.org/sti/scoreboard.htm

https://www.globalinnovationindex.org/content/page/GII
https://www.globalinnovationindex.org/content/page/GII
http://ec.europa.eu/growth/industry/innovation/facts-figures/scoreboards/index_en.htm
http://ec.europa.eu/growth/industry/innovation/facts-figures/scoreboards/index_en.htm
http://www.oecd.org/sti/scoreboard.htm
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the innovation-related indicators are 
found in the chapters ‘Connecting 
to knowledge’ and ‘Unlocking 
innovation in firms’ (Hollanders & 

Janz, 2013). In contrast to other 
Innovation Scoreboards, the STI report 
doesn’t rank or benchmark countries 
using composite indicators.

Figure 4: Structure of EIS.

Source: European Commission, 2015

3.2.2 Qualitative descriptions of Innovation 
Systems 

Apart from the work that has been done 
to capture innovation via adequate me-
trics, a fairly big amount of research has 
been dedicated to the explanation of 
the role of external factors that deter-
mine the degree of innovation on a firm 
level. The Chain-Link-Model put forward 
the idea that innovation is not only the 
result of new knowledge creation, but 
rather of knowledge being ‘used’ in a 
variety of ways and by different actors. 
As a consequence, the idea of ‘innova-
tion systems’ has emerged, putting more 
emphasis on the quality and depths of 
interactions within the system and the 
efficiency of knowledge creation and 
knowledge diffusion among the relevant 
organizations (Freeman, 1994) (Nelson, 
1993). The diffusion of knowledge can 
happen in a variety of ways (David & Fo-

ray, 1995), e.g. 

•	 Distribution between universities, 
research institutes and firms

•	 Distribution within a market or along 
the value chain

•	 Re-use and combination of 
knowledge

•	 Distribution between dispersed R&D 
projects

•	 Dual technological developments 
between industry and government.

To describe and evaluate the complex 
phenomenon ‘innovation’ Arnold and 
Bell (2001) suggest to identify the main 
building blocks of an innovation system 
and to understand how the system works 
as a whole. Their view on a national inno-
vation system, which explains a country’s 
overall innovation performance, includes 
six main elements that collectively consti-
tute a national system (Figure 5). 
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They stress, however, it is not just the 
actors in the ‘boxes’, but the arrows that 
determine the performance of an inno-
vation system. The key elements include:
•	 The Business System: This subsystem is 

of particular importance, as in most 
countries, the great majority of R&D 
is financed and performed within the 
business sector. Firms interact with 
their customers and suppliers in a 
supply chain.

•	 Demand: the sophistication of 
consumers’ and companies’ 
demand has a strong impact on 
the need to innovate to meet those 
demands. Also, the government 
itself is in many cases an important 
customer for research (e.g. think of 
the research for defense purposes in 
the U.S.).  

•	 Education and Research: Whereas 
standards in the Business System are 
set by competition, standards in 
education and research are set by 
science. There is a certain consensus 

that a basic science component 
is important in advanced industrial 
economies. 

•	 Intermediate Organizations: 
‘Intermediate institutions’ such as 
applied research institutes and 
research associations are frequently 
under-estimated as they have a 
lower status and are less visible than 
universities. These institutions, which 
usually depend on a mixture of core 
state funding and contract work for 
firms, provide important R&D and 
technical support activities, too.

•	 Framework conditions and 
Infrastructure: Obviously there are 
other factors that play a role in 
fostering or hampering innovation, 
such as fiscal and taxation policies, 
levels of trust (and the absence 
of corruption), levels of education 
and literacy, national propensity 
to entrepreneurship, availability of 
venture capital etc.

The concept of National Innovation Sys-

Figure 5: Major Components of a National Innovation System.

Source: Arnold & Bell, 2001



18 INTRAW PROJECT

tems (NIS) has also been adopted by the 
OECD (OECD, 1997) for their country re-
ports on innovativeness. The fact that NIS 
describe rather the qualitative nature of 
innovation systems doesn’t mean that it is 
not possible to describe a NIS with the aid 

of indicators. For instance, the interaction 
of industry with universities can be inves-
tigated by analysing patent databases 
or publication databases for co-publica-
tions (Figure 6).

Figure 6: Core knowledge flows in national innovation systems.

Source: OECD, 1997
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 While the national level is relevant due 
to the role of country-specific interac-
tions in creating a climate for innovation, 
it is not sufficient to explain innovation 
success in every respect.  Other authors 
claim that innovation is more likely to 
happen within geographical concen-
tration and proximity (often regions) as 
the result of the interplay of specialized 
resources, skills, institutions and the share 

of common social and cultural values, 
as found, for example, in the Silicon Val-
ley. Thus, ‘regional systems of innovation’ 
have also been the subject of research 
and policy-making. The European Union, 
for instance, regularly reports on the per-
formance of 190 regions in its Regional In-
novation Scoreboard and classifies them 
into four innovation performance groups 
(Figure 7).

Figure 7: Regional Innovation Performance Groups.

Source: European Commission, 2014, p. 4

The latest development has been to look 
at the properties of sectors as sources of 
innovation.  This seems to be a valid point 
of view since national boundaries seem 
to play a less important role. Internatio-
nal technology flows and collaborations 
frequently transcend national boundaries 
and depend much less on national and 
local conditions. In addition, national ins-
titutions (e.g. regulations such as property 
rights) can affect sectors differently. They 
may be advantageous for one sector, 

but hampering for another. Malerba (Ma-
lerba, 2005) argues that since knowledge 
and technologies are often available 
from anywhere in the world, new patterns 
of interactions between the players in a 
sector arise. This implies that policy-ma-
kers would require a good understanding 
of a sector before thinking about the right 
policy interventions.
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3.3 Research and innovation in mining: 
overview of the state of practice

3.3.1 Technology development in the
mining context5 

To understand the role of research and 
innovation in mining, one has to unders-
tand the nature of mining and the techni-
cal requirements that go along with it. First 
of all, mining is one of the oldest industries; 

5 Please note that the following section on R&I 
focuses primarily on data from companies (and less 
government/university funded work) to  emphasize 
the specific characeristics of R&I mining industry. 
The intensity of government/university interaction 
with industry is also subject of the INTRAW report on 
education and outreach.

the earliest known mines are several thou-
sand years old. Due to its nature, mining 
has always relied on the use of techno-
logy and there has been a permanent 
search for technologies that improve 
productivity, safety and health in mining. 
However, compared to other industries, 
R&D spending in mining and metals com-
panies has always been relatively low. 
Only few mining and metal companies 
spent more than 0.5% of their revenues 
on R&D (Figure 8), which is well below the 
average investment rate found in other 
industries.

 

Figure 8: Consolidated R&D intensity of twelve mining and metals companies (Alcoa, Anglo 
American, Arcelor/Mittal, BHP Billiton, Boliden, Cameco, Codelco, Eramet, Iluka, Rio Tinto, 

Sumitomo Metal Mining and Teck).

Source: Filippou & King, 2011

Arguably, these numbers may not re-
flect the total research effort. Upstill and 
Hall (2006) argue that

•	 indirect non-R&D expenditures such 
as design and engineering activities, 
plant experimentation are mostly 
ignored in R&D statistics,

•	 mineral producers rely heavily on 
equipment manufacturers and 
engineering firms for new technology, 
and that

•	 mineral producers are often big 
corporations with several affiliates 
and subsidiaries. R&D expenditures 
may occur in different sites and 
may never be included in the 
consolidated financial statements of 
the parent company.

In general, mining is a mature industry 
and therefore considered to be rather 
a follower than a pioneer in R&D. This 
doesn’t mean, though, that the mining 
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industry and its use of technology doesn’t 
evolve. Especially during the past two 
decades, mining has gone through a 
significant transformation process. As mi-
ning companies fought for dominance in 
commodities, the mining industry unde-
rwent a strong consolidation process, af-
fecting both operating firms and techno-
logy suppliers. As big mining companies 
acquired smaller businesses, the number 
of miners declined and mining became 
a truly global industry. This consolidation 
had an impact on mining size and age. 
With fewer small and medium-sized firms, 
developing smaller deposits and niche-
operations became less likely. The rising 
demand during the last decade, notably 
from China, led to a further focus on the 
increase of output at comparably low 
risk. As a consequence, R&D spending 
declined even further.6 
6 Strictly speaking, R&I is always difficult to pinpoint 
to a single country.  Due to ongoing globalisation/
internationlisation, companies could be classified 
either by their place of origin, their place of ownership, 
or their place of actual R&I activity. For example, in 
mining software development, the USA was the leader 
(almost the only player) in the 1970s, with R&D done 

In theory, consolidation could have had 
a positive impact on technology deve-
lopment in mining (Peterson, et al., 2001). 
Consolidation among suppliers typically 
results in economies of scale in R&D. As 
mining becomes more complex and 
costly as it progresses to greater depths 
and larger scale, it requires, for instance, 
more innovative designs to ensure the 
stability of the mine structure. Consolida-
tion should have also led to increased 
spending for R&D. History shows, howe-
ver, that technology development in mi-
ning actually slowed down (Peterson, et 
al., 2001). Mining companies tend to put 
more emphasis on finding new, higher-
grade ore deposits than finding better 
ways to mine them. This trend, however, is 
currently changing as exploration expen-
diture has collapsed.

by mining companies and large computer suppliers. 
It was only in the 1980s that new developers - mostly 
micro-companies - set up in UK, Canada, and Australia, 
challenged this position. Those companies have grown 
and merged, and there is now another generation of 
star-up businesses doing R&D in the same field - but with 
much of their own R&D being done in China and India.

Table 1: Some technologies for unit operation in mining.

CRITICAL TECHNOLOGIES FOR MINING EXAMPLES OF TECHNOLOGICAL PROGRESS
Drilling, blasting, cutting and excavating e.g. improved rock-cutting technologies,  blast 

accuracy and safety (e.g. with the aid of pro-
grammable electronic detonators)

Ground control e.g. improved rock bolts
Loading and hauling e.g. increased use of autonomous vehicles
Materials processing e.g. leaching processes for minerals extraction, 

improvements in efficiency, reduction in both 
power and water

Source: Peterson, et al., 2001

Peterson et al. (2001) stress that inno-
vation in mining mainly takes place as 
incremental improvements, occasionally 
punctuated by the development of signi-
ficant new system innovations (which he 
refers to as ‘systems’). There are various 
reasons that the pace of technology de-
velopment differs in the minerals industry  
(Bartos, 2007):
•	 Mining has difficult entry conditions, 

as the start-up costs can be 
enormously high. In remote locations, 
it is necessary to build the entire 

infrastructure (roads, rails, power) 
more or less from scratch. 

•	 Mining offers little room for product 
differentiation and price control. 
The product of mining is usually a 
commodity. Mining can be profitable 
when prices are high, but there is a 
lot of price fluctuation.

•	 Mining companies take a rather 
conservative business approach. 
They have to decide where to take 
risks and technology. Mines have big 
plants, large fleets of vehicles and 
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so adopting something ‘new’ is very 
expensive. Replacing equipment 
with a slightly better performance 
is not an option. Adoption occurs 
periodically during new mine builds, 
major expansions, after acquisitions, 
etc.

•	 Innovation is sought after in specific 
areas, and especially in those that 
guarantee the continuous operation 
of a mine. For instance, innovation 
related to monitoring and control 
technologies is more appreciated as 
technologies for optimizing the ore 
extraction. Generally, there seems 
to be a higher interest in improving 
downstream operations. A 1-2 
percent productivity gain in metals 
processing can be equivalent to a 
20-30 percent productivity gain in 
underground mining.

•	 Bigger, more systemic innovations 
require collaboration across 
different types of organizations 
(e.g. machinery producer, sensor 
technologies, software companies). 
Such alliances or partnerships are 
pursued if there is additional funding 
from the public sectors, but public 
funding for mining has been reduced 
in many areas.

•	 Due to group-wide sourcing, some 
miners tend to seek single equipment 
suppliers and common technologies, 
and thereby may overlook 
technologies that may be more 
innovative.

•	 Logistical constraints limit the ability to 
implement cutting-edge technology, 
especially in remote and poorly 
serviced locations

In its recent Global Metals Outlook, the 
consulting company KPMG estimated 
that approximately one third of the me-
tals companies are planning to spend 
more than 6% of revenues on R&D over 
the next year. However, for mining com-
panies, which are currently in crisis mode 
due to falling commodity prices, they re-
commend to focus on incremental inno-
vations which are not too hungry for time 
and resources7.  

A study carried out by Boudreau et al. 
7 http://www.kpmg.com/ca/en/industry/mining/insights-
into-mining/pages/insights-into-mining-newsletter-5.aspx 
(Jan 2016)

(2014) points out that introducing new 
equipment in mining is not necessarily 
synonymous with gain, even in the long 
term. There is often a trade-off between 
the gains provided by an innovation and 
the costs associated with its implementa-
tion and use. More specifically, negative 
aspects of may include
•	 Poor operator acceptance
•	 Long adaptation periods due to 

inadequate training
•	 Skill deficiencies
•	 Over-reliance on technologies
•	 Characteristics or functions that differ 

from those of standard equipment
They come to the conclusion that fewer 

than half of the projects examined in their 
study led to significant improvement. 
Even though different types of equipment 
were studied (e.g. bolters, trucks), it is dif-
ficult to generalize these results. 

Another barrier for the diffusion of inno-
vation is that governments see mines as 
drivers of economic development and 
particularly high wage employment. 
Any new technology that reduces jobs 
is usually resisted by governments (who 
threaten problems in license renewals) 
and unions, and in many cases it is impos-
sible to introduce.  In some countries this 
prevents innovation in others it has led to 
strikes, luddites and even violence. 

3.3.2 Factors that Support Innovation in 
Mining 

As Mining is costly and mining compa-
nies have to satisfy investors, who seek a 
competitive return on their investment. 
Twigge-Molecey (Twigge-Molecey, 2011) 
comes to the conclusion that innovation 
in mining and metals can be categorized 
by its drivers:
•	 Disaster-driven innovation: An 

innovation becomes a necessity due 
to disastrous experiences with the 
use of existing and possibly outdated 
technology. Often this includes new 
legislation which a mine must comply 
with.

•	 Project-driven innovation: A 
mine requires particular solutions 
that cannot be met with existing 
technologies. This innovation is driven 
by external constraints.

•	 Engineer-driven innovation: An 

http://www.kpmg.com/ca/en/industry/mining/insights-into-mining/pages/insights-into-mining-newsletter-5.aspx
http://www.kpmg.com/ca/en/industry/mining/insights-into-mining/pages/insights-into-mining-newsletter-5.aspx
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innovation is put forward by 
professional engineering consultants, 
who have intensive operating and 
research experience.

Hollitt  (Hollitt, 2012) points out that trans-
formational, systemic innovations occur 
only rarely in mining. They are only viable 
if one or more of the following criteria is 
met:
•	 Attachment of the innovation 

is possible, at good value, to at 
least one new resource project or 
significant expansion (there is no 
need for “creative destruction” of 
existing capital), 

•	 The new approach is critical to the 
fortunes of at least one such project 
or expansion (i.e. there is no other 
possibility of a satisfactory or sufficient 
project), or 

•	 The new approach is uniquely 
suited to avoiding loss of previous 
gains, including continued growth 
from resource acquisition or market 
options, which gains are otherwise 
under clear threat (the strategic 
imperative), 

•	 It is expected that these necessary 
conditions will still be present in future 
business cycles in the light of other 
industry or regulatory developments,

•	 Sufficient finance or operating cash 
flows are available (equity rather 
than debt-backed investment) to 

provide for development across 
several business cycles. 

3.3.3 Examples of recent mining 
innovations

In a recent survey on the role of innova-
tion in mining among 200 global mining 
executives, respondents said that inno-
vation would have the greatest impact 
during the next 15 years in the following 
areas8:
•	 Automation - leading to the removal 

of people from the working area, 
enhanced safety, and lower cost

•	 Reducing energy consumption
•	 Resource extraction - by reducing 

distribution and improving recoveries
•	 Data and analytics - for process 

optimization and enhanced decision-
making

•	 Processing - reducing material 
movements, increasing efficiency 
and recoveries

In a study carried out by the consul-
ting company Ernst & Young (EY, 2014)  
on productivity in mining, innovation is 
presented as a major lever to improve 
productivity. Some innovations focus on 
single-point solutions, while others have 
the potential to change productivity le-
vels at multiple points in the value chain 
(Figure 9). 

8 http://govci.com/what-we-do/innovation/state-
play-2/, 2014 (Jan 2016)

Figure 9: Mining Innovation Matrix.

Source: EY, 2014

http://govci.com/what-we-do/innovation/state
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3.3.4 Selected Results on Mining 
Innovation

A study carried out by VCI (and co-
sponsored by the University of Western 
Australia) is especially noteworthy as it is 
one of the few comprehensive attempts 
to capture innovation activities in mining, 
since it is based on over 200 responses 
from 25 countries (including more than 50 
mining companies and more than 50 ser-
vice companies).

Their attempt is remarkable in various 
ways. First, they map the eco-system of 
the mining industry and note that it is an 

amalgam of a multitude of players, such 
as suppliers, service providers, start-ups, 
research institutions, governments etc. 
(Figure 10) Respondents agreed that this 
eco-system should evolve as a whole. 
Future mining challenges such as low-im-
pact mining and fully autonomous value 
chains require ‘a need for coalition’ and 
a shared vision. However, the mining in-
dustry has not been able to collectively 
develop such a vision, although other 
highly competitive industries such as te-
lecommunications and semiconductors 
are able to do so (VCI, 2014).

Figure 10: The Mining Innovation Eco-System.

Source: VCI, 2014

 Secondly, the survey confirms that mi-
ners have a preference for in-house or 
closed innovation (Figure 11). They tend 
to purchase off-the shelf technology or 
develop new technologies with commer-
cial suppliers. Service companies, which 
tend to be smaller in size, are increasingly 
pushing for more integrated design ap-
proaches with mining companies. Their 
preferred way to develop technologies is 
through partnerships (Figure 11). 

Thirdly, the results show that innovation 
behavior also depends on company size 
(Figure 12). Bigger mining companies 
have a more structured approach than 
smaller miners. They have the resources 

to pool innovation efforts, to build innova-
tion centers and to make use of the results 
on a global scale. Accordingly, their suc-
cess rate in the implementation is higher.  
Smaller companies tend to apply ad-hoc 
approaches, initiating innovation projects 
when there is a need to. 
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Figure 11: Innovation methodologies and partnership options (“How does your company 
primarily develop required technology?”).

Source: VCI, 2014

Figure 12: Implementation of innovation (“How structured is your approach to implementing 
innovations in your company?”).

Source: VCI, 2014
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4. The mining value chain

4.1 Value chain analysis as a means to 
analyze an industry 

The concept of the value chain was 
first described by Michael Porter (Porter, 
1985). A value chain represents all activi-
ties a company engages in to produce 
goods and services. Porter distinguishes 
between two different types of activities: 
1.	 Primary activities add value directly 

to the final product as they are 
involved with the physical creation 
and delivery of the product. Primary 
activities include activities such 
as inbound logistics, operations, 
outbound logistics, marketing & sales 
and services.

2.	 Support activities add value in an 
indirect way (e.g. activities related to 
human resource management), they 
typically feed into primary activities. 
Support activities include technology 
development, procurement, human 
resource management and firm 
infrastructure (i.e. support functions 
such as finance, planning, quality 
control).

Firms can develop a competitive ad-
vantage by purposely designing the steps 
in a value chain. For instance, a cost ad-

vantage can be gained by addressing 
especially those activities that represent 
the major sources of cost.

The value chain analysis is a generic 
method to break down all value-adding 
activities in order to understand the acti-
vities that have the potential to create a 
competitive advantage. It can be car-
ried out on the company level (internal 
value chain), but also on the industry level 
(“industry value chain”, “extended value 
chain” or “value system” as it was named 
by Porter). The industry value chain des-
cribes how value is generated in an en-
tire industry. It provides a useful model to 
understand the players that operate in it. 
Industry value chains constantly change 
due to competitive moves, but also due 
to the growing division of labour, the glo-
bal dispersion of production, deregula-
tion of industries etc., resulting in vertical 
and horizontal integration (or disintegra-
tion). In mining, for instance, steelmakers 
have tried to secure supply of resources 
through buying mines and mining com-
panies. It is even expected that vertical 
integration will include trading as the next 
steps (The Business of Mining, 2010) (Figure 
13).

Figure 13: Vertical Integration in Mining.

Source: The Business of Mining, 2010
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It is important to note that mining itself 
is a business that features a range of dif-
ferent organisations of different size and 
with different objectives. For instance, 
there are large global and medium com-
panies with projects in one country/re-
gion, medium companies with projects all 
over the world, small companies with one 
or two projects in one or more countries, 
companies that are commodity specific, 
government owned companies, privately 
owned companies etc. The largest 150 
companies are, somewhat arbitrarily, cal-
led majors. All other producing compa-
nies are mid-tiers and the non-producing 
companies are called juniors. The majors 
represent a few per cent only of the total 
number of companies in the sector glo-
bally, but they control approximately 85% 
of total global mineral production. Larger 
companies are likely to invest more in 
R&D as smaller mining companies (Erics-
son, 2012). 

4.2 The mining value chain and the 
mineral value chain 

For the purpose of this deliverable two 
different concepts - the mining value 
chain and the mineral value chain – are 
relevant. The mining value chain is a string 
of activities on a mine geared towards 
converting mineral resources to mineral 
reserves and processing mined reserves 
into minerals or concentrates of a sa-
leable value. Activities include 
•	 Exploration & evaluation (locating & 

evaluating) 
•	 Mining (establishing, mining & 

transporting) 
•	 Mineral beneficiation (extraction, 

concentration & refining) 
•	 Sales (marketing & divestment)
•	 The mineral value chain is a string of 

companies working together to add 
value to the mined mineral. Activities 
include 

•	 Exploration 
•	 Mining (winning of mineral from 

earth) 
•	 Metallurgy (extraction and 

concentration) 
•	 Refining 
•	 Fabrication 
•	 High value intermediary & end 

products 

•	 Sales
In the following sections we focus on 

the activities, where innovation plays an 
important role. The later stages of the mi-
ning and minerals value chain (especially 
sales) are less relevant from a point of view 
of technological innovation, whereas es-
pecially the early and middle stages are 
more interesting. These are therefore the 
main activities considered in the report:
1.	 Exploration and evaluation: The 

action of locating a deposit and 
proving it is technically and financially 
feasible to mine.

2.	 Mine planning and design
3.	 Extraction: 
•	 Mine Development: The action 

of setting up a mine production 
system (e.g. open pit or tunneling, 
transportation system, power 
supply, drainage, ventilation, 
communications…)

•	 Mining: The action of producing  ore 
(including, for instance, breaking, 
loading & hauling, conveying, 
crushing, stockpiling) 

4.	 Processing / Smelting and refining: 
The action of converting the 
primary product into a bulk tonnage 
intermediate product (e.g. usually 
a mineral concentrate, then via 
smelting and refining into a metal or 
metal alloy), and of converting the 
intermediate product into a product 
suitable for purchase by sub-sequent 
industries (worked shapes and forms).

5.	 Closure / Rehabilitation: The action of 
restoring the post-mined landscape 
to the intended land use.

Probably one the most important dri-
vers of technology development for the 
past 30 years has been the objective to 
achieve economies of scale in mining. 
Mines are often enormous operations, no 
other industry moves solid material on the 
scale of mining. The introduction of lar-
ger equipment, based on tried and true 
technologies, has been a significant lever 
to increase output and a good reason to 
justify capital expenditure in mining.

