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Abstract. Global economic uncertainty has led to a decline in mining commodity prices 

recently. This condition has prompted mining companies to take strong steps to improve 
their productivity. The role of Information Technology has been studied for many years as 

one of the important factors for improving productivity and business performance. The 

purpose of this paper is to study how IT capabilities as innovation drivers in improving 

organizational efficiency and productivity in the mining industry. Emerging technologies 
have the potential to open-up a new way to manage and direct mining operations more 

efficiently to increase productivity, reduce costs and maximize profit. 
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1   Introduction 

High economic growth in Asia in early 2000, especially China and India, has driven demand 

for mineral and metal raw materials. The demand has rapidly increased commodity prices. 

During that period, the mining industry experienced high growth due to an increase production 

volume and an increase commodity prices. Recently, the global mining industry is facing 

uncertainty due to the decline of commodity prices as a result of the economic difficulties that 

hit uero zone and economic slowdown in China, which leads to decline in performance and lack 

of capital for most of mining companies. During the period of June 2013 to September 2014, 

nearly 200 mining companies in Australia went bankrupt and most are undercapitalized [1]. For 

survival in the midst of this uncertainty, the mining need to look at the productivity as one of 

the main issues. Previously when the boom period, mining just focus on effort to increase the 

volume of production to gain maximum profit regardless of the increase in production cost and 

productivity [2]. Although the company gain high profit but no followed by growth in profit 

margins from the growth of the business in which earning before interest and taxes (EBIT) 

stagnated because it was followed by an increase in other costs such as labor, fuel costs, and 

other costs due to higher commodity prices (Gilbertson 2012). Therefore, the level of 

productivity in mining industry has declined by 3.5% a year over the last decade [3] and was 

lower when compared to other sectors [2], [4], [5] . 

Productivity is considered important because it affects the growth quality [6] and become a 

differentiator with competitors in the long-term [7]. There are two efforts that can be done to 

improve mining productivity, through short-term and long-term efforts. Short-term effort is done 

through the efficiency of operating costs, particularly the cost of capital expenditure and 

operational expenditure of the workers are the two major factors lead to declining productivity. 
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While long-term effort focus on improving the capabilities and innovation to address the root 

causes of declining productivity. 

With the development of IT today, opening the potential to a make breakthrough to enhance 

productivity through improving company’s innovation capabilities [2]. According to [8], the IT 

infrastructure acts as a driving factor of innovation process, in addition to the daily operational 

activities. Along with the use of IT as a component for generating and implementing ideas, 

processes, new products and services [9]. In the next chapter will discuss the literature review, 

followed by a discussion about the role of IT that have a significant impact on productivity 

improvement of the mining industry, and the end with a conclusion. 

2   Literature Review 

2.1   Firm Performance 

         

In general, the evaluation of company’s ability based on  the performance’s achievement 

to identify and implement the right strategy to achive company’s objectives in the context of 

achieving the goal [10]. The company’s performance is one of the most important variables 

and indicators in management research [11], which allows researchers and managers to 

evaluate the company from time to time and compare to its competitors [12]. Managers begin 

to understand that a company will be successful if achieves its objectives (effectiveness) with 

minimal resources (efficient) to obtain optimal results. 

Currently, theoretical research and empirical results on the performance of the company 

begin to focus on productivity and efficiency as an important aspect of the company’s 

performance [13]. Productivity and efficiency are considered as factors that affect the growth 

quality [6] and become a differentiator with competitor in the long-term [7]. In the last period 

period, the mining industry was facing major issues related to the problem of productivity and 

efficiency as a result of failing commodity prices. Miners looking for ways to increase 

productivity by cutting the costs incurred to generate mining output or to increase output without 

increasing other costs [2]. 

Productivity is generally defined as the ratio between output and input; how the output 

obtained from a given input [14]. Sink dan Smith [15] defines productivity as the relationship 

between the output of the organization system and what is consumed to produced the output. In 

order to see the difference in the productivity level, it can be done by comparing the 

intercompany, industry or from time to time in the company. While productivity gain is defined 

as the ratio between the increase of output to a given input, which is generally influenced by 

several factors such as technology, management, skills, and working practices [16]. Efficiency 

refers to the relationship between the actual expenditure of resources than the expected 

expenditure of resources. Particularly, according to [7], the concept of efficiency is measured 

by how well the organization uses resources as inputs to achieve results as the output, compared 

to its maximum potential.  

In general, productivity is measured based on the indicators of capital and labor as inputs 

used to generate output of goods and services. But mining has a different character compared to 

other industries because it is influenced by other important factor, namely non-renewable 

natural resources as inputs of production. Natural resources are the major input into the 



 

 

 

 

production of mining, with the changes in the quality and accessibility of deposit decline, greater 

commitments of capital and labor are generally needed to extract them. When deposits are 

deeper, more development work is needed to access the desired resources. In short, more effort 

is needed to produce a unit of output. Consequently, productivity in mining reflects not only 

changes in production efficiency, but also changes in the underlying quality and accesibility of 

natural resources input to mining [16]. 

