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ArctiqDC – Arctic Data centers project aims to strengthen the regional data centre 
industry's products, services, solutions, and offerings to customers (parties) outside the 
region, nationally or internationally. This should be done by demonstrating and proving 
that; Investing and operating data centres in Arctic regions have low and among the 
lowest investment and operating costs in the world in terms of cooling and power 
distribution. 
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1 Executive summary 
Data center business is growing fast. The purpose of this report is to study the market in order to understand 
prerequisites for Finland and Sweden to gain share of new data centers. Business models, user demands, and 
trends are found out. Three cases are presented to give practical understanding. Main interest is to look at 
markets from northern Finland and Sweden point of view. 

When a company is deciding where to locate a new data center (DC), several aspects are considered. Price 
of electricity in Finland and Sweden is among the lowest in Europe. Electricity cost is further reduced for data 
centers over 5 MW. The 2nd class electricity tax in Finland is 0.5 €/MWh, which is minimum allowed by EU. In 
Sweden tax is 0.5 SEK/kWh. In addition, there is proposal to have lower tax rate for smaller data centers as 
well in case DC sells extra heat, e.g., to heat distribution network. Stability of electricity grid is important 
because outages are very expensive to data centers. National electricity network in Finland has transmission 
reliability of 99.99982%, which is one of the most reliable grids in the world. Reliability of grid in Sweden is 
also high:  98.7%. Share of renewables of produced energy is high in both countries and growing all the time, 
thanks to wind power. Year 2018 hydropower production was 23% and 40% and wind power production 7% 
and 11% of total electricity production in Finland and Sweden, respectively. 

Fiber optical networks enable fast communication. Both in Finland and Sweden there are several backbone 
network operators such as Telia. Connections are branched from backbone to customers. Funet is a Finnish 
university and research network operated by CSC (IT center for science). Swedish counterpart is called Sunet. 
Latencies have been improved especially to Central Europe by new connections both on land and submarine. 
For example, latency between Helsinki and Frankfurt is 19.7 ms, and from Luleå to Amsterdam 25 – 30 ms.  

Cool climate enables less expensive cooling for a data center. There is abundance of water available, which 
can be used in cooling, as well. Also, there is a lot of land with building rights, many suitable sites for both 
brownfield and greenfield options. Data center companies favor locations with low risk and predictability. 
Earthquakes in northern Finland and Sweden are rare and mild, and there is no major flooding. Both countries 
have stable society, open public information, high data security, and privacy of information is well protected. 
In addition, corporate tax is relatively low – 20% in Finland and 21.4% in Sweden. 

Many ranking lists have been made including factors relevant to data centers (Table 1). Especially Investment 
monitor and risk index evaluate attractiveness of different countries from many points of view. All lists that 
were looked at ranked both Finland and Sweden among top-10. Based on the rankings and requirements 
described above conclusion is that Finland and Sweden meet prerequisites for data centers very well. 

Table 1 Ranking in Sweden and Finland in some ranking lists relevant to data centers 

Ranking list Finland Sweden 
Investment monitor data center ranking 2020 5 2 
Data center risk index 2016 4 5 
The state of data innovation in the EU 2 4 
Global innovation index 2020 (financing) 7 2 
Fragile states index 2021 179 -> 1 172 -> 8 
Network readiness index 2020 6 1 

 

Data centers can be divided into four main categories. Enterprise DCs support company’s own business. Co-
location or multi-tenant DCs offer infrastructure and computational services for many customers to rent and 
share. Edge DCs located near users enable low latency and high performance. Fourth group is hyperscale, 
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which is a very large, at least 10 MW data center. Hyperscale DCs are not common in Finland or Sweden. For 
example in Finland there are less than 10 DCs over 5 MW. 

Markets are driven by users’ demands. They also give rise for different trends. Customers need fast service. 
This can be offered by edge DCs placed close to customer, since they have lower latency and may have key 
functions to improve performance. Huge among of data generated by internet of things are may also be 
served by edge or local DCs, since then there is no need to transfer data over long distances. In general 
masses of data generated nowadays are best to be stored and analyzed in hyperscale DCs. People like to be 
connected to internet service from home of through smartphone, e.g., to stream content. Hyperscale DCs or 
edge DCs with caching are the solution to this demand. Hybrid cloud architecture allows company to have 
business critical data in private cloud and the rest in public cloud.  

The main trends in data center industry are that need for hyperscale co-location, and co-location DCs is 
increasing especially in Asia-Pacific and Europe. Majority of companies are also considering shifting to cloud 
infrastructure and applications. Edge computing is increasing fast thanks to IoT market and 5G networks. 5G 
allows company to build a private network dedicated to a specific location or business. Managing DCs 
remotely and automatization of IT operations is increasing. Robots may handle many tasks in future, e.g., 
rack rollouts. Tools with artificial intelligence use analytics and machine learning to automate IT operations 
and processes. Naturally sustainability is one major trend. This means green DCs meaning, e.g., minimizing 
consumption of power and water, using renewable energy sources, and distributing extra heat for further 
use. 

Data centers have different ways to create value. Infrastructure as a service (IaaS) means that DC company 
provides equipment to customer. Infrastructure normally consists of storage space, hosting services, servers, 
firewalls etc. DC takes care of maintenance and upgrades. Customer pays by usage. Sometimes it is cheaper 
to buy software than buy a lifetime license for it. In software as a service (SaaS) DC company offers SW for 
users, who access it through web browser allowing people easily to collaborate and share data. SW may be 
developed by DC company, or packages developed by a third party. Network as a service (NaaS) means that 
DC company offers services such as VoIP, VPN, private telephone network withing a company, or unified 
communication. Customer saves costs of technical expertise to setup and maintain similar services. Here 
customer pays by usage. DC company can offer platform to support certain programming languages for 
developers. Then developer can concentrate on designing, building it, and shipping own code. 

Data centers over 5 MW are entitled to lower electricity tax. In order to encourage smaller data centers to 
sell extra heat a law proposal has been made in the beginning of 2021. According to the proposal smaller 
data centers would get the tax benefit in case their extra heat is further utilized. The proposal is under EU 
notification procedure, which is expected to take some time to go through. Smaller DCs have proved the 
business model to be profitable. Several DCs have nowadays an agreement to sell extra heat to local heat 
distribution network. DCs can participate programs of reserves or balancing of electricity grid. The most 
relevant programs for DCs are fast frequency reserve (FRR, activated in a second), frequency containment 
reserve for disturbances (FCR-D, activated in 30 seconds) and frequency containment reserve for normal 
situation (FCR-N, activated in 3 minutes). These programs have been proven to be profitable for DCs. 

One more business model related to DCs is mining of crypto currency. Companies use cheap electricity 
combined with a fast set-up and low operations cost to run miners on ASICs. They contribute to blockchain 
through proof-of-work, and thus “mine” new bitcoins and earn transactional fees from the added blocks to 
the blockchain. Customers may be individuals or other companies and investors. The crypto currency mining 
companies have rapidly changed both locations, hardware, software, and what currencies to mine since the 
cryptocurrency field is still quickly and drastically changing. It is often important to get started as quickly as 
possible, so brownfields sites are often considered.  
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Three cases were looked at: Facebook (FB) in Luleå, Google in Hamina, and Kajaani cluster. FB came to Luleå 
because of reliable power grid, renewable energy, robust fiber infrastructure, cold climate, low risk for 
natural disasters, and national commitment and investment. Skilled workforce in ICT and presence of Luleå 
University of Technology were further reasons. Swedish government has subsidized heavily. FB has received 
140 million SEK in total investment thus far.  

Google looked for a location in the Nordics. Hamina was chosen because there was a suitable infrastructure 
for energy, suitable land to build on, and manpower. Additionally, local task force supported exceptionally 
hard during selection process, says Google. Power grid is reliable and includes mix of renewable energy for 
sustainability. Old paper mill site offered spacious buildings, sea water tunnel for cooling, sub power station. 
Google’s investment has been the biggest foreign direct investment (FDI) in Finland during last decades: 800 
million euros during 2009 – 2015. Copenhagen Economics has calculated that total impact on Finnish GDP 
was 660 million euros. 

Kajaani cluster has been mainly a co-operation between Kainuun Etu Oy owned by Kainuu region 
municipalities and CSC as an anchor company. Two projects were launched to create the cluster. Kainuun Etu 
led EDC Park (ecological park) project to form a DC cluster. Other participants were HIT Oy owned by local 
telephone cooperative, Renforsin Ranta owned by UPM, local research and educational institutes, and public 
sector. DC2012 was a commercial project to plan and build the actual data center. CSC needed to 
expand in addition to two DCs in Espoo. CSC chose old paper mill site in Kajaani because electricity was 
inexpensive, power grid reliable, solid ground, and infrastructure ecologically efficient. Hydropower was used 
to produce electricity, and warm water cooling enables extra heat to be utilized in the district area network. 
Renforsin Ranta site has also another smaller DC Hemann IT. CSC has recently built an EuroHPC 
supercomputer Lumi, which has world class performance. Lumi is financed by EU and Lumi Corsortium, where 
both Finland and Sweden are participants. 

Comparing cases there are different approaches. Google and FB were strong drivers in Hamina and Luleå, 
while Kajaani cluster was formed in co-operational mode. This was natural because CSC is owned by 
government and universities. Both Hamina and Kajaani DCs have been built on old paper mill sites. In Sweden 
the focus has been on greenfield building DC from the scratch. Although public support has been important 
in all cases, FB got very high subsidies from government. In all cases local companies have participated supply 
chain especially during building phase, but also later on. Schools on all levels have redesigned they curriculum 
and been able to educate skilled workforce for DCs. 

Conclusion 

We can say that both Finland and Sweden meet requirements for data centers very well. However, to attract 
new data centers, public support is important. Support means, for example, public funding, competitive 
regulations, and suitable infrastructure and land for data center companies. Usually, DCs are built close to 
targeted market. If prerequisites and public support are in order, then even hyperscale DCs may come to the 
Finland and Sweden as cases of FB in Luleå and Google in Hamina show. In Sweden there is currently a bottle 
neck because the power capacity has reached a limit, and there is a need to develop that sector further. 

2 Key requirements 
This section aims to collect and describe what factors are the most important for data center companies 
when choosing a site for their data centers, and then examine them in detail for Sweden and Finland.  

Four main factor groups are defined by Dybdal et al. (2018): Energy factors, connectivity factors, nature 
given factors and other business factors (Table 2). 
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Table 2 Identified factors data center companies take into consideration when looking for new establishment sites, 
according to Dybdal Christensen (2018) 

Energy factors Connectivity factors 
• reliability of the power supply 
• low energy prices 
• abundance of energy & other resources 
• availability of renewable electricity 

supply 
• other innovative energy solutions for 

reducing OPEX 
  

• the links with other regions through 
networks and fast data connections 

• proximity to international airport 
• closeness to customers 

Nature given factors Other business factors 
• cool temperatures 
• natural disaster-free climate 

• as time-to-market 
• taxes and duties 
• the access to affordable land with 

opportunities for space scalability 
• availability of competent workforce 
• political stability and long-term 

predictability 
 

 

The most important among these factors according to Dybdal et al. (2018) was: 

1. “Reliable power supply” and “international data connectivity” 
2. “Low energy prices”  
3. “Political stability” 
4. “Time-to-market”, “abundance of energy and other resources”, “competent workforce” and “natural 

disaster-free climate”. 

Tarczynska, K. (2016) surveyed the American data center market and found a slightly different order of 
priority for establishing data centers. 

1. Low geographical risk of natural and man-made disasters, such as hurricanes, earthquakes, flooding 
and nuclear plant failure, and their actual occurrence for the past 50-100 years. 

2.  Latency time to main customers 
3. Climate considerations, e.g., if the site’s temperature and humidity is suitable for datacenters and if 

it is possible to use the outside air for cooling. 
4. Infrastructure at the site such as access to roads, utility lines, and water pipes, and proximity to 

airports, highways, and railroads. 
5. Electricity price and the natural resource behind the electricity. 

The importance of low latency time is also confirmed by The Node Pole’s experience from working with data 
center companies interested in Swedish sites (The Node Pole, 2021). 