To illustrate some of the most recent 
mining innovations (mostly from the past 
10 years), the Prospectors and Develo-
pers Association of Canada (PDAC) and 
the Mining Association of Canada have 
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compiled 100 practical innovations from 
the world’s principal mining regions and 
grouped them according to the main 

mining stages (exploration, mining, reme-
diation) (Table 2)1.  

1 http://www.oma.on.ca/en/ontariomining/resources/
Minalliance_100_innovations_en.pdf (Jan 2016)

PHASES EXAMPLES
Exploration •	 Portable Analyser

•	 Airborne electromagnetic surveys
•	 Ore deposit definition
•	 Hyperspectral imagery
•	 3-D Geological models
•	 Owl head assembly

Mining Ore extraction

•	 Hybrid bolt
•	 Inspection cameras
•	 Cavity measuring
•	 …
Transport & communications

•	 Truck tracing
•	 Underground communications
•	 Road-trains
Ore processing

•	 Sonar flowmeter
•	 Underground preconcentration
•	 Ore grinding monitoring
Health and safety

•	 Gas detection devices
•	 Fenix capsule
•	 Risk-area maps

Remediation •	 Biodegradable explosives
•	 Geotextile separators
•	 Constructed wetlands

Table 2: Examples of Innovation in the Mining Industry.

http://www.oma.on.ca/en/ontariomining/resources/Minalliance_100_innovations_en.pdf
http://www.oma.on.ca/en/ontariomining/resources/Minalliance_100_innovations_en.pdf
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5. Operational analysis of research and 
innovation - the methodology

To understand the R&I performance of 
each reference country (US, Canada, 
Australia, South Africa & Japan), we ap-
ply the concepts ‘National Innovation 
System’ and ‘Sectoral Innovation Sys-
tem’ in a simplified way. As the purpose 
is to capture the characteristics of each 
country, we will describe elements of the 
national R&I system and as we target the 
sectors of minerals and mining, our ana-
lysis obviously includes some sectoral as-
pects, too.

The chapters follow the same structure 
(Table 3). The first chapters are descriptive 
to explain how the R&I system actually 

works. The last section contains a selec-
tion of quantitative measures that can be 
used to judge the intensity of R&I in the 
country. 

Please note that the purpose of this 
structure is to provide a holistic unders-
tanding of ‘how R&I really works’ in each 
of the countries portrayed in this report. 
It should be noted, however, that it is not 
possible to create one ideal system of in-
novation. It is helpful, though, to compare 
them, to initiate reflection and to argue 
why one system performs better than 
others (Edquist, 2001).

CHAPTER SUB-AREAS / EXPLANATION LEAD QUESTIONS (EXAMPLES)
The big picture 
of innovation in 
raw materials and 
mining 

•	 Which role does mining play in 
the country? (e.g. in terms of 
GDP contribution), Is the country 
a net exporter or importer of 
mining products?

•	 Which role do mining products 
play in the country?

•	 Drivers for R&I in mining/raw 
materials

The mining 
innovation system 

Raw materials strategy and 
priorities

National innovation policies 
directly influence the framework 
conditions of an innovation system.

•	 Is there an explicit raw materials 
strategy that is pursued by the 
country?

•	 If so, what are the key R&I-
related policies?  Is there an 
implementation plan for the 
policies?

•	 Which official policy documents 
exist?

Key actors and organizations1

Organizations contribute to 
technological progress, as 
developer, adopters, or indirectly, 
as regulators, financers etc.  Firms 
represent the main unit of analysis 
in sectoral systems of innovation. 
They have cooperative and 
competitive relationships.

•	 Who are the main actors 
in the mining landscape 
(Governmental bodies, Industry, 
Support Organisations ...)?

•	 How they behave within the 
context of market?

•	 Which actors in the system are 
the most influential?

Table 3: Structure of the R&I Country Analysis.
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Knowledge base for research and 
innovation

A sectoral knowledge base 
describes how knowledge is 
shared by the industrial actors 
of the sectoral system through 
communication / exchange / 
cooperation with other players 
in the industry. A rich and multi-
source knowledge base has an 
impact on the rate and direction 
of technological change.

•	 Which are the main knowledge 
domains relevant for the country

•	 How is knowledge acquired from 
outside the company (through 
R&D services, cooperation with 
universities …)?  

•	 What are the main patterns of 
collaboration?

Key technologies

Mining is a business that depends 
on the use of technology. 
Technological progress is a 
prerequisite to produce minerals 
at reasonable costs.

•	 What are main technologies 
that are being developed / 
have been developed in the 
respective country?

•	 What is the pace of 
technological change in the 
country?

•	 Who files patents and for which 
product category?

Metrics for mining 
innovation system

In addition to the qualitative data, 
some quantitative measures are 
used to illustrate the R&I intensity of 
each region. 

As sources of data we use the 
Global Innovation Index as well as 
other data, if it is more specific on 
mining (e.g. business expenditure 
on R&D [BERD] by mining 
companies).

Note that the GII is a measure 
of a country’s overall innovation 
performance. The performance of 
mining innovation may differ from 
the innovation intensity in other 
industries. 

•	 Global Innovation Index
•	 Innovation and Technology 

Readiness indicators

1 It is worthwhile noting that qualified professional research staff are mobile and will migrate to international centres 
of research excellence wherever they are. The location of such centres of excellence changes with time - new ones 
are opened, others are closed down (such as U.S. Bureau of Mines). Although there is a formal structure in some 
countries, the relative importance of different institutions changes with time. 
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6. Operational analysis of research and 
innovation: Australia

6.1 The big picture of innovation in raw 
materials and mining in Australia

During its history, Australia´s economic 
development can be explained by the 
shifting interactions between resource 
abundance and institutional arrange-
ments, and between international eco-
nomic conditions and policy responses to 
them (e.g. changing trade and immigra-
tion policies). Economic and technologi-
cal factors were particularly important in 
this development; through shifting eco-
nomic and trade policies (e.g. protectio-
nism vs an open economy) Australia has 
explored, discovered and made efficient 
use of its mineral resources. This has provi-
ded long periods of sustained economic 
growth (GDP growth). The first “golden 
age” took place during the decades of 
1850-1880 marked by the discovery of 
alluvial gold in the Victorian fields, mas-
sive immigration and continued econo-
mic and population growth. The second 
“golden age” (1945-1973) was also fuel-
led by a mining boom based on a more 
diversified portfolio of commodities, tied 
to Japan´s rapid industrialisation and ca-
pitalising on previous discoveries of depo-
sits of iron ore and coal. The third “gol-
den age” (1991-2014) is also marked by 
a sustained period of economic growth 
based on exports of commodities, very 
favourable terms of trade and a service 
economy with low unemployment and 
inflation. (INTRAW, 2015)

Australia is, with regard to raw materials 
(e.g. bauxite), one of the richest countries 
in the world. Furthermore, Australia is one 
of the leading suppliers in lead, iron, gold 
and lithium. Generally, the quality of all 
ores in Australia is as high as in South Afri-
ca, Brazil and Canada. Most raw mate-
rials are exported to foreign countries 
– especially to Asian countries such as 
China, Japan, South Korea and other big 
producing countries. (Hilpert & Mildner, 
2013)

An exception to this is the processing 
of iron, which can be considered as one 
of Australia’s strengths. Almost 70 % of 
all extracted minerals are exported due 
to a high demand in export destinations 
and a relatively small demand of local 
industry. The mineral raw materials had 
a 8.8% share of the total Australian GPD 
in 2010 (Hilpert & Mildner, 2013, p. 35). In 
the end of 2014 the mining sector made 
up 10 % of the gross value added. The-
refore, mining is the fourth biggest sector 
of the Australian industry. The biggest sec-
tor (“Business Services”) makes up nearly 
25 % of the gross value added (Office of 
the Chief Economist, 2014). The mineral 
industry exports 50 to 60 % of the annual 
value of total exports. Iron ore, gold, cop-
per, aluminium and nickel dominate mi-
neral exports. The total export value near-
ly tripled from 2002 – 2003 to 2012 -2013 
from $45.9 billion to $145.6 billion. 

The majority of mining companies in Aus-
tralia are Majors. Next to the big players 
such as BHP Billiton or Rio Tinto there are 
smaller Junior Mining companies and ser-
vice suppliers, e.g. for safety or explora-
tion. Some of the mining companies have 
their headquarters in foreign countries like 
the Swiss group Xstrata, but run their mines 
mainly in Australia. Australia’s wealth in 
minerals makes it very attractive for inves-
tors to fund mining projects. However, at 
present, Australia is losing its competitive-
ness and is seen as excessively expensive 
place to operate. The country is trying 
hard to regain this international compe-
titiveness compared to other new high 
mineral potential locations.

Most inventions (i.e. filed patents) made 
in the mining sector are from mining 
equipment, technology and services 
(METS) with 4,934 in 2013. Classic miners 
made 863 inventions and public entities 
had 742 inventions in 2013. The distribu-
tion of innovation activities related to the 
types of expenditures are displayed in 
Figure 14.
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Figure 14: Innovation in mining in Australia. Types of expenditure July 1994 to June 1997.

Source: Scott-Kemmis, 2013, p. 15

Because Australia is rich in minerals, 
recycling is not distinctive and recycling 
companies are quite few in number 
(Scott-Kemmis, 2013).

Challenges for Australian mining 
companies:

Although Australia has an internationally 
competitive mining industry with well-de-
veloped companies that are specialized 
in developing mining equipment as well 
as technology and services, Australia has 
to deal with some challenges.  These can 
be classified in four categories (Scott-
Kemmis, 2013): 
•	 Mineral resources including deeper 

deposits, mines far away from 
industry locations and harbours, more 
complex mining processes and lower 
mineral grade.

•	 Human resources such as an aging 
workforce, a need for skilled people 
(due to rising complexity of mining) 
and hazardous workplaces (even 
though removing from hazardous 
environments is priority already).

•	 Environmental resources including 
challenges like water scarcity, rising 
energy costs, fragile ecosystems that 
must be protected and dealing with 
waste products.

•	 Social & corporate resources dealing 
with accountability, community 
development, sovereign risks and 
scrunities.

In addition, Australia has to optimize the 
coordination of “innovation activities wit-
hin the mining industry, its suppliers and 
the supporting research and education 
organizations”. Major areas of improve-
ment are seen in the creation of capabili-
ties of METS for better internationalization, 
better integration of METS in the innova-
tion complex and a more coordinated 
industry knowledge base (Scott-Kemmis, 
2013). Australia is still following partly the 
criticism formulated on their national in-
novation systems (NIS) in the 1990s (Gre-
gory, 1993) which includes a low level of 
science and technology expenditure, 
high level of government involvement 
in financing and undertaking research, 
low level of private sector research and 
development and an exceptionally high 
dependence on foreign technology. A 
big effort was spent in the last decade 
to overcome these criticisms and consi-
dering that mining is the sector creating 
the highest value-add per hour (Feather-
stone, 2012).
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Drivers for mining research and 
innovation in Australia:

The environmental standards are one of 
the highest in the whole world so miners 
and METS have to meet them with sophis-
ticated technology. The safety regula-
tions are quite strict. So mining compa-
nies and METS are always forced to invent 
and improve technology to remain com-
petitive to miners in other countries with 
low standards and regulations. The global 
demand for minerals will rise in the future, 
however, the fall of commodity prices in 
recent years has brought financial distress 
to many Australian miners  (Scott-Kemmis, 
2013, p. 38f).

External demand for raw materials has 
strongly driven Australia’s innovation 
and economic performance in the last 
decade (Office of the Chief Economist, 
2015). Due to the apparent end of the 
mineral boom, the focus changed from 
scale to productivity and cost saving. As 
measured by patents filed, Australians 
only have a very minor share of patents in 
the mining sector. Based on the countries 
for prosecution of patents filed by Aus-
tralian inventors, the U.S. and Australia 
have been identified as major markets, 
followed by Canada, China, Japan and 

Europe (Francis, 2015).
Automation is the new trend in exploiting 

minerals that miners have to face in the 
coming years. Therefore, miners and METS 
need well skilled staff and direct coope-
ration to specialized suppliers to manage 
this next technology step. Generally, the 
links between miners, METS and other 
relevant R&I organizations are compa-
ratively weak which does not promote 
innovation and the transfer of innova-
tions to the industry (Scott-Kemmis, 2013). 
Survey estimates suggest that the METS 
sector generates revenues of around 
$90 billion annually with an export com-
ponent worth $15 billion per annum and 
thus larger than the automotive industry. 
An overview on the revealed advantage 
for exports combined with information on 
patents, trademarks and R&D intensity is 
shown in Figure 15.

Following the importance of Australian’s 
mining industry for the overall economy, 
challenges and drivers are continuously 
monitored and integrated into policies, 
strategies and priorities of the mining sec-
tor. The high dependency of the Austra-
lian economy on raw material exports is 
a key challenge both, for the mining in-
dustry and other industries.

Figure 15: Australia’s revealed advantage for exports (RCA), patents (RTA, trademarks (RBA) 
and R&D intensity, high RCA sectors, 2008-12.

Source: Office of the Chief Economist, 2014, p. 96
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6.2 The mining innovation system in 
Australia 

6.2.1 Raw materials strategy and priorities 
The Australian mining strategy is defi-

ned by each State in a federal system 
(there are six states and two (mainland) 
territories). The current strategy and aim 
of the Australian (federal) Government 
is to make the “mineral and energy ex-
ploration in Australia globally more com-
petitive and economically attractive”.1  
Currently the change of strategy is very 
important because of low commodity 
prices and an increasing uncertainty in 
global markets.  In this context, the Aus-
tralian Government created an Explo-
ration Development Incentive to lure 
exploration investments, especially for 
SMEs. Australia tries to promote further 
progress in resource development. One 
part of Australia’s deregulation ambition 
is to liberate the industry of red and green 
tape. The Productivity Commission, the 
Australian Government’s independent 
research and advisory body, stresses that 
current regulation fails to assess the bene-
fits of exploration (Pearson, 2014).

The politics of raw materials are highly 
influenced by the fact that Australia is 
a net exporter, i.e. it exports (especially 
iron) ore and concentrates rather than 
refined metal. Compared to the amount 
of ore produced, it has also a rather low 
domestic consumption. Because of its 
low rate of downstream consumption, 
the Australian raw material strategy is 
quite different to that of other countries. 
Each state has its own freedom to regu-
late mining activities but there is also a 
low coordination between all states and 
a general lack of a consistent strategy. 
Generally, the goal of each state is to be 
competitive with other countries in the 
world, including training of staff and an 
increase in productivity.   The Australian 
Government interferes only if national 
interests are affected. Furthermore, the 
Government helps to prevent financial 
shortages in infrastructure projects (Hilpert 
& Mildner, 2013). Profits made by mining 
companies have been taxed since 2012, 
based the “Mineral Resource Rent Tax”, 

1 Report response to encourage resources and energy 
exploration.  http://minister.industry.gov.au (Dec 2015)

which is settled from each federal state 
separately. However, this tax has been 
repealed as of 2014. To help smaller com-
panies, financial profits under 50 million 
AUSD are not taxed. Furthermore, the 
Australian Government granted some 
energy subsidies for the transformation 
from bauxite to aluminium. The Australian 
Government further pursues internatio-
nal cooperation with other countries. It 
has established several “Bilateral Mine-
rals and Energy Cooperations” (e.g. with 
China, Japan, India). These agreements 
are above all official consultations that 
aim to identify and facilitate commercial 
opportunities for Australian business (Aus-
trialian Government, 2015). 

State agencies are also responsible for 
mining regulations, health and safety– 
with some exceptions on a national le-
vel2. State governments are responsible 
“for granting exploration and mining 
tenements and collecting mining royalty 
payments from the companies”. The mi-
ning sector is more regulated than most 
other industries in Australia3. These regula-
tions have a high influence on companies 
cost structures, productivity and capaci-
ties. Based on Australia’s export orienta-
tion, it is in need of “efficient, stable and 
risk-based regulatory systems” (Minerals 
Council of Australia, 2014, p. 8f). Howe-
ver, the role of regulation as a barrier to 
global competitiveness should not be un-
derestimated as Australia decreased its 
position from 5 in 2001 to 22 in 2014-2015 
ranking within the Global Competitive 
Index from the World Economic Forum 
(Minerals Council of Australia, 2014). The 
biggest challenges in this context are pro-
ject delays caused by long approval and 
cancellation times through federal regu-
lations.    

Among the strategic recommenda-
tions4  that aim to increase efficiency and 
effectiveness of exploration approvals 
and processes and reduce costs associa-
ted with government processes are issues 
such as facilitating negotiations with lan-
2 Applying geoscience to Australia’s most important 
challenges. http://www.ga.gov.au (Dec 2015)
3 Regulation & Infrastructure. http://www.minerals.org.
au/policy_focus/regulation_infrastructure  (Dec 2015)
4 The Australian Government’s interim response to the 
productivity commission inquiry report into mineral 
energy resource exploration http://www.industry.gov.au 
(Dec 2015)

http://minister.industry.gov.au
http://www.ga.gov.au
http://www.minerals.org.au/policy_focus/regulation_infrastructure
http://www.minerals.org.au/policy_focus/regulation_infrastructure
http://www.industry.gov.au
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Figure 16: Commonwealth Government legislation (pages of new legislation). 

Source: Minerals Council of Australia, 2014, p. 12 referring to Business Council of Australia, Deloite Access Economics.

downers and the elimination of contra-
dictions and incompatibilities of regula-
tions.

Very recently, on 7 December 2015, the 
Australian Government released its Na-
tional Innovation and Science Agenda. 
While the agenda does not focus explicit-
ly on mining, it acknowledges the need to 
improve the national innovation capabili-
ty as the mining boom comes to end. The 
National Innovation and Science Agenda 
focuses on four key pillars: 1. Culture and 
capital, 2. Collaboration, 3. Talent and 
skills, and 4. Government as an exemplar. 
A total of $1.1 billion have been reserved 
to implement a broad range of measures 
over the coming four years.

6.2.2 Key actors and organizations
The landscape of organizations in Aus-

tralia’s mining sector covers all phases 
of the mining value chain. From a global 
perspective, the Commonwealth Scienti-
fic and Industrial Research Organisation 
(CSRIO) can be considered a key asset. 

Furthermore, the strong position of the mi-
ning equipment, technology and service 
sector, which plays an increasingly impor-
tant role as a global exporter is another 
asset that is often overlooked when analy-
sing the mining sector. A major challenge 
is still the collaboration between research 
organisations or universities with industry 
as well as a high amount of different le-
gislative and administrative requirements, 
mainly due to a decentralised policy 
landscape in which the federal states 
play a strong role. The key players in the 
Australian mining sector are summarised 
in Table 4.	

The roles of these key players can be 
described as follows (Hilpert & Mildner, 
2013, p. 35f):
•	 The Department for Industry, 

Innovation and Science is mainly 
responsible for resource policy at the 
federal level in Australia. The Office 
of the Chief Economist (formerly the 
Bureau of Resources and Energy 
Economics) provides economic 

Table 4: Key players in innovation in Australia’s mining and minerals sector. 

KEY PLAYERS
Research and 
education 
system actors

Universities, Research organisations, Commonwealth Scientific and Industrial 
Research Organisation (CSIRO), State Geological Surveys, Geoscience 
Australia

Sector value 
chain actors

Minerals Council of Australia, major mining companies, mining equipment, 
technology and service sector (METS), AMIRA

Enabling 
agencies

Department of Industry, Innovation and Science (DIIS), AusTrade, 
Department of Foreign Affairs and Trade (DFAT), Council of Australian 
Governments
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analysis of resources and energy for 
the Department. 

•	 Commonwealth Scientific and 
Industrial Research Organization 
(CSIRO) is an independent research 
institution for companies and the 
Australian Government, carrying out 
research activities in different sectors 
of economic importance. 

•	 Minerals Council of Australia (MCA) 
- represents the mining sector 
(companies). It also provides funds to 
the educational system to get high 
qualified workers and innovations 
and inventions in return.	
Major mining companies operating 
in Australia (Rio Tinto, BHP Billiton, 
Fortescue, etc) often act through the 
MCA.

•	 Austmine - the METS sector industry 
group

•	 Australian Research Council – 
government agency, primary funder 
of university research

•	 AMIRA international is an umbrella 
group for companies to collaborate 
and fund university and CSIRO 
projects

•	 Geoscience Australia – a federal 
agency that acquires data to 
improve understand of Australia’s 
geology, geophysics, geochemistry 
and mineral potential (part of the 
Industry, Innovation and Science 
portfolio).

•	 Minerals Research Institute of Western 
Australia – statutory body established 

by State Government of Western 
Australia to promote research that 
stimulates investment in and the 
operation of the minerals industry in 
WA.

•	 Chamber of Minerals and Energy in 
each state are industry bodies that 
support industry and government with 
scientific information and advocate 
for industry interests. 

•	 Department of Foreign Affairs 
and Trade (DFAT) is responsible 
for cooperation and diplomatic 
representation with other raw 
material supplying countries, 
including via foreign aid and 
capacity building.

•	 Australian Trade Commission 
(Austrade) deals with international 
trade affairs supports Australian 
companies as well as the exchange 
of education between federal 
institutions and private companies 
(part of the Foreign Affairs and Trade 
portfolio).

Companies in the mining sector pursue 
innovations in all phases (exploration, ex-
traction, processing, and rehabilitation) 
of the mining process. Generally, the 
description of mining innovations in this 
context  include not only innovations of 
miners but also university research groups, 
and service and consulting companies 
that do the preliminary work for mining 
enterprises. Exploration (“an investment 
in knowledge about the location, type, 
quantity and quality of deposits”) (Office 

Figure 17: Proportion of METS firms undertaking R&D expenditure in percent 2008-2009. 

Source: Scott-Kemmis, 2013, p. 27 referring to 2009 ABARE-BRS Survey.
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of the Chief Economist, 2015, p. 7) drop-
ped sharply in the last few years. Due to 
low commodity prices and oversupply, 
many innovative companies investing in 
exploration have had to cut costs to stay 
profitable. In total, Australia’s exploration 
expenditures fell about 6.7% to $ 6.6 billion 
from 2013 to 2014, including oil and coal 
(Office of the Chief Economist, 2015). A 
key danger is that cost-cutting aiming at 
short-term profitability often includes a re-
duction of innovation activities and thus 
might hurt long-term innovativeness.

A key group among the actors in the 
Australian mining sector are coming from 
the mining equipment, technology and 
service sector (METS). As shown in Figure 

17, almost 75 % of all METS companies in-
vested in R&D, with 15 % spending more 
than 1 million dollar in R&D (Scott-Kemmis, 
2013).

Overall the METS sector spent $986 mil-
lion in R&D from 2008 – 2009. The techno-
logy application sector invested $530 mil-
lion, equipment & machinery companies 
spend $240 million, consulting companies 
invested $ 200 million and the remaining 
$16 million was spent in contract ser-
vices (see Figure 18). Funds in R&D were 
invested both internally and externally. 
A major part of the external investment 
went to companies that specialise in R&D 
in mining.

 

Figure 18: R&D expenditure by METS sector in $m, 2008-09. 

Source: Scott-Kemmis, 2013, p. 28 referring to 2009 ABARE-BRS Survey

Innovation areas in the METS sector are 
especially focused on increasing capabi-
lities, improving their products and wide-
ning their product and service range and 
are gaining importance on an internatio-
nal level, following a similar model to the 
Scandinavian METS sector (Scott-Kemmis, 
2013).

