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First, a descriptive overview of the Nordic mining 
and metal industry is provided. It shows that there 
are a number of disparities among the firms in the 
Nordic mining and metal industry, but there are also 
many similarities. Finland and Sweden both have 
well-developed mining and metal industries. The geo-
logical conditions are comparable and, consequently, 
production and outlook are in the main relatively 
similar for firms producing minerals and metals.  
Norway’s mineral and metal production mostly 
consists of industrial minerals, the potential of which 
is promising. Greenland has great potential in its new 
mineral deposits. However, there are several challenges 
(e.g. difficulties in accessing the new mineral deposits, 
and problems related to infrastructure and a shortage 
of skilled workers) which need to be overcome  
before the mineral deposits can be explored. 

Key challenges for innovation have been identified 
and categorised into (a) specific challenges for key  
actors and (b) cross-border challenges involving  

several groups of producing firms in the Nordic  
mining and metal industry. The major innovation 
challenges specific to the mining companies are in-
creased production costs, a traditional and conservative  
mind-set and a short-term focus on exploration. Major 
innovation challenges for the metal producers are 
primarily old production plants and technology, low profit 
margins and lack of employees with the right type of skills. 
The equipment suppliers’ foremost challenges are 
the difficulties of conducting experiments and tests and 
gaining access to the right type of knowledge. The analysis 
shows that demand for sustainable mining, difficulties  
related to the exploration of new mineral deposits, a conserv-
ative attitude towards innovation in the mining industry, 
global competition and procurement methods that emphasise 
pure cost concerns and the absence of pilot and demonstra-
tion plants are at this time the foremost cross-border 
challenges for innovation within the Nordic mining 
and metal industry.

Executive summary

EXECUTIVE SUMMARY

The Nordic countries have large mineral and metal assets stored in the bedrock and taken 
together they are the largest metal producer in the EU. The aim of this pre-study is to map the 
current situation in the Nordic mining and metal industry, together with its composition and 
 conditions for innovation. Further, the pre-study aims to identify key challenges for innovation 
and suggestions for addressing them.
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Fast-paced global development has led to great 
demand for raw materials such as minerals and 
metals. The economic growth rates in Asia, not least 
in China and India, have been extraordinarily high 
since the beginning of the 2000s. This has entailed 
new infrastructure and building projects, and thus an 
increased use of minerals and metals. For instance, the 
entire growth segment for steel demand in the mid-
2000s could be attributed to the high growth rates in 
China and India (Humphreys, 2007). Since the global 
production of minerals has not been able to keep 
pace with this soaring demand, the mining industry 
has witnessed significantly higher price levels. Even 
now, in 2014, prices for minerals and metals are fairly 
high, and it is argued that there are few signs of a ma-
jor downturn in the demand for minerals (European 
Commission, 2011; Senk et al, 2012). 

The high prices make exploration activities more 
attractive and increase the profitability of new mining 
projects. The Nordic countries have large mineral and 
metal assets stored in the bedrock, and taken  together 
these countries are the largest metal producers in 
the European Union (European Parliament, 2011). 
Finland, Sweden and Norway have all been ranked as 
top ten candidates for the most attractive mining area, 
and Greenland has been ranked number fourteen out 
of 96 countries (Wilson et al, 2013). This study, con-
ducted by the Fraser Institute, was based on several 
policy factors (e.g. environmental regulations, legal 
systems, taxation regime, socioeconomic agreements 
and infrastructure, etc.), which all affect investment 
decisions in the mining industry. In brief, the Nordic 
countries offer attractive mining investment con-
ditions, due to both favourable (and largely under-
developed) geological potential as well as political  and 
regulatory stability. 

There are, however, several challenges related to 
the extraction of minerals and metals: it is capital 
intensive, highly technological and may have negative 
effects on the local community and environment (e.g. 
Ernst and Young, 2013; Bartos, 2007; Filippou and 
King, 2011). Since the mineral and metal assets stored 
in the bedrock are not infinite, innovation in terms of 

searching for new deposits and operating the existing 
mines more efficiently (by means of process develop-
ment for example) is particularly important.   

Historically, the role of innovation has been 
 extremely important to the competitiveness of the 
 mining industry, both globally as well as in the Nordic 
countries. For instance, labour productivity has in-
creased significantly since the 1960s, and new mod-
ern exploration technology now makes it possible to 
identify new types of deposits. The continuous geo-
logical processes leading to the phenomena of “black 
smokers” and other examples of ore deposits being 
formed on the bottom of the sea open up new sources 
of metal production. It appears that in the race be-
tween the cost-increasing effects of increased scarcity 
and the cost-reducing effects of new technology, the 
former have been more significant. In Sweden, the 
current competitive strength of the state-owned iron 
ore producer LKAB has been strongly connected to 
previous innovations in mining operations (e.g. drill-
ing explosives and machinery) as well as to product 
development (e.g. pellets) (Hellmer, 1998). 

Innovation in the mining and metal  industry 
involves the capability to manage several (and 
sometimes contradicting) aspects at the same time 
in order to strengthen competitiveness and contri-
bute to green and sustainable growth (Cowell et al, 
1999; Gstraunthaler and Proskuryakova, 2012). As 
exemplified above, it may involve activities such as 
exploration, product development, process develop-
ment and application development that are typically 
referred to as the “hard” aspects of innovation (Bartos, 
2007; MIFU, 2010). It can also involve companies 
working with the “soft” aspects of innovation, such 
as organisational culture, climate and the knowledge 
base (Goffin and Mitchell, 2005; Klippel et al, 2008; 
OECD, 2005). Successful innovation is also influ-
enced by largely external factors such as the struc-
ture and organisation of the overall economy. This 
includes, for instance, the nature of different public 
regulations, the efficiency of important markets and 
the pattern of incentives as well as the capacity of the 
economy and industry to embrace new innovations. 

1. Introduction  

1. INTRODUCTION
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While the demand for primary resources at the 
moment is high and derives mostly from emerging 
economies, it is becoming more and more difficult 
to extract and deliver raw materials. For example, 
new deposits are often of a lower grade than existing 
ones, as well as being located at greater depths, and 
potential mines are becoming more geographically 
remote (PWC, 2011). Consequently, this makes it 
more  challenging and expensive to produce miner-
als and metals, and technological and organisational 
innovations will be necessary in the future just as they 
have been in the past. Moreover, in the past, mining 
ventures were largely technical and economic under-
takings, but over the years different social and environ-
mental issues have grown in importance. People are 
increasingly asserting their rights and demanding 
more direct participation in decision-making processes. 
This increased emphasis on community relations may 
also imply new challenges for the mining industry 
(e.g. environmental technology, organisational re-
structuring, etc.). Subsequently, the conditions for the 
Nordic mining and metal industry are promising, but 
at the same time there are many obstacles that need 
to be overcome.

The first step towards addressing the obstacles and 
challenges described above is to conduct a pre-study 
which explores the current conditions for innovation, 
focusing mainly on production, exploration and the 
outlook in the Nordic mining and metal industry. 
Moreover, the pre-study should identify key inno-
vation challenges for the industry and suggestions 
to how they can be addressed. The purpose of the 
pre-study is consequently: to map the current situation 
in the Nordic mining and metal industry, together with its 
composition and conditions for innovation. Furthermore, 
the pre-study aims to identify key challenges for conducting 
inno vation and suggestions are made for how to address 
them. 

1. INTRODUCTION
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The report has utilised three different methods. First, 
in order to map the current situation in the Nordic 
mining and metal industry, the websites of organ-
isations such as the Geological Survey of Finland 
(GTK), Geological Survey of Sweden (SGU), Geo-
logical Survey of Norway (NGU) and the Geological 
Survey of Denmark and Greenland (GEUS) were 
investigated. Other databases used in this study were 
IntierraRMG Data and the U.S. Geological Survey 
(USGS). These websites combined provided infor-
mation about potential mines and existing mines and 
their geological conditions. Documents from the 
Nordic countries’ parliaments and governments have  
 also been collected; for example mineral strategy  
documents (GTK, 2010; Naalakkersuisut, 2009; 
Norwegian Ministry of Trade and Industry, 2013; 
Näringsdepartementet, 2013) for each country. 
Another important source is the website of the 
European Union (EU). Documents on EU policies, 
guidelines and demand for raw materials (e.g. the 
EU’s Raw Materials Initiative) were retrieved from 
this website.   

Second, a review of the literature was conducted 
that included both academic- and practitioner- 
oriented literature in order to gain insights into the 
innovation needs, recent trends and future opportu-
nities for innovation. The search for academic liter-
ature was carried out in the databases of EBSCO-
host, Emerald Library, J-STORE, ScienceDirect and 
Scopus. Together, these databases contain all the major 
academic journals publishing articles on innovation 
in the context of the mineral and metal industry. The 
search for practitioner-oriented literature mainly 
included websites such as mining.com, Innovation 
Management, Metals and Mines, the SGU’s news-
letter, Industrinyheter, etc. The keywords in the  
literature searches were: “innovation”, “innovasjon”, 
  “innovation systems”, “innovation capability”, 
“mining and metals industry”, “extractive industry”, 
“primary resources” and so on. Innovation goes by 
many names other than “innovation” and therefore 
other related concepts were also used in the search 
for relevant literature, such as “product and process 

2. About the study  

2. ABOUT THE STUDY

development”, “technological development” and 
“environmental challenges”. These search words were 
used in different combinations to find relevant articles  
to include in this report. Other important sources 
were industry-specific reports on the mining industry 
(e.g. PWC’s annual reports on the mining industry, 
SGU’s report “Kartläggning av Sveriges malm- och 
mineraltillgångar i syfte att utveckla en kunskapsbas”, 
as well as the Fraser Institute’s Annual Survey of  
Mining Companies 2012/2013).

There are also a few reports available that address 
the mining and metal industry in the Nordic coun-
tries. However, they all focus mainly on one country 
at the time. One example is a study made by Vinnova 
of the Swedish mining and quarrying industry during 
2007-20112. Another example is an investigation of 
potential mineral resources that focuses on the need 
to develop the infrastructure to access and deliver 
mineral and metals stored in the bedrock3. A third 
example is the draft report by Länsstyrelsen4 on the 
regional mineral strategy for Norrbotten and Väster-
botten. The present report adds to and extends these 
other reports in that it focuses on how to enable 
innovation in the Nordic mining and metal industry. 
In this report the Nordic countries and their mineral 
resources are summarised in one overview, which 
mostly focuses on mapping existing and potential 
mineral and metal assets and identifying future  
challenges for innovation. Another contribution  
of the report is that it combines the firm level and 
system level in order to understand how to enhance 
the innovation capability within this sector.

Third, the main source of information on the most 
essential future challenges to the industry was inter-
views with key actors in the Nordic mining and 
metal industry. See appendices 1 and 2 for more in-
formation about the questions and participants in this 
study. These interviews lasted between 30 minutes 
and an hour. Complementary sources were reports 
on the global mining industry and research articles on 
innovation challenges in the mining industry. 

Finally, one of the project members (Monika  
Kurkkio) attended workshops and fora on research 
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in the innovation in the mining context, such as the 
Nordic Science Conference on 2-3 Oct 2013, Future 
Mines on 22 Oct 2013, the KICRaw MatTERs 
meeting on 5 Nov 2013 and the Framtidens Gruv & 
Mineral 2014 conference on 27-29 January, with a 
primary purpose of identifying and establishing con-
tact with key actors in the Nordic mining and metal 
industry and discussing their views on innovation 
challenges in the industry.

The remainder of this report is structured as  
follows. In section 3, we define and discuss the con-
cept of innovation and what it means in the context 

of the Nordic mining and metal industry. The fourth 
section provides a descriptive overview of the mining 
and metal industry in the Nordic countries. Section 5 
outlines the value chain for extracting and delivering 
raw materials and presents key actors in the Nordic 
mining and metal industry. Section 6 presents inno-
vation challenges from both firm and system levels, 
first presenting industry-specific challenges for the 
different actors within the industry, then highlighting 
common challenges over the next five to ten years. 
Finally, section 7 draws conclusions and presents a 
research proposal for the innovation diagnosis.  