2.1  Energy 
Data centers consume a lot of power, as energy cost is typically over 50% of all operating costs. Thus, price 
of electricity, and the underlying natural resource, has major importance when deciding the data center 
location. Compared to the European mainland, the electricity price in the Nordics is generally notably lower.  
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2.1.1. Energy in Finland 
Table 2 shows breakdown of energy cost in Finland. Finland and Sweden participate Nord Pool electricity 
market of 16 countries offering intra-day and day-ahead markets. Average of hourly prices has been used in 
Table 3. Data center must pay fee to connect to national electricity grid. Connection to local grid may be 
omitted depending on location. Local fee is about 2 to 4 €/MWh. Electricity tax is reduced to 2nd taxation 
class for data centers over 5 MW. The tax is 0.5 €/MWh (from January 2021), which is minimum allowed by 
EU. 

Table 3 Breakdown of energy cost in Finland (Akujärvi, 2021) 

Cost item €/MWh Comment 
Nord pool spot 33 Linear average of hourly prices 
National grid fee 4.5  
Local grid fee 2 – 4 Omitted if connected directly to national grid 
Electricity tax 0.5  
Total, in local grid 40 - 42  
Total, in national grid 38  

 

Both in Finland and Sweden electricity prices are among Europe’s lowest. Figure 1 shows electricity price 
comparison for non-household consumers in Europe (Eurostat 2021). 

 

Figure 1 Electricity prices for non-household consumers, 2nd half 2020 (Eurostat, 2020). 

 

Outages are very expensive for data center companies – average outage cost was $740,357 (Asmus, 2017). 
To lower risk of outage stability of electricity network is important. National electricity network in Finland 
has transmission reliability of 99.99982%. (Fingrid, 2021). It is one of the most reliable grids in the world 
(Statista, 2019). Sweden has also high reliability, which is 98.7% (Statista, 2019). 

Trend for carbon neutrality has led to increasing demand for renewable energy. Figure 2 shows that 2017 
total electricity production in Finland was 65 TWh, from which 40% was renewable and 80% had carbon oxide 
neutrality. The most common source of energy is hydro power (23%). However, amount of hydro power 
production will stay the same in future, and importance of wind energy is increasing heavily. Energy source 
profiles for both Finland and Sweden are very similar. Respective values of Sweden are 159 TWh production, 
57% renewables, 97% carbon oxide neutrality and 40% hydropower. 
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Figure 2 Electricity production in Nordic 2018 (Finnish wind power association, 2020). 

         

2.1.2. Energy in Sweden and Norrbotten 
The electricity market in Sweden was privatized in 1996, and prices thus changed from being regulated to be 
decided by the market (Sveriges Riksdag, 1996). Unlike other free markets, the electricity marked has physical 
limitations such as transport and the requirement of balance between supply and demand in the physical 
grid. The Swedish electricity grid is connected to the other Nordic countries and some Baltic and mainland 
Europe countries, and electricity is traded on the NordPool energy market. 

The Swedish electricity price depends on multiple factors. The Swedish electricity grid is divided in four areas, 
SE1 in the north (to which Norrbotten belongs) to SE4 in the south, and the areas are divided based on where 
there are bottlenecks is the energy transfer system. If the transfer capacity between the areas cannot keep 
up with the market’s supply and demand, price differences between the areas emerge. The same principle 
explains price differences between the countries connected through NordPool (Svenska Kraftnät, 2021) 
(Nordpool, n. d.) The energy price in Norrbotten also depends on the weather since most of the Norrbotten 
energy is generated through hydropower. Cold weather increases the demand of electricity and increase the 
electricity price (Svenska Kraftnät, 2012). The energy origin distribution in Sweden, Norrbotten and Luleå, 
and spot prices in SEK/kWh are shown in Table 4 and Table 5. 

Table 4 Energy origin distribution in Sweden, Norrbotten and Luleå 

 Sweden 2019 Norrbotten 2016 Luleå Energi 2020 
Hydro power 39% 86% 86,9% (including wind 

power and biobased 
power) 

Nuclear power 39% 0% 13,1% 
Wind power 12% 6%  
Thermal power 10 % 3% renewable, 4% 

extra, 0,44% fossil 
 

Solar power 0,4 % 0%  
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Table 5 Spot prices in September 2021 (Nordpool, 2021) 

 SEK/kWh 
Northern Sweden (SE1) 0.5647 
Northern central Sweden (SE2) 0.5647 
Southern central Sweden (SE3) 0.9184 
Southern Sweden (SE4) 1.2268 

 

One of the main selling points for establishing data centers in Norrbotten is the access to cheap hydro 
powered electricity, with strong efficiency nodes in the electrical grid. When interested in a site in Sweden, 
the data center company can make a reservation for the required energy at the electricity grid companies, 
long before establishing at the site.  

In Norrbotten county all three of the big Swedish electricity grid companies are present: Elevio, Eon, and 
Vattenfall. When establishing industries reserve energy, the reservation is time limited and the whole 
reservation must be paid for during the reserved time. Data center companies tend to reserve more than 
they end up using in the first establishment to make sure that they have room to expand, but since the energy 
companies are not allowed to “over sell” reservations, there is now a situation where there is a lot of available 
power, but it is all reserved. As the interest for Norrbotten has increased, so has the reservations of energy, 
and at the time of this report (October 2021), all the available power is pre-booked by interested future 
establishments who has not yet either started to build or fully decided (The Node Pole, 2021). 

When buying electricity, big data centers tend to want to buy at a higher voltage to get better quality at a 
lower price point and transform it themselves for less electricity losses. The standard practice at the grid 
companies is that the customer must pay in advance for their required expansions and changes in the grid 
(The Node Pole, 2021). 

In 2017, the Swedish government decided to lower the energy tax with 97% for data centers with more than 
0,5 MW installed capacity (excluding cooling and fans etc.) to 0,5 SEK/kWh, which is the same level as other 
industries (Skatteverket/Swedish tax authority, no date) Regeringskansliet/Swedish Government (2016). The 
lowering of the electricity tax for datacenters has been criticized (Granlund & Svensson, 2020), since unlike 
manufacturing industries that also generate tax income, e.g., by exporting the manufacturing goods, data 
centers does not generate much tax income. 

2.2  Connectivity 
Connectivity depends on the internet hardware infrastructure and are crucial to accomplish a low latency 
time, i.e., how fast information is transferred in the network. Data centers can accept different latency times 
to its users, depending on what service the datacenter provides.  

2.2.1. Fiber optic networks in Sweden and Finland 
Fiber-optic networks are widely spread across the world, making fast communication possible between the 
different points that are connected to the network.  There are many owners of the fibers in Sweden, but 
there are seven that have large networks that span large parts of the country. These are Telia carrier, Telia 
(previously Skanova), Tele2, Telenor, IP-only, Trafikverket, TDC and Svenska Kraftnät.  

Telia has two different grids in Sweden: there is a large network that spans the whole country, previously 
owned by Skanova and currently operated under the Telia brand, while Telia Carrier operates the 
international lines and a few large ones in the southern part of Sweden. Tele2, Telenor and TDC also operate 
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fiber-optic networks inside Sweden. Trafikverket and Svenska Kraftnät operate networks that are not used 
for public operations. Sunet operates a grid for universities and other institutions that span the whole 
country.   

From these large networks smaller local providers connect their networks, similar to how the power grid 
operates. The large networks that span the country act as highways and the smaller ones connect the 
consumers to the highway. There are many of these smaller providers; usually the municipally owned power 
providers also operate a fiber network.   

The fiber network in Sweden is usually connected in the end to an Internet Exchange Point (IXP) such as 
NetNod, which has connections to other IXPs in the world. To get outside the network of a given service 
provider, the data needs to travel to one of these points first. In Sweden there are IXPs in Luleå, Umeå, 
Sundsvall, Stockholm, Gothenburg, and Malmö. There are many IXPs in Europe; the largest ones are Frankfurt 
and Amsterdam, but there are many in London and Paris as well. IXPs tend to pop up in financial districts 
because to be able to participate in the speed trading market, low latency is of the highest priority.   

In Finland, the overall architecture of the fiber-optic network is similar, with a handful of major providers 
operating a nationwide backbone network from which connections are branched out regionally and locally 
to customers. The geographical coverage of the backbone network is very high in both Finland and Sweden; 
already in 2003, a study commissioned by the Finnish Ministry of Transport and Communications (Liikenne- 
ja viestintäministeriö, 2003) found that virtually all municipalities in both countries were reached by the fiber-
optic backbone of at least one operator. In less densely populated regions (such as the north) there are 
generally fewer alternatives available. 

Finland as a country was first connected to the global Internet by Funet, the Finnish counterpart of Sunet. 
Funet continues to function as a backbone network connecting universities, colleges, and research institutes 
all over Finland and is operated by CSC – IT Center for Science, which also operates the Kajaani data center 
where the new LUMI supercomputer is located. Other operators of wide-spanning backbone networks 
include Telia, Elisa, DNA, SuomiCom, and FNE Finland.  

The biggest Internet Exchange Point in Finland is FICIX, a non-profit organization with some 40 members and 
three locations (FICIX1 in Espoo, FICIX2 in Helsinki in FICIX3 at Oulu). Another Finnish IXP is located in Tampere 
and operated by a company called TREX Regional Exchanges. Major Finnish network operators also have 
connections to IXPs elsewhere in Europe. International backbone cables connecting Finland to the rest of the 
world are concentrated in the very south of the country, primarily Helsinki, but there are some links further 
north as well, notably the Botnia submarine cable between Vaasa and Umeå. An interesting future prospect 
is the planned Arctic Connect cable, which would link Europe and Asia via the Arctic Ocean, but as of May 
2021, the project is suspended for further feasibility assessment. 

Optic Funet backbone network is connected to internet through NORDUnet and GEANT2. Map of the network 
can be found in Figure 3 (Funet, 2008) and an up to date one in eduuni page (eduuni, 2021). To cross oceans 
submarine cables are used. Comprehensive worldwide map of submarine cables can be found in Submarine 
Cable Map web page (TeleGeography, 2021). 
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Figure 3 FUNET backbone network is connected to internet through NORDUnet and GEANT2 (Funet, 2008). 

 

2.2.2. Connections from Finland 
Submarine cable C-Lion1 from Helsinki to Rostock, Germany. Cable has eight optical fiber pairs. Its bandwidth 
is 18 Tbit/s per fiber pair, and 144 Tbit/s totally. The cable is shown with red line in Figure 4. Cable has 
improved latencies to Central and Western Europe. For example, latency from Helsinki to Frankfurt is 19.7 
ms and to Hamburg 14.2 ms.  

Latencies to East Asia and USA need to be improved. A new submarine cable to Asia under Northwest passage 
was planned by JV of Cinia and Russian Megafon. However, this project has been cancelled. Now Megafon is 
continuing the project alone under name Polar express arctic cable (Bannerman 2021). Cable is expected to 
improve latency between Europe and East Asia about 90 – 100 ms compared to traditional route (Atlantic 
Mediterranean – Suez – Red Sea – Indian Ocean – South China Sea). From technical point of view the cable 
would allow faster connection to Western USA as well (Figure 5). 

Table 6 Latencies (ms) from Helsinki to some major cities (CTS Engtec, 2016) 

City Frankfurt Hamburg Amsterdam London Moscow Tokyo Hong Kong 

Helsinki 19.7 14.2 19.0 23.9 11.7 130.8 132.8 
Frankfurt   5.8 11.1 11.6 31.4 150.0 152.0 
Hamburg     5.3 10.3 25.9 149.7 151.7 
Amsterdam       5.2 30.7 149.7 151.7 
London         35.7 154.7 156.7 
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Figure 4 Connections from Finland (Akujärvi, 2021). 

 

Figure 5 Planned NW passage cable from Northern Europe to East Asia (Akujärvi, 2021). 

 

2.2.3. Connectivity in Norrbotten 
The latency from Norrbotten to the European continent (Amsterdam) is about 25-30 ms (Round Trip Delay). 
Norrbotten is therefore more attractive for enterprises, mining and HPC datacenters than those who depend 
on a low latency (The Node Pole, 2021a). 

In September 2021, it was made official that Global Connect invests 500 million SEK in a fiber infrastructure 
from Luleå to Berlin, doubling the current capacity. The new fiber network will be able to handle 3052 
terabytes per second and planned to be finished in late 2022 (GlobalConnect, 2021; The Node Pole, 2021b). 

2.3  Natural resources and environment  
Data centers require a lot of land and water. They consume water directly for cooling and indirectly through 
the water requirements of non-renewable electricity generation (Mytton, 2021). For example, Google DC in 
Hamina is using seawater for cooling. Finland has 160 000 lakes and coastline is over 1000 km, so plenty of 
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water is easily available. Also, there is a lot of land with building rights, sites for both brownfield and 
greenfield. See Chapter 3 for more information. Over half of water used for cooling is in some cases drinkable, 
which is not favorable for sustainability (Mytton, 2021). 

