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Abstract In this paper, we analyze the strategies adopted by
the Swedish state-owned iron ore mining producer LKAB in
response to the 1970s energy crises, i.e., soaring energy input
expenses in combination with stagnating demand for iron ore.
The analysis builds on a unique empirical material, e.g., mi-
nutes from board meetings, over an extended time period.
This permits in-depth analyses of the two main strategies pur-
sued by LKAB at the time: (a) securing energy supplies (as
well as output sales) through upstream investments in uranium
and coal mining; and (b) engaging in own R&D to enable
energy-saving measures and product development. While
the LKAB experiences tend to support the notion that invest-
ments supporting broader societal goals, although at the ex-
pense of firm productivity, may be likely in the presence of
strong state government involvement, they also show that
state-owned mineral enterprises can be highly innovative
and competitive following investments in internal R&D.
Specifically, LKAB’s R&D contributed to significant product
development and energy savings, the latter occurring both in
the company’s own pelletizing process as well as in the pro-
cesses of key customers (i.e., the steel companies). The paper
concludes by highlighting a number of important lessons for
contemporary energy transitions in the process industries.
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Introduction

Modern mining operations are energy-intensive. Today,
the global mining industry accounts for more than one
third of total industrial energy use and just above 10%
of total final energy consumption (e.g., Guilbaud 2016).
For this reason, it has been imperative for mining com-
panies to identify and pursue energy-saving measures
that make them less vulnerable to energy price increases
without however jeopardizing the companies’ overall
competitiveness. The mining industry’s ability to
achieve this was particularly tested during the energy
crises of the 1970. Energy—and in particular oil—prices
soared, thus creating strong incentives for fuel substitu-
tion and reduced energy use in the industry. Moreover,
with the advent of the first oil crisis in 1973–1974,
global mineral demand stagnated (or fell) resulting in
depressed prices. For instance, world iron ore exports
tripled over the time period 1960–1974, but after that,
it remained stagnant until the early 1990s (Rönnbäck
1992).

The strategies that were used by mining companies to
address this dual challenge of high energy costs and
low output prices in part differed depending on produc-
tion technology, the mineral product, ownership pattern,
national institutional environment, etc. In this paper, we
take stock in Marian Radetzki’s seminal work on the
behavior and impacts of state-owned mineral enterprises
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(Radetzki 1985) and investigate the challenges faced
and the strategies adopted by the Swedish state-owned
iron ore mining producer LKAB during the 1970s ener-
gy crises. These crises were not only energy-related, but
they also implied a general slump in steel and iron ore
demand and a need for structural rationalization and
product development in the industry (e.g., Ericsson and
Isaksson 1981; af Geijerstam 1981).1 In this paper,
however, we focus on the role of energy use and supply
in this process.

We make use of a unique historical empirical material,
minutes from board meetings, and company newsletters in
combination with different secondary sources, over an extend-
ed time period. This permits in-depth analyses of the two main
strategies pursued by LKAB in response to the crises: (a)
securing the energy supplies (and output sales) through up-
stream investments in uranium and coal mining; and (b) en-
gaging in own R&D to enable energy-saving measures and
product development. The investments in coal—and not least
uranium—mining were in part also motivated for product di-
versification purposes.

By pursuing the above, the analysis adds to previous his-
torical research on industrial energy use and the importance of
energy efficiency for industry competitiveness. Economic his-
torians have addressed the interplay between energy supply,
energy use, and economic development, often noting that the
transition to a fossil fuel-based economy was essential to the
industrialization process and modern economic growth (e.g.,
Wrigley 1988; Pommeranz 2000; Kander et al. 2013;
Rosenberg 1994). Historians of business and technology have
in turn explored the entrepreneurship and the growth of major
companies in the electricity and oil industries (e.g., Hughes
1993; Howarth et al. 2007; Chandler 1990; Jones 1981). The
environmental impacts of energy production, not least in the
oil industry, have also been subject to historical scrutiny (e.g.,
Sluyterman 2010; Gorman 2001). Nevertheless, although
most business activities involve the use of energy and, since
the early 1970s, changes in the relative prices of energy car-
riers, and energy policies have led to altered managerial con-
ditions (Hoffman and Vantresca 2002); the strategies adopted
by industry to address energy-related challenges have not been
much explored by historians.

This pertains in particular to the mining and metal industry,2

where most previous work has been quantitative, i.e., estimating
productivity trends and price responses (Henriksson et al. 2014;

Fang et al. 2009). Such research has however neglected the role
of strategic decisions concerning energy use and efficiency at the
company level as well as how these decisions have been influ-
enced by market conditions, state involvement, and other con-
textual factors over time. This paper’s focus on the strategies
pursued by the Swedish state-owned iron ore producer LKAB
during the energy crises is an attempt to partly fill this research
gap.

The study of LKAB and the challenges this company faced
during the 1970s energy crises is interesting for a number of
reasons. First, it provides an interesting case of a state-owned
enterprise managing to remain competitive in the iron ore
market despite falling demand and soaring energy costs.3

LKAB was founded in 1890 and was nationalized already
during the first decade of the 1900s with 50% taken over by
the state and with the right to buy the remainder of the shares
at a later stage (e.g., Jonsson 1969). However, it lasted until
1957 until the state bought also these shares at a price agreed
through negotiations. Thus, since this year, LKAB has been
100% state-owned (Liedholm Johnson and Ericsson 2015). At
the time of first oil crisis, LKAB was owned by Statsföretag
AB, which had been formed in 1970 to govern the Swedish
state’s ownership of industrial companies. However, in 1983,
due to the financial difficulties encountered during the reces-
sion in the late 1970s, the Ministry of Enterprise took over the
direct responsibility of the country’s capital-intensive process
industries, including LKAB (Larsson et al. 2014) (see further
below).

