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tässä hankkeessa on esitetty visio ja tiekartta suomen 
arktisen osaamisen kehittämiselle ja hyödyntämiselle. 
Arktisilla alueilla on noin 4 miljoonaa asukasta ja alueen 
kansainvälinen vetovoima on lisääntynyt merkittävästi 
viime vuosina. taustalla ovat globaalimuutoksen ajurit 
kuten, ilmastonmuutos, energian kysyntä, öljyn/raaka-
aineiden hinnat, matkailu, maailmanlaajuinen kuljetus, 
kaupungistuminen, maailman väestönkasvu ja teknolo-
gioiden kehittyminen. Arktisille alueille ominaisia piir-
teitä ovat pitkät etäisyydet, syrjäinen sijainti, eristynei-
syys, harva asutus ja vaikeat ilmasto-olosuhteet sekä 
kulttuurierot ja perinteiset elämäntavat. Jotta palve-
lut alueella voidaan säilyttää ja ihmisten elinolot sekä 
ympäristön monimuotoisuus turvata, pitää kilpailuky-
vyn kehittyä menestyksellisesti ja tuottavuuden oltava 
maailman kärkeä arktisilla alueilla.  

Visiomme on kestävä ja älykäs taloudellinen toimin-
ta, joka turvaa yhdyskuntien ja ympäristön hyvinvoin-
nin arktisella alueella pitkällä aikavälillä.

projektissa laaditussa tiekartassa on neljä tasoa, jot-
ka kuvaavat globaaleja muutosajureita, arktisen alueen 
toimintaympäristöä, strategisia haasteita ja polkuja ark-
tisenosaamisstrategian toteuttamiseen.  ehdotetut stra-
tegiset polut ovat seuraavat: 

•	 Keihäänkärkistrategia:	Keskittyminen	arktiseen		
 meriteknologiaan ja meriliikenteeseen liitty-  
 vään osaamiseen (polku 1), 
•	 Kurkiaura-lähestymistapa:	Laajempi	osaamis-	 	
 strategia, jossa kärkialan rinnalle nostetaan vali- 
 tut vahvan arktisen osaamisen alat (polku 2), 

•	 Arktinen	kokeilukulttuuri:	Strategia,	joka	painot-	
 taa  kokeilukulttuuria innovaatiopolitiikassa ja  
 arktisen teknologian kehityksessä (polku 3), sekä   
•	 Lumikinos-strategia:	Arktiset	liiketoimintamah-	
 dollisuudet jäävät  realisoitumatta: Arktinen fo- 
 kus ei muodosta uskottavaa pohjaa toiminnalle  
 ja arktista osaamista kehitetään osana muuta   
 osaamista (polku 4). 
Arktisia liiketoimintamahdollisuuksia voidaan tun-

nistaa liittyen ihmisiin, jotka asuvat, työskentelevät ja 
vierailevat arktisilla alueilla. sellaiset sovellukset kuin 
”Winternet of things”, omavalvonta mittalaitteita, 
nordlab ja eterveys toisivat uusia ihmisiä kokeilemaan 
yritysten kehittämiä ratkaisuja. tulevaisuuden energia-
liiketoiminnasta merkittävän osan muodostavat toden-
näköisesti ICt-pohjaiseen älykkääseen sähköverkkoon 
sidotut palvelut. metallurgiateollisuuden integrointi 
biotalouteen voisi tuoda mielenkiintoisia mahdollisuuk-
sia lisätä materiaali- ja energiatehokkuutta.  n

tIIVIstelmÄ
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ABstrACt

In this project, we have introduced a vision of the future 
and created a roadmap for maintaining and further de-
veloping Finnish arctic expertise. Around 4 million peo-
ple live in the Arctic regions and the attractiveness of 
the region internationally has increased significantly 
in recent years. Behind this interest are drivers of glob-
al change such as climate change, energy demand, oil/ 
raw material prices, tourism, new bio-economic struc-
tures, global transport, urbanisation, world population 
growth and development of technologies. Arctic re-
gions are characterised by long distances, remoteness, 
isolation, sparse population and difficult climate con-
ditions, as well as cultural diversity and traditional life-
styles. however, the Arctic region has to be a world lead-
er in productivity in order to develop competitiveness 
successfully. this is also a prerequisite for securing hu-
man services in the area. product development requires 
the utilisation of the latest technology and novel inno-
vations.

our vision is sustainable and smart economic activ-
ity, which safeguards the long-term welfare of societies 
and ecosystems in the Arctic region.

the roadmap developed in this project has four lay-
ers, which describe the landscape drivers, operational 
environment, strategic challenges and paths for the im-
plementation of the Finnish strategy for Arctic region.  
the four proposed strategy paths are: 

•	 Spearhead	strategy:	Arctic	marine	technology		
 and maritime transport – a focused strategy   
 that emphasises traditional Finnish competenc- 
 es in ship building and maritime industry set in  
 the Arctic context; 

•	 Flying	geese	approach:	emerging	Arctic	path	 	
 ways – a widened strategy emphasising 
 selected number of strong competence fields   
 relating to the Arctic context; 
•	 Culture	of	Arctic	experimentation	–	a	strategy			
 emphasising principles of experimentation in   
 innovation policy and in the field of Arctic 
 competences; and 
•	 Snowdrift	strategy:	fading	Arctic	business	–	the		
 Arctic does not form a credible focus of activi-  
 ties  and is forgotten or set as a subordinate 
 perspective inside some other topic. 
Arctic business opportunities and potential can be 

identified in relation to the people who are living and 
working in, as well as visiting the Arctic regions. such 
applications as “Winternet of things”, self-monitoring 
devices, nordlab and e-hedalth would bring new users 
for solutions developed by companies. the future en-
ergy business will in great part be based on smart grid 
dedicated, ICt-based services. the integration of bioec-
onomy and metallurgical industries might bring inter-
esting opportunities to increase material and energy ef-
ficiency.  n
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1 IntroDuCtIon

northern peripheral areas experience differing lev-
els of accessibility issues, for example, continental (dis-
tance to main markets in the south) and regional (lack 
of sufficient population). the Arctic’s accessibility is 
characterised by long distances, sparsely populated ar-
eas and the problems caused by geographic and sea-
sonal variations. Access to the four possible means of 
transportation – air, sea, road and railway – is very lim-
ited in the Arctic. the most remote communities often 
have no land connections of any kind. For this reason, 
many communities in the Arctic are highly dependent 
on costly travel options, particularly air transportation. 
Internal connections in the Arctic are scarce, and usual-
ly connections run only in a north-south direction, tak-
ing resources out of the Arctic and bringing consumer 
goods into the region. 

there have been several attempts to open up inter-
Arctic connections, but many of them have only lasted 
for short periods of time because of limited usage and 
the high cost of maintaining them. there have been ex-
tensive efforts to compensate for these issues, but the 
costs are constantly rising. As ordinary solutions are of-
ten insufficient and unsuitable for the Arctic environ-
ment, unconventional measures have become more 
common. At the same time, the importance of infor-
mation and communication technologies has become 
even more essential for remote communities with poor 
accessibility. In addition to connecting people with the 
rest of the world, communication technologies make it 
possible to offer previously unavailable multiple servic-
es unreachable, such as education, health care and dif-

ferent commodities. With proper connections, isolated 
communities can be offered a sufficient level of services 
and be brought closer to other areas.

Finland’s strategy for the Arctic region (prime min-
ister’s office, 2013) defines a vision for Finland as follows: 
Finland is an active Arctic actor with the ability to rec-
oncile the limitations imposed and business opportuni-
ties provided by the Arctic environment in a sustainable 
manner while drawing upon international cooperation.

this vision embodies the idea of Finland as an Arctic 
country that has shaped an Arctic identity based on its 
nature, geography, history and experience. the strate-
gy document also states that Finland possesses the top-
level expertise and know-how needed for understand-
ing, adapting to and utilising the change that is taking 
place in the Arctic. the strategy document also defines 
a policy that maintaining and developing a high stand-
ard of expertise and research are of primary importance, 
and Finland wants to set an example as an Arctic expert 
both in research and in the responsible commercial ex-
ploitation of such expertise. An important aspect in the 
latter goal is to comply with the principles of sustaina-
ble development in Arctic operations. Another key ob-
jective, according to the strategy document, is to pro-
mote international cooperation and maintain stability 
in the Arctic region.

Although the definition of the Arctic region may dif-
fer among experts and scholars of different fields and 
disciplines, we operate under the paradigm that Fin-
land, in its entirety, is an Arctic Country. more specifical-
ly, Finland’s identity as a member of the Arctic commu-
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nity has been defined by its environmental, climatic and 
socio-cultural background. 

Finland is an Arctic expert, able to provide top lev-
el knowledge and know-how to monitor and manage 
the major transitions currently taking place in the Arc-
tic region. Furthermore, the aim is for responsible com-
mercial exploitation of this expertise to support the sus-
tainable use of natural resources in recognition of the 
particular conditions imposed by the Arctic climate and 
environment. In this framework, Finland’s aim is to set 
an example as an expert in research and technology, 
reinforcing its position in the Arctic community and to 
promote stability an internal cooperation in a time and 
age characterised by rapidly growing political and com-
mercial interest toward the Arctic.

the objective of the project was to formulate a vi-
sion and roadmap for maintaining and further devel-
oping the Finnish Arctic expertise. Figure 1 shows the 
structure of the project.

the Arctic context. the aim is to identify the level of 
knowledge of the Arctic, the level of Finnish organisa-
tions’ Arctic expertise and the potential added value of 
Finland’s key technology areas of competence.

environmental informatics and mobile technolo-
gy. the aim is to identify the future development of the 
wireless communication environment, human meas-
urement and data transmission. Based on this analysis, 

personalised and interactive services supporting hu-
man well-being and sustainable development will be 
analysed. the vision is to support the development of 
wireless communication technologies and smart meter-
ing methods to maintain Arctic capabilities.

smart logistics, infrastructure and living envi-
ronment. the aim is to look at the impact of new traf-
fic openings and intensified use of natural resources 
on traffic flows, urban structures and infrastructure, as 
well as to identify and list those issues related to new 
business opportunities and the development of ser-
vices.	Key	priorities	 are	accessibility,	 sustainability	and	
growth. the vision is to support the development of a 
vibrant community in the north, with sufficient logistics 
secured for people and companies, accessible services, 
as well as an ecologically, socially and economically sus-
tainable environment.

natural resources management and economics. 
the aim is to identify and list synergistic solutions to the 

sustainable use of Arctic resources to support and iden-
tify related innovations and business opportunities. the 
vision is to support the development of an Arctic It-en-
hanced eco-industrial system.

people in the north. the aim is to characterise and 
list the measurement and information systems related 
to the monitoring of the well-being of Arctic residents 
and those moving to the Arctic in search of work; fur-

Figure 1. schematic representation of the smArtIC project Wps and their respective role within the roadmap build-
ing strategy.
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Figure 1. Schematic representation of the SMARTIC project WPs and their respective role within 
the roadmap building strategy.  
 
 
The Arctic context. The aim is to identify the level of knowledge of the Arctic, the level of Finnish 
organisations’ Arctic expertise and the potential added value of Finland's key technology areas of 
competence. 
 
Environmental informatics and mobile technology. The aim is to identify the future development 
of the wireless communication environment, human measurement and data transmission.  
Based on this analysis, personalised and interactive services supporting human well-being and 
sustainable development will be analysed. The vision is to support the development of wireless 
communication technologies and smart metering methods to maintain Arctic capabilities. 
 
Smart logistics, infrastructure and living environment. The aim is to look at the impact of new 
traffic openings and intensified use of natural resources on traffic flows, urban structures and 
infrastructure, as well as to identify and list those issues related to new business opportunities and 
the development of services. Key priorities are accessibility, sustainability and growth. The vision 
is to support the development of a vibrant community in the North, with sufficient logistics secured 
for people and companies, accessible services, as well as an ecologically, socially and economically 
sustainable environment. 
 
Natural resources management and economics. The aim is to identify and list synergistic 
solutions to the sustainable use of Arctic resources to support and identify related innovations and 
business opportunities. The vision is to support the development of an Arctic IT-enhanced eco-
industrial system. 
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thermore, to identify related services and new business 
development opportunities. the vision is to identify the 
factors affecting the welfare and safety of individuals 
and the community –  health indicators monitored in re-
al-time. Data on welfare are to be collected in databases 
that allow comprehensive assessment and enable influ-
encing interfering factors at an early stage.

roadmap to Arctic expertise. the aim is to devel-
op roadmaps for selected Arctic regions and, based on 
them, produce a vision for formulating strategic open-
ings.

strategic opening and business potential. this work 
package evaluates suitable business models and in-
novation ecosystems for the Arctic and analyses them 
through a scenario process to link with the roadmaps. 
the future-oriented assessment of business opportuni-
ties is to be linked to enablers and substance work pack-
ages in order to result in integrated scenarios.  n
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2 trenDs releVAnt For the ArCtIC

2.1  the framework of participation in the 
foresight process

In the smArCtIC project, a strong prospective trend ap-
proach was applied (spt/sp trend) in the future analyses 
of business potential and possibilities of the Arctic en-
vironment. A strong prospective trend is synonymous 
with the mega trend, but it has a more specific scientif-
ic definition (see e.g. toivonen 2004 myllylä 2008, six in 
2008). mega trends today are characterised by the de-
velopments of large development waves. If a phenom-
enon has a clear pattern and includes regular aspects of 
development and experts estimate that this phenome-
na will continue until the date specified for the future, 
the trend can be seen as a strong prospective trend. 

A strong prospective trend affects decision making, 
business strategies and also the political agenda. For ex-
ample, if mineral prices have been rising and stock mar-
ket prices are expected to continue to rise, this trend 
creates the pre-conditions for pro-active mining oper-
ations, a successful mining cluster, mining companies 
and other business models, such as educational servic-
es, formed in the business network. the trend can be cy-
clic, for example a variable, such as prices of raw materi-
als typically are. An essential aspect of a strong prospec-
tive trend is regularity and the fact that experts estimate 
it will continue in the future.

strong prospective trends can be divided into so-
called peste categories of trends (political, economic, 
social, technological and environmental). For example, 
in the smArCtIC-project research team and other ex-

perts performed a trend analysis of 24 trends. the back-
ground report identifies and describes relevant peste 
trends in the Arctic region, which can be seen as strong 
prospective	trends	(Kaartemo,	&	Kaivo-oja	2010,	Kaivo-
oja	 &	 Myllylä	 2013).	 This	 deskwork	 study	 was	 linked	
methodologically to the future workshop concept, 
which is the typical participatory foresight method with 
Delphi methodology. 

According to the original smArCtIC Work package 
plan, the work on the future was performed in four the-
matic expert groups, who elaborated and discussed the 
importance of strong prospective trends for Arctic busi-
ness potential and new business opportunities. In addi-
tion, there was also a special workshop group for weak 
signal analyses and wild card scenarios. there were 
about 50 experts participating in the smArCtIC work-
shops at the university campus of oulu. the total num-
ber of experts, who delivered the formal interview for-
mat, was 31. this interview material was analysed care-
fully and later published as a smArCtIC workshop 
document	(Myllylä	&	Kaivo-oja	2013).	The	following	ta-
ble (table 1) reports the expertise background and 
workshop groups in the smArCtIC foresight workshop. 

the key results of the smArCtIC foresight work-
shop are reported in a nutshell in table 2. table 2 is a 
summary of selected identified influential business op-
portunities which were linked to strong prospective 
trends.
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Table 1. summary of the foresight workshop data information: number of persons who responded to the smArC-
tIC interview format, number of completed forms and interest groups (percentages of different perspectives of ex-
pertise).

10	  
	  

 WG1 WG2 WG3 WG4 WGR5 Total  

Total number of experts who delivered full SMARCTIC 
interview format 

6 11 10 2 2 31 

Total sum of formats 11 17 13 3 2 46 

Entrepreneurial perspective with business perspective, %* 33 50 36 50 50 43 

R&D perspective,%* 67 50 46 50 50 50 

Other expert perspectives, %*   18   7 

Note:  WG 1 (Foresight group 1) = Environmental informatics and mobile technology solutions, WG 2 (Foresight group 
2) = Smart logistics, infrastructure and living conditions, WG 3 = Management of natural resources and economy, 
WG 4 (Foresight group 4 = Human beings in the Northern conditions, WG 5 = Wild Card foresight group. // * mark = 
Percentage of specific interest perspective of all experts, who participated to the SMARCTIC foresight workshop.   

 

The key results of the SMARCTIC foresight workshop are reported in a nutshell in Table 2. Table 2 is a 
summary of selected identified influential business opportunities which were linked to strong prospective 
trends. 

