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Abstract

Comparatively little attention has been given to the role of innovation in Australia’s
minerals industry. Historical accounts of Australian development acknowledge the major
economic and social advances derived from exploitation of mineral resources. However, a
capacity for innovation is not seen as a factor in this success. Indeed, Australia’s continued
exploitation of its mineral endowment is typically seen as a handicap to broader economic
diversification, particularly through the creation of knowledge-based industries and
Australian engagement in the knowledge economy.

This exploratory case study of innovation in Australia’s minerals industry is based upon an
innovation systems theoretical framework, and uses the innovation systems approach as a
heuristic to guide the collection and analysis of empirical information. Its research design
organises this exploration around three levels of analysis or analytical lenses, each with a
distinct focus upon minerals innovation. In each level of analysis, empirically derived
evidence is presented in case study subunits of minerals innovation that provide the base of
evidence required for studies of innovation systems. The role of innovation in the minerals
industry is explored in terms of its systemic nature, namely, a minerals innovation system
(MinlS) .

The first level of analysis, an historical view of innovation in the minerals industry, maps the
origins, characteristics and performance of a minerals innovation system. World-leading
capabilities in radical processing innovations existed in the Australian minerals industry at
the end of the nineteenth century. An early MinlS evolved during this period but lacked
key public sector components characteristic of successful innovation systems. Access to
international sources of knowledge and expertise, particularly in the USA, supported
Australian advances in processing innovation and professionalisation of the industry.
Systemic limitations in the public sector of the early MinlS restricted further growth and
development of the minerals industry, and resource-led industrialisation. By the 1980s the
MinIS was domestically complete, and a continuity of innovative capacity existed
throughout the industry.

The second level of analysis examines more precisely how innovation takes place in the
Australian minerals industry. Distinct characteristics and trends within the MinlS were
identified for four of the key the minerals industry activities, including exploration,
extraction, processing and environmental management. Case study subunits demonstrate
that the MinIS holds considerable capacity for technological innovation, and features long-
term collaboration, international technology transfer and commercialisation of radical
process innovation. A general trend across minerals firms recently is to improve
productivity and safety through the incorporation of critical enabling technologies. The
resulting conditions of demand for high-tech services and products has created a new
innovative knowledge-based industry, the Mining Technology Services Sector.
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Chapter 1:

Introduction

Australia’s is a resource-based economy. Its economic development has relied heavily upon the
exploitation of its natural resources, areas traditionally associated with low rates of innovation
and R&D intensity. The minerals industry profoundly influenced Australia’s development,
beginning with the gold rush in 1851 near Bathurst in New South Wales. Wealth derived from
gold and an accompanying influx of migrants saw a shift in Australia’s colonial economy away
from its pastoral and agricultural base. From this time forward the minerals industry has been a
major contributor to Australia’s economy and infrastructure; producing substantial export
earnings while driving decentralisation of both industry and population as railways, ports,

towns and services were established to serve regional mines and smelters.

A well-articulated problem for Australia today is that little appears to have changed. The nation
has not significantly diversified from its base in natural-resources and industrial R&D
performance is uninspiring due to the low-tech nature of the majority of Australian
manufacturing (Marceau et al. 1997, Gregory 1993, Hill and McKern 1997, Sheehan 2000b).
Economic growth and social advancement in the twenty-first century are, and will no doubt
continue to be, based upon innovation and knowledge, qualities not generally associated with
natural-resource industries. Successful nations are said to be those operating in the ‘knowledge
economy’, a production paradigm driven by innovation intensity and knowledge-based
competition, new organisational structures and patterns of interactivity, and emergence of
knowledge-intensive, so-called ‘sunrise industries’. The minerals industry, by comparison, is
often referred to as a ‘sunset industry’, of limited value in the knowledge-based economic
environment. This assumption is derived from a traditional and pervasive view of the industry,
where mineral wealth and competitive advantage are said to be based upon geological ‘gifts of
nature’ and not created from the innovative and technological capabilities of companies and
countries. This thesis endorses an alternative view of innovation-driven competitive dynamics
in the minerals industry (Tilton 2000) and questions the validity of traditional views on the

grounds that they fail to uncover the role of innovation in the minerals industry.
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It is well known that a transition to a new economic system, such as the knowledge economy,
history matters (Freeman and Louca 2001). There is a great deal of contemporary debate
regarding Australia’s future engagement with the knowledge economy (Marceau et al. 1997,
Innovation Summit Implementation Group 2000, Batterham 2000). In view of the minerals
industry’s historic and continuing significance in Australia, it ought to be a part of this debate.
Increasing rates of globalisation in markets, capital and sources of knowledge are features of the
knowledge economy, as indeed are large firms that have international knowledge-networks,
globalised activities and that invest in industrial R&D. In Australia, the minerals industry is the
only truly globalised industrial sector with large firms whose activities are comparable to
international standards of global sales and competition (Hill and McKern 1997, Sheehan
2000a). In spite of these features of the minerals industry, its potential and current levels of
engagement in the knowledge economy have been overlooked largely, it seems, because of its

reputation as being ‘old economy’ and ‘low-tech’.

The broad-based exclusion of the minerals industry from dialogues on Australia’s future
options for innovation and knowledge-based growth sets the scene and provides the motivation
for this thesis. There is a lack of a systematic and systemic (‘holistic’) investigation of
innovation in the Australian minerals industry. This thesis is about reassessing the minerals
industry with contemporary analytical tools, particularly regarding ‘innovation systems’, to
provide a better understanding of its innovation processes and performance. An exploratory
case-study methodology is used to explore and map the historical development of innovative
capacity, recent trends in innovative activities, and the structural features of a minerals system
of innovation. Exploratory case studies by nature are neither able nor designed to answer
specific questions, such as ‘why has Australia not diversified from its resources base?’ It is
hoped, however, that the findings from this exploratory research will provide a base from which
to make informed comment concerning pertinent issues such as, the status of innovation in the
industry, the contribution the minerals industry makes to Australia’s national innovation
system, and the role of government in maximising the wealth from the country’s mineral
endowments, including the potential role the industry may hold for Australia’s future
integration with the knowledge economy.

The following sections are short introductions to the factors that make up the ‘essence’ of this
thesis — they are expanded subsequently. These introduce this study’s: theoretical base —
Section 1.1: The rise of innovation studies; context — Section 1.2: the resource-based and
fragile nature of Australia’s NIS; and subject of investigation — Section 1.3: The Australian

minerals industry. This introductory chapter closes with an outline of this thesis’ structure.

1.1 The rise of innovation studies

Modern economic growth is derived from a capacity to innovate, and successful firms,
industries and economies are characterised by highly integrated systems of innovation.
Traditional neoclassical approaches to understanding processes of industrial and economic
development are poorly suited to explaining innovation-based growth. The limitations of

traditional economic methods of analysis, in combination with changes in the global
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competitive environment, in particular globalisation and the advent of the ‘knowledge
economy’, precipitated interest in and development of analytical tools with which to study

processes of innovation.

Innovation is a complex phenomenon of which there are different types including;
technological, organisational or institutional, and different forms, such as incremental or
radical. Individual innovations may be entirely novel or derived from novel combinations of
new and existing elements. The processes that spawn innovations may be extremely complex
and dynamic, featuring multi-layered relationships and feedback mechanisms, and involving
issues of science, technology, learning, production, policy, incentive and demand (Edquist,
1997). Innovation processes are unpredictable and do not usually conform to linear paths of
development, such as where basic research progresses sequentially to applied research,
followed by development and then commercialisation. Hence uncertainty is an inherent
characteristic of innovation. Technological innovation generally tends to involve the generation
and diffusion of knowledge, and the translation of knowledge into new or improved products

and processes. Technological innovation often triggers organisational innovation or vice versa.

A new style of innovation study has evolved during the past 15 years to better accommodate the
complex dynamics and social embodiment of innovation and technological change in a holistic
context. The so-called innovation systems (IS) approach unites families of related conceptual
frameworks that all aim to better understand differences in economic performance and growth
rates of nations, regions, sectors, industries or firms by examining the production, diffusion and
absorption of innovations. Differential emphasis is placed upon macro-factors, such as national
industrial structures, or micro-factors such as the importance of firm-level knowledge and
learning-capabilities for growth. The IS approach embraces an evolutionary perspective, where
historical experience, past events, and issues of path dependence underlie current innovative
capacity and performance. It has proven utility as a medium for studying innovation, as a base
upon which firms may construct innovation strategies and as a conceptual framework for
government policy making. The suitability of either an individual or combination of these
approaches is ‘situation’ and ‘objective’ dependent. Obviously in the case of national system of
innovation (NIS), the national context is central. That is for any nation the makeup of its public
and private organisations and institutions involved in innovation; its domestic market flexibility
in the face of change; its degree of sophistication among users of new technologies; its culture
and learning processes; and its public policy framework all influence a national capacity to
innovate (Niosi, 2000). Chapter 3 reviews the literature on studies of innovation and the IS
approach. National Innovation Systems (NIS) and Sectoral Innovation Systems (SIS) receive

more attention in this work than others in the IS family of approaches.

The following section sets the scene for this study with a brief introductory review of
Australia’s national innovation system.
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1.2 Australia’s NIS is resource-based and fragile

A country’s innovation system, including its investment in R&D, technological capabilities and
industrial structure are the base upon which its economic prosperity depends. Nations differ
considerably in their sources and amounts of financial support for R&D and innovation, as well
as structural and institutional determinants and the intensity of connection between units that
make-up its system of innovation. Australia’s NIS is reviewed according to Niosi’s seven key
differences in Table 1.1. The overall industrial composition of an economy influences the
purposes to which R&D is applied and the levels and change in a country’s investment in
industrial R&D (National Science Foundation 2002, OECD 2002, OECD 1999). Governments
and public ‘mission-oriented’ programs of technological innovation have a critical influence
upon national industrial composition in advanced countries. Nations with a strong, well-
developed defence establishment, such as the United States, France, Russia and the United
Kingdom, have produced a greater number of industries with military applications (aerospace,
advanced materials and telecommunications) (Archibugi and Pianta 1992, Patel and Pavitt
1991a, Patel and Pavitt 1991b). Furthermore, nations with a similar sized economy can have
vastly different R&D expenditure levels (and R&D/GDP ratios), in accordance with (among
other factors) the reciprocal integration between public programs of research and share of
export industries that are knowledge-based and devote substantial resources to R&D and

innovation.

Australia’s economic development has relied heavily upon the exploitation of its natural
resources, areas that traditionally have a low R&D intensity. Its ‘mid-way’ economic structure
shares characteristics of developed and developing countries: for the former, a heavy but
declining reliance on commodity exports, net imports of technology and capital, and large
external debt; and for the latter, high standards of living and social indicators ranking in the
middle of OECD! nations (Hill and McKern 1997). Australia's national innovation system has
tended to rely upon low value-added exploitation of its natural resource base as opposed to
innovation for economic growth (Gregory 1993). A historical reliance upon foreign direct
investment (FDI) contributed to this situation, as Australia was bypassed by multinational
companies (MNCs) when locating their R&D activities.2 Nearly all R&D conducted by foreign
firms in Australia is financed by local affiliates of MNCs rather than the parent, and R&D
activities are largely confined to adaptation of products, ie parent technology, to the Australian
market (Hill and McKern 1997). The outstanding exception here is the minerals industry where
production and sales are historically at world scale and minerals firms have supported local
R&D facilities and capabilities (Hill and McKern 1997, Sheehan 2000a). But if this is the case,
why did it happen in minerals? It is the internal contradictions here that make the minerals
industry interesting. If the minerals industry operates at world scale, why are their research
facilities locally based, indeed, if exploitation of mineral resources is so-called low value added,

why does the minerals sector support innovative capabilities?

I Current OECD members are Australia, Austria, Belgium, Canada, the Czech Republic, Denmark,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, South Korea, Luxembourg,
Mexico, the Netherlands, New Zealand, Norway, Poland, Portugal, Slovakia, Spain, Sweden,
Switzerland, Turkey, the United Kingdom and the United States.

2 The location of private R&D facilities is discussed in more detail in Chapter 3.
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Australia is geographically located largely at the periphery of international trends in industrial
R&D. 1t is characterised by a low level of private investment, and a history of protection from
international market forces. Many authors claim that Australia is a very ‘fragile’ country due to
a lack of large innovative manufacturing firms, comparative inactivity in knowledge-intensive
consumer and industrial goods industries, and a high degree of dependence on R&D-intensive
industry by overseas firms (Marceau et al. 1997, Batterham 2000, Gregory 1993). Australia's
NIS is also based on a comparatively rich public research sector, with relatively strong basic
research. Australia ranks seventeenth among the 29 OECD countries in terms of gross domestic
expenditure on R&D as a per cent of gross domestic product (GDP)? (OECD 2002). Business
expenditure on R&D (BERD) is 0.64 per cent of GDP, well below the OECD average of 1.53
per cent (2.08 per cent in USA, 2.07 per cent in Japan and 1.47 per cent in Canada) (OECD
2002). In the 2002-03 financial year, total Commonwealth support for science and innovation
is projected to be $5.1 billion or 0.68 per cent of GDP, similar to the previous financial year and
an increase from the 2000-01 financial year at 0.658 per cent of GDP ($4.4 billion)
(Commonwealth Government 2002). Australia’s scientific activity produces over three per cent

of the world's scientific research papers (Butler 2002).4

Since the 1980s, Australian Governments have successfully addressed some of the apparent
shortcomings in Australia's national innovation system. The Australian economy was 'opened'
during the 1980s to transform its protectionist and inward-looking stance with a set of major
economic policy reforms, including the floating of the dollar in 1983 and trade-policy
liberalisation (Hill and McKern 1997). Steps were taken to encourage industry sponsorship of
R&D, as well as to develop stronger linkages between the public and private sectors and
institutions within its national system. A proactive approach was taken to stimulating industry's
investment in R&D, including the introduction of 150 per cent tax concession for R&D
(reduced to 125 per cent in 1996 and coming into full effect in 1997-98), the establishment of
Cooperative Research Centres (CRCs),5 and by the implementation of external earning targets
for CSIRO.

It would appear that the combination of these mechanisms was effective, with business
expenditure on R&D (BERD) increasing during the 1980s at an annual rate of 13 per cent, well
above the OECD average, albeit from a low starting point. Indicators revealed, however, that
this performance was not enduring. BERD declined in the late 1990s, from a high of 0.86 per
cent of GDP in 1995-96 to 0.72 per cent in 1997-98 and declined again to 0.64 per cent in 2001-
02 (Australian Bureau of Statistics 1999, OECD 2002). Apparently, this decline was largely
due to reduction in the R&D tax concession and abandonment of the R&D syndication scheme.