Nordic climate lowers cooling costs of a data center. Annual average temperature in Helsinki is 5.9°C, and 
the more north you go the cooler it gets (Figure 6). Average temperature in Oulu is +16.5°C in July and −9.6 
°C in January (Oulu n.d.). The yearly mean temperature in Norrbotten is 1°C (SMHI, 2021) 

 

Figure 6 Nordic temperature map (Tveito et al., 2000) 

Data center companies favor locations with lower probability for natural disasters. Finland has a very old and 
solid bedrock, and any earthquakes are minor. Magnitudes are between 0 – 4 (Institute of seismology). Thus, 
earthquakes cause no regulations for buildings. Weather is also mild. There are no hurricane class storms, 
and there is no major flooding. Buildings must be built 3 m above sea level to protect from floods (Figure 7). 

 

Figure 7 Earthquakes in Nordic countries 1965 – 2006 (University of Helsinki, n.d.). 
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2.4  Society and regulations 
Data centers prefer stable society, data security, and predictable regulation.  Finland and Sweden are 
politically very stable and risk for any conflicts is very minor - as fragile states index shows (Section 3.4). 
Corruption is low in both countries – both Finland and Sweden have 3rd place in corruption perception index 
(Transparency international, 2020). Judicial system is independent in Nordic countries (World economic 
forum, 2018). Official information is transparent - Finland has the 2nd best and Sweden the 4th best availability 
in EU (Wallace et al., 2017). There is also a lot of talented IT professionals available. 

Privacy of information is highly protected in Finland. All types of information have protection, such as 
personal, location and data related to electrical messaging: Same laws are applied to both in digital and non-
digital cases.  Government officials are allowed to monitor and gather information only to investigate serious 
crimes. Telecommunication listening requires a warrant from the court of law. (CTS, 2016; Akujärvi, 2021) 

2.5  Sustainability 
The datacenter industry has, as all industries, increasing incentives to at least be perceived as sustainable. 
The worst-case scenario would then be to be labeled as a “dirty industry” or “unsustainable” (The Node Pole, 
2021). 

The Nordics are attractive for HPC and colocation datacenter companies that specialize in sustainability 
because of the supply of hydro powered electricity (Dybdal Christensen et al., 2018). 

Infrastructure Masons (no date) lists the following areas for improved datacenter sustainability: 

• Using “waste” heat for applications such as district heating, comfort heating, swimming pools, spas, 
greenhouses, and industrial processes. 

• Power sharing for the back-up power, maybe by also including a shared renewable energy microgrid. 
• Turning others waste into power, e.g., by using generators fueled by bio-fuel waste such as 

woodchips, plant waste etc. 
• New datacenter construction materials, such as timber. 
• Managing the equipment life cycles, since about 50-70% of the life-cycle energy in servers and 

networks comes from the manufacturing. IT hardware contains rare earth materials that can be 
reclaimed and recycled. 

Ramos Cáceres et al. (2020) reframes the problem from an urban metabolism perspective and questions if 
future data centers should be placed closer to places where the energy (electricity) can be used in a more 
efficient way to minimize water (heat), concluding that the datacenter industry needs to tackle energy 
efficiency with a more holistic perspective. 

2.6  Available sites in Finland 
Data center companies required suitable land for their investments. Business Finland has listed more than 
50 sites, which are available for data centers. Variety of sites is quite large. There are both brownfield and 
greenfield sites (see Note below), sized range from a few kW up to hundreds of MW. Each site has a 
description covering comprehensive information about requirements (Business Finland, n.d.) 

Oulu has two suitable sites available: Rusko and Leväsuo (Ylitalo, 2021). Rusko is owned by city of Oulu, which 
may lease of sell the plot to data center company. Leväsuo is privately owned available for leasing, buying or 
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co-operation. Oulu has also a basement facility in Peltola available [Business Finland, n.d.). It is currently 
under renovation. 

Note: Greenfield and brownfield investments are two types of foreign direct investment. With greenfield 
investing, a company will build its own, brand-new facilities from the ground up. Brownfield investment 
happens when a company purchases or leases an existing facility. 

3 Ranking lists and comparisons 
Rankings described in this chapter include factors, which have impact when data center investment decisions 
are made. 

3.1  Investment monitor data center ranking 2020 
Investment monitor (2020) has made a survey to rank 55 countries about their attractiveness for a data 
center location. 29 indicators were grouped into 8 categories: security, IT infrastructure, support 
infrastructure, cost, market conditions, energy efficiency, innovation, and talent. Indicators are explained in 
Appendix 1. 

Table 6 shows top 10 countries in the study. All Nordic countries are included. Denmark got the highest score 
78.70. It had the fastest internet download speed 108 Mbps, and second fastest upload speed 66 Mbps. 
Denmark also did well in network readiness and competitiveness. Sweden scored the second highest. Sweden 
was strong in IT infrastructure, innovation, and talent. Additionally, climate is favorable and focus on 
renewable energy supply. Finland is 5th scoring highly for support infrastructure, energy, and talent (Figure 
4).  

Figure 8 compares Finland and Sweden. Sweden scores higher in IT infrastructure, and slightly in innovation 
and market conditions. Finland is better in talent, energy, and security. In general, the countries are quite 
even. 

Table 7 Investment Monitor’s data center ranking 2020, top 10 countries (Investment Monitor, 2020) 

Rank Country Score 
1 Denmark 78.70 
2 Sweden 78.25 
3 US 75.96 
4 Netherlands 75.60 
5 Finland 75.39 
6 Norway 73.70 
7 UK 70.03 
8 Canada 70.03 
9 Germany 69.91 
10 Estonia 66.15 
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Figure 8 Finland vs. Sweden (i.e., black vs. blue) in Investment Monitor’s study. (Investment Monitor, 2020). 

 

3.2 Data center risk index 2016 
Cushman & Wakefield (2016a) has made a data center risk index (Figure 6). Index shows risk level of 37 
countries to locate a data center. Ten risk factors used are listed in Figure 7. Factors have been weighted 
based on evaluated importance in decision making. In addition to traditional drivers such as cost and 
connectivity, there is growing importance on factors like political stability, natural disasters, and energy 
security. 

Nordic countries score well - Finland is 4th and Sweden 5th. Finland has lower electricity cost per kWh, lower 
corporation tax (20% vs. 21.4%), and water availability. Sweden is better in connectivity, energy security, and 
GDP per capita. Note that Denmark is not included in the study. The index scores and criteria are listed in 
Table 8 and Table 9, respectively. 

Table 8 Data center risk index ranking 2016, top-10 countries (Cushman & Wakefield, 2016a) 
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Table 9 Weights of criteria in data center risk index 

Criteria Comment Weighting 
Energy  cost / kWh 8.97% 
International internet 
bandwidth 

Mbit/s 11.54% 

Ease of doing business World bank ranking 11.54% 
Corporation tax  6.41% 
Political stability EU instability index 12.82% 
Sustainability % Energy from alternatives 8.97% 
Natural disaster  15.38% 
Energy security  12.18% 
GDP per capita  5.77% 
Water availability per capita 6.41% 

 

3.3  Data innovation in the EU 
Data innovation report by EU studies innovative use of data to create social and innovative benefits (Wallace 
et al., 2017). Indicator across three categories have been examined. 1)  Data: The availability of useable data 
and the effectiveness of government policies in promoting the supply and reuse of data. This includes the 
size of the national data economy, data sharing in health care, the extent and impact of open-data policies, 
and the robustness of freedom-of-information laws. 2)  Technology: The availability and use of key digital 
infrastructure and systems, such as the Internet of Things, e-government, and high-speed broadband. 3) 
People and Firms: The use of data-driven technologies in the workplace, the prevalence of digital skills, and 
the role of education and civil society in developing such skills. Totally 29 different measurements have been 
used. Explanations and weights of them are found in Appendix 3. 

Finland and Sweden have both been ranked high data innovativeness in overall ranking (Table 10; Wallace et 
al., 2017). Finland has 2nd place and Sweden 4th place. Both countries were among top-10 in almost all 
subcategories. Finland was ranked first in 11 categories: freedom of information, right to information, 
protection against libel chill, legal safeguards, people and firms, e-business / use of cloud computing, e-
business / used of RFID, workforce, workforce / IT specialists in employment, education, and civil society / 
data-science degree programs. Sweden was ranked first in broadbands in households and broadbands in 
households / speed.  
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Table 10 Data innovation ranking in EU. Top-10 countries (Wallace et al., 2017) 

Rank Country Score 
1 Denmark 71.14 
2 Finland 69.36 
3 Netherlands 65.82 
4 Sweden 64.82 
5 United Kingdom 63.47 
6 Estonia 61.11 
7 Austria 53.07 
8 Ireland 49.62 
9 Malta 48.66 
10 Belgium 47.91 

 

3.4  Global innovation index 2020 
Cornell university (2020) has ranked countries by their innovation financing. Table 11 Global innovation index 
2020. Top-10 countries in high-income economies group (Cornell, 2020). R&D investments, venture capital 
(VC) and use of intellectual property have been looked at. Also, political determination to foster innovation 
is considered. Countries have been divided into four groups by income level: high income, upper-middle 
income, lower-middle income, and low income. There are 49 countries in high-income group Both Finland 
and Sweden are ranked in top-10 in this category. Finland is 7th and Sweden 2nd.  Innovation performance of 
both countries have also been ranked above expectations for level of development. 

Table 11 Global innovation index 2020. Top-10 countries in high-income economies group (Cornell, 2020) 

High-income economies (49 countries in total) 
Rank Country 
1 Switzerland 
2 Sweden 
3 United States of America 
4 United Kingdom 
5 Netherlands 
6 Denmark 
7 Finland 
8 Singapore 
9 Germany 
10 Republic of Korea 

 

3.5  Fragile states index 2021 
One factor data center investor considers is stability in society. The Fund for Piece (Fierz, 2021) has ranked 
178 countries by stability (Table 12). Political risks and early-warning of conflict are looked at. FFP’s Conflict 
assessment software is used in analysis, and calculations are based on social science methodology.  Data is 
triangulated from three primary sources and reviewed critically to obtain the index. 

Countries are grouped to 11 categories ranging from very sustainable to very high alert Most Nordic countries 
are ranked in very sustainable group. Sweden is in sustainable group, but not far away from very sustainable. 
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Table 12 Fragile states index ranking: very sustainable and sustainable groups (Fierz, 2021) 

Very sustainable group 
Rank Country Score 
179 Finland 16.2 
178 Norway 16.6 
177 Iceland 18.0 
176 New Zealand 18.4 
175 Denmark 18.8 
174 Switzerland 19.9 
Sustainable group 
Rank Country Score 
173 Luxemburg 21.1 
172 Sweden 21.4 
171 Canada 21.7 
170 Australia 21.8 
169 Ireland 22.2 
168 Netherlands 24.1 
167 Germany 24.8 
166 Austria 26.1 
165 Singapore 26.6 
164 Portugal 26.8 
163 Slovenia 28.2 

o  

3.6  Network readiness index 2020 
Portulans institute (2020) has studied network readiness index (NRI). Purpose of the index is to evaluate how 
prepared each country is for digital transformation. Four pillars are used in evaluation: technology, people, 
governance, and impact (Figure 9). Each pillar has further three sub-pillars. The pillars are described further 
in Appendix 2. 

Nordic countries are in top-10 in this ranking as well. Sweden is ranked 1st overall performing well in all four 
pillars. Finland is 6th overall - doing well in people and governance pillars. 

 

Figure 9 Pillars of NRI. (SDG = 17 sustainable development goals of UN) (Portulans institute, 2020). 
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Table 13 NRI ranking 2020, top-10 (Portulans institute, 2020) 

NRI rank Country NRI score Technology People Governance Impact 
  

1 Sweden 82.75 2 4 4 3 
2 Denmark 82.19 5 1 2 5 
3 Singapore 81.39 10 5 13 1 
4 Netherlands 81.37 3 9 3 4 
5 Switzerland 80.41 1 13 10 2 
6 Finland 80.16 9 3 5 9 
7 Norway 79.39 11 8 1 6 
8 USA 78.91 4 7 8 14 
9 Germany 77.48 7 12 12 7 
10 UK 76.27 8 14 14 10 

 

4 Markets 
4.1  Data center types 
There are four main types of data centers: enterprise data center, where the data center serves a company, 
co-location data center, where several companies rent their space in a datacenter run by a third part, 
Hyperscale data center, a big company datacenter that take advantage of big scale operations, and edge data 
center, which is a smaller data center located close to the users it serves. 

