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A B S T R A C T   

While attempts to conceptualise the future course of societal development often emphasise the high-level inte-
gration and blurring of boundaries between physical and digital space, digital transformation has already made 
current societies highly dependent on the flawless functioning of the digital infrastructures built globally around 
data centres. This study provides a comprehensive analysis of the recent emergence and maturation of the Nordic 
data centre industry. While paying special attention to questions concerning technological and societal change, 
as well as industrial and infrastructural inheritance, the research explores the development of the field that has a 
short history but strong ties with processes that can be traced back tens or even hundreds of years. Examining the 
continuity between old and new, the focus is not only on the material infrastructure but also on policies and 
practices that have paved the way for the evolution of stable Nordic societies with relevant human capital and 
business-friendly environments that support the incubation of new industries and the deployment of new 
technologies.   

1. Introduction 

During the past decade, the Nordic countries have developed into a 
European data centre industry hub, and the growth continues. Due to the 
large number of newly completed projects and the limited amount of 
information openly available, even the most recent estimates concerning 
the size of the industry differ from each other. However, the live ca-
pacity appears to be around 600 MW, which makes the Nordic data 
centre market the largest European market outside FLAPDs (Frankfurt, 
London, Amsterdam, Paris, and Dublin) [1,2]. This growth cannot be 
explained only by the rapid development of the industry worldwide or 
by the low risk of natural hazards and the cold climates in Nordic 
countries that offer competitive advantages for smartly utilised free air 
cooling. Rather, this article argues that the emergence and maturation of 
the data centre industry are connected with the industrial, infra-
structural, technological and social history of the Nordic countries. The 
study draws inspiration from Pickren’s [3] examples of ‘how the mate-
rial infrastructures of computing connect our digital present to our in-
dustrial past’ and from Vonderau’s [4] conclusions—based on a case 
study in northern Sweden—concerning the IT industry’s integration into 
and dependence on infrastructures that were established over decades or 

even centuries of industrial development. 
The functioning, structure, and business logic of the data centre in-

dustry can be better understood by dividing data centres into four 
commonly used categories. As hinted by the name, a hyperscale data 
centre is a huge facility (over 20 MW, with a minimum of 5000 servers) 
owned and operated by the company it supports and typically located in 
areas with abundant power, which may be remote from the company’s 
other core facilities. Enterprise data centres are also owned and operated 
by the company they support, but they are smaller and often built within 
the company’s existing facilities. The owner of a co-location data centre 
rents data centre space, power, cooling, and physical security to multiple 
customers who usually own the IT equipment. Cloud data centres are 
owned and operated by cloud companies, which sell their on-demand 
services (typically data storage and computing power) to various cli-
ents over the internet [5]. 

The factors impacting and explaining the development of the data 
centre industry in the Nordic countries are diverse. The Nordic Council 
of Ministers report on data centre opportunities in the Nordic countries, 
for example, considered 16 key factors influencing site selection and 
investment decisions, the most important of which were a reliable power 
supply, international data connectivity, low energy prices, political 

* Corresponding author. 
E-mail address: juha.saunavaara@arc.hokudai.ac.jp (J. Saunavaara).  

Contents lists available at ScienceDirect 

Technology in Society 

journal homepage: www.elsevier.com/locate/techsoc 

https://doi.org/10.1016/j.techsoc.2022.101931 
Received 6 June 2021; Received in revised form 7 February 2022; Accepted 12 February 2022   

mailto:juha.saunavaara@arc.hokudai.ac.jp
www.sciencedirect.com/science/journal/0160791X
https://www.elsevier.com/locate/techsoc
https://doi.org/10.1016/j.techsoc.2022.101931
https://doi.org/10.1016/j.techsoc.2022.101931
https://doi.org/10.1016/j.techsoc.2022.101931
http://crossmark.crossref.org/dialog/?doi=10.1016/j.techsoc.2022.101931&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Technology in Society 69 (2022) 101931

2

stability, a business-friendly environment with less procedures and rapid 
approvals in the planning process, abundant energy and other resources, 
a competent workforce, and a natural disaster-free climate [6]. 

Some data centres have adopted the infrastructures and spatial ar-
rangements of preceding industrial activities (i.e. data centres have been 
established in buildings and industrial locations previously used for 
completely different purposes [7]. This research not only focus on the 
reutilisation and transformation of physical facilities, but also pays 
attention to societal practices, the accumulation and transfer of knowl-
edge, and institutions that have supported and facilitated the develop-
ment of new technologically advanced industrial activity. This research 
examines how the emergence of the Nordic data centre industry is 
connected with the local industrial activity, infrastructures, sources of 
livelihood, and societal structures. 

This study is based on qualitative research methodology supported 
by qualitative analysis, and it utilises publicly available reports and 
declarations, media sources, data collected through semi-structured in-
terviews, and participatory observation (“Author 1” and “Author 3” as 
outside observers, “Author 2” as a practitioner with a long working 
history in the data centre industry). The paper consists of four sections. 
The introduction is followed by a section that provides an overview of 
the development of the industry globally and in different Nordic coun-
tries. The third section describes the connections between data centres 
and the production and distribution of electricity, as well as the role of 
other supporting infrastructures, human capital, and public policies. The 
discussion highlights the most important implications of the research, 
elaborates on questions concerning interconnections between old and 
new technologies and industries, and returns to the discussion con-
cerning the relationship between the material world and cyberspace. 

2. The emergence of the data centre industry in the Nordic 
countries 

Our understanding of the early history of data centres depends on 
how we define them. The technological origins can be traced back to the 
1960s′ time-sharing technology—which made it possible to share the 
cost of a computer by dividing its time between various users in a way 
which created an experience that the computer responded instantly to 
every user’s commands—or to different phases of computer data storage 
history. While early initiatives, such as the United States (US) govern-
ment’s 1966 plan to establish a National Data Centre to collect and 
centralise data from twenty-two government departments, attracted 
widespread attention decades ago, the history of the data centre in-
dustry, as we know it today, is much shorter. Company data centres used 
to be confined to technological hubs, such as Silicon Valley or New York, 
in the 1990s [8]. Although Google opened its first hyperscale data centre 
in the US in 1998, the great shift towards data centralisation and the rise 
of distributed computing happened in the mid-2000s. In practice, this 
change—which accompanied the emergence of cloud compu-
ting—meant that computation and data storage moved from servers 
stored inside offices and homes to (large-scale) data centres around the 
world [7,9]. 