 

2.2	   	  Key	  Results	  of	  Strong	  Prospective	  Trend	  (SPT)	  analysis	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
 

Summary of strong prospective trends relevant to the Arctic region 

2.2  Critical strong prospective trends 

Based on the smArCtIC workshop analyses, the main 
sp peste-trends relevant for business potential in the 
Arctic region are (based on “expert votes”): 
(1)   sp trends related to technological change (35), 
(2)   sp economic trends (28), 
(3)   sp environment and sustainable development 
        trends (27), 
(4)   sp  social trends (19), 
(5)   sp political trends (19). 

the big picture on the basis of the participatory 
workshops is that technological, economic trends and 
environmental are seen as the most powerful ones. the 
other sp trends (social and political sp trends) are a little 
bit less influential for business potential in the Arctic re-
gion. It is good to remind readers of this report that the 
decision making environment has changed to some ex-
tent after the running of smArCtIC workshop (5.4.2013) 
as a result of the emerging crisis and conflict situation in 
ukraine. the new changes in the decision making envi-
ronment might affect the expert assessment, especial-
ly the assessment of economic and political trends be-
cause of the crisis in the ukraine. 

the most impactful sub-systemic trends are report-
ed in Figure 2. one very interesting result is that the 
most mentions/”votes” were given to the rising prices 
of natural resources (rank 1, 18 votes). the sub-group 
of peste sp trends were evaluated to be important and 
influential: 

•	 Climate	change	and	its	impacts	(pressures)	on	en-
ergy economy, economic structures and consumption 
patterns (rank 2, 10 votes)
•	 Resource	wise	and	eco-efficient	 technologies	and	
growing importance of these systems and their increas-
ing use (rank 3, 9 votes)
•	 The	 rise	 of	 importance	 of	 bio-economy	 and	 bio-
technologies (rank 3, 9 votes)
•	 New	transport	corridors	to	the	North	and	strength-
ening logistic flows in the north (rank 3, 9 votes)
•	 Suitable	 technological	 solutions	 suitable	 for	 the	
Arctic environment and  growing need for them (rank 
4, 8 votes)
•	 Globalisation	and	corresponding	major	decentral-
isation of power, developments towards a multipolar 
global economy (rank 4, 8 votes)
•	 Digital	evolution	and	ubiquitous	technology	revo-
lution (rank 5, 7 votes)
•	 World	population	growth	from	the	current	7	billion	
to about 9 billion by the year 2050 (rank 6, 6 votes)
•	 Increased	 environmental	 consciousness	 in	 the	
world (rank 6, 6 votes)
•	 The	growing	 importance	of	 the	Northern	Dimen-
sion and the Arctic regions for the european union and 
international development (rank 6, 6 votes)
•	 World	population	growth	from	the	current	7	billion	
to about 9 billion by the year 2050 (rank 6, 6 votes)
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Table 2. summary of strong prospective trends relevant to the Arctic region.

Summary of strong prospective trends relevant to the Arctic region 

In the SMARCTIC participatory foresight workshop all the participants were 
asked to select the six most promising and impactful business opportunities 
linked to SP trends of the considered phenomenon from the perspective of the 
specific field. The fields were: 
WG 1 = Environmental informatics and mobile technology solutions  
WG 2 = Smart logistics, infrastructure and living conditions 
WG 3 = Management of natural resources and economy  
WG 4 = Human beings in Northern conditions 

The number of references 

Total WG1 WG2 WG3 WG4 

Technological trends 35 9 13 12 1 

TeT1 Resource wise and eco-efficient technologies and growing importance 
of these systems and their increasing use  

 

 

9 1 4 4 - 

TeT3 The rise of importance of bio-economy and biotechnologies  9 3 1 5 - 

TeT2 Suitable technological solutions suitable for the Arctic environment and  
growing need for them 

8 1 5 2 - 

TeT4 Digital evolution and ubiquitous technology revolution 7 4 2 1 1 

TeT5 TeT5 The convergence of technologies: nanotechnology and increasing 
smartness of products 

1 - 1 - - 

Economic trends 
 

29 3 11 12 3 

TT2 Growing prices of natural resources 18 3 6 8 2 

TT1 Population growth in the world 3 - 2 1 - 

TT3 Internationalisation and the development of network economy 3 - 2 - 1 

TT4 The growing economic importance of BRICSA countries and the  N11 
countries in the global economy 

3 - - 3 - 

TT5 Mobility developments in relation to tourism and labour markets 1 - 1 - - 
Environmental trends 
 

27 6 10 8 3 

Y
YT2 

Climate change and its impacts (pressures) on energy economy, 
economic structures and consumption patterns 

10 2 3 4 1 

YT1 New transport corridors to the North and strengthening logistic flows in 
the North 

9 2 5 1 1 

YT3 Increased environmental consciousness in the world 6 1 1 3 1 

YT4 Increasing public awareness of the rights of indigenous peoples 2 1 1 - - 

Social trends 
 

19 2 10 6 1 

ST1 World population growth from the current 7 billion to about 9 billion by 
the year 2050 

6 - 2 4 - 

ST2 The demographic shift towards an ageing society, e.g. in. Finland 4 1 4 - - 

ST3 The development of service society and increasing demand for welfare 
services 

3 1 2 - - 
ST4 The spread of social instability in various forms 2 - 1 1 - 

ST5 Growth and development of multicultural societies 2 - - 1 1 

ST6 The growing importance of social media, web-based e-democracy and 
crowd-sourcing 

1 - 1 - - 

Political trends 19 4 11 2 2 

PT3 Globalisation and corresponding major decentralisation of power, 
developments towards a multipolar global economy  
 

8 3 3 1 1 

PT2 The growing importance of the Northern Dimension and the Arctic 
regions for the European Union and international development 

6 1 4 1 1 

PT1 Russia's interests shift to the North after the end of the Cold War Era 
 

2 - 2 - - 

PT4 Development of global governance institutions and growing importance 
of these institutions 

 

- - - - - 

”Votes”  for SP trends, total 129 24 55 40 10 
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 New transport corridors to the North and strengthening logistic flows in the North (Rank 3, 
9 votes) 

 Suitable technological solutions suitable for the Arctic environment and  growing need for 
them (Rank 4, 8 votes) 

 Globalisation and corresponding major decentralisation of power, developments towards a 
multipolar global economy (Rank 4, 8 votes) 

 Digital evolution and ubiquitous technology revolution (Rank 5, 7 votes) 

 World population growth from the current 7 billion to about 9 billion by the year 2050 
(Rank 6, 6 votes) 

 Increased environmental consciousness in the world (Rank 6, 6 votes) 

 The growing importance of the Northern Dimension and the Arctic regions for the European 
Union and international development (Rank 6, 6 votes) 

 World population growth from the current 7 billion to about 9 billion by the year 2050 
(Rank 6, 6 votes) 

 

 

 

 

 

 

 

 

 

Figure 2. The analysis of SP trends: 11 of the most important SP trends in relation to Arctic 
business potential and emerging business opportunities according to the SMARCTIC participatory 
foresight workshop (number of mentions) (Source: Kaivo-oja & Myllylä 2013, Myllylä & Kaivo-
oja 2013, SMARCTIC project document 5.9.2013).  

Figure 2. the analysis of sp trends: 11 of the most important sp trends in relation to Arctic business potential and 
emerging business opportunities according to the smArCtIC participatory foresight workshop (number of mentions) 
(Source:	Kaivo-oja	&	Myllylä	2013,	Myllylä	&	Kaivo-oja	2013,	SMARCTIC	project	document	5.9.2013).

Figure 3.	Rising	cyclical	price	development	of	33	raw	materials	from	early	1900s	until	2010.Source:	Jeremy	Granthalm	
(2011) < http://www.timera-energy.com/commodity-prices/global-commodity-markets-part-i-a-paradigm-shift/>.
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there were some variations in 
different foresight working groups, 
because of the different size of 
the groups. For example, in three 
foresight	 working	 groups	 (WG	 2	 =	
smart logistics, infrastructure and 
living	conditions	and	WG	3	=	Man-
agement of natural resources and 
economy,	(WG	4	=	Human	beings	in	
northern conditions), the sp trend 
“Growing	prices	of	natural	 resourc-
es” was evaluated to be the most 
important trend affecting. howev-
er	 in	WG	1	 (WG	1	=	Environmental	
informatics and mobile technolo-
gy solutions), sp trends “Digital evo-
lution and ubiquitous technolo-
gy revolution” and “suitable tech-
nological solutions suitable for 
the Arctic environment and grow-
ing need for them” received more 
votes. the result of the smArCtIC 
foresight workshop can be linked to 
other findings in Arctic and global 
research activities (Wilenius, 2013, 
Myllylä	2012,	Granthalm	2011,	Smith	
2011). the following Figure 3 shows 
the	 analysis	 of	 Jeremy	 Granthalm,	
who compiled a price index for 33 
raw materials over the past 110 years. In Figure 4, new 
opening logistical paths and critical exploitation zones 
for marine natural resources are re-visualised.

Figure 4. new opening logistical paths and critical exploitation zones for ma-
rine natural resources.

Note:	We	note	 that	 in	 the	Nordregio	map,	 ongoing	 LNG	 facility	 invest-
ments are not properly marked, on the other hand, the “frozen” stock-
man gas field is given too much emphasis in this map visualisation. sourc-
es:	Nordregio/	Energy	Enviro,	Myllylä,	McEwan	and	Kaivo-oja	2013	http://
www.energy-enviro.com/index.php?PAGE=7&LANG=1&ID=4790&LETTE
R_ID=237

2.3  Critical strong prospective trends 
and business potential analysis: some key   
results

Among sp trends, rising raw material prices are by far 
the most emphasised as a critical trend having impacts 
on business opportunities evaluation (see table 2, Fig-
ure 1). In economic terms, the future of non-renewa-
ble resources and minerals are of great strategic im-
portance. As one key result we conclude that the tran-
sition period to a low-carbon economy will be critical 
for the realisation of Arctic business potential. When 
raw material costs increase, not only does it create pres-
sure on the exploitation of natural resources, it also pro-

vides business opportunities for resource and eco-effi-
cient solutions and systems to introduce. For example, 
we have already seen concrete examples that some ore 
beneficiation vessel ships of norlisk nickel have sailed 
without the assistance of an icebreaker in the northeast 
passage. Another very good example would be a sat-
ellite	navigation	and	GPS	 system,	 as	well	 as	 a	 convey-
or belt transport technology solution, which eliminates 
costly truck traffic from mining operations. these kinds 
of novel technological solutions will be needed for the 
realisation of business potential in the Arctic region.

In this study, we have focused on the direct impacts 
of sp trends on business potential. We know that many 
trend variables have an impact on each other. We have 
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Table 3. evaluation of direct and indirect business and public sector decision-making impacts of sp trends in the 
Arctic region.

17	  
	  

SP trend Direct impacts on decision making in the 
Arctic  

Potential non-direct impacts in the 
Arctic  

Rising prices of natural resources 
(Rank 1, 18 votes). 

The availability of strategic natural resources 
and minerals needs special political and 
economic attention 

The role of potential substitutes for 
strategic resources and minerals requires 
more attention 

Climate change and its impacts 
(pressures) on energy economy, 
economic structures and 
consumption patterns (Rank 2, 10 
votes) 

Need to develop novel eco-innovations and 
low-carbon solutions 

The Northeast Passage will be opened 
and it requires transition management 
strategies 

Resource-wise and eco-efficient 
technologies and growing 
importance of these systems and 
their increasing use (Rank 3, 9 
votes) 

Need to develop resource wise and eco-
efficient technologies 

Need to raise awareness of future 
roadmaps of resource wise and eco-
efficient technologies  

The rise of importance of bio-
economy and biotechnologies 
(Rank 3, 9 votes) 

Concrete bio-economy investment plans are 
needed 

Education programs and dynamic 
capabilities of bio-economy and 
biotechnology know-how are needed 

The new transport corridors to the 
North and strengthening logistic 
flows in the North (Rank 3, 9 votes) 

Monitoring of new developments of transport 
corridors to the North are needed 

The strategic analysis of spill-over effects 
of new transportation corridors will be 
needed 

Suitable technological solution 
suitable for the Arctic environment 
and  growing need for them (Rank 
4, 8 votes) 

Need to develop novel eco-innovations and 
low-carbon solutions 

Need to raise awareness of future 
roadmaps of resource-wise and eco-
efficient technologies 

Globalisation and corresponding 
large power decentralisation, 
developments towards a multipolar 
global economy (Rank 4, 8 votes) 

Updated follow-up of Russian, Chinese, 
United Nations, WTO and NATO  policy 
decisions and international agreements will be 
needed 

New role of BRICSA and N11 countries 
need more attention 

Digital evolution and ubiquitous 
technology revolution (Rank 5, 7 
votes) 

 

Need invent business potential of ubiquitous 
technologies in the Arctic region 

New focused “Arctic UBI” technology 
programs are needed 

Education programs and development of 
dynamic capabilities of frontline solutions 
of digital evolution and ubiquitous 
technology tailored to the Arctic 
conditions 

World population growth from the 
current 7 billion to about 9 billion by 
the year 2050 (Rank 6, 6 votes) 

Strategic evaluation of immigration and 
migration flows in the Arctic region 

Pressures to develop arctic cities and 
urban infrastructures for growing 
population concentrations 

Increased environmental 
consciousness in the world (Rank 
6, 6 votes) 

Need to develop green consumer-driven 
innovation policy in the Arctic region 

Branding “Green Arctic” consumer market 
and develop associated new green 
production and service innovations 

The growing importance of the 
Northern Dimension and the Arctic 
regions for the European Union and 
international development (Rank 6, 
6 votes) 

Need to have new definition of European 
Union’s policy focus in the Arctic region 

Need to develop long-run security and 
sustainability solutions in the Arctic region 
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these sp trends were used as framing tools also in 
other work packages of the smArCtIC 
project. 

participatory foresight workshop, 
in the first stage, presented sp trends 
and experts evaluated the most impor-
tant sp trends affecting the key theme 
of each smArCtIC work package. In the 
second phase of the workshop process, 
the impacts of sp trends on the devel-
opment of thematic clusters and de-
velopment were elaborated. the third 
stage was a discussion about enter-
prise projects, network projects and 
potential broader future projects. The enterprise pro-
ject is one where a company is leading the project with 
some strategic partners. The network project is a larger 
company network and joint effort aimed at the wider 
business area or mini-cluster of significant development 
potential. The future project is a completely new case or 
package to launch a project which usually has wider 
network of actors involved. 

the project may include capacity building aimed 
partitions, or technological innovation, business inno-
vation, social innovation, or the beginning of the grand 
implementation of activities. 

As a general observation based on expert evalua-
tions in the smArCtIC workshop, we note that issues 
such as arctic mobility, distributed systems, modularity of 
innovations/solutions, ubiquitous sensors and blue water 
cluster are going to be very important business poten-
tial issues for more detailed business model planning. 

2.4  links to other chapters and results such 
as technological road maps

the main task of the FFrC activity was analyse strong 
prospective trends and their links to business poten-
tial in the Arctic region. the identification and analy-
ses of sp trends and associated project ideas (in three 
categories) helped other work packages to make deep-
er thematically motivated further analyses. the working 
groups from spring 2013 to autumn 2014 made more 

analyses and business planning work. the main results 
(Kaivo-oja	&	Myllylä	2013,	Myllylä	&	Kaivo-oja	2013)	were	
delivered to other smArCtIC work groups and work 
packages. In addition, the production of intelligent lo-
gistics, infrastructure and habitat of the working group 
on in-depth analysis on the basis of a workshop paper 

(myllylä 2013a). In addition, deeper analyses were deliv-
ered	to	the	groups	of	the	WG	2	group	“Smart	logistics,	
infrastructure and living conditions” (myllylä 2013a).

the working groups of the smArCtIC project have 
continued to work after the workshop phase and pre-
sented the results in this integrated summary report. A 
Vtt-mDI coalition has been working on the technolog-
ical roadmaps based on the previous work phase. thus, 
sp trend analyses have motivated strategic background 
assumptions of technological roadmaps and thematic 
choices for Arctic technology road mapping.

