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Abstract: 

There are many signs indicating that artificial intelligence – reproduction of the cognitive functions that 

humans have such as learning and problem solving by machines– has been spreading among various 

industries. The rise of artificial intelligence – as this article conceptualize as a general purpose technology –   

is affecting not only the cognitive dimension of technological innovation systems but also the 

organizational, institutional and economic dimensions. However, from a technological point of view, 

studies in technological innovation systems often focus on specific purpose technologies. What about 

general purpose technologies – which open up new opportunities rather than offering complete final 

solutions? In this paper, we aim to explore how a general purpose technology affects the innovation 

systems. In order to do so, we conduct a qualitative case study on artificial intelligence in mining and metal 

producing industry of Sweden. Our contribution is twofold. Firstly, we clarify how artificial intelligence can 

be conceptualized as a general purpose technology in innovation systems perspective. Secondly, we find 

out how a general purpose technology affects the dynamics of innovation systems. 
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1. Introduction 

Technology specific innovation systems (TSISs or TISs)1 have become a popular and efficient approach 

for analysing the technical change and the dynamics of innovation. A considerable amount of literature has 

used TSIS approach in the context of transitions towards more sustainable modes of production and 

consumption (see e.g., M. P. Hekkert and Negro, 2009; Quitzow, 2015; Reichardt et al., 2016). However, 

this emerging literature on TSIS have mostly focused on specific purpose technologies rather than general 

purpose technologies.  General purpose technologies (GPT)s, such as the electricity or the steam engine, 

are the “enabling technologies”, giving rise to wide-spread application, emergence of complementary 

innovations and increasing returns-to-scale (Bresnahan and Trajtenberg, 1995; Lipsey et al., 1998). GPTS 

are important for economic growth because they spawn a host of specific purpose technologies and 

enhance the efficiency of existing ones (Bekar et al., 2016; Lipsey et al., 1998). It thus becomes critical for 

scholars and policy makers to understand how a general purpose technology affects the technical change 

and the dynamics of innovation systems. 

Today, artificial intelligence of machines – which reproduces the cognitive functions that humans have such 

as learning and problem solving – is emerging as an important general purpose technology driving the 

technological and industrial change. It has been spreading among a wide range of industries. There are a 

myriad of examples pointing out to this. In the mining and metal producing industry, for instance, artificial 

intelligence in load-haul dump machines have started to replace human judgement required for filling a 

bucket (see e.g., Dobson et al., 2016). In the healthcare sector, artificial intelligence in software replaces 

human cognition in the analysis of medical data (see e.g., Hamet and Tremblay, 2017). In the music industry, 

the artificial intelligence embedded in digital music services are already able to generate individual music 

recommendation for each listener (see e.g., Oord et al., 2013). In the automotive sector, the artificial 

intelligence of the driverless cars can provide safer modes of transportation (see e.g., Lipson and Kurman, 

2016). Artificial intelligence is also changing the way the knowledge is produced in science.  One recent 

example is from the European Organization for Nuclear Research (CERN) where artificial intelligence is 

used to make theoretical discoveries that humans cannot think of  (see Castelvecchi, 2015). 

In the literature, there are several theoretical concepts that shed lights on transformations created by wide-

impact phenomenon such as the diffusion of General Purpose Technology (Bresnahan and Trajtenberg, 

1995; Helpman and Trajtenberg, 1994) and the emergence of Scientific Paradigms (Kuhn, 1970). There is 

also a vast literature on how (and what kind of) wide-impact phenomenon result in broad impact at meso 

level, such as the emergence of Development Blocks (Dahmén, 1989) and macro level, such as Digitial 

Economy (Carlsson, 2004) and the Second Machine Age (Brynjolfsson and Mcafee, 2014). The role of 

artificial intelligence in industrial dynamics, as well as its conceptualization in evolutionary perspectives, is 

indeed relatively understudied in the literature. In the last decades, much attention has instead been paid to 

the role of use of information and communications technologies (ICT) such as internet (e.g., Antonelli, 

                                                      
1 Following Hekkert et al. (2007) and Negro et al. (2008), we use TIS and TSIS as synonyms.  
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2003; Carlsson, 2004; Greenstein, 2010) –which,  as we argue, is different than what artificial intelligence 

is.   

In this paper, we aim to explore how a general purpose technology affects the innovation systems. In order 

to do so, we conduct a qualitative case study on artificial intelligence in mining and metal producing industry 

of Sweden. Mining and metal producing industry in Sweden is an interesting sector to focus because of 

three main reasons. First, the concept of artificial intelligence is often disassociated with the natural resource 

based industries such as mining sector. By bringing up an empirical case of the mining sector, we strengthen 

our argument to conceptualize artificial intelligence as a general purpose technology.  Secondly, Sweden is 

known as one of the most important hubs of entrepreneurs that work on artificial intelligence. Thirdly, 

Swedish mining and metal producing industry has been recently claimed to be innovative, having an ultimate 

goal of fully automated mining operations without human interface beyond 2030 (STRIM, 2016) 

The rest of the paper is structured as follows. Section 2 critically reviews the most relevant concepts related 

to general purpose technologies and TSISs. When doing so, we also revisit the foundations of industrial 

dynamics research – a scholarly research field of how economic transformation takes place and what the 

underlying processes of it are (Carlsson 2016) – as well as its most relevant concepts such as General 

Purpose Technology, Scientific Paradigms and Development Blocks. Section 3 gives a contextual 

background in two dimensions: technology (artificial intelligence) and the sector (mining and metal 

producing industry). Section 4 presents the methodology of this paper, including the limitations, data 

collection and data analysis. Section 5 provides the findings and the results of the case study.  These are 

presented in two sub-sections: (5.1.) artificial intelligence as a general purpose technology, (5.2.) learnings 

from the mining sector in Sweden, including implications for the research on innovation systems. Finally, 

our paper finishes with section 6, providing some conclusions and recommendations for future research. 