When companies like Amazon and Microsoft began to build their 
own massive facilities and branched out to offer cloud services to other 
companies (e.g. Amazon Web Services (AWS) in 2006), the first data 
centre hubs, hosting various data centres, began to develop in areas with 
abundant energy reserves and good fibre-optic connectivity. The famous 
Data Centre Alley in Ashburn, Virginia—the home of one of the first 
internet exchanges—was a pioneering region through which half the 
world’s data traffic flowed at the end of the 1990s. Although the sub-
marine fibre-optic cable boom in the early 2000s prepared the ground 
for the spread of the industry, both the number of data centres and the 
percentage of global traffic going through Virginia continued to increase 
[10–12]. Meanwhile, besides constructing data centres in northern parts 
of the US, the tech giants began to consider the possibilities offered by 
cold regions in different parts of the world [5,13]. 

Frankfurt, London, Amsterdam, and Paris (the so-called FLAP mar-
ket) emerged early, since the data centre hubs in Europe dominated the 
co-location and cloud sectors, owing their success to physical proximity 
to many consumers and industries, and were also forerunners in digital 
connectivity. Amsterdam, for example, was an early node for the 
internet in Europe that initially developed through academic coopera-
tion [14]. While the more recent evolution of Dublin as a leading data 
centre hub in Europe—there are 70 operational data centres in Ireland 
with 900 MW of connected power capacity most of which are concen-
trated around Dublin [15]—was based on excellent international con-
nectivity and proximity to internet exchanges and submarine cable 
landings, Ireland’s low corporation tax rate also played a significant role 
in this development [6,16]. Latency (i.e. the time required for data to be 
transferred between the nodes in the global communications network) is 
also a crucial factor affecting the location of data centres. Therefore, the 
emergence of Marseille—where many submarine fibre-optic cables from 
Asia, the Middle East, and North Africa converge—as a new data centre 
hotspot is understandable [17]. 

Among the Nordic countries, Sweden is perhaps the most recognised 
player in the international data centre market. The internet reached 
Sweden in the early 1980s, and its early progress was due to some 
enthusiastic developers, scholars, and universities creating and using the 
first connections to send emails and datasets. Commercial activities were 
gradually launched in the early 1990s, and Sweden was also a fore-
runner at the state level. Although sceptical comments concerning the 
longevity and usefulness of the internet were made at the time, the 
Swedish Prime Minister Carl Bildt paved the way for future communi-
cation between heads of states with his email to President Bill Clinton in 
1994 [18,19]. 

The early history of data centres in Nordic countries can be traced 
back to the 1960s when Swedish municipalities built a centralised data 
centre (Kommun-Data), the services of which were used for electricity 
accounting and calculations and for the management of social benefits. 
However, it was neither the privatisation of Kommun-Data in 1968 (it 
later became known as Enator and played a significant role in the dig-
italisation of the public sector in Sweden) nor the various small company 
data centres established by private enterprises during the following 
decades that brought this field into public awareness. Instead, the 
establishment of Facebook’s data centre in Luleå in 2013 was a major 
milestone and in many ways the beginning of what is nowadays un-
derstood as the Swedish data centre industry. Facebook’s investment 
decision was made in 2011, but the negotiations and preparations 
started earlier, both at the national and local level. During the following 
years, the industry not only grew in size, but also became more pro-
fessional, systematic, and standardised [20]; J-O. Johansson, personal 
communication, October 1, 2020; T. B. Minde, personal communication, 
March 2, 2018; T. Sokolnicki, personal communication, October 23, 
2020). 

Significant industry and knowledge clusters developed in both the 
northern Luleå–Boden–Piteå region and in Stockholm and several other 
locations in central and southern Sweden. Amazon established its 
hyperscale data centre in Mälardalen, and Microsoft established other 
data centres in Gävle, Sandviken, and Staffanstorp [21,22]. Further-
more, Google has acquired land in Avesta [23], and smaller facilities 
offering services to latency-dependent customers have developed in 
various locations. Within less than ten years, the data centre sector has 
become something described as Sweden’s new basic industry (T. B. 
Minde, personal communication, March 2, 2018; [24]. 

The state-owned VTTK (Valtion tietokonekeskus) was established in 
1964 and it hosted Finnish universities’ first mainframe computer. The 
Centre for Scientific Computing (CSC), which was part of VTTK until the 
1990s, connected Finland to the internet in 1988 and acquired its first 
supercomputer in 1989. While the Finnish computer centres (the term 
data centre was not yet in use) in the 1980s were owned and operated by 
the companies themselves, the 1990s witnessed a gradual growth of 
individual centres, the beginning of the outsourcing of IT services, and 
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the emergence of the first co-location centres. In 1996, VTKK merged 
with a private company called Tietotehdas to become TT Tieto, which 
was renamed and then merged with Swedish Enator in 1999. The 
company that renamed itself Tieto in the late 2000s was one of the 
largest data centre owners in the Nordic countries in 2010, operating 15 
data centres, the majority of which were in Finland and Sweden. The 
company and its competitors provided IT infrastructure outsourcing 
services to a variety of industries, including the pulp and paper, lumber, 
energy, manufacturing, and automotive industries [25,26]; A. Kurvi, 
personal communication, April 9, 2021; [27,28]. 

Despite the preceding developments, the establishment of the Google 
data centre in Hamina in 2011 was in many ways the starting point for 
the data centre industry in Finland and prompted attempts to attract 
further investment (A. Akujärvi, personal communication, December 7, 
2020). Although succeeded by the establishment of data centres owned 

by Yandex, Equinix, Hetzner, and Telia, for example, the kind of boom 
that occurred in Sweden did not materialise in Finland. The main reason 
for the decline of Finnish competitiveness was due to differences in 
national energy tax policies between the Nordic countries. Besides the 
Finnish government’s recent decision to drop the energy tax for data 
centres of over 5 MW size, the expectations concerning future growth in 
the Finnish data centre sector are connected with the project, which 
plans to connect East Asia, North America, and Europe via a new sub-
marine cable system under the Arctic Ocean [29,30]; Saunavaara). 
Furthermore, the decision to locate one of the world’s most efficient 
supercomputers, LUMI (lifespan 2021–2026), in CSC’s data centre in 
Kajaani as part of the European High-Performance Computing Joint 
Undertaking, has strengthened Finland’s position in the field of scien-
tific data processing [31] (Fig. 1). 