 

2.1   Firm Performance 

 

The role of IT capability has become more important in improving organizational 

performance. Some recent studies indicate that IT capability provide a basis of gaining 

competitive advantage. The application of IT within an organization can be traced through 

several stages. The initial stage refers to the support of administrative  and is provided by 

automation, control and communication through IT. The most important stage through a 

transformational stage. At this stage, the IT influences, changes and provides new form of 

business, become strategic partner within the organization, and is focused on generating value 

[17]. 

Research shows that there is no single definition of IT Capabilty. [18] defines IT capability 

as a type of ability organizations have that can support the activities and work processes in the 

organization by arranging and bringing together other resources that are important [18]. 

Simillarly, [19] defines IT capability as the ability of an organization to effectively acquire, 

distribute, and leverage IT related resources (e.g. software, hardware and IT personnel) and to 

manage organization information in an integrated manner. Another different view [17] looks at 

capability as set of skills and knowledge related to competencies so they define IT capability as 

a combination of competencies (skills and knowledge) and IT resources (infrastructure) which 

is created by a particular organization and is implemented through activities to achieve business 

objectives. 
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a combination of competencies (skills and knowledge) and IT resources (infrastructure) which 

is created by a particular organization and is implemented through activities to achieve business 

objectives. 

3   Discussion 

Improvement of productivity is closely related to innovative thinking and the use of 

technology in order to provide added value. In some recent research indicates that technological 

development is an important driver factor for innovation [20]. This factor is required to produce 

a new method, process or  technique [21] that needed to perform the production and innovation 

activity [22]. Although in general the mining regarded as the middle and low technology [23], 

[24] However, the use of new technologies in the mining is very important in many aspects of 

mining activities ranging from prospecting, extraction untill processing [23]. 

The mining is an industry that tends to be conservative and risk averse because basically 

mining has different characteristics from other industries which depend on many variables that 

influence it, a long process, a huge investment and covered by high risks. So considers that 

innovation can create a new risk for the company. Especially, high tech projects tend to be 

capital intesive that requiring large investments with uncertain outcomes and may not be 

realized in the future [25] 

But, with the various uncertainty faced by mining as a result of decline in commodity prices, 

decline in grade deposit, health and safety, and the impact of environmental degradation requires 

the company to make changes in order to survive under uncertainty condition. One of the main 

issues is the continuous decline in productivity so the company need to find a breakthrough to 

improve productivity, one of it is done by utilizing IT. Several studies from 1990 to 2014 

showed about the positive impact of IT on productivity [26]. Other studies that focus on the 

intensity of IT usage, found that companies use IT generate productivity growth higher than 

those which does not use IT as shown by [27] that companies use IT in US and Europe show 

that an accelerated growth productivity of 3.5% peryear. Similarly, a study conducted by [25] 

in the mining industry also showed the samething that IT has an important role in the mining 

industry that enables increased efficiency, productivity and at a certain moment radically change 

the mining process. 

IT capability in the mining industry developed gradually that began in the 1970s when the 

IT had not been a lot of role because of the limitations of slow and expensive mainframe. Only 

in the 1980s, it began to change because of the rapid increase in the hardware and software 

ability as well as the emergence of personal computer (PC). In the 1990s the big jump occurred 

in the mining innovation through communication and sensing technologies. Mine production 

system was developed by utilizing the global positioning system (GPS) and automation 

technology, including changes in the mindset of business leaders about the importance of 

innovation for the company. After 2000s, global communication systems and e-commerce 

radically begin to transform business process in mining [25]. On a broader scale, [28] stated that 

digital transformation in mining industry will help to reduce 610 tonnes of CO2 emission, save 

1000 lives, prevent 44000 injuries, and create a value of $320 billion over the next decades. 



 

 

 

 

The development of technology that available today has the potential to open up a new 

ways to manage and direct mining operations more efficiently to increase productivity, reduce 

costs and maximize profit through: 

• Automation and remote operation 

Automation makes possible to communicate and operate equipment remotely which is 

widely used, especially in underground mines and hazardous environments. In addition to 

positive impact on the health and safety, not only it avoids humans from dangerous areas, 

but also increase the productivity because the equipment can move faster and cover further 

operation area and requires little operator to operate [29].  

• Asset Management 

The use of sensor in mining equipment to collect all data that covers the characteristics of 

the equipment will help to optimize and improve the effectiveness of the use of the 

equipment. As the implementation of real time monitoring system on the equipment that 

made Rio Tinto provides equipment maintenance cost saving of more than USD 1 billion 

[29].  