This last section also derives some recommendations for policy makers. 

2. Theory and concepts 

We position our research industrial dynamics research which is an emerging field of research area flourished 

in 1980s. The research on industrial dynamics aims at understanding the technological, institutional and 

economic change. The empirical work of the field is based on a wide range of unit of analysis: micro (e.g., 

firm), meso (e.g., industry) and macro levels. In industrial dynamics research, the focus is on the 

transformations. As Carlsson (2016, pp. 1–2)  argues, “In Industrial Dynamics, the emphasis is on dynamics: 

seeking to identify and understand the reasons why things are as they are. Industrial Dynamics focuses on 

the causes (driving forces) of economic transformation and growth, and on understanding the underlying 

processes of transformation, not just the outcomes. The transformation is viewed in its wider historical, 

institutional, technological, social, political, and geographic contexts. This means that the analysis often has 

to transcend disciplinary boundaries and involve multiple dimensions and levels”. Industrial 

transformations are difficult to study because they evolve in a complex manner, involve several elements 

(actors, networks, technologies etc.) and their boundaries are not clear. From a technology specific 
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innovation system perspective, there are several dimensions to consider: such as cognitive, organizational, 

institutional and economic (Carlsson and Stankiewicz, 1991). In the following two sub-sections, we first 

revisit the concept of general purpose technology. Then, we give an overview of the approach of 

Technology Specific Innovation Systems – which is used as a framework to analyse data collected in the 

case study.   

2.1. General Purpose Technology 

Schumpeter (1939) argued that the economic growth is driven by an evolutionary process of new 

combinations of  products, processes, markets, sources of supply and organizations, i.e., innovations. When 

innovations are converted into economic opportunities, economic growth is flourished. The more generally 

applicable are the innovations, the greater they result in economic growth. The “general purpose 

technology” (GPTs) are a well-known case in point. Based on a recent literature review, Bekar et al. (2016, 

p. 8) define a GPT “as a single technology, or closely related group of technologies, that has many uses 

across most of the economy, is technologically dynamic in the sense that it evolves in efficiency and range 

of use in its own right, and is an input in many downstream sectors where those uses enable a cascade of 

further inventions and innovations” – a definition which we follow in this study.  

GPTs play a far-reaching role in fostering both technical change (in a wide range of industrial sectors) and 

economic growth in general  (Helpman and Trajtenberg, 1994). The GPTs open up more new opportunities 

than specific technologies. As Bresnahan and Trajtenberg (1995, p. 84) argues: “Most GPT’s play the role 

of enabling technologies, opening up new opportunities rather than offering complete, final solutions. For 

example, the productivity gains associated with the introduction of electric motors in manufacturing were 

not limited to a reduction in energy costs. The new energy source fostered the more efficient design of 

factories, taking advantage of the newfound flexibility of electric power. Similarly, the users of micro-

electronics are among the most innovative industries of modern economies, and they benefit from the 

surging power of silicon by wrapping around the integrated circuits their own technical advances”.  

The concept of GPT is highly related to some other concepts used in industrial dynamics research. On the 

one hand, for example, scientific paradigms – “universally recognized scientific achievements that for a 

time provide model problems and solutions to a community of practitioners” (Kuhn, 1970) – can be seen 

as the main drivers of GPTs. On the other hand, for instance, the emergence of new development blocks 

– “a sequence of complementarities which by way of a series of structural tensions, i.e., disequilibria, may 

result in a balanced situation” (Dahmén, 1989) – can be argued to be the main outputs of diffusion of 

general purpose technologies (see Table 1 for some empirical examples).  
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Table 1. Examples of Scientific Paradigm, General Purpose Technology and Development Block  

Concept Empirical Examples (from previous research) 

Scientific Paradigm  Aristotle’s Physica, Ptolemy’s Almagest, Newton’s 
Principia and Optics, Franklin’s Electricity, Lavoisier’s 
Chemistry, and Lyell’s Geology (Kuhn, 1970) 

General Purpose 
Technology 

Corliss steam engine, the dynamo (electric motor), 
digitization in combination with internet (Carlsson, 
2004)  

Development Blocks Development blocks around Electricity during 1900-
1974 in Sweden (Enflo and Kander, 2008) 

 

In an evolutionary perspective, technologies are deeply rooted in scientific paradigms. These scientific 

paradigms co-evolve and lead to the creation of general purpose technologies – which thus enable the 

emergence of specific purpose technologies (see Figure 1). In the presence of an entrepreneurial activity 

and sufficient critical mass, the network of agents (i.e., technology specific innovation systems) are often 

transformed into development blocks (i.e., synergistic clusters) of firms and technologies within an industry 

or a set of industries (Carlsson and Stankiewicz, 1991). 