6.2.3 Knowledge base for research and 
innovation

The Minerals Council of Australia (MCA) 
is responsible for most mineral and proces-
sing companies in Australia. It works toge-
ther with “Australian universities to build 
up capacity in higher education through 

national collaborative programs in the 
core disciplines of mining engineering, 
metallurgy and minerals geoscience”. 
Therefore the minerals industry has in-
vested over $ 40 million to guarantee an 
ongoing stream of qualified graduates. 
This is an important move, as outcomes of 
university research are not always trans-
lated into commercially viable innova-
tion. Moreover, IP strategies of universities 
might hinder the commercialization of 
developed technologies due to unrealis-
tic value expectations.5 

There are several Universities offering 
mining research programs (mining engi-
5 Australia’s innovation system. http://www.minerals.org.
au (Dec 2015)

http://www.minerals.org.au
http://www.minerals.org.au
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neering) include, 
•	 University of Adelaide 
•	 University of New South Wales 
•	 Curtin University (WA School of 

Mines), 
•	 University of Queensland, 
•	 University of Western Australia, 
•	 University of Tasmania, 
•	 University of Ballarat,
•	 University of Wollongong.

There are about 20 universities offering 
geoscience programmes throughout 
Australia (Jeffrey & Camborne School of 
Mines, 2016)

A significant share of Australian Govern-
ment support for research and innovation 
is targeted at universities through funding 
for research and research training. The 
fact that research and higher education 
communities are the main beneficiaries 
from governmental programs such as 
the Excellence in Research for Australia 
(ERA) is a key barrier to industry-oriented 
research. However, under the new inno-
vation and science agenda, the role of 
the ERA is currently expanding to encom-
pass research impact and engagement. 
A pilot assessment program is planned for 
2017.

For several decades a number of uni-
versities have had research groups that 
actively engage with industry in industry-
sponsored research, and which dissemi-
nate results directly to industry partners as 
research projects progress (examples in-

cludes CODES at the University of Tasma-
nia, the Sustainable Minerals Institute at 
the University of Queensland, and EGRU 
at James Cook University).

In addition, the Australian Research 
Council also facilitates collaborative 
research between universities and in-
dustry through its Linkage Programme. 
This programme supports, among other 
things, the initiation and development 
of long-term strategic research alliances 
between higher education organisations 
and industry.

Cooperative Research Centres (CRC) 
program – Funded by Government to es-
tablish centres that bring together univer-
sity and industry partners to solve industry-
led problems. Most important in this area 
are CRC Mining (www.crcmining.com.
au), CRC for Optimising Research Ex-
traction (www.crcore.org.au) and Deep 
Exploration Technologies CRC (www.
detcrc.com.au)

Industry Growth Centres – new Govern-
ment program to set strategic priorities 
for key sectors (http://www.business.gov.
au/advice-and-support/IndustryGrow-
thCentres/Pages/default.aspx) includes 
METS Ignited Growth Centre (www.metsi-
gnited.org) and Oil, Gas and Energy Re-
sources Industry Growth Centre

Related to the importance of the mining 
sector within Australian’s economy, the 
level of education in the mining sector is 
relatively low compared to other sectors 

Figure 19: PhDs in the workforce, by sector, by occupation, 2011.

Source: Office of the Chief Economist, 2014, p. 130 referring to 2011 Census of Population and Housing

http://www.crcmining.com.au
http://www.crcmining.com.au
http://www.crcore.org.au
http://www.detcrc.com.au
http://www.detcrc.com.au
http://www.business.gov.au/advice-and-support/IndustryGrowthCentres/Pages/default.aspx
http://www.business.gov.au/advice-and-support/IndustryGrowthCentres/Pages/default.aspx
http://www.business.gov.au/advice-and-support/IndustryGrowthCentres/Pages/default.aspx
http://www.metsignited.org
http://www.metsignited.org
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(see Figure 19), however the professional 
scientific and technical services sector, 
which supports the industry, has high qua-
lification levels. 

Due to high investments into the scale of 
mining activities, productivity suffered in 
the period between 2001 and 2013 (Mit-
chell & Steen, 2014, p. 3). Thus, the current 
focus for developing the knowledge base 
is on regaining productivity while being 
confronted with a reduced demand for 
raw materials.

6.2.4 Key technologies
Overall, Australia’s industry has been at 

the forefront of development in the fol-

lowing technology fields (Scott-Kemmis, 
2013, p. 17f):
•	 Airborne geomagnetic survey sensors 

and analytical software
•	 Flotation separation technique of zinc 

from ore
•	 Recovery techniques to mine low 

grade gold deposits
A major part of patent applications 

comes from foreign applicants (see Fi-
gure 20). Overall, only 1.2% of METS inven-
tors are Australian (Francis, 2015). 

For Australian applicants, the Australian 
Government & CSIRO, Rio Tinto Alcan 
International Ltd and the University of 
Queensland are the biggest representa-

Figure 20: Top inventor locations for Patent Corporation Treaty (PCT) applications. Australian 
mining inventions originate from Germany, Japan and Australia.

Source: Francis, 2015, p. 20 referring to OECD, REGPAT July 2014

tives. Australian inventors tend to work in 
areas such as chemical investigation of 
materials or processes of separation as 
well as batteries or cells. For operating mi-
ners, the most important area for patent 
filing is the manufacturing of iron or steel 
and electromagnetic or optical prospec-
ting, especially in the area of geophysics 
(Francis, 2015).

6.3 Metrics of Australia’s mining 
innovation system

Within the Global Innovation Index, Aus-
tralia is ranked highly for the innovation 
input sub-index, but underperforms rela-
tive to other countries on the innovation 
efficiency ratio (see Table 5)

This can largely be explained by Austra-
lia’s difficulty in translating research and 
innovation into industry-oriented results. 

While the quality of scientific research ins-
titutions is high - Australia is ranked in the 
top ten of participating countries - com-
mercialising advanced technological 
products remains a challenge (Table 6).

A key performance metric of research 
and innovation is the business expendi-
ture on R&D (BERD). After manufacturing, 
mining has the highest share of BERD in 
Australia (Office of the Chief Economist, 
2015), however only a minor share of BERD 
is carried out outside of big corporations. 
Mining only represents a minor share of 
new business entries. 

In the Australian mining industry, roughly 
75% of patents relevant to mining are filed 
by METS companies, whereas the remai-
ning 25% are shared between mining 
companies and public entities (Francis, 
2015).
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Table 5: Global Innovation Index1.

1 As mentioned in Chapter 5, note that the GII is a measure of a country’s overall innovation performance. The 
performance on overall innovation may differ significantly from mining innovation.

SCORE 0–100

OR VALUE (HARD DATA) 

RANK

Global Innovation Index (out of 141) 55.2 17
Innovation Output Sub-Index 45.6 24
Innovation Input Sub-Index 64.8 10
Innovation Efficiency Ratio 0.7 72
Global Innovation Index 2014 (out of 143) 55.0 17

Source: Dutta, et al., 2015, p. 186

Table 6: Australia’s Innovation and Technology Readiness Indicators.

INDICATOR VALUE RANK / 144 
Innovation

Capacity for innovation 4.6 27
Quality of scientific research institutions 5.8 9
Company spending on R&D 3.6 39
University-industry collaboration in R&D 4.8 21
Gov’t procurement of advanced tech products 3.4 73
Availability of scientists and engineers 4.7 27
PCT patents, applications/million pop.* 78.4 21

Technology Readiness
Availability of latest technologies 6.0 24
Firm-level technology absorption 5.6 23
FDI and technology transfer 5.1 21
Individuals using Internet, % 83.0 18
Fixed broadband Internet subscriptions/100 pop.* 25.0 26
Int’l Internet bandwidth, kb/s per user* 67.1 39
Mobile broadband subscriptions/100 pop.* 110.5 4
Values are on a 1-to-7 scale unless otherwise annotated with an asterisk (*).

Source: Schwab, 2015

To identify inventors as well as their ori-
gin, patent data is one of the most com-
mon information sources. Its strength is 
that it is available before major com-
mercial activity and available in structu-
red form. However, patent filing is often 
mainly carried out by major corporations 

or research organizations as it is relatively 
time consuming and expensive, especial-
ly from a SME perspective.
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7. Operational analysis of research and 
innovation: Canada

7.1 The big picture of innovation in raw 
materials and mining in Canada 
Canada is the 16th largest economy in 
the world (if measured by Gross Domes-
tic Product purchasing power parity) and 
ranks 29th if Gross Domestic Product (GDP) 
is measured on a per capita level. Cana-
da ranks 8th in the United Nation´s Human 
Development Index, its citizens enjoy high 
living standards and its mining industry 
has become a global leader in explora-
tion, mine development and operation, 
financing, and site remediation (INTRAW, 
2015). It is noteworthy that Canada is 
home to world-leading hubs at Vancou-
ver and Toronto for exploration and in-
vestment, with Vancouver being the top 
destination for mining exploration, while 
Toronto is a global hub for mining finan-
cing.

The country is the world’s largest pro-
ducer of zinc, and a major producer of 
gold, nickel, aluminium, lead, uranium, 
diamonds and potash. In 2014, the mining 
industry contributed $57 billion to Cana-
da’s GDP (approx. 3.1% of total GDP), 
while employing roughly 375,000 people 
across Canada. Canada has one of the 
largest mining supply sectors globally, with 
more than 3,700 companies supplying 
engineering, geotechnical, environmen-
tal, financial and other services to mining 
operations. Canadian enterprises ex-
plore, build mines  and / or process mine-
rals  all over the world with major impact 
in North America (important in the U.S.A.), 
Argentina and Chile, but also in Europe, 
Australia and Africa (ASSIMAGRA, 2016).

General challenges for Canadian mining 
companies

Despite the prominent role of mining, 
a study of the Mining Association of Ca-
nada (MAC) lists the following issues for 
the Canadian mining industry (Marshall, 
2014). 
•	 Global competitiveness: Discovering 

new deposits, developing and 

operating deeper mines, will become 
more costly, especially in remote 
and northern regions. Given recent 
market volatility and the general 
economic uncertainty, Canada 
should lower the barriers for new 
investments to stay competitive in the 
long run. 

•	 Regulatory burdens: Mining projects 
have to undergo several federal 
reviews and approvals. Despite some 
changes in legislation in 2012, the 
new legislation has created more 
uncertainty in the permitting process.

•	 Investments in infrastructure: Due 
to Canada’s vast geography, 
substantial investments are needed 
to develop remote and northern 
mining projects.

•	 Lack of human resources: Current 
forecasts suggest that more than 
50,000 workers will retire by 2025. In 
contrast, the mining industry needs 
more than 100,000 new workers in the 
next decade.

The opinions on the future role of mining 
in the Canadian industry are twofold. One 
position is that mining, as a traditional in-
dustry will not be able to support the tran-
sition towards a knowledge economy. 
The other position is, that, due to its cur-
rent importance for Canada’s economy, 
mining will be essential and create spinoff 
benefits for other industries (Canadian 
Chamber of Commerce, 2013). In a similar 
vein to the considerations made by MAC 
, the Canadian Chamber of Commerce 
lists the following future success factors for 
mining (see e.g. Canadian Chamber of 
Commerce, 2013):
•	 Skilled Human resources capable 

of innovating (bringing knowledge 
to) the mining sector to sustained 
production of resources with minimal 
environmental impact and to sustain 
the national economy.

•	 Financial support from institutions 
and tax policies adapted to business 
requirements.
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•	 Provide incentives for industry to 
innovate and develop new resources 
without dependency on public 
funding and public funded clean-up 
of abandoned mine sites.

•	 Lack of Infrastructure support, both 
tangible and intangible that enables 
resource access.

•	 Land access – future mining needs 
to demonstrate design and methods 
that minimize environmental and 
social impact. Until then Northern and 
Southern stakeholders will oppose 
mining.

•	 A strong supporting culture and 
history of mining.1  

Drivers for research and innovation in 
Canada

With respect to research and innova-
tion, the MAC report emphasizes the fol-
lowing shortcomings (Marshall, 2014):
•	 Research and academic institutions 

are primary beneficiaries of funds that 
do not necessarily respond to industry 
and market needs and priorities. 
Funding emphasizes academic 
publications and economic benefit 
to Canada. Some programs require 
industry partnership, but R&D 
spending does not necessarily take 
into account industry priorities. 

•	 High fragmentation of the innovation 
value chain due to a lack of national 
scale coordination of government 
and industry R&D funding: Each 
provincial and regional jurisdiction 
operates and approves funding 
programs. 

•	 Lack of efficient coordination and 
prioritization of Innovation activities in 
Canada’s mining community. 

•	 Insufficient integration of mineral 
industry service provider in innovation 
activities. 

It is important to note, however, that 
the MAC report expresses the view of the 
industry. Canada has without doubt rein-

1 It is worthwhile noting that urban and aboriginal 
Canada commonly oppose mining, because of past 
and recent history of environmental degradation. 
Although strong industry organizations (CIM, MAC, 
PDAC, AMEBC) promote mining and socially responsible 
practices, the mining industry improve its image, and 
many First Nations communities influence mining 
practice through development partnership agreements 
with the mining industry.

forced its R&I activities in recent years. 
The Canadian Mining Innovation Council 
(CMIC) was formed in 2008 with the aim 
of investing mining industry R&D dollars 
more strategically.  It has the potential to 
coordinate activities in the mining com-
munity. 

A study issued by the Council of Cana-
dian Academies in 2013, which examined 
industrial R&D inputs (expenditures & per-
sonnel), outputs (patents & publications) 
and outcome (innovation and produc-
tivity), also gives a more optimistic view 
on innovation in the mining and the oil 
and gas extraction sector. As the overall 
importance of these industries grew over 
the past 15 years, so did industrial R&D in-
tensity. Particularly the oil and gas industry 
has a high level of impact based on pa-
tent citations and rapid growth in both in-
dustrial R&D expenditures and economic 
output.  Innovation activities have grown 
continuously, albeit admittedly from a 
very low level (Council of Canadian Aca-
demies, 2013). It is also worthwhile noting 
that R&D spending in mining, quarrying 
and oil and gas extraction had reached 
a peak in 2012 (approx. $1.6 billion). More 
recent numbers compiled by Statistics 
Canada indicate that R&D spending in 
2015 is expected to reach about $1.5 bil-
lion (Statistics Canada, 2015).

Canada operates a number of national 
R&D programs, e.g. driven by the Natio-
nal Research Council of Canada (NRC), 
Innovation, Science and Economic De-
velopment Canada (Industry Canada), 
the Natural Sciences and Engineering Re-
search Council of Canada (NSERC) and 
through National Centres of Excellence.

NSERC, which is the main federal go-
vernment source of funding for acade-
mics, demands that more directed re-
search should be undertaken and that 
the private sector should be active contri-
butors to future govenment leveraged 
R&D efforts. The government has also re-
cognised that the deliverers of innovation 
- the service and supply sector to the re-
source industry- are to be supported, too.

Canada has decided to continue in-
vesting into strategic strengths as well as 
in the continuous renewal of the mining 
industry. There is the expectation that 
firms that are the most successful now in 



44 INTRAW PROJECT

achieving cost reductions through inno-
vating will be well positioned when the 
global demand for resources picks up 
again (see e.g. Energy and Mines Minis-
ter’s Conference, 2015, p. 13).
•	 Complexity and uncertainty: the 

high level of complexity throughout 
the mining value chain as well as 
a high level of uncertainty due to 
global markets and legislations 
are often considered as barriers to 
investment, especially in research 
and innovation. Many mine feasibility 
studies have insufficient data, and 
estimates of production are therefore 
highly uncertain. Incorrect estimates 
of head grades are the highest cost 
of failure.

•	 Capital intensity and long-term 
pay-outs: exploration requires high 
investments that pay-out only on 
very long time horizons. This long-term 
oriented business is often considered 
as a major barrier to innovation and 
risk-taking. Capital and operational 
costs are commonly underestimated 
and therefore a leading cause of 
mine failure. 

•	 Commodity production: on a 
global level, differentiation in the 
commodity sector is more difficult 
to attain. Differentiation tends to be 
achieved in later stages of the value 
chain through specific refinement 
or within the products or services 
that are enabled by commodities. 
Historical base metal mines and 
oil sands required large supporting 
infrastructure and significant 
environmental impacts. In remote 
northern Canada gold and diamond 
mines are more likely to be permitted 
than large complex base metal 
mines. Proximity to winter roads and 
coastal seaports (deep water) are 
significant economic factors.

•	 High variety of production 
environments: Commodities highly 
differ in production environments. 
Solutions in raw materials have to 
be highly customized to fit to these 
environments. Significant investments 
in data collection, assessment and 
feasibility studies are critical to 
success.

•	 Terrain sensitivity: Resources 
commonly occur in areas of high 
environmental sensitivity. Examples 
are the oil sands in Alberta, the Ring 
of Fire chromium resources in northern 
Ontario in boreal wetlands or Windy 
Craggy zinc deposits in coastal 
mountains of British Columbia.  
Innovations are required to minimize 
the impact of the way Canada 
explores, defines and develops such 
resources. 

•	 Exploration in remote areas: 
Establishing mines in the Far North 
is especially demanding and 
requires innovative, sustainable 
ways to operate mines. First, 
because there is little infrastructure 
(roads, energy etc.) available. 
Second, win-win situations have 
to found with the local indigenous 
communities. In general, the paucity 
of environmental data in remote 
areas and the cost of obtaining this 
info lead to less money being spent 
on mining related research and 
innovation by companies.

Given the challenges and barriers, that 
mining has to deal with at present; inno-
vation is considered a key element for 
differentiation from low-cost raw material 
producers from emerging countries. This 
includes innovations across the mining 
value chain to render existing operations 
more efficient and to allow the explora-
tion of deeper and lower grade ores.

7.2 The mining innovation system in 
Canada

7.2.1 Raw materials strategy and priorities
Since the 1990, Canada’s mining in-

dustry has invested in automation tech-
nologies to lower production cost (Savine, 
2015). The Canadian government has set 
up five strategic goals and priorities for 
research and innovation for the Pan-Ca-
nadian mining sector (Canadian Mining 
Innovation Council, 2008):
•	 Targeted areas for research and 

innovation: address critical needs 
through fundamental research 
breakthroughs in the areas of 
environment (including energy, 
water, and tailings and effluent 
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management), exploration, deep 
mining, and process efficiency.

•	 Highly qualified people: enhance 
sustainable research performance 
and receptor capacity through high 
qualified people (i.e. build capacity 
in firms to capitalize on new ideas 
and technologies by employing more 
scientists and engineers).

•	 Collaboration: establish a 
collaboration culture, optimize 
research efficiency, and enhance 
innovation potential.

•	 Innovation systems and culture: 
create a collaborative environment 
(process, networks, and leadership) 
that connects enhanced research 
capability (people, infrastructure, 
equipment, and facilities) to the 
demand pull of industry customers for 
applied and breakthrough research 
and innovation.

•	 Brand, visibility and reputation: 
attract a new audience to mining 
research and innovation and to 
enroll decision-makers to support the 
importance of mining research and 
innovation.

Despite this Pan-Canadian strategy, 
several sources claim that in fact, the 
priorities are defined predominantly on 
province level (Hilpert & Mildner, 2013; 
Monitor Deloitte, Doblin, PDAC, 2015, p. 
11). The thematic areas covered in the 
mining innovation strategy defined by 
the Canadian Mining Innovation Council 
(CMIC) in collaboration with industry are 
the following (Savine, 2015):

•	 Exploration: location of large, high-
grade reserves while at the same time li-
miting disturbance to the ground or envi-
ronment. This includes technology fields 
such as GPS surveying, 3D data maps, air-
borne technologies or down-hole seismic 
imaging.
•	 Extraction: Continuous mining 

methods that reduce cost through 
remote-operated equipment, 
automated loading and 
transportation systems, robotics and 
seismic mapping to make locations 
that are 2km or more beneath 
surface profitable.

•	 Smelting and Refining: improvement 
of pyrometallurgical operations, 

thermal treatment, and newer 
hydrometallurgical operations, as 
well as underlying electricity and 
chemistry usage or application.

•	 Five strategic themes for industry-
focused programs have been 
defined by the Centre for Excellence 
in Mining Innovation (CEMI):

•	 Exploration: mineral exploration 
techniques in geology, geophysics 
and geochemistry.

•	 Deep Mining: risk mitigation in deep, 
high-stress, hot ore-bodies.

•	 Integrated mine engineering: mine 
design and enabling technologies to 
improve mine performance

•	 Underground mine construction: 
development techniques for more 
rapid access to ore

•	 Environmental & sustainability: enable 
more environmentally benign and 
socially beneficial impacts.

Especially for the funding of research 
and innovation activities, the Canadian 
Chamber’s 2013 Mining Capital report 
states the following recommendations 
(Canadian Chamber of Commerce, 
2013):
•	 Provision of funding beyond 

academic support that incorporates 
major industry players, service 
suppliers and cross-sectoral 
companies.

•	 Increase funding ratios and adapt 
funding flows to the requirements of 
different innovation projects.

•	 Facilitate and support coordination 
as well as collaboration between the 
different actors and organizations in 
the mining sector.

The Scientific Research and Experimen-
tal Development tax credit is a key tool 
of the federal government to support re-
search and innovation activities in Cana-
da (Canadian Chamber of Commerce, 
2013). In the mining sector, a major part of 
research and innovation activities is visible 
in tax reduction through the purchase of 
innovative machinery and equipment. 
Thus, the tax reduction is a driving force 
for research and innovation activity car-
ried out indirectly by the supplier industry. 

7.2.2 Key actors and organizations
Canada has a very high variety of ac-
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tors and organizations that carry out or 
support research and innovation activi-
ties, with more than 4000 sources of dif-
ferent and uncoordinated sources of 
funding. Overall, the mining supply sector 
in Canada is said to be the second big-
gest after the U.S. (Canadian Chamber 
of Commerce, 2013, p. 16). Around 40 dif-
ferent research and innovation organisa-
tions operate across Canada (Canadian 
Chamber of Commerce, 2013). 

There is a need to recognise that the glo-
bal consolidation of the mining industry 
has affected the financial commitment 
for mining innovation in Canada, too. As 
global mining conglomerates innovate, 
only a fraction of the money spent may 
end up in Canada. The government and 
more specifically the Department of Natu-
ral Resources (NRCan), which fund scien-
tific activities (Hilpert & Mildner, 2013, p. 
115; Lane, 2008, p. 17) should reconsider 
the size of research funds and the funding 
procedures to support larger, visionary 
Canadian mining innovation projects. 
Initiatives such as the Ultra-Deep Mining 
Network (UDMN), a $46 million business-
driven initiative championed by Ontario’s 
Centre of Excellence in Mining Innovation 
are successful examples of industry tea-
ming up with academia to transfer R&D 
results into proven innovative technolo-
gies. 

While there is a an obvious innovation 
track record, Canada aims to improve 
partnerships across the private and pu-
blic sector to focus limited capacities and 
resources on the areas that offer opportu-
nities to excel. The most important organi-
sations in the mining-related business are:
•	 Canadian Association of Mining 

Equipment and Services for Export 
(CAMESE): Trade association made 
up of Canadian member companies 
offering products and services to the 
mining industry.

•	 Canadian Mining Innovation Council 
(CMIC): A federally incorporated 
non-profit organization which was 
created to enable a more strategic 
investment of funding from the 
mining industry (Savine, 2015). It shall 
principally address the five major 
challenges of the mining innovation 
gap, the fragmentation of research, 

development and innovation 
organizations, the diversity of the 
industry, the tyranny of short termism 
and the innovation investment gap 
(Canada Mining Innovation Council, 
2014)

•	 Mining Association of Canada (MAC): 
The national voice of the Canadian 
mining industry on a national and 
international level. MAC and PDAC 
(see further below) lobby the 
government particularly with respect 
to regulations, funding for juniors and 
set guidelines for corporate social 
responsibility.

•	 Centre for Excellence in Mining 
Innovation (CEMI): A funding 
agency that fosters innovation 
and implement excellence in the 
Canadian Mining Industry. 

