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case studies, 269–73, 276
data selection and processing, 258,

262–4
effects on health and safety,

275–6
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Mining, Equipment, Technology and
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specific topic or country
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commodity prices and, 172, 173,

175–8, 179, 188–91, 198
innovation by, 146
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13–14
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Mitsubishi, 213
MNEs. See Multinational enterprises

(MNEs)
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generally, 52
creative internationalization, 71, 72, 74
development and, 60
growth in, 58
innovation by, 66, 69, 76
investment and, 53
non-mining MNEs compared, 54–6
operational internationalization,

70–2, 73–4
patent filings by, 69
prominence of, 53–4
R&D by, 66, 67, 68–9, 76
technology diffusion and, 66, 69–70, 76
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(Codelco)

collaboration and, 235
Expande program and, 241
innovation at, 240
as state-owned company, 233
transfer of IPRs and, 237
World Class Suppliers (WCS)

program and, 106–7
Neptuno, 102–3, 104
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Brazil, mineral trade with, 207
as source of innovation growth, 38

Nickel
in Australia, 338–9
in Brazil, 206–7
environmental impacts, 142
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in Australia, 207
in Brazil, 205, 206–7
in Canada, 207

Nippon Steel, 213
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Non-renewability of minerals, 7–8
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Oil and gas
in Canada, 287
transport issues, 118

“Open innovation,” 284
Operational internationalization,

70–2, 73–4
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Organizational innovation, 13
Organization for Economic Co-

operation and Development
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on Chile, 234
clean patents and, 144
Environmental Policy Stringency

(EPS) index, 143, 150–4, 156,
162–6
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and, 18

on mining industry, 145
Outokumpu, 146–7

Panama Canal, 134
Patent Cooperation Treaty (PCT),

226–7, 289, 329
Patents. See also specific country

analysis of spillovers using patent
statistics, 73

automation, patent filings
and, 35, 44

clean patents, 143, 144, 147–50,
161, 166

commodity prices, patent filings and,
182–3

environmental technology, patent
filings and, 35, 44

exploration, patent filings and, 35, 42
filings related to mining

industry, 31–2
global value chains, patent filings

across, 34, 49, 90
governments, role of, 22
health and safety and, 257–8
increase in, 26, 28–30
innovation and, 16

lifecycle of mines, patent filings
across, 34, 49

limitations of data, 286
measurement of environmental

policy stringency and, 155–6,
158, 161

mining patents as share of total
patents, 39

MNEs, patent filings by, 69
non-mining-related patent filings, 47
profits, correlation of patent filings

with, 285–6
proportion of mining companies

filing, 47
proxy indicator of innovation, patent

filings as, 16, 28–30, 119, 182–3,
264, 285–6, 303

spillovers, patent licensing and, 64–5
transport-related innovation, patent

filings and, 35, 42–4, 119,
126–9, 138

PatentsView, 263
PATSTAT database (EPO), 71, 73, 147,

262–3, 280, 304, 310, 329, 332, 338
Peru

Brazil, mineral trade with, 207
innovation in, 99–100, 103
Innovaxxion customers in, 252
La Rinconada mine, 99–100
R&D expenditures in, 104

Petro Canada, 287
Phosphate, environmental impacts, 142
Poland as source of innovation

growth, 38
Potassium in Brazil, 207
Power Train Technologies, 101, 104
Price takers, 8, 94–5
Processing stage, 6–7
Processing subsector

in Australia, 314, 316–18
in Brazil, 213–17, 227–8
in Canada, 292–6
commodity prices and, 189–90
innovation in, 34

Process innovation, 13
PROCHILE, 236
Production-focused companies, 4
Productivity growth
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importance of, 9–10
innovation and, 11

Public finances, contribution of mining
industry to, 3

Public research organizations (PROs)
in mining innovation ecosystem,
14, 46, 50

“Pull effect” of innovation, 11

Qatar as source of innovation
growth, 37–8

Railway technologies, 132–3
R&D. See Research and

development (R&D)
Rare earth elements

in Australia, 308
innovation and, 12
“pull effect” of innovation, 11
transport issues, 118

Refining subsector
in Australia, 314, 316–18
in Brazil, 213–17, 227–8
in Canada, 292–7, 299
commodity prices and, 189–90
innovation in, 34, 49