2. ABOUT THE STUDY

2 See e.g. Vinnova’s report on companies in the Swedish mining and quarrying industry (2007-2011) 
3 GeoVista AB report on potential mineral resources – basis for the assessment of a potential Kaunisvaara - Svappavaara railroad
4 Regional mineral strategy for Norrbotten and Västerbotten
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3.1 Defining innovation and innovation  
challenges in the mining and metal industry
Innovation is a broad concept for which no generally 
agreed definition exists in the literature or in practice. 
Instead, a variety of definitions seem to prevail. Inno-
vation is often portrayed as the process of creating 
something new. It may be a new product, process 
or service. It may also involve new business models, 
ways of organisation or other things. The first step in 
describing the challenges of managing innovation is 
to clarify the meaning of innovation. In this report 
we define innovation according to the Oslo manual 
as “the implementation of a new or significantly improved 
product (good or service), process, new marketing method or 
new organisational method, in business practice, workplace 
organisation or external relations” (OECD, 2005). Thus, 
we separate innovation from invention. Technological 
product and process innovations encompass products 
and implemented processes that are new or signifi-
cantly improved. An innovation is considered to be 
implemented if it has been introduced on the market 
(product innovation) or used within a production 
process (process innovation) that is internal to a firm. 
In the mining and metal industry, technological 
product and process innovations may also involve 
exploration of new deposits, creation of new markets 
for existing products and improvement of existing 
production processes (e.g. investment in greater auto-
mation in the mining industry). For this reason the 
scope of innovation within this industry is relatively 
broad. “Innovation” therefore often involves a large 
number of scientific, technological, organisational, 
social, financial and commercial activities. 

3. Innovation in the mining  
and metal industry 

First, innovation is defined and then innovation in the mining and metal industry is  discussed  
both from a firm and a system level perspective. A short description of  innovative capabilities is 
also provided. 

An innovation challenge is a problematic situation 
or condition which hinders a firm from achieving a 
desired outcome (e.g. increasing business revenues, 
achieving a competitive advantage or taking advan-
tage of new opportunities). Innovation challenges 
within the mining and metal industry come in a 
variety of forms, from the generation of new ideas 
to conditions that are problematic to innovation and 
how it can be conducted. For example, the conditions  
 in mining have become increasingly difficult now 
that minerals and metals are located at greater depths 
and new mineral deposits are often located in terrain  
that may be problematic to access. Thus, as it is a 
challenge to access the minerals and metals, produc-
tion methods need to be improved (i.e. innovation 
through process development). Another example  
is environmental regulations which force firms to 
find new solutions and methods and therefore to  
cooperate in innovation projects in order to solve 
such challenges. 

The general aim of product innovation is to create 
a new or improved product, and subsequently to 
diffuse this product on a market, whereas process 
innovation primarily relates to internal production 
objectives such as cost reduction and enhancement 
of production volume. Both types of innovation are 
equally important to the long-term survival and 
growth of a firm (Damanpour and Gopalakrishnan, 
2001; Utterback and Abernathy, 1975). Process inno-
vation is very important in the mining and metal 
industry because efficient production processes can 
reduce production costs and thereby generate higher 
profit margins and reduced price sensitivity (Lager 

3. INNOVATION IN THE MINING AND METAL INDUSTRY 
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and Frishammar, 2010). In recent years, it has become 
more and more difficult to extract raw materials as 
deposits are of a lower grade while also being lo-
cated at greater depths, and potential mines are also 
geographically more remote (PWC, 2011), which 
underscores the importance of efficient processes. A 
concept related to process innovation in the mining 
industry is leaner mining or lean product develop-
ment, which is about eliminating waste from processes 
in order to cut costs. This simply means “do more 
with less”. This is critical in the mining industry as it 
can shorten the time to market, increase quality and  
improve knowledge, besides which fewer changes  
need to be made at the end of the development 
process (Lager and Frishammar, 2010; MIFU, 2010). 
This can be achieved by way of an improved, systemic 
search process for the purpose of finding problems 
quickly and fixing those problems in a systematic way. 
This is important, as supply security (“just in time”) 
is increasingly important in the mining industry.  

3.2 Innovation at the firm and system levels
Innovation has traditionally been described as a linear 
process which starts with an idea and ends with com-
mercialisation (Cooper, 2008). However, more recent 
studies question this simplified picture and instead 
suggest that innovation should be seen as a series of 
activities which are created together (in a non-linear 
way) with different actors (e.g. Anderson, 1999;  
Kline and Rosenberg, 1986; Mitleton-Kelly, 2003; 
Rennings, 2000). Most innovations involve several 
different sub-processes and go far beyond mere tech-
nical development, and can also change the organi-
sation, its behaviour and the way in which different 
agents in a system relate to each other (Andersson, 
1999; Cooke, 1997). Innovation can thus be created 
and shaped both at a firm level and a systems level  
(i.e. network level or ecosystem). An innovation 
system can be generally defined as “a network of 
institutions, public or private, whose activities and inter-
actions initiate, import, modify, and diffuse new technolo-
gies” (Freeman, 1987). In order to build and support 
innovate capabilities, it is essential to understand the 
key activities in building up an innovation system 
(Gstraunthaler and Proskuryakova, 2012; Hekkert 
and Negro, 2009), and not focus only on efforts 
to improve innovation at the firm level. Studying 

innovation in the mining and metal industry at both 
the firm and systems levels gives a richer and more 
holistic picture, as information circulates in multi-
ple directions in an interactive manner. A systems 
perspective on innovation is also important, as the 
conditions of national, institutional and economic 
infrastructures shape innovation activities conducted 
at the firm level (Faber and Hesen, 2004). Although 
the main perspective of this report is the firm level, 
we do discuss and identify innovation challenges at 
both firm and systems levels.

3.3 Innovative capabilities at the firm level
In order to be innovative, an organisation needs the 
ability to assimilate and acquire resources as well as 
the capability to realise that organisation’s innovation 
strategy (Zahara and George, 2002). Innovative capa-
bilities can either originate within the firm or they 
can be external to the firm. Internal capabilities have 
several different aspects: for example, the knowledge 
embedded in human resources, procedures, routines  
and management practices is typical of internal  
innovative capabilities (OECD, 2005; Teece, 2009). 
Other important internal capabilities include existing 
and desired competencies, cultural characteristics and 
the use of management system standards (OECD, 
2005). External capabilities that originate outside the 
firm can be related to technical, market, economic,  
political or social characteristics (O’Reilly and 
Tushman, 2008). The organisation should regularly 
scan and analyse its external environment to iden-
tify present and future challenges for innovation. In 
the literature, external capabilities are also described 
as the drivers of innovation (Goffin and Mitchell, 
2005). Technological advances are considered to be an 
important driver for innovation. This is also the case 
in the mining industry, although it is often portrayed 
as a conservative and inflexible industry with a focus 
on efficiency (Bartos, 2007). The mining and metal 
industry is rather unique in this regard, as many of 
the technological innovations within the industry 
originate from outsiders, i.e. they are generated by 
equipment manufacturers (Bartos, 2007; Lager and 
Frishammar, 2010). 

Sustainability is also a strong driver of innovation in 
the mining and metal industry (Cowell et al, 1999). 
For example, environmental demands can drive inno-

3. INNOVATION IN THE MINING AND METAL INDUSTRY 
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vation by forcing firms to create more environmen-
tally friendly products. Sustainability first brings to 
mind environmental impact but it is a much broader 
concept, often described as “development that meets 
the needs of the present without compromising the ability 
of future generations to meet their own needs” (WCED, 
1987). Thus, it includes social and economic issues 
as well as environmental ones. In the report “Our 
Common Future”, sustainability from an industry per-
spective can be summarised as producing more with 
less. Sustainable mining therefore includes more than 
methods and techniques for decreasing the environ-
mental impact of mining and mineral extraction on 
the surrounding community. The industry’s incentives 
to pursue innovation in sustainability may often be 
induced by different types of public policy measures 
(e.g. environmental regulations), but may also be due 
to image concerns etc. Sustainability concerns in the 
mining industry have grown since the 1990s, and 
many companies have embraced the need for min-
eral ventures to gain a “social license” to operate, i.e., 
broad social approval and acceptance of these ven-
tures (Prno, 2013). 

Finally, market-related aspects such as changing  
business, a changing business environment, changing  
customer needs and intensified competition are 
further examples of external innovation capability 
that have a high degree of importance. A trend within 
this area is more firms opening up their innovation 
processes and involving external partners in the 
accelerating internal innovation, implying that firms 
can and should use both internal and external sources 
not only for ideas but also as markets when develop-
ing innovations (Chesbrough, 2003). Although many 
firms decide to open up their innovation processes, 
some still feel reluctant to adopt the principles of an 
open process. One reason may be the difficulty of 
management across firm boundaries (Kamminga and 
Van der Meer-Kooistra, 2007). However, whether 
or not the innovation process is opened or closed, 
managing innovation is difficult. Policymakers as well 
as managers are forced to make a number of decisions 
in uncertain circumstances. For example, policy-
makers must ensure that tax, legislation, infrastructure, 
education and so forth are all shaped so as to favour 
innovation. These are crucial ingredients for creating 
wealth and jobs. 

3. INNOVATION IN THE MINING AND METAL INDUSTRY 
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We examine the contribution of Nordic mining 
and metal industry to EU and worldwide mineral 
production and review country-level production of 
major mineral commodities. We then provide a brief 
summary of the domestic mining industry in each 
country, supplemented with detailed country-level 
information about  existing mines, smelters and refin-
eries. The country- level review is organised alphabet-

4. MAPPING THE NORDIC MINING AND METAL INDUSTRY: A DESCRIPTIVE OVERVIEW 

Figure 1. Geography of global mining. 

Main metal   ● precious metals   ● base metals (incl Ni)   ● ferrous metals   ● diamonds   ● coal   ● other

4.  Mapping the Nordic mining and  
metal industry: A descriptive overview 

ically, so that Denmark, including Faroe Islands, is  
reviewed first, followed by Finland, Greenland, Ice-
land, Norway and finally Sweden. We then review 
exploration activity in the Nordic countries and pro-
vide an overview of the outlook for Nordic mining 
based on earlier consultancy estimates. The chapter 
concludes with a brief discussion of the ownership 
and control of the Nordic mining industry. 

While the focus of this report is innovation, this section examines the Nordic mining and metal  
industry in a more general fashion to provide context and background information for the remainder  
of the report. Drawing on a variety of sources and the latest available data, we provide a descrip-
tive overview of current environment, focusing mainly on production, exploration and outlook.

Source: IntierraRMG Data, Stockholm, March 2014
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4. MAPPING THE NORDIC MINING AND METAL INDUSTRY: A DESCRIPTIVE OVERVIEW 

5 European Association of Mining Industries, Metal Ores & Industrial Minerals. See: www.euromines.org

4.1 Existing mines in the Nordic countries
In the global context, Europe is a small mining 
region, as indicated in figure 1, which illustrates the 
geography of global mining (circle size represents 
ore tonnage in the year 2012). The industry associ-
ation Euromines5 notes that while the EU is almost 
self-sufficient in many industrial minerals (not inclu-
ded in the figure), it is a significant net importer of 
most metals and metal ores. 

Albeit of modest size in the global context, the 
Nordic region is positioned as the premier Euro-
pean exploration and metal-mining hub, thanks to 
its geological endowment (Euromines, 2012). There 
are, however, some important differences among the 
Nordic countries when it comes to their mining and 
metal industries, some of which we note here below. 

Sweden, Finland and Norway each have several  
producing metal mines as well as metallurgical in-
dustries, and host significant exploration activities. 
Greenland, which is described as having abundant 
mineral and natural resources (e.g. USGS, 2012), is 
currently a producer only of gold, but several mining 
projects are in relatively advanced stages of planning 
and Greenland’s exploration potential is attracting in-
terest from companies all over the world (Euromines, 
2012). 

Denmark lacks the geological potential of its Nor-
dic neighbours and has never hosted a metal and/or 
mining industry of note (Walker, 2013). The coun-
try’s mineral production has primarily consisted of 
industrial minerals and mineral fuels (USGS, 2012). 
Similar to Denmark, Iceland lacks economically 
viable metallic mineral resources (USGS, 2012), but 
its aluminium and ferro-alloy producers, who rely on 
imported raw materials, benefit from Iceland’s abun-
dant supply of low-cost geothermal and hydroelectric 
energy (ibid). Norway offers similar or even greater 
advantages thanks to its hydro-electric resources and 
has a large aluminium smelting sector as well as other 
metallurgical plants. 

Figure 2 illustrates the geography of current Nordic 
mining. The circles are sized to reflect ore tonnage, 
emphasising the importance of base and ferrous 
metals, while precious metal mines such as Green-
land’s Nalunaq gold mine are less visible. In particu-
lar, figure 2 illustrates the large iron ore industry in 

northern Sweden as well as the Aitik copper mine 
located in close proximity. The iron ore mining in-
dustry in northern Sweden depends largely on access 
to the ice-free port in Narvik, Norway, to deliver its 
products to the market, thus underscoring the inter-
dependence between the Nordic countries and the 
need to consider the countries as a region or system 
rather than in isolation. 