•	 Geological Survey of Canada (GSC) 
and Provincial Geological Surveys: 
delivery of geoscientific surveys

•	 Canadian Mining Industry Research 
Organization (CAMIRO): Industry-
based, not-for-profit, collaborative 
research broker for Canada’s 
industrial mining sector for the past 35 
years. Industry defined and funded 
project, 1 to 3 years in duration 
impact mining methods, mineral 
processing and exploration methods

•	 International Mining Innovation 
Institute (IMII): Industry-based funding 
agency for research and education 
in Saskatchewan

•	 SOREDEM: Industry-based  mining 
research group of the Quebec 
Mining Association

•	 COREM: Not-for-profit industry 
supported mineral processing 
research and testing, it runs a unique 
pilot plant.

•	 Canada Oil Sands Innovation 
Alliance (COSIA): Alliance of oil 
producers to advance environmental 
innovation

•	 CanmetMINING: Mining/Materials 
sector of NRCAN (Natural Resources 
Canada). Lead a green mining 
initiative. CanmetMINING also meets 
with the Chief Inspectors of Mines 
from every province and territory 
annually to discuss emerging issues, 
challenges and areas of R&D that 
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can help promote productivity, 
sustainability and health and safety in 
mining.

•	 Canadian Institute of Mining and 
Metallurgy (CIM): Professional 
organization for mining in Canada

•	 Prospectors and Developers 
Association of Canada (PDAC): 
Represents Junior Mining Industry 
to promote exploration and mine 
development in Canada, funded 
the Deloitte survey of innovation in 
Canada.

•	 National Research Council of Canada 
(NRC): Canada’s premier research 
and technology organization that 
partners to provide innovation 
support and strategic research

•	 Natural Sciences and Engineering 
Research Council of Canada 
(NSERC): federal government agency 
to fund university scientific and 
engineering research in Canada 

•	 Natural Resources Canada (NRCan), 
is the ministry of the government 
of Canadaresponsible for natural 
resources, energy, minerals and 
metals, forests, earth sciences, 
mapping and remote sensing

•	 University-based Exploration 
Research Centers: Mineral Deposit 
Research Unit (MDRU) at the 
University of British Columbia, Mineral 
Exploration Research Centre (MERC) 
at Laurentian University, Subury, 
Ontario or CONSOREM group in 
Quebec.

•	 University-based Mining and Mineral 
Processing Centers: UBC Keevil 
School of Mining; Queens University 
Buchans School of Mining, University 
of Toronto Lassonde School of Mining, 
Laurentian University Goodman 
School of Mines, McGill University 
Materials Engineering, University of 
Alberta Canadian Centre for Clean 
Coal Carbon and Mineral Processing; 
Western University Surface Science 
Western, York University Lassonde 
School of Engineering

In 2011, 913 companies existed in Ca-
nada considering themselves as suppliers 
of the mining industry, delivering supplies, 
equipment and services to the global mi-
ning industry (Savine, 2015).

Among the Canadian mining compa-
nies active in Research and Innovation, 
the following are mentioned among the 
top 100 R&D spenders in Canada in 2013 
(Savine, 2015):
•	 No. 18: Syncrude Canada—$157.2 

million
•	 No. 20: Vale Canada—$132 million
•	 No. 50: Novelis Inc.—$43 million
•	 No. 69: Molycorp Canada—$22.9 

million
•	 No. 78: Teck Resources Limited—$19 

million
•	 No. 83: Rio Tinto Iron & Titanium—$17 

million
•	 No. 85: ArcelorMittal Dofasco—$19.9 

million
The mining supply and service sector is 

defined as a “hidden multi-billion industry” 
that is often not considered in the context 
of the analysis of the mining industry. The 
mining supply and service sector includes 
mining equipment, supplies and service 
companies, mining contract service com-
panies as well as consulting services and 
other related companies (PWC, 2014). 
From an industry perspective, service and 
supply companies have taken a leader-
ship role in Canada’s mining research 
and innovation landscape whereas ma-
jor companies are searching for research 
and innovation to a major part outside of 
their own organisation and junior compa-
nies often lack the funding and expertise 
for continuous innovation (see Figure 21). 
Often, the lack of research and innova-
tion activities in industrial companies is 
caused by reluctance to take risk and 
the lack of supportive structures such as 
innovation processes, incentives and stra-
tegies (Monitor Deloitte, Doblin, PDAC, 
2015).

The role of small and medium sized com-
panies and the need to support them in 
research and innovation activities is not a 
new phenomenon (Lane, 2008)

Politics related to raw materials:
Politics related to raw materials in Ca-

nada are highly influenced by the re-
gions and thus often not centrally coor-
dinated. From a historical perspective, it 
is interesting that Canada and the U.S. 
started out with the same laws respec-
ting mining and mineral rights, but went 
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Figure 21: Innovation management maturity of industry players in the Canadian mining 
sector. 

Source: Monitor Deloitte, Doblin, PDAC, 2015)

different ways with respect to regulatory 
and tax regimes. Firstly, in Canada mine-
rals are reserved by the provinces, while 
in the U.S. minerals are either associated 
with surface ownership (primarily in the 
eastern US) or reserved by the federal 
government (primarily in the western US). 
Secondly, mineral rights in Canada are 
retained by the Crown or the provinces 
while in the U.S. mineral rights are priva-
tely owned. This poses, for instance, par-
ticular challenges for developing mining 
opportunities in proximity to First Nation 
jurisdictions. The following recommenda-
tions have been formulated for the Ca-
nadian mining policy (Dobra, 2014).
•	 Creation, strengthening or emulating 

private property rights.
•	 Reform of Canada’s leasing system
•	 Reduction of uncertainty regarding 

environmental regulations
•	 Reduction of uncertainties and 

duplications in mining regulations
•	 Reduction of uncertainties in land 

rights
These policy recommendations indi-

rectly influence innovation capabilities 
through their ability to restrict investments 
in mining. Furthermore, inter-university lin-
kages are, based on a 2008 report from 

the CMIC, not encouraged by Cana-
dian raw material policy (Lane, 2008). 
The Energy and Mines Minister’s Confe-
rence, however states that “the federal, 
provincial and territorial governments in 
Canada support an environment that fa-
vours innovation throughout the resource 
economy” ( Energy and Mines Minister’s 
Conference, 2015).

In the allocation of significant funds for 
high quality scientific programs, Cana-
da ranks below the U.S., Europe, Japan, 
China and Australia, whereas Australia 
and Canada are the countries with the 
strongest emphasis on the mining industry  
(Lane, 2008). Canada’s geoscience (ex-
ploration) community demonstrates ex-
ceptional leadership in the planning and 
execution of publically-funded or ppe-
funded national and regional-scale geos-
cience R&D initiatives. Examples include: 
Lithoprobe; various ExTech programs; Dis-
cover Abitibi; Footprints etc.

7.2.3 Knowledge base for research and 
innovation

The knowledge base is one of the key 
success factors of the Canadian mining 
industry containing a relevant mix of 
knowledge and skills. This includes a va-
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riety of financial, organisational and tech-
nical knowledge. This knowledge base 
attracts major companies to settle in Ca-
nada for the coordination of their opera-
tions (Canadian Chamber of Commerce, 
2013). Toronto is home to a large number 
of mining financings in the world and is a 
«centre for excellence» in mine/explora-
tion finance. The Toronto Stock Exchange 
(TMX) and the TSX Venture are home to 
more resource sector companies than 
any exchange in the world.

The fact that provinces require compa-
nies to file data collected during mine-
ral exploration for credit to keep mining 
claims in good standing has resulted in 
an extensive information database in 
Canada. This information combined with 
an extensive map database and regional 
data compilations provides an excellent 
knowledge base of Canada.

The priority of research personnel has 
shifted from mining to high-technology 
projects and instrumentation, weakening 
research and innovation activities in the 
core mining areas (Lane, 2008).

In terms of education, Canada is home 
of several prestigious universities offering 
mining related programmes  (Jeffrey & 
Camborne School of Mines, 2016), most 
notably 
•	 University of Alberta, School of Mining
•	 University of British Columbia
•	 Dalhousie University, Department of 

and Resource Engineering
•	 Haileybury School of Mines, Northern 

College Ontario
•	 Laval University, Department of 

Mining Engineering (Quebec)
•	 Goodman School of Mines, 

Laurentian University
•	 McGill University (Montreal), 

Department of Mining and Metallurgy
•	 Ecole Polytechnique Montreal
•	 Queens University, Department of 

Mining
•	 Lassonde Institute of Mining, University 

of Toronto
•	 Memorial University of Newfoundland, 

Earth Sciences
In addition, more than 25 community 

colleges across Canada offer mining-re-
lated programmes in mining and mineral 
engineering, metallurgical engineering 
and geological engineering. 

7.2.4 Key technologies
Canada is a leading player in the glo-

bal mining industry especially in the areas 
of exploration, mineral processing mine-
ral extraction and environment. In mining 
technology however, the Canadian Mi-
ning Innovation Council stated in 2012 
that Canada is no longer a leader (Ca-
nadian Chamber of Commerce, 2013), 
even though early on it pioneered the 
development of airborne electromagne-
tic survey tools; innovative mining tech-
nologies such as paste filling and vertical 
crater retreat mining etc. 

Technologies mentioned in the context 
of Canada’s advances in mining inno-
vation are the reduction of emissions, 
upgrades of equipment and atmosphe-
ric emissions reduction. Furthermore, the 
areas of deep mining innovation to im-
prove safety and productivity, explora-
tion innovation to target deposits within 
Precambrian shield terrains, eco-inno-
vations to reduce the levels of contami-
nation from mine waste management 
facilities, transportation innovation that 
ensures efficient transportation of ore and 
waste rock and engineering innovation 
able re-design production processes are 
mentioned (Sudbury Community Foun-
dation, 2014).

Especially the extensive science and 
technology network as well as the broad 
expertise in geoscience are mentioned 
among the strengths of Canada’s mining 
industry. Furthermore, Canada’s mining 
sector is said to be the global leader in 
green mining technologies ( Energy and 
Mines Minister’s Conference, 2015). Can-
metMINING of the Natural Resources Ca-
nada is leading a Green Mining Initiative.  
Another example for technological ex-
cellence in Canada is the Ultra-Deep Mi-
ning Network (UDMN), a 46 million dollar 
initiative lead by Ontario’s Centre for Ex-
cellence in Mining Innovation (CEMI) and 
mainly aiming at rock stress risk reduction, 
energy reduction, novel methods of ma-
terial transport and productivity as well as 
improved human health. This work builds 
on historical rock stress studies at MIROC, 
CAMIRO, AMIRA and MIRARCO.
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7.3 Metrics of Canada’s mining 
innovation system

From an overall perspective, Canada 
scores well in the Global Innovation Index, 
especially in the innovation input sub-in-
dex (see Table 7). However, there exists 
some potential for improvement in the 
Innovation Efficiency Ratio that aggre-
gates both, the innovation in- and output 
sub index.

Whereas the availability of scientists and 
engineers as well as the quality of scien-
tific research institutions is very high, the 
capacity for innovation does not score 

among the top 20. Technology transfer as 
well as company spending on R&D seem 
to be the major factors where Canada 
has a considerable potential for improve-
ment (see Table 8).

In 2013, Canadian mining companies 
invested $522 million in R&D (Marshall, 
2014). It has to be considered that this in-
vestment was reduced significantly in the 
last years with a business expenditure on 
R&D (BERD) in the mining sector of $632 
million in 2011 (Savine, 2015). The same 
applies for the gross expenditure on R&D 
(GERD) that has declined in recent years, 

Table 7: Global Innovation Index.1 

1 As mentioned in Chapter 5, note that the GII is a measure of a country’s overall innovation performance. The 
performance on overall innovation may differ significantly from mining innovation.

SCORE 0–100

OR VALUE (HARD DATA) 

RANK

Global Innovation Index (out of 141) 55.7 16
Innovation Output Sub-Index 46.4 22
Innovation Input Sub-Index 65.1 9
Innovation Efficiency Ratio 0.7 70
Global Innovation Index 2014 (out of 143) 56.1 12

Source: Dutta, et al., 2015, p. 186

Table 8: Canada’s Innovation and Technology Readiness Indicators.

INDICATOR VALUE RANK / 144 
Innovation

Capacity for innovation 4.6 26
Quality of scientific research institutions 5.5 15
Company spending on R&D 3.9 27
University-industry collaboration in R&D 4.9 19
Gov’t procurement of advanced tech products 3.7 48
Availability of scientists and engineers 5.1 12
PCT patents, applications/million pop.* 84.8 19

Technology Readiness
Availability of latest technologies 6.2 16
Firm-level technology absorption 5.4 30
FDI and technology transfer 4.6 71
Individuals using Internet, % 85.8 13
Fixed broadband Internet subscriptions/100 pop.* 33.3 12
Int’l Internet bandwidth, kb/s per user* 115.9 22
Mobile broadband subscriptions/100 pop.* 41.0 52
Values are on a 1-to-7 scale unless otherwise annotated with an asterisk (*).

Source: Schwab, 2015, p. 147
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especially related to average OECD ex-
penditure (Savine, 2015).

Overall, R&D personnel employment in 
Canada is one of the highest in the OECD, 
which was primarily driven by business 
enterprises (Savine, 2015). In 2012, the 
mining industry employed 4700 people in 
R&D, more than e.g. the pharmaceutical 

sector (Marshall, 2014). In both, patent 
application and patent grants, Canada 
underperforms related to the OECD ave-
rage from an overall perspective (Savine, 
2015). The number of firm creation, espe-
cially in technical areas is relatively low in 
Canada (Savine, 2015) 
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8. Operational analysis of research and 
innovation: Japan

8.1 The big picturee of innovation in raw 
materials and mining in Japan
Challenges for Japanese mining 
companies:

The domestic mining industry in Japan 
is small-scale and low-tonnage. Opera-
ting mines and employment in the mining 

industry have been in decline because of 
depleted ore reserves, high mining costs, 
the availability of cheaper imports and 
social problems, notably mine pollution. 
These days mining plays only a minor role 
in Japan (Figure 22). Its contribution to the 
GDP is marginal. In 2010, only a handful of 
mines were still operational.

Figure 22: Gross Domestic Product by Type of Economic Activity 2013.

Source: Statistics Japan, 2015

The importance of raw materials for Ja-
pan can be explained by the country’s 
history. As the Japanese economy rapi-
dly grew after World War II, domestic raw 
materials production could not keep up 
with the demand of the manufacturing 
industries. In 1963 the Ministry of Economy, 
Trade and Industry (METI) established the 
Metal Mining Agency of Japan (MMAJ) 
to ensure a stable supply of non-ferrous 
metal and mineral resources. The MMAJ 
is the main organization that executes 
the government’s mineral policies. Supply 
disruptions (e.g. the oil crises in the 1970s) 
increased the awareness of Japan’s 
vulnerability as an importer of energy 
resources and non-fuel minerals and ini-
tiated a number of measures to ensure 
avoid shortage of raw materials (Koroshy, 
et al., 2010). 

Japanese trading houses, smelters and 
mining companies therefore started in-
vesting all over the world and imported 
raw materials to Japan for refinement 
and smelting. They sold finished products 
to both the domestic manufacturing sec-
tors and international customers. Some 
Japanese companies even sell their out-
puts directly from foreign mines to foreign 
buyers. 

The mineral processing industry is large 
and includes the processing and pro-
duction of chemicals, fabricated metal 
products, industrial mineral products, iron 
and steel, nonferrous metals, and petro-
leum products (INTRAW, 2015). Industries 
such as automotive, construction, machi-
nery, electronics etc. demand significant 
amount of metals (e.g. copper, Figure 23).​ 
Moreover, rare earth metals are needed 
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Figure 23: Demand of Copper Alloy by Sector.

Source: Kamijya, 2008

to manufacture consumer products inclu-
ding white goods, (electric) cars, com-
puters and cell phones. Japan also sets 
a foot in other growing industries such as 
robotics and aerospace. 

Japan always had mine-site smelters 
and refineries for the metal concentrates 
produced by domestic mines. Hence, 
the Japanese smelting industry has been 
“custom smelters” for the domestic mar-
ket and for export needs  (Kunitomo, 
n.d.). Approximately 20 smelters and refi-
neries operate in Japan today. 

In their quest to secure raw materials, 
the country has invested heavily in over-

seas mines during the past decades, in-
cluding over 40 iron, nickel, copper, zinc 
and gold mines in Southeast Asia, Austra-
lia, North and South America, and Africa 
(Figure 24). Most of these investments had 
the objective of securing a significant and 
influential, but a minority, share of owner-
ship in the target companies. In addition 
to involvement by mining companies, the 
main players include trading companies 
affiliated with their respective groups, for 
instance the Mitsubishi Corp.

Despite being located far away from 
the mining areas, Japan has built strong 
competences related to exploration; the 

Figure 24: Japanese Involvement in Overseas Copper, Lead, Zinc Mines.

Source: Kunitomo, n.d
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development of a mine as well as the mi-
ning processes itself. These competences 
are an important asset in negotiations 
with mining companies abroad. Howe-
ver, Japan also seeks to be more inde-
pendent from foreign imports by investing 
into the substitution, reuse and recycling 
of metals. These are other areas in which 
Japan, innovation-wise, has built an ex-
cellent reputation.

8.2 The mining innovation system in 
Japan
8.2.1 Raw materials strategy and priorities

The global situation for resource acqui-
sition, in particular the immense resources 
needs of China and the other BRIC 
countries, and the emergence of more 
rapidly industrializing countries, made 
competition increasingly fierce for Ja-
pan’s target resources. The combination 
between high demand and only few pos-
sibilities for the exploration and extrac-
tion of raw material in Japan required an 
explicit strategy of how to deal with raw 
materials (Hilpert & Mildner, 2013, p. 106f). 

The following four key programs have 
existed as part of Japan’s mining re-
sources policy since the 1970s (Kikkawa, 
2013). 
•	 Promotion of domestic exploration 

to maintain the economic rationality 
of domestic mines, which are the 
most stable supply source of mining 
resources. 

•	 Support for overseas resource 
development activities and 
technical cooperation for resource 
development by developing 
countries in order to secure stable 
overseas mining resources.

•	 Creation of a rare metals stockpiling 
system from the standpoint of 
national economic stability and 
security.

•	 Prevention of mine pollution from 
suspended or abandoned domestic 
mines.

Japanese policy documents
Over time, Japan developed a truly 

comprehensive strategy to guide and 
coordinate policy on securing raw mate-
rials supplies. The strategy is set out in se-

veral policy documents. The most impor-
tant are:
•	 Strategic Energy Plan of 2007, which 

was later revised in 2010 and 2014, 
which put forward recycling and 
stockpiling of rare metals, as well as 
seabed exploration (METI, 2014)1

•	 the ‘Strategy for Ensuring Stable 
Supplies of Rare Metals’ of July 2009, 
compiled by the Ministry of Economy, 
Trade and Industry (METI): This 
strategy is built on four pillars:
•	 The first pillar targets diversifying 
supply sources through strategic 
resource diplomacy. The 
government’s main tasks in this 
respect are facilitating technology 
transfer, infrastructure development 
and energy cooperation through 
bilateral and multilateral trade 
agreements, which would serve 
the development objectives of 
resource-rich countries and at the 
same time assure access to raw 
materials for Japan. This strategy is 
closely linked to establishing joint 
exploration initiatives with resource-
rich countries and their financing. In 
Japan such initiatives take form of 
public-private partnerships whereby 
public institutions, such as the 
Japan Oil, Gas and Metals National 
Corporation (JOGMEC), carry out 
overseas field surveys and provide 
financial assistance to high risk mine 
development projects (Figure 25).  
•	 The second pillar promotes 
recycling of scrap and end-of-life 
products and calls for improved 
utilization of existing recycling 
processes and promoting R&D in 
recycling technology. Several laws, 
among them the Law for Promotion 
of Effective Utilisation of Resources 
(1991), the Basic Law for Promoting 
the Creation of a Recycling-
Oriented Society (2000) and the 
Home Appliances Recycling Law 
(2001), contributed to the successful 
establishment of the recycling-
oriented society in Japan. Collecting 
these appliances made it in turn 
possible for companies to develop 
recycling processes for the recovery 

1 http://www.enecho.meti.go.jp/en/category/others/
basic_plan/pdf/4th_strategic_energy_plan.pdf

http://www.enecho.meti.go.jp/en/category/others/basic_plan/pdf/4th_strategic_energy_plan.pdf
http://www.enecho.meti.go.jp/en/category/others/basic_plan/pdf/4th_strategic_energy_plan.pdf
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Figure 25: Major Base Metal Mining Investment by Japanese Companies 

Source: Kamijya, 2008

Figure 26: Sustainable Material Supply in Japan.

Source: Kamijya, 2008

of steel, copper, aluminum, and 
other materials. With the financial 
assistance of METI, these processes 
were later extended to recycling 
of rare earths, mainly dysprosium 
and neodymium. METI and other 
government agencies are promoting 
the “3Rs” policy (reduce, reuse, 
recycle) (Figure 26).” 
•	 Thirdly, Japan also aims at 
promoting the use and development 

of alternative materials in order to 
maintain its competitiveness and to 
develop new industries, especially in 
the context of rare earths. To achieve 
this goal, its plan is to strengthen 
industry-university-government 
linkages as well as collaboration 
across up- and downstream sides 
of the supply chain (Advisory 
Committee on Energy and Natural 
Resources, 2009). Such efforts are 
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carried out under the auspices of 
METI and the Ministry of Education, 
Culture, Sports, Science and 
Technology (MEXT), and are financed 
through funding agencies: the New 
Energy and Industrial Technology 
Development Organization (NEDO); 
and the Japan Science and 
Technology Agency (JST) along with 
the Japan Society for the Promotion 
of Science (JSPS), respectively. While 
METI promotes applied research 
through the National Institute of 
Advanced Industrial Science and 
Technology (AIST) as well as industry 
related projects, MEXT fosters basic 
research at universities and strategic 
research by the National Institute for 
Materials Science (NIMS) and by the 
Riken research organization (NIMS, 
2011).
•	 The fourth pillar describes the 
stockpiling of strategic materials in 
order to hedge against short-term 
supply risk, as a complement to the 
medium and long term strategies 
covered by the previous three pillars

•	 the 100 Actions to Launch Japan’s 
New Growth Industry of August 2010 
presents the key policies of METI 
for the fiscal year 2011. It basically 
substantiates the Strategy for Ensuring 
Stable Supplies of Rare Metals, and 	
indicates the budgets for the projects 
that follow the four pillars outlines 
above.

•	 The Amended Mining Act of Japan: 
The Mining Act, which provides for 

the basic rules for mining in Japan, 
has undergone no major revisions 
since the establishment in 1950.

A key strength in the Japanese mining 
research and innovation system is the 
strong interlinkage between politics and 
economic actors (Hilpert & Mildner, 2013, 
p. 108). A huge effort is spent to reach 
common agreement that is than the ba-
sis for effective and fast realization of de-
cisions taken. Furthermore, government 
actors observe technological develop-
ments and communicate those to univer-
sities and other research organizations for 
priority definition.

8.2.2 Key actors and organizations 
Government: Japan promotes strate-

gic collaboration between governmen-
tal bodies, agencies and independent 
administrative institutions in implemen-
ting their resources policy, including METI, 
JOGMEC, JICA, JBIC etc.. 
•	 The lead unit is the METI (Ministry for 

Economy, Trade and Industry), where 
the information and decision strands 
converge. Due to its traditionally 
strong position, the METI may carry 
through a long strategic direction of 
commodity policy and contribute to 
a coherent implementation concern. 
The strength of the Japanese 
government and administrative 
system is the close institutional and 
personal links between politics, 
business and the manifold links 
between organizations.

