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Abstract 
The transport sector is facing great challenges of rising transport demand but at the same time 
meeting requirements of substituting fossil fuels, and mitigating its environmental impacts. 
Conventional transportation solutions are well-adapted to urban contexts, but not to rural 
contexts. A tendency to try to solve rural issues with urban thinking has been observed during 
the study. The thesis’s purpose is to aid the implementation of the national “Fossil-fuel free 
2030” vision in the County of Jämtland, Sweden, by studying fossil fuel use in a well-defined 
rural area: the island of Norderön in Lake Storsjön. The thesis is based on a literature study, 
interviews with islanders and officials, and a questionnaire to the islanders.  
 
The transport work for Norderön was estimated in form of annual the fuel use of diesel and 
petrol. Diesel consumption in 2011, including ferries, was estimated to 500 m3 (c:a 4 m3 per 
capita and year) and petrol consumption, including through traffic, was estimated to 300 m3 
(c:a 2 m3 per capita and year). Annual mileage per car and number of cars per capita on the 
island are higher than in Sweden in general. The large number of private cars on the island is 
caused by insufficient public transportation service. A household with low accessibility 
requires high mobility to satisfy its needs. For the situation in 2030 a probable increase in 
transport demand is compensated by an increase in energy efficiency of different transport 
technology, and the fuel consumption is thus estimated to be similar in 2030 to what is was in 
2011. Reaching the “Fossil-fuel free 2030” vision through a direct substitution of fossil fuels 
with bio-based fuels will be limited by biofuel supply, especially if the vision shall be reached 
also in areas surrounding Norderön. There is an urgent need to develop solutions applicable 
for rural areas, which are based on comprehensive transport demand management measures 
combined with continued focus on fuel efficiency, energy efficient transport modes and 
alternative fuels.  
 
Keywords  
Rural, transportation, sustainability, accessibility, fuel use, scenario, fossil fuel free 
 

Sammanfattning 
Transportsektorn står inför stora utmaningar genom ökat transportbehov samtidigt som den 
ska möta krav på bränsleomställning och minskad miljöpåverkan. Konventionella lösningar 
för hållbart resande är välanpassade för stadsmiljöer, men inte för glesbygd. En tendens att 
försöka lösa glesbygdens problem med ett stadstänk har observerats under studien.  
Uppsatsens syfte är att hjälpa Länsstyrelsen Jämtlands län att implementera visionen 
Fossilbränslefritt 2030 genom att studera fossilbränsleanvändning i en välavgränsad glesbygd: 
Norderön i Storsjön. Uppsatsen bygger på en litteraturstudie, intervjuer med öbor och 
tjänstemän, samt en enkät till öborna.  
 
Dieselförbrukningen, inklusive färjorna, var c:a 500 m3 år 2011 och bensinförbrukningen, 
inklusive genomfartstrafik, var c:a 300 m3. Körsträcka per bil och bilägande är högre på 
Norderön än riksgenomsnittet. Ett hushåll med låg tillgänglighet kräver hög rörlighet för att 
möta sitt behov. En potentiell ökning av transportefterfrågan år 2030 kompenseras av 
bränslesnålare teknik, och därför antas bränsleförbrukningen vara lika år 2030. Tillgången på 
biobränsle kommer att begränsa möjligheten att fullständigt ersätta fossila bränslen. Det finns 
ett påtagligt behov av att utveckla glesbygdslösningar baserade på åtgärder för hållbart 
resande kombinerat med fortsatt fokus på bränslesnålare teknik och alternativa bränslen. 
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1 Introduction 
Growing world population and global trade have given birth to increasing transport demand 
(Trafikverket, 2012a). At the same time transportation’s environmental impact, and oil 
dependency has to be reduced. Several international and national strategies have been 
launched or are in the process of being launched to achieve it, e.g. Europe 2020, European 
Whitepaper on Transport, Swedish Commission against Oil Dependency, and the Swedish 
Roadmap 2050 (European Commission, 2011; Kommissionen mot oljeberoende, 2006).1 On 
the local scale the County Administrative Board of Jämtland is launching “Fossil-fuel free 
2030” vision during 2012 (Länsstyrelsen Jämtlands län, 2012). In the field of sustainable 
transportation the majority of current research and implementation efforts have an urban focus 
(Trafikverket, 2012a). Rural communities are characterized by dispersed population, low 
public transportation demand per area, long distances, low accessibility, and high dependence 
on fossil-fuelled automobile transportation (Haugen, 2012; Eriksson & Westin, 2003; Wollin 
Elhouar & Hansen, 2011).  
 

1.1 Aim and purpose 

The purpose is to investigate transport demand in a rural context to support the work with the 
“Fossil-fuel free 2030” vision with a case study of the community of Norderön, Jämtland, and 
an estimate of transport demand that needs to be replaced to fulfil the goal. The aim is to 
quantify fuel use, and describe a future scenario on Norderön.  
 

1.2 Research questions 

1. How large volume of fossil fuels was consumed on Norderön in 2011? 
2. How large volume is estimated to be consumed in 2030?  
3. What means of transportation is used on the island? 
4. What kind of solutions are required to reach the “Fossil-fuel free 2030” vision?  

 

1.3 System boundaries 

The study is limited to the islands of Norderön and Verkön, and the people who live on 
Norderön. The focus is on private car, bus, tractor, and ferry transports of people and goods.  

                                                 
1 Nilsson, 2012 
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2 Method 
The thesis is based on a case study on the island of Norderön in Lake Storsjön in Jämtland, 
Sweden. Information about the island has been retrieved by a questionnaire to the islanders, 
and interviews with islanders, and civil servants.  
 
Reference material was found through databases such as IEEEXplore, Emerald, and 
ScienceDirect. Search words included ‘rural’, ‘transportation’, ‘future’ and ‘sustainable’ in 
different combinations. The reports of the Swedish Transport Administration’s Capacity 
Investigation serve as the backbone of the prognosis for 2030. Research on rural transport in 
Sweden is limited but the Transport Research Unit at University of Umeå has done some 
studies in the County of Västerbotten. It is assumed in this thesis that Norderön and 
Västerbotten have comparable degrees of rurality.  
 
Swedish ferry safety regulations force the captain to count every vehicle and pedestrian going 
by the ferry on every trip (Färjerederiet, 2012, www). Due to this fact it has been possible to 
acquire a good knowledge of vehicle traffic on and off the island. Unfortunately the computer 
system broke down in the period between 2010 and 2012 so for year 2011 only monthly 
numbers are available.2  
 
The questionnaire was distributed to 75 households, and 20 were returned (27 %). Since one 
respondent is equal to one family (called household in the thesis) the total number of people 
covered by the survey are 52 of 117 islanders (44 %). The questionnaire is included in 
appendix 1.  
 

                                                 
2 Eriksson S, 2012 
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3 Background on current transport research 
Population and economy give birth to passenger and freight transport demands (green and red 
arrows respectively in figure 1, which result in transport work i.e. movement of people or 
goods (VTPI, 2011, www). The transport work requires vehicles to carry the goods and 
people, and infrastructure to facilitate the vehicles (Graedel & Allenby, 2010). Today’s 
vehicles and infrastructure both directly and indirectly require fossil fuels. 
 

 
Figure 1: Relationship between transport demand and environmental impact.  