Still, while the LKAB experiences from the 1970s in part
support the hypothesis that investments in projects that sup-
port broader societal goals but typically at the expense of firm
productivity may be more prevalent in the presence of strong
state involvement (see Radetzki 1985 and below), they also
illustrate that even state-owned mineral enterprises can be
highly innovative and benefit from substantial R&D efforts.
In other words, the character of the ownership may not be the
decisive factor for a mining company’s competitive strength,
but rather the ways in which the ownership and the manage-
ment of the mining operations are pursued.

Second, earlier research has illustrated how contemporary
sustainability transitions can learn from examining the chal-
lenges encountered—as well as strategies employed—during
earlier structural change processes (e.g., Meadowcroft 2011).
During the 1970s, Swedish industry faced a need for modern-
ization and structural rationalization, and similar challenges
are faced today combined with a demand for higher energy
efficiencies and the development of less carbon-intense tech-
nology (e.g., IVA 2013). Moreover, the 1970s was formative
for industrial energy-related R&D. The increased energy

1 See also the special issue of RawMaterials Report (1981) on the rise and fall
of Swedish mining. Notably, this issue reports on how the National Swedish
Industrial Board (in June 1981) presented a rather gloomy picture of the future
of iron ore mining in the country. Moreover, the prospects for LKAB improv-
ing its long-run relative cost situation were deemed to be limited.
2 Bergquist and Söderholm (2016) provide an analysis of how the Swedish
pulp and paper industry managed the transition away from oil and towards
overall lower energy use following the energy crises during the 1970s.

3 In 1975, the company estimated the costs of oil to increase sevenfold if no
action was taken to reduce oil dependence (minutes from LKAB’s industrial
council meeting, December 9, 1975, 7).
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prices had major impacts on countries’ entire energy systems
(Kander et al. 2013; McNeill 2000). Several industry strate-
gies and policy instruments were implemented, thus providing
opportunities for important lessons. In Sweden, the strategies
adopted relied on a strong emphasis on the central state as an
important driving force in the energy transition, e.g., in pro-
viding funding for development activities (Bergquist and
Söderholm 2016). In other words, learning about the strategies
pursued by LKAB to manage the oil crises of the 1970s should
be of great interest for both contemporary policy makers as well
as for representatives of energy-intensive industrial companies.

The paper proceeds as follows: In the next section, we briefly
review the literature on the behavior and the nature of state-
owned mineral enterprises. This is followed by a description of
the methodology adopted, including the source material used.
The empirical investigation is divided into four separate sections.
The first provides a short technical background to the production
processes of LKAB, while the second summarizes the energy-
related activities of the company prior to the advent of first oil
crisis in 1973. The remaining sections review and discuss the two
main strategies used by LKAB to address the dual challenge of
stagnating iron ore demand and soaring energy costs: securing
energy supplies (and revenues) through energy supply diversifi-
cation on the one hand and energy-saving measures and product
development on the other. A final section concludes the paper.

State-owned mineral enterprises: inefficient
or innovative?

Radetzki (1985)—and more recently Radetzki and Wårell
(2017)—analyzes the importance of state-owned enterprises
in the international mineral markets. These studies report and
discuss the often sizeable shares of global production that
these account for (see also Raw Materials Group 2011). In
large parts, they also discuss the presence of significant differ-
ences in market behavior between state-owned companies and
privately owned enterprises.

One of the most striking features of a state-owned enter-
prise is the presence of multiple objectives; the joint goals of
profit maximization and operational efficiency are typically
subordinated to the pursuit of a broader set of political goals
and/or agendas (e.g., security of supply, regional develop-
ment, job creation, satisfying the interest of powerful lobby
groups, etc.). In terms of investment behavior, the government
may require state-owned enterprises to pursue investments in
projects that may not be commercially viable but that instead
satisfy national strategic interests. This will risk crowding out
more productive investment projects, thus reducing the overall
profitability of the company.

This may impair the efficiency of the operations in a num-
ber of ways. Multiple goals make it more difficult to measure
managerial performance, not least since these goals tend to be

expressed in a blurred and unspecified manner.4 This is likely
to lessen the pressure to minimize production costs and there-
fore also the search for efficiency improvements. An impor-
tant aspect of this is the selection of top management; in the
presence of political interference, such selection may be done
less on the basis of managerial skills and instead on a desire to
disseminate political favors (Radetzki and Wårell 2017).
Several empirical studies support the notion that state-owned
enterprises often have been less efficient than their private
counterparts (Meggingson and Netter 2001; Schmitz 2004;
Rosenberg 1994; Borcherding et al. 1982; Gillis 1980). Das
(2012) has compared the performance of Indian mining ven-
tures and concluded that in the non-metallic sector (coal, iron
ore, etc.), the state-owned companies have only been half as
productive compared to the privately owned enterprises.

However, the claim that state ownership of mining enter-
prises is a bad idea, and that it is impossible to combine with
high productivity, has been questioned (e.g., Liedholm
Johnson and Ericsson 2015). Such evidence, it is argued, has
primarily been valid in the case of state-owned companies in
the developing countries. The ultimate economic success of
mining companies may however not be linked to the owner-
ship per se, but rather to the way in which the owner operates.
Even state-owned companies may act responsibly and refrain
from losing sight of the long-term interest of the company
(e.g., Ericsson 1996, Liedholm Johnson and Ericsson 2015).
State-owned mining companies may also have a strong capital
base, in turn facilitating long-term investments, e.g., through
R&D and pilot and demonstration activities. Furthermore,
previous studies have indicated the difficulties encountered
when comparing performances across companies, i.e., noting
how different institutional settings and additional contextual
factors often help explain why corporate strategies diverge
(e.g., Mikler 2009; Gunningham et al. 2003; Wallace 1995).
Ownership is therefore one out of many influencing factors
and its role may be exaggerated unless these are also properly
addressed.