Figure 27: Organisations involved in Securing Overseas Resources.

Source: Takagi, 2015
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 The implementation of the Strategy for 
Ensuring Stable Supplies of Rare Metals 
involves several independent adminis-
trative organisations. They complement 
each other by implementing seamless 
assistance to overseas mineral resources 
development companies throughout the 
life cycle of mining operations, from the 
grassroots exploration to detailed geo-
logical surveys, tax concessions, mining, 
metal smelting, slag recycling technology 
development, investment and financing, 
grant applications, debt guarantees, 
mine production technology and the trai-
ning of personnel. Among them, JOGMEC 
is mainly responsible for the geological 
surveys, financing, debt guarantees, etc., 
JBIC for financing and debt guarantee, 
NEXI for trade insurance, and JICA for de-
velopment of the surveys, staff training, 
organizational training classes, dispatch 
of experts, cooperation standard surveys 
and loans etc. It is due to the combined 
operations of the four agencies, which 
makes Japanese overseas exploration 
and development of mineral resources 
management system smoothly progress, 
and ultimately form «one-step» service for 
a seamless management system.
•	 The JOGMEC is the result of the 

merger of the governmental Japan 
National Oil Corporation (JNOC) and 
the Metal Mining Agency of Japan 
(MMAJ) in February 2004. More than 
450 staff now devote themselves to 
JOGMEC’s activities, funded by a 
budget that amounts to about $1.4 
billion US dollars in fiscal year 2007. 
JOGMEC has three main functions. 
•	 First, in cooperation with other 
government agencies, JOGMEC 
supports Japanese companies that 
are active in exploration and the 
development for oil, natural gas, 
non-ferrous metals and minerals. It 
provides financial assistance, such as 
the provision of equity capital and 
liability guarantees to encourage E&P 
activities. JOGMEC also possesses 
cutting-edge technologies, such 
as bioleaching and recycling 
technologies in metals, which helps 
them to attract many resource 
developers and partners. As JOGMEC 
is a government-related organization, 

the rights to its acquired projects are 
transferred to mining and trading 
companies when positive results 
are obtained within a three-year 
exploration period. 
•	 Secondly, JOGMEC is responsible 
for strategic warehousing also of 
energy and mineral Resources and 
•	 Thirdly, it provides technical 
assistance to municipal governments 
or private companies that have 
responsibility for mine pollution control 
over suspended or abandoned mines 
all over Japan. 

•	 Japanese Bank for International 
Cooperation (JBIC):  JBIC provides 
loans and guarantees to develop 
mines and mining infrastructure in 
resource-rich countries. In 2012, the 
Government of Japan increased 
the credit line for the Japan Bank 
for International Cooperation (JBIC)) 
to further enable the Japanese 
private sector to secure strategic 
natural resources, and expanded 
JBIC’s mandate to provide financial 
assistance for certain types of natural 
resource development projects in 
developed countries.

•	 Incorporated Administrative Agency, 
Nippon Export and Investment 
Insurance (NEXI): Created in2001, 
145 employees, NEXI is a 100% 
government-owned organisation. 
NEXI mainly provides various types 
of insurance to cover political and 
commercial risks involved in the 
business or the overseas transactions, 
such as export, import, investment 
and financing, which private 
insurance cannot cover.

•	 Japan International Cooperation 
Agency (JICA): JICA has two 
objectives in the mining sector: (1) to 
improve the investment environment 
in terms of both software and 
hardware aspects by, for example, 
strengthening the administrative 
capacity of developing countries’ 
governments and developing 
peripheral infrastructure; and (2) 
to develop human resources. For 
the second objective, JICA has 
recently been working with Japanese 
universities to offer the training 
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program in Japan, popularly known 
as the «Kizuna Program.»2  JICA has 
more than 1,800 employees.3 

2 http://www.jica.go.jp/english/our_work/thematic_
issues/energy/activity.html
3 http://www.daiwatv.jp/contents/epre/kouen/
seminer/20269-001/download/20269-001.pdf

Research Institutes: Japanese research 
institutions actively pursue activities that 
reduce Japan vulnerability with regard to 
mineral access. They conduct research 
on technologies that can strengthen Ja-
panese industry or create new opportuni-
ties for Japanese businesses. 

Table 9: Key players and their activities in Japan’s overseas mining activities.

EXPLORATION MINING
Enabling Agen-
cies and Key 
Activities

METI & JOGMEC

•	 Preliminary Survey by 
Remote Sensing

•	 Technical Research on 
Separation and Extraction

AIST

•	 Geological Survey
JBIC

•	 Development funds 
(for infrastructure 
development)

•	 Import of natural resources
JBIC

•	 Development fund (Loan/liability 
guarantee to for the government 
in foreign countries, to mining 
companies to acquire equity)

METI & NEXI

•	 Trade insurance
METI & JOGMEC

•	 Problem resolution for site operation

Key Activities •	 Geological survey
•	 Equity Acquisition
•	 Infrastructure Development
•	 Technical assistance, 

Feasibility studies
•	 Development of the legal 

systems
•	 Support to environmental 

measures
•	 Trade insurance

•	 The National Institute of Advanced 
Industrial Science and Technology 
(AIST) is Japan’s leading public 
research organization. It was formed 
in 2001 through a merger of 15 
research institutes operating under 
the Ministry of International Trade and 
Industry (MITI, reorganized as METI in 
2001) and the Weights and Measures 
Training Institute. In 2006 AIST 
established a Rare Metal Task Force 
to actively tackle the rare metal 
problem in Japan. The objective of 
the Task Force was to strengthen 
Japan’s economic security by 
developing resource exploration 
technologies, technologies to reduce 
rare-metal consumption, substitutes 
and recycling technologies. It 
employs roughly 2,300 researchers.

•	 Metal Economics Research Institute 

The Metal Economics Research 
Institute (MERI/J) is a non-profit 
research institute that is supported 
by Japanese non-ferrous metal 
industries. MERI/J was established in 
1989 to promote economic research 
on a variety of topics related to 
non-ferrous metals markets.200 In 
2010 MERI/J had 19 Full Members 
and 16 Associate Members, among 
which were JOGMEC, JBIC, trading 
companies such as Sumitomo 
Corp. and Mitsui & Co. and other 
members from the industry, including 
companies in the field of non-ferrous 
metal smelting, wire and cable, brass 
mill, and electric utilities. 

Universities: Japan has interest in the 
downstream mining activities and as 
such there is a major research focus on 
downstream activities such as proces-

http://www.jica.go.jp/english/our_work/thematic_issues/energy/activity.html
http://www.jica.go.jp/english/our_work/thematic_issues/energy/activity.html
http://www.daiwatv.jp/contents/epre/kouen/seminer/20269-001/download/20269-001.pdf
http://www.daiwatv.jp/contents/epre/kouen/seminer/20269-001/download/20269-001.pdf
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sing technology, material science and 
substitution (Jeffrey & Camborne School 
of Mines, 2016). The most important uni-
versity chairs for research on mining and 
minerals are listed below.
•	 Akita University, Department of Earth 

Science and Technology
•	 Waseda Unviersity, Department 

of Resources and Environmental 
Engineering

•	 Kyoto University, Department of Civil 
and Earth Resources Engineering

•	 Kyoto University, Department 
Materials Science and Engineering

•	 Hokkaido University, Graduate School 
of Engineering

•	 University of Tokyo, Department of 
Materials Science and Metallurgy

•	 Kyushu University, Department of 
Earth Resources and Engineering

Industry:
At the time of writing only a few mines 

are operational and the mining sector is 
dominated by eight major mining houses: 
Dowa Metals & Country mineral Policy 
Mining, Furukawa Metals and Resources, 
Mitsubishi Materials, Mitsui Mining and 
Smelting, Nippon Mining & Metals, Nittet-
su Mining, Sumitomo Metal Mining, and 
Toho Zinc.

Table 10: Key Industry Players in the Mining and Metals Industry.

TYPE OF ORGANISATIONS MAIN PLAYERS
Mining Houses •	 Dowa Metals & Country mineral Policy Mining, 

•	 Furukawa Metals and Resources, 
•	 Mitsubishi Materials, 
•	 Mitsui Mining and Smelting, 
•	 Nippon Mining & Metals, 
•	 Nittetsu Mining, 
•	 Sumitomo Metal Mining
•	 Toho Zinc.

Trading houses •	 Itochu Corp.
•	 Sumitomo Corp.
•	 Sojitz Corp.
•	 Toyota Tsusho Corp.
•	 Tokyo Boeki Steel & Materials Ltd.
•	 Iwatani Corp.
•	 Material Trading Company
•	 Mitsubishi Corp.
•	 Mitsui & Co., Ltd.
•	 Marubeni Corp.
•	 Hanwa Co., Ltd.
•	 Okaya & Co., Ltd.
•	 Alconix Corporation

Mining and non-ferrous met-
al companies:

•	 Mitsui Mining & Smelting Co.,Ltd.
•	 Dowa Metals & Mining Co., Ltd.
•	 Sumitomo Metal Mining Co., Ltd.
•	 Furukawa Metals & Resources Co., Ltd.
•	 JX Nippon Mining and Metals Co., Ltd.
•	 Mitsubishi Materials Corp.
•	 Nittetsu Mining Co., Ltd.
•	 Toho Zinc Co., Ltd.
•	 Pan Pacific Copper Co., Ltd.
•	 Pacific Metals Co., Ltd.
•	 Overseas Uranium Resources Development (OURD)
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Iron ore and coal •	 Nippon Steel & Sumitomo Metals Corp.
•	 JFE Steel Corp.
•	 Kobe Steel Ltd.
•	 JFE Shoji Trade Corp.
•	 Mitsui Matsushima Co., Ltd.
•	 Tokyo Electric Power Co., Ltd.
•	 Kansai Electric Power Co., Ltd.
•	 Kyushu Electric Power Co., Ltd.
•	 Tohoku Electric Power Co., Ltd.
•	 Chubu Electric Power Co., Ltd.
•	 Hokuriku Electric Power Co., Ltd.
•	 Hokkaido Electric Power Co., Ltd.

Stakeholders for Rare Earths •	 Shin-Etsu Chemical Co., Ltd.: The largest producer of 
chemicals. Produces also permanent magnets and has 
developed a technology to get REM

•	 Hitachi Metals Ltd.: producer of metal products, including 
permanent magnets. 

•	 Hoya Corporation: market leader for optical products, 
e.g. lenses, lasers etc. Requires cerium for polishing high-
precision optics. 

•	 Mitsubishi group: One of the biggest Keiretsu 
conglomerates. Has established a joint venture for the 
development of permanent magnets with less dysprosium 
together with Daido Steel and Molycorp (financed by 
Jogmec)

•	 Panasonic Corporation: Uses Europium and Terbium for 
fluorescent materials in LCD panels.

•	 TDK Corporation: Produces digital storage devices and 
holds more than 30% of the permanent magnet market

•	 Toshiba Corporation: Has developed a technology to re-
used mining waste metals, recycles electronic waste

•	 Toyota Motor Corporation: part of the Toyota group, the 
biggest car manufacturer (also hybrid/electric cars).

•	 Sojitz Corporation: One of the biggest trading houses, 
fosters diversification of Rare Earth Metals demand by 
being involved in mining projects in Australia and Vietnam

•	 Santoku Corporation: one of the leading manufacturers of 
rare earth alloys for the magnetic market. 

8.2.3 Knowledge base for research and 
innovation
R&D Policy Instruments for the Public 
Sector 

The organizations involved in implemen-
ting competitive R&D funding act under 
the ministries/agencies. Each ministry/
agency (e.g. METI) has one or more “in-
dependent administrative organizations” 
(e.g. JOGMEC), but the financial resources 
still come from the ministries/agencies 
and it is the ministries/agencies that set up 
competitive R&D programs. The council 
for S&T policy (CSTP) establishes Japan’s 
science and technology policies in liaison 
with a number of stakeholders and asks 
the ministries and agencies to formulate 

research programs. These are then rated 
by the CSTP and ministries and the agen-
cies eventually obtain budgets from the 
Ministry of Finance. Some of the grants 
are provided to the grantees directly by 
the ministries/agencies themselves, some 
are provided by the organizations under 
the ministries and agencies (Figure 28). 

When a ministry/agency and an inde-
pendent administrative organization 
under the ministry are jointly involved in 
one program, the typical mechanism is 
that the ministry/agency designs the pro-
grams and directly manages about half 
of the budget. They provide the other 
half to an organization under it so that the 
organization works as a contractor and 
takes care of all the administrative work 
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Figure 28: Structure of R&D funding mechanisms.

Source: National Science Foundation, 2006

incurred from the solicitation, reviewing, 
and transferring of funds to the grantees, 
in consultation with the ministry/agency.

The mining and minerals industry is tar-
geted by several agencies. While JOG-
MEC plays the biggest role, there are 
other implementing organisations that 
participate in mining-related policy pro-
grams.

R&D Policy Instruments for the Private 
Sector 

Regarding policy instruments relevant 
to the Private Sector, the following instru-
ments are relevant: the R&D Tax credit; 
subsidies and research grants; and, SME 
policies  (Woolgar, 2006).
•	 R&D Tax Credit: The Ministry of 

Finance introduced a proportional 
R&D Tax Credit in 2003 as an 
alternative to the existing R&D tax 
credit scheme. For R&D activities 
conducted jointly by academic, 
business and government circles, 
or R&D commissioned by the 
government in order to promote 
basic studies or innovative studies, 
a proportional tax credit of 12% plus 
3% was introduced. The scope of 
qualified R&D expenses included 
such expenses as labour, non-
personnel expenses, depreciation 

for machinery and buildings, 
and expenses of R&D activities 
conducted overseas.

•	 Research Programs: Various programs 
have been developed by Ministries 
to support private sector research 
activities. In 1999, a Japanese 
version of the US Small Business 
Innovation Research (SBIR) Program 
was established for supporting 
R&D activities by SMEs through 
contract research grants and 
subsidies. Other programs include 
the Advanced Technology Research 
Support program, operated by the 
National Institute of Information 
and Communications Technology. 
Funding expansion for environment 
and life science fields, and industrial 
R&D activities has increased through 
the science and technology basic 
plans, and corporate research 
appears to be expanding into areas 
related to energy saving electrical 
equipment, use of alternative power 
sources in automobiles or domestic 
use, as well as innovative food 
products that utilize bio properties

•	 Small and Medium Sized Enterprises: 
METI supports the development 
of SMEs based on measures in the 
following four areas: (1) support for 
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start-ups and SMEs entering new 
business, (2) development and use 
of human resources at SMEs, (3) 
diversification and facilitation of SME 
finance and support for revitalization 
of SMEs, through the use of research 
grants such as the Small Business 
Innovation Research Program.

8.2.4 Key technologies 
JOGMEC is involved in a number of 

technology development project that 
touch on various subjects. (JOGMEC, 
2012):

Development of exploratory techniques
1.	 Geophysical exploration: 

JOGMEC developed the TDEM 
data acquisition system by using 
the HT-SQUID (High Temperature 
Superconductive Quantum Interface 
Device). HT-SQUID is a very sensitive 
magnetometer that enables to 
improve the detectability of the deep 
underground structure.

2.	 Remote sensing technology: 
JOGMEC developed the data 
analysis technology to identify 
the host rock with rare metal and 
earth in Africa. Furthermore, It also 
developed an analysis technology 
for the identification of promising 
areas (e.g.porphyry copper and 
heavy rare earth deposit) assuming 
to utilize for next- generation satellite 
sensor (hyperspectral sensor) data. In 
addition, 

3.	 Development of support device: 
JOGMEC completed the portable 
spectrum meter and produced 
the prototype for a new magnetic 
exploration technique (SQUID 
gradiometer), which is regarded as 
the next-generation geophysical 
exploration equipment

Mining and metallurgy technology 
development

With regard to the development of bio-
leaching technology, which utilizes the 
power of microorganisms to extract cop-
per from low-grade ores, JOGMEC com-
menced demonstration testing at a mine 
in Chile. Further, with regard to the deve-
lopment of energy-saving refining pro-

cesses, JOGMEC has embarked on tech-
nological development to reduce the 
electric power used in the copper elec-
trolysis process, which requires a large 
amount of power. JOGMEC also conti-
nues to perform studies and offer deve-
lopment support for rare metal recovery 
technologies.

Recycling Technology Development
The development of rare metal reco-

very technologies also applies to recy-
cling raw materials such as waste small 
appliances and refining by-products. 
With regarded to waste small appliances, 
JOGMEC has conducted tests to identify 
the optimum leaching conditions for effi-
ciently recovering the tantalum and co-
balt contained in capacitors and lithium-
ion batteries and acquired data ahead 
of demonstration plant testing. JOGMEC 
began considering processes to increase 
the quantity of antimony recovered from 
smelting by-products and have made 
progress in the development of antimony 
enrichment techniques and extraction 
agents. 

Exploration of marine mineral resources 
and technological development

Japan possesses the world’s sixth largest 
ocean area in terms of the size of its ter-
ritorial waters, exclusive economic zone 
(EEZ) and continental shelf - an ocean 
area in which, in addition to oil and natu-
ral gas, the existence of energy and mi-
ning resources such as methane hydrate 
and sea-floor hydrothermal deposits has 
been confirmed. Various issues remain, 
however, with regard to the practical 
application and commercialization of 
these energy and mining resources. These 
include an understanding of the amounts 
of available resources and the status of 
their availability, the development of 
production techniques, and controls on 
the environmental impact from deve-
lopment. Future geophysical surveys in 
the ocean area around Japan will be 
accomplished Under the Ocean Energy 
and Mineral Resource Development Plan 
prepared in 2009, three-dimensional geo-
physical surveys covering 62,000 square 
kilometres will be implemented by FY2018.
•	 Cobalt-rich ferromanganese crust 

http://e.g.porphyry
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survey
•	 Manganese nodule survey
•	 Sea-floor polymetallic sulphides

8.3 Metrics of Japans mining innovation 
system 

The Global innovation Index ranks Ja-
pan in die mid-field of innovation, with 

other Asian rivals such as China, Korea 
and Singapore finishing ahead. In the 
Innovation and Technology Readiness 
Index, Japan scores higher value, espe-
cially with regard to company spending 
on R&D and patent applications. 

Table 11: Global Innovation Index.1 

1 As mentioned in Chapter 5, note that the GII is a measure of a country’s overall innovation performance. The 
performance on overall innovation may differ significantly from mining innovation.

SCORE 0–100

OR VALUE (HARD DATA) 

RANK

Global Innovation Index (out of 141) 54.0 19
Innovation Output Sub-Index 44.1 26
Innovation Input Sub-Index 63.8 12
Innovation Efficiency Ratio 0.7 78
Global Innovation Index 2014 (out of 143) 52.4 21

Table 12: Japan’s Innovation and Technology Readiness Indicators.

INDICATOR VALUE RANK / 144 
Innovation

Capacity for innovation 5.4 7
Quality of scientific research institutions 5.8 7
Company spending on R&D 5.8 2
University-industry collaboration in R&D 5.0 16

Gov’t procurement of advanced tech products 4.1 21
Availability of scientists and engineers 5.4 3
PCT patents, applications/million pop.* 308.2 2

Technology Readiness
Availability of latest technologies 6.2 14
Firm-level technology absorption 6.1 2
FDI and technology transfer 4.7 55
Individuals using Internet, % 86,3 12
Fixed broadband Internet subscriptions/100 pop.* 28.8 18
Int’l Internet bandwidth, kb/s per user* 39.2 64
Mobile broadband subscriptions/100 pop.* 120.5 3
Values are on a 1-to-7 scale unless otherwise annotated with an asterisk (*).

Source: Dutta, et al., 2015, p. 186

Source: Schwab, 2015, p. 227
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9. Operational analysis of research and 
innovation: South Africa

9.1 The big picture of innovation in raw 
materials and mining in South Africa 

The South African mining industry is the 
fifth largest in the world, considering all 
mineral resources available and pro-
duced (ASSIMAGRA, 2016). South Africa 
used to have a legal framework in mining 
that favoured big mining companies and 
a monopolised structure. This has been 
changed after 1994 (post-apartheid era) 
by reverting mineral rights to the state, 
allowing new entrants into the market 
by new exploration and mining licences. 
Creating a stable operating environment 
is the main prerequisite for the South Afri-
can mining industry, as foreign investors 
require stability in order to reduce the risk 
for long-term commitments. Therefore, 
the Parliament of South Africa passed the 
Mineral and Petroleum Resources Deve-
lopment Act (MPRDA), which came into 
effect on May 1, 2004, and now governs 
the acquisition, use and disposal of mine-
ral rights. The old common-law principles 
are therefore no longer applicable. The 
MPRDA entrenches state power and 
control over the mineral and petroleum 
resources of the country.

A key feature of the new legislation 
has been the allowance of the repatria-
tion of profits for all industries. Permitting 
times in South Africa have acted as an 
incentive. However, the situation is no 
longer so favourable due to inefficiencies 
at the Department of Mineral Resources 
(DMR), which have led to much longer 
lead times. There are efforts to speed up 
the authorisation process by streamlining 
the decision-making of three main res-
ponsible government authorities (DMR, 
Department of Environmental Affairs and 
Department of Water and Sanitation). In 
addition, amendments made to the MPR-
DA are being contested. 

South Africa also managed to develop 
a skilled workforce (e.g. skilled engineers 
in shaft sinking, ventilation, rock enginee-
ring and scientists) that made deep level 

mining possible. After 1994 many skilled 
workers have moved abroad. This re-
mains a challenge, alongside the increa-
sing mechanisation of operations, also 
requiring more skilled workforce. (INTRAW, 
2015, p. 58f)

The economic growth of South Africa is 
closely linked to the development of the 
mining industry. The key strengths of South 
African mining industry lies in the large 
access to natural resources (see e.g. 
Technology Innovation Agency, 2012). 
South Africa’s mining sector depends on 
innovation, as mineral deposits are not 
especially rich. Deposits require both, 
large-scale investment as well as the ap-
plication of technological knowledge to 
be profitably exploited (Kaplan, 2011, p. 
7).

End of 2015, the mining “Operation 
Phakisa”1 has been carried out (the results 
of which are not released yet), aiming 
at the identification of key constraints to 
investment, at clearing or overcoming 
some of the industry challenges and de-
veloping a shared vision and strategy for 
the development of South Africa’s mining 
sector (Team Finland Mining Growth Pro-
gram, 2015, p. 69).

Challenges for South African mining 
companies:

Generally, the state of research insti-
tutions, limited R&D funding as well as a 
shortage of skills are seen as major chal-
lenges or weaknesses of South Africa’s 
mining sector. This is complemented by 
the reluctance of the industry to adopt 
innovation. While some of this is explai-
ned by general difficulties to innovate in 
mining (see section 3.3.1), the govern-
ment’s main focus has been to encou-
rage activities downstream of mineral 
production, rather than to promote tech-
nology development further upstream. 
From an external perspective, a major 
threat seems to be the lack of R&D col-

1 In Sesotho Language, the term „Phakisa“ can be 
translated into  the meaning „Hurry Up“
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laboration amongst industry role player 
that might lead to high import of specia-
lised equipment and limited productivity 
improvement (see Technology Innova-
tion Agency, 2012, p. 22f). A key chal-
lenge for South Africa’s mining sector is, 
that it has some and at the same time 
most of the deepest mines of the world. 
This requires special solutions for cooling, 
ventilation, safety and transportation of 
labour as well as bulk material (Team Fin-
land Mining Growth Program, 2015, p. 71)

In the focus of the industry are the chal-
lenges of increasing depths of mining, 
continuous mining as well as the appli-
cation of real time information systems 
are named as technological challenges 
for South African mining sector (Techno-
logy Innovation Agency, 2012, p. 26). Fur-
thermore, South Africa is confronted with 
increasing labour cost, large increases in 
the cost of electricity, power shortages as 
well as deep and narrow ore bodies. The 
mining methods are often not state of the 
art and rely to a major part on manual, 
unskilled labour. The decline in commo-
dity prices combined with the increasing 
labour and energy costs, which apply 
especially for gold and platinum, require 
rapid modernisation and mechanisation 
in South Africa’s mining industry (Team 
Finland Mining Growth Program, 2015, p. 
8f).