During the same time period most OECD countries experienced an increase in BERD/GDP

3 These OECD figures are based upon expenditure in 1999 or closest year available.

4 Australia’s share of publications in the Science Citation Index (SCI) has increased by 25% in the past
decade, however, a significant decline in citation impact is associated with this trend. Australia was
placed 5" out of 11 OECD nations in 1988 and now ranks 10" (Butler 2002). Policy that distributes
funding to universities on the basis of aggregate numbers of papers with no measure of quality and
impact, is thought to have contributed to the decline in publication impact (ibid).

5 CRCs are joint ventures between industry, higher education institutions, and Australia's major public
research organization the Commonwealth Scientific and Industrial Research Organisation (CSIRO).
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ratios and many of these nations were increasing investment in mechanisms to support research
and innovation (OECD 2002, Masood 1999¢, Masood 1999d, Masood 1999b, Masood 1999a).
Furthermore, the belief that high spending on public sector R&D (1996-97 ranking fourth in
OECD) somehow compensates for low Australian BERD is questionable. Agriculture
constitutes approximately three per cent of the Australian economy, and yet public sector R&D
directed at this sector amounted to eighteen per cent of total public sector R&D. Removing
agriculture, public R&D represents 0.64 per cent of GDP, below the OECD average of 0.66 per
cent (Batterham 2000). Indeed, total public sector R&D expenditure in Australia was also in
decline, falling from 0.83 per cent of GDP in 1996-97 to a low of 0.65 per cent in 2000-01.

The beginning of the new millennium saw a climax of an unabated interest in Australia’s
economic and innovative performance, and a reaction towards its decline with the National
Innovation Summit in February 2000, convened by the Commonwealth Government and
Business Council of Australia (Innovation Summit Implementation Group 2000). The Summit
addressed ways of improving Australia’s NIS and innovative performance. Issues examined
included the national science base, improving connectivity between Australian industry and the
science, engineering and technology (SET) base, commercialisation of research and the role of
government in creating conditions conducive to innovation. The ‘Australian Science Capability
Review’, a review of Australia’s public and private SET base in terms of current performance,
potential performance enhancement mechanisms, desirable characteristics for supporting
knowledge-based industries and its contribution to long-term economic development followed
(Batterham 2000). In 2001, the Commonwealth Government launched a response to
reinvigorate Australia’s NIS with a $2.9 billion boost to government investment in Australia’s
innovative capacity over 5 years (Commonwealth Government 2001). Initiatives to stimulate
innovation included: additional funding for higher education research grants (via the Australian
Research Council); a $583 million fund for research infrastructure funding; establishment of
centres of excellence in the enabling technological fields of biotechnology and information and
communications technologies (ICT); expansion of the CRC program with greater access by
small and medium enterprises; and, reforming the R&D Tax Concession by introducing a
premium rate of 175 per cent for additional R&D activity and a tax rebate for small companies
(ibid). The estimated value of public sector investment for 2002-03 is, however, 0.68 per cent
of GDP, still below 1996-97 levels of 0.83 per cent of GDP. It is too early to know whether
these initiatives will stimulate Australian BERD, and enhance participation in the knowledge-
economy. Reform of Commonwealth innovation policy is continuing and includes the
establishment of national research priorities to further leverage and coordinate investment, and
increase collaboration (DEST 2002). This is an appropriate response for a small economy, as
efforts must be made to ensure resources are not under-utilised by spreading them too thinly. It
will not, however, be a straightforward process, as implementing structural change to a NIS is a
time consuming and costly process (Niosi 2002, Freeman and Soete 1997, Freeman 2002).
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Table 1.1: Features of Australia’s NIS according to Niosi’s 7 defining characteristics

Characteristic

Situation in Australia

1) Countries
differ in size &
characteristics
of their
resource base

o Australia has extensive minerals, energy and agricultural resources. R&D and innovations
have tended to focus in these areas. Its NIS is fragile in the sense that it has few large
innovative manufacturing firms and is comparatively inactive in knowledge-intensive:
consumer and industrial goods industries (Marceau et al. 1997, Batterham 2000, Gregory
1993, Hill and McKern 1997).

Size of
industrial
economy
matters

2)

¢ Large industrial countries like the USA, Germany & the UK have more diversified
innovation systems. Australia’s economy and SET base are small on a world scale. Small
countries tend to focus innovation activities in a few areas, eg natural resources in Australia.

The role of
government in
support for
innovation —
affect
missions,
priorities,
market
structures

3)

University
system

,4)

The
significance &
missions of
government
laboratories

8 5

National
financial
systems

6)

Amount of
resources
invested in
R&D

7

broad national objectives. Excellence in Australia is located in agricultural, environmental &
medical sciences. Much of public sector research is aimed at specific requirements of
supporting a large agricultural sector in the Australian environment. Following the National
Innovation Summit (Feb 2000) initiatives are being implemented to improve distribution of
resources and engagement in the knowledge economy (DEST 2002).

— 18% of public sector R&D is directed toward agricultural purposes, omitting it brings
GERD to 0.64% GDP below OECD average of 0.66% (2000-01) (Batterham 2000)

— developing national research priorities — a new Commonwealth initiative (DEST 2002)

— Commonwealth funds aimed at leveraging private sector investment is estimated to be in the
‘order of $4.3 billion over 5 years (DEST 2002). o S

o The university sector is an intrinsic component of Australia’s SET base. However, it does
not have a tradition of strong links with industry, philanthropic industry investment is not
well developed as in countries like the USA and Germany and responsiveness to needs of
industry is limited.

— Australia produces nearly 3% of the world’s scientific research papers

— the sector accounts for 29.4% of public expenditure on R&D

— is responsible for research training at the graduate, doctoral and postdoctoral levels

—increases in funding for universities was part of the Government’s 2001-2002 Backing
Australia’s Ability initiative (Commonwealth Government 2001) and the sector is involved
in the priority setting initiative (DEST 2002). - - ‘ .

e Government support is delivered via research agencies, directly funded grants and support
programs, non-budget support for innovation and higher education research funds
(Commonwealth Government 2002). Responsibility for these mechanisms is spread across
7 Government departments, primarily departments of Education, Science and Training &
Industry, Tourism & Resources.

— CSIRO and DSTO are Australia’s largest of 12 Commonwealth research agencies. CSIRO
receives 43% ($645 million) of Government funding in this area (est$1,520 million 2002-
03), primarily from the Department of Education Science and Training.

— science and technology support via R&D granting programs and other support programs
(est$692 million 2002-03) financed through the budget, including CRCs (est$148 million
2002-03), NH&MRC (est$339 million 2002-03)

— non-budget industry innovation support measures (est$874 million 2002-03), including
R&D tax concession (est$529 million 2002-03), R&D Start (est$142 million 2002-03) and
rural research levies (est$190 million 2002-03)

— higher education research (est$2026 million 2002-03) including ARC grants (est$356

_million 2002-03. o - B

o Since the 1980s Australia has progressively transformed and liberalised its economy. It has
open capital markets and commercial banks. The links between finance and innovative
industries have traditionally been weak, especially with regard to access to patient and
venture capital (Hill and McKern 1997).

— Australia has an ‘Anglo-Saxon’ financial system (as do USA, UK, Canada & New Zealand)
as opposed to the ‘Europe and East Asia’ system where commercial banks are argued to be
more supportive of industrial investment in innovation (Niosi 2001). o o

e In 2002-03 the Commonwealth Government will provide $5.11 billion for science and
innovation or 0.68% GDP.

o Australian BERD is low by international standards, it:

— grew rapidly in mid-1980s to mid-1990s

— declined from 0.86% of GDP in 1995-96 to 0.67% GDP in 1998-99

— declined again to 0.64% of GDP in 2001-02 (OECD average 1.53%; USA 2.08%; Japan
2.07; 1.47% Canada) (OECD 2002).

Source: This table is based upon key differences NIS as defined by Niosi (Niosi 2001:11-15)
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1.2.1 Increasing importance of industrial R&D

Trends in industrial R&D performance are leading indicators of current and future
technological performance and competitiveness in domestic and foreign markets. The top R&D
performing industries are technology-intensive manufacturing industries (computer hardware,
electronics equipment and motor vehicles), although the importance of R&D in the services
sector (particularly in computer services, R&D services and trade) increased significantly
during the past twenty-five years in high-wage, globally competitive countries. National
differences in industrial R&D performance are illustrated more clearly when R&D is
disaggregated into its ‘characters of work’ or major activities: basic research; applied research;
and experimental development (accepting that there are continuing definitional problems in
allocating research activities to particular categories and that innovation is widely appreciated
to be a non-linear process). A general division of labour exists among these activities, where
governments usually fund basic research that is conducted in universities to generate new
knowledge, as well as applied research which is primarily conducted in government research
laboratories. Industry conducts the vast majority of experimental development, a much more

expensive activity, and a process whereby technological innovations are converted into wealth.

In G-8 countries®, industrial firms account for the largest share of total R&D performance, the
major character of this work being experimental development (National Science Foundation
2002). Governments, on the other hand, have historically been the largest source of academic
research funding in OECD countries, although over the past twenty years the government
portion of university funding (both direct funding and block grants) has declined by eight
percentage points or more in six of the G-7 countries. A parallel trend in these six countries is a
doubling or more of the industry portion of funding for universities, a signal of increased
university-firm interaction and often related to the commercialisation of university research
(National Science Foundation 2002). Figure 1.1 illustrates the distribution of R&D by character
of work for Australia and six OECD countries that collect R&D statistics according to character
of work. For all these countries, bar Australia, experimental development is an obviously
dominant character of work, with basic research coming a distinct third behind applied research

and experimental development activities.

6 The G-8 countries are a combination of G-7 countries (Canada, France, Germany, Italy, Japan, the
Unites States and the United Kingdom) plus the Russian Federation.
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Figure 1.1: Distribution of R&D expenditure by character of work in selected countries (1998)

# Basic research # Applied research # Development

[+
o
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o

Percentt of total R&D expendibare
N
o
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o

Y
o

United Japan France Italy Russia ~ South Korea  Australia
States

Selected Countries

Source: (National Science Foundation 2002)
Note: six per cent of Japan’s R&D is undefined and unaccounted for in the figure.

In Australia, a clear division exists in source of funds for R&D and character of work. The
Commonwealth funds the bulk of basic research (70 per cent), a little under half of applied
research (46 per cent) and only 11 per cent of experimental development (Matthews 1998).
Alternatively, business funds 15 per cent of basic research, 35 per cent of applied research and
80 per cent of experimental development (for the 1996-97 financial year) (ibid). Given then
that business funds the majority of experimental development in Australia, Figure 1.1 further
emphasises the weakness of industrial R&D performance in Australia.” Based on this evidence,
Australia needs its industrial sector to do more experimental development to overcome the
inherent fragility of its NIS. Current Australian innovation policy primarily addresses the
performance of the science, engineering and technology (SET) base. This includes measures to
enhance industrial R&D through both encouragement of commercialisation generally and
through the formation (and promotion) of knowledge-intensive SMEs. Investment in industrial
R&D by MNCs, including from parent companies based overseas, is also very important and
should not be overlooked. This situation highlights the need for a study of industrial innovation
by the minerals industry in Australia. If this sector has a history of experimental development
and connectivity with Australia’s SET base it may provide insight into strengths and weakness
within the NIS and assist in the future development of innovation policy to enhance Australian

industrial innovation and ultimately, engagement with the knowledge economy.

7 The other nation weak in this regard is Italy. A discussion of Italy’s performance is beyond the scope
of this thesis. Italy’s NIS is characterised by poor university-industry interaction and a review of high-
technology Italian firms is given in (Malerba and Marengo 1995).
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1.3 A brief introduction to the Australian minerals industry

The Australian minerals industry is internationally competitive, mature, and export-oriented. It
is the only industry sector in Australia with large firms whose activities are ‘world scale’
(Sheehan 2000a). In 2000-01, the minerals industry contributed over $40 billion to Australia’s
total export revenues, accounting for 35 per cent of merchandise exports and 25 per cent of total
exports of goods and services (AMIRA International 2002). In terms of national GDP, 8 per
cent is accounted for by the minerals industry. By way of comparison, the agriculture, and food
and beverage industries combined comprise 5.5 per cent of GDP. The minerals industry’s
performance has also been evaluated using a different measure, broadly defined as ‘wealth,’ the
combined value of intangible and tangible assets, as opposed to direct measures of income. The
World Bank’s method for measuring national wealth, for example, is a sum of estimated
component values of produced assets, natural capital and human resources (World Bank 1997).
A study of wealth in the Australian minerals industry found:
o that ‘60 cents accrues as value adding for each dollar of mining production’

o the industry added $8.6 billion to Australia’s wealth in 1997-98 and

e national wealth contributed by the industry has been increasing over time (Stoeckel 1999).
Additionally, an economy-wide model was used to capture the flow-on effect from minerals
wealth in other sectors of the economy. The flow-on effects from a ‘one-off expansion’ of the
industry in 2000 (equivalent to a 10 percent productivity improvement) added $37 billion
(1997-98 dollars) to Australian wealth over 5 years, and $42 billion after 10 years (Stoeckel
1999). Minerals industry operations support Australia’s national development. For example,
since 1967 the industry has built: 25 towns; 12 ports and requisite port bulk handling
infrastructure for these and other ports; 25 airfields; and over two thousand kilometres of rail
line. Furthermore, the industry is a source of direct investment for the development of
Australian natural resources, comprising 12 per cent of total new investment in 2001-02.
Treasury estimates an increase in new investment to 33 per cent in 2002-03, and an average for
the decade of the 1990s of 25 per cent (Hooke 2002).

In economic terms, Australia and its minerals industry hold a comparative advantage in terms of
rich geological resources. Comparative advantage alone, however, is not sufficient to sustain
competitiveness in international markets. The translation of this comparative advantage into an
internationally competitive strength depends upon implementation of knowledge-based, high
value-added activities that deliver cost efficiency and meet with the goals of sustainable
development throughout the entire process of mineral discovery, extraction, conversion and
delivery of product to customers. Underlying the Australian minerals industry’s competitive
advantage is its support for technological development and deep innovative capacity. Notably,
this industry has remained globally competitive against a long-term trend of price decline, at a

rate of two per cent per annum in real terms since the 1970s (Batterham 1999).