The mining industry in Finland handles less ton-
nage, but Finland has several precious metal mines 
– including platinum group elements - and is the 
biggest producer of gold and nickel amongst the 
Nordic countries. The Talvivaara nickel mine stands 
out as the largest-scale mining operation in Finland 
in terms of ore tonnage. The iron ore industry in 
Norway is smaller than in neighbouring Sweden, but 
there are expansion plans for the Sydvaranger mine in 
northern Norway. 

Figure 2. Productive Nordic metal mines (circle size reflects ore 
tonnage in 2012)                 Source: IntierraRMG Data, Stockholm, March 2014. 

Main metal ● precious metals ● base metals (incl Ni) ● coal 
 ● ferrous metals  ● diamonds    ● other
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The map in figure 2 does not show complete cover- 
age of all operating mines. Specifically, the Kaunisvaara  
iron ore mine in Sweden, owned by Northland  
Resources, is missing, as is the Kevitsä nickel-copper- 
platinum group elements (PGE) mine in Finland, 
owned by First Quantum Minerals Ltd. Both of these 
projects commenced production in 2012 and thus are 
relatively recent. 

Table 1 provides country-level data on mine pro-
duction of metals. The Nordic contribution to world 
production is modest for all metals, but the Nordic 
mining countries remain important suppliers of raw 
materials to the import-dependent European market. 

From an EU perspective, the EU Member States of 
Sweden and Finland contribute substantial shares of 
the EU mine production of several metals, notably 
precious metals, including platinum-group elements 
(PGE) from Finland, and iron ore from Sweden. 

The Nordic countries also produce some of the so-
called minor metals. Finland’s production of chromite 
comes from the Kemi chromium mine, which is fully 
integrated with the stainless steel production facility 
of the Outokumpu Tornio Works6, whereas titani-
um production in Norway comes from the Tellnes 
 ilmenite mine and is used for pigment production7.

Metal by country Unit Mine production Share of EU production 
(member states only)

Share of world  
production

Greenland

   Gold t 0.25 0.01%

Finland

   Chromite kt 452 99.8% 1.88%

   Copper kt 20.7 2.5% 0.12%

   Gold t 9 41.8% 0.32%

   Nickel kt 21 45.3% 1.20%

   Palladium t 1 100.0% 0.51%

   Platinum t 0.43 100.0% 0.24%

   Silver t 20 1.1% 0.08%

   Zinc kt 51.5 6.8% 0.38%

Norway

   Iron ore Mt 3.2 0.17%

   Nickel kt 0.1 0.01%

   Titanium kt 220 6.11%

Sweden

   Copper kt 81 9.7% 0.48%

   Gold t 6.11 28.4% 0.22%

   Iron ore Mt 26.54 90.9% 1.42%

   Lead kt 63.5 32.5% 1.27%

   Silver t 330 18.6% 1.32%

   Zinc kt 189 24.9% 1.39%

Table 1. Nordic metal and mining in 2012

Source: IntierraRMG Data, Stockholm, March 2014 

6 As described in the Outokumpu Annual Report 2013, retrieved from: www.outokumpu.com
7 Source: www.kronostio2.com
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While a comparison of mine production by tonnage 
is particularly meaningful if one is interested in a spe-
cific metal, a more informative way of comparing the 
relative size of the mining industries in the Nordic 
countries is by considering the value of the mined 
metal. However, the availability of such informa-
tion appears to be scarce. Figure 3 provides a sim-
ple estimate for 2012, which should be interpreted 
with some measure of caution. The estimate, which 
is based on the tonnage of mined metals and their 
average prices during the year, indicates that approx-
imately 74% of the total mined metal value of the 
Nordic countries can be attributed to Sweden, mainly 
due to its large iron ore industry, which accounted 
for approximately 65% of Sweden’s total mined metal 
value in 2012.
 

4. MAPPING THE NORDIC MINING AND METAL INDUSTRY: A DESCRIPTIVE OVERVIEW 

4.1.1 Denmark (including Faroe Islands)
As was noted above, Denmark does not have the geo-
logical endowment of its Nordic neighbours and lacks 
economically exploitable reserves of metallic minerals. 
The USGS (2012) reports that Denmark’s mineral 
resources are composed mainly of industrial minerals 
and mineral fuels. Downstream in the value chain, 
Denmark has some metal production in the form of 
NLMK DanSteel A/S, a subsidiary of NLMK Inter-
national B.V. of Russia, which produces steel plates at 
a new rolling mill in Frederiksvaerk. The rolling mill, 
which was completed at a reported cost of Euro 100 
million in 2012, receives raw materials in the form of 
steel slabs from Novolipetsk Steel (NLMK) in Russia9. 

Appendix 3 provides tables summarising Denmark’s 
production of minerals (excluding fuels) and an over-
view of its mineral industry. 

4.1.2 Finland
Finland has an expanding mining industry which 
employed about 4,500 people in 2012 and anticipates 
further growth in the minerals sector; employment is 
expected to exceed 6,000 by 2018 (Uusisuo, 2013). 
In 2011, the production of minerals was significant in 
terms of volume and its contribution to the national 
economy and consisted mostly of base metals, gold 
and platinum-group metals (PGMs) as well as indus-
trial minerals (USGS, 2012). Uusisuo (2013) reports 
that the total estimated turnover of the Finnish min-
ing industry in 2011 was around 1.48 billion Euros. 
Finland’s production of nickel and zinc was reportedly 
likely to increase, as capacity increases were being 
undertaken (USGS, 2012). 

Euromines (2012) reported that Finland has 
emerged as the most exciting exploration country 
in Europe in recent years and has drawn significant 
interest from international mining companies. We 
comment further on exploration trends and the out-
look for Nordic mining in section 4.2.

Finland may also become a producer of iron ore 
once again, as Northland Resources hosts a brown-
field project at the Hannukainen deposit where 
Rautaruukki Oy operated a mine during the 1980s. 
Appendix 3 provides data on Finland’s mineral 
production. Table 2 below summarises its mineral 
industry, as reported by the USGS (2012).
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Figure 3.  Estimated value of Nordic mine production  
of metals in 2012

Source: Estimated based on production and average metal prices8 from IntierraRMG Data, 
Stockholm, March 2014

The remainder of this section is devoted to a more 
detailed country-level review. We provide tables sum-
marising each country’s mineral industry, compiled 
from the USGS (2012), which includes information 
about smelting and refining plants as well as produc-
tion of industrial minerals and aggregates. Note that 
some changes may have occurred since the infor-
mation was compiled. The following section focuses 
mainly on the structure of the mineral industry. Data 
on mineral production as reported by the USGS 
(2012) is provided in appendix 3.

8  For a few metals, prices and values had to be collected elsewhere. The average iron ore price of US$ 128.5/t was collected from the IMF. The average chromite price of US$ 208/t was 
sourced from the KPMG Commodity Insights Bulletin, July 2013. Due to a lack of price data for titanium produced by Norway, the estimate instead uses the value of Norway’s production of its 
host mineral ilmenite, as reported for 2012 by the Geological Survey of Norway (2013).

9 Source: dansteel.dk
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Commodity Unit Major operating companies and  
major equity owners 

Location of main  
facilities

Annual 
capacity

Ammonia Thousand metric tons Kemira Oyj (Government, 98%) Plant at Oulu 75

Apatite Thousand metric tons Kemira Agro Oyj (Government, 98%) Mine and plant at Siilinjarvi 8,000

Cadmium, metal Thousand metric tons Outokumpu Oyj (Government, 40%, and 
private investors, 12.3%)

Smelter at Kokkola 1

Cement Thousand metric tons Finncement Oy (Irish Cement Ltd., 100%) Plants at Lappeenranta 
and Parainen

1,020

Chromite Thousand metric tons Outokumpu Oyj (Government, 40%,  
and private investors, 12.3%)

Mine at Kemi 1,000

Cobalt Norilsk Nickel Harjavalta (OJSC MMC 
Norilsk Nickel, 100%)

Plant at Kokkola NA

Copper:

   Ore, Cu content Thousand metric tons Inmet Mining Corp. Mines at Pyhasalmi,  
Saattopora, and Hitura

10

   Metal Thousand metric tons Boliden Harjavalta AB (Boliden AB, 100%) Smelter at Harjavalta 210

      Do. Thousand metric tons do. Refinery at Pori 155

Feldspar Thousand metric tons SP Minerals Oyj (Partek Corp., 50.1%, 
and SCR-Silbeco SA, 49.9%)

Mine and plant at Kemio 50

Ferrochrome Thousand metric tons Outokumpu Oyj (Government, 40%,  
and private investors, 12.3%)

Smelter at Tornio 250

Gold:

   Ore, Au content Metric tons Agnico-Eagle Mines Ltd. Mine at Kittila 5

      Do. do. Dragon Mining Ltd. Mines at Orivesi and 
jokisivu

4

      Do. do. Lappland Goldminers AB Pahtavaara Mine near 
Sodankyla

2

   Metal do. Boliden AB Smelter at Pori 4

Limestone Thousand metric tons Nordkalk Corp. (Rettig Group, 100%) Mines at Lappeenranta, 
Pargas, and Parainen

1,500

   Do. Thousand metric tons Rauma-Repola Oyj Mine at Tornio  300

Mercury Metric tons Outokumpu Oyj (Government, 40%,  
and private investors, 12.3%)

Smelter at Kokkola  150

Mica Thousand metric tons Kemira Oyj (Government, 98%) Mine at Siilinjarvi 10

Table 2. Finland´s mineral industri in 2011
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Commodity Unit Major operating companies and  
major equity owners 

Location of main  
facilities

Annual 
capacity

Nickel:

   Ore, Ni content Thousand metric tons Belvedere Resources Ltd. Mine at Hitura 30

      Do. Thousand metric tons Talvivaara Mining Co. plc Mine at Sotkamo 20

   Metal Thousand metric tons Norilsk Nickel Finland (OJSC MMC 
Norilsk Nickel, 100%)

Smelter at Harjavalta 32

      Do. Thousand metric tons do. Refinery at Harjavalta 50

Silver do. do. do. 30

Steel:

   Crude Thousand metric tons Rautaruukki Oyj (Government, 39.7%) Plants at Halikko, Hameen-
linna, Kankaanpaa, and 
Raahe

2,100

      Do. Thousand metric tons Fundia AB (Norsk Jenverk AS of Norway, 
50%, and Rautaruukki, 50%)

Plants at Aminnefors, 
Dalsbruk, and Koverhar

850

      Do. Thousand metric tons Ovako Oyj (Stahlbeteiligungs GmbH) Plant at Imatra 600

   Stainless Thousand metric tons AvestaPolarit Plant at Tornio 550

Talc Thousand metric tons Mondo Minerals Oyj (BHP Billiton, 50%, 
and Plüss-Staufer AG, 50%)

Mines at Lahnaslampi, 
Lipsavaara, and  
Horsmanaho 

500

Wollastonite Thousand metric tons Nordkalk Corp. (Rettig Group, 100%) Mine and plant at  
Lappeenranta

40

Zinc:

   Ore, Zn content Thousand metric tons Inmet Mining Corp. Mine at Pyhasalmi 25

   Metal Thousand metric tons Boliden AB Smelter at Kokkola 260

Source: USGS (2012)
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4.1.3 Greenland

Greenland (an autonomous part of Denmark) is 
described as having abundant mineral and natural 
resources (e.g. USGS, 2012). Currently, Greenland has 
only one operating mine – the Nalunaq gold mine 
owned by Angel Mining. Greenland’s exploration 
potential has attracted interest from companies all 
over the world (Euromines, 2012) and the  feasibility 
of several greenfield mining projects is currently 
being explored. One notable advanced-stage project 
is London Mining’s wholly-owned Isua iron ore 
project, which has completed a feasibility study for 
a twenty-year 15 Mtpa mining operation based on 
a resource of over 1.1 billion tonnes10. This would 
make it one of the largest iron ore mines in Europe. 
Table 3 provides a summary of mining projects in 
Greenland for which feasibility studies have been 
completed or are currently being undertaken.

The USGS (2012) reports that with the encourage-
ment of Greenland’s government, the development 
of the industry is expected to continue to accelerate. 
Appendix 3 provides tables summarising Greenland’s 
production of minerals (excluding fuels) and an 
overview of its mineral industry, which at this point is 
very limited but appears to hold significant develop-
ment potential. 

4.1.4 Iceland

Iceland lacks sufficient domestic metallic mineral 
resources to make mining feasible with current tech-
nology (USGS, 2012), but the country is a significant 
producer of aluminium, of which it holds a 2% global 
market share11. In 2012, aluminium was Iceland’s  
largest export product12. 