Refuge chambers, 267–8, 276
Relative specialization index

(RSI), 39–42, 49–50, 184, 302,
304–5

Research and development (R&D). See
also specific country

commodity prices and, 174, 175,
182–3

exploration stage and, 12–13
increase in expenditures, 26–8
by MNEs, 66, 67, 68–9, 76
R&D-intensive FDI, 66, 74–5, 76
spillovers, R&D collaboration

and, 64–5
traditionally less R&D-intensive,

mining industry as, 145
Resemin, 103, 104
Reserves, establishing, 5–6
Resources, establishing, 5
Reuther, Jim, 269
Rio Tinto, 215, 288, 312, 320, 333–4
RIVET (Chilean company), 252–4

Road transport, 131–2
RoXplorer (DET CRC), 322–3
Russian Federation

automation, patent filings and, 44
Brazil, mineral trade with, 207
container technologies in, 134
environmental technology, patent

filings and, 44
exploration, patent filings and, 42
mining patents as share of total

patents, 39
relative specialization index (RSI)

in, 41–2
road transport in, 132
as source of innovation growth,

36–8, 49
transport-related innovation in,

42–4, 129

Safety in mining industry. See Health
and safety in mining industry

Sand
in Australia, 308
environmental impacts, 142

Sandvik AB, 335
Saudi Arabia as source of innovation

growth, 37–8
Savery, Thomas, 126
SBVS Mine Engineering, 221
Schlumberger, 336
Shell, 287
Singapore, patent filings in, 44
Socio-economic impacts of mining

industry, 95
South Africa

Canadian company patent filings
in, 289

costs of transport and,
123–4

FDI in, 62
government support of mining

industry in, 178
machinery and equipment,

innovation in, 212
mining patents as share of total

patents, 39
mining specialization

in, 183
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South Africa (cont.)
relative specialization index (RSI)

in, 41–2
as source of innovation growth,

37–8, 49
South American Management

(SAMSA), 241, 245
South Korea. See Korea, Republic of
Soviet Union, public research

organizations (PROs) in, 46. See
also Russian Federation

Spain as source of innovation
growth, 37

Spillovers
generally, 52
absorptive capacity and, 63
creative internationalization, 71,

72, 74
empirical studies, 64–5
literature on, 64
operational internationalization,

70–2, 73–4
patent licensing and, 64–5
patent statistics, analysis using, 73
R&D collaboration and, 64–5
technology diffusion and, 66,

69–70, 76
theoretical background, 63–5
transport-related innovation and,

136–8
Steel in processing stage, 7
Stolar, Inc., 270–3
Stolarczyk, Larry, 270
Stone, environmental impacts, 142
Sweden

automation, patent filings and, 44
as source of innovation growth, 38

Switzerland
METS sector in, 38
as source of innovation growth, 38

Tanzania, FDI in, 62
Tax incentives

in Australia, 22 (See also Australian
R&D Tax Incentive)

in Brazil, 22
in Canada, 22
in Chile, 22

Technological Revolution, 126
Technology flows, innovation and, 15
Technology transfer

in Brazil, 204, 217–21
Vale S.A. and, 221

Teck Resource Limited, 302
Terex Cifali, 213
Tesco, 287
“Through-the-earth” (TTE) wireless

communications, 267–8,
270–3, 276

Tin in Brazil, 206–7
Toronto Stock Exchange (TSX), 278
Trademarks, 20, 246–7, 248–50,

279, 281
Trade secrets, 20, 30, 246, 248–9,

281–2, 286
Transport-related innovation in

mining industry
generally, 18, 34, 119
automation, 134–5, 139–40
challenges in, 140
container technologies, 134
control technologies, 134–5
conveying technologies, 131
cost as factor, 121–4
distance reduction as driver of, 125
efficiency as driver of, 125
empty running, 139
environmental impact as driver

of, 126
focus of analysis, 118–19
future trends, 140
General Purpose Technology,

139–40
globalization, effect of, 129–30
historical background, 117–18
importance of, 118, 139
Industrial Revolution and, 126
knowledge flow and, 136–8
longer transit distances of mining

products and, 121
maritime technologies, 133–4
mobility of mining output and,

119–21
operational time as driver of, 125
other transport-related innovation

compared, 118
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patent filings and, 35, 42–4, 119,
126–9, 138

railway technologies, 132–3
relevance of, 126–9
road transport, 131–2
safety as driver of, 125
spillovers and, 136–8
Technological Revolution and, 126
working conditions as driver of, 125

Transport subsector
in Australia, 316–18
in Brazil, 213–17, 227–8
in Canada, 292–6
commodity prices and, 189–90
innovation in (See Transport-related

innovation in mining industry)
TSX-Venture Exchange, 278
Tungsten in Brazil, 205

Uneven geographical distribution of
minerals, 8

United Kingdom
Canadian company patent filings

in, 289
FDI and, 58
as source of innovation growth, 37–8
Warren Spring Laboratory, 46