Over the last decade, the world minerals industry has experienced profound challenges in its
competitive environment including: a period of historically low commodity prices; decreased
access to sources of capital in the face of globalisation coupled with the dot-com boom and a

demand for higher returns for investors; increasing regulatory and political constraints
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associated with sustainable development (MMSD Project 2002); and intensification of
innovation associated with the emergence of enabling technologies such as biotechnology,
information and communication technologies (ICT) and computational simulation and
modelling. Faced with these challenges, minerals companies have changed their strategies and
competencies, resulting in high rates of mergers and acquisitions (M&A), industry
consolidation and globalisation of the industry. In a fiercely competitive and globalised
commodities market, strategic employment of capital and attainment of competitive advantage
by way of pricing power is a key issue. With the exception of some metals such as golds,
pricing power is more related to control of supply than growth in demand for product. In other
words, a deficit of supply rather than increased demand is most likely to improve commodity
prices. In an increasingly globalised industry, this has translated into a rapid concentration of
ownership in the industry since the mid-1990s and a general move to global supply control (see
Table 1.2). For example, world production of iron ore controlled by the top five minerals
companies has increased from 47 per cent in 1995 to 64 per cent in 2001 (Durie 2002). Thus it
appears that globalised minerals companies believe that concentration of ownership increases
competitive advantage. In the current environment, however, the role of innovation in attaining
competitive advantage is often overlooked or down-played. This thesis seeks to highlight the
importance of innovation for long-term competitive advantage, as well as for a sustainable and
successful minerals industry (the relationship between innovation and competitive advantage is
discussed further in Chapter 7).

Table 1.2: Concentration of commodity production among top 5 producers in a selection of
commodity groups

Per cent control by top 5  |Increase or (decrease)
Commodity group producers (%) in concentration (%)
1995 End 2001
Refined aluminum 25.9 37.5 11.7
Copper in concentrate 32.7 39,2W 7 65
Refined copper 7 22.6 27.5 4.9
Diamonds 75.0 | 70.0 (5)
Gold 30.5 409 10.5
Ironore | 469 | 640 17.1
Lead in concentrate 38.5 47.6 9.1
Refined lead 25.8 312 54
Nickd | 615 60.9 (0.6)
PGMs 707 78.2 75 ]
Refined Zine 333 434 10.1
Zincin concentrate o 33.6 o 7 40.2 6.6

Source: reported in (Durie 2002), data from Merrill Lynch & AME

Increasing rates of globalisation have had a dramatic effect upon control of Australian resources
since the merger of CRA and Rio Tinto in 1995. Once WMC finalises its de-merger, Australia
will have lost its last world-scale, majority Australian-owned minerals company. Control of

Australia’s largest gold company, representing 60 per cent of Australian gold production, was

8 Annual gold production equates to 4 per cent of gold held by central and private banking stores. Thus,
size, even with considerable control over production will not control gold prices. It does, however, boost
individual company value with big companies having greater price/earnings ratios.
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transferred to US control when Newmount acquired Normandy in February, 2002. Only five
years ago, resources stocks accounted for 35 per cent of the Australian Stock Exchange (ASX)
and Australia had the biggest mining capitalisation in the world. Today, however, resources
stocks have declined and make up only 15 per cent (including BHP-Billiton, Rio Tinto and
Normandy) of the ASX, and the global centre of mining capital is London. Many analysts
argue that foreign ownership is not a concern for the Australian minerals industry, since it is not
as exposed to unfavourable decisions made by parent MNCs as other industries. In automotive
manufacturing, for example, a parent MNC may elect to close Australian production facilities to
take advantage of lower wage rates and conditions in another country. Because mineral
deposits and associated production facilities are not transportable, the issue of foreign
ownership of the Australian minerals industry is often .regarded as less important than for
manufacturing industries. This argument, however, is superficial and undermines the reality of
a deep range of benefits Australia derives from its minerals industry. Normandy, for example,
invested $60 million in Australian exploration, and $35 million in Australian R&D, in 2001-02.
There are no guarantees that in future Newmount will make similar decisions about investment
in Australia (Normandy Mining 2002). The Australian minerals industry has supported the
development of a dynamic services sector, with 60 per cent of the world’s mining software
being of Australian origin (Broome 1999). Following the takeover of Normandy, the small
Australian software entrepreneur, for example, may now need to visit Denver, Colorado, rather

than Hutt Street, Adelaide, to sell a new gold-mining idea.

The relationship between government and the minerals industry has traditionally been viewed
in a simplistic fashion by both the private and public sectors. State governments are responsible
for granting mining leases (usually with conditions attached), maintaining mining-law
compliance, and collecting royalties. The Commonwealth Government collects taxes to which
it is entitled (and is responsible for environmental management at uranium mines in Kakadu
National Park). Mining activities are conducted entirely by the private sector. The self-reliant
nature of the minerals industry has perpetuated this position. Indeed many in the industry see
‘as little as possible’ being the desirable role of government. Perhaps this aspect of the
relationship between the minerals industry and government was most clearly and recently
illustrated by the Government’s blocking of Shell’s bid for Woodside Petroleum, allegedly to
maintain Australian control over a key energy export, LPG, and comparative Government

silence on the sale of Normandy and the BHP-Billiton merger.

This thesis will argue that the historic development of a capacity to innovate was the key that
unlocked Australia’s minerals resources and that innovation has continued to support this
industry sector’s important contribution to the Australian economy. The innovation systems
perspective taken by this study’s exploration of minerals innovation will not only reveal a
considerable degree of sophistication and knowledge-intensity within Australia’s minerals
system of innovation (MinIS), but also highlight the increasing and important role of
government in supporting this innovation system. As Australian ownership declines, more
responsibility may need to be transferred to government for the maintenance of the minerals
industry’s knowledge base and associated infrastructure, so that the MinIS’ performance is
sustained. In this way the MinlS will remain globally competitive in terms of investment from
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a globalised industry, and continue to produce knowledge-intensive new industries that are

competitive in the knowledge economy.

1.4 Structure of this thesis

Chapter 2 outlines this thesis’ methodology; namely an embedded, exploratory single-case
study. It begins by explaining why the case-study methodology was selected for this work,
before introducing this study’s research questions and discussing the research design. An
important feature of the research design is the use of an IS conceptual framework to develop
three levels of analysis or analytical lenses — through which different aspects of innovation in
the minerals industry might be brought into focus. Each level of analysis corresponds to a
research question and in combination provide a rich picture of a minerals system of innovation.
The research design also contains multiple case study subunits, examples of innovation, to be
characterised for a particular level of analysis (see Table 2.1 for an outline of the research
design and data collection process). The process of data collection, including selection of case
study subunits and sources of information, is explained. The chapter concludes by restating the

advantages and limitations of the case-study methodology.

This study uses an unusual grouping of commodities as a result of the snowball sampling
technique used when selecting case study subunits for analysis. It was originally intended to
exclude the energy sector (oil, gas and coal) and restrict this study to the base metals (copper,
lead, zinc) industry® and industrial minerals in Australia. The examples of innovation found in
the diamond and uranium industries (Diamond and Ranger and Jabiluka environmental
management case study subunits, respectively) were so compelling that a decision was made to
extend the commodities represented in this study of minerals innovation. The commodities
represented in the subunits include gold (Cyanide Processing), base metals (Flotation),
diamonds (Diamond Sorters), copper (Block Caving), iron ore (HIsmelt), and uranium (Ranger

and Jabiluka Environmental Management).

Chapter 3 reviews the innovation literature and the IS approach. The Chapter begins by
acknowledging the role of economic theory in precipitating a need for an alternative approach
to understanding growth and development. The literature on innovation is presented next,
taking the perspective of looking inside the innovation process ‘black box’. Studies of
technological development and innovation represent the theoretical origins of the IS approach.
The IS approach is critically appraised in Sections 3.5 and 3.6, and this includes defining the
individual approaches within the IS family, as well as a discussion of the conceptual difficulties

and limitations inherent in application of the IS approach.

The competitive dynamics of the minerals industry are addressed in more detail in Chapter 4.

This includes an overview of the Australian minerals industry — its scale, scope and

9 The base metals industry is defined as a raw material-based industry — an industry closely linked to the
extraction of raw materials from natural resources and related to primary manufacturing. Other global
raw material-based industries are the global forest industry and the global oil industry.
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characteristics. The chapter combines information sourced from the literature with information
derived from this study’s empirical work. It begins to introduce some basic features of

innovation in the minerals industry and analyses indicators of R&D activity.

The following three chapters contain the empirical findings organised according to the level of
analysis or analytical lens being employed. Chapter 5 is an historical view of innovation in the
minerals industry as illustrated by three case study subunits: Cyanide Processing; Flotation and
Diamond Sorters. The purpose of taking this historical perspective is not to summarise the
history of mining, but intends to highlight the origins, development and features of a minerals
system of innovation. The chapter also includes an example of a firm’s innovation strategy and
competencies in the mid-1980s, for comparison when considering current trends in minerals
innovation. The advent of an environment ruled by globalisation and the knowledge economy

is the context of the remaining empirical analysis.

Chapter 6 is dedicated to determining more precisely how innovation takes place in the
minerals industry. The purpose of this level of analysis is to identify the characteristics, nature
and trends of innovation for the following minerals-related activities: exploration; extraction;
processing; and environmental management. Case study subunits are presented for each of
these activities. Although the characterisation of these subunits is organised according to
activity, many of the findings have implications for innovation outside of these activities and

are discussed accordingly.

In Chapter 7 minerals innovation is explored with an analytical lens that focuses on
identification of elements (firm and non-firm organisations) and their interaction or
relationships within the MinIS. Here the purpose is to gain a better understanding of how these
elements enable innovation within the MinlS, and to give some thought to the MinlS’
Australian context: its location within a fragile NIS. Attention is paid to the differences
between large and small minerals firms in terms of their strategies, competencies and patterns
of integration within the MinIS. The latter is illustrated with two empirical case study subunits:
the CRA-RTZ merger; and Croesus. Consideration is also given to the manner in which
exogenous sources of change to the competitive dynamics of the industry are causing firms to
change their technology strategies (knowledge base) and ultimately the dynamics/structure of
the MinlS.

Chapter 8 concludes this study’s exploration of minerals innovation. This Chapter reviews
answers to the research questions, including an analysis of recent changes in the dynamics of
minerals innovation, and the resultant challenges and opportunities facing the MinIS. Attention
is then paid to how this study has contributed to the new and evolving field of innovation
research, which is primarily through its use of a synthesis of existing literature as an heuristic to
examine innovation in the minerals industry sector. This Section also highlights some
promising directions for future research. The Chapter ends with a discussion on the policy
implications for government in the MinlS. In essence, it is concluded that in the current
competitive environment, there is an important role for government in creating an institutional
environment and competitive conditions that enable innovation within the MinIS. The

opportunity exists for Australia to become a world centre of expertise in minerals-related
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innovation, education and training, and production of knowledge-based products and services.
Leadership on behalf of government is essential if this opportunity is to be fully exploited.

Appendices appear at the end of the thesis.
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Chapter 2:

Research Methodology

2.1 Introduction

This chapter presents the case study research methodology used to carry out this study. It states
the purpose of and motivation for this study, before discussing the research design developed
for this investigation: an exploratory, single-case study with multiple case study subunits and
three levels of analysis. A general discussion of the case study method, including the reasons
why it was selected and a review of the generic components of case study research design,
follows. Finally, the protocol for conducting this case study is presented, along with its

associated limitations.

This study’s research design combines rich empirical material with three analytical lenses, or
theoretical perspectives, derived from the innovation systems literature in order to explore some

‘uncharted territory’, the minerals innovation system.

2.2 The study’s purpose and motivation

2.2.1 The purpose of this study

The purpose of this thesis is to explore the role of innovation in the minerals industry in
Australia. At a generic level, the literature demonstrates that innovation does not take place in
isolation. Instead, innovative activities involve numerous different organisations, institutions
and technologies, linked together by a web of dynamic relationships and interactions; that is
innovation occurs within a system. It is asserted here that if innovation plays an important role
in the minerals industry it will necessarily be supported by a ‘minerals innovation system’
(MinlIS). This study’s picture of the MinlS is provided through three analytical lenses, each
giving a view of the MinIS from a different, more precise analytical perspective developed from

the innovation systems literature. A secondary, related purpose of this study is to make clear in
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what sense an innovation systems (IS) approach is useful.? This study’s exploratory nature
lends itself to the identification of key issues and the development of hypotheses and

propositions for further inquiry.

2.2.2  Motivation for conducting this study

A primary motivation for this study was the fact that the minerals industry has been largely
overlooked by both general innovation studies and analyses of Australia’s innovative
performance, capabilities and system of innovation. A distinct lack of attention exists within
the innovation literature in relation to the minerals industry and the systematic analysis of the
role of innovation. This is in contrast to other industry sectors, such as pharmaceuticals,
automotive, and construction for which large bodies of empirical and theoretical knowledge
have been developed from a range of innovation-based perspectives (ie role of firms,
organisational structure, knowledge and learning, innovation management, technologies, and
innovation systems). Pavitt’s (1984) classification of industry sectors, according to the
innovative characteristics of requisite business firms, identifies producers of standard materials
(ie steel, other metals), consumer goods and automobiles as ‘scale-intensive’ innovators (Pavitt
1984).10 However, most sectoral and industrial studies of innovation, like those presented in
The Handbook of Industrial Innovation, overlook the minerals sector (Dodgson and Rothwell
1994). In general this oversight seems to be largely based upon the assumption that the
minerals sector’s low R&D intensity and lack of product innovation indicates that innovation

and new technologies are not critical competitive assets for the minerals sector.

As was stated in Chapter 1, for an industrialised economy Australia has a high level of
dependence on its minerals industry (MMSD Project 2002). Indeed it is the only truly
globalised industrial sector in Australia, with large firms whose activities are comparable to
international standards of global sales and competition (Hill and McKern 1997, Sheehan 2000).
Large firms that have a capacity to innovate, maintain knowledge-based competitive assets and
are engaged in international markets are key players in modern economies (Patel and Pavitt
1991, Pavitt and Patel 1995, Molero 1995, Chandler et al. 1999). Given the status of minerals
firms in the Australian economy, a lack of understanding of innovation in the industry is
surprising and potentially damaging in terms of future public policy development and missed
opportunities for the capture and exploitation of positive spill-overs and flow-on effects from

the industry and its system of innovation.

Moreover, the general perception of the minerals industry has been dominated by a prevalent

and traditional view in which mineral wealth is a finite ‘gift of nature’ and not substantially

9 The notion of researchers needing to make an innovation systems approach more compelling and to
clarify in what sense an innovation systems approach is useful, is described in McKelvey and Orsenigo’s
draft paper on the pharmaceuticals industry as a sectoral innovation system (McKelvey and Orsenigo
2001).