The Swedish—and more broadly the Nordic—case is in-
teresting in these respects. For instance, Hall and Soskice
(2001) argue that business-state relations differed a lot be-
tween Sweden and the USA during the 1970s energy crises,
i.e., with a tendency towards adversarial relations in the latter
case and a model of political cooperation and active state
intervention in Sweden (see also Bergquist and Söderholm
2016). The Swedish approach was underpinned by a corpora-
tive political culture from the 1930s and onwards. This built
on consensus in the relationship between the government,
industry, and interest groups, all essentially sharing the view

4 Even if a specific goal has the highest priority at a certain point in time, the
multi-objective nature of the state-owned firm gives the decision-maker a great
deal of discretion. Put differently, it will be quite easy for the decision-maker to
motivate decisions taken by pointing out a suitable goal, of which there are
many to choose from (Vernon and Aharoni 1981).
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on the importance of technological development and produc-
tivity and that the Swedish welfare state should be built on
industrial modernization (Rothstein 1992; Lewin 2002). This
also affected the ways in which environmental regulations and
energy policies were designed and implemented; reductions in
industrial energy use as well as in air and water pollution
would be achieved by the combined use of efficient regula-
tions and public support to R&D as well as by further devel-
oping (rather than dismantling) the existing industry structure
(see also Söderholm et al. 2017).

In sum, the above leaves us with two partly contradicting
hypotheses concerning the behavior and the performance of
state-owned mineral enterprises, one emphasizing that state
ownership could imply significant inefficiencies in the man-
agement of mining operations and the other essentially sug-
gesting that ownership per se may not play a key role in how
mining companies perform. The empirical material (see the
next section) permits an in-depth analysis of what character-
ized the strategies and activities undertaken by a major
Swedish state-owned iron ore company in response to the
energy crises during the 1970s.

Methodology and empirical material

The empirical analysis in the paper builds on the use of the
qualitative historical case study method, primarily since this
permits a context-rich assessment of how choices at the min-
ing company level have beenmade in situations of uncertainty
and mutual influence between the company and the central
state. The process of dealing with soaring energy prices in a
capital-intensive industry takes time; it takes place within spe-
cific actor networks and is shaped by the available technolog-
ical knowledge at the time. An in-depth case study of the
company LKAB over an extended time period permits us to
better understand this context-specific process, i.e., the chal-
lenges faced and the solutions sought. Previous studies have
shown that reduced energy use was one key to LKAB gaining
stronger competitive strength in the early 1908s; its energy use
was then only a third of that of some of the company’s com-
petitors (e.g., Raw Materials Group 1981). Still, few studies
have analyzed at depth how the transition to lower energy use
unfolded.

The LKAB case is also interesting given the role of the
state as an owner. The policy documents underlying the initial
establishment of Statsföretag AB in the early 1970s, i.e., gov-
ernment bills, emphasize that the Swedish state’s influence on
LKAB’s operations (as well as those of the other affected
industrial enterprises) was to be channeled through this com-
pany. While the legislation made clear that profitability and
competitiveness in the market place are essential for industrial
growth, it also stipulated that the state-owned enterprises had
to address broader societal goals in their production and

location decisions (Government Bill 1969:121). For instance,
this implied that Statsföretag AB was responsible for
appointing the board of LKAB and for the overall planning
of the enterprises, in particular when it comes to new invest-
ments that could affect the structure of the industry and/or that
were new to the industry. Still, the management of the opera-
tions as such was left to the company’s CEO and its board.

The empirical analysis relies heavily on source material
that has been gathered at LKAB’s archive in Kiruna. It first
of all consists of minutes from LKAB board meetings with
associated appendices, as well as minutes (with appendices)
from the company’s industrial council meetings. During the
1970s and 1980s, LKAB’s industrial council (företagsnämnd)
was a body for information and consultation between compa-
ny management and employees. The access to detailed infor-
mation about the discussions taking place at the board meet-
ings (as well as in preparatory meetings) is unique in business
history studies, and it provides an opportunity to study com-
pany challenges and strategies chosen over time. The empiri-
cal investigation also builds on the consultation of the compa-
ny newspaper, LKAB-tidningen (LKAB Times), and the
company’s information sheets, LKAB-nytt (LKAB News).
These outlets were also gathered at LKAB’s archive in
Kiruna and function as supplementary sources of information.
For an overview of the above-mentioned material, see Table 1.

The study primarily focuses on the time period 1973–1985
in order to form a picture of the various energy-related activities
that the company undertook in response to the energy crises in
the 1970s. However, after an initial review of the material, it
was deemed necessary to investigate material also from earlier
years, the reason being that some of the activities dated back to
the mid-1960s (e.g., the focus on oil storage and exploration).
For this reason, minutes from LKAB’s board meetings starting
already in 1971 have been studied and in the case of LKAB
Times, the material collection went as far back as 1964.

LKAB—a brief technical background

Ore has been mined in Sweden for more than a thousand
years; besides iron, mainly copper, silver, and gold have been
mined for long. The mines of LKAB are situated close to the
Arctic Circle, nearby the towns Kiruna and Malmberget, and
they are among the largest and richest iron ore (mainly mag-
netite) mines in the world. The LKAB process flow can
(roughly) be divided into four main steps (see Fig. 1).

In the first step—the underground process—the solid ore is
mined (about 1000 m below ground level), coarsely crushed,
and transported from the mining area below ground level and
up to the processing plants above ground. The three process
steps above ground include sorting (dressing), concentration,
and pelletizing. The sorting and concentration processes in
turn consist of a number of sub-steps, the purpose of which
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is to reduce the particle size and separate out unwanted min-
eral grains to increase the iron content. The primary difference
between the sorting and concentration stages is that the ore is
rougher and dryer in the sorting process, while instead more
finely ground and handled as water-based slurry in the so-
called concentrating process. The reduction of particle size is
achieved through various types of crushers and mills. In the
concentration stage, flux material is also ground and mixed
with the ground iron ore (Bdressed ore^) to achieve the desired
product characteristics, i.e., chemical, mechanical, and
metallurgical.