From the perspective of the data centre industry, Denmark has an 

Fig. 1. A map describing the major data centre hubs and important data centre locations in the Nordic countries. 
Sources: Nordic Data Center Market. Baxtel. https://baxtel.com/data-center/nordics; Sweden interactive maps: Datacenter industry. Invest in Sweden. https://www. 
business-sweden.com/services/invest-in-sweden/ 
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advantageous position due to its many international submarine cable 
connections and proximity to several internet exchanges. Furthermore, 
besides being a transit land for data, Denmark is interconnected with 
many of its neighbours through its highly reliable electric grid. The 
possibilities for a data centre industry were first recognised in 
2011–2012 in the Invest in Denmark, and the country’s early interest in 
and drive towards digitalisation have been described as factors that 
prepared the ground for the arrival of the new sector; for example, the 
state’s commitment to a public digitalisation strategy in the late 1980s 
catalysed a range of public-private partnerships (some of them priva-
tised in the 1990s) that built Denmark’s extensive data cable network. 
However, it was the construction of the international hyperscalers (for 
example Apple in Viborg, Facebook in Odense, and Google in Fredericia) 
that energised an industry previously characterised by relatively small 
co-location data centres serving only domestic customers and storing 
domestic data. While the hyperscale sector continues to grow in 
Denmark, it has also been supported by the development of interna-
tionally oriented co-location data centres (Datacentre Dynamics, 2020 
[9]; J. Thorgård, personal communication, March 19, 2021). 

The long-term average price of electricity is cheaper in Norway than 
in the neighbouring countries, and its production is 98% renewable 
[32]. Norway was also the first non-English speaking nation to join the 
Arpanet (the forerunner of the internet), and many studies have 
mentioned Norway as the most digitalised country in the world [33,34]. 
Before 2010, however, DigiPlex was the only internationally oriented 
data centre in Norway. ErgoGroup and EDB Business Partner, which 
merged to become Evry (which in turn merged with Tieto in 2019), 
served public sector clients. When the data centre industry began to 
develop rapidly in the Nordic countries at the beginning of the 2010s, 
Norway missed the first wave despite the arrival of Facebook in northern 
Sweden opened eyes to the potential of the field. Those paying attention 
to the emerging data centre industry found it difficult to place their issue 
on the agenda at a time when the economy was growing and new in-
vestments in the oil industry were being made. Eventually, the emer-
gence of companies like Green Mountain (using an underground facility 
at Rennesøy in a former NATO ammunition store) and Lefdal (using a 
facility in an abandoned gemstone mine) as domestic co-location data 
centres marketing Norway abroad, and the entry of the energy sector 
through the data centre site development carried out by the state-owned 
Statkraft, paved the way for a national data centre strategy (B. Fasmer 
Waaler, personal communication, January 25, 2021; [35]. 

The 2018 strategy entitled Norway as a Data Centre Nation 
demonstrated the government’s backing for the new industry and 
introduced tax reductions and incentives for projects that could improve 
Norway’s international connectivity. Due to the significant investment 
in submarine cable infrastructure that followed, southern Norway 
became well connected, not only with Denmark, but also with Ireland 
and the US. Owing to companies like Bulk Infrastructure, the situation of 
80% of Norwegian data traffic going through Sweden was in the past. 
Furthermore, Bulk Infrastructure has built data centre campuses in Oslo 
and Kristiansand (which could be developed into the largest facilities in 
Europe); major international players such as Microsoft, Orange Business 
Services, Volkswagen, and Aquila Capital have recently established 
themselves in Norway; and Google has acquired land for later devel-
opment [36,37]; B. Fasmer Waaler, personal communication, January 
25, 2021 [38,39]). 

The beginning of the Icelandic data centre industry was connected to 
a wider recovery strategy promoting the IT sector after the bank crisis in 
2008 [7]. During the past decade, the British-owned company Verne 
Global has built a data centre at the former NATO military base on the 
Reykjanes peninsula to serve the supercomputing needs of enterprise 
clients such as BMW, and Vodafone Iceland has established a large-scale 
data centre in Reykjavik. Other key players are Etix Everywhere Borealis 
and Advania, which primarily rents out space to Bitcoin miners. While 
most of Iceland’s selling points are similar to those of other Nordic 
countries, the fact that virtually all electricity is generated from 

renewable (geothermal and hydroelectric) sources has been a major 
factor differentiating the country from other data centre locations. Also, 
risks relating to seismic and volcanic activity are distinctive features that 
are not associated with the other Nordic countries [40–44]. 

3. Data centres, technological change and society 

The connections between preceding industry and technology, exist-
ing infrastructure, and the emerging data centre sector are not typical 
only for the Nordic countries. In Chicago, for example, a few of the in-
dustrial buildings once used to process cheques, bake bread, print cat-
alogues, and build televisions have become large-scale data centres. In 
New York, an old biscuit factory has gained new life as a data centre, and 
the old properties of Western Union and the New York Port Authority are 
also hosting servers. Similarly, a submarine bunker in Marseille, built by 
the Germans during World War II (WWII), and a former Royal Air Force 
radar bunker in Kent have been converted into data centres. Iron 
Mountain, one of today’s biggest data management companies, was 
founded as Iron Mountain Atomic Storage, Inc., which operated vaults 
embedded in a mineshaft that were designed to survive nuclear war. All 
of these facilities are unique, but many of them share features such as 
proximity to power substations with spare capacity, the existence of 
industrial-scale electrical power and cooling water systems, and struc-
tures capable of carrying heavy loads [3,8,17]. 