 

3.1 Paradigm shift: from mobility to accessibility 

In a mobility perspective transportation is the movement of goods or people from one place to 
another (Litman, 2011). A mobility perspective is more vehicle-centric and does not 
necessarily see growing transport volumes as a problem. In an accessibility perspective, on 
the other hand, which is strongly advocated by Todd Litman and the Victoria Transport Policy 
Institute (VTPI) in Canada, transportation is the ease of reaching or ability to obtain goods, 
services, activities and destinations (Litman, 2011; Eriksson & Westin, 2003; Trafikverket, 
2012a). An accessibility perspective is more people-centric and strives for a more efficient 
use of transportation resources. A paradigm shift from mobility thinking to accessibility 
thinking is in the making (VTPI, 2011, www; Kommissionen mot oljeberoende, 2006; 
European Commission, 2011). Accessibility becomes a crucial issue in the rural inland of 
Northern Sweden because of long distances to employment, education, shopping and other 
services (Haugen, 2012; Eriksson & Westin, 2003). A household with low accessibility in 
terms of distance requires high mobility to satisfy its needs.    
 

3.2 Transport Demand Management and Mobility Management 

VTPI and the Swedish Transport Administration’s Capacity Investigation utilize transport 
demand management or mobility management (the terminology depends on which side of the 
Atlantic the speaker comes from) which is “a general term for strategies that result in more 
efficient use of transportation resources” (VTPI, 2011, www).  
 
Jensen (2001) argues that “social policy must tackle ways of making more efficient use of the 
existing transport infrastructure. That means re-examining many of our working practices and 
lifestyles, and in particular our right to unrestricted personal mobility” (my italics).  
 
Transport demand management measures often has an urban approach and focus on modal 
shift from private car to non-motorized or public modes such as walking, bicycling and bus 
(VTPI, 2011, www). Long travel distances and low population density makes standard 
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measures less successful in rural areas (Haugen, 2012; O'Shaughnessy, Casey & Enright, 
2011; Sustrans, 2011; European Commission, 2011).  
 

3.3 Modes of transportation 

In 2006 half of the journeys in Sweden on an average day were commenced by private car and 
the average number of people per private car was 1.7 (SIKA, 2007). According to the 
Swedish Transport Administration (Trafikverket, 2012b) “the private car will continue to be 
the dominating mode of transport in regional travel outside metropolitan areas and regional 
centres”. The private car fulfils needs on every level in Maslow’s hierarchy of needs and is 
therefore very appealing to the traveller (Loukopoulos, 2005). Speed and flexibility, in 
particular in contrast to the timetable-dependence of public transportation, are very important 
in the rural inhabitants travel choice of the automobile (Vilhelmson, 1990; Wollin Elhouar & 
Hansen, 2011). In the rural parts of Sweden motorized recreation, in particular cruising, is 
very popular and includes the frequent use of vintage cars, snowmobiles, motorboats, 
motocross etc (Johansson, Marell & Westin, 2000). The sheer number of cruising cars 
combined with their notorious fuel inefficiency and the attitude of the drivers makes it a hard 
nut to crack. As an anecdote it should be mentioned that “Real cars consume more than 2 
litres of fuel per Scandinavian mile” is a common bumper sticker on cruising cars.3  
 
Despite low demand in rural areas public transportation’s importance is highlighted by several 
sources (Sustrans, 2011; O'Shaughnessy, Casey & Enright, 2011; Weir & McCabe, 2009; 
Wollin Elhouar & Hansen, 2011; Eriksson & Westin, 2003). The municipality of Ockelbo 
halfway between Stockholm and Östersund has implemented an integrated bus service 
scheme called Kuxabussarna that is free of charge (Weir & McCabe, 2009). The scheme 
combines school bus services, medical patient transport services and transport services for elderly 
and disabled people. It also carries freight. It runs on a regular basis, i.e., not demand-responsive, 
and is open to the general public. It has been very successful: the number of adult passengers has 
increased fourfold and the Kuxabussarna scheme is very popular among the municipality’s 
citizens.      
 

3.4 Fossil fuels 

The energy of the Swedish transport sector consists of 96 % fossil fuels and 3 % electricity 
(Statens energimyndighet, 2012). Fossil fuels cause health issues and environmental impacts 
such as climate change, acidification, eutrophication, eco-toxicity, smog, and depletion of 
non-renewable resources (Naturvårdsverket, 2006; Manahan, 2005; Davis & Masten, 2009). 
In total, Sweden emits about 46.6 million tonnes of carbon dioxide per year. Road traffic 
emits 18.9 (41 %) million tonnes and 12.3 million tonnes (26 %) are allocated solely to 
automobile traffic.4 Vehicles and infrastructure cause traffic injuries and deaths, disturbing 
noise, visual pollution, habitat fragmentation, barriers to migration, and depletion of non-
renewable resources (Naturvårdsverket, 2006; Rydén, Migual & Andersson, 2003). Replacing 
fossil fuels in the Swedish transport sector is a challenge because of their benefits of energy 
intensity, cold climate capabilities and availability in the distribution system (Haugen, 2012).   
 

                                                 
3 One Scandinavian mile equals 10 kilometres.  
4 Frank, 2012 
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3.5 Alternative fuels 

Several renewable fuels has been put forward as potential replacements of fossil fuels: biogas, 
ethanol, methanol, hydrogen, and several types of biodiesel including FAME, RME, 
hydrogenated vegetable oil, waste vegetable oil, and algal fuels (IEA, 2004; Naturvårdsverket, 
2006). Electricity in combination with another fuel is put forward as a promising solution 
(IEA, 2009).5 Biofuel production derived from crops is generally more profitable than food 
production causing concerns about decreased food production resulting in rising food prices 
(IEA, 2004). Some biofuels might require more than 1 litre of (fossil) fuel to produce 1 litre of 
biofuel causing a negative energy value, and net emissions (IEA, 2004; Davis & Masten, 
2009). Jensen (2001) touches upon a key issue with alternative fuels: “The problem here is 
not so much technology /.../ as the availability of raw materials for the production of the new 
fuels.” To some extent it is possible to produce biofuels from municipal solid waste, 
wastewater, manure, forest waste, crop residues, food processing waste, and waste cooking 
oils (IEA, 2004).  
 

3.6 Fuel efficiency 

Several sources highlight the importance of fuel efficiency measures to reach sustainability 
(Manahan, 2005; VTPI, 2011, www; Trafikverket, 2012c). 6  It is, however, important to 
acknowledge the rebound effect explained in figure 2 (Kommissionen mot oljeberoende, 
2006). People tend to favour the second alternative in figure 2 since increased mobility 
increases accessibility to services.  
 

 

Figure 2: Two possible outcomes of increased fuel efficiency in transportation. Source: Kommissionen mot 
oljeberoende, 2006 

                                                 
5 Frank, 2012 
6 Frank, 2012 
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4 Background on Jämtland and Norderön 
As of 2012 the County Administrative Board of Jämtland is in the act of implementing the 
national “Fossil-fuel free 2030” vision through a climate action plan. The action plan consists 
of four focus areas: transportation, land and water, land-use planning and knowledge structure. 
The thesis concerns a dozen of the suggested actions of “Fossil-fuel free 2030”, but two of the 
66 actions are more closely related to the aim of the thesis:  
 
11. Inventory travel surveys and identify areas in need of complements. 
Investigate which factors would increase public transport utilization. What is the transport demand of 
the travellers? What is the requirement of coordination between modes of transport?     
 
65. Think tank on expected travelling in the future, which journeys need to be substituted and 
which are possible to substitute?  
Improve the material on which to base modal efficiency increase. 

