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Innovation and technology are important tools for delivering efficiency and productivity improvement in the minerals

sector. The uptake of technologies has proven to be an important lever for increasing the productivity of the mining

sector.

mining innovation  technology  efficiency and productivity

1. Introduction

The mining industry’s productivity has steadily fallen over the last few decades . These fluctuations in

commodities sectors’ efficiency and productivity have presented challenges to global demand and supply balances.

Mining exporting countries, in particular, are vulnerable to delayed growth due to low productivity . The

significant growth in resource demand caused by global industrialisation and urbanisation has put great pressure

on mining companies to boost productivity. Industry leaders have primarily focused on using partial measures of

productivity (e.g., labour productivity) as performance indicators, which do not fully reflect the factors underpinning

their productivity . Unlocking productivity potentials and studying alternatives for reversing falling trends are

critical for a country’s economic success. The recent reduction in mining productivity has attracted the interest of

policymakers and corporate executives.

Innovation in mining has been a key agenda for both mining businesses and policy makers. In recent years, the

mining industry has focused on using innovation to increase productivity through a number of productivity-

enhancing initiatives and technologies, such as mine automation, artificial intelligence (AI), and electric vehicles 

. The advancements in technology (through the automation of processes) is increasing productivity by either

maintaining the same workforce or directly reducing the number of employees required in production .

Conversely, the fall in ore quality across commodities as a result of the exploitation of low-quality resources is

negating productivity improvements by increasing the costs of extraction and capital investment. Furthermore, the

utilisation of input mixes and expansion in the scale of production have impacts on productivity patterns. The extent

to which these varied elements influence production is still unknown. Therefore, it is critical to determine how all of

these different elements explain the mining sector’s productivity.

Understanding the causes of productivity decline is difficult. Several factors influence mining industry productivity

and efficiency, including management approaches, effective resource allocation, scale economies, and, most

importantly, innovation . Embracing new technologies and optimal management practices also significantly

influences the efficiency and productivity of the mining industry . Automation and advancements in robotics
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technology, for instance, contribute to decreases in carbon emissions and increases in mining industry productivity

. The development of technologies and their use in the mining industry have enhanced mineral recovery while

lowering production costs and energy use .

2. Innovation and Drivers of Productivity

The idea of productivity and its decomposition into its components, such as technical efficiency and allocative

efficiency, was first introduced by Farrell his seminal work . Farrell pointed out that a producer is always

concerned with expanding the output level of the firm without using more resources. Excessive use of inputs for a

given level of output or the production of less output from a given level of inputs results in technical inefficiency,

while the inappropriate use of the mix of inputs leads to allocative inefficiency. After Farrell’s work, other measures

were developed, including scale efficiency . Technical efficiency is usually measured using either an input- or

an output-oriented approach. Input-oriented technical efficiency is defined as the ability of a firm to minimize its

input use to produce a given level of output (or hold output mixes fixed in the case of multiple outputs), while

output-oriented technical efficiency is defined as the maximisation of output using a given level of inputs (or holding

input mixes fixed in case of multiple inputs).

Researchers have attempted to understand the causes of declining productivity trends and examined the many

variables that account for variations in mining performance. However, most of the existing literature has focused on

partial productivity (such as labour) or aggregate-level productivity using residual approach . Partial

productivity (e.g., labour productivity) measures provide useful insights about a firm’s performance, but they can be

limited in scope to providing an overall picture of the firm. On the other hand, the TFP and its associated measures

of efficiency change can provide a comprehensive picture and identify areas that require improvement.

To examine productivity and its various drivers, researchers have widely used this approach in almost every field of

economics and business. Researchers have made extensive use of data envelopment analysis (DEA) methods to

compute the components of technical change and technical, allocative, and scale efficiency. Both input- and

output-oriented approaches have been adopted to measure technical and allocative inefficiencies .

Applications range from agriculture  to manufacturing  and the services sector . There are

also other important drivers of TFP, including scale and scope economies and technical change, which need further

investigation to identify comprehensive policy insights . For instance, it would be interesting to know whether the

uptake of technologies driving the productivity or scale and scope economies (as a result of appropriate output and

input mixes) are important levers of TFP in the mining sector.

Over the past few decades, policy discussions have centered on the efficiency and productivity of the mining

industry. Many studies have concentrated on the theoretical and empirical foundations of efficiency and productivity

and relate these concepts to various factors, including innovation and technical change, the adoption of

technologies, scale and scope economies, investment lags, capacity utilisation, and input quality .

However, most studies have examined the productivity of the mining sector using aggregate data .

For instance, Topp used data from the Australian mining industry to estimate productivity and find a downward
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trend in mining TFP between 2001–2002 and 2006–2007, concluding that the depletion of resources and capital

adjustment contributed to the drop in TFP . The analytical approach proposed by Grifell-Tatje and Lovell, on the

other hand, divides changes in productivity into variations in capacity utilisation and price recovery. They pointed

out that an analysis of Chile’s mining industry productivity by  using the Solow residual approach suggested that

research and development (R&D) spending and technology appear to be important productivity drivers.

Other studies used either mine-level or aggregate data to investigate the efficiency and productivity of specific

commodities . de Solminihac et al., used the Solow residual approach to compute the TFP of the Chilean

copper sector and concluded that the rising input costs and declining ore quality reduced labour productivity .

They also note a 42% decline in labour productivity from 1999 to 2010. Oliveira et al., used a limited dataset of 25

gold mining companies and noted a marginal improvement in environmental efficiency . Some previous studies

used global gold mine-level data for 2019 to estimate a carbon-adjusted efficiency and technology gap between

different production environments and technologies, such as open pit and underground . They noted significant

disparities in efficiency (ranging from 18% to 100%) between mines, attributed to the technology gap.

Most of the available research on the mining industry’s productivity and efficiency is either constrained to TFP

analyses at the aggregate level or uses sparse firm- and mine-level data. To identify numerous performance-

enhancing factors, a thorough investigation of the mining sector’s productivity is required. It would be crucial to

determine whether more resources should be devoted to R&D or innovation and technology adoption to increase

productivity. This report attempts to offer a thorough overview of TFP and its significant drivers in the mining

industry.
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