During the 1950s and 1960s, LKAB’s final products
consisted of fines (Hellmer 1996a). However, already in the
1950s, the company decided to make use of—and further
develop—new technology permitting first micronizing
(milled) iron ore into fines (a powder), shaping these into
spheres, and then heating the iron ore spheres into compact,
high-grade iron ore pellets. This would provide LKAB with
the opportunity to remove phosphorous compounds and facil-
itate transport to consumers. Iron ore pellets can withstand

transport to the customers without breaking apart. During re-
cent years, the main products for LKAB have been iron ore
pellets for the production of iron in blast furnaces. Since a
blast furnace needs to be fed with a certain particle size of
ferrous material, the ore is pumped to the pellet plant for the
next step in the process chain. Here, the ore (along with flux
material, water, and binding agent) is rolled into Braw balls^
which are then heated up in a pellet oven (Hallberg 2013).

The pellet plant is divided into a cold and a warm section.
The cold section involves dewatering, addition of a binding
agent, mixing, and cold rolling. The slurry is dewatered with
large vacuum filters and then mixed with binding agent. The
dressed ore is fed into large roll drums where it is formed into
round balls. During the subsequent heat treatment in the sinter
machine, a number of different metallurgical reactions occur,
and at higher temperatures, the material in the balls sinters
together, which reduces the inner porosity while increasing
the strength of the ball. The sinter machine is divided into a
number of zones with three different functions. These are dry-
ing, heating, and cooling, after which the product is ready for

Table 1 Empirical source material

Minutes from LKAB board meetings with
attached appendices. Meeting location and dates

Minutes from LKAB’s industrial council meetings
with attached appendices

Stockholm December 16, 1974, § 82 Summary of minutes from the Kiruna and the Leväniemi’s
industrial councils’ joint meeting in Kiruna, December 20, 1973Stockholm May 30, 1978, appendix 40

Stockholm April 26, 1979, appendix 20 Meeting in Kiruna, March 26, 1974

Stockholm October 4, 1979, appendix 41 Meeting in Kiruna, December 9, 1975

Kiruna September 4, 1980, appendices 30 and 32 LKAB times, issues

Stockholm February 5, 1981, appendix 7 1964, No. 4

Malmberget June 12, 1981, appendices 18 and 19 1968, No. 1

Kiruna September 1, 1981, appendix 31 1971, No. 2

Stockholm September 7, 1982, appendix 9 1972, No. 2

Stockholm September 7, 1982, appendices 9, PM 1–2 1973, Nos. 1 and 4

Stockholm June 9, 1983, appendix 28, PM 1 and 3 1974, Nos. 2 and 4

Luleå December 15, 1983, appendix 67 1976, No. 1

Stockholm March 20, 1984, appendix 8 LKAB news, issues

December 20, 1973

Source: The Company Archive of the LKAB Group, Kiruna, Sweden
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Fig. 1 The production processes of the Swedish iron ore producer LKAB. Sources: Lager et al. (2010) and LKAB website (www.lkab.com)
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transport and delivery to the customers (e.g., Lager et al. 2010;
Hallberg 2013).

LKAB’s production processes have over time been very
energy-intensive, especially in terms of oil and electricity
use. For instance, up until the mid-1970s oil use at the
company’s pellet plants could range between 20 and 30 l per
ton of pellets (e.g., Magnusson 2012a). As illustrated below,
in response to the energy crises and the stagnation in iron ore
demand during the 1970s, LKAB attempted two separate
strategies to reduce its energy dependence as well as remain
competitive in the global market. The first strategy—strongly
endorsed and financially backed up by the Swedish state in the
initial stages—was to secure energy deliveries (and revenues)
through diversification to coal and uranium production.
However, LKAB also made pioneering R&D efforts to im-
prove the quality of its products and lower the energy use of
the company’s—as well of its customers’—production pro-
cesses (e.g., Rönnbäck 1992). In the end, this second strategy
proved to be—by far—the most successful.

Energy management at LKAB during the 1960s
and early 1970s

Given the importance of oil in LKAB’s early production
process, efforts were made to secure supplies in the case
of interruptions (e.g., strikes) even before the advent of
the energy crises. Already in the mid-1960s, LKAB built
an oil storage facility to secure oil supplies for their
planned pellet production increases (LKAB Times, 1964,
4:22). A few years later, the company was involved in oil
exploration activities initiated by the Swedish govern-
ment. Oil and gas deposits had been discovered in
Southern Sweden and at the bed of Baltic Sea, and the
government hoped that these discoveries—if found to be
economically exploitable—could help make the country
less dependent on imports of fossil fuels. Apart from
LKAB’s own dependence on oil supplies, the involvement
of the company in the exploration activities was motivat-
ed also by the company’s expert knowledge on mineral
processing and treatment. A number of private companies
as well as the state-owned electric utility National Water
Power Board (today Vattenfall) also participated in the
exploration endeavors (LKAB Times, 1968, 1:3; LKAB
Times, 1971, 2:3). In the early 1970s, the oil exploration
was expanded to areas outside Sweden; one reason for
this was that the exploration activities domestically had
not achieved the desired results.

However, in 1972, the LKABmanagement team recognized
that oil exploration could only be part of the solution (LKAB
Times, 1973, 1:3). The global energy demand was rapidly in-
creasing, and there were fears that oil production would not be
able to keep upwith this pace. Adding to the problematic picture

for oil was the many conflicts in the part of the world where the
greatest increase in the production of oil could occur, i.e., the
Middle East.5 For LKAB, an oil crisis would have serious ef-
fects on the oil-dependent pellet production, which would be-
come significantly more expensive and even be reduced in the
event of an acute (physical) oil shortage (LKAB Times, 1973,
1:3). Also at this time, though, the state-owned company
remarked that securing oil supplies was not only central to
LKAB but also to the entire country (LKAB Times, 1972, 2:3).

With the so-called OctoberWar in the Middle East in 1973,
the first oil crisis was a fact, and the concerns over the
company’s oil dependence became even more acute. Still, in
the short-term, the situation wasmanageable, in part due to the
company’s oil storage facilities (LKAB Times, 1974, 4:3).6

Over the long-term, though, additional action had to be taken,
and an immediate step was to initiate a so-called energy-sav-
ing group. This group comprised representatives from
LKAB’s various processes, a total of three full-time em-
ployees who would be completely dedicated to identifying
future improvements in the energy conservation process.
Specifically, the energy-saving group was assigned the task
of investigating how LKAB could save on oil and electricity
in a rationing situation, as well as how the company could
reduce energy use through long-term investments.