4.1.1.  Enterprise data center 
For enterprise data centers, the business strategy might vary depending on what type of company that runs 
it and their industry, and how to best provide for the company. There are some similarities between 
enterprise data center and hyperscale data centers, but enterprise data centers are smaller and can thus not 
save on running in big scale. 

An enterprise example is the Swedish Custom’s (Tullverket) data center in Luleå, and several bitcoin mining 
companies in Boden e.g., Genesis Mining, Hive, Blockbase and DTM Group. In Finland Nokia has an enterprise 
data center in Tampere, as well as Ericsson that has one in Kirkkonummi. 

4.1.2. Co-location data center 
The business for co-location data centers is to provide computational power and services for rent, with 
multiple customers sharing the same data center.  

For colocation data centers, providing both physical and data security between the customers are of critical 
importance. It is also important for colocation data enters is to balance high occupancy for optimal 
effectiveness with scalability and future proofing for its customers. Other factors such as power and cooling 
efficiency, reliability and performance are regarded in a similar manner as in enterprise data centers. 

In Norrbotten EcoDataCenter in Piteå and Hydro66 in Boden are examples of colocation datacenters, where 
automobile company BMW is a big customer of EcoDataCenter. In Finland one example is the CSC 
datacenters in Kajaani and Espoo where higher education, research institutions, public administration, and 
enterprises share a datacenter. 
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4.1.3. Hyperscale data center 
The business strategy of a hyperscale data center is to take advantage of scale and custom engineering 
solutions. The main difference between a hyperscale data center and enterprise data center is that the 
hyperscale is notably large. Hyperscalers also have the ability to be exceptionally agile and scale to meet 
tremendous demand.  

The hyperscale data center is designed, owned, and operated by the company who’s services the hyperscale 
data center supports. Some company who runs hyperscale data center examples are Facebook, Amazon Web 
Services, Google, and Microsoft. 

In Luleå Facebook built their first data center outside of the USA, which is a typical hyperscaler. The first data 
center was constructed 2012-2014, the second 2014-2016 and the third 2018-2021. In total Facebook will 
have invested 8,7 billion SEK in their data centers in Luleå when the third data center is completed, and the 
three data centers together will be among the world’s largest. In Hamina in Finland, Google established a 
hyperscale data center that in total invested 800 million euros in two phases between 2009 and 2015. 

4.1.4. Edge data center 
For edge data centers, the business strategy is to provide smaller local nodes to provide low latency and high 
performance by being placed close to the users that they serve. The Edge data centers are often part of a 
larger deployment, where only the mission critical data, application and services are stored in the edge node, 
and the rest in a larger data center. The number of edge data center might increase rapidly when, e.g., 
autonomous vehicles require fast local computation and connection.  

For example, at RISE ICE Data Center Research facility in Luleå, there are edge nodes for research and 
development. 

4.2  Demands of users as drivers 
Demand of data center services drives markets. There is need for different kind of data centers to produce 
the services. Also, companies of all sizes and industries need the services. So, the variety of both DCs and 
customers is wide (Mileo, 2019). 

Customers want fast access to service. Since network latency depends mostly on bandwidth and distance, 
edge data centers are a solution. Performance can be improved by having key functions on the edge of 
network and closer to end users. Smaller edge data centers in growth markets might be better strategy 
compared to concentrating on larger markets only. 

Internet of Things (IoT) brings challenges to organizations to build and maintain networks for it. IoT edge 
devices generate huge amount of data, which can be used in various applications. For example, medical 
devices and autonomous vehicles may include IoT edge devices. Many companies do not have own resources 
or expertise to benefit from the latest IoT innovations. Local data centers have an opportunity to implement 
the network infrastructure and data management for these companies to support their strategies. 

Increasing amount of people are connected to internet either through home internet service or through 
smartphones. More content is delivered digitally, and customers are changing to streaming services for 
entertainment. Data center infrastructure must be expanded to meet the needs. Hyperscale data centers or 
edge data centers cashing high-demand content may reduce latency for local users to get faster streaming.  

The amount of data generated each day is increasing rapidly. By 2025, the amount is expected to reach 463 
exabytes (exa = 1018) globally. Organizations are expanding their data collection capabilities all the time. Thus, 
their need for storage grows as well. Hyperscale data centers can store massive amounts of data. Data is 
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often unstructured. To be useful data has to be sorted and analyzed. Machine learning programs used in 
analysis require extensive computing resources and power to drive them. Most organizations do not have 
these kinds of capabilities. Data centers can offer infrastructure for both storing and to analyze a huge 
amount of it. 

Often companies choose to use cloud-based operations for lower costs of cloud storage and cloud 
computing. However, public cloud may not have the required level of security or reliability. There is also a 
risk that cloud provider may stop the service. A hybrid cloud architecture has two parts: a private cloud server 
maintained by the company and a public cloud provided by a third party. Typically, critical data and core 
processes are in the private cloud and public cloud can be used for specific tasks. Customized solutions can 
meet company’s needs through a data center. Multi-cloud allows company to choose from various cloud 
services suitable for each department in the company. Multi-tenant data center (co-location DC) has options 
available for customer to have ideal environment for multi-cloud solution. 

4.3  Revenue logic 
Four ways for a data center company to generate revenue are shortly described here (Nwokoro, 2021). 
Additional business is covered in Chapter 8. 

4.3.1. Infrastructure as a service (IaaS) 
Customer may not wish to invest in building own facility. Data center company may provide equipment.  
Infrastructure normally consists of storage space, hosting services, servers, firewalls etc. Customer pays by 
usage.  It is easy for customer to use more hardware in case demand increases. Data center company takes 
care of maintenance and upgrading of equipment. 

4.3.2. Software as a service (SaaS) 
It is often cheaper to purchase a software when needed than to buy a lifetime license for it. This may be case 
especially if customer would need a license for many people. Data center company can offer software for the 
users so that they can access it through web browser allowing people easily to collaborate and share data.  
Data center company may offer software developed by itself, or packages of existing software such as Office 
365 or Google Docs. 

4.3.3. Network as a service (NaaS) 
Data center company may offer network services such as, phone services over the internet (VoIP), virtual 
private networks (VPN), private telephone network for use within a company (private branch exchange) and 
unified communication. Especially start-ups are often looking for access to enterprise level network 
hardware. Using data center services can save them costs of technical expertise to setup and maintain similar 
services. Service is paid by usage. 

4.3.4. Platform as a service (PaaS) 
Data center company can offer developers a sustainable environment to build and deploy applications. This 
includes a platform to support certain programming languages and one that takes care of most of the 
configuration of servers and networks. Developer can then concentrate on designing own code, building it 
quickly and shipping early. He may also scale up own application in case resource demand increases, since 
the upgrade expenses are smaller. Cost of getting more access to hardware through different packages is less 
expensive when using data center services compared to purchasing own hardware and setting it up. 
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4.4  Trends in data center industry 
Several lists have been made on trends in data center industry. Length and focus of lists vary a lot. Some 
major trends, which are quite widely agreed on, are shortly discussed here (Sampera, 2021; Veysal, 2021). 

Data center traffic is estimated to increase from 7 ZB in year 2016 to 20.6 ZB in 2021. This means demand for 
colocation and hyperscale data centers is growing - especially in Europe and Asia-Pacific. A significant part of 
growth comes from health care industry since many hospitals and research facilities require IT infrastructure 
services. 

Majority of companies (80%) are planning to shift to cloud infrastructure and applications twice as fast than 
before the pandemic due to competitive reasons and digital resiliency. For example, companies in supply 
chain management and logistics are now recovering and considering moving to the cloud. 17 million USD was 
invested into public cloud infrastructure last year 2020, and amount is expected stay on that level. 

Edge computing is predicted to hit inflection point 2021 (Forrester Research, 2020). By 2024 number of edge 
servers will double to 4.7 million (Omdia, 2021). Growth of edge data centers is driven by telecom companies, 
cloud service providers and enterprises, who benefit from locating computer power and data storage closer 
to users and machines. IoT market, which is driving edge business, is expected to grow by 50 billion USD by 
end of next year 2022. Major colocation and hyperscale providers, for example Amazon, will seriously enter 
edge data center market 2021. In addition, 5G is increasing edge data center market. 5G allows organizations 
to build private networks dedicated to a specific business or location. Use case examples are robots in a 
warehouse and factory machine tools enabled by IoT. 

Managing data centers remotely and automatization of IT operations is increasing. Monitoring, routine 
services like updating and patching will be automated. Automation will expand to robotics to handle many 
tasks from rack rollouts and swaps to site monitoring and physical security.  Almost half of companies plan 
to invest in remote monitoring tools for their data centers. Tools with artificial intelligence use analytics and 
machine learning to automate IT operations and processes.  

Sustainability is a major trend in all industries. Data centers are built to be green. Carbon neutrality is already 
now a target for many technology companies. Power consumption can be minimized by using more efficient 
HW and intelligent SW. Cooling consumes a lot of energy. However, extra heat produced may be recycled for 
example, by selling it to local heat distribution network. Renewable sources are used to produce electricity, 
meaning that fossil fuels are replaced by wind, solar and hydropower. Water usage is important issue 
especially in dry areas. 

4.5  Data centers market actors in northern Sweden 
4.5.1.1  The Node Pole 

Node Pole is Sweden’s leading data center real estate advisor, who guides, and advice interested companies 
to find a suitable location for their data centers or energy intensive industries. 

The Node Pole was established in 2011 by Luleå Näringsliv AB, Norrbotten county and Luleå, Boden and Piteå 
municipalities to establish Norrbotten as a suitable location for establish data centers. In 2015, Älvsbyn 
municipality joined the collaboration. In 2016 the project is renamed Node Pole and transferred to the new 
owners, financiers, and energy companies Vattenfall and Skellefteå Kraft, and the scope increased to include 
all energy intensive industries for all of Sweden (Affärer I Norr, 2021). 
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4.5.1.2 Business Sweden and Invest in Norrbotten 

Business Sweden is an organization that both help Swedish companies to grow global sales and international 
companies to invest and expand in Sweden. The headquarters are located in Stockholm and Shanghai. 
Business Sweden is financed by the Swedish state. 

Business Sweden offer a variety of advice services for companies interested in investing Sweden and doing 
business with Swedish companies, as well as helping investors finding the right information, insights, and 
contacts for their business case. Many of their services are free of charge, but they sometimes act as paid 
consultants. For example, Business Sweden offer an interactive map over the Swedish data center industry, 
where existing data centers, national grids, and fiber networks as well as logistics hubs, windfarms, airports 
are presented. 

Invest in Norrbotten is a regional partner under Business Sweden, focused on the business of Norrbotten 
county area. Invest in Norrbotten is owned and financed by the Norrbotten county and Norrbotten’s 
municipalities. Some of their main business focuses are on data centers, mining, green battery production, 
tourism, sustainable carbon fiber, land-based fish farming and testing sites. 

According to Grandlund and Svensson (2020) Swedish ministers wrote personal letters to Facebook and other 
hyperscalers, inviting them to do business in Sweden. 

4.5.1.3 The local municipalities and their trade and industry departments 

Norrbotten country consist of five municipalities: Luleå, Boden, Piteå, Kalix and Älvsbyn. The municipalities 
are important actors as they both have business departments that sometimes play an active role, as well as 
controlling the zone planning, infrastructure, and various permissions for establishing a data center. In 
contrast to the US, the detailed development plan carries more importance than the construction permit in 
Sweden. Thus, more effort and care should be put into looking into, and in some cases changing, the detailed 
development plan. 

In Luleå, the business development is not a part of the municipality's organization. Instead, the company 
Luleå Business Region is 100% owned by the municipality but operates as a business advisory Ltd. Luleå 
Business Region have a close cooperation with Luleå Näringsliv (Luleå Business), that is owned by local 
member businesses. 

Boden municipality has a similar set-up where the business development company Boden Business Agency 
is 100 % owned by the municipality. In Älvsbyn, the business department is in the same organization as the 
city planning office. Both Piteå municipality and Kalix municipality have a business department within their 
organization. 