 

Figure 1. Evolution from scientific paradigms (SPs) to general and specific purpose technologies (GPTs 
and SPTs) 

For a technology to be a GPT, Bekar et al. (2016) argues that, it should display all six defining characteristics: 

 Enabling/improving the use of other technologies (C1) 

 Enhancing innovation complementarities (C2) 

 Spreading through the economy while fostering the productivity gains (C3) 

 Enabling inventions and innovations that would be not possible without the GPT (C4) 

 Pervasiveness and widespread usage (C5) 

 Having no close substitutes (C6) 
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This means that GPTs have widespread potential to be applied in all kind of industries. For example, as 

widely known, electricity has been applied almost in several industries and sectors. This also implies, as we 

argue, GPTs have the capacity to result in the creation of a wide range of specific purpose technologies as 

well as the emergence of development blocks (C7). For instance, during 1900-1974 in Sweden, Electricity 

has enabled the emergence of two development blocks (Enflo and Kander, 2008). One development block 

was among mining and metal producing industry, machinery and railways. The other was among pulp and 

paper industry, machinery and chemistry. Both development blocks had emerged around the enabling 

power of electricity.  Overall, we also argue that GPTs have long-term capacity to replace or multiply the 

sources in the economy (C8). For example, electricity (together with steam engine) has mostly replaced the 

manual power (physical work done by people) and boosted the economic growth.  

2.2. Technology Specific Innovation Systems  

The concept of Technology Specific Innovation Systems (TSIS) is rooted in evolutionary economics and 

industrial dynamics research (Carlsson, 2016), and it is often used as a synonym to technological innovation 

systems (TIS) (Hekkert et al., 2007).  TSIS can be defined as “a network of agents interacting in a specific 

economic/industrial area under a particular institutional infrastructure or set of infrastructures and involved 

in the generation, diffusion, and utilization of technology” (Carlsson and Stankiewicz, 1991, p. 111). 

Literature on TSIS has grown fast during the last two decades (see Figure 1). This growth was accelerated 

when two papers (Bergek et al., 2008; Hekkert et al., 2007) introduced frameworks to analyse the 

functionally of TSIS.  Today, the literature keeps its growing momentum, especially with the contributions 

in the context of sustainability transitions (see e.g., Bergek et al., 2015; Dewald and Truffer, 2012; M. 

Hekkert and Negro, 2009; Reichardt et al., 2016). The TSIS is a popular framework, which can be utilized 

not only by researcher but also by policy makers or other actors, because it provides a structured way of 

practical implications on how to stimulate a desired technical change in a given context (Bergek et al., 2008; 

Wieczorek and Hekkert, 2012).   

 

Figure 2. The evolution of number of publications related to technology specific innovation systems2 

                                                      
2 Self-compilation from the database of Google Scholar. The data is extracted by using the keyword “Technological 
Innovation Systems” – which is a more common term in comparison to “Technology Specific Innovation Systems”. 
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TSIS approach rejects the idea of a linear innovation path. Instead, TSIS approach focuses on the interplay 

among a set of co-evolving actors, interactive and recursive knowledge creation and the institutional 

embeddedness of innovation (Bergek et al., 2008; Hekkert et al., 2007). Thus, a TSIS can be deduced to a 

composition of “structural elements” and “systemic functions” (see Table 2). The assumption is that the 

diffusion of new technologies is dependent on how the actors sustain the functions of a TSIS:  

experimentation by entrepreneurs (F1), knowledge development (F2), knowledge exchange (F3), guidance 

of the search (F4), market formation (F5), resource mobilization (F6), and creation of legitimacy (F7). 

Table 2. Structural elements and functions of as TSIS  

 Category Sub-categories/explanations 

Structural 
Elements 

Actors  - Civil society  
- Companies: start-ups, SMEs, large firms, multinational companies  
- Knowledge institutes: universities, technology institutes, research centres, schools  
- Government  
- NGOs  
- Other parties: legal organisations, financial organisations/banks, intermediaries, 
knowledge brokers, consultants 

Institutions  - Hard: rules, laws, regulations, instructions  
- Soft: customs, common habits, routines, established practices, traditions, ways of 
conduct, norms, expectations 

Interactions  - At level of networks  
- At level of individual contacts 

Infrastructure  - Physical: artefacts, instruments, machines, roads, buildings, networks, bridges, harbours  
- Knowledge: knowledge, expertise, know-how, strategic information  
- Financial: subsidies, fin programs, grants etc. 
Restricted 

Systemic 
Functions 

Experimentation 
by entrepreneurs 
(F1) 

Entrepreneurs are essential for a well-functioning innovation system. Their role is to 
turn the potential of new knowledge, networks, and markets into concrete actions to 
generate —and take advantage of—new business opportunities. 

Knowledge 
development 
(F2) 

Mechanisms of learning are at the heart of any innovation process, where knowledge is a 
fundamental resource. Therefore, knowledge development is a crucial part of innovation 
systems 

Knowledge 
exchange (F3) 

To learn relevant knowledge needs to be exchanged between actors in the system. 