Iceland’s aluminium and ferro-alloy producers rely 
on imported materials and, in particular, its abundant 
domestic supply of low-cost geothermal and hydro-
electric energy. Data from Iceland’s National Energy 
Authority – Orkustofnun13 – show that the alumini-
um industry was responsible for 71% of total electric-
ity use in Iceland in 2011. The USGS (2012) further 
reports that Iceland has also produced industrial min-
erals, including cement, crushed stone, pumice, salt, 
sand and gravel, and scoria, which have been used by 
local industries. Table 4 summarises Iceland’s mineral 
industry and appendix 3 provides a table of Iceland’s 
production of mineral commodities, as reported by 
the USGS (2012).

10 Source: londonmining.com
11 Source: The Icelandic Association of Aluminium Producers. Internet: http://en.samal.is/
12 Source: Statistics Iceland (2013). Trade in goods 2012. Statistical series Vol.98. No.18
13 Source: National Energy Authority of Iceland (2013). Energy Statistics 2012. Orkustofnun. Internet: www.nea.is

Name Status

Citronen Zinc/Lead Deposit Feasibility study

Isua Iron Ore Deposit Feasibility study

Kvanefjeld Uranium/Rare Earths Deposit Feasibility study

Malmbjerg Molybdenum Deposit Feasibility study

Black Angel Lead/Zinc Mine Brownfield/re-opening plans

Table 3. Feasibility stage mining projects in Greenland

Source: IntierraRMG Data, Stockholm, March 2014
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4.1.5 Norway

Norway’s major mineral commodities are natural gas 
and petroleum, but Norway also produces alumin-
ium, cadmium, cobalt, copper, ferro-alloys, nickel, 
steel, iron ore and zinc metals. In 2011, it was a global 
supplier of aluminium, ferro-alloys and petroleum as 
well as a significant producer of industrial minerals, 
consisting mainly of aggregates, limestone, nepheline 
syenite, and sand and gravel (USGS, 2012). 

Two iron ore producers are currently operating in 
Norway: Rana Gruber, which operates the Kvanne-
vann mine and satellite deposits14, and Northern Iron 
of Australia, which operates the Sydvaranger iron ore 
mine in northern Norway. The Sydvaranger mine was 
acquired as a brownfield project in 2007 and com-

Commodity Unit Major operating companies and  
major equity owners

Location of main facilities Annual 
capacity

Aluminum Thousand metric tons Alcoa Inc. Fjaröaál smelter at  
Reydarfjordur

347

Do. Thousand metric tons Reykjavik (ISAL) (Rio Tinto Alcan, 100%) Straumsvik 190

Do. Thousand metric tons Century Aluminum Co. Grundartangi 260

Cement Thousand metric tons Sementsverksmidja Rikisins  
(Government, 100%)

Akranes 115

Ferrosilicon Thousand metric tons Elkem Iceland (Elkem A/S) Plant at Grundartangi 100

Fertilizer Thousand metric tons Aburdarverksmidja Rikisins  
(Government, 100%)

Gufunes 60

Pumice Thousand metric tons Jardefnaidnadur ehf (JEI) Mount Hekla 210

Do. Thousand metric tons Pumice Products Ltd. (BM Valla Ltd., 
100%)

do. 32

Salt Thousand metric tons Icelandic Salt Co. (Akzo Nobel NV, 58%) Plant at Svartsengi 5

Table 4 Iceland’s mineral industry in 2011

Source: USGS (2012)

menced production in 2009 with a current capacity 
of 2.8 Mt/a15, but Northern Iron are investigating the 
potential to expand production capacity to 5.6 Mtpa. 
A titanium mine (Tellnes) is also operated by Titania 
AS. 

Exploration activities have increased in Norway 
over the last few years (Euromines, 2012) and this 
may result in a growing Norwegian metal-mining  
industry in the future. Table 5 below provides a 
summary of Norway’s mineral industry (excluding 
mineral fuels). Its production of metallic and indus-
trial mineral commodities is reported in appendix 3, 
based on information from the USGS (2012).

14 Source: ranagruber.no
15 Source: northerniron.com.au
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Commodity Unit Major operating companies and  
major equity owners

Location of main facilities Annual 
capacity

Aluminum Thousand metric tons Hydro Aluminium ANS (Norsk Hydro ASA, 
70%)

Smelters at Ardal, Hoy-
anger, Karmoy, and Sunndal

600

   Do. Thousand metric tons do. Rolling mill at Holmestrand 90

   Do. Thousand metric tons Alcoa Inc. Smelters at Farsund and 
Mosjoen

250

   Do. Thousand metric tons Sor-Norge Aluminium A/S 50%, and 
Hydro Aluminium ANS, 49%)

Smelter at Odda 50

Cadmium metric tons Norzink A/S (Outokumpu Oyj, 100%) Smelter at Eitrheimsneset 5

Cement Thousand metric tons Norcem A/S Plants at Brevik and 
Kjopsvik

2 150

Cobalt Thousand metric tons Nikkelverk A/S (Xstrata plc, 100%) Smelter at Kristiansand 5

Copper:  

   Ore, Cu content Thousand metric tons Nikkel og Olivin A/S (Outokumpu Oyj, 
100%)

Mine at Narvik 1

   Metal Thousand metric tons Nikkelverk A/S (Xstrata plc, 100%) Smelter at Kristiansand 40

Dolomite Thousand metric tons Franzefoss Bruk A/S Mine at Ballagen 350

   Do. Thousand metric tons Norwegian Holding A/S Mines at Hammerfall, 
Logavlen, and Kvitblikk

500

Feldspar Thousand metric tons Franzefoss Bruk A/S Mine at Lillesand 100

Ferroalloys Thousand metric tons Elkem Salten (Elkem A/S, 100%) Ferrosilicon plant at 
Straumen

90

   Do. Thousand metric tons Elkem Bjolvefossen (Elkem A/S, 100%) Ferrosilicon plant at Alvik 60

   Do. Thousand metric tons Elkem Thamshavn (Elkem A/S, 100%) Ferrosilicon plant at 
Orkanger

60

   Do. Thousand metric tons Finnfjord Smelteverk A/S, Rana Metal 
(FESIL ASA, 100%)

Ferrosilicon plant at Mo i 
Rana

110

   Do. Thousand metric tons A/S Hafslung Metal (FESIL ASA,100%) Ferrosilicon plant at Sarps-
borg

75

   Do. Thousand metric tons Ila og Lilleby Smelteverk (FESIL ASA, 
100%)

Ferrosilicon plant at 
Finnsnes

20

   Do. Thousand metric tons Oye Smelteverk (Tinfos Jernverk A/S, 
100%)

Silicomanganese plant at 
Kvinesdal

235

Graphite, flake Thousand metric tons Skaland Graphite AS Skalane Mine and plant at 
Skaland

12

Iron, metal Thousand metric tons Ulstein Jernstoperi A/S Hordvikneset 10

Iron ore Thousand metric tons Rana Gruber A/S (Norsk Jernverk Holding 
A/S, 100%)

Mine at Mo i Rana 2 000

   Do. Thousand metric tons Arctic Bulk Minerals A/S Mine and plant at Kirkenes 1 500

   Do. Thousand metric tons Northern Iron Ltd. Mine at Bjørnevatn 2 800

Lime Thousand metric tons Hylla Kalkverk (Nikolai Bruch A/S, 100%) Verdal/Trondheim mine and 
plant

80

   Do. Thousand metric tons A/S Norsk Jernverk Plant at Mo i Rana 48

Table 5. Norway’s mineral industry in 2012 (excluding fuels)
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Commodity Unit Major operating companies and  
major equity owners

Location of main facilities Annual 
capacity

   Do. Thousand metric tons Ardal og Sunndal Verk A/S More og Romsdal plant at 
Surnadal

20

   Do. Thousand metric tons Breivik Kalkverk A/S Alesund plant at Larsnes 20

   Do. Thousand metric tons Mjoendalen Kalkfabrik Plant at Asen/Drammen 7

Limestone Thousand metric tons Norcem A/S Dalen, Bjorntvedt, and 
Kjopsvik Mines

1 600

   Do. Thousand metric tons Vardelskalk A/S (Franzefoss Burk A/S, 
100%)

Sandvika Mine 800

   Do. Thousand metric tons Breivik Kalkverk A/S Visnes and Glaerum Mines 500

Magnesium Thousand metric tons Norsk Hydro ASA (Government, 51%) Plants at Porsgrunn and 
Sauda

50

Manganese, alloys Thousand metric tons Eramet SA do. 500

Nepheline syenite Thousand metric tons North Cape Mineral A/S (Unimin Corp., 
84%)

Mine at Stjernoy 350

Nickel:    

   Ore, concentrate, 
Ni content

Thousand metric tons Nikkel og Olivin A/S (Outokumpu Oyj, 
100%)

Mine at Narvik 5

   Do. Thousand metric tons Titania A/S (Kronos Norge A/S, 100%) Mine at Tellnes 0,5

   Metal Thousand metric tons Nikkelverk A/S (Xstrata plc., 100%) Smelter at Kristiansand 85

Olivine Thousand metric tons Sibelco Nordic AS Grubse and Raubergvik 
Mines and plant at Aheim

2 500

   Do. Thousand metric tons do. Stranda Mine and plant 300

   Do. Thousand metric tons Franzefoss Bruk A/S Lefdal Mine at Bryggja 500

Pyrite Thousand metric tons Folldal Verk A/S (Norsulfid A/S, 100%) Mine at Hjerkinn 10

Quartzite Thousand metric tons Elkem Tana (Elkem A/S, 100%) Mine at Tana 540

   Do. Thousand metric tons Elkem Marnes (Elkem A/S, 100%) Mine at Sandhornoy 200

   Do. Thousand metric tons Vatnet Kvarts A/S Mine at Nordland 150

   Do. Thousand metric tons Snekkevik Kvartsbrudd Mine at Kragero 110

Silicon metal Thousand metric tons Lilleby Metall A/S (FESIL ASA, 100%) Plant at Trondheim 9

   Do. Thousand metric tons FESIL ASA Plant at Holla 50

Steel Thousand metric tons Fundia AB (Norsk Jenverk, 50%, and 
Rautaruukki Group, 50%)

Plants at Christiania, Man-
dal Stal, and Spigerverk

600

Talc Thousand metric tons A/S Norwegian Talc (Pluess-Staufer AG, 
51%)

Mine and plant at Alter-
mark/Knarrevik Mo i Rana, 
and Framfjord

90

   Do. Thousand metric tons Kvam Minerals A/S Mine and plant at Kvam 6

Titanium, concen-
trate

Thousand metric tons Titania A/S (Kronos Norge A/S, 100%) Mine at Tellnes 915

Zinc, metal Thousand metric tons Boliden Odda A/S (Boliden AB, 100%) Smelter at Odda 200

Source: USGS (2012)
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4.1.6 Sweden
Sweden’s mineral industry is dominated by the min-
ing of metallic minerals and manufacturing of subse-
quent downstream products. In particular, Sweden is 
the EU’s leading producer of iron ore and its mining 
industry also produces copper, gold, lead, molyb-
denum, silver and zinc. Its production of industrial 
minerals includes limestone and feldspar. Appendix 3 
provides further detail on Sweden’s mineral produc-
tion, as reported by the USGS (2012).

Mining companies in Sweden employed 5,922 per-
sons in 2012 (SGU, 2013). The main mining compa-
nies that operate in Sweden include LKAB, the major 
state-owned iron ore producer, which has mines in 
Kiruna, Malmberget and Svappavaara and is currently 
undertaking investments to expand capacity to 37 
Mt per annum in 201516; and Boliden, which oper-
ate 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 currently  
operates four different mines, which also produce 
zinc, copper, lead, gold and silver17. 

Other companies operating base and precious metal 
mines in Sweden include Lundin Mining, which 
owns Zinkgruvan (a zinc mine with secondary pro-
duction of lead, silver and copper)18; Lovisagruvan, 

the company that operates the Lovisa lead and zinc 
mine; gold producer Dragon mining (of Australia), 
which owns the Svartliden mine; and Elgin Mining 
(of Canada), which owns the Björkdal mine19. 

Iron ore mining in Sweden continues to be domi-
nated by LKAB, but higher commodity prices during 
the 2000s have compelled new companies to enter 
the industry. Dannemora Mineral was formed in 
2005 in order to restart production at the brownfield 
Dannemora iron ore mine, which had been closed 
since 1992. The mine has now been operating since 
2012 and the company aims to achieve an annual 
production of 1.5 Mt in 201520. In Pajala, Northland 
Resources has advanced quickly with the greenfield 
Kaunisvaara iron ore project. The company started  
initial production of iron ore in late 2012. The com-
pany struggled with financial problems during 2013 
and early 2014, but has continued to ramp up pro-
duction and is aiming to reach 4 Mtpa in late 201421.  