Norrbotten country’s municipalities are very engaged in providing good conditions and procedure for 
establishing new industries. From the data center companies’ perspective, the already established 
international companies have already paved the road, making it easier for others to follow with their 
investments (The Node Pole, 2021). Sweco (2017) notes that some of their regional effects include in 
increased knowledge on the data center industry, the establishment of the Research Institute RISE ICE, 
increased investments from Ericsson, Vattenfall and others in their local offices, increased registration of new 
companies at Luleå Business Park (former Aurorum), projects at Luleå University of Technology such as FUI 
Data centers and Cloudberry data centers and increased cooperation between data center related actors in 
the region. 
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4.6  Overview of the crypto currency mining market 
4.6.1. Crypto currency mining companies' business ideas 
The business idea of commercial cryptocurrency mining companies is to use cheap electricity combined with 
a fast set-up and low operational costs to run “application-specific integrated circuit”-miners (ASIC). By doing 
this they to contribute to the blockchain through proof-of-work, and thus “mine” new bitcoins and earn 
transactional fees from the added blocks to the blockchain. 

The customers can be individuals, as well as other companies and investors.  

The crypto currency mining companies have rapidly changed both locations, hardware, software, and what 
currencies to mine since the cryptocurrency field is still quickly and drastically changing. It is often important 
to get started as quickly as possible, so brownfields sites are often considered. 

When Bitcoin first was launched in 2008, it was possible to mine with a regular PC, then with graphic 
processors, and now in 2021 all commercial bitcoin mining companies use ASICs. To understand the 
incentives, drivers, and costs for cryptocurrency companies, it is crucial to have a basic understanding of how 
the underlying system work as it highly impacts the energy usage and company strategy.  

4.6.2. Introduction to crypto currencies 
Crypto currencies are based on the block-chain technology, which was first presented in 1995. 
Cryptocurrencies based on the block-chain technology became more widely known when the anonymous 
Satoshi Nakamoto developed, and published the first white paper about, the cryptocurrency bitcoin 
(Nakamoto 2008). There is no generally accepted definition of a cryptocurrency, but the European Union 
defines it as “a digital asset that may depend on cryptography and exist on a distributed ledger”. 

The innovation with bitcoin and other cryptocurrencies lies in that the blockchain solves the so called “double 
spend”-problem, where all digital currencies need to prevent someone from spending the same digital 
money twice. To ensure that no digital money is spend twice, digital money and currencies has been 
dependent on a trusted authority with a central server where the transaction record is kept. In blockchain 
technology, the transaction records are stored distributed in an open public ledger in a peer-to-peer network, 
making the currency independent from authorities, such as a central bank, or payment network processors, 
such as Visa or Mastercard. 

To prevent fraud, the “double spend”-problem and blockchain corruption, the new transactions, grouped 
into a “block”, needs to be added to the ledger using a consensus mechanism. most popular ones are proof-
of-work (used e.g., in bitcoin verification) and proof-of-stake (used, e.g., in etherium verification), but in both 
cases the node that gets to do the verification earns some cryptocurrency money for participating in in 
blockchain (Nakamoto, 2008; Buterin, 2013). 

Proof-of-work consensus mechanisms 

In proof-of work, the verification is done by letting the node that first guesses the correct hash for the 
transaction, which in the case for bitcoin is a 256-piece string using the SHA265 encryption algorithm. Since 
there is no more efficient way to find the correct hash than to make very fast guesses, a lot of computer 
power is needed to quickly guess hashes, which is called a “hashrate”. As more bitcoins that are mined, the 
difficulty of guessing the right hash is increased by adding requiring a guess that starts with an increasing 
number of zeroes (Nakamoto 2008; Liepold, 2021).  

The proof-of-work verification method means that more computer power means a higher chance of guessing 
the right hash, and thus mining some more bitcoin and gain transaction fees when adding a new block to the 
blockchain. Since bitcoin miners have been increasingly organized in “mining pools” where miners cooperate 
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and share the rewarding new bitcoins amongst them, the risk of corruption in the blockchain is increasing 
since the currency is becoming less decentralized. If the three biggest mining pools got together, they would 
control more than 51% of the hash rate and could thus potentially corrupt the blockchain. 

Proof-of-stake consensus mechanisms 

In proof-of-stake, the validator is required to stake cryptocurrency in order to be eligible to be randomly 
chosen to verify the next block in the blockchain. The chance of getting chosen is linear to how much of the 
currency you have put at stake. The ones that don’t gets chosen is “attesting” the verified and added blocks. 
The stakes currency is also used as an incentive to good verification and attesting behavior, because if 
someone tries to commit fraud, they will lose all or some of their staked currency (Etherium, 2021).  

To do the 51% attack in a proof-of-stake verification, one actor need to control 51% of the staked currency 
which is harder than to control 51% of the computer power in the network. Ethereum is planning to switch 
consensus mechanism from proof-of-work to proof-of-stake, with the arguments that proof-of-stake require 
less energy, lowers entry hardware barriers, and provide stronger immunity to centralization. 

Other consensus mechanisms 

There exists ideas and applications of other consensus mechanisms, although none of them are currently 
used in large scale cryptocurrencies. Some of these mechanisms include delayed proof-of-work, proof-of-
authority, proof-of-work and proof-of-stake hybrids, delegated proof of stake and proof-of-burn. 

4.6.3. Overview of some cryptocurrencies 
Table 14 lists some of the bigger crypto currencies, their usages, consensus methods and market cap (as of 
October 2021). 

Table 14 Overview of cryptocurrencies (CoinMarketCap, 2021; Coinbase, 2021; Binance, 2021). 

Blockchain 
currency 

Token Usage Consensus 
method 

Market Cap Comments 

Bitcoin BTC Decentralized 
payments 

Proof-of-work >$856 000 000 
000 

 

Etherium ETH Smart contracts, 
decentralized apps, 
NFTs (Non-fungle 
Tokens) 

Proof-of work, 
transitioning to 
proof-of-stake 

>$357 000 000 
000 

 

Binance Coin BNB Buy Bitcoins and 
Etherium, trade and 
pay fees on 
Binance.com, 

Proof-of-staked-
authority 

>$70 000 000 
000 

 

Cardano ADA Smart contracts, 
decentralized apps, 
NFTs (Non-fungle 
Tokens) 

Proof-of-stake >$69 000 000 0
00 

 

Thether USDT Provide easy trade 
between crypto and 
fiat currencies, 
international 
payments 

Depends on 
blockchain 
protocol used 
(majority using 
Etherium and 
Tron) 

>$64 000 000 0
00 

“Stablecoin” 
backed by US 
dollars 

XRP/Ripple XRP Facilitate exchanges 
of different 
currency types, both 

Ripple 
Proto9col 
consensus 
algorithm 

>$52 000 000 0
00 
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fiat and crypto, real-
time payments 

Dogecoin DOGE Decentralized 
payments 
 

Proof-of-work >$40 000 000 
000 

No fixed upper 
number of minted 
coins 

USD Coin USDC Global transactions  >$23 000 000 
000 

“Stablecoin” 
backed by US 
dollars, powered 
by Etherium 

Polkadot DOT Integration of 
different 
cryptocurrencies 

Proof-of-stake >$25 000 000 
000 

 

Solana SOL Decentralized apps 
and smart contracts, 
fast transactions 

Proof-of-history, 
a proof-of-work 
and proof-of-
stake hybrid, 

>$20 000 000 
000 

 

Binance USD 
Coin 

BUSD Provide easy trade 
between crypto and 
fiat currencies, 

 >$9 600 000 000 
 

“Stablecoin” 
backed by US 
dollars 

LiteCoin LTC Fast decentralized 
payments 

Proof-of-work >$11 000 000 
000 

 

 

4.6.4. Norrbotten crypto currency mining cases 
Genesis Mining is one of the world’s largest cloud bitcoin mining companies. In 2018, they established their 
first Swedish bitcoin mining site in Boden, Norrbotten. During the bitcoin rush in 2017 Boden had mining 
sites from KNC Mining, Hive Blockchain, Blockbase, Chasqui Tech and Caanan Creative, but all of them have 
either resulted in liquidation or left Boden. 

Genesis Mining was founded in 2013 and is one of the oldest surviving bitcoin mining companies. The first 
mining site used GPUs and was based in Bosnia, continued by expansion in China with so called “script 
miners”. In 2014, Genesis Mining established a large bitcoin mining data center in Iceland, where many of 
the conditions are similar to northern Sweden and Finland: cheap energy, low cooling costs due to cold 
climate in a stable society. Even though Genesis Mining is one of the more transparent cryptocurrency mining 
companies, their headquarter and other sites are on secret locations (Genesis Mining, 2021; Liepold, 2021). 

4.6.5. Outlooks for the cryptocurrency mining industry in 
Norrbotten 

The most critical factor for cryptocurrency mining companies is available cheap electricity to power and cool 
the ASICs. As almost all of Norrbotten’s available power is either used or reserved for future industry 
expansions, it becomes less interesting for cryptocurrency mining companies to establish in Norrbotten. 
Establishing cryptocurrency mining businesses is only profitable if mining a currency that is based on the 
proof-of-work-concept which requires work in form of hash rate, powered by electricity in the servers. There 
are already cryptocurrencies exploring alternatives to proof-of-work, which would require less energy and 
thus the price and availability of electricity would be a less important factor when choosing site. Bitcoin on 
the other hand, is the most dominating cryptocurrency and will probably not switch from proof-of-work in 
the foreseeable future (Liepold, 2021). 

Since cryptocurrencies are still relatively new law, rules, and regulations both on a European, Swedish, and 
local level are still under development. Both China and Russia have previously drastically changed their 
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regulations around cryptocurrencies, with the results of e.g. “The great crypto exodus” when multiple 
cryptocurrency mining companies left China for USA due to political changes to unfavorable laws and 
regulations for cryptocurrency mining companies. 

Cryptocurrencies use as a payment system in slowly increasing, and depending on the market demand for 
cryptocurrencies, the market for cryptocurrency mining will probably follow. 

5 Data centers in Finland and Sweden 
Major data centers in Finland and Sweden are shown in Figure 10. 

 

Figure 10 Major data centers in Nordic countries (Dybdal Christensen et al., 2017). 

 

5.1 Data centers in Finland 
There were around 2800 data centers in Finland 2018. However, less than 10 of them have higher capacity 
than 5 MW (Oxford Research, n.d.; Bergman, 2019). Total number is expected to be decreasing because of 
consolidation in industry. Google, Telia, Hetzner, Yandex and CSC have data centers over 5 MW. Several data 
center companies offer traditional data center services and / or cloud services. Many companies, Nokia for 
example, use their data center purely for own purposes (enterprise data center). 

Major data centers in Finland are listed below (Figure 13). Kajaani cluster including CSC and Herman IT is 
discussed further in Section 8.3. 

- CapGemini: French company offering IT services and consultation. Has concentrated Nordic services 
into two data centers in Helsinki area. Enterprise Hub and N+1 level data centers. 

- CGI: Canadian IT consulting and systems integration company. Won major contract with public 
procurement company Hansel for years 2021 - 2029. Data center in Helsinki. 
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- CSC: Finnish IT center for science. Publicly owned (the Finnish Government (70%) and Finnish higher 
education institutions (30%) non-profit company. IT support and modeling, computing and 
information services for research institutes and companies. CSC has Puhti and Mahti 
supercomputers. New EuroHPC supercomputer Lumi will serve 10 European countries. Two data 
centers in Espoo and two in Kajaani. 

- Ericsson: Swedish networking and telecommunication company.  Enterprise center in Kirkkonummi. 
- Equinix: American internet connection and data center company. Seven data centers in Helsinki and 

Espoo. 
- Ficolo: Finnish co-location data center company. Acquired Fujitsu’s data center in Espoo 2019. Data 

centers in Espoo and Tampere.  
- Google: American company specialized in internet related services and products. Hyperscale data 

center in Hamina. 
- Herman IT: Finnish data center and cloud service company. Data center in Kajaani. Built together 

with IBM. 
- Hetzner Online: German internet hosting company and data center operator. Data center in Tuusula. 
- Nokia: Finnish telecommunications company. Enterprise center in Tampere. 
- Microsoft: American software company. Enterprise center in Uusimaa, exact location not published. 
- Telia: Swedish telecommunications company and mobile network operator. Data center and cloud 

services. In Helsinki the largest open data center in Nordic countries. 
- Tieto-EVRY: Finnish IT software and service company. Data center in Espoo. 
- TNNet: Finnish ICT service company. Data center in Jyväskylä. 
- Valtti (previously DataCenter Finland): Finnish IT service company. Data centers in Espoo and Helsinki 
- Yandex: Russian IT company. Best known as an operator of a search engine. Serving mainly customers 

using Cyrillic letters. Hyperscale center in Mäntsälä. 