Guidance of the 
search (F4) 

This system function refers to those processes that lead to a clear development goal for 
the new technology based on technological expectations, articulated user demand and 
societal discourse. This process enables selection, which guides the distribution of 
resources. 

Market 
formation (F5) 

This process refers to the creation of markets for the new technology. In early phases of 
developments these can be small niche markets but later a larger market is needed to 
facilitate cost reduction and incentives for entrepreneurs to move in. 

Resource 
mobilization 
(F6) 

The financial, human and physical resources are necessary basic inputs for all activities in 
the innovation system. Without these resources, other processes are hampered. 

Creation of 
legitimacy (F7) 

Innovation is by definition uncertain. A certain level of legitimacy is required for actors 
to commit to the new technology with investment, adoption decisions, etc. 

Source: Adapted from Wieczorek and Hekkert (2012) and Wieczorek et al. (2013) 

 

                                                      
As Google Scholar searches the full texts of scholarly material (including references and abstract), the extracted data 
is expected to include the articles that use the term of “Technological Innovation Systems” in any part of the articles. 
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TSIS approach is highly related to the other well-known approaches which consider the geographical and 

dimensions of innovations systems such as the sectoral innovation systems (Carlsson, Jacobsson, Holmen, 

& Rickne, 2002), technological innovation systems (Malerba, 2002) and regional innovation systems 

(Asheim and Coenen, 2005). It is widely known that a TSIS can overlap with some parts of several national 

innovation systems and various sectoral innovation systems (Hekkert et al., 2007). This often leads to the 

difficulty on how to define the boundaries of TSISs when studying an empirical case of generation, 

diffusion, and utilization of a technology. The recent literature on TSIS mostly focus on specific purpose 

technologies such as wind or solar photovoltaic systems (e.g., Dewald and Truffer, 2012; Reichardt et al., 

2016) at which the boundaries and overlaps might relatively be more easy to define, as we argue, in 

comparison with a case of GPT in a TSIS (see Figure 3). 

 

Figure 3. Comparison of TSIS for specific and general purpose technologies 

3. Context 

3.1. Swedish Mining and Metal Producing Industry 

The industrialization in Sweden goes back to middle of 19th century. In his recent work, Giertz (2016) 

summarize the historical and political journey of the Swedish industrial change in three phases: the first 

phase from liberal reforms to industrialization (1844-1920), the second phase from consolidation 

to welfare state and stagnation (1920-1985) and the third phase from deregulation to a global economy 

(1985-now). Giertz (2016, p. 321) argues that each phase was initiated by political and industrial turmoil as 

well as great changes in the society: “The first phase was initiated in the mid-1800s when a number of 

decisions speeded up the process of industrialization in Sweden – giving Sweden many new ventures 

founded by entrepreneurs. The second phase was initiated by the depression after World War I. The 

ownership of Swedish industry was concentrated to a few financial spheres, which closely cooperated with 

the Social Democratic government and the reformist labour movement. The third phase was initiated by 

the crises in the mid-1970s. The Social Democrats lost the election in 1976 and a new political era was born, 

which was followed by a new globalization era in industry in the late 1980s”.  
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In the long history of Swedish industrialization, Swedish mining and metal producing has an important role. 

The industry has evolved and changed since the late 19th Century. The mines in Sweden became fewer but 

larger, from 500 mines in 1910 to 100 mines in 1960 and 16 mines in 2015 (STIC, 2016). Today, Sweden is 

the largest supplier of metals within the EU28, accounting for 89,5% of iron ore, 36,4% of lead, 36,3% of 

zinc, 22,9 of silver, 21,1% of gold and 8,7% of copper in 2015 (see Figure 4).  

 

Figure 4. Sweden´s share of European mine production3  

Sweden is known as one of the top countries in the world in terms of attractiveness of its mining policies. 

For example, Fraser Institute´s Annual Survey of Mining Companies shows that mining companies 

perceives Swedish mining policy highly attractive, consistently ranking Sweden in the top 10 jurisdictions 

over the last five years (see Jackson and Green, 2015). The respondents of the survey, i.e., over 3800 

exploration, development, and other mining-related companies around the world, think that Sweden 

perform relatively well for policy factors such as “uncertainty concerning the administration of current 

regulations, environmental regulations, regulatory duplication, the legal system and taxation regime,  

uncertainty concerning protected areas and disputed land claims, infrastructure, socioeconomic and 

community development conditions, trade barriers, political stability, labour regulations, quality of the 

geological database, security, and labour and skills availability” (Jackson and Green, 2015, p. 2). The main 

mining companies that operate in Sweden include Swedish companies LKAB, Boliden, Lunding Mining 

and Lovisagruvan as well as international companies Dragon mining of Australia and Elgin Mining of 

Canada (see Table 3).  

