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Abstract
This paper examines the importance of the mining sector in Peru, highlighting the key
role it has played through history and plays at present, primarily because of the most
favorable geological characteristics of the country, but also noting that it has not led to
widespread improvements in living conditions. It then examines the main features of
bioleaching as a cost-effective alternative to the conventional methods for processing
ores, and describes the initial efforts made during the 1970s to acquire technological
capabilities in this field and how these capabilities have evolved over time, placing
emphasis on the absorptive capacity of mining firms operating in Peru. The
Tamboraque project, run by Minera Lizandro Proaño S.A. (MLPSA), is used as a case
study to show the way in which these capabilities were acquired, and partially lost,
before indicating how some elements of technological capabilities remained dormant
and were displaced to other organizations. Even with these constraints, a process of
‘lateral migration’ of these technological capabilities took place, which later reemerged
in the field of bio-remediation technology. However, the paper also indicates the
incipient state of the Peruvian mining innovation system did not facilitate either the
consolidation of bioleaching capabilities in the country, nor facilitated this process of
lateral migration that took place largely through individual efforts. This suggests that
there are opportunities to expand the role of public policies to strengthen the mining
innovation system, to consolidate technological capabilities and to expand these
capabilities to other sectors and uses.
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Acronyms
APGEP

Ambiente, Participación y Gestión Privada
(Environment, Participation and Private Sector
Management - Program run by USAID)
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American Smelting and Refining Company, acquired
by Grupo Mexico

BID

Banco Interamericano de Desarrollo (Inter-American
Development Bank)

BIOX

Biological Oxidation

GRADE

Grupo de Análisis para el Desarrollo (Group for the
Analysis of Development)

CENTROMIN

Empresa Minera del Centro del Perú

CEPAL

Comisión Económica para América Latina y el Caribe
(Economic Commission for Latin America and the
Caribbean)

CIUU

Certificación Industrial Internacional Uniforme
(International Standard Industrial Classification)

CMI

Chr. Michelsens Institutt

COCHILCO

Comisión Chilena de Cobre (Chilean Copper
Commission)

CONAM

Consejo Nacional del Ambiente (National
Environmental Council)

Cu

Copper

D.L.

Decreto Ley (Law Decree)

DPRU

Development Policy Research Unit

D.S.

Decreto Supremo (Supreme Decree)

EF

Economía y Finanzas (Economic and Finances)

EM

Energía y Minas (Energy and Mines)

EW

Electrowinning

GDP

Gross Domestic Product

GTZ

German Technical Cooperation

HSRC

Human Sciences Research Council

IIWW

II World War

IDRC

International Development Research Centre

INCITEMI

Instituto Científico y Tecnológico Minero del Perú
(Scientific and Technologic Mining Institute of Peru)

INGEMMET

Instituto Nacional de Geología, Minería y Metalurgia
(National Institute of Geology, Mining and Metallurgy)
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MEM

Ministerio de Energía y Minas (Ministry of Energy and
Mines)

MLPSA

Minera Lizandro Proaño S.A.

MT

Metric tonne

R&D

Research and Development

S.A.

Sociedad Anónima (Incorporated Company)

SENREM

Sustainable Environment Natural Resources
Management

SMP

Sociedad Minera Pudahuel (Pudahuel Mining Society)

SNMPE

Sociedad Nacional de Minería, Petróleo y Energía
(National Mining, Petroleum and Energy Society)

SX

Solvent extraction

UNDP

United Nations Development Programme

US

United States

USAID

United States Agency for International Development

VAT

Value-Added Tax
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1

Introduction

The mining sector has always been and still is important in Peru. Almost every
government since the Republican era, has highlighted the significance of mining and
have declared it as the engine of Peru’s economic growth. Mining contributes with
much of the needed foreign earnings, taxes and employment.
However, the advantages of mining seem to vanish in the longer term. There have
been periods, such as the late 1970s and 1980s, in which mismanagement of fiscal
rents have promoted macroeconomic imbalances that contributed to generate Dutch
disease. At present, fiscal discipline is a sine qua non condition, however, even when
mining revenues have more than tripled in the last 5 years, local communities that
host mining operations complain bitterly about the negative effects of this activity.
For them mining has only meant pollution and more poverty and are taking action to
prevent the development of new mining projects.
This situation is not exclusive of Peru, but of almost all developing countries rich in
mining endowments. Multilateral organisations are recommending these countries to
follow a strategy of adding knowledge in resource-intensive industries (De Ferranti et
al., 2002). But besides general prescriptions on human capital formation, good
institutions and openness; the question is what kind of knowledge and how it is added
to these industries. As opposed to previous efforts to answer these questions that
focused on macro or meso analyses, it seems important to review firms’ experiences
that sustained learning processes and contributed to produce innovations in resourceintensive industries.
This paper consists of ten sections. Section 2 describes the methodology followed for
the preparation of this case study. The third section provides an overview of the
economic importance of mining in Peruvian economy since the late XIX century to
the current years. The fourth section describes the geological characteristics of the
Peruvian mining deposits and shed some lights over the division of labour between
foreign and domestic mining firms. In the fifth section, the bioleaching technology is
described as a cost-effective alternative to the conventional beneficiation method. In
addition, it is portrayed the initial efforts made in Peru to acquire technological
capabilities in bioleaching, as well as the state of this technology in Peruvian mining.
The sixth section analyses the absorptive capacity in Peruvian mining. A brief
discussion about this concept is provided and it is complemented with a brief longrun assessment of the technological capabilities of Peruvian mining firms. The seventh
section presents the Tamboraque project as the case study that serves to analyse the
lateral migration from the bioleaching technology to process complex mineral to bioremediation technology. The section provides a technical background on the project
and analyses the absorptive capacity gained by the mining firm that run the
Tamboraque project. The eighth section describes the process by which the research
efforts in bioleaching end up in efforts to develop a bio-remediation technology. The
ninth section discusses the limited action of the Peruvian mining innovation system in
the accumulation and expansion of bioleaching capabilities. The final section provides
some comments about the relevance of this case study as an example of lateral
migration and about the opportunities present in the current Peruvian context for
continuing research efforts in bio-remediation.
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2

Methodology

The present case forms part of a set of studies aimed at cumulating evidence about the
pertinence and utility of the proposed concept of “lateral migration”, meaning the
migration of knowledge cumulated in a resource intensive sector to a different one.
As opposed to previous efforts on identifying spillovers, transfer or diffusion of
technologies to other sector, this proposed concept focused at the microeconomic
level and tried to identify specific technological trajectories. In that sense, the
proposed concept is building up in the literature of absorptive capacity and learning,
the role of foreign technology in indigenous technological development and linkages
and interactions (Lorentzen, 2005).
Interviews with different firms, government and academic institutions representatives
were the main methodological tool. The interviews were performed through years
because the authors analysed this case study as an example of how linkages between
small mining firms, providers and other institutions are generated (Kuramoto, 2001b)
and as an example of the influence of mining firms in the mobilisation of public
participation in environmental monitoring (Kuramoto, 2002). A last set of interviews
was performed in 2005 to gather information for this case study.
In addition to the interviews, various guided visits to the Tamboraque plant were
made at the different periods.

3

Economic importance of mining in Peru

Peru is a country with a large mineral tradition. Since the pre-Colombian era, ancient
Peruvians had expertise in the metallurgy of gold and silver, and to lesser extent of
copper. The ornamental metallic objects found in many pre-hispanic tombs all over
the country are proof of this expertise.
With the arrival of the Spaniards, mining became a widespread economic activity. The
focus was on the exploitation of precious metals, such as silver and gold, which were
sent to Europe. Thousands of Indians worked at the mining operations and the latest
technology of that time was transferred to the sites.
With the independence, mining operations were administrated by domestic
entrepreneurs. Changes in markets opened the opportunity to exploit base metals by
the end of the XIX century, together with the continuing exploitation of precious
metals (Thorp and Bertram, 1975). The modern era of mining began at the turn of the
century. Operations became capital intensive, which required skilled labour and
engineering capacities. As a result, institutions such as the School of Mines were
founded in 1876.
Since then, mining has been one of the leading economic sectors in Peru. Even when
price metals instability was a common feature, Peruvian mining succeeded to bypass
the revenue imbalances because of the wide variety of metals produced (see figure 1).
For example, during the 1929 Depression copper prices went down severely but
precious metals soared because of their use as depositary of value. By the 1940s, the
rise in price of lead and zinc offset the prior decline of copper. These offsetting
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effects together with deflationary policies were able to maintain the balance of
payments in equilibrium1 (Thorp and Bertram, 1975).

Figure 1 - Metal prices
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In the 1940s, an imports substituting model was launched. A set of policies aimed at
stimulating internal demand and to capture surplus from the export sectors (via the
increase of the tax burden from 4% to 14% in 1945) were put in place. However,
some specific measures to support mining were also implemented, such as the
creation of the Mining Development Bank to provide credit to local mining firms, at
the same time that the IIWW increased the demand for raw materials produced by
Peru, especially of metals such as copper, vanadium and molybdenum.
The increasing control of United States interests in the Peruvian economy resulted in
Peru’s acceptance of wartime prices controls that reduced considerably export
earnings. At the same time, the import-substituting policies aimed at expanding the
government payroll, adopting full exchange control in mid-1946 and raising wages did
not add up to a coherent development strategy. By 1948, it was clear that the model
did not work and the country reversed to economic liberalism (Thorp and Bertram,
1975). One example of this reverse was the enactment of the 1950 Mine Code that
promoted foreign direct investment in the sector.
During the 1950s and early 1960s, Peruvian mining experienced a sustained growth
based on the set up of large projects by foreign investors. However, investment
diminished due to the government pressures to increase the retained value of mining
and the expectation of foreign firms to be granted more fiscal incentives (Thorp and
Bertram, 1975). The halt on mining investment put at risk the whole strategy of
export-led growth, since mining was the only export sector capable of rapid large-scale
expansion.
It is important to measure that other exporting industries such as sugar and cotton in
agriculture, and a booming fishing industry, contributed as well with important foreign
earnings.