Ongoing exploration is dominated by the three 
majors: Boliden (base and precious metals), Lundin 
Mining Corp (zinc) and LKAB (iron ore). The share 
of junior companies in exploration expenditure was 
expanding according to Euromines (2012), but the 
success rate was reportedly not as good as in Finland.

Table 6 summarises the mineral industry in Sweden 
as reported by the USGS (2012). Data on production  
of metallic and industrial minerals is provided in 
appendix 3.
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16 Source: lkab.com
17 Source: boliden.com
18 Source: lundinmining.com and Raw Materials Data
19 Source: USGS 2012 and Raw Materials Data
20 Source: dannemoramineral.se
21 Source: northland.eu

Commodity Unit Major operating companies and  
major equity owners

Location of main facilities Annual 
capacity

Aluminum Thous. metric ton Kubikenborg Aluminium AB (KUBAL) 
(United Company RUSAL, 100%)

 Smelter at Sundsvall 125

Cement Thous. metric ton Cementa AB (HeidelbergCement AG, 
100%)

Plants at Degerhamn, 
Skovde, and Slite

 3,400

Copper: Ore, copper 
content

Thous. metric ton Boliden AB Mines at Aitik, Garpenberg, 
Kankberg, Kristineberg, 
Langdal, Mourliden, Mour-
liden Ostra, Petiknas, and 
Renstrom

68

Table 6. Sweden’s mineral industry in 2011
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Source: USGS (2012)

Commodity Unit Major operating companies and  
major equity owners

Location of main facilities Annual 
capacity

Metal Thous. metric ton do. Smelter and refinery at 
Ronnskar

 240

Feldspar Thous. metric ton Berglings Malm & Mineral AB (Omya 
GmbH)

Mines at Beckegruvan, 
Hojderna, and Limbergsbo

50

Ferroalloys Thous. metric ton Vargon Alloys AB (Yildrim Group 100%) Plant at Vargon 255

Gold: Ore, gold 
content

kilograms Dragon Mining Ltd. Svartliden Mine, Skelleftea 
District

300

Do. do. Elgin Mining Inc. Bjorkdal Mine, Skelleftea 
District

1 200

Do. do. Boliden AB Mines at Aitik, Akerberg, 
Kankberg, Kristineberg, 
Langdal, Petiknas, and 
Renstrom

2,000

Metal do. do. Smelter and refinery at 
Ronnskar

15 000

Graphite Thous. metric ton Woxna Graphite AB (Tricorona Mineral AB, 
100%)

Mine and plant at Kringelt-
jarn, Woxna (closed 2008)

20

Iron and steel Thous. metric ton Svenskt Stal AB (Government, 48%) Steelworks at Borlange, 
Lulea, and Oxelosund

3 900

Iron ore Thous. metric ton Luossavaara-Kiirunavaara AB (LKAB) 
(Government, 98%)

Mines at Kiruna and Malm-
berget

32 500

Kyanite Thous. metric ton Svenska Kyanite AB  
(Svenska Mineral AB, 100%)

Quarry at Halskoberg  10

Lead: Ore, lead 
content

Thous. metric ton Boliden AB Mines at Garpenberg and 
Renstrom

100

Do. Thous. metric ton Lundin Mining Corp. Zinkgruvan Mine at  
Ammeberg

20

Metal Thous. metric ton Boliden AB Smelter and refinery at 
Ronnskar

30

Do. Thous. metric ton do. Smelter at Bergsoe 50

Lime Thous. metric ton Svenska Minerals AB Plants at Rattvik and Boda  250

Limestone Thous. metric ton Kalproduction Storugns AB (Rettig Group, 
100%)

Mines at Gotland Island 3 000

Do. Thous. metric ton NordKalk AB Storugns 3 200

Marble cubic meters Borghamnsten AB Quarry at Askersund 15 000

Silver, metal kilograms Boliden AB Smelter and refinery at 
Ronnskar

408 
000

Do. do. Lunden Mining Corp. Zinkgruvan Mine at Am-
meberg

25,000

Zinc, ore, zinc 
content

Thous. metric ton Boliden AB Mines at Garpenberg, Lais-
vall, Langdal, and Renstrom 

112

Do. Thous. metric ton Lunden Mining Corp. Zinkgruvan Mine at Am-
meberg

78
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4.2 Exploration and outlook in the Nordic 
countries
Exploration is the process that ultimately aims at dis-
covering and delineating new ore reserves (Crowson, 
2008). Exploration is undertaken in search of new 
deposits that may result in greenfield mining projects, 
or to prove additional reserves located at (or adjacent 
to) already existing mines in order to prolong their 
life or to justify expansion investments (ibid).

A prerequisite for most exploration is basic geo-
logical surveying and mapping of large geographic  
areas. This is usually carried out by governments, or 
by international organisations in some countries. At 
the initial stage, exploration work might start with 
studies of these basic geological surveys and other 
 relevant sources, to identify potential prospective areas. 
From there on, exploration work requires significant 
amounts of capital, but funding exploration is a risky 
venture. Ericsson (2010) reports that the average suc-
cess rate going from an exploration idea to a “normal 
size” mine is only about 1 in 200, so most exploration 
projects will fail and never result in a new mine.

Even if exploration work is successful, the road from 
basic reconnaissance to an actual mine is both long 
and complex. Figure 4 shows the typical stages in 
the development of a new mine. As information and 
knowledge about the area are accumulated, efforts 
become increasingly focused on a smaller target area 
that will possibly result in a productive mine (Crow-
son, 2008). Exploration embraces stages 1 to 4 – the 
delineation of the ore deposit – and Crowson notes 
that it may also include at least part of the feasibility 
study in stage 5. This stage is where the commer-
cial viability of mining a deposit is determined, as 
the development of a new mine may be contingent 
upon, for example, access to sufficient water supplies, 
feasible transport options and appropriate extracting 
and processing technology. In addition, there may be 
social and environmental impediments to economic 
mining (ibid).
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-2 -1 0 1 2 3 4 5 6 7 8 9 10 11

Year number

Reconnaissance

Prospecting

Focus on orebody

Delineation of the orebody

Feasibility study

Mine construction and development

Stage Size of concession km² Typical ranges of spending (US$ million)

Reconnaissance 
Literature studies and modelling, Selection of favourable areas, Initial field work, Land acquisition

1,000 000 Up to 5

Prospecting 
Regional geological, airborne geophysical and geochemical surveys

100 000 1 to 20

Focus on orebody 
Detailed surveys, Trenching, Scout drilling, Laboratory work and testing, Preliminary environmental studies

10 000 5 to 50

Delineation of the orebody 
Pattern drilling, Bulk sampling, Metallurgical work, Ore reserve calculation, Environmental baseline studies

1 000 10 to 200

Feasibility study 
Mine planning, Pilot plant tests, Full technical and economic assessment 
Environmental assessment, Financing

Mining lease 10 000 to 100 000

Mine construction and development 
Detailed design engineering, Infrastructure development, Mill construction, Equipment procurement 
Mine development

Mining lease

Figure 4. Typical stages in the exploration and development of a new mine                                                            Source: Crowson (2008)
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Euromines (2012) reports that European exploration 
expenditure was estimated to have reached Euro 400 
million in 2011, the majority of which was spent in 
the Nordic countries. In 2012, however, exploration 
expenditure decreased, reportedly due to “falling 
metal prices, nervous bankers and risk-averse inves-
tors” (Walker, 2013). Exploration is undertaken by 
a mix of both established mining companies with 
operating mines as well as by an increasing share of 
juniors without cash flow from existing operations, 
which makes them dependent on raising equity. This 
dependence makes junior companies’ spending on 
exploration highly volatile; this spending tends to 
track the behaviour of metal prices in a somewhat 
exaggerated fashion (Crowson, 2008). 

Figure 5 illustrates Nordic exploration expendi-
ture as reported by the consultancy IntierraRMG 
(2013). The effect of the commodity price boom that 
emerged in the mid-2000s on exploration activity is 
evident in this figure, as is the impact of the global 
financial crisis of the late 2000s. In the early 2000s, 
Nordic exploration was dominated by projects in 
Sweden and, in particular, in Finland, which  resulted 
in expanding mining industries, but as the figure 
effectively illustrates, there has been a rapid increase 
in exploration spending on Greenland since the mid-
2000s. 

Figure 6 illustrates the geography of greenfield ex-
ploration projects in the Nordic countries at various 
stages of development. In this figure, the blue circles 
represent projects that have sufficient information to 
explore the feasibility of mining a deposit, while the 
white circles represent exploration projects at  earlier 
stages with little published information. Some of 
these might be abandoned projects that did not have 
sufficient potential to continue to develop. The grey 
circles represent projects for which information was 
not available in the database we use.

The conversion of exploration properties into 
actual mines depends on several factors, including the 
development of world metal prices and mining tech-
nology, as well as the socio-political aspects of natural 
resource extraction. Some of the projects included in 
Figure 6 may never advance beyond the exploration 
stage, but some may eventually result in new mines. 
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Figure 5. Nordic exploration expenditure

Source: IntierraRMG (2013)

Figure 6. Greenfield projects in the Nordic countries                                                                                 Source: IntierraRMG, Stockholm 2014
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Figure 7 below provides a forecast of Nordic ore pro-
duction up to 2020 from Stockholm-based mineral 
economics consultancy IntierraRMG. The estimate 
is based on planned projects in the Nordic countries 
and thus the uncertainty of the forecast increases 
over time, not least due to uncertainty about future 
metal prices. New iron ore and base metal projects 
in Finland and Sweden are estimated to result in a 
significant increase in tonnage, which suggests that 
substantial infrastructure investments may be required. 

 

ownership, trade restrictions on exports and tax or 
royalty schemes designed to capture more of the 
economic benefit. At present, the Nordic countries 
are known to enforce strict environmental regula-
tions, but employ comparably transparent and liberal 
mining policies that appear attractive to foreign 
mining companies, judging by the results of the latest 
Fraser Institute Annual Survey of Mining Compa-
nies 2012/2013. Although state ownership of some 
individual mining companies persists in the Nordic 
countries, their current mining policies encourage 
exploration and investment by foreign companies.  

In Swden, the dominant companies are state-owned 
LKAB, which controls the majority of Sweden’s iron 
ore production, and the domestic company Boliden, 
which controls most of Sweden’s base metal produc-
tion. Active mines with foreign ownership include 
the Zinkgruvan mine in southern Sweden (owned 
by Lundin Mining Corporation) and the Kaunisvaara 
iron ore mine in Northern Sweden (owned through 
a Swedish subsidiary by Northland Resources SA, 
domiciled in Luxembourg). Two foreign companies 
own active gold mines in Sweden: Dragon Mining 
(of Australia) owns the Svartliden Mine and Elgin 
Mining (of Canada) owns the Björkdal Mine. How-
ever, foreign companies must commence operations 
through a Swedish subsidiary. The remaining mining 
companies are the privately owned domestic compa-
nies Lovisagruvan and Dannemora Mineral.

As noted by PWC (2012), only two of Finland’s 
active metal mines are under Finnish ownership – the 
Kemi chrome mine, which is controlled by Outo-
kumpu, in which the Finnish state holds a stake, and 
the Talvivaara nickel mine, in which Outokumpu 
also has a stake, together with the state of Finland 
and a mix of private entities. PWC (2012) argues that 
the lack of domestic investment in Finland’s mining 
sector is mainly driven by the absence of available 
financing. Several Swedish companies own con-
trolling stakes in Finnish mines: the Laiva gold mine 
is owned by Nordic Mines; the Pampalo gold mine is 
owned by Endomines; and the Pahtavaara gold mine 
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Figure 7. Estimated Nordic ore production (Mt)
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4.3 Ownership and control of Nordic mining
The mining industry in the Nordic countries consists 
of a mix of foreign and domestic companies. This 
section briefly discusses ownership and control of the 
most important operating mines in the Nordic coun-
tries based on information from IntierraRMG Data. 

In the report “Business risks facing mining and 
metals” published by Ernst and Young (2013), the 
growing trend towards resource nationalism ranks 
high on the list of business risks. The report considers 
the global mining industry and shows that an increas-
ing number of countries are either implementing or 
considering policies designed to maximise the return 
on natural resources to the country. These policies 
may include mandated beneficiation, government 

22  Graph taken from: Regional mineralstrategi för Norrbotten och Västerbotten, July 2012 draft, Norrbotten County Administrative Board. The estimated production includes both iron ore and 
non-ferrous ore.
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is owned by Swedish company Lappland  Goldminers. 
The remaining Finnish mines are mainly controlled 
by either Australian or Canadian companies. Finland’s 
mining policies and geological potential appear to 
have positioned the country as an attractive region 
for foreign investment in mineral development, as 
confirmed by its top ranking in the latest Fraser 
Institute Annual Survey of Mining Companies 
2012/2013. 

