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Motivation
 Mining is a large share of GDP in many LAC countries
 GDP: 12% Chile – 12.35% Peru – 4% Brazil
 Exports: 60% Chile - 52% Peru – 21% Brazil
 The same for many Natural Resources (NR)

BIG QUESTION
1. Are Natural Resources a curse or a blessing for a country?
2. Can NR become an engine of growth and development?
3. Has something changed from the past?
Conventional view: NR-based industries were not very interesting as
they would not produce technological modernization, innovation
and productivity growth.
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New stylized facts
1. World demand for commodities (and food) has been
growing at exponential rates (China and East Asia), with
market segmentation.
2. NR-based activities have been strongly affected by major
changes in world knowledge frontier in many scientific and
technological fields (e.g. molecular biology, genetics, health
sciences, computing, digital tech.s, metallurgy)
3. Powerful areas of (natural, Schumpeterian) rents remain
available
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What theory to discuss growth with NR?
Received economic theory is not very helpful:
 Production functions for NR-based commodities are not
‘generic’ and universal (the “formula” of the production fn.)
 They have a highly ‘location-specific’ nature
 The environment and ecology determine the resource
‘loading capacity’ of each location.
 Production factors remarkably differ.
 Firms very different from one another, even if producing
the same commodity.
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What theory to discuss growth with NR?
Three
concurring
factors and
their
coevolution

Industrial Organization
• increasingly shaped by
features like production
fragmentation and
dispersion with GVCs

Public Sector regulatory
agencies
• responsible for monitoring
and enforcing environmental
impact, NR management,
licensing

Local communities
• engaged in the exploitation
of the resource demand
respect for their
‘environmental rights’.
Highly vocal, “social license”,
veto power

natural resource based activities operate as a network
of interdependent and co-evolving agents
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Mining Production involves co-evolution
between commodity producers and their providers, environmental regulatory
agencies, and local communities
The industry, Global Value
Chains and their governance
Mining companies
1. Mining permits
2. Decreasing yields
3.Process improvements
4.Frontier R&D

Equipment & service
providers
Pilot plants, adaptive
R&D, Other technological
efforts, production &
engineering services

Source: Katz and Pietrobelli, 2017, RP forthcoming

Regulatory Agencies

The community

Agencies monitoring
Environmental practices
and routines

Demand for environmental
rights and less pollution

Fiscalization and
environmental risk
management

Demand for Education,
health and transport
services

Other public sector
agencies

Demand for enforcement
of Labor legislation

Public goods provision in
the locality
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Demand for Corporate
social responsibility
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Let us see some of these elements for the
mining sector
(Pietrobelli, Olivari, Marin, Molina, Figueiredo, Piana, Navarro, Stubrin,
Katz, Special Issue in Resources Policy, 2017)

 Mining activities have become more knowledge-intensive,
with a large role for local knowledge.
 Mining companies have started to outsource key activities of
their operations.
 Challenges demand innovative solutions to local firms. (i.e.
falling ore grades, rising production costs, labour and
environmental disputes)
 New high value added activities and services are increasingly
emerging in some LA countries.
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Relevant strands of literature
 Role of science in natural resource industries

 Firm-level capabilities
 Role of industrial organization in the form of
global value chains and their governance

 Role of local communities and of regulatory
agencies
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Source: Scott-Kemmis, 2013, p.26.
Size of shapes indicates segment size
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Mining GVC
GVC literature argues that under some conditions
linkages within the chain can play a crucial role in
accessing technological knowledge, and enhancing
learning and innovation
Humphrey and Schmitz, 2002; Kaplinsky and Fitter, 2004; Gereffi, Humphrey and
Sturgeon, 2005; Gereffi et al, 2010; Morrison, Pietrobelli and Rabellotti, 2009; Pietrobelli
and Rabellotti, 2011
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Learning mechanisms within GVCs depend on the
type of governance

Source: Gereffi, Humphrey and Sturgeon (2005)