With regard to mining technologies and 
systems, South Africa’s mining industry is 
confronted with the following key chal-
lenges (Kaplan, 2011, p. 18f):
•	 Skill shortages: Within recent years, 

the migration of skilled workers 
has led to a decline in skills and 
competencies available for the 
mining sector, especially due to 
higher payment abroad.

•	 Declining industry-research linkage: 
There is little industry engagement 
with the research councils: While CSIR 
and MINTEK have some capacities, 
there is a significant decline of 
personnel and (publicly funded) 
mining research programs. The same 
is true for university-based research.  
Only very few specialist mining 
research units exist in South Africa. 

•	 Access to finance: Limitation and 

high cost of export finance which 
might lead to a reduction of 
technology related investments. The 
same applies for venture capital to 
finance technology-based start-ups.

The current slowing growth of the world 
economy, especially in China, leads to a 
decline of the raw materials market and 
is challenging South Africa as well as the 
other regions.

9.2 The mining innovation system in South 
Africa
9.2.1 Raw materials strategy and priorities

Whereas South Africa’s overall vision of 
the R&D strategy is to “contribute to the 
knowledge economy in South Africa by 
attaining at least 1% of global R&D output 
by 2020”, there are no mining sector spe-
cific objectives or actions mentioned wit-
hin this strategic plan. (National Research 
Foundation, 2015).

Within the mining and minerals sector, 
the innovation strategy plan is principally 
based on the amendment of the broad-
based socio-economic empowerment 
charter for the in South African mining 
and minerals industry (Department of 
Mineral Resouces, 2010). This charter aims 
at improved access to mineral resources, 
increased beneficiations from the exploi-
tation, expansion of existing skills, promo-
tion of employment as well as sustainable 
development and growth of the mining 
industry. Therefore, the innovation strate-
gy plan for mining considers the following 
key aspects (Technology Innovation 
Agency, 2012):
•	 The current state of R&D in the sector
•	 Requirements and needs of relevant 

stakeholders
•	 Opportunities and challenges for the 

mining industry
•	 Emerging technological 

developments
Based on these aspects, the following 

objectives were defined, each underli-
ned by a set of key performance metrics 
(Technology Innovation Agency, 2012, p. 
32):
•	 Efficient, safe and competitive 

production: efficiency improvement 
through technological advances and 



66 INTRAW PROJECT

reduction of worker hazard.
•	 Environmental and health 

management: technology 
development for the reduction 
of impacts to the workforce, the 
environment and the community.

•	 Minerals upgrading and value 
addition: encouraging local 
manufacturing and production.

•	 Lateral migration: knowledge and 
capacity exploitation to increase 
value creation.

•	 Establishment of an innovation 
culture: enhancing leadership, skills 
and support infrastructure.

Under the terminology of beneficiation, 
one of the objectives of the government 
is a further value add to raw materials 
before export (Hilpert & Mildner, 2013, 
p. 144). On the other hand, recycling is 
pushed forward in the National Waste 
Management Strategy. For suppor-
ting these objectives, the following pro-
grammes have been set up (Technology 
Innovation Agency, 2012, p. 28):
•	 DST Technology Assistance 

Programme to the National Foundry 
Technology Network (NFTN) 

•	 The Nuclear Energy Act (Act No 46 of 
1999) 

•	 National Industry Participation 
Programme (NIPP) of the Department 
of Trade and Industry

•	 Competitive Supplier Development 
Programme (CSDP) for State-owned 
Enterprises (SoEs) to develop the local 
supply industry 

•	 Customized Sector Programmes
•	 Technology and Human Resources 

for Industry Programme (THRIP), 
managed by the National Research 

Foundation (NRF) 
•	 The Support Programme for 

Innovation in Industry (SPII) 

Main potential of improvement that 
can be identified based on the informa-
tion available on these programmes is 
the collaboration between relevant ac-
tors in the mining value chain, especially 
between industry and research organisa-
tions, necessary to produce relevant and 
applicable results.

9.2.2 Key players and organizations
The classification of key role players and 

organizations along the mining value 
chain as well as according to different or-
ganizational categories is shown in Table 
13.

The key role players and organisations 
in the innovation system that are shown 
also in Table 13 can be described in more 
detail as follows (see e.g. Hilpert & Mild-
ner, 2013, p. 144; Technology Innovation 
Agency, 2012, p. 17):
•	 Academy of Science of South 

Africa: promote scientific thinking 
across disciplines and intellectual 
development to face relevant 
challenges in South Africa

•	 Chamber of Mines of South Africa: 
association of 75 mining companies 
representing about 90% of mine 
production value

•	 Coaltech Research Association
•	 Council for Scientific and Industrial 

Research (CSIR): foster industrial 
and scientific development, through 
directed and multi-disciplinary 
research, to benefit the public of 
South Africa

•	 Department of Mineral Resources, 

Table 13: Key players in Innovation in South Africa’s mining and minerals sector.

EXPLORATION MINING MINERAL 
PROCESSING

MINERAL 
AND METAL 
BENEFICIATION

POST MINING 
LANDSCAPES

Research 
and 
education 
system 
actors

Council for 
Geoscience, 
Universities

Council for 
scientific and 
Industrial 
Research (CSIR), 
Mine Health 
and Safety 
Council (MHSC), 
Universities

Mintek, 
Universities

Mintek, CSIR, 
Nuclear Energy 
Corporation 
of South Africa 
(Necsa) and 
Universities

CSIR, CGS, 
MINTEK, 
Universities
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Sector 
value 
chain 
actors

Consulting 
companies, 
geophysical 
service 
companies 
and mining 
companies

Mining consulting 
companies, 
equipment 
manufacturers, 
mining 
companies

Process 
consulting 
firms, 
equipment 
manufacturers, 
chemical 
suppliers

Capital 
Equipment 
manufacturers, 
waste 
management 
consultants, 
process control 
equipment 
manufacturers, 
Market 
research 
consultants, 
Logistics 
Management 
consultants, 
plant 
maintenance 
consultants.

Water, 
treatment, 
dust 
suppression 
companies, 
land use 
consultants, 
shaft sealing 
companies;

Enabling 
Agencies

National Research Foundation (NRF), TIA, Industrial Development Corporation 
(IDC), Provincial economic developing agencies, Department of Mineral Resources 
(DMR), Department of Science and Technology (DST), Department of Water and 
Environmental Affairs (DWEA), Dept. of rural development & land reform, the 
Department of Trade and Industry (dti) and Non-governmental Organisations 
(NGOs)

Sector 
R&D 
Funding 
Agencies

Coaltech Research Association, South African Minerals to Metals Research Institute 
(SAMMRI), Mine Health and Safety Council (MHSC)

Key 
Activities

Research and 
development, 
technology 
development 
and 
exploration 
services

Mine health 
and safety, 
energy and 
water efficiency, 
mine design, 
technology 
development, 
environment 
and mine of the 
future

R&D in process 
technology, 
process 
efficiency, 
water and 
energy 
efficiency, 
health and 
safety, and 
environment 
protection.

Advanced 
Manufacturing 
Technology 
Strategy 
(AMTS), 
Advanced 
metals 
initiative, 
project 
AuTek, PGM 
beneficiation, 
Minerals 
beneficiation 
strategy

Water, 
treatment, 
dust 
suppression, 
land use, 
shaft sealing.

(DMR): responsible for formulation, 
implementation and control of 
politics related to non-energetic raw 
materials.

•	 Department of Science and 
Technology (DST): responsible for 
scientific research and management 
of the science system.

•	 Department of rural development 
& land reform (DRDLR): former 
department of land affairs, 
dedicated to the social and 
economic development in rural South 
Africa.

•	 Industrial Development Corporation 
(IDC): source of commercially 
sustainable industrial development 
and innovation.

•	 Mine Health and Safety Council 
(MHSC): advise the Minister of Mineral 
Resources on occupational health 
and safety legislation and research 
outcomes.

•	 Mintek: South Africa’s national 
mineral research organization 
and is one of the world’s leading 
technology organizations specializing 
in mineral processing, extractive 
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metallurgy and related areas
•	 National Advisory Council on 

Innovation: advice to the Minister or 
Science and Technology and the 
government

•	 National Research Foundation (NRF): 
funding of research and innovation 
activities, facilities and human 
resource development

•	 South African Minerals to Metals 
Research Institute (SAMMRI)

•	 Technology Innovation Agency 
(TIA): stimulating and intensifying 
technological innovation in order to 
improve economic growth and the 
quality of life of all South Africans 
by developing and exploiting 
technological innovations.

Suppliers of Mining Equipment and Ser-
vices are considered as key players in the 
mining industry. This includes the areas 
of exploration and surveying, mecha-
nisation, drilling, blasting, construction, 
bulk material handling, energy/power, 
services, mine equipment & G.E.T., roof 
support, pumps, surface processing, 
analysis & testing, chemical producers, 
environment & waste water treatment as 
well consumables (Team Finland Mining 
Growth Program, 2015, p. 77).

Among the key mining companies that 
are active in South Africa are (Team Fin-
land Mining Growth Program, 2015, p. 
90f):
•	 Anglo American Platinum: major 

producer of PGM’s, base metals and 
precious metals.

•	 Gold Fields: mid-tier and 
development in gold production.

•	 Norilsk Nickel: mid-tier producer of 
nickel.

•	 Rio Tinto: major global mining 
company, especially in heavy and 
mineral sands to produce iron and 
ilmenite.

•	 Royal Bafokeng Platinum: mid-tier 
producer of PGMs.

•	 Taung Gold Limited: gold exploration.
Especially the large mining houses drove 

innovation in the past, supported by the 
Chamber of Mines (Kaplan, 2011, p. 17).

Politics of raw materials:
It is said that South Africa lacks institu-

tional and policy supports necessary to 

ensure future growth (Kaplan, 2011, p. 
22). Mining is not explicitly mentioned in 
the Department of Science and Tech-
nology’s 10-year plan (Department of 
Science and Technology, 2008) or in the 
overall vision of the R&D strategy (Natio-
nal Research Foundation, 2015).

9.2.3 Knowledge base for research and 
innovation

Mining in South Africa depends to a 
high degree on export, especially to pro-
ducing countries like China and thus on 
economic cycles of importing econo-
mies. South African mineral deposits are 
not especially rich. Low ore grades and 
deep deposits are a challenge as they 
require investments into technology, but 
also the development of competencies 
for profitable mining (Kaplan, 2011, p. 16). 
It is especially the input supplier industries, 
which employ sophisticated technologies 
and provide products to the mining in-
dustry. Specialist services such as consul-
ting and exploration are now supplied 
to global markets, however, most of the 
services are still provided to regional mar-
kets. While mining is a very important busi-
ness for South African economy, contribu-
ting approx. 7% to GDP, technology-wise 
it is somewhat detached from other 
industries. Mining benefits from techno-
logy spill overs from other industries (e.g. 
IT, machining), but there is little spill over 
from mining and mining-related areas to 
other South African industries.

From an education perspective, South 
Africa disposes of some leading univer-
sities offering mining-specific degrees, 
most notably 
•	 University of Witwatersrand, School of 

Mining Engineering (aka Wits)
•	 University of Pretoria, Department of 

Mining Engineering (aka Tuks)
•	 University of Johannesburg 

(Technikon), School of Mining, 
Metallurgy & Chemical Engineering 
(UJ)

•	 University of South Africa, Department 
of Mining Engineering (UNISA) (this is a 
distance learning university)

In addition to the mining schools, there 
are approximately 22 institutions provi-
ding tuition in geoscience, geology, earth 
science and similar programmes (Jeffrey 
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& Camborne School of Mines, 2016)
These education institutes perform mi-

ning R&D, even though, as mentioned 
earlier, the industry-research collabora-
tion could be improved. Qualified person-
nel have often been attracted by other 
mining intensive regions such as Austra-
lia, Canada or the U.S. in the past, due 
to higher salaries of better working condi-
tions. Throughout all sectors, the share of 
R&D personnel in relation to the overall 
personnel is relatively low e.g. measured 
by R&D Personnel per 1000 employees, 
South Africa: 2.43 vs. Canada: 13.35  
(OECD, 2015, p. 104).

With regard to the workforce, South 
Africa has enacted several specific laws 
requiring mining companies to hire and/
or educate Historically Disadvantaged 
South Africans (HSDA), e.g. the Broad-
based Black Economic Empowerment 
Act 53 of 2003, and to seek a certain 
percentage of HSDA ownership of the 
mining industry. Due to these policies and 
the strong position of workers and unions 
(especially the National Union of Minewor-
kers (NUM)), South African mines have 
had to deal with frequent worker strikes. 
Quite recently, the South African Cham-
ber of Mines recently reported that the 
mining industry, which employs approx. 
500,000 people, cut 47,000 jobs between 
2012 and early 2015  (Seccombe, 2016). 
These employment cuts are mainly due 
to low commodity prices and increasing 
mining costs (especially for electricity, 
but also for job-related costs (e.g. health 
care)). 

9.2.4 Key technologies
South Africa mining industry is said to 

have an advanced technological posi-
tion. Firstly, this position is underpinned by 
means of its intellectual property appa-
rent in existing patents and the develop-
ment work carried out in South Africa by 
subsidiaries of transnational mining cor-
porations. Secondly, it is evident through 
the large and increasing export of mining 
equipment with high local value add 
and a dominant position in South Africa’s 
capital export (Kaplan, 2011, p. 8). An 
example for a key technology developed 
in South Africa is the cyanide-based ex-
traction technology (Kaplan, 2011, p. 17).

Furthermore, the country has produced 
sizable know-how in mining explosives, 
drilling equipment and abrasives, metal-
lurgical processes and plants, and deli-
vering knowledge-based services. Some 
South African companies can be consi-
dered to be at the frontier of innovation. 
Some of these companies include: 
•	 AECI and Sasol - leading suppliers of 

mining explosives, 
•	 Boart Longyear - a world leader in 

drilling and abrasives, 
•	 SRK and Bateman -  among 

the leading consulting mining 
engineering companies in the world. 

•	 LTA plays a major role in specialist 
contract mining in Africa

To reach the objectives of reducing 
people, capital and energy intensity 
while increasing mining intensity, in addi-
tion to improving mining technologies, 
especially the fields of information and 
energy technology are seen as critical 
to assure the future success of mining in 
South Africa (see e.g. Lane & Beier, 2014)

9.3 Metrics of South Africa’s mining 
innovation system

Considering the Global Innovation In-
dex 2015 (see Table 14), South Africa wor-
sened its position from 53 in 2014 to 60. 
Whereas South Africa scores fine in the 
innovation input sub-index, potential for 
improvement exists in the innovation effi-
ciency index, that aggregates the input 
as well as the output of innovation acti-
vities.

Despite the fact that university-industry 
collaboration is mentioned as one of the 
challenges of South Africa’s mining in-
dustry, the overall South African score is 
among the best ranks of all innovation in-
dicators considered (see Table 15). Based 
on these indicators, the major potential 
for improvement exists in government 
procurement of advanced technology 
products as well as in the availability of 
scientist and engineer, both consistent 
with qualitative descriptions of the mining 
industry.

In 2012/13 the Gross Expenditure on 
Research and Development (GERD) was 
0.76% of the Gross Domestic Product 
(GDP), considerably below that of other 
emerging economies (DST & HSRC, 2015). 
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Table 14: Global Innovation Index.1 

1 As mentioned in Chapter 5, note that the GII is a measure of a country’s overall innovation performance. The 
performance on overall innovation may differ significantly from mining innovation.

SCORE 0–100

OR VALUE (HARD DATA) 

RANK

Global Innovation Index (out of 141) 37.4 60
Innovation Output Sub-Index 29.7 61
Innovation Input Sub-Index 45.2 54
Innovation Efficiency Ratio 0.7 94
Global Innovation Index 2014 (out of 143) 38.2 53

Source: Dutta, et al., 2015, p. 186

Table 15: South Africa Innovation and Technology Readiness Indicators.

INDICATOR VALUE RANK / 144 
Innovation

Capacity for innovation 4.3 35
Quality of scientific research institutions 4.7 34
Company spending on R&D 3.4 48
University-industry collaboration in R&D 4.5 31
Gov’t procurement of advanced tech products 3.0 112
Availability of scientists and engineers 3.5 102
PCT patents, applications/million pop.* 6.5 45

Technology Readiness
Availability of latest technologies 5.5 39
Firm-level technology absorption 5.4 29
FDI and technology transfer 4.8 50
Individuals using Internet, % 48.9 69
Fixed broadband Internet subscriptions/100 pop.* 3.1 89
Int’l Internet bandwidth, kb/s per user* 3.7 126
Mobile broadband subscriptions/100 pop.* 25.2 74
Values are on a 1-to-7 scale unless otherwise annotated with an asterisk (*).

Source: Schwab, 2015, p. 341

Almost half of the expenditure comes 
from the private sector. Government fun-
ding represented 45.4% while the business 
sector funded 38.3% of R&D activities in 
2012/2013 (DST & HSRC, 2015). Table 16 
shows some key indicators of the overall 
situation of R&D expenditure and person-
nel in South Africa.

Mining and quarrying remained the 
third-largest contributor to BERD, following 

a continuous growth of R&D expenditure 
in the period between 2008/09 to 2012/13 
of 168,5% and business expenditure in 
R&D of R1.554 billion in 2012/13 (DST & 
HSRC, 2015, p. 19). However, this amount 
does not include mining related R&D ex-
penditure in other sectors.
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Table 16: Key R&D indicators, South Africa, 2010/2011 to 2012/2013.

KEY INDICATOR
2010/11 2011/12 2012/13

Gross domestic expenditure on R&D, GERD (R million) 20 254 22 209 23 871
Gross domestic product (GDP) at current prices (R mil-
lion) 

2 664 269 2 917 539 3 138 980

GERD as a percentage of GDP (%) 0.76 0.76 0.76
Civil GERD as a percentage of GDP (%) 0.71 0.72 0.72
Basic research (R million) 4 848 5 440 6 031
Total R&D personnel (FTE*) 29 486.4 30 978.4 35 050.3
Total researchers (FTE*) 18 719.6 20 115.1 21 382.4
Total researchers (FTE*) per 1 000 in total employment 1.4 1.5 1.5
Total R&D personnel (FTE*) per 1 000 in total employment 2.2 2.3 2.4
Total researchers (headcount) 37 901 40 653 42 828
Female researchers (headcount) as a percentage of 
total researchers (%)#

41.7 42.3 43.7

Total employment (in million) 13 118 13 497 14 558
* FTE = Full-time equivalent; # Following OECD practice, doctoral students and post-doctoral 
fellows are included in researchers

Source: DST & HSRC, 2015, p. 3
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10. Operational analysis of research and 
innovation: United States

10.1 The big picture of innocation in raw 
materials and mining in the United States

The U.S. has a territory favourably en-
dowed with raw materials (energy and 
non-energy minerals) which has steadily 
provided the material base for the do-
mestic industry, underpinning economy 
grow. Since early in the 20th century the 
types and quantities of raw materials 
demanded and processed by the U.S. 
manufacturing industries and consumers 
have evolved. With the exception of pe-
troleum (not included in the figure), overall 
material resource use of raw non-energy 
minerals, especially construction mate-
rials, have had a great importance in the 
economic development of the country. 

The continued long-term growth in mate-
rial use reflects ongoing growth of an af-
fluent population with resource-intensive 
consumption patterns, punctuated perio-
dically with decreases during major eco-
nomic downturns and wars, which tend to 
have a negative impact on the demand 
of some materials, while boosting others. 
These punctuating events include WWI, 
the Great Depression of the 1930s, WWII 
and the post-war expansion, the two oil 
crises in the 1970s, recessions in the 1980s 
and early 1990s and the Great Recession 
in 2007 (INTRAW, 2015, p. 12).

Metals and minerals are needed as 
inputs for manufacturing. The U.S. is the 
largest manufacturing nation, with many 

Figure 29: Major metal producing areas.

of the companies ranking in the top ten 
in their respective industries (Table 17:). 
Manufacturing industries use a diverse 
array of metals. The average car alone 
contains  more than a ton of iron and 
steel, 240 pounds of aluminum, 42 pounds 
of copper, 41 pounds of silicon, 22 pounds 
of zinc, and more than 30 other minerals, 
including titanium, platinum and gold. 

Significant amounts of minerals are also 
used in high-tech products such as com-
puters, mobile phones etc. For instance, 
computer circuitry will use minerals such 
as gold, aluminum, lithium, chromium, 
silver, nickel, gallium, lead, zinc, copper, 
steel, tungsten, titanium, cobalt, germa-
nium, tin and tantalum.  (SNL Metals and 
Mining, 2014). 
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The U.S. is a net exporter of four major 
metallic minerals (gold, iron ore, molybde-
num and zinc) and a net importer of four 
others (copper, platinum, palladium and 
silver). However, domestic production 
tends to be highly concentrated as most 
of the production for many metallic mine-
rals lies in the hands of the top five mines. 
The U.S. dependence on these mines 
exposes domestic production to risks of 
disruption (SNL Metals and Mining, 2014). 

Mining is not only an important industry 
due to its employment and the contri-
bution to GDP. From a U.S. perspective, 
mining and the fabrication of metals and 
manufacturing should mutually benefit 
from each other. The proximity of mining 
companies, smelters and manufactu-
rers is seen as an advantage. Alcoa, the 
country’s biggest mining company, is itself 
vertically integrated and thus benefits, for 
instance, from better procurement. 

As a developed economy, the 
consumption of mineral commodities 
in the United States is high and has in-
creased with population growth. In Cana-
da and Australia, the positive correlation 
observed between growth in population, 
GDP, and mineral demand are being 
met with increased mineral production 
and increased employment in the mining 
industry (Lowry, et al., 2006) (Natural Re-
sources Canada, 2012) . In the U.S., high 
metal prices due to demand on the world 
market for various products have encou-
raged some U.S. mining companies to in-
crease production at existing mines and 
to restart production at others. (Commit-

tee on Emerging Workforce Trends in the 
U.S. Energy and Mining Industries, 2013). 

The public perception of mining in the 
U.S., however, is that of a mature and 
environmentally damaging industry that 
requires intensive regulation and control 
to prevent problems such as pollution, 
noise, environmental degradation, and 
health issues. A favourable image and 
community support is essential for mining 
companies today, commonly phrased as 
“social license”.

Factors affecting the mining industry 
and policy making in the U.S. can be sum-
marized as follows:
•	 Growing consumption of minerals 

and metals due to a general increase 
of population (approx.. 318 million 
people) and high standard of living

•	 Importance to the national economy 
(job created by mining, adjacent 
industries) support of manufacturing)

•	 (Lack of) domestic production of 
minerals and metals to support 
manufacturing

•	 Importance for defense 
•	 Geopolitical tensions that may 

impact foreign supply (for example, 
more than 90% of Rare Earth Elements 
are imported from China)

Today, the overall strategy of the U.S. 
government currently consists mainly of 
two streams of activities
•	 To create a solid understanding for 

the need of critical materials (for 
industry) and strategic materials 
(for defense), in terms of their 
importance, the current and future 

Table 17: Examples of U.S. manufacturing industries making use of minerals.