While the previous users of the facilities usually took care of the 
accessibility and basic transport infrastructure, they sometimes also laid 
solid foundations for the security needs of the data centre sites. Although 
the most typical criminals threatening data centres are spammers and 
cyberthieves, the large number of old military facilities converted into 
data centres in different parts of the world, including Sweden, Norway, 
Finland, and Iceland [7,42,45,46], reflect the value seen (and often used 
for marketing purposes) in a physical security heritage [8]. The facilities 
that have been converted into data centres in the Nordic countries, such 
as paper mills in Hamina and Kajaani [47]; J. P. Partanen, personal 
communication, February 21, 2020), reflect the past economic activity 
typical of the region and are the most obvious and concrete examples of 
legacies between old and new industries. However, the connection be-
tween the data centres and Nordic societies is so complicated and 
multifaceted that it should not be addressed by overemphasising the role 
of the relatively few physical buildings that have been repurposed. After 
all, a great majority of the data centres in Nordic countries are estab-
lished in new facilities specifically designed and built to serve their 
needs. In view of the costs involved in the renovation of old buildings, 
the Nordic countries have been able to offer relatively easy access to 
land that has the necessary power and fibre-optic infrastructure avail-
able. This has encouraged companies to construct completely new data 
centre sites (T. Sokolnicki, personal communication, October 23, 2020). 

3.1. Price of electricity, the abundance of green power and the data 
centres 

Questions concerning the availability and price of electricity play a 
crucial role in the location of energy-hungry data centres and have 
significant effects on their operational costs, profitability, and expected 
returns on investment. The abundance and cheapness of local hydro-
power and the cold climate that facilitated free air cooling were factors 
that attracted the first data centre investment to the US Pacific North-
west [48]; T. B. Minde, personal communication, March 2, 2018 [3,13]; 
therefore, it is not surprising that issues relating to power generation and 
distribution form one of the strongest links between regional history and 
the recent emergence of the data centre industry in the Nordic countries. 
The power plants and highly developed electric grids that were origi-
nally built to meet the demands of the pulp and paper, metal, and 
chemical industries, for example, have paved the way for the develop-
ment of Nordic data centres. 

The basic factors behind the high per capita energy consumption 
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(and thus also the need for energy production) in Sweden, Norway, and 
Finland are linked to the cold climate, long distances, and relatively low 
population density. Although there were differences in the degree and 
pace of industrialisation and electrification across these countries, the 
use of electricity for residential heating purposes and the emergence and 
maturation of the energy-intensive industrial sectors are shared histor-
ical developments that explain the current situation. Electrification and 
the establishment of major providers of hydropower, such as Vattenfall, 
contributed to the industrialisation of Scandinavia and accelerated the 
development of the mining, iron, steel, aluminium, and wood- 
processing industries. During the post-war decades, Sweden and 
Finland also witnessed an enormous expansion in the use of fossil fuels, 
the emergence of nuclear power, and eventually a new emphasis on 
renewable energy sources [49–52]. 

Today, Denmark is globally known for its wind energy production 
capacity, and at the beginning of the new millennium, Denmark was one 
of the least energy-intensive economies in the European Union (EU). 
However, the energy profile of the country has undergone dramatic 
changes. Energy consumption grew rapidly during the post-war decades, 
and there was a transition from coal to a high dependence on imported 
oil as the primary fuel for electricity generation. This situation left 
Denmark vulnerable to the steep increases in the price of oil experienced 
in the 1970s. As a result of the oil crisis, Denmark initiated state-led 
energy planning, which led to the energy sector becoming more regu-
lated, and high political priority was given to the improvement of energy 
efficiency, the diversification of supply, and the development of do-
mestic energy sources. Through its development of North Sea oil and gas 
fields, Denmark became a major European producer, self-sufficient in 
natural gas by 1984 and in oil by 1993. In the aftermath of the oil shocks, 
Denmark decided not to build nuclear power plants and began to invest 
in wind power—a development that gained even greater speed during 
the 1980s and 1990s. Furthermore, the first of four submarine power 
lines to import electricity from southern Norway was completed in 1977. 
To help finance the huge investment in energy infrastructure, the gov-
ernment imposed relatively high taxes across the energy sector, partic-
ularly on imported fossil fuels [37,53–55]. 

During the twentieth century, Iceland transformed from a country 
dependent on peat and imported coal into a country that derived energy 
from local renewable resources. Hydroelectric power stations generated 
approximately 70% of the electricity produced in Iceland in 2020. 
Furthermore, after WWII, the National Energy Authority (Orkustofnun) 
invested in research and development (R&D), leading to the use of 
geothermal resources for district and home heating. Today, geothermal 
sources account for more than 31% of electricity produced in Iceland 
and approximately 90% of households are heated with geothermal en-
ergy. Although the data centre industry is a newcomer, the strong links 
between electricity and power-intensive industries in Iceland have a 
long history. The abundant energy resources have especially attracted 
the aluminium industry, which used up to 70% of the electricity pro-
duced in Iceland in 2013 [56,57]. 

The availability of renewable energy has become an extremely 
important factor in data centre investment decisions and a major mar-
keting tool for many data centre operators as well as the Nordic coun-
tries [58,59]. While the electricity generation mixes have varied across 
the different Nordic countries, their electric grids (excluding Iceland) 
are interconnected (and often connected with central Europe via 
Denmark), enabling cross-border exchanges. Furthermore, the coun-
tries’ willingness to cooperate led to the establishment of Nordic power 
trading markets at the end of the 1990s. These developments facilitated 
both the transfer and certification of (often green) power. The possi-
bilities offered by the integration of various national power systems, 
such as the opportunity to import and use Norwegian hydropower to 
stabilise Danish production including plenty of wind power capacity, 
have also been tapped by international hyperscale actors (B. Fasmer 
Waaler, personal communication, January 25, 2021 [49–51]; J. Thor-
gård, personal communication, March 19, 2021) (Fig. 2). 

The data centres that benefit from the renewable energy produced in 
the Nordic countries are not always located in any of those countries. 
Icelandic energy producers have actively sold green energy certificates 
to customers elsewhere in Europe, and the recent data describing the 
source of electricity in Iceland after trade with certificates of origin show 
that the share of renewable energy sources has decreased from 100% in 
2010 to 13% in 2020 [57]. This has raised questions about foreign off-
setting customers and local companies claiming the same renewable 
energy [40]. Google buys renewable energy in Norway and Sweden, but 
this is used to offset power used in data centres elsewhere in 
Europe—Finland, Belgium, and the Netherlands [38,60]. While the data 
centres located outside the Nordic countries are able to claim environ-
mental sustainability regardless of how the electricity they actually use 
is produced, criticism of the system has increased; therefore, the need for 
state-of-the-art tracking systems, such as the one developed by Vatten-
fall to ensure that its clients commit themselves 100% to renewable 
energy and can actually prove the origin of their power, may increase in 
the future (B. Fasmer Waaler, personal communication, January 25, 
2021; [61]. 