1
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The nationalisation of Peruvian mining occurred in the late 1960s, after the military
coup in 1968. The state took the large mining operations, but the inefficiency of state
firms in conjunction with the collapse of the fishing sector and the increasing imports
demand resulted in major problems of balance of payments (Thorp and Bertram,
1975). This situation continued during the 1980s, in which foreign borrowing
aggravated the balance of payments imbalances. The result was a major
macroeconomic crisis, characterised by monetary instability, distortion of relative
prices and recession, which lasted more than a decade and reached a peak in 1988
(Paredes and Sachs, 1991).
During the crisis years (1975-1990), mining investment declined. The only large
project launched during that period was Tintaya, a government effort to maintain the
sector’s dynamism. Macroeconomic imbalances, specifically the appreciation of the
exchange rate, discourage mining investment from the private sector. Medium and
small mining operations continued operating but became obsolete and inefficient.
Since the 1990s, Peruvian mining is experiencing a resurge after a decade of inertial
growth. Changes in legislation that promoted private and foreign investment were
accompanied by fiscal incentives and good quality geological information. In fact, the
2001-2002 Survey of Mining Companies elaborated by the Fraser Institute ranked
Peru as the 8th country with the highest investment attractiveness index2, after mining
locations such as Alaska and Nevada in the United States (7th and 6th respectively),
Brazil (5th), Chile (4th), Australia (3rd) and Ontario and Quebec in Canada (2nd and 1st
respectively).
In
addition,
total
investment
for
the
period
1996-2000 reached US$ 3.5 billions (MEM, 2005).

Table 1 - 2005: Peru’s ranking as world metal producer
Metal

World rank

% of world production

Copper
Gold
Lead
Silver
Zinc

3
6
4
2
3

6.89
6.96
9.52
14.35
15.38

Source: Sociedad Nacional de Minería, Petróleo y Energía (2005)
As shown in Table 1, Peru is ranked as a major world producer in several base and
precious metals. Strong positions are held in silver and zinc, in which the shares of
world production surpass 10%. In gold, Peruvian operations are known as having one
of the lowest operating costs.
With regards to the economic impact of Peruvian mining, this activity has been an
important engine of growth since the 1990s. In the last decade, the Peruvian economy
has grown at 4% annually, while mining growth rates have increased almost 10%.
Thus, the participation of this sector in GDP has augmented from a traditionally 3.5%
to 5.8%.
This significant growth in GDP has pushed an important increase in mining exports.
These passed from US$ 1,197 million in 1994 to US$ 4,573 in 2003, which
represented an increase of 132%. As a result, mining exports share in total exports in
2004, represented 54.8% amounting more than US$ 6.8 billion.
The Investment Attractiveness Index is a composite index constructed “by combining the
mineral potential index, which rates regions based on geological attractiveness, and the policy
potential index, a composite index that measures the effects of government policy on attitudes
towards exploration investment” (The Fraser Institute, 2002).

2
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Mining is a capital and technology intensive sector, thus it does not create a large
number of jobs. Mining has generated between 3% and 5% of domestic employment.
This means around 80,000 direct jobs and 320,000 indirect ones. Based on these
estimates and considering 5-member families, around 1,600,000 people depend on
mining.
Mining is the most important corporate taxpayer (at a 3-digit SIC level) in Peru. The
corporate tax rate is 30% for all industries. In 2003, it contributed with 23.1% of all
corporate tax revenues, while manufacturing contributed with 17% and commerce
with 13%.
These figures show that mining is in an expansion cycle, just as 50 years ago when the
1950 Mining Code was enacted. Peruvian economy is again ruled by an export-led
growth model based not only on mining but fishing and agro-industrial products.
Investment has increased in the last decade. There is macroeconomic stability: low
inflation rates, equilibrium in the balance of payments, controlled fiscal accounts,
among others. However, the lack of a development vision for the country is a major
constraint. Peru is not making advances in knowledge investment and major changes
in commodities prices may affect growth rates.

4

Geological characteristics of Peruvian deposits

Mining deposits are found almost in every region in Peru. However, there are regions
that are known by their mineral richness and where most mining operations are
located. Figure 2 shows the location of the different mining (metallic and nonmetallic) operations and it is clearly visible that most of the operations are located
along the Andes chain.
Considering the main metallic deposits, it is possible to identify six mining regions (see
table 2). The first region is formed by the departments of Cajamarca and La Libertad
in the northern part of Peru. This region is rich in gold, copper and complex ores
deposits. Yanacocha (operated by Newmont3 and Buenaventura Mines4), the largest
gold disseminated deposit is located in Cajamarca, as well as the district of Pataz (La
Libertad) where a large number of artisanal miners exploit gold.

Table 2 - Mining regions and type of metallic deposits
Mining region
Cajamarca and La Libertad
Ancash and Huánuco
Lima, Pasco and Junín
Huancavelica, Ayacucho and Apurímac
Ica, Moquegua and Tacna
Arequipa, Puno, Cuzco and Madre de Dios

Type of deposits
Gold, copper, complex ores (zinc, lead and
copper
Gold, copper, zinc, complex ores, non
metallic
Complex ores
Silver and copper
Copper and iron
Copper, iron and gold

Source: Elaborated by the authors.

3
4

The US firm Newmont is the world’s largest gold producer.
Buenaventura is the largest domestic mining group in Peru.
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The second region is formed by Ancash and Huánuco. This is a region with large
gold, copper and zinc resources. Antamina (operated by BHP Billiton5), the largest
mine of copper and zinc in the world, is located in this region. There are also major
gold deposits as Pierina (operated by Barrick6) and small operations exploiting rich
complex ores.
Lima, Pasco and Junín form the third region, which is characterised by massive small
to medium complex ore deposits7. Most of the small and medium-size mining
operations are located here and were developed in the beginning of the XX century,
thus becoming the most important mining region during most of that century. Doe
Run8 operates a major multi-metal smelting plant (La Oroya) which processes the
poly-metallic ores that come from the different small and medium-size operations
located in the region9.
The fourth region is formed by Huancavelica, Ayacucho and Apúrimac. This region is
rich in medium silver deposits, mostly operated by medium firms. The major copper
deposit Las Bambas (Xstrata10 is currently in the exploration phase) is located in this
region. This deposit may become the largest copper deposit in Peru.
Ica, Moquegua and Tacna form the fifth region. Ica is known by its large iron deposit
of Marcona (operated by Shougang11) and its small gold deposits that are exploited by
artisanal miners.
Moquegua and Tacna are known by their large copper deposits of Cuajone and
Toquepala (operated by Southern Peru12) and Quellaveco (currently in exploration by
Anglo American13).
Finally, the sixth region is formed by the departments of Arequipa, Puno, Cuzco and
Madre de Dios, which are located in the Southern part of Peru. There are two major
copper operations in Arequipa and Cuzco: Cerro Verde (operated by Phelps Dodge14)
and Tintaya (operated by BHP Billiton), respectively. Puno has the San Rafael tin
BHP Billiton, an Australian conglomerate, is one of the largest diversified mining groups in
the world.
6 Barrick, a major Canadian firm, is a leading international gold mining company, with a
portfolio of operating mines and development projects located in the United States, Canada,
Australia, Peru, Chile, Argentina and Tanzania.
7 The Tamboraque mine, which is the subject of study of this paper, is located in the
department of Lima, province of Huarochirí, district of San Mateo de Huanchor.
8 The Doe Run Company is a US leading provider of premium lead and associated metals and
services.
9 La Oroya is the metallurgical complex constructed and owned by the US Cerro de Pasco
Corporation. This complex was constructed by the beginning of the XX century and became
the heart of the Peruvian mining industry for several decades. The assets of Cerro de Pasco
Corp. were expropriated in the late 1960s during the nationalization process held in Peru.
10 Xstrata is a Swiss diversified mining group. It operates in six major international commodity
markets: copper, coking coal, thermal coal, ferrochrome, vanadium and zinc, with additional
exposures to gold, lead and silver.
11 Shougang is a major Chinese steel manufacturer.
12 Southern Peru Copper Corporation operates in Peru since the 1960s. It was owned by the
US firms ASARCO and Phelps Dodge. At present, it is owned by the Grupo Mexico.
13 Anglo American is a South African leader in mining and natural resources. It owns a well
diversified range of high quality assets covering gold, platinum, diamonds, coal, ferrous and
base metals, and industrial minerals.
14 Phelps Dodge Corp. is a US firm and one of the world's leading producers of copper. The
company is a world leader in the production of molybdenum, the largest producer of
molybdenum-based chemicals and continuous-cast copper rod, and among the leading
producers of magnet wire and carbon black.
5
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deposit, which is responsible for all the domestic tin production, as well as small gold
deposits that are exploited by artisanal miners. Madre de Dios has alluvial gold
deposits that are exploited by artisanal and informal miners.
The six mining regions have different types of deposits that attract different kinds of
mining entrepreneurs. On the one hand, large mono-metallic deposits that usually are
exploited by foreign firms or by joint-ventures and, on the other hand, small and
medium deposits, usually with complex ores, that are exploited by domestic mining
groups. In addition, there are very small gold deposits that attract artisanal and
informal miners.
The latter division of labour has major technological implications since large mining
international groups are interested in large mono-metallic deposits that can be
exploited by standard technology that is procured by international sources. In
contrast, small complex and rich ores are exploited by domestic groups. Though the
technology to process these complex ores is the standard flotation technology15, their
specificity requires an intense adaptation of the technology resulting in the set up of
different flotation circuits to extract the different metals contained in this kind of ores.
Alternative routes to process these ores, such as pressure leaching, are being essayed
in places like South Africa and Australia, but their application still remains risky.

In the flotation stage, water and reagents are added to the milled mineral. Air is blow to the
solution till bubbles are formed. Metal particles adhere to the bubbles and other material goes
to the bottom of the flotation cells. Then metal is collected from the bubbles and dry by
ventilators. This process is repeated in every flotation circuit to collect different metals.