United Nations
Conference on Trade and

Development (UNCTAD), 52,
54–6, 79

Economic Commission for Africa
(UNECA), 61

United States
Aracoma Alma Mine disaster,

261, 270
Australian company patent filings in,

309, 317
automation, patent filings and, 44
automation in, 135
Brazil, mineral trade with, 207
Bureau of Mines, 46, 259–60
Canadian company patent filings in,

288–90
coal, costs of transport, 122–3
container technologies in, 134
Darby Mine disaster, 261
Department of Interior, 259–60, 261

Department of Labor, 261
employment in mining industry in,

258–9
Energy Information Administration

(EIA), 122–3
environmental technology, patent

filings and, 44
exploration, patent filings and, 42
fatalities in mining industry in, 257,

259, 261
Federal Coal Mine Health and Safety

Act of, 1969, 260–1
Federal Coal Mine Safety Act of,

1952, 260
Federal Metallic and Nonmetallic

Mine Safety Act of, 1966, 260
Federal Mine Safety and Health Act

of, 1977, 261
importance of mining industry

in, 258
improvements in health and safety

in, 257
Innovaxxion customers in, 252
legislation regarding health and

safety in, 259–62
machinery and equipment,

innovation in, 212
maritime technologies in, 133–4
measurement of environmental

policy stringency in, 158
METS sector in, 19
MINER Act of 2006 (See Mine

Improvement and New
Emergency Response (MINER)
Act of 2006 (US))

Mine Safety and Health
Administration (MSHA), 261,
270, 274

mining patents as share of total
patents, 39

National Institute for Occupational
Safety and Health (NIOSH), 261,
262, 269, 270, 271–4, 276

Occupational Safety and Health Act
of, 1970, 261

Office ofMine Safety andHealth, 262
Ohio Underground Mine Task

Force, 269
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Patent and Trademark Office

(USPTO), 258, 263, 267, 270
patent filings in, 237–9, 264–5
productivity in, 10
R&D expenditures in, 27
relative specialization index (RSI),

41–2, 49–50
Sago Mine disaster, 261, 269, 270
Senate Health, Education, Labor, and

Pensions (HELP) Committee,
261–2

as source of innovation growth,
36–8, 47, 49

Speculator Mine, 257
transport-related innovation in,

42–4, 129
United States Steel Company, 205
Universities and academic institutions.

See also specific university or
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Australia, collaboration in, 320
Brazil, collaboration in, 211
in Canada, 282
in Chile, 242–5, 250, 254
in mining innovation ecosystem, 14,

45–6, 50
University of British Columbia, 288
University of Manchester, 320
University of Queensland, 320
University of Sydney, 320
Upstream linkages, 78–9
Uranium

in Australia, 308
environmental impacts, 142
“pull effect” of innovation, 11

Utility models, 31, 213,
246–7, 304

Vale S.A.
generally, 19, 202
Ferrous Metals Technology Center

(CTF), 224
founding of, 221–2
Inco Limited, acquisition of, 287–8
innovation at, 100–1, 222–4
institutional collaboration for

innovation, 211, 224–7

Logistic Engineering Center
(CEL), 224

methodology of study, 204
Mineral Development Center

(CDM), 224
partnerships with, 225
patent filings by, 213–15, 225–7,

228, 229
renaming of, 221
technology transfer and, 221, 227
universities and academic

institutions and, 45–6
Vale Canada Limited, 287–8, 300
Vale Institute of Technology

(ITV), 224
Valuation in mining industry

generally, 2–3
exports, contribution of mining

industry to, 3
foreign direct investment (FDI),

contribution of mining industry
to, 3

public finances, contribution of
mining industry to, 3

value adding, 3
Venezuela as source of innovation

growth, 37–8
Verti, 102

Waste in mining, increase in, 2
WIPO. See World Intellectual Property

Organization (WIPO)
World Bank

on Brazilian mining industry, 206
Development Indicators, 181
Metals and Minerals Price Index,

172–3, 175, 180, 197
World Class Suppliers (WCS) program

(Chile)
generally, 17–18, 106
analysis, 108–9
collaboration and, 235
Corporate Social Responsibility

and, 109
development of, 106–7
Expande program and, 241
implementation of projects, 107–8
innovation and, 236
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patent filings, 108
performance, 108–9
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clean patents and, 143,
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non-mining-related patent filings
and, 47

patent filings database, 16, 20,
69, 119, 172–3, 257–8,

262–4, 271, 275–6,
303

Statistics Database, 147

Yamana Gold, 221

Zambia, FDI in,
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in Australia, 308
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innovation and, 12
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