We would like to emphasise that when business po-
tentials of the Arctic region are evaluated, we must un-
derstand not only the basic nature of sp trends, but also 
comparative business advantages of the Arctic environ-
ment as such. this means that, in order to create new 
business opportunities in the Arctic region, we should 
also link the concrete challenges of the Arctic environ-
ment, including long distances, cold, snow, rapid fluctu-
ations in weather conditions, darkness, light etc. to new 
business ideas and business model potentials (myllylä 
2013a,b).  n

participants
Finland Futures research Centre, university of turku:
Yrjö myllylä
Finland Futures research Centre, turku school of 
economics, university of turku tampere office: 
Jari	Kaivo-oja

Figure 5. prospective trend analysis framework and relation to each work 
stages	of	SMARCTIC-process.	(Myllylä	&	Kaivo-oja	2013)

not analysed cross-impacts of trend variables, however; 
already the analysis of direct impacts informs decision-
makers in many ways. Concerning identified sp trends 
we can present some strategic insights, which should 
be taken into consideration in future decision making. 
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3	 ARCTIC	COMPETENCE	AND	STRATEGIES	–	SMARCTIC	ROADMAP

3.1  roadmapping method

Finland’s location in the nordic region has led to the cre-
ation of expertise in arctic operations and technologies. 
however, this arctic competence is scattered over differ-
ent technological and industrial areas. the utilisation of 
arctic potential requires the persistent development of 
competences and support of high level arctic research. 
the objective of the project was to identify the mean-
ing of arctic competence in different technological are-
as and to create a roadmap, which supports the formu-
lation of Finnish industry and innovation policies in rela-
tion to arctic competences. the roadmaps can be used 
in formulation of strategy recommendations and strat-
egy related decision-making on a national, regional or 
firm level. 

Background for the roadmap work in the smArCtIC 
project is Finland’s strategy for the Arctic region, which 
was published in August 2013 (prime minister’s office, 
2013). roadmaps support strategic alignment through 
the creation and use of structured visual representa-
tions. As a methodological framework, we used inno-
vation policy roadmapping (Iprm) (Ahlqvist et al. 2012), 
which	links	R&D	results	to	systemic	policy	contexts	and	
to forward-looking policy design. Iprm integrates the 
approach of technology roadmapping – including such 
contents as enabling technologies, applications, prod-
ucts, markets and drivers – with the perspectives of sys-
temic policies and policy instruments. Iprm is also tar-
geted at the systemic level of multiple actors and or-
ganisations. thus, this visionary process includes many 

participants and different interests. In this project, the 
policy analysis was carried out by a consultant company 
mDI public as a separate analysis on the preparation and 
contents of Finland’s strategy for the Arctic region. In 
this analysis, several challenges for strategy implemen-
tation and four different paths for the implementation 
of the Arctic strategy were outlined. these paths consti-
tute the basis for the systemic level of the Iprm process, 
and the technology roadmaps were created to reflect 
these developments. In the following, the Iprm process 
and its outcomes are presented briefly.

Figure 6 shows the foresight process implemented 
in the smArCtIC project. the main stages of the process 
are scoping, generation and outputs. In various stages, 

Figure 6. the roadmap process in the smArCtIC project.
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a variety of foresight methodologies were applied to 
formulate the outcome. In the scoping phase, the top-
ic – arctic competence or arctic technology – was de-
fined. these results were combined with the outcomes 
of the innovation policy analysis by mDI public to for-
mulate the topics for the technology roadmaps. the 
generation stage involved the steps needed for knowl-
edge generation and vision building to create the tech-
nology roadmaps. Finally, the outputs refer to reporting 
and communication activities at the end of the process.

3.2  scoping:  strategy paths and arctic 
competences

the innovation policy analysis carried out by mDI pub-
lic as a part of the project generated four different strat-
egy paths to concretise the vision presented in Finland’s 
strategy for the Arctic region. these paths are the fol-
lowing (Antikainen et al. 2014):
•		 Path 1 – spearhead strategy: Arctic marine tech - 

nology and maritime transport 
 o A focused and narrow strategy emphasising 

Finnish traditional competences in ship building 
and maritime industry, but now set explicitly in the 
Arctic context.

•	 Path 2 – Flying geese approach: emerging Arctic 
pathways

 o A widened strategy emphasising a selected 
number of strong competence fields relating to 
the Arctic context. 

•	 Path 3 – Culture of Arctic experimentation
 o An alternative strategy emphasising princi-

ples of experimentation in innovation policy and 
in the field of Arctic competences.

•	 Path 4 – snowdrift strategy: fading Arctic business 
 o the Arctic context as a focus area is forgotten 

due to unrealised business potential.
the task for the roadmap process was to ascertain 

what these strategy paths would mean from the per-
spective of Arctic competences and outline technology 
roadmaps for these paths.

Another task of the scoping phase was to gener-
ate a coherent understanding of the Arctic competence 
base, especially in relation to on-going technological 
developments. 

Arctic competence and research are often defined 
in relation to geographical region, which can be deter-

mined by political treaties (area above Arctic Circle) or 
biological zones (e.g. tree line, south line of tundra or 
permafrost). this is not necessarily a fruitful approach 
as regards competences. Firstly, competence is bound 
to people rather than geographical regions. In other 
words, competences are not necessarily found in the 
target region, but in locations where experts, research 
institutes and companies are. secondly, competence is 
not bound to a single application area, or in this case to 
geographical area, but the generic elements of compe-
tences can be applied also in other contexts. As there 
was no clear or generally accepted definition of Arctic 
competences or Arctic technologies, we organised two 
workshops gathering 42 researchers from various re-
search institutes to formulate a shared view. the work-
shops produced raw material for further analysis in the 
project group. Based on this analysis, we developed a 
layered structure of Arctic competences (see Figure 7) 
where competences are divided into three classes:
1)     Competences relating to Arctic conditions, 
2)     Applied technology competences and
3)     Cross-sectional technology competences.

these competences have different weight in the 
above-mentioned strategy paths.  the paths 1 (spear-
head strategy) and 2 (Flying geese approach) emphasise 
applied technology competencies, the first one being 
narrower and more focused than the second one. the 
third path (Culture of Arctic experimentation) is an alter-
native way of organising innovation policy to thematic 
focus. therefore, it is not selective on the competences, 
but requires a wide range of competences. especially, 
this path highlights the importance of combining dif-
ferent competences to find new solutions. In the fourth 
path (snowdrift strategy), competences are not devel-
oped under the Arctic strategy umbrella, but the devel-
opment is seen to take place in relation to other tech-
nology fields, based on existing activities and regional 
needs and possibilities.

3.3  smArCtIC roadmap

Figure 8 shows the roadmap that was created in the 
smArCtIC project. this roadmap is a general strate-
gic roadmap which is based on literature and the poli-
cy survey carried out in the smArCtIC project. A start-
ing point for roadmap development was Finland’s strat-
egy for the Arctic region, and therefore the vision for 
the roadmap was adopted from the strategy.
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Figure 7. Arctic technology competences based on the SMARCTIC workshops. 
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the purpose of this roadmap is to outline the devel-
opments taking place in the Arctic operational environ-
ment. there are four layers in the roadmap. the top layer 

(landscape drivers) describes 
global changes and devel-
opments affecting the Arc-
tic area. the next layer down 
(operational environment) de-
scribes the economic activities 
in the Arctic area. 

this layer is needed to an-
ticipate the potential markets 
and application areas for Arc-
tic technologies. the two lay-
ers on the bottom view the 
Arctic development from a 
national perspective. strate-
gic challenges layer describe 
the challenges that were iden-
tified in relation to the imple-
mentation of Finland’s strat-
egy for the Arctic region, and 
the bottom layer (paths for 

Arctic strategy implementation), identifies the possible 
strategy paths in relation to Finnish Arctic competenc-
es. We developed more detailed technology roadmaps 
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Figure 8. A strategic roadmap for Finland to utilise and develop Arctic competences. 
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collection of possible developments that are intended to take place. The roadmap outlines the 
complexity of the Arctic context and marks out the path for Finland’s Arctic vision.  In the 
following, the various parts of the roadmap are discussed in more detail. 
 
Landscape drivers 
 
Landscape drivers are trends or developments that exist in the world and have an impact on the 
possibilities of the vision becoming reality. Fundamentally, drivers are factors that support or 

Figure 8. A strategic roadmap for Finland to utilise and develop Arctic competences.
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for these paths in smArCtIC project, but they are re-
ported in a separate report. the suggested timescale of 
the roadmap is fifteen years, but the time axes are inten-
tionally left open, because the roadmap is not intend-
ed to describe future development as a definite series of 
events tied to fixed points in time. rather, it is a collec-
tion of possible developments that are intended to take 
place. the roadmap outlines the complexity of the Arc-
tic context and marks out the path for Finland’s Arctic vi-
sion.  In the following, the various parts of the roadmap 
are discussed in more detail.

Landscape drivers

landscape drivers are trends or developments that exist 
in the world and have an impact on the possibilities of 
the vision becoming reality. Fundamentally, drivers are 
factors that support or promote the development of the 
vision, for example by creating demand for certain solu-
tions. however, the positive effect of a driver may end 
at some point in time, or the trend may turn into more 
of a hindering factor. the previous chapter presented 
the results of trend analysis carried out in the smArCtIC 
project. Based on this analysis and literature survey, we 
have selected some key drivers into the roadmap (Fig-
ure 8), and they are discussed briefly below.

Climate change: over the last decades, the average 
temperature in the Arctic region has risen almost twice 
as fast as the world’s temperature on average. Climate 
change is expected to have significant changes in the 
Arctic region in future and some of these processes are 
already ongoing. often, even the same change can be 
considered either negative or positive, depending on 
one’s point of view or interests. melting sea ice is a good 
example. At the same time as it enables planning new 
logistical routes for transporting goods and acquiring 
resources, it can have drastic, negative effects on local 
ecosystems and accelerate changes in global climate. 
negative effects of climate change are seen also in the 
Arctic territories, where the melting of permafrost cre-
ates big challenges for human built infrastructures.

Energy demand, oil/ raw material prices: Arctic oil, 
gas and mineral resources are becoming more interest-
ing due to increased demand and decreasing resources 
elsewhere. harsh Arctic conditions make it more chal-
lenging to utilise these natural resources. therefore, 
changes in oil and raw material prices are crucial. other 
possible, but less known resource reserves, e.g. in Africa 

or shale gas reserves in northern America, are therefore 
competing areas of interest in the Arctic region, and any 
changes in these areas can have significant effects on 
the feasibility of Arctic projects. Also, public resistance 
towards the exploitation of Arctic natural resources may 
increase over time, especially if there is any damage to 
the environment that pricks the public’s conscience.

Cooperation policy & geopolitical turn: over the past 
few years, the predominant discourse concerning trans-
formation in the Arctic has been based on the para-
digm of “Arctic cooperation”. the Arctic states have rec-
ognised the importance of cooperation and interna-
tional law has been accepted to guide agreement (e.g. 
the united nations Convention on the law of the sea). 
therefore, the risk of conflict inside the Arctic area has 
been considered to be small. however, the Arctic area 
is not shielded from global dynamics and political cri-
ses. the political scene has changed significantly since 
the start of smArCtIC project due to the ongoing cri-
sis in ukraine. the relations between russia and the 
West have turned colder, and this may have profound 
direct and indirect effects on the cooperation in the Arc-
tic context in the long run. even if the need for west-
ern technology know-how in the offshore megapro-
jects in russian Arctic ocean still existed, the crisis may 
increase the overall risk levels of international investors, 
and these indirect effects will affect the capital intensive 
and long-lasting projects.

Demographic changes: the demographic develop-
ment of the Arctic area is characterised by two trends: 
urbanisation and ageing population. since the 1960s, 
most of the population growth in the Arctic has oc-
curred in urban centres tied to industrial activities, so-
cial services and public administration. urban areas at-
tract people by providing better opportunities for work, 
education and better standard of living. At the same 
time cities are often characterised by social stratifica-
tion. While they can be viewed as hubs in the economic 
development of their regions they also potentially fos-
ter social inequality. Ageing is a consequence of sever-
al demographic trends, including longer life expectan-
cy, decreasing birth rates in the Arctic communities and 
decline in the younger age groups due to migration out 
of the area. the share of the population aged over 65 
years is especially high in the northern parts of nordic 
countries. the general trend of ageing will become a 
potentially significant economic challenge in the whole 
Arctic area in the years to come due to the increases in 
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dependency rations. however, the demographic devel-
opment is difficult to anticipate, as the labour markets 
have integrated increasingly with labour markets out-
side the Arctic. In the european Arctic male workers ar-
rive from east european countries and poland in partic-
ular. In russia, Canada and Alaska the new males come 
from the “south”. In terms of female workers the ma-
jority of immigrants come from thailand and Indone-
sia. this creates a much higher level of diversity in com-
munity structures. there is also a need for management 
approaches able to cope with more diverse social sit-
uations including questions of indigenous/non-indig-
enous and permanent/temporary inhabitants (meg-
atrends 2011).

Technological trends: Increased industrialisation and 
population growth have created concerns about the 
carrying capacity of earth. therefore, concepts like re-
source and eco-efficiency has been introduced into 
public discussion and as guidelines for economic or 
business activities. eco-efficiency refers to a principle 
of creating more goods and services while using few-
er resources and creating less waste and pollution. sim-
ilarly, resource efficiency is a way to deliver more with 
less (natural resources). It increases aggregate econom-
ic value through more productive use of resources, tak-
ing their whole life cycle into account (eCn 2013).  these 
principles of eco-efficiency should be implemented 
also in technology development so that new technol-
ogies and solutions are designed to meet the resource 
and eco-efficiency requirements. 

While eco-efficiency has appeared on political 
agenda since 1990s, bioeconomy (or circular economy) 
is a more recent concept. Bioeconomy refers to new way 
of seeing the industrial activities as part of the natural 
system and biosphere, and it entails the following prin-
ciples	(Kuisma	2011):	(1)	Renewal	natural	resources	sub-
stitute for non-renewable ones, (2) sustainable use of 
natural resources, and (3) closed loops in material and 
energy circulation. Finland has great potential in bioec-
onomy due good biocapaciy, i.e. profusion of natural re-
sources, such as forests, high level of competences and 
technological know-how, as well as industrial activities 
in the field (Biotalousstrategia 2014).  

Operational environment

Global	warming	and	the	enormous	deposits	of	natural	
resources increase the future importance of the Arctic 

area. Its central location in geographical terms and the 
short direct sea routes to the main population centres 
of the globe, still predominantly located in the northern 
hemisphere, are significant assets (megatrends 2011). 
there are four sea routes that appear in the discussions 
on Arctic maritime transport. The North-East Passage 
(nep), along with the Northern Sea Route (nsr), is con-
sidered to be the most potential global logistical routes 
in the Arctic. several factors favour these routes over 
the two other Arctic sea routes, The Northwest Passage 
(nWp) and the Trans Polar Passage (ttp) through the 
north pole. the north-east passage and the northern 
sea route go along the parts of the Arctic that are abun-
dant with natural resources, and the extraction of these 
resources creates cargo traffic. there is already existing 
infrastructure along the nep, and there are plans to de-
velop it further. Also, tourism and the fishing industry 
are likely to increase the economic activity and impor-
tance of this region. Although nep and nsr are better 
developed in comparison to the other Arctic sea routes, 
there are still severe gaps in the infrastructure neces-
sary for safe passage; including a lack of search and res-
cue capabilities, ice-management capabilities, salvage 
points, sea ports, and communication infrastructure. 
(Brigham 2011).

transit traffic on the northern sea route is still small, 
and the russian regulations and legislation needed for 
the	use	of	the	sea	route	are	being	developed	(Rautio	&	
hahl 2013). In 2012, the number of vessels passing the 
northern sea route was 46 (rosAtomflot /Arctis 2013). 
some  estimates suggest that shipping along the north-
ern sea route will grow more than 30-fold over the next 
eight years, which could account for a quarter of the car-
go	traffic	volume	between	Europe	and	Asia	by	2030	(Ko-
ranoy 2013). on the other hand, others predict that Arc-
tic shipping along the nsr is likely to continue at the 
same level in the near future (Jørgensen-Dahl 2010). 
even though ice coverage continues to decrease, the 
Arctic sea routes are not likely to be available for year-
round transport this century, at least not without ice-
strengthened polar class ships and/or with ice-breaker 
assistance, which increases the costs of the year-round 
arctic shipping making it economically infeasible. (mik-
kola	&	Käpylä	2013).