15
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Figure 2 - Metallic and non-metallic operations in Peru
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5

Bioleaching in the Peruvian mining sector

5.1 Hydrometallurgy: a radical innovation in metallurgy
The typical stages in metal production are prospecting and exploration of deposits;
mining; and metal recovery from mined ores (see figure 3). In the first stage, mineral
deposits are identified and analysed to figure out the richness of the deposit measured
in terms of percentage of metal content and the total tonnage of ore. If the
exploration studies proof successful, development and infrastructure works begin to
secure access to the resources and their transportation to major ports for their export.
The mining stage involves all the tasks to extract the mineral from the deposit,
including the preparation of the mine, its exploitation and the hauling of the mined
ore to the processing site. Finally, three stages are required for metal recovery.
Concentration involves the crushing and milling of mineral, as well as the use of the
flotation technology to extract the value metals from the milled material. The resultant
output is a concentrate of metal which has around 30% to 40% purity. Because of the
complexity of ores, a concentration plant is formed by several flotation circuits to
extract different metals. Thus, there must be some adaptation (order of extraction of
different metals, selection and amount of different reagents, etc.) to treat specific
metals. In the stage of smelting, the concentrate is exposed to high temperatures in
furnaces. This exposure provokes chemical reactions that allow the production of bars
of metals with around 98% purity. The final stage of refining, the bars are further
exposed to furnaces to increase their purity to 99.99% or, are exposed to reagents and
electricity that generates ion exchange and an increase in purity of 99.99% or more.

Figure 3 - Stages of mining process
Prospection,
Exploration and
Development
• Surveys
• Analysis
• Airborne images
• Geophysical,
geomagnetic
& seismic analysis
• Infrastructure.

Explotation
• Open pit and
underground
mining
• Blasting
• Hauling
• Carrying

Concentration
• Grinding
• Milling
• Flotation
• Drying

Leaching
• Acid
• Cianyde
• Bacterial

Smelting

Refining

• Roasting
• Flash furnaces,
converters

• Fire refining
• Electrolytic
Refining

Ion
exchange

Refining

• Solvent extraction • Electrowinning
(SX)
(EW)
• Precipitation
• Carbon stripping
• Activated carbon

Source: Elaborated by the authors.
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By the late 1960s, an alternative route to produce metals, especially copper, was
available. It did not involve a complete change in the process but an alternative route
after the mining stage. Once the mineral is extracted, the main stages of this method
are leaching and precipitation to continue processing the mineral by pyrometallurgy
or, alternatively, leaching, solvent extraction and electrowinning16.
The leaching stage is crucial in this method. In general, copper ores or mine wastes are
sprayed with an acid solution that dissolves iron from the mineral and allows copper
to be liberated. There are two main leaching alternatives. Acid leaching, in which
sulphuric acid or ammonia is sprayed over the mineral ore, is mainly used to treat
oxide minerals coming from dumps that contain as low as 0.2% of copper per metric
tonne (MT). This low-content material is too expensive to be treated by the
conventional or pyrometallurgical method. Bacterial leaching, on the other hand, is
used to treat sulphide ores or concentrates. It is widely used in Chilean operations,
where all large mining operations have a hydrometallurgical plant and the electrowon
cathodes represented 31% of all the copper produced in 2004 (Valenzuela y Arias,
2005). However, the use of bacterial leaching, as opposed to acidic leaching, to treat
concentrates is not widely spread, although different firms claimed to have developed
technologies that can be applied in commercial operations.
The leaching solution − i.e. acid and/or bacterial − is sprayed over the mineral which
is accommodated in heaps. The solution percolates and the resultant liquid − i.e.
pregnant solution − is collected for further treatment. Optimisation of leaching
depends on the time and speed of spraying the solution and on the accommodation of
the mineral to allow a chemical reaction to occur in the shortest time possible and
with the highest copper recuperation. The pregnant solution can be precipitated
through a pile of scrap iron or steel and the copper precipitates to the steel surfaces. A
chemical reaction occurs: there is a transfer of electrons between the iron and the
copper. The output is called cement copper and contains about 85% to 90% of
copper. Cement copper must subsequently be treated through smelting and refining.
Copper cementation was the typical way to recover copper from the pregnant
solution.
An alternative route is solvent extraction and electrowinning (SX-EW). The
development of solvent extraction contributed to make economically feasible the
hydrometallurgical method17. The development of powerful reagents was crucial to
achieve high metal recovery rates (Tilton and Landsberg, 1997). The pregnant solution
is pumped to tanks where it is mixed with an organic chemical − i.e. reagent − which
dissolves copper. The copper-laden organic solution is separated from the leachate −
i.e. residual from the pregnant solution − in a settling tank. Sulphuric acid is added to
the pregnant organic mixture and the acid strips the copper into an electrolytic
solution. This process is performed in closed loops. Thus, both the leachate and the
organic reagent are used again to treat more copper.
Finally, the rich electrolyte that results from the solvent extraction stage is sent to the
electrowinning circuit that accommodates stainless steel cathodes and lead alloyed
anodes. An electric current is run through the electrolyte and the copper is settled
onto the cathode. The output is also 99.99+% copper cathodes. The remaining
depleted electrolyte is sent back to the solvent extraction circuit and/or the leaching
solution tank to start again with the process.
There are some deposits that are being exploited from the beginning of the 20th century by
the hydrometallurgical method − i.e. in-situ leaching. Those deposits contained in permeable
rock are injected with a leaching solution, thus eliminating the stage of mining.
17 Solvent extraction was first developed in the 1940s to produce uranium.
16
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Hydrometallurgy became the basis of the US copper industry since it allowed a
reduction in production costs and the use of marginal ores that were considered as
waste (Tilton and Landsberg, 1997; O hUallacháin, B. and R. Matthews 1996). First,
the hydrometallurgical method had lower costs than the conventional method. By
1996, costs estimates for US copper operations were US$ 0.69 for the conventional
method against US$ 0.39 for hydrometallurgy (Pincock, Allen, and Holt, 1996). Most
of this savings come from lower costs in the stages of mining and milling. Second,
hydrometallurgy cost effectiveness is not subject to economies of scale. Pincock, Allen
and Holt (1996) showed that different estimates indicated that the efficient size for
leaching, solvent extraction and electrowinning operations is reached at capacities of
15,000 Cu metric tonne (MT)/per year, while the conventional method requires
minimum capacities of 50,000 Cu MT/per year. Third, the lower capital investment
requirements for the hydrometallurgical method represented a great incentive.
Pincock, Allen, and Holt (1996) estimated that the capital needs to construct a SX-EW
plant averages about US$ 3,400 per annual tonne of cathode capacity and that
expansions of existing facilities average US$ 1,700 per tonne. In contrast, the
resources required to produce a copper tonne in the conventional route ranged
between US$ 8,000 and US$ 10,000 as shown by Domic (2002).
The advantages of the hydrometallurgical method had limits. Before the development
of bacterial leaching, it was not cost-efficient to treat sulphide ores, which conform a
large share of world copper reserves. In addition, the large pyrometallurgy capacity
around the world becomes a major constraint to set up more hydrometallurgy
operations, since smelters and refineries need to be fed by concentrates to continue in
operations. Nevertheless, the share of primary copper produced by hydrometallurgical
operations has increased steadily since the late eighties. By 1987, electrowon copper
(the final product of the hydrometallurgical method) represented less than 10% of
total primary copper output, while its share increased to 20% in 2002 (Kendrew,
2003).

5.2 Bioleaching efforts in Peru
The advantages of hydrometallurgy were soon acknowledged by other mineral
producing countries. On the one hand, developing countries that initiated a process of
nationalisation of their mines and deposits saw in this new method a way to decrease
their dependence on foreign technology and to reduce the capital investment required
to set up a new mining operation. On the other hand, these countries foresaw that the
development of bioleaching, the use of bacteria to speed up the leaching of sulphure
and complex ores, was at its early stage. Thus, it was a good opportunity to absorb
and build capacity in bioleaching and hydrometallurgy. In addition, a window of
opportunity was open since industrialised countries, such as the US, were only
interested on acidic leaching since there was a great availability of oxidised dumps and
will not make major efforts to investigate the action of bacteria in sulphur ores
(Warhurst, 1985). Also, industrialised countries owned most of the smelting and
refining capacity and were interested in engaging in long-term purchase contracts of
concentrates.
Within this context, the Andean Pact launched two projects to investigate and apply
bacterial leaching to recover copper in the late 1970s. The projects “Acid or bacterial
heap and dump leaching for marginal copper ores” and “Copper recovery from ion
exchange in copper sulphate solutions” were aimed at developing hydrometallurgy
(PADT-Cu) in Peru and Bolivia.
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The specific objectives of these projects were to develop appropriate technology to
exploit domestic mineral resources with biological sources available in the region; to
develop semi-industrial facilities to support the diffusion of this technology; to
implement bacterial leaching operations using complex mineral dumps and/or
abandoned sulphur copper deposits; and to promote the increase of copper
production via this new technology (Macha and Sotillo, 1975).
To conduct the activities of these projects, CENTROMIN18 set up a laboratory in La
Oroya and pilot dumps were built in Toromocho (Morococha). In addition,
MINERO Peru and INCITEMI19 set up research centres in Arequipa and Lima. In
parallel, the activities of these projects served to test the commercial application of
this technology. A pilot solvent extraction and electrowinning (SX-EW) plant was
built in Cerro Verde (Arequipa), which later became the fourth commercial plant in
the world that deployed this new technology20.
The set up of Cerro Verde was a major technological success for Peruvian mining
since it was the first large project developed entirely by a Peruvian state-owned
company and, furthermore, it deployed a non conventional technology. As opposed to
US hydrometallurgy operations that processed material cumulated in dumps, Cerro
Verde was a complex operation. It was designed to exploit first the superficial layer of
copper oxides by acidic leaching (using sulphuric acid) and in a second stage exploit
the sulphures by the conventional method. In this way, the sell of copper cathodes
from oxide ores would finance the setting up of the large concentration plant21.
However, government budget constraints and the emerging macroeconomic
imbalances impeded to continue with the second stage of the project. As a result,
Cerro Verde began experimenting with the addition of bacteria to the leaching
solution to accelerate the liberation of copper from the sulphur ores. Bacteria is found
naturally in acid mine water. Thus, the research required the identification and
selection of bacteria and the addition of the appropriate strains in the leaching
solution. It also required experimentation in the mineral heap (height, degree of
compacting of the ore, etc.).
Being a state-owned mining firm, Cerro Verde became an experimenting site because
its shrinking investment budget forced the firm to find technological solutions at
home. For example, due to the increasing costs of lead anodes used in the
electrowinning phase, the firm managed to get a donation from the Japanese
government to set up an anode plant in Cerro Verde22.