In late 1973, the energy-saving group verified that the ma-
jor energy users in LKAB’s production processes were pres-
surized air, grinding, crushing, and pellet manufacturing.
These could not become much more energy efficient in the
short-term. Instead, recommendations were made to save on
non-process energy use, such as lowering the temperature,
turning off lights, heat fans, and ventilation and heating sys-
tems in offices when these were not in use. In addition, the
company started to increase the shared use of vehicles, both
above ground and in the underground mines. An energy-
saving campaign was also initiated where the employees
could submit energy-saving suggestions for which they could
also be rewarded.

In spite of these efforts, though, already in March 1974, the
LKAB management team expressed that the energy issue had
become a significant cost factor for the company. Not only had
the direct costs for oil deliveries increased, but also electricity
costs because a quarter of LKAB’s electrical power was pro-
duced in oil-powered plants.7 In 1975, LKAB projected that
by 1980, the total expenses for oil could have increased from
SEK 20 million per year (in 1973) to about SEK 130 million
(i.e., from about USD 4 million to USD 26 million). The
corresponding costs for electricity could amount to SEK 170

5 For instance, in 1972, the LKABmanagement team noted that the American
Secretary of State predicted an oil crisis in the USA and other industrial coun-
tries during the 1970s (LKAB Times, 1972, 2:3).
6 Minutes from LKAB’s industrial council meeting, December 20, 1973, 10.
7 Minutes from LKAB’s industrial council meeting, March 26, 1974, 11.
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million per year (compared to SEK 50 million in 1973).8 The
dependence on oil in electricity generation thus made the task
of making the pellet plants more energy efficient harder, this
since at the time the only viable substitute to oil in the pellet-
izing processes was electricity.9 This motivated the company
to pursue a strategy of diversification towards other energy
sources such as coal and uranium and secure the supplies of
these.

Strategy #1—securing energy supplies and sales
through raw material diversification

After 1974, there are only a few status reports in the source
material related to oil exploration; instead the LKABmanage-
ment now directed its attention to uranium and coal mining.
The interest in nuclear power emerged already in 1973 (LKAB
Times, 1973, 1:3). In the same year in December, LKAB be-
come a partner in the so-called Ranstad uraniummine together
with the National Water Power Board and AB Atomic
Energy,10 and the plan was to resume extraction of uranium
from alum shale. Uranium intended for the Swedish nuclear
power program had been extracted there between 1965 and
1969. The mine had been built in the early 1960s so that
Sweden could be self-sufficient in terms of uranium, but as
the price of uranium was too low, profitability in uranium
mining could never be achieved during the 1960s
(Holmstrand 2007). With the advent of the first crisis in
1973, however, the price of uranium soared and the mine
was considered to become profitable. LKAB could contribute
the necessary resources and knowledge to the project, because
a large part of the problems connected with uranium exploi-
tation concerned ore extraction and processing. In addition,
uranium ore had been found in several other places in the
country, including in the northern parts of Sweden where the
LKAB iron ore mines were situated.11

LKAB became the primary shareholder in the Ranstad
mine, and in 1975, it applied for a permit to resume opera-
tions. However, the project had to withstand harsh criticism
from the local population and from environmental organiza-
tions, and several municipalities threatened to use their mu-
nicipal veto. For this reason, LKAB withdrew the application;
another permit was sought in 1977 but this application was
also withdrawn due to renewed local opposition. In spite of
this setback, though, the Swedish government still wanted to

support R&D work at the mine. The Parliament decided that
the development work should continue at the Ranstad mine
from 1978 to 1981 for the purpose of laying the groundwork
for full-scale extraction. These R&D efforts were entirely
funded by government loans amounting to about SEK 126
million (about USD 30 million). Still, the plans for continued
operations ceased; LKAB never managed to achieve the price
agreements with the Swedish nuclear power industry that
would have made the project economically viable. During
1981, the uraniummining plans were completely phased out.12

As the uranium project limped along in the late 1970s,
LKAB—along with the Energy Commission of the govern-
ment13—decided that the use of coal should increase in
Sweden during the 1980s. Coal had dominated Swedish ener-
gy supply during the first half of the twentieth century and was
still an energy source that was widely available in the global
market. The Energy Commission suggested that by 1990, coal
could replace a full 40% of the current (1977) oil used in
Sweden, primarily in nuclear heating plants but also to a cer-
tain extent in hot water centers as well as in industry.14 In
May 1978, LKAB, the National Water Power Board and
Sydkraft (electric power company owned by a number of
municipalities in the south of Sweden) joined forces in the
new 1-year project Coal Supply 90 (BCoal 90^) for the pur-
pose of investigating the future market prospects for coal in
Sweden (e.g., coal supply potentials, logistics, environmental
impacts, etc.).15

In addition to setting up contracts with suppliers, LKAB
also saw business openings in terms of direct involvement in
owning and operating coal mines. Diversifying into coal made
sense in that LKAB had considerable mining and transport
knowledge; the management also saw possibilities for tech-
nology spin-offs. Nevertheless, a number of uncertain factors
were identified, such as long lead times for establishing new
mines and railways, the environmental impacts of coal incin-
eration, as well as the future price developments in the global
market for coal. Moreover, the profitability of future coal in-
vestments depended on state support.