In Norway, there are few active metal mines, of 
which only the Rana iron ore mines are controlled 
by a domestic (private) company – Leonhard  Nilsen 
& Sönner AS. The Tellnes ilmenite mine is con-
trolled by NL Industries Inc of the USA and the 
 Sydvaranger iron ore mine is owned by Northern 
Iron Ltd of Australia.

In Greenland, there is currently only one active metal 
mine – the Nalunaq gold mine, which is owned by 
Angel Mining Plc of the UK. Greenland’s exploration 
potential has attracted interest from companies all 
over the world (Euromines, 2012) and the industry 
appears to hold significant development potential. 
The more advanced-stage exploration projects in 
Greenland are currently controlled mainly by UK 
and Australian companies. 
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5.1 The value chain for producing raw materials 
The mining companies are seen as the central part of 
this value chain as they are at the start of the entire 
chain (although pure prospecting companies may 
complement the prospecting activities of mining  
firms). The first part of the chain involves several 
 different activities which all can be related to the 
process of extracting minerals and metals from the 
bedrock. The end of the value chain is the final 
mineral and metal products. Thus, the chain extends 
from exploration (through mining), milling, smelting, 
refining and processing into semi-finished products to 
finished product manufacturing. Restoring proce-
dures after finished operations as well as the transpor-
tation of raw materials are also important steps in the 
value chain for producing raw materials. Subsequently, 
the value chain for producing minerals and metals 
involves several different actors. There are also other 
actors (e.g. agencies, R&D institutes, universities and 
NGOs) that affect the activities in the value chain 
and the interplay between the producing actors in 
terms of e.g. institutional and economic infrastructure 
conditions. As the innovation challenges for the pro-
ducing actors are the primary focus of this pre-study, 
they are highlighted in this report. 

The most central actors within the Nordic mining 
and metal innovation system are presented in figure 8 
below. The mining companies are seen as the start-

5.  Central players in the  
Nordic mining and metal industry

This section describes the central actors within the Nordic mining and metal industry and pri-
marily focuses on the producing actors in the value chain for extracting raw materials. The value 
chain, which includes several steps ranging from exploration activities to the processing of min-
erals and metals, will be outlined in this section as will the key actors involved in this process.

5.  CENTRAL PLAYERS IN THE NORDIC MINING AND METAL INDUSTRY

ing point for the entire value chain and are the core 
actors in this innovation system; therefore they are 
placed in the centre of the figure. 

Other related industries, such as the metallurgical 
industry and the engineering industry, have evolved 
in conjunction with the mines. Thus, there is a close 
relationship between the actors in this industry. The 
engineering industry is an important producer of 
equipment for mineral extraction in the mining 
industry and therefore they are included as a cen-
tral actor in the supply chain for raw materials. The 
products of the mines are then transported to and 
refined in the smelters and refineries into metals 
with suitable properties. A concentrator plant (e.g. 
aluminium, copper or steel) is often used to separate 
the metal from the bedrock. In this step of the pro-
cess, the valuable minerals are separated into higher 
concentrates. This process involves several sub-steps, 
such as crushing, grinding, separating and dewatering. 
The different procedures make this part of the supply 
chain very energy demanding. The mining companies 
in the Nordic countries are described as demanding 
customers for equipment, maintenance and services. 
The decreasing levels of extraction grades and the 
fact that the ore is located at greater depths put greater 
demands on the processing equipment delivered by 
the equipment suppliers.
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Figure 8. Central actors in the Nordic mining and metal industry

Companies such as Atlas Copco, Sandvik, Metso and 
Outotec produce equipment for underground min-
ing and are world leaders in their market segments. 
This could never have been achieved without the 
close proximity of and collaboration among the Nor-
dic mining companies and the equipment suppliers. 
The Nordic countries produce world-class mining 
technology and together they have 70% to 90% of 
the world market (GTK, 2010). Figure 9 shows the 
share of the world market for underground mining 
equipment and how it is divided among the different 
actors.

Figure 9. Nordic equipment suppliers’ percentage of the total 
underground mining equipment market (Source: Swemin, 2012)

5. CENTRAL PLAYERS IN THE NORDIC MINING AND METAL INDUSTRY
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6.1 Specific innovation challenges for key 
actors within the Nordic mining and metal 
industry
First are challenges for innovation in the mining 
companies, followed by innovation challenges for 
metal producers and equipment suppliers. 

6.1.1 The mining companies

Almost all of the Nordic mining companies are well 
established and consequently have a long tradition of 
“how things should be done”. A downside pointed 
out by several respondents is that this creates resist-
ance to change. As an informant from Zinkgruvan 
has said, “We are an old company and, especially when we 
are talking about making changes and innovating, we need 
to change our attitude in order to see the breadth of innova-
tion.” Another informant at LKAB has said that “there 
are many engineers working in our company and therefore 
there is a strong focus on the ‘hard stuff’ in innovation such 
as technology development. We need to be better at looking 
at the ‘softer’ aspects of innovation as well.” This makes it 
difficult to work with finding new ways to work with 
innovation. The increased emphasis on community 
relations and subsequent social and environmental 
issues represent areas where organisational innovation 
may need to be developed. 

Several informants have also said that, historically, 
the mining companies have been good at develop-
ing the technological aspects of innovation and have 

6.  Innovation challenges in the  
Nordic mining and metal industry

In order to increase competitiveness and contribute to the green and sustainable growth of the 
Nordic mining and metal industry, it is essential to identify the foremost common innovation  
challenges. The challenges for innovation have been categorised as (a) specific innovation  
challenges for key actors within the Nordic mining and metal industry, and (b) cross-border  
challenges, meaning that the latter apply to more than one actor within the Nordic mining and 
metal industry. 

always focused on cost reductions (e.g. the technical 
director at Boliden and the manager of process tech-
nology at LKAB). This can also be negative, because 
it hinders “new thinking” and innovation. All of the 
mining companies have described the difficulties of 
conducting long-term exploration activities due to 
the high costs involved in new investments and the 
widely prevailing short-term focus. 

Finally, all the mining companies have mentioned 
the problem of attracting and recruiting people with 
the right set of skills. One of the informants repre-
senting the mining companies has said that “tradition-
ally the mining and metal industry has been perceived as a 
rather dull and unexciting workplace.” This is probably 
one reason why it has been difficult to find and 
employ new people for some of the positions in the 
mining companies, especially higher-level positions. 

6.1.2 The metal producers

The demand for steel products has decreased, which 
has led to lower profit margins for steel producers. 
The weak demand and continued lower prices for 
steel products have put steel companies in a diffi-
cult situation. Another major challenge is that many 
steel mills are old and employ technology which is 
not fully up to date: for many companies it is time 
to either make major process innovations or build 
completely new production outlets. The crisis in the 
steel industry, however, is forcing the companies to 

6.  INNOVATION CHALLENGES IN THE NORDIC MINING AND METAL INDUSTRY
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become innovative in several different ways. New 
business models (for example the merger between 
Rukki and SSAB) or new product offerings are both 
examples of innovative thinking. The vice president 
of R&D at SSAB has said that instead of producing 
and selling tonnes of steel, they offer their customers 
more value by complementing their products with 
a complete service package. A specific challenge for 
copper producers is that concentrates typically have 
higher degrees of impurities, which places greater 
demands on production processes. As the produc-
tion process for any metal is energy demanding, it is 
a challenge to reduce its environmental effect. The 
demand for reducing carbon dioxide, for example, is a 
major challenge for metal producers. 

Similar to mining companies, steel mills and alu-
minium mills also highlight the difficulty of recruit-
ing competent employees with the right sets of skills. 

6.1.3 The equipment suppliers

Both of the equipment suppliers approached dis-
cussed the difficulties of testing potential products 
and new technology. Some of their more radical ideas 
may be difficult to test in operating mines;  however 
it may be possible to perform tests in abandoned 
mines. In order to consolidate their positions as world 
leaders in the production of mining equipment, these 
suppliers need to test and adopt new technology from 
related industries. 

Another challenge put forward is that the suppliers 
should take an approach that is more market-oriented 
than technology-oriented when conducting product 
development. A final challenge which is also present 
in the mining companies and steel companies is access 
to the right competences for developing  innovation. 
One informant from Atlas Copco has suggested that 
it would be very useful to build up a competence 
centre at one of the universities where collaborative 
R&D projects could be carried out. 

6.2 Cross-border innovation challenges within 
the Nordic mining and metal industry  
A cross-border analysis of innovation challenges has 
resulted in the following themes: a demand for sustain-
able mining, difficulties related to exploration of new mineral 
deposits, a conservative attitude towards innovation in the 

mining industry, global competition and procurement methods 
emphasising pure cost concern and a final challenge that  
we describe as an absence of pilot and demonstration 
plants. These cross-border innovation challenges 
involve two or more actors within the mining and 
metal industry and they are important areas which 
need to be explored further in order to increase  
competitiveness and contribute to green and sustain-
able growth. 

6.2.1 A demand for sustainable mining

Sustainable mining is complex as the extraction of 
non-renewable resources from the bedrock is the very 
foundation of the industry. This poses the question 
of what sustainability means in the mining and metal 
industry. One of the experts interviewed suggests that 
one perspective on sustainable mining is looking at 
the entire supply chain and taking full  responsibility 
for all the steps within this chain. In Europe we con-
sume 20% to 30% of all global mineral resources but 
produce only 2% to 3%, which is perhaps not repre-
sentative of sustainability23. Rather, from a sustainability 
perspective, minerals and metals should be locally 
produced to a larger extent. 

A future challenge in this area is end consumers 
who are increasingly likely to be interested in not 
only what they buy but how it has been produced. 
This has not been an issue in the mining industry, but 
it is becoming more important. This may imply, for 
instance, that mining companies need to get more 
involved in their customers’ production processes (e.g. 
“do any of our activities (such as recycling, emission 
reductions, etc.) make things more difficult down-
stream?”) 

Almost all the experts involved in this study de-
scribe sustainability as the most prominent challenge 
for the entire industry. The pursuit of minerals and 
metals creates new conflicts and problems. It leads 
to conflicts with indigenous people, landowners and 
other industries such as the tourism industry - often 
referred to as a ‘social license to operate’ – and com-
peting demands for land use (e.g. Ernst and Young, 
2013 and PWC, 2012). Environmental interests are 
often in conflict with the exploration and extraction 
activities of mining companies. One way to over-
come some of the obstacles related to sustainability 

6. INNOVATION CHALLENGES IN THE NORDIC MINING AND METAL INDUSTRY

23 Foredrag på NGU-dagen 2014. Mining or not mining ved Karen Hanghöj GEUS. Retrieved from: http://www.youtube.com/watch?v=mXHfiPurw0Q
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is to  educate the public and explain the importance 
and use of minerals and metals so as to improve the 
general acceptability and perception of the mining 
and metal industry. It is also important to find ways 
of deliberating with interest groups, which may imply 
organisational (and innovation) challenges. Mining 
companies want to have strict timetables, but delib-
erations take time, and therefore it is important to 
start early. For some producers, rehabilitation and 
mine-closure are very important, and there is also a 
need for new environmental technology.   

Sustainability is central to the entire value chain 
and affects all aspects of it, ranging from exploration 
activities to rehabilitation and mine closure. The 
production process has a high demand for both water 
and energy and thus needs to be improved so as to 
decrease water and energy consumption. Other con-
crete aspects highlighted are that emissions and waste 
must be minimised and the utilisation of by-products 
and replacement materials enhanced. 

6.2.2 Difficulties related to exploration of new mineral 
deposits

Exploring and developing new mineral deposits 
are tasks central to enabling a competitive mining 
 industry in the Nordic countries. Exploration is a 
critical to discovering and developing new mineral 
deposits; but the process from conceptual study to 
the commissioning of new deposits requires contri-
butions from other departments and functions, such 
as research and development, production and the 
external environment. 

Several experts (mining industry experts and geolo-
gists) have highlighted the importance of exploration 
activities, as exploration establishes the basis for the 
whole supply chain. In recent years, conditions for 
exploration have been favourable, but several indica-
tors point towards worsening conditions for  mining 
companies. Exploration activities are extremely 
capital intensive and seldom result in a new mine. 
This makes exploration activities – the true costs of 
which are difficult to establish – very risky. In Swe-
den, there were fewer exploration applications made 
to Bergsstaten in 2013 than the year before. There 
were approximately 200 applications in 2012, which 

dropped to 130 in 2013. At the same time, some 
mining companies are very profitable and see a bright 
future. The industry is thus divided .