Climate change has a twofold effect on arranging 
logistics in the Arctic area. Besides enabling the open-
ing new logistical maritime routes, melting (perma) 
frost already disturbs land transportation and pipes. 
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oil and natural gas drilling, as well as the forest indus-
try, are facing challenges due to a shortened transpor-
tation season on frozen tundra and ice roads. Difficulties 
in transportation also affect communities through the 
changes in accessibility of commodities (Acia 2004). In-
frastructure in the Arctic is underdeveloped, excluding 
the nordic states. road systems are sparse, unpaved, 
and not maintained. rail systems are limited. Airports 
are regional, with the commercial hub to the south. sea-
ports and inland waterways are developed in accord-
ance	with	the	states’	reliance	on	resource	exports.	(Knell	
2008) Consequently, large-scale development of road, 
rail, air transport and port infrastructure (aerodromes, 
airports, ports, wave breakers) is needed. no less signif-
icant a question is the subsequent usage and mainte-
nance of infrastructure. (Finpro 2012)

the recent oil and gas field projects in the russian 
Arctic focus on onshore projects, like the Yamal devel-
opment, and offshore projects in the Barents, pecho-
ra	 and	Kara	 seas.	 The	offshore	projects	 are	 riskier	 and	
have often taken the form of joint-ventures between 
russian and international energy corporations (mikkola 
&	Käpylä	2013).	Shtokman	(also	Stockman	field;	Russian:	
Штокмановское месторождение), gas and condensate 
field development project, which is one of the largest 
development projects in the Barents area, is a good ex-
ample of a risky offshore project.  the field is located on 
the Barents sea shelf 600 kilometres northeast of mur-
mansk	(Gazprom	2014a).	The	project	that	was	initiated	
together	with	Gazprom,	Statoil	and	Total	has	faced	se-
vere uncertainty, due to the north American shale gas 
boom and rising costs. statoil withdrew from the pro-
ject	in	2012,	which	led	Gazprom	and	Total	to	postpone	
the project (Barents observer 2013). since then the pro-
ject	has	been	continued	(Ernst	&	Young	2013).	Other	key	
offshore projects, like prirazlomnoye oil field, have also 
faced	difficulties	(Mikkola	&	Käpylä	2013).	In	April	2014,	
Gazprom	 announced	 the	 loading	 of	 the	 first	 cargo	 of	
oil produced from the prirazlomnoye field, which is still 
the only russian project for hydrocarbon development 
in	 the	Arctic	 shelf	 (Gazprom	2014b).	The	development	
of large onshore petroleum fields is in progress on the 
Yamal	Peninsula	in	the	Kara	Sea.

so far, there are no ongoing offshore drilling pro-
jects	 in	 Alaska,	 Canada	 or	 Greenland	 (Ernst	 &	 Young	
2013). statoil has estimated that Arctic offshore drill-
ing in harsher areas will start at the earliest in 2030 
but	 most	 likely	 closer	 to	 2040	 or	 2050.	 (Kauppalehti	

2013). the situation in northern norway has been de-
scribed as resembling the russian shtokman project 
and the planned projects, like Johan Castberg oilfield 
(12 000m€) is still waiting for better times. If the norwe-
gian offshore projects are postponed, development in 
the region will slow down (rautajoki 2014).

even though the norwegian snow White gas field is 
producing	gas	to	Menköya	LNG-plant	(liquefied	natural	
gas plant) with production likely to increase (rautajoki 
2014), and prirazlomnoye oil field managing to start oil 
production, many other Arctic oil and gas drilling pro-
jects have been cancelled or postponed. many energy 
economists	and	experts	evaluate	that	LNG	will	be	an	en-
ergy source for the transition period, when the transfor-
mation from carbon dominated economies to low-car-
bon	economies	 is	made.	 In	 the	energy	sector,	 LNG	 in-
vestments require special strategic attention during the 
on-going transition phase to sustainable, green growth 
economies. the reasons mentioned include harsh arc-
tic climate conditions, high costs and heavy regulation 
(Kauppalehti	2013).	The	success	of	 shale	gas	and	oil	 in	
the usA has also decreased the profitability of oil wells 
and gas in the Barents sea (rautajoki 2014). Besides fi-
nancial reasons, the environmental concerns of the gen-
eral public, environmental organisations, and govern-
ments is expected to slow down hydrocarbon develop-
ment projects in the high Arctic region.  

An increased global demand for mineral commod-
ities has increased the deployment of existing miner-
al resources during the past few years. In the nordic re-
gion, a considerable increase in production volumes is 
seen to take place in both shorter and longer time per-
spectives. the production volumes in the region are es-
timated to increase from today’s 75 mt/year to 106 mt/
year in 5 years’ time reaching 118 mt/year in 10 years. In 
Finnish lapland, the mining industry has been the fast-
est	growing	sector.	Growth	is	estimated	to	continue	af-
ter the financial crisis, and the investment potential (6 
980 m€) is high for the mining projects on hold. mining 
industry growth will affect the development of trans-
port infrastructure, including the realisation of the Arc-
tic railway project. In the russian Arctic, the main min-
ing	centres	are	located	in	the	Barents	region	on	the	Kola	
peninsula, around the city of murmansk, as well as in the 
Krasnoyarsk	 region,	 around	 the	 city	 of	 Norilsk.	 There	
are about 25 mines operating in the russian Arctic (Arc-
tic info 2013). Finnish companies, such as metso, pöyry, 
Ahma Insinöörit oy, Firote oy and paakkola Conveyors 
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oy, are already involved in mining project in the mur-
mansk	region.	The	investment	potential	in	the	Kola	Pen-
insula mining project is estimated to be 4 090 m€, and 
the mining project is expected to be implemented with-
in this decade. (rautajoki 2014)

Arctic offshore mining is still in an early develop-
ment phase. the increasing demand for valuable min-
erals may trigger the development of deep sea mining 
technologies. Despite the availability of the technology 
and the profitability of deep sea mining, environmen-
tal concerns and legislation have prohibited the exca-
vation of deep sea minerals.  In spring 2014, a Canadian 
mining company finalised an agreement to start exca-
vating	an	area	of	seabed	in	Papua,	New	Guinea.	This	will	
be the first attempt to extract ore from the ocean floor 
(shukman 2014).

the deployment of wind energy in cold climate ar-
eas is growing rapidly. Cold climate sites often have fa-
vourable wind conditions, and they are usually sparse-
ly populated locations.  technological innovations im-
prove the technical performance of wind turbines in 
cold and freezing conditions. the trend towards re-
newable and clean energy is getting stronger, which 
increases the general interest in wind energy. howev-
er, current technological performance does not guaran-
tee that all cold climate wind turbines could operate in 
harsher, freezing conditions. It has been estimated that 
approximately 60% of the new capacity added to cold 
climate areas would operate in freezing conditions. It is 
estimated	that	45-50	GW	of	new	wind	energy	capacity	
will be added to cold climate sites by 2017, leading to 75 
bn € investments. (navigant research 2013).

Investments in wind energy have increased in 
northern europe, and several wind parks are being 
planned to be built in northern sweden (12 000 m€ in-
vestment) and norway (15 921 m€ investment). Wind 
energy has not yet gained a significant role in the rus-
sian Arctic, because hydrocarbon and biobased ener-
gy is more established in the region. there are plans for 
smaller investments, e.g. 320 m€ investment in the mur-
mansk region, but it is not likely to occur soon (rautjo-
ki 2014). the global economic recession creates pres-
sure on wind energy investments, especially in europe, 
where governments subsidise wind energy production. 
this may lead to the postponing of large onshore wind 
park projects in europe (Valor 2013)

offshore wind energy is still at early development 
stage and the first floating wind turbine was devel-

oped and piloted in 2010 by statoil. Arctic climate con-
ditions create additional challenges to onshore and off-
shore wind energy production in comparison with cold 
climate wind energy production. Despite recent devel-
opments, offshore wind energy is seen as a developing 
market with growth potential in the medium to long 
term (Valor 2013). 

  
Strategic challenges

the innovation policy analysis carried out in this pro-
ject (Antikainen et. al. 2014) disclosed six main challeng-
es that the interviewed experts and surveyed regional 
actors and entrepreneurs wished to be managed. the 
challenges are linked to the implementation of Arctic 
strategy.

In the short term, adequate research funding and 
allocation of resources to R&D&I are central challenges. 
Concrete development projects are needed for allocat-
ing	the	funding	for	business	oriented	R&D&I	action,	 in	
which smes may also participate. overall, the funding 
should	be	directed	to	R&D	near	the	customer	and	in	the	
implementation end of the innovation cycle. In research, 
the Arctic research programme of the Academy of Fin-
land and the eu funding schemes are important instru-
ments for increasing understanding of Arctic issues. De-
veloping and maintaining research infrastructure (labo-
ratories, measuring technology, simulators etc.) should 
also be ensured. Among Arctic technologies, new busi-
ness models, standards, networks, markets etc. should 
be studied and developed. Arctic issues should be rec-
ognised in university and school curriculums. Arctic em-
ployment is often seasonal and varying, thus it needs 
flexible and experimentational development.

In the longer run, accessibility and development of in-
frastructure become increasingly important issues. so-
lutions for transport and logistics are crucial for Arctic 
business.	Government	guidelines	are	awaited	regarding	
transport policies. We need a clear vision about what 
kind of logistics is wanted in the Arctic region; this in-
cludes the necessary digital services and ICt solutions. 
new logistics routes are opening and this requires dia-
logue especially with norway. Finland’s role as an Arc-
tic region window to the eu needs strengthening and 
discussion. Different strategy processes and projects re-
lated to transport and logistics are in progress (e.g. De-
velopment overview of the regional structure and traf-
fic system AllI (ministry of environment), Joint Barents 
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transportation plan, strategies by the regional Council 
of lapland etc.).  

to increase the societal impacts and visibility of Arc-
tic research, a clear definition of Arctic competence and con-
cretising of sustainable development in the Arctic context 
is needed. the interviews and surveys done by mDI show 
that Arctic competence is not a well-established concept, 
and the experts, technologies and markets of the area are 
not fully recognised. the obscurity of the concept compli-
cates coordination, cooperation and implementation of 
strategies. A comprehensive definition would clarify Finn-
ish Arctic competence resources and reposition them in 
the international landscape. A clear definition and com-
mitment also supports the possibilities to develop Arctic 
competence with a Finnish spearhead. 

Arctic competence links together Arctic land and 
sea areas, maritime industry and services, environmen-
tal technologies, ICt and even space technology. sus-
tainable development is one of the key requirements of 
Arctic cooperation and business. It includes both the in-
clusion of local people and sustainable use of raw ma-
terials. Finland can act as an international forerunner in, 
for example, combining new business solutions and im-
proving the livelihood of indigenous people. sustaina-
ble mining (tekes green mining, nordic nordmin etc.) is 
one of the openings that awaits national insights. this 
also requires transparent public dialogue about envi-
ronmental issues in the Arctic.

Cooperation and networking is essential for 
strengthening Arctic competence and for utilising busi-
ness opportunities. the strategy for the Arctic region 
emphasises that the whole Finland belongs to the Arc-
tic region. Arctic organisation is new and the actors do 
not know each other or recognise themselves as Arc-
tic actors. overall, the on-going development related 
to Arctic competence is scattered and not recognised, 
and Arctic actors need to be mapped on different lev-
els both horizontally and vertically. Cross-regional net-
working is important and requires active enterprise 
federations. Big and small companies should work to-
gether in order to create globally attractive business 
(e.g. infrastructure solutions). similarly, cooperation be-
tween research organisations and business needs to be 
enhanced. Different projects concerning Arctic themes 
need mutual dialogue and they could be linked to larg-
er	issues	such	as	INKA,	the	Innovative	Cities	Programme.	
Cooperation between tekes, the Academy of Finland 
and the ministry of employment and the economy im-

proves the needed coordination, with the team Finland 
process helping to clarify the roles of different actors 
and processes.

International visibility and collecting market informa-
tion are longer term challenges. Finland aims to be an 
active Arctic actor in the global arena and connect to 
international customers. International cooperation and 
increasing Arctic business requires long-term orienta-
tion and continuity; the cooperation should be based 
more on wide networks than on direct technology-ori-
ented business. here the team Finland process seems 
to be crucial. At the moment, the most important part-
ners are norway and russia, with whom continuous dis-
cussion, market knowledge collection and sharing, and 
utilising opening investment opportunities is required. 
In addition, sweden and maritime related to the Baltic 
sea is interesting. overall, the Arctic region and environ-
ment should be considered widely. similarly, the busi-
ness opportunities should not be limited to large-scale 
operations such as gas or oil markets but include small 
local imports and smes. At the moment, many Arc-
tic smes feel that they do not get enough information 
about market possibilities. regional knowledge sharing 
should be strengthened; local Chambers of Commerce 
and the Centres for economic Development, transport 
and the environment are key actors in this.

Paths for Arctic strategy implementation

the bottom layer of the roadmap covers four possible 
paths for the implementation of Finland’s strategy for 
the Arctic region. they combine the Arctic operation-
al environment, competences and innovation policies. 
they are not alternatives in the sense that one would 
exclude other, but differ in the wideness of their scope 
(paths 1 and 2) and in the means of applied innovation 
policy (path 3). 

Path 1 – Spearhead strategy: Arctic marine technology 
and maritime transport
this path is based on a hypothetical strategy that Finn-
ish actors would focus their perspective on Arctic fu-
tures entirely through the lens of marine technology 
and maritime transport. In short, it would be a focused 
and narrow strategy emphasising Finnish traditional 
competences in ship building and maritime industry, 
but now set explicitly in the Arctic context. on the other 
hand, this path can be seen as the one that has already 
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started, for example in the form of the tekes Arctic sea 
programme.

Path 2 – Flying geese approach: emerging Arctic pathways
the second path widens the scope of arctic research 
and business opportunities from the Arctic area and 
Arctic sea to near-by markets. living and everyday life 
in the north is an important starting point for technol-
ogy development in this path. therefore, also emerg-
ing technology areas are sought for, in addition to ma-
rine technology and maritime transport. the emerging 
themes included in this path are largely those that were 
covered in the subject working packages of the smArC-
tIC project. the later parts of this report cover the out-
comes of this work, and therefore also elaborate the 
contents of path 2.

 
Path 3 – Culture of Arctic experimentation
the third path does not focus on any specific Arctic 
technology but on creating infrastructure, tools and in-
novation policy that support experimentation leading 
to faster commercialisation of new technologies and 
services of Arctic applications in traditional and emerg-
ing sectors. the third path leads to Arctic futures via ag-
ile experimentation, such as living labs, pilot environ-
ments, fast prototyping, cross-breeding of sectors and 
ideas, as well as test beds. living labs are considered to 
be user-centred open innovation environments, while 
test beds are seen as platforms for experimentation of 
large development projects.

Path 4 – Snowdrift strategy: fading Arctic business
the fourth path is based on a supposition that Arctic 
business potential remains unrealised. In these circum-
stances, it is reasonable to forget the Arctic context as 
a focus area. In this path, arctic conditions are not the 
starting point of competence development, but rather 
an additional element or approach of the competence 
development in other fields. the needs for competence 
development may rise from local or regional needs. In 
the end, Finland is still situated in the northern hemi-
sphere, and there is a need for solutions for cold cli-
mates in construction, energy efficiency and human 
well-being. on the other hand, our location provides 
possibilities for local businesses, e.g. in relation to tour-
ism. Another alternative in this path is to widen the con-
cept of an Arctic competence base to cover also other 
areas with some element of “extreme conditions”.  

In	 this	 case,	 Finnish	 actors	 in	 R&D	 or	 companies	
could provide solutions for extreme conditions to glob-
al markets e.g. in the tropics, in mountain areas or in 
sparsely populated areas.

3.4  Conclusions of the roadmapping 
section

the process for constructing roadmaps was based on 
the innovation policy roadmapping (Iprm) approach, 
developed at Vtt (see Ahlqvist et al 2012). In this ap-
proach, the idea is to produce roadmaps in at least two 
levels (technology level and strategic level) in order to 
find out the relevant future perspectives both at the 
level of singular technologies and at the level of strat-
egy and innovation policies. In this roadmapping sec-
tion, we reported only the strategic roadmap. the road-
mapping process consisted of three phases: (1) scoping 
(brainstorming workshops, construction of thematic 
mindmaps), (2) generation (technology surveys, inter-
views, patent analysis, roadmapping workshops), and 
(3) outputs (reporting and seminar). this report pre-
sents only the tip of the iceberg of the produced ma-
terial – as is the most suitable wording in this context. 
the process produced plenty of minute data, for exam-
ple, visionary application examples and demonstration 
projects that bring useful practical elements to endorse 
the four strategy paths. A more detailed and consistent 
roadmapping report is published as a separate report in 
the Vtt publication series. 

the first key result of the roadmapping process was 
the characterisation of a novel way to scope the “Arctic-
ness” in the context of emerging technologies. the com-
petence and technology scoping was formed to identify 
the specific Arctic competences and related technolog-
ical competences, and to set these in an explicit Arctic 
context. the rationale was to find out what is the spe-
cific “Arctic element” in different emerging technolo-
gy pathways. Further, the key results of the roadmap-
ping process are crystallised in four strategy paths for 
the Arctic regions. these are: (1) spearhead strategy: 
Arctic marine technology and maritime transport – a fo-
cused strategy that emphasises traditional Finnish com-
petences in ship building and maritime industry set in 
the Arctic context; (2) Flying geese approach: emerging 
Arctic pathways – a wider strategy that emphasises a se-
lection of strong Arctic competences; (3) Culture of Arc-
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tic experimentation – a strategy based on experimen-
tal policies and technology approaches; and (4) snow-
drift strategy: fading Arctic business – the Arctic does 
not form a credible focus of activities and is forgotten or 
set as a subordinate perspective inside some other top-
ic. these paths should be seen as potential or possible 
ways to develop Arctic competences in the future. they 
can be seen as alternatives to each other, but especially 
the three first paths are more complementary than ex-
clusive. the fourth path is more clearly an alternative 
way to proceed, because it is based on the presupposi-
tion that Arctic business potential is not realised. 

the generic outcomes of the entire roadmapping 
process can be wrapped up in three groups. the first 
group is called the outcomes channelled by Arctic con-
ditions.  this group consists of results that are explic-
it consequences of Arctic conditions, such as harsh cli-
mate conditions, sparse population and long distances.  
the key outcomes in this group are related to emerg-
ing Arctic logistics (like maritime transportation, pipe-
lines, transport infrastructure), natural resources (like 
onshore oil and gas, emerging offshore projects, min-
erals), and use of alternatives (such as wind energy and 
biobased energy). the second group is called the ques-
tions of policy, regulation and infrastructure. these in-
clude	 the	 possibilities	 and	 challenges	 of	 R&D	 funding	
and resource allocation, development of infrastructure, 

co-operation in Arctic policy issues, and, in the end, re-
alising this all systematically by taking into account the 
demands of sustainability in the widest possible sense. 
the third group is called novel technological possibil-
ities. our new way to scope Arctic competencies, and 
identify related technologies, has shown that there 
are plenty of novel possibilities for technology devel-
opment, and even rethinking technological develop-
ment, when set in the Arctic context. the key possibil-
ities emerge from specific Arctic competences, such as 
Arctic communities, energy production, and structur-
al performance. these specific Arctic competences are 
endorsed by more generic cross-sectional technology 
competences, based on e.g. material technology, envi-
ronmental technology, ICt, machinery and equipment, 
and related research infrastructures.  n
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4 DIsCussIon oF the seleCteD themAtIC AreAs

4.1  environmental informatics and mobile 
technology

the aim of these services will be two-fold: on the one 
hand the monitoring of well-being of people working 

this chapter includes description of what would be the 
potential applications and foreseen challenges on the 
path for the development of business in Arctic area. the 
reports and publications (list) can be found in the ap-
pendices.