Despite these economic risks, though, in 1979, the Coal 90
project presented results that confirmed that increased use of
low-sulfur coal could be a viable option for Sweden (and for
LKAB). In parallel with the Coal 90 project, LKAB had also
made preparatory work to start up a coal company (see further
below); this included communications with Poland, USA, and
Australia concerning trade in coal. The prospects for being

8 Minutes from LKAB’s industrial council meeting, December 9, 1975, 7.
9 Minutes from LKAB’s industrial council meetings, December 20, 1973, 8–
12, andMarch 26, 1974, 10. See also LKAB Times 1973, 4:3; and LKABNews,
December 20, 1973.
10 AB Atomic Energy was a semi-government owned company founded in
1947 to explore and extract material for the utilization of nuclear power and to
build nuclear reactors at the service of both research and industry.
11 Minutes from LKAB board meeting, December 16, 1974, § 82, 6–7.

12 Minutes from LKAB board meeting, September 4, 1980, Appendix 32, 1–
3.
13 The Energy Commission represented Sweden’s first government energy
policy inquiry. It was appointed in 1976 with the task to present a comprehen-
sive basis for the country’s energy policy in the 1980s (Government Bill 1978–
1979:115).
14 Minutes from LKAB board meeting, May 30, 1978, Appendix 40, 1. See
also Government Bill 1978–1979:115.
15 Minutes from LKAB board meeting, May 30, 1978, Appendix 40, 1–3.
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involved in the operation of coal mines in the USA, Australia,
and Canada were also addressed.16

Thus, in 1979, the mood was overall positive in LKAB’s
management team concerning involvement in coal. This was
believed to be the only realistic possibility to reduce the oil de-
pendency of the company. Coal was even judged to be superior
to oil in certain application areas. Now, LKAB also conducted
R&D in the area of coal purification; different qualities of coal
were tested for the existing incineration technology. These activ-
ities were considered to play an important role also for the mar-
keting of any extracted coal. LKABwas engaged by a number of
government agencies, such as the Oil Replacement Delegation’s
Coal Group, the National Industrial Board, the National Water
Power Board (project on coal, health, and environment), as well
as by the international World Coal Study (WOCOL).17 In addi-
tion, the Swedish Coal Consortium examined a possible contin-
ued cooperation between LKAB, the National Water Power
Board, Sydkraft, the state-owned steel company SSAB, and
now also Stockholm Power Plant. The main objective was to
form a joint coal company that could assist in securing the energy
supplies of Sweden.18

LKAB’s further engagement in coal was however dependent
on the outcomes of the upcoming national referendumon nuclear
power. This referendum took place on March 23, 1980 with the
result, in brief, that the six nuclear reactors then in operation in
Sweden could still be used and six additional reactors could be
put into operation.19 However, the votes also suggested that in
the future, nuclear power would be phased out. Following the
referendum, LKAB’s confidence in future coal investments in-
creased, and it was deemed motivated to invest long-term in the
coal market. Such an investment would also increase the security
of Swedish energy supply, something which the board thought
would help attract government funding to the company’s coal
projects.

LKAB’s board argued that more capital and risk exposure
would be required; new capital had to be allocated to the new
subsidiary, LKAB Kol AB. The board also anticipated that state
subsidies would soon Bpour in^ for coal exploration and to cover
other preparatory costs. Awaiting a decision by the Parliament on
this, the board envisioned that LKAB would invest internally
generated funds in the subsidiary so as not to delay the ongoing
search for interesting coal mining projects. The board also

decided that the company should enter the Swedish Coal
Consortium as one of four partners.20

During the following winter (1980–1981), LKAB’s board
made a request to Statsföretag AB—a government entity
formed in 1970 for the purpose of taking care of the bulk of
the state-owned companies—to place SEK 50 million (about
USD 10 million at the time) for LKAB Kol’s capital needs.21

However, only a few months later, in the summer of 1981,
LKAB’s board was forced to let loose of the coal plans. For
the sixth consecutive year, the company reported negative
operating profits,22 and the board had to prepare an action plan
to come to terms with the economic problems. The board
decided that all non-iron ore activities should be reviewed
and evaluated, and that all development efforts in the energy
and mineral areas had to be funded through special grants
from the government in order to proceed.23 As far as the in-
volvement in coal was concerned, the board assessed that this
endeavor would require a significant addition of capital but
the prospects for government funding were now judged to be
bleak. The exception was exploration activities where the gov-
ernment offered favorable loans and funding of up to 50% of
the costs. For the above reasons, the board of LKAB decided
that the planned coal mining operations should be phased out.24

Thus, in the end, the strategy of diversifying into other
energy sources such as nuclear power and coal mining did
not prove successful for LKAB in spite parts of it being
backed up by the government.25 Part of the reason for this
was that diversification could alone not solve the dual chal-
lenges of soaring energy costs and the lack of competitive
strength following the decrease in iron ore demand.

Strategy #2—energy-saving measures and product
development

As was noted above, with the advent of the first oil crisis in
1973, LKAB focused on various short-term measures to re-
duce energy—and in particular oil—use (e.g., linked to trans-
port needs below and above ground and to ventilation and
heating systems). The oil use taking place in the major pro-
duction process such as in grinding, crushing, and pellet

16 Minutes from LKAB board meeting, April 26, 1979, Appendix 20, 1–3.
17 WOCOL was organized in 1978 by Carroll L. Wilson, Massachusetts
Institute of Technology (MIT), to assess the potential of coal for meetingworld
energy needs up to the year 2000 (Wilson 1980).
18 Minutes from LKAB board meeting, October 4, 1979, Appendix 41, 1–8.
19 After the referendum, the Parliament decided that all nuclear reactors would
be phased out by 2010. However, today, in 2018, this is no longer imminent.
Thus, it is now allowed to build new reactors to replace the ones currently in
operation (at the existing sites).

20 Minutes from LKAB board meeting, September 4, 1980, Appendix 30, 1–
3.
21 Minutes from LKAB board meeting, February 5, 1981, Appendix 7, 5.
22 The company reported negative operating profits during the period 1976–
1982 (Hellmer, 1996a), and in 1981, the operating profits was SEK 218 mil-
lion, i.e., about USD 50 million (minutes from LKAB board meeting, June 12,
1981, Appendix 18, 1).
23 Minutes from LKAB board meeting, June 12, 1981, Appendices 18 and 19.
24 Minutes from LKAB board meeting, September 1, 1981, Appendix 31, 3–
4.
25 It is worth noting that during the 1990s, many specialist mining compa-
nies—many of them iron ore producers such as Rio Tinto, moved into coal
mining. The growth of these companies in coal was primarily achieved by a
combination of mergers and acquisitions (Humphreys and Welham 2000).
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manufacturing could however, it was argued, only be reduced
following the initiation of intense development activities and
investments.