                                                      
3 Own compilation based on the data from SGU (2016). EU27 is the countries of EU28 except Sweden. 
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Table 3. Mining companies operating in Sweden 

Company Description 

LKAB The major state-owned iron ore producer, which has mines in Kiruna, Malmberget and 
Svappavaara  

Boliden Boliden operates mines at several locations in Sweden, including: the open-pit Aitik copper 
mine in Gällivare (with secondary production of gold and silver); Garpenberg, where Bolidens 
mines zinc, copper, lead, gold and silver; and the so-called Boliden Area (in the Skellefteå 
field), where the company operates four different mines, which also produce zinc, copper, 
lead, gold and silver 
 

Lundin Mining The company owns Zinkgruvan (a zinc mine with secondary production of lead, silver and 
copper); 

Lovisagruvan The company that operates the Lovisa lead and zinc mine 

Dragon mining A Gold producer which owns the Svartliden mine 

Elgin Mining The company owns the Björkdal mine 

Source: Kurkkio et. al. (2014) 

The Swedish mining and metal producing industry cannot be seen in isolation from the Nordic context. It 

has an interdependence on Norway, Denmark, Finland and Iceland. The collaboration among the Nordic 

countries has historically been very critical for empowering the Swedish mining and metal producing 

industry. For example, the access to the port of Narvik in Norway is a case in point, which is vital for 

delivering the products of the iron ore industry from Northern Sweden to the globe.  In this token, Kurkkio 

et al (2014), studying the Nordic context, find out several innovation challenges that the industry face. 

Firstly, they argue that mining companies and metal producers have witnessed increased production costs 

and decreased profit margins. Secondly, metal producers and equipment suppliers do not only lack of 

employees with the right type of skills but also lack of the right type of knowledge. Thirdly, they argue that 

mining companies still have a conservative mind-set with a short-term focus whereas the equipment 

suppliers face difficulties on experimentation. 

3.2. Artificial Intelligence 

“Can machines think?” (Turing, 1950, p. 433) 

The study of artificial intelligence is not new. It has a long history in science. In 1995, the seminal work of 

Russell and Norvig (1995) provided a comprehensive overview of the state of the art of artificial intelligence 

research as well as discussing the meaning, applications and history of it. They argue that the foundations 

of study of artificial intelligence go back to the birth of Plato (428 B.C.) – who thought of the possibility of 

algorithms in social contexts. However, as Russell and Norvig (1995) discuss, the turning-point was the 

second of half of 20th century when the accumulated contributions from philosophy, psychology, 

mathematics and computer engineering finally transformed the study of artificial intelligence into a fast-

growing field of research. Today, the term “artificial intelligence” can be defined with various approaches. 

Sometimes, the term is used to describe the intelligence of machines, enabling machines to think or act like 

humans. Sometimes, the term is referred to the intelligence of agents which think or act rationally. Today, 

perhaps, one of the mostly used definitions of artificial is the intelligence exhibited by agents that exist in 
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an environment; and perceive and act. In this token, Russell and Norvig (1995) conceptualize an agent as 

anything (machine, robot, software etc.) that can perceive its environment through sensors and acting upon 

that environment through effectors. Such agents, which are empowered with the artificial intelligence, can 

mimic the cognitive functions of humans, such as problem solving, self-learning and decision-taking. Today, 

artificial intelligence has been spreading in wide range of industrial sectors, partly replacing the cognitive 

functions that humans may have (see Table 4). What makes artificial intelligence interesting to study is 

manifold. Artificial intelligence embedded agents/machines can perceive and take decisions. For example, 

artificial intelligence embedded in algorithms make a car to perform its environment and take decisions on 

drive as optimum as possible. Also, artificial intelligence embedded agents/machines have the capacity to 

perform better than humans. For example, artificial intelligence embedded in algorithms can make a medical 

equipment to diagnose a tumour faster than a medical doctor.   

Table 4. Some examples of artificial intelligence in various industries  

Category Example 

Healthcare  Analysis of medical data (see e.g., Hamet 
and Tremblay, 2017) 

Music Individual music recommendation for 
each listener (see e.g., Oord et al., 2013) 

Automotive Self-driving cars (see e.g., Lipson and 
Kurman, 2016) 

Mining  Autonomous load-haul machines (see e.g., 
Dobson et al., 2016) 

Science Theoretical discoveries (see Castelvecchi, 
2015) 

 

4. Method 

In order to answer the research question of how a general purpose technology affects the innovation 

systems, we conduct a qualitative case study on artificial intelligence in mining and metal producing industry 

of Sweden. The case study approach is a popular qualitative method in industrial dynamics research. Itcan 

be used for various purposes. Providing description, testing theory, or generating theory are the most 

common aims of using a case study method (Eisenhardt, 1989). Siggelkow (2007) argues that case studies 

should not only address theory but also provide real world examples in a new way. In this paper, the case 

study method is used in order to explore a rather under-researched phenomenon: how a general purpose 

technology affects the innovation systems. When there is lack of previous research, a case study approach 

is appropriate for exploring a contemporary phenomenon. This leads to generating a holistic view of 

complex instances through observation, and searching for patterns (Yin, 2011). The strength of case study 

lies in its approach to develop empirically collected and context-dependent knowledge with a “multiple 

wealth of details” (Flyvbjerg, 2006; Lincoln and Guba, 2009; Stake, 2000). 