Several suggestions were made for  strengthening 
conditions for exploration. Concrete examples in-
clude developing new exploration and  beneficiation 
technologies and shortening and simplifying the 
permit procedures and application processes. One 
geologist said that “the industry is weak as regards explo-
ration: everything from basic ideas about how ore is formed 
to exploration techniques. It is expensive to drill and there 
has been no major development of drilling equipment in the 
last 30 years.” 

Exploration of new mineral finds is also challeng-
ing due to “competing” industries/trades. In the 
northern parts of Norway and Sweden, Sami interests 
and reindeer husbandry are important elements of 
cultural heritage (Naalakkersuisut, 2009; Näringsde-
partementet, 2013). Exploration activities and mining 
are often land-intensive and can have a negative effect 
on Sami culture and reindeer husbandry, adding a 
“social dimension” to exploration activities that com-
plement purely technical challenges. Consequently, it 
is important to ascertain that exploration and mining 
activities will be operated in a sustainable manner so 
that they can coexist with Sami interests and reindeer 
husbandry. This suggests that the technical science on 
exploration activities needs to be complemented by 
social science in order to provide a wider perspective 
on the challenges involved in the exploration of new 
mineral deposits. To summarise, important areas for 
enabling innovation in the future are studying the 
process and different activities involved in exploring 
new mineral deposits and taking a holistic perspective 
ranging from the generation of ideas to the commis-
sioning of new deposits. 

6.2.3 A conservative attitude towards innovation in the 
mining industry

Managing innovation effectively is somewhat differ-
ent to general management in several ways. Devel-
oping new products, processes and services naturally 
involves risks and uncertainty, and it is therefore 
difficult to plan for and forecast outcomes  accurately. 
Inno vation management involves the ability to com-

6.  INNOVATION CHALLENGES IN THE NORDIC MINING AND METAL INDUSTRY

24 New letter Metaller och Guvor.se, 2014-04-14. Retrieved from: http://www.metallerochgruvor.se/2014/04/svalare-intresse-f-r-nya-gruvor 
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bine technical expertise with “softer” social skills in  
order to stimulate creativity. Few managers or 
 engi neers in this industry have been educated in  
both  areas. Several experts have described this as a 
challenge in many different ways. 

One mining company expert has described the 
mining and metal industry as a rather conservative 
and technically oriented industry where there is little 
room for the “softer” aspects of innovation. The locus 
of innovation in this industry has traditionally been 
incremental technological innovation (both product 
and process innovations), but in the future the other 
aspects of innovation should be developed as well. For 
example, competition is fierce in the steel industry, 
which makes it difficult to compete on product alone. 
Therefore, other qualities are added to the product 
to create differentiation and unique value, such as 
service development. The combination of product 
development and service development is also a future 
trend in other industries. A related example of offering 
more value to customers is combining, for example, 
new technologies, knowledge and IP, and packaging 
these into a physical product. This trend has been 
spotted in other industries as well, as highlighted by 
some of the experts.   

Several organisations have described the challenge 
of focusing on short-term and long-term objectives 
simultaneously. In order to succeed, the mining com-
panies, their customers and equipment suppliers all 
have one thing in common: they need to be able to 
deal with today’s business demands while also being 
able to adapt to challenges in the environment over  
the long term. In the literature this is called ambidex-
terity (O’Reilly and Tushman, 2008). This is especially 
challenging for well-known companies that still rely 
on their prior (historical) technological breakthrough, 
as their development processes currently lean too 
heavily on an incremental innovation and efficiency 
logic. This is the case for most companies in this in-
dustry. One mining company informant has said that 
“we are really good at conducting technological innovation 
and this has been the focus within our organisation for a 
long time; the real potential, however, lies in the ‘softer’ 
aspects of innovation.” 

6.2.4 Global competition and procurement methods empha-
sising pure cost concerns

The Nordic mining companies and Nordic equip-
ment suppliers of process technology live in symbi-
osis. World-leading suppliers of process technology 
(e.g. Atlas Copco, Sandvik Mining, Metso, etc.) have 
been able to develop breakthrough innovations in 
process technology through their good access to 
mining environments, while mining companies have 
had rapid access to the next generation of technology. 
This model of close collaboration is being challenged 
by global competition and procurement methods that 
emphasise pure cost concerns, and it is unclear how 
these trends will affect the positions of both types of 
actors. Close collaboration between these actors also 
has the potential to contribute to a more sustainable 
innovation system, both economically (through more 
efficient processes) and socially (through development 
and job opportunities in the Nordic countries). 

 
6.2.5 Absence of pilot and demonstration plants 

Pilot and demonstration plants are critical environ-
ments for reducing uncertainty when conducting 
 experiments, testing process technology and scaling 
up production processes. These plants represent a  
 critical step between small-scale experiments/lab  
experiments and full-scale production. Studies of 
publicly funded pilot and demonstration plants con-
ducted in areas such as bio refining and  renewable 
energy (e.g. solar/wind/wave) demonstrate their 
importance. However, the knowledge of pilot and 
demonstration plants and their role as a strategic tool 
in mining industry R&D is limited. Nevertheless, 
these facilities are critical to future product, process 
and application development, which is reflected in 
the future investments in this area that are planned at 
this point by major mining companies such as LKAB.   

6. INNOVATION CHALLENGES IN THE NORDIC MINING AND METAL INDUSTRY
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7. CONCLUDING DISCUSSION

Specific innovation challenges for key actors Cross-border innovation challenges

Mining companies Increased production costs, traditional and 
conservative mind-set, short-term focus on 
exploration 

A demand for sustainable mining

Difficulties related to exploration of new mineral deposits,

A conservative attitudes towards innovation in the mining 
industry

Global competition and procurement methods emphasizing 
pure cost concerns

Absence of pilot and demonstration plants.

 Metal producers Old steel mills and technology, low profit 
margins, and lack of employees with the right 
type of skills

Equipment suppliers Difficulties of conducting experiments and 
tests, access to the right type of knowledge

The first aim of the pre-study has been to map the 
current situation in the Nordic mining and metal in-
dustry, together with its composition and conditions for 
innovation. One conclusion based on the mapping of 
the current situation in the Nordic mining and metal 
industry is that Finland, Sweden and Norway all have 
great potential for developing their existing industry. 
All three of these countries have rich mineral assets 
stored in the bedrock. The mineral and metal industries 
in Finland and Sweden are well developed, unlike in 
Norway. In several cases, the new deposits in Green-
land and the northern part of Sweden, for example, 
are difficult to access, and it may be necessary to invest 
in infrastructure in order to access and transport the 
mineral finds. This study also shows that Greenland has 
great potential to become a large producer of sever-
al minerals classified as critical by the EU. Currently, 
there are several feasibility studies which indicate good 
conditions for e.g. zinc, iron ore, rare earth deposits and 
molybdenum. However, in order to overcome some of 
the challenges described above, investment (in infra-
structure and education for example) is important. 

The second aim of this pre-study has been to identi-
fy key challenges for conducting innovation within the 
Nordic mining and metal industry both now and over 
the next 5-10 years. Table 8 provides a short summary 
of the key challenges for innovation within the Nordic 
mining and metal industry. 

7. Concluding discussion
The pre-study highlights a number of important 
innovation challenges which need to be addressed. 
The key challenges common to several actors with-
in the mining and metal industry relate to both 
the technical and the social aspects of innovation, 
and more research is needed in order to gain more 
knowledge about these challenges and how they can 
be addressed. A characteristic common trait to all 
of the cross-border challenges is that they need to 
be addressed from both a technological and a social 
science perspective. 

Based on the key innovation challenges, we con-
clude that in order to cope with them firms need 
to develop their innovative capabilities to assimilate 
and acquire the right types of resources, as well as 
to possess the ability to realise the firm’s innovation 
strategy (Zahara and George, 2002). The specific 
innovation challenges represent important elements 
in an innovation strategy and need to be addressed by 
the firms in order to achieve their desired outcomes. 
Thus, the specific innovation challenges are main-
ly to enhance and develop innovation at the firm 
level. The cross-border challenges indicate some key 
dimensions which create and shape innovation both 
at firm and system levels. Hence, in order to enhance 
and develop the innovative capability in the Nordic 
mining and metal industry, a first step is to address the 
key challenges identified in this pre-study. 

Table 8. Key challenges for innovation within the Nordic mining and metal industry
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APPENDIX

Appendix 1 Questions to key actors  
in the mining and metals industry

•  Can you describe what you mean by “innovation” 
in your company, and how you innovate? 

  Innovation is a broad concept and therefore it can involve 
anything from technological development (exploration, the 
development of new products or refinement of an existing 
product) to process innovations (e.g. process development 
and development of work processes) or new markets and 
how to promote innovation (e.g. creative climate, corporate 
culture, right types of competence, cross-functional teams, 
sustainability, etc.). 

•  What do you think needs to be improved in terms 
of your innovation efforts? 

•  What are the main challenges for innovation in the 
industry (over the next 5-10 years)?

•  What parts of the value chain need to be im-
proved? (In your opinion, where is the industry 
strong or weak?) 

•  What efforts do you suggest on a regional/nation-
al/EU level in order to strengthen the innovation 
potential in the mining and metal industry in the 
Nordic countries?

•  What is your opinion about the future prospects of 
the mining and mineral industry?

•  There are a variety of national peculiarities and 
differences in the Nordic countries. What do you 
think makes mining and metallurgy unique in 
Sweden, Finland, Norway and Greenland respec-
tively?

•  What conditions come from the surrounding 
world, i.e. in your opinion what conditions cannot 
be influenced?

•  Are there any laws, rules or other barriers that 
hamper your innovation efforts? (If yes, what are 
they?)

•  From your perspective, is there anything you 
would like to highlight as particularly important 
for strengthening and developing innovation in the 
mining and metal industry in the Nordic coun-
tries?

•  Do you think there is a “Nordic perspective” on 
how to achieve innovation in the mining and metal 
industry? If yes, tell us about your experience in 
this respect. 

Appendix 2 Specialists consulted  
when drafting this report

Atlas Copco, Global Product Portfolio Manager 

Boliden, Technical Director

GEUS, Head of Department for Petrology and  
Economic Geology

GTK, Senior Advisor, Mineral Policy 

Kopparberg Mineral AB, CEO 

LKAB, Manager Process Technology

Länsstyrelsen Norrbotten, Project Controller 

Länsstyrelsen Norrbotten, Project Administrator 

Norsk Bergindustri, Vice President

Orkustofnun, Mineral Resources, Geologist

Outotec, Product Line Manager 

Pöyrö, Director Projects Mining and Metal

Ruukki Metals, Chief Strategy Officer 

Sandvik Mining, Vice President R&D Rock Tools 

SGU, Geologist 

SSAB, Vice President of R&D

STINTEF, Executive Vice President 

STINTEF, Senior Business Developer

Zinkgruvan, Communications Officer
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Commodity Unit 2009 2010 2011

Aluminum metal, secondary Metric ton 25000 25000 25000

Cement, hydraulic Metric ton 15780 16000 16000

Chalk, calcium carbonate Thousand cubic meters 2735 2600 2600

Clays26 

   Bentonite Metric ton 24040 23832 24000

   Other Metric ton 5000 5000 5000

   Moler, extracted Thousand cubic meters 202 225 225

Gold (Production from Greenland) Kilograms 1600 1600 1600

Lime, hydrated and quicklime Metric ton 115000 115000 115000

Nitrogen, N content of ammonia Metric ton 1600 1600 1600

Olivine Thousand metric tons 1100 1100 1100

Salt, all forms Metric ton 511063 601046 600000

Sand and gravel Thousand metric tons 46932 46932 50000

Stone, crushed Thousand metric tons 312 360 400

Sulfur, recovered Metric ton 3200 3246 3400

APPENDIX

Appendix 3 Tables on production of mineral, industrial minerals and metals 

This appendix is supplementary to section 4 of the report and provides country-level information as reported 
by the US Geological Survey (USGS, 2012).

Table 1. Estimated production of mineral commodities in Denmark25 

Source: USGS (2012)

25 Rounded data
26 Data on Kaolin production not available
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Commodity Unit Major operating companies and  
major equity owners

Location of main facilities Annual 
capacity

Cement:

   Gray cement Thousand metric ton Aalborg Portland A/S (Cementir Holding 
S.p.A.)