Data centers in Northern Ostrobothnia are concentrated on city of Oulu (Romka, 2018). Several companies 
in Oulu offer data center and cloud services. There are three publicly known data centers in Oulu: 

- Aurora DC: Two data centers. One in city center and one in Rusko. 
- DNA: Telecommunication company. Enterprise data center in city center. 
- Oulun DC: Now part of Swedish GleSys AB group. Data center in Technopolis. 

In addition, a governmental entity and many companies have various sizes of data centers in Oulu mainly to 
support their own business. These data centers have low profile for two reasons. There is no need to 
advertise enterprise data centers, and some companies wish to have locations of their data centers secret. 

5.2  Data centers in Northern Sweden 
5.2.1. Data centers in Northern Sweden 
Norrbotten county has since the early 2000 built its reputation and offer for data center establishments.  In 
2011, Facebook decided to build their first non-US datacenter in Luleå, Norbotten county. In 2018, Dybdal 
Christensen et al. (2018) mapped “significant” datacenters in the Nordics, where a cluster in Norrbotten can 
be identified with Facebook 1, 2, 3, Fortlax 1, 2, 3, and Hydro66s datacenters (Figure 10). Besides the mapped 
ones there are an ever-rising number of smaller data centers. 

In March 2021, there were at least 27 established data centers in northern Sweden (Table 16), to be 
compared with 2011 when there was only 8 (Figure 11; Datacenter Innovation Region, 2021). 
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Figure 11 Data centers in northern Sweden 2008 and 2021. 

 

Table 15 List of data centers in Norrbotten and Västerbotten county in northern Sweden 

Norrbotten county  Västerbotten county  
Data center  Location  Data center  Data center location  
Facebook 1  Luleå  Sherpas  Skellefteå  
Facebook 2  Luleå  Gassecry  Norsjö  
Facebook 3  Luleå  Acon  Lycksele  
RISE ICE  Luleå  IT4U 1  Storuman  
Tullverket  Luleå  IT4U 2  Storuman  
Metria  Luleå  Hi5 1  Umeå  
Fortlax 1  Piteå  Hi5 2  Umeå  
Fortlax 2  Piteå  Atea  Umeå  
Fortlax 3  Piteå  A3  Umeå  
Hydro66  Boden        
Genesis Mining  Boden        
DTM Group  Boden        
Hive  Boden        
Blockbase  Boden        
Boden Type DC 1  Boden        
Polargrid  Boden        
Mirror  Kalix        
Gassecry  Överkalix       
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6 Costs 
6.1  Investment costs 
When company needs data center services it has a few options to choose from. It may invest to a new data 
center capacity, reinvest to an existing data center, lease capacity, co-locate or use cloud services (Geng, 
2015). To make a decision several aspects need to be considered covering markets, required service level 
and technical issues. To find out which option is the most profitable one investment costs need to be 
calculated for each option. Using co-location services or cloud services transfers capital cost into operative 
cost. In co-colocation case some investments are needed such as servers, some other hardware, and software 
applications. Compared to own data center co-location and cloud services give more flexibility for example 
to adapt quicker to changes in market conditions. 

If company decides to have own data center first it must acquire or rent a plot. Building permit is necessary. 
It is also possible to convert an old facility to a data center. For example, Google in Hamina and CSC in Kajaani 
converted old paper mills into data centers. Capital cost for the building includes many items. Both 
mechanical and electrical equipment are needed. Cooling system and air conditioning take typically main 
share of the costs. Data centers are classified into four tier levels depending (Uptime Institute, n.d.) according 
to required resilience level. More equipment is needed to achieve higher tier level, which naturally means 
more cost. The highest tier requires doubling some of the equipment. Project planning and management. 
Naturally any relevant taxes have to be paid. 

Figure 12 shows an example of capital expenses to build a data center. Schneider Electric’s calculator is used 
(Schneider, n.d.). Values used are approximately based on RISE’s edge data center in Luleå with some 
exceptions: 1. RISE’s capacity is 20 kW while minimum of calculator is 40 kW, 2. Free cooling as part of chiller 
is not option in calculator, 3. Core & shell value has been estimated. Calculation gives a general idea how 
capital cost is formed. Cooling system’s share is 44% and power system’s share 22% of cost. Note that 
calculation does not cover all times to have a functional data center. For example, servers are not included. 
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Figure 12 Capital cost calculator by Schneider Electric. Approximated RISE edge data center values used. 

 

6.2  Operational costs 
Operational costs cover the ongoing expenses incurred to run business daily. Following items are typical for 
a data center (Bliedy et al., 2018): 

- power consumption cost 
o electricity for IT equipment (servers, networking equipment and storage system. 
o electricity for cooling resources 
o electricity for power delivery and generation system 
o electricity for lightning system 
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- personnel cost (salaries) 
- maintenance and repairs costs 
- depreciations 

o IT equipment 
o all other operating devices and systems for IT equipment including power delivery 

and cooling systems, racks … 
- IT software license cost  
- any other expenses included in income statement: taxes, rent, etc.  

Energy cost and infrastructure cost have overtaken server cost during last decades as shown in Figure 13. 
This means that data centers have put a lot of effort on efficiency, which is described by power usage 
efficiency (PUE). In addition, price of electricity has a significant role when company is deciding where to 
locate the data center. 

 

Figure 13 Cost trend for a data center (Richardson et al., n.d.) 

Electricity consumption causes major part of operational cost for a data center. Hamilton (Hamilton n.d.) has 
calculated breakdown of electricity cost of a large-scale data center. Servers (57%) and power distribution & 
cooling system (18%) consume most of electricity (Figure 14). 

 

Figure 14 Monthly power costs of a large-scale data center (Hamilton, n.d.) 
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6.3 Total cost of ownership, TCO 
Total cost of ownership (TCO) is widely used concept in data center business. It is often used in calculations 
to compare costs of different investment options – for example what kind of data center to build and where 
to locate it, or whether co-location or cloud service would be more profitable. TCO also gives a tool to study 
impact of capacity level of a data center to avoid costly oversizing, or how to improve energy efficiency or 
how to optimize costs over lifetime. There is no standard definition nor calculation method for TCO. Many 
models have been presented in scientific literature, and companies typically have own models tailored for 
own purposes. Usually, TCO covers capital costs and operative costs, and it crosses organizational boundaries 
within a company. Costs are typically spread across the IT, networking, and facility departments, so 
management of the costs and assessment of options is difficult. 

Uptime Institute’s model is targeted to financial analysts and high-level managers to support decision making 
(Uptime Institute, 2008). A new high-density high-performance calculations (HPC) data center housing 
financial and analytics applications (e.g., derivatives forecasting, risk and decision analysis and Monte Carlo 
simulations) is used as an example in calculations.  Data center is expected to be used 15 years, IT equipment 
3 years. Calculation presented in Appendix 4. Costs are divided into three categories. IT hardware includes 
servers, disk and tape storage, and networking. Infrastructure covers cooling, air handling, backup power, 
power distribution, and power conditioning. There are also other significant costs, such as architectural and 
engineering fees, interest during the construction phase, land, inert gas fire suppression costs, IT build-out 
costs for racks, cabling, internal routers and switches, point-of-presence connections, external networking 
and communication fees, electricity costs, security costs, and operations and maintenance costs for both IT 
and facilities. Figure 18 shows breakdown of the cost categories. IT capital costs is almost 50% of the total 
cost. Note that although energy costs are not so dominant compared to operative costs. 

 

Figure 15 Annualized cost breakdown of a HPC data center (Uptime Institute, 2008). 

Schneider Electric has made a model targeted for IT and facility personnel (Rasmussen, 2011). Costs are 
calculated per rack for both groups to understand. Figure 19 shows breakdown of TCO costs per rack for a 
high availability 2N data center. Company is using the model, e.g., to improve efficiency, improved planning, 
rightsizing the system, negotiating costs, and self-service.  
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Figure 16 TCO breakdown per a typical rack of a high availability 2N data center (Rasmussen, 2011). 

 

7 Additional business 
7.1  Selling extra heat 
Many data centers have an agreement with local district heating distributor to utilize extra heat produced. 
District heating market in Finland is open, so that agreements can be tailored by participants freely (Vuorinen, 
2019). Target is naturally to cover at least payback time and to get some profit. Division of investments 
between heat producer and distributer impacts pricing of heat. Typically, price of energy is used as basis since 
it is connected to production cost of heat production. Usually heat producer acquires equipment to collect 
heat and energy company takes care of any changes in distribution network.  

Data centers over 5 MW are entitled to lower electricity tax (2nd tax bracket). Tax is currently 0.5 e/MWh, 
which is minimum allowed in European Union. To encourage smaller data centers to sell extra heat there is 
a law proposal has been made in the beginning of 2021 (Afry, 2021; Hyyppä ,2021). According to the proposal 
smaller data centers would get the benefit of 2nd tax bracket in case their extra heat is further utilized. The 
proposal is under EU notification procedure, which is expected to take some time to go through. 

Smaller data centers have been piloting utilization of extra heat (Hyyppä, 2021). Reason is that major 
companies have been avoiding risks and waiting for technology to be proven first. Pioneering company in 
Finland was Academica in Helsinki (since then sold to Equinix). Russian Yandex has in Mäntsälä now the 
biggest data center in the world to salvage extra heat. Municipality of Mäntsälä is utilizing 6 – 8 MW out of 
Yandex’s 10 MW. 

Selling extra heat is already profitable business to data centers (Hyyppä, 2021). Potential demand to increase 
use of extra heat in Nordic countries is fairly high. In Finland over 80% of households are connected to district 
heating network, in Sweden over 50%. Thus, delivering extra heat to distribution network in large scale has 
good business opportunity. In Middle Europe this is possible only in major cities. In addition to data centers, 
also paper mills are in very good position to sell extra heat for distribution. 

7.2  Selling electricity for reserves and balancing 
Production and consumption in electricity grid need to be balanced all the time in order to ensure service 
level. In a balanced situation frequency of the grid is 50 Hz. Higher consumption means higher load, which 
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causes frequency to decrease, and vice versa. Transmission system operator (TSO) uses reserves to handle 
any deviations and disturbances.  

Traditionally in a major disturbance a paper mill is shut down, or hydro power plant may change blade angle 
of their turbines to control electricity production. However, there is shortage of fast regulation power, which 
is needed in major disturbances - for example nuclear power station Olkiluoto 3 shuts down suddenly. This 
causes reduction of 1600 MW in energy production. Loss of this size may even shut national electricity grid 
if there are not enough reserves available fast. Companies, which have natural need to invest on battery 
packs and to build power electronics are very good candidates to produce fast reserves. Data centers and 
partly wind energy farms are such companies. Data centers are already using UPSs and back-up power 
generators. To utilize resources, they need more new technology (electronics for regulation) and piloting to 
prove that it works. Wind energy farms often have battery packs to store energy. For example, TuuliWatti 
has a 6 MW battery pack in Viinamäki wind farm (Kestävä energiatalous, 2019). Increasing amount of 
renewable energy sources is one reason to need more fast regulation power in future (Hyyppä, 2021). 

Fingrid (TSO in Finland) buys reserves from electricity market participants. Table 16 shows reserves used in 
the Nordic countries. Fast frequency reserve (FFR) and Frequency containment reserve (FCR) are the most 
interesting ones for data centers.  