(Länsstyrelsen Jämtlands län, 2012, my underlining) 

 

4.1 Overview of the transport system in Mid Northland 

According to Eurostat’s Nomenclature of Units for Territorial Statistics (NUTS2) the counties 
of Jämtland and Västernorrland belong to the Mid Northland region (Trafikverket, 2012d). 
Throughout history the County of Jämtland has had profitable trade relations with Trondheim 
in the County of Sør-Trøndelag, Norway. Still today the border is frequently passed by both 
Swedes and Norwegians. The provincial capital of Östersund had 44,000 citizens in the end of 
2010, which is about one third of Jämtland County’s population (SCB, 2011). It is the only 
major city in the county and therefore the main public transportation hub. 
 

 
Figure 3: Transport system in Mid Northland. Source: adapted from JHT, 2012 

 
The Mid Northland is crossed by three UNECE international E-roads (see figure 3): E14 from 
Trondheim to Sundsvall via Östersund; E4 passing Sundsvall and Umeå (County of 
Västerbotten); and E45 starting in Gela (Italy), and passing Sveg, Östersund, and Strömsund 
(JHT, 2012).  
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The E14 is the foundation of the Green Highway fossil-fuel free transport corridor project. 
Along the route electric charging, biogas, biodiesel and ethanol refuelling stations are located 
(SÖT-samarbetet, 2009, www).  
 
The railway network of the region has five main lines: Norra stambanan from Gävle to 
Bräcke, Stambanan genom Övre Norrland from Bräcke to Luleå, Mittbanan from Sundsvall 
to Storlien, Meråkerbanan from Storlien to Trondheim, and Norra Inlandsbanan (limited 
traffic) from Kristinehamn to Gällivare via Östersund (Trafikverket, 2011, www). 
Meråkerbanan is not electrified which makes it a bottleneck in the regional railway network 
(Regionförbundet, 2012; JHT, 2012). The Norwegian Government has decided to investigate 
the possibilities of electrifying the line (Jernbaneverket, 2009, www).  
 
There are four larger airports in the region: Åre Östersund Airport on Frösön, Trondheim 
Airport in Værnes, Midlanda Airport just north of Sundsvall and Umeå airport. There are also 
four smaller airports: Örnsköldsvik Airport, Sveg Airport and Höga Kusten Airport in Sweden 
and Røros Airport in Norway (LFV, 2010). Of the six Swedish airports, the Sveg Airport is 
the only one not considered areas of national interest for communication (transportation)7 
according to the Swedish Transport Administration’s assessment (Trafikverket, 2012, www). 
Åre Östersund Airport had approximately 390,000 passengers and 7,900 flights during 2006 
and the prognosis for 2025 is 700,000 passengers and 13,500 flights (Mosesson, Lindved & 
Bergman, 2007). Seaports are located in Trondheim in Norway and in Sundsvall, Husum and 
Umeå in Sweden. The seaports on the region’s east coast handled a little less than 10 million 
tonnes in 2006 and is expected almost double the value in 2050 (Trafikverket, 2012d).   
 
A number of shortcomings have been identified in the transport system in the Mid Northland 
region (Trafikverket, 2012b):  

• Increasing freight transportation, in particular ore transport, causes congestion on both 
road and rail.  

• Long travel times due to infrequent public transportation and deficits in infrastructure  
• Capacity deficits in road network during the winter season causing a negative impact 

on the tourism industry.  
 
The Swedish Transport Administration and Regionförbundet Jämtlands län interest 
organization highlight E14, Mittbanan and Meråkerbanan as a key link between Sweden and 
Norway and would like to see freight transportation directed to the port of Trondheim to 
unburden the overloaded road and railway infrastructure south of the Mid Northland region 
(Trafikverket, 2012a; Regionförbundet, 2012). Jämtland Härjedalen Turism trade organization 
mentions that 93 % of the visitors to Härjedalen travel by private car (JHT, 2012). 
Regionförbundet (2012) argues that since Mid Northland and Trondheim with their 700,000 
inhabitants is an area of strong economic growth requiring good infrastructure to function the 
main transport routes (E14, E45, Norra stambanan, Mittbanan and Inlandsbanan) have to be 
improved.  
 

                                                 
7 The environmental code of Sweden enables certain areas to be designated a national interest with long-term 
protection. It can be a forest, a locality, a river, a mine, an airport or military base etc., dependent on category of 
national interest. Source: SFS 1998:808 
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4.2 Forecasting and backcasting 

The Swedish Transport Administration’s Capacity Investigation bases its forecasting 
prognosis on the Long-term Investigation 2008 by the Swedish Ministry of Finance, the EU’s 
White Paper on Transport and the BLUE Map/Shifts scenario of the International Energy 
Agency (Trafikverket, 2012c). GDP growth is based on the Long-term Investigation 2008 
assumption of 2.2 % per year. Real income is assumed to increase by a factor of 1.5 between 
2006 and 2030 and a factor of 2.3 between 2006 and 2050 (Trafikverket, 2012c). The world 
price of crude oil per barrel is assumed to be $62 in 2006, rising to $115 in 2030, but 
declining to $70 in 2050 because of a thorough global transition to other fuels causing lower 
demand for crude oil. The assumption of total driving cost in Sweden is 1.8 SEK/km in 2006, 
1.4 SEK/km in 2030 and 1.3 SEK/km in 2050 (Trafikverket, 2012c). The Swedish Transport 
Administration states that if a global transition is not done it is reasonable to expect the world 
price of crude oil to increase because of Peak Oil (Trafikverket, 2012c). Greenhouse gas 
emissions are regarded as the top priority issue worldwide. The European Commission and 
the Government of Sweden have set a number of emission reduction goals (see table 1). 
 
Table 1: Reduction goals for greenhouse gas (GHG) emissions in EU, Sweden and Jämtland. Source: Trafikverket, 
2012b; Länsstyrelsen Jämtlands län, 2012   

 EU Sweden Jämtland 
2030 -20 % GHG emissions (2008 level) Government: Fossil-fuel free. 

Trafikverket’s interpretation: -80 % 
GHG (2004 level) 

Fossil-fuel free 

2050 -70 % GHG emissions (2008 level) Government’s Roadmap 2050: No 
net emissions of GHG. Trafikverket’s 
interpretation: Transport sector’s 
emissions are close to zero. 

Roadmap 
2050: No net 
emissions of 
GHG 

   
The International Energy Agency (IEA) has published the BLUE Map scenario, which 
consists of thorough global technological development including alternative fuels and fuel 
efficiency measures to decouple environmental impacts from transport work (IEA, 2009). The 
BLUE Shifts scenario consists of transport demand management measures to decouple 
transport work from economic growth. The two scenarios are combined into a third called the 
BLUE Map/Shifts scenario which promises great reductions of greenhouse-gas emissions but 
would be challenging and require “very strong policies” (IEA, 2009).  
 

4.2.1 Population and tourism prognosis  

According to the population prognosis of the Swedish Transport Administration it is assumed 
to increase from almost 9.5 million in 2011 to 10.1 million in 2030 and 10.4 million in 2050 
(Trafikverket, 2012d). The metropolitan areas are predicted to have a high rate of population 
growth meanwhile the county of Jämtland will experience a much lower rate (Trafikverket, 
2012c). The populations in the municipalities of Krokom, Åre and in particular Östersund are 
predicted to increase between 2006 and 2030. The opposite, however, seems to be true in the 
municipalities of Härjedalen, Bräcke, Berg, Ragunda and Strömsund. Härjedalen, in particular, 
is predicted to experience a great loss of inhabitants (Trafikverket, 2012c). The prognosis of 
the Swedish Transport Administration for the whole of the county of Jämtland is no or only 
little change in total transport demand.  
 