For data collection and analysis, we have proceeded in three parallel steps. First, we reviewed the relevant 

academic literature as well as the other kinds of sources popular magazines, consultancy reports and 



12 
 

company websites. Second, we have conducted 13 interviews with the representatives of relevant actors 

(see Table 5). The diversity in interviewees gave us a holistic view on both in technological and industrial 

dimensions. Following a semi-structured interview approach, the interviewer had the freedom to add new 

questions, mostly based on the flow of the discussions during interviews. Except one interview, the major 

parts of all interviews were electronically recorded.  Third, we have visited an industrial conference 

“Bergforskdagarna” – which serves as a forum of collaboration and knowledge-sharing for the actors 

involved in Swedish mining and metal industry, with a special focus on the latest research and development 

activities –, have conducted a field-trip to Kiruna and Narvik – key cities of the iron ore sector – and have 

visited several start-ups – especially those focus on development of algorithms of artificial intelligence – in 

Stockholm area. During these visits, we have noted our observations. Data (literature, interviews and 

observations) has been analysed throughout as well as after the data collection. For data analysis, we have 

used the GPT and TSIS concepts, i.e., GPT characteristics (C1-8), TSIS structural elements (SE1-4) and 

TSIS functions (F1-8), as explained in Section 2. 

 

Figure 5. Three steps of the data collection and analysis 
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Table 5. List of the interviewees 

# Position and 
Affiliation 

Industrial 
focus 

Duration of Interview Type and place 
of Interview 

Date 

1 Politician, Örobro General 6min (recorded) and 
5min (unrecorded) 

Face-to-face, Lulea 2016-05-24 

2 Researcher, Luleå 
tekniska universitet 
 

Mining and 
metals 

31min (recorded) and 
10min (unrecorded) 

Face-to-face, Lulea 2016-05-24 

3 Consultant, 
Enetjärn Natur 

General 27min (recorded) and 
5min (unrecorded) 

Face-to-face, Lulea 2016-05-24 

4 Consultant, Material 
Economics AB 

Mining and 
metals 

7min (recorded) and 
5min (unrecorded) 

Face-to-face, Lulea 2016-05-24 

5 Principal R&D 
Expert, LKAB 

Mining and 
metals 

17min (recorded) and 
10min (unrecorded) 

Face-to-face, Lulea 2016-05-25 

6 Technology 
Director, Boliden 

Mining and 
metals 

26min (recorded) and 
5min (unrecorded) 

Face-to-face, Lulea 2016-05-25 

7 Researcher, Luleå 
tekniska universitet 

Mining and 
metals 

13min (recorded) and 
5min (unrecorded) 

Face-to-face, Lulea 2016-05-25 

8 Chairman & Event 
manager, SveMin 

Mining and 
metals 

1h23min (recorded) and 
15 min (unrecorded) 

Face-to-face, 
Ostermalm, 
Stockholm 

2016-06-21 

9 Independent Service 
Provider 

Service  2h (unrecorded) Face-to-face, 
Narvik 

2016-10-22 

10 Creative Director & 
Co-founder, H2 
Health Hub AB,  

Healthcare 1h11min (recorded) and 
20 min (unrecorded) 

Face-to-face, 
Vasastan, 
Stockholm 

2017-02-08 

11 Principal Data 
Scientist, Peltarion,  

General (e.g., 
paper and pulp, 
forestry and 
music) 

52min (recorded) 
10 min (unrecorded) 

Face-to-face, 
Normalm, 
Stockholm  

2017-02-15 

12 Research Engineer, 
LKAB, Kiruna  

Mining and 
metal  

49min (recorded) 
 

On phone 2017-02-20 

13 Stockholm Business 
Region AB 

General 48min (recorded) 
10 min (unrecorded) 

Face-to-face, 
Sodermalm, 
Stockholm 

2017-02-21 

 

5. Findings and results 

5.1. Artificial intelligence as a general purpose technology 

In today´s Sweden, our initial findings show that, artificial intelligence has been spreading with a strong 

capacity to enable other specific technologies in a wide range of sectors such as healthcare, food, forestry, 

paper and pulp, mining and metal production, music and automotive (C1). The usage of artificial intelligence 

through deep learning –a machine learning method based on a set of algorithms to create high level 

abstractions in data–  also enables several Swedish entrepreneurs to establish start-ups offering a widespread 

usage of artificial intelligence (C5). For example, two cases in point are a software (developed in 2016 by a 

start-up called Dooer in Stockholm) which can handle all invoice information without the need of an 

accountant and another software called Shim (developed by an entrepreneur in 2015 in Stockholm) which 

can chat with humans, claimed to be replacing a warm and supportive friend (Michael, 2017). These two 
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innovative ideas –operationalized through a connection to internet and hardware (C2)– would not be 

possible to develop without the usage of artificial intelligence (C4). 

In general, Artificial intelligence seems to have started to replace the human cognition with multiplying 

effects (C8). Artificially intelligent agents can perform much faster and more accurate than humans for 

several given tasks. Overall, the case of artificial intelligence has a similarity with the case of electricity – 

usage of which has replaced the most of physical labour work. As one of the interviewees has argued, 

artificial has also a potential to foster efficiency and productive in the economy (C3).  