Table 16 Reserves used in the Nordic countries (Fingrid 2021) 

  FFR FCR FRR 
    FCR-D FCR-N aFRR mFRR 
  Fast frequency 

reserve 
Frequency 
containment 
reserve for 
disturbances 

Frequency 
containment 
reserve for 
normal 
operation 

Automatic 
frequency 
restoration 
reserve 

Manual 
frequency 
restoration 
reserve 

Activated Large frequency 
deviations 
Disturbances in 
low inertia 
situations 

Larger frequency 
deviations: 
FDR-D up  
FDR-D down, will 
start 2022 
Freq. range 49.5 
Hz – 50.5 Hz 

Continuously 
activates within 
std frequency 
range 49.9 Hz – 
50.1 Hz 

Used in certain 
hours. Fingrid 
sends activation 
signal 

Activated if 
necessary 

Activation speed around 1 second 50% in 5 
seconds, 100% 
in 30 seconds 

3 minutes 5 minutes 15 minutes 

Market Daily 
procurement 
based on inertia 
forecast from 
national hourly 
market, with 
capacity 
payment based 
on availability 

Hourly market 
with capacity 
payment based 
on availability 

Hourly market 
with capacity 
payment based 
on availability 
and activation 
payment based 
on activated net 
energy 

Hourly market 
with capacity 
payment based 
on availability 
and activation 
payment on 
energy 

  

Price level nx10 
€/MWh 
Minimum bid 
size 1 MW 

FCR-D up prices 
yearly market: 
2 €/MW/h  
hourly market: 
nx10 €/MW/h 
Minimum bid 
size 1 MW 

Price  
yearly market: 
13 €/MW/h 
hourly market: 
n.10 €/MW/h 

Capacity 
payment price 
nx10 €/MW/h 
Activation 
payment 
according to 
balancing energy 
activation price 
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Min bid size 5 
MW 

  

Fingrid approves 2 – 3 times a year data centers for FFR in case they have UPS, battery system and power 
electronics. Technology for FFR and FCE have already been piloted by smaller data centers. First pilots for 
have been done by AuroraDC in Finland, Bahnhof in Germany, and Basefarm in Norway. Results have shown 
that business is profitable for data centers. Note that FFR and FCR do not yet function simultaneously 
(Hyyppä, 2021). 

8  Cases 
8.1  Facebook data center in Luleå 
In a report by Clipp et al. (2014), Facebook listed the following factors as main contributors to why Facebook 
chose Luleå: 

• reliable power grid 
• renewable energy,  
• robust fiber infrastructure,  
• cold climate,  
• low risk for natural disasters,  
• national commitment and investment and local competence and ICT-trained workforce  

Sweco (2017) claims in a follow-up report that Facebook also valued Luleå University of Technology’s 
presence in the Norrbotten region. 

8.1.1.  Procedure to establish the data center 
Karl Jensen, former mayor of Luleå, first encounter with the idea of data center establishments in Luleå in 
2007, when Thomas Nilsson and Anders Granberg from Luleå Näringsliv (Luleå Business) pitched the idea. 
Unlike most Swedish municipalities, Luleå Näringsliv/Luleå Business is its own Ltd where the municipality is 
a minority shareholder. Karl Jensen notes that because of this arrangement, Luleå municipality has less 
control over the business development In Luleå, and gets less information about it, but on the other hand 
Luleå Näringsliv Ltd can make faster decisions without “time consuming meetings and long decision-making 
chain”. In 2009, Invest in Sweden arranges a study visit and tour to visit about 15 big tech companies in USA, 
among them Facebook, where representatives from Luleå attended (Vidén, 2014). 

In March 2010, Facebook started its search for a European datacenter by a “extensive desktop analysis” of 
15 potential countries. Facebook focused its early research on detailed examination of costs and incentives, 
power and land availability and specific site location pros and cons. In Sweden 22 sites were initially selected, 
8 were visited and the last 4 that were thoroughly examined were Luleå, Östersund, Ludvika, and Västerås 
(Clipp et al., 2014).  

Luleå Näringsliv/Luleå Business had prepared extensively for Facebook’s visit, e.g., by renting a helicopter to 
fly and inspect possible locations from the air. It was Facebook’s American division that negotiated with Luleå, 
and some cultural differences and misunderstandings can be identified. Jensen is flattered that the 
Americans see him as an American mayor when a Swedish mayor does not have the same political power. 
He says that he focused on convincing Facebook that Luleå was the best location, but he is also more and 
more convinced by Facebook. It is noteworthy that as the process proceeds, he took bigger and bigger risks 
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as a politician. For example, he promised Facebook directly in a meeting that the detailed development plan 
will be done until May 2011, when a politician in Sweden cannot promise such things, since the plan is carried 
out by non-political officials at the city planning office. But Jensen thinks that the chance of attracting 
Facebook is worth his whole career, and thinks for himself that if it fails, he will quit his position and resign. 
Jensen also claim that his main incentives was not to increase the job opportunities, but to attract one of the 
world’s most known brands and develop the cities opportunities around it (Vidén, 2014). 

8.1.2.  Economics of establishing Facebook in Luleå 
Establishing a data center is capital intensive. Cost components when establishing a data center includes land 
acquisition, facility construction, infrastructure upgrades including utility hook-ups, mechanical equipment 
(computers, chillers etc.) and power equipment (standby generators, transformers etc.). The largest 
operating expense is electricity, which is about 70-80% (Tarczynska, 2016). Data center companies also tend 
to replace their servers about every 3rd year according to Infrastructure (Masons, n.d.). 

Luleå Municipality’s incomes (7,3 MSEK) and cost’s (67,9 MSEK) according to former mayor Karl Jensen 
(Vidén, 2014) are presented in Table 17. 

Table 17 Luleå municipality's incomes and costs connected to Facebooks establishment in Luleå. 

Incomes Million SEK Costs Million SEK 
33 000 m2 forest land 
property 

6,6 
Investigations, project 
management, PR, miscellaneous 

3,9 

Timber from lumbering 
the site 

0,7 Moving stormwater pipes 17,0 

    
Stormwater infrastructure 
improvements 

20,0 

    New high voltage cable 21,0 

    
Money to Gammelstadsvikens 
Natura 2000 Nature protection 
area 

6,0 

Total 7,3 Total 67,9 
  

Facebook’s investments for their first data center (out of a three planned) divided by purchase region is 
presented in Table 18 (Clipp et al., 2014). 

Table 18 Facebook's investments for their first data center in Luleå, divided by region 

Facebook’s investment for the 1st data center in Luleå, divided by purchase 
region 

Million SEK 

Luleå Region 680 
Rest of Sweden 860 
International 2205 
Total 3745 

  

The major share of the international investments is in “computers and network” with 2000 M SEK.  

For building the first data center, Facebook got 100 M SEK subsidized by the Swedish Government (Röstlund, 
2011). According to Computer Sweden (2011), the Swedish Government’s first offer was 30 M SEK, which 
made Facebook disappointed. The Swedish Government then invited Facebook to negotiations, which ended 
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in subsidiaries of 105 M SEK. So far Facebook have received 140 M SEK in total in investment subsidiaries 
(Grandlund and Svensson, 2020). 

The Swedish government’s decision to provide subsidize Facebooks investments was based on the national 
strategy to position Sweden as a data center cluster, and their positive effects on infrastructure and regional 
economics (Sweco, 2017). On the other hand, Tarczynska (2016), point out that US politicians “routinely pay 
[data center] companies to do what they are already planning to do”.  

Sweco (2017) notes that the positive effects during construction phase for the first two data centers, was 
about 4 billion out of a total of 11 billion SEK spent in Sweden. 

Before the lowering of the energy tax for data centers, the tax income generated by electricity taxes from 
Facebook in Sweden was about 25 MSEK/year, but after 2017 the income tax will be about 1,5 MSEK/year. 
Facebook also paid about 17 MSEK/year in electricity certificate fees 2012-2016 (Sweco, 2017).  

In 2016, Facebook paid 2,5 MSEK in taxes and 2017 6,9 MSEK (with Swedish corporate tax of 22%) since most 
of the sales are redirected through Facebook’s European headquarters in Ireland. It is a legal set-up, but it 
does not favor Sweden (Ekström ,2018). 

Norrbotten country’s municipalities are very engaged in providing good conditions and procedure for 
establishing new industries. From the datacenter companies’ perspective, the already established 
international companies have already paved the road, making it easier for others to follow with their 
investments (The Node Pole, 2021). Sweco (2017) notes that some of their regional effects include in 
increased knowledge on the data center industry, the establishment of the Research Institute RISE ICE, 
increased investments from Ericsson, Vattenfall and others in their local offices, increased registration of new 
companies at Luleå Business Park (former Aurorum), projects at Luleå University of Technology such as FUI 
Datacenters and Cloudberry datacenters and increased cooperation between datacenter related actors in 
the region. 

According to Grandlund and Svensson (2020) Swedish ministers wrote personal letters to Facebook and other 
hyperscalers, inviting them to do business in Sweden. 

8.2  Google data center in Hamina 
8.2.1. Selecting location 
Google has a hyperscale data center in Hamina to support its users in Europe and around the world. Other 
data centers in Europe are in Ireland, Netherlands (2 pcs), Belgium, and Denmark (Google, n.d. b). Company 
wished to locate its new European data center somewhere in the Nordics. After research it bought an old 
Summa paper mill in Hamina from Stora Enso in March 2009 to convert it into a data center. According to 
Google it chose Hamina because it offered a suitable infrastructure for energy, suitable land to build on, and 
manpower, and additionally, local task force supported exceptionally hard during selection process (Google, 
n.d. a). Alphabet’s (i.e., Google’s) policy for sustainability and carbon neutrality is supported by using sea 
water for cooling and purchasing of renewable energy. Power grid in Finland is highly reliable, and it included 
also mix of renewables (Levy, 2012). Several Finnish wind farms are selling renewable energy for Hamina data 
center. Paper mill had already a sea water tunnel, which could be used in cooling equipment. Thus, no cooling 
tower like one in Google’s Lenoir data center in USA was not needed (Levy, 2012). The site already had own 
power substation, and two halls were spacious enough for server floors (Levy, 2012). 
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Data center started operations year 2011. Size of the four facilities is 81 MW (Baxtel, n.d.). The Regional State 
Administrative Agency (AVI) of Southern Finland has green-lighted the environmental permit and operating 
license for the sixth data center within the complex (Datacenter forum, 2020). 

8.2.2. Investments and operational costs 
Four data center facilities were built in four phases. First phase covered 200 million euros and was completed 
in September 2011. Expenses of second phase, announced 2012, were 150 million euros including conversion 
and restoration of a machine hall. In November 2013 additional 450-million-euro expansion was announced. 
Investments have been mainly on construction work and related supplies mostly from other EU countries, 
mechanical and electrical work, logistic services, and support professionals. Total construction costs were 
650 million euros on imported equipment and 221 million euros on domestic supplies.  

Operational costs have been 150 million euros since 2009. Domestic operational expenses are mostly labor 
costs. A large component related to water and power supply, and dedicated purchases of other domestic 
goods and services are included as well. Examples of services are security, transport, repair of machinery and 
equipment. 

Figure 17 shows the expenses during period of 2009 – 2015 (Oxford Research, 2017). Google’s total 
investment of 800 million euros has been the largest foreign direct investment (FDI) in Finland during recent 
years (Oxford Research, n.d.) (Table 19).  

 

Figure 17 Google’s expenditure at the Hamina data center (Copenhagen Economics 2017). 

 

Table 19 Construction costs by type of supplier (Copenhagen Economics, 2017) 

Type Expenditure 
Finnish suppliers 221 million euros 
Import of goods and services from rest of EU 403 million euros 
Import of goods and services from rest of the world 26 million euros 
Total 650 million euros 

 

8.2.3. Impact on Finnish and local economy 
Construction and operation of data center has contributed to local economy through employment, increased 
consumption, and tax revenues. Copenhagen Economics has estimated the impact of the four data center 
facilities to GDP. Average contribution per year to GDP facilities has been 60 million euros per year, and 
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induced effects 35 million euros per year. Thus, total impact during 2009 – 2015 was 660 million euros (Figure 
18; Copenhagen Economics, 2017). 

 

Figure 18 Estimated contribution of Hamina data center on Finnish GDP (Copenhagen Economics, 2017). 

There has been 400 – 2100 jobs per year mainly in construction to build and expand the site to two complex 
buildings. Additional 200 – 1100 jobs per year have been induced. Thus, total effect is 650 – 3200 jobs per 
year. Steady jobs brought 11.8 million euros annually, which boosted consumption and tax revenue.  

Constructions costs by supplier type are shown in Table 19 (Copenhagen Economics, 2017). Only 34% of costs 
were by Finnish suppliers, which is less than similar cases in other Nordic countries. Majority of work and 
manpower during construction was done by foreign companies. One reason is believed to be that Finnish 
companies are too small to operate alone at global size data centers, so partners would be required. 
Additionally, typically they are not used to make offers or co-operate with multi-national big companies. 
Google improved the situation of Finnish companies by increasing share of services from Finnish companies 
after 1st building. 

8.2.4. Local companies and schools 
Hamina data center cluster includes Google, local companies, regional development agency Cursor, and local 
schools. To get closer to companies Google joined Kouvola chamber of commerce. Data center and internet 
business is promoted in many ways. Cursor, innovation center and chamber of commerce organized 
matchmaking events for local companies to meet Google and its main contractor ISG. Finnish companies 
typically have expertise, but do not know how to sell within a large-scale multinational project environment. 
Example of expertise in know-how in water cooling and how to combine cooling technology with water. 

Kymenlaakso university of applied sciences, Etelä-Kymenlaakso vocational college in Hamina and LUT 
University in Lappeenranta have redesigned their curriculums to develop students’ skills for data center 
industry. For example, vocational college has a mini data center to facilitate ICT skills. Aalto university and 
Cursor co-operated with Google to support promising start-ups and to improve use of internet by local 
industries (e.g., Playa Game Industry Hub, Kaakko135 online travel and tourism initiative). Aalto-Cursor 
workshops have been arranged for students and local companies in Hamina, Helsinki, London, and 
Cambridge. (Oxford Research, n.d.) 
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8.3  Kajaani data center cluster 
8.3.1. Building the cluster 
Kainuun Etu Oy was a development company owned by municipalities of Kainuu region. It started to collect 
information, partners, and anchor companies to build a data center cluster in September 2009. After initial 
phase two projects were launched: EDC Park and DC2012.  

EDC Park (ecological data center park) was a project to form a DC cluster. Project was started by Kainuun Etu 
together with anchor company CSC. Kainuun Etu was leading the project. Other participants were HIT Oy 
(now Herman IT Oy) owned by local telephone cooperative Kainuun puhelinosuuskunta (KPO), Renforsin 
Ranta, local research and educational institutes and public sector. Renforsin Ranta is a real-estate company 
owned by UPM Kiinteistöt, which rents old paper mill buildings with readymade infrastructure for companies. 
Target of EDC Park was to create an information intensive cluster around new green data center, research 
and applications on green data centers, and to create jobs and new business. EDC Park project was financed 
by affiliation of municipalities in Kainuu region (80%), telephone operator KPO (5%), UPM (5%) and Kainuun 
Etu (10%). Funding was about 800 000 euros in total. DC2012 was a commercial project to plan and build the 
actual data center.  Project started 2010 and was funded by customers and actors. (Haverinen, 2011) 

CSC (IT Center for Science) had already two data centers in Espoo, but expansion was needed. Continuously 
growing amount of data required new infrastructure since expandability of old centers was not adequate. 
Thus, CSC started to look for a new site. Target was to find location where transfer price of electricity is 
inexpensive, power grid is reliable, ground is solid, and infrastructure is ecologically efficient. Renforsin Ranta, 
UPM’s old paper mill site, was suitable. To be green the site has abundant supply of hydropower, and warm 
water cooling enables waste heat to be utilized in the district heating network.  CSC joined together with 
Kainuun Etu Oy and became an anchor company for the cluster. (Haverinen, 2011) 

Research institutes and schools are natural partners in the cluster. CEMIS (Center for measurement and 
information systems) is a contract-based joint center of several universities and research institutes 
(Universities of Oulu and Jyväskylä, KAMK, VTT and CSC). In addition to measurement and information 
systems areas CEMIS has nowadays research and training on data analytics and AI. Kajaani university of 
applied sciences (KAMK), Kainuu vocational college (KAO) and Aikopa (KAO’s and Oulu university’s training 
unit for adults) have redesigned their courses to promote know-how required in data center industry.  For 
example, KAMK has a mini data center for training purposes, and it is managed entirely by students (CSC 
2017). In addition to local schools, cluster has co-operation with LUT university, Aalto university, Joensuu 
university and Jyväskylä university. (Haverinen, 2011) 

Today Herman IT (former HIT Oy) and CSC have data centers in Renforsin Ranta business park. Park hosts also 
other ICT companies such as, VTT and Bittium. However, Kainuun Etu Oy bankrupted 2021. Fortunately, its 
main task to build a data center cluster was already done. KAMK and Funet (Finnish university and research 
network managed by CSC) built data communication connections to the area – fast enough to take care of 
data traffic for CSC and HPC (high performance computing). 

8.3.2. CSC 
CSC (IT Center for Science) is a non-profitable company owned by Finnish state (70%) and higher education 
institutions (30%). Customers are higher education institutions, research institutions, culture, public 
administration, and enterprises. CSC has two data centers in Espoo and another two in Kajaani. 
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CSC has supercomputers, database servers and information servers. Customers need data calculation and 
storage capacity. Puhti is general purpose supercomputer cluster that covers use cases from interactive data 
analysis to medium scale simulations. Puhti-AI is designed for AI research and applications. It was launched 
2019. Mahti is designed for medium to large scale simulations that require huge amount of computing power 
and very capable interconnect. It was taken into use 2020. New world-class Lumi supercomputer is covered 
in Section 8.3.3.  Cloud services include cPouta, ePouta, Rahti and Notebook. cPouta is a community cloud 
service providing virtual machines and storage for many tasks. ePouta is virtual private cloud service 
especially for processing sensitive data with very high security level. Rahti is a container cloud service, and 
Notebook is a cloud platform to provides easy-to-use environment when working with data and 
programming. Allas is a common data management solution serving the entire computing environment. It is 
used for storing, sharing, and analyzing data. CSC is also managing Funet, which is the Finnish national 
research and education network that provides fast internet access to universities and other academic 
institutions and some governmental agencies. 

CSC’s Kajaani data center hosts Finland’s national data computing and data management environment and 
Lumi supercomputer. To enable this DC is designed to meet critical high performance computing 
requirements. Funet network allows bandwidth of 400 Gbps e.g., between Kajaani ja Espoo DCs (CSC, 2020). 
Modularity of DC allows easy expansion and scaling for specific customer needs. Kajaani DC has been 
designed for sustainability. Electricity is produced by hydropower. Cooling is done with free cooling, where 
water comes from Kajaani river. Extra heat is used in the district heating network of Kajaani. Supercomputer 
Lumi takes care of 20% of distributed heat needed by the city. There are two server rooms: one with PUE 
value of 1.04 (CSC, 2015). 

8.3.3. Lumi supercomputer 
The EuroHPC Joint Undertaking is a joint initiative between the EU, European countries, and private partners 
to develop a world class supercomputing ecosystem in Europe. Target is to make Europe leader in 
supercomputing by coordinating efforts and pooling resources. EuroHPC supercomputers are located across 
Europe: Lumi in Finland, Leonardo in Italy, MeluXina in Luxembourg, Vega in Slovenia, Karolina in the Czech 
Republic, Discoverer in Bulgaria, and Deucalion in Portugal. (EuroHPC, 2021a) 

Lumi supercomputer is hosted by 10 Lumi consortium countries: Finland, Belgium, the Czech Republic, 
Denmark, Estonia, Iceland, Norway, Poland, Sweden, and Switzerland. The total budget of Lumi is over 202 
million euros, where half of the funding comes from the EU and another half from the consortium countries. 
There is further 4.2 million euros from European Regional Development Fund (ERDFI) granted by Regional 
Council of Kainuu for period on 10. 6. 2019 – 31. 12. 2020. (CSC, n.d.) 

Lumi’s peak performance of 552 petaflops/s, which is the highest of all EuroHPC supercomputers, and it 
makes Lumi one the fastest supercomputers in the whole world (Table 20). Processors used are x86_64 (CPU) 
and AMD Instinct (GPU). There are four partitions: graphics, CPU, analytics, and memory (storage 117 PB). 
Applications are for many different use case areas and user communities. Examples are climate models, 
biomedical structures, artificial intelligence, and social sciences. The system installation is done in two 
phases. During autumn 2021 all except graphics partition is installed. Second phase will be installed 1Q22, 
and system will be generally available 1Q22 after acceptance of 2nd phase. (EuroHPC, 2021b)  

Table 20 Performance of pre-exascale EuroHPC super-computers (EuroHPC, 2021b) 

System name Aggregated theoretical 
performance (PFlops) 

Aggregated sustained 
performance (PFlops) 

Lumi 552.0 375.0 estimated 
Leonardo 322.6 249.5 estimated 
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Deucalion 10.0 7.2 estimated 
 

9 Conclusions 
There are several ways of dividing the key requirements for establishing a data center, and one way is to 
group them into four categories: energy availability and price, internet connectivity and latency, natural 
resources, climate and environment and the state of the sociality and regulations. These categories stated in 
the literature are confirmand by interviewees in both datacenter business development and crypto currency 
mining in northern Sweden and Finland. To continue to be a sought-after region for datacenter 
establishments, continuous improvements and investments in energy and connectivity infrastructure must 
be implemented. In the case of Norrbotten, all the available energy is already pre-booked for future industry 
establishments. The categories identified are, with some variations, evaluated in the many available rankings 
and indexes for evaluating countries for datacenter investments, where both Sweden and Finland generally 
scored very high.  

The datacenter market is slightly different for the four main datacenter groups: enterprise, co-location, 
hyperscale and edge datacenters as they are serving different customers and thus has different business 
models. The market for all of them is still growing fast as a response to an increased demand for computing 
power as society moves towards digitalizing more areas and the development of internet of things to connect 
an increasing number of devices. To make business out of the datacenter there are several ways to make 
revenue: Infrastructure as a service, software as a service, network as a service and platform as a service, 
which all provide value in different ways. The market has evolved quickly, and new business models and data 
center types are evolving with it. The growth of crypto currency mining datacenters is dependent on the 
blockchain verification model, and the current business models are dependent on crypto currencies using 
the proof-of-work verification. All datacenters are heavily dependent on the electricity price during the 
operational phase, both for the servers and for the facility cooling. Datacenters are also looking into new 
business areas such as the frequency regulation market or selling heat. 

The trends in the datacenter industry are closely connected to general business trends since datacenters as 
a service or infrastructure support primary value creation for industries. Such overarching trends shifting to 
cloud infrastructure and applications, edge computing close to the customers, applying internet of things, 
managing both datacenters and industries remotely, increasing automation and work towards sustainability. 

In the case studies of Facebook’s establishment in Luleå and Google’s establishment in Hamina have in 
common that they take advantage of the cool climate and cheap and readily available electricity, while 
spending hundreds of millions of euros in investments in their hyperscale data center. I both cases, most of 
the domestic economic impact was seen during the construction phase. 
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11 Appendices 
 

Appendix 1: Table of indicators used in investment monitor study 
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Appendix 2: Pillars of NRI 

Technology  

Technology is at the heart of the network economy. This pillar, therefore, seeks to assess the level of 
technology that is a sine qua non for a country’s participation in the global economy. The following three 
sub-pillars have been identified for that purpose:  

• Access: The fundamental level of ICT in countries, including on issues of communications 
infrastructure and affordability.  

• Content: The type of digital technology produced in countries, and the content/applications that can 
be deployed locally.  

• Future Technologies: The extent to which countries are prepared for the future of the network 
economy and new technology trends such as artificial intelligence (AI) and Internet of Things (IoT). 

People  

The availability and level of technology in a country is only of interest insofar as its population and 
organizations have the access, resources, and skills to use it productively. This pillar is therefore concerned 
with the application of ICT by people at three levels of analysis: individuals, businesses, and governments.  

• Individuals: How individuals use technology and how they leverage their skills to participate in the 
network economy.  

• Businesses: How businesses use ICT and participate in the network economy.  
• Governments: How governments use and invest in ICT for the benefit of the general population. 

Governance  

• Trust: How safe individuals and firms are in the context of the network economy. This does not only 
relate to actual crime and security, but also to perceptions of safety and privacy.  

• Regulation: The extent to which the government promotes participation in the network economy 
through regulation.  

• Inclusion: The digital divides within countries where governance can address issues such as inequality 
based on gender, disabilities, and socioeconomic status. 

Impact  

Ultimately, readiness in the network economy is a means to improve the growth and well-being in society 
and the economy. This pillar therefore seeks to assess the economic, social, and human impact of 
participation in the network economy.  

• Economy: The economic impact of participating in the network economy.  
• Quality of Life: The social impact of participating in the network economy.  
• SDG Contribution: The impact of participating in the network economy in the context of the SDGs—

the goals agreed upon by the UN for a better and more sustainable future for all. The focus is on 
goals where ICT has an important role to play, including such indicators as health, education, and 
environment 

  



54 
 

Appendix 3. Data innovation in EU: indicators and their weights. 

A) Indicators 
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B) Weights of indicators 
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Appendix 4. TCO model for a new high density data center (Uptime Institute 2008).  

Note: A server rack unit U is a unit of measurement used to describe the amount of equipment space a 
server rack has. A U is 44.45 mm high. An 8U rack has 8 units of vertical server rack space. 
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