CENTROMIN PERU was the state-owned mining firm that operated the previously owned
facilities of Cerro de Pasco Corp. EXPLAIN
19 MINERO PERU was the state-owned mining firm aimed at developing new mineral
deposits, such as Cerro Verde, where part of the research activity was conducted. INCITEMI
was the National Mining Research Institute; it later became the INGEMMET (Instituto
Nacional de Geología, Minería y Metalurgia).
20 The first comercial SX-EW plant in the world was Blue Bird constructed in the United
States in 1968. It was followed by Bagdad (1970), also in the United States; Nchanga (1973) in
Zambia; and Cerro Verde (1974) in Arequipa, Peru.
21 Lack of international funding sources was a common constraint faced by mining nationalised
firms.
22 Information obtained in an interview with a former President of Cerro Verde.
18
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Table 3 - Promotional mining laws
Date

Law no.

Aug. 1991

D.L. 662

Sept. 1991

D.L. 674

Nov. 1991
Nov. 1991
Jun. 1992
Oct. 1992

D.L. 708
D. L. 757
DS-014-92-EM
DS-162-92-EF

Jun. 1993

DS-024-93-EM

Apr. 1996

D.L. 818

Apr. 1996

DS-058-96-EF

May 1996
Nov. 1996

Law 26615
D.L. 868

Jan. 1998

Law 26911

Mar. 1998

DS-027-98-EF

Aug. 1998

DS-084-98-EF

Sept. 1998

DS-095-98-EF

Law title
Promotion of Foreign Direct Investment
Promotion of Private Investment in State-Owned
Firms
Promotion of Investment in the Mining Sector
Framework for the Growth of Private Investment
General Law of Mining
Guaranty Regime for the Private Investment
Regulation for the Guaranty and Measures for
Promoting Investment
Incentives to the Investment in Natural Resources
Regulation for the Incentives to the Investment in
Natural Resources
National Mining Cadastre
Modifications to General Law of Mining
Anticipated VAT recovery for Natural Resources
Exploitation
Tax Incentives for Reinvested Profits
New Regulations for Contracts Signed with the
Government in Natural Resources
Loss Carry Forward for Periods Longer than 4 Years

Source: Sanchez (1998)
Despite these technological achievements, the financial situation of Cerro Verde was
critical. Due to macroeconomic unbalances during the 1980s, the firm’s revenues were
controlled directly by the central government and deviated to cover fiscal deficits23
(Becker, 1983). As a result, there was a deterioration in its productive efficiency and a
reduction of further research to improve the SX-EW plant.
The expansion of technological capacities resulting from these experiences was very
limited since they were not tightly integrated to the work of universities. Even when at
an early stage universities were involved in these projects, further basic research was
not done. As a result, there is a limited amount of theses on the topic and universities
did not include courses on leaching, or hydrometallurgy, in the curricula of mining and
metallurgic engineering and, as a result, did not promote the specialisation of
professionals in leaching processes. In addition, the restraint in mining investment
limited the possibility of setting up new leaching facilities and of diffusing this
technology, such as Toromocho, a mining deposit where some of the experimentation
was performed.
This situation represents the opposite of what happened in Chile, where
experimentation with bacterial leaching was also essayed. In Chile, early efforts in
bacterial leaching were done by the private sector, but soon the engineers
commanding the research offered courses at the universities with major mining and
geology faculties and engaged students in the research projects. This served to create a
minimum critical mass of specialised professionals. In addition, the attractive
investment conditions granted to foreign investors converted Chile in one of the few
countries in Latin America where new mining operations were developed. Most of the

23 This kind of financial interference was common in the nationalized mining firms in the
developing world. These firms were revenue maximisers rather than profit maximisers. This
explains why during periods of low prices, these firms increased their output instead of
reducing it.
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operations opened in the 1980s used bioleaching technologies. At present, Chile
continues to promote the study of bacteria and has devoted around US$ 5 million in
the research initiative Genoma Chile, aimed at improving existing and creating new
bioleaching technologies24.
The Peruvian mining as a whole suffered from the macroeconomic imbalances and
grew at an inertial rate. It is in the 1990s, with the revitalisation of the international
mining industry, that the Peruvian government made major changes in legislation to
attract private investment (see Table 3). Different pieces of legislation were enacted
to promote private investment, to give positive signals to foreign investors in the form
of tax incentives, provisions to make remittances and to carry loss forward, among
others. With these changes, a privatisation process began and mining investment
increased in Peru.
This increase of mining investment also meant the modernisation of existing
operations and the use of new technologies. One of these technologies, although not
unfamiliar to Peruvian mining, was bioleaching. It was first introduced in 1994 in
Yanacocha, a mine operated by Newmont and the Peruvian Buenaventura. Yanacocha
meant the beginning of gold mining at a large scale. Other operations like Pierina,
operated by Barrick, followed. A couple of years later this technology was introduced
in the large Toquepala operation. Toquepala is a copper mine owned by Southern
Peru, the only foreign firm that survived the nationalisation process initiated in the
late 1960s in Peru25.
Interviews with representatives of these firms revealed that none of these projects
used any experience accumulated in the Andean Pact project. Some of them did not
even heard about this project. In the case of the gold operations, Newmont realised
that the geologic structure of Yanacocha was very similar to the gold deposits they
exploit in the United States and used their expertise to develop Yanacocha, which
became their most profitable mine.
The development of the SX-EW plant at Toquepala, followed the same pattern of
other operations in the United States. The mine had been operating for more than 30
years and had accumulated large dumps with low grade material. Thus, Southern Peru
commissioned the plant to one international engineering company. The firm’s
representatives were asked if they made consultations with Cerro Verde engineers but
the answer was negative. They mentioned that some visits were made to Chilean
operations to see their SX-EW plants.
Cerro Verde’s representatives confirmed that they did not receive any inquiry or
consultation from Southern Peru. But what is surprising is that representatives from
Chilean firms did contact Cerro Verde. From these testimonies, it seemed that the
domestic technological capacity in this technology was not acknowledged in the
country, but it was valued abroad26.
The cases mentioned above correspond to large mining operations. For smaller
operations it is more difficult to find cases of adoption of new technologies since
there is always a financial constraint. Peru does not have a developed capital market.
Commercial banks in Peru usually do not finance long-term productive projects, such
See the webpage of the initiative: URL: http://www.genomachile.cl/
Southern Peru survived the nationalization because was able to show the Peruvian
government advanced plans to open another large copper mine (Cuajone) in the next 5 years
after the expropriation process began (Becker, 1983).
26 In fact after the privatization, Cerro Verde was acquired by the American Cyprus Amax.
This company did maintain most of the technical staff that worked in Cerro Verde and they
did not execute drastic changes in the SX-EW plant design or other parts of the operation.
24
25
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as the mining ones27, and before the 1990s, small and medium mining firms did not
have access to foreign funding sources. Most of the investment performed in this
mining strata is done with personal savings or retained profits. This kind of funding
limits the growth of these mining operations.
In addition, the legal mining framework does not provide any policy tools to attend
the needs of this mining strata. In fact, the Mining Development Bank, a financial
institution created to provide funding to small and medium mining projects was
closed in the early 1990s28 and, at present, there are no financial institutions to finance
small and medium mining firms in Peru29. This lack of funding and technical support
for small and medium firms conditions them to deploy traditional mechanised
technology. However, during the late 1990s, the domestic firm Minera Lizandro
Proaño S.A. (MLPSA)30 decided to adopt an hydrometallurgical method to extract
gold from cumulated dumps in the Tamboraque mine. The venture required an
investment of around US$ 28 million and the collaboration of different institutions.
As opposed to the previous large mining projects, the Tamboraque project is the only
one that rescued personnel who participated in the Andean Pact projects and explore
the use of bacterial leaching. In addition, it represented a major technological advance
for Peruvian mining since it was developed completely domestically.
Just as in the case of Cerro Verde, the Tamboraque project faced financial difficulties
that obliged to accelerate the expansion of the plant at the expense of continuing with
technical studies. At the end, the project collapsed because the mine could not
produce enough material to feed the plant and the firm failed in repaying loans. This
commercial failure had major effects in promoting technological capacity
accumulation in Peru. Firms that were following with attention the assimilation and
adaptation of technology made by MLPSA got discouraged to imitate the firm. This
practically marked a halt in the endogenous development of hydrometallurgic
methods for gold leaching in Peru.
Even when firms abandoned their efforts to imitate and adopt similar
hydrometallurgic methods, the academic interest of a biologist that worked in the
Tamboraque project was crucial to build a team at Universidad Particular Cayetano
Heredia that is currently working with bacterial leaching for remediation applications.