“Today, seeing a doctor is expensive. His/her guidance is expensive. When machine does it, the cost is almost 

nothing. That will change the impact both for countries like Sweden where we have a lot of resources and other 

countries where there are fewer doctors. That (artificial intelligence) will have a big impact on health in general. This 

will have a big impact on a lot of things, economic growth and other things (as well). If you have a society where 

people are healthy and can get access to healthcare, this will be a good enabler for that society to grow in economy” 

(An interviewee, Stockholm, 2017-02-08). 

Our initial findings do not provide enough evidence on whether artificial intelligence has no close 

substitutes (C6) as well as whether it will create new development blocks in Sweden or not (C7). However, 

several interviewees (especially outside the metal and mining producing industry) points out the widespread 

potential of artificial intelligence which is on its way to create the second industrial revolution in Sweden. 

This is in line with the expectations of several other researchers, arguing that artificial intelligence goes 

beyond the internet of things and big data, and it is the main driver of the transformation we have today 

(Brynjolfsson and Mcafee, 2014). As one of the interviewees puts this in context:  

“… That (Artificial Intelligence) is kind of the next step in the transformation we have. It has been a lot of focus on 

collecting data, we are talking (about) big data, but it is just dump data, it is just there. We have been talking about this 

in all industries … The data is not going to do any use if we cannot do anything with it …To do output either as 

knowledge or actions, we need algorithms and other kind of methods …” (An interviewee, Stockholm, 2017-02-

08). 

5.2. Learnings from the mining and metal producing sector in Sweden 

The Swedish mining and metal producing sector involves the interactions of several actors: civil society 

(e.g., Sami people, the indigenous Finno-Ugric people in northern Sweden), mining companies (e.g., LKAB 

and Boliden), equipment producers (e.g., ABB, Sandvik and Atlas Copco), universities (e.g., LTU) and 

regional and national policymakers.  

“If you look at this event [Bergforskdagarna 2016], the main actors are the mining companies, machine producers 

and the universities” (An interviewee, 2016-05-25, Lulea) 

“We [Sweden] have very advanced mining companies like LKAB and Boliden. During the years, companies like 

ABB and Atlas Copco have developed, supplying to the mining companies. Together, we have developed machines 
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and equipment that they are now selling and using at the international level. I think this combination is very 

strong.” (An interviewee, 2016-05-25, Lulea) 

Especially, the case of LKAB is worth mentioning. The company positions itself as an important actor in 

the international market, collaborating with other companies abroad. The company also tries to influence 

the agenda of policy makers, both at the national and EU level. 

“We[LKAB] are acting on national, European and International levels. We are involved in activities together 

with Australian and Canadian research institutes […] It is important for us [LKAB] to really look and see 

what is going on with our competitors in the business. They are not in Sweden or in the EU. They are, for 

example, in Australia, South America or Canada so on. We have to follow the development of technology in those 

parts of the world […] We [LKAB] have a position within the company that has a role of lobbying to Swedish 

Government. We also had one person based in Brussels, working at the European Level […] We [LKAB] are 

more and less the “iron ore business” in Europe. We are the largest iron ore company in Europe. In that respect, 

we represent the whole iron ore business in Europe. That was the reason why we tried to have a high influence in 

the policy at EU level”. (An interviewee, 2016-05-25, Lulea)” 

However, the industry lacks small and medium sized companies as well as entrepreneurs who could 

experiment new innovative ideas based on artificial intelligence (F1). The most of “artificial intelligence” 

entrepreneurs are primarily focused on the applications in other industries such as pulp and paper, music 

and healthcare sectors.  

We [Swedish mining and metal producing sector] have a quite good diversity with manufacturers, suppliers of 

equipment, the mining companies itself, universities, research institutes etc. What you miss a little bit is what 

maybe you call SMEs, smaller companies. The ones in the network now are really global companies like ABB 

and Atlas Copco, really international companies. Actually, you could also involve entrepreneurs and small 

companies in the region”.  (An interviewee, 2016-05-25, Lulea) 

“They (healthcare start-ups) see their future business as Artificial Intelligence and data-driven” (An interviewee, 

Stockholm, 2017-02-08). 

Our initial findings show that there is a limited exchange of knowledge between the entrepreneurs who 

develop algorithms of artificially intelligence machines and the main actors in the Swedish mining and metal 

producing industry (F3). This becomes more evident if we compare the mining and metal producing 

industry with other industries such as healthcare and music – at which there is an intensive exchange of 

knowledge in regard to artificial intelligence. In the Swedish mining and metal producing industry, the key 

actors of the network are the two mining companies (i.e., LKAB and Boliden), Luleå University of 
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Technology (LTU) and two suppliers (Sandvik and Atlas Copco) –with little room for start-ups of artificial 

intelligent systems.  

“The two big underground machine suppliers today, Sandvik and Atlas Copco, have almost 80% of the market 

share worldwide. How comes? Because of the “climate” here. We are working with these companies since 50s or 

60s. This collaboration has been among LKAB, Boliden and the suppliers. They have been testing the equipment 

in our mines and we have explained our needs and supported them” (TS, 2016-05-25, Lulea) 

“Most of the organizations in Sweden are decentralized. This means that if supplier or academia can contact to 

right level [at Boliden] and start working” (TS, 2016-05-25, Lulea) 

Overall, several interviewees point out that, over a decade, there has been a great interest from policy makers 

at the national and EU level especially in the context of criticality of raw materials. For example, the 

initiatives from the EU´s Knowledge and Innovation Communities (KICs) and VINNOVA –the Swedish 

government agency that administers state funding for research and development– have funded several 

projects for the research and development activities in the mining and metal producing sector in Sweden 

(F4 and F6).  