A development, however, that should not be underestimated is the expansion of the tourism 
industry in the county. The county has 8.2 million guest-nights per year (JHT, 2012, pp. 9). 
Several villages in the county increase their population by a factor of ten during the tourism 
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seasons and the temporary population is exchanged once a week causing considerable 
volumes of traffic during certain periods of the year, in particular the winter season. 
(Regionförbundet, 2012). Jämtland Härjedalen Turism aims at increasing the turnover from 
3.8 billion SEK in 2010 to 6 billion SEK in 2020, annual employment equivalents from 4,700 
to 5,600 and international guests from 394,000 to 850,000 (JHT, 2012). The authorities’ 
calculation model is based on the number of people living in the county and ignores the large 
transport demand generated by tourism (Regionförbundet, 2012; JHT, 2012). All together it 
causes an overburdened transport system.   
 

4.2.2 Freight prognosis 

The Swedish Transport Administration predicts increased global trade that will increase 
tonne-kilometres to and from Sweden (Trafikverket, 2012d). In figure 4 the Swedish 
Transport Administration’s prognosis of freight transport demand shows a doubling of 
international trade. Surprisingly, domestic demand of Mid Northland is twice the sum of all 
other trade partners.  
 

 
Figure 4: Demand of goods in million tonnes between Mid Northland and the other NUTS2 areas of Sweden. Source: 
Trafikverket, 2012d 

Possibly this is due to the fact that a large part of this domestic demand could be allocated to 
the forestry industry: the county of Jämtland serves as a resource base for the sawmills and, 
pulp and paper plants at the coast of Västernorrland. About 25 % of the freight transportation 
in Sweden is forest materials and products. (Skogsstyrelsen, 2010). The percentage is 
probably higher in Mid Northland.   
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4.3 Norderön in a nutshell 

To come closer to an understanding of rural transport and mobility needs, the island Norderön 
within the municipality of Östersund is used as a case study.   

4.3.1 Geography and population 

The locality of Storsjöbygden surrounding Lake Storsjön, which includes the island of 
Norderön, is well suited for agriculture and has hosted the majority of the county’s population 
throughout history. A map of the area is presented in figure 5. It is classified as an area of 
national interest for culture conservation. To the west of Norderön one finds the Håkansta 
ferry port and the island of Verkön that is owned by three Norderön islanders but has no 
permanent residents. To the east of Norderön one finds the island of Isön with its ferry port 
and the island of Andersön with its well-visited nature reserve.8 The ferry routes are marked 
by red dotted lines in figure 5. 
 

 
Figure 5: Map of Storsjöbygden. The two ferry routes are marked by red dotted lines, the city of Östersund is marked 
by grey colour and the islands of Norderön and Verkön by dark blue.  

 
Norderön measures approximately 773 hectares and had a population of 117 people in 2011 
(SCB, 2012a). It belongs to the municipality of Östersund and is located about 20 kilometres 
west of the city. The island has 70-80 permanent households, and 16 summer houses hosting 
about 100 temporary residents during the summer.9 The population has generally declined 
since 1950 (see figure 6), with a drastic drop in 1974, which might be related to the closing of 
the grocery store on the island.10 From 1974 to 2006 the population has increased slowly but 
has again declined.  
 

                                                 
8 Hedin, 2012 
9 Hedin, 2010; Olausson, 2012 
10 Olausson, 2012 
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Figure 6: Population of Norderön 1950-2011. Source: Östersunds kommun, 2012 

4.3.2 Transport demand on the island and the ferry routes   

Transport demand on the island can be roughly divided into three key groups: islanders, 
visitors and through traffic. A large quantity of the through traffic on Norderön is skiers going 
to Bydalsfjällen ski resort.11 The ferries enable people to live on the west bank of Lake 
Storsjön and commute to Östersund. The majority of the islanders do their grocery shopping 
and refuelling in the city of Östersund or on the island of Frösön.12 Some inhabitants do their 
shopping in Hallen on the west bank of Lake Storsjön, located 13 km from Norderön.13 
Primary and lower-secondary school students are transported by school bus to either the 
primary school in Orrviken or the lower-secondary school on Frösön.14     
 
The two ferries are synchronized to enable through traffic and leave Norderön every 30 
minutes between 6 a.m. and 12 p.m. on weekdays and once every hour during the weekend. 
During night-time, demand-responsive service is practised i.e., “call-a-ferry” (Färjerederiet, 
2012, www). During the winter season the Isö route is complemented and the Håkansta route 
is replaced by ice roads (Färjerederiet, 2012, www).  
 

4.3.3 Business activities 

Norderön has a long tradition of agriculture and today one dairy farm (Tivarsgård), one 
organic grain farm and two potato farms are in operation. See appendix 3 for additional 
information. The farmers do often have a secondary source of income and there are numerous 
sole proprietorships on the island.15 Several visitor attractions are located on the island: 

• Tivarsgård Dairy and Restaurant: 7,600 visitors, opened in summer of 201116 
• Norderö church: one of the oldest in the province  
• Norderö golf course: 2,500 visitors per year  
• EFS Church’s Wilhelmsberg conference centre: 2,000 guest nights per year  
• Verkö slott hotel and conference centre: 3,000 visitors ferried by shuttle boat from 

Norderön, shut down in late 2011  
 
                                                 
11 Hedin, 2010 
12 Hedin, 2010 
13 Olausson, 2012 
14 Hedin, 2012 
15 Olausson, 2012; Hedin, 2012 
16 Olausson, 2012 
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The islanders generate approximately 208 tonnes of municipal solid waste and 20 tonnes 
organic waste every year.17 The municipal solid waste is transported via Gräftåsen waste 
disposal plant in Östersund to Korstaverket Combined Heat and Power Plant in Sundsvall 
located 200 km from Östersund.18  Since 2010 household organic waste is collected and 
handled locally on the island. The reason for the local treatment is to avoid parts of the waste 
transports. 19 The transportation of recyclable materials to collections sites is the responsibility 
of the individual households. There are two collection sites within 10 km of the island.20           
 
The islanders have tried to establish a community fuel station but it did not work out because 
of the risk of theft. Olausson points out that in particular the golf course would benefit from a 
fuel station because of reduced spillage of diesel which the manual handling causes.21  
 
There is a plan to establish a bicycle sharing system for visitors at Tivarsgård, the golf course 
and Wilhelmsberg by the help of European Union’s LEADER programme.22 

                                                 
17 Lindström, 2010 
18 Lindström, 2010 
19 Larsson, 2010 
20 Lindström, 2010 
21 Olausson, 2012 
22 Olausson, 2012 
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5 Results 

5.1 Results of questionnaire 

The questionnaire was distributed to 75 households, and 20 were returned (27 %). Since one 
respondent is equal to one family (called household in the thesis) the total number of people 
covered by the survey are 52 of 117 islanders (44 %). The questionnaire is included in 
appendix 1.  
 

5.1.1 Households’ structure and accessibility  

The households of the questionnaire respondents consist of 27 % children, 56 % adults (18-65 
years old) and 17 % pensioner (adults; 65 years and older). 37 % of the adults work in 
Östersund, 16 % work on Norderön, 7 % work in other places, 14 % have flexible working 
places and 26 % do not work (mostly pensioners). Most children study in Östersund (Frösön 
included).  
 