6

Absorptive capacity in the Peruvian mining sector

6.1 The conceptual framework
Absorptive capacity refers to firms’ ability to recognise, assimilate and exploit external
knowledge (Cohen and Levinthal, 1990). This concept considers firms as learning
subjects or organisations that are able to increase their knowledge base and thus
augment their capabilities. The process is continuous and cumulative, so the more
Becker (1983) and Thorp and Bertram (1975) reported the family links of the domestic
entrepreneurial mining groups regarding its ties to the financial sector. Some of these groups
owned some stake at the commercial banks, thus facilitating their access to funding.
28 The Mining Development Bank had collapsed since it had a huge amount of unpaid loans
and was de-capitalised.
29 In 2004, the Lima Stock Exchange has created a mechanism to raise funds for small (junior)
mining firms, but it is not wide spread.
30 MLPSA is a domestic mining firm that owns small and medium mines that exploit complex
ores in the departments of Lima and Junín. MLPSA was founded by the beginning of the XX
century.
27
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external knowledge a firm absorb, the more it acquires new capabilities (Lane, Koka
and Pathak, 2002).
Although the concept has proved to be very useful in different fields of study such as
strategic management, technology management, international business and
organisational economics; some authors have asked for a more accurate definition
(Lane, Koka and Pathak, 2002; Zahra and George, 2002).
After reviewing a set of studies using the absorptive capacity concept, Zahra and
George (2002) redefined it as “a set of organisational routines and processes by which
firms acquire, assimilate, transform and exploit knowledge to produce a dynamic
organisational capability”. Their contribution is that they identified the components of
each one of the firms’ capabilities involved in absorptive capacity, thus helping to
identify variables that can grasp the mechanisms involved in the process of acquiring
external knowledge and exploiting it to generate value.
Table 4 summarises Zahra and George’s proposal. The routines involved in the
acquisition dimension depend on prior experience, but the efforts that the firm devotes
to gather external knowledge shape the quality of a firm’s acquisition capabilities.
Assimilation refers to those routines that help understand the information obtained by
external sources; these include interpretation, comprehension and learning.
Transformation relates to routines that help the firm to combine its existing knowledge
and the one that has been assimilated. It requires identifying synergies, re-codifying
existing knowledge and associating different bodies of knowledge in a creative way.
Finally, exploitation refers to routines that allow firms to create new competences or
improve previous ones by incorporating acquired and transformed knowledge into its
operations.

Table 4 - Dimensions of absorptive capacity
Dimensions /
capabilities
Acquisition

Assimilation

Components
Prior investments
Prior knowledge
Intensity
Speed
Direction
Understanding

Transformation

Internalisation
Conversion

Exploitation

Use
Implementation

Role and importance
Scope of search
Perceptual schema
New connections
Speed of learning
Quality of learning
Interpretation
Comprehension
Learning
Synergy
Recodification
Bisociation
Core competences
Harvesting resources

Source: Zahra and George (2002), page 189.
It is important to mention the role that the two different kinds of knowledge have in
the acquisition of absorptive capacity. On the one hand, codified knowledge is
represented by the firm’s familiarity with the specific knowledge that is to be
absorbed, as well as the number of interdependent technologies, routines, resources
linked to it. Thus, a firm should have a broad knowledge base to effectively absorb
external knowledge. On the other, tacit knowledge is represented by the implicit and
non-codified skills and know-how. Social interaction in formal and informal settings is
crucial to absorb this kind of knowledge.
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Nonaka (1994) reports that these kinds of knowledge are complementary. For him,
knowledge is converted from tacit to codified through four processes. Socialisation,
converts tacit knowledge to another form of tacit knowledge, it happens when people
share experiences but also via observation, imitation and practice. Externalisation,
converts tacit to codified knowledge, it appears within collective reflection or
dialogue, when people conceptualise experiences. Combination is a process of
systematising concepts and of knowledge transfer among different groups within the
firm. Internalisation is the process of assimilating concepts and transforming them
into tacit knowledge.
There are five enablers for knowledge creation within a firm. First, a knowledge vision
that becomes the knowledge premise that guides work. Second, a knowledge strategy
that defines what kind of knowledge to develop. Third, the firm’s structure that
conditions the communication flow within the firm. Fourth, the knowledge
conversion system that includes all knowledge networks related to the firm, such as
competitors, customers, related industries, regional communities and subsidiaries.
Finally, the firm’s staff, especially middle managers that support, nurture, initiate and
complete the knowledge conversion processes (Nonaka, 1994).
One common attempt to measure knowledge empirically is through quantifying R&D
expenditures. Even when the purpose of R&D is to create new knowledge, it also
helps to build up absorptive capacity. In complex learning environments, where the
cost of learning is high, R&D becomes crucial to increase the absorptive capacity of a
firm. The same occurs when the technology is complex. Thus, the factors that
influence R&D also affect absorptive capacity (Cohen and Levinthal, 1990).
With regards to spillovers, Cohen and Levinthal (1990) have a restricted definition of
the knowledge that spills out from a competitor. They state that when the competitor
has already benefited from the knowledge she has created, it should not be consider as
a valuable knowledge for the firm. However, in a developing country setting where
R&D is limited and appropriability is weak, spillovers represent good means to
increase absorptive capacity. This, however, does not mean that internal R&D is not
important. In fact, in such a setting the typical definition of R&D, as a proportion of
sales may not be observable, since firms devote resources to R&D but in an informal
way and not through budgets.

6.2 Technological capabilities in the Peruvian mining firms
The Peruvian mining industry has always been articulated in response to external
demands, for around 90% of all metal production in Peru is exported. Because of this,
the sector responded to the technical requirements of foreign customers and, as a
result, it imported the mineral processing technologies that met those requirements
and set aside indigenous technologies that might have been effective for metal
production as the archaeological findings give evidence.
Thorp and Bertram (1975) report that, as early as 1816, domestic mining
entrepreneurs were eager to introduce new technologies, such as steam engines. It is
important to mention that the establishment of the School of Mines in 1876
contributed to the training of mining engineers that were crucial to the adaptation of
foreign technology to the special needs of Peruvian deposits31.

By that time, the Peruvian mining industry was located mainly in the Sierra Central region.
Mineral deposits in this region contain usually complex poly-metallic ores (i.e. lead, zinc,
silver).
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A change in this pattern of technological adoption occurred with the entrance of
foreign capital to Peruvian mining in 1901. The US firm Cerro de Pasco Corporation
built the first large scale mining operation in Peru. Cerro de Pasco made major
investments in infrastructure to overcome the drainage problem that had previously
limited the growth of mining in the district of Cerro de Pasco32 and set up the first
large smelting in Peru (Thorp and Bertram, 1975). That major investment meant the
transference of a complete technology package and the hiring of foreign technical
staff. Some Peruvian engineers were hired by Cerro de Pasco, but the charges with the
highest responsibility were kept to US engineers. Anyhow, Peruvian engineers
received a good in-house training at the Cerro de Pasco and most of them became
mining entrepreneurs or chief engineers in other mining operations33.
In the 1930s, the increase of silver prices encouraged domestic entrepreneurs to invest
in mining in other areas of the country. Later on, the introduction of the flotation
technology, which allows the production of readily to commercialise mineral
concentrates, and the increase of demand in lead and zinc, which are associated to
silver, permitted a resurgence of the domestic industry. In this period, Peruvian
mining firms showed great aptitudes to acquire, assimilate, transform and exploit new
technologies. As a result, flotation plants diffused very rapidly and were adapted to the
different conditions that complex ores require in each mine. Thus, it is usual to find
plants with various flotation circuits to extract different metals at a sequential mode.
In addition, institutional factors such as the creation of the Mining Development Bank
(Banco Minero) and of the Peruvian Mining Engineers Institute were crucial to
support technological diffusion and adaptation in the sector. The latter institute began
organising mining conventions that became a socialisation space for mining
professionals and entrepreneurs.
The coexistence of foreign and domestic firms has been a constant feature of the
mining industry in Peru through the years. Even when changes in regulation have
favoured the entrance of foreign capital, domestic mining has remained and was able
to absorb technical expertise from foreign firms. In fact, a means for this absorption
was through human capital mobility. Most of the engineers in charge of domestic
operations had, at one point of their careers, worked for a foreign firm (Kuramoto,
2001).
Socialisation among mining professionals is very strong in Peru. Conventions
organised by the Peruvian Mining Engineers Institute, by the National Geology
Society and by the Engineers Association, among others; have served to share
technical experiences. However, this has not led towards formal cooperation among
mining firms (Kuramoto, 2001).
Another important issue that has to be analysed with regards to the absorption
capacity in Peruvian mining firms has to do with the technological characteristics of
the mining process. Mining has a strong dependence on the exploitation of economies
of scale and, therefore, relies heavily in mechanisation. Thus, technological capabilities
in mining are concentrated in the mastering of production engineering (Ala-Härkonen,

Thorp and Bertram (1975) reported that Cerro de Pasco mines required a drainage tunnel
that without the foreign capital inflow would have taken between five and ten years to
construct (page 81).
33 That is the case of Alberto Benavides de La Quintana, Peruvian mining engineer that after
graduating worked at Cerro de Pasco and later became the owner of Buenaventura Mines, the
most powerful domestic mining group in Peru and co-owner of Minera Yanacocha.
32
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1997; Pogue, 1998)34. Successful mining firms are those that reach high efficiency
levels in each of their unit operations through ‘learning by doing’. However, since the
mining process is very complex, production capabilities are required to minimise
bottlenecks among the different stages of the process35. Even when the mining
process is highly standardised, it is also very location specific, since technologies and
processes have to be adapted to specific characteristics of the mineral and the
deposit’s topography.
One of the major constraints to create new knowledge in Peruvian mining is that
knowledge generating institutions remain isolated and have limited interactions with
mining firms36. On the one hand, the main function of the National Institute of
Geology, Mining and Metallurgy (INGEMMET), which was created in 1972 to do
scientific and technological research in the fields of geology, mining and metallurgy, at
present focus its efforts only to prepare the geological map. Any effort that this
institute has made to provide services to mining firms has failed37. On the other hand,
traditionally universities with mining, metallurgy and geology faculties have as main
focus to train engineers and have neglected basic or applied research. As a result,
limited mining knowledge creation capabilities are created or accumulated within the
mining sector, except for the production capabilities accumulated by mining firms. In
addition, universities do not interact with mining firms thus firms do complain that
recently graduated engineers have to be trained in-house because their skills do not fit
the firms’ needs. It is only in recent years that some of the universities are trying to
establish relationship with mining firms, but they are still not successful. As a result,
there has been limited success in transforming or combining different bodies of
knowledge that could lead to major (radical) innovations, especially in the area of
metallurgy given the complexity of Peruvian ores.
Firms perform some informal research and development (R&D), but it is mostly
focused to optimise their processes; for example, performing minor changes into the
mining process to increase the metal recovery rate. Some of these R&D efforts are
recorded and presented as technical works in different mining conventions. However,
in international events it is clear that Peruvian mining firms have little participation.
For example, in the International Conference Copper 2003, the Peruvian firm Cerro
Verde presented one technical work in the Hydrometallurgy section, compared to four
presented by each Chile and the US, two from each Canada, Finland, Australia and
Japan38 39.