Although high grid costs and the difficulty of transferring energy 
have traditionally concentrated energy-intensive industries in the areas 
where energy has been produced, the regional imbalance in electricity 
production and consumption has a long history in Sweden [37]; B. 
Fasmer Waaler, personal communication, January 25, 2021; [52]. 
Nowadays, data centres are largely connected with this old problem. 
Before the rapid development of the data centre industry in the early 
2010s, most of the power used by the data centres was consumed in 
southern Sweden. Due to the growth of the northern Luleå–Boden–Piteå 
cluster, a great majority of all power used by the data centres in 2018 
was consumed in the north, where big hydropower plants have histor-
ically been located and many new wind power projects are underway 
[20]; T. B. Minde, personal communication, March 2, 2018). However, 
the recent growth of the data centre industry in the southern part of the 
country, which suffered from a serious peak-hour power shortage in the 
winter of 2020–2021 [62,63], has accelerated discussion about the need 
to build new power lines from north to south (J-O. Johansson, personal 
communication, October 1, 2020). 

3.2. Physical infrastructure supporting the development of the data centre 
industry 

The Nordic countries are known for their highly developed national 
grids. In Finland, the reliability of the electric grid, which was originally 
constructed to serve industries such as paper mills that depended on an 

Fig. 2. Proportions of renewable energy in electricity generation in Nordic 
countries and the EU, 2005–2018. 
Sources: Share of energy from renewable sources by reporting country, energy 
indicator and time (ENER08). Nordic Statistics Database. https://www.nordics 
tatistics.org/environment-and-energy/energy-use-and-supply/ 
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uninterrupted power supply, has made it possible to reduce investment 
in data centres’ backup generators. Furthermore, the data centres can 
generate revenue if they assist the Finnish national grid during service 
disruptions by temporarily disconnecting themselves from the grid (A. 
Kurvi, personal communication, April 9, 2021). The Nordic countries 
also have other infrastructural assets that go beyond the production and 
distribution of electricity. District heating networks are not directly 
linked with the primary functions of data centres, and they were not 
designed with servers and microprocessors in mind; however, the dis-
trict heating systems constructed during the post-war decades can make 
the data centres more cost-effective and environmentally friendly (B. 
Fasmer Waaler, personal communication, January 25, 2021; [53, 
64–66]. 

The basic idea of district heating is to use fuel or heat resources that 
would otherwise be wasted to satisfy local customer demands for heat-
ing. While combined heat and power (CHP) plants have provided a clear 
majority of the hot water used in district heating systems, waste-to- 
energy (WtE) plants and industrial processes have also been sources of 
excess heat. Since the fuel used is usually local, it is not surprising that 
the CHP plants in Finland and Sweden have often employed industrial 
biomass from the forest industry (wood waste from forestry manage-
ment, paper and pulp plants, and sawmills) [49,51,53,65,66]. 

The history of data centre waste heat re-use can be traced back at 
least to the 1980s, when a heat recovery system was installed at Kom-
mundata data centre in Alvsjö, Sweden. The early solutions to recover 
excess heat from IT equipment and use it to heat buildings were installed 
for purely economic reasons—because Sweden was one of the most oil- 
dependent countries in Europe in the mid-1970s, when the oil crisis 
rapidly increased energy prices. When the ideas of green IT and decar-
bonisation gradually became associated with the re-use of data centre 
waste heat, Sweden, Finland, and Denmark invested in R&D and became 
forerunners in both technology and practical application [5,20]. From 
the perspective of waste heat re-use, the optimal outside temperature 
should not be over 20◦ Celsius. While cold temperatures can, in princi-
ple, cause problems both to the equipment and people working inside 
the server rooms as well (recommended temperature is between 18 and 
27◦ Celsius), this trouble is easily solved by warming the outside air with 
the data centre’s exhaust heat, which is typically 30–40◦ Celsius (A. 
Kurvi, personal communication, January 27, 2022; [5]. 

Although the sale of heat is not data centres’ core business, the 
possibility of reusing waste heat in the district heating network has 
emerged as an asset used for marketing purposes (B. Fasmer Waaler, 
personal communication, January 25, 2021; J. Thorgård, personal 
communication, March 19, 2021). The abundance and cheapness of 
electricity has not provided similar historical incentives to develop 
waste heat re-use and district heating in Norway, but international 
pressure and data centre operators’ and customers’ expectations have 
given impetus to R&D relating to industrial reuse (i.e. reuse applications 
that do not require large-scale district heating systems). Furthermore, in 
February 2021, the Norwegian Government demanded that data centres 
and other large electricity-powered plants identify opportunities to 
utilise their surplus heat. Despite echoing the EU’s energy efficiency 
directive, the inclusion of data centres among the concerned facilities is 
a new Norwegian initiative [67]; B. Fasmer Waaler, personal commu-
nication, January 25, 2021). 

Data centres and fibre-optic cables form the two infrastructural pil-
lars on which global communication networks rely. Fibre-optic con-
nections, international connectivity, and the possibility of having 
several fibre-optic cables (often from different companies) converging 
on the actual data centre site are important factors affecting locational 
decisions. Geographical distances from global marketplaces and cus-
tomers have often posed challenges for many traditional Nordic export 
industries; however, in the case of the data centre industry, distances are 
not measured in kilometres but in milliseconds and latency. While the 
emergence of the data centre industry is highly connected to the pres-
ence of fibre-optic cable networks, the expansion of the latter has 

historically been connected with the development of telephone, tele-
graph, and even railway networks. In other words, fibre-optic cables 
have often followed the routes of telephone lines, which followed the old 
routes of telegraph wires, which in turn followed the railway routes [8, 
68]. 

The first telecommunication applications based on fibre-optics were 
developed in the late 1970s, and the first submarine fibre-optic cables 
were developed in the mid-1980s. Although fibre-optic cable connec-
tions were established in and between the more densely populated 
Nordic areas in the mid-1980s, the development of fibre-optic networks 
in more peripheral regions gained momentum much later. In Finnish 
Lapland, for example, the development really started only at the 
beginning of the new millennium, supported by state subsidies [68–70]. 
Although there have been differences in national broadband strategies, 
the Nordic countries are examples of nations that have been committed 
to the liberalisation of communication networks and services but have 
allowed a strong complementary role for the public sector through tax 
incentives, subsidies, public–private partnerships, and government in-
vestments [71,72]. 