“In Sweden, we get a good support from the authorities in the government […] Funding today is not a problem. 

The problem today is to have the right project and [human] resources”.  (An interviewee, 2016-05-25, Lulea) 

“10 years ago we did not have enough funding at national and European level […] Today there is a lot of 

funding. Now, they realize both in Sweden and European Union, there is a need for raw materials […] Swedish 

government and European Union are pushing researchers to contact with mining companies and suppliers for large 

research projects” (An interviewee, 2016-05-25, Lulea) 

Interestingly, several interviewees argue that there are several examples of artificially intelligent machines in 

and around the mines such as self-driving trains which goes back to 1980s. However, our initial findings 

show that, nor the policy makers in Sweden neither the main actors in the Swedish mining and metal 

producing industry are comprehensively aware of the widespread potential of artificial intelligence. This 

low awareness can slow down the process of having fully automated mining operations without human 

interface in contrast to expectations in several reports (see e.g., STRIM, 2016) . From a TSIS perspective 

on artificial intelligence, three functions, the knowledge development (F2), market formation (F5) and 

creation of legitimacy (F7), seem to either function outside the mining and metal producing industry or 

malfunction in general sense (see Table 6 for a summary).  

“Now, the new thing is digitalization – with which the authorities are very excited about. There has been a lot of 

discussion on how to improve Swedish mining industry with digitalization” (An interviewee, 2016-05-25, 

Lulea) 

“Maybe in the mining industry, they can remove the people from the danger-exposed areas in the mines, working 

with remote or fully autonomous machines” (An interviewee, 2016-05-25, Lulea) 
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“When it comes to politicians, I think there is not much discussion going on in Sweden yet about the impact of what 

this (artificial intelligence) will bring because people do not know. It is both interesting and scary in a way. In the 

US, there is a lot more advancements. The Obama Administration was quite involved with Artificial Intelligence 

and its impact.” (An interviewee, Stockholm, 2017-02-08). 

Table 6. The functionality of TSIS in the case of artificial intelligence in mining and metal producing 
industry in Sweden 

 Category Inside the 
industry 

Outside the 
industry  

Systemic 
Functions 

Experimentation by entrepreneurs (F1) + +++ 

Knowledge development (F2) + ++ 

Knowledge exchange (F3) ++ ++ 

Guidance of the search (F4) ++ ++ 

Market formation (F5) + ++ 

Resource mobilization (F6) + +++ 

Creation of legitimacy (F7) + + 

Meanings: +++ (high), ++ (moderate) and + (low)  

6. Conclusions 

In this paper, we took a first step towards to explore how a general purpose technology (GPT) affects the 

innovation systems. Using the technology specific innovation system (TSIS) approach (Hekkert et al., 2007; 

Wieczorek and Hekkert, 2012) and GPT concept (Bekar et al., 2016; Bresnahan and Trajtenberg, 1995; 

Lipsey et al., 1998), we conducted a qualitative case study on artificial intelligence in mining and metal 

producing industry of Sweden, involving 13 interviews and some field trips to Lulea, Kiruna, Narvik and 

Stockholm. In the field of industrial dynamics, our study is one of the first studies explicitly focusing on 

the case of generation, diffusion, and utilization of artificial intelligence – which, as we argue, is different 

than internet of things and digitalization.  

Our contribution is twofold. Firstly, we clarify how artificial intelligence can be conceptualized as a GPT. 

Our initial findings show that artificial intelligence exhibits the most of the GPT characteristics such as 

being able to enable the use of other technologies, enhance innovation complementarities, spread through 

the economy while fostering the productivity gains, enabling other innovations that would be not possible 

without the GPT as well as the characteristics of pervasiveness and widespread usage. Overall, artificial 

intelligence seems to have started to replace the human mental work in a similar way with how electricity 

(and steam engine) had replaced the most of human´s physical labour work in the past. Secondly, our initial 

results shed some lights on how a GPT affects the dynamics of innovation systems. In the case of a GPT, 

the boundaries of TSIS mostly encompass the boundaries of sector and nation specific innovation systems. 

This means that some of the functions of TSIS can malfunction in some sectors while performing well in 

others. In the case artificial intelligence of mining and metal producing industry of Sweden, some functions 

of TSIS (such as the knowledge development, market formation and creation of legitimacy) are either 

functioning outside the mining and metal producing industry or malfunctioning in general sense.  
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We have some implications for policy makers and other actors as well. If the ultimate goal is to the drive 

economic growth through technological change, we suggest them prioritize identifying and removing the 

barriers on the functions of innovation system of a general purpose technology rather than a specific 

purpose technology. It is because the diffusion of specific purpose technologies is highly embedded and 

dependent on the diffusion of general purpose technologies. If an innovation system does not function 

well for a given general purpose technology, it would negatively affect all the specific purpose technologies 

that, partly or fully, emerged from this general purpose technology. 
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