According to the questionnaire 60 % of the respondents think they lack access to certain 
services they need for their livelihood. Regarding access to the Internet 65 % say it has 
increased their accessibility to services they need for their livelihood, but only 11 % say they 
travel less with Internet access. The majority think they travel as much with as without access 
to the Internet.    
 

5.1.2 Public transportation and ridesharing 

The respondents had the opportunity to write down their thoughts about transportation on 
Norderön on the last page of the questionnaire. Five respondents chose to do so and all of 
them wanted to highlight the issue of low access to public transportation. They thought public 
transportation is essential from a number of perspectives: economy, environment, 
accessibility, development and equity. The equity perspective was exemplified by the fact that 
the islanders pay as much tax as other citizens in the municipality. About half of the costs of 
running the public transportation service is covered by taxes (Länstrafiken i Jämtlands län AB, 
2012). 60 % of the respondents who highlighted the issue of low public transportation service 
travelled only a few times every year.   
 
The respondent’s suggestions included placing a bus stop at Isö ferry port, establishing 
demand-responsive public transportation, and implementing a ridesharing scheme.  
A ridesharing scheme has already been tried out on the island but without success.23 One of 
the reasons the scheme did not work was because it required access to a webpage, but few 
people had access to smartphones at that moment, and logging into a stationary computer took 
too much time and was too cumbersome.24 The municipality administration is in favour of a 
ridesharing scheme and wants to see a renewed effort from the islanders.25  
 
Figure 7 suggest that it is rather uncommon to use public transportation in rural areas in 
Northern Sweden due to its limited availability. Conversely the limited service is caused by 
low transport demand (Johansson, Marell & Westin, 2000). 

                                                 
23 Hedin, 2012; Olausson, 2012  
24 Hedin, 2012 
25 Sörensson, 2012  
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Figure 7: Comparison of how frequently citizens travel by public transportation in two rural areas in percent. Source: 
questionnaire; Johansson, Marell & Westin, 2000 

 
Norderö vägskäl is the closest bus stop and is located at the crossroad 2 km from the Isö ferry 
port. The buses of line 161 and 162 stop eight times per workday and twice per day on 
Saturday and Sunday (Länstrafiken i Jämtlands län, 2012). 36 passengers have entered at 
Norderö vägskäl during the first quarter of 2012 of which 12 entered during March 
(Länstrafiken i Jämtlands län AB, 2012). According to Hedin the majority of passengers at 
Norderö vägskäl are most likely teenage students commuting to upper-secondary schools in 
Östersund.26 
 

5.1.3 Vehicle ownership and annual mileage 

The Swedish Transport Analysis agency (Trafikanalys) supplies data on transportation to 
Statistics Sweden (SCB) and it bases its figures on private cars in use on 31st of December.27 
The Swedish Transport Agency28 is responsible for the vehicle register. The data from the 
register is correct for 2nd of May 2012 (Transportstyrelsen Fordonsurval, 2012). The lowest 
geographical level they can measure on is postal code. Norderön belongs to 832 93 FRÖSÖN, 
but the postal code covers a larger area with a population around 1,000 inhabitants. According 
to the vehicle register 35 % of the vehicles in all categories in the specific postal code area are 
deregistered at the moment (Transportstyrelsen Fordonsurval, 2012). It seems that Norderön 
has a higher number of private cars per capita than the municipality, the county and Sweden 
as a whole (see figure 8). The chart requires some explanation though: “Norderön (survey)” is 
private cars plus vintage cars minus 35% of the total based on the deregister percentage from 
the Swedish Transport Agency. Data for Östersund, Jämtland and Sweden in figure 8 also 
includes corporate cars.     
 

                                                 
26 Hedin, 2012 
27 Myhr, 2012 
28 The Swedish Transport Agency and the Swedish Transport Administration are two different organizations.  
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Figure 8: Private cars in traffic per 1000 inhabitants. Source: questionnaire, Hedin 2010; SCB 2012b  

 
Figure 9 indicates a higher automobile dependency and preference of rural households 
compared to Sweden as a whole, whose population is to a high degree urbanized. The 
percentage of Norderön households with three or more cars is almost as many as the single-
car households. It should be mentioned that these car-intense households have between 9 and 
18 private and vintage cars per household. One of the pensioners in the survey does not have 
an automobile. Sixteen out of twenty respondents said they would not live on Norderön if 
they did not have access to an automobile but three did say they would. The respondents got 
the opportunity to guess how many cars each household would own in year 2030: 32 % 
thought every individual with a driving license would own one automobile, 21 % thought 
every household would own one automobile, 11 % thought several households would share 
one automobile and 37 % did not know.   
 
 

 
Figure 9: Number of private cars per household on Norderön and the national average in percent. Source: 
questionnaire; SIKA 2007 

The diagram in figure 10 depicts number of vehicles on the island as reported by the 
respondents of the questionnaire. The vehicles were divided in two categories dependent on 
share of leisure utilization: columns 1 to 6 are classified as category 1 i.e. generally low 
leisure share, and 7 to 12 are classified as category 2 i.e. generally high leisure share. The 
figures are not up-scaled to the whole population so the real stock of vehicles on Norderön is 
most likely about twice as much in more or less all categories. 
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Figure 10: Number of vehicles per mode of transport on Norderön reported in the questionnaire. Source: 
questionnaire 

 
In the questionnaire the respondents were asked for their opinion on the utilization of category 
2 vehicles on the island and its surroundings: 6 % thought they should be forbidden, 6 % 
thought they should be used less, 67 % thought they should be used as much, 11 % thought 
they should be used more and 11 % did not know.  
 
  

 
Figure 11: Annual mileage in kilometres per private car. Source: questionnaire; Naturskyddsföreningen, 2009 

 
Figure 11 shows annual mileage of the islanders compared to the Swedish average. The 
respondents got the opportunity to guess how their daily travel habits would look in year 2030: 
42 % thought it would be possible to travel as frequently and as far as today, 5 % thought it 
would be possible to travel more frequently and further, 11 % thought it would be possible to 
travel less frequently and further and 42 % did not know.   
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5.2 Ferry routes 

The ferries use diesel of Swedish environmental standard 1; so-called MK1 diesel. 29 The 
ferries’ average fuel consumption is 11 m3 per ferry and fortnight, although it is highly 
dependent on weather, in particular the duration and thickness of Lake Storsjön’s ice cover. 

During 2011 the ice cover stayed for three months. It is assumed that the ferries refuelled 20 
times each during 2011 giving a total fuel consumption of 440 m3 of diesel in 2011. The ice 
cover becomes shorter in duration and thinner every year forcing the ferries to be operational 
longer, which consumes more fuel, releasing more greenhouse-gases.30 An alternative to the 
ferries would be one or more bridges. Constructing a bridge would cost 25 000 SEK per 
square meter.31 The Isö ferry route is 1650 meters long so a bridge would cost at least 371 
million SEK (Färjerederiet, 2012, www). 
 
The payloads of the ferries consist of several modes of transportation. To simplify the 
calculations the statistics are presented in car equivalent units. The difference between the two 
columns in figure 12 indicates the monthly travelling of the islanders and visitors to Norderön. 
More than 60 % of the total vehicle traffic on the ferries during 2011 seemed to be through 
traffic.  
 