Learning mechanisms within GVCs depend on the
type of governance
Governance
Type
Market

Networks

Modular
Relational
Captive

Hierarchy

Learning mechanisms within GVC
 Knowledge spillovers
 Imitation
 Learning through pressure to accomplish international
standards.
 Transfer of knowledge embodied in standards, codes,
technical definitions
Mutual learning from face-to-face interactions
Learning via deliberate knowledge transfer from lead firms
confined to a narrow range of tasks – e.g. simple assembly.
 Imitation
 Turnover of skilled managers and workers
 Training by foreign leader/owner
 Knowledge spillovers

Source: Pietrobelli and Rabellotti (2011)

 Qualitative case studies in Brazil,
Chile and Peru: in-depth and semistructured interviews to:
Local suppliers
Mining companies
Other oganizations
 Unit of analysis: innovative local
suppliers that have developed
innovative solutions to mining
problems in different stages of the
GVC
 Water pumps; hammers and drills;
 biotechnological products & services;
 engines; remote control services;

Methodology and
data

 Sample:
Brazil (5) – Chile (9) – Peru (8)
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Preliminary empirical findings
Demand forces
 Current challenges faced by the industry are confirmed:
 Decreasing ore grades
 Increasing incidence of local specificities
 Decreasing productivity and increasing costs
 Increasing social and environmental problems (investment projects
blocked due to social and environmental conflicts)

 But these challenges are not being adequately translated into
concrete demands.
 The organization of the industry (very hierarchical) does not seem to
be promoting quality linkages between lead firms and suppliers:
 In general, very poor linkages in terms of their potential to encourage
learning and innovation in the GVCs analyzed.
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Preliminary empirical findings
Supply forces
Recent advances in technologies (often science-based) that are
applicable to the value chain:
 ICT: New development of a remote control system for trucks that
operate at very high temperatures; remote monitoring and
wireless communication that allows predicting wear points in key
equipment and anticipate replacements to avoid stopping
operations.
 New materials: Development of pumps for one of the biggest
open-pit mine in the world, adapted to operate at 4,500 meters
above the sea level, by upgrading materials and applying advanced
engineering.
 Robotics: Tool for controlling irrigation at key parts of the process,
helping to detect failures through irrigation maps and alarm
systems.
17

Preliminary empirical findings
Firms’ capabilities

 Mainly existing firms provide innovative solutions. A premium
for the incumbents.
 Few new firms emerge and offer innovative solutions, including
spin-offs from universities and from existing firms.
 Firms use different strategies to enter the markets:
 Incumbents improve existing solutions (product and services)
to old problems, benefit from location specificities.
 New firms develop new products or processes that are
addressing both traditional and new challenges.
 Most of these firms invested in developing advanced S&T
capabilities.
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Preliminary empirical findings
GVC governance
 The organization of the GVC (very hierarchical) does not promote
quality linkages between lead firms and suppliers: Little impact on
suppliers’ learning and innovation.
 Formal and informal interactions help suppliers identify chain
leaders’ demands, but do not help in developing a solution.
 Lead firm informs of what it seeks
 Suppliers eventually develop solutions (in isolation, no room for
testing)
 Selected supplier eventually benefits from closes interactions.
 Incumbents preferred over new entrants.

 Many open challenges remain:
o Lacking spaces for experimentation and testing.
o New suppliers’ access to the GVC
o Lacking capacity of market creation to exploit the
technological innovations developed.
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Role of Regulatory Agencies in NRs
 In such context NR regulatory agencies monitoring
environmental impact and human health risk play a major
role:
 E.g. Set up norms and protocols, grant mining concessions, monitor
company operations on waste disposals, human life risk and
accidents, atmospheric conditions, air pollution, water
contamination etc..

 For such purpose these agencies need:
 a staff of highly trained professionals and a proprietary data
base.
 To put in place and develop an ongoing learning process.