10 Innovation in “scale intensive’ firms is characterised by a dominance of process innovation, a drive to
reduce costs, progressive integration of technological advances and maintenance of technological leads
from internal expertise (know-how), secrecy, and to a lesser extent patents (Pavitt 1984, Pavitt et al.
1989).
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created from the innovative and technological capabilities held within minerals companies and
countries (Tilton 2000, Tilton 2001). A lack of an holistic knowledge base and a lack of
empirical studies of minerals innovation motivates this study. Additionally, it dictates this
investigation’s exploratory characteristic. Furthermore, a need to develop an empirical base of
evidence and basic understanding of minerals innovation means there is not as much room for

theoretically oriented analysis.

This study rejects the traditional view of the minerals industry and questions whether
assessments of the role of innovation in the industry, based upon simple measures (BERD and
R&D intensity!'!) and characteristics of minerals innovation (a lack of product innovation), are

valid.

2.3 This case study’s research design

This section introduces the major components of research design used in this investigation:
research questions; propositions; and, organisation of data collection (multiple subunits and

levels of analysis).

2.3.1 Research questions

The first stage in developing a case study research method involves determining the research
question(s) to be answered by the study. The research questions must be aligned with the
study’s purpose. This study’s questions were also shaped by a review of the innovation
literature and the minerals industry-specific technological literature. In this manner, more
pertinent and insightful questions were formulated. The minerals industry is diverse and this
study’s scope is broad. In order to tailor this exploratory study, the primary question is

supported by five secondary, targeted questions, organised as follows:

Primary research question

1) Does innovation play an important role in the minerals industry in Australia?
As described in Section 2.2.1, innovation is assessed from an innovation systems perspective and

thus the question is more sophisticated than simply, ‘are there some innovative Australian minerals

firms.’

Supporting research questions

There are five supporting research questions. The first three questions directly relate to the first
three levels of analysis, respectively (see Table 2.1). The remaining two questions are
interrelated and not explicitly emphasised in the data collection process. Rather they are
addressed in an iterative fashion (ie from an accumulated understanding of minerals innovation)

and deal with issues of changes in minerals innovation and future performance of the MinlIS.

1 Firm’s R&D intensity represents expenditure on R&D as a per cent of sales.
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i) What role did innovation play in the development of Australia’s minerals
industry?
The innovation literature emphasises the utility of a historical view when studying innovation
systems — to understand why a system takes a particular form requires an understanding of the
dynamic processes that generated and shaped it (McKelvey 1997). This question aims to more
precisely determine how minerals innovation contributed to the Australian industry’s historic
development and highlight the origins of the minerals system of innovation. It does not cover
the entire history of the industry, or measure how actors and specific relationships evolved over
time. However, an emphasis is placed upon the industry’s historical development in the latter
half of the nineteenth century, and the conditions preceding the advent of a capacity for
technological innovation. Two examples of significant process innovation (see Cyanide and
Flotation case study subunits of analysis, Chapter 5) relate to the origins of the MinIS and
associated industrialisation of the industry. In addition, a more contemporary example (1980s)
of innovation (Diamond Sorters case study subunit, Chapter 5) is included to establish a base

from which to assess current changes in innovation dynamics.

ii) What are the characteristics, nature and trends of innovation in minerals-
related activities — exploration, extraction, processing and environment?
To understand the role of innovation in the minerals industry, it is necessary to know more

precisely how innovation takes place. The minerals industry is comprised of distinct activities,
and innovation in these activities may have equally distinct characteristics with regard to actors,
relationships, technologies and dynamics. Empirical examples of innovation (selected by

industry members) are analysed for each activity (see Chapter 6).

iii) How do organisations and relationships in the minerals innovation system
enable innovation?
This question is really about situating the MinIS in its Australian context, that is, within a fragile

NIS. A relatively basic approach is therefore taken to identify the elements (firms and non-firm
organisations) within the MinlS, and the way in which they interact during technological innovation
processes. The role of large versus small innovative firms in the MinlS is investigated with two
empirical examples (see CRA-RTZ Merger and Croesus subunits, Chapter 7) with reference to their
strategies, maintenance of internal capabilities and associated relationships within the MinIS.
Consideration is also given to the way in which minerals firms are adjusting to change in the

competitive dynamics of their industry, in terms of their technology management strategies.

iv) Why and how is innovation in the minerals industry currently changing?
Innovation systems evolve in response to exogenous (global) and endogenous (range of national

through to firm-level) sources of change (the elements of change might be, for example
technological, institutional or market-derived). This question aims to identify and gain an
understanding of these dynamics in relation to the MinlS. Globalisation of the minerals
industry, for example, has important implications for how innovation in the Australian MinlS is

supported, by both firms and governments.

v) What challenges and opportunities are facing the minerals system of
innovation?
This question concerns the policy implications, for both firms and government, raised by this

study’s findings. Changes in the individual actions of firms or groups of firms, as well as
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institutional developments and/or incentives that influence knowledge development and

innovation, create opportunities and challenges for the MinIS.

2.3.2  Proposition

Once the research questions have been established, propositions may be used to guide what data
need to be collected to answer them. In general terms, a proposition draws focus upon a
particular area within the scope of a study. This second component of case study research
design is not always necessary, particularly where the topic for investigation is exploratory (Yin
1994). However, due to the broad nature of this exploratory case study it was decided that

developing some propositions would be useful.

The purpose of this case study, as noted above, is to understand the role of innovation in the

Australian minerals industry. The following propositions were used to ensure that only

information of relevance to the purpose of this case study was collected:

— that development of innovative capabilities drove the historical maturation and industrialisation
of Australia’s minerals industry

—  that trends in minerals-related innovation differ according to the type of activity involved:
exploration, extraction, processing and environmental management

— that the current global competitive environment is changing the Australian minerals system of
innovation

—  that government policy can enable or inhibit performance of a minerals system of innovation

— that the minerals industry is innovative and knowledge-based.

2.3.3  Organisation of empirical studies — multiple case study subunits and three levels of
analysis

The primary unit of analysis for this single-case study is the MinlIS. Each level of analysis
provides a different analytical perspective of the ‘whole’ MinlS. When combined, the
analytical lenses provide a link between theoretical perspectives contained in the literature and
the rich empirical material collected in this study: 12 discrete examples of minerals innovation
(case-study subunits) (see Table 2.1). The combination of subunits and levels of analysis aims
to ensure that this exploration captures meaningful information as economically as possible and
ultimately answers the research questions effectively. The resulting research design provides a

logical framework for data collection and analysis.

Case studies with multiple case-study subunits are said to have an ‘embedded’ research design
(See Section 2.5.2). Individual subunits highlight a feature of, or trend in, minerals
technological innovation, some are new process developments and others relate to
organisational change. They are not intended for direct comparison with each other, and this
would not be possible as each has a slightly different data collection process. Rather, each
subunit provides a detailed ‘story’ of innovation, told from a particular analytical perspective.
They also provide a point of reference from which to expand and generalise about innovation in
the industry. In spite of having an explicit link to a level of analysis, there is much overlap in

the contribution these stories of innovation make across all three levels of analysis.
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Table 2.1: Organisation of data collection process — 3 levels of analysis and characterisation of

multiple subunits

2 Data Collection
S =
z 2 . -
o g _ Secondary sources Interviews with key individuals
Level of z £ 3 e e G e
. 52 £
Analysis g 5] . .
o 5 Private sector Public sector
(2] .
8 Qualitative Quantitative managers academics Research Government
’ researchers researchers brokers managers
1. Historical previous indicators of subunit subunit subunit subunit
% view of MinlS studies/ innovation, non-specific non-specific | non-specific | non-specific
s histories numbers of interviews interviews | interviews interviews
) schools of mines
S
< etc o
§ Cyanide S xl
§ Flotation \/ R R \/
Diamond S \ S
sorters
2. Nature of public domain | indicators of subunit non- subunit non- | subunit non- | subunit non-
innovation in reports, innovation, specific specific specific specific
MinlS journal & patents interviews with | interviews interviews interviews
n news articles publications retired & with retired & | with retired & | federal & state
= etc R&D working working working
.§ expenditure etc individuals individuals individuals
§ ARIES V l V v
S Exploration Fractal \/ \/ \
N - —
§ Block Caving R v
f‘\i Extraction Mine to Mill v v v v v
Processing Hlsmelt N \/ N \/
Ranger /
Environment Jabiluka v v \/ R
3. Enabling public domain | indicators of | interviews with | interviews interviews interviews
innovation in reports, innovation, retired & with retired & | with retired & | federal & state
. journal & patents working working working
= MinlS el o individual individual individual
B news articles, publications individuals individuals individuals
3 seminars R&D
—
§ etc expenditure etc
g Mapping interactivity among
§ elements (firm and non-firm N N N N ~ v
% organisations)
< CRA-RTZ
merger J N N J N
Private sector Croesus v v \/
Public sector *BHEL J v v v

* the BHEI case-study subunit is presented in Appendix 8.1.

Addition of multiple levels of analysis to a standard ‘embedded, single-case study’ research

design is a significant organisational tool. It breaks this broad exploration into distinct and

manageable perspectives, or as Marceau describes, ‘it allows the subject to be viewed through

different analytical lenses’ (Marceau 1994). In the words of Edquist:
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A system of innovation should be looked upon as a ‘whole’ because many of its
elements are — more or less closely — related to each other. Otherwise there
would be no ‘system’. But it is also sometimes necessary to deal with only parts
of the system — one at a time or a few in relation to each other.

Hence, it may sometimes be necessary to restrict the analysis to various sub-
systems of a system of innovation. To divide the complex ‘whole’ into
pieces...is sometimes useful — and sometimes even a necessary way of
understanding and creating theories about the relations between various parts or
‘elements’ involved in the process of technological and organisational change.
(Edquist 1997a:18)

In this study, each analytical lens provides a distinct view of the MinIS. In addition, the
analytical lenses synchronise, such that each lens enhances the view of the others to create a
rich picture of the MinIS and a greater understanding of the role of technological innovation for

economic advance in the minerals industry.

In terms of the individual lenses:

* The first provides an ‘historical view’; it looks at the origins and development of a minerals
system of innovation to help determine its early structure and performance, with reference to
the origins of Australia’s NIS. This view also includes a more contemporary ‘snap-shot’ of the
MinlS (late 1980s) to provide a point of comparison with its original status.

» The second provides a view of the ‘nature of technological innovation’ in the minerals
industry, for those activities reliant upon the exploitation of technological change to improve
the industry’s economic performance (exploration, extraction, processing and environment).
This view has the potential to deliver some detailed understanding of how innovation processes
vary across the industry (in terms of trying to identify differences and changes in knowledge
bases at an empirical level), and offers the possibility for identification of activity-specific
‘components’ within the MinIS.

* The third provides a view of the system’s structure as illustrated by relationships, especially
‘interactivity’ among its constituent elements. It is important to find the nature of interactivity
among players, in particular those involving large and small firms within the MinlIS. Special
consideration needs to be given to the technology strategy (which dictates the degree of
interactivity within the system) of large firms (those with the facilities, capital and capabilities
to support technological development in the long-term). The involvement of large firms is a
vital element and driver of interactivity, and dynamics of systems generally, and this would be

expected to be the case in the MinlS.

This case study’s research design is stronger for its combined use of primary and supplementary

research questions, case study subunits and multiple levels of analysis.

2.4 Approach — the Case Study Method

2.4.1  Reasons for using the case study method

Innovation is a dynamic, unpredictable and multifaceted process, and systems of innovation
involve a variety of players and relationships. Systems of innovation can be examined at
various levels such as the national, regional, sectoral or firm level (Edquist 1997b, Lundvall
1992, Nelson 1993, Niosi 2001, de la Mothe and Paquet 1996). The study of innovation
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requires an appropriately dynamic and flexible methodology, capable of handling a full range of
evidence and multiple levels of analysis. The case study method is used widely for innovation-
related research, some notable examples being at the national level with Freeman’s original
1987 work on Japan’s NIS, at the regional level with Malerba’s work on sectoral systems of
innovation, and at the firm level with Dodgson’s 1991 study of the biotechnology company
Celltech (Freeman 1987, Malerba and Marengo 1995, Dodgson 1991).12

According to Yin, ‘the case study’s unique strength is its ability to deal with a full variety of
evidence—documents, artefacts, interviews and observations...’(Yin, 1994:8). It is precisely
this strength that makes the case study methodology well-suited to studies of innovation

generally and is the primary reason why it was chosen for this study.

There were additional reasons for selecting case study methodology for this study, as opposed
to alternative social science research methods such as experiments, surveys and histories. Case
studies are most appropriate when ‘a how or why question is being asked about a contemporary
set of events over which the investigator has little or no control’ (Yin, 1994:9). In other words,
case studies can be used in situations, such as those in this study, where multiple independent
variables are involved and cannot be controlled or isolated from the context of the study.
Experiments require some degree of ‘control’ over variables, or a situation in which an
investigator can manipulate behaviour directly and divorce a phenomenon from its context.
Surveys, on the other hand, can examine phenomena in context. They can only, however,
handle a limited number of controllable variables and are best suited to answer research
questions that have an element of frequency, such as ‘how many’ or ‘how much’. For this
study, a survey asking such questions could not capture the eclectic dynamics of innovation
across the minerals industry. While surveys and experiments can produce quantitative data that
are statistically significant and simple to analyse, these methods do not have the capacity to
investigate innovation in its ‘real-life context’ and therefore are not appropriate for best

answering the research questions set by this study.

While histories deal with phenomena in context, however, they focus on the ‘dead’ past.
Historical case studies have nevertheless made a great contribution to the study of innovation;
Dosi’s research on ‘path dependency’ and the historical pretext to systems of innovation being
of particular note (Dosi et al. 1988). An historical methodology alone would obviously be
unsuitable for answering the principal question asked by this study, however, because an
historical view has utility in uncovering many of the factors that ultimately produce an
innovation system, an historical approach is utilised here as one of three levels of analysis

employed (see Section 2.3.3).

Yin gives a technical definition of the case study inquiry as one that:

* copes with the technically distinctive situation in which there will be many
more variables or interest than data points, and as one result

12 There are many more recent examples, including inter alia: the technological accumulation paths of
two case-study steel companies (Figueiredo 2002); and, an in-depth study of innovation dynamics in the
pharmaceutical industry (Achilladelis and Antonakis 2001).
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* relies on multiple sources of evidence, with data needing to converge in a
triangular fashion, and as another result
* benefits from the prior development of theoretical propositions to guide data
collection and analysis (Yin, 1994:13).

In summary, the case study as a research strategy is an all-encompassing method and can
incorporate elements and techniques from other social science research methods into the
research design of a particular inquiry. These and the characteristics outlined above make the
case study method the most appropriate for this study of innovation in Australia’s minerals

industry.