Figure 9. A summary of ICt development for the Arctic.

and living in the Arctic as measured by physiological 
and environmental parameters and, on the other hand, 
the application of sensor technology to create new busi-
ness opportunities. this summary includes a short dis-
cussion of various applications of sensor networking 
and related communication and data fusion topics as 
well as a brief overview of long-range communication 
and related wireless/wired communication infrastruc-
ture in the arctic regions.

It should be pointed out that many of the technol-
ogy development issues related to specific applications 
are not necessary, especially for the Arctic environment. 
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4. DISCUSSION OF THE SELECTED THEMATIC AREAS 
 
This chapter includes description of what would be the potential applications and foreseen 
challenges on the path for the development of business in Arctic area. The reports and publications 
(list) can be found in the appendices. 
 
 

4.1 Environmental informatics and mobile technology 

 
The aim of these services will be two-fold: on the one hand the monitoring of well-being of people 
working and living in the Arctic as measured by physiological and environmental parameters and, 
on the other hand, the application of sensor technology to create new business opportunities. This 
summary includes a short discussion of various applications of sensor networking and related 
communication and data fusion topics as well as a brief overview of long-range communication and 
related wireless/wired communication infrastructure in the arctic regions.  
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Figure 9. A summary of ICT development for the Arctic. 
 
It should be pointed out that many of the technology development issues related to specific 
applications are not necessary, especially for the Arctic environment. Therefore, it is best to regard 
it as a general list of what is possible using today’s state of the art technology related to sensors and 
their networks. Figure 9 and Table 4 summarises our views of ICT and communication related 
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Table 4. A summary of the identified ICt application and development areas.
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 Connected arctic health and 
assisted living 

Environment monitoring 
 

Infrastructure protection and 
management 

 
Motivations and 
needed applications 
(examples) 

• To enable safe living in remote 
locations by providing medical 
expertise based on real-time 
physiological data measured on-
site. 

• Additional safety to potentially 
hazardous working 
environments such as mines. 

 
• Monitoring of environment 

parameters to alert for 
emerging crisis situations. 

• Long term and wide-area 
surveillance of natural 
habitats for particular 
substances, such as toxic 
contaminants or CBRN1-
materials. 
 

 
• Real-time management and 

analysis of structural and 
functional integrity of 
infrastructure components 
(e.g. power grid). 

• Surveillance and protection 
in any environments and 
scales  

• Border control 
• Smart cities 

 
Key technology 
components 

• Reliable and easy to use 
medical sensor devices.  

• Wearable technology for 
monitoring of physiological 
parameters. 

• In-body sensors. 
• Trustworthy sensor fusion site 

(cloud) and technology for 
handling the private information 
that is collected. 

 
• Battery efficiency for long 

term self-sufficient 
monitoring applications. 

• Energy harvesting. 
• Sensor fusion at or near the 

sensors. 

 
• Ubiquitous sensors and 

Internet of Things (IoT). 
• Battery efficiency and energy 

harvesting (e.g. in border 
control). 

 
Wireless issues • Reliable (DWN) and always 

available short range wireless 
technology to move sensor 
measurements to central 
processing in real-time. 

• Reliable long-reach connection 
between patient and medical 
expert. 

 
• Long-reach wireless 

communication from sensor 
nodes. 
 

 
• High number of sensor 

nodes in wide area. 
• Sensor mesh –networking. 

 
Arctic dimension • Long distances and low 

population density. 
 

 
• Harsh conditions for 

electronics. 
• Long distance 

communications are 
needed. 

 
• Harsh conditions for 

electronics. 
• Specific conditions and 

applications require tailored 
design. 

• Long distance 
communication is needed. 

 
WP2 contribution 

 
This topic was advanced to an 
Academy application together with 
WP5 and other instances. 

 
– 

 
Smart (electric) grid was 
addressed in the arctic context 
(in cooperation with WP4). 
Especially the low density smart 
grid operation was identified as 
a key problem in the arctic. 
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therefore, it is best to regard it as a general list of what 
is possible using today’s state of the art technology re-
lated to sensors and their networks. Figure 9 and table 4 
summarises our views of ICt and communication relat-
ed technology development for use in the Arctic envi-
ronment.	Key	issues	are	the	development	of	new	techni-
cal solutions for dependable wireless communications, 
especially for short range use, and the development of 
sensor technology and their platforms. In the latter, size 
and energy consumption are no doubt the most impor-
tant factors that still need development.

A brief analysis of the network infrastructure 
in the Arctic 

the main wireless communication infrastructure con-
sists of cell towers and related technology owned and 
operated by cellular operators. Due to the long dis-
tances and limited range and terrain-attenuation of the 
communication frequencies of the current cellular tech-
nology, the whole of Finnish lapland is not perfectly 
covered	even	by	the	old	2G	(GSM)	network.	An	example	
(and a current status) of cellular coverage of one major 
operator in the lapland area is given in /sonerA 2014). 

The	 Finnish	Government’s	 stated	 policy	 is	 to	 pro-
vide broadband connections to 99% of the population 
by 2015. to realise this goal, public funding in some of 
the most sparsely populated areas, e.g. in lapland, is re-
quired (lVm 2014). 

there are several special requirements for commu-
nications infrastructure in arctic conditions. the weath-
er conditions are more extreme, which may cause ad-
ditional requirements for communication technology/
hardware, e.g., for cell towers. longer battery operation 
in case of electric outages may be required due to long-
er service distances. At the same time, battery operation 
in cold conditions is more challenging than in a milder 
climate. these factors suggest that completely autono-
mous infrastructure would be a good solution and, e.g., 
wind or solar cell powered base stations could provide 
the required dependability. 

the longer service distances also suggest that the 
actual operation of the cell infrastructure should be de-
signed to be autonomous, i.e. the cell network should 
autonomously recover from temporary outages. A more 
extreme design of the new cell infrastructures would in-
clude, e.g., mobile end devices that could, at least tem-
porarily, operate as access points to other devices. In ex-

treme conditions, cell phones could form an ad hoc net-
work that provides local communication although the 
connection to the outside is broken. this would be a 
useful feature during natural disasters and other events 
requiring reliable communication between rescue per-
sonnel and the public. however, this feature is not sup-
ported yet by commercial mobile terminals. 

the operation of wireless networks can also bene-
fit from longer distances to other infrastructure (mainly 
other similar wireless networks.) namely, there are less 
interfering networks and also there may be more opera-
tion frequencies available, provided that the infrastruc-
ture is able to utilise these possibilities. A novel concept 
of AsA (Authorised shared Access) (matinmikko et al. 
2013) aims to enable more flexible utilisation of free fre-
quency bands, e.g., in commercial cell phone operation. 

In addition to traditional commercial communica-
tion infrastructure, communication needs in the Arctic 
can be arranged with more specialised methods and ar-
chitectures. one obvious possibility is to use satellites. 
however, equatorial satellites, for example, are not usa-
ble in the very high latitudes due to poor coverage. Com-
mercial satellite phones, e.g. Iridium provide only limit-
ed bandwidth (few kbps) and are typically quite expen-
sive to use. moreover, a communication terminal with an 
heo (high earth orbit) satellite requires a tracking an-
tenna. therefore, the conclusion is that in the Arctic re-
gions, satellite-based communication technology can 
be utilised only in special circumstances, e.g. in rescue 
missions or during long reach expeditions, not to sup-
port everyday life and applications on a regular basis, es-
pecially when high bandwidth services are needed. 

one possible way of arranging long range wireless 
communications is to use hF-frequencies (3 – 30 mhz) 
that are able to propagate over very long distances, at 
least 100 km, but sometimes in the order of several thou-
sands of kilometres. the downside is that the bandwidth 
for data traffic remains low (few kbps) and the commu-
nication links may be unstable or at least unpredictable. 
this is due to the effect of the higher atmosphere/iono-
sphere on the propagation characteristics of hF waves. 
Despite the fact that hF-technology is already well 
known and “legacy technology”, it is still being studied 
to some extent. new advances in other wireless com-
munication fields are considered and applied at this fre-
quency band, for example cooperative communications. 

A realistic approach to cover at least some vital ar-
eas is to rely on conventional mesh or Wide Area net-
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working (WAn) technology such as WimAX. even using 
this kind of technology, the cost of infrastructure may 
become too high. to be more cost effective, mesh net-
working could be used only in critical areas to extend 
the existing cellular or fibre coverage. A WimAX based 
wireless backbone network has been proposed for tem-
porally deployed emergency management networks 
and for rural areas. 

participants
university of oulu, Department of Communications en-
gineering/Centre for Wireless Communications (CWC): 
pentti leppänen, timo Bräysy, matti hämäläinen, 
Jussi haapola

4.2  smart logistics, infrastructure and 
living environment

the geographical part focuses on Arctic geographical 
accessibility. In two reports the state of accessibility and 
health care services in the Arctic are reviewed. For the 
purposes of researching arctic themes, a geographic in-
formation	system	(GIS)	network	database	has	been	col-
lected. 

the database includes air and road travel networks 
with travelling times from the area containing Finland 
and adjacent areas. the database has ability for multi-
modal analyses for reviewing accessibility of the Arctic 
on different scales: local, regional, national and supra-
national.

the second part is a history review of the develop-
ment of the built environment and construction in the Arc-
tic. With cases from indigenous peoples until the pre-
sent day, what kind of construction and visions there 
have been in the Arctic have been identified, along with 
what direction development is going in. By analysing 
the examples, the key elements of future Arctic con-
struction have been outlined and the possible business 
potential ascertained. the results of the report can be 
utilised when planning new human activities generated 
by the construction in the Arctic.

Smart Arctic Logistics gives three cases to illustrate 
the development and business opportunities related to 
arctic transport and logistics. the first case handles Arc-
tic road and railroad infrastructure maintenance coping 
with arctic conditions. In the second case, the smart-

port concept is used to describe the opportunities of 
port organisations to serve as intelligent nodes in trans-
port corridors especially in the Arctic region. the third 
case is about logistics being a crucial part in producing 
health care related services in peripheral areas with arc-
tic conditions.

the intersection points of the different viewpoints 
are being gathered into an interdisciplinary conclusion. 
the same features both separate the Arctic from oth-
er areas and join it as one: long distances, remoteness, 
isolation, sparse population and difficult climate condi-
tions, as well as cultural differences and traditional life-
style. these features have a major impact on the acces-
sibility, mobility and functioning of people living there 
and supplying of services.

For the purposes of researching Arctic themes, a ge-
ographic information system (GIS) network database has 
been compiled. the database includes air and road trav-
el networks with travelling times from the area contain-
ing Finland, sweden, norway, Western russia (Arkhan-
gelsk,	 Karelia,	 Murmansk,	 St.	 Petersburg	 and	 Lenin-
grad), estonia, latvia and lithuania. the database can 
be used for multimodal analyses for reviewing acces-
sibility of the Arctic on different scales; local, regional, 
national and supranational. It has been designed main-
ly for Finland’s research purposes to examine how Fin-
land’s Arctic areas are connected to other adjacent ar-
eas. the database is collected solely from various open 
sources, which can be freely accessed by anyone. open 
sources were used to apply comparable data from dif-
ferent countries for cross-border research purposes. the 
observations made in reports of accessibility and health 
care structure in the Arctic support the use of specific 
data for research made in the area. As said, to make suc-
cessful decisions and increase the well-being of Arctic 
communities, consideration of its distinctive features 
is	 required.	To	demonstrate	the	possibilities	of	 the	GIS	
network, the database has been made an example of 
potential accessibility in northern europe (Figure 10.)

In figure 10 it can be observed how in addition to 
stockholm-helsinki-tallinn region’s strong accessibility, 
there is a strong significance of northern airports in con-
necting regions. With the network database it is possi-
ble to create different scenarios using many accessibili-
ty possibilities. 
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Figure 10. potential accessibility in northern europe (road and air transport).

7

Figure 1. Potential accessibility in Northern Europe
Arctic Urban Development and Construction

Arctic regions are assumed to meet major changes in the 
next few years. the increased need for new urban devel-
opment is based on the assumption of future changes in 
the world: climate change, population growth, globali-
sation of the economy and demand for resources. the 
Arctic is mostly very sparsely populated. For example, 
lapland has a population density of 2 inhabitants /km2 
and the northern parts of Canada only 0.03 inhabitants/
km2. so the scale of urbanisation in these areas is likely 
to be different from anything that has been seen else-
where. the trend is, however, away from the traditional 
villages towards denser, internationally connected cit-
ies that meet the requirements of modern communities.

When talking about the future exploitation of natu-
ral resources or inhabiting the north, the core questions 
will be how to handle the long distances and maintain 
the existing communities and infrastructure. the infra-
structure is already partly outdated or in a very poor 
condition. the thawing permafrost caused by glob-
al warming will give an extra challenge for the whole 

design process. It will cause more 
and more problems for the mainte-
nance of existing roads and build-
ing stock. 

the question will be how to 
maintain the old infrastructures in 
an economic way and on the other 
hand, how to build new ones. De-
signers and regional planners find 
themselves in a situation where 
they need to find new innovative 
solutions to ensure the accessibil-
ity and survival of the old villages. 

the arctic urban utopias from 
the past and recent infrastructur-
al megaprojects act as warning 
examples of what kind of conse-
quences an economy-based indus-
try-driven large-scale urban devel-
opment could cause in the frag-
ile Arctic. the lately drawn visions 
of urbanism (for example, eco-city 
and ubiquitous city concepts) try to 
take a more sustainable direction 
instead. the plans try to ensure the 
survival of the existing communi-

ties by utilising the wealth brought by new businesses. 
this is done by maximising the utilisation of existing ur-
ban structures, finding co-operation between different 
actors, safeguarding traditional livelihoods, preventing 
the damage caused by global warming, reducing eco-
nomical dependency on just one source of livelihood by 
diversifying the economics of the villages and design-
ing larger regional concepts.

By combining traditional arctic building techniques 
and materials with the latest technology, the new so-
lutions for arctic urban and building design can be 
found. For example, halley VI in the Antarctic is a mod-
ular, portable, self-contained, zero-waste research sta-
tion that adapts in every way to the harsh cold climate. 
It can be moved from one place to another without leav-
ing traces of where it stood. the design is based on so-
lutions using the latest technology. Another recent pro-
ject also in the Antarctic, Iceberg living station, is based 
on the old Inuit way of constructing. It is a temporary 
living station dug in an iceberg. nevertheless, the con-
struction is done with modern excavators and the main-
tenance of its facilities utilises the latest technology. As 
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the summer comes, the iceberg will melt away leaving 
no sign of a human settlement behind.

When designing new constructions in the Arctic, 
the keywords that should be lifted up are temporal-
ity and continuity. new constructions should not any-
more be seen as permanent but as temporal activities, 
which are dependent on the duration of profitability. 
here, continuity means the survival of nature and the 
settlements within the new changes. the new business-
es with their constructions should be able to support 
this without leaving abandoned building stock or infra-
structures behind them.