 Example of Chile’s SERNAGEOMIN – Servicio Nacional de
Geologia y Mineria  Created in 1981, grew stronger to respond to crises.
 Contributed to a reduction in frequency of accidents.
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Diagram 5. Sernageomin budget in current Chilean pesos
Dramatic expansion after the 2008 Mina San Jose Crisis
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Source: Katz and Pietrobelli, 2017, Caceres et al., 2017
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Diagram 6. Sernageomin professional staff (2012-16)
Dramatic expansion after the 2008 Mina San Jose Crisis
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Source: Katz and Pietrobelli, 2017, Caceres et al., 2017

Diagram 4. Fall in Annual accidents associated to mining activities in Chile (1980-2016)

Source: Katz and Pietrobelli, 2017, Caceres et al., 2017
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Conclusions
 New to rethink and theorize
 Multidimensional, multidisciplinary, systemic approach
 Firms are always part of more complex forms of
organization
 Institutions
 Public policies: regulation, public goods provision to
tilt hierarchical governance, coordination to address
emerging long-term challenges
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Little advanced human resources also in
productive sectors relevant for developing
countries (apparently less tech-intensive)
Researchers in mining firms in Chile
Country
OECD

Chile
Australia
Canada
Turkey
Poland

Researchers Researchers /
in mining
Metric Tonn
firms
Cu

91
1.460
2.499
494
152

0,02
0,38
0,46
1,51
0,06

PhD.s in
the area

PhD.s/
Metric Tonn
Cu

399

0,07

 Researchers/MT Cu in Chile are 19 times less than in Australia and 24
times less than in Canada.
 Similar pattern in Aquiculture (15 times wrt Norway) and Winery (9
times wrt France).
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Grazzi & Pietrobelli, 2016, Busso et al., 2012

Syverson 2011

Huge Heterogeneity among firms
productivity and innovation (also within sectors)

Hsieh and Klenow 2009

in

)
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Source: ECA, 2013, Table 5.17

Research questions
 What new opportunities for structural change and
diversification in the mining industry? What is the nature of
these opportunities?
 Which kind of local firms and new ventures are (or are not)
successfully exploiting these opportunities? How does this
relate to their level and type of technological/other capabilities?
 How do the inter-firm linkages that characterize GVCs foster
(hinder) emergence and consolidation of these local firms and
new ventures?

Hypothesis: A new context is emerging, which is
opening up new opportunities for innovation and
fruitful linkages in mining industries.
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Conceptual framework
The interplay of demand and supply is opening up new
opportunities for the emergence and development of innovative
suppliers.
Exploiting these opportunities locally, depends on the availability
of specific firm capabilities.

The role of demand forces:
 Importance of location specificities: demand for tailor-made
solutions forces local companies to innovate.
 Vertical disintegration and outsourcing trends in the mining
industry.
 Linkages between suppliers and buyers within value chains:
Some type of linkages and governance promote learning and
innovation in suppliers.
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Conceptual framework
The role of supply forces:
 Recent advances in scientific knowledge have opened new
technological opportunities for innovation in NRs in general, and
in mining in particular, such as ICT, biotechnology and new
materials.
 A process of technological rejuvenation in the industry associated
to many technological innovations and improvements in
exploration, mining and mineral processing (Urzua, 2011).

Firms capabilities
 Local suppliers can take advantage of the new technology and
knowledge opportunities to enter the higher/knowledge intensive
layers of the value chain with local solutions based on the new
technologies.
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How are mining GVCs fostering (hindering) local
innovation and learning in developing countries?
GVC theories:
 Inter-firm linkages are key to promote access to technological
knowledge and enhance learning and innovation processes in
local firms.
BUT
 GVC integration alone does not have automatic effects on
local firms’ development.
 What are the necessary conditions?
 type of governance and local firms’ technological
capabilities.
 Governance depends on complexity and codifiability of
transactions, and on suppliers’ capabilities