2.5 Research design

The development of a research design is a key element of case study research. The research
design provides the logic that links the research questions being posed to an appropriate data
collection strategy and analysis. The main purpose of a research design is to avoid the situation

where a study’s evidence does not address its research questions.

This section introduces the generic components of case study research design, discusses the
type of research design used in this investigation and presents the key components of this

study’s research design: the research questions; propositions; and units of analysis.

2.5.1 Key features of case study research design

The research design can be thought of as a ‘blueprint’ for dealing with four common research
problems: ‘what question to study; what data are relevant; what data to collect; and how to
analyse the results’ (Yin, 1994:20). These problems are addressed by a number of important

components of a research study design:

e astudy’s questions

e its propositions (if any)

e its units of analysis, and

¢ criteria for interpreting the results and judging a study’s success.
The importance of each component depends on the type of case study being used. However, all
robust research designs need these components to ensure clear identification of what data are to
be collected and what analytic generalisation may be done following data collection (Yin 1994).

A research design is not complete without the development of a conceptual framework. Theory
development makes case study research distinct from ethnography and ‘grounded theory’. The
latter methods deliberately avoid specifying any theoretical propositions at the outset of an
inquiry. The use of theory facilitates insight into a topic and greatly helps identification of
meaningful areas for investigation and questioning. In addition, a conceptual framework

becomes the main vehicle to guide analytic generalisation.

2.5.2  An embedded, single-case design
A number of different research designs can be utilised within the generic case study method
(Yin 1994). The research design is characterised according to, whether a single or multiple-

case study is required and whether or not more than one unit of analysis is involved for each
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case study. This study’s research design is a single-case study with multiple units of analysis,
namely an embedded, single-case design. While an embedded design is more complex,
multiple units of analysis (case study subunits) can provide a structure that better guides data
collection and can create more detailed points of insight from which to conduct analytic

generalisation (ibid).

This thesis is a single-case study, the subject of which is innovation in the Australian minerals
industry. It has multiple units of analysis to represent particular examples of process, product

or organisational innovation (see Table 2.1).

2.5.3  Exploratory case studies

Where the existing knowledge base is poor and available literature provides no relevant
hypotheses of note, an investigation assumes the characteristic of an ‘exploratory’ study.
Exploratory case studies differ from two other types of case studies: ‘descriptive’ and
‘explanatory’. The latter types build upon existing theoretical statements to either a) provide a
description with the aim of supporting a theory, or b) make casual statements based upon
existing theory to explain ‘how’ or ‘why’ particular situations or outcomes occurred. An
exploratory case study is analogous to an act of ‘exploration’: it must have a rationale and
direction. The aim is, however, to ‘map uncharted territory’ and thereby develop pertinent

hypotheses and propositions for future lines of inquiry.

This study’s exploratory nature is a result of the lack of research on innovation in the minerals
industry and consequent lack of theoretical statements about innovation in this industry upon
which to expand and generalise.!3 The fact that this study has a conceptual framework, derived
from the vast, general innovation literature, does not change its exploratory nature. Rather, the
conceptual framework is crucial, formulating insightful research questions and a robust research

design from which to conduct this exploration of minerals innovation.

The case study method is well-suited to exploratory research. However, according to Yin, a
well-founded exploratory case study should be preceded by statements about what is to be
explored, the purpose of this exploration and the criteria by which the exploration will be
judged successful. The first two points, what is being studied and for what purpose, are
addressed at the start of this chapter, in Section 2.2. The obvious criteria by which this study
will be judged successful is whether the research questions are effectively answered. The latter
is dependent upon the findings of this exploration providing:

13 There is little material that considers innovation dynamics and the minerals industry in a holistic
manner. However, particular activities and industry sectors have received attention such as, for example,
steel processing described as a capital intensive industry that favours incremental innovations (Pavitt
1984) and electrowinning (SX-EW) process for copper smelting (Tilton and Landsberg 1999).
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e an understanding of the role of innovation in the minerals industry

o adescription of characteristic trends in innovation for common mining activities, ie exploration,

extraction, processing and environmental management
e arobust description of a minerals innovation system
e an understanding of why and how minerals innovation is changing, and

e an ability to discern the value of future investigations of various hypotheses or propositions related

to innovation in the minerals industry.

2.5.4  Breadth verses Depth

An issue for exploratory social research concerns the tension inherent between the ‘breadth
versus depth’ of a study (Foote Whyte 1988). In this case, a decision was made to maximise
the breadth of the work and include a full range of core mining-related activities, as opposed to
going into greater depth of description and analysis for a single activity or innovation. This
decision was made in response to the lack of research, particularly of a holistic nature, on
innovation in relation to the minerals industry in Australia. Furthermore, once a minerals
system of innovation has been described, it may be possible to better target future research into
particular phenomena or activities within the system that are under stress, or that may benefit

from greater depth in description and analysis.

This study does not include all mining activities affected by innovation. A noteworthy
exclusion from this study is ‘mine planning’, an activity that involves knowing how to manage

the financing and development of an operation.

2.6 Case study protocol

This section presents the protocol for conducting this case study.

2.6.1 Pilot interviews

A series of pilot interviews with key industry individuals initiated this study’s program of
fieldwork. The pilot interviews were conducted in order to develop some background
understanding of issues relating to innovation in the industry, and to identify potential subunits

of analysis and a more extensive list of key individuals for interview.

This initial stage of fieldwork greatly benefited from the support of David Karpin (retired
industry executive and Adjunct Professor at the National Graduate School of Management,
ANU). Karpin identified seven industry executives, all of whom had an interest in innovation.
Karpin’s endorsement of this research also facilitated the necessary access to interview these
individuals (see Table 2.2).
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Table 2.2: Program of pilot interviews

Title* Company / Institution
Richard Knight — Executive Director / Development North Limited

Tony Kjar — Consultant retired-CRA, AMIRA
Robin Batterham — Vice President Research and Rio Tinto

Technology

Dick Davies — CEO AMIRA

Dick Carter — Consultant retired-BHP Chairman BHP Minerals
David Karpin — Consultant Retired-CRA

John Burgess — Vice President Safety, Environment & BHP

Technology

Rob La Nauze — Group Manager Technology WMC

* Titles and positions held at time of interview

The pilot interviews were loosely structured and included a discussion of the following issues:
e each individual’s personal experience in relation to innovation in the industry;
e what were key trends in innovation and how they were changing;
e the identification of pertinent examples of innovation across the industry’s activities;
e  key papers or publications; and

e other key individuals to be interviewed in the study.

The pilot interviews were assisted by the use of quantitative indicators of innovation
(expenditure on R&D, publication rates and number of patents) handed to interviewees at the
time of interview. All interviewees were asked to interpret these figures and, where

appropriate, their company’s performance when measured in this manner.

All pilot interviews were tape-recorded and notes were taken during the interview. The pilot
interviews were successful in gaining a perfunctory understanding of innovation in the industry,
identifying a number of potential subunits of innovation for further investigation and in

extending the network of key individuals for interview.

2.6.2  Sampling process

A form of sampling known as ‘snowball sampling’ was used throughout this study. This type
of sampling relies on those in the industry identifying key individuals and issues. This method
was particularly useful given the fragmented quality and dearth of literature on the subject, and
the fact that the literature is often a primary source for identifying key individuals and issues.
Throughout the data collection process interviewees were asked to identify key individuals,
from the private and public sectors. This also proved to be a useful method of reconfirming that

the individuals and issues being pursued were indeed appropriate.
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2.6.3  Interview program and method
Eighty-eight individuals from the public and private sectors were interviewed for this study (see
Appendix 2). As a number of key individuals were interviewed on more than one occasion, the

total number of formal interviews conducted for this study amounts to over one hundred.

The interviews were loosely structured and followed the same format as that described above in

the pilot interviews.

2.6.4  Site visits

Having met with numerous key individuals from the private and public sectors in capital cities
it was necessary to conduct some research on location at mine sites and operations. Gaining
access to mine sites and operations proved to be considerably more difficult. A program of site
visits would not have been possible without the support of Dick Davies, CEO of AMIRA, who
used AMIRA'’s network of contacts to identify on-site personnel who might agree to a site visit.
Davies also sent letters of support to these personnel, recommending participation in this study.
Prior to this support from AMIRA only one mine site had responded to a request for interviews

and site visit.

A major field-trip around Australia prioritised visits to company operations. Where possible,
visits were also made to research providers and corporate head offices. The tables below list

the operations and research institutions visited during this field trip.

Table 2.3: List of site visits during major field trip

Name of operation Location
Ranger uranium mine Kakadu National Park, NT
mJabiluka uranium miné Kakadu Nra‘tional Park, NT
HBI processing plant o Port Headland, WA
Port Headland Port facilities Port Headland, WA
Hlsmelt processing plant 7 - Kwinana, WA 7
several Croesus mine sites 7 7 Kalgoorlie, WA N 7
public tour of ‘The Superpit’ Kalgoorlie, WA
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Table 2.4: List of research institutions visited during major field trip

Name of institution Location

CSIRO Exploration & Mining — Pinjarra Hills site Brisbane, Qld

ACMER - Pinjarra Hills " Brisbane, QId : 7
JKMRC, University of Queensland Brisbane, Qld

CRC-MTE o Brisbane, Qld

Sir James Foots Institute of Mineral Resources, Brisbéﬁe, Qld

University of Queensland

7 ERISS — Environmental Research Institute of the Kakadu NationéfPafk; NT
Supervising Scientist, field laboratories

CSIRO — Exploration & Mining Perth, WA

Institute for Science and Technology Policy, Murdoch Perth, WA 7
University

VEertlrgborliér 7li\r4userdm of Mining - - Kalgoorlie, WA

The most extensive site visit took place at ERA’s uranium operations in Kakadu National Park.
Over a period of ten days tours were made of the Ranger mine site, processing plant and on-site
laboratory, as well as the developing underground mine site, Jabiluka. As was the case for all
site visits, once on location it became possible to interview many more individuals than was
originally planned. This greatly enriched the data collection process. A tour of, and interviews
at, ERISS (Environmental Research Institute of the Supervising Scientist) field laboratories and
environmental monitoring sites, also located in Kakadu, complemented the data collected from

ERA’s operations.

2.6.5 Seminars and conferences

The data collection process was augmented by attendance at relevant seminars and conferences.
Apart from the proceedings at these events, they provided to opportunity to ask questions and
participate in debate on issues surrounding innovation in the industry. In addition, it was often
possible to interview delegates in an informal manner and generally expand the network of
individuals willing to participate in this study. A list of the 30 individuals interviewed in an
informal manner is given in Appendix 2. The seminars and conferences where such interviews

took place are listed in Table 2.5 below.
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Table 2.5: Seminars and conferences

Title Date Organisation

2001 Minerals Council of Australia Annual Seminar 6/6/01 Minerals Council of Australia

— Unearthing the Future

2000 Minerals Council of Australia Annual Seminar 6/6/00 Minerals Council of Australia
Science and Technology in the Boardroom 2/8/00 FASTS

The Innovation Action Plan: making sure it works 9/5/01 FASTS

AMIRA Project development Committee Meeting 7/12/00 AMIRA

Milestones to the Future AMIRA's 40th 18/8/99 Australian Mineral Foundation Inc &
Anniversary Technical Meeting AMIRA

Southern Africa—Australia Mineral Sector Synergies 16/3/00 AusIMM

Symposium

Outlook 2000 - ABARE 29/2/00 ABARE

National Science Briefing (attended various 99-01 Department of Industry Science and
briefings related to minerals industry) — Australian (several) Resources

Parliament House

Management of Technology Research Networking 6-7/7/00 ARC Management Research

Seminar Networking Pilot Program

GIS for Geologists Open Day 4/5/99 AusIMM and GIS Training Centre
(Perth)

2.6.6  Analysis

Data analysis was a continuing process, beginning at the time of the pilot interviews and
proceeding throughout the period spent collecting data. The iterative nature of this study,
where the results from a particular interview influenced which individuals and issues would be

included in subsequent interviews, lead to the continuing nature of data analysis.

Data analysis was intended to follow the logical framework established by the research design’s
three levels of analysis. That is, historical subunits and literature would be treated first,
followed by subunits in level two concerned with identifying generic types of innovation across
mining activities, leaving the analysis of the minerals system of innovation until last. In reality,
and due to the iterative nature of this study, the subunits and levels of analysis were treated
simultaneously. As new findings were made, subunits were updated and contributed to an

overall dynamic process of data analysis.

2.7 Comments on Protocol

This study’s protocol, and open-ended interviews in particular, has inherent limitations and
these need to be recognised and accommodated. Access to key individuals, the quality and
depth of information collected at interview, and issues of confidentiality are all potential

limitations. The manner in which such limitations were handled is discussed in this section.
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2.7.1  Access to individuals

Access to key individuals has been touched upon in Section 2.6.2. In summary, the majority of
individuals approached who were located in metropolitan centres (in company head offices or
research institutions), agreed to participate in this study. The logistics of the interview process
required multiple trips to Melbourne, Brisbane, Sydney and one visit to Perth (from a base in
Canberra). Interviews were generally requested to run for an hour, or in the case of senior
executives, half an hour. In practice, however, individuals were more generous with their time
and the average length of interview was one and a half hours. It was commonly the case that

interviewees were open to answering follow-up questions by e-mail or telephone if required.

As noted earlier, obtaining access to mine sites was far more difficult and required the support
of AMIRA International’s CEO, Dick Davies. Once access to sites was obtained, it was usual
for many more individuals to be interviewed than originally anticipated. Such site visits proved

to be rich sources of information.

2.7.2  Quality and depth of information

Assuring that information collected from the field was of good ‘quality’ and ‘depth’ was
crucial. The fact that interviews tended not to be time-limited contributed to obtaining a wealth
of information. The high number of interviews and multiple interviews of certain individuals
also assured that reasonable depth of information was obtained. Information from the field was
also continuously monitored for quality by crosschecking proffered ideas, opinions or
statements of fact with relevant interviewees. In order to avoid aspects of ‘sector bias’, all sub-
units included interviews with individuals from both the public and private sectors.
Additionally, wherever possible the quality and depth of data collected by interview was
augmented through the use of secondary sources of information.