In 1974, LKAB started to devote particular attention to the
potential for oil savings in the company’s pellet plants. The
process engineers at LKAB made considerable efforts to im-
prove the energy performance of the company’s new pellet
plant at the Malmberget mine. This was a so-called belt fur-
nace plant; the investment commenced in 1973 and it took
over 2 years to build. Magnusson (2012a) reports that the
development efforts made at LKAB were pioneering; once
in operation, the plant used 40% less oil than a conventional
plant of the same type. Specifically, the new plant used about
10 l of oil per ton pellets produced, while the corresponding
number for LKAB’s oldest plant at the time (built in 1955)
was as much as 33 l. The remainder of the company’s pellet
plants (in Kiruna and Svappavaara, respectively), both built in
the late 1960s, used 16–17 l of oil per ton (LKAB Times, 1974,
2: 19–20). The oil savings in the new pellet plant arose from
having electrical fans convey the heat that was generated in
the cooling zone back to the drying and heat zones. In con-
ventional plants, most of the heat generated during the oxida-
tion from magnetite to hematite instead went out through the
smokestacks.26

In 1978, LKAB’s research department initiated laboratory
experiments for the purpose of creating an inexpensive and
flexible pelletizing process, which was also energy efficient.
The department developed a new process—the steel belt con-
veyor plant—in which the raw balls were baked on a perfo-
rated steel band with a bed layer of previously baked balls, to
counteract over-heating of the steel band. The initial results
proved very promising, and in 1980, the board approved the
building of a pilot plant in Malmberget. The first test runs in
the pilot facility during the winter 1981–1982were successful,
not least because they confirmed that the process would offer
great potential for oil savings.27 Specifically, oil use in the
pellet plant could be reduced to about 4 l per ton pellets pro-
duced compared to about 6 l in other modern pellet plants.
Also, the electricity use was no higher than that in conven-
tional plants.28

The new process was not only more flexible than its pre-
decessors: it was also possible to achieve profitability at small-
er scales of production albeit with a maintained high quality of
the pellet. The results from the pilot tests brought the attention
of Swedish and international industry, and the LKAB board
deliberated on the prospects for commercializing the process.
North America was deemed to be a particularly interesting

market; here, many old and energy inefficient pellets plants
with high production costs were operating.29

Besides the fact that small-scale pellet production could be
an interesting market niche for the company, it also offered
LKAB the possibility of producing and testing pellets of sev-
eral different qualities. In 1983, the board decided to launch a
more long-term investment, which in part included the build-
ing of a commercial-size reference plant. This facility would
not only be used for the purpose of exploiting the steel band
process; the determined aim was also to increase the condi-
tions for the company to mobilize and maintain a technical
head start in pelletizing, as well as the competence and the
capacity needed to develop and offer new products and tech-
nologies to the customers, i.e., primarily the blast furnaces of
the steel industry.30 Product development was in line with
LKAB’s general strategy to get out of the long-lasting eco-
nomic crisis, i.e., through a conscious shifting of the focus
from the mine operations to the processing stages. The motto
of LKAB became BQuality is our weapon,^ and this strategy
helped the company to produce more highly valued products
while at the same time reducing the dependence on oil and
other energy carriers.

The product development activities of LKAB had gained
considerable pace already during the mid-1970s. In spite of
the tough market situation during the two oil crises, the com-
pany maintained high levels of R&D efforts. The intense fo-
cus on R&D and product development in the pellets sphere
showed results, and in 1982, the company introduced the so-
called olivine pellets.31 The development activities were per-
formed jointly with the Swedish steel producer (SSAB).
Olivine pellets could be produced by concentrating the easily
enrichedmagnetite ore to a very high level of iron content, and
then adding olivine, a magnesium-rich mineral (Rönnbäck
1992; Hellmer 1996b). This new product required lower en-
ergy use during the actual manufacturing process (Berger
2011). Aswathanarayana (2012) concludes that during the pe-
riod 1970–2000, total energy use at LKAB’s pellet plants was
reduced by almost two thirds.

Furthermore, and equally important, the introduction of
olivine pellets led to substantial efficiency advantages in
LKAB’s steel mill customers’ production processes, i.e., in
the blast furnaces. The attractiveness of the olivine pellets lies

26 Minutes from LKAB’s industrial council meeting, March 26, 1974, 12.
27 Minutes from LKAB board meeting, September 7, 1982, Appendix 9, 1.
28 Minutes from LKAB board meetings: September 7, 1982, Appendix 9, PM
1; and in June 9, 1983, Appendix 28, PM 3.

29 Minutes from LKAB board meeting, September 7, 1982, Appendix 9, PM
2.
30 Minutes from LKAB board meetings: June 9, 1983, Appendix 28, PM 1;
December 15, 1983, Appendix 67; and in March 20, 1984, Appendix 8.
31 During the 1990s and onwards, LKAB continued to focus on product de-
velopment and advanced product lines. For instance, during the 1990s, the
R&D budget could amount to 3% of the total turnover, resulting in metallur-
gical labs, and pilot plants for experimentation in beneficiation and pelletiza-
tion (Rönnbäck 1992). Ericsson (1992) remarks that the attention devoted to
R&D within LKAB has been among the highest in the global iron ore busi-
ness. See also Lager et al. (2010) and Zuo and Hallin (2012) for reviews of the
more recent product development activities taking place at LKAB.
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in its ability to retain a porous structure in the reduction pro-
cess. This leads to high reducibility and a narrow melting, in
turn yielding high productivity and substantially reduced en-
ergy use in the blast furnaces.32 Specifically, in the blast fur-
nace, an important step towards lower energy use has been to
reduce the amount of slag, and this was made easier with the
introduction of olivine pellets. For instance, slag volumes at
the SSAB steel mills almost halved after the introduction of
the new product in 1982 (Rönnbäck 1992). In addition, the
high-temperature durability of the olivine pellets also helped
improve the blast furnaces’ productivity in general and energy
efficiency in particular (Magnusson 2012a).