Ala-Härkonen (1997) showed that mining firms diversify within the same mining sector;
whether it is horizontally, through the production of other minerals; or vertically, through
vertical integration. Successful firms must domain their productive processes, so they can
generate synergies that allow them to obtain higher profitability levels. On his side, Pogue
(1998) suggested that South African mining firms developed following the model of ‘financial
houses’ that helped secure funding for new mining operations. However, funding was always
accompanied by technological and engineering capacities to serve new projects.
35 Thus, it is crucial that engineering firms design the plant layout. It is also required the
existence of engineering capacity within the mining firms to understand the blueprints they
commissioned.
36 This isolation is a common feature of systems of innovation in Peru (Mullin Consulting,
2003).
37 One of the common complaints of mining firms is that the INGEMMET pretends to do
basic research when dealing with the actual problems of firms.
38 See list of technical works at http://depo.zaiko.kyushu-u.ac.jp/~sozai/Copper-Cobre-2003hydro.html
39 It is interesting to note that no Peruvian university or mining institute presented a work at
this conference.
34
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7

The Tamboraque project

7.1 Introduction
The Tamboraque mining project, owned by the firm Minera Lizandro Proaño S.A.
(MLPSA), had unique characteristics. As opposed to the typical project in the small
scale mining in Peru, it involved intense technological improvements and a close
interaction between different agents.
In this project, a lead and zinc mine was transformed in a gold one through a new
technology for the Peruvian mining industry. Tamboraque’s mineral is a complex ore
with main contents of lead and zinc, and to a lesser extent gold. For most of the 20th
century, there was no available technology to recover the gold from this complex
ore40. MLPSA decided to cumulate tailings (residuals and waste material) into dumps
till they find a way to recover the gold. However, by 1998 Tamboraque was able to
build a plant that recovered gold through a cyanide-based technology with added
bacteria from long cumulated dumps (see ).

Figure 4 - Tamboraque BIOX Plant
Source: Goldfields (2001)
The project involved the participation of several actors. This was particularly
important for a small family-owned mining firm, which traditionally depends on its
own limited technical and financial resources. In this case, the project counted with
the participation of two multinational investment funds, Repadre International Corp.
y Global Environment Emerging Markets Fund, which provided part of the
US$ 23 million required (Minas y Petróleo, 1999).

It is interesting to mention that by the 1950s, Yanacocha was first classified as a copper
deposit. It is when the technology of cyanide leaching becomes available that massive
disseminated gold deposits (with grades as low as 0.2 ounces of gold per metric tonne of
material) can be exploited.

40
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However, the most striking feature of this project was the participation of several
local actors. Two of the most important were a mining training centre (TECSUP) that
explored the feasibility of using the bacterial leaching technology to treat the mining
tailings; and a domestic equipment producer (FIMA S.A.) that was responsible of 80%
of the project’s construction. Thus, Tamboraque became the first time that a mining
project comprised a tight link between domestic agents.
In addition, for the first time in a small scale gold project, the mining firm produced
doré bars (gold and silver lingots) that were sold directly to foreign refineries.

7.2 Technical background
The Tamboraque mine produced lead and zinc concentrates. The mine tailings had
gold contents - i.e. 0.113 gold ounces per MT - and thus they represented around
60% of the mine assets. However, MLPSA could not recover the gold because of high
arsenic contents. The firm had tried to produce arsenopyrite and gold concentrates,
but the price cut because of the presence of arsenic was too high. Due to the lack of
economic feasibility of recovering gold, the firm decided to store the tailings till they
develop a way to economically recover gold.
In the mid-1980s, the technological advance in the treatment of gold minerals with
arsenic content followed two paths. The first one was the toasting of concentrates that
is the exposure of mineral to high temperatures to provoke chemical changes that
allow the liberation of arsenic. The disadvantage of this technology was that is it very
polluting because of the difficulty of capturing the arsenic particles released during the
toasting process41. However, this technology was used in the Indio mine in Chile. The
second one was the newly developed technology of gold leaching - both bacterial
and cyanide-based. The bacterial based technology was being applied in the Fairview
mine in South Africa that had set up a bacterial leaching (BIOX) plant with a capacity
of 10 MT per day42.
In 1984, the MLPSA Operations Manager and its metallurgic advisor hired an
engineer who performed metallurgic research at Centromin --the Peruvian stateowned firm. This engineer had done a research fellowship in Russia and worked in a
pilot plant that treated gold and arsenic concentrates, as well as participated in the
Andean Pact project. He was given a sample of Tamboraque’s concentrate and he,
together with the firm’s engineers, began the testing using bacterial leaching. In these
tests, they reached a 75% recovery rate of gold. However, these results did not satisfy
the firm’s managers and the project was abandoned.
Between 1986 and 1988, the Belgian technical cooperation office donated some
toasting furnaces to the National Institute of Geology, Mining and Metallurgy
(INGEMMET). MLPSA and INGEMMET signed an agreement to perform toasting
tests to eliminate arsenic. At the same time, some essays were sent to a Canadian
laboratory to perform toasting tests and pressure leaching. The results in the toasting
tests reached 60% of recovery. The bioleaching results proved to be more efficient
since a 95.5% of gold dissolution was reached (Loayza, Glave and Ly, 1997). Thus, the
firm decided to keep looking for other technological options in leaching. It is

It is important to mention that by 1931 MLPSA had a major conflict with local communities
because of the toxic emissions from its smelting plant. The people in the communities tried to
capture the plant but were expelled by the police. Unfortunately, around 9 people died and this
event marked the difficult relations between the firm and the communities.
42 At present, the Fairview plant has a capacity of 55 MT per day.
41
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important to mention that MLPSA designated two engineers to act as technology
gatekeepers.
Given those results, MLPSA thought of building a plant of 200 MT/day, but a
pressure leaching plant is only profitable at more than 50,000 ounces per year. The
South African firm Gencor (currently Gold Fields Ltd.), which patented a bacterial
leaching technology, asked about US$ 1 million for licensing and US$ 600,000 for the
tests. These investment requirements were too high for MLPSA, thus it abandoned
the project.
Later on, TECSUP43 - a technical training institute - received a leaching pilot plant
on donation with the support of MLPSA. Then, it was possible to perform some
experimentation with the Tamboraque mineral. A research team is formed with
professionals coming from TECSUP and the mine. The results were satisfactory as it
was possible to replicate the Gencor technology, but they were not sufficient to scale
up the plant to an industrial size. Thus, the firm contacted again Gencor and asked for
optimization studies and advise services in the neutralization of the cyanide residues.
Once the optimization of the process was done, it was possible to proceed with the
plant’s scaling up. The Peruvian branch of the engineering firm Kilborn is hired to
design the plant. At that point, MLPSA began looking for sources to finance the US$
23 million required to set up the plant. The domestic equipment producer FIMA was
hired to be in charge of the largest share of construction (80%), but also helped to
look for other possible funding sources. Finally, MLPSA got the funding from two
international financing funds, Repadre International Corporation (Canadá) y Global
Environmental Emerging Markets Fund (Canadá), as well as from local banks. The
construction of the plant began in 1997 and by early 1999 it was already operating.

TECSUP was created by the efforts of the mining entrepreneur Mauricio Hochschild.
Mining and industrial firms find that technical education in Peru was not satisfactory, thus they
supported the creation of this new institute that counted with the support of the German
technical cooperation (GTZ). The flexibility of TECSUP made possible that firms ask for
technical assistance, something very unusual to be asked to government institutions or
universities.
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Figure 5 - A description of the Tamboraque plant
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Fuente: Elaboración propia basada en datos del MEM y (Minas y Petróleo, 1999c).
The Tamboraque plant had an annual capacity of 25,000 ounces of gold, 40,000
ounces of silver, 7,000 MT of zinc concentrates and 6,000 MT of lead concentrates
with contents of 800,000 ounces of silver. This meant a daily treatment capacity of
200 MT.
The concentration plant was enlarged from 200 MT per day to 600 MT. The project
included the addition of modules to the existing lead and zinc flotation circuits (see
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figure 5). The first module added was the selective flotation circuit to produce pyrite
and arsenopyrite concentrates with gold content. The second module was the bioleaching (BIOX) circuit, where the arsenopyrite concentrate was oxidised to allow the
release of gold44. Oxidation occurs by the action of a mixed population of bacteria (i.e.
thiobacillus ferrooxidans, thiobacillus thiooxidans, and leptospirillum ferrooxidans)
that break down the sulphide mineral matrix, thereby liberating the occluded gold for
subsequent cyanidation. The resultant pulp was sent to the cyanide circuit. The
resulting liquids were sent to a neutralisation plant to treat acid solutions and further
were sent back to the BIOX circuit. A carbon adsorption system captured gold. The
laden carbon was sent to the firm Procesadora Sudamericana to obtain doré bars.
However, the prospects that supported the capacity increase soon prove to be overoptimistic. Mine reserves and ore grades fall short, thus it became very difficult to feed
the plant, and production levels were lower than expected. MLPSA soon was unable
to fulfill its financial obligations and broke down. The Tamboraque project was shut
down and then transferred in 2001 to one of the banks that provided funding45. This
change of administration cut all the research done in the operation, since the interest
was on cutting costs and recovering the unpaid loan.