2.7.3  Confidentiality

The issue of confidentiality did not have a big impact upon this study. Permission to use the
information collected was requested and usually granted at the beginning of an interview.
Often during the course of an interview comments were made ‘off the record’. Such
information, while obviously not included in the formal discussion of this study, greatly
contributed to a general understanding of innovation in the industry. Where confidentiality was
deemed to be of particular concern, information derived from notes taken at interview was sent
to the relevant individual for approval prior to use. As expected, there were some topics too
sensitive for open discussion. For example, BHP’s HBI plant is a case where technology
transfer cost a great deal more than anticipated (a widely reported budget blowout of one
hundred million Australian dollars). This development was planned for inclusion in this study,
however, it is not included as a subunit as its contentious nature meant it could not be candidly

and openly discussed.
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2.8 Summary

This thesis is an exploration of innovation in the Australian minerals industry based upon a
‘systems of innovation’ conceptual framework. The case study methodology was chosen for
this exploratory study because it is believed to be the best method for answering the research
questions. It has the flexibility to incorporate different types of information across a broad area
of study, as well as a structured research design that ultimately ensures the study’s data
collection process addresses its research questions. An embedded, single-case study design
with three levels of analysis and multiple sub-units was developed for this study. While the
case study protocol with open-ended interviews has inherent limitations, these were recognised

and accommodated in order to facilitate rigorous data analysis.
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Chapter 3:

Review of Literature

3.1 Introduction

The process of exploratory case study research is strikingly iterative and intimately dependent
upon the literature. As described in the following quote, the process of case study research

involves repetitive referral to the literature.

While an investigator may focus on one part of the process at a time, the
process itself involves constant iteration backward and forward between
steps. For example, an investigator may move from cross-case comparison,
back to redefinition of the research question, and out to the field to gather
evidence on an additional case. Also, the process is alive with tension
between divergence into new ways of understanding the data and
convergence onto a single theoretical framework. For example, the process
involves the use of multiple investigators and multiple data collection
methods as well as a variety of cross-searching tactics. Each of these tactics
involves viewing the evidence from diverse perspectives. However, the
process also involves converging on construct definitions, measures, and a
framework for structuring the findings. Finally, the process described here
is intimately tied with empirical evidence. (Huberman and Miles 2002)

Reference to the literature serves three broad purposes in case study research. First, with regard
to a case study’s methodology it is used for the identification of a conceptual framework and
development of an appropriate research design (namely, the three levels of analysis described in
Chapter 2). Second, the literature provides information that helps to interpret and understand a
case study’s empirical findings. To these ends, this Chapter’s review of the literature is
necessarily diffuse. As was stated in Chapter 1, the literature on innovation systems is large,
new and developing rapidly. Because of this, and with the attendant appearance of new
approaches and refinements to methods, this literature review is more assiduous and dynamic
than it might otherwise have been. In fact, the field of innovation systems has evolved
considerably since the beginning of this study. Third, the literature review also serves to
introduce the ‘language’ of innovation, necessary for the effective communication of concepts

and findings relevant to this thesis.
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Innovation Systems do not constitute a theoretical approach. Rather it provides an heuristic or
‘conceptual framework’ that has developed out of a more general ambition to better understand
innovation processes, the economics of technical change and economic growth more generally.
This review of the literature maps the origins and contribution of theories and concepts which
precede development of the IS approach. With contributions from economists, historians,
sociologists and geographers, this literature covers a broad front and has produced much
understanding and knowledge of technological change and innovation.!* Metaphorically
speaking, it is about what is inside ‘the black box’ of innovation; understanding ‘how’, ‘what’,
‘why’ and ‘when’ innovation progresses in a certain direction, location, and at a given pace.l>
This chapter does not provide a comprehensive or detailed description of these studies. Instead,
it outlines those key frameworks, basic concepts and important features of innovation, upon
which the IS approach is based.

A newer, expansive literature exists on the application of the ‘systemic’ approach to innovation
to good effect. Specifically, it has delineated factors which affect knowledge creation, learning
and the links and interactions among constituents of innovation processes. Most recently the IS
approach has been refined into a family of distinct innovation systems, such as, national,
sectoral and technological innovation systems. There are arguments against the IS approach
which are usually based upon the validity (or lack thereof) of so-called ‘empirical evidence’
proffered by some authors. The empirical evidence is often noted as being too general in nature
to explain the actual situation of innovation processes which are, in reality, extremely complex.
Such debate is to be expected in a new and developing area of research and it does not detract
from the utility of the IS approach in general or for this study in particular.

3.2 A definition of technological innovation

What is innovation? In reality it depends upon the perspective of the investigator. In the
broader sense, innovation is widely understood to involve social, economic as well as
technological elements that interact dynamically. Thus, it can be deemed to be a socially-
embedded process that involves knowledge and learning, and their application. Michael Best
emphasises this broad definition of innovation when he states that innovation, 'is an ongoing

social process in which problems are solved and new problems are identified,' (Best 1990:12).

This thesis is principally concerned with technological innovation. Niosi says that

technological innovation,

.. is technical novelty — new or improved products and processes —
successfully taken to the market. (Niosi et al. 2000:4)

McKelvey largely concurs with Niosi; she says,

14 There have been several attempts to review this literature (Dosi et al. 1988, Freeman 1994a, Dodgson
and Rothwell 1994).

15 Rosenberg (1982) was among the first to use the metaphor opening ‘the black box’ in relation to
understanding technological development. Here it is used in a broader perspective in relation to
innovation.
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An invention only becomes an innovation when it is bought, sold or used to
create marketable products. Innovative activities are said to have two
dimensions, technical novelty and market selection and therefore are defined
as ‘knowledge seeking activities to develop novelty of economic value’
(McKelvey 1997).

Thus, common ideas of technological innovation are ones largely measured by tangible,
market-valued outcomes. This thesis takes a similar but not identical view and defines
technological innovation as a new adopted technology, product, process or service occurring as
a direct result of technological development and which is used successfully (eg, an innovation
may increase productivity and have an indirect, positive impact in the marketplace). Here
technological innovation, at least in most instances, has come about through combinations of
new and existing forms of scientific and technological knowledge. From this thesis’
perspective, the notions of ‘successfully taking a product to market’ or creating ‘marketable
products’ are less relevant than the role played by technological innovation in continuous
improvement to processes and the manner in which products are produced. This perspective is
a direct reflection of the nature of the minerals industry. That is, this industry is less about
‘taking new products to market’ (ie product differentiation) than about improving processes to

keep its products competitive in the market place (ie ‘marketable products’).

The processes through which technological innovation takes place, are extremely complex.
Edquist (1997), makes this point well:

...processes through which technological innovations emerge are extremely
complex; they have to do with the emergence and diffusion of knowledge
clements....as well as the ‘translation’ of these into new products and
production processes. This translation by no means follows a ‘linear’ path...
Instead, it is characterised by complicated feed-back mechanisms and
interactive relations involving science, technology, learning, production,
policy and demand. (Edquist 1997:1)

As the ultimate aim of this study is to effectively explore innovation in the Australian minerals
industry using an IS approach, it is necessary to have more than a passing understanding of the
processes of innovation. Subsequent sections of this Chapter disclose and discuss the salient

features of these processes.

3.3 Innovation and growth — the treatment of innovation by
economists

'...although economists have long appreciated that technical advance is
central to the process of economic growth, a complete understanding of the
key processes, investments, and actors that combine to produce it has not
come easily,' (Nelson 1996)

The classical and neo classical economics approach to innovation
Understanding the economics of innovation is one of the driving forces behind innovation

studies. Economic theories, concepts of home-markets and demand are all important to an
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understanding the economics of innovation (Malerba 2002). At a base level, economists have
always grasped the central relationship between technological change and economic
performance (Nelson and Winter 1982, Landau and Rosenberg 1986, Freeman 1974, Rosenberg
1982). While the renowned economic scholars Adam Smith!®, Karl Marx!7 and Alfred
Marshall!® produced vastly different economic models, they all recognised the importance of
technical change and innovation for long-term growth, albeit in a simplistic and/or implicit
manner. In this regard they have inspired those who study innovation systems.

Classical economic thought, post Smith and throughout the nineteenth century, focussed upon
resources—capital, land and labour and centred around long-term growth.!® This focus
changed around the turn of the century with the onset of neoclassical economics, where long-
term growth was largely ignored in the light of short-term business cycles and analysis centred
on optimal resource allocation. In the period following the second World War, until the 1970s,
economic thought was dominated by a synthesis of neoclassical beliefs in resource allocation
with Keynes' views on reducing cyclical fluctuations in the economy and consequential
unemployment. The ensuing economic decline in the USA, pressured a rethink amongst
economists, and brought about the formation of several new schools of thought; monetarists,
new classicals and supply-sides, and a rediscovery of the importance of long-term growth for
economic health. Economists at this time found that the rate of technical change and
investment in 'the quality of labour', were the fundamental factors for achieving this goal
(Landau and Rosenberg 1986). It could be said that the gross failure of all economic theories
developed over the period from Smith to the present was caused by their common treatment of
technology as being an exogenous factor (an exception being Joseph Schumpeter, discussed
below).

The onset of neoclassical economics, where long-term growth was largely ignored in favour of
short-term business cycles has been denounced by those who study innovation. It has also,
however, provided an impetus for studies of innovation. These economic models did not
attempt to examine technical change and innovation in any detail, treating them instead as
‘exogenous’ variables outside their traditionally short-term, market-focused frameworks. From

this perspective technology is generic, codified, universally available and accessed cost-free.

16 Adam Smith's first book, The Wealth of Nations (1776), contains sections describing the importance of
technological advance and gains derived from increased specialisation and division of labour (Landau
and Rosenberg, 1986, Porter, 1990).

17 Karl Marx is one of a scant number of nineteenth century economists who understood the endogenous
nature of technology and placed it in a social context: 'a critical history of technology would show how
few any of the inventions of the eighteenth century are the work of a single individual'. He also described
the continuity and evolutionary nature of technical change, a characteristic which has been attributed to
his friendship with Charles Darwin (Rosenberg, 1982:34-51).

18 Alfred Marshall’s book Principles of Economics (1898), is considered to be the source of neoclassical
economic thought. Marshall is also recognised for stressing the importance of considering both the
demand and supply sides of market analysis, as well as for introducing the now popular concept of
‘externalities' (Landau and Rosenberg, 1986).

19 An exception to this trend, noted by Freeman, being German economist Friedrich List (1841) The
National Systems of Political Economy who criticised the lack of attention given to science, technology
and ‘mental capital’, which he believed were necessary for the sustained growth of nations (Freeman and
Soete, 1997).
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Traditional neoclassical assumptions also include: a constant returns-production function (the
existence of competitive equilibrium); capital and labour as production factors (where only
capital can be accumulated); and, under perfect market conditions, the invisible hand of market
forces will lead to efficient allocation of resources. The organising principle is the rational,
‘optimising’ behaviour of individual economic agents. Recognition of technology as a cause of
unexplained growth in resource productivity (residual of the production function) after
increases in the quantity of capital and labour inputs are accounted for, can be traced to
Abramovitz (1956) and Solow (1957).20 Their discovery of a very large residual factor when
measuring per capita growth in output, opened the debate on the role of technology and
technological change in improved efficiency and productivity.?! Introduction of a new
technology was treated as a shift in the production function, however, technological

development and innovation remained in the black box (Rosenberg 1982).

It is only in recent times (1980s) that systematic attempts have been made to model the growth
process without treating technical change as an exogenous ‘residual’. The so-called class of
neo-classical ‘new growth models’ mark this change in perspective and seek to endogenise
‘technological progress’ in theoretical frameworks, as a central production factor along with
capital and labour (Romer 1990, Verspagen 1992, Freeman and Soete 1997). In a sense this is
new only in its belated recognition of classic ideas held by the likes of List and Schumpeter.

The features of new growth theory are presented below and outlined in Table 3.1.

Table 3.1: Features of new growth theory

Technology is endogenous and a central production factor in an economic system

While technological breakthroughs appear random, altogether technology increases in proportion with
dedicated resources » ]

Unlike traditional economic theory where diminishing returns on investment is predicted, technology
produces positive returns and sustained, robust growth

Increasing returns, ‘Investment can make technology more valuable and technology can make
investment more valuable’ — a virtuous cycle that can stimulate and sustain economic growth

Monopoly power provides a useful incentive for technological research

The global knowledge economy is based on ideas as opposed to objects and requires novel institutions
and pricing systems ]
Discovery and continual improvement processes provide limitless possibilities

Source: (Dodgson 2000)

New growth models represent a solid and valuable attempt to incorporate measures of
externalities resulting from linked knowledge accumulation and capital, accumulation of human
capital and the virtuous cycle of increasing return from technology investment. These models,
however, continue in the neoclassical tradition with its assumptions regarding optimising
behaviour and can only represent a schematic view of the ‘real world’ complexity surrounding

the interaction between technology and growth (Freeman 1996, Freeman and Soete 1997).

Schumpeter — a brief look at his theories and influence
Schumpeter is widely regarded as an exception in twentieth century economic thought and his

work is a galvanising point in the literature. From his early work Schumpeter made the

20 (Abramovitz, 1956, Solow, 1957) quoted in (Rosenberg, 1982).
21 For more on Solow see Freeman and Soete (1997).
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conceptual distinction between innovation and invention?? a distinction maintained in
subsequent economic theory. Schumpeter was also the first to produce theories and models of
economic development that recognised the important relationship between competition
stimulated by innovation and its consequent impact upon economic productivity (Freeman and
Perez 1988, Nelson 1990b). Schumpeter produced three major works he produced: two models
of economic growth based upon patterns of innovative activities and a theory linking radical
innovations to the formation of long-waves of economic growth (Business Cycles (1939)). The
first model (Mark I) was in The Theory of Economic Development (1934), and the second
model (Mark II) proposed in Capitalism, Socialism and Democracy (1942). While some have
criticised Shumpeter’s limited view on the sources of invention?? (treating them as exogenous
to the economy), his works have fulfilled their intended purpose as a theoretical ‘first draft’
open for debate and development (Freeman and Perez 1988, Freeman 1990a, Freeman and
Soete 1997). Vigorous debate and empirical testing of Schumpeter’s work continues around his
models of economic development and his theory of economic long-waves. There are those who
have sought empirical evidence for Schumpeter’s Mark I & II models of innovation. The so-
called ‘neo-Schumpeterian’ economists have attempted to provide empirical evidence (diffusion

of radical technologies) and to build upon Schumpeter’s long-wave theory.

Schumpeter’s Models of economic development — Mark I & II

Schumpeter Mark I emphasised that the pattern of innovative activities is characterised by
‘creative destruction’ (see Figure 3.1). Here, entry of new technology into the economy is
unencumbered, making the role of entrepreneurs and new firms crucial as they exploit new
technology and create new markets. This generates a 'swarming effect' of imitators,
snowballing into a wave of new investment. As competition increases, profit margins are
gradually eroded, but before this wave equilibrates a new destabilising wave of innovation
restarts the process. Schumpeter termed the destabilising effect of new radical innovation
'creative capital destruction', although it is more commonly called, 'creative destruction'
(Freeman 1982, Rothwell and Zegveld 1985, Nelson and Winter 1982).