Arctic Logistics

three cases are presented in this section to illustrate the 
development and business opportunities related to arc-
tic transport and logistics. the first case examines Arc-
tic road and railroad infrastructure maintenance coping 
with the arctic conditions. For many regions in north-
ern Finland, arctic conditions, decreasing population 
and transport volumes will entail severe challenges re-
lated to accessibility and service level in logistics. Also, 
in many cases, problems with repair or maintenance can 
be critical because alternative routes and connections in 
sparsely populated regions are lacking. the second case 
is about smart logistics in Arctic port areas. In this case, 
we use the smartport concept in a general sense to de-
scribe the opportunities of port organisations to serve 
as intelligent nodes in transport corridors, particularly in 
the Arctic region. the third case gives a view at produc-
ing health care related services in arctic conditions. 

Arctic conditions such as long distances, low densi-
ty and demanding climate are in many ways intensify-
ing the challenges. one initiative to face these challeng-
es is centralisation that requires more attention into lo-
gistical systems, but can bring benefits in saving costs 
and enhancing the level of service.

there are particular conditions related to the man-
agement and maintenance of arctic transport and infra-
structure including cold weather, darkness, snow and 
ice, as well as long distances and sparse population. 
however, it seems that the people and organisations 
working in northern regions are fairly accustomed to 
these conditions and stable winter conditions are not 
considered to be too problematic. exceptional condi-
tions create more challenges and it is possible that they 
occur more frequently as climate change progresses. 

From an arctic transport and logistics point of view, it is 
hardly feasible to build heavy information superstruc-
ture for monitoring and controlling traffic conditions 
outside the core corridors with high traffic density. how-
ever, innovative and affordable solutions should be en-
couraged for detecting and disseminating information 
on exceptional conditions and traffic incidents. mobile 
applications of digital evolution and common informa-
tion platforms can offer a good foundation for develop-
ing solutions in remote regions. Also, ubiquitous vehi-
cle-to-vehicle communication using ad hoc networks 
can offer new opportunities for improving situational 
awareness without heavy telematics investments.

the Smartport concept has been used in various con-
texts. In this study, we use the smartport concept in a 
general sense to describe the opportunities of port or-
ganisations to serve as intelligent nodes in transport cor-
ridors, particularly in the Arctic region. Arctic ports al-
ready have smart solutions but more could be used and 
developed. Common data systems would benefit all par-
ties and needed information could be found easily from 
the same place. Accessible information and sharing in-
volves also icebreaking, which is needed in Arctic areas - 
lack of coordination leads to delays in transportation and 
changing variables are harder to take into account. the 
resources in use should be optimised and the total sys-
tem should be managed in a coordinated manner.

Arctic conditions set challenges in providing pub-
lic services as health care. Centralising parts of service 
processes is seen as one option in delivering better ser-
vice for lower cost in areas with long distances and low 
density. In northern Finland, one example is laboratory 
services. these have been recently centralised into one 
organisation called nordlab. operational advantage is 
reached by optimising the competencies of various lab-
oratories. same kinds of samples from a wider area are 
centralised into more specialised laboratories. From a 
service point of view, the goal is that the end user (pa-
tient) can leave their sample in a nearby health centre 
without having to travel into hospital. From a business 
opportunity point of view, nordlab offers quality and 
partly differentiated services that could be scaled more 
widely. potential for growing internationally mostly in 
Barents region is seen, but the current type of business 
entity does not allow that. nordlab is focused in labo-
ratory samples, but the same kind of logistical system 
could be applied also in other material flows in health 
care.
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university of oulu, oulu Business school, Department 
of marketing:
Jari	Juga,	Timo	Pohjosenperä,	Hanne	Kettunen	

Table 5. Current state, competence needs and opportunities of the three cases.

Development area Current state and competence needs Opportunities 

Management of Arctic transport & infrastructure 

Infrastructure construction Development of international project 
competence 

Infra projects in Northern 
Sweden and Northern Norway; 
North-Western Russia is a 
question mark. 

Infrastructure maintenance Lean and agile operating models in 
infra maintenance 

Intelligent solutions for infra 
maintenance (utilization of ICT 
in all operations) 

ICT and traffic situation awareness Situational awareness data is available 
but user-friendly applications are 
needed 

Utilization of open data 
sources, GIS, mobile 
applications 

Smartports in the Arctic transport networks 

Navigations in Arctic conditions Finland has expertise regarding 
navigation in ice conditions 

Utilization of the expertise in 
international maritime transport 
and developing intelligent 
solutions 

Design/construction of Arctic 
vessels 

Finland has expertise in design and 
construction of vessels for Arctic 
conditions 

Growing demand in Arctic 
maritime transport supported by 
intelligent solutions 

Healthcare logistics – Case laboratory services 

Domestic health care services Current service covers health care 
districts in Northern Finland 

Extension of service to 
domestically (Northern Finland, 
rest of Finland) 

International service markets Current law prevents growth to 
international markets 

Extension of laboratory services 
to the Barents Region (for 
special services also on wider 
international markets) 

Supporting logistics system An all year pilot service for laboratory 
logistics soon available 

Development of intelligent 
logistics system and its 
extension to related support 
services in health care 

	  

4.3  natural resources management and 
economics

In terms of natural resources management and eco-
nomics, the vision we put forward for the future is that 
of a synergetic use of resources (Figure 11), based on the 
optimisation of material, energy and information flows 
and cross-sectorial exchanges. the basic idea is similar 
to that of an eco-industrial park; the difference is in the 
potentially large distances between the different actors. 
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this would require that materials 
are processed where they originate 
from and are transferred to the re-
cipient in a pre-processed form.

natural resources manage-
ment and economics was explored 
3 case studies and put forward 
goals for future development (Fig-
ure 12). the three case studies are:

(1) Zero-waste integrates   
 of metallurgical industry and  
 bioeconomy; 
(2) Bioeconomy and closed   
 nutrient cycles; and 
(3) smart energy networks.

Case 1: Zero-waste 
integrates of metallurgical 
industry and bioeconomy
 
the bioeconomy offers the chemical 
industry and traditional forest based 
industries significant new business 
opportunities. the national goal, 
and the aim of industry in these sec-
tors, is to generate the greatest add-
ed value possible from sustainable 
and renewable resources. this is al-
ready under much research and de-
velopment. however, new produc-
tion technologies can be created at 
the intersections of current scientif-
ic disciplines and industrial sectors, 
by combining, for example, process 
chemistry and bio and nanotechnol-
ogy to the supply chain and bulk re-
fining capabilities of wood and oth-
er renewables. petroleum-based 
source materials could often be re-
placed with new biomass-based 
chemicals and materials. 

novel, high-value applications can be found in 
medicine, cosmetics, coatings and adhesives, while the 
bulk products include biofuels, bioenergy and novel 
packaging and construction materials. 

the report concluded that joint interests for today’s 
development between these industries can be found 

Figure 11. Vision of an Arctic with synergistic material and energy flows.
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Case 1: Zero-waste integrates of metallurgical industry and bioeconomy 
  
The bioeconomy offers the chemical industry and traditional forest based industries significant new 
business opportunities. The national goal, and the aim of industry in these sectors, is to generate the 
greatest added value possible from sustainable and renewable resources. This is already under much 
research and development. However, new production technologies can be created at the 
intersections of current scientific disciplines and industrial sectors, by combining, for example, 
process chemistry and bio and nanotechnology to the supply chain and bulk refining capabilities of 
wood and other renewables. Petroleum-based source materials could often be replaced with new 
biomass-based chemicals and materials.  
Novel, high-value applications can be found in medicine, cosmetics, coatings and adhesives, while 
the bulk products include biofuels, bioenergy and novel packaging and construction materials.  
 
The report concluded that joint interests for today’s development between these industries can be 
found in the platforms of energy production. To meet its international obligations, Finland must 
gradually replace fossil fuel consumption with renewables and preferably introduce carbon-free 

Figure 12. Case studies explored.

in the platforms of energy production. to meet its in-
ternational obligations, Finland must gradually replace 
fossil fuel consumption with renewables and preferably 
introduce carbon-free production. the most likely sce-
nario seems to be one where there is considerable co-
evolution between energy and other end uses of avail-



37

able biomass and the final form of the prevailing value 
chain remains to be seen. Finland’s energy solution will 
probably be increasingly based on small-scale distribut-
ed energy production. the input that bioeconomy can 
provide to this development is two-fold: on one hand 
the biotech way to promote emergence of new plants 
for energy use, on the other , optimisation of the current 
resource pool, processes, value chain operations, resi-
dues and wastes – a task where also the integration of 
technologies comes into play.

Biomaterials and chemicals can in many cases uti-
lise industrial process residue almost as easily as the en-
ergy sector, but the yield could add more value to the 
raw material than that provided by heat and power. In-
organics such as ash and sludge can be housed in ma-
terials such as concrete, cement or geopolymers. Waste 
heat has many potential uses, from algae growth to bi-
omass drying. Finding synergies and win-win scenari-
os takes time, effort and the abil-
ity to think outside the box. It is 
not in the interest of any particu-
lar player to change the conven-
tions of doing business - it takes 
team effort and a lot of commu-
nication to realise and jointly cap-
italise industrial and municipal re-
source streams. 

the researchers identified ten 
innovative alternatives to devel-
op new products and increase the 
efficiency of current production 
platforms. each of the alternatives 
has differing technological gaps 
and economic potential, which are 
clarified in the report. these alter-
natives are:

(1) utilisation of available heat sources in metal and   
 pulp production 
(2) more efficient utilisation of by-products from the  
 steel industry 
(3) short-term possibilities to integrate biomass   
 upgrading with steel plants 
(4) short-term possibilities to develop new products  
 from biomass 
(5) upgrading the biomass into bioreducers 
(6) Integration of bioreducer production within steel  
 plants 

(7) utilisation of metal production gases to produce  
 chemicals and fuels 
(8) Chp, bio-oil and charcoal production 
(9) pulp and paper industry residue utilisation 
(10) Integration of biomass upgrading technologies in  
 sawmills. 

these ten alternatives where further assessed by 
researchers of the Wp4 team in terms of their econom-
ic and technological potentials. the economic poten-
tial was evaluated as low, medium and high, in terms of 
market size. the technology potential in turn was eval-
uated as short and medium to long term, based on the 
“readiness” of the technology to go to market. the re-
sults are shown in Figure 13. this type of matrix assess-
ment also allows for the formulation of strategic goals in 
terms of go/no go investment decisions.

to implement these solutions will require bold in-
vestments, the adoption of new technologies and the 

upgrading of existing business models. probably, new 
business model innovations are also needed. It is likely 
that present business units are unable, and to some ex-
tent unwilling, to pursue marginal business opportuni-
ties offered by these residual material and heat sources, 
some of which are currently wasted. new smes, either 
jointly owned or fully independent, should be encour-
aged by tangible incentives to make use of these cheap 
production factors. 

It was concluded that the integration of bioecono-
my and metallurgical industries might bring interesting 
opportunities to increase material and energy efficien-
cy. some of the ideas presented have already been re-
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It was concluded that the integration of bioeconomy and metallurgical industries might bring 
interesting opportunities to increase material and energy efficiency. Some of the ideas presented 
have already been realised in one way or another, and there is also on-going research in this area: 

 Biomass use as a reductant in blast furnaces in Finnish conditions has been investigated in 
the PhD thesis of Suopajärvi currently in pre-examination (Bioreducer use in blast furnace 
ironmaking in Finland – Techno-economic assessment and CO2 emission reduction 
potential). 

 To further study the opportunities to produce valuable fuels from off-gases from of plant 
offer via gas upgrading, conditioning and cleaning, along with integrating bioreducer 
production to steel plant processes, was suggested to the Finnish Academy New Energy 
Research Programme as a letter of intent. The objective of the proposal was to study steel 
plant off-gas mixing, gas cleaning and catalytic conversion of off-gas derived syngas to 
hydrocarbons, olefins, or methanol. At the same time, the impact of introducing bioreducer 
to the blast furnace is to be studied with iron burden reduction studies and biocoke research. 
The proposal included also pyrolysis process and steel plant mass and energy balance 
modelling tasks to evaluate the feasibility of the proposed system. 

 

Figure 13. the ten most promising options of bioeconomy and metallurgical 
industry integration in terms of their economic and technological potentials.
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alised in one way or another, and there is also on-going 
research in this area:
•	 Biomass	use	as	a	reductant	in	blast	furnaces	in	Finn-
ish conditions has been investigated in the phD thesis 
of suopajärvi currently in pre-examination (Bioreduc-
er use in blast furnace ironmaking in Finland – techno-
economic assessment and Co2 emission reduction po-
tential).
•	 To	further	study	the	opportunities	to	produce	valu-
able fuels from off-gases from of plant offer via gas up-
grading, conditioning and cleaning, along with inte-
grating bioreducer production to steel plant process-
es, was suggested to the Finnish Academy new energy 
research programme as a letter of intent. the objective 
of the proposal was to study steel plant off-gas mixing, 
gas cleaning and catalytic conversion of off-gas derived 
syngas to hydrocarbons, olefins, or methanol. At the 
same time, the impact of introducing bioreducer to the 
blast furnace is to be studied with iron burden reduc-
tion studies and biocoke research. the proposal includ-
ed also pyrolysis process and steel plant mass and ener-
gy balance modelling tasks to evaluate the feasibility of 
the proposed system.

on-going research and interest in continuing re-
search in this scope ensures continuity and indicates the 
scientific relevance of this development path.

Case 2: Bioeconomy and closed nutrient 
cycles

Finland’s bioeconomy strategy specifies that natural re-
sources are to be utilised efficiently. Also, the national 
climate change strategy mentions the use of biomass 
for energy and emphasises the need to develop closed 
nutrient and material cycles in the agriculture-based 
energy production. For this report, a survey was made 
on the bioeconomy potential of northern regions and 
a survey of research and project activities in the region. 
the survey was based on ongoing and planned pro-
jects to be implemented in the near future and suggest-
ed business opportunities, which could be further ex-
plored. the following subjects were suggested for fur-
ther economic analysis:

(1) the economic viability of biogas production   
 in farms, taking into account the use of biogas for  
 heating, electricity generation, vehicle fuel, as well  
 as the use of digestion residues as fertilizer.

(2) the economic benefits of fertilizer value of biogas  
 production by-product, costs savings when the   
 digestate is used as fertilizer on one’s own field. 
(3) regional benefits of renewable energy, taking into  
 account both the economic potential of raw   
 materials, as well as the impact on employment. 
(4) logistics problems of biogas co-generation. 
(5) Determination of the total potential of various   
 types of biomass (forest, field, manure, industrial  
 waste streams, household waste) in the bio-  
 economy by production region and assessment of  
 their economic value. 
(6) Bio-ash utilisation potential in the northern   
 regions and its utilisation for the production of   
 fertilizers, as well as its economic viability.

Case 3: Smart energy networks 

the International energy Agency’s roadmap for smart 
grids established that the development of smart grids 
is essential if the global community is to achieve its 
shared goals for energy security, economic develop-
ment and climate change mitigation. smart grids en-
able increased demand response and energy efficien-
cy, integration of variable renewable energy resources 
and electric vehicle recharging services, while reduc-
ing peak demand and stabilising the electricity system. 
the “smartening” of grids is already happening; it is not 
a one-time event (Figure 14). however, large-scale, sys-
tem-wide demonstrations are needed to determine so-
lutions that can be deployed at full scale, integrating the 
full set of smart grid technologies with existing electric-
ity infrastructure. 

A smart grid is an electricity network that uses dig-
ital and other advanced technologies to monitor and 
manage the transport of electricity from all genera-
tion sources to meet the varying electricity demands 
of end-users. smart grids include electricity networks 
(transmission and distribution systems) and interfac-
es with generation, storage and end-users (Figure 15). 
smart grids co-ordinate the needs and capabilities of all 
these stakeholders on the electricity market to operate 
all parts of the system as efficiently as possible, minimis-
ing costs and environmental impacts while maximising 
system reliability, resilience and stability.