INDUSTRY US COMPANIES (EXAMPLES)
Mature Manufacturing Automobiles and Parts Ford, General Motors, Johnson Controls

Aerospace and Defense Boeing, United Technologies
Industrial Engineering Caterpillar, Illinois Work Tools
General industrials General Electric, 3M, Honeywell 

International
New Manufacturing Electricity Southern, Nextera Energy, Dominion 

Resources
Electronic and Electrical 
Equipment

Emerson Electric, TE Connectivity

Technology Hardware and 
Equipment

Apple, Qualcomm, Intel, Cisco Systems

Source: SNL Metals and Mining, 2014
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needs and supply, etc.
•	 To stabilize supply through a range 

of measures, e.g. by diversification 
of supply, by stockpiling, by fostering 
technology development, by 
boosting domestic production.

10.2 The mining innovation system in the 
United States

10.2.1	 Raw materials strategy and 
priorities

In contrast to other countries with a 
strong manufacturing sector, which strive 
for securing minerals supply, the U.S. pur-
sue a less explicit and ‘top-down’  strate-
gy. To date, despite a short-lived attempt 
to do so, there is no comprehensive legis-
lation on mineral resources or a single do-
cument that summarizes the U.S.’ views 
and minerals policies. This doesn’t mean 
though that the U.S. do not pursue any 
strategy at all, however, major policy ini-
tiatives are rare.

One of the priorities of the U.S. is the pro-
vision of ‘critical’ materials (if required by 
industry) or ‘strategic’ materials (if requi-
red for defense purposes). While there 
have been evaluations of strategic mate-
rials in the 1970s, the influential report on 
“Minerals, Critical Minerals, and the U.S. 
Economy1” by the National Academies 

1 http://www.nma.org/pdf/101606_nrc_study.pdf 
National Research Council. Minerals, Critical Minerals, 

in 2008 was an important precursor to the 
formulation of the Department of Energy’s 
(DOE) ‘Critical Materials Strategy’. Further 
efforts to elaborate on rare earth minerals 
include the reports ‘Elements of Security: 
Mitigating the Risks of U.S. Dependence 
on Critical Mineral’ by the Center for a 
New American Security (Parthemore, 
2011) and ‘Energy Critical Elements: Se-
curing Materials for Emerging Technolo-
gies’ (American Physical Society and the 
Materials Research Society, 2011).

In the Department of Energy’s Critical 
Materials Strategy, a material’s criticality 
is defined based on the material’s supply 
risk and its importance to clean energy 
(DOE, 2011) (Hilpert & Mildner, 2013, p. 
172) (Figure 30). The most critical (rare 
earth) elements possess such unique ma-
gnetic, catalytic, and luminescent pro-
perties that they represent key resources 
for the clean energy economy. They 
enable the production of, for instance, 
wind turbines, solar panels, electric vehi-
cles, and energy-efficient lighting. 

For such critical materials, the strategy 
is threefold: The first objective is to diver-
sify supply and make use of new sources 
of critical materials. The first rare earth 
mine in the U.S., the Mountain Pass Mine 
in California operated from 1952 to 2002. 
It reopened in 2012 but the production 
and the U.S. Economy. Washington, DC: The National 
Academies Press, 2008

Figure 30: Strategic and Critical Minerals.

Source: Koroshy, et al., 2010

http://www.nma.org/pdf/101606_nrc_study.pdf
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was suspended in 2015 as prices for rare 
earth metals declined significantly. The 
second objective is to develop substitutes 
that can replace critical materials. The 
third priority is the improvement of reuse 
and recycling by developing appropriate 
technologies. 

With respect to other, less critical mine-
rals, no official strategies and priorities 
have been published recently. In the 
early 2000s, several organisations had 
expressed their opinion on R&D needs 
for mining. A serious attempt to set direc-
tions for R&D was the „Mining Industry 
Roadmap for Crosscutting Technologies“ 
which was created by more than 30 ex-

perts from industry, government and aca-
demia in 20022. This document, howver, 
was never updated. In 2002, the National 
Academies’ Committee on Technologies 
for Mining Industry issued a fairly com-
prehensive report (Committee on Tech-
nologies for the Mining Industry, 2002) on 
the R&D needs for future mining techno-
logies (Figure 31). It pinpointed in a de-
tailed manner the research needs in the 
areas of exploration, mining, in-situ-mining 
and mineral processing. This publicaton 
also described in detail the capacities of 
the National Laboratories with respect to 
exploration, mining etc. 
2 http://www1.eere.energy.gov/manufacturing/
resources/mining/pdfs/ccroadmap.pdf

Figure 31: Opportunities for R&D in US Mining.

Source: Committee on Technologies for the Mining Industry, 2002

http://www1.eere.energy.gov/manufacturing/resources/mining/pdfs/ccroadmap.pdf
http://www1.eere.energy.gov/manufacturing/resources/mining/pdfs/ccroadmap.pdf
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In the same year, the USGS issued an in-
formation circular that listed the following 
measures as ways to cope with the risks of 
a scarcity of resources (see USGS, 2002, 
p. 14f):
•	 New materials research: creation 

of specialty materials with new 
performance features.

•	 Technological advancements: 
advancements in process 
technologies along the mining value 
chain.

•	 Substitution: replacing a commodity 
with a less scarce commodity.

•	 Exploration: discovery of additional 
sources and deposits.

•	 Mining lower grade material: mining 
in deposits that were previously not 
profitable or feasible.

•	 Processing efficiencies: increase of 
the amount of material that reaches 
the market.

•	 Recycling: reduction of the amount 
of “virgin” material that needs to be 
extracted.

•	 Reuse: recovery or reapplication of 
components or products to avoid 
early stages of the value chain.

•	 Remanufacturing: rebuilt of products 
based on previously used parts (see 
effect of reuse)

Another attempt worth mentioning is a 
report issued by the Earth Resources Engi-
neering (ERE) Section of the National As-
sociation of Engineers (NAE) in 2010 (and 
edited in 2012).In a response to a 2008 
report of the NAE on grand challenges 
for engineering (National Academy of 
Engineering, 2010), the ERE section deve-
loped some grand challenges specific to 
ERE (NAE Section 11, 2010) 

It highlights four particular earth engi-
neering challenges that have a rele-
vance for minerals mining as well:
•	 Make the Earth Transparent, e.g. 

better imaging techniques to assess 
the earth’s potential resources 

•	 Understand, Engineer and Control 
Subsurface Coupled Processes, i.e. 
hydrological, thermal, mechanical, 
chemical and biological processes, 
which usually are complex and 
interactive

•	 Minimize the Environmental Footprint, 
e.g. less toxic reagents for the 

separation process, reduction of 
energy consumption, in-situ-leaching 
etc.

•	 Protect People, e.g. by introducing 
appropriate equipment and 
procedures.

US policy documents
Critical Materials Strategy 2011: In De-

cember 2010, The U.S. Department of 
Energy (DOE) published the ‘Critical Ma-
terials Strategy’, which focused on the 
minerals needs for energy systems. An 
updated version appeared in 2011 in res-
ponse to important developments during 
the year.  The strategy rests on three pil-
lars:
•	 Diversified global supply chains: To 

manage supply risk, multiple sources 
of materials are required. This means 
taking steps to facilitate extraction, 
processing and manufacturing here 
in the U.S., as well as encouraging 
other nations to expedite alternative 
supplies. In all cases, extraction, 
separation and processing should be 
done in an environmentally sound 
manner. 

•	 Substitute development: Research 
leading to material and technology 
substitutes will improve flexibility and 
help meet the material needs of the 
clean energy economy. 

•	 Recycling, reuse and more resource 
efficiency could significantly lower 
world demand for newly extracted 
materials. Research into recycling 
processes coupled with well-
designed policies will help make 
recycling economically viable over 
time.

Report on Stockpile Requirements: The 
Department of Defense regularly reports 
to Congress on Critical Materials. Under 
the National Defense Stockpile (NDS) Pro-
gram, which aims at reducing the risk on 
dependence on foreign suppliers, more 
than 160 minerals and processed mate-
rials are monitored. The latest report was 
published in 2015  (Department of De-
fense, 2015).

Apart from official policy documents, 
there are a number of laws that should 
to be taken into consideration to better 
understand the U.S. policies on materials 
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and minerals. These laws include: 
•	 Strategic and Critical Materials 

Stock Piling Act of 1946 – the first 
action to appropriate money to the 
accumulation of strategic and critical 
material (oil, rubber, fibers etc.) 
needed in wartime

•	 Mining and Minerals Policy Act of 
1970,  which recognized the national 
interest in the Mining and Minerals 
industry,

•	 National Materials and Minerals 
Policy, Research, and Development 
Act of 1980, which directed the 
president to assess material demand

•	 Deep Seabed Hard Mineral 
Resources Act of 1980, an act 
to establish a procedure for the 
development of hard mineral 
resources in the deep seabed

Currently, the American Mineral Secu-
rity Act of 2015 is being discussed, but it 
hasn’t passed yet. Among other things, it 
would require that the USGS establish a 
list of minerals critical to America and it 
would direct the Department of the Inte-
rior and Energy to address issues associa-
ted with their discovery, production, use, 
and reuse, and to improve the permitting 
system. 

There are many federal laws (e.g. Natio-
nal Environmental Policy Act, Clean Wa-
ter Act, ...) as well as state laws that are 
applicable to a typical mining operation. 
While these laws do not directly address 
the need for minerals research and inno-
vation, they do serve as a catalyst for 
innovation as companies strive to meet 
their requirements.

10.2.2	 Key actors and organizations
GOVERNMENT (FEDERAL AGENCIES)

The U.S. has a decentralised approach 
to materials and mining policies. The 
major agencies involved in minerals and 
materials (DOI, DOE, DOD) sponsor R&D 
projects according to their missions, but 
there is no coordinated approach to ma-
terials development. The federal govern-
ment is hesitant to “pick winners”, and 
leaves many decisions to the private sec-
tor. There is also the concern that it would 
create too much bureaucracy.

The key actors and organization that 
currently contribute to research and inno-

vation in the U.S. are listed below: 
•	 Department of the Interior (DOI): As 

part of its mandate to manage and 
protect large portions of the federal 
land system, the U.S. Department of 
the Interior is involved in mining issues. 
The Bureau of Land Management 
and the Office of Surface Mining 
Reclamation and Enforcement 
provide regulatory control for existing 
mining operations. The Office of 
Surface Mining is active in the transfer 
of information and technologies 
applicable to regulating the coal 
mining industry to local, tribal, and 
state governments.
•	 United States Geological Survey  
(USGS): Under the Geological 
Survey Organic Act of 1879 and the 
Economy Act of 1932, the United 
States Geological Survey, USGS, 
provides research on mineral deposits 
and assesses national mineral 
resources; it also provides statistics 
and information on the worldwide 
supply of, demand for, and flow of 
minerals and materials essential to the 
U.S. economy, the national security, 
and protection of the environment. 
The basic level of support is the 
development of geologic maps, 
which help identify potential areas 
with mineral resources. USGS also 
publishes the annual Mineral 
Commodity Summaries and Minerals 
Yearbook, which also provides mining 
information for most of the countries 
of the world. 
•	 The Bureau of Ocean Energy 
Management (BOEM), is responsible 
for a number of activities that 
manage offshore natural resources 
(among them minerals)
•	 On a side note, the Bureau of 
Mines, which employed 1,200 people 
in 12 locations, including several 
research centers, was closed in 
1996. About 600 employees were 
reassigned to other federal agencies, 
among them the USGS, DOE, the US 
Bureau of Land Management (BLM) . 

•	 Department of Energy (DOE): 
Currently, most of the federal 
engineering and technology 
development that is focused on or 
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could be useful to the mining industry 
is being conducted by DOE. 
•	 The National Research 
Laboratories: Engineering 
development on many fronts is 
being conducted in 17 DOE national 
laboratories. Among them, the 
Critical Materials Institute (CMI)3 
based in Ames stands out. The CMI  
collaborates with other partners 
from other national laboratories, 
universities and industry on the 
research priorities addressed by the 
Critical Materials Strategy (diversifying 
supplies, developing substitute 

3 https://cmi.ameslab.gov/

materials, efficient use of materials).
(Figure 32)

•	 Department of Defense (DOD): The 
Department of Defense has an 
interest in the supply of rare earths, 
because lower tiers of the supply 
chain use these materials (for 
instance, in permanent magnets). 
The Defense Logistics Agency (DLA) 
Strategic Materials4 is the leading U.S. 
agency for the analysis, planning, 
procurement and management of 
materials critical to national security

•	 Office of Science and Technology 
Policy (OSTP): The OSTP is not a 

4 http://www.dla.mil/HQ/Acquisition/StrategicMaterials.
aspx

Figure 32: Estimates of Mining R&D Capabilities of National Laboratories.

Source: Committee on Technologies for the Mining Industry, 2002

https://cmi.ameslab.gov
http://www.dla.mil/HQ/Acquisition/StrategicMaterials.aspx
http://www.dla.mil/HQ/Acquisition/StrategicMaterials.aspx
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federal agency, but part of the 
Executive Office of the President, 
advises the President on science 
and technology policy. The OSTP 
developed the Materials Genome 
Initiative  to help researchers develop 
advanced materials more efficiently 
and quickly.

•	 Environmental Protection Agency 
(EPA): The EPA is an independent 
agency that performs studies and 
reports to Congress regarding, 
among other things, management 
methods and potential hazards 
of mining wastes (e.g. waste 
water). When Congress writes 
an environmental low, the EPA 
implements it by writing regulations 

ASSOCIATIONS:
•	 National Mining Association (NMA): 

The NMA, formed in 1995, represents 
the mining industry in Washington. 
While there are other mining 
associations, including the Industrial 
Minerals Association–North America 
and the National Stone, Sand & 
Gravel Association, the NMA is the 
most influential. 

•	 Society for Mining, Metallury & 
Exploration (SME): The SME published 
the book ‘Mineral Processing and 
Extractive Metallurgy: 100 Years of 
Innovation’ in 2014.

RESEARCH INSTITUTES:
•	 See description of National Research 

Laboratories above.

THINK TANKS:
•	 National Academy of Science 

(NAS): The NAS is a congressionally-
chartered non-profit organization, 
including 2,200 members, mostly 
distinguished scholars engaged in 
scientific and engineering research. 
The Academy has a mandate that 
requires it to advise the federal 
government on scientific and 
technical matters. The National 
Academy of Engineering was 
established in 1964, under the 
charter of the National Academy of 
Sciences, as a parallel organization 
of outstanding engineers. It is 
autonomous in its administration 
and in the selection of its members, 
sharing with the National Academy 
of Sciences the responsibility for 
advising the federal government. The 
National Academy of Engineering 
also sponsors engineering programs. 
The National Research Council 
(NRC) was organized by the National 
Academy of Sciences in 1916 to 
associate the broad community of 
science and technology with the 
Academy’s purposes of furthering 
knowledge and advising the 
federal government. It became 
the principal operating agency 

Figure 33: The Organisational Structure of the National Academies.
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of both the National Academy of 
Sciences and the National Academy 
of Engineering in providing services 
to the government, the public, 
and the scientific and engineering 
communities. In 2015, the National 
Research Council was absorbed into 
the National Academies and NRC 
Divisions are now known as program 
units within the National Academies. 
One program unit is dedicated to 
Earth & Life Studies, which in turn has 
a program area on Earth Sciences & 
Resources with several committees 
that meet on regular bases to 
exchange recent findings in their 
areas of expertise (Figure 33).

•	 Center for Strategic and International 
Studies (CSIS) has published some 
work on mining, especially on rare 
earth elements.

INDUSTRY:
•	 MINING COMPANIES: The U.S. mining 

industry consists predominantly of big 
firms. The biggest mining and metals 
companies, in terms of revenues 
(even though not all of their revenue 
stems from mining alone and not all 
of their mines are in the U.S.) are 
•	 Freeport-McMoRan
•	 Alcoa
•	 Nucor
•	 Newmont Mining
•	 Southern Copper

10.2.3	 Knowledge base for research and 
innovation

Because of high capital requirements, 
small profit margins and long lead times 
for the development of new properties, 
the mining industry historically has been 
very conservative in initiating and adop-
ting new technologies. Still, the industry 
has made significant advances in pro-
ductivity, environmental control, and 
worker health and safety.

R&D POLICY INSTRUMENTS IN THE PUBLIC 
SECTOR 

There are no particular research & inno-
vation programs especially designed for 
the mining sectors. The US Bureau of mines 
(USBM) used to be a focal point for fede-
ral research in mineral technology and it 

offered a modest funding base for mining 
schools. As the USGS took over some the 
tasks, it still does some basic research and 
offers some (smaller) grants. Since the de-
mise of the USMB, the National Institutes 
of Health (NIH) (which consists of approx. 
20 separate Institutes and Centers) have 
been the leading funder of mining re-
search - mostly focused on health and sa-
fety aspects of operations and impacts.

Generally-speaking, however, R&D 
funds provided by the federal govern-
ment are fairly small. Bigger initiatives are 
initiated (and sometimes carried out) by 
the agencies and their subordinate or-
ganisations (e.g. National Laboratories), 
other centres of excellence and univer-
sities, in response to particular necessities 
(e.g. stable supply of rare earths). 

Several states have small research pro-
grams in mining-related technologies, but 
they are not significant. Mining schools 
actually struggle to find funding to sup-
port their programs and to continue to 
provide the personnel and talent needed 
by industry and government.

UNIVERSITIES:
As of December 2015, there were fif-

teen universities offering mining enginee-
ring degrees (there are nearly 800 colle-
ges and universities that offer geoscience 
related programs) (Jeffrey & Camborne 
School of Mines, 2016). 
•	 University of Alaska Fairbanks, College 

of Engineering and Mines
•	 The University of Arizona, Department 

of Mining and Geological 
Engineering

•	 Colorado School of Mines, 
Department of Mining

•	 Southern Illinois University 
Carbondale, Department of Mining 
Engineering

•	 University of Kentucky, Department of 
Mining Engineering

•	 Michigan Technological University, 
Department of Geological, Mining 
Engineering and Sciences

•	 University of Missouri S&T, Department 
of Mining and Nuclear Engineering 

•	 Montana Tech of the University of 
Montana, Department of Mining 
Engineering 

•	 Mackay School of Mines, University 
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of Nevada, Reno, School of Earth 
Sciences and Engineering 

•	 New Mexico Institute of Mining and 
Technology, Department of Mineral 
Engineering 

•	 The Pennsylvania State University, 
College of Earth and Mineral 
Sciences 

•	 South Dakota School of Mines and 
Technology 

•	 The University of Utah, College of 
Mines and Earth Sciences 

•	 Virginia Polytechnic Institute 
and State University, College of 
Engineering 

•	 West Virginia University 
This list only contains universities offering 

mining engineering degrees. There are 
many more offering degrees in mining-
related subjects. It is worth mentioning 
that there has been a steady decline of 
accredited mining and engineering pro-
grams. The Society for Mining, Metallurgy 
and Exploration claims that twelve univer-
sities have closed their mining enginee-
ring programs since 1985.

INDUSTRY DRIVEN R&D
Bigger mining companies can make 

use of in-house, corporate R&D units or 
they find individual researcher for one-off, 
small-scale projects (e.g. Ph.D. students). 
Smaller and mid-sized firm, which are li-

mited in terms of resources, typically do 
not pursue R&D activities, but they may 
support M.S. students and they may join 
bigger consortia that work collectively 
on particular problems. It is common that 
industry pools resources for a group of 
researchers to work on specific problems, 
and usually those companies have exclu-
sive access to the resulting technology 
and knowledge for a set period of time 
before researchers can publish their work. 
These initiatives, however, are driven 
mainly in response to concrete problems 
that need to be solved (Figure 34). 

10.2.4	 Key technologies
Technological development in the U.S. 

is mainly responsible to increasing work 
productivity in individual mines and dri-
ving down costs imposed by external fac-
tors. Among the most important techno-
logical recent innovations was the solvent 
extraction/electrowinning process (NRC, 
2013, p. 90).

10.3 Metrics of the United States mining 
innovation system

The U.S. is a leading innovator in many 
ways, being among the top 10 countries 
for overall innovation, innovation input 
and innovation output in the Global Inno-
vation Index (Table 18).

The same goes for the Innovation and 

Figure 34: Main mechanisms to access and enlarge the mining knowledge base in the U.S. 
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Technology Readiness Indicators. The U.S. 
attains excellent scores related to capa-
city for innovation, quality of research ins-
titutions, company spending on R&D and 

university-industry collaboration in R&D 
(Table 19).

Table 18: United States of America Global Innovation Index.1 

1 As mentioned in Chapter 5, note that the GII is a measure of a country’s overall innovation performance. The 
performance on overall innovation may differ significantly from mining innovation.

SCORE 0–100

OR VALUE (HARD DATA) 

RANK

Global Innovation Index (out of 141) 60.1 5
Innovation Output Sub-Index 52.9 9
Innovation Input Sub-Index 67.3 5
Innovation Efficiency Ratio 0.8 33
Global Innovation Index 2014 (out of 143) 60.1 6

Source: Dutta, et al., 2015, p. 186

Table 19: U.S. Innovation and Technology Readiness Indicators.

INDICATOR VALUE RANK / 144 
Innovation

Capacity for innovation 5.9 2
Quality of scientific research institutions 6.1 4
Company spending on R&D 5.5 4
University-industry collaboration in R&D 5.8 2
Gov’t procurement of advanced tech products 4.4 8
Availability of scientists and engineers 5.3 5
PCT patents, applications/million pop.* 149.8 11

Technology Readiness
Availability of latest technologies 6.5 2
Firm-level technology absorption 6.1 3
FDI and technology transfer 4.9 41
Individuals using Internet, % 84.2 16
Fixed broadband Internet subscriptions/100 pop.* 28.5 19
Int’l Internet bandwidth, kb/s per user* 64.1 42
Mobile broadband subscriptions/100 pop.* 92.8 10
Values are on a 1-to-7 scale unless otherwise annotated with an asterisk (*).

Source: Schwab, 2015, p. 379
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11. Comparison/evaluation of regions

11.1 Quantitative performance 
benchmark 

The quantitative performance bench-
mark aims at providing a basis for com-
paring the regions with each other, indi-
cating relations between performance 
indicators and successful practices. The 
quantitative performance benchmark 
is based on data that is available for IN-
TRAW’s reference regions. In some cases, 
data from different years will be applied 
for the comparison, because of limited 
data availability. Furthermore, the basis of 
the statistical analysis may vary between 
the regions, so despite using numbers for 
the evaluation they are meant as to serve 
a rough indicators for the performance in 
each region. A frequently used approach 
to quantitative performance measure-
ment is to consider input and output indi-
cators of R&D. Input is usually measured 
in terms of personnel and expenditures 
whereas R&D output is measure via pa-
tents. 

11.1.1	 Relevance of mining in the regions
The importance of mining in the regions 

varies considerably. An indicator suppor-
ting the analysis of the mining sector re-
levance is the contribution of the mining 
sector to the overall GDP of a region (see 
Table 20). The higher the contribution of 
mining to the countries’ GDP, the more 
important the mining industry (e.g. in 
terms of employment).

Unsurprisingly, mining plays the biggest 
role in countries with big mineral endow-
ments, such as Australia, South Africa and 
Canada whereas it plays a minor role in 
the U.S. and only a marginal role in Japan. 

This view, however, does not take into 
account the contribution of the domes-
tic mining related equipment and service 
industry, nor does it reflect the strategic 
importance of mining to the country. The 
U.S. require mineral commodities for pro-
duction further downstream in the value 
chain. Sheet metal, for instance, is impor-
tant for the U.S. car industry, but much less 
so for Australia.