Figure 3.1: Schumpeter’s first model (Mark I — widening)

~ Schumpeter's first model of innovation which emphasises the role of the entrepreneur
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22 An invention is a new product or device or a new method for a new or improved product, process,
device or system. Invention is often considered the first step in the innovation process. Inventions may
be patented, but usually do not lead to technical innovation and further development.

23 For example, Nelson chastises Schumpeter for ignoring networks of pubic and private institutions
(Nelson, 1990b) and Freeman for neglect of the role of international trade or international diffusion of
technology and historical context (Freeman and Lundvall, 1988).
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The period of time between the two World Wars saw rapid growth of industrial R&D, mostly in
large corporate laboratories. In reflection of these changes, Schumpeter’s later theory (Mark II)
proposed in Capitalism, Socialism and Democracy (1942), shifts away from single
entrepreneurs and onto large firms as the focus of innovative activity and competition (see
Figure 3.2). The pattern of innovative activities is characterised by ‘creative accumulation’
with large established firms dominating innovation, developing monopoly regimes (where
innovation produces a monopoly in a particular product(s)) and the presence of barriers to entry
of new innovators (Nelson and Winter 1982, Freeman 1990b).

Figure 3.2: Schumpeter’s second model (Mark II — deepening)
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Schumpeter’s characterisation of innovative activities triggered many different attempts to
empirically verify the two patterns. One perspective sought empirical evidence for Schumpeter
Mark I & II models of innovation according to how innovative activities proceed in stages in
industry life-cycles and across technologies (Malerba and Orsenigo 1995, Malerba and
Orsenigo 1996, Breschi et al. 2000). In the early history of an industry, uncertainty is high,
technology changes rapidly, barriers to entry are low and new firms are major innovators. In a
mature industry, in contrast, technology tends to follow trajectories and a few large firms
accumulate technological and innovative capabilities over time that are important to the
competitive process, while barriers to entry and financial resources are established (Malerba
and Orsenigo 1996). The innovative activities in Mark I & II have also been called widening
and deepening in relation to an innovative base: widening due to entry of new innovators
(erosion of competitive technological advantage in established firms), or deepening due to an
accumulation over time of an innovative base in a few dominant firms (Malerba and Orsenigo
1995, Malerba and Orsenigo 1996, Breschi et al. 2000) (see Table 3.2). Empirical evidence
suggests that innovative activities differ across technology classes in a manner that resembles
Schumpeter Mark I & II models, and that these patterns continue for technology classes located

in different countries (Cefis and Orsenigo 2001).
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Table 3.2: Schumpeter Mark I & I1

Organisation of
innovative activities

Schumpeter Mark 1
widening

Schumpeter Mark 11
deepening

« concentration of innovative activities
low

« innovators are of small economic size

« stability in ranking of innovators is
low and turbulence high

* concentration of innovative activities is
higher
* innovators are of larger economic size

« stability in ranking of innovators higher
and turbulence lower

Industrial sectors

International

 mechanical technologies

| traditional sectors

 chemicals

| electronics

* linked to the exiétence of a stable but

« relatively higher degrees of
technological asymmetries among innovators and competitive core of persistent
specialisation innovative turbulence innovators

« significant degrees of persistence
contributes to ‘creative accumulation’

Persistence of innovative | ¢ absence of persistence

activities

* low degrees of cumulativeness and
appropriability

* high importance of applied sciences
and increasing importance of external
sources of knowledge

Source: (Malerba and Orsenigo 1996, Cefis and Orsenigo 2001)

« high importance of basic science
» relatively low importance of applied
science as source of innovation

Sectoral patterns of
innovative activities and
nature of underlying
technological regime

Schumpeter’s Long-waves of economic development
Schumpeter also emphasised the central role of technical progress for understanding instability

in capitalist economies and the inherently discontinuous nature of technical progress by
building upon the work of Russian economist, N.D. Kondratiev. In the 1920s, Kondratiev
popularised a theory of half-century 'long cycles' or 'long waves' in economic
development?*—being regular, cyclical patterns of economic structural crisis.2> He identified
three major long-term cycles beginning with the industrial revolution (1780s-1840s), steam
power and railways (1840s-1890s), and lastly, electricity and steel (1890s-1940s), based upon a
systematic analysis of price and production time series data for the United States, France,
Germany and England (Freeman and Soete 1997).26 The influence of technology upon long-
waves was considered by Kondratiev to be a minimal one. On the other hand, in Business
Cycles (1939), Schumpeter argues that radical technological innovations were the driving force
behind the formation of economic long-waves of structural crisis, where each wave was unique
because of coexistent exogenous events, such as gold rushes and wars (Rothwell and Zegveld
1985, Rosenberg 1982, Freeman 1983, Freeman and Soete 1997, Dosi et al. 1992a). The neo-
Schumpeterian economists employ a Schumpeterian long-waves theoretical framework to
analyse the emergence and diffusion of new technologies and complexity of technological

change and economic growth (discussed below).

24 The Dutch Marxist, J. van Gelderen was the inventor of long cycle theory, in 1913.

25 A critique of cycles in economic activity is given in Technological Innovation and Long Waves
(Rosenberg and Frischtack 1983), and in another paper by Tinbergen, called 'Kondratiev cycles and so-
called long waves. The early research.' (Freeman, 1983).

26 Schumpeter only analysed the first three waves. More recently, a number of economists have
suggested that the world economy has experienced a fourth (1940s-1990s) (Fordist ‘mass production,’
and fifth ‘information and communications technologies) wave of structural change. See (Fagerberg
1995, Freeman 1981, Freeman 1982, Freeman 1983, Freeman 1990a, van Duijn 1983) and for a critique
(Rosenberg and Frischtack 1983).
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3.4 Understanding technological innovation — key theories
and concepts

3.4.1 The roles of science and technology

Science and technology are different activities and both, to varying degrees, are relevant to
technological innovation. While in the past the boundaries between these activities were easily
identifiable, this is not the case today. It is often exceedingly difficult to untangle the web of
interaction between science and technology. Rosenberg exemplifies this point and says that a

historical view is helpful:

The first thing that needs to be said about relationships between science and
technology in the twentieth century is that sweeping generalisations of any
kind are almost certainly going to be wrong. In fact the first thing that is
necessary is to change the singular forms to plural: to think in terms of
'sciences' and 'technologies'. It is precisely the diversity in the nature of
these relationships that makes a historical approach so essential. One cannot
treat the relationships between the scientific and technological realms
adequately unless one descends from the abstract to the particular, and looks
at these relationships in the historical contexts of specific industries, firms
and scientific disciplines. (Rosenberg 1992)

In the early 1800s science and technology were largely independent of one another, and actors
in each of these fields pursued unrelated goals.?’ In other words, individuals engaged in these
activities had different motivations, with clear divisions of labour. They were housed in
separate organisations (that is, firms versus non-firm organisations such as universities),
frequently with no direct interactions or other relationships with one another. A traditional,
Anglo-Saxon view of technological innovation tended to emphasise the significance of pure
scientific research and scientifically-derived knowledge as opposed to technologically-derived
knowledge (Walker 1993, Freeman 1992). Table 3.3 gives some examples of both science-and

technology-led innovation.

A tendency to treat technology as ‘the mere application’ of scientific knowledge is traditional

and dated. Rosenberg says:

'One of the more misleading consequences of thinking about technology as
the mere application of prior scientific knowledge is that this perspective
obscures a very elemental point: Technology is itself a body of knowledge
about certain classes of events and activities. It is not merely the
application of knowledge brought from another sphere. It is a knowledge of
techniques, methods, and designs that work, and that work in certain ways
and with certain consequences, even when one cannot explain exactly why.
It is therefore, if one prefers to put it that way, not a fundamental kind of
knowledge, but rather a form of knowledge that has generated a certain rate
of economic progress for thousands of years. Indeed, if the human race had
been confined to technologies that were understood in a scientific sense, it
would have passed from the scene long ago,’ (Rosenberg 1982:143,
emphasis added).

27 Scientists, by and large, generate and disseminate new knowledge and gain kudos from publication in
the scientific literature. 'Technologists' or engineers, appropriate new knowledge and pursue invention,
artifacts and commercial success for recognition.
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Table 3.3: Empirical examples of various interactions between sciences and technologies

Science Technology Refs
19" century | Faraday — discovered Science based technical development of [(Cohen 1948,
electromagnetic induction 1831, products, telephone, gramophone & Dunsheath 1962,
first step towards development of incandescent light Nelson and
electronics electric power Rosenberg 1993)
c:::tit;yy Hertz - discovery‘of radiq waves Basic science stimulat§d applied' (ibid)
basic 1887 when seeking empirical development and arrival of radio and
evidence for their predicted television
research existence
20" century | Aerodynamics — scientific Construction of original Wright (Nelson and
discipline developed in response brothers flying machine 1903 relied Rosenberg 1993)
. to technical advance on experience of bicycle
aviation manufacturing not understanding
industry flight
evolved from | Tyer0dynamics — scientific 50 years after invention of the (Cardwell 1971,
technical discipline developed in response condensing steam engine, Sidi Nelson and
advance to needs of technical advance Carnot's (1796-1832) attempt to Rosenberg 1993)
understand constraints upon the
engine's efficiency, pioneered the
development thermodynamics
Radioastronomy — the discovery of | At Bell Laboratories, Karl Jansky (Rosenberg 1982)
‘star noise’ marked the birth of (1905-50), worked on problem of
this scientific discipline radio static plaguing the international
radiotelephone service and discovered
'star noise', a source of radio waves
from outside the solar system.

Source: compiled from listed references

Regardless of their individual roles, the fundamental relationship of science and technology to
technological innovation, in essence, is to provide the necessary knowledge (both scientific and

technology-based) to facilitate the process.

The interplay between science and technology is increasing, and the boundaries between them
are blurring to the point that in many areas the relationship can be described as symbiotic. In
terms of technological innovation in the new industries of the twenty-first century, empirical
research has shown the emergence of an increasing number of firms that are producing science-
based technologies (Achilladelis and Antonakis 2001, Ramani 2002, Orsenigo et al. 2001, Lal
1999). According to Nelson and Rosenberg (1993) the role of university ‘pure science’ and
basic research may be expected to increase when a nascent technology is coming into being.
Consider, for example, biotechnology in the 1980s (Nelson and Rosenberg 1993). Empirical
studies of the biotechnology industry have confirmed this point (Rothwell 1992, Dodgson 1991,
Dodgson 2000), as have empirical studies of the science and technology interface and of drug
and medical technologies, electronics, optics and nuclear technology (Jaffe 1989).28

In essence, the interplay or interface between pure science and technology is particularly
important for innovation. Montobbio says ‘an essential bridging role between pure sciences
and technical change is played by transfer sciences’ (Montobbio 2001:17). Transfer sciences
are developed mainly in university-based laboratories or by university trained staff in industrial-

based laboratories (ibid). The OECD refers to transfer sciences in the following way:

28 Jaffe (1989) found a positive correlation between corporate patents and university research for these
industries.
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...their activity is driven principally by the urge to solve problems arising
from social and economic activities; their research centres are located in
technical universities, engineering schools, sectoral government
establishments, and industry; a large part of their funding comes from
industry, their graduates are normally employed in the industry. They tackle
subjects broadly relating to artificially made objects and phenomena, and the
communities of scientists active in research in these areas are very close to
professions most concerned with application of their results. (OECD
1992:37 quoted in Montobbio 2001)

Models of the technological innovation process described in the ‘technology management’
literature also illustrate the progression of the reciprocal and intertwined interface between
science and technology (see Section 3.4.2 below). An examination of the history of innovation
is useful in providing insight into the relationship between science and technology, and the

industrialisation of R&D and innovation today.

3.4.2 Models of technological innovation in the technology management

literature — 5 generations

With the potential rewards from successful innovation being so rich, public policy makers and
private-sector managers have sought models of the innovation process to allow the design of
effective innovation policies. The increasing sophistication of research on innovation is clearly
illustrated when the various models of the innovation process are seen in chronological order.
Rothwell categorises each major development in modelling the innovation process into a
'generation’, and describes five generations of the innovation process from the 1950s to the
present (Rothwell 1994a).

First generation — technology push

Early models of innovation are typified by their simple /inear representation of the interaction
between science and technology and the market place. The first generation 'technology-push'’
model was developed in the early 1950s, endorsed by Vannevar Bush in ‘Science, the Endless
Frontier’ (NSF, 1945) and remained dominant until the late 1960s (see Figure 3.3). According
to this model, advances in basic science initiate a stepwise progression through applied research
and technological development, firm-based production, to new products in the marketplace.
The marketplace is seen to be a veritable ‘sink’ for the consumption of these new commodities.
The role for policy makers was comparatively simple, since it was believed that funding basic
research was all that was necessary to ultimately stimulate economic growth (Rothwell and
Zegveld 1985, Rothwell 1994a).

Figure 3.3: ‘Technology Push’ model of innovation

 Technology push — science discoveries, technology develops, firm produces, markets
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Second generation — need or market pull

Competition in the market place increased in the late 1960s and is reflected in empirical
research findings conducted at that time. These tended to emphasise the role of the marketplace
in driving the need for innovation. The R&D department no longer drove innovation. Instead,
it reacted to the articulated or perceived needs and ideas of customers and the marketplace. The
updated second generation linear model of innovation developed by Smockler (1966)
emphasises 'need-pull' or ‘market pull’ directing innovative activity (see Figure 3.4) (Rothwell
and Zegveld 1985, Rothwell 1994a).