When Facebook established its data centre in northern Sweden and 
Google settled in Hamina, the early trends of the Nordic data centre 
market pointed towards facilities built in areas outside the capital re-
gions and the biggest cities; however, when the next large investments 
were made in Denmark, the importance of accessibility and interna-
tional connectivity became better understood (B. Fasmer Waaler, per-
sonal communication, January 25, 2021). While the new international 
submarine cables and cable landings to southern Norway have recently 
made this region a very attractive place for data centres, many munic-
ipalities in the northern parts of Finland and Norway are placing great 
hopes on the Arctic submarine fibre-optic cable project, which could 
dramatically improve their position regarding transcontinental data 
traffic [73,74]. 

3.3. The importance of human capital and a workforce 

Because the data centre sector has grown rapidly, global competition 
for talent has intensified. According to the Uptime Institute study pub-
lished in January 2021, the data centre industry needs to find 300,000 
more staff (an increase from approximately 2 million to 2,3 million) by 
2025 [75]. Nordic countries are known for their high level of education, 
and the share of ICT specialists among the total working population is 
high. However, recruitment problems are familiar to many companies 
and the report published by the Nordic Council of Ministers pointed out 
that the Nordic countries are doing worse than their main rivals in the 
European data centre markets in terms of the availability of a competent 
workforce [5,6]. Therefore, the importance of questions concerning 
human capital and the availability of skilled workers has also increased 
in recent years in the Nordic countries (T. Sokolnicki, personal 
communication, October 23, 2020). Besides cheap hydropower and cold 
climates, the presence of workers with relevant skill sets and back-
grounds in the mining, agricultural, and forestry industries was a factor 
influencing decisions to build the first data centres in relatively remote 
northern communities, such as Quincy and Prineville in the US (T. B. 
Minde, personal communication, March 2, 2018). A similar shift of 
expertise and skilled workers also occurred in the Nordic countries. 

Although it has been argued that Copenhagen’s successful develop-
ment as a data centre hub owes much to the city’s preceding role as a 
telecommunications hub [9], it is important to recognise that the na-
tional and regional skill sets supporting the development of data centre 
industries in different Nordic countries are not limited to IT skills. The 
expertise in architecture and construction, fire protection, power dis-
tribution and energy systems, cooling, (fluid) mechanics, and automa-
tion that existed in the Nordic countries before and unattached to the 
data centres have played an important role in the development of the 
new field. People and competencies can therefore be considered an 
important connection between the data centre industry and the 
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industries and mission-critical infrastructure that had been present in 
Nordic countries for a long time (T. B. Minde, personal communication, 
March 2, 2018 [5]; T. Sokolnicki, personal communication, October 23, 
2020). 

While competitive advantage has been sought through the redirec-
tion of pre-existing knowhow, there have also been public attempts to 
prompt academic research and education to support private enterprises’ 
R&D activities. The gross domestic expenditure on research and devel-
opment has constantly remained relatively high [54], and 
data-centre-related research (both academic and company R&D) in the 
Nordic countries has often been connected to the cold climate, free air 
cooling, and the re-use of heat (Fig. 3). 

In other words, data centre R&D has built on existing knowledge and 
focused on finding the best ways to utilise the particular features of the 
environment, the existing infrastructure, and cooperation with other 
local industries. In practice, these activities have taken the form of 
projects aiming, for example, to develop the heat pump technology 
needed when data centres are integrated with district heating networks, 
or attempts to build symbiotic relationships between data centres and 
greenhouses, biomass drying facilities, and the fish farming industry (B. 
Fasmer Waaler, personal communication, January 25, 2021; [5]. 

Many such R&D projects have received funding from public sources, 
with funding instruments ranging from direct funding for universities 
and research centres to programmes carried out by national technology, 
innovation, or energy organisations. Furthermore, some Nordic data 
centre actors have successfully competed for EU Horizon 2020 and Eu-
ropean Regional Development Fund Interreg programme funding [5,76, 
77]; J-O. Johansson, personal communication, October 1, 2020; T. 
Sokolnicki, personal communication, October 23, 2020). As examples 
from the Luleå region show, the cooperation between universities and 
private businesses regarding data-centre-related matters has often been 
a natural continuation of previous collaboration between universities 
and other sectors, such as the steel, iron, and pulp and paper industries 
(J-O. Johansson, personal communication, October 1, 2020; [78,79]. It 
is, however, important to point out that the majority of the employees 
needed to run the day-to-day operations of a data centre are not IT 
professionals but electricians and other skilled workers; therefore, the 
data centre industry depends heavily on the development of vocational 
education in the Nordic countries (A. Kurvi, personal communication, 
April 9, 2021). 

3.4. Stable market-oriented liberal democracies with active industrial 
policies 

Political stability and a business-friendly environment with little 

bureaucracy and quick planning approvals have been recognised as 
strong points of the Nordic countries in the context of data centres [6, 
80]. Although individual interpretations concerning the paths leading to 
the current situation vary, the strength of democratic institutions, 
human rights, the rule of law, and public administration in the Nordic 
countries can most likely be connected with the development of the 
Nordic model of a welfare society. 

Despite Nordic governments carrying out institutional reforms in the 
1980s and 1990s that have been associated with Anglo-Saxon neolib-
eralism and strengthened criticism of the extensive public–private 
interaction, the Nordic countries have traditionally been characterised 
by economic and political systems with prominent government 
involvement. The public authorities have not limited their role to rule-
making and supervision, but have intervened in the markets and 
participated through high public-sector spending targeting, among 
other things, employment and economic growth. Public planning at all 
administrative levels, market regulations, and active participation have 
not, however, threatened the basic market logic as the basis for the 
dynamic and flexible Nordic mode of capitalism [81,82]. 

Public physical and social infrastructure monopolies, ranging from 
welfare and social security to education and hard infrastructure such as 
telecommunication, road construction, and postal services, have been 
yet another typical feature of the Nordic welfare states [82]; therefore, 
Nordic governments’ engaged role in the development of fibre-optic 
cable networks can be seen as a natural extension of traditional 
Nordic infrastructure policy. In sparsely populated Finland, the broad-
band strategy published in 2003 was followed by the Broadband 2015 
project launched in December 2008. The aim of the project was to 
ensure the development of fast broadband networks in areas where their 
commercial availability was unlikely. Although this project did not 
achieve its aims by the end of 2015, it increased general awareness of the 
significance of broadband connectivity, and state subsidies for similar 
kinds of activities have continued [37,72]; S. Linden, personal 
communication, May 23, 2017; [83,84]. 