While many regions have already begun to “smart-
en” their electricity systems, all regions will require sig-
nificant additional investment and planning to achieve 
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Figure 14.	The	process	of	“smartening”	the	electricity	system	(SmartGrids	2012).

a smarter grid. the scale of the investment needed is 
tremendous, the european technology platform’s smart 
Grid	SRA	estimates	investment	needs	of	50	000	M€/	on	
average up until 2050, adding up to 1.5-2.2 trillion (1012) 
euros in total. the physical and institutional complexi-
ty of electricity systems makes it unlikely that the mar-
ket alone will implement smart grids on the scale that is 
needed.	Governments,	the	private	sector,	and	consum-
er and environmental advocacy groups must work to-
gether to define electricity system needs and determine 
smart grid solutions. 

smart grids are still in development and the eco-
nomic potential is vast. In the case report, a list of strate-
gic sectors were suggested where Finland could play an 
important	role,	in	terms	of	both	strategic	R&D	and	busi-
ness potential. the 9 strategic technology sectors iden-
tified in the report are:

(1) Deployment of smart metering infrastructure
(2) electric vehicle fleet (including eV, heV, pheV)   
 -related technologies
(3) exploring wind power potential
(4) solar power potential
(5) heavy transport sector
(6)	 ICT	based	SG	services	to	consumers

Figure 15.	Smarter	electricity	systems	(SmartGrids	2012).
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Smart grids are still in development and the economic potential is vast. In the case report, a list of 
strategic sectors were suggested where Finland could play an important role, in terms of both 
strategic R&D and business potential. The 9 strategic technology sectors identified in the report are: 

(1) Deployment of smart metering infrastructure 

(2) Electric vehicle fleet (including EV, HEV, PHEV) -related technologies 

(7) local and regional energy market tools and   
 systems
(8) smart technologies for domestic solutions
(9) small-scale biomass boilers 
 a. for home use  
 b. for the power grid

the business potential of these strategic technolo-
gy sectors is illustrated in Figure 16 (page 40).

Also in this case, the above ten most strategic tech-
nology sectors were further evaluated by researchers of 
the Wp4 team in terms of their economic potential and 
the time span for these markets to be realised. the eco-
nomic potential reflects the size of the market, and the 
time span illustrates how long until market saturation is 
reached.  As can be seen in Figure 16, many of the smart 
grid business opportunities have very high market po-
tential and will be there for a long time more, such as 
wind energy, smart heavy transport, biomass boilers, as 
well as ICt-based tools and market instruments. At this 
point it also needs to be mentioned that the universi-
ty of oulu has considerable expertise in modern ener-
gy markets, in term of real-time pricing, renewable re-
sources	 and	 efficient	 distribution	 (Kopsakangas-Savo-
lainen and svento 2012).
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In terms of times scales, the eu 
2020 goals provide the first mile-
stone to be reached, however, it is 
estimated that smart grid develop-
ment and investments will acceler-
ate around 2020 up until 2050. this 
is partially due to legislative pres-
sures (2050 goals), but also to the 
fact that across europe the elec-
tricity utilities network will have to 
be renovated within the post-2020 
decade, and the expectation is that 
the new infrastructure is going to 
incorporate smart elements. It is 
worth mentioning as well that, in 
the case of smart grids, the research 
potential is also substantial, and smart grid research will 
be of high importance in the coming 20 years.

Recommendations

All three cases represented technologies that have 
gained substantial interest in recent years. research has 
accelerated and industry interests are driven by both 
legislative pressures and market incentives. on the ba-
sis of the three case study reports and applying the ac-
tion-priority matrix (Figure 17), it is recommended that 
attention is given to “quick wins” and “major project” 
proposals in parallel.  Quick wins are strategic decisions 
that can be quickly implemented bringing immediate 
benefits and where the technology is ready to be de-
ployed. In turn, major projects are large and long term 
investments that will be necessary to implement, and 
which now require research effort. “Fill-ins” can then be 
incorporated after quick wins have been made and ma-
jor projects are on the way. 

All three cases represented technologies that have 
gained substantial interest in recent years. research 
has accelerated and industry interests are driven by 
both legislative pressures and market incentives. In or-
der to set priorities in terms of which proposals to pur-
sue, the Action priority matrix (Figure 17) is recommend-
ed. the Action priority matrix is a simple diagramming 
technique that helps illustrating which projects give the 
greatest returns in ratio to the effort made (mind tools 
2009). It is also recommended that attention is given to 
low effort-high gain “quick wins” and high effort-high 
gain “major project” proposals in parallel.  Quick wins 

are strategic decisions that can be quickly implemented 
and bring immediate benefits and where technology is 
ready to be deployed. In turn, major projects are large 
and long term investments that will be necessary to im-
plement, and which now require research effort. low 
effort-low gain “fill-ins” can then be incorporated after 
quick wins have been made and major projects are on 
the way. Although “hard slogs” are characterised as high 
effort-low gain, they can also be viewed as “wildcards” 
that may turn into lucrative investments in time. the ac-
tion-priority matrix is a dynamic exercise and one may 
need to return to re-evaluate the priorities.  

Figure 16. strategic business opportunities in smart grids.
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(3) Exploring wind power potential 

(4) Solar power potential 

(5) Heavy transport sector 

(6) ICT based SG services to consumers 

(7) Local and regional energy market tools and systems 

(8) Smart technologies for domestic solutions 

(9) Small-scale biomass boilers  

a. for home use   

b. for the power grid 
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Figure 16. Strategic business opportunities in smart grids. 
 
In terms of times scales, the EU 2020 goals provide the first milestone to be reached, however, it is 
estimated that smart grid development and investments will accelerate around 2020 up until 2050. 

Figure 17. the action-priority matrix.
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Figure 17. The action-priority matrix. 
 
“Quick wins” = market ready solutions that need to be promoted: 

- Domestic deployment of smart meters and international market of smart meter technologies 
- Small-scale solar technology deployment and support  
- Utilisation of waste heat sources in heavy industries (p&p & metallurgy)  
- Farm-scale biogas for own energy needs and use of digestate as fertilizer on one’s own field 
- Bio-ash utilisation as fertilizer 

 
“Major projects” = substantial research needs: 

- Integration of bioreducer production into steel plants 
- Utilisation of metal production off-gases for the synthesis of advanced chemicals and fuels 
- Development of smart grid services to customers (e.g. energy billing, power quality support, 

real-time pricing, information extraction, data acquisition and management 
- Development of energy market tools (advanced forecast methods; establishment, maintenance 

and support of real-time market solutions) 
- Large scale energy storage technologies 
- The food-land-energy-water nexus: Research integrated approaches to food security, low-

carbon energy, sustainable water management and climate change mitigation - To find the best 
solutions for biomass utilisation, considering ecological/carbon/water footprints, nutrient 
cycles, competing demands and costs 

- Smart heavy transport infra – EV transport fleet, smart logistics and infra, support and 
optimisation 

 
“Fill ins” = market on the rise, technology mainly ready, but there are some research needs: 

- Deployment of small-scale energy technologies, such as small boilers and small-scale storage 
in order to encourage the rise of “prosumers” (energy consumers who also produce energy) 

- Small-scale electricity storage technology development and marketing 
- Biogas co-generation  
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“Quick	wins”	=	market	ready	solutions	that	need	to	be	
promoted:
- Domestic deployment of smart meters and   

international market of smart meter technologies
- small-scale solar technology deployment and 

support 
- utilisation of waste heat sources in heavy 

industries	(p&p	&	metallurgy)	
- Farm-scale biogas for own energy needs and use of 

digestate as fertilizer on one’s own field
- Bio-ash utilisation as fertilizer

“Major	projects”	=	substantial	research	needs:
- Integration of bioreducer production into steel 

plants
- utilisation of metal production off-gases for the 

synthesis of advanced chemicals and fuels
- Development of smart grid services to customers 

(e.g. energy billing, power quality support, 
real-time pricing, information extraction, data 
acquisition and management

- Development of energy market tools (advanced 
forecast methods; establishment, maintenance and 
support of real-time market solutions)

- large scale energy storage technologies
- the food-land-energy-water nexus: research 

integrated approaches to food security, low-
carbon energy, sustainable water management 
and climate change mitigation - to find the best 
solutions for biomass utilisation, considering 
ecological/carbon/water footprints, nutrient 
cycles, competing demands and costs

- smart heavy transport infra – eV transport fleet, 
smart logistics and infra, support and optimisation

“Fill	ins”	=	market	on	the	rise,	technology	mainly	ready,	
but there are some research needs:
- Deployment of small-scale energy technologies, 

such as small boilers and small-scale storage in 
order to encourage the rise of “prosumers” (energy 
consumers who also produce energy)

- small-scale electricity storage technology 
development and marketing

- Biogas co-generation 
- research into the regional benefits of renewable 

energy, taking into account both the economic 
potential of raw materials as well as the 
employment impacts. 
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4.4  people in the north

human health and well-being are the result of com-
plex interactions among genetic, socio-cultural and en-
vironmental factors, and this is especially in the Arctic 
regions, where climate and global change is happening 
more rapidly than in other places on the globe. What are 
the elements of a good and safe working life and eve-
ry-day life? In the Arctic regions there are about 4 mil-
lion people living permanently, 10% of these are indige-
nous, but due to the warming climate and new econom-
ic expectations in the next 10 to 20 years, there could be 
many more. new mines have already changed the land-
scape and life conditions in many rural areas, and the 
balance between the local residents and newcomers is 
changing. From the point of view of human well-being, 
this means that the newcomers and indigenous popu-
lations will work in circumstances they are not used to. 
For example, a) communities will be exposed to new 
languages and cultures, b) they have to adapt to new 
means of livelihood and c) they will meet the changing 
environment where they will live also after industrial ac-
tivities have ended.  What are the most relevant possi-
ble challenges for well-being, and what we should know 
when making future estimates on the success factors of 
northern regions when focusing on the community and 
individual well-being of people in the Finnish north?

the interesting perspectives on the humans in the 
north are:

1) Arctic working conditions,
2) self-evaluated and measured well-being, and
3) the adaptation of human communities for the    

             changing environment, Figure 18 (page 42).
the people in the north created the following three 

viewpoints to study human/environment interactions. 
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I. Evaluation and development of intelligent 
sensor networks for self-monitoring of 
human well-being in cold climates 
self-monitoring of physiological variables in work and 
living in the Arctic is considered both from the point of 
view of an individual’s own well-being, as well as a part 
of occupational healthcare services and safety systems 

in remote medical solutions. the plan compiles the ex-
isting information and produces new knowledge about 
the validity, functions, experienced benefits and possi-
ble drawbacks of self-monitoring in demanding environ-
ments. It has a multi- and trans-disciplinary approach, 
combining the understanding of human physiologi-
cal responses, the functioning of the portable devices 

Figure 18. the main focuses of research in the humans in the north.

HUMAN WELL-bEING IN THE NORTH

ARCTIC WORkING 
CONDITIONS
– Permanent new workforce
– Seasonal workforce
– Indigenous population:
   • New professions
   • Traditional pforessions
– Marginalisation prevention

MEASURED AND 
SELF-EXPERIENCED 
WELL-bEING
– Development of measuring 
   technology
– Development of measuring 
   self-experienced well-being
– building of co-operation in 
   measuring research

LONG TERM ADAPTATION
– Environmental changes
– Cultural and lingual change
– Risk recognition
– Risk prevention
– Assessing adaptation over 
   short term economic cycles
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Figure 13.  The schema of WellAret project 

During the SMARTIC project 3 new cooperative research proposals were created: 

I. Evaluation and development of intelligent sensor networks for self-monitoring of human well-

being in cold climate (WellArct), leaded by Hannu Rintamäki (researchers: Rautio, Heikkinen & 

Leppänen & groups) 

Short summary of the proposal: Self-monitoring of physiological variables in work and living in the 

Arctic is considered both in the point of view of individual’s own well-being as well as a part of 

occupational healthcare services and safety systems in remote medicine solutions. The plan compiles 

the existing information and produces new knowledge about the validity, functions, experienced 

benefits and possible drawbacks of self-monitoring in demanding environments. It has a multi- and 

transdisciplinary approach, combining the understanding of human physiological responses, function of 

Figure 19.  the intelligent sensor networks for self-monitoring of human well-being.
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measuring these responses, the usability of the devic-
es and the acceptability of the measuring systems and 
wireless communication of the instruments, Figure 19.

II. Arctic Salutogenic Built Environment –
Integrative Planning Concept 
the research focuses on topical questions concerning 
the planning of the built environment and promotion 
of health, well-being and human adaptation to chang-
ing living environments in the Arctic region. the objec-
tive is to gain new knowledge of the salutogenic mecha-
nisms between the built environment, physical outdoor 
activity and well-being particularly in cold climates. the 
research integrates the fields of sciences of urban plan-
ning, ICt and health sciences. 

III. Smart Arctic Communities: Integrating 
smart systems, structures and change
the smart Arctic Communities do not merely adapt to 
changes, but integrate changes through smart systems 
and structures, to provide well-being to people with-
in sustainable limits. smart communities are high-tech, 
economically thriving, socially inclusive and live in har-
mony with nature.  n

participants
university of oulu, thule Institute:
Arja rautio
university of oulu, Cultural anthropology:
hannu I. heikkinen, tim luoto
Finnish Institute of occupational health:
hannu rintamäki
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5	 STRATEGIC	OPENING	AND	BUSINESS	POTENTIAL

Wp 7, strategic opening and business potential focused 
on the specific business features and trends of the arctic 
context, building on the Wp 1-5 findings and outcomes. 
the objective of the Wp 7 was to identify key trends and 
create alternative, integrated business scenarios for the 
other work package themes, and to identify business 
opportunities and business models for the selected 
businesses of the work package themes. the time hori-
zon selected for analysis was moderately short, the next 
five years, as longer-term business discussion would 
make sense only for large-scale projects for which spe-
cific data would be available. 

Key trends relevant for business and Arctic 
economy

As the starting point of the arctic business-related dis-
cussion, originating from the work-package-teams, 24 
business trends were identified and assessed by the 
work package teams. the assessment of the trends was 
based on the likert scale, from 1 (weak) to 5 (strong), 
with a time scale varying from the present to one, three, 
and five years from the present. We identified increas-
ing competition as a key trend influencing the Arctic; 
among all analysed items it was seen as the most rap-
idly increasing one. similarly, we anticipate the role of 
the long distances to decrease, despite increasing en-
ergy prices. In addition, climate change is seen to in-
fluence business potential in the longer run. slow eco-
nomic growth, combined with decreasing public fund-
ing, is anticipated to influence business only up to next 

three-years, after which the influence of these two items 
is seen to diminish. 

Ageing of the local population was seen to influ-
ence businesses negatively, but the role of people living 
only temporarily in the region was seen to increase and 
also override the influence of permanent Arctic dwellers 
regarding business potential. looking at the values of 
the people in the Arctic region, we anticipate that sus-
tainable development will be more influential to Arc-
tic development than technological innovations, espe-
cially ICt solutions. Waste-based materials, new materi-
als, especially nanotechnology based ones, were seen 
by the work package representatives as increasingly im-
portant. 

however, smart technologies, sensors and sensor 
networks, building-in-the-cold technologies, as well as 
cloud technologies were, however, seen as influential 
for business potential. Finally, we anticipate that nation-
al and regional policies may have much stronger role in 
the development of the Arctic businesses that the eu 
level policies. Figure 20 on next page depicts the trends 
relevant for business, discussed in this section.  
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Figure 20. 24 trends influencing Arctic economy and businesses. 

1. Ageing, 2. Decrease in the number of people living permanently in the Arctic, 3. Increase in the number of people living temporarily in the Arctic, 4. 
Change in people’s attitudes towards sustainable development, 5. Change in people’s attitude towards ICt services (privacy, security), 6. turning waste 
into profitable products, 7. Increasing competition in attracting tourists to the Arctic, 8. Increasing energy prices, 9. slow economic growth, 10. shortage of 
public finance, 11. Change in eu policies, 12. Change in national policies, 13. Change in regional policies, 14. Climate change, 15. new knowledge about liv-
ing in the Arctic, 16. long distances, 17. use of alternative sources of energy, 18. smart technologies, 19. Increasing use of sensors, 20. Increasing use of cloud 
services, 21. energy-efficient technologies, 22. nanomaterials; biomass-based materials, 23. Battery technologies, 24. Building-in-the-cold technologies)
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1. Ageing, 2. Decrease in the number of people living permanently in the Arctic, 3. Increase in the number of people 
living temporarily in the Arctic, 4. Change in people’s attitudes towards sustainable development, 5. Change in people’s 
attitude towards ICT services (privacy, security), 6. Turning waste into profitable products, 7. Increasing competition in 
attracting tourists to the Arctic, 8. Increasing energy prices, 9. Slow economic growth, 10. Shortage of public finance, 
11. Change in EU policies, 12. Change in national policies, 13. Change in regional policies, 14. Climate change, 15. 
New knowledge about living in the Arctic, 16. Long distances, 17. Use of alternative sources of energy, 18. Smart 
technologies, 19. Increasing use of sensors, 20. Increasing use of cloud services, 21. Energy-efficient technologies, 22. 
Nanomaterials; biomass-based materials, 23. Battery technologies, 24. Building-in-the-cold technologies) 
  

Business Scenarios 

Based on these trends, several integral business scenarios were created for the Arctic by the 
working groups. For more detailed discussion, we take two scenarios indicative of wider influences 
on the Arctic businesses in general or exemplifying the opportunity/challenge field of the Arctic in 
particular. The first one focuses on Arctic Solutions, and the second one focuses on the Sustainable 
Arctic.  
 