Figure 3.4: ‘Market Pull’ model of innovation
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Third generation — coupling model

The third generation, in the 1970s, saw a rejection of the two linear models as little evidence
supported the notion that more R&D necessarily meant more innovation (Rothwell and Zegveld
1985), and fears that overemphasis of marketplace needs may dampen radical innovation
(Hayes and Abernathy 1980). In addition, Rothwell and Zegveld suggest that the impact of
either the technology-push or need-pull models might vary in accordance with different phases
of the innovation process (Rothwell and Zegveld 1985: 50).2° Accordingly, the simple yet more
representative 'coupling' model was proposed, as Rothwell and Zegveld describe (see Figure
3.5):

According to this model innovation is regarded as a logically sequential,
though not necessarily continuous process, that can be subdivided into a
series of functionally separate but interacting and interdependent stages.
The overall pattern of the innovation process can be thought of as a complex
net of communication paths, both intra-organisational and extra-
organisational, linking together the various inhouse functions and linking the
firm to the broader scientific and technological community and to the market
place. In other words the process of innovation represents the confluence of
technical capabilities and market needs within the framework of the
innovating firm. (Rothwell and Zegveld 1985: 50)

29 The evidence favoring the view that both linear models of innovation are oversimplified, extreme and
atypical is summarised in a paper by Mowery and Rosenberg (Mowery and Rosenberg 1978).
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Figure 3.5: ‘Coupling’ model of innovation
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Fourth generation — integrated (parallel) model

Although the coupling model is far more interactive than any of its predecessors, its usefulness
is reduced by the fact that innovation is presented as an essentially sequential process.
Empirical research examining innovation practices in Japanese automobile and electronic
sectors found that innovative activities occur concurrently or in parallel, and that throughout the
innovation process there is a high degree of functional integration among these activities
(Graves 1987, Clark and Fujimoto 1989, Rothwell 1994a).30 Also called the 'rugby team'
approach (Imai et al. 1985), it delivered considerable speed and cost advantages to Japanese
firms over their Western competitors (see Figure 3.6). The manner in which suppliers become
involved in innovation is an important feature of this model, as a result innovation here is no

longer seen as the activity of a single firm.

30 A voluminous literature exists concerning innovation in Japanese firms and presenting it is beyond the
scope of this thesis. Rothwell's chapter in The Handbook of Industrial Innovation gives a brief
introduction to this field (Rothwell 1994b).
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Figure 3.6: Integrated model of innovation

 Integrated model - 4th generation, parallel and integrated innovation, mid 1980s-90s
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Note: this figure displays internal firm processes (parallel & integrated). A similar web of external interactions also exists, ie
similar to 3™ generation model.

Fifth generation — Systems Integration and Networking (SIN)

The fifth generation process is one of systems integration and networking. It emphasises the
increasing strategic and technological integration of innovative activities, inside and outside the
firm (Rothwell 1994a, Dodgson 2000). Firms operating under these principles have increased
speed, ease and efficiency of product development across all innovative activities. Strategic
integration is increasingly global and is present in technological, market and financial areas.
Technological integration involves various combinations or fusions of technologies, as in glass,
cable and electronic device technology in opto-electronics. This generation is also
characterised by a dramatic increase in networking in a multitude of forms, including strategic
alliances, R&D collaborations, and closer relations with suppliers.3! Another distinguishing
feature is the employment of an ‘electronic toolkit’ comprised of digital communication
technology, CAD systems and computational simulation and modelling programs. Table 3.4
lists some of the major managerial, organisational and technological factors which contribute to

the fifth generation innovation process.

31 The point made in the previous footnote applies here in relation to the vast literature available on
networking processes and again this is beyond the scope of this thesis. For an introduction to the topic
refer to Rothwell (ibid) or (Dodgson 1993) ‘Technological Collaboration in Industry’.
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Table 3.4: The 5" generation innovation process: Systems Integration & Networking (SIN)

Underlying strategy elements

e Time-based (fast, efficient product development)

e Development focus on quality and other non-price factors
e Empbhasis on corporate flexibility and responsiveness

o Customer focus at forefront of strategy

eHorizontal technological collaboration strategies
eElectronic data processing strategies

ePolicy for total quality control

Primary enabling features

o Greater overall organisational and systems integration:
— parallel, integrated development process
— early supplier involvement in product development
— involvement of leading-edge users in product development
— establishing horizontal technological collaboration where appropriate

eFlatter and flexible organisational structures for rapid and effective decision making:

— greater empowerment of managers at lower levels
— empowerment of product champions/product leaders

eFully developed internal databases:
— effective data sharing systems
— product development metrics, computer based heuristic, expert systems
— electronically assisted product development (eg 3D-CAD)
— linked CAD/CAE systems

« Effective external data links:

- co-development with suppliers using CAD
— use of CAD at the customer interface
— data links with R&D collaborators

Source: as stated in (Rothwell 1994a:49)

Rothwell emphasises that while attaining fifth generation and ‘lean’ innovation is neither

costless nor frictionless, the benefits are considerable.

Entry costs include not only equipment and training, but more importantly
learning costs across the complete system of innovation. Whatever the entry
costs, however, it seems likely that it is those companies that succeed in
mastering the essential features of 5G today will be the leading-edge
innovators of tomorrow. (Rothwell 1994a:50)

Taken together, these models of innovation provide a clear illustration of the maturation in
understanding of innovation, from science-driven and linear to integrated, dynamic and

complex.

3.4.3 Radical innovation and long-term patterns of economic growth

Schumpeter’s long-wave theory noted that technological innovations appear in periodic clusters
and are not evenly distributed over time or across industries. An initial problem with
Schumpeter’s long-wave theory of economic development was an apparent lack of macro-

economic evidence of productivity gains resulting from application of new technologies. One
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group, the so-called neoSchumpeterian economists, focused on gathering empirical evidence to
support Schumpeter’s theory. Their approach is characterised by a descriptive, more
qualitative, case-study based method that combined economic histories with related theoretical
concepts such as ‘technological paradigms’ (Dosi 1982) and ‘technology trajectories’ (Nelson
and Winter 1977), as well as ‘technological revolutions’ (Freeman and Perez 1988), to analyse
the relationship between historic clusters of intense technological change and historic long-
waves of economic growth (characterised by the concomitant success or failure of economies
and/or industrial sectors). In essence, the neoSchumpeterian approach converges upon the
complex processes of diffusion that accompany periods of intense technological change
(technological revolutions). Clusters of mutually supporting technological innovations may
occur at any time in economic cycles (Freeman et al. 1982). The accompanying social
innovations (which may be radical and/or incremental innovations) in areas from the
organisation and management of work through to changes in legal institutions (for example,
employment and tax law), that can lead to dramatic upswings of investment characteristic of
long-wave booms (Freeman 1994b). These technological revolutions that cause giant
discontinuities with the past have been described as changes in the ‘fechno-economic
paradigm’32 (TEP) by Perez33 (Perez 1983, Perez 1985) and Freeman (Freeman and Perez
1986). A change in the techno-economic paradigm, accompanied by social and institutional

change, is thus the basis for an upswing in economic long waves.

Neo-classical economists failed to find any measurable productivity gains from so-called
‘generic technologies’ (the productivity paradox described by Solow in 1957) because they did
not understand the process of diffusion. Attaining potential productivity gains requires far more
than changes of production. Fundamental changes in societal attitudes, institutions and
organisation are also required. The learning processes that embody such dramatic change mean
that economic and social potential from such technologies will be realised over the long term
(Freeman and Louca 2001). Thus, the interaction between new radical technologies and
institutional structures, a continuing tension while institutional set-ups adapt and regenerate to
match new technologies, may occur for several decades prior to the onset of a new upswing (ie,
the Kondratiev long wave) (Freeman and Perez 1986, Freeman 1994b).

The theory of changing techno-economic paradigms emphasises long time frames in the
development and diffusion of technological innovations, as well as the social and economic
returns. It shows how a pervasive constellation of economically related innovations
(technological, organisational and managerial) can be profoundly disruptive, uncertain and
genuinely ‘revolutionary’. That is, it can influence an entire period of economic growth,
creating new and rejuvenating old industries (Freeman and Perez 1986, Freeman and Perez

1988, Perez 1985). Freeman and Perez refine the influence of innovation into four categories:

32 Perez’s ‘techno-economic paradigms’ speak of the economy as a whole and as such are sometimes
described as a ‘meta-paradigm’ or a ‘pervasive technology’ theory (Freeman 1994b).

33 Perez detailed the inhibition of technological diffusion due to institutional frameworks supporting
mature and near obsolete technologies.
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— incremental innovation
- radical innovation

— changes in the technological system (when incremental and radical innovations combine with
organisational and managerial innovation), and

— changes in the techno-economic paradigm (when all sectors of the economy are effected leading
to new product and industry development, for example, computerisation). (Freeman and Perez
1986)

From this context, a major policy concern is how well countries adapt to such intense waves of
change (Freeman 2002, Freeman and Soete 1997, Freeman 1996, Freeman 1995). The theory
of changing techno-economic paradigms (TEPs) has been used to explain why countries have
different patterns of economic development, why some grow faster, some catch-up and others
fall behind (Freeman 1994b, Freeman 1996). Countries that are most adept at inducing
institutional innovations that match the emerging new TEP are predicted to be the most
successful at capturing economic returns. On the other hand, those countries that experience
institutional ‘drag’, or a prolonged mismatch between organisational and institutional set-ups
and the innovative requirements of the new TEP, may fail to fully capture the growth potential

of new technologies (Freeman 1994b, Freeman 1996, Freeman and Louca 2001).

The types of social innovations and economic transformations that accompany each new TEP,
as described in Table 3.5 below.

Table 3.5: A list of social and economic transformations that accompany new techno-economic
paradigms

e new skill profile in the workforce, affecting both the quality and quantity of labour and
corresponding patterns of income distribution and industrial relations
® new ‘best-practice’ form of organisation within firms and their operations

e new trends in technological, organisational and institutional innovation (incremental and
_ radical) induced by the diffusion and substitution of new for old technologies

¢ new patterns in the location of investment both nationally and internationally as new factors
~ change relative comparative advantages

® new patterns of institutional regulation at national and international levels

e new waves of infrastructure investment to enable the diffusion of new technologies

® new waves of entrepreneurship with small, start-up firms using new technologies and becoming
part of new industries i
o tendency for large firms to develop capabilities and concentrate in the new TEP (by means of
growth or diversification) o )
¢ new technologies representing a growing proportion of gross national product

® new patterns of consumption of goods and services and new types of distribution and consumer
behaviour
Source: adapted from (Freeman and Perez 1988, Soete 1991, Dodgson 2000)

3.4.4 History matters when understanding innovation processes

Freeman suggests that:

Perhaps the main conclusion which emerges from the work of neo-
Schumpeterian economists...is that history matters. Both the internal
accumulation of knowledge within the firm and the external networks are
strongly affected by the national environment and national policies, as well
as by worldwide developments in science and technology and international
flows of capital, trade and migration. (Freeman 1982:85, emphasis added)



54 Chapter 3 - Review of Litferature

In studies of innovation, scholars are wary of separating the technical artefact from the social
context. That is, the choices made by actors that are in turn historically embedded in social,
economic and technological contexts. History matters in developing innovation processes since
the course of history shapes a present-day context, including the accumulation of learning
processes, routines and other technological, organisational and institutional capabilities that
determine a capacity to engage and exploit innovation processes. The combination analysis of
innovation processes within an historical context allows for the inclusion of a much broader set
of variables surrounding the emergence of technologies (and rate thereof), how they develop,
their diffusion and impact upon productivity growth.

The idea that over time, firms accumulate particular ‘competences’, skills and knowledge can
be traced to Edith Penrose (1959) and her ‘resource-based’ theory of the firm (Freeman and
Soete 1997). Research has also demonstrated that successful innovative traditions can become
embedded in firms. ‘Corporate technology traditions’, for example, are said to exist when
success in innovation is linked to previous experience, and a firm may dominate a particular
area (ie introduce a disproportionate number of innovations in a field) over a period of some
thirty or forty years (Achilladelis et al. 1987, Achilladelis et al. 1990).

In summary, an historical view sheds light on long-term trends in technological innovation and

economic development, as Rosenberg points out:

The particular path of innovation followed in each country or region has
historical origins. (Rosenberg 1982)

The reinstatement of ‘history’ in economic theory (and studies of innovation) is often
accompanied by the notion of path-dependence, where path-dependent processes are, ‘those
phenomena whose outcome can only be understood as part of a historical process’ (Rosenberg
1994:205).

Path dependence means that history matters. We cannot understand today’s
choices (and define them in the modeling of economic performance) without
tracing the incremental evolution of institutions. But we are only just
beginning the serious task of exploring the implications of path dependence.
(North 1990:100)

Path-dependency can explain the survival over time of inefficient institutions, societies,
economies and innovations. It is not an uncommon phenomenon and it directly contradicts
implications of evolutionary theory (that over time inefficient institutions are weeded out)
(Araujo and Harrison 2002). Persistence of the ‘QWERTY” configuration of keyboard letters,
for example, shows how incremental changes in technology along a particular path may lead to
a technological solution that is less efficient than abandoned alternatives (David 1985). It is
said that the basis of many present inefficiencies can be traced to past decisions; path-dependent
results of technological and organisational trajectories derived from localised learning and
initial conditions (Foray 1997, Niosi 2002). The central explanations of path-dependence are
given in Tables 3.6 and 3.7: first in terms of self-enforcing sequences that favour less efficient
choices and reactive sequences that trigger choices that transform processes and create new
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paths; and second, in terms of the explanations pertaining to the generation of systemic

inefficiencies.

The dynamics of path-dependent inefficiencies are complex, being generated by overlapping
and reinforcing effects (Foray 1997, Edquist 1997, Niosi 2002, Araujo and Harrison 2002).
There are instances where path-dependent inefficiencies may be remediable or where their
effects may be innocuous. Path-dependency, however, is not a story of inevitability (North
1990) as the maximising behaviour (search for increasing returns) of agents may break a path-
dependent process (Williamson (1988) in Niosi 2002).

Table 3.6: Path-dependence — self-enforcing and reactive event sequences

Event
sequence | Description Consequence
Self-  |® large setup or fixed costs — deliver advantage of o multiple equilibria — numerous solutions
enforcing | _declining unit costs as output increases possible and outcome is indeterminate
o Jearning effects — improve production or lower o possible inefficiencies — a ‘better’ technology
their costs as prevalence increases loses out -
e coordination effects — confer advantages to e Jock-in — once reached, a solution is difficult to
cooperation with other economic agents taking exit from
| _similar action - B ] B
® adaptive expectations — increased prevalence on the | path dependence — consequence of small events
market reinforces beliefs of further prevalence & chance circumstance can determine solutions
that lead to a particular path
Reactive | e initial events initiate a sequence of tightly linked o initial disturbances do not generate positive
reactions feedback and instead initiate powerful responses
o each event in sequence regarded as a reaction to that shift a path into a novel direction (not
temporally antecedent events necessarily reinforcing first move)

Source: constructed from writings on (Arthur 1988, Arthur 1994) found in (North 1990, Araujo and Harrison 2002)

Table 3.7: Niosi’s explanations of path-dependence

Explanation Description

Increasing | e for industries with increasing returns, first entrants can impose their technology and dominate the

returns to market

| scale ' new entrants begin with lower production scales, less experience and higher costs

Network o carly entrants may diffuse their standards, regardless of the quality of their technological solution

externalities | and exclude future competitors

Sunk costs | e existing firms may lock-in to their technology due to past investments in machinery and equipment

Contracts o institutions reduce uncertainty and contracts make explicit expectations and performance
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