 
Figure 12: Vehicles carried on the ferries per month in car equivalent units. The gap from January to March is when 
the ice roads are open. Source: Färjerederiet, 2012 

 
Today the Isö ferry could be seen as the main route since it is in the direction of Östersund, 
which is the economical centre of Jämtland. Historically, however, the Håkansta ferry route 
has been the main route because the farmers on Norderön practised transhumance on the west 
side of the strait (Färjerederiet, 2012). During one of the study tours to Norderön it was 
noticed that the islanders use the opportunity to walk over to the neighbour’s car to have a 
chat and catch up on each others’ lives during the 11 minute long ferry trip. According to one 
of the islanders it was much more common earlier to do so. This could be a part of the reason 
that the islanders are quite satisfied with the ferries indicated both by the questionnaire and 
the ferry authority’s survey (Färjerederiet, 2012, www).  

                                                 
29 Eriksson K, 2012 
30 K Eriksson, 2012 
31 von Bothmer, 2012  
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5.3 Vehicle fuel use 

Two different methods were used to calculate transport fuel use on Norderön: one based the 
data on the traffic on the ferries and the other based it on the questionnaire and oral sources 
(see appendix 2 for background data). The vehicle traffic is measured in car equivalent units 
(CEU) and the fuel use is given in petrol equivalents (PE). The two methods generate very 
similar results of annual consumption of petrol (see table 2).  
 
Table 2: Comparison of the two calculation methods in cubic metre petrol equivalents. See appendix 2 for background 
data and calculations. 

Ferry statistics m
3 
PE Questionnaire & oral sources m

3 
PE 

Traffic on Isö ferry 274 Total mileage of islanders 90 
Traffic on Håkansta 165 Visitors 17 
Islanders and visitors 109 Sum of islanders’ mileage and visitors 107 

 
Table Table 3 depicts fuel use recalculated to terajoules. About 33 m3 of diesel were 
consumed on the island’s farms during 2011.32 About 6 m3 of diesel were consumed by lorries 
connected to farming.33 Data from Hedin indicates a large number of tractors on the island so 
it is possible that the diesel consumption is higher.34 The shuttle boat and category 2 vehicles 
consumed approximately 2 m3 of petrol which is included in the data in table 3. 
 
Table 3: A summary of fuel use on Norderön. See appendix 2 for background data and calculations. 

Category  m
3 
PE m

3 
diesel TJ 

Through traffic in car equivalent units 165  5 

Islander & visitors in car equivalent units 109  3.6 

Tractors and lorries  39 1.4 

Ferries  440 15 

Total 274 473 25 

 
Biogas from anaerobic digestion of waste water sludge is the dominating biofuel produced in 
the municipality of Östersund. Göviken Wastewater Treatment Plant (WWTP) in Östersund 
treats wastewater from 65,000 person-equivalents. The process produces about 800,000 m3 of 
raw methane per year, of which 500,000 m3 are converted into vehicle fuel. Vehicle fuel sales 
have been around 380,000 m3 per year in 2010 and 2011.35 If all transportation on Norderön 
would run on biogas about 730,000 m3 is needed.  Table 4 compares supply and demand of 
biogas in the municipality of Östersund. 
 
Table 4: Comparison of supply and demand of biogas fuel. Source: Sörensson, 2012; Statens energimyndighet, 2012  

Consumers 
on Norderön 

Demand of energy, 
TJ 

Demand of 
biogas, m

3 
Production at 
Göviken WWTP  

Supply of 
biogas, m

3 

Land vehicles 10 290,000 Raw methane 
production 

800,000 

Ferries 15 440,000 Vehicle fuel 
production 

500,000 

Total 25 730,000 Sales per year 380,000 

                                                 
32 Olausson, 2012 
33 Olausson, 2012; Hedin, 2012 
34 Hedin, 2010 
35 Sörensson, 2012 
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5.4 Life on Norderön in 2030  

Rasmussen (2005) argues that a “narrative approach may enrich the scenario”. The Norderön 
scenario is presented as a story told by a fictive islander living on the island in 2030: 
 
I was born in the end of the last century and grew up on Norderön. I moved a way to study at 
university in my early twenties but I soon found a girl who I married and got kids with. We 
decided to move back to Norderön so the kids could have a safer upbringing. My wife 
commute to Östersund and I help out at one of the island’s farm. Our two wonderful kids go 
to school in Orrviken. The world is changing but the life on Norderön continues as usual. 
Except for the price of petrol, that is. The government down in Stockholm has kept on 
increasing the fuel tax for almost every year since the first decade of this century. The price of 
petrol is now varying between 25 and 30 Swedish crowns per litre – that is more than double 
the price when I was a child! Despite the costs we travel as before: we need to buy stuff, visit 
the kids’ grandma, and many of us work in the city, just like in the rest of the world. Good 
thing is that my new car does not consume more than 3 litres per 100 kilometres compared to 
around 8 litres that my father’s car consumed – fuel efficiency, they call it. The islands 
ridesharing scheme is a good way of reducing our travel cost further and the new island-to-
town bus service is quite popular among our pensioners and also visitors.   
 
The backcountry of Jämtland is becoming quite empty though. Most people live in Östersund, 
making it quite crowded and those who have means live in the adjacent villages but still work 
in the city. The area between Frösön and Orrviken is now a typical urban sprawl area. The 
life on Norderön, however, is dictated by the ferry authority and they have reduce the 
frequency of trips to the mainland to compensate for shorter duration of ice cover, which 
causes higher operational costs and air pollution since the ferries have to run almost all year 
around. And building a bridge, they say, is too expensive. We have put up a fierce resistance 
but the heated debate in the local newspaper about the ferries’ “be or not to be” has 
unfortunately scared away potential immigrants and the Norderön population is staying at 
around ten dozen.  
 
People really thought tourism would be the next big thing in Jämtland but several bad winters 
in a row has repelled the hordes of tourists that does up at the ski resorts expected. 
Fortunately the Östersund folks do not have enough money to go to Thailand every single 
year - instead they come to us. And people are crazy about our cheeses and potatoes! Every 
single plot of productive land has been cultivated to meet the demand of local food. The 
farmers have jointly invested in a small-scale biogas plant to make us of our wastewater and 
manure. It does not provide us with complete energy security on the island but it is at least a 
step in the right direction. It is fortunate that they built the biogas plant that early because 
then we could resist the municipal authority when they came with their demand that all 
wastewater should be transported to their large biogas plant in town a few years later.  
 
It is good that we have an adequate broadband connection to the island. We are able to get 
access to many services that without it would require travelling to the city. Still it is not 
perfect to live here and if it becomes more difficult we might be forced to move away from the 
Pearl of Lake Storsjön. I want my kids to grow up in a safe world and it feels as that is 
becoming more of a dream than the reality.             
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6 Discussion 
The ferries seem to be the key issue in the case study because of their importance for the 
islanders to get access to the mainland, and high fuel consumption. Reduced frequency of 
trips to the mainland would reduce accessibility for both islanders, visitors and through traffic, 
and to some extent reduce the islander’s welfare. On the other hand the ferries consume 60 % 
of the fossil fuels according to table 3. It is possible that an ice free winter in the future would 
increase diesel consumption by circa 150 m3, i.e., a third of the ferries’ nine-month 
consumption and more than the total annual mileage of the island’s private cars. As seen in 
the scenario it is expected that the frequency of trips will be reduced and Hedin is on the same 
track.36 Decreased number of trips would not only cost and pollute less but also make a 
transition to biofuels easier.  
 