7.3 Absorptive capacity and technical capabilities of MLPSA
7.3.1 Acquisition
MLPSA had been operating for more than a century. During that period, the firm
showed a capacity to make radical technological changes that required a capacity to
run investment projects and to adapt to market changes, as well as technical expertise.
These characteristics are difficult to find in a traditional family-owned mining firm in
Peru. In fact, since its foundation MLPSA had shown special features.
It seems that since its beginning, MLPSA formulated an implicit technological vision
and strategy that were focused in the incorporation of the latest technology by its
time. One year after its foundation and as early as 1906, MLPSA built a small gold
smelting plant. This happened five years later after the massive purchase of domestic
mines by Cerro de Pasco Corp. Thorp y Bertram (1975) mentioned that Lizandro
Proaño was one of the few domestic entrepreneurs that continued exploiting his own
deposits. Later on, with the international increase of demand for base metals and the
diffusion of the flotation technology, MLPSA decided to build a flotation plant in
1939. This plant had a capacity of 50 MT for processing lead and zinc ores and
provided MLPSA with the flexibility of adapting to changes in the market conditions.
In fact, in 1964, due to the low lead and zinc prices46, the firm closed its mine and
became a custom smelter. The latter reflected a capacity to deal with mineral with
different metallogenic characteristics by adapting the flotation process. This
knowledge of mineral ores seemed to be crucial to foresee that the gold encapsulated
in the tailings was possible to be extracted. It is in the mid 1980s that MLPSA began
searching technological solutions that lead to the construction of the BIOX plant.

For a complete description of the BIOX technology, see Annex 1.
The bank asked Gencor to re-commission the plant and hired a mining consulting company
to operate it. Conflicts with local communities forced again to shut down the plant. Some
months later the bank hired another operator. But the conflicts continued and the plant was
closed definitely in 2005, with a mine closure plan approved by the Ministry of Mining.
46 Lead prices plummeted from US$0.20 per pound in 1951 to US$0.08 in 1963, and zinc
prices went down from US$0.21 to US$0.10 in the same period.
44
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These major investments executed by MLPSA required the existence of technological
capacities within MLPSA. The firm’s staff had to identify profitable market niches as
well as evaluate, acquire and adapt new technologies in its existing operations. Some
of the interviewed representatives mentioned that the firm assigned some engineers
with the mission of gate keeping new technologies.

7.3.2 Assimilation
Assimilating knowledge about how to treat the gold bearing tailings took almost 10
years. MLPSA had two engineers that acted as technology gatekeepers and were aware
of successful experiences of liberating gold from ores with arsenic content. Also,
MLPSA engineers were in contact with professionals that had some experience with
new technologies to treat complex metals. These contacts were crucial to get familiar
with the bioleaching technology. Once the Glencor’s BIOX technology was identified
as a good solution, MLPSA found that it was too expensive for a small mining firm.
Spillovers, in the form of public and informal sources of information, about this
technology set the basis for MLPSA’s technological capabilities in this technology.
Even when the BIOX technology had already been patented, it served MLPSA to
produce a new product and enter into a new market niche.
To assimilate this technology, MLPSA required performing tests to fully comprehend
and learn the different processes involved. Thus, it was fundamental to have access to
a pilot plant. Through contacts with staff members of Centromín Perú that
participated in the Toromocho bioleaching project, MPLSA contacted a German
expert who helped the firm to approach the German cooperation agency GTZ. This
approach resulted in 1993 in the donation of a pilot leaching plant channelled to
TECSUP, an industrial training centre.
With this donation, MLPSA began experimenting in-house and at TECSUP. One of
the professionals contacted by MLPSA was in charge of the testing at TECSUP. His
participation was crucial since he had previous experience in laboratories and in
testing metallurgical technologies. The interaction with him provided all the
participants in this venture with an intense learning experience that involved the
socialization of tacit knowledge acquired by the different team members. An
externalization process also took place, since the practical experience that the team
members had to be articulated and codified. In fact, TECSUP recorded all the
experience and prepared manual that further served as teaching and practice materials
for its students. Finally, the experience allowed the combination of different bodies of
knowledge, since it required a multidisciplinary approach.
It is worth mentioning that this was one of the few successful experiences of
cooperation between a firm and an educational institution. Thus, learning was not
only circumscribed to the firm’s objective of optimizing the technology but also to
TECSUP’s interest to improve the training of students and the provision of research
services to firms.

7.3.3 Transformation
In this stage, efforts were devoted to scaling up the plant and to adapting the existent
operation to include the new bioleaching circuit. The two existing concentration
circuits, lead and zinc, had to be adapted to include two additional ones, as shown in
figure 5. The first one is the arsenopyrite circuit that produces arsenopyrite and pyrite
concentrates. In addition, the bioleaching circuit demanded a complete new section in
the plant. All these changes resulted in a very complex production layout.
Although the design and construction of the plant was commissioned to the
engineering firm Kilborn, an intense socialisation took place in Tamboraque. Middle
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managers had to be informed and trained in the new technology, as well as had to
adequate the other processes to optimise the operation of the whole plant. The
interaction was so intense that the Kilborn chief enginner was hired by MLPSA and
became the manager of MLPSA. Through intense experimentation, codified
knowledge about bioleaching was transformed into established routines and know
how (internalisation), as well as the regular routines have to be absorbed by the new
bioleaching team. Also, the permanent incorporation to the firm of professionals that
participated in different stages of experimentation made possible to integrate the tacit
and codified knowledge. This intense socialisation was also possible because this
mining operation was very small and had a very flat structure. Thus, both the formal
and informal exchange of information was very fluid.
Socialisation continued after the new sections of the plant were finished. In fact,
continuous experimentation in the bioleaching plant led to the identification of the
bacteria acting in the bioleaching circuit. This provided a line of research to a biologist
that worked in the bioleaching plant. Even when there was not a formal R&D budget
to support the work with the bacteria, MLPSA provided the equipment and materials
so the research would continue. The biologist focused the research in the ability of
bacteria to adsorb heavy metals. It was expected that the identification of new strands
of bacteria would catalyse the adsorption of gold from effluents, thus further
extracting gold from tailings. However, the lack of public innovation funds made to
change the focus of the project, so the biologist’s strategy was to look for an
environmental application that could be funded by a research fund.

7.3.4 Exploitation
By the time, the new plant entered into operation, all the MLPSA staff had increased
their technological capabilities. The firm, as a whole, acquired solid core competences
in bioleaching, but also improved their overall production capacities. For example,
MLPSA was able to work in a close loop by using acid drainage as an input for
bioleaching. This meant the reduction of production costs and the decrease of
environmental risks. Another example is that MLPSA implemented a system of
automatic control for the bioleaching circuit that was extended for the overall
operation.
The 10-year search that took this technological solution had gained momentum when
technological resources were available. Once the TECSUP pilot plant was set up and
the tests were performed, the formulation of an investment project began. At this
point, MLPSA devoted efforts to get international funding to initiate this venture.
The set up of the plant and its operation during more than 5 years proof that MLPSA
was able to exploit the technology they replicated. However, the fact that MLPSA was
not owner of the technology limited future developments to exploit this technology
outside its operation. In fact, Gencor has cumulated evidence on more of 250
concentrate and whole ore samples about their compatibility with BIOX. Gencor also
developed a project development framework to commercialise its technology. This
framework includes BIOX amenability testing, pre-feasibility study, pilot plan run,
process design package and basic engineering design, construction and commissioning
(Goldfields, 2001).
In any case, the whole experience of setting up the bioleaching circuit had impact in
the generation of additional capabilities with the expectation of future gains. MLPSA
signed a research agreement with the École de Mines d’Ales in France to analyse the
behaviour of bacteria in the adsorption of metallurgic tailings.
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8

Lateral migration: from mining to environmental
remediation

Although the concept of lateral migration is not well established in the technological
innovation literature, it seems that it would fill a vacuum in the microeconomic
explanation of knowledge transfer from one economic sector and/or knowledge field
to another. At the microeconomic level, the analysis of firms’ technology trajectories
would shed some light on the process of adding knowledge to resource intense
industries. At the meso and macroeconomic level, the analysis of the institutional
framework may help understand if that addition of knowledge can contribute to an
overall strategy of economic diversification.
This case study based on the experience of the Tamboraque project fulfils the
requirement at the microeconomic level since it served to increase the technological
capabilities in the firm and increase the knowledge level in the production process. It
also provides some expectations about serving as a springboard to promote economic
diversification since a bioremediation technology can be applied not only to polluted
mining in the mine closure stage, but also to any other site whether the pollution is
generated by industrial, agriculture or waste management activities, thus breaking the
technology dependence on the resource-intensive industry. However, a full
commitment from the different actors who conform the mining innovation system is
necessary to realise this expectations.
As mentioned in the previous section, the identification of bacteria in the leaching
process led to look for other applications. The biologist said that the use of bacteria
for metal extraction (bioleaching) is the other side of the coin of the use of bacteria
for remediation, it is the same function. Bacteria grow natural in environments where
leaching takes place. Bacteria colonies host different kind of species. Some of them eat
iron, such as the thiobacillus ferroxindans and help to break the molecules of sulphur
ores and liberate copper. Some others behave well at high temperatures and are
appropriate to treat complex minerals in autoclaves. Thus, it is important to identify
which bacteria are present in different settings to understand the chemical reactions
that take place.