11.1.2	 Input: expenditure and personnel
For the comparison between different 

regions, the overall gross expenditure on 
R&D is put into relation to the gross do-
mestic product. For comparison, the 28 
members of the European Commission 
reported an average research intensity 
of 1.97% in 2012/13 (DST & HSRC, 2015, 
p. 43). This comparison allows to a draw 
conclusions on the overall importance of 
research and innovation activities in the 
regions from an input perspective (see 
Table 21).

Among the regions considered, Japan 
spends the most on Research and Deve-
lopment, followed by the U.S., Australia, 
Canada and South Africa are all but be-
low the OECD average concerning their 
gross expenditure on R&D related to the 
GDP. 

Table 20: Relevance of mining related to the overall GDP in the regions.

REGION CONTRIBUTION TO GDP
Australia 8.5 %AUS

Canada 4.0 %CAN

Japan <0.1 %JPN 
South Africa 4.9 %RSA

United States 1.4 %USA

RSA: 20131; USA: 2012 (National Mining Association, 2014, p. E2); JPN: n.a. (Hilpert & Mildner, 
2013, p. 105); CAN: 20142; AUS: 2013-143

1 http://www.statssa.gov.za/ (Jan 2016)
2  http://www.nrcan.gc.ca/publications/key-facts/16013 (Jan 2016)
3 http://www.abs.gov.au (Jan 2016)

http://www.statssa.gov.za/
http://www.nrcan.gc.ca/publications/key-facts/16013
http://www.abs.gov.au
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The innovation input sub-index (Dutta, 
et al., 2015, p. 9) represents the areas of 
institutions, human capital and research, 
infrastructure, market sophistication and 
business sophistication and therefore 
evaluates the innovation input from a 
more holistic perspective than the mea-
sure of the research intensity (see Table 
22). Taking into consideration this holistic 
perspective, the ranking slightly differs 
from the research intensity.

Considering the overall research inten-
sity, an important factor is the share of 
research expenditure that is spent in the 
mining industry. This can be shown by the 
consideration of the business expenditure 
on R&D coming from the mining industry 
in relation to the overall business expendi-

ture on R&D in the regions (see Table 23). 
Despite the overall high research inten-

sity in Japan, only a minor part of R&D 
expenditure is allocated to the mining 
sector. Related to the overall business 
expenditure in R&D, companies in the 
mining sector in Australia are those who 
spent most. The regions with the highest 
R&D expenditure allocate only a minor 
part of business R&D expenditure to the 
mining sector. Based on the numbers 
available, the same applies for R&D per-
sonnel based on business enterprise R&D 
personnel related to the overall business 
enterprise R&D personnel in the regions 
(see Table 24).

From the input perspective, the quan-
titative performance measures confirm 

Table 21: Overall research intensity in the regions.

REGION RESEARCH INTENSITY (PERCENT & RANK/5)
Australia 2.11 %*** 3
Canada 1.61 %** 4
Japan 3.58 % ** 1
South Africa 0.73 %* 5
United States 2.74 %*** 2
OECD Total 2.37 %** -
*2012; **2014; ***20131

1 https://stats.oecd.org (Jan 2016)

Table 22: Innovation input sub-index of the regions.

REGION INNOVATION INPUT SUB-INDEX (VALUE & RANK/144 (5))
Australia 64.8 10 (3)
Canada 65.1 09 (2)
Japan 63.8 12 (4)
South Africa 45.2 54 (5)
United States 67.3 05 (1)

Source: Dutta, et al., 2015

Table 23: BERD in mining and quarrying related to overall BERD in the regions.

REGION MINING BERD RELATED TO OVERALL BERD (RANK/4)
Australia 22.4 %* (1)
Canada 6.4 %*** (2)
Japan <0.1 %*** (4)
South Africa n.a.
United States 0.9 %** (3)
*2011; **2012; ***20131

1 https://stats.oecd.org (Jan 2016)

https://stats.oecd.org
https://stats.oecd.org
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that mining is not among the R&D inten-
sive sectors (OECD, 2015, p. 28). Further-
more, the relevance of mining in the re-
gions as well as the overall ambition to 
implement advances through research 
and innovation activities is reflected in 
the performance indicators.

11.1.3 Output: analysis of patent 
application and usage1

Patents are a key indicator for the out-
put of research and innovation activities. 
An advantage of patent analysis is the 
availability of data on origins, involved 
actors and usage of patents. The amount 
of patents filed is considered a key indica-
tor to analyse the amount and intensity of 
research and innovation activities. The ci-
tation and usage of patents is applied to 
measure the relation between research 
and innovation activities and the appli-
cation of achieved results. However, SME 
1 To add to the limitations of the usage of patents 
as indicators, we also find that differences in patent 
applications due to differences in both culture and 
patent law. For example, theh U.S. is strong in patenting 
because it is a litigious country and innovators have a 
culture of using patents to protect their work.

tend to file less patents for cost reasons. 
Patents also do not reflect research and 
innovation activities that are not valid for 
patenting processes or those research re-
sults developed for the application within 
business enterprises. Table 25 provides an 
overview on the amount of patents filed 
in each region.

The overall amount of patents filed dif-
fers between the regions. Referring to the 
usage of patents shown by the citation 
of mining technology patents (see Table 
27), especially patents from South Africa 
are cited more often in the mining in-
dustry than in other industries whereas  mi-
ning patents from other regions are cited 
less frequently than patents from other 
sectors. The number of patents by itself, 
being only a part of the overall output is 
evaluated from a broader perspective by 
the innovation output sub-index (Dutta, 
et al., 2015, p. 9). This index is composed 
of knowledge and technology outputs in-
cluding knowledge creation, impact and 
diffusion as well as creative outputs that 
include intangible assets, creative goods 

Table 24: Business enterprise R&D personnel in mining and quarrying related to overall business 
enterprise R&D personnel in the regions.

REGION BERD PERSONNEL IN MINING AND 
QUARRING RELATED TO OVERALL 
BUSINESS ENTERPRISE R&D PERSONNEL

TOTAL R&D PERSONNEL  PER 
THOUSAND EMPLOYMENT**** (2 
COLUMNS DUE TO 2 SOURCES)

Australia 7.3 %* n.a. n.a.
Canada 1.3 % ** 12.54 4.49CAN

Japan <0.1 % *** 13.35 5.20JPN

South Africa n.a. 2.43 0.41RSA

United States n.a. n.a. 4.01USA

*2011; **2012; ***20131;****2013 (OECD, 2015, p. 104) and from other sources: USA, CAN; RSA: 
2012; JPN 20132

1 https://stats.oecd.org (Jan 2016)
2 http://data.worldbank.org (Jan 2016)

Table 25: Total patent applications in the regions (in 2013).

REGION TOTAL PATENT APPLICATIONS FILED UNDER THE PCT
Australia 1814
Canada 3157
Japan 41207
South Africa 275
United States 60067
2013, inventor(s)’s country(ies) of residence, priority date, total patents1

1 https://stats.oecd.org (Jan 2016)

https://stats.oecd.org
http://data.worldbank.org
https://stats.oecd.org
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and services as well as online creativity. 
Note that these numbers don’t specifical-
ly reflect mining specific aspects.

Taking into account both, the amount of 
patents filed as well as the innovation out-
put sub-index, the U.S. is ranked at the top 
position. Japan’s total number of patents 
is high, however, its composite innovation 
output is much lower and relatively spea-
king, it is ranked behind the U.S., Australia 
and Canada. Australia’s innovation out-
put scores much better in the evaluation 
scheme that goes beyond simple patent 
counting or patent citation analysis.

Especially in South Africa, the share of 
expenses for research and innovation 

activities varies related to the amount of 
patents in the mining industry whereas 
a relatively high quality standard has to 
be considered in regions such as the U.S. 
(see Table 27).

11.2 Qualitative performance 
benchmark 

The qualitative performance 
benchmark is carried out based on the 
qualitative description of the regions 
followed by an evaluation of each of the 
aspects described for each region in the 
previous chapter. The innovation system 
in the mining industry is evaluated on a 
basic evaluation scheme in three levels 

Table 26: Innovation output sub-index of the regions.

REGION INNOVATION OUTPUT SUB-INDEX (VALUE & RANK/144 (5))
Australia 45.6 17 (2)
Canada 46.4 22 (3)
Japan 44.1 26 (4)
South Africa 29.7 61 (5)
United States 52.9 09 (1)

Source: Dutta, et al., 2015

Table 27: Average mining patent counts and citation in regions.1 

1 A patent belongs to the “Mining Technologies” cluster if it belongs to one of the following 3-digit USPC classes: 299 
- Mining or In Situ Disintegration of Hard Material, 051 - Abrasive Tool Making Process, Material, and Composition, 023 - 
Chemistry: Physical Processes, 037 – Excavating, 075 - Specialized Metallurgical Processes, 172 - Earth Working

REGION MINING PATENT 
COUNTS RELATED 
TO OVERALL 
PATENT COUNTS

ALL PATENTS

AVERAGE 
CITATIONS PER 
PATENT

MINING 
TECHNOLOGY 
PATENTS AVERAGE 
CITATION PER 
PATENT

OTHER PATENTS 
AVERAGE 
CITATION PER 
PATENT

Australia 1.9 % 5.39 4.15 5.41
Canada 1.3 % 6.69 4.70 6.72
Japan n.a. n.a. n.a. n.a.
South Africa 4.3 % 5.52 7.06 5.44
United States 0.5 % 8.52 6.99 8.53

Source: Kaplan, 2011, p. 10

Table 28: High-level innovation-system maturity model for the qualitative analysis of the 
regions.

MATURITY 
LEVEL

DESCRIPTION

3 Structures, resources and capabilities exist, are strongly interlinked and are able to 
support research and innovation activities in a commendable manner. 

2 Structures, resources and capabilities exist with a potential for improvement in in-
terlinkage or guidance to sufficiently support research and innovation activities.

1 Basic structures, resources and capabilities exist but have a considerable potential 
for improvement to support research and innovation activities.
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(see Table 28). The evaluation is done by 
measuring maturity levels (low, medium, 
high), which will be adapted to each 
of the categories described as being 
important for the mining innovation 
system. It is based on the information 
collected in existing publications and 
complemented by the expertise of the 
INTRAW consortium.

Note that the evaluation scheme, is – in-
tentionally - strongly simplified. If country 
A has a higher score than country B, it 
does not necessarily imply that country 
A performs better, simply because each 
country faces different challenges and 
follows a different path to respond to 
these challenges. For instance, Japan 
has a well-defined, comprehensive raw 
materials strategy while the U.S. have a 
strategy for Rare Earth materials only.

The maturity levels described in Table 28 
as well as the more detailed description 
for each of the categories depends stron-
gly on the regions and thus may consider 
different aspects that are described in 
the qualitative evaluation of the maturity. 
The categories describe the mining inno-
vation system from different perspectives:
•	 Raw material strategy and priorities: 

Does a strategy on research and 
innovation for mining exist, is it 
formulated based on relevant 
stakeholder requirements and able 
to be put into practice based on 
clear priorities to guide research and 
innovation activities?

•	 Key actors and organizations: Are 
the mining value chain as well as 
the different phases of research and 
innovation represented by actors and 
organizations? Are these actors and 
organizations collaborating to carry 
out research and innovation activities 
in a value-adding manner for the 
industry?

•	 Knowledge base: Is the personnel to 
carry out research and innovation 
activities available in academia and 
industry?

•	 Key technologies: Is there a basis and 
targeted research and innovation 
activities existing in key technology 
fields able to support the regional 
mining industry?

The evaluation of these four categories 

is shown and described in more detail in 
Table 29 to Table 32. The link to the matu-
rity level is indicative and therefore might 
cover more than one level to consider 
the different aspects of each category 
concerned.

11.2.1	 Raw material strategy and 
priorities

The raw material strategy and under-
lying priorities guide policy support and 
the creation and funding of organisa-
tions and actors. Furthermore, these are 
defining the key areas in which funded 
research and innovation takes place and 
are able to trigger collaboration between 
different actors along the mining value-
chain. The maturity-levels are described 
in more detail as follows:
•	 Maturity-level 1: existence of a clearly 

formulated raw material strategy. 
Indication of research and innovation 
priorities in a well-defined time 
horizon.

•	 Maturity-level 2: linkage of the raw 
material strategy and priorities to 
specific programs and thereby to the 
actors and organisations carrying out 
research and innovation activities.

•	 Maturity-level 3: clear linkage 
between raw material strategy 
and priorities formulation, relevant 
organisations and actors and 
practical applications, products and 
services in the mining industry. 

The evaluation of the raw material stra-
tegy and priorities in each of the regions 
analysed are shown in Table 29.

11.2.2	 Key actors and organizations
Actors and organizations are at the 

heart of research and innovation activi-
ties. This includes academia represented 
by university or research organisations as 
well as all kinds of industrial organisations 
such as major mining companies or small 
service or equipment suppliers.
•	 Maturity-level 1: existence of a 

variety of actors and organisations 
covering all areas of research and 
innovation from basic research to 
applied development.

•	 Maturity-level 2: structures to enable 
the targeted collaboration between 
different actors and organizations are 
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established.
•	 Maturity-level 3: all organisations and 

actors in the value chain are carrying 
out research and innovation activities 
in a coordinated and targeted way.

The evaluation of the maturity-level of 
key actors and organizations in each re-
gion is shown in Table 30. 

		

Table 29: Evaluation of raw material strategy and priorities in the regions.

REGION DESCRIPTION MATURITY -LEVEL
1 2 3

Australia The raw material strategy of Australia is defined principally 
on the level of federal states and, only on a very high level 
by the central government.  Priorities defined by the central 
government were not found in the reports analysed. This lack 
of central thematic coordination together with an increasing 
amount of federal regulations were partly seen as major barri-
ers to the mining sector. It is only hardly transparent which cur-
rent and future core competencies are especially supported 
through the raw material strategy and priorities.

               

Canada Originally, Canada’s mining strategy has been defined on 
a very decentralised level which has been complemented 
by various approaches to define strategic objectives by the 
CMIC. However, the decentralised approach combined with 
a lack of central coordination is among the key critics of the 
Canadian raw material strategy. Canada has succeeded 
to set up policies enabling the creation of knowledge-based 
clusters on core mining industries. This success was especial-
ly driven by the thematic areas of exploration and finance 
which are clearly defined as most relevant current and future 
core competencies of Canada’s mining sector.

                  

Japan The raw materials strategy of Japan is well-defined to secure 
access to natural resources. The government determines 
which metals are critical to the economy and analyses how 
to ensure sufficient supplies. Japan has put in place a unique 
and well-proven way to execute the strategy by promoting 
the exploration and development of new mines, assisting in 
the development of exploration technologies and by assisting 
in corporate exploration investment and financing in Japan 
and aborad.  There is a close institutional and personal link 
between politics and business to reach the objectives set in 
the strategy.

                      

South Africa South Africa has defined strategy and priorities, underlined by 
key performance metrics. The linkage to research and inno-
vation programmes is described on a general level, but does 
not go into detail on the practical application that are envi-
sioned in the context of the programmes. The strategy and 
priorities are also defined on a relatively general level and are 
not providing detailed information on current and future core 
competencies of South Africa’s mining sector.

           

United States The U.S. pursues a less explicit raw materials strategy, with 
the exception of the DOE’s policies that aim to secure  the 
provision of critical and strategic materials. There have been 
attempts to set directions for mining  R&D in the past, mainly 
driven by  industry and academia. Various think-tanks express 
their views on what should be done with respect to strength-
ening the minerals sector.
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Table 30: Evaluation of key actors and organizations in the regions.

REGION DESCRIPTION MATURITY 
-LEVEL
1 2 3

Australia In research and innovation, a high variety of actors and organizations 
is active in the Australian mining sector. CSIRO is seen as one of the 
success factors of Australian mining industry whereas it is often stated 
that the role of the mining equipment, technology and service sector 
is often not considered in research and innovation activities, policies 
or analyses. The collaboration between actors and organisations is 
still seen as one of the major challenges, especially concerning the 
collaboration between universities and industry. Overall coordination 
of mining research and innovation activities is relatively decentralised 
rendering collaboration and coordinated research and innovation 
activities difficult. There is no explicit organization existing for the coor-
dination of Pan-Australian mining research and innovation activities 
integrating all different types of organizations and actors.

                 

Canada Actors and organisations in mining research and innovation cover 
the entire innovation value chain. Canadian companies are leading 
compared to other regions on a global level, especially in the area 
of endowment of metals and minerals. A challenge is the spread-
ing of different actors and funding organizations involved and the 
decentralised coordination of research and innovation activities. A 
special organisation, the CMIC was created to enable more stra-
tegic investment in research and innovation activities. A key barrier 
for central coordination of research and innovation activities is the 
decentralised definition of mining policies. Comparable to Australia, 
the mining supply and service sector is often not considered for the 
planning and funding of research and innovation activities. 

             

Japan The implementation of the Strategy for Ensuring Stable Supplies of Rare 
Metals involves several independent administrative organisations, 
such as  JOGMEC ( geological surveys, financing, debt guarantees), 
JBIC (financing and debt guarantee), NEXI (trade insurance) and 
JICA (staff training, organizational training classes). They seamlessly 
complement each other and can therefore grant access to overseas 
mineral resources. According to the government’s strategy, research 
programmes are defined. Universities and research labs (e.g. AIST) 
carry out the research in close cooperation with the governmental 
bodies.

                    

South 
Africa

Role players in South Africa’s mining sector cover the entire innova-
tion value chain. Especially the organisations MINTEK and CSIR are 
considered as key players enabling world leading research and inno-
vation activities. A key barrier for research and innovation activities 
is a lack of institutional and policy support necessary for the close 
collaboration between actors and organizations in the mining inno-
vation value chain.

    

United 
States

The U.S. has a decentralised approach to materials and mining pol-
icies. The major agencies involved in minerals and materials (DOI, 
DOE, DOD) sponsor R&D projects (carried out by universities, National 
Laboratories etc.) according to their missions, but there is no coordi-
nated approach to materials development.  The National Institutes 
of Health (NIH)) have been the leading funder of mining research 
- mostly focused on health and safety aspects of operations and 
impact. Bigger initiatives are initiated (and sometimes carried out) by 
the agencies and their subordinate organisations (e.g. National Lab-
oratories), other centres of excellence and universities, in response to 
particular necessities (e.g. stable supply of rare earths).
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11.2.3	 Knowledge base
The knowledge base represents the 

foundation for research and innovation 
activities. In the long run, it is the most 
important category and is composed of 
research and innovation personnel, sup-
portive structures as well as IP protection 
and IP exploitation mechanisms.2

2 While the knowledge base of each individual country 
can be examined country by country, it is necessary to 
recall the global mobility of mining industry professionals 
and the rapidity of knowledge transfer around the world. 
A simple example - mining geostatistics started in South 
Africa, a theoretical basis was developed in France, and 
R&D is now active also in Australia, USA, and elsewhere, 
led by key individuals of different nationalities.

•	 Maturity-level 1: existence of industry 
driven programs to ensure continuous 
availability of appropriately 
educated personnel for research and 
innovation activities.

•	 Maturity-level 2: support structures for 
transforming knowledge into research 
and innovation results, including 
appropriate funding mechanisms for 
different organizations.

•	 Maturity-level 3: structures for 
the continuous protection and 
exploitation of intellectual property is 
available and is used by the different 

Table 31: Evaluation of the knowledge base in the regions.

REGION DESCRIPTION MATURITY -LEVEL
1 2 3

Australia The education of qualified graduates is in the hand of the MCA 
in close collaboration with Australian universities, and thus to a 
high level driven by industry needs. A key challenge lies in the 
collaboration between universities and industry in patent ap-
plication and exploitation. Thus it is stated that the investment 
in university research is only rarely translated into commercially 
viable innovation. 

     

Canada The knowledge base in Canada’s mining sector is considered 
as one of the key success factors. Mining personnel contains 
a relevant mix of knowledge and skills, attracting not only Ca-
nadian companies but also mining companies from abroad. 
There are no special mechanisms mentioned for patent man-
agement in mining research and innovation. 

           

Japan Japan has interest in the downstream mining activities and as 
such there is a major research focus on downstream activities 
such as processing technology, material science and substitu-
tion. Based on the raw materials strategy, research programs 
are formulated and grants are given to universities and private 
companies, mainly on the subjects of material substitution, 
mineral exploration, excavation, refining and safety research. 
Apart from research grants, R&D Tax credits and SME-targeted 
measures are the main policy instruments to create incentives 
for research and innovation related to mining and materials.

                   

South Africa South Africa has a well established system to assure the grad-
uation of high qualified personnel responding to industrial 
requirements. A key challenge is the migration of qualified 
personnel due to better salaries or working conditions in other 
mining intensive regions. Overall, the share of personnel related 
to  research and innovation is relatively low compared to other 
regions. Patenting is a key asset of South Africa’s mining industry 
which is reflected by a high citation rate of South Africa’s min-
ing patents.

    

United 
States

There are 15 universities offering mining engineering programs, 
however, there has been a steady decline of accredited min-
ing and engineering programs over the past 15 years. Much 
of the research and innovation is industry-driven. It is common 
that industry pools resources for a group of researchers to work 
on specific problems. R&D funds provided by the federal gov-
ernment are rather small. 
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actors of the innovation value-chain.
The evaluation of the knowledge base 

within the different regions is shown in 
Table 31.

11.2.4 Key technologies
Key technologies is a category that is 

relatively difficult to evaluate on a regio-
nal level due to a high flow of most recent 
technologies on a global level. Despite 
this difficulty, it is important to analyse the 
capability to develop and exploit key 
technologies. Thus the maturity of each 
region shall be evaluated based on the 
following factors:

•	 Maturity-level 1: existence of the 
capability to develop relevant 
technologies for the application in 
the mining sector.

•	 Maturity-level 2: linkage of relevant 
actors and organisations to exploit 
technological know-how into 
advanced products and services.

•	 Maturity-level 3: structures for 
the continuous protection and 
exploitation of intellectual property is 
available and is used by the different 
actors of the innovation value-chain.

The evaluation of key technologies in 
the regions is shown in Table 32.

Table 32: Evaluation of key technologies in the regions.

REGION DESCRIPTION MATURITY -LEVEL
1 2 3

Australia Australia is at the forefront of technological development in 
specific technological fields. A key challenge is that a major 
part of Australian patent applications are filed by foreign or-
ganizations or applicants. Furthermore, technologies devel-
oped by universities are only seldom exploited based on filed 
patents due to barriers in industry university collaboration. CS-
RIO however is recognised as a leading player in technology 
development on a global level

            

Canada Despite being a leading player in the global mining industry, 
it is stated that Canada is not a leader in mining technology. 
This is contradictory with the extensive science and technol-
ogy network combined with broad expertise in areas such as 
geoscience as well as a leading role in green mining tech-
nologies. The number of patents filed in the mining sector ex-
ceeds those in regions such as Australia or South Africa but is 
far below Japan and the U.S..

            

Japan Despite having abandoned most of the domestic mining ac-
tivities, Japan never stopped developing mining technologies 
and technologies for mineral processing. JOGMEC uses this 
knowledge (e.g. notably for exploration) in a strategic way 
to transfer knowledge and technology to countries that are 
abundantly endowed with mineral resources and which are 
likely to collaborate with Japanese companies at some point 
in the future. Apart from that, Japan is a leading country with 
regard to mineral processing and recycling. 

                  

South Africa South Africa’s mining sector has produced sizeable know-how, 
especially in the area of mining explosives, drilling equipment 
and abrasives, metallurgical processes and plants. Patents 
filed in the mining sector seem to have a high relevance com-
pared with other South African sectors or with other global 
mining regions. A key challenge is the lack of policy support 
for future technological developments in the mining sector.

          

United States Technological development in the U.S. is mainly responsible 
for increasing work productivity in individual mines and driving 
down costs imposed by external factors. There is no indication 
of particular know-how or particular technologies that are 
very specific to the U.S.
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