It was expected that public transportation utilization would be low on Norderön. The fact, 
however, that the travelling of the islanders and visitors is limited in both time and space due 
to the ferry schedule, could be an advantage in designing an improved public transportation or 
ridesharing scheme on Norderön. Since a school bus is making several trips per day to 
Norderön a similar scheme as Kuxabussarna in Ockelbo could be utilized and is in line with 
Swedish Transport Administration’s and VTPI’s thinking: a more efficient use of the 
transport system. The Bydalsfjällen ski resort could financially support express bus 
connection from Östersund on a regular basis which would reduces the volume of vehicle 
traffic. Bus lines 161 and 162 could go to Isö ferry port to improve the public access to and 
from Norderön. These suggestions are only small steps on the way to reach the goal.   
 
The survey of the vehicle stock caused some pondering. Caravan trailers and snowmobiles are 
generally very popular in Northern Sweden, but the questionnaire reports rather low figures. 
There actually seem to be more riding mowers on the island than snowmobiles, which is 
somewhat surprising. Moreover, the island seems quite car-dense but the total mileage and 
fuel use are in relation quite low. It is traced to two specific households on the island 
consisting of a father and a son who jointly own a great number of vehicles, in particular 
private and vintage cars. Hedin explains it in this way: “they drive their vintage cars from the 
barn to the courtyard once per year”.37  
 
The Swedish Transport Administration bases its prognosis on a lower price of petrol and 
driving cost than today (Trafikverket, 2012c). I am of another opinion and think the Swedish 
price of petrol could easily double by 2030 which is indicated by the scenario story. If we are 
to reach the international and domestic goals of reduced emissions fuel taxes will likely 
increase. Combined with the effects of Peak Oil, and increased demand of crude oil in 
emerging economies like China, India, Brazil, Russia and South Africa, the price is pressed 
upwards. It is important to remember that crude oil has much greater use than only as vehicle 
fuels. When petroleum supply from the Middle East is shrinking and demand of Brazilian 
ethanol is skyrocketing we will have to utilize a much higher percentage of domestic biomass 
for transportation purposes. At the same time it is important to understand that technical 
solutions will not be sufficient to turn the trend of increasing transport work, fuel use and 
emissions (Trafikverket, 2012b).  
 
 

                                                 
36 Hedin, 2012 
37 Hedin, 2012 
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More research is required on how to live sustainable in the countryside to uphold it as both a 
vital resource base, and an attractive place of living. A key question is what motivates people 
to live in rural areas. Bantjes (2011) reasons: “most people who live in the county do so as a 
lifestyle choice and not because their work ties them to rural places”. According to Johansson, 
Marell & Westin (2000) residents in rural areas close to cities often have urban activity 
patterns. Similar observations have been done by other studies (Litman, 2011; Jansson, 1996; 
Loukopoulos, 2005). To carry the question further on Wollin Elhouar & Hansen (2011) 
explains the issue like this: “in the inland of Northern Sweden sustainability has come to be 
defined from demographic factors: a sustainable village is simply a village where people still 
live in”. As the scenario indicates it is often difficult for rural villages to keep their population 
if services decrease. A light in the dark is that increasing demand of local products; handicraft, 
food and tourism activities, due to increased travel costs and environmental awareness might 
boost rural businesses and villages as presented in the scenario.     
    
A weakness of this thesis is that transport demand is measured in fuel use derived from car 
equivalent units. In a transport demand management perspective “passenger-kilometres” 
would be more appropriate than fuel use but would require more adequate data on both 
travellers and trips.  
 

7 Conclusion  
The transport work for Norderön was estimated in form of annual the fuel use of diesel and 
petrol. Diesel consumption in 2011, including ferries, was estimated to 500 m3 (c:a 4 m3 per 
capita and year) and petrol consumption, including through traffic, was estimated to 300 m3 
(c:a 2 m3 per capita and year). Annual mileage per car on the island is higher than in Sweden 
in general. The same situation seems to be correct regarding vehicle ownership per inhabitant. 
The large number of private cars on the island is caused by insufficient public transportation 
service. Ridesharing is regarded as a viable option to reduce volume of vehicle traffic and 
fossil fuel use. A household with low accessibility requires high mobility to satisfy its needs. 
A tendency by public authorities to try to solve rural issues with urban thinking has been 
observed during the study. For the situation in 2030 a probable increase in transport demand 
is compensated by an increase in energy efficiency of different transport technology, and the 
fuel consumption is thus estimated to be similar in 2030 to what is was in 2011. Reaching the 
“Fossil-fuel free 2030” vision through a direct substitution of fossil fuels with bio-based fuels 
will be limited by biofuel supply, especially if the vision shall be reached also in areas 
surrounding Norderön. There is an urgent need to develop solutions applicable for rural areas, 
which are based on comprehensive transport demand management measures combined with 
continued focus on fuel efficiency, energy efficient transport modes and alternative fuels.  
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Appendix 1: Questionnaire  
The questionnaire was distributed to 75 households, and 20 were returned (27 %). Since one 
respondent is equal to one family (called household in the thesis) the total number of people 
covered by the survey are 52 of 117 islanders (44 %).The numbers in bold italics are the 
distribution of responses. In total 20 responses were collected but the respondents could 
choose several options and not every respondent answered every question so the responses do 
not always sum up to 20.   
 
Hello Norderöbo! 
The purpose of this survey is to find out the transportation demand on today’s Norderön that 
is, how much you and your family want and need to be able to move to live on Norderön but 
also a future scenario (year 2030). By filling in the questionnaire you will contribute to a 
greater understanding, which in turn is required to draw up strategies for a sustainable 
development of transportation. The survey is conducted by Joakim Lanker, student at the 
ecotechnology programme at Mid Sweden University. It is voluntary to participate in the 
survey and your answers will be treated in a way to avoid unauthorized access to them. If you 
choose to participate I wish that you submit the questionnaire to Daniel Hedin in Ålsta (063-
421 15) by April 27th. Give you answers from the demand of the whole household. If you 
have any questions or ideas, do not hesitate to contact me at 070- 68 63 693 or 
jola0912@student.miun.se 
 
Yours, 
Joakim Lanker 
Division of ecotechnology, Mid Sweden University    
 

1. How many persons in the household and what age?     Tally 
a. Children 0-17     14 
b. Adults 18-65      29 
c. Adults 65-     9 

Sum: 52 
2. Where do the adults work? Multiple choices are possible. Circle all that apply. 

a. Norderön     7 

b. Östersund     16 
c. Other place, pleae specify    3 
d. Flexible workplace (multiple workplaces)  6 
e. Do not work (including old-age pensioners)   11 

Sum: 43 
3. If anyone in the household studies (kindergarten, school, university) where is the 

school located? Multiple choices are possible. Circle all that apply. Online studies are 
counted as Norderön. 

a. Norderön     2 
b. Östersund/Frösön    11 
c. Orrviken     1 
d. Other place, please specify    1 
e. No one in the household go to school   - 

Sum: 15 
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4. Accessibility is the possibility to obtain goods, services and activities (work, school, 
social and recreational events etc.) which you need for your livelihood. Do you feel 
that you have had to sacrifice a certain level of accessibility in the choice of living on 
Norderön and rather than in an urban area? 

a. Yes, we lack accessibility to certain things  12 
b. Maybe     4 
c. No, we have what we need    2 
d. Do not know     2 

Sum: 20 
5. Would you live on Norderön if you did not have access to a car? 

a. Yes     3 
b. Maybe     0 
c. No     16 
d. Do not have access to a car   1 
e. Do not know     0 

Sum: 20 
6. Has broadband connection increased accessibility of goods, services and activities 

which you need for your livelihood? 
a. Yes     13 
b. Maybe     2 
c. No     3 
d. Do not have/Do not use the Internet   1 
e. Do not know       1 

Sum: 20 
7. How has broadband connection affected your travelling? 

a. We travel more now than before we had broadband connection         0 
b. We travel as much now as we did before we had broadband connection   14 
c. We travel less now than before we had broadband connection                  2 
d. Do not have/Do not use the Internet                     2 
e. Do not know               1 

Sum: 19 
8. How many and what type of vehicles does the household own? 
Vehicle type – category 1 Number Vehicle type – category 2 Number 
Private car (incl. minibus) 37 ATV 1 

Bicycle 53 Snowmobile 7 

Caravan trailer, caravan van 2 Motorcycle, moped 20 

Farming machine, lorry 17 Motocross 2 

Riding mower 9 Vintage car, oldtime cruiser, 
homebuilt car  

26 

Rowing boat, sailing boat, 
canoe 

14 Motor boat, boat with outboard motor 12 
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9. The category 2-vehicles in question 4 are used to a higher extent for leisure trips than 
those in category 1. Due to this fact it is possible to a higher extent to question their 
use, but how important are they for you? How much do you think they should be 
allowed to be used on and in the proximity of Norderön? 