The Finnish cabinet played a pioneering role when it introduced 
legislation that made broadband something akin to a basic service and 
mandated that a broadband rate of one megabyte per second (a speed 
requirement that was later revised) should be universally available to 
everyone in the country at a fair price. Although this kind of legislation 
lacked international precedents and affected teleoperators’ commercial 
activities through new demands for infrastructure development, it 
enjoyed wide political support and tended to echo the traditional Nordic 
idea of a welfare state with universal rights and regional equality [85]; S. 
Linden, personal communication, May 23, 2017). 

One should not only pay attention to the infrastructure and physical 
domain when tracing the factors that have supported the deployment of 
new technologies and development of new businesses in the Nordic 
countries. The Nordic information and communications technology 
(ICT) sector has not always stood out internationally with respect to 
venture capital, human capital, and technology; however, factors 
ranging from an enabling business climate to highly connected informal 
and formal social networks among entrepreneurs, experienced business 
people, and politicians have been identified as factors supporting the 
development of individual companies and ICT-related ecosystems in 
different Nordic countries [19,86]. 

Industrial policies attempting to stimulate business development, 
often hand-in-hand with science, technology, and innovation policies, 
have also been actualised in the establishment of institutions and or-
ganisations to promote innovation and growth. In Sweden, the estab-
lishment of the Ministry of Industry in 1969 was connected to the need 
to reconstruct the crisis-ridden shipbuilding, steel, and textile industries. 
Entities like the Swedish Business Development Agency, the Swedish 
National Development Company, the Swedish Investment Bank, and the 
Swedish National Board for Technical Development (STU, which later 
became Nutek and eventually VINNOVA) were established around the 
same time and reflected the government’s readiness to intervene to 

Fig. 3. Gross domestic spending on R&D in the Nordic countries, the EU and 
OECD (% of GDP), 2000–2019. 
Sources: Main Science and Technology Indicators. OECD.Stat. https://stats. 
oecd.org/Index.aspx?DataSetCode=MSTI_PUB 
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support technical development and innovation. Similar kinds of de-
velopments, such as the establishment of government-funded research 
councils in Denmark and the establishment of the Finnish Innovation 
Fund (SITRA), also occurred in the other Nordic countries. While Nordic 
industrial policies have occasionally been incorporated into regional 
policies, national and regional authorities have also often influenced the 
direction of industrial development through public ownership [86–88]. 

The beginning of active data-centre-related activities can be traced 
back to the second half of the 2000s, when the first requests for infor-
mation came from international data centre operators. Although the 
processing of the very first requests did not go smoothly, Invest Sweden, 
founded in 1995 and funded by the Ministry of Foreign Affairs, con-
ducted an initial market assessment and met with clients in the fall of 
2009. After these initial steps, culminating in Facebook’s investment 
decision, similar efforts have been made continuously, mainly within 
Business Sweden (established in 2013), which has been cooperating 
with regional development companies and municipalities (T. Sokolnicki, 
personal communication, October 23, 2020). When Google opened eyes 
to the possibilities offered by the data centre sector, Finland launched its 
national data centre project in 2010. This project analysed Finnish data 
centre offerings and potential target sectors and was followed by the 
Data Centre 3.0 project. This larger project was funded by the Ministry 
of Economic Affairs and Employment. It attempted to improve Finland’s 
reputation as a potential host of data centres and develop a national data 
centre investment portfolio. The founding partners of the project 
included regional development agencies and Invest in Finland, which 
was established in 1993 and became part of Finpro (the Finnish trade 
promotion organisation) in 2012. In 2018, Finpro merged with Tekes 
(the Finnish Funding Agency for Innovation founded in 1983) (A. 
Akujärvi, personal communication, December 7, 2020; [80]. 

Although Facebook did not ultimately choose Norway, the negotia-
tions with the global data centre actor turned out to be a valuable 
learning opportunity. While demonstrating Norway’s possibilities, the 
process also revealed its level of unpreparedness and lack of groundwork 
relating to infrastructure and site development. Furthermore, the new 
interest in data-centre-related foreign investment within Innovation 
Norway led to a pilot project in 2015, which paved the way for the 
establishment of Invest in Norway (B. Fasmer Waaler, personal 
communication, January 25, 2021). Similarly, Invest in Denmark––the 
state agency responsible for attracting foreign investment––formed the 
single point of contact in Denmark for communicating with new po-
tential data centre operators and helping them to settle in the country (J. 
Thorgård, personal communication, March 19, 2021). In Iceland, Invest 
in Iceland, which is part of a public–private partnership called Business 
Iceland, has taken charge of promotional activities and cooperated with 
local telecommunications operators and the national power company 
[7,42,89]. 

Many of our informants emphasised that national and EU regulations 
in the Nordic countries have restricted some of the more aggressive 
methods, which regional entities in the US use when competing for new 
data centre investments. The sub-national authorities’ possibilities to 
initiate tax breaks within their areas (such as state-level tax incentives in 
the US) or pay subsidies have been either limited or non-existent, despite 
Facebook’s first investment in Luleå being mentioned as an example of 
some state subsidies being paid. These limitations do not, however, 
nullify the highly important role municipalities and local development 
companies play. Readiness to assist in the construction of supporting 
infrastructure, as well as flexibility in the zoning and pricing of land 
(sometimes even granted free of charge) are examples of municipalities’ 
involvement in the attraction and development of the data centre in-
dustry (Hyyppä, personal communication, February 5, 2020; A. Kurvi, 
personal communication, April 9, 2021; S. Linden, personal communi-
cation, February 6, 2020; T. B. Minde, personal communication, March 
2, 2018; J. P. Partanen, personal communication, February 21, 2020; 
[4]. 

Besides the active role of the public sector (at both national and local 

levels), the recent development of the data centre industry has been 
connected with the organisation of the industry itself. Although the Data 
Centre Associations in different Nordic countries have not yet developed 
as influential as the corresponding organisation in the Netherlands, for 
example, they play an important role in lobbying and representing the 
interests of the industry (A. Kurvi, personal communication, April 9, 
2021; S. Linden, personal communication, February 6, 2020). 