Table 5 - Bachellor theses on bioadsorption at Universidad Particular
Cayetano Heredia
Peirano, Francisco (2001). “Auric Gold Sorption by Chitosan Polymers: Modelling
and Chinetics”. Currently pursuing PhD studies in the École des Mines d’Ales - University
of Marseille, France.
Rojas, Graciela (2002). “pH Influence, Weight of Chitosan Bio-polymer and
Chromium Concentration in the Speed of Sorption of Chromium Trivalent and
Hexavalent Ions: Modelling and Chinetics”. Currently working in the Environmental
Department at the Alto Chicama operation (Barrick).
Flores, Jaime (2003). “Copper (II) Biosorption by Chitosan, Reticulated Chitosan
with Glutaraldehid and Chitosan in Pearls”. Currently pursuing graduate studies in the
US.
Navarro, Abel (2004). “Selection of the Best Bio-adsorbent for Cadmium (II) Ions:
Modelling of Balance and Chinetics”. Currently pursuing graduate studies in the US.
Campos, Karol (2004). “Selection of the Best Bio-adsorbent for Zinc (II) Ions:
Modelling and Chinetics”. Currently pursuing a Master Degree at the École des Mines
d’Ales - University of Marseille, France.
Ramos, Karim (2004). “New Bio-adsorbents for the Sorption of Cadmium from
Aqueous Solutions”.
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A research agreement signed between MLPSA and the École de Mines d’Ales made it
possible to begin studies in this new line of inquiry. The use of a catalyst, such as
chitosan47, in contaminated soils where the tailings had been piled could increase
bacterial activity and help to extract the remaining gold. Another possible advantage
was to transform the mineral contained in tailings into minerals that have a more
stable chemical composition, thus reducing its polluting hazard.
Unfortunately, the financial pressures that led to the commercial failure of
Tamboraque prevented these studies to continuing. However, the biologist continued
her relation with the École de Mines d’Ales and with her affiliation at the Universidad
Particular Cayetano Heredia, while combining her professional practice at different
mining consulting firms. She spent some months in France doing some research and
then came back and joined some research groups in Peru. The biologist has acted as
thesis advisor for biology graduates in the area of adsorption. Table 5 shows that since
2001, six theses have been done on topics related to bio-adsorption. Most of the
students are pursuing graduate studies in different universities in France and the
United States. The two students that are studying in France continue doing research
in bio-adsorption.
The biologist is conscious that the multidisciplinary approach should be used in
bioleaching research. For that reason, she has forged relations with Chemistry
professors at Universidad Nacional Mayor de San Marcos and with Metallurgy
professors at Pontificia Universidad Católica del Perú. Furthermore, she has been
contacted by members of the Chilean Genome programme to collaborate in the biomining subproject.
Besides the publication of papers in specialised journals, the biologist has just received
a grant to apply her studies in the cleaning up of a mine and water bodies. This will be
the first time that such a technology is used outside a laboratory. The recent setting up
of a genomics laboratory at the Universidad Particular Cayetano Heredia will make it
possible to begin isolating and classifying new strain of bacteria involved in the
bioleaching and bioadsorption processes. Another colleague will begin doing the
molecular identification of bacteria. These projects are in the pipeline and additional
funding is being searched.

9

The limited action of the Peruvian mining
innovation system

An innovation system refers to the different institutions, firms and government that
conform to the scientific and technological apparatus, and to the way these agents
interact in the creation, diffusion and utilization of knowledge. In Peru, as well as in
many developing countries, innovation systems are very fragmented and it is even
difficult to talk about a system. Mullin Consulting (2003) claimed that the different
parts of the system do not interact in a constructive way but instead compete among
themselves. Thus, the incentives behind this system are perverse and have a negative
effect on knowledge diffusion.
Within the mining industry, the innovation system is composed by the firms,
universities and research centres and government institutions. Mining firms in Peru
are heterogeneous. They differ in their size and technological capabilities, since
multinational subsidiaries exploit large deposits and mineral processing plants, using
47

Chitosan is a polymer produced from crab shells.
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cutting-edge technology; while there are also small scale and artisanal operations that
use obsolete technology. In the middle, there are medium firms that use mature
technology. Firms also differ in the deposits they exploit, some firms exploit copper,
gold or tin; while others exploit polymetallic deposits.
This diversity renders into different technological behaviours. Large firms, which are
connected to international funding sources, will solve their technological problems
relying in expertise outside Peru, usually in their home countries. Small and mediumsize firms usually demand technological services to domestic providers, but their
financial constraints impede the growth of this demand. Firms, in general, are
interested in gaining operative efficiency but not in making radical changes. MLPSA
was an exception to the rule.
Universities and research institutes, on their side, have worked isolated from firms.
They have traditionally done their research without taking into account the needs of
the productive sector. It is only in the last decade, that budget reductions have forced
them to look for clients in the private sector (Mulling Consulting, 2003). However,
very few of them have succeeded, sometimes because they have different visions of
what research involves or because they do not have the capabilities to solve day-to-day
problems. In this regard, the collaboration between TECSUP and MLPSA was very
unusual.
Government institutions are usually devoted to promote mining in terms of increase
of output, without considering technological advancement and efficiency. In that
sense, some regulatory bodies, such as the Mining Cadastre or the Environmental
Office, focus on administrative work but do not actively promote the use of new
technologies to improve their work48. Even more, since 1993 the INGEMMET
functions have been limited to geological activities, such as the culmination of the
Geological Map, although the name of this institute still mentions the words mining
and metallurgy49. Finally, as opposed to a previous Mining Law, in the current Mining
Code there is no mention of the word technology.
The typical behaviour of these three sets of actors is to work in isolation. Even though
when the annual Mining Conventions serve as a common arena where a lot of
information is exchanged, the kind of information is very limited and cooperation
agreements or projects are seldom pursued. This behaviour poses a serious restriction
for knowledge generation and diffusion. In fact, one of the reasons why the Chileans
developed sophisticated capacities in hydrometallurgy is that universities got involved
quite early in the efforts of technology development50. Beckel (2001) reported that one
of the entrepreneurs responsible for the development of bacterial leaching in Chile51
introduced the theme as part of the curriculum in the university where he taught, as

The Mining Cadastre Office has 6 administrative functions (see URL:
http://www.inacc.gob.pe/). The Mining Environmental Office has 13 functions but none of
them deals directly with promoting technological change for a better environmental
management (see URL: http://www.minem.gob.pe/dgaam/proced_inicio.asp ).
49 There is a flagrant contradiction in the INGEMMET web page. After mentioning that since
1993 this institution will no longer have mining or metallurgical activities, its list of functions
include the diffusion of new mining and metallurgical technologies (see URL:
http://www.ingemmet.gob.pe/presentacion_institucional/funciones.htm).
50 By the time the Andean Pact project was launched, Chileans initiated a parallel project and
kept some communication with the Peruvian and Bolivian teams.
51 Esteban Domic was the owner of Sociedad Minera Pudahuel (SMP), firm that patented an
application of bacterial leaching in 1981. During the first half of the 1990s, SMP provided
technological services (paid and for free) to different mining firms and, as a result, its leaching
technology was applied in 16 new mining operations (Beckel, 2001).
48
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well as allowed part of his staff to teach in other universities. “This teaching activities
generated a series of theses that were useful for his own firm and also contributed to
awake within the universities an interest for basic and applied research in this field”
(Beckel, 2001; page 124; free translation from the authors). In 1985, a large project for
developing biological processes and promote their industrial application in Chilean
copper ores was funded by UNDP. This project was proposed jointly by a group of
academic and technological institutions and firms. This collaborative project made
possible “the development of an inter-disciplinary national team, with knowledge on
copper leaching similar or even better to that existing in any other international
scientific and technological community” (Beckel, 2001; page 125; free translation from
the authors).
With regards to the incentives within the Peruvian innovation system, administrative
red tape becomes a great constraint. Researchers in public universities have serious
problems when they get external funding for their research. Funds are usually required
to be administered by the general treasury office, thus limiting the flexibility of
researcher to hire research staff or make expenditures. Red tape not only affects funds
administration but also the use of infrastructure. Some university labs remain
underutilised while researchers in other universities cannot do their work because of
lack of equipment (Mulling Consulting, 2003).
Finally, there are no incentives to promote innovation in the private sector. Mining
regulation offers tax incentives to increase exploration or to promote new investment.
However, the system does not provide any motivation to firms that perform R&D in
their operations. The only incentive for technological change in the mining sector is
the exoneration of tariffs for equipment. It is obvious that the innovation system
described above does not promote the generation, adaptation, transfer and diffusion
of knowledge, as apposed to the one existing in Chile. Thus, it is understandable that
major technological advances such as the Andean Pact projects or the Tamboraque
experience remained unnoticed for the different actors in the Peruvian mining sector.

10 Final comments
This paper has presented a case study that could be classified as a lateral migration
from the mining sector to that of environmental services. In this case, lateral
migration would be realised because the new service does not maintain any
dependence with the original natural resource (mineral ores). Even when bacteria are
specific to the location and the nature of the mineral deposit, the knowledge generated
in the use of this bacteria is generic and can be used in different settings. In that sense,
the remediation technology can be applied not only to polluted mining in the mine
closure stage, but also to any other site whether the pollution is generated by
industrial, agriculture or waste management activities. The important knowledge to be
recovered is the classification, management and genetic alteration of bacteria. That
knowledge can be easily transmitted to other uses.
This case study presents a lateral migration that is not completed yet because of the
early stage of development of the technology, however there are promising prospects
that a generic technology may grow from the efforts described in this case study. The
study has also reflected that the Peruvian innovation system is not fulfilling its
functions of generating, diffusing and promoting the use of knowledge in the
economy, and this poses a major constraint to the realisation of the technological
migration.
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Fortunately, recent interest from the government to promote science and technology
activities that were previously long neglected may change the previous situation. Some
indications of this change are the inclusion of mining as a priority area of study in the
National Science and Technology Plan, and the launch of a innovation fund that will
support projects from firms and promote collaboration among the prior and
universities and government technological institutions. However, these changes will
need to be coordinated with changes in the Peruvian mining legislation. The sectoral
focus on promoting private investment must be widened to include technological
change.
One specific regulatory area that might aid the migration is that of remediation of
mining sites. The current legislation declares that the State is responsible for the
remediation of orphan polluted mining sites and declares that some funds will be
available for this purpose. This would provide a good opportunity to test this bioremediation technology.
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