  
Forbidden  Less than today As much as today More than today Do not know 

1 1 12 2 2 

Sum: 18 
10. Estimate the number of Scandinavian miles (unit of 10 km) you drove your private car 

during 2011: ……………….  Scandinavian miles See appendix 2 
 

11. If you also own other motorized vehicles besides a private car, estimate the amount of 
fuel they consumed during 2011. Do not answer if you do not own other motorized 
vehicles. 

 ……………………..Litres or …………………cubic metres   See appendix 2 
 
12. How often do you go by public transportation (bus, train, school bussing, demand-

responsive transportation)? 
a. Every day     3 
b. Every week     2 
c. Every month     0 
d. Every year     6 
e. Less often than every year    8 

Sum: 19 
13. From a long-term economical and ecological perspective it is doubtful if it is 

sustainable to continue with ferrying. What is your opinion on the substitution of one 
or both of the ferries with bridge(s)? 

a. Yes, it would be more convenient with bridge(s).  6 
b. Maybe     3 
c. No, it works fine today     11 
d. Do not know     0 

Sum: 20 
14. How do you think your daily travel habits (commuting, shopping, shorter leisure trips) 

will look like in 2030? 
a. It will be possible to travel more frequently and farther than today  1 
b. It will be possible to travel as frequently and as far today 8 
c. It will not be possible to travel as frequently or far as today 2 
d. Do not know     8 

Sum: 19 
15. How do you think car ownership will look in 2030? 

a. Multiple cars per household   6  
b. Every household will own only one car   4 
c. Multiple households will share one car   2 
d. Do not know     7 

Sum: 19 
16. Is there anything in particular that I have forgotten to include or have not developed 

sufficiently in the questionnaire? Please write down your thoughts and questions.    
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Appendix 2: Calculations of mileage and fuel use 
It is assumed that all motorised vehicles run on fossil fuels (petrol and diesel). Since the ferry authority does not 
count number of cars on the ice roads the values for January-March underestimate the real amount of traffic. The 
substitute figures for January-March were derived by taking the average of the April-December statistics. 
Moreover it is assumed that all traffic on the Håkansta ferry route is through traffic i.e. it neither starts on 
Norderön nor ends there. Some assumptions have been done on the occupancy level of visitors’ automobiles:  
 

Destination  Visitors per car 
• Verkön via Norderön   4  
• Tivarsgård Dairy and Restaurant  4 
• Norderö golf course   1  
• Wilhelmsberg  4   

 
Average distance: 20 km (Östersund-Norderön) 
Average fuel efficiency (car): 8.2 L petrol/100km (Naturskyddsföreningen, 2009, www) 
Average fuel efficiency (lorry): 25 L diesel/100km (Volvo, 2003, www) 
 
Distance (km) x fuel efficiency (L/km) x traffic volume (no. of CEU) = fuel consumption (L) 
 
Table 3-1: Modified car equivalent unit statistics. Source: Eriksson, 2012 

Month Isö Substitute Håkansta Substitute 

Jan 5 890 13 930 0 8 402 

Feb 547 13 930 0 8 402 

Mar 255 13 930 0 8 402 

Apr 7 782 7 782 2 848 2 848 

May 14 868 14 868 8 339 8 339 

June 14 641 14 641 9 422 9 422 

July 16 637 16 637 10 575 10 575 

Aug 15 757 15 757 10 359 10 359 

Sep 14 530 14 530 9 510 9 510 

Oct 14 757 14 757 9 233 9 233 

Nov 13 656 13 656 8 470 8 470 

Dec 12 747 12 747 6 860 6 860 

Sum  167 163  100 818 

 
Table 3-2: Reported annual mileage of private cars on Norderön . Source: questionnaire  

Mileage (km)*      

0 12000 15000 20000 30000 35000 

5000 12000 15000 22000 30000 35000 

10000 15000 15000 25000 30000 55000 

     70000 
*The calculations are based on 48 of 52 respondents because one 4-person household had forgotten to fill in 
mileage.  
 
Table 3-3: Conversion units for energy carriers. Source: Statens energimyndighet, 2012 

Fossil fuels Physical unit GJ Alternative fuels Physical unit GJ 

Petrol 1 m
3
 32.76 Biogas 1 000 m

3
 34.92 

Diesel 1 m
3
 35.28 Ethanol 1 m

3
 21.24 

   Biodiesel (FAME) 1 m
3
 33.01 
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Appendix 3: Interview with Urban Olausson on Tivarsgård 
dairy farm 
Olausson says it is nice not to have to commute since he saves time which he can use in 
productive work instead. The farm could not reduce its transportation demand due to the fact 
that the fields are already located on the island and thereby close to the barn and grain silo. 
With the opening of the small-scale dairy factory and restaurant the transport demand of the 
family has decreased since Olausson’s wife now works on the farm instead of in Östersund. 
On the other hand the visitors to the farm contribute with many times more of transport work 
and related environmental impacts.    
 
Today 4000 cubic meters of manure from the dairy farm and 110 m3 of wastewater from all 
households on the island is treated on Tivarsgård per year and spread out on the fields on the 
island. Olausson argues biogas could replace diesel. Local production of biogas fuel would be 
good, but energy security would only partly increase since the capital-intensive production 
facility would be dependent on manure from the dairy production. A system that also could 
use energy crops as raw material would be better. Biogas causes wear and tear on the tractor 
engine, which is an additional drawback. 
 
Olausson use the agriculture machinery (tractor and harvester) 1500-1700 hours per year and 
estimates the utilization to be equal to the sum of the other three farms combined. The 
utilization is 90 % on the fields (30 % in May, 30 % in June and July, 30 % in September and 
October) and 10% for other purposes including snow ploughing. He states that the tractor is 
invaluable for the operation of the farm. A tractor consumes 9-12 litres of diesel per hour and 
14-15 litres at maximum effect. The dairy farm consumes 18 cubic meter of diesel per year. 
The 5 cubic meter tank is refilled 3-4 times per year by a lorry.  
 
Arla, the dairy company, collects the milk from the farm every second day. The farm requires 
120 tonnes of feed concentrate per year. It is delivered 10 times per year by Lantmännen. The 
lorry carries 12 tonnes and departs from either the city of Umeå in Västerbotten (distance of 
400 km) or the city of Västerås in Västmanland (distance of 600 km). A third lorry delivers 
other goods required to run the farm on a weekly schedule and Olausson receives goods at 
least every second week.         
 
 
 
 