While the price of electricity is, in general, relatively cheap in the 
Nordic countries, the role of the national electricity tax has been a sig-
nificant factor defining the inter-competitiveness of Nordic countries. 
When Finland dropped its electricity tax for data centres in 2011 [90], 
companies in other Nordic countries considered transferring their op-
erations to Finland; however, after Sweden cut the electricity tax for 
data centres at the beginning of 2017 to the lowest level allowed by the 
EU, and Norway followed suit a year later, Finland lost its international 
competitiveness. While some new investments were still made, decisions 
to build these facilities were made before the Swedish tax decision (P. 
Hyyppä, personal communication, February 5, 2020; S. Linden, personal 
communication, February 6, 2020; [23]. When Apple decided to settle in 
Denmark and established its data centre next to a power station con-
nected to Norway via submarine power lines, the company could actu-
ally use Norwegian hydropower at a reduced price due to the lower tax 
levels (at the time of the establishment) on the southern side of the 
Skagerrak strait (B. Fasmer Waaler, personal communication, January 
25, 2021). 

Finally, it is worth pointing out that public authorities’ attempts to 
attract new data centre investment into the Nordic countries seem to 
have been backed by a positive attitude towards the new industry sector. 
Although the past few years have witnessed criticism regarding the 
meaningfulness of attracting new data centres in Denmark and Sweden 
[91,92]; J. Thorgård, personal communication, March 19, 2021), the 
Nordic countries have neither experienced the temporary bans on 
building new data centres nor the widespread negative attitudes towards 
the industry that have appeared in some central European areas [93]. 
Public opinion and cultural context have thus remained supportive of an 
industry that combines high technology and many of the traditional 
assets of the region. 

4. Discussion 

Future-oriented concepts such as the Fourth Industrial Revolution 
(Industry 4.0) and Society 5.0 envision a high-level integration and 
blurring of boundaries between physical and digital space. The term 
cloud computing produces what Hu [8] describes as a layer of abstrac-
tion that masks the physical infrastructure of data storage. Furthermore, 
digital networks are often understood as structures that facilitate moves 
away from or beyond specific physical spaces. However, the question of 
where a data centre is situated is not indifferent. From the perspective of 
the dematerialised space of data, the location of the physical infra-
structure may be irrelevant, but in the material world, locational ques-
tions are carefully considered and connected with numerous variables 
reflecting natural (e.g. climate and natural hazard risk) and societal 
realities (e.g. human capital, infrastructure, laws, regulations, and pol-
icies) in a given spatial context. Although the existing situation and 
predictions of the future play a crucial role in investment decisions 
regarding new data centres, this article—with its geographical focus on 
the Nordic countries—shows that the past is also very much present in 
the newly emerged and technologically advanced data centre industry. 

Although external factors, such as the rapid global growth of the 
entire sector and the early investments made by the American tech gi-
ants, have played a crucial role in the development of the Nordic mar-
kets, a wide variety of internal factors need to be analysed if one wants 
to understand why and how the data centre industry has evolved in the 
Nordic countries. The availability of cheap and often renewable power, 
which is distributed through highly reliable and well-integrated grids, 
has clearly been a major pull factor attracting the data centre industry to 
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the Nordic countries. Yet, it is equally clear that these major assets have 
not been developed specifically with the data centre industry in mind 
but reflect instead the long-term needs of Nordic societies and in-
dustries. Similarly, technologies and infrastructures such as fibre-optic 
cable networks, which are directly linked to data centres’ capability to 
carry out their primary functions, as well as district heating networks 
that create possibilities for subsidiary revenue and improved environ-
mental efficiency, have strong ties with the societal development of the 
Nordic countries. Furthermore, the development of the new industry has 
also been linked with human capital and policies and practices that have 
gradually transformed the Nordic countries into a stable technology- 
oriented and business-friendly region where a workforce with data- 
centre-relevant skills is available and national and local mechanisms 
supporting the development of new industries are in place. 

While emphasising the continuity and importance of industrial, 
infrastructural and technological inheritance, we do not want to over-
look the differences between various Nordic countries. The ties between 
the data centre industry and the other industries are not fixed; they differ 
among the Nordic countries in both type and strength. Furthermore, 
some connections between the rapidly developing data centre industry 
and other industries remain difficult to identify; for example, the Nor-
wegian and Danish oil and gas industries, which may be gradually scaled 
down, have been mentioned as potential fields where employees with 
experience in mission-critical infrastructure might switch to the data 
centre industry in the future. This kind of transformation has not yet 
happened to any great extent (B. Fasmer Waaler, personal communi-
cation, January 25, 2021; J. Thorgård, personal communication, March 
19, 2021). 

Finally, it is worth emphasising that the emergence of the Nordic 
data centre industry is not the end of an industrial and infrastructural 
inheritance, but a new step in an ongoing process. Data centres have 
benefitted from the pre-existing physical, technological, institutional, 
and cultural environment in the Nordic countries, and the new industry 
is now opening doors for other technologies, investments and emerging 
business activities. The variety of new data-centre-related opportunities 
is great, ranging from companies servicing data centres in the Nordic 
countries to the export of knowhow and technology that has developed 
in home markets. Examples from Denmark show that the presence of a 
strong and internationally oriented data centre cluster may create 
spillover effects covering everything from the need to develop new flight 
routes to intensified international cooperation in education (J. Thor-
gård, personal communication, March 19, 2021). 

Data centres are significantly connected with the future planning of 
relevant infrastructure, such as the electric grid. Additionally, the 
increasing number of large-scale data centres challenges regional de-
velopers by supplying locally more excess heat that can be used by 
existing district heating systems (especially during the summer) and by 
providing plenty of low-grade heat that is currently primed with heat 
pumps, but which may be better suited for networks that employ the 
next generation of district heating technology (A. Kurvi, personal 
communication, April 9, 2021; [5]. The industry itself is still young, so 
we have not yet seen major transformations such as old data centre fa-
cilities being converted into industrial spaces for re-use by other in-
dustries. Nevertheless, the data centres, the infrastructure and human 
capital supporting their operations, and the public policies surrounding 
them have already become part of the contemporary technological and 
industrial landscape and a legacy for future generations. 
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