In the end, product development—and thus not diversifi-
cation into new raw materials such as uranium and coal—was
LKAB’s key for overcoming the economic and energy-related
crises during the 1970s.33 This product development was
highly relevant also from an energy perspective and implied
both direct and indirect energy efficiency improvements.
During the 1980s, LKAB adopted a rather aggressive pricing
policy (i.e., offered a relatively low price premium) to estab-
lish its new products in the market and gain acceptance for
olivine pellets as a superior substitute to sintered fines. The
impact on sales was quick; already in 1983, the company
reported an operating profit of SEK 295 million (about USD
70 million). Two years later, LKAB’s profits were close to
SEK 2500 million (Jansson Myhr 2015).

Concluding discussion

The purpose of this paper was to analyze the strategies pur-
sued by the Swedish state-owned iron ore company LKAB
during the 1970s energy crises. The analysis illustrates how
LKAB transformed from a supplier of standardized iron ore
products sold at low margins in highly competitive markets,
into a manufacturer of customized products tailored to buyers’
specific needs, thus permitting premium prices and generating
high returns on capital (e.g., Rönnbäck 1992; Magnusson
2012a). The energy supply diversification strategy did how-
ever not prove to be a success.

The empirical material illustrates the involvement of the
state government in LKAB’s deliberations and decision-
making processes, at least in the case of the company’s coal
and uranium investment endeavors. For instance, the board
meeting minutes show how national concerns about security
were a key motive behind these investments. In addition, the

samematerial also illustrates how the company often expected
the in-flow of public funding to improve the economic attrac-
tiveness of the projects. Hellmer (1996a) also reports how
LKAB received significant amounts of government grants
during the 1978–1982 period; these were aimed at letting the
company write off some if the fixed assets, thereby reducing
capacity.

Our analysis of LKABs involvement in the uranium and
coal industries tends to support the hypothesis of state-owned
mineral enterprises embarking on projects that may not have
been entirely commercially viable. Thus, the more complex
and diversified goal structure of state-owned companies com-
pared to privately owned ones implies that the attention de-
voted to coal and uranium mining may have crowded out
other more productive investments.34

However, our empirical results also show that even state-
owned mining companies can be innovative and productive
when permitted to invest in projects closely related to its core
activities. Although LKAB was relatively closely tied to the
central government in Stockholm (see also Liedholm Johnson
and Ericsson 2015), in terms of iron ore mining/processing, the
company was—and still is—managed very much as any other
listed company. Its board of directors has been professional, and
the company has typically been able to reinvest and secure
enough internally generated funds when necessary. The R&D
efforts during the 1970s contributed to product development as
well as energy savings, the latter both in the own process as well
as in the blast furnace processes. In fact, LKAB’s R&D efforts
have overall been more profound than those of most listed min-
ing companies worldwide (Hitzman 2002; Ericsson 1996).

The LKAB case—and the focus on long-term technology
development—is also not unique in these respects. For in-
stance, from the 1980s and onwards, the Finnish state-
owned company Outokumpu developed proprietary technol-
ogies (i.e., flash smelters), which could later be sold and
licensed globally. In fact, both LKAB and Outokumpu have
grown to become global leaders in their respective niches.
Liedholm Johnson and Ericsson (2015) argue that the
Norwegian experiences of state-owned coal mines in
Svalbard provide another Nordic example that state ownership
may be just as effective as any private ownership.

Our finding of R&D-induced energy savings in the mining
industry is also consistent with previous quantitative
(econometric) research on the entire Swedish mining industry,
thus also including also metals mining and processing. See
Henriksson et al. (2014), although it should be noted that this
work focused on the time period 1980–2010 during which the
main attention was devoted to identifying improvements in
the production processes’ electricity efficiency (e.g., through
the development of so-called process integration tools).

32 Olivine pellets can also constitute 100% of the feed without impairing blast
furnace efficiency, i.e., no mixing with other ferrous materials is needed
(Magnusson 2012a).
33 LKAB also developed new high-quality pellets for direct reduction (DR)
processes, in this case with dolomite as binder (Hellmer 1996a). LKAB sales
of DR pellets increased substantially after the turn of the twentieth century
(e.g., Magnusson 2012b).

34 Encouraging existing specialist mining companies to diversify away from
their core activities is likely also an inefficient energy policy.
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Finally, this paper does also point towards a few generic les-
sons for future sustainability transitions in highly competitive
process industries. In particular, attempts by the government to
influence mining operations should primarily rely on regulations
and economic instruments that are performance- rather than tech-
nology-based. This relates to the presence of company-
government information asymmetries, that is companies know
more about their production processes (andwhat can be altered at
these) than the government. Performance-based policies (e.g.,
taxes on pollution and tax breaks for R&D expenses) make it
easier for companies to experiment with different technological
solutions and then choose the most efficient ones. This was
clearlywhat happened in the transition away from traditional iron
ore products to olivine pellets.

Moreover, R&D investment is an essential strategy for
managing long-run sustainability transitions in capital inten-
sive processes. However, the LKAB case may not necessarily
be representative in that global mining companies often are
claimed to under-invest in R&D. One reason for this is that
mining processes typically consist of a large set of compo-
nents and require the expertise of several companies to im-
prove them, thus making it difficult to patent new innovations
and more generally to avoid knowledge leakage to other com-
panies. For this reason, public R&D should perhaps play a
more significant role in the mining industry than has been
the case so far, at least for risky endeavors such as exploration
activities and long-term knowledge development. However,
the role of public R&D support in the global mining industry,
including the extent to which this differs across companies
depending on ownership patterns, requires further scrutiny in
future research.
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