Plant at Rordal 2,700

   White cement Thousand metric ton do. do. 850

Chalk, (calcium 
carbonate)

Thousand metric ton A/S Faxe Kalkbrud Quarries at Stevns and 
Sigerslev

250

Diatomite (moler) Thousand cubic meters Damolin A/S Quarries on Mors and Fur 
Islands

230

Kaolin Thousand metric ton Aalborg Portland A/S Mine and plant on Born-
holm Island

25

Lime Thousand metric ton A/S Faxe Kalkbrud (Aalborg Portland 
Holding A/S)

Plant at Stubberup, near 
Fakse, on Zealand Island

200

Olivine Thousand metric ton Minelco A/S Seqi Mine, Fiskefjord 
(closed 2010)

2,000

Salt Metric tons Dansk Salt I/S Mine (brine) at Hvornum, 
plant at Mariager

6,000

Steel, semi- 
manufactures

Thousand metric ton NLMK DanSteel A/S (NLMK International 
B.V. 100%)

Plant at Frederiksvaerk 
(closed)

250

Table 2. Denmark’s mineral industry in 2011

Source: USGS (2012)
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Metal Unit 2009 2010 2011

Aluminum, metal, secondary Metric tons 17 885 18 000 19 531

Chromite:

   Cr2O3 content Thousand metric tons 247 250 250

   Of which:

   Foundry sand Thousand metric tons 5 5 5

   Lump ore Thousand metric tons 80 80 80

   Total Thousand metric tons 85 85 85

Cobalt, refined Metric tons 4 665 9 413 10 441

Copper:

   Concentrate, gross weight do. 49 730 50 000 54 500

   Mine output, Cu content do. 14 600 14 700 16 000

   Metal:  

   Smelter do. 139 710 151 000 158 000

   Refined do. 105 549 112 700 116 500

Gold, metal, mine output kilograms 1 785 1 800 6 417

Iron and steel, metal:

   Ferroalloys, ferrochromium Thousand metric tons 123 125 125

   Pig iron Metric tons 2 042 2 400 2 600

   Steel, crude Thousand metric tons 3 078 4 023 3 985

Mercury kilograms 6 210 6 000 5 000

Nickel:

   Mine output, Ni content Metric tons 4 400 4 400 18 244

   Metal, electrolytic do. 40 800 41 000 48 524

Platinum kilograms 265 275 275

Selenium, metal do. 66 028 65 000 65 000

Silver, metal do. 60 019 64 596 73 081

Zinc:

   Mine output, Zn content Metric tons 56 415 55 562 64 115

   Metal do. 295 049 307 144 307 352

Table 3. Production of metals in Finland

APPENDIX

Source: USGS (2012)
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Industrial minerals Unit 2009 2010 2011

Cement, hydraulic Thousand metric tonnes 1,052 1,200 1,514

Feldspar Metric tonne 45,000 45,000 45,000

Lime Thousand metric tonnes 410 425 425

Mica: Metric tonne

  Biotite Thousand metric tonnes 60 60 60

  Concentrate Thousand metric tonnes 10,000 10,000 10,000

Nitrogen, N content of ammonia Metric tonne 68,379 70,000 70,000

Phosphate rock apatite concentrate:e

  Gross weight Thousand metric tonnes 660 700 800

  P2O5 content Thousand metric tonnes 234 265 280

Pyrite, gross weight Thousand metric tonnes 679 650 938

Sodium sulfate Thousand metric tonnes NA NA NA

Stone, crushed:  

  Limestone and dolomite:

   Dolomite Thousand metric tonnes NA NA 81

   For cement manufacture Thousand metric tonnes 1,800 1,800 3,543

   For agriculture Thousand metric tonnes 640 640 NA

   For lime manufacture Thousand metric tonnes 325 325 NA

   Fine powders Thousand metric tonnes 650 650 NA

   Metallurgicale Thousand metric tonnes 1 1 NA

     Total Thousand metric tonnes 3,420 3,420 3,624

  Quartz silica sand Thousand metric tonnes 2,241 2,400 2,400

Sulfur:

  S content of pyritee Thousand metric tonnes 154 150 338

  Byproduct:

   Metallurgy Thousand metric tonnes 274 275 280

   Petroleum Thousand metric tonnes 127 125 133

     Total Thousand metric tonnes 401 400 410

  Sulfuric acid Thousand metric tonnes 851 850 1,068

Talc Thousand metric tonnes 500 500 500

Wollastonite Metric tonne 16,000 16,000 16,000

Table 4. Production of industrial minerals in Finland

Source: USGS (2012)
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Commodity Unit 2009 2010 2011

Gold Kilogram 1,600 1,600 1,600

Table 5. Greenland’s mine production27 

Source: USGS (2012)

27 Rounded data

Table 6. Greenland’s mineral industry in 2011

Commodity Unit Major operating companies and  
major equity owners

Location of main facilities Annual 
capacity

Gold Kilogram Angel Mining plc Nalunaq Mine at Nanortalik 700

Source: USGS (2012)

Commodity Unit 2009 2010 2011

Aluminium, metal, primary 804,605 825,803 780,853

Cement, hydraulic 138,000 140,000 140,000

Ferrosilicon 112,983 114,231 120,076

Pumice and related volcanic material:

  Pumice 95,000 92,000 90,000

  Scoria 1,000 1,000 1,000

Salt 4,500 4,500 4,500

Sand:

  Basaltic Cubic meter 1,000 1,000 1,000

  Calcareous, shell Do. 70,000 70,000 70,000

  Sand and gravel Thousand cubic meters 4,000 4,000 4,000

  Silica dust6 24,000 24,000 24,000

Stone, crushed:    

  Basaltic 90,000 90,000 90,000

  Rhyolite  Cubic meter 16,000 16,000 16,000

Table 7. Iceland: Estimated production of mineral commodities

Source: USGS (2012)
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Metal Unit 2009 2010 2011

Aluminium:  

  Primary Metric tonne 1,139,000 1,060,000 1,982,000

  Secondarye do. 350,000 300,000 300,000

Cadmium, metal do. 249 300 309

Cobalt, metal, refined do. 3,510 3,208 3,067

Copper, metal, refined, primary and secondary do. 33,900 32,000 32,000

Iron and steel:

  Iron ore and concentrate, Fe content Thousand metric tonnes 896 3,105 2,532

  Metal:  

   Ferro-alloys:

   Ferromanganese Thousand metric tonnes 197 297 338

   Ferrosilicomanganese Thousand metric tonnes 231 249 266

   Ferrosilicon, 75% basise Thousand metric tonnes 233 230 230

   Silicon metale Thousand metric tonnes 150 175 175

  Steel, crude Thousand metric tonnes 579 514 620

Mercurye Metric tonne 30 25 25

Nickel:  

  Mine output, concentrate, Ni content do. 369 351 339

  Metal, primary do. 88,577 92,100 92,427

Titanium:  

  Ilmenite concentrate Thousand metric tonnes 671 864 870

  TiO2 content Thousand metric tonnes 289 371 400

Zinc, metal, primary Metric tonne 137,622 147,775 153,200

Table 8. Production of metals in Norway

Source: USGS (2012)
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Table 9. Production of industrial minerals in Norway

Metal Unit 2009 2010 2011

Aluminium, metal:

  Primary  Metric tonne 69,708 93,000 111,000

  Secondarye  Metric tonne 30,000 30,000 30,000

   Total  Metric tonne 99,708 123,000 141,000

Copper:  

  Mine output, Cu content  Metric tonne 55,400 76,500 83,000

  Metal:     

   Smelter:

     Primary  Metric tonne 125,398 137,000 155,000

     Secondary  Metric tonne 65,000 42,000 44,000

Table 10. Production of metals in Sweden

Industrial Mineral Unit 2009 2010 2011

Cement, hydraulice Thousand metric tonnes 1,700 1,700 1,800

Clays Thousand metric tonnes 227 230 230

Feldspar Thousand metric tonnes 71 56 25

Graphite, flake Metric tonne 4,562 6,270 7,789

Lime, hydrated, quicklimee Thousand metric tonnes 100 100 100

Mica, flakee Metric tonne 1,000 -- --

Nepheline syenite Thousand metric tonnes 270 327 330

Nitrogen, N content of ammonia Thousand metric tonnes 300 300 300

Olivine sand Thousand metric tonnes 1,267 2,560 2,237

Sand and gravel Thousand metric tonnes 13,047 13,011 13,215

Stone, crushed:

  Dolomite Thousand metric tonnes 579 604 682

  Limestone Thousand metric tonnes 6,151 6,129 5,956

  Quartz and quartzite Thousand metric tonnes 1,022 1,055 1,162

Sulfur, byproduct:e

  Metallurgical Thousand metric tonnes 90 80 90

  Petroleum Thousand metric tonnes 20 20 19

   Total Thousand metric tonnes 110 100 109

Talc, soapstone, steatite Metric tonne 2,300 6,400 8,191

Titanium:  

  Ilmenite concentrate Thousand metric tonnes 671 864 870

  TiO2 content Thousand metric tonnes 289 371 400

Zinc, metal, primary Metric tonne 137,622 147,775 153,200

Source: USGS (2012)
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Source: USGS (2012)

Metal Unit 2009 2010 2011

      Total  Metric tonne 190,398 179,000 199,000

   Refined:  

     Primary  Metric tonne 205,759 150,497 179,316

     Secondarye  Metric tonne 25,000 40,000 40,000

   Total  Metric tonne 230,759 190,500 219,316

Gold:  

  Mine output, Au content Kilograms 5,461 6,242 5,935

  Metal, primary and secondary2 do. 13,282 12,450 10,600

Iron and steel, metal:

  Iron ore concentrate and pellets:

   Gross weight Thousand metric tonnes 20,389 27,917 22,968

   Fe content (60%) do. 12,233 16,750 15,159

  Metal:  

   Pig iron and sponge iron do. 1,966 3,447 3,240

   Ferro-alloys:  

     Ferrochromium  Metric tonne 31,345 32,000 32,000

     Ferrosilicone  Metric tonne -- -- --

      Total  Metric tonne 31,345 32,000 32,000

   Steel, crude Thousand metric tonnes 2,805 4,844 4,866

   Semimanufacturese do. 4,000 4,000 4,000

Lead:  

  Mine output, Pb content  Metric tonne 69,300 67,700 61,999

  Metal, refined:e   

   Primary  Metric tonne 55,000 56,000 52,400

   Secondary  Metric tonne 42,000 40,000 41,000

     Total  Metric tonne 97,000 96,000 93,400

Molybdenum, oxide, roasted, Mo contente  Metric tonne 2,800 2,800 2,800

Nickel, metal, secondarye  Metric tonne 50 50 --

Selenium, elemental, refinede  Metric tonne 20 20 20

Silver:  

  Mine output, Ag content Kilogram 288,600 302,100 238,030

  Metal, primary do. 481,223 385,684 415,066

Zinc, mine output, Zn content  Metric tonne 192,538 198,687 190,251
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Table 11. Production of industrial minerals in Sweden

Industrial Mineral Unit 2009 2010 2011

Cement, hydraulice Thousand metric tonnes 2,950 2,900 2,900

Diamond, synthetice Thousand carats 20,000 20,000 20,000

Feldspar, salable, crude and grounde 44,000 44,000 44,000

Fertiliser, manufactured:e

  Nitrogenous Thousand metric tonnes 400 400 NA

  Phosphatic do. 10 10 NA

  Mixed do. 300 300 NA

Graphitee  -- -- --

Limee Thousand metric tonnes 600 700 960

Quartz and quartzitee do. 700 700 NA

Stone:e  

  Dimension:

   Mostly unfinished Thousand metric tonnes 170 180 NA

   Granite do. 132 124 151

   Limestone do. 32 43 43

   Slate do. 16 16 NA

   Other do. 6 6 NA

  Crushed:  

   Dolomite do. 450 450 NA

   Granite do. 3,500 3,500 NA

   Limestone:   

     Chalk do. 80 80 NA

     For cement manufacture do. 4,000 4,000 NA

     For lime manufacture do. 950 950 NA

     For other construction and industrial uses do. 1,800 1,800 NA

     For agricultural uses do. 650 650 NA

     For other uses do. 1,500 1,500 NA

      Total do. 8,980 8,980 NA

  Sandstone do. 20 20 NA

  Undifferentiated do. 30,000 30,000 NA

  Other do. 350 350 NA

Sulfur:e   

  Metallurgy do. 240 240 240

  Petroleum do. 60 60 60

   Total do. 300 300 300

Talc, soapstonee  Metric tonne 15,000 12,000 12,000

Source: USGS (2012)

APPENDIX
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A pre-study on the Nordic mining and metal industry with the purpose of  
enhancing and developing its innovative capability.