• Process Improvement 

Helping to optimize the value chain in the organization process of the extraction, processing 

up to sales through collaboration and coordination among various departments to improve 

efficiency and effectiveness. Implementation of e-procurement carried out by a consortium 

consisting of 15 mining companies in the wold that do global online business to business 

(B2B) for the procurement save money 5% to 15% [25]. 

• Decision Making 

Adoption of IT has an impact on a more comprehensive understanding of the resource base, 

optimizing the flow of materials and equipments, improve the anticipation of failure, 

increasing mechanization through automation, and performance monitoring in rea time so 

it will help in decision making  [3]. 

• Accuracy 

 Drilling and blasting are more accurate and faster so increase higher ore recover and 

profitability, improved health, safety and environmental quality employment. In addition, 

the use of automatic Load Haul Dump (LHD) to reduce operating and maintenance costs  

[25]. 

• Health and Safety 

In terms of a range of broader health risks that are common in a mining environment. The 

mining has introduced many incremental innovations that have improved the safety of 

personnel working in inherently hazardous environments, both above and below ground. 

Automation will minimise the number of human operators that will need to be located on 

site or in close proximity to operations [29]. 

 

 

 



 

 

 

 

IT Innovation in Rio Tinto 

Rio Tinto is one of the world leading mining group with the major work include finding, 

mining and and processing mineral resources 40 countries. Rio Tinto’s vision is to become the 

sector leading global mining and metal company. To support this strategy, Rio Tinto has three 

strategy pillars: production at cost; value driven growth; and maximizing portfolio value [30] 

In the face of increasing demand, increased production cost, skilled labour shortage and 

inefficiency of production. Rio Tinto Innovation & Technology launched a program called 

“Mine of The Future (MOF)” in 2008 that focuses on creating a sustainable value through a 

holistic approach by finding a new ways to mine and extract minerals that will create the benefits 

such as greater efficiency, lower production cost and more attractive working conditions. The 

company has started to work with several mining equipment manufacturers such as Komatsu 

for automated truck and Atlas Copco to develop autonomous drilling solution. The development 

of autonomous trucks proved 10% improvement in utilised time with no incident record [31]. 

 

Source: [30] 

Figure 1. Milestone of “Mine of The Future Programme” 

Rio Tinto built an Operation centre located in Perth that enables mines, ports, and rail 

system to be operated from a single location. Utilization of the latest IT equipments in the 

mining industry, Rio Tinto uses RTVi as a tool of 3D modelling to visualize in 3D the mining 

sites with complementary sensors on trucks, drilling, mining equipment and processing plants 

to get real-time data and send it to the operating centre. Then RTVi used to visualize the data 

generated to perform job schedulling and deliver instructions back to the truck and drilling 

equipment. Results from the use of this IT equipment has increased Rio Tinto iron ore 

production by 2.5% and increase of 900,000 additional tons of iron ore compared to last year 

from one mine site only. In addition, this technology also significantly enhanced haul cycle time 

(load-haul-dump cycle), extend tyre life, reduce fuel usage and lower maintenance cost [32]. 

These benefits suggest that Autonomous System improves not only efficiency and productivity 

but also some social and environmental issues. RTVi is now used by nearly 1000 employees of 

Rio Tinto in open pit mining operations throughout the world. In addition, RTVi also provides 



 

 

 

 

drilling cost efficiency approximately 13% or $150,000 within six weeks after the equipment is 

implemented. At the mining in America, RTVi reduce long queus and waiting time in shift that 

allows to determine when the righ time to make the turn. Thus providing an additional 16 loads 

for the first two hours of each shift. Then, early 2016, Rio Tinto decided to open exploration 

dataset for use by small mines to spread the risk of new projects and identify new opportunities 

as mineral prices are still under pressure. 

4   Summary 

Innovation will only happen if the company has sufficient innovation capability [33] and 

want to take risks to generate new ideas in building innovation accompanied by a clear vision 

and strategy. Particularly, the role of IT in mining has experienced the change from simply 

providing support to be as innovative media operation to perform transformations on various 

aspects of mining operation, which in turn help to increase efficiency and the productivity, as 

well as play a role in collecting, analyzing and using the information to be more productive. 

Future study could investigate the use of new and current emerging technologies such as 

big data IoT, big data, and AI technology, how these technologies help mining companies to 

transform how the way they operate business and what are the critical success factors, especially 

for small and medium mining companies. For instance, establish supply chain intelligence 

system from the big data, it would improve sustainable supply chain management by better 

decision and more collaboration with suppliers, partners and the key stakeholders. Use of IoT 

in mining operation primarily as means of achieving cost and productivity optimization, 

improving safety measures and developing their artificial intelligence needs. Using vast 

amounts of data, such as drilling reports and geological survey, AI and machine learning can 

make predictions and provide recommendations on exploration, resulting in a more efficient 

process. AI powered predictive model will also allow mining to improve their metal processing 

method, through more accurate and less environmental damaging technique. 
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