Built on the assessment of the trends influencing the use of materials, technologies, and 
innovations, the four scenarios depicted in Figure 21, Arctic solutions, is based on the idea of 
confronting radical versus incremental innovation against energy efficiency achieved either through 
centralisation or through distributed production. In the incremental innovation perspective in the 
scenario Kollaja and others will be built for green energy, it is anticipated that Kollaja and other 
possible water energy sources will be built in order to generate green energy. The scenario 
limitations include mainly environmental concerns. The Back to the future scenario counts on 
energy savings. However, energy storage, potentially increasing energy prices, and required 
investments indicate of slow growth for businesses. Also, this scenario rests on the idea that 
legislative action and standards are required for this kind of development to take place.  
 

Business Scenarios

Based on these trends, several integral business scenar-
ios were created for the Arctic by the working groups. 
For more detailed discussion, we take two scenarios in-

dicative of wider influences on the Arctic businesses 
in general or exemplifying the opportunity/challenge 
field of the Arctic in particular. the first one focuses on 
Arctic solutions, and the second one focuses on the sus-
tainable Arctic. 

Built on the assessment of the trends in-
fluencing the use of materials, technologies, 
and innovations, the four scenarios depict-
ed in Figure 21, Arctic solutions, is based on 
the idea of confronting radical versus incre-
mental innovation against energy efficien-
cy achieved either through centralisation or 
through distributed production. In the incre-
mental innovation perspective in the scenar-
io Kollaja and others will be built for green en-
ergy,	 it	 is	 anticipated	 that	Kollaja	 and	other	
possible water energy sources will be built 
in order to generate green energy. the sce-
nario limitations include mainly environ-
mental concerns. the Back to the future sce-
nario counts on energy savings. however, 
energy storage, potentially increasing ener-
gy prices, and required investments indicate 
of slow growth for businesses. Also, this sce-
nario rests on the idea that legislative action 

Figure 21. the scenarios of Arctic solutions. energy efficiency and 
the nature of change.
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Figure 21.  The scenarios of Arctic Solutions. Energy efficiency and the nature of change. 
 
Assuming that radical innovation takes place, the scenario Arctic becomes the next generation 
energy lab anticipates that green thinking and R&D will result in innovative and “nomadic” energy 
harvesting solutions, limited by the restricted demand of the Arctic and resistance to change. 
However, if such innovations can be leveraged for wider use also in other areas with low enough 
costs for users, there is business potential. The other radial innovation scenario Arctic becomes a 
massive energy production site indicates urbanisation and centralisation of human activities as key 
drivers in the North, leaving the scarcely populated Arctic to be an energy source. This scenario 
may have negative side effects to tourism, but it rests on the radical innovation model regarding 
materials and technologies needed in energy production and transportation. 
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and standards are required for this kind of 
development to take place. 

Assuming that radical innovation 
takes place, the scenario Arctic becomes 
the next generation energy lab antici-
pates	 that	 green	 thinking	 and	 R&D	 will	
result in innovative and “nomadic” ener-
gy harvesting solutions, limited by the re-
stricted demand of the Arctic and resist-
ance to change. however, if such innova-
tions can be leveraged for wider use also 
in other areas with low enough costs for 
users, there is business potential. the oth-
er radial innovation scenario Arctic be-
comes a massive energy production site 
indicates urbanisation and centralisa-
tion of human activities as key drivers in 
the north, leaving the scarcely populated 
Arctic to be an energy source. this scenar-
io may have negative side effects to tour-
ism, but it rests on the radical innovation model regard-
ing materials and technologies needed in energy pro-
duction and transportation.

the four scenarios are depicted in Figure 22, sus-
tainable Arctic, exemplify with one material, granulat-
ed ash, the future of sustainability in the Arctic. the ma-
terial could be seen either as a limiting factor or as hav-
ing differing acceptability, or be supported or opposed 
by legislation or the people. the scenario Mission impos-
sible projects the use of granulated ash both legally and 
by customers as something unwanted, even though it 
might bring about several advantages and have consid-
erable potential. As a pessimistic scenario, the present-
ed projection relates to several other discussions con-
cerning the future business opportunities of the north, 
such as to the energy production discussion present-
ed in Figure 21. even though legislation turned positive 
on the use of granulated ash, as in scenario Legislation 
supports, there may still be green or pro-tourism values 
based opposition for the material. Contrary to the pre-
ceding scenario, the scenario Moonshine presents the 
material as wanted by the customers but not allowed 
by legislation, e.g., due to tight restrictions or require-
ments for the product. If the restrictions and require-
ments can be met, as in scenario Strawberry, due to in-
novations related to use or complementarities of the 
material, a positive influence on the business activities 
can be anticipated.  

Figure 22.  the scenarios of sustainable development in the Arctic re-
gion. legislation and customer behaviour.
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Figure 22.  The scenarios of sustainable development in the Arctic region. Legislation and 
customer behaviour. 
 

The four scenarios are depicted in Figure 22, Sustainable Arctic, exemplify with one material, 
granulated ash, the future of sustainability in the Arctic. The material could be seen either as a 
limiting factor or as having differing acceptability, or be supported or opposed by legislation or the 
people. The scenario Mission impossible projects the use of granulated ash both legally and by 
customers as something unwanted, even though it might bring about several advantages and have 
considerable potential. As a pessimistic scenario, the presented projection relates to several other 
discussions concerning the future business opportunities of the north, such as to the energy 
production discussion presented in Figure 21. Even though legislation turned positive on the use of 
granulated ash, as in scenario Legislation supports, there may still be green or pro-tourism values 
based opposition for the material. Contrary to the preceding scenario, the scenario Moonshine 
presents the material as wanted by the customers but not allowed by legislation, e.g., due to tight 
restrictions or requirements for the product. If the restrictions and requirements can be met, as in 
scenario Strawberry, due to innovations related to use or complementarities of the material, a 
positive influence on the business activities can be anticipated.   
 
The two discussed sets of scenarios, the Arctic solutions and Sustainable Arctic, indicate of several 
business related challenges. Firstly, there is no generally accepted vision of the future of the Arctic 
that neither the people nor the researchers of the Arctic could be related to it. In the absence of such 

the two discussed sets of scenarios, the Arctic so-
lutions and sustainable Arctic, indicate of several busi-
ness related challenges. Firstly, there is no generally ac-
cepted vision of the future of the Arctic that neither the 
people nor the researchers of the Arctic could be re-
lated to it. In the absence of such a vision, it is difficult 
to build novel innovations in relation to development 
plans or projections for Arctic businesses. Another, al-
ternative interpretation could be that the trust regard-
ing the future of the Arctic is lacking where or amongst 
whom major investment decisions are made regarding 
the Arctic project portfolio. Also, the scenarios might be 
seen to indicate that so far rather sporadic and to some 
degree contradictory development activities should 
somehow be aligned and connected to a realistic future 
vision of the Arctic.         

Toward a business model of the Arctic?

Business models are centred on business opportunities 
to exploit them. A business model can be defined as a 
tool which explains what a business is about regarding 
customers, offering, value proposition and differentia-
tion, and how the business is conducted regarding key 
activities, resources, and competences, especially relat-
ed to customer-oriented activities, where the activities 
are realised (by the organisation or partners), and why it 
is profitable regarding to costs and revenue generation. 
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When searching for a business model for the Arctic, 
the research group created a concept called Winter-
net-of-things (Figure 23), a collaborative real-time 
online service that could combine the private, 
public and business data available from and 
for the Arctic, and refine and share it to the 
various consumer, business, and public 
customers in or planning to visit the Arc-
tic. the offering and value proposition 
could cover environmental, weather, 
northern lights, location, logistics, so-
cial and event information in real-time 
in open access sharing mode that could 
foster personal influence and experi-
ence. the key activities could include data 
collection, refining, and sharing through 
various media. the revenue model and pric-
ing of the service could be based on the type 
and quality of information made available in the 
service.

As a recommendation based on the Arctic business 
opportunities and potential, the following items could 
be highlighted in the future:
•	 The	work	packages	of	the	research	pinpoint	to	busi-
ness potential that would require investments and cen-
tral players with the involvement of other stakeholders.   
•	 In	order	to	tackle	the	potential,	the	creation	of	a	set	
of thematic business development actions is needed. 
special attention should be paid to the intersections of 
the planned actions.
•	 Business	development	actions	will	create	and	mod-
ify ecosystems as well as networks of collaborating ac-
tors and actions that would need to be addressed in ad-
dition to individual businesses. non-commercial actors 
play a role in business ecosystems, too.
•	 The	people	living,	working	and	visiting	in	the	Arctic	
regions cannot be forgotten in business development 
and business ecosystem evolution. however, “Winter-
net of things” as a part of smart Arctic may make many 
new people exposed to arctic businesses and develop-
ment.    n

Figure 23.  Winternet-of-things. A broad generic busi-
ness model for the Arctic. 
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6 ConClusIons

the same features both separate the Arctic from oth-
er areas and join it as one: long distances, remoteness, 
isolation, sparse population and difficult climate condi-
tions, as well as cultural differences and traditional life-
style. these features have a major impact on the acces-
sibility of the area, and thus in the moving and func-
tioning of people living there. Additionally, they affect 
greatly the supply of services, especially health care. 
people living and working in the Arctic are used to the 
harsh conditions and the everyday working practices 
and methods are not seen as arctic innovations. these 
practices should be identified. By combining tradition-
al and new methods new innovations could be found. 

our vision is to have sustainable development and 
smart economic activities, which safeguard the welfare 
of societies and ecosystems in the arctic region in the 
long run.

the outcome of the roadmapping process carried 
out in this project is crystallised in four strategy paths 
for the Arctic regions. they are: (1) spearhead strategy: 
Arctic marine technology and maritime transport – a fo-
cused strategy that emphasises traditional Finnish com-
petences in ship building and maritime industry set in 
the Arctic context; (2) Flying geese approach: emerging 
Arctic pathways – a wider strategy that emphasises a se-
lection of strong Arctic competences; (3) Culture of Arc-
tic experimentation – a strategy based on experimen-
tal policies and technology approaches; and (4) snow-
drift strategy: fading Arctic business – the Arctic does 
not form a credible focus of activities and is forgotten or 
set as a subordinate perspective inside some other top-

ic. the four paths describe potential or possible ways to 
develop Arctic competences in the future. they are in-
tended to open the scene and shed light to possibilities, 
and therefore they should not be interpreted as explicit 
directions or realisations of future development.

the thematic approaches to Arctic possibilities that 
were included in this project were:
•	 Environmental	informatics	and	mobile	technology,
•	 Smart	logistics,	infra	and	living	environment,
•	 Natural	resources	management	and	economics,		 	
 and
•	 People	in	the	North

the multidisciplinary approach combining dimen-
sions of individual and social well-being, environment, 
livelihood and welfare technology proved to be fruit-
ful.  there is a need to gather and produce scientific in-
formation on the possibilities and limitations to measure 
and analyse well-being, performance and health relat-
ed parameters in demanding environments. the trend 
in healthcare sector is to go more towards personalised 
healthcare, which means that person him/herself is tak-
ing care of own health. Due to that, modern measure-
ment and communication technologies will be utilised. 
In the Arctic, or rural areas in general, medical services 
and their availability can be guaranteed only with utilisa-
tion and adaptation of those medical devices.  In the Arc-
tic, alternative health care services, such as nordlab and 
ehealth services, have already been developed to make 
use of smart solutions. this makes it possible to keep 
health care services in the communities and reduces pa-
tients need to travel. Another example is the concept of 
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combining health care with air traffic. this way the pa-
tients have better access for health care and the gener-
al accessibility is also being improved. We also need bet-
ter understanding of the validity, usability and accepta-
bility of self-monitoring devices, nordlab and e-health.

Current developments in microelectronics and 
mems technologies have led to an explosion in possible 
sensors that can be used to monitor physical phenom-
ena and chemical substances in multitude applications 
in the north. An interesting current development in sen-
sor ICt field is the integration of several sensors systems 
into more advanced environment monitoring and infra-
structure management. 

  ICt-based smart grid dedicated services are like-
ly to represent a significant share of the future energy 
business as well as one of its strategically important el-
ements.  energy billing, power quality support servic-
es, real time energy prices, energy data acquisition and 
management, information extraction, etc.  these servic-
es have a pivotal role in the functioning of smart grid 
based systems, and they provide a business potential 
whose scale is by no means limited to or by local phys-
ical infrastructure. Based on the significant scale of im-

portance and experience Finland has in the ICt sector, 
time wise, the economic benefits of this strategic sector 
are likely to emerge within a shorter time span. Integra-
tion of bioeconomy and metallurgical industries might 
bring interesting opportunities to increase material and 
energy efficiency.

to secure sustainable growth in the Arctic, it is es-
sential that the Arctic’s resources are exploited in a con-
trolled manner, taking into account economic, social, 
cultural and environmental impacts.  It is highly impor-
tant that business activities maintain the balance be-
tween environmental protection and sustainable use 
of natural resource. In order to create new business op-
portunities in the Arctic region, we need to link the con-
crete challenges of the Arctic environment – includ-
ing long distances, coldness, snow, rapid fluctuations 
in weather conditions, darkness and lightness– to new 
business ideas and business models. the harsh condi-
tions mean that Arctic regions have to be world leaders 
in productivity in order to develop competitiveness suc-
cessfully and secure human services. product develop-
ment to these conditions requires the utilisation of the 
latest technology and novel innovations.   n
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tonio Caló and eva pongrácz, 11.11.2013. http://
nortech.oulu.fi/eng/SGworkshop.html		

Improving nordic logistic and Connections: how do we 
do? – smarctic-related workshop at the Jokkmokk 
Winter Conference lead by Antonio Caló, 4.2.2014

participation at the Arctic Frontiers conference. poster 
titled: ‘laboratory study of oil slick behaviour in sea 
water in cold weather conditions: Improving the oil 
spill response system for the Barents sea’

participation at the second urban mining Conference 
(sum 2014), 19.-21.5.2014, Bergamo, Italy. presenta-
tion titled: ‘Critical minerals: recycling vs. dissipative 
losses – the case of Indium’

participation at the 10th Int’l Conference on Autonom-
ic and Autonomous systems (ICAs 2014), 20.-24.4. 
2014, Chamonix, France. presentation titled ‘Con-
cerning	the	Sustainability	of	Smart	Grids:	A	critical	
analysis	of	 the	sustainability	of	current	Smart	Grid	
models	and	on	indicators	of	Smart	Grid	sustainabil-
ity assessment’
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Current research (publications):

smarctic – tiekartta älykkääseen arktiseen erikoistu-
miseen, liikenteen suunta 2/2013 (http://www.lii-
kenteensuunta.fi/fi/artikkelit/tk/smarctic-tiekartta-
alykkaaseen/)

Caló A, louis Jn, pongrácz e (2014) Concerning the sus-
tainability	of	Smart	Grids:	A	critical	 analysis	of	 the	
sustainability	of	current	Smart	Grid	models	and	on	
indicators	of	Smart	Grid	sustainability	assessment.	
proc. 10th Int’l Conference on Autonomic and Au-
tonomous systems (ICAs 2014), 20.-24.4. 2014 - Cha-
monix, France, (publisher: International Academy, 
research and Industry Association)

pongrácz e (2014) Critical minerals: recycling vs. dissipa-
tive losses – the case of Indium.  sum 2014, second 
symposium on urban mining, may 19-21, Bergamo, 
Italy. http://urbanmining.it/search-app/pdf/123.pdf.

Dedkov	 N,	 Ripachova	 R,	 Gorshenina	 E,	 Mikhailova	 O,	
pongrácz e. (2014) laboratory study of oil slick be-
haviour in sea water in cold weather conditions: Im-
proving the oil spill response system for the Barents 
sea. Arctic Frontiers, part III: shipping and offshore 
in the Arctic. Abstract ID: 0205. http://arcticfron-
tiers.conference-services.net/programme.asp?conf
erenceID=3796&action=prog_categories

related publications:

Caló A and pongrácz e (2014) the role of smart energy 
networks to support the application of waste-to-
energy technologies. pollack periodica. An Interna-
tional Journal for engineering and Information sci-
ences. 9(supplement): 61-73.

suopajärvi h, pongrácz e and Fabritius t. (2014) Biore-
ducer use in blast furnace ironmaking – Analysis of 
Co2 emission reduction potential and mitigation 
cost. Applied energy. 124(1 July 2014): 82-93.

suopajärvi h, pongrácz e and Fabritius t (2013) the po-
tential of using biomass-based reducing agents in 
the blast furnace: A review of thermochemical con-
version technologies and assessments related to 
sustainability. renewable and sustainable energy 
reviews 25(2013